C.I'. Byparo

TAWMHBI MEXK3BE3JHOTO

MockBa
WNznareanctBo MAU
1997

dPUPA



bbK 16.5.6
590
VK 523.12 + 535.3

Byparo C.T'.
B90 Taiiuel mex3Be3gHOrOo 3¢upa. - M.: U3a-80 MAU, 1997.
104 c.: .

ISBN 5-7035-1946-2

KHura MoxeT npeacTaBisITh HHTEPEC I ACTPOHOMOB, (PH3HKOB,
3KCTPAacEeHCOB, CTAPUIEKJIACCHUKOB W BCEX HWHTEPECYIOLIUXCS
nmpoOyieMaMy MEpO3/1aHus. B Helt Ha HOBOI OCHOBE BO3POIKIAETCs
njes, BOJHYIOLIAsd HayKy CO BPEMEH JPEBHETPEUYECKOr0 yYEHOTO
¢mnocoda Apucrotens o ToM, uYTOo BceenmeHHas 3amoiHEHa
a¢upHbIM razoM. Ilpeanonaraercs, 4To Bce MaTepHajibHbIE TeNa -
OT 3B€3/ 1O DJIEMEHTapHbIX YACTHUIl - HENPEPBIBHO MOIIIOMIAIOT
a¢up, KOTOpBIK 3aTeM mnpeoOpasyercs B mareputo. [Ipu B3pbiBax
HOBBIX 3B€3]1 U PAJIUOTAIAKTHK MaTepUsl YACTUYHO WIIH MTOJIHOCTHIO
pacnaznaercs Ha atombl 3¢upa. [Ipu 3TOM NPOUCXOTUT BEUHBIN
KPYTOBOPOT MaTE€pHH U SHEPTUH. BHyTpeHHSAS sHeprus 3¢pupHOro
rasa siBJIsieTCs SHeprueit kocmoca ( Bakyyma).

B xHure npennoxeHsl pemeHns O0NbIIOr0 YUCIa 3araJoYHbIX
npobieM actpoHomMuu U ¢usuku. VccnegoBaHus — HOCAT
JIOKA3aTeNbHBIN XapakTep. BMmecre ¢ TeM KHMra HamudcaHa
JOCTaTOYHO momyiaspHo. B Heli moapoOHO oOcyxaaroTcs
MONHATBIE TpoOnembl. HewckyméHHBII B MareMaTuke, HO
M0003HATENbHBI YHUTaTeNb 0€3 TpyAa CMOMKET pa3o0parbcs B
W3JIaraéMoOM MaTepuae.

- 1605060000 - 274
094(02) - 97

- be3 00BsBII. BBK 16.5.6

ISBN 5-7035-1946-2 [ C.I.Byparo, 1997



OI'JIABJIEHUE

332101 (3 1 (PPN o
1. Teuenue 3¢pupa 0K0JIO MIAPOOOPA3HOTO TEINA ... ........ 10
2. Pa3nmuus B MOHATHSAX MacC MaTepUabHBIX TE U

a¢upa. Poct Macchl Ten BClieACTBUE MPUTOKA

e1101710): (0 WD i e - TSP OP TSR 12
3. CutoBoe BO3/IelCTBHE MTOTOKA dupa Ha

MaTepHuaIbHOE TENO. 3aKOH BCEMUPHOTO TATOTEHUS. ... 14
4. OOtekanue moBepxHocTH 3emiu 3pupom. OnbIT

€2} T T 224
5. KoaddunuenT ckopoctn 00pazoBaHUS MACCHI.
O BeKOBOM YCKOPEHUH JIYHBI.......ovvvviieiieieneennn . 28

6. KpacHoe cMmeliieHre B CIEKTPax JaNEKUX TaJIaKTHK......30
7. HaxorieHue HEpruu 3BE3/1aMH B IPOIIECCe

TIOTJIOTHEHHS IPHPA e eeeeevevneeneann eneenieeieee e neenee e 3O
8. UépHble IbIpbI M KOPOTKOIIEPUOIUICSCKUE
11321000721 o) & S PP 39
9. DdupHBI BUXPH ¢ BPAIIAIOMIAMCS [IEHTPATEHBIM
MACCHBHBIM TEIIOM ... tevvneeneanannnennennannnnnneeneens.n 44
10. ®opma peambHOTO IPUPHOTO BHXPT vwvverraneeneenenns 50
11. Paguycel kocMudeckux 3(UpPHBIX BUXped. BiusHue
3(UPHBIX BUXpEH Ha paJNyChl IUTAHETHBIX OPOHT ...... 51
12. O cTPOCHUYU CTIUPATBHBIX TATMAKTHK ... .enverernnnenenss 56
13. T'unote3a 006 ooy CosHIIa U 00pa30BaHUN
COJIHEYHOM IJTAHETHOM CUCTEMBI ...'vvvn e vnenenaenen e 59
14. DuepreTrka kocMoca. ['moTe3a o BHyTpeHHEM
YCTOWCTBE JI€MEHTAPHBIX YACTUI] MATEPUU .............. 64
15. Y napusie BosHbI B 3¢upe. O mpUpoje CBETA ............ 67

16. O HOSAPHUBAIMH CBETA +.vvnvvneeneannreniennennennneeneenen (3

17. CKOPOCTD CBETA ..vvvvneriasineineaneeaeaennanenaenaneens 77
18. Pasrajnka onbITa MaMKETBCOHA  ....vvvereernerenenenannnns 80
19. dsnenue Jonmiepa B 3QUPE ..vvvvvveirriiniiiiiiine e 84
20. I'paBHTAIHOHHOE KPACHOE CMEIICHHE B CIIEKTPax

3 1< c 1 (P o o



21. /Ipwkenue TSKEIOH CBETOBOM BOJIHBI MHMO
MaCCUBHOIO Teja
22. Maccel 11oKos ¥ IBYoKeHHsI. CBSI3b MEXTy Maccoit
18] (5 0) 4 (<) SR 89
ST) 0110015 (5)3 1 (< PR RPRI. o
JIITEPATYPA .vvevnveneietee e eieeie e eeieenee e eneee 222 99



BBeagenne

YenoBek ¢ JOMCTOPUYECKHUX BPEMEH M IO HAIMUX JTHEH ObETCS
Hag 3araakoir OwiTus. Kto oH?  UYro mpencraBiseT cobOoi
okpyxatomuit ero Mup? CKBO3b OMTHUOKH U 320y KICHHUS, HHOTAA
OIIYTIBIO, MHOT/IA OJTaroapsi 03apeHuIo MpoOUpaeTcst OH K NCTHHE.

CoBpemeHHass  kKapTuHa  BcenmeHHoit B m300paskeHUH
acTPOHOMHUU M (PM3UKH BecbMa MpoTuBOpeunBa. C OHOI CTOPOHBI,
o ymuparomuii  mup. OH oOpa3zoBaics B pe3yibTaTe Tak
HaspiBaeMoro “bounbioro  B3peiBa mepBoaroma‘  [9]. Tlox
BO3/ICHWCTBHEM ITOTO B3pbIBa CYOPMHUPOBATIACH MATEPHsl, BOSHUKIH
TaJlaKTHKH, 3BE3IBI M APYrHe KOCMUYECKHE OOBEKTHI. | almakTuku
pas3NeTaoTcsl ¢ OTPOMHBIMH CKOPOCTSMHU OT SIUIICHTPA B3pbIBA, U
MYCTOTHI MEXJy HUIMU CTaHOBSATCS BCE O0OJIee TPOMaHBIMH.

3BE3/1bI, MUHYS P MIPOMEKYTOUHBIX IMPEBPAILEHHUH, JTOIKHBI
CO BpEMEHEM OCTBITh M NPEBPATUTHC B  HEBUAMMBIE,
0€3’)KU3HEHHbIE MACChl. DHTPOMUS PAcTET, U MEJJICHHO HACTYMaeT
TEIUIOBask CMEPTh BcereHHom.

C npyroil  CTOpPOHBI, acCTPOHOMHYECKHE  HAOIIOIEHUS
HaKaruIMBaloT BcE Ooipire (akToB, HE BIMCHIBAIOUIMXCS B 3Ty
cxemy. B paborax axkamemuka B.A. AMOapiymsHa U psga apyrux
YYEHBIX MOKa3bIBACTCS, 4TO BO BceleHHOW 0 CHX MOp, TO €CTh
cnyctss 12 - 15 mupm  ner mocne “Bompmoro B3peiBa”,
MIPOIOJDKAIOT POXKAATHCS 3BE3BI M IEJIbIE 3BE3/IHBIC aCCOIHAIINH.
Onu  00iagar0T OrpPOMHBIMH MaccaMH, TeMIlepaTypaMu U
3amacamu dHeprum. [loBciogy Bo Bceenennoit — HabmiomaroTcs
SABJICHUA HCTEUCHWH, BHIOPOCOB, B3PHIBOB M  H3BEpPIKEHUI
BEIIIECTBA.

Slnpa  TamakTHK ~ TPOSABISIOT  BBICOKYIO  aKTHBHOCTb,
COIIPOBOKAAIONIYIOCS PACTEKAaHHEM ras3a, MAYIIUM OT LIEHTpa CO
CKOpPOCTSIMH B JIECSITKH W JIa)K€ THICSYH KHJIOMETPOB B CEKYHIY.
Pacrekaercs HeWTpanbHBIM W MOHM3UPOBaHHBIA Ta3. OTKyaa OH
nornonHserca? [louemy mpu TakMX OTPOMHBIX CKOPOCTSAX OH HE
BBITEK OTTyJa MAaBHO? 3a CUET KAaKMX MacC 3Ta AaKTHBHOCTb
MPOSIBIAETCS? ACTPOHOMHH 3TO HEU3BECTHO.

Haxe Ha 3emye B TedyeHue 3,5 MIIPII JIET HE 3aTyXaeT aKTHBHAs
ByJKaHHUYECKasi JesITeIbHOCTh. B Hame BpeMs KOJIUYECTBO
3eMJIeTpsSICeHU cwitoil Oosiee cemu OayuioB 1o mkane Puxtepa
yIBaMBaeTCs KaxIble MATh JeT. B pabore [5] yrBepxkmaercs, dro
3a mocnenuaue 1,5 - 2 mupxa et paguyc 3eMid 3aMETHO BBIPOC U



OJTHOBPEMEHHO YBEJIIMUWIOCh YCKOPEHHE CHIIBI TSDKECTH Ha €€
MOBEPXHOCTHU. MICTOUHHK pocTa Macchl 3eMJIM HEU3BECTEH, TaK KaK
Macca Majaroux Ha 3eMJII0 METEOPHUTOB JJISl 3TOTO HUYTOXXKHO
Masia.

N3 ckazaHHOro crnexyer, 4ro BO BceleHHONW HenmpepbIBHO
IIPOUCXOANT BOZHUKHOBEHUE MaTEpUH, HO HEU3BECTHO, OTKYJa OHA
Oepércs. PacTpaunBaeTcss OorpoMHOE KOJMYECTBO DHEPTHH, HO HE
3aMeTHO, 4TOOBl €€ CTajo MeHbIIe, W He SCHO, OTKyJa OHa
BOCIIOJIHAETCSI. DTO HABOAUT HA MBICIb O TOM, YTO B YEJIOBEUECKOM
3HAHUM O MPUPOJE OTCYTCBYET KaKOe-TO BaXKHOE W HEO0OXOAUMOe
3BEHO.

JlaHHasi KHHUTA MPEACTABIAET cOOOM MOMBITKY OTBETHTh Ha TH
U Jpyrue BONPOCHl MUPO3/IaHUS, OCHOBBIBASICh HA BO3POXKIECHUU
MpencTaBiIeHUsT O BceneHHo#, 3amonHeHoN S(QUPHBIM Ta30M.
D¢dupHBIi Ta3 paccMaTpuBaeTcs Kak MepBoocHOBa marepuu. OH
ABNSICTCA HMCTOYHHMKOM  POCTa MacChl 3eMJIHM U BBIOPOCOB
OTPOMHBIX MacC MAaTE€pUHM W3 siep TaJakTHK, KOPIYCKYJISPHOTO
W3Iy4YEHHs] BCeX 3BE3N BcemeHHOW, a Takke HMCTOYHHKOM
pacTpauyrMBaeMoi IpU KOCMUYECKHUX B3pbIBaX YHEPIHH.

OTH JONMyIlIeHUs NPEeAroiararwT, 4TO BCe MaTepHabHbIE Tela
BcenenHolt HempepbIBHO TMOTJIOMIAIOT 3PHUPHBIA Ta3 M YTO ATOT
IIPOLIECC SIBJISIETCA  YCIOBHEM cCyllecTBOBaHUS Ten. llpum ero
HapyILICHUU Tejla pa3pylIaroTcs, MOTHOCThIO WIH YaCTUYHO BHOBB
npeBpamniasch B 3GUpHBINA Ta3. [Ipn 3TOM NPOMCXOIUT BEUYHBIN
KpYroBOPOT MaTepUU U SHEPTUH.

N3BecTHO, YTO TpeAcTaBlIeHHME O TOM, 4ro BceneHHas
3armojgHeHa dA(UPHBIM Tra3oM, MOMY4YHWJIO CBOE Hayalo OT
npeBHETpedeckoro ¢umocodha ApucTtoTens W € TeX TOp
rocnoicTBoBasio B Hayke g0 1915 roma [2]. Ono nwumiaer
Bcenennyro NOHATHS IyCTOTHI, JIETKO YKUBAETCS C MOBCEIHEBHBIM
OINBITOM YEJIOBEYECTBA, JKUBYIIETO B BO3AYIIHOM aTmocdepe
3eMili B OKPYKEHHH OTPOMHBIX MOPCKUX M OKEAHCKHX BOJIOEMOB.
B st nmpencraBieHus MOJHOCTBIO BIMCHIBAETCS BOJHOBAs TEOPUS
ceera ['roirenca.

CymHocth 3¢upa He ObUIa sCHa y4€HBIM C CaMOTO Hadaia.
[TosToMy ¢ maBHMX MOp OBLI MOAHAT BOMPOC O TOM, YBJIEKAET JIH
3emiis B CBOEM JBWKCHUH TI0 OpOUTE COINPHKACAIONIMIACS C HEl
3¢pup mnu HeT. JoCTaTOYHO NMPOTHUBOPEUUBBIE OTBETHI HA 3TOT
BOIMPOC OBUIN TMOyYEHBI B ACTPOHOMUHM U pu3HKe. Tak, U3 SBICHHUS
3BE3AHON abepparmu, OTKpeITOro bpamieem, ciemgosaino, ato 3¢up
He yBieKaeTcs 3eMiéid. JleCTBUTEIbHO, €CIi HA0I01aTh JIF0OYIO



3Be37y B 3pHTEIbHYIO TpyOy, TO HU300pa)keHHE 3BE3IbI HE
NOJYYUTCS TI0 HANpaBICHUIO JHHUM 3peHus. [lpuumna B
CJICAYIOIIEM : 32 TO BPEMsl, YTO CBETOBBIE JIyYH MPOHUKIH B TPYOy
¥ Tipo0eraroT 1o e€ aIuHe, Tpyoa MmepeMeniaeTcsi BMECTe ¢ 3eMIIEH.
Hanpotus, cBeToBBIE Ty4H B TpyOe HE IPUHUMAIOT YYaCTHS B 3TOM
IBIDKEHUH, U 93TO OOYyCJIOBIMBAaET HEOONBIIOE OTKIOHEHHE
n300pakeHus, HaspiBaeMoe abeppanumed. W3  HaOmromeHuit
ciemoBasio, yTo GuUp HE yBIeKaeTcs 3eMIIEH U, CIeI0BaTENbHO,
HETIOABIKEH.

UroObpl  OOHApyXHTh  JBW)KCHHE 3€MJIM  OTHOCHTEIHHO
HETMOABIDKHOTO  3¢Hpa, PpasHBIMH  HCCIIEJOBATENIAMU  OBUIH
BBITIOJIHEHBI ONTHYECKUE OMBITH. CaMbIM M3BECTHBIM M3 HUX ObLI
ombiT Maiikenbcona (1881 r1.). PesynbTaThl 3THX ONBITOB
NPUBOIMIN YYEHBIX K BBIBOAY, YTO 3(HUP MOJHOCTHIO yBIEKACTCS
3emnéii. Emé panpme, a mmenHo B 1871 1, Obul BBINIOJIHEH
3HAMEHUTHIN OonbIT PHU30, U3 KOTOPOTO CIEIOBAJIO, YTO TEKYyIIas
BOJA, BJIOJIb KOTOPOHW ITyCKaJCsl Jy4 CBETa, YaCTHYHO YBJIEKAaeT
a¢wup.

B pesymeraTe Hayka koHma XIX Beka okasamach B TYITHKE,
KOTOPBII NpuBOIMI (PU3UKOB B M3yMJIEHHE U OTYassHUE. BhIxoq u3
moJlokeHust  Obl1 mpemiokeH B 1915 rtomy B Teopum
OTHOCUTENFHOCTH A. DUHIITEHHOM. JTa Teopus NPUMUPHUIA
OIMCaHHBIE ONBITHI. OHUM M3 OCHOBHBIX ITOCTYJIATOB 3TOW TEOPUU
SBIISICTCS TPUHIMII MTOCTOSTHCTBA CKOPOCTH CBETa B ITyCTOTE BHE
3aBUCUMOCTH OT YCIHOBUM €€ wu3MepeHus. Pa3zBuTue 3TOrO
MOCTyJaTa TMpUBENO OWHINTEHHA K JAPyromMy IIOCTYyJary,
OCHOBAaHHOMY TOJIBKO Ha €ro MHTYMLUH. DWHIITEHH YyTBEpXKIal,
YTO 3aKOHBI BCeX (PM3MUYECKUX SIBICHHH MOXHO BBIPA3UTh B TAKOU
¢dbopme, 9T0OBI OHM OBUTH CIPaBEIUTMBHI JJIT BCEX CHCTEM, KaKOBO
Obl HU OBUIO WX OTHOCHUTENbHOE JBHKeHHe. OIHAKO CIEeICTBHEM
3TOrO SBWJIOCH  HEMOCTHKMMO CTpPaHHOE TPEACTaBICHHE O
BPEMEHH U POCTPAHCTBE.

B pesynbrare 3¢upHBIii Ta3 ObUT UCKITIOYEH U3 PACCMOTPEHHS B
KayecTBe NEPBOOCHOBBI MAaTEpUU M MHOTHX JCUCTBYIOIIMX BO
BcenenHol pu3nIecKuX 3aKOHOB.

B mpennaraemoii yuratenmto Teopuu 3dupa HaieHa pasraaka
ornplTa MalKenbCoHa, JaHO TEOPETHYECKOe OOOCHOBAHHE 3aKOHA
BCEMHUPHOTO TATOTCHHS, MPEAJIOKECHBl PEIICHUS 3HAYUTEILHOTO
9rcila OCHOBOTIOJATAIONINX IMPOOIeM (PU3UKA W aCTPOHOMHH, HE
MMEBIIUX OTBETOB. B "acTHOCTH, M3 Teopuu 3dupa eCTECTBEHHO
BBITEKAeT PABEHCTBO WHEPTHOW W BecoBOM macc. Teopwus s¢dupa



IIO3BOJIMIIA JaTh OOBICHEHHE 3aKOoHA Xa00ia, HE CBA3aHHOE C
npencTaBiIeHuIMHA O “bosbmoM B3pbIBe mepBoaroma’ . lomydeHbt
3aKOH YBEJIMUEHUS MAcC TN M3-3a MOTJIomeHus dhupa u hopmyia
JUIi  OIpeneNieHWsl  3amacaeMoid  TpH  3TOM  DHEPTHUH.
OOOCHOBBIBBIETCSI OTPOMHAsI YHEPTHUSI B3PHIBOB CBEPXHOBBIX 3BE3]
Y pPaJIHOTAIAKTHK.

Hano 00BsICHEHHE BEKOBOTO YCKOpPEHHS Jlynsr,
HEpPaBHOMEPHOTO BpalleHHUs TMOJSAPHBIX M  HKBATOPHAIBHBIX
obnacreit Conama u FOnutepa. [TokazaHo, 94TO cuila MPUTSHKEHUS
HE SIBIIICTCS €IMHCTBEHHON CHIJIONW NAIbHOIEHUCTBUS KOCMUYECKHX
ten. Kpome He€ Ha Tena OKa3pIBAlOT CHIIOBOE BO3JICHCTBHE
¢UpHBIE BUXPH, CYLIIECTBYIOIIME OKOJO TaJaKkTHK, 3BE3,
IUIAHETHBIX M  CIYTHUKOBBIX CHCTEM, OTJIHMYAIOMIUXCS B
OOJIBIIMHCTBE CIIy4aeB OJWHAKOBHIM HAlpaBICHUEM BpAIICHUS
[HEHTPAJFHOTO MAacCCHBHOTO TeJla, HAINpaBICHUEM KPYTOBOTO
IBIDKEHHUST €ro CIYTHHUKOB M WX COOCTBEHHBIX BpAIICHUH.
[Toxa3zano, 4yTO >PUPHBIC BUXPU SABISIOTCS HEOOXOIUMBIM 3BEHOM
B KpYyroBOpoTe MaTeprun BceeneHHON.

Ddup sBuseTcss mepBoocHOBOH Matepun. OH HeBHauM. Ero
HeNb3s Ha0paTh B Kakyl - JUOO TOCYHdy HJs TPOBEICHUS
XMMHYECKOTO aHaJIn3a U U3MEPEHHs ero (PU3MUECKUX MapaMeTpoB.
Tem He MeHee OH peanbHO CYIIECTBYET, U 00 3TOM MOXHO CYIHUTb
110 BHEIIHUM IPOSIBICHUSM, MTOPOH BechbMa CHIIbHBIM. Ko MHOTMM
U3 HHUX YEJIOBEYECTBO MPUBBIKIO M IEPECTANIO MM YIUBISATHCS.
Nmenno o6 stom moiaér peub B maHHOW KHuUTe. M3maraemas
TEOpHsl He MPOTUBOPEUUT (YHIAMEHTAIBHBIM 3aKOHAM (HU3UKH U
MexaHukd. OHa OCHOBaHa Ha MaTeMaTHYECKOM  armapare,
MO3BOJISIOIIEM KOJMYECTBEHHO MTPOBEPUTH BCE €€ pe3yIbTaTabl.

Cumraercs, d9ro »¢Up MHPOBOTO TIPOCTPAHCTBA OO0JIATAET
Maccol, WHEpUHEW, KOJWYECTBOM JABWKECHHS W JPYTHUMU
CBOWCTBAaMH Ta3000pa3HbIX M IKUAKUX cpen. [loTtok »dupa
nepenaeT CBOE KOJMYECTBO IBIDKCHHS MaTepHAIBHBIM TellaM H
OKa3bIBAaCT HAa HUX CWJIOBOE BO3NEHCTBUE. DPHP, HAXOIAITHIACS
BHYTPU TeJI, B OTpbIBE OT 3(Hupa MHUPOBOTO MPOCTPAHCTBA
NPOSIBJIIET CBOICTBA HMHEPIMM M KOJIMYECTBA JBIDKEHUS Yepes
Maccy Tel, TPOMOPIHOHATBHYI0 Macce 3¢upa, eXKEeCeKyHIHO
MIOTJIOIIAEMOTO TETIOM.

Macca Ten TO3TOMY HE ABISETCS MEPOM  KOJWYECTBA
MOTJIONIEHHOTO paHee d¢upa, a TMpencraBiseTr coboil Mepy
B3auMOJIeicTBUsT ddupa BHYTpH Tel ¢ SOUPOM  MHPOBOTO
MIPOCTPAHCTBA.



OTO  TOJOXKEHHE  NEPEKIMKAETCd  C  BBICKA3bIBAHUEM
aBcTpuiickoro ¢gusuka IpHcTa Maxa 0 TOM, 4TO UHEPITUS, TO €CTh
HEXEJIAaHUE MacChl ABUTAaTbCS B OTBET HA JEHCTBHE CHJIBI, MOXKHO
OOBSICHUTH ~ COBMECTHBIM  IPUTSHKEHHEM  BCETO  BEIIECTBA
Bcenennoit, 1 0 ToM, 4TO Macca U MaTepusi 00bEKTa HE €CTh HEUYTO
TOJIBKO €My NPUCYIEE, a 3aBUCUT OT OKpyXaromeil BcenmeHHOU
[9].

K s¢dupy npumeHnMBI npeacTaBiIeHUs KMHETHYECKOW TEOpUH
ra3oB. Ero TeuyeHns Moryt ObITH ONMMCAHBI YPaBHEHUSMHU T'a30BOH
muHamukd - [10].  Tlokasano, 4ro  cBeT  OOYCJIOBJICH
pacrpocTpaHeHHEM yJIapHBIX CBETOBBIX BOJH B 3¢upe. OHH
BO3HHMKAIOT IIEpe]] 3JCKTPOHAMH, IBIKYLIIMMHCA B 3dupe ¢
OKOJIOCBETOBBIMM M CBEPXCBETOBBIMU CKOpOCTAMHU. Jlyun cBeTa
MPECTABISAIOT cO00I ceMeCTBO MPSAMBIX, HOPMAIBHBIX K (POHTY
CBETOBBIX yIapHbIX BOJH. VIMEHHO yJoapHbIE  BOJIHBI
COOTBETCTBYIOT IIPEJCTABIECHUSAM O KOPIYCKYJISIPHO-BOJIHOBOM
nyanu3Me cBeta. OHM 00JIaAa0T 3a11acoM SHEPTUU U KOJIMYECTBOM
NBYOKEHHS U MOTYT I€pefaBaTh MX MPEMsSTCTBHIO. Bmecte ¢ Tem
yIapHbl€ BOJHBI OTPAXKAIOTCA OT IOBEPXHOCTEH, IOABEPKEHBI
uHTepdepeHmy u auppakaud. OHN HE UMEIOT MACcChl MOKOs, TaK
KaK HE CYILECTBYIOT BHE JBUKCHHS.

B 3axirouenHue 3amMeTHM, YTO KHHMra HamucaHa JOCTAaTOYHO
MOIYJISIPHO, YTOOBI HE TOJBKO CIEIMAINCThI, HO M HEUCKYIIEHHBIH
B MaTeMaTHKe JI0003HATEeNbHBIN YHTaTelb MOI C HMHTEPECOM
O3HAKOMHUTBCSA C 3aTPOHYTHIMH B HEil mpoOieMaMu MHPO3JIaHHS.
Bo3MO0XHO, KCTpaceHChl HaliyT B KHUI'€ MHTEPECHBIE MOMEHTHI
U1 0OOCHOBaHUS CBOMX HEOOBIYHBIX TAJIAHTOB IO BOCIPUSATHIO U
nepenade SHEPTUM KocMmoca. M3IoKeHHBIA MeToa  oOermaer
pelieHne emé MHOTUX HOBBIX U YAMBUTEIIHBIX IPOOIIEM.



1. TEYHEHHME 3®HUPA OKOJIO
IMAPOOBPA3HOI'O TEJIA

Mpmuorune Tena Beemennoi, Takie, Kak 3BE3/IbI, IUNIAHETHI U JTaXKe
aTOMBI, U3 KOTOPBIX COCTOSIT B KOHEYHOM CHYETE BCE JIpYyrue Tena,
umeroT chepudeckyro dopmy. [losTomy paccMoTpuM oOTeKaHHE
MaTepHaIbHOTO IIapa, HAXOAAIIErocs B CIIOKOWHOM »dwupe.
CriocoOHOCTH TEN ToTJomiaTh AIPHUPHBIA Ta3 OXapaKTepU3yeM
BEJIMYMHOM YIENbHOTO pacxoja Macchl 3(HUpPHOTO raza uyepes
MOBEPXHOCTH IIapa B €IMHUILY BPEMEHH '

dm

= 1
dt
rae dm,- snemenTtapHas Macca 3upa, MOCTynaras BHyTPh Iapa
3a ayieMeHTapHoe Bpems dt.

B cuiny HepasppIBHOCTM TeueHHs BHE IIapa M CHUMMETPHHU
OTHOCHTEIIFHO €ro IIeHTpa MOXKHO 3aIlmcaTh, 4To CKOpocTH ( B
chepudeckoii cucreme xoopauHat ) Vo = Vy = O 11 9TO ynenbHbIH
MacCOBBIM pacxoj udepe3 chepruvecKyro MOBEpXHOCTh paauyca I
Oyner

_ 2
q=-41rp,V,,
rze P, - TUIOTHOCTH 3(upHOTO raza. B maHHOM riiaBe MIOTHOCTH P,
CUMTAETCS BEJTMUYNHON MOCTOSIHHOM, TaK KaK pajnaibHasi CKOPOCTh
TedyeHus V, Mana 1o CpaBHEHHIO CO CKOPOCTBHIO PAaCHpPOCTPAHEHUS

cradbIx Bo3lMy1ueH1/n71, OJM3KMX K CKOPOCTH CBETa B IYCTOTE
C = 3.10" cm/c. 3 moceqHero BEIpaKEHUSI UMECM:

V, =-ql4mpr?, )

3HaK MHUHYC TIOKa3bIBAET, YTO CKOPOCTh V| HampasiieHa K IEHTPY
cdepuueckoro tena. ITo TeUCHHE UMEET IOTeHIINANI CKOPOCTEei

¢=q/4mnpr .
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D¢up swmmieH BA3KOCTH. [IpH  MalbIX  CKOpPOCTSIX — €ro
C)KMMaeMOCTBhI0 MOXKHO TpeHeOpedb. [losTomy TeueHust 3dupa
MOTYT OBITB OIMCaHbl ypaBHeHHeM Jlamaca :

%p/0x? + 0°ploy’ + 9°pl0 =0. 2

DTO JHMHEWHOE OTHOCHUTENBHO TIOTEHIMala  CKOpPOCTeH
omHoponHoe nuddepeHMaTEHOE  ypaBHEHHWE B YaCTHBIX
NPOM3BOTHBIX ~ JOMYyCKAeT TPUMEHEHHE METOJa HAaJOKECHHUS
MOTEHIMATIbHBIX TOTOKOB, COTJIACHO KOTOPOMY CyMMa JII00OTO
YHUCciaa YaCTHBIX pPEIIeHHH TakKe SBSETCA pPEIICHHEM 3TOro
ypaBHenus. [locneanee o3Hagaer, 4To MpU HATMYUH JTF000TO YrcIa
MaTepHaIbHBIX  TEll CKOpOCTh ddupa B JOOOH TOYKE
MIPOCTPAHCTBA MOKET OBITH TOTy4YEeHA KaK anreOpandeckas cymma
CKOpOCTEH, BBI3BIBAEMBIX KaXJIbIM M3 3THX Tel B oTAenbHOCTH. C
YYETOM 3TOTO 3aIUIIEeM MOTEHIIHA CKOPOCTEH CIIOKHOTO TECUEHUS
OKOJIO IBHXKYIerocs cepuueckoro tena (puc. 1).

V. i A
Y

4
> T v ~Voy
o Pue. 1

Hauano koopauHat pacroioskuM B LIEHTpe Tena. Baanu ot Hadana
KOOPJIMHAT IIpU I - 0 MOTOK 3¢upa HarmpaBuM Boiabs ocu OX. Ox
UMEeT IMOCTOSIHHYI0 ckopocTh Vy = V. Temo nBmxkercs co
CKOpOCThI0 V, HaBCTpedy MOTOKY 3dupa. OJHAKO €ro MOKHO
HANPaBUTh B IPOTHBOIIOJIOXKHYIO CTOPOHY. Jlj1s 5TOro mocTaTo4Ho
nepeq V. u3MeHuTh 3HaK Ha MuHyc. Ckopoctn V' U Ve
U3MEPSIOTCS OTHOCUTENBLHO TIOJIsI CIOKOHHOTO 3¢dupa :
b* = QJATIPr + V.l ocOSB/2r% + V*rcosB (1+er,/2r).  (3)
B BeIpakennu (3) mepBBIil WICH YUUTHIBAET COCOOHOCTH TeJia
moryomark 3(QUpHBIA ra3. BTopoil 4ieH omnuchBaeT TeUeHHUE
adupa OKOJO IBHXKYIIETOCS CO CKOPOCThIO Vo B CIIOKOWMHOM
adupe chepudeckoro tena. Koaddumment € yaureBaeT ToT akr,
YyTO BO BcCeNmeHHOW BCTpEHaArOTCSA Tella Pa3IMYHOM IUIOTHOCTH.
UYepe3 HEKOTOPbBIE U3 HUX, TaKWe, KaK AIpO aToMa BOJAOpoa U Y -
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KBAaHT, 3()Up HE MOXKET MPOTEKaTh HACKBO3b U BBIHYX/IEH 00TEKaTh
WX CHapyXu. BHyTps mocTymaer TOIBKO TOT 3(hUp, KOTOPHIA
TOTJI0NIAeTCs TeNaMH, mpeodpa3ysichk B Mateputo. Jlinsg aux € = 1.
Jlpyrue Tena, Takue, KaK pa3peXeHHble Tasbl, IUIAHETHI,
OONBIIMHCTBO ~ 3BE3J,  HANPOTHB, HMMEIOT  OTHOCUTEIHHO
HEOOJBIIYIO THIOTHOCTh W CBOOOJTHO TPOIMYCKArOT depe3 ceds
a¢up, He yBiekas ero 3a coboit. g vux € = 0. Tperuid wieH
OIBICBIBAET NPAMOJIMHEHHBIA MOTOK >(Upa, HMEIIMHA CKOPOCTh
V Ha OECKOHEYHOM YJaJICHHUH OT Tela.

[lpoekuuy  CKOPOCTH  NOTCHIMAJIBHOTO  TCYCHUS  HA
KOOpJMHATHBIE OCH BBIPAKAIOTCS 4Yepe3 IOTEHIMAI B BHUJE
YaCTHBIX MMPOM3BOAHBIX MO COOTBETCTBYIOIIUM HAaIlpaBieHUsIM. B
chepruecKux KOOpIuHaTaXx :

V=3¢ /9r = -g/ATIp,r? - €Vl ocosB/r +V cosh (1- er/r?), (4)
Vg =00 /rd8 = -€Volo sin0/2r3 - V'sin (1 + er,/2r%). (5)

Ckopoctu Vr* u Ve* MTOJIOKUTENBHBI, €CJIM OHU HaTpPaBIICHBI
COOTBETCTBEHHO B CTOPOHY YBEJIHUCHHS PAJHATIbHON KOOPAMHATHI
u yrma 6. U3 stux (opmyn BHIHO, YTO BHENIHEE TPAHMYHOE
ycroBue Vy =V BoITonHSETCS Tpu I — 0. CKOPOCTh TEUYCHHUS
>bupa Ha MOBEPXHOCTH CHEPbI TIPH I = I, CHIBHO 3aBUCHT OT
KoddUIMeHTa MpOHUIIaeMoCTH €, ckopocteit V., u V. Bomnee
MOIPOOHBINA aHAIM3 TIOJNS CKOPOCTEH NMpHBEICH B pasziene 4 B
CBSI3U C HEOOXOIUMOCTBIO OCMBICIICHHUS ONbITa PU30 U YCIOBUAMU
KU3HU Ha 3eMIe.

2. PA3JINYHUSA B MIOHATUAX MACC
MATEPHAJIBHBIX TEJ U D®UPA.
POCT MACCBHI TEJ BCJIEACTBHUE

IIPUTOKA 2®HUPHOI'O T'A3A

CdhopmynupoBaB BBIIIE 3aKOH HETMPEPHIBHOTO ITOTJIOMICHUS
s¢upa MaTepHaIbHBIMHU TEIaMU KaK CII0c00a WX CYIEeCTBOBAHUS,
HEOO0X0MMO Pa300paThCsi B OCHOBHBIX, BBITEKAIOMIMX M3 3TOTO
3aKOHa CIIEACTBHUAX. B mepByro ouepenp 3TO OTHOCUTCS K CaMUM
MOHATHUAM  MacChl MaTepUAIbHBIX Tel BceneHHOM M Macchbl
3(HUPHOTO Ta3a, a TaKKe K COOTHOIICHHIO MEXIY MaccaMy Tel H
MAacco¥ MOTJIO0NIAEMOTr0 STUMHU TeJIaMH 3(HPHOTO ra3a.
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OdeBHIIHO, YTO yIEIBHBIH MAcCOBOW pacxon 3(UpHOro rasza
00YCIJIOBJIEH BEIMYMHONW MAaccChl IMOTJIOMIAIONIET0 MaTepHALHOTO
Teja U, CIEA0BATENIbHO, IPSIMO IPONOPIMOHAIEH ITONH Macce :

g=dm)/dt= am. (6)

Bre16op ko3 dunmenTta yaenpHOro pacxoma O TPEACTaBISICT
HE TOJBKO TEXHHYECKHW, HO W MHUPOBO33PEHUYECKUN HHTEpEC.
Cpenu paccCMOTpPEHHBIX —BAapUAHTOB €ro 3HAYCHUH  TOJBKO
sHaueHde O = 1 ¢ I[I03BONMIO CBS3aTh BOGIMHO BCE
paccMaTpuBaeMble B IOCIEAYIOIIUX pasnienax mnpobiemsl. [Ipu
TaKOM 3HauYeHUW KOd(pQUIMEeHTa O Macca Tela SBISETCS Mepou
€r0 MHEPIIMH U COXPaHSAET 3a COOOM BCe MPUCYIIUE € M3BECTHHIE
cBoiicTBa. O/IHaKO OHA HE ABISAETCS MEPOW HAKOIUIEHHOTO TelIaMu
3a BpeMs HX CymecTBoBaHHS 3(upa. Macca mpesacTaBiser codoi
JUIIb KOJMYECTBEHHYIO MeEpy B3aUMOACWUCTBUS COOpPaHHOTO M
0CcOOBIM 00pa30oM OPraHW30BAaHHOTO BHYTPH Tella B MaTEPHIO
a¢upa ¢ moJIeM MHPOBOTO PHUpA.

B npanmpHelimem He clemayeT OTOXAECTBISATh MEXKIY COOOM
MOHATHA Macc Ten W 3¢dupHOro raza. Macca adupa oOnamaer
MHepIHel, KOJINIeCTBOM JIBU)KEHHUS BO B3aUMOJCHCTBUH CO BCEM
moieM MHUpPOBOTO ddupa. Ddup, MOTTOMEHHBIA TEIaAMH,
YBETMUMBACT HUX Maccy, MNpOSABIAS B JajbHEWIIEM CBOWCTBA
MHEpIMH ¥ KOJIMYECTBa JIBIKCHUS Yepe3 Maccy 3THx Tel. Macca
TeN, KaKk Mbl BHJENTH, TMPONOPIHMOHATIbHA Macce ddupa,
©KECEKyHIHO IOTJIOMAEeMON  TelaMu, U,  CIEJOBaTENbHO,
MposiBIIsiET ce0s  Tak ke, Kak CBOOOAHBIN d>dup, uepe3
B3aUMoOJIeiicTBHE ¢ ToieM MupoBoro sdupa. OmHAKO 3TO
B3aMMOJICHCTBHE Y TeJ 0oJiee CI0KHOE, 4eM Yy CBOOOTHOTO 3dupa.

He  packpeiBas  37:ech MEXaHU3M npeoOpa3oBaHUs
MOCTYMAIOIIET0 BHYTPb MAaCCHBHBIX TeJ 3(HUPHOrO ra3a B Maccy
caMHMX TeJ, TMPEINOJ0KHUM, YTO CKOPOCTh MOCTYIUIEHHUS 3¢upa
BHYTpb JIFOOOTO TeJa, HE3aBUCUMO OT €r0 XMMHYECKOTO COCTaBa M
(U3NYECKOTO0 COCTOSHUS, NPSAMO TPOIMOPIHOHATBFHA CKOPOCTH
o0pa3zoBaHMs HOBOI Macchl Tena :

dm,/dt = kdm/dt, @)
rie K -koaddunmeHT ckopoct 00pa3oBaHus MACChI.

[IponHTErpHpOBaB 3TO ypaBHEHHE, MOJIYYUM 3aKOH W3MEHEHUS
MAacchl TeJ1a OT BPEMEHH !

m = m, "%, (8)
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Benmuunaa M, siBisieTcst Mmaccoit Tena B MoMeHT Bpemernu t = 0, To
€CTh Ha HAYAJIO OTCUETA BPEMEHHU.

C yderom Beipaxkenuii (1) u (6) paauanbHas ckopocTh 3dupa mo
HAMPABICHUIO K [EHTPY CQEpPHUYIECKOro MAaCCHBHOTO Tela
3aIMIIETCS B BUJIE

V, =-am/4npr?. 9)

3. CWJIOBOE BO3JENCTBHUE IOTOKA DY®UPA
HA MATEPHUAJIBHOE TEJIO.
3AKOH BCEMHWPHOT'O TATI'OTEHUA

Bce Tena BcemeHnHolt mBWXKyTCS HE B MyCTOTe, a B adwupe.
[ToueMy e 4enOBEUECTBO, YYacCTBYIOIEE B STOM JBHKCHHH, HE
YyBCTBYeT W HE 3amedaeT d3toro ? Jlemo 31ech HE TOJBKO B
npuBbluke. Benp omymaer ke 1000H YeNOBEK CHUIOBOE
BO3/ICHCTBHE BeTpa WK Haropa BoJbl. OKa3bIBAeTCs, YTO IIIaBHON
MPUYUHONW BO3HMKHOBEHHUSI CUJIbI COINPOTUBJICHHS TEJl B MOTOKAX
BO3/lyXa WJIM BOJBI SBJISIETCS BS3KOCTh 3TUX cpela. Maio KTo, 3a
UCKJTIOYEHHEM CIIEHUANNCTOB, 3HaeT o mapanokce [['Amambepa -
Oiinepa. CorjacHO 3TOMY TMapajoKCy Tena, JBHXKYIIHECS C
MOCTOSTHHOW CKOPOCTBIO B Ta3000pa3HON WM SKHIKOM cpene
JM000W TMJIOTHOCTH, HO JHUIIEHHOW BS3KOCTH, HE HCIBITHIBAIOT
COTIPOTUBJICHUS CBOEMY JBUYKEHUIO. MaremaTuueckoe
J0Ka3aTeNbCcTBO mapagokca /' Anambepa - Diinepa BrepBbie ObLIO
nano B 1745 romy. Ceifuac €ro MOXXHO HAWTH BO MHOTHX
y4eOHHKaX M0 adpoanHaMuKe, Harpumep B [18].

D¢up nuIIeH BI3KOCTH, OJTHAKO U3-3a CBOICTBA MaTepHAIbHBIX
TeJ MOrJIomaTh 3(UPHBIN ra3 UX B3auMojeicTBue ¢ 3pupom, nmes
MHOT'0 O0IIIEero, HECKOJIBKO OTJIMYaeTcs OT napajaokca /' Anambepa
- Diinepa., JA0Ka3aHHOTrO A HenmpoHHmaembix Ted. [lompobyem
pa3zobpaThCcsi B 3TOM Bompoce. s 3TOro mpocyMMHUpPyeM Hallu
3HaHUSA O CUJlax , IEUCBYIOIIMX HA Tea.

Bo - NEPBLIX, UBBECTHO, YTO TECJIO, ABMIKYIICCCSA paBHOMCPHO U
prIMOJ’[HHGﬁHO, HC HCIIBITBIBACT CHIIOBOI'O HpOTHBOI[CfICTBHSI
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CBOEMY JBWXEHHIO. BO - BTOpBIX, CWila, MPUIOKEHHAs K Teily,
3aCTaBIsE€T €ro JIBUraTbCsl YCKOPEHHO WM 3aMEUIEHHO I10
OTHOILEHUIO K HAIIPaBJIICHUIO €r0 paBHOMEPHOro ABMKeHUs. [Ipu
9TOM BO3HHMKAeT CWJIA MHEpPLUH, HANpaBI€HHAs B CTOPOHY,
MPOTUBOIIOJIOKHYI0 YCKOPEHUIO. U, HaKOHEN, Ha Tena JEUCTBYIOT
CWJIBI B3aUMHOTO ITPUTSKEHUS WIIU CHJIBI TSKECTH.

[Tokaxem, 9TO (PU3MUECKON TPUIMHON BO3SHUKHOBEHHUS CHI,
JEUCTBYIONINX HAa MaTepHalbHBIE TEJla BO BCEX JTHUX CIyYasXx,
ABIISIETCA WX B3aUMOJAEWCTBHE C OKpYXaroumMm 3pupoM. UToObI
BCKPBITh  OTOT CIOXKHBIH W TPOTUBOPEUUBBIA  MEXaHH3M,
HE00X0IMMO pa300paThCs B KAPTUHE TEUCHHS OKOJIO JBHKYIIUXCS
Y HETIOJIBM)KHBIX TeJ, XOTS O HEMOJIBMKHOCTH MaTePHAIBHBIX Tell
MO>KHO TOBOPUTH JIMIIb B aKaJIEMHUUYECKOM CMBICIIE, UMESl B BUIY
METOJMYECKHE TPEHMYIIeCTBa TaKOW CXEMaTH3alu  IpH
MaTeMaTH4eCKOM pemeHun 3azxad. Jlemo B TOM, dYTO Yy
COBPEMEHHOW HAayKH OTCYTCTBYET BO3MOXHOCTH OIPEACIHUTH
CKOPOCTH a0COJIOTHOTO JBIOKeHHUs1 Ten Bcemennoii. Kpome toro,
MEXaHHKa UMEET BaXHYIO OCOOCHHOCTh, CPOPMYITHMPOBAHHYIO KaK
NPUHIMI OTHOCUTEIBHOCTH [ammies. DTOT MNPUHIMII 3BYYHT
CIIEAYIOIMNM O0pa3oM: €CIM CHUCTeMEe OTCYeTa, HaxXOoHsIIeWcs B
MOKOE, MPUAATh PaBHOMEPHOE TNPSMOJIMHEHHOE IBIKEHHE, TO B
HEHl He JOJKHBI U3MEHHUTHCS CHIIBI, CKOPOCTH, YCKopeHus u T.1. C
Y4ETOM CKa3aHHOTO pacCMOTPUM TPH XapaKTEPHBIX CIIydas
TedeHus d¢upa. B kauecTBe m3ydaemoro o0beKTa MaTepUaAIHHOTO
Mupa BeiOepeM arom. CumraeM ero gopmy chepudeckoit. Jlroboe
JIPYroe TEeJ0 COCTOMT B KOHEYHOM cué€re W3 aToMoB. [loaTomy
HE3aBUCHMO OT ()OPMBI Tella pe3yabTaT CHIOBOTO B3aUMOJICHCTBHUS
OyZeT MpeacTaBisATh COOOH CyMMy CWII, NEHCTBYIOIIMX Ha BCE
aToMbl 3TOro Tena. CuuTaeM IUIOTHOCTH BEIIECTBAa sIpa aToMa
HACTOJBKO OOJIBIIION, 9TO AUpP HE MOKET MPOTEKATh CKBO3b HETO
U BBIHYXXICH O0TEKaTh SIpO CHapykKd. BHYTph momagaeT TOIBKO
3¢up, NOTIOMAeMbIii aTOMOM W MPUBOISAIIMK K YBEIMYCHUIO €T0
Mmacchl. K cBeeHuto, IIoTHOCTD si/ipa aToMa BOAOPOIa IPUMEPHO
paBHa 3,2 - 10" r/em® , @ TNIOTHOCTh Y - KBaHTa jgocturaet 10 0
r/em®  [17]. Jlast cpaBHEHHsSI HALIOMHHM , 9YTO IUIOTHOCTH BOJBI
paBHa 1 r/cm

1. CHavama  paccMOTpHM cllydyaii ~ paBHOMEPHOTO
NPSMOJIMHEWHOTO JIBIDKEHHS aToMa cO CKOpocThio V. — depes
notok 3¢dupa. [lotok nBMKeTCss HaBcTpeuy aTtomy (puc.l) co

* *
ckopocteio V . Ckopoctn Ve U V'  H3MEpSIIOTCS OTHOCUTEIBHO
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Mojisi  CHOKOMHOTO  3dupa. DTO  TEUEHHE  OMHUCHIBACTCS
MaTeMaTtuiueckumMu BoipaxkeHusmMu (3) - (5) npu 3HaueHHH
koo unmenta nponnnaemMoctd € = 1. C moMONIBIO BHIPAKEHUH
(4) u (5) sarmurem ckopoctst V, u Vo Ha HOBEPXHOCTH spa
aTomMa nmpu I = I, , TJIe fo - Paauyc sapa aToma:

VI = - g/4mpr’, - Ve, cOSH

(10)
Voo= -1/2(Ve +3V')sing.

Cua, neiicTByromast Ha aTOM, CKJIAJBIBACTCSI U3 CHJI JIABJICHUS
Xp Ha €ro MOBEPXHOCTb CO CTOPOHBI OKPY’KAIOIIETo 3(upa U CHI
nHepnuu Xy, KOTOPBbIe BO3HUKAIOT U3-32 TOTO, YTO BHYTPh 00BEMa
aToMa, KaKk W B Jpyrue Tena BceeneHnHoid, moctymaer »¢up. B
pe3yibpTate  3TOr0  M3MEHSETCS  KOJNWYECTBO  JIBMDKCHHUS
MOTJIONIAEMOM MacChl 3(Hpa ¥ BO3HUKAET UMITYJILC CHIIBI . MITaKk,

F=Xp +Xy . (11)
Cuita JaBJICHUS 3aIlMCBIBACTCA B BHJC HBOﬁHOFO HHTCTpajia 1mo
MTOBEPXHOCTH sI/Ipa aToma :
Xp=- [[p cos® dS,=1/3qV.

So

JlaBrieHue P 3amuChIBACTCS C MOMOIIBIO ypaBHEeHHsT bepHymum st
HeC)KuMaeMoit xunkoctu [18] :

P=po -P> (Vo + V)2,

r1e Po - AaBJE€HHE TOPMOKEHHs, TO €CTh JABICHHE B CHOKOI/IHOM
supe; So- IIOMwAKb HOBEPXHOCTH syIpa aToMa; dS, = r,2sinfde dy
- DIIEMEHT JTOM MOBEPXHOCTH.

Cuna HMHCPIMH 3aIIMCHIBACTCS B BUIC .

Xv= 0] Vi Vi dSy = V' - V. /3.
So

CymMapHasi cwiia, JCHWCTBYIOIIAs HAa aTrOM B HAlpaBICHUH
notoka 3¢upa, B cooteTcTBuu ¢ hopmysioi (11) Oyner :

F=qV. (12)

C yuerom BeipaxkeHus (6) 3Ta ¢opmysia MepenuchiBacTCs B
153701 (N
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F=amV. (13)

W3 momydeHHO# (GOpMyIBI ClIeyeT HECKOJBKO UYpe3BBIYaliHO
MHTEPECHBIX  BBIBOJOB. Bo-mepBhIX, OYEBHAHO, YTO IIpH
PaBHOMEPHOM NPSAMOJIMHEHHOM JIBMKEHHM aToMa depe3 IojIe
HenoBMXHOTO 3dupa, korma V- = 0, atTom He OyJeT UCIBITHIBATH
CHJIOBOTO COTIPOTHBIICHHUSI CBOEMY JIBUKEHHUIO CO CTOPOHHI 3(upa.
Bo-BTOphIX, HaxogsiCh B MOTOKE 3(Hpa, aToM HCIBITHIBACT
CWJIOBOE BO3JCHCTBHE, paBHOE NPOM3BEACHHUIO Kod(hduimeHTa
YAENBHOTO pacxQna O, Macchl Tena M ¥ abCONOTHOM CKOPOCTH
notoka 3¢upa V . Cua HampaBiieHa B CTOPOHY JIBHKCHHS dpuUpa.
B-TpeThux, uYTO 0COOEHHO Ba)XXHO, 3Ta CHJIa HE 3aBUCHT OT
BEJIMYMHBI M HAIIPABJICHUSI CKOPOCTH COOCTBEHHOTO PAaBHOMEPHOTO
NPSIMOJIMHEHHOTO JBWXEHHUs aToma. BeneactBue Toro, uto moboe
MaTepHabHOE TEJIO COCTOUT B KOHEYHOM CUYETE€ M3 aTOMOB, OHO
HE3aBUCHMO OT (POPMBI TaKXKe MMOTIMHACTCS ITOMY 3aKOHY.

DTO O4YeHb Ba)XXKHO 3HATh, TaK KakK BO BcejleHHONH uMeeTcs
MHOXECTBO MAaTEpUAIBHBIX TEJ, KaKJI0€ M3 KOTOPHIX MOTJIONIAeT
abup U co3maéT BOKPYr ceOsl ToJie NBIKYIIETOCS C pPa3sHBIMHU
ckopocTsamu d¢upa. Ilpu 3TOM Hen30eKHO HEKOTOpHIE Teja
OKa3bIBAIOTCS B MOTOKaX 3(Hpa, BBI3BAHHBIX APYTHMHU TelaMu. B
pe3yibprare, Kak OBLJIO TOKa3aHO, Ha HUX JEHCTBYeT CHIa,
omnpenenseMas 3akoHom (13).

2. TlpencraBnsier GOJBIION HHTEPEC W HYXKIACTCSA B U3YUCHHN
CHJIOBOE BaMMOICHCTBHE 3(HUpa ¢ MaTepHAIbHBIMH TEIaMU NPU UX
YCKOPEHHOM HWJIM 3aMeJUICHHOM JBIKeHHUU. UTOOBI pa3o0paThCs B
3TOM, cJelyeT TOMHHTB, YTO MPHU PABHOMEPHOM HPSMOJIMHEHHOM
JBIKCHUH MaTEePUAILHOTO Tena (aToMa) CHIIOBOE B3aUMOACHCTBHE
Teda W d3dupa MPOUCXOAUT TakK, Kak eciadm Obl Temo ObLIOo
HETIOABIKHBIM. OTO YPaBHHUBAeT MEXAy CO000Hl B CMbICIE
HampaBJICHUS] CKOPOCTH 3aMEJICHHOE U YCKOPEHHOE JIBH)KEHHE.
Ecimu Ttemo mon BO3mEHCTBHMEM BHENIHEH CHIIBI TMPHOOpETaeT
yckopenne dV/dt  (moGoro 3Haka), TO Macca ddupa,
NOCTYIAIOMIEro BHYTPh Tela B COUHUIYY BpeMeHun (/d,
nproOpeTaeT OTHOCHTENIBHO Tejla Takoe e IO BEIHMYUHE, HO
MIPOTHBOIIOJIOKHOE 110 HampasieHuio (3Haky) yckopenue -dV/dt. B
pe3yibTaTe MOTJIOMAeMbIH TeloM 3(up Co3MaéT CHIly MHEpPLUH,
JCWCTBYIONIYI0O Ha TEJNO B HANpaBlICHUH, MPOTHUBOIOJIOKHOM
YCKOPEHHIO :

F = -(g/o)dV/dt = - m dv/ct.
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W3 storo cienyer, 4To AN NPEONOJIEHUS CHJIBI MHEPLUU B
MOMEHT pa3roHa Teljla K HeMY HYKHO IIPHJIOKUTh CHITY, PaBHYIO 110
MOJYJIIO CWJIE€ HMHEPUHMH M, CIEA0BaTEIbHO, MPONOPLHOHAIBHYIO
IIPOU3BEJICHUIO €r0 MacChl HAa YCKOPEHHE !

F= mdv/dt. (14)

3. Jlanee oOpatuMcsi K 3aKOHY BCEMHPHOTO TATOTCHHUS
Herorona. W HpoTOH HE nmanm TeopeTHYeCKOTO OOOCHOBAaHUS
rpaBUTALUM, HE Hamesl (U3NIeCKOi MPUUMHBI €€ BOSHUKHOBEHHUS
W HE BCKpBUI MexaHu3M e€ paeiictBus. B cBomx “Hawamax” on
OTPAaHUYMIICS CJIIOBAMU | “THIIOTE3 HE M3MBIILI0” . OMHAKO Takue
MOMBITKM  HEOJHOKPATHO TPEANPUHUMAINCh Ha MPOTSHKEHHH
CTOJICTHIl MHOTUMH yueHbiMU [2]. M3BecTHO Oosiee 25 pabor, B
OCHOBE KOTOPBIX JIeXKaT MpenacTaBieHus o0 3¢upe. [ 1aBHbIe unen
3THX paboT cBOAATCS K TpEM OCHOBHBIM. [lepBasi paccmaTpuBaeT
TATOTEHHWE KaK pPe3yJbTaT PaclpOCTPAaHEHUS IyJIbCAI[id aTOMOB
gepes a¢up. Bropas - kak mposiBIeHNE CHIT MEXITY “ ICTOYHUKAMH
n “crokamu” 3¢dupa. Tperbs - Kak cieacTBue OOMOApAUPOBKU
MaTepHaIbHBIX TN dYacTuiamMu s¢upa. Bce >t paboThl He
JUIIEHBl BHYTPEHHHX NPOTUBOPEYMH, YTO M OOYCIOBHJIIO HX
HETIpUSITHE.

[IpoGnema odens cnoxna. Jlake MOHMMAaHWE TEPMHHA ‘ CHIIA
BCEMUPHOTO TIATOTCHHS HE sBIsgeTCs onHo3HauHbM. Jlo 1915
roga 3TOT  BOIPOC  HM3JIAraJicd  JIOCTATOYHO  aKKypaTHO.
[TomuépkuBanoce, 4YTO BCE YaCTH CYIIECTBYIOIIEH B MUPE MaTEpPUH,
HACKOJIbKO OHHU JOCTYHHBI HameMmy HaOJIOJCHUIO, MPOSBISIOT
0c000T0 poja KaKyIeecss B3auMOJICHCTBUE. DTO B3aUMOJICHCTBUE
3aKJIFOYaeTCs B TOM, YTO JBE MacChl My U My IPOU3BOIBHOM
GopMBI M OTCTOSIIME JPYr OT JIpyra Ha pPacCTOSHUH I, HAMHOTO
NPEBBIMIAIONIEM WX  COOCTBEHHBIE  pa3Mephl,  BBI3BIBAIOT
MPOSIBIICHUE OCO0OW CHWIIBI, IEHCTBYIOMEH Ha 3TH Macchl. [Ipuuem
9TH CHJIBI CTEMSTCS COJM3UTH X MEXIy COOOM.

C 4yucTO BHEIIHEH CTOPOHBI SIBIICHHE IPEACTABISIETCS TAKUM,
Kak ecyy Obl U3 KaKJOW Macchl UCXOIWIIA CHJIa, NEHCTBYIOIIAs HA
npyryro maccy. Criemyer, 0JHaKO, IOMHUTh, YTO CIIOBaMH ‘“‘Tera
MPUTATUBAIOTCS  TOJBKO BKpATIe W YJOOHO OMHCHIBAETCS 3TO
sBIICHHE. DTO HEJIb3S MOHMMATh B OYKBaJbHOM CMBICIE, OYATO
Macca My aKTUBHO W HETOCPEACTBEHHO TSHET Maccy My K cebe ¢
cwioii F. B melicTBUTENBRHOCTH MBI TOJNBKO MOXKEM CKas3arTh, 4TO
NPUCYTCTBHE MAacChl Mp Ha pacCTOSHUM [ OOYCIOBIMBAeT
BO3HUKHOBeHHUE cwibl F, meiicTByromeit Ha maccy m,. Ha puc. 2
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npuBeneHa  Qororpadus  3emmm  co  cTopoHBl  JIyHBI,
WUTIOCTPUpPYIOIIasi JCHCTBHE CHJI TIPUTSHKEHHS  [3/1eCh  He
nokasasa].

Bomnpoc o ToM, kakme Macchl BXOIAT B 3akOH HproTOHa,
HUKEM HE MOJHUMAJICS, TaK KaK CUUTAIOCH, YTO ATO TE KE CaMbIe
Macchbl, 0 KOTOpPBIX TI'OBOPHJIOCH BO BTOPOM 3akoHe HbroToHa.
OpHako He JOKa3aHO, YTO MHEPTHAs U BECOMas MAacCChl SIBIISIFOTCS
OMHOM M TOM Xe& BenuuuHOW. X NpONOpUHOHAIBHOCTH IS
Pa3IMYHBIX TEJI JUIIb KOCBEHHO JI0Ka3bIBAETCA HA OCHOBAHUU TOI'O
¢axTa, 9TO Ha 3eMHOIl TOBEPXHOCTH B OJTHOM M TOM € MECTE BCE
Teja MajaroT C OJUHAKOBBIM YCKOPEHHEM.

I'pangmosnoe pa3BuTHe HEOESCHOW MEXaHWKH, IEITHKOM
OCHOBAHHOM Ha 3aKOHE BCEMHpPHOro TiaroreHus HproToHa,
3aCTaBUJIO CO BPEMEHEM YYEHBIX 3a0BITh O YHUCTO OMHCATEIHHOM
XapakTepe 3akoHa HploTOHa W yBUAETP B HEM AaKTHUBHOE
nanpHozekcTBrE [16].

Unes manmpHOmeiicTBus emé Oonee okperuia B kouie XVIII
CTOJIETHS, KOTJIa OKa3ajoCh, YTO MAarHUTHBIE M DJIEKTPUYECKHE
B3aUMOJICHICTBHS MOTYT OBITH CBEIEHBI K 3aKOHAM, aHAJIOTHYHBIM
3akoHy Hptotona. OgHako emé B mepBoii momouae XIX cromerus
dapaneii, BenWUaHMiA SKCHEpUMEHTATOp W (GU3MK-humocod,
MEPBBIM YKa3al Ha HECOOOPa3HOCTh JOIYIICHUS AaTbHOACHCTBUS,
TaK Kak CUUTAJ, YTO TEJO HE MOXXET BO30YXKIaTh CHIIy Tam, TIe
oHO He HaxoauTcs.. OH crenuanbHO OOpaTHIICS K MarHUTHBIM U
QJIEKTPUYECKUM SBJICHUSM UM yKas3aJl, 4YTO B JTHUX SBJICHUSX
[JIABHYIO DPOJIb WIPAeT TPOMEXKYTOUHAs Cpela, 3aroJIHAoNIAs
MPOCTPAHCTBO Mexay Temamu. [lozxe ombeiTel ['epria mokaszanmum
CTpPaBEIJIMBOCTh OCHOBHBIX B3rsmoB Dapanes Ha  poiib
MIPOMEKYTOYHOM CpPe/Ibl B YIIOMSIHYTHIX SIBIEHUSAX. OTHAKO HUKOMY
70 CHX TIOp HE YAaloCh CO37aTh OE3yNpedHyl0 MaTeMaTHYECKYIO
MOJIeNIb TaKOM cpenpl Ui OOBSCHEHHS CHIBI BCEMHPHOTO
TATOTCHUS.

Bonpoc 0 BCeMHpHOM TATOTEHHH NPWHSII APYroMl XapakTep,
korma OiHmTeitH B 1915 romy cosmam oOmyro TEOpHIO
OTHOCUTEIIBHOCTH M, MO CYTH, 3aMEHHJ IIOHATHE  CHJIBI
MIPUTSKEHUS TIOHATUEM KPUBU3HBI IPOCTPAHCTBA - BPEMEHH OKOJIO
MacCUBHBIX Tell. Pemienne, xoTopoe man OWHINTEWH, HEIb3s
Ha3BaTh SICHBIM ¢ (pr3mueckoit ctoponsl. Ckopee, 3To popMaTbHOE
pElIeHNE, BBITEKAIOIIEE U3 MATEMAaTHUYECKOW TEOPHUH, B KOTOPOU
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¢u3uyeckre MPEIIIOChUIKA W OCHOBBI MOTYT OBITH yKa3aHBI C
OOJIBIIIAM TPYIOM.

B nanno# paboTe mpemsaraercs HOBOE pEIICHHE TPOOJIEMBI
TpaBHTAllMd Ha OCHOBaHWU J(PHUPOAMHAMUYECKOW MOIEIU U
ormucaHHoro panee 3akoHa (12). UToObl MOHATH MEXaHU3M
NEUCTBHS TPABUTALMK, MBICIIEHHO IIOMECTHM B TIOJE TCUCHHUS
OKOJIO MacCUBHOTO TeJa C yAEIbHBIM MAaCCOBBIM PacxoJoM d¢upa
01 Ipyroe Telo MEHBIIUX pPa3MEPOB CO CBOMM YICIBHBIM
pacxomoMm 0 . [Ipenmnonaraem, 4to paccTosHHE MEXIY IEHTpaMu
ten (miapoB) HaMHOro Oojbllie  pajWyca Majoro Teja.
CrenoBarenbHO, MOYKHO CYMTATh, YTO Ha Majoe TeJo Haderaer
PaBHOMEPHBIN MOTOK C MTOCTOSSHHOW CKOPOCTBIO, HAIIPABICHHOU K
[EHTPY OOJIBIIOTO Tela !

*

2
Vi1 = qu/4mpre.
B aroit dpopmyrne 3Hak “MHHYC” OIyIIeH, TaK Kak HaIlpaBIICHUE
TE4YEHHUs K LEHTPY OOJIBIIOro Tela OroBopeHo cioBamu. CormacHo

dopmyie (12) mpu =g u V =V, 1 Ha MaJioe TeJIO B HAITPABICHUN
00pIIIOTO OYNIEeT IeWCTBOBAThH CHJIA |

— 2
F= (0 o)/(4mpr”) .
3aMeHUM yieNbHbIE PacXobl O; U Qp ¢ moMoIbio Gopmysl (6) Ha
MaccChl Majioro U OOJIBIIOTO TEJ

F = a?(m, my)/(4mp,r?). (15)

AHanornuHsle pacCykJI€HUS MOXHO IPOBECTH B OTHOUICHUH
CHJIOBOTO BO3JICHCTBHS Masloro Teja Ha OOJbIIOe, TaKk Kak B
MOTEHLMAJIbHOM IIOTOKE, OMNMCHIBAEMOM ypaBHeHueM Jlaruiaca,
OPUMEHNM TPUHLIMI HAJIOXKEHHWS TOTOKOB. Takum o0pazom,
BeIpakeHue (15) ompenenser cuiy, ¢ KOTOPOH Kaxkaoe U3
paccMaTpUBaeMBbIX TeNl 4epe3 MPOMEKYTOUHYIO cpery 3(upHOro
rasza BO3JIEHCTBYeT Ha napyroe. BwIBoa crmpaBeIinB i JIF0O0TO
qucilia MaTepuasbHbIX Tell. Kak yxke oTMedanoch, 3TH CHJIbl HE
3aBUCIAT OT CKOPOCTEH pPABHOMEPHOIO JBHKEHMS 3THUX TEll.
ComocTtapnsas MoiydyeHHYI0  (HOpMyTy C 3aKOHOM BCEMHPHOTO
TaroreHus HeroToHa !

F=f(mmy)/r?,

8 3 2
B KOTOpOM mocTosiHHas Tarotenus f = 6.7 « 107 cm™/(r-c”), umeem
dbopMyITy CBSI3U

f = a?/(4mp).
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OTcroma MOXEeM ONPEIUTh TUIOTHOCTH AUPHOTO ra3a :
p, =o’/4nf=119.10° r/em®.

[TnoTHOCTE 2QUpHOrO Ta3a oOKa3alach OYCHb OOJBIIOH, YTO
MPOTHBOPEYHT YCTAHOBHUBILIEMYCS MPEACTABICHUIO 00 3¢hupe Kak o
9éM-TO HEeBeCOMOM U OectenmecHoM. [loxkairyif, UMEHHO 37eCh
HaXOIUTCsI HanboJee TPyIHO MOHUMAaeMast 4acTh Teopun 3¢upa. B
CBSI3U C OTHM CJIEAyeT IMOMHHTH, YTO IUIOTHOCTH 3(HUpa HENb3s
OTOKAECTBIIATH C IJIOTHOCTBIO TEJ, TaK KaK caM MHPOBOH 3¢hup B
OOBIYHOM COCTOSIHUM HE O00JaJaeT CBOWCTBOM Tell IOTJIONIATh
a¢up. Hemb3s OTOXKAECCTBIATH OONBITYIO TIOTHOCTH 3(Hpa C
CYOBEKTHUBHBIM, I10JICO3HATENIBHBIM IIPEJICTAaBICHUEM 0
3aTPYIHEHHOM TPOABWKECHUM TeEJI 4epe3 IUIOTHYH cpeny. Panee
y)ke ObUIO TIOKa3aHO, YTO TPH JBWKEHUH TelI C IIOCTOSHHOMN
CKOpPOCTBIO dYepe3 3(pHup OHH HE HCHBITHIBAIOT COMPOTHUBICHHUS
CBOEMY JBIDKEHHIO. DQHp HeNlb3s HaOpaTh WM YAAIUTh U3 KaKO-
6o &émkoctu. OH 3amoiHSAET BCE TPOCTPAHCTBO MW JIETKO
IIPOHU3BIBAET MATEPHAIIBHBIE TEJA.

VY4uThiBasg, 4T0 MMEHHO 3(up CO3MaET CHIy HMHEPUUH OpU
YCKOPEHHOM JBIDKCHUH TeNl M CHIIy TsDKeCTH (IIPUTSDKCHUS),
MO>KHO MOHSATH, YTO OH HE MOXET OBITh TOATUYECKH OECTEeNECHBIM,
a JIOJDKEH UMETh OOJIBIIYIO IFIOTHOCTh M MHEPIIHOHHOCTbD.

Bo3Bpamasce k Bompocy O TOM, OINYIIAET JHU KaKIbIA
YeIIOBEK CHJIOBOE BO37CHcTBHE 3(Hpa, OTBETUM, HYTO KaXKIBIH
YeJIOBEK OIyIIaeT Ha cebe ITO BO3/EHCTBHE B BU/E JABSIICH CHIIBI
TSKECTH, B BHJE CWIbl HMHEPIUMM B MOMEHTBHI pas3roHa WIH
TOPMOXKEHHs. Bce Hamm NpUBBIUKH, YCTPOWCTBA U MEXAHHU3MBI
(GYHKIIMOHUPYIOT C Yy4ETOM ATOro BO3meHcTBHUs. [lopoif, Kak MbI
3HaeM, HEJOOLEHKa JTOr0  MNPUBOJUT K  TParn4ecKum
MOCTEACTBUAM. TONBKO IBHUTAACh MPSIMOJMHEWHO C TOCTOSHHOMN
CKOPOCTBIO, YEJIOBEK MOXET Ha BpeMs 3a0BbITh O CYyIIECTBOBAHHU
adwupa.

Ha ocHoBaHNM HaliiEeHHBIX 3HAYEHUN O U P, B COOTBETCTBUHU C
dopmynoit (9) momcumMTaeMm paguanbHBIE CKOPOCTH 3dupa Ha
MIOBEPXHOCTH psAfa Tea BceeneHHoil. Pe3ynpTatsl pacyeToB cBEAEM
B Ta0.1. VI3 TabIuUIBl BUIHO,YTO pagralibHbIE CKOPOCTH 3(dupa Ha
MIOBEPXHOCTU BCEX PACCMOTPEHHBIX TEJI OCTAIOTCS MEHBIIE
CKOPOCTH CBETa B ITyCTOTE.
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Tabmuma 1

HaunmenoBanue Macca, Pannyec, Ckopoctb | CxopocThb
o0ObekTa r cM adupa, adupa,
Km/c m/c
3Be3na Boneg 457-
OeJIBI KapJIMK 1.01e 10% 0.7« 108 136800 0.76  10°
3Be3na Ban-Maanena-
BeTbIil KApIHK 0.28+ 10* | 490« 10® 7800 0.78+ 10’
3Be3na crytHHK Cupryca
- BeJtblii Kapiuk 1.70+ 10* | 0.20+ 10" 293 029« 10°
CouHile-38e3/1a
2.0 «10*% | 6.40+ 10" 0.273 0.27 + 10°
3eMII-IUIaHeTa
6.0+ 10 | 6.40+10° | 0.00981 9.81
Jlyna-ciytHuk 3emiu
0.73+10% | 1.73+.10° | 0.00163 1.63
Snpo aroma Bogopoaa
1.66+ 10%* | 0.5 « 10 | 0.43+ 10° | 0.43+ 10°

OpHako Ha MOBEPXHOCTU CaMOW MaJieHbKOM M3 M3BECTHBIX 3BE3[
tuna “Oemoro kxapiuka” Bonbd 457 ckopocTh OKka3zalach 4yTh
MEHBIIIE TOJIOBUHBI CKOPOCTH cBeTa. Ha moBepxHOCTH 3emin
paauanbHas cKopocTh 3(Qupa HeBenuka. OHa okazajach paBHOM
9,81 m/c, coBmaaroIeil YMCICHHO ¢ YCKOPSHUEM CHITBI TSXKECTH.

4. OBTEKAHHE IOBEPXHOCTH
3EMJIM DOUPOM. OIBIT ®U30

CdopmynupoBaHHBIC paHee 3aKOHBI CHJIOBOTO
B3aUMOJICHCTBUS  MaTepuajdbHBIX Tel C TedeHueM ddupa
3aCTaBJISIOT MePEOCMBICIIUTD YCJIOBHUS CYIIIECTBOBAHMS

MaTepHUaJbHBIX TEJT U KUBBIX CYIIECTB Ha MOBEPXHOCTH 3eMIId B
notokax 5¢upa, ombiBarommx 3emmo. [lpu 3ToM BO3HUKaeT
OMlaceHUe, YTO Mbl CAMM 3arHaju ceOsi B JOBYILIKY, U3 KOTOPOM
HEBO3MOXKHO BBIOpaThcs. J[eno B TOM, YTO OYeHb HeOONbIIAs
pamuanbHas ckopoctsh 3dupa V ; = 9.81 m/c, umeromasi MecTo Ha
MOBEPXHOCTH 3eMJIH, SBIISCTCS coriacHo 3akony (13) mpuumuoit
NecTBHsI CUITBI TshKecTu. BMmecte ¢ TeM B n3BecTHOM onbiTe Puzo
ObUIO MOKA3aHO, YTO TEKYyIIas BOJA YaCTUYHO YBIIEKAeT 3a co0oit
3¢up B OTHOIICHUHU, PaBHOM KO3 PHUIIMEHTY yBICUESHHUS !

E=AV./V., =1-1n*= 04347, (16)
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rne V.o - CKOpOCTh Tekymed Boibl; AV. - CKOpOCTh 3dupa,
YBIIEKAEMOT0 BOJIOH; N - MOKa3aTellb IPEeIOMIICHUS cBeTa B BOAE (
n = 1.33). O4eBHUIHO, YTO €CIIK BOJA YBIIEKAET 3a co00it aup, TO
U Jpyrue MaTepuajbHbIe Tela JIOJDKHBI YBJICKATh 32 OO0 Aup.
Ha mepBwiif B3rmsiy;, 3TO OTHOCHUTCS TakXe M K caMoil 3emie,
KOTOpas, KaKk M3BECTHO, JBIXKETCS II0 CBOEH OpOWUTE BOKPYT

Comnma co ckopoctbio Ve = 30 km/c. [lake mosioBUHA 3TOMU
ckopoctd B cootBerctBuU ¢ (16) B 1500 pa3 mpeBbimnaer
panuaibHyo ckopocth Vi, = = 9.81 m/c. U 310 He Bce. [eno B

ToM, uto 3emus aBwkerca emEé BMmecte ¢ CoNHIEM BOKpYT
[IEHTpa BpalleHuss MJICYHOTO MyTH CO CKOPOCThIO Vo = 220 km/c.
[TosToMy Ha ocHOBaHuM BbIpakeHHi (13) 1 (16) MOKHO OXKHIATh,
9TO Ha JIIOOOH MpeAMEeT WM JKHBOE CYIIECTBO, HaxoJsdmieecs Ha
MMOBEPXHOCTH 3eMJIH, TOJHKHA Obla ObI eficTBoBaTh cuia, B 11000
pa3 MpeBoCcXoAsIIas CHTy TshkecTH. OTHAKO 3TOr0 HE MPOUCXOJIUT.
Ho nmouemy ? OTu COMHEHHS BHOBb OTOPACHIBAIOT HAC K BOTIPOCY ,
crosiBieMy tiepen Haykoi 100 meT Ha3axa: a cymecTByet Jju 3up B
NefcTBUTEN HOCTH ? He sBIseTCs I OH TIJI0JI0M BOOOpasKeHUs ?

Heckonmpko oOmerdaer 3amady TO OOCTOSITENBCTBO, HYTO
COOCTBEHHOE pPAaBHOMEPHOE W  MPSMOJIMHEHHOE JIBIDKCHHUE
MaTepHAIBHBIX Tel dYepe3 J(QHp HEe NPUBOAUT K CHIOBOMY
MPOTUBOJCHUCTBHIO NBIDKCHUIO. 113 3TOTO clieryeT BBIBOJ, YTO MBI
JOJDKHBI ~ M3y4YUTh  aOCOJIOTHBIE CKOPOCTH  dacTull ddwupa
OTHOCHTEIIFHO  IOJsI  HEMOJBIDKHOTO  3dupa B TOYKAx
IPOCTPAHCTBA, COBMANAIOIIMX B JIIOOOH MOMEHT BpPEMEHH C
TOYKaMH TIOBEPXHOCTH OOTEKaeMBIX TeNl M, KOHEYHO K€, 3eMIIH.
Marematiueckoe BBIpaKEHUE ITOTO TeYeHUs atoT Gopmyisl (3) -
(5). UrtoObl He 3arpoMokiaTh JalbHEHIIee H3IOKEHHE, NPUMEM
a0COIOTHYIO CKOpPOCTh TOTOKa 3¢dupa V paBHON HYIIO, TO €CTh
paccMOTpHUM 3Ty 3amady Jjis CIOKOWHOro 3¢dwupa. B pesymbrare
HOJTYYUM BBIPAXKCHUS

O =g/4mpr +&Vear, cosh /2, (17)
V. =-g/4npr® - €V 1,0 cosB /r? (18)
Vo =-&Var, sing/2r. (19)

3Bé3gouka B ypasHeHmsix (17) - (19) osmauaer, uro V, u Vg -
a0COIOTHBIE CKOPOCTH OTHOCHTENIBHO TIOJISI CIIOKOHHOTO 3wpa.
Ananusupys BbIpaxenus 11 ckopocted (18) u (19), Bumum, 4o
mpu I — © , T.e. IO Mepe yAaJieHus OT Tena, ckopocTu V, u Vg
OYCHBb OBICTPO YMEHBIIIAIOTCS, CTPEMSICh K HyIto (cM.puc. 1).
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Ha moBepXHOCTH HENMPOHMIAEMEIX TN ¢ KodhpuimenTom £=1
opu I = [, paguambHas CKOpPOCTb V, CKIaJAbIBaeTcsi U3
aOCOIOTHBIX PAJUANIbHBIX CKOPOCTEH TOYEK Tela W paJnualbHBIX
CKOpOCTEH, BBI3BAHHBIX CIIOCOOHOCTHIO TeJa MOTJIOMATh I(UPHBIN
ra3. BHyTpp Tenma momamaeT TOJBKO TOT AGUpP, KOTOPHIH
nornomaercs TesoM. OCTanbHOM dPUp BBIHYKIEH 0OTEKaTh TEIO
cHapyxu. OKpykHast CKOPOCTb Vg HarmpasiieHa 110 KacaTeIbHOH K
noBepxHocTH Tena. OHa U3MEHSETCs IO CHHYCOUJAIbHOMY 3aKOHY
OT HyJIsI B ToYKax 1 u 3 10 TOJOBHHBI CKOPOCTH Vo B TOYKAX 2 U

it abCONOTHO TMPOHHUIIAEMBIX Tell ¢ KoddduimeHnTom € = 0
TEJI0 CBOOOIHO MPOHU3BIBAETCS 2PUPOM, HE BOBJIEKAas €0 B CBOE
IBHKCHUE.

Kakoit koaddurment € momxken OviTh y 3emim ? Cyns 1o
OTCYTCTBHIO B HaIlleH KU3HHU JPYTUX KOCMUYECKHX CHJI, KPOME CHII
TSOKECTH, 3TOT KOX(QQHIMEHT paBeH HYIIO H, CJIEI0BATEIbHO,
3emiis CBOOOJHO TIPOHHU3BIBAETCS APUPOM. DTO JIETKO TOHSTH
NPUMEHHUTEIBHO K 3€MHOM aTMmocdepe, TIOCKOIbKY CpeaHee
paccTosiHAe MeXIy ONMKalIUMH MOJIEKYJIaMH BO3IyXa DPaBHO
100000 momepeyHUKOB CaMUX MOJEKYyJ. TpyaHee CMHUPUTHCSA C
3TMM B OTHOWICHWM OoJjee IJIOTHBIX Tel. PaccTosHue Mexmy
MOJIEKyJIaMH BOJ[bl HAaMHOTO MeEHbINE, 4eM Yy Bozayxa. Cpemnss
TUIOTHOCTH 3eMJyI emié OoJblle, 4eM y BOJBI, U IocTHraeT 5.467
r/lem®. D10 GoNblNas BEIMYAHA B IIOBCCIHCBHOH KM3HH, HO
HEBOOOpa3sMMO Majasi 10 CPaBHEHHUIO C IUIOTHOCTBIO Sipa aToMa
BOJIOpOJIAa WJIH Y - KBaHTa, Ui KOTopbix € = 1. [Tostromy 3emus B
[eJIOM  OKa3bIBaeTcs mpoHuraemMon s sdupa. TpymHo
npeacTaBuTh cebe 3eMiIl0 IPOHUIAeMOH, CIOBHO CHTO WM
pemeto. Tem He MeHee, 3TO He HOBOE IPEJACTABICHHE, TaK KaK
M3BECTHA JJIEMEHTAapHAas dYacTHIla “HEUTPHHO”, KOTOpasl JIETKO
MPOHM3BIBACT 3eMIII0 HACKBO3b, HE CTpeyasl MPH 3TOM HHKAKOTO
comnpotuBieHus [8,13].

Takum 00pa3oM, MOKHO YTBEpXkJIaTh, 4TO 3€MJISI B CBOEM
NMBWKCHUW TIPAaKTHYECKH HE yBIeKaeT 3a coboit 3¢dup. DOT1o
MOJTHOCTBIO COOTBETCBYET SIBICHUIO 3BE3[HOW abepparuu. Takoe
NPEICTaBICHUE O JBWKEHHH 3eMJIM HEOOXOAMMO YYecTh B
JajpHEWIeM TpW  aHanu3e  onblta  Maiikenscona. U3
NPOBEIEHHOTO  aHalW3a CIeAyeT, 4YTO H3-33  OTCYTCTBHSA
aOCOJIOTHBIX CKOPOCTEH 3(upa, BHI3BAHHBIX JBWKCHHEM 3€MIIH,
Ha e€ TIOBEPXHOCTH He OyIeT CuJl, onpeensieMbix Gpopmyioit (13),
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KOTOpbIE MOTJIM OBbI Pa31aBUTh WIK CMECTH BCE KUBOE M HEKUBOE
C €€ MOBEPXHOCTH.

Hamee pazdepem ombiT  ®duzo. OcoOEHHOCTH  ATOTO
AKCIIEPUMEHTA 3aKIIF0YAETCS B TOM, YTO CBET PACHPOCTPAHIETCS HE
CHapykH, a BHYTPH MOTOKa BOJBI, B HENIOCPEJACTBEHHON OJIM30CTH
K sIpaM aTOMOB BOJOpOJa H KHCIOPOJa, COCTABISIOIINX
MOJIEKyITy Bonbl. Ha 3T0 yka3piBaeT akT yMEHBIICHUS CKOPOCTH
pacmpocTpaHeHHUs cBeTa B CIOKOWHOW Boxe a0 V = 225 000
km/c BMecto C = 300 000 km/c mpu pactpoCTpaHEHUH CBETA B
CIIOKOWHOM 3¢upe, BOATM OT MaTCpPHAIBHBIX TN, WIH, KaK
TOBOPST, B IIyCTOTE.

Taxum oOpa3om, TIpH aHAIHM3E MMPOUCXOAIIETO B onbiTe Du30
cieayetr B ypaBHenusix (17) - (19) B kauecTBe Kod(duIneHTa €
OpaTh ero 3HaueHHE, paBHOE eIuHUIlEC. B 3TOM cirydae B Todkax 2
u 4 (cM. puc. 1) Ha MOBEPXHOCTU SIEP ATOMOB, COCTABJIAIONMIMX
MOJICKYJIbI BOJIBI, IPH I =, 1 6 =+ 90 paauanbHbIE CKOPOCTH V,
= 0. B touke 2 okpyxHas ckopoctb Vg = -1/2V,. Munyc
O3Ha4aeT, 4YTO  CKOPOCTh  HAalpaBlieHa B  CTOPOHY,
MPOTUBOMOJIOKHYIO yBennueHuo yriia 0. [TonoxurenbHbie yrisl O
COrNacHo puc.1l HarpaBieHbl TIPOTUB YacoBOi cTpenku. B Touke 4
ckopocth Vg = 1/2V., . BakHO OTMETHTH, YTO 3TH CKOPOCTHU
SBJISIFOTCSL  aOCONFOTHBIMH ~ CKOPOCTSIMH  TedeHus: ddupa. OHu
HalpaBleHbl B CTOPOHY ToJoXuTenbHOH ocu OX, TO ecTh B
CTOPOHY, TPOTHBOIIOJIIOKHYIO JBH)KEHHIO camoro Teia ( aToma
BOJIBI ).

B ompiTe ®@un3o mydy cBeTa, MPOMYCKAEMBIM Yepe3 TEKYIIYIO
BOJy, TIPOXOJUT B HEMOCPEICTBEHHON OIM30CTH OT MOBEPXHOCTH
ANEP aTOMOB, COCTABJIAIOIIUX MOJIEKYJbl BOIBI. YYMTBIBAas 3TO,
npumeM B popmyie (19) ro/r =0.954u 0 = + 90, rae 1, - paauyc
gaIpa aroma; I - paccTOSHUE OT LEHTpa aToMa [0 JHHHUHU
pacnpoCcTpaHeHus Jyda CBETa, HAIpaBIEHHOro Baojib ocu OX. B
ATOM CiIy4ae CKOpOCTh 3dupa Vx Ha JIWHUM PaCHpOCTPAHEHUS
JIy4ya CBETa 3alMIIETCS KaK:

V, = -0.4347 V., .

CnenoBatenbHO, KOd(pdummeHT yBiIedeHUs dpupa MPUMET
3HaYeHHWE, COBMAJAOIEe IO MOIYT C KodhdummenToM,
MOJTYYSHHBIM B orbiTe Du3o:

E=AVIV =|V,

Vo =0.4347.
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WHTepecHBIM M TapaloKCcaIbHBIM OOCTOSTEILCTBOM SIBIISETCS
HarpapJeHue TedeHus 3¢upa. Ha nmuHUM CcBETOBOro Jiyda OHO
HAINpaBJICHO HE BCIJIEJ 32 JIBIDKYIIMMHECS MOJIEKYTaMHU BOJIBI, a B
MPOTUBOIOJIOKHOM HAIlpaBlIeHUU. DTO O3HAYaeT, 4YTO B TEKylIeh
Bojie 0O0TekaHne F(PUPOM MOJIEKYJT BOJIBI IPUBOIUT K 00pa30BaHHIO
MECTHOTO Te4YeHHs d>Pupa Ha JIMHUU Jlyda CBETa B OOpaTHOM
HANpaBJICHUH. DTOr0 HE MOIJIM 3HATh YYEHBIC - COBPEMEHHHKHU
®wuzo. [ToaTomy, coobpasysick ¢ OBITOBBIMH TPEICTABICHUSIMHA O
TEYEHHUHU BOJIbI, OHH MIPEATIONOKHIIH, YTO YacTHUIIEI 3(upa NoZ00HO
COpPUHKAaM YBIICKAIOTCS BCJIEH 32 YaCTHUI[AMHU TEKYIIEH BOABI. DTO
HE COOTBETCTBYET JEHCTBUTEIBHOCTH, HO, KaK MBI YBHIUM
Aajplie, MPUBOJUT K TOMY K€ NPAaBWIBHOMY pe3yibTary. UToObI
yOemuThesl B 9TOM, MPUAETCS BOCCTAHOBHTH cxeMy ombita duzo (
puc. 3). [TozaumcTtByem e€ u3 [11].

Eoaa
BI_I_’L_V‘; D

A LR P——/c

4_
s i EOAa Va Puc. 3

OmnbiT ®U30 TPOBOMIICS TIO cleayronieit cxeme. CBeTOBOM y4
S mazman Ha TOMYMocepeOpEHHYI0 TIACTHHKY A, pa3elsrollyro
ero Ha 1a yyda: AB u AC. 3epkana B,C u D, nocrasnennsle nox
yriaoM 45 K najarolyuM Ha HUX JIydaM, HOBOPaYMBalIk MX HAa YTJIbI
90 . BcnenctBue 53TOTO pa3genéHHBIC B TOUKE A KOTEPEHTHBIE
JTy4u cBeTa OOXOIWIA YCTAaHOBKY. OJHWH TIO YacOBOH, OPYroul -
OpoTHB. YMaB CHOBAa Ha MOJYyHpPO3payHOE 3epKajio A, OHH
COCAMHSUINCh BMECTE, YTO TO3BOJISIIO HAOMIOAATh KapTHUHY
uaTepdepenmm. Ha mytu mydeit pacmomaramuck TpyOsr L1 u Lo,
HAIIOJTHEHHBIE TEKYIIEH CO CKOPOCThIO0 V., BOMIOW B HANpABICHHUH,
yKa3aHHOM Ha pucyHke. OnuH JIyd, IpoXoJs CKBO3b TPYOBI, &N
BCE BpeMd IO TEYEHUIO, a ApYyroi - mpotuB. OHU30 mosaraj, 4ro
a¢up, HAXOAAIIUICS B BOJE, ITOH BOJOW yBIIEKAJICsA,  00a JIyda,
npoiins ycTaHOBKY M coenuHsisice B Touke 0, OyayT umeTh
HEKOTOPYI0 Pa3HOCTh (a3, OOYCIIOBICHHYIO pa3HBIM BPEMEHEM,
KOTOpOE JIydaM MOHAJA00MIIOCH Ha MPOXOXKJICHHUE BCETO MyTH. JTa
pasHoCTh a3 onpenenut xapakrep uaTepdepennnu B 0. Paznocts
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BPEMEH MPOXOKICHUS JTydaMH YCTAHOBKHU CO3HAETCA XOJIOM JIyder
JUIIb B JBWXKYLIEHCS BOJAE, TaK Kak B OCTAIBHOM HX IIyTH
OJIMHAKOBBI.

O0603HaUNM CKOPOCTb CBCTA B HOKOHIJ.ICIZCS[ BOAC 4CPEC3 VC

( Vc = 225 000 km/c). Toraa ckopocTh cBeTa B TEKylIel BOJEC
OTHOCHTEIIbHO YCTAHOBKH ISl JIy4a, pPacHpOCTPAHSIOUIETOCs
NpOTHB TedeHMs, paBHa V. - &Vo , a gua  gyda,
pacmpoCTpaHSIONIErocs Mo TedeHuo, paBHa Ve + Vo, . Orciona
HAXOJMM, 4TO Pa3HOCTh BpeMEH Al , B TeUeHHE KOTOPBIX 00a y4a
00XOJISIT YCTAHOBKY, OyIeT:

M=t -t,=21/(Vc -&Ve) -2 /(Ve +EVe) =
=418V (Ve? - EV2) D41 EVLIVAE

3nech BenmumHOl £V, npeHedperalT, Tak Kak OHAa MHOIO
MEHBIIIE, YeM VC2 ;| - mmHa kaxmoit w3 Tpyd Li m Lo,
HAINOJHEHHBIX BOJOU. Pa3sHOCTH (a3 Mexay oboumu aydamu Oyner
paBHa 2TIVAL, rzie V - yactoTa cBeta. OU3MKU CO3/Iai YCTAHOBKU U
npuOOpbl, € TMOMOIIBI0 KOTOPHIX MOTYT, U3ydas KapTUHY
uHTep(depeHIH, TPOBOJAUTH U3MEPEHHS ¢ OOJIBIION TOYHOCTBIO.

Bepuémes k HameMy ucceoBaHH0. BpUIo MOKa3aHo, YTO Ha
JMHUM PACTPOCTPAHEHHs JIyda CBEeTa MECTHOE TeueHHe 3dupa
HUMEET CKOPOCTh &V U HAMIPABJICHO B IMPOTHUBOIOJIOKHYIO CTOPOHY
[0 OTHOUICHHUIO K TEYEHHIO BOJBI. [l03TOMy B BBIPQKCHUSIX,
OMpEACISIONIMX CKOPOCTh CBETa B TEKyIIeH BOJEC OTHOCHUTEIBHO
YCTAHOBKH, HY)XHO MMOMEHSTH 3HAKH Mepe]l BeTHMYHHOU &V, Ha
MPOTUBOIMOJIOXKHBIE. B COOTBETCTBUM C ITUM CKOPOCTh CBETa
OTHOCHTENIbHO YCTAHOBKH IS JIyda CBETa, PACHPOCTPAHSIOIETOCS
B Tpy0Oax L1 u L, mportus Teuenust Bojwl, Oyaer Ve + &V, a s
Jdyda CBeTa, PACHPOCTPAHSIONIETOCS MO TEYEHHIO BOJBI, 3Ta
ckopocTh paBHa V¢ - {Ve. [Ipu aToM Bpemsi t; = 2| /(V¢ + Vo ),
3aTpavyMBaeMoe JIydoM CBeTa Ha MpoxoxaeHue mytd 2| mpotus
TEUEHHsI BOJbI, OKA3bIBACTCS MECHBIIEC BPEMEHH [BIKCHHS 10
teuernto: tp = 21 /(Vc - §Vw ) . OmHako pa3HOCTh BpeMéEH, 3a
KOTOpYI0 00a Jiyda OOXOIST YCTaHOBKY M KOTOpas Temephb
OIpeAessieTCs KaK:

At=t-t1 =21 (Ve -EVa) -2 (Ve +EVa) =4 EVa VS
HE MCHACTCA 110 CPaBHCHHUIO C TEM, UTO IMOJTYYHNIT CDI/ISO.

B 3akmrouenue JaHHOI'O pasjaejia OTMETHUM, YTO Y HCKOTOPBIX
)I(H,I[KOCTCI;'I KOB(I)(I)I/ILII/ICHT MNpCIOMIICHHA CBE€Ta CYHICCTBCHHO
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Oonpire, yem y Boxbel. Hampumep, y Oen3oma on pasen 1,501.
Bcenencreue 3TOTO KOXPOUITMCHT  YBIICUCHHUS adupa
JBIDKYIIIMUCST MOJIEKyJIaMH OeH30J1a

£ =AVuW/Vo=1- 1Un? =0,556.
[To cymecTByronmuM BO33pEHUSAM ABMKYIIHECS MOJIEKYIIBI 6eH30J1a

JOIIKHBL GBUIH GBI YBICKATh 3a c000it aup co ckopoctsio A Vy |
= 0,556 V.,

B 1O ke BpeMs mpu HIBIWKEHUH CcQepbl B CIUIONIHOW cpelne
cample Oonbine CKOpocTH B Toukax 2 u 4 (puc. 1) He moryrt
MPEBBICUTH 3HAYCHHE VX = 0,5 V. . CuoBa 3aragka. Onggako oHa
uMeeT pasrajaky. MzBecTHO [10,18], YTO TpU OOTCKAHWH LUJIMHIPA
abCONIOTHBIE CKOPOCTH B aHAJIOTMYHBIX TOYKax B JBa pasa
OosbIe, 9eM y chepsl U 1ocTHratoT 3HadeHus Vy = Vo,

Ecnu monekynbl OeH3oma U APYrux KHUAKOCTEH ¢ OOJbIIMMU
KodpUIMEeHTaMH  TPEJOMJICHUs  CBEeTa  OTIMYAIOTCA  OT
chepuueckoil Gopmbl ¥ TPUOTIKAIOTCA K HMHJIMHAPUYECKOU, TO
3TO OOBACHSET, MoYeMy HX KOI(PPHUIMEHTH yBieueHUs 3Qupa
MpUOIIKAIOTCA K €IUHHIIE, HO HE MOTYT €€ MPEBBICUTb.

5. KOOOOPUIUEHT CKOPOCTH OBPA30OBAHUA
MACCBI. O BEKOBOM YCKOPEHHHU JIYHbI

UroObl ompenenuth KOIPPHUIMEHT CKOPOCTH 00pa3oBaHHS
Mmaccel K, oOpaTuMcsi K SIBICHHIO BEKOBOTO YCKOpeHHs JIyHBI.
W3BecTHO, 4TO cpeny MHOXeCTBAa HEOECHBIX IBHKEHUH, KOTOpBIE
MOJTHOCTBIO  COOTBETCTBYIOT (opMysiaM HeOECHOW MeXaHUKH,
UMeEeTCss  HECKOJBKO ciyyaeB HECOBITA/ICHUS MEXTY
HaOJI0aeMBIMUA M BBIYMCICHHBIMH JIBWXCHUSAMHU CBeTHI. OJHUM
U3 TaKuX HEOOBSICHEHHBIX HAYKOW SBICHHWNA SBISIETCS Tak
Ha3pIBaeMoe BekoBoe Yyckopenue JlyHel. CpaBHEHHE IPEBHHUX
HaOMIOZeHUIT Haj 3aTMEHUSAMH C HOBBIMH IIOKa3alo, 4YTO B
Hacrosimee Bpems JlyHa paBmwkercs HEMHOTo ObicTpee, 4YeM
npexae. Jto yckopenme Heennko. 3a 100 mer Jlyna yxomut
BIIEpPET TIPOTHB BBIYHMCIICHHOTO TooxkeHus Ha 10" wim mpumepHO
Ha paccrosaue 18,6 kM. Toiapko dYacTh 3TOTO YCKOPEHHS,
npuOIM3uTeNbHO 6", O0OBACHAETCS TEOpUEH TATOTCHWsA, a
octanbHas 101 4" BBI3BIBACTCS] HEU3BECTHOM MPUIHHOM :

ASy00 = 7,45 kv = 0,745 - 10° cm.
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[Ipnunna, 3acraBnsgromas JIyHy peanbHO YCKOPSTH CBOE
JBWKCHHE TI0 opOHMTe BOKPYT 3emiu, OyJeT MoKa3aHa B pasjelie
11. Tloka e, momjarass npuOMMKEHHO, 9TO opburta JIyHBI MMeeT
KpYyroByio (opMy, 3alHChIBa€M PaBEHCTBO JCHCTBYIONIMX Ha HeE
CHJI TATOTEHHS U IEHTPOOEKHOM CHITBI

MU%rops = £ MM/,

rae mu M - cootBeTcTBeHHO Macchl JIyHbI n 3eMiIH; lops - Paanyc
op6utsr JlyHs! npu e€ aBmwkeHnH BOkpyr 3emud; f - mocrostHHAs
TATOTEHUS.

PazpemmM 310 paBEHCTBO OTHOCHUTENIBHO OKPYXHOM CKOPOCTH
(opOutanbhoi) JlyHBI, TpeAcTaBUB B HEM Maccy 3eMid C
MOMOIIIBIO BeIpaKkeHH (8) Kak (QYHKIIUIO BPEMEHH :

la
U= Mo e = fMoﬁhlgt‘Q,
I'op6 I'op6 2k (20)

riae M, - macca 3emiii Ha MOMEHT Hayajia OTcuéra BpemeHu [ =
0. M3 »9TOii 3aBHUCHMOCTH CIIEyeT, YTO C TEYCHHEM BpPEMEHH
ckopocth U momkHa Bo3pactaTh, yToOBI JIyHa yaep:kuBasiach Ha
CBOCH opOuTe.

C yuerom (20) npupamenne myt JIyHBI Ipu €€ IBHKEHHUH T10
opOuTe, BEI3BAHHOE POCTOM CKOPOCTH, 3aIllUIIEM B BUJIE !

AS:EE fMo
4K\ N

Jits Mo = 5,98 10" 1, Ty = 3,844 .10 cm, t = 100 et =

3,15.10° ¢, monmy4aem
ASi0 = 2,52-10%. alk cm; (21)
A = ASyoo/rops = 0,655-10°. alk pan.

N3-3a 6mm3octu JIyHsr k 3emite B €€ IBIKEHUH 3aMETHBI TaKHe
OTKJIOHEHHs, KOTOpBIE YCKOJIB3a0T MpH HaOII0AeHUsAX 3a Oonee
MaléKUMHA CBETHJIAaMH. YUHUTHIBag HAAEKHOCTh JAHHBIX 10
nBkeHuto  JIyHbI, uWcHoib3yeM —cooTHomnenue (21) s

ompeneneHuss oTHomeHUuss O/K u  Ko3(pQuIHMEeHTa CKOPOCTH
obpa3oBaHus Macchl K :

alk =2,97.10 1/, (22)
k=3,36.10"".

t2
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[Tpu monydeHHBIX 3HaveHUsX BeawuuH O/K u K maccer Ten
Bcenennoli momxHBI OyayT BO3pacTaTh CO BPEMEHEM Tak, Kak
MoKa3aHo B Tab. 2.

Tabmuma 2

Bpewms,
wipgier |05 (1.0 {20 |30 (35 |50 (10 |15

m/mo= e’ [1.048(1.10 [1.202(1.33 |1.38 |1.61 [2.59 |4.17

Bospacranne macc 3emnu u apyrux ten BceneHHOHM TOMKHO
MHTEpECOBaTh I'€OJIOTOB U acTpo(u3nkoB. OHH JUCKYTHPYIOT O
pacumupsitoneiicss 3emiie, O BO3pacTaHUU CHJIbI TSHKECTH Ha €€
MOBEPXHOCTH, MBITAIOTCS TPOTHO3UPOBATh 3EMJICTPSICEHUS, a
TaKXKe WIyT OTBET Ha BOMpOC, OTKyna Oepérca Macca,
o0ecreunBaoNas BHIOPOC OTPOMHBIX KOJHMUYECTB MAaTEpUU B BUJIE
HEJBIX 3BE3HBIX CKOIUIEHUH W3 B3PBIBAIOIIUXCS SAep TaJaKTHK.
OTa TeopHst MOKET TOMOYb HANTH KOJMYECTBEHHBIE OTBETHI HA 3TU
U Apyrue Bonpockl. [IomyTHO 3aMeTHM, YTO MOJYyYEHHOE 3HAUCHHE
kodduimeHTa CKOpPOCTH 00pa3oBaHMs Macchl K MMO3BOJSET
B3MJIIHYThH JIPYTMMH TJIa3aMU Ha IUIOTHOCTH 3¢dupa. Jleno B ToMm,
YTO MPHUBBIYHOE IS YETIOBEKA MMOHATHE IJIOTHOCTH MOJIPa3yMeBaeT
OTHOIIIEHHWE MacChl BEMIECTBA K 00BEMY, 3aKIIOYAONEMy B cebe
3TO BelecTBO. B To ke Bpems u3 (7) cienyet, uyto kodddurment K
MOKHO TPaKTOBaTh KaK HEKOTOPHIH NEepeBOTHON KOXPPHUIUEHT
Macchl 3¢upa B maccy Ten. To ecTb ero MOKHO pacCMaTpHUBATh Kak
OTHOLIEHHWE Macchl 3¢Hpa K Macce BEIIeCTBA, Ha CO3JaHHE
KOTOPOM TOTIEN BECh MOTIIOMEHHBIN HP.

[TosTomy, ompexmensis IUIOTHOCTH d(upa B NPHBBIYHBIX
KaTerOpHsX IUIOTHOCTH BEIECTBA, MOKHO CUUTATh, YTO IDIOTHOCTH
a¢upa mpencTaBiIseT coO0H BETMINHY

pa* =p,/k=354 .10 /e

6. KPACHOE CMENIEHHUE B CIIEKTPAX
JAJTEKUX T'AJAKTHK

HawnGonee BomHytomed mpoOieMoii coBpeMeHHONW (U3UKH H
acCTPOHOMHH, O€3 BCSIKOTO COMHEHUS, SBJISIETCS 3arajgka KpacHOTO
CMEIICHUS B CTIIEKTPaxX NaNEKuX raiakTHK. CyThb SBICHHUS CBOJHUTCS
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K TOMY, YTO JIMHHU CIEKTPOB IOYTH BCEX TaJaKTUK CMEIIECHbI K
KPacHOMY KOHIly II0 CPaBHEHHMIO C AHAJIOTMYHBIMU CIEKTpamMH B
OOBIYHBIX 3€MHBIX YCJIOBHUSX, UYTO OOYCIIOBJIEHO YyBEIHMUYCHHEM
JUIMH CBETOBBIX BOJIH.

YeM fanbllle OT HAC HAXOAMUTCSA TajJaKTHKA, TEM OOJbIIE CME
mIeHBl JUHUH e€ CHeKTpa K KpacHomy koniy. B 1930 romy
D.Xab0m BeIBEX K3 HAOMIOAEHHWII COOTHOIIEHHWE IS TajJaKTHK
MEX/y BEJIMYMHON KPACHOTO CMEIICHUS U PACCTOSHUEM !

ANMA=HL, (23)

rae H - mocrosiHHas kpacHoro cmemienus. Kak ykaszano B [13],
nepBoHayabHO Xa0b0s ompenennn e€ 3HaueHwe kak 500 km/(c
Miik) (kimsOMETpOB B CEKyHIYy Ha Meramapcek), dro
COOTBETCTBYET BEIMUIHNHE

H=562.10% 1/cm,
riae L BeIpaskaeTcsi B CAaHTUMETpax.

B cootBeTcTBHM ¢ nmpuHIMNoOM Jlonmiepa KpacHOE CMEIICHUE
OOBSICHAIOT KaK pe3yJabTaT JIydeBOIO JBIKECHHS TaNaKTUK IO
HaNpaBJICHUIO OT HAONIOATENsl, BO3HHUKIIETO B PE3ylbTaTe TaK
HaszpiBaemMoro “bosbmioro  B3peiBa  mepBoaromMa’, TO  €CTh
CBEPXTKEION  TUMNOTETHYECKOW  DJIEMEHTApHOM  YaCTHUIBI.
CornacHO 3TOW TEOpPHHM OCKOJKH B30pBaBIIErocs “‘mepBoaroma’,
UMeIoIne caMble OOJbIINE CKOPOCTH, YIETENH OT SIUICHTPA
“bompmioro  B3peBa”  Jalblie  OPYTHAX, PA3JICTAIONUXCS C
MEHBIIUMH CKOpocTsMHU. 3emisi, ConHie U Bech MIIEUHBIN MyTh
JIETAT TJE-TO B CEPEIIHHE.

OmHako BCKOpe cTanmu OOHAPYKUBAThCS TaaKTUKH, YbE
KpacHOE CMEIIeHHe B CIEKTpaX Hayalo COOTBETCTBOBATH
CBEPXCBETOBBIM CKOpOCTsIM. [loaTOMy mocTossHHYI0 Xab0ma cramu
KOPPEKTHPOBAaTh B CTOPOHY yMeHbleHus. B  kuure [13]
TOBOPHUTCS, YTO B HACTOsIIee BpeMs Haubolee BepOSTHOE
3HAYCHHE BEIMYMHBI H HaXoIuTCs B THana3oHe

H= (1,125 +0,805)-10® lcm. (24)

B xuure [14] B kauecTBe MOCTOSTHHOM Xa00s1a Ha3bIBACTCS YKe
BenuyrHa 65 kM/c/Mnk wiu

H=073-10% lcm,

Ecmm B nmampHeWmmeM ¢ POCTOM  BO3MOYKHOCTEM
HAOIIIOIaTEIFHON acCTPOHOMHH OyJeT HalaeH emié Kakor-Tmdo
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OYeHb YIAIEHHBIA 00BEKT, JICTAIINN CO CBEPXCBETOBOH CKOPOCTHIO
W TEeM HapylalmUi OCHOBHOM TIOCTyJlar oOmeil Teopuu
OTHOCHUTEIILHOCTH, NMPUAETCS €l pa3 CKOPPEKTUPOBATH BEIINYHHY
nocrossHHON Xa06ma. ToabKo 1 Beero.

OO0BsacHUM TIPOOIIEMYy KPacCHOTO CMEIIEHUS C MO3UITUI TeOpHH
adupa. Mbl yxe yIIOMHUHAIN O TIOHITHH TSKEION CBETOBOM BOJHBI,
oOnamaromeit Mmaccoid ()OTOHA W BCIICJCTBHE 3TOTO OOJIaMaroIei
o0IIMM CBOWCTBOM Tell BeenenHoii mormomars dGup. YBeandeHne
Macchl KBaHTa CBETa JOJDKHO NMPHBOAMTH K YBEIMYECHHIO 00BEMA,
3aHATOTO TSHKENOW CBETOBOW BOJIHOM, TO €CTh K YBEIWYEHUIO €€
JUIMHBL. B COOTBETCTBHME C€ OSTUM MOHO 3amucaTh, 4TO
NpUpalIEHHE JUIMHBI TSHKEIOW CBETOBOM BOJIHBI OTHOCHUTCS K
JUIMHE BOJIHBI KaK IpUpalleHue e€ Macchl K Macce

AN =(m-me)me=m/imy-1= -1 =at/k
WJIY, YYATHIBASA, 4TO t = L/C, IoJIy4yaeM

ANJA = aL/(kC). (25)
Comnoctasmss popmyisl (23) u (25), HaxoauM
H=a/(kC) Vewm. (26)
[MoxacunTtaem Benmmuuny H o dpopmyiie (26) ¢ yuérom (22) :
H= 0.99.10% 1/em. (27)

Kak BuauMm, 3Hauenne H mo ¢opmyne (27) okazanoch B
Auamna3oHe Haubojee BEPOSTHBIX 3HAYCHHM, MONYYCHHBIX U3
HaOJIIOICHUI COBPEMEHHOM acCTPOHOMHUEH, YKa3aHHBIX B (24).

OTMeTuM Takke, YTO IOJyYeHHOE OOBACHEHHE IMPHUPOIBI U
BEJIMYMHBI KPACHOTO CMEINEHHs] B CIEKTpax Nal€KhuX TalaKTUK
JieNlaeT HEHYXHBIM OOBsSICHEHHE OJToro (QeHomeHa d¢deKTom
Hommmuiepa u “Bonpmoro  B3peiBa  mepBoaroma”.  B3phIBBI
MAacCHBHBIX 3BE3 M BBIOPOCHI Macchl W3 oOnacTeil B3pPHIBOB
MIMPOKO  HAOMIOMAroTcss  BO  BceneHHOW W SBJISIOTCS
HEOOXOIMMBIMU  SBICHHSAMHU B KPYrOBOpOTE€ MAaTepUd  BO
Bcenennoii. OHM NpPOUCXOJAT HE €JAMHOBPEMEHHO, a MO Mepe
HAKOIJIGHHWST ~ YpPEe3MEpPHBIX Macc 3a  CY€T  HENpephIBHO
npoucxodmero nornomenus d¢upa. Ilo-Bunumomy, oHH
YaCTUYHO  CONPOBOXJAIOTCS  B3PBIBHBIM  IpeoOpa3oBaHHEM
MaTepuH B 3PUPHBII Ta3 ¢ BHICBOOOXKIAECHUEM OTPOMHOM 3HEPTHH
rpaBUTALUH.
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CrnemyeT OTMETUTH, YTO 3aKOH XaOOya s O4eHb OOJIBITUX
paccTOSIHUN M, CJCIOBATE]IbHO, BPEMEHH JBH)KCHHUS CBETOBOM
BOJIHBI TPaBUJIbHEE 3aIllUCHIBATh, HE MpuOeras K Pas3OKCHHIO B
PST BEITMYHHBI e 10 ecTs B BHIE

MA=e""1=¢m"-1

7. HAKOIJIEHUE DHEPTHWM 3BE3JIAMU B
MINPOLHECCE HNOIVIOINEHUA D®UPA

Hené€rkum ObuT myTh acTpO(HU3UKOB K OTKPHITHIO MCTOYHHKORB
3BE31HON 3Hepruu. OT pemeHus 3To MpoOIeMbl 3aBUCEN OTBET O
CpOKax >XKM3HHM W dTamax pa3BuTHS 3BE37. B Goprbe MHEHUWIT n
xoHuenuii B xoHue 40-x rogoB XX cronerws ObLIa JOKa3aHa
BEPOSITHOCTh MPOTEKAHUSI B HEIpax 3BE3/] TEPMOSJICPHBIX PEaKIUH,
KOTOpble OBUIM B  COCTOSHUM  TOJJIEPKUBATH  OTPOMHBIE
TeMIepaTypsl 3BE3]] B TCUCHHUE MIJITUAP/IOB JIET.

Kazanocs, Bopoc wucuepman. OnHAaKO M CErogHs B JTOU
npobsieMe ecTh HepelméHHble Bompochl. CylecTBYOIIUE TEOPUU
HE MOTYT OOBSICHUTh UCTOYHUKH OTPOMHOM SHEPIHH, BBIACISIEMON
MpU B3pbIBaX CBEPXHOBBIX 3BE3J U B3pHIBOB, HAOIIOJAaEMBIX B
paauoranaktukax. Jlaxe name ComHile 3a1a€T 31ech 3arajiku. Tak,
B [13] ormeuaercs, 4TO “/I0 CHX MOp HE YAAIOCHh MOJYYHTH OT
CosHLIa TOTOK HEUTPUHO, KOTOPBIE JOJKHBI OKUIATh €r0 B X0/
TEPMOSAJIEpHbIX peakuuid. B uém TyT pgeno: B HemocTaTkax
anmapaTyppl ¥ METOAMKHM WM B  OMMOOYHOCTH  HAIIUX
NpeJCTaBIeHU 00 HMCTOYHHMKAX COJHEYHOH sHepruu? Heyxenn
nociennee? Ho torma yro ke momaepkuBaeT sHepruto ComHia?
CHoOBa MBI IPUIIUIA K TOMY C YETro Hayamu .

[TocMoTpuM, Kakue OTBETBI HAa 3TH W HEKOTOPBIE JIPYrue
Bompochkl Aaét Teopus d¢upa. s 3TOro paccMOTPUM TeJo,
uMmerolee (GopMy I1apa ¢ paanycoMm l, 1 Maccoi My , pABHOMEPHO
pacnpenenéHHol 1o BHYTpeHHeMY 00bEMY. O¢upHbIA ras,
MOTJIONIAEMBIA 3TOW Maccoi, MepeceKaeT MOBEPXHOCTh c(hephl CO
CKOPOCTBI0, orpenesieMoi (opMyIioil, KOTOPYIO MOYKHO MOJIYYUTh

u3 (9) :
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Vo = OMJATIP IS .

CrnenoBarenbHO, BHYTPh O00BEMA, 3aHUMAaEeMOrO  TEJIOM,
€XKECEKYHJHO BHOCUTCSI SHEPrusl, paBHAs KUHETHMUECKON SHEPruu
BCEH TIOCTYTAOMIEH Macchl APUPHOTO raza :

Niors = GVZo/2 =a°m’y/3218p% 1" (28)

rine Npors - MOIIHOCTH, BHOCHMas BMeCTE€ C I(PHUPHBIM Tra3oM B
mo0o0e Teno. JTa HEPTUs TMOTIIONACTCS KaXI0H JaCTHIICH MacChl
Tena. YacTh 3TOi SHEpruM 3aTpadyuBaeTCcs Ha 00pa30BaHUE HOBOM
Macchl, TaK KaK M3BECTHO, 4YTO DSHEPrUi M Macca Tel
TOKAECTBEHHBI M B3aUMOCBSI3aHbI JIPYT C IPyroM (HopMymoi

2
E=mC".
CrnenoBaTenbHO, Ha CO3/IaHUEe HOBOW Macchl Tesm Am 3a Bpems t
JIOJDKHA 3aTPAavYMBATHCS MOITHOCTD

Neoss = E/t = AMCt . (29)

[TpupocT mMacchl 3a BpeMs t MOKHO ONpeIeuTh 13 BhipakeHus (8)
KaK

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

[MoncraBu (30) B (29), mogy4nM MOIIHOCTH, 3aTPAYUBAECMYIO
Ha co3JaHne HOBOI MacCHI TEI .

Neoss = MO CK . (31)

Kpome »sTOrOo, 3BE3MBI M3Iy4alOT »JHEPIUI0O B MHPOBOE
NPOCTPAHCTBO B BHUJAE CBETOBOTO, PAJAMO- WU PEHTTEHOBCKOTO
m3nydenus.  I[lmaHeTsl, MO-BUAMMOMY, pa3orpeBaroTci  CO
BpPEMEHEM, TaK KaK MHOTHE M3 HUX, B TOM YHCIIE ¥ 3eMJIsl, IMEIOT
pacrmaBieHHbIe s71pa, a KOnuTep, Kak U3BECTHO, U3TydaeT TeIlia B
IBa pasza Oombire, yeM nosy4yaet ot ComHIa.

HNHTEpECHO OTMETHTB, YTO CBETUMOCTH 3BE3J, TO €CTh
MOIIHOCTh, HM3Iy4aeMas B MHPOBOE IPOCTPAHCTBO, 3aBUCHUT OT
Maccel W paauyca 3BE34. B acTpOHOMHHM HM3BECTHBI M IIHPOKO
WCIIONB3YIOTCSl THarpaMMbl “Macca - CBETHMOCTh W “paanyc -
cBeTuMOCTh” . B [3] oTMeuaeTcs:, 4To CBETHMOCTH OOJIBIIHMX 3BE3I,
9bss Macca B TpH M Ooiee pa3 TIPEBHIACT COJHEYHYIO,
NPONOPIIMOHANFHA KyOy Macchl. YUHUTHIBasg, YTO COTJIACHO
dopmyite (28) morsomaeMas MOIIHOCTh TaKXe MPOTMOPIHOHATBHA
KyOy Macchl, MOXHO OXHIaTh, 4YTO CBETHMOCTb 3BE3[
MPOIOPIIMOHANFHA MOIIMHOCTH ToriomeHus. [loatomy, Bompekn
MHCHHIO acCTPOHOMOB U acTpodusukoB [3] 0 TOM, YTO saepHOE



roprouee 3THX 3BE3]l MOXET OBITh M3PACXOJI0BAHO 32 HECKOJIBKO
MWIIMOHOB  JIET, OHO, CKOpee BCEro, SBIAETCS  JIUIIb
NPOMEXYTOYHBIM 3BEHOM B Iiepefadye U MpeoOpa3oBaHUU
MOTJIOMEHHOM SHEPTUU B SHEPTHUIO U3ITyYEHHSI U BO30OHOBIISIETCS B
npoIiecce YBEIUICHUS MacChl 3BE3.

Hamee 3ameruM, 4TO 3(UPHBIA Tra3 BHYTPU Tel JOJDKCH
JBUTaThCs ¢ OONBIIMMU CKOPOCTAMHU. BcenencTBue 3Toro BHyTpH
TEeJI COXpaHseTCs MOHIKEHHOE JaBIICHHE U JCHCTBYET MEXaHH3M
MKEKTUPOBaHMUSA U morjomenus 3¢upa. [losTomy TOnmBKO HacTh
KUHETHYECKOW HSHepruu 3¢upa, MOIJIONAEMOTr0 TEJIaMH, MOXKET
NEPeXOoJUTh B YKa3aHHbIE BHJIbI dHEpruu. OcTaimbHas SHEPrus
3amacaeTcsl BHYTPH Tel W €€ MOYKHO Ha3BaTh TPaBUTAMOHHOMN
sHeprueil. OHa BBICBOOOXKIAeTCs M3 3BE3/ MPU B3pHIBAX, KOTOPHIE
aCTPOHOMBI HAOJIIOJIAIOT B BHUC B3PHIBOB B rajaktukax [13,14],
IpU KOTOPBIX BBIJENSETCS OrpoMHasi sHeprus nopsinka 10™ spr,
DKBHBAJICHTHAas ~ OMHOBPEMEHHOW  siiepHoi  Bembimke 10
MIJUITMOHOB CBEPXHOBBIX 3BE3N (B3phIB B Tanaktuke M82 ¢
BBIOPOLICHHBIME W3 He€ Ta3oBeIMH CcTpysimu (puc. 4, 3/1ech He
MOKa3aH)). DHEPTHs B3PHIBOB, IPOUCXOASAIINX B PaIHOTraTaKTHKAX,
orennBaetcs B 10° apr.

Otkyna Oepércsi 5Ta dYyAOBHUIIHAS DHEPTUsi, ACTPOHOMHS
OOBSICHUTh HE MOXKET, TaK KaK SACpHBIA MUCTOUYHUK DHEPTUH IS
3TOTO COBEPIIEHHO HemocTarodeH. Ilepexon B remuid BemecTBa
[EJION TaJaKTUKH, COCTOSIIEH TOJHOCTHIO W3 BOJOPOJA, Maj Obl
tonsko 10 spr. Ho Takoifi mepexom HE MOXKET OBITh
€MHOBPEMEHHBIM, OH OCYILECTBISETCS B TEUEHUE MUJUINAPIOB
JIET, 1a ¥ TAJIAKTHK TAKUX HET B IPUPOJE.

Urobsl TyOke pa3oOparbcs B ITHX mpobiemax, OIEHUM, B
mdpax MOIIHOCTH TIOTJIONICHUS, CO3/IaHMsS HOBOM MacChl W
nanydenuss Conmnia u apyrux 3BE3a. CormacHo (28) MorHOCTH
nornomenus Conana Oyaer

Niors = 0°Mo/3218p,%rs" = 7,47 -10* apr/c.
B Bujie cBeTa n3myvaeTcss MOIHOCTH [13]
Nyss = 3,8-10% sprie.

B cootBerctBUM ¢ dopmynoii (31) Ha co3gaHMe HOBOW MAaccChl
BHyTpu ConHia AM 3a eIMHUILY BPEMEHH J0JDKHA 3aTPaurBaThCS
MOIITHOCTh

Neoss = M0t C¥/k = 5,35 « 10* spr/c.
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W3 comocraBieHust 3Tux 0udp BHUAHO, YTO TpaBUTALMOHHAS
sHeprus 3anacaercs BHyTpu CoslHIa, Tak Kak

Nnom >> Nmn + Nc03u-

Ecnmu  npunsare, uyrto ConHlle CyIIECTBYET B CBOEM
CETOHSAIIHEM COCTOsIHMK oKoJio 15 mpy set (4,71-10° ¢), o 3a
3TO BpeMs BHYTPH HErO CKOIMIIACH ObI IPaBUTAIIMOHHAS SHEPTHS

Enorn = Nr[orn * 4171 * 1017 = 3,5 . 1059 opr.

DT0 3HAYCHHE COM3MEPUMO C SHEPTUeH B3phIBa B rasakTuke M82,
0 KOTOpOW YIOMHHAJIOCh paHee. 3BE3apl Ban-Maanena u Boibd
457 (Genble KapJIMKK) TOJIBKO 32 1 MuIp JIeT HAKOMWIN OBl BHYTPH
ce0st PHEPTUI0 COOTBETCTBEHHO

Evors = 5,37 - 10 opr,
Enors = 5,90+ 10%° spr.

DTOW PHEPTUM BIOJHE JOCTATOYHO, YTOOBI OOBSCHUTH IHEPTHIO
B3PBIBOB, TPOUCXOJIAIIMX B  pPaJdOTAIaKTHKaxX W APYTUx
3araJoyHbelX 00BekTax BceeeHHoil.

CymectByer emé omHa TmpoOieMa DHEPreTHKH  3BE3I,
TpeOyromiast cBoero ocmbicieHus. CyTb B TOM, YTO C pOCTOM Macc
3BE3]] UX CBETUMOCTh Bo3pacrtaeT. [IpumenurensHo k ComHILy 3TO
03HA4YaeT, YTO 3HAYUTENBHBIA POCT CBETHUMOCTH, CO3/1aBa€MBbIi
POCTOM Macchl, TOJDKEH ObUT ObI, Kak yTBepxaaeTcs B [4], ckedb
Ha 3emire Bcé xuBoe. U xoTd Ha 3emie HaOIr0qaeTCs MOTEILUIEHNE,
BCE JK€ MOXHO CYUTaTh, 4YTO 33 TMOCIEAHWUNA MWUIHApHA JET
paAMKaJIbHBIX W3MEHEHWH KiIMMara 3eMIM HE IPOU30ILJIO.
CnenoBaTenbHO, HE U3MEHWIOCH KOJMYECTBO TEMJIOBOM 3HEPIHUH,
noygaemoit 3emnéit ot ConHua.

Hame cBeTtmwiio ¢ 3eMiM BBINVIIOUT Kak IJIaAKAM OTHEHHBIA
muck. OpHako Bcsi moBepxHOCTh CosHIa BO30YXZEHa, KHIIUT,
OypiMT M M3BEpraeTcs B BUAE PACKaJIEHHBIX mpoTyOepanmes. s
WUTIOCTpaliii  Ha puc. 5 (31ech OTCYTCTBYET) IpHBEICHA
¢dororpaduss [7] YacTH COJHEUHOW TMOBEPXHOCTH B JIydax
BOZIOpOJa. DHEprus, ocBoOoauBmascs BHyTpu COJHIIA, JeIaeT ero
gpe3MepHO ropsyuM. Temmeparypa moBepxHocTu aocturaet 6000
K. Orpommusiii morok Temia BeiOpacwiBaeTcs w3 Heap CoiHia
HapyXy, OTKyZa OH HM3JIUBACTCS B OKPY)KaIollee MPOCTPAHCTBO B
BUJIC PaJIHAIINN.

HanomMHMM, 4TO CBETMMOCTBIO HAa3bIBAETCA KOJUYECTBO CBE
TOBOW DJHEPTHH, HM3Iy4acMOE 3BE3J0M B €IWHUIY BpeMeHH. B
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pabote [3] yTBep)Kmaercsi, 4TO CBETHMOCThH 3BE3]l C MaccamH, B
HECKOJIBKO pa3 MPEBBIIAIOIIMMHI COJHEYHYIO, NMPONOPIHOHATIbHA
KyOy wmacc. SmepHoe TOprodee TakKuX 3BE3J MOXKET OBITh
M3pacX0JI0BaHO B HECKOJIBKO JECATKOB MIJUTMOHOB JeT. st 3BE31
¢ maccoii ComHIIa 3TOT niepuon 3atsruBaercs 10 13 - 15 mupx ner.
3Bé34bI C MaccaMHd BIBOE€ MEHBIIE COJHEYHOH OCTAlTCI B
HavdasibHOM cocTostHUM mouTr 100 mutp JeT.

N3 3TOro MOXKHO 3aKIIOYUTh, YTO CBETHUMOCTH 3BE3N THIIA
Connia yBenmuuBaetcs ciade, 4eM y 3BE3/1 ¢ OOIBIITMMH MAaCCaMH.
Onnako nanpHEHIIMe paccyXKIeHHs, 32 HEMMEHHEM Yy Hac Ooiee
TOYHBIX JTAHHBIX, TPOBEAEM, UCXOIS U3 KYONIECKOTO 3aKOHA POCTa
ceetumoct Connia. B kadecTBe MHTEpBana BpeMEHU BO3bBMEM
MOCJIEAHUA MUJTHAP]T JIET.

[Ipu anamuze pocra ceerumoctd CONHIA CleQyeT y4ecTh He
TOJILKO YBEJIMYCHHE €r0 MacChl B COOTBETCTBHU ¢ (hopmysioi (8),
HO ¥ OJTHOBPEMEHHOE BO3PaCTaHUE BCIEICTBHE ITOTO €ro 00BEMA.
[Tonaras, uto cpemusisi miotHOcTh CoNHIIA OCTaéTCsl HEM3MEHHOH,
Cc moMompl0 ypaBHeHHs (8) MOXHO HAWTH BBIpaXCHHE IS
n3MeHeHus pamuyca CoONHIA OT BPEMEHH B 3aBHCHMOCTH OT
MU3MEHEHHS MacCHlI:

a la
r m 3 2y =2t
=3[ = ek — e3k ,
r, m
rie fo - paanyc Comama mpu t = 0.

Momnocts  cBetoBoro  m3nmydeHus ~ CojiHIA — COTJIACHO
auarpaMme “pamnyc - CBETHMOCTH  OOpaTHO MPOIMOPIMOHAIBHA
yeTBEPTOU CTENEeHW W3 ero paauyca. [lostomy ¢ y4€Ttom nByX
yKa3aHHbIX  (QakTopoB  cBetumocTh  ConHIa  BO3pacTaeT

3HAYHUTENIBHO cialdee, yeM mpemnosaraetcst B padote [4], a IMEHHO
B OTHOIICHHU

E/Eo= (M/mg)*/(rlrg)* = ®3 @Mt

CormacHo Tabnm. 2 wmacca ConHIa B TEUYEHHE ITOCIICTHETO
MuuMapaa et Bozpocia B 1,098 pasza. 3a 310 Bpems ero paimyc
Beipoc B 1,0317 pasza. CrnemoBatenbHO, cBeTuMOCTh CorHIIA 3a
OIIMH MWJUTHAp] JieT yBenwmumiach B 1,1687 pasza. M3BectHO, 4TO
SHEpPTusl M3NIydeHHs, norjomaemas yaanéHHsIMH oT CorHia
oObeKkTaMu, B TOM uucie 3emiéi, yObiBaeT 0oOpaTHO
MPOTIOPLIHUOHANIBHO  KBajpaty paccrosaus [9].  Ilockombky
noyqaemoe 3emi€it oT ColiHIIa KOJMYECTBO SHEPTHHM B TEUEHUE
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paccMaTpuBaeMOro OTpe3Ka BPEMEHM HE MEHSUIOCh, MOXHO
YTBEPXkAATh, YTO OJHOBPEMEHHO C POCTOM MAacChl M CBETUMOCTH
Connna yBenuuuBanoch pacctosiaue Mexay ComHiem u 3eMiéi.
OTO yBEIMYEHHUE DPACCTOSHUS JIMIIb HA NEPBBIA B3IJISAA KaXETCS
KOLIYHCTBEHHBIM M TOJAPBIBAIOUIMM HAIlM MPEACTABICHUS O
HE3bIOJIGHHOM TIOpSIIKE Bemed B TNPHUpPOJE, O HEU3MEHHO
MEIJIEHHOM YBATAHUU ConuevHoi CHCTEMBI. Us
ACTPOHOMUYECKUX HAONIOJCHUN W3BECTHO, Hampumep, uro JlyHa
kaxaeie 100 et ymansercs nHa 1,5 metpa ot 3emumn. [Touemy xe
3TO HE MOXET MPOUCXOIUTD ¢ 3eMIIEN U APYTrUMHU TUIAHETaMuU ?

IToncunTaem, KakuM JODKEH OBITh HPUPOCT PACCTOSHHUS
Mexay 3emnéid u  CoiHileM, 4YTOOBI KOMIICHCHPOBATH POCT
ceetumocti  Comama. O4eBHIHO, YTO OTHOIIEHUE PaJInyCOB
3eMHOI OpOUTHI B KOHIE lops M HAYAIE [ opg PACCMATPUBAEMOIO
MHTEpBaJIa BPEMEHH JOJDKHO OBITH CIIETYIOUINM !

E
ropG/ro op6 — E_ =1,08. (32)

B Hacrosiee Bpems pagnyc opouThl 3eMIH lops = 1,495« 10 cm.
C yuétom §32) pazuyc opOHTBHI MUIIHAPT JIET Ha3ad OBLT [y ops =
1,380 .10% cm. IIpupoct paccrosiHus 3a 310 BpeMs A ryps = 0,115.
10" cwm. CpenHuii IpUpOCT paguyca OpOHUTHI 3eMIIH 3a CTO JIET
COCTaBJISIET

Atops=1,15-10°cm = 1,15 km.

OTHOCHTENBHBIE TIPHPOCTH  paauycoB opobutr 3a 100 n;er
COCTABJISIFOT :

st JIyHbI AropslToops = 3,91 « 10'9,
U1 3emid AropslToops = 7,70+ 10°.

Kak BuaMM, OTHOCUTENBHBIM MPHUPOCT PACCTOSHUS MEXITY
CoumanieM u 3eMI€i, HEOOXOAMMBIH, YTOOBI KOMIICHCUPOBATh POCT
ceetumoctu CoiHiia, Tobko B 1,97 pa3a mpeBbICHIT HAOIOTaeMBbIit
AQHAJIOTWYHBIA OTHOCUTEIBHBIH IPHUPOCT PACCTOSHUSA MEXKAY
3emnéit u Jlynoi. OmHAaKO MbI, BEPOSITHO, 3aBBICHIA MPHUPOCT
ceetumocti Conuna. [losTomy peanbHBI TPUPOCT pajauyca
OpOUTHI 3eMJIM MOKET OBITH MEHBIIIE.

Uro e HapyIIaeT paBHOBECHE MEXKIY IIEHTPOOCIKHOW CHIION 1
CHJIOW TSDKECTH yKa3aHHbIM oOpa3zoM? Benp MMEHHO 3TH CHIIBI
ompenenstor GOpMbIl  OpOMT IUIAHET W  CIYTHHUKOB. OJTO
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paccoriiacoBaHie HE BEIHKO W MPOSIBISIETCS TOJBKO MPU OYCHB
JUTUTEIEHOM BO3ICUCTBHU CIa0bIX cuil. OmpenenuM BeIUYUHY U
MEXaHHU3M U3MEHEHHS 3TUX CHJI B OCIEAYIONINX pa3aeiax JaHHOU
pabotel. D10 Tem Oomee HeoOXoamMoO, dYTO caM  (akT
MPaKTHYECKOTO COBIAJICHUSI OTHOCHTEIFHBIX MIPUPOCTOB PaINyCOB
OpOMT TakuX pa3HbIX KOCMHUYECKHX OOBEKTOB, KAKOBBIMHU
sBystFoTCs 3emist v JIyHa, He cirydaeH.

8. YEPHBIE JIbIPbI 1 KOPOTKO-
HNEPUOJUYECKHUE ITYJIbCAPBI

YépHbIMHU JBIpaMu Ha3BaHbBI 3BE3/IBI, KOTOpbIE
MPE/IIONIOKUTEILHO UMEIOT HACTOJIBKO OOJBIINE MAcChl U Mallbie
pasMepbl, UYTO CBET HE MOXET MPEOAONETh CHIY TSDKECTH M
NOKUMHYTHh 3Be3ny. M3BectHo [14], dyto i1 yxoma OJHOTO
KOMIIOHEHTa M3 JBOWHOW CHCTEMBI MacC €ro CKOpPOCTh JIOJDKHA
JIOCTHTaTh HEKOTOPOTO KPHUTHUYECKOTO 3HAYCHUS, Ha3bIBAEMOTO
BTOPOW KOCMHYECKOW CKOPOCTBIO. DTa CKOPOCTb ONpeAesieTCs
bopmyoii

Ecam cumrars, 4TO CBETOBAas BOJIHA 00JIaJaeT MacCOW KBaHTa
CBETa, M BMECTO CKOpPOCTH V B 3TOM BBIPAKEHUHU IOJICTABUTH
ckopocts ceeta C = 3 - 10" wm/c, pemmTh €ro OTHOCHTEIBHO
pamuyca 3Be3lbl [y, TO TMOJYYUM 3HAUYCHHE TPaBUTAIIMOHHOTO
pannyca 3Be3bl C MACCOM My !

r,= 2fm,/C?. (33)

Ecnu pammyc 3Be3apl MeHbIE 3TOrO 3HAUCHHS, TO TDKENAs
CBETOBAs BOJIHA WJIM KBAHT CBETa HE MOXeET €€ MOKWHYTh U 3Be3/1a
JIOJDKHA TIOTACHYTH JUIS OCTaJbHOTO MUPA. YBUIETH YEPHYIO ABIPY
HEBO3MOXHO. [1oaToMy mOTBITKY €€ ( MX ) 00HAPYKUTH CBOJATCS K
MOWCKY BTOPHYHBIX SBICHUH M3 00JacTH HEOOBIYHO CHIIBHBIX
TPaBUTALIMOHHBIX B3aWMOJICVCTBUN B IIEHTpaxX rajlakTuk. Mmeercs
TaKxke Teopusi XOKHHTa, 0 KOTOPOW yrnoMmuHaeTcs B [12], coriacHo
KOTOpOW m3-3a “HMcmapeHus” YEPHBIX IBIP MPOUCXOAWT ITOJTHOE
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COBIIQJICHUE HU3JTyYeHHs] YEPHOM MBIPHI C H3IIyYCHHEM OOBIYHOTO
HarpeToro Tea.

B Teopum sdupa wmmeercs emé OIHO YCIOBHE, KOTOPOE
OTPaHMYMBAECT pa3Mep paauyca 4EpHOU ABIPHL. Jleno B TOM, 4TO
TsOKENask CBETOBAs BOJIHA 00JIa1aeT HE TOJIBKO KOPITYCKYJISPHBIMHU
CBOMCTBAMM W, CJIEJOBATEIBHO, IOJBEPKEHA JEHCTBUIO CHIIBI
TSOKECTH, HO Takke o0JiajaeT BOJHOBBIMH CBOICTBaMHU W,
CJIEIOBATENIBHO, PacIpoOCTpaHseTcs Kak BojHa. [loatomy MoxHO
OXHJIaTh , YTO OHA CHOCHUTCS TMIOTOKOM 3(HUpa MO HANpaBICHUIO K
HEHTPY 3BE3/bI CO CKOPOCThIO V,, ompenenseMoir dpopmynoit (9).
OueBHIIHO, 4YTO YCIIOBUEM HEBO3MOXXHOCTH JUISI BOJHBI CBETA
MOKHHYTH YEPHYIO JBIPY OyIeT :

Vio 2 C. (34)
C yuérom (9) ycrnosue (34) npumeT Buj

m o fmo 2
Fomin < < )
omn 4Cp T Ca (35)

6 3 .
IMpu a =1 Ve u p, = 1,19 -10° r/cM® MHUHUMAIBHBIA pagnyc
3Be3/1bl ¢ Maccoi CojIHIIa, MPH KOTOPOM 3B€3/1a MCUYe3acT U3 MOJIs
3penus, Oyer

ro min = 670 KM.

3HaYeHWe MUHUMAIBLHOTO paanyca lo min A 3BE3A C Maccou
ConHIIa COOTBETCTBYET MOPSAKY BEJIUYHH PATUYCOB pEaTbHO
HaOIr01aeMbIX 3BE37 TUMA Oenbix KapiaukoB. Camblii MaleHBKHMA
U3 U3BECTHBIX OeJbIX KApIMKOB - 3BE3/1a Boned 457 [13] uMeeT
maccy m, = 1,01 - 10° r u panuyc f, = 700 kM = 0,7 - 10° cm.
MI/IHI/IMaJ'IBHI:II/I panuyc Juis 3TOU MagChl COTIIACHO dopmyre (35)
Oyner o min = = 477 xm = 0,477 « 10° cm. Benbrit KapJIviK - 3Be3]1a
Ban-Maanena umeer mMaccy M, = 0,28 -10% r u pagnyc r = 4900
kM = 4,9+ 10° cM. MUHUMANBHBIN _Dajuyc JTst MacChl 9TOH 3BE3/bI
l'o mn = 253 kM = 253 - 10" cm. Takum 00pa3oM MOKHO
YTBEP)KAATh, YTO OEJIbIe KapJIHKH HAaXOISITCs HENAJIeKo OT MOopora
BUJIUMOCTH 3BE3]I.

I'paBuTanMoOHHBIM  paguyc YEPHBIX JbIp, ONpEeACIEHHBIN
dopmynoit (33), HekoTOpbie (PU3NKU U ACTPOHOMBI, SIBIISIOLIHECS
CTOPOHHUKaMH OOIIEed TEOpUH OTHOCHUTEIBHOCTH, OXOTHO
paccMaTpuBalOT B KOHTEKCTE C TMEPEMEHHBIMU 3BE3TAMH -
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IyJbCapaMU. BOJBIIMHCTBO IMyJIbCAPOB U3IYYAOT PaJMOBOJHBI U
PEHTT€HOBCKOE M3IIy4eHHE C OYeHb KOPOTKUM mepuogomM T =1
C, HO M3BECTHBI TAK)XKE CaMble KOPOTKOIEPUOIUYECKHE ITyIbCaphl

[14] : PSR0835-45 ¢ mnepuomom 0,089 ¢ m PSR0531+21 c
HaumeHbImmM niepuoaom 0,033 c.

Koe-kTo cKkiOHEH cyHWTaTh, YTO MyJIbCAPAMH  SBISIOTCA
HEeHTpOoHHbBIE 3BE3/bI ¢ pagnycoM okoiio 10 km. opmyia (33) naer
TPaBUTAIMOHHBIA paauyc IUIs 3Be31bl ¢ Maccoit ComHima I, = 2,98
KM. YTBep)KIaeTcsi, 9To JIro0das apyras 3Be3aa Obura Obl pa3opBaHa
HEHTPOOEKHBIMU CHIIAMHU W3-32 OBICTPOTO BPAILICHUS 3TUX 3BE3.
[lepwon BpalmieHus paBeH NEPUOIY MyJIbCAIii. DTO cOOOpaKeHUE
MOCTY)KWJIO CaMbIM CHJIBHBIM apryMEHTOM B IIOJIb3y TOTO, YTO
MyJabCapbl - ATO HEUTPOHHBIE 3BE3ABI M , COOCTBEHHO TOBOPS,
JI0Ka3aTeIbCTBOM CaMOTO CYIIECTBOBAHUS HEUTPOHHBIX 3BE31. DTH
THITOTETHYECKUE 3BE3/1bI HUKOT/IA emé He HabOmromamich. He Obio
MIPOM3BE/ICHO TAaK)Ke€ HEMOCPEJACTBEHHBIX H3MEPEHHH DPaJiycoB
HEHTPOHHBIX 3BE31 [14].

[TompoOyem cocTaBUTh CBOE COOCTBEHHOE TMPEICTABICHUE O
TOM, HE MOTYT JH HEKOTOpbIE W3 PEAJbHO CYHIECTBYIOIIUX H
HaOII0AaeMbIX OeNbIX KapiMKOB BBICTYNATh B POJIM IIyJIECApOB.
JInst OIIeHKH TOJIYYUM YCJIOBHE B BUJE OTHOIICHUS CHJIBI TSDKECTH
Ha TOBEPXHOCTH BpAIIAIONICHCs 3BE31bl K IEHTPOOCIKHON Cuile,
KOTOpO€ , 4TOOBI 3BE3/1a HE pa3opBaliach, JTOJDKHO OBITH OOJIbIIE
WA PaBHO €AMHUIIE

F ool Fug = f mTH418r,° > 1, (36)

rae T - mepuoj BpaimieHus 3Be3/Ibl; M - Macca 3BE3[Ib; o - pajnyc
3BE3bI.

PaccMoTpuM caMblid pacnpOCTpaHEHHBIN MEPUO BpALICHHS
KopoTkomnepuoaudeckux myiabcapoB [13] T = 1 c¢. Eciu 06bI ©
TaKUM TIEPHOJIOM Bpallalachk M W3Iydala PaguoBOJHBI 3BE3Ja
Oenbiii kapiuk Bonbh457 ( mapamerpsl cM. B Ta0. 3 ), TO cuja
TSOKECTH Ha €€ MOBEPXHOCTH MOYTH B ISATH pa3 MpeBbIIIaia Obl
HEHTPOOEKHYIO CHIIy. DTOT IMpHUMEp TIOKa3bIBae€T, YTO YaCTh
OeNbIX KapJIMKOB C IapameTpaMu, OMu3kuMH K 3Be3zne Bombd
457, BHOJTHE MOTYT OBITh KOPOTKOTIEPHOAMISCKUMH ITyJIbCAPAMH.
Haubonee pacnpocTpan€HHBINA B IPUPOJIE TIEPUO MTyIbCAITUH H,
ClIeZIOBaTeNbHO, TeproA BpameHus T = 1 ¢ He MOXeT MpUBECTH
UX K pa3pyleHHIO HEeHTpoOeKHbIMU critaMu. [Ipu sTom cremyet
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0c000 TOAYEpPKHYTh, YTO OTO peajbHO CYIIECTBYIONIHNE U
HaOIIt01aeMble, a HE PUIYMAHHbBIE 3BE3IBI.

IMoncraBuB B ¢opmyny (36) BMecTo pamumyca 3BE3abl I
3HAYCHUE [, min U3 Gopmyinsl (35), MOIyYUM OTHOIICHUE CHJIBI
TSOKECTH K IICHTPOOSKHON CHJIe Ha TIOBEPXHOCTH BpAIIArOIICHCs
3Be3/Ibl, HAXOISIIEHCs Ha TIOPOTe BUANMOCTH:

T2 C3a3 T2
——— =05.10%—2=>1. (37)
41T fm m

Macchbl GenbIx KapiiMKOB_3akiroueHbl B npenenax m = (0,2 +
12) M, tme M, = 2 . 10® r - macca ConHnla. OTH TIpenessl
onpenenensl yuéneimu JIJ. Jlanmay, C. Yanapacekapom wu3
YCIIOBHSI YCTOMYMBOCTH XOJIOJHOTO BBIpOXKICHHOTO ra3a [13]. Jlms
HambOosee IMHUPOKO HaOmogaeMoro Bo BceemenHoil mepuona
BpaIICHUS KOpPOTKOIIEpUOMYecKuX MmyiabcapoB T = 1 ¢
paccMarpuBaeMblii  IMama3oH ~ Macc  OeNBIX  KapiMKOB
ynosneTBopsier yciosuto (37). Jlns 3Be3anl ¢ maccoit CosHIa OH
paBen 11,75. CnemoBaTenbHO, 3TH 3BE3ABI HE MOTYT OBITh
pa3opBaHbl IEHTPOOCIKHBIMU CHIIAMHU.

Hus mynscapoB PSR0845-45 ¢ mepumomom T = 0,089 ¢ u
PSR0531+21 ¢ nepuomom T = 0,033 ¢ BeimonHeHue kputepus (37)
TpeOyeT 0OYeHb MaJIbIX MacC, MEHBIIUX JaXe, Y4eM MacChl KPaCHBIX
kapiukoB [13]: m = (0,2 ... 0,08 ) M.. IlosTomy cienyer HalUTH
Jpyriue OOBSCHEHWS HaOmomaeMbIX sBiacHHA. B padore [3]
BBICKA3bIBACTCSI TPEIIIONIOKEHHE, YTO Y TaKUX IyJIbCAPOB MOXKET
OBITh HECKOJBKO W3IYYaIONIMX pPAAMOBOIHBI TOPSYMX  ISITEH
BONMM3M MOIOCcOB. [Ipw HakIOHE OcH BpamIeHUs K 3KBaTopy (pHC.
6) 3a BpeMs OJHOrO0 000pOTa M3IYYECHHE JBYX TOPSYMX IISITCH
OyneT BUIHO ¢ 3eMIIH IBAXK[IbI, YETHIPEX - YETHIpE pa3a u T.JI.

FT;DK/ FL[.6 =
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Puc. 6

310 PaBHOCUIIBHO YBEJIIUYECHHIO nepuoia  BpaLICHHS
COOTBETCBEHHO B J[Ba, YETHIPE pa3a U Tak jgainee. [loMmumo 3TOTO
MIPENATCTBOBATh Pa3phIBY 3BE3] LIECHTPOOC)KHBIMU CHUJIAMH MOTYT
u npyrue npuuunbl. C Halleld TOYKU 3pEHUs, HapuMep, BHEIIHUE
CJIOM Ta30BOH 000JOYKM 3BE3J MOTYT BpallaTbCsi C MEHbLICH
CKOPOCTBIO, Y€M IUIOTHOE SApPO, BHYTPU KOTOPOTO MPOTEKAIOT
SJIEpHbIE pPEeaKIMU U U3 KOTOPOTO0 MCXOIUT H3ilydeHue. M3BecTHo,
uyro simpo Comuna [6] mpocTupaercss OT LEHTpa J0 PACCTOSHUS
npumepHo 1/3 BHeIIHETro Paguyca.

Ecnu dopmyny (36) paspeminTs OTHOCHTEIBHO paauyca [,
CUMTas €ro paBHbIM pAgUyCy sjapa 3Be3[bl M Iojaras, 4ro
OCHOBHasi Macca My 3BE3]lbl COCPEOTOUEHA UMEHHO B sijipe, TO
MOJTyYUM €Il OJIUH KPUTEPH :

m, fT?
R

SAnpo 3Be3dbl, pa3Mepbl KOTOPOTO YIOBJICTBOPSIIOT 3TOMY
KPUTEPHUIO, HE MOXET ObITh Pa30pBaHO IEHTPOOCIKHBIMHU CHIIAMH.
[IpoBepuM 3TOT KpUTEpUH IS MapaMETPOB 3BE3bl - OCIIOro
kapnuka Bonsd 457 ¢ maccoit m,= 1,01 - 10 ru paguycom I, =
0,7 -10° cm. Tlonaraem, 4ro SIPO TaKOM 3BE3/Ibl BpalllaeTcs ¢
caMbIM KOPOTKHMM 13 n3BecTHBIX nepuoaoB T = 0,033 c. Tornaa

Fospa = 0,123 10° cm. (38)

Kak BHIHO, paguyCc IUIOTHOTO sipa AITOM 3BE31bl COCTABHUII
npumepro 1/5 pamuyca. Kpome Toro, panee Hamu ObLIT BBIYHCIICH
MUHUMAaJbHBI pajguyc 3Be3lbl ¢ Maccod 3Be3anl Bonbd 457,
HAXOJIAIICHCs Ha MOPOTe BUIAUMOCTH: Iy min = 0,477 .10° owm. Snpo,
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omnpenensemoe 3HadeHueM (38), coctaBnseT maxe meHbine 1/3 eé
BHEITHETO pajgiyca. OTO COOTHOIICHHE MEXIy BHEIIHUMU
pasMepaMu 3BE3J W HX SOpaMH TUIIAYHO [UJI BCEX 3BE3N
Bcenennoii, Bkmtouas Connie [6], YTO TOBOPUT B IOJB3Y
BBICKa3aHHOTO TIPEIIOJIOKECHUSI. MOXHO OXHIATh MOITOMY, YTO
myJbcap PSR0531+21 MIPENICTaBIISICT coboit
OBICTPOBpAIAIONIYIOCST  3BE3y  THIAa  Oeloro  KapJjuka,
HaXOJSIIIYIOCS Ha IOpPOre BHIAMMOCTH M IIOpOTe€ CTAOWMIBHOTO
CYILIECTBOBAHHUS.

9. D®UPHBIH BUXPh C BPAIIAIOIIUMCS
HOEHTPAJIBHBIM MACCHUBHBIM TEJIOM

AcTpoHOMHYECKHE HAONIONEHHS TOKa3bIBAIOT MOpakaroliee
eIMHOOOpa3ue IWIMPOKO paCHpOCTpaHEHHBIX BO  BceneHHOM
BpalaTeabHBIX JBWKEHUH. 3BE3/bI B TallaKTUKax BpamaloTCs B
OJTHOM HarpaBiieHHH. B HampaBnenun BpameHus MileqHOTo 1myTu
Bpamjaercss BOKpyr cBoeir ocu Comune. [lmaneTtst comHedHOH
cucteMbl obOerator BoOkpyr CoiHI@ B OJHOM HalpaBlICHUH,
COBITQIAOIIEM C HampaBJeHneM BpamieHus camoro Connna. bonee
TOTO, X COOCTBEHHOE BpallleHHEe BOKPYT CBOUX OCEH, 3a PeAKHM
WCKJTIOUYEHHEM, COBIAJAeT C WX HAIMPABICHUEM JBIKCHHS BOKPYT
Conmama m ero coOCTBeHHBIM BpamieHneM. CIyTHUKH IIJIaHET
TaKkke B OONBIIMHCTBE BPANIAIOTCS B CTOPOHY BpAIICHUS CaMHX
wiaHeT. JTo enuHOooOpas3we BpamaTeIbHBIX ABIKCHHH ILIOXO
coueTaeTcsi C  MpeAcTaBIeHUsMH o0  “Bombmiom  B3phIBe
nepBoaroma”, SKOOBI TIOpoauBIIeM BcenenHyro. B3peiB 1o cBoeit
MpHUpOJIe JOHKCH OBbUT TMOPOJWUTH XaoC, a HE Ha0JIoIaeMyro
3aKOHOMEPHOCTb.

Bcé »TO HaABOIMT HA MBICIB, YTO CYMIECTBYET OOIIMIA
MPUBOJTHOM MEXAHW3M, JECUCTBYIOIIUNA BO BCEX IMEPEUNUCICHHBIX
ciyyasix. TakuM MEXaHH3MOM MOTYT CIYXHTb 3(UpHBIE BUXPH,
KOTOpBI€, O-BUJUMOMY, IIMPOKO pacIpOCTpaHeHbl B KocMoce. be3
uX y4éTa HEBO3MOXKHO OOBSICHUTH IIUPOKOE PACIPOCTPAHEHUE H
eIMHOoOOpa3ue BpalaTeNbHBIX JBIKEHUH BO BceleHHOH, a Takke
pS APYTHX, CBSI3aHHBIX C 3THUM mpobnem. Hayka, Hanmpumep, 1o
CUX TIOp HE CMOorJIa OOBSCHUTh HECOPa3MEpPHO OOJBIIONH MOMEHT



KOJIMYCCTBA JBHKCHUA IIAHCT COJIHEYHOM CHUCTCMBbI n
0COOEHHOCTH CTpOCHHA CIHpPaJIbHBIX raJIaKTHK.

Buxpu mmpoko pacmpocTpaHeHbl B mpupojie 3emir. Mebl
3HaeM atMoc(depHbie BUXpH, BOJI0BOPOTHI ( pHc. 7). M3BecTHO, uTO
CJIUB BOABI U3 JIF000H EMKOCTH Yepe3 OTBEPCTHE COMPOBOXKIACTCS
oOpa3oBaHMeM B BOJ¢ BHUXps (BHXpPEBOW BOPOHKH), KOTOPBIH
BOBJIEKAET B CBOE BpalllCHUE OKPYKAIOUIYI0 Maccy BOJbI U
HaxoNdIIHAECs B HEH IUIaBaroIlNe NpeaMeThl. B kadecTsBe Takon
BOPOHKH ISl cliuBa 3(hrpa B KOCMOCE BBICTYNAIOT MaTepUaIbHBIC
TeNa, HeMmpepsIBHO mnoromatomue 3¢up. PaananbHoe TedeHue k
CTOKY-TENly SIBJISIETCd HEYCTOMYMBBIM M CBOpAuMBaeTCAd B
YCTONYUBBIA BUXPECTOK.

B aspoauHamuke — IIMPOKO  HCIOJB3YETCS  BUXPEBOE
MOJIETMPOBAHUE MHOTUX OYEHb CIIOKHBIX PEATBHBIX BUXPEBBIX
TEYEHUHM BO3/1yXa, BO3HUKAIOIIUX OKOJO CAaMOJETOB M PAKET B
nonére. TeopeTHUecKHn BUXPU MOTYT CYIIECTBOBATH B BHUJE
0ECKOHEUHBIX BHXpEH, TaK KaK COIJIACHO CJIEJICTBHIO U3 TEOPEMBI
['enpMroneIia OHM HE MOTYT OKaHYMBAThCs octpuém [18]; Buxpu
MOTYT OKaHYMBATBhCSl HA TPAHMIE Pa3JIMYHBIX CpPEXl; WU3BECTHBI
BHUXPEBBIE KOJIBLIA.

OnumieM Te4yeHHEe OKOJO 3(UPHOTO BHUXPS C IEHTPAIHHBIM
MAaCCUBHBIM TE€JIOM NOTEHIIMAIIOM CKOPOCTEH BUXPECTOKA !

¢ = am/ampr + Wl le W, (39)

rae M - macca Tena; W*p - yIJIoBas CKOPOCTh BpAIICHUS siapa
BUXPS C pagycoM lg; Y u O - yrioBeie koopauHatel ( puc. 8 ); I -
paauanbHas KOOpIHHATA.
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Vo -v.

A

Arereilar

~
T
——’”ﬁuc. 8

Hagamo cdepudecknx xoopamHaT coBmagaer ¢ 1edarom 0O
chepuueckoro Tena. IGuUp BHYTPH BUXPS BPAMIAETCS IO 3aKOHY
BpaieHus TBEpAoro tena [18]

U =wgrsind. (40)

B panHOlN 3amade MOCTyNATeNbHOE ABWIKCHHE TEla W BUXPS
OTCYTCTBYeT. MeTox HaJOXKEHHsS TOTCHIHAIBHBIX IOTOKOB
MOo3BOJIsIeT  JI00aBUTh €ro  IMO3Ke. BimsHHE CKHUMaeMOCTH
3QUPHOTO Ta3a OTCYTCTBYeT H3-3a HEOOJBIIOH CKOPOCTH
BpaIICHUS ¥ PaJHaIbHOrO TeUeHUs. TedueHne BHe BUXPS SIBISCTCS
noTeHIHa bHbIM. C TOMOIIBIO TIOTeHIIMANIA CKopocTel (39) MOKHO
3amucaTh MPOEKIUH CKOPOCTel 3upa BHE BHXPS

V' = 09/or = - am/ampyr?, (41)
Vo= (1r) /38 =0, (42)

V= (Ursing) 9p/ow = w gr 2e/(rsing).  (43)
Pemrenue (39), (41) - (43) ynosierBopsieT ypaBHeHHO Jlaraca u
TpaHUYHBIM YCJIOBHUSAM Ha OCCKOHEYHOCTH. YTJIOBas CKOPOCTh
BpalleHus ) ¥ Paguyc o UEHTPAILHOTO TEJa HE COBIAAKT €
YIJIOBOW CKOPOCTBIO  BpAIICHUS W H PATUYCOM [ oz sjpa
3(UPHOTO BUXPS.

Kak 6pu10 MOKa3aHo B pazzaene 3, TeueHue 3pupa oka3bIBacT Ha
TEJI0 CHJIOBOE BO3JICHCTBHE BHE 3aBHCHUMOCTH OT COOCTBEHHOTO
IOBIKEHUs Tena. [lodToMy BpamaTenpbHOE IBIDKeHHE 3dupa
BHYTPH sipa BHXpsS OyJIeT YBEIHMUYMBATH CO BPEMEHEM YTJIOBYIO
CKOPOCTB () IIEHTpaILHOTO Tena. TedeHne apupa BHE spa BHXPS C
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OKPYXXHOH CKOPOCTBIO V*w cormacHo (dopmyne (13) Takke
OKa3bIBAaeT CHJIOBOE BO3JICUCTBHEC HA CITyTHUKH IIEHTPAJIBHOTO
Tena, YBEIMYHUBAas WX OKPYXKHBIE CKOPOCTH. DTO 10 CHX IOp HE
YUUTHIBAJIOCH HAYKOW H CTaBWIIO AaCTPOHOMHIO B TYNHK B
HOTBITKAX OOBSICHUTH HEKOTOPBIE CBA3AHHBIE C 3THM SIBJICHHS.

Paccmorpum mompoOHee CHIIOBOE BO3ICHCTBHE 3(PHPHOTO
BUXpS Ha IeHTpagbHOe Temo. OOpaTtumcs I 3TOTO K
middepeHnInanbHOMY  YPaBHEHHIO BPAIIATEIBHOTO  JABMKCHHUS
TBEPAOTO TeNa BOKPYT OCH :

Jdw/dt = M.

B sTOoM ypaBHeHHH J, - MOMEHT MHEPIIUU C(PEpUIECKOTO TeIa;
(W - yIIJIOBasi CKOPOCTh BpallleHus Tena; t - BpeMs; M - MOMEHT OT
cwibl F, neiicTByIOMIeH Ha TEJIO CO CTOPOHBI ABMKYIIETOCs ddupa.
[IponHTErpHpyeM 3TO YpaBHEHHUE W HAWJIEM 3aBHCUMOCTD YTIOBON
CKOPOCTH OT BPEMEHHU:

w = (M/J)t + wy. (44)
MOMEHT HHEPIH OTHOPOHOTO miapa u3BecTeH [19)] :
Jo = (3/5) mro? . (45)

3n1ecs M - Macca HEHTPAIBHOTO Tella, UMEIOIIETo paauyc Io. Jlanee
3alUIIeM MOMEHT OT CHJI CO CTOPOHBI Bpamjaromerocs s¢upa,
NPUIOKEHHBIN K CPepUIecCKOMY TEIy :

M = m rsin@dF _2 0w gro?M, (46)
. 5

rae W - 00béM mapa; dF - smeMeHTapHas Cuiia, MPUIOKEHHAs K
s7eMeHTapHOW Macce Tena dm. Cuma ompejensercs B
coorBercTBUHM ¢ Qopmynon (13) mist ckopoctn V = U (cm.

dopmyay (40)).

[ToncraBum B ypaBHeHue (44) Beipakenust Jo u M u3 (45) u
(46). B pe3ynbraTe Mosydum

w=2/30W gt + 0. (47)

[Momyuennas ¢opMmyrna ompenenser 3aKOH YBEIHYCHHUS YIIIOBOU
CKOPOCTH BpAIllEHHsT MAaCCHBHOTO TeJa, HAaXOJSIIErocss BHYTPHU
3(UPHOTO BUXPS, OT BPEMECHHU.
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dopmyna (47) MoxeT OBITh HCIOJIB30BaHA IS PEIICHHUS
00paTHOM 3aj1a4u, TO €CTh JUIS ONPEMIEIEHUS YIIIOBOKW CKOPOCTH
BpalieHust sapa 3(pupHOro BUXpS Wpg 1O W3BECTHOW YTIIOBOMH
CKOPOCTH LIEHTPAJILHOTO MAaCCUBHOIO TeJa :

wp =32 ——. (48)
ta

CnoXHOCTh yKa3aHHOM 3aJladl COCTOUT B TOM, YTO, HECMOTPS
Ha KaXyLIylocs MPOCTOTY ATOH (opmylibl, mpu e€ peanu3aluuu
HEO0OXOUMO 3HaTh YIJIOBYIO CKOPOCTb BpALICHHs IIEHTPAIbHOTO
Terna 0e3 MOCTOPOHHMX BIMSHUA Ha €€ BEJIMYMHY CO CTOPOHBI
JOPYTUX KOCMHYECKHUX TeNl WM JIPYIHMX COOBITHHA B >KM3HH 3TOTO
Tenaa, KOTOpbleé MOIJIM M3MEHHMTh 3Ty CKOpocTh. Kpome ToroO,
HY’)KHO 3HaTb BpeMs, B TEYEHHE KOTOPOro IPOUCXOIUIIO
pacKkpy4yHBaHHE, U HAYAIbHYIO YTJIOBYIO CKOPOCTH (.

[Mpumenum Qopmyny (48) k pacuéTy YrioBBIX CKOPOCTEH
s¢upHbIX Buxpedd CoslHLA M TJIAHET COJHEYHOW cUcTeMbl. Jlis
COBPEMEHHOI'0 3HaY€HUs YIJIOBOW CKOpocTH BpamieHus CoiHua W
=2,9. .10 ® pag/c u Bpemenn cymecroBanms COIHIA KaK 3BE3/bI
t = 15 mapa ner mpu W, = O yrimoBas CKOpOCTb BpalleHHs
COJIHEYHOTO S(UPHOTO BUXpst OyeT

wp1=0,925 « 10 % pan/c.
[Tomumo 3TOrO OMpeaenuM emeé OAHO 3HAaYeHHE W) g2 COJHEYHOTO
BUXP#, UCXOJSI U3 BPEMEHU CYIIECTBOBAHUS COJTHEYHOM MJIaHETHON
cucremsl t = 3,5 muipn net. [lpu 3ToM momaraem, 4TO B MOMEHT
o0Opa3oBaHUs IJITAHET MOMEHT KOJIMYECTBA JBHKEHUS ObLI NepeaH
iaHeraM, a BpameHue camoro ConHua ObUIO MNPAKTUYECKU
OCTaHOBJICHO: X

w g2 = 3,96 - 10 % pax/c.
Pe3ynbrartel pacu€ToB YIJIOBBIX CKOpOCTeH 3(UpPHBIX BUXpeH
OKOJIO TUTAaHET COJIHEYHOM CHCTEMBI /Uit Bpemenu t = 3,5 mip et
npuBefcHBl B Tabn. 3. B orToll Tabmuie B MEpBOM CTOJNOLE
MpUBEICHBl HAa3BaHMs IUIAHET, a B MOCIEAYIOMIMX CTOJIOLAX JAaHbI
3HaYeHUs] Macc, paJuycoB, YIJIOBBIX CKOpocTe Iutaner. B
CebMOM CTOJIOLE TPHUBEACHBI YIJOBBIE CKOPOCTH 3(OUPHBIX
BHUXpEil.

Tab6muna 3
VYrnosas Paguyc | OkpyxHast | YrnoBas
[Inanersr | Macca, Paguyc, | ckopoctb | opOWTHI, | CKOPOCTB, | CKOPOCTB
r c™M IUIAHETHI, M cmlc BUXDS,
paz/c pa/c
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Bemust [ 5.98¢10“" | 6.37¢10° [ 7.28+10 > | 1.49+10 = | 2.98+10° [9.93+10 *

Mapc [ 6.57¢10°° | 3.39¢10° [ 59810 | 2.28+10 ° | 2.41+10° | 9.68+10

FOmurep | 1.89+10*° [ 6.99+10°% | 1.76¢10 * [ 7.88.10 | 1.31.10° [2.40-10 **

Carypn | 5.68410%° | 5.75¢10° | 1.71¢10* [ 1.42.10 ** | 0.97-10° [2.33.10

Ypan [8.7810%°[ 2.55.10° [ 1.63°10 * [ 2.87-10 ** [ 0.68:10° [2.23.10 *

Henryn | 1.03¢10°° [ 2.50010° | 1.1010 “ [ 4.6010 ™ | 0.54¢10° [1.50-10 =

C TedueHWeM BpEMEHH YIJoOBasi CKOPOCTh BpAIICHUS 3eMIIH
Bo3pactaeT. B coorBercTBHU ¢ (hopmysoi (47) kaxabie 100 ner
OHA YBEJINYMBACTCS HA BEJINUNHY

AW=W- 0% = 200 g tye/3 = 2,08-10 2 pan/c.
Cpennee npupalieHue yriioBOW CKOPOCTH 3a 3TOT TIEPHUO/]
Awy =Aw/2=1,04-10 " pan/c.

Jlist 3eMilM COBPEMEHHAsl yIJIOBasi CKOPOCTh G, = 7,28 -10
paxn/c.

B pesynbraTte packpydnBaHus 3eMHbBIE CYyTKH B cpearem 3a 100
JIeT YKOPauMBaIOTCS Ha BpeMsI

ATi0= 210 - 210(0 + Aw,) = 1,235-10 2.

OTO OdYeHb MaJleHbKas BeJIWYMHA, HO oHa B 1,23 paza
MPEBBIMIACT BEJINYUHY TOPMOXKCHHS 3€MIIM MPUIMBHBIMH CHIAMH
oT HQ/HBI, cocrapisironumu cortacHo [21] 10 ¢ B 100 et wiun
10 “c B rox. OmHako 3Ta BENWYMHA HECOM3MEpHMa Maja TIo
CPaBHEHHMIO C €XKETOJHBIMH KOJICOAHHSAMH CKOPOCTH BpAIICHUS
3eMir BOKpPYT cBoeit ocu. Bersicaeno [21], uto B koHie XIX Beka
3emis cremmia 6osee ueM Ha 1 ¢ B rox. ITocie 1900 roma, ona
orctaBasa MeHee yeM Ha 1 ¢ B roa. Haumnas ¢ 1920 roma ona
CTajia CHOBA CICIIUTh.

Kak orHOCHTBCS K moOdMydeHHOMY pesynbrary? OH, 0e3
COMHEHHMA, MAET NHILy U1 Pa3MBIIIICHUH, HO €ro HE CTOUT
abcomoTH3upoBaTh. Hanmuio oauHAKOBBIM TOPSAOK 3HAYCHUI
MPWIMBHOTO TOpMOXKeHHsT 3emun JIyHOW W e€ pacKpyduBaHUs
a¢upHBEIM BHXpeM. Pacxoxmenne B 1,235 pasa HEe IOMKHO
Ka3aTbCs OONBIIMM, €CIIM YYeCTh, YTO pacyéT pacKpydUBaHUS
3eMiIM TPOBOJMIICS CO MHOTMMH HEM3BECTHBIMH, KOTOPBIE MOTYT
BJIMATH HAa ATOT mpouecc. Mbl He 3HaeM, HampuMep, Korjaa M Kak
3emns u Jlyna oOpa3oBanu TecHyIO mapy H, CJIeIOBaTeIbHO, HE
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3HaeM, TPaBWIBHO JIM MBI BBIOpamM BpeMs 3,5 MIpI JieT B
dopmyne (48). He 3Haem, MOXHO JM cymMmapHbid 3ddekr or
TOPDMOXKEHHST M PacKpy4HBaHUS HoJTy4aThb HPOCTBIM
cymMMupoBaHWeM. HakoHen, MbI He 3HaeM, 4YeM BBI3BaHEI
eKEeroHbIe KoJieOaHHs B CKOPOCTH BpAIEHHS 3eMIM M KaK OHU
OTpaKaloTCsI Ha NPWIMBHOM TOPMOXXCHHH U PacKpy4IUBaHUU
3eMIIM BUXPEM.

Vike mocie TOro Kak 3TOT pacuéT ObUT BBHIMOJIHEH, MOSBHIOCH
WHTEPECHOE HaydyHOE COOOIIeHHe. ABCTpaauiickue Yy4EHbBIE
M3yYWIN JIpeBHEUIINE OTIOKEHUS Ha MecTax OeperoBoi JMHUH,
cymiectBoBaBieii Tam 900 mutH stet Hazan. OHM MPHUIILUTH K BBIBOJLY,
YTO CKOPOCTH BpameHus 3emiu 3ameisiercs. [1o ux maernto, 900
MJIH JIET Ha3aJ 3eMHBbIC CYTKH COCTaBIISIM Bcero 18 4. B To ke
BpeMs OHHM C YAMBJICHHEM OTMEYalOT, YTO OWOPUTM 4YellOBEKa,
c(hOpMHUPOBABIIUICS B T€ NaJeKHWe BPEMEHA M COXPAHHUBIIUKNCS 10
Hamwmx JHeH, cocraisgeT 30 4. [Touemy?

Ecnu Bce-takm 3emiiss pasroHseTcsi B CBOEM BpalllCHWH, a HE
TOPMO3UTCS U 3¢MHBIC CYTKH HE YBEIMUUBAIOTCS, & COKPAIIAIOTCS,
TO pacuér mo ¢dopmyie (47) npuBOIUT UMEHHO K Tomy, 4to 900
MJIH JIeT Has3aJ 3eMHble CyTku Obptm paBHel 30 9 ©
COOTBETCTBOBAJIM OmoOpuTMy denoBeka. HMutepecHo? Ho tme
nuctuHa?!

10. ®OPMA PEAJIHOI'O D®UPHOI'O BUXPS

PaccmoTpum Bompoc O TOM, Kakylo (GOpMy AODKEH HMETh
peanpHBIl BUXph OKOJIO MAacCHBHOTO Tena. Kak mokaszaHo BeIme,
IpA BHUXPEBOM MOJCITUPOBAHUN SIBICHHUH, IPOUCXOIAMINX B
KOCMOCE, JIOCTaTOYHO MPEIMONI0XKNTh, YTO 3TOT BHUXpPh HMEET
MMOCTOSTHHOE CEYEHWE W TMPOCTUPAETCS B OSCKOHEYHOCTHh 1O 00€
CTOPOHBI OT IEeHTpalbHOro Tena. OJHAKO TPYIHO MPENCTaBUThH
cebe HamMume BO BceleHHOW OTPOMHOTO YHCIIa  TaKUX
O0eckoHeuHbIX BUXpel.Ckopee Bcero, cedeHue 3(OUPHOTO BHUXPS
YBETUUMBACTCA 10 MeEpe YAAICHUS OT IEHTPAJIbHOTO Tea,
NpeJCTaBIsIoNero coooi crok ( puc. 9).
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Hc. 9

Takyto ¢hopMy HUMEIOT, HallpUMep, BUXPEBbIE BOPOHKHU NPU CIUBE
BOAbI M3  EMKOCTM  uepe3 oTBepctue. [Ipm 3TOM J0IKHA
BBITIOJHATHCS. TeopeMa  ['elbMrosiplia O TOM, UTO HaINpsKEHUE
BUXPEBOToO IHYypa | ocTaércs HEeM3MEHHBIM 1O €ro JJIMHE, TO €CTh

| = ijwEdS = const.
S

31ech W - yriioBasi CKOPOCTh BpAIICHUS! BUXPS; S - MONEpedHoe
cedeHue BUXps. [I[puMeHUTENnbHO K 3(I)I/Ipl—£0%/ly BUXPIO, UMEIOIIEMY
IJI0WAAb MONEPEYHOr0 ceYeHuss S = T ,° U BpAIAIOIEMYCs C
MOCTOSTHHOU YTJIOBOM CKOPOCTHIO W = () , 3Ta TEOpEMa BBIPOJIUTCS
B PaBEHCTBO

* * 2
wWpgle” = const.
910 PaB€HCTBO O3HAYACT, I10 CYTHU ACJIa, IOCTOAHCTBO MOMCHTA
KOJINYCCTBA ABUIKCHUS 110 JJIMHE BUXPA.

BemmumHa Wp Ios  BXOAMT B Bepaxenue (39) s
MOTEHI[MAa CKOPOCTEH, OMKMCHIBAIOIIETO BHEIIHEE TeueHue 3dupa
okoyio Buxps. [IOCKOIbKY OHAa TMOCTOSHHA MO JJIMHE BHUXDA,
Beipaxkenna (39), (41), + (43) He OyayT H3MEHATHCS TIpU
U3MCHEHHH paauyca [ g, €CIH OJIHOBPEMEHHO HW3MEHSCTCS
yriaoBasi CKOPOCTh  BpamieHHs siapa 3(QUPHOTO BUXPS B
COOTBETCTBHH € (hOpMyII0it

* * 2
wg = const/r g°.
*
Korz[a pazu/lyc CCUCHUA BI/IXpS[ roB Cl;aHOBI/ITCH 6eCKOHe'~IHO
60J‘II:IJ_II/IM, yFJ‘IOBaSI CKOpOCTL BpaH_leHI/ISI w B CTAHOBUTCs paBHOﬁ

Hymo. [Toaromy peanbHbie 3pUpHBbIE BUXPH OKOJIO MACCUBHBIX TEJ
UMEIOT (PaKTUYECKU OTPAaHUYCHHYIO MPOTSKEHHOCTD.
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Vka3aHveM Ha YMEHBIICHWE YIJIOBOM CKOPOCTH BpAIllCHHS
BJOJb OCH BHXpS IO Mepe YyIAJIeHUS OT DSKBAaTOPUAIBbHOU
IUIOCKOCTH  IIGHTPAJbHOTO Teja CIOyXaT HaOMIoAeHUs 32
BpamenneM Conana. SBissck razoo0Opa3HsiM mapoM, CoiHie
BpamiaeTrcs He Tak, Kak TBEéproe Temo. HabOmoneHuws 3a
COJIHEYHBIMH ISITHAMH M CHEKTpalbHBIA aHanmn3 [15] mokasanw,
910 OBICTpEE BCEro OOpamaroTCsl JKBATOPUAIBHBIE TOYKH,
COBepIIaroIIMe TOMHBIA o0opoT 3a 25 mHeil. Uem mambiie OT
3KBaTOpa, TeM OomnblIe BpeMs obpamenus. [lox mmporoit 40° oHo
yxke cocrapiser cBoime 27 amei. Ilox mmporor 80° Bpems
oOpamenus noxoaut 1o 34 nueii. Bpamenue FOmuTepa Bokpyr ocu
[15] umeeT Ty ke 0coOeHHOCTH. [10MyTHO OTMETHM, YTO MPUYHHA
3araJIogYHOTO “HKBATOPUATHHOTO YCKOPEHUS OCTa&TCs 3araJ0qHON
JUIsL HAYKU U HE pa3pelieHa Mo CeroJHSIIHUN IEHb.

11. PAANYCbI KOCMHUYECKHUX 2®HUPHBIX
BUXPEW. BJIUSHUE D®UPHBIX BUXPEN HA
PAINYCHI IIVIAHETHBIX OPBHUT

BaxxupiM BOmpocoM, HE HMMEIOIIMM IOKa OTBETA, SBISETCA
BoIpoc o paauyce sapa Buxps. [lpome Bcero Obulo  Obl
MPEIOJIOKUTh, YTO OH PaBEH PaJNyCy LIEHTPAJIILHOTO Teja, KaK B
ciydyae oOpa3oBaHMsl BUXPS 32 CUET CHJI TPEHHUS O MOBEPXHOCTh
Bpamawomerocss tena. OgHako npupojga IPUPHOTO BUXPS HE
cBi3aHa ¢ TpeHueM. Ona oOycjoBIiEHA TeM, YTO HICAIbHOE
pajvaJbHOE TEYEHHE OKOJIO CTOKAa SIBJISAETCS HEYCTOMYUBBIM U
BCJIEICTBHE 3TOTO CBOPAYMBAETCS B BHUXpPb. 1€4YEHHE BHYTpU U
CHApY’KU BUXPS SABJISETCS YCTOWYMBBIM K BHEIIIHUM BO3MYILIEHUSIM.
[ToaTomy Henb3s BO BCeX cllydasix TpeOOBaTh PaBEHCTBA PAIUyCOB
TeJa U BUXPS, XOTS 3TOTO PaBEHCTBA HEJb3s TAK)KE UCKIIOYUTD.

Y106HBIMH ~ KOCMHYECKMMH OOBEKTaMH, IO3BOJSIOIIMMHU
ONpEeAENuTh paauyc dS(UPHOrO BHUXpPS HEMOCPEICTBEHHO W3
HaOIO/IeHUH, SBISIOTCS CHHMPAJbHbIE TaJaKTHKH, B KOTOPBIX
3BE3bI KAk  Obl  BU3YQJIM3HUPYIOT  TpaHuly  3(QUPHOTO
rajakTudeckoro Buxps. HaOmoeHust mokas3bpIBalOT, YTO 3BE3/IBI B
SJIpe CHUPATBHON rajJakKTUKH 00paIatoTCsi BOKPYT OOIIETo LEHTpa
M0 3aKOHY TBEPAOrO Telda M TOJBKO 3BE3ABI B CHUPATBHBIX
pyKaBax HMMEIOT CKOPOCTH, yOBIBaloOIIME IO MEpe YAaJNeHUs OT
anpa. Takas ke KapTUHA paclpelesieHusi CKOpOCTeH, Kak
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W3BECTHO, XapakTepHa JUIsl TCUYCHUH BHYTPU M BHE BHXpPS. ITO
HAOJIIOICHHE, KPOME TOro, NOATBEPKIACT CHEIaHHOE paHee
YTBEPXKICHHE O TOM, YTO pamuyc 3(QUPHOTO BUXPS MOXKET HE
COBIIAJAaTh C PaJMycoM CIUIOIIHOTO IICHTPAJIbHOTO  Tela,
MOCKOJIBKY 3BE3/bI B SIPE TAJIAKTUKU yJAJICHBI JPYr OT Jpyra Ha
OOJbIIE PACCTOSHUS M HE TMPEACTaBISIOT CO00i eIWHOro Tena.
PuCyHOK criMpalibHBIX TaJJAKTHK TOBOPUT TaKXe O TOM, YTO BHXPb
aAKTUBHO (POPMHPYET CKOPOCTH JBMIKCHHSI 3BE3 U UX IMOJOKCHHUS
OTHOCHTEJILHO IICHTPA TaJIaKTHKH.

K coxamenuto, HET TpSIMBIX HAOMIOJACHUA OOBEKTOB
COJTHEYHOH CHCTEMBI, U3 KOTOPBIX MOXKHO ObUIO OBI OMpeAeIHuTh
pamnycsl 3dupHBIX Buxpedr camoro ConHIA W IDIaHET. ITO
3aCTaBIAeT UCKaTh SIBICHHS, KOTOpBIE XOTS OBl KOCBEHHO
MO3BOJIMJIM OTIPENIENIUTh 3TH panuychl. OOpaTumcst I 3TOro K
3aKOHAaM JBMKEHHUS TUTAHET.

W3BecTHO, YTO IBMKEHHUE IIAHET 10 JUTMNTUYECKHM OpOUTam
noxuusserca 3akoHaMm Kemepa. [lockonbky »smMnrudeckue
OpOUTHI TUIAHET COJTHEYHON CHCTEMBI OJM3KU K KPYTOBBIM, TO 3TO
O3Ha4yaeT, 4To B JI000H TOYKEe OpPOWTHI JOIDKHO BBITOIHITHCS
PaBEHCTBO IIEHTPOOEKHOW CHJIBI W CHJIBI TPUTSDKEHUS  OT
LEHTPAJIbHOIO TeJNa, ACUCTBYIOIIMX Ha IIJIaHETY:

Fu.6: F TSHK 1 (49)
rac
Fus = MaUTops, Foe = FMamiros . (50)

[Tocne noacranoBku (50) B (49) 1 HEOOXOAMMBIX COKPALICHUI
uMeeM

U=Fm/T o6 . (51)

B (50) u (51) BenuuuHBI M; ¥ M MPEICTABIAIOT COOOH MacChl
IUTAHET W IeHTpalbHOW 3Be3mbl; U - okpyxHas opOuTambHas
CKOPOCTb IUIAHETHI; lops - CPEITHUI pagnyc OopOUTEL. B HadanbHbIH
MoMeHT Bpemenu t = 0, korma U = Uy, M = Mg U Tops = o ops:
ycnosue (51) npuHUMAaeT BUT

Uo>=FMo/Foops - (52)

Kak Obut0 mMokaszaHo B pazjene 2, ¢ TeUeHHEM BPEMEHH MacChl
TEJT BO3pacTalOT COIJacHO 3akoHy (8), yBennumBas CHIy
NPUTSHKEHUS TUIAHETHI K IIeHTpajdbHOMY Teiy. C Apyroi CTOPOHBI,
MOJl BO3JCHUCTBHEM OS(QUPHOTO BHXps IEHTPAJBLHOIO  Teia
BO3pAcTacT OKPYXKHAsl CKOPOCTh IUIAHETHI MPH JBMKEHHH TI0
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opburte, yBenMYMBAs IIEHTPOOCKHYIO CHIYy W TEM CaMbIM
NPETSITCTBYS JCUCTBHIO CHJI MIPUTSDKCHUS.

PaccMoTpuMm 9TH Tpomecchl Ui JBW)KEHHS IUIAHETHI 32
npepenamMu  sapa d¢upHOro BHXpsA. B TedeHwme wmamoro 1o
KOCMHUYECKUM MepKaM OTpe3Ka BPEMEHH W3MEHEHHEM CPEIHEro
paauyca opOUTBI IPEHEOPEKEM U OyIEM CUHMTATB, UTO lops = [o ops-
Cornacuo ¢opmynam (13), (14) u (43) cuna, ¢ KOTOPOit FPUPHBIT
BUXpb JCUCTBYeT Ha CIYyTHUK WJIH IUIAHETY B HalpaBICHHU
OKpPYKHOHM CKOpPOCTH 3(Hpa 1o KacaTeabHOU K opOuTe, OyneT

F = mdU/dt = amwgr o8 /ops. (53)

VYpaBuenue (53) npouwHTErpripyeM, B pe3yibTare MOIYIHM
BBIPKEHHE JIS1 CKOPOCTH TUIAHETHI WM CIIYTHHKA Ha OpOUTe

U= U, + a0 B op” /rops. (54)

[ToncraBuMm B ycioBue (49) maccy neHTpaibHOro Teia u3 (8) u
ckopocth u3 (54). Ilocme HEOOXOMUMBIX TMPeoOpa3OBaHUI
HOJTy9IUM

a
* * —t
roBZta)Baf)2 _ fm,e*

U2+
r

(55)
o' opb
[Monmarast o5 = lo opg M UMESI B BHOy cooTHomeHne (52),

pasperniuM BeipakeHue (55) OTHOCUTENILHO pauyca BUXPS

o (0'/ k)\/ frnoropb . (56)

opb

r *
8 20 [dv;,

dopmyna (56) mo3BosseT ONMpeaeauTs paanyc 3QUPHOrO BUXPS
OKOJIO JIFO0OT0 MAacCHBHOTO Teja, €CIH W3BECTeH paauyc
PaBHOBECHON OpOHTHI, HA KOTOPOH COXpAaHSETCS HEU3MEHHBIM BO
BPEMEHH PAaBEHCTBO IIEHTPOOEKHOW CHIIBI M CHIIbI MPUTSHKEHHS,
JCUCTBYIOIMX Ha HAXOJSIIYIOCS Ha HeH IUiaHeTy. B kauecTBe
PaBHOBECHON OpOUTHI JIOTUYHO B3ATh OPOUTY, MPOXOMASIIYIO IO
Hapy)KHOH rpaHuIle 3(UPHOrO BUXPs, TaK KaK OHA MEHSAET 3aKOH
TeueHus dGupa BHE ¥ BHYTPH sjipa BUXps. B atom ciyuae I, =
Fops pas 1 U3 hopMyis! (56) crenyer, uTo

rg=r. =3fm|————| . (57)



CornacHo 3To# (hopmyIie pannychl 3upHEIX Buxper CoiHIa u
3emun OyayT

esc = 0,574.10% cm, (59)
Mog3ew = 0,956+ 10° cm. (59)

Tlpy. monGU&TE MCTIONTB30BAINCH CIIEYIONIME 3HAUCHNS; Mosey = 6.
107r W 3en = 9,93 - 107 pan/c, Moc = 2 - 10%1, W ¢ = 3,96
.10 paz[/c

Jlanee paspemmM ypaBHenue (55) oTHocuTenbHO paanyca
opOuTtsl, 3ameHHB B HEM U, ¢ moMotnbio (52) u oTOpOCHB Masibie
BEJINYMHBI. B pe3yabTaTe MojgyduM COOTHOIIEHHE
a

2a D:oB roB

r.opb —t

=gk ——=2% ¢ (60)
r ,
Oopb fmo rOopb
Z[J'ISI HEOOIBIINX N0 KOCMHUYECKHUM MacIiiTadaM OTPE3KOB BPEMCHHA
C MOMOIIBIO JTOH (I)OpMyJ'IBIUkMO)KHO 3anycarb IpHUpalICHUC

panuyca OopOWTHI, Pa3IOXKUB e B creneHHoit pAl U YAEpKaB B
HEM IUHEHHBIE 10 t WIEHEI:

o 20 o
Ar =1 (— ————)t. (61)

opb Oop6 * | m

[Tpumenum dpopmyibl (54) u (61) s onpeaencHus H3MEHEHUN
napameTpoB ABikeHus JIyHbI 10 opbuTe BOKpYr 3emid s
oTpe3ka BpeMeHH figo = 315 109 c. B pacquax HCTIOITb3YeM
3HAYEHUS lopg Ty, = 3,844 « 10% cM, roB 3em = 0,965 . 10° CM, Wp
3em = 9,93 <10 pan/c. B pesynprate momydaem TPHpPALICHHE
paauyca opOouThl Algys = 3 M, cpejlHee NpUpallienue OKPYKHOM
ckopoctn AUy, = AU/2 = 3,8 -10” cm/c u cBA3aHHOE C ITUM
YCKOPEHHOE JIBHKEHHE 110 opouTe Ha paccTossHUU AS = AU pt 100 =
1,2 xm. Ot dpsl OTM3KH K U3BECTHBIM 3HAYCHUSM BEKOBOTO
yckopenust Jlyasl AS;o0 = 7,45 KM W TpUpamieHusi CpeIaHero
paauyca opOouThl Algys = 1,5 M, onpeienéHHBIM U3 HAOMIOACHUH 3a
npmwkenueM JlyHel. PacxoxkIeHuns, BUIUMO, CBS3aHBI C TE€M, YTO
dopmyna (57) nana npubIMKEHHOE 3HAUCHHE pajanyca dPUPHOTO
BuUXps 3emuu. Pammyc ,DEATBHOTO BHXPS  HECKQILKO 60J‘I]’>HI€
J10CTaTOYHO MOJIOKUTE r o8 =24 10° cm BmecTO I o8 = 0,965 . 10°
CM, 4YTOOBI mMONMy4nTh 3HaueHne AS = 7,45 KM, TOJHOCTHIO
coBmajaroniee ¢ HaOmomaeMbiM. [Ipu 3TOM moiydaercss manas
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BeNIMYMHA Al,s = 6,5 cM. Tlocnennee o3HavyaeT, 4To HaOMIOgaeMoe
npupameHue Algys = = 1,5M B OCHOBHOM ITPaBHIBHO OOBACHEHO
NPWIMBHBIM BO3JCHCTBHEM 3eMiid Ha JBHWXKeHUE JIyHBI W JIUIIb B
MAaJIOH CTETNIEHH OHO 3aBUCHT OT 3()UPHOTO BUXPsS 3EMIIH.

Hanee 06paTI/IMc;1 K 0p61/1Te 3emuin BOKPYT CouHra. 3a 35
MIIPA 1IeT TIpH W ¢ = 3,95+ 10 2 panle, Fogc = 0,574 -10% e,
lop6 3em = 1,465 « 10" cm npUpaInieHue 0p6HTaan01/1 CKOPOCTH
3eman coctaBuT BenmunHy AUz, = 1,436 km/c. CoBpeMeHHas
ckopocth 3emin Uy, = 29,8 km/c. 3a 0JiiH MUJUTHAP]T JIET COTJIACHO
(60) paauyc opOUTHI 3eMiIH BO3POC B OTHOLICHUU

rop6/ro op6 — 1,08. (62)

VBenuuenue pamumyca OpOUTH  3emuid, 0OYyCIIOBIIGHHOE
a¢pupubiM Buxpem CouHila, kak cienyer u3 (32), MONHOCTBIO
KOMITCHCHPYET BO3PACTAIOUIYIO CO BpeMEeHeM cBeTHMOCTh ColHIa
Y, CIEJ0BATEeNbHO, TMOIYYaeMyI0 OT HEro 3eMJEH TEeIIOBYIO
srepruro. [locnenHee, kKak Mbl IIOMHUM, OOYCJIOBJIEHO POCTOM €ro
Macchl B COOTBETCTBUHU C 3aKOHOM (8). IHTepeCcHO OTMETHTh, UTO
pe3ynbrathl (32) u (62) moay4eHsl HE3aBUCUMO JIPYT OT Jpyra. JTo
JUOIHUE ~ pa3  TOATBEPXKAaeT  NPaBHIBHOCTh  HalJIEHHBIX
OOBSICHEHUI SIBIICHUS YBEJIMYCHHSI MACC M SHEPTUU 3BE3I, a TaKKe
CYILECTBOBAHUSI I(UPHBIX BUXPEH.

12. O CTPOEHUU CIIUPAJIBHBIX I'AJIAKTHUK

CTpoeHHe CIUpPANBHBIX TaTaKTUK MMEET JIBE OTIMYUTEIBHBIX
ocobennoctu [13,14]. TlepBast U3 HUX B TOM, YTO SAPO JIFOOOK
CIIPAIbHOW TAJIAKTUKH, COCTOAIIEH W3 MUJUIMApAOB 3BE3],
BpamiaeTcss Kak eauHoe TBEpAoe Teno. BTopas 0COOEHHOCTH
3aKJIFOYaeTCsl B TOM, YTO BHE s[pa yIIOBbIE MEpeMEeNIeHUs 3BE3,
HaXOJISIIIMXCSI B CHHPANIbHBIX pPyKaBaX, BOKPYT LEHTPA TaJlaKTHKU
HAYMHAIOT yOBIBATh 10 Mepe yIalleHHs OT HeHTpa. HabOmronenus
nokaspiBaloT [14], YTO chnupaidbHBIE TaJaKTUKHA BPALIAIOTCS
KOHI[AMH BETBEH Ha3aa. OJTOro HE CMOIJH OOBSCHHUTH
CYILECTBYIOIIHE THUIIOTE3bl O00pa30BaHUS CHHPATBHBIX TaJAKTHK
(Mxunc, JluaOMAmM), HO €CTECTBEHHO OOBACHSACT Teopus 3dupa
(puc. 10, cnupanbHas ranaktuka M51 [6] , 31ech He moka3aH).

YroObl yOenuThCsl B 3TOM, PACCMOTPHUM CHJIBI, IeHCTBYIOIINE
Ha 3BE3Jy C Maccod My . 3Be3a HAaXOOUTCS B IOJIE TEUYEHUS
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rajJakTH4eCKOro BHUXPS C HEHTPAIBbHOU 3Be310M. Ha He€ momumo
CWIbl TSDKECTH OT LEHTPAlIbHOM 3BE3Abl JEHCTBYET TaKkKe
OKpy)KHas CWJIa, BbI3bIBa€Mas BHXPEM U  omIpenernsiemMas
BeIpakenuem (13):

Fu=amyV .

[Ton BO3meWcTBHMEM ATOW CHIIBI 3BE3lla NMPHOOpPETAET OKPYKHOE
YCKOpPEHUE U MPHUPALICHUE OKPYKHON CKOPOCTH:

a, = dU/dt =F/m, =aV',, (63)

AU=aVt. (64)
[Tpupamienne mytn 3a Bpemsi U B1oJIb OpOUTHI U TIPUPAIIICHHUE YTIIa
(puc. 11) Oynyt

AS=at’l2=V", 12, (65)

Ad = ASrops = (00 V) 205 - (66)

Kak BumHo u3 ¢popmyin (63) - (66), yckopenue 3BE311, MpUpaiicHue
CKOPOCTH WX JBHKEHUS 10 OpOHTE BOKPYT LEHTPAIBHOW 3BE3[IHI,
NPOJEHHbIN BJOJIbL OPOUTHI ITyTh M YTIIOBOE TIEPEMENIECHHUE TIPAMO
IPONOPLIMOHANIBHBI OKPYKHOM ckopocTH ddupa V . I'panuna sapa
rajJakTUKH, XOPOIIOo pa3nuuumMasi Ha GoTorpadusx, OTHOBPEMEHHO
SBJISIETCSl TPAHMIEH TaJaKTUYeCKOro BHXps. [lodToMy MOXHO
3ammcaTh

.
o sapa =T oB.

OkpykHast CKOpPOCTh 3(upa B sApPe BHXPSA ONPEAEsIeTCs
dopmynoit (40), a BHe siapa - dopmynoit (43). B coorBeTcTBHH €
stuMu  (GopmyinamMu Ha puc. 11 mocTpoeHa smiopa OKPYXKHBIX
CKOpocTeil adupa BHYTPU M CHapyKd 3(QUPHOrO TIAKTHYECKOTO
BHXPSI.
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W3 puc. 11 BuaHO, 4TO BHYTPH sifpa d(HUp BpamaeTcs Mo 3aKOHY
TBepaoro tena. B coorBerctBuM ¢ Gopmynamu (65) u (66) sro
o0ycloBIIMBaeT HAONIOMaeMOe IBIKCHHWE 3BE3J BHYTPH spa
TaIaKTUKH TI0 3aKOHy TBEpAoOro Ttena. BHe smpa sdupHOTO
raJakKTHIECKOr0 BHUXPsI OKPY)XKHAs CKOPOCTHh d(pHpa yMEHBIIACTCS
00paTHO TPOMOPIUOHAIBHO pamuycy ( PacCTOSIHHUIO JIO0 BUXPS).
DTO MOKHO NMPHUBOIUTH K OTCTABAHUIO 3BE3J, HAXOMSIINXCS B
KOHI[aX CIUpaNbHBIX BeTBed [amaktiku. C TeYeHHUEM BpEeMEHU
U3MEHSIIOTCST PaJyChl OpOWT 3BE3N B CHHPAJbHBIX  pyKaBax,
HOJICTpauBasich Mo/ 3aKoHbI Kerutepa.

He nmperennys Ha mnonHOe OOBSCHEHHE CTPYKTYpbl U
MPOUCXOXKIECHHUSI CHHUPAJbHBIX TalaKTUK, TEM HE MEHee Ha
npumepe Hamred [amaktuku  (MIiledHOrO  MyTH) OTMETHUM
HEKOTOpbIE UHTEPECHBIE KOJINYECTBEHHBIE COBIAJEHUS
MpUpaIIeHUH CKOPOCTeH IBMKEHHS 3BE3J IO CBOMM OpOHTaM,
MOJTyYEHHBIX pacuéToM Mo ¢GopMysaM JaHHOW paboThl, U U3
aCTPOHOMHUYECKUX HAONIOJICHUNA. DTH COBMAJIEHUS MOKAa3bIBAIOT,
YTO TrajakTU4ecKue d(UpHbIE BUXPH AaKTHUBHO (OPMUPYIOT
CTPYKTYPY COUPAJIbHBIX rajJaKTHK.

Mieunblii  TyTh, KaK M3BECTHO, SBJISCTCS CIUPATbHOU
lanaktukoit. Hame ConHue mnpexncraBiaseT coOod OAHy u3
MUJUTHAPIOB 3BE3]I, cocTaBisonux I amaktuky. Tak ke, Kak U
Npyrue 3BE3MbI, OHO JBMXKETCSA BOKPYT IIeHTpa [ ajakTUKA C
OKpy»xHO# ckopocthio Uy = (220 + 2252) KM/C Ha PacCTOSIHUH OT
HEeHTpa lgps ¢ = 10 km = 3 - .10% cm. Macca Tanaktuku
OTIpPENeNIIeTCS W3 YCIOBHS pPABEHCTBA IICHTPOOEIKHOW CHIIBI
CoJIHIIa ¥ CWJIBI MPUTSDKEHHUsS, CO3/laBaeMoil Maccoil ["anakThku
Mn, 3aKTFOUEHHOM B Ipeienax paanyca opoutsl ColHIa:

Miar = U Teopolf =2+ 10™ 1,

B xuure [3] ormeuaercs, YTO MEpUOIbI BpAIICHHS BCEX
HAOJIOaeMbIX TaJIAKTUK 3aKJIIOYEHBI B CPABHHUTEIBHO Y3KUX
npeaenax ot 30 mo 100 muH seT. DTOMY COOTBETCTBYET
CIICAYIOIINI TUAa30H U3MEHEHHsI YIIIOBBIX CKOPOCTEW BpPAaICHUS
SIEp TaJaKTHK :

Wy = (6,65+2) - 10™ panle. (67)

. 21
Cornacno [3] panuyc siapa Hamed ['anakTuku Iy, = 3 ko = 9 .10
cM. B kadecTBe yrioBoW CKOpPOCTH BpaileHHs siapa [ alakTuku

NPHMEM CPE/IHCe 3HAUCHHE U3 JMAla3oHa (67), a UIMEHHO Wy, =
2,8 - 10~ panlc.
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[Toacunrtaem no dopmye (48) mpu w, = O yriioByro CKOpOCTh
BpalIeHus sapa 3GpUPHOro TaJakKTHIeCKOro BUXps MIledHOTo yTH
JUTS BpeMeHH Bo3pacTa ["amakTuku t; = 15 mupy ner:

Wear = (3/2) wylat; =0,892.10% panlc.

C TeyeHHEM S3TOrO BPEMEHH B COOTBETCTBUHU ¢ (opmyioit (54)
OpPOU30IIIO  yBEIWYEHHE OKpyxXHOW ckopoctn CojHIa Ha
BEITHUHMHY

AU = 00 B rar M op” Ureops = 113 KM/,

COCTaBJISIFOLIYI0 TPHMEPHO ITOJOBHHY COBPEMEHHON CKOPOCTH
Connna. Eciv yBelIMUHTD Wy, B 2 pasa, YTO HE IPOTHBOPCUHT
ycnoButo (67), To okaxercs, 9To ckopocTh COJHIIA TOJTHOCTHIO
00yCloBJIeHa TaJaKTHYeCKAM BHXPEM. 3a 3TO JK€ BpeMs B
cootBercTBHH ¢ popmynoii (60) pamuyc opoutel ConHIa BO3poc
HE3HAYMTEIIBHO,

rop6/ loops = 1,025.

[Tpu pacuére OKpYX)HBIX CKOPOCTEH M paJycOB OpOUT 3BE3,
HaxXOAIIMXCS BHYTPH sapa ['amakTuku, cleayer Y4HUThIBaTh
W3MEHEHUE CYMMapHOM MAacchl 3BE3]], HAXOAAIMUXcA B Anpe. M3-3a
OTCYTCTBHSA ITHX JAHHBIX TAKHE PACUETHI HE POBOIUIINCE.

13. THIIOTE3A OB 3BO.JIIOLIMA COJIHIIA U
OBPA30OBAHUU COJIHEUHOM
IMJIAHETHOM CUCTEMBI

Bce cymectByromme THIOTE3BI 00 OBONIONWW 3BE3N W
o0pa3oBaHWM IUTAHETHBIX CHCTEM, €CTECTBEHHO, HE MOTIHU
YYUTBIBAaTh JBYX, a, BOBMOXHO, TpEX oOcrosTenscTB. [lepBoe u3
HHX - 9TO POCT MAacChl COTJIACHO 3aKOHY, c(hOpMYIUPOBAaHHOMY B
(8). Btopoe cOCTOMT B HaJMYUH OKOJO BCEX MACCHBHBIX
KOCMHUYECKUX Tel OJ(PUPHBIX BHXpEH U CBSI3aHHOTO C JTHM
YBEJIHMYCHUS CO BpEMEHEM X YTIIOBBIX CKopocTel. Tperbe cBsI3aHO
¢ ycioBueM (34), KOTOpoe MO-BHIUMOMY, O3HA4YaeT HE TOJIBKO
yXOJ W3 TOJS 3pEHHs YeJIOBeKa 3BE3/bl THUMA “YEpPHON IBIPHI. .
Ckopee Bcero, TpuU OTOM HapyllaeTcs caMO  YCIOBHUE
CYILIECTBOBAHUSI MAaTEPUH, TO €CTh BO3MOXKHOCTH ITOTJIONICHUS
MaTepuel 3PUPHOTO rasa.
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Ecmu ckopocts 3¢dupa HE MOXET TPEBBICHTH CKOPOCTH
pactpocTpaHeHus CcIabbIX Bo3MXmeHI/H71, OM3KNX K CKOPOCTH
ceera B mycrore C = 3 - 10 cm/c, To mpu pagmycax Ten
MEHBIIIUX, YeM ompeaeicHo yciaoBueM (35) Hapymaetcs
ypaBHEHHE TIOCTOSHCTBA pacxoza d¢upHoro rasza (1), yero ObITh HE
MOXeT. Pe3ynbpraToM HapylIeHHs 3TOTO YCIOBUS JOJDKHO SIBUTHCS
MCUC3HOBCHUE CHIIBI TSDKECTH B 3BE3JIE NMPHU COXPAHEHHHU JIPYTHX
MEXaHHU3MOB, yJEpKUBAIOIINX 3BE3Iy B PAaBHOBECHH, TaKHX, KaK
JaBJICHUE HAIPETOr0 C)KATOTO ra3a, CBETOBOE JNABIICHUE M HAINIHE
MEeHTPOOEKHBIX CHil. CeNCTBUEM 3TOTO MOXKET OBITh JINOO cOpoC
BHENTHEHW 000JI0YKHM 3Be3/bl U €€ pacIIupeHne, TM00 IEeHTPaTbHBIN
B3phIB [13].

PaccMoTpeHHOE B TpenpIAymIMX pasfenax B3auMOAECHCTBHE
3BE3/1bl, HAXOIIEHCS BHYTPH 3(HPHOTO BUXPS,C CAMHM BHXPEM
HEM30€KHO TPHUBOJAUT K PACKPYUMBAHUIO 3BE3[bl. JTO, B CBOIO
ouepelib, TOJKHO C TEYEHHEM BPEMEHH NPUBOJIUTH K HAPYLIECHHUIO
paBHOBECHsI  3BE€3[bl W M3BEPKEHUIO  BEIIECTBA  M3-3a
YBEJIMYMBIICHCS IIEHTPOOCIKHON CHibl. V3BeprHyTOEe BEIIECTBO
Oyner [BUTAaThCA B OJHOM HANpaBICHUH C HANpaBiICHHEM
BpalllEHUs 3BE€3/1bl, JOMOJIHUTEIBHO BOBJIEKAEMOE B TO JBHKEHUE
3(HUPHBIM BUXPEM [IEHTPAIBHOTO TeIa.

Buxpp pasronseT miaHeThl MPU UX JBIDKEHHH 0 opoutaM. B
pe3yiapTaTe 3TOr0 YBEJIWYMBAKOTCS HMX MOMEHTBHI KOJUYECTBA
IBYOKCHHS ~ OTHOCUTENIIBHO  IIEHTPA  COJIHEYHOM  CHUCTEMBI.
HanmomHMM, 4YTO MOMEHT KOJIMYECTBA JBH)KEHHUS IUIAHETHI,
JBWKYIICHUCS TI0O KPYroBOW OpOWTE, €CTh NMPOU3BEICHUE MAacChl,
paccTosiHUS OT IIEHTpa W opOuTambHOU ckopocTu. [Ipm BeIOpOCE
BELIECTBA M3 LEHTPAJbHOIO Te€Ja OHO CaMO TEPSeT MOMEHT
KOJIMYECTBA JBM)KCHHS M YMEHBIIAET CBOIO YIVIOBYIO CKOPOCTh
BpalllCHHUS.

[TonmyTHO HamOMHHM, YTO MpPOOJIEMYy OIPOMHBIX MOMEHTOB
KOJIMYECTBA JBIKCHUS OOJBIINHCTBA TUIAHET COJTHEYHON CHUCTEMBI
HEe cMoria OOBSCHHUTh HH OJHA M3 M3BecTHHIX rumore3 ( Kanra -
Jlamnaca, J[»xuHCca ¥ IpyTHE).

CornacHo W3naraemMoi TurmoTese nmpuMepHo 15 mupa et Hazan
Ha Mecte ConHma cymiecTBoBajia 3Be3la C Maccoil My,
B3aMMOCBSA3b KOTOpPOM ¢ coBpeMeHHOM wMaccoi ConHia M
omnpenensercs popmyioii (8)

My = MJe™™ = 0,48.10%r.
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Cnycts mnpumepno 11,5 wmupag nmer, To ecTh K MOMEHTY
00pa30BaHMs COHEYHOHM CHCTEMBI, Macca 3BE3/bI COTIACHO JTOH
dopmyse focTuria 3HaYCHUS

Moc = Mo = 1,45.10%r

UToOb!l ompeaenuTh paguyc dTOH 3BE3bl B pacCMaTpUBAaEMBbIi
MOMEHT BpeMeHH, y4ITéM, 4To B Teuenne 11,5 mupa net rupHbIit
BUXpPb OTOM 3BE3Ibl PACKpPYYMBAI €€ 10 3HAYECHUS YIIOBOU
CKOPOCTH Ul BIUIOTH J0 HACTYIUICHHUS PABEHCTBA HEHTPOOEKHON
CWJIBI M CHJIBI TSDKECTH Ha €€ OBEPXHOCTH

Fu.6 = FTSDK'

W3 3TOr0 paBeHCTBa MOIY4YaeM, YTO OKPYXKHash CKOPOCTh TOYEK
MIOBEPXHOCTH 3BE3/bI IOJKHA ObLIa OBITH B TO BpEeMs

fm,
U, =~ . (68)
00C
C apyroii cTOpOHBI, OKPY>KHasi CKOPOCTh
Uo = %C rOOC

(69)

[Mpupasusiem npaBbie yacTu ypaBHenuit (68) u (69). [ToxyueHHbIH
pe3yNIbTaT pa3periuM OTHOCUTEIBHO YIIIOBOH CKOPOCTH:

1 m
w, =— [|—=. (70)

MomeHT KOJIMYECTBA JBHKCHUA OAHOPOJHOTO mapa
OTHOCUTECIIbHO €T0 HECHTPA OIPECACTIACTCA BbIPAKCHUEM

o = (2/5) wr? Mo, (71)

e W - YII0Basi CKOPOCTh BPAIICHHUS Iapa; lo - pamuyc mapa; Mg -
Mmacca mapa. [logcraBum B (71) yrioByto ckopocte u3 (70) u
napaMeTpbl MPOTOCONHIA Moc U fgoc. B pe3ynbTaTe moNydnm
MOMEHT KOJNHMYECTBa JBIKCHHS MPOTOCONHIA BO  BpEMs
HETMIOCPEICTBEHHO IMPE/IIIECTBYIOIIEe COPOCY YacTH BEUIECTBA, TO
€CTh OT/CJICHHIO UTAHETON CUCTEMBI OT LICHTPAILHOW 3BE3/IBI:

‘/fm M (72)

M

oC 500COC
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VuuThIBasi, YTO MPU OTACICHHUHU IUIAHET OT 3BE3/bI OHU YHOCST
C co0Oii MOYTH BECh MOMCHT KOJHMYECTBA IBIKCHHS 3BE3/IbI, a
cama 3Be3ma TMPAKTHYECKH IPEKpamiaeT CBOE  BpallCHHE,
MO/ICYUTaeM CYMMY MOMEHTOB KOJIMYECTBA IBIKCHHUS TUTaHeT. JIyst
9TOr0 JOCTATOYHO MOJACYUTATH MOMEHTHI KOJMYECTBA JBHKCHUSI
TOJIBKO OOJBIINX TUIAHET, TMojiaras uX OpOMTHI TAKMMH XK€, KaK B
HacTosimee Bpems. [Ipu 3TOM Macchl IUIAHET Mg ;; YMEHBIIHM B
cootBeTcTBHH C (hopmysoit (8), B3sIB MX TaKUMH, KaKHUMH OHH
obutn 3,5 mupa siet Hazaz (tadn. 4). Ckopoctu mianet 3,5 mipa
JIeT Ha3a/, orpeaesieMbie o hopMyiie

UOIUI - r !
Oop6

TaKXe MPUBEICHBI B Ta0ywiie 4.

Tabauna 4

[Mapametpsr | IOmwmrep CarypH Vpan Henryn [ImyTon
Moe T | 1,38 « 10°| 4,10+ 107 | 6,36 » 10° | 7,45 « 107 | 3,47 » 107
loopss M | 7,80+ 10"| 1,42+ 10" | 2,87+ 10" | 4,60+ 10** | 591+ 10"
Uomn cM/c | 1,11+ 10° | 0,82+ 10° | 0,58+ 10° | 0,46+ 10° | 0,40 » 10°
Mg o Temle | 1,19« 10° | 0,48 « 10° [ 0,11 « 10| 0,16 » 10 {0,008 « 10™

MoOMEHTBI KOIUYECTBA ABUKCHUS IUIAHET MOJCUMTHIBAIOTCS 110

dbopmyne

MOIIJI = mOnnUOHHrOOpG-
Takum 06p8.30M, B MOMCHT OTACJIICHHA OT COJ'IHI_Ia IJIAHCTHI
YHECIIN C co00li MOMEHT KOJHUYECTBa JBHKCHUA OTHOCHUTCIBHO
LOEHTpa COJIHEYHOU CHCTEMBI 4yTh 6OJ'IBI_I_IC, 4yeM

50 2
> Mo =1,94.10>" rem/e. (73)

[MpupasHsieM npaBbie yactu Beipaxenuit (72) u (73). Pesymprar
pa3penuM OTHOCHTENBHO PaJnyca MPOTOCOIIHIIA:

i 25zm,, )

—— =0118 .10 cm.
4fm’_

Fooc
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B  wWrore mOpoTOCONHIIE B MOMEHT, HEMOCPEICTBEHHO
MPE/IIIECTBOBABIIMN OTACICHHIO IUTAHETHOTO BEIIECTBA, HMEJIO
MPUOIM3UTEIFHO CIENYIONHE TMapaMeTpel: My = 1,45 . 10% T,
Fooc = 0,118o1010 cM, Wy = 0,243 pan/c, Toc =259c.

[losryuenHsle mapaMeTpsl OYEHb MOXOKU Ha MapaMeTpsl 3BE3]
Tuna OeNbIX KapIuKoB, HaIpuMep, ciyTHuka Cupuyca:

mo=1,77-10%r, r,=0,197 -10" cm.

B HacTos1mee BpeMsl B aCTPOHOMHUM YTBEPAWIOCH MHEHHE, YTO
Oemble KapiIUKU 00pa3yloTCs MOCIE BCIBIIIKM 3BE3]] B pe3yibTare
BBIFOpaHHs aTroMHOro tomuBa ( BOAOpOAa, Telus ) W,
CJIEOBATEIbHO, OHHU 3aMBIKAIOT HBOJIOLMIO 3BE31. OJHAKO
paccMaTpUBaeMbIil 3/1eChb MEXaHHW3M pPacCKpPy4YMBAHMS 3BE3Ibl
5(HUpPHBIM BHXpPEM IPHUBOAUT K HAPYIICHUIO PAaBHOBECUS MEXIY
JaBIICHMEM HAarpeToro ra3a M CHJIOW TSDKECTH BHYTpH Oenoro
KapiWKa W3-3a BO3pOCHICH IeHTpoOekHoW cwibl. CoriacHo
teopur MwiHa [13] mpu HapymieHHH YCTOWYMBOCTH IPEKHETO
CTPOEHUS 3BE3/Ibl OHA CKauKOM IMPHOOpETaeT COBEPIIEHHO HOBOE
ctpoenue. Ilpum sToM MMIIH yKa3bIBaJl, YTO TIOCJE BCIBIIIKH
CBEpXHOBOW TMpH CHaJaHWUW 3BE3/blI, NMpU €€ KoJUIance, Mu3-3a
YBEJIMYEHHSI CKOPOCTH €€ BpalleHHsI 3B€3/1a MOKET pa3/IeIUThCs Ha
JIBEe 4acTH, 00pa30BaB TECHYIO IBOMHYIO 3BE31Y.

B HeKoTOpBIX CiTydasix MOCie pa3aABOCHUS OJWH WIH Jaxe o0a
KOMIIOHEHTa MOTYT CHOBa B30pBaThCs, NMPEBPATUBLIMCH B Iapy
3BE31 HOpMaJIbHOH TuIoTHOCTH [13]. IMEHHO 3TO, MO-BUAMMOMY,
OpOM30LUI0 B MOMEHT oOpa3oBanusi ConHia, Tak Kak B
JUTEpaType MHOTJA MOXHO BCTPETHTH OOCYKAEHHE BOIpOCa O
TOM, He saBisgeTcs u FOnuTep ManeHbKON 3BE3/10H, a HE TUIAaHETOM.
HNHTEpecHO Takke OTMETHTH, YTO AaCTPOHOM IPHe cumTan Bce
HOBBIE 3BE3/IBI 10 BCIIBIIIKK OENBIMU KapJIMKaMH, IPUITUCHIBAS UM
HEYCTOWYNBOCTH BBHUTY OOJIBIION TUIOTHOCTH.

HemapoM BCHOBIIKM CBEPXHOBBIX 3BE3N HE  SBISIOTCS
ennHoO0Opa3HbIMU. Pa3nn4aioT CBEpXHOBBIE, OOBIYHBIC HOBBIE,
MIOBTOPHBIE HOBBIE, ITPOCTO BCHBIXMBaroUIve 3BE31bl. Ilpn Takmux
BCIIBIIIKAX, TTO-BHIUMOMY, 00pa3yrOTCs HE TOJIBKO 3BE3/IbI, HO U U3
OCTaTKOB BBIOPOIIEHHON MaTepuu 00pa3yroTCs TaKXKe U TUIAHETHI.

[Tocie BcmbImKH, cOpoca Macchl M IOTEPH KOJIUYECTBA
JBIDKCHUS HOBas 3Be3/1a COPMHUPOBAIACh HE KaK OBl KapiiK, a
B BHUjge coBpemMeHHoro CojHI@, TO €CTh 3BE3Ibl MEHbBIICH
TUIOTHOCTH M OOJIBIIETo pamuyca. 3a 3,5 MiIpJ JIeT, MPOIISANTNX C
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aToro MomeHta, Macca Comnia _cormacHo (8) BwIpocia 1o
coBpeMeHHoro 3HaueHuss Mc = 2 -10™ r, a paguyc ocTaHOBUIICS Ha
Benmunae fe = 7+ -1070 cm. 3a 310 Bpems ddupHBILT BHXpB,
KOTOPBI TIPH BCIIBIIIKE 3BE3/bI M CaM IIpeTepIiel J3Menenme,
packpytuit COHIIE 10 YTIIOBOH CKOPOCTH W = 2,9 « 10° pan/c.

Ecimu Ob1 3Be3nma ¢ mapameTpamu coBpemenHoro CosHia
cKajach JI0 pa3MEepoOB MPOTOCONHIIA, TO €€ YIJIoBas CKOPOCTh
craia Obl

Wooc = e (FocTooc?) = 0,0102 pagle.

[TpuHsB 3TO 3HAYEHHUE B Ka4eCTBe W), B popmyie (48), moacuntaem
YIJIOBYIO CKOPOCTh 3¢upHOro Buxps m0 Benbimku( t = 11,5 mipa

JIeT ):
e - o)
W B =1,005-10"" paxn/c.
20 [1

[Tpu ompeminernn paanycoB siep SPUPHBIX BHXPEH 0 U TOCTE
paspylleHHs IPOTOCOJHIA CYUTAEM, YTO MOMEHT KOJUYECTBa
JBYOKEHUS BUXPS, IPUXOIALIMICSA HAa €UHHILY JJIMHBI, IIPU B3PbIBE
IIPOTOCOJIHIA HEe u3MeHwIcsd. OQHAaKO B CBSI3M C W3MEHEHUEM
panryca M yrioBOM CKOPOCTH 3BE3[IbI, 4 TAKKE YIIIOBOM CKOPOCTH
3(HUPHOTO BHUXPS, €TO MONEPEUHbIE Pa3MepBhl TOJIKHBI N3MEHUTHCS

* *

r .
0B = 4|— = =0,0793.
roB a)oB

TakuMm 00pa3oM, COBpEeMEHHBIH 3(QUPHBIA BHXPh OKOJIO
Comnnira umeet paauyc sapa B 12,6 pasza Oosbline 3pUPHOTO BUXPS
MPOTOCOJIHIIA.

14. SJHEPTETUKA KOCMOCA. TUIIOTE3A O
BHYTPEHHEM YCTOWMCTBE DJIEMEHTAPHbBIX
YACTUIl MATEPUHN

Panee oTmeuanoch, 4TO sjpa TajdakTUK, 3BE3JBI, MIAHETHI U
Jpyrue KOCMUYECKHE TeJla HEMPEPHIBHO MOIYyYaroT W3 KOocMoca
OTPOMHBIC  KOJIMYECTBA  DHEPIMH. OTO  TOJATBEPKAACTCS



acTpOHOMUYEeCKUMHU HaOmoaeHusMu. OTKynma ke Oepércs dTa
SHEprus ?

OTBeT Ha STOT BONPOC MOXKET JATh KWHETHUYECKAs TEOPUS
razoB [11]. CornmacHO 3TOH TEOpPHHM HJICAIBHBIA Ta3, KaKOBBIM
sBiseTcss d¢up, oblamaeT BHYTpEHHEH 3Hepruei, 1mojJ KOTOpOu
MOHMMAETCsl SHEPTUSl XaOTUYECKOTO JBIKCHUS BCEX €ro aTOMOB.
AToMBI 2pupa OECTIOPATOTHO ABMKYTCS, CBOOOTHO mpoberast myTh
MEXIy JBYMS IIOCIICJIOBATEIFHBIMU CTOJKHOBEHHUSMH JIPYyT C
npyrom. CoynapeHusi aToMoOB 3(Qupa MPOUCXOIAT 0e3 MoTeph
SHEPTHH 110 3aKOHAM COYAAPEHUs YIIPYTHX MIapOB.

MartemaTnueckas pa3paboTKa KHHETHYECKOH TEOpHH Ta30B
BIIEPBbIE TPEAJIOKEHA METepOYPrcKUM akajeMuKkoMm bepHymin B
1738 romy. Ilo3xe aTa Teopus paspadarpiBaiach JIOMOHOCOBBIM,
Knaysuycom, bonbuimanoM, MakcBemsioM U PpsjoM APYyrux
yuéHbIX. COINIaCHO KHHETUYECKOW TEOpPUHM Ta30B BHYTPEHHSA
SHEPTHUs eIMHHIIBI MACChl OOBIYHOTO ra3a 3alHuChIBAeTCs POPMYIION

[11]

L2

Uo= C,T = ia/2k, (74)
rae C, - yaenbHas TeIUIOEMKOCTh Ta3a MpH MOCTOSTHHOM 00BEMe; T
- TeMIieparypa; | - 9UCJIO CTereHel cBOOOIBI MOJICKYIIBI Ta3a; a -

CKOPOCTh 3ByKa B pacCMaTpUBacMOM Trase; IOKa3aTesb
n303HTponb K = (1 +2)/i .

Jns apupHOTO raza dopmyna (74) nepenuchiBacTcs B BUJIC:
U, =iC.2/2k = 0,9 C2, (75)

rae C, - CKOpPOCTBh pacmpocTpaHeHHs claObIX BO3MYIICHHH B
adupHOM raze. BMmecto Mosekymnbl 3¢gupHOro raza O6epercs arom
adupa ¢ YUCIOM CTereHed cBoO0Oapl | = 3 KaK y MaTepualbHOM
touku. [Ipu stom K = 5/3. Cornacuo dopmyne (75) BHyTpeHHSS
DHEPrHs, COJepKalasics B KKIOM KyOMYeCKOM  MeTpe
CHIOKOWHOTO 3(hrpa, paBHA OYCHD OOJIBIION BEITMUUHE:

Ey, = 0,9 C%4p,V1 =8,7.10% spr.

3HaYeHHe CKOPOCTH PACIIPOCTPAHEHHS CJIA0BIX BO3MYIICHHH B
criokoitHoM 3¢upe C,, = 285 000 km/c monyueHa B paszaeine 15.

OkcrpaceHcaM OyaeT HMHTEPECHO Y3HaTh, YTO HHEpPreTHKa
KOCMOCa  JEHCTBUTENBHO oOrpoMHa. OnHako 23Ta  3SHEPrus
HENOCPEACTBEHHO HEOIIyTHMA JUIsl HAlIMX OPraHOB YYBCTB. Tem
HE MEHEE HMEHHO OHA PacXOIyeTCsl Ha OpPraHU3alUI0 pagHalIbHbIX
TeYeHH dPupa K MaTepraIbHBIM TelaM Beenennoii. [Toatomy mbl,
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OOBIYHBIC JIIOJW, HMEEM JIeJ0 TOJIBKO C OrpaHHU30BAHHBIM
TedeHueM 3(upa K LEHTPY 3eMid U OILIyIIaeM ero Kak CHIIy
TSAKECTH.

BuyTpennss sHeprus eamHHUIBI Macchl rasa U, cBsf3aHa co
CKOPOCTBIO TeueHHst V  U3BECTHBIM B Ta30JMHAMHKE ypaBHCHHUEM
SHEPTHH UIS U309HTPOIMYECKHX TCUCHUH, KOTOPYIO 3aIHIIEeM JUIs
TedeHus dpupa:

KU +V'2/2=V?,/2 = const. (76)

W3 3TOr0 YypaBHEHHUS BHIHO, YTO C POCTOM CKOPOCTH TCUCHHS
apupa BHYTPEHHSSI OJHEPTUsl yYMCHBIIAeTCs, Mepexois B
KWHETUYECKYIO DHEPIHIO0 YIIOPSJIOYSHHOTO TEYeHHsS W HAoOOpOT.
3nech Vma - MAKCHMalTbHO BO3MOXKHAsI CKOPOCTh MCTEUCHHS Taza
B nyctoTy. [logctaBum B ypaBHeHue (76) BMecto Uy, BRIpaKEHHE
(75). B pesympTaTe TONYYMM ypaBHCHHE, OIpeEACIISAIOIIee
3aBUCHMOCTBH CKOPOCTH paclpocTpaHeHus cnadbix Bo3mymeHuid C,
OT CKOPOCTH Te4ueHwHs d(upa:

Co= (K- 1)/2[ Ve - V2] (77)
Bennunny Ve ONpeeanM U3 yClOBHsA, YTO B CHOKOHHOM 3dupe
mpu V. = 0 ckopocts C, paBHa CKOPOCTH pacmpoOCTpaHEHUS

cJ1a0bIX BO3MYIIICHHH B criokoitHOM 3¢upe, C,, = 285 000 km/c:
Vinac = ¥iC,, = 493 000 ww/c.

C yué€ToM 3TOr0 3HAUEHHS TIepenuieM ypaBHeHne (77) K BUILY

U3 popmyisr (77) caemyer, 4TO MpH V" = Vpax MeCTHaS CKOpPOCTh
pacnpocTpaHeHus ciiadbix Bo3mymieHui C, = 0. 3To 03Ha4aer, 4To
B TMOTOKe 3¢upa, IABMKYIEMCS C MaKCUMalbHO BO3MOXKHOU
CKOPOCTBIO Vax , IPEKPANTAETCS Xa0THYECKOE JBHKCHHE aTOMOB
sdupa. BcenexcTBue 5TOrOo mpexpamaercs nepegada , ClIadbIX
Bo3mytienuit. Ilpu moctmwxkenun morokoM ckopoctn V. = C (
CKOPOCTH CBETa B IYCTOTE WJIHM CIIOKOWHOM 3(Hpe ) CKOPOCTh
pacrpoCTpaHeHUs ClIa0bIX BO3MYIIEHUN OCTAa€TCs eIié TOBOJBHO
OOJIBIIION BETMUNHOM:

C.=0,812C, = 232 000 xm/c.
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B  ypaBHenun (77) nmpupaBHSEM MECTHYH  CKOpPOCTh
pacnpocTpaHeHUs] Ca0bIX BO3MYIIEHUH B 3PUPE K MECTHOU
CKOpOoCTH TedeHUsA. Ha3zoBEM 3Ty BEIWUMHY KPUTHYECKON
ckopocThio C,, M paspelldiM OTHOCHUTENIBHO He€ IOIy4eHHOE
ypaBHEHHE:!

Cp = 0,866 Co = 247 000 xm/c.

Hamee mnpuBnedéM K aHanu3y TedeHWd »d¢upa eme Be
(bopMyIbI ra30IMHAMUKH:

p V*Z k-1
p— =|1- VE , (78)
0 max
1
V*2 k-1
pﬁ =|1-7 . (79)
0 max

3mech P M P - COOTBETCTBEHHO MECTHBIC 3HAYCHHS IABICHHS U
IJIOTHOCTU B CTpye 3dupa; P, ¥ P, - JaBIeHHE M IIOTHOCTH B
cniokoiiHoM 3¢dupe. Poct abcomotHO# ckopoctn mpu V < Cy
COTJIACHO 3aKOHAM T'a30/IMHAMUKHU TPOUCXOIHUT B CYKHBAIOLICHCS
CTpye M NPUBOJMT K YMEHBUICHUIO JaBJI€HUs U MIOTHOCTH. Eciu
V =C , T0 13 dhopmyn (78) u (79) momyuaem

pr = 01487 p01 pr = 0165 pO.
Eciu V' = C, To 13 Tex ke popMylI HMeeM
pC = 01343 p01 pC = 01527 pO.

VYMeHbllIeHHE aBIEHUS B CTPyE AOJDKHO BBI3BATH 3KEKIIHIO
apupa M3 OKpyKaromero mnpocTtpancTBa. Ecim snemeHTapHbIC
YacTUIBl COJAEepXKAaT BHYTpH ce0s KOMOMHALIMIO 3aMKHYTBIX
KOJIBLIEBBIX TEYCHHH CO CKOPOCTSMH, OIM3KUMH K CKOPOCTAM
pacrpocTpaHeHHs c1a0bIX BO3MYIIEHHUH, TO 3TO MOXKET OOBSICHUTD
MEXaHHU3M TOTJIOIIEeHHs Ypupa MaTepualIbHBIMU TedaMu. Ecim ke
CKOPOCTH B 3THUX CTPYSAX IOCTHIalOT MAaKCHMaJbHOI'O 3HAUEHUS
Vmax , TO JABIEHHWE M IUIOTHOCTh B HHUX CTAHOBSITCS PABHBIMH
HyTI0. OTH CcTpyH OyIOyT 3KEKTHpOBaTh B ce0s MPaKTUYECKH
HEOTpaHMYCHHBbIE KOJIMYECTBA aTOMOB 3(Hpa, UMEIOIUX Malble
coOcTBeHHBbIE pa3Mepbl. IIpu OTCyTCTBMM TpeHHs Takue CTpyu
MOTYT CYIIECTBOBAaTh BHYTPH JIEMEHTAPHBIX YaCTUI OUYEHB JI0JITO.
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Cyns 1o Bo3pacTy 3BE3/1 M TaJIaKTHK, 3TOT CPOK PACTATMBAETCSA HA
JECSITKN MUUIHAPIOB JIET.

15. YJAPHBIE BOJIHbI B D®UPE.
O NNIPUPOJE CBETA

B 1934 romy II1.A.YUepeHkoB BmepBble HaOJIO/a] CBEUYCHHE
Ype3BBIYAHO OBICTPHIX JJIEKTPOHOB, BBI3BAHHBIX Y-ITydamu
pPaaMoOaKTHBHBIX DJIEMEHTOB TIPH WX IPOXOXKACHHH Yepe3
KHUIKOCTh. DTO HAOIIOICHHE Pa3pyIINIO TIPEJICTABICHUE (HH3HKOB
O TOM, YTO W3JIydYaeT CBET IIUIOb ODIEKTPOH, JBHKYIIHHCS
yckopeHHO. Crayio SICHO, 4TO 3TOT BBIBOJ CIHpAaBEUIMB, IOKa
CKOPOCTh JIBHXKYIIETOCS IEKTpoHa V MeHbIe (a3oBOi CKOPOCTH
cBera. Da3oBasi CKOpOCTh CBETa B NMPO3PaYHOM BEIIECTBE PaBHA
C/n. 3mece N - KOXPPHUIKMEHT MPETOMIICHHUS TAHHOTO BEIIECTBA.
JI7st GOBIIMHCTBA TPO3PAYHBIX MaTEPUAIIOB OH OOJIBIIIE €INHHIIBI.
[ToaToMy CKOpOCTH 3JEKTpOHa MOXKET MPEBBICUTH (a3oBYIO
ckopocth cBeta C/ N ¥ cTaTh “CBEPXCBETOBOM .

OCOOEHHOCTBIO JTOTO CBEUYCHHS SBJSIETCS TO, YTO OHO
pacmpeneseHo B Tpeaenax KOHyca € YIJIOM IIOJypacTBopa V,
OIpEeAeISIEMBIM COOTHOIICHUEM

cosv = (C/n)/V =C/nV. (80)

B [11] ormewaercsi, 4TO CBeuUeHHE HAOIOMACTCS JIUIIL B TOM
HANpaBJCHUHM, B KOTOPOM OIIEKTPOH MABMXKeTcs. B oOpaTtHOM
HAINpaBJICHUHN CBET HE M3Iydaercs. [Ipy aHamm3e 3TOro SBICHHUS
OCHOBHOE BHHMaHHE (PU3MKOB, MOBHAMMOMY, OBUIO TPUKOBAHO K
dakTy “CBEpXCBETOBOTO’ IBWKCHHS 3JIEKTpoHA. M 3TO MOHSTHO,
MMOCKOJIbKY ~TIOSIBIICHUE “CBEPXCBETOBOH~  CKOPOCTH  3a7CBaJIO
OCHOBHOM TOCTYJaT TEOPHUH OTHOCHTEIBHOCTH O TOM, 4TO
CKOPOCTH CBETa SIBIISCTCS TIPENEIbHONH CKOPOCTHIO B IIPHPOJIE.
Ycnokonsno Bcex TO, 4TO ObuTa TMpeBbImieHa (a3oBasi CKOPOCTh
CBETa, a He CKOPOCTh CBETA B ITYCTOTE.

[Ipu »TOM oOCTancs B TEHU JAPYrod YyIUBUTENbHBIN (akT,
CBSI3aHHBIH C TEM, UTO CBEUEHHE HAOII0aeTCs TOJIbKO B Mpeeiax
KOHyca ¢ yriioM V. @U3HYecKyr0 NPUYUHY 3TOI0 MOKHO HaWTU B
Teopun 3dupa. JlelcTBUTENBbHO, KaKk M B JI000M razooOpa3Hoii
cpene, ABWXKEHHE Tel B 3(UpPE CO CBEPX3BYKOBOM CKOPOCTBIO
JOJDKHO TMPUBOAMTH K TMOSBICHUIO IME€pel] HHUMH CKauyKoB
YIJIOTHEHUS! WM yAapHBIX BOJH. IloJ cKOpOCThIO 3ByKa OOBIYHO
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MOHMMAIOT CKOPOCTh PACHpPOCTPAaHEHUS CHA0BIX BO3MYIICHH.
[IpumennuTenpbHO K 3QUPY CIIOBOCOYETaHHWE “‘CKOPOCTh 3BYKA”
TEpSET CMBICI, HO COXpaHSIET CBOE 3HAYCHHWE TEPMHH ‘' CKOPOCTh
pactpocTpaHeHus Cia0bix Bo3MymieHui” . O00o3HaunM e€ depes
C,. Ha puc. 12 [3mech He moKa3aH| mpHUBEJCHA TEHEBas
¢dotorpadus mapa Ipu €ro ABMKCHUH B BO3AYXE CO CKOPOCTHIO,
NpeBbINIaKoIIel CKopocTh 3Byka B 1,53 pa3za [20].

Ha ¢otorpadun xopomio BHIHA OTOIIEAIIAs KPHUBOJIUHEHHAS
yaapHasi BOJHA. YTOJ HAKJIOHA MOBEPXHOCTU YJIAPHOW BOJHBI K
HAIIPaBJICHUIO TI0JIETA JOCTATOYHO OBICTPO yMEHbHIAETCA OT B =
90 nepex mapom 0 HEKOTOPOrO Majao MEHSIOIIErocs 3HaUeHUs 3
= 3 . U3BecTHO, 4TO B mpeese Ha OUYeHb OOJIBIIOM PACCTOSIHUHM OT
miapa yaapHas BOJHAa oOcia0eBaeT, BBIPOXKIAsICh B JIHHUIO
BO3MYIIICHUS, @ YroJl HAKJIOHA YAApHOH BOJIHBI CTPEMUTCS IPH
3TOM K yIIIy BO3MYILEHHS |, ONpeAensieMoMy 4yepe3 uucio Maxa
U3 COOTHOIICHHS

sinp=1M. (81)
[IpumenuTenbHO K 3UpPy yros BOZMYILEHUS

snu=1UM = (C/n)/V , (82
rie CJ/n - dasoBas CcKOpOCTh pacmpoCTpaHeHHs —CIa0bIX

BO3My1_[ICHI/Il>'I; V - CKOPOCTH 3JICKTPOHA.

CornacHo BOJIHOBOM Teopuu ['roiireHca Jiydyu cBeTa SIBISIOTCS
CEMEICTBOM MpPSIMBIX, HOPMAJIbHBIX K BOJIHOBOMY (GpoHTY. Takum

BOJIHOBBIM (I)pOHTOM B paccMaTpuBacMoOM clIydac
: CBCpXCBeTOBOI‘O” ABVOKCHHSA DJICKTPOHA ABJIICTCA YapHas BOJIHA,
OorpaHn4uBaromas 0071acTh BO3MyH_IeHI/II71, BbI3bIBACMBIX

ANIEKTPOHOM, OT CIHOKOMHOro 3dupa. CremaoBaTrenbHO, Yroi
noJypacTBopa KOHyca V, BHYTPH KOTOPOIO paclpeesieHO
cBeueHne UepeHKOBa, TMPEIACTABISICT COOOM  yrom MexIy
HAMpPAaBJICHUEM JIBW)KCHHS OSJCKTPOHA W HAMPBICHHUAMH JBYX
CeMeHCTB MPSIMBIX, HOPMAJIBHBIX K BEPXHEMY U HIDKHEMY (hpOHTaM
ynapsoit Bomabl OA u OB ( puc. 13).
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HanpaeAEHHE
Ny4EH CBETa

Puc. 13

Anammupys cBeueHne UepeHkoBa, MOKHO OTMETUTH, YTO POT
MaJIbIX pazMepax AJIEKTPOHA U OTPOMHOM CKOPOCTH €r0 JBIKEHUS
OBUIO HEBO3MOXKHO PA3TISACTh CTPYKTYPY TOJIOBHOW yIapHOM
BOJIHBI B HEMIOCPEICTBEHHOM OJIM30CTH OT IMOBEPXHOCTH JICTAIIETO
anekTpoHa. Ilostomy B  ombeiTe  3adUKCHpOBaHAa  TOJBKO
0COOEHHOCTh, CBSI3aHHAsA CO CIEKTPOM OOTEKaHMs JOCTATOYHO
JTAJIEKO 32 JJIGKTPOHOM, TJ€ yroJl HaKJIOHa yJapHON BOJHEI [3
Om30k K yrny BosMymenud . Mcxoms w3 3Toro, MoOXHO
OTIPEICTTUTH CBSA3b MEXKITY YIIIaMH V | 3 B CIIEIYIOIIEM BHUJIC

B =90 -v. (83)

Kak ormeueno B [11] , coortHomenne (80) xopoiio
HNOATBEpXKIaeTcss Ha mpaktuke. CleIoBaTelbHO, COOTHOIICHHE
(83) Taxke Oymer maBaTh peajbHBIC 3HAUCHHS IS BXOIAIIMX B
HEro BEJINYWH, XapaKTepU3yIomuX dPHUpHbIA ra3. Tak, Hanpumep,
JUISL SNIeKTPOHa, BIDKYyIIErocs B 6ersone v =38,5( n =1,501 ). Dto
MO3BOJISIET ONPEACTUTh OYSHb BAKHYIO XapaKTEPHCTHKY ddupa -
CKOPOCTb ~ PAaCIpOCTPaHEHUs B HEM CIAObIX  BO3MYIIEHMIL.
JeiicTButensHo, monoxkus U = B, Haiiném wu3 (83) yrom
BO3MymIeHHs 1 = 51,57 umcno Maxa JBIKYIIErocs 3IEeKTPOHA
cornacHo (82) oynmer M = 1,28; ero ckopocth u3 (80) Oymer V =
C/(n cosv) = 2.52 .10 cm/c. OkoHuarensHO u3 dopmyier (82)
MOJTydaeM CKOPOCTh PACIpOCTPAaHEHHs CJIA0bIX BO3MYIICHHH B
3(GUpPHOM rase mpu JIBIKCHHH JIEKTPOHA C YHCIIOM M = 1,28 kax
Ca=nVIM = 2,94. 10" cwlc.
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PeanpHbII yron BO3MYIIEHHST MOKET OKa3aThCs Ha HECKOJIBKO
rpaJycoB MeHbIIE, 4eM onpezensercs otHomenueM (83). Ha puc.
14 npuBenéH rpauK OTHOIICHUS YIJIOB W3 B 3aBHCHMOCTH OT
gricem Maxa, TONy4YeHHbI HamMu 00paboTkoil Qortorpadwuii co
CIeKTpaMH OO0TeKaHUS cdep CBEPX3BYKOBBIM  BO3IYIIHBIM
notokoM. U3 rpaduka ciemyer, uto mpu M = 1,28 yron p crieqyer

YMEHBIINTH MPUMEPHO Ha 3° U TMONOXKHTH paBHEIM 48,5°.B stoMm
cryqae C, = 2,85 - 10" cm/c. OxonuaTenbHO MPUMEM, YTO
BEJIMYMHA CKOPOCTH  PaclpOCTPAHEHUS CIIA0BIX BO3MYIICHUH B
CIIOKOWHOM 3(upe BHamm OT MaTEPHATBHBIX TEJl HAXOMUTCS B
nuanasoHe 3Havenmii C, = 2,85. 10°° + 2,94 . 10" emle.

W3 teopun ckaukoB ymiaoTHeHus [18] BbITekaeT emé ojaHa
BakHast 0coOeHHOCTh. OHa COCTOHMT B TOM, YTO yJIapHBIC BOIHBI
MOTYT  BO3HHKATh OKOJIO TeJ, IBIDKYIIUXCS CO CKOPOCTSIMH,
MEHBIINMHU CKOPOCTH PACIPOCTPAHEHUsI CIIA0BbIX BO3MYIICHUH B
CcrokorHOM cpene. IIpu a3ToM peanmsyercss HE TrojgoBHasg yaapHas
BOJIHA TMepeja JICTSAIIUM OJJIEKTPOHOM, a TaK Has3bIBaeMble
JsIMO/T000pa3Hble CKaYKH YIUIOTHEHUS. DTH CKAYKH YIDIOTHEHHS
3aMBIKAlOT ~ OOJIACTH ~ MECTHBIX  CBEPX3BYKOBBIX  TEUCHHI,
BO3HUKAIOMIMX  BOJW3M  MaKCHMAaJbHOTO  IONEPEYHOro  II0
OTHOIIIGHWIO K HamNpaBlIeHWIO IBIWKeHUs cedeHus. Ha pwuc. 15
nmokazaHa [37ecb OTCyTcTByeT| TeHeBas QoTorpadus mapa B
cBobomHOM mosiéTe mpu yncie Maxa M = 0,86. Ha dororpadun
XOpOomIO BUJIHBI JIIMOJOOOpa3Hble CKadyKd yIUIOTHEHWs. B
YCIIOBUSIX OTCYTCTBHSI BSI3KOCTH 3dupa JIIMOI000pa3Hble CKAYKH
NPUHAMAIOT (GopMy MPSMBIX CKauyKoB yIuioTHeHUs. Umncio Maxa,
IpU KOTOPOM TJIe-THO0 Ha TIOBEPXHOCTH Tella BIIEPBBIC TOSBIISETCS
MecTHasi CKOPOCTh TEUYCHUs, paBHAasi MECTHOM CKOPOCTH 3BYKa, B
ra3oJlMHAMUKE HAa3bIBAIOT KPHUTHYECKHMM 4dHCIoM Maxa u
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0003Ha4aroT yepes M,,. na chepuueckux ten M, = 0,7 + 0,9.
[lpumenurensHo K  3QuUpHOMY Tra3zy »dSTO O3HAYaeT, dYTO
nIMOT000pa3Hble CKAYKW YIUIOTHEHWS BOJW3M TOBEPXHOCTH
JETSIIETO 9JIEKTPOHA JIOJDKHBI  TOSIBUTBCSL  JIO0  JIOCTYKCHHS
CKOPOCTH CBETa B IIyCTOTE.

VIMeHHO 3THM OOBSCHSETCS M3IyYeHHE DJICKTPOHA, UMEIOIIee
MmecTo B Oetarponax [11]. B aTux ycTaHOBKaX 3JI€KTPOH, ABHUIAsCh
MOJ] BIIUSTHHEM BUXPEBOTO JIEKTPUYECKOTO TOJIS MO0 OKPYKHOCTH,
JOCTUTaeT BeCbMa OOJBIIMX CKOPOCTEH, ONHM3KUX K CKOPOCTH
CBETa B MYCTOTE. DTO JBWKEHHE COMPOBOXIACTCS CBEUCHHEM.
Heckonpko TMO3kKe aHAJIOTUYHOE W3IyYeHHE HaOII0AaIoch B
CHHXPOTPOHE,  H3JIydarolleM JJeKTpoHbl. OpOura  myuka
ANIEKTPOHOB uMena auamerp 29,3 cm. M3nmydeHue OBUIO BHIHO
rJ1a30M KaK MaJieHbKOE SIPKOE TMSTHBIIIKO OENoro IIBEeTa, eCIH
CMOTpPETh B BaKyyMHYIO TPYOKY B IUIOCKOCTH OPOHMTBHI HaBCTpPEUy
NPUOIMKAIOLIEMYCSI AJIEKTPOHY.

Crnemyer y4ecTh, YTO OKOJOCBETOBOW OblIa OpOWTaIbHAS
CKOPOCTB 3JIEKTpOHA. Bynydn MeHbIIe CKOPOCTH CBETa B MYyCTOTE,
3Ta CKOPOCThH ObIJIa OJTHOBPEMEHHO JJOCTATOYHO OOJIBIION, YTOOHI B
MOTOKE OKOJIO DJIEKTPOHA IOSIBIINCH MECTHBIE  00JIacTH
CBEpPX3BYKOBBIX TeueHHUi. ClieIoBaTeIbHO, OKOJIO JIETSIIETO Yepes3
aup DSIEKTPOHA BO3ZHUKIM yIAapHBIC CBETOBHIC BOJIHBI THIIA
JIsIMOT000pa3HBIX CKAayKOB yIUIOTHEHWs. [lodToMy ymapHbIe
CBETOBBIC BOJHBI MOIJIM TIOMAJaTh B TIJa3 HaOmonaresns u
BBI3BIBATh 3(PPEKT CBEUCHUS.

OueHb Ba)XKHO MOTYEPKHYTH, UTO B ONBITE YepeHKOBa U OIIBITE,
MPOBEIEHHOM B CHHXPOTPOHE, CB€UYEHHE OBUIO BUIHO CO CTOPOHBI
MPHUOIIKAIONIETOCST DJIGKTPOHA, a B OOpaTHOM HaIpaBJICHUU
OTCYTCTBOBAJIO. DTO YKa3bIBa€T Ha TO, YTO CBET OOYCIIOBJIECH
YIApHBIMH BOJIHAMH, TOPOXIEHHBIMHU OJEKTpOHAMH, a He
pacnpocTpaHeHHEM CIIa0BIX BO3MYIICHHIA B A(UPHOM Tasze, Kak
cuutan ['tolreHc W MpoTHMB Y4ero B KOHEYHOM CYETE BO3pAXKal B
JanpHenmeM OWHINTEHH. B mOpoTMBHOM ciayyae B OIBITE
UepenkoBa, B OeTaTpoHaX M CHHXPOTPOHAX CBEYECHHE JIOJDKHO
ObuTO0 OB HAOMIOAATHCS BCIEH JIETSAIMIEMY SJEKTPOHY, TaKk Kak
HUYTO HE MENIaeT TaKOMy  pAacCHpOCTPAaHEHUIO  CIA0BIX
BO3MYIIICHUI B Ta30BBIX cpenax. Oanako B [11l] omHO3HAYHO
CKa3aHo, YTO CBEYEHHUE B ombITe UepeHkoBa HaOI01aI0Ch JIHIIH B
HaTpaBJICHUH JBIDKECHHS AJIEKTPOHA U HE M3Iy4aloch B 00paTHOM
HampaBJICHUH, a B CHHXPOTPOHE CBEUCHHE OBUIO BHIHO, €CIH
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CMOTPETh Ha BaKyyMHYIO TPYOKYy B IJIOCKOCTH OpPOWTHI HABCTPEUY
PUOIMHKAIOLIEMYCSI SJIEKTPOHY.

[To-BuaMoOMy, CBET BOCHPHUHHMAETCS YEJIOBEYECKHM TJIa30M
gepe3 mepernaj AaBJIeHus, 00pa3yronuiicss B 3upe mpu nepexoe
yepe3 CBETOBYIO yAapHYIO BOJIHY B HAIpaBICHHH HOPMalIHd K eé
MOBEPXHOCTH. TOYHO TakKe YEIOBEUECKOE YXO BOCIPHHUMAET
mepenay  JaBJICHWs, HAONIOMaeMblii Ha  yJapHOW  BOJIHE,
pacrpoCTpaHSIOMIEHCs B BO3yXE OT SMHUIIEHTPA B3pbIBA WK MIEpe
JETSIIAM CO CBEPX3BYKOBOW CKOpPOCTBIO camonéroM. Tak, “Tyroi
Ha yX0” YeNOBEK CIBIIIMT TPOM M 3BYK B3pPbIBa, HO HE CIIBILIUT
TUXYI0 CHUM(OHHYECKYI0 MY3bIKy WJIH Pa3TOBOPHYIO pedb. Y
YeJI0BEYECKOr0 IJ1a3a CYIIECTBYET CBOW MOPOT UyBCTBUTEIILHOCTH,
HIDKE KOTOPOTO CBET HE BOCTIPUHMMAETCS.

[TonBoast WTorM CcKa3aHHOMY, OTMETHM HawmOoyiee BakKHBIE H
MHTEPECHBIE BHIBOJIBI!

1. Tlpu jABWKCHHMH DIEKTPOHA CO  “CBEpXCBETOBOI”
CKOPOCTBIO Tiepel HHM o00pa3yercss KpHUBOJHMHEIHAs
oToWIe/Ias yaapHasi CBETOBasl BOJIHA.

2. Cper He CBS3aH C PACHpPOCTPAHCHUEM CJIAa0BIX BO3MY
meHnid B 3¢upe, a OOYCIOBIEH YyIapHBIMH CBETOBBIMHU
BOJTHAMH.

3. Jlyan cBera mpencTaBiSIOT COOOW CEMEHCTBO TMPSMBIX,
HOPMAJIBHBIX K PPOHTY YAapHOU CBETOBOW BOJIHHI.

4. DroT QpOHT HA 3HAYUTEIIFHOM YAAJICHHH OT JICTSIIETO CO
“CBEpXCBETOBON" CKOPOCTHIO DJIEKTPOHA OJIN30K 1O (opme
K KOHHYECKOW MOBEPXHOCTH C YIJIOM IOJIypacTBOpa,
OJIM3KHMM K YTITy BO3MYILCHUSI.

5. CBeToBBIC yHapHBIC BOJHBI JIIMOI000pa3HON (HOPMBI
MOTYT BO3HHUKAaTh OKOJIO DJEKTPOHOB, JETSIUX C
OKOJIOCBETOBOM CKOPOCTBIO ¢ uncioM Maxa M > M.

6. CBeT BOCHPHHHMMAETCS 4YEJIOBEYECKUM TIJIa30M 4Yepes
nepenas JaBJeHus, IPOUCXOIAIINI B dpHpe MPU Tepexo e
4yepe3 CBETOBYIO YJapHYIO BOJIHY B HalpaBICHUM HOPMaJU
K €€ TTOBEPXHOCTH.

1. JUida omnucaHus 3aKOHOB pacHpOCTPAHEHUs] CBETa
MOJHOCTRIO TPUMEHHMMa BOJHOBas Teopus [tolreHca c
OMHUM YTOYHCHHEM: B KauecTBE BOJHOBOTO (ppoHTa
JIOJDKEH BBICTYNATh PPOHT YAAPHBIX CBETOBBIX BOJIH.
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16. O IIOJIAPU3ALIMU CBETA

[Tpexne ueM pa3duparhcs B SBICHUH MOJIIPU3ALINHT, BCTIOMHUM,
9TO MBI 3HaeM O cBeTe. CormacHO COBPEMEHHBIM MPEICTABICHUAM
cBeT oOmamaer CBOWCTBAaMM BOJNHBI M dYacTumbl. Caer
pacrpocTpaHsieTcs Kak BOJHA, a M3JTy4aeTcsl M IMOTIJIOIMIAeTCS Kak
gactura. POTOH cBera, BCTpeyas YacTUIy WJIM TEJNO, MOXET
OTIaTh MM CBOIO SHEPIHIO, KOJMYECTBO IBIKEHUS U MPEKPATHTH
cBO¢ cymiecTBoBaHWe. VIMEHHO TakuM O00pa3oM TPOUCXOIUT
nornomenne ceeta. GoToOH cBeTa HE MMeeT Macchl okos. Hapsny
¢ 3TM Tipu pacuére 3(PpPeKToB, CBA3aHHBIX C PACHPOCTPAHEHUEM
CBETa, MHOT/Ia YIIOTpeOsieTcss TepMUH “Tspkéasi CBeTOBasi BOJIHA”
O3HAUAIOIINi, YTO CBETOBAs BOJHA O0JIajjaeT Maccoil oToHA CO
BCEMH MPHUCYILIIMH Macce Tella CBOHCTBAMH.

[IepeunciienHpie CBOWCTBA TOCTATOYHO XOPOIIO Y>KUBAIOTCA C
npencTaBiIeHusIMA 00 3(upe, To eCTh 0 CBETONPOBOIAIICH cpere,
3aMOJTHSIONIEH BCE MEX3BE3IHOE MPOCTpaHCcTBO. OTHAKO UMEIOTCS
TaKXKe CepbE3HBIE BO3PAXKEHUS IMPOTHB 3(Hpa, CBI3AHHBIE CO
cBoictBamu cBeTa. OHO W3 HUX, BBIBUHYTOE ODWHIITEHHOM,
YTBEp)KIAeT, YTO B ra3000pa3HON cpele HE MOTYT CYyIIECTBOBAaTh
nonepeunbie BONMHBI. [lo MHEHHIO DHIITEWHA, CBET, CyAs IO
SABIICHUIO  TOJSIPU3AIMM, WMEeT IIONepeyHble  KojeOaHus,
MIPUCYILHE TOJIBKO TBEPABIM YIIPYIHM WUJIM CTYJIEHUCTBIM CpelaM.

Wrak, pacrnpocTpaHeHrne cBeTa BO MHOIOM HAllOMHHAET pac
MPOCTPAaHEHNE 3BYKA WJIM CIa0BIX BO3MYIICHHI B Ta30BOW cpeje,
YTO XOPOIIO COYETAaeTCs C TpecTaBieHusIMU 00 3¢upe. Tem He
MEHEe CBETOBas BOJHA HE MOXXET OBITh BOJHOW CIIa0BIX
BO3MYIIEHUH B CHJIy BO3paXeHHH ODWHINTEHA O MOMEPEYHOCTH
CBETOBBIX BOJIH W IIOTOMY, 4YTO Cla0bleé BO3MYIICHHS HMEIOT
MOCTOSIHHYIO CKOPOCTH PAaCIpOCTPAaHEHHsS] B CIIOKOWHOW Ta3oBOM
cpele, HE 3aBHUCALIYI0 OT CKOpOCTH UCTO4YHMKA. [locnennee
00CTOSTETLCTBO MEMIAeT JaTh YOCIUTEIIbHOE OOBSICHEHHE OIIBITa
MaiikenbCOHa, HE CBS3aHHOE C TPEACTABICHUSIMHA TEOPUU
OTHOCHUTENIFHOCTH U OTKa30M OT 3¢upa.

HecmoTps Ha NOpPOTUBOPEYMBOCTh T'PAaHUYHBIX  YCIOBHH,
MOJICKA3Ky K BBIXOAY W3 3aTPyIHHUTEILHOTO IOJIOKEHHS, KaK MbI
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BUACIM B TPEABIAYIIEM pasziene, NaéT razoAuHaMuka. B Hel
XOpOIIO M3YYeHBI yIapHble BOJNHBI ( CKaYKH YIUIOTHEHHUS ). DTH
o0OpazoBaHMs BO3HHMKAIOT B Ta3ax IpH B3pBIBAX WM Tepen
JBYOKYIIMMHUCS CO CBEPX3BYKOBBIMHM CKOPOCTSIMH TellaMHU. 3a
YIapHBIMH BOJIHAMH PE3KO INOBBILIAETCS AABJIEHUE M IUIOTHOCTH
raza. [losBugercs  OoiplIOE  BOJHOBOE  CONPOTHUBIICHUE,
CTpEMSIIEECs] 3aTOPMO3HUTDH JIBHIKYILLIEECS TEIO. Y JapHBIE BOJIHBI
[OCJI€  OCTAHOBKM  IOPOJUBIIMX HUX  Tel  MPOJOJIKAIOT
pacIpoCTpPaHATHCS B Ta30BOM Cpeie CO CBEPX3BYKOBOW CKOPOCTBIO,
paBHO# ckopocTH Tena. [lo Mepe ynanenus ot mecta 00pa3oBaHUS
OHM 0CTa0eBaOT TPUOIMZUTEIHLHO OOpPaTHO TPOTIOPIIMOHAIBHO
KBazpaTy paccrosiHus. OIHOBPEMEHHO CKOpPOCTb JBHMKEHUS
yYIapHOW BOJIHBI OTHOCHUTEIBHO Ia3a yYMEHBIIAETCS, CTPEMSChH K
CKOpPOCTH 3BYKa.

[Ipu B3pEIBax 00pa3yroTcs cdepudecKkue yaapHbIe BOJHBI.
Ilepen nBWXyMMMHCS CO CBEPX3BYKOBOM CKOPOCTHIO TEIAMU
BO3HHKAIOT yJapHbIE BOJIHBI, BO MHOT'OM IOBTOpSIONINE GOPMY UX
TOJIOBHBIX dYacTedl. YmapHas BoJlHA 00JagaeT KWHETHYECKOH
SHEpruel M KOJMYECTBOM JBMKeHUs. Bcerpewass mnpenstcreue,
ylapHasi BOJHAa NEPeJaéT €My CBOI0 JHEPIHI0 U KOJIWYECTBO
JBYOKEHUS U IPEKpallaeT CyllecTBOBaHUE. B 3TOM cMmbIcie BIoIHE
MO>KHO TOBOPUTH O TOM, YTO yJIapHbIE BOJHBI 00Ja/Jal0T MacCOM
INBUKEeHHA. [lOCKOJIBKY OHM CyIIECTBYIOT TOJBKO BO BpeMs
JBVO)KEHHS, TO YyJapHbIE BOJIHBI HE HMEKT Macchl Nokos. OHu
00J1a]af0T BOJTHOBBIMU CBOMCTBAMH, TO €CTh MOTYT OTPa)KaThCs OT
OPEMATCTBUNA, WM MPUCYHIIM HHTephepeHIuss u  Judpakius.
WHplMM  cilOBaMM, HMEHHO MJI YAApHBIX BOJH XapaKTepeH
KOPITYCKYJIIPHO-BOJIHOBOM JyaJn3M, COOTBETCTBYIOIINN
NPEJCTaBICHUAM (PU3UKOB O CBETE.

Ha puc. 16 [3mech He mokaszaH| JUIsl HArJISTHOCTH TPUBEICHA
TeHeBas Gororpadus mapa, ABMKYIIETocs HaJl mephoprupoOBaHHON
wiactuakoi. Yucmo Maxa pasro 3 [20]. Ha dotorpaduu xopoio
BUIHBI TOJOBHAas M KOHIIEBAas YAAapHBIE BOJIHBL. BUAHBI Tarke
OTpaXEHHBIE OT IUIACTHHBI yJapHbIE BOJIHBL. YTJBl MAJACHUS U
OTpa)KeHMS YAapHBIX BOJH paBHBI Mexay coboil. [llap nuamerpom
9/16 mroiima ObLT  BBICTPEJICH MApaUICIbHO  MMOBEPXHOCTH
IUIACTUHKK C  PsiIOM  OTBepctuit  pasmepom 1/16  mroiima,
pocBepiieHHBIX Yepe3 1/4 nroiima oqHo oT apyroro. [laBienue 3a
TOJIOBHOW  yZAapHOM  BOJMHOM  CO3Ma€T TMOJ  IUIACTHHKOMN
KJIACCHYECKYI0 JMarpaMMy KoOHyca Maxa kak orubarormei
MOBEPXHOCTH PACIIUPSIONUXCS CPEPUIECKUX aKYCTHUECKUX BOJH.
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Yron HaKJIOHA 3TOW MOBEPXHOCTH SIBISAETCS YTIIOM KOHyca Maxa u
onpenensercs ¢popmynoit (81). Kak BumHo Ha ¢ororpaduu, yroiu
BO3MYILIEHHS I HECKOJNLKO MEHBIIE YIJla HAaKJIOHA TOJOBHON
ynapHoii BomHBI [3. IloaTOMy WCHONB30BaHHOE HaMHU paHee
cootHomieHue (83) HOCUT NPUOTU3UTEIbHBIN XapakTep. OHO TeM
TOYHEE, YEM JaNIbIlIe OT IIapa U3MEPSETCs Yrojl HAKJIOHA YAapHOU
BOJIHBI.

CoBepiieHHO $SICHO, 4YTO MpPHUMEHHUTEIbHO K dhupy u
PacrpoCTpaHEHHUIO CBETA CIIEAyeT TOBOPUTH 00 YAAapHBIX BOJHAX,
BO3HUKAIOIIMX Tepel JJIEKTPOHAMH, JIBWKYIIMMUCS BHYTpPHU
aTOMOB M MOJIEKYJI PacKaJ€HHbBIX TEJI B MOMEHTHI, KOI/1a OHH IIPH
MOJBEICHUM DSHEPIruM HAuyMHAIOT pasroHATscs. CoBepmas ¢
YCKOpEeHHeM  KoiebOaHus, OHM  TPEBBINAIOT  CKOPOCTh
pactpocTpaneHuss  cnaObix Bo3mymieHnin C,. MIMeHHO B 3TH
MOMEHTHI H3iIy4aeTcs (POTOH CBETAa WM yAapHas CBETOBas BOJHA.
[losiBisiromeecs mpu TOM BOJHOBOE CONPOTHBIIEHUE TOPMO3UT
NIEKTPOH 10 CKOPOCTH, MEHBIIEH CKOPOCTH PpacHpOCTPaHEHUs
ciTa0bIX BO3MYIICHHU. B pe3ynbTare M3iIydeHHe CBETOBOM BOJIHBI
MIPEKPALAETCs] M OHA HAYMHAET CaMOCTOSITENIBHYIO JKH3Hb CO
CKOpPOCTBIO TIOPOAMBIIETO €€ dJeKTpoHa. HM3mydas, 3mexkTpoH
TepseT sHepruto. [lodToMy amruTyma KojeOaHWi JIIEKTpOHA
3aTyXaeT, €CIM TOJIBKO K HEMY HE IOJBOAMTCA HENPEPBIBHO
SHEPTHUs OT KAaKOT0-THOO0 BHEIIHETO HCTOYHUKA.

CoOcTBeHHasT CKOPOCTh JJIEKTPOHa B MOMEHT OO0pa30BaHUs
TSOKENON CBETOBOM yHapHOW BOJHBI WM (DOTOHA SBISETCS TOM
CKOPOCTBIO, KOTOPYQ TIPHHATO HA3bIBATH CKOPOCTBIO CBETA B
nycrore ( C =3.10" cmlc. ). Eciu k TOMY 3Ke SJIEKTPOH BMECTE ¢
aTOMOM HCTOYHHKA CBETa JBIKETCI CO CKOpocThio V
OTHOCHUTEIIFHO CIOKOWHOTO 3(¢upa, TO CKOPOCTh H3IYYCHHOMN
CBETOBOM yJapHOW BOJHBI OYyJEeT BEKTOPHOH CYMMOW JTHX
CKOpPOCTEH 1 MOKET OBITh 3amcana (HopMyIIoi

C'=C=+V.

IIpn oTpaxeHHH CBETOBBIX YAAPHBIX BOJH OT HEKOTOPOU
MOBEPXHOCTH MPOUCXOAUT BO3OYKICHUE HIIEKTPOHOB, BXOAAIINX B
COCTaB aTOMOB MaTepuala OTpPaXKalolled IIOBEPXHOCTH H3-3a
neperayn €€ YacTHIlAM DSHEPrUM U KOJIMYECTBA JIBHIKEHUS
Majaomed yaapHOM CBETOBOW BOJIHBL. BceneactBue  3TOTO

BO3HHUKAIOT HOBBIC KOJ'IeGaHI/IH, SABJIIAOIIHECCA HpH‘-IHHOfI
BO3HHUKHOBCHMUA OTpa)KéHHBIX YAapHbBIX CBCTOBBLIX BOJIH.
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[IpencraBnenne o poToHe cBeTa Kak 00 yHAapHOW CBETOBOM
BOJIHE B 3(Hpe NO3BOIIET OOBSICHUTH MPUPOAY HOJSPU3AIIH
cBeta. HarmoMHuM, 9TO MONIIPU30BAaHHBIM CBETOM Ha3bIBAIOT CBET,
B KOTOPOM  CyHIECTBYeT  3aBUCHMOCTb  HHTEHCHUBHOCTH
OTpaXEHHBIX JIyde OT OpPHUEHTAUWH IIJIOCKOCTH TIaJCHHUS.
CBOICTBO MOJSIpU3AIMN C TOJA4YM OWHIITEHHA CBS3BIBACTCS C
NPEJICTaBICHUEM O TIONEPEYHOCTH CBETOBBIX BOJIH.

Cser, wucmyckaemblii OOJBIIMHCTBOM HCTOYHHUKOB CBETA,
HaTpuMep, pacKaaEHHBIMH TBEPABIMHU TEJaMH, HE OOHApy>KHUBaeT
TaKUX CBOMCTB, KOTOPBIEC BBIABUIM OBl TIONEPEUHBIH XapakTep ero
kosneOanuii. Ix ymaércst 0OHapyXUTh JIUIIb ITOCJIE TOTO, KaK CBET
HCTBITAET OTPAKEHHUE OT MNIOCKOM TPAaHUIIBI PO3PAYHON CPEIBI.

3TO JIETKO MOHATH, TaK KaK OOJBIIMHCTBO HCTOYHUKOB CBETA B
pe3yibprate KoneOaHWH INEKTPOHOB B aTOMax HCITyCKAarOT
cepuueckre yapHble CBETOBBIC BOJIHBI. JIMIIb mocie OTpakeHus
OT TUIOCKOH MTOBEPXHOCTH 00Pa3yIOTCs yAapHbIE BOJIHBI, UIMEIOIIHE
wiockyto ¢opmy. Panee yxe ormedanock, 4To AJs yIAPHBIX BOJH
B Ta30BBIX CpeAax XapaKTepHAa 3aBUCHUMOCTb (POPMBI BOJH OT
¢opmbl  moponuBmX uX Ted. Okomo Tem ¢ IUIOCKOH
MOBEPXHOCTHIO OOBIYHO BO3HUKAIOT TNIOCKHE yJapHbIE BOJHBEI.

SIcHO, 4TO MIIOCKas yaapHas CBETOBas BOJHA, OTPa)XKEHHAS OT
OJHOW TIITOCKOW TMOBEPXHOCTH, XOPOIIO OTPAXKAETCA OT IPYrou
IUIOCKOM TOBEPXHOCTH, €CIU IUIOCKOCTH NaJCHUS U OTPAKEHUS
napajuleNbHbl ApYr Apyry. IMEHHO B 3TOM cilyya€ HHTEHCHUBHOCTh
Jydya CBe€Ta HMEET MaKCHUMaJlbHOE 3HauyeHue. MuHUMalbHas
MHTEHCUBHOCTH Oy/eT HAaOMIOAaThCs, KOTa IIOCKOCTH MAZCHUs U
OTpa)kKE€HHUs B3aMMHO NEPIEHANKYIISIPHBI.

NmenHno BcmeacTBue  0Opa3oBaHUS  TUIOCKHX — yJapHBIX
CBETOBBIX BOJIH TIOCJI€ TIEPBOTO OTPAKEHUS OT IIJIOCKOM
MOBEPXHOCTH CBET HAuWHACT OOHApYKWBaTh 3aBHUCHMOCTH
MHTEHCHUBHOCTHA OTPaKEHHBIX JIyded OT OPHUEHTAlUH TUIOCKOCTH
nageHus. 1 nmeno 3mech OTHIONS HE B MOMEPEYHOCTH KOJeOaHWi
CBETOBBIX BOJH. CBer, o0JagaroImuii TAaKUM CBOMCTBOM, Kak
M3BECTHO, HOCUT Ha3BaHHE MOJSIPU30BAHHOTO CBETA.
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17. CKOPOCTbB CBETA

J1o cux mop Mbl HE pacCMaTpPUBaJIM CYIIECTBEHHOE BO3paKEHHE
MpOTUB 3(upa, CBI3aHHOE C ONTHYECKUM OMBITOM MalKenbCoHa.
Jliist ero moHMMaHUsS U OOBSICHEHUS ¢ TTO3UINI dupa ciaeayeT ene
riyOxe pazoOpaTbcsi B (DU3MYECKOM MpHpoJe CBEeTa, KOTopas
BeCbMa IMPOTUBOpeUMBa. B CBi3M C 3TUM paccMOTpUM, Ka3alloCh
Obl, OeccriOpHOE€ Ha CETOAHAIIHUN JeHb YTBEPKIECHUE O
MOCTOSTHCTBE CKOPOCTH cBeTa. Jjii 3TOro odpaTUMcs K HCTOPUU
aCTPOHOMUYECKUX M  (PU3UYECKUX CIIOCOOOB  ONpeAeNeHUs
CKOPOCTH CBETA.

BcroMHUM, 4TO MEPBYIO MOMBITKY ONPEACTUTh CKOPOCTh CBETa
npeanpusstt B 1607 romy Tamwmeit [11]. EnuncTBeHHBIM
pe3yIbTaTOM 3TOW MOMBITKU OBLIO BBISICHEHHUE TOTO, YTO CKOPOCTh
CBETa O4YEHb BeNMKa. BrocienctBuu Obul  pa3paboTraH U
ocyIliecTBiaEH psj Oojiee TOYHBIX MeToAo0B. B 1676 romy ObLI
NPeUIOKEH aCTPOHOMHYECKU MeTon Pémepa, OCHOBaHHBIA Ha
HAOIOZIGHUSIX 32 OTKIOHCHHUSMH B 3aTMEHHHM CIIyTHHKOB
IOmuTepa. DToT MeTO an 3aHMKEHHYIO CKOpocTh cBera 215000
kM/c. B nauane XVIII Beka Obutl pa3paboraH meToj 3BE3AHOU
abepparnu. OH MO3BOJIJI OINPENEIUTh CKOPOCTh cBeTa Kak C =
303000 xm/c. TTorpemnocts cocraBuina okoso 3000km/c. B 1849
roxy ®u30 ocCymiecTBUI METOA 3y0uaToro Kojeca, KOTOpoe MpHu
BpAILlICHUH TO MPOIYCKAJIO MEXAY 3yOIlaMU CBETOBOW IMYYOK, TO
MEPEeKPBIBAIO ero 3yonaMu. MoHO OBUIO Tak MOJ00paTh YHCIIO
3yOIIOB, CKOpPOCTh BpAIICHUS KOJECA, pPACCTOSHUE MEXIY
UCTOYHUKOM CBETa W OTPAXKAMOIIUM 3EPKAJIOM, YTOOBI CBET Ha
9KpaHe He wucue3an. PacmmdpoBbiBas 3TH ToOKazaHus, Duzo
noayuni ckopocTh cBeta C = 299870 + 50 km/c. B manbHeliem
ATOT MOJXO/ K PEIICHUIO 3a/1a4ui ObLT ycoBepIIeHCTBOBaH DyKo B
METOJIC BpALIAIOMIETOCs 3epKalia U MaHKelnbCOHOM B METOje
Bpamaromeicss npusMbl. [lOCKONBKY BCe METOIBI HU3MEPSUIH
CKOpOCTBh CBETa B BO3IyX€, TO PE3YJIbTaThl OBUIH IMOMPABICHBI MO
U3BECTHOMY  KOX(PQPHIMEHTY TPEIOMIICHHS  BO3AyXa. ITO
MO3BOJIMJIO OTPENEIUTh CKOPOCTh CBETa B IyCTOTE C OYEHb
BbIcOKO# TouHOCThIO (C = 299776 + 4 km/c). [Ipu Gonee rpyObIx
OLIEHKaX C JOCTaTQUHOW TOYHOCTBIO MOXHO monarate C =

300000xm/c = 3+ 10% cm/c.

Ha ocHoBaHuM »>THX OKCIICPUMECHTOB B CO3HAHHHU (I)I/ISI/IKOB n
ACTPOHOMOB IIPOYHO YKpPE€IHJIaCb MBICJIb O TOM, YTO CKOPOCTb
CBETa SIBIISICTCSA MOCTOSHHOU BCHI/I‘IPIHOPJI, KOTOpasd, K TOMY K€, HC
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3aBHCHT OT COOCTBEHHOW CKOPOCTH WCTOYHMKA W3Iy4CHHSA. JTa
YBEPEHHOCTh TMOJAKPEIUIUIach TEM, 4YTO JaHHas OCOOEHHOCTh
XapakTepHa TaKXKe IJisi paclpOCTPaHEHHUS 3ByKa B BO3AyXe U
JIPYTHX U3BECTHBIX Ta3ax M KuAKocTsX. [10aToMy Kazanock BHojHe
€CTECTBEHHBIM, YTO B J(QHpPHOM Ta3e pacnpoCTpaHCHHE CBETa
MIPOMCXOJUT AHAJIOTUYHO PACHPOCTPAHEHUIO 3BYKa B BO3JyXE.
[To3anee, korma DWHINTEHH MPENIOKMWIT OTKa3aThes OT 3dupa, oH
COXpaHMJ 3a CBETOM JTH OCOOCHHOCTH. B cooTBercTBHH C
BO33pEHUSIMU TEOpUH OTHOCHTEIHLHOCTH CBET cran
pacupoCTpaHATBCS B IYCTOTE C MOCTOSHHOW ckopocthio C = 3 -
10" cm/c. Ero CKOPOCTh CUHUTAJIaCh HE3aBUCHUMOW OT CKOPOCTH
VMCTOYHHMKA W3ITyYEHHUS U MPEAENIbHON JUIsl CBETA U MaTEPUATBHBIX
TEl.

Ho tak i 310 Ha camom nene? I[lompoOyeM cCHOBa B3IJISIHYTH
CBe)KMM B3IJIIOM Ha pE3yJabTaThl METOJOB  OIpPEACICHUS
CKOPOCTH CBETa. 3aMedaeM, YTO aCTPOHOMHUYECKUE METOIBI JAIOT
oounpmryto morperrHocts ( AC = 3000 km/c ). D10 Ha aBa MopsIKa
00JbIIIe OPOUTATTLHOM CKOPOCTH 3eMJIH MPH €€ TBUKCHUHA BOKPYT
Comana. OOmeld 0COOEHHOCTHIO BBICOKOTOUYHBIX —(DH3MUECKHUX
OKCIIEPUMEHTOB SIBIIIETCS TO, YTO B HUX H3MEPSIIach CPEIHSsS
CKOpPOCTH CBETa IPH TPOXOXKICHUH JIydOM (PHKCHPOBAHHOTO
paccTosHHsL 00s3aTeIbHO B MPSIMOM M OOpaTHOM HaIpaBIICHHUSX.
DTO oO3Hayaer, 4To, €CIU, CKakeM, B TPSIMOM HalpaBICHUU
CKOpPOCTh cBeTa Obla Oobire, yeM C Ha HEKOTOPYIO BelM4uHY V,
a B oOpaTHOM HaNpaBJICHWH HA Ty K€ BEJIMYMHY MEHBIIE, TO
CpenHsisi CKOPOCTh OKasbiBajack paBHoU ckopoct C. Ckopocth V
ucuesna W3 TOJs 3pPEHUs HCCiefoBaTeleil W He Morja ObITh
3a()MKCHpOBaHA TIPH TAKOH METOIUKE IKCIIEPUMEHTa, KaKk Obl HU
YMEHBIIAIOCh PACCTOSHAE MEXKAYy HCTOYHUKOM M TMPUEMHHUKOM
cBeTa.

[loaToMy MOXHO yTBEpKAAaTh, YTO OTH HKCIEPUMEHTHI,
HECMOTPsI HAa UX Pa3sHOOOpa3Hue W BHICOKYIO TOYHOCTH HEKOTOPBIX
U3 HHX, HE OTBEPraroT BO3MO>KHOCTH PacCIpOCTPAHEHUS CBeETa
OTHOCUTENIFHO CHOKOMHOTO 3(hupa WIM MaTepHaJbHBIX TeNl CO
CKOPOCTSIMHM, OTJIMYHBIMH OT CKOPOCTH CBe€Ta B IIyCTOTE.
[ToBunrMoMy, B UCTOPHM HAYKH HE MU3BECTHBI IKCIEPHUMEHTHI, 3a
WCKJIIOYEHHEM SIBJIEHHA Jlonmiepa, MpoBeIeHHbIE CIENHAIBHO IS
M3YYEHUS 3aKOHOB M3JIyYEHHUS U OTPaKEHUS CBETA JABMXKYILIUMUCS
HCTOYHHUKOM CBETa M OTPaXKaroIllel MOBEPXHOCThIO. B m3BeCcTHOM
CMBICTIE 3TO “0eroe NATHO” B UCTOPHH (DU3HKH.
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B cBs3u ¢ 3THM, a TaKkke C MPEeICTaBICHUSIMH O TOM, YTO CBET
00yCJIOBJIEH yIapHBIMH CBETOBHIMH BOJHAMH B 3(HUpe, MOKHO
nornpoOoBaTh YTOYHUTH (OPMYIHPOBKHM 3aKOHOB H3IIyYCHHS H
OTpaXEHUsI CBETa, HE BXOAS IPH OSTOM B NPOTHUBOPEUYHE C
M3BECTHBIMH CIIOCOOAMU ONpEETICHUs CKOPOCTHU CBETA.

3aKOH M3IYYEeHHUs CBETa. [lpy [BUWKEHUH HCTOYHHKA
M3JTy4eHUs CBETa OTHOCHTEIBHO 3(Hpa cO CKOPOCTHIO V CKOPOCThH
W  HAaNpaBJICHHWE JBWXKEHHS  yJapHOM  CBETOBOM  BOJIHBI
otHocutenbHO »dupa C'  omnpenensercs BEKTOPHOH CYMMOW
ckopocteit Cu 'V :

C' =C+\V. (84)

3neck C - CKOPOCTh PacHpOCTPaHEHUSI CBETa B CIIOKOMHOM 3(upe
OTHOCHTEIIFHO HEIIOJIBI)KHOTO MCTOYHMKA n3imydeHus. OHa paBHa
CKOPOCTH CBeTa B ImyctoTe. M3 GopMyIbl ciemyeT, 9To CKOPOCTh
cBera B d(pHpe OTHOCUTEIBHO CaMOTr0 UCTOYHHKA W3ITyYCHHUS WU
HAOIOIaTeIsl, JBIDKYIIETOCS OTHOCHTEIBHO 3(upa C TOH Ke
ckopocTthio V, Oynet paBHa C.

3aKOH OTPaKEHWsI CBETa. 3aKOH OTPAXKEHHUSI CBETa JOJKEH
YUUTBIBATh CKOPOCTh JBW)KCHHS OTPaKaloIIeld ITOBEPXHOCTH
OTHOCHUTEIFHO UCTOYHHKA M3TydeHHs1. CKOPOCTh MaaloIIero Jyda
CBETa OTHOCHTEIHHO OTPAXKAIOMICH IMOBEPXHOCTH OYIET B 3TOM
citydae BhIpaxaThCsi popMyIion

& =CF0=C+V70. (85)

3mece V u U - COOTBETCTBEHHO CKOPOCTH HCTOYHHKA CBETa U
OTpa’karolei MOBEPXHOCTH OTHOCHTENIBHO 3¢upa. OTHOCHTENbHAS
ckopocTh majgenus C; paBHA OTHOCHTENBHOM CKOPOCTH OTPaKEHHUS
ceeta C;. VYrom mnajgeHus paBeH yriy oTpaxenus. CKOpocTb
OTpaXEHHOTO JIy4ya CBeTa OTHOCHUTENBHO 3¢pupa C , Kak U B cioydae
H3JIYYEHHUS], ONIPEETAECTCS BEKTOPHOU CYMMOM:

C'=C +U. (86)

W3 (85) BugHO, uTO mpH paBeHCTBe ckopocTeir V u U ckopocTh
CBETA OTHOCHUTEIBFHO HCTOYHHKA W OTPAXKAIOIICH MOBEPXHOCTH
paBHa CKOPOCTH CBETA B IMyCTOTE.

B nacrosmiee BpEM:, MO-BUAMMOMY, IJIaBHBIM 3aIllpE€TOM JId
TaKOIo B3rjrsiJia Ha CKOPOCTh CBETA ABJIACTCA HE OKCHECPHUMEHT U HE
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aCTPOHOMHYECKHE HAOIIOJCHNS, @ COOTBETCTBYIOIIUI MOCTYNaT
TEOPHUHA OTHOCUTENBHOCTHU. [l03TOMYy €mé pa3 OTMETHUM TJIaBHOE.
Her 00BEKTHBHBIX 3aIpeToB, OCHOBAHHBIX Ha
HKCHEPUMEHTANBHBIX JAaHHBIX WM HAOMIOACHUSAX HA TO, YTOOBI
CKOpPOCTh PAcIpOCTPAaHEHHs CBETAa OTHOCHTENBHO »H(upa WIn
MaTepHAbHBIX TEJI MOTJa OBITh OONbIIE WM MEHBIIE, YeM
CKOpPOCTh paclpoCTpaHEHHs CBeTa B Imycrore. HamomuuM, uTO
TepMHUH “IycToTa” B JAHHOW TEOPWUH HKBHUBAJICHTCH TIOHSATHIO
“ ciokoMHBII 2hup”.

K uwemy >xe mpuBenér Hac OTKa3 OT JorMara MOCTOSHHOMN
CKOPOCTH CBE€Ta B IyCTOTE, HE3aBUCUMOM OT CKOPOCTU MCTOYHHKA
i HaOmomarens ? Kak B aToM cimydae OyayT BBITVIAIETH
onTHYecKue ombIThl Malikenscona u Jlonmiepa ? Paccmorpum 3T
BOIIPOCHI B OCIEAYIOUINX pa3aeiax.

18. PA3IrAJIKA ONIBITA MAWKEJIbCOHA

OneiT MaiikenbcoHa OB BBITIOJIHEH C IEIbI0 OOHAPYKCHHS
JBIDKEHUST 3eMJTM OTHOCHUTENIBHO 3(rpa MUPOBOTO MPOCTPAHCTBRA.
N3BecTHO, uTO 3eMisl IBHKETCS TIO CBOEH OpOHUTE CO CKOPOCTHIO
okomo 30 km/c, y4acTByeT B OOILIEM JABMIXKCHHH COJHEYHOMH
CHCTEMBI OTHOCHUTEIILHO [IEHTPA TaTaKTHKH CO CKOpocThio 220km/c
Y B JIBWKEHUW CaMOU TallaKTHKH.

OcHOBHasg MBICIIb 3TOTO MCCJIEAOBAaHUS 3aKioyalach B
MIPEINOJIOKEHUH, YTO TPU CYIIECTBOBAHUM HETMOJABHKHOTO 3(upa
JBW)KCHHE 3eMJIM JIOJDKHO TPUBOAMTH K TOSBICHUIO 3aMETHOM
pa3HUIBI B YHUCJICHHBIX 3HAYEHHUSIX HEKOTOPBIX ONTUYECKUX
BEJIMUMH TPH PACIpPOCTPAHEHHM JIyya CBETa BJOJIb M TOMEPEK
HamnpaBlieHUs] IBMKEHHUS 3eMid. [JTlaBHYIO pOJjib B OMbBITE HUIpaj
uHTepdepomerp. DTOT UHTEPHEPOMETP U METOJUKA IKCIIEPUMEHTA
omucaHbl BO MHOTUX KHurax [11,16]. OrmeTtuM, uto MaiikenbcoH
U TOCJENYyIOIMe HCCISA0BaTeIM HE OOHApYKWIM OXKUIaeMOn
pasHunpl. Ha ocHOoBaHMM 3TOrO OBLI CENaH BBIBOA O TOM, YTO
6o 3¢upa HeT BoOOIIE, MO0 OH yBiIekaeTcs 3emuéit. OgHAKO
3TO TMOCHEAHEeE TMPEANONIOKEHUE MPOTUBOPEUYUT pe3ysibTaTaM
siBJIeHUsI 3BE31HOI abepparuu [15] u onbity duso [16].

B nannHoli pabore knaccuyeckwii ombIT  MalikenbcoHa
OOBSICHSICTCSI C MOMOUIBIO IMOJYYEHHBIX B MPEABIAYIIEM pasjaese
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3aKOHOB M3JIydeHHs M oTpakeHHs cBeta (cM. popmyisl (84)+(86))
OT JBWXKYIIUXCS OTHOCHTENBHO »3(Hpa HUCTOYHHKA CBETa U
oTpaxkaromeld moBepxHocTH. Kak ObuT0 mMOKa3aHo B pasnene 4,
3eMisl B CBOEM [IBM)KEHUH IIPAKTHUYECKH HE yBIEKaeT 3¢hup 3a
coboif. B cucreme koopaWHAT, CBA3aHHOH C TOJIEM CIIOKOWHOTO
a¢dupa, BO3HMKAET TedeHHWe 3(dupa K ICHTPY 3eMJIIH C OYECHBb
CKPOMHO#M CKOpocThi0. OHO HE MOXET IMPHBECTH K 3aMETHOMY
BIMSHUIO CXXMMaeMOCTH 3(upa Ha 3aKOHBI PacIpOCTPAHEHHS
CBeTa.

I'maBHylo  poib B ONBITE WIrpaeT UHTEpHEpoOMeTp
Maiikenscona. Ero cxema mokazaHa Ha puc. 17 B YIpOIIICHHOM
Buae. Jlyd, maymuii OT MCTOYHUKA S,, OTYACTH OTpa)kaercs B
touke O OT CTEKIISIHHOH, cierka mocepeOpEHHON TIACTHHKU A OH
oTpaxkaercs OT 3epkaiga R, , W 4acTp ero, mpoiias depe3 A,
MOTIa/IaeT B 3pUTENBbHYIO TpyOy, Haxomsmryrocs B F. JIpyras gacTthb
nyda S, MpoxXomuT Yepe3 A, oTpaxkaercs OT 3epkana Rj;, BHOBb
otyacTu oTpaxaetcs B O u Takke mornagaet B Tpyoy F.

Puc. 17

HabGmiomarens Bumutr B F  uwHTEpdepeHIMOHHBIE —IMOJIOCHI,
3aBUCSIINE OT Pa3HOCTH BpeMeH npoxoskaeHus nyreir OR;0 u OR,0
IByX Jiyued. B ompenenéHHoM MecTe (QOKaJIbHOM IMJIOCKOCTH
TpyObI F 1o/mKkHa MOSBUTHCS OJJHA U3 UHTEP(EPEHIIMOHHBIX TOJIOC,
COOTBETCBYIOIIAsl Pa3HOCTH X0Aa ABYX Jyded. COBEpPIICHHO SICHO,
YTO €CH MPHOOP HEMOJBMXXEH OTHOCUTEIBHO 3(upa, TO Bpems,
3aTpayrBaeMoe JlydaMH CBETa Ha JIBM)KEHHUE, OJMHAKOBO, TaK Kak
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KQXJIbIH M3 HUX MPOoXoauT myTh 2| co ckopocthio C. DT0 Bpems
pasHo t =2I/C.

PaccMorpum  Temeph, Kakoe ~ BIMSHHE Ha  KapTHUHY
UHTEp()EPEHIIMOHHOTO SBJICHHS JJOJDKHO MMETh JBHKEHHE BCETrO
mpubopa BMecTe ¢ 3eMi€ii B HENOJABMIKHOM  ddupe.
[Ipeamnonoxum, 9YTO 3TO JBIKCHHE MPOUCXOIHUT IapajuielbHO
omnomy wu3 HanpaBnennii OR; mmm OR; co ckopocthioV
oTtHOocUTeNbHO Oddupa. Paccrosuus OR; u OR, paBubl |.
PaccMoTrpum, kakue MyTH MPOXOJST JIy9d B HETIOJBIKHOM ddupe.
Hcrouynuk cBeTa MBI TPH ITOM MOXEM cebe MpeACTaBHTh
HaxoxsamMcs B Touke 0.

[TomoxxuM, 9TO HWCTOYHHK W 3€pKajio  JBHKYTCS  TIO
HANPaBIICHUIO TPSMOH, WX COSAWHSIONICH, €O CKOpocThio V
otHOcuTeNbHO 3dupa. CoriacHo hopmyse (84) mpu Beixoae U3 A
CKOpPOCTH JIyda CBeTa OTHOCHUTEIbHO dpupa c yd€rom
nornoHUTENbHON ckopoctn V' Oymer C' = C + V. CkopocTh
OTHOCHTEIIFHO TIPpHOOpa, KOTOPBI caM IBIDKETCS B TOM JKE
HanpasiieHu# co ckopocteio V. C; = C' - V = C. [loatomy Bpems
npoxoskaeHus mytu | ot 0 1o Ry :

t,=1/C =Il/C.

K 3epkainy cBeT MOAXOANUT C OTHOCUTEIHHOU CKOpocThio  Cf
=C' -V =C. Cornacuao popmyiie (86) oTpakE€HHBIN JIyd HAUUHAET
JIBUTATbCS B OOpaTHOM HampaBleHUH €O cKopocThio C"
otHocutensHO 3¢dupa. C" = C/' - V = C - V. CkopocTh
OTPOKEHHOTO JIyda CBETa OTHOCHUTEIBHO TMpHOOpa, KOTOPHIi
JIBIKETCS TETeph HaBCTpedy co ckopocThio V, oyxer C" = C' +V
= C. Bpewms npoxoxaerus mytH | ot Ry 1o O0':

t," =1/C" =I/C.
CymMmapHOe BpeMsl TIPOXOKAEHHs JIy9OM CBeTa paccTostHus 2|
or 0 o R; u obOparHom Hampasnenwu : t; = t;" + " = 2I/C.

JIBmkeHne mpudopa OTHOCHTETHHO 3(pHUpa HE U3MEHSET BPEMEHHU
MIPOXO’KICHUS JIy4OM IyTH B HAIpaBJICHHH CKOPOCTH V.

[epeiiném k cirydaro, KOT/Ia HCTOYHUK cBeTa A | 3epkano R
JBIDKYTCSl TIEPIEHANKYISAPHO K HANpaBJICHHIO PacIpPOCTPaHEHHS
nyda cBera OR,. [loapoOHEI pparMeHT ABWKEHUS Jyda CBETa B
ATOM CiTydae n300paxéen Ha puc. 18.
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Puc. 18

CormacHo dopmyine (84) ckopocTh M3IYy4EHHOrO Jy4a CBETa B
HarpaBieHnr AB ¢ yu€ToM HampaBiIeHUs U BETMYUHBI CKOPOCTH V
JBU)KEHHUS HCTOYHUKA CBETa OymeT

V2
C' = 4JC? +V? =C‘,l +F.

[Tockonbky mnpubop nBUXKETCs B HampasieHud RoR;  co
CKOpPOCTBIO V, TO OTHOCUTENbHAs CKOPOCTh IaJaroIero Jyda
CBETa B JTOM HANpaBICHHWH paBHA HYNIIO, a B HAlpaBIICHUH,
NEPIEHINKYISIPHOM JBIDKEHHIO MPHOOpa, CKOPOCTh MaJaIoIIero
nyda paBHa C. OTpaXEHHBIN JIyd CBETa MMEET yroj OTPaKCHUS,
paBHBIN YTy MajeHus, U CKOPOCTh, PABHYIO TIO MOJYJIIO COTJIACHO
bopmyie (86) ckopocTH maaroIIero Jy4a

2
C" =4JC?+V? =CyJ1 +%,

Tak kKak ckopoctb U = V. IlyTh, KOTOpPBII TPOXOAMT JIyd CBETA B
adupe Tyaa u oopaTtHo, Oyaer

S=212+p. (87)

B manpaenennn muann BO smyd cBeta pacmpocTpaHSeTcsl co
ckopocthio C, a B HanpaBneHun AA' co ckopocteio V. TTosTomy
MOKHO COCTaBUTH IPOIOPLIHIO

p/l =V/C,

orkyna P =IV/C. IloacraBum 3710 3HaueHue B Qopmyny (87).
Toraa myTh S 3anumieTcs B BUIC



2 2
S= I2+I2é =2l 1+V—.

BpeMH, 3aTpadyuBacMoOC JIydOM CBE€Ta Ha IMPOXOKIACHUC ITOI0
IIyTH, OIPCACIUTCA KaK

ComocTtaBisissi  TONY4YEHHBIM  pe3ynbTaT C  BpemMeHeM i,
oOHapyxuBaem, 4to t; = ta.

Wrak, BCrencrBue MOBMKEHUSA BCEM CHUCTEMBI BpeMEHa
MIPOXO’KICHUS CBETA OT MCTOYHHUKA JI0 3€pKaia M 00paTHO, B ABYX
B3aMMHO  IEPHEHAMKYJSIPHBIX  HANpaBICHHUSX  OKa3bIBAKOTCS
OJMHAKOBBIMU H, 0OJiee TOTO, paBHBIMH BPEMEHHU IPOXOXKICHHUS
TUX PACCTOSHUM JIlyyaMH CBeTa B Ciydae, Koraa mpuoop
HETIOBIKEH OTHOCHTENbHO 3¢upa. EcrecTBeHHO mO3TOMY, UTO
omplT MaiikenbcoHa HE Jal CMEUICHHS HWHTepEepeHIIMOHHBIX
[I0JIOC U HE BBIABWI 0KMJAEMOTO BIMSHMS JBIKECHHUS 3€MIIM B
HETIOABIKHOM 3(Hpe Ha ONTHYECKHUE XaPAKTEPUCTUKH JTyda CBETa.
Kakoii Ob1 Oonpmioii HM ObUTa CKOPOCTh 3€MIIM OTHOCHUTEIBHO
a¢upa, onmbIT MalKeITbCOHA HE MOYKET 3TOTO BBISBHTb.

VYuuTeiBass 0ONBIIOE YHCIO OMMCAHHBIX PAaHEE CBUACTEIHCTB
HAIMYUS MEX3BE3MHOTO d(hupa W €ro OrpoMHOW poyid B
(GOpMHpPOBAaHUM HMHEPUUOHHBIX CHWJI W CWJI TPHUTSKCHUSA, B
SHEPreTUYECKUX TMpoleccax, MNPOUCXOASImMuX BOo BceneHHOH,
(GOpMHPOBAaHUM IIIAHETHBIX CHCTEM, 3BE3J,TANIAKTUK U JPYTHX
KOCMHUYECKHX OOBEKTOB, TMpaBHWIbHEE OBUIO OBl paccMaTpUBaTh
ombIT MaiikenbCcOHa KakK AKCHEPUMEHTAIBHOE JI0Ka3aTeNbCTBO
chOpMyTUPOBAaHHBIX B JaHHOH pabOTe 3aKOHOB W3IYYCHUS U
oTpakeHHs1 cBera. bojee Toro, ecnmu ObI TaKOW OMBIT HE OBLI
npoBen€H, €ro cienoBalio W300pecTH Ui TPOBEPKU H
MOJTBEPIKICHHSI ITHX 3aKOHOB.
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19. ABJIEHUE JOIIIJIEPA B 2®UPE

SBnenue Jlonmuepa MHUPOKO UCHIOIB3YETCS B ACTPOHOMUU ISt
OnpefeNeHus] JY4YeBBIX CKOpOCTeH 3BE3M M TyMaHHOCTEH 10
OTHOILIEHUIO K 3emye, AJisi OINpeAeNeHHs] YIIOBBIX CKOPOCTEH
BpallleHUs1 3TUX OOBEKTOB M B pANE APYTrUX CIIydyaeB HAayKud U
TEXHUKH. DTO SIBIIEHUE OIHUCHIBAECT CBSA3b MEXKAY KOJCOAHUSIMH,
HCIYCKAa€MbIMU UCTOYHUKOM, M KOJICOAHUAMHU, BOCTIPUHUMAEMbIMU
KakuM - JUOO pPEerucTpUpPYIONIMM MPUOOPOM, €ClId UCTOYHHUK U
puOOp ABMXKYTCS IPYT OTHOCUTENBHO JIpyTa.

B [11] ormeuaercs : “ 4T0OBI KOJCOAHUS MOTJIM OT HCTOYHHKA
pacrpoCTpaHaThCs 10 Tprbopa B BUJIE BOJIH, TPUOOP ¥ UCTOYHUK
JIOJDKHBI OBITh TOTPY)KEHBI B CIUIONIHYIO YIPYTYIO cpeay” . OTu
MpeACTaBICHUS BITOJTHE BIHCHIBAOTCS B KapTUHY
pacrpoCTpaHEeHHUs CBETOBBIX YAApHBIX BOJH B 3dwupe. [lpu stom
CIEAyeT Yy4ecTb, YTO CKOPOCTH PacCIpoOCTpaHEHUs YAapHBIX
CBETOBBIX BOJIH 3aBUCAT OT CKOPOCTH HWCTOYHWKA W3IyUYCHUS U
OTHCBIBAIOTCS 3aKOHOM H3Jy4YEHUS CBETOBBIX YJApHBIX BOJH B

adupe (84).

Kaxk B [11] , ycnoBumcst ckopocTh U HCTOYHHKA OTHOCHTEIBLHO
a¢upa cCUUTATh MOJOKHUTEIBHOM, €CIIM UCTOYHUK MPHOIIKACTCS K
npubopy. Ecnu ucrtounuk ynansercs or mpuOopa, €ro CKOpocTh
OyZeM cuuTaTh OTPULIATEIHHON. AHAJOTUYHOE YCIOBUE BBEIEM
JUIS 3HaKa CKOPOCTH NpuOopa OTHOCUTENBHO Cpeabl: Mpu
OpUOMMKEHUM  €ro K = HUCTOYHUKY  CUUTAaeM  CKOPOCTh
MOJIOKUTEBHOM, TIPH YAAJIEHUH OT UCTOUYHUKA - OTPHULIATEIHHOM.

[lycth peructpupyomuii npubop M UCTOYHHK MEPEMEIAl0TCs
OJTHOBPEMEHHO OTHOCHUTEIILHO adupa, B KOTOpPOM
pacipoCTpaHsAIOTCS yIapHbIE CBETOBBIE BOJHBI.

HcTouyHuk um3mydeHHss JIBHXKETCS 1O  HaNpaBlICHUIO K
peructpupymomeMy npudopy co ckopoctbio U > 0 oTHOCHTENBEHO
sadupa. Peructpupyromuii nmpuOop MOKET ABUTaThCS B TOM Ke
HampaBJIeHUN OTHOCHTENBbHO 3dupa co ckopocteio V < 0 wim
HaBCTpPEeUy MCTOYHUKY co ckopocThio V > 0. B coorBercTBHE C
3TUM U ¢ yu€ToM 3akoHa (84) OTHOCHUTENbHAS CKOPOCTh YAapHOU
CBETOBOM  BOJHBI ~ OTHOCUTEIBHO  MNpuOOpa,  JBHKYLIETOCS
HaBctpeuy, Oyner C + U + V. Uucno BOJH, OpomIeINIMX 3a
€IMHUILY BpEMEHN MUMO IpUOOopa paBHO
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V=——— — = —|1+— +—

v
_C+U+V_1( U vj_“E
) TV C B

Ecmu nmpubop ynansercs, TO OTHOCUTENbHASI CKOPOCTh YAapHOU
ceetoBoii BostHEI Oyaer C + U - V. Uncno BOJH, IPOMISIIIAX 32
CIMHUIy BpPEMEHHM MHMO TIpUOOpa, B OTOM Ciy4ae OyneT

Y,
C+U-V 1( U vj 1-=
vV =——/——=—|1l+——-—— | =—V.
A TU'c ¢/ U
C

Takum oOpa3om, V' 3aBUCHUT IO pa3HOMY OT CKOPOCTH Ipudopa
V u ckopoctu ucrounnka U otHocutenbHO sdupa. [lomyueHnsie
31ech (hopMyIibl cOBMAAAIOT ¢ popmynamu pabotsl [11] amst BoH,
pachpoCTpaHsIOIUXCS B yIOpPyrod cpeae ¢ MOCTOSHHOM
CKOpPOCTBIO, HE 3aBHUCAIIEH OT COOCTBEHHON CKOPOCTH MCTOYHHKA
n3nydyenust. CreoBaTenbHO, UX MPAKTHYECKOE MCIIOIb30BAHNUE HE
OyZAeT OTINYaThCs OT OOBIYHOM MPAKTUKH.

20. TPABUTAIIMOHHOE KPACHOE CMEIIEHHE B
CIIEKTPAX 3BEi3/L

B  cmektpax 3B&3m  HabmomaeTcss TaKk  Ha3bIBAEMOE
rpaBUTAIMOHHOE KpacHoe cmenieHue. Jljis ompeneneHus: ero
BEJTMYMHBI DWHINTEHH MPEITIOKUIT CISAYIONIYI0 (OpMyITy :

A fm

A rc?’

[MonrBepknenue 3Toil Gopmysbl HAOIIOJEHUSIMHU COJTHEUHOTO
CHEeKTpa M TJaBHBIM 00pa3oM crekTpa crnyTHuka Cupuyca,
HMMEIOIIETO OOJIBIIYI0 MAacCy M Mallble pa3Mepsbl, SBISETCS OJHUM
U3 YEeTHIPEX IKCIEPUMEHTAIBHBIX J0Ka3aTeNIbCTB CIPABEIIMBOCTU
TEOpUU OTHOCHUTEIbHOCTH. [lokaxem, 4To 3Ty (POpMYyITy MOMKHO
MOJTyYUTh, MOJb3YACh MOHSATHEM TSDKEIOW CBETOBOM BOJIHBI, TO
€CTh BOJIHBI CBETa, MOJBEPKEHHOM cuie npuTskeHus. [lokaxem
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Takke, 4YTO TPUIMHON HTOro dPdekTa SBIAIOTCI XOPOIIO
W3y4YeHHbIC TPHJIMBHBIC CHIIBI, BHI3BIBAIOIINE MPHIUBBI H OTIUBBI
BOJIbI 3¢MHBIX OKCaHOB.

N A, C,

h_/

L Puc. 19

[Ipenmonaraem, 9To TsHKENAsE CBETOBAs BOJTHA 00JIaIae€T MACCOM,
pPaBHOMEPHO pacupenelieHHON mo €€ anuHe. Ha Kaxayro TOuKy

BOJIHBI BCJIEJICTBHE 3TOTO JEHWCTBYET YCKOPEHHE CHIIBI TSHKECTH
(puc. 19):

: 2

j=fm/r*,
co3/laBasl NPUIMBHBIE CHJIBI, CTPEMSAIIMECS PACTAHYTh BOJHY.
31ece M - Macca 3Be31bl; [ - paJualbHOE PacCTOSHUE OT LIEHTpa
MAacchl M 0 paccMaTPUBAEMON TOUKH TSHKENOW CBETOBOW BOJIHBI.
CKkopocTh TOUEK TSHKETOW CBETOBOM BOHBI 0€3 YUETa CHIT TSHKECTH

10 M .
C=3. 10" cm/c. C yuéTom AEUCTBHSI YCKOPEHHS OT CHII TSHKECTH
3Be3]Ibl CKOPOCTh MOKET OBITH 3aliicaHa B BHJIE

¢ fm
vV =C+jr—2dt, (89)
0

rac
r=ro,+Ci dt=dr/C. (89)

IMoncraum (89) B (88) W BBHIMOJIHUM HWHTErPUpPOBAKE.
KoHcTanTa nHTErprpOBaHus paBHa HyIi0. [TosTomMy

V =C-fm/(Cr).

[Mox BIMSHEEM YCKOPEHUS TSDKECTH Ha TSDKENYIO CBETOBYIO BOJTHY
NEUCTBYIOT TPWIMBHBIE CHIIBI, CTPEMSIINECS PACTSHYTh BOJHY.
CKopocTh, ¢ KOTOpOi iepeHuil GPOHT OyAeT YXOIUTh BIEPED OT
3aJIHerO,

AV =V, -V, =[ C-fm/(Cr)]-[ C- fm/C(r-\) ] =
= AMfm/Cr?,
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3mech A - AUMHA BOJHBI B HAYaldbHBIH MOMEHT BpPEMEHH B
cnokoiiHoM 3¢upe. IlpupamieHre IIMHBI BOJHBI 32 BpeMs
NPOXOKIACHUS OT MCTOYHMKA CBETa K HAONIONATENI0 MOKHO
3ammcaTh Kak

p fmA pdt fmA [ 1 1
M = [avdt = =[5 = | = == |. (90)
0 Cir c\r, L

(0]

VYuureias, uto L >> 1, , nonydaem popmyiy
AN = fm/(Cro) .

Ora ¢opMyna TOJTHOCTBIO COBIAJaeT C COOTBETCTBYIOLICH
dbopmyrnoit  DUHIITEHHA ®W  TMOXTOMY HE  HYXKIAeTCs B
KOMMEHTapHsIX.

21. IBMKEHME TSXKEJIOU CBETOBOM BOJIHBI
MHMO MACCHUBHOI'O TEJA

B Teopum oTHOCHTENBLHOCTH TpeniokeHa Qopmyna s
pacuéra yriia OTKJIOHEHHS Jy4da CBETa, MPOXOAIIET0 OT 3BE3/bI K
HaAOJII0aTEIF0 MUMO Teja ¢ Maccoil M:

Y = 4fM/(hC?)

rae h - paccTosiHue MeXIy HEHTPOM MACCHBHOTO TeJia M JIy4OM
ceeta. [IpoBeputh 3Ty (opmyny moxHO Toibko ansi ConHua.
[ToaTomy €€ 0OBIYHO 3amUCHIBAIOT ISl Macchl U paauyca ConHia.
Ecnu ny4 cBeta mpoXoauT HEMOCPEICTBEHHO BJIOJIb MOBEPXHOCTHU
CounHua, TO OTKJIOHEHHE JTy4a MaKCUMAaJIbHO:

w=175".
Jlnst npyrux paccrosiauii h/r
We = Pof/(hirg) = 1,75"/(h/ry) .

N3BecTHO, uTO 300BHEP AT pellieHre 3aa4ui 00 OTKIIOHEHUH
CBeTa MPHU NPOXOXKJICHUH MHUMO MACCHBHOTO TeJa, HCXOIsl W3
3akoHa Her0TOHA, MpecTaBuB, YTO BOJIHA CBeTa 00J1aJ]acT MacCoH,
U TEM CaMbIM BBEJ MHOHATHE “TaKENOH cBeTOoBOM BOJHBI . OH
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TIOJTYIHII pe3ynbTar, COCTABIISAIOLIHH MOJIOBUHY Wo,
MpeACKa3aHHOTO DUHIITEIHHOM

Py = 2fM/(hC?) , Wo1 = 0,5 Yo = 0,875 "

OIHaKO MCKPHBJICHUE JIy4a CBETa IMPOUCXOIHUT HE TOJIBKO MO
BO3JICHICTBUEM TPABUTALIMOHHBIX CHJI, HO OTIPENIENISeTCS eIIE U TEM,
YTO CBETOBAsI BOJIHA CHOCUTCS TIOTOKOM 3(Hpa co CKOpocThio V K
eHTpy 3Be3abl. B coorBerctBum ¢ puc. 20 Ha TOOOM ydacTke
nayda 3a Bpems dt cBeroBas BoiHa mpoxoaut myTh dX = Cdt u
CMelIaeTcst BMecTe ¢ 3(pupoM B MEPHCHAUKYISIPHOM HAIpaBICHUU
Ha paccrostaue dy = V sinydt. [Ipu 3ToOM IPOMCXOAUT OTKIOHCHHE
Jyda CBETa Ha AJIEMEHTApHBIH yrou

dy’; = (dy/dx)adt = aV,siny dt/C =a*Msinydt/(4mtpr’C) =
= fMsinydt/(r> C).
U3 puc. 20 cinenyroT o9eBHIHBIE COOTHOIIEHUS

r=h/siny u dt = -hdy/(Csin%y) .

Puc. 20

*
[MoacraBuM ux B BIpaxkeHue ajst Ay ; U MPOMHTETPUPYEM €ro B
npenenax ot yi = Tt 10 Y, = 0. [Toay4yum yron OTKJIOHEHHUS Tyda
cBeTa, O0YCJIOBIEHHBIH pajuaibHBIM TE€YeHHEM d(pupa K LEHTPY
3BE3bl

. MG _2fM
v R e

T
B pesynpTate CcyMMapHBI YroJd TOBOpPOTa, OOYCIOBICHHBIN
OTKIIOHEHHEM TPACKTOPHUH LEHTPA TSHKEIOW CBETOBOUW BOJHBI IO

90



BO3JICHICTBUEM T'PaBUTAMOHHBIX CHJI M PaJUAIBHOTO TEUCHHUS
a¢upa K MEeHTPY 3BE31bI, OyIeT

W=+ W = 4fM/(hC?) . (93)
Hnsa Comaia

Wo = 1,75"/(Wry) . (94)

[Tonyuennsie ¢dopmyinsl (93) u (94) coBnagarot ¢ hopmynamMu
(91) wu (92) Teopur OTHOCHUTEIBHOCTH OHWHINTCHHA U,
CIICIOBATEINBHO, HE  HYXIAIOTCS B JIOTOJHHUTEIBHON
AKCIIEPUMEHTATLHON MPOBEPKE M MOATBEPIKICHUH.

22. MACCHI IOKOS M JBUKEHHUSA
CBSI3b MEXKIAY MACCOM U SHEPIMEN

B wMexammke HproToHa Macca CYHMTaeTCs  BEIHMYMHON
MOCTOSIHHOM. BIiocinencTBumm 3TO 0Ka3aloch HECOBMECTHMBIM C
TpeOOBaHWEM WHBAPHMAHTHOCTH YPAaBHCHHU 110 OTHOIICHHUIO K
npeoOpazoBanusM  JlopeHIla, HWCHOJIB30BaHHBIM B  TEOPUH
OTHOCUTENHHOCTH. [103TOMY DUHIITEHH MPEANOIO0XKUI, YTO Macca
Tela 3aBUCUT OT CKOPOCTH Tejla OTHOCUTENIBHO TOW CHCTEMBI
OTCY€Ta, B KOTOPOM TPOU3BOAUTCS M3MEPEHWE Macchl. B
pe3ynbTaTe 0Ka3alioch, YTO B JIBYX JABIIKYIIUXCSI CO CKOPOCTBIO V
OJlHA OTHOCHUTEIIBHO JPYroMl CHCTEMax OTCUE€Ta I CO3[IaHUS
OJTMHAKOBBIX yckopeHuid dV/dt Tena Hy)KHO MPHUKIIAABIBATH Pa3HbIC
cunbl. OTclo/la Macca M, u3Mepsiemasi B CUCTEME, OTHOCUTEIHHO
KOTOpOW OHA JABWKETCS, OOJIBIIIE MAaCCHI My B CUCTEME, B KOTOPOK
oHa mokouTcs. CBSI3b MEXAY O3TUMH MaccaMu OIpEAeseTcs

bopmyioit

ms= ———. (95)

e
Yem OoJblie CKOPOCTb ABWIKCHHA TCJa, TEM OoJIBIIIE €T0 Macca.
HpI/I CTPEMJICHUHU CKOPOCTHU V k CKOPOCTHU CBC€TAa B ITYCTOTEC MacCCa
CTAHOBUTCA 0ECKOHEYHO OOJIBIION. HOCKOJ‘IBKy CUJIbI KOHCYHBI, TO
CKOPOCTb CB€TAa B ITYCTOTC OKa3bIBACTCH HpeILeHLHOﬁ BeJ'IPI'»IPIHofI,
KOTOPYIO HCJIB3d AOCTHUYb U TEM Ooitee HpeBBOﬁTH. Maccy m,
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onpenensemyto ¢Gopmynoit (95), B TEOpuHM OTHOCHTEIBHOCTH
HAa3bIBAIOT MTONEpeyHOi Maccon. meeTcd emé npoaonsHas Macca

ms= —— . (96)
V2
2 (1 —_ 3
CZ
HCII0JIb3yEMas, Korga cuiia ﬂeﬁCTByeT B HAITpaBJICHUH ABHXXCHUA.
B »stom pasacii€cHuu MacCC Ha HIPOJOJIBHYIO H IIOIICPCUYHYIO €CTb
4YTO-TO CTPAHHOC. HO‘ICMy npoaoJjibHasd MacCa HE BXOAWUT B
TCOpPEMY HMITYJIbCOB, MNPpUMCHACMYIO JJIA HCCJICJ0BaHUA
YCKOPCHHBIX MNOCTYyNaTCIbHBIX I[BI/I)KCHI/Iﬁ TCJI, a BXOAUT
nonepeyHasa Mmacca 7 BGI[I: 9Ta MaccCa UCIIOJIb3YCTCA B ABMIKCHHUAX C
OTKJIOHCHHUAMHAU oT HpﬂMOJ’IHHefIHOFO JBUXCHUA. TeopeMa
HUMITYJIbCOB TECOpPpUHU OTHOCHUTCIIBHOCTH B CBCTC CKAa3aHHOI'O MMECT
BU

v S (97)
dt V 2
1 - c2
W3 mpuBeneHHBIX (OPMYJ CIEAyeT, YTO 3aMETHbBIC DPasziIH4us B
BEJIMYMHAX M U M, TMPOSBISIOTCS TOJNBKO MPU OYSHb OOJBIIUX
ckopocTsax V, mpuOmKarommxcs K CKOPOCTH CBETa B ITYCTOTE.
OTEMU  OpPMYJTaMH TIONB3YIOTCS TPU  HM3YYCHHH JIBHIKCHUS
AIIEKTPOHOB, WCITyCKAeMbIX PAJHOAKTHBHBIMH 3JIEMEHTAMH, a
TaKke IPH pa3rOHe M OTKJIOHEHHWSX IIyYKOB OJJIEKTPOHOB B
OeTaTpoHax, CHHXpOTPOHAX M IPYTHUX MPUOOpaAX.

XOoTsT ombITHasE IPOBEpKAa  JABMJKEHUS  DJIEKTPOHOB B
MONIEPEYHOM 3JICKTPUUECKOM Tojie moaTrBepauiaa dopmyny (97),
OHa HE MOXET OBITh TpH3HaHAa BceoOBemmromend. Hembss He
3aMETUTh, YTO B JEHCTBUTEIBHOCTH HHMKTO HE H3MEPSUl Maccy
NBYDKEHUS 3JIEKTPOHA IPHU OKOJIOCBETOBBIX CKOpocTiaX. Hemapom
OWHINTEHHAa  My4YWia  MbBICIb, MOXHO JId  TEPEHOCHTH
MIPEJICTABICHHUS O Maccax IMOKOSl M JBW)KEHHS C MHEPLUOHHON Ha
BeCOBYI0 Maccy. IIpsimas mpoBepka Bpsih U OCYIIECTBUMA M3-3a
TeXHHUYEeCKHX TpyaHocTed. I[loka ke KOHcTatupyem, dTO
HKCHEPUMEHTAIBHO M3MEPWIIN HE Maccy, a CHIy, MOTPeOHYIO IS
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pasroHa WIM OTKJIOHEHUS ABIMXKYILEroCs JIEKTPOHA B CHCTEME,
cBs3aHHON ¢ 3emnéil. EQuHCTBEHHO OECCIOpPHBIM TIOATOMY
ABIIseTCA HaOJr0aeMoe yBEIMYCHHE 3TOM CHIIBI NPH CKOPOCTSX,
OJIM3KUX K CKOPOCTH CBETA.

OnenuBast 3TOT BBIBOJ, BCIOMHHM, YTO B YEJIOBEYECKOU
MIPAKTUKE HM3BECTHO MHOIO CIIy4aeB, KOTAAa IPH HBOJIOLUOHHOM
W3MEHEHUN DPEXUMOB pPAaOOTHl TON WIM WHON YCTAaHOBKU WIH
NPOTEKaHUs  TOrO0  WJIM  HMHOTO  SBJIEHUS  IOSIBISIFOTCS
JOTIOJTHUTENbHBIE  (DAaKTOpPBI, HW3MEHSIOIINE  KOJHMYECTBEHHBIC
MOKA3aTeJIN dTUX YCTAaHOBOK WU siBIeHUU. [Ipndaém 3TH dakTopbl
He Bcerja BuAHBL. VX HyXHO ymeTb OOHapyXuTb. B Teopum
OTHOCHUTEJIBHOCTH TPEAYCMOTPUTEIBHO HAJIOKEHBI 3alpeThl Ha
BBISIBIICHHE TAKUX JIOTIOJHHUTEIBHBIX (PAaKTOPOB. DTO JOCTHUraeTCs
BBEJICHUEM II0CTYJIaTa O MOCTOSHCTBE CKOPOCTHU CBETA B IIyCTOTE U
OTKa3e oT ddwupa.

[ToaToMy OMpOBEPrHYTh WM HM3MEHHTH YTO-THOO B OTOU
TEOpUH C TIO3UIMKA caMOl TEOpUH HEBO3MOXHO. JKEcTkmii
MaTeMaTHYECKHH anmnapar BCeraa NPUBEIET K TEM K€ N3BECTHBIM
BBIBosIaM. Teopusi adupa cBoOomHA OT 3TUX OKOB. B €€ ocHOBe
nexuT ¢usnka razo. OHa HEIUIOXO M3ydeHa. MaTeMaTuka urpaeT
BCIIOMOTATENbHYIO, OOCITY)XHBAIOIIYI0 pOJIb W HE CTECHSET
HCCIIEIOBaHMS.

Ecniu Baymathcss B Jiormky OWHINTEHHA, JETKO MOXKHO
NPEICTaBUTh, KaK (PU3NK-TEOPETUK B CBOMX MBICIISIX COTIOCTABIISIET
OTHOCHUTENbHBIC JIBM)KEHHUS PA3IMYHBIX TeJ, CKOJbKO OBl MX HHU
ObuUT0 M Kak OBl JajleKko ApPYr OT Jpyra OHM HHU HAXOAMJIHCH.
OpHako TpyAHO NOHATH, KAK IPUPOJA ONPEAEIAET U OTCIIEKNBAET,
YTO OTHOCHUTEJIBHO YEro JBHKETCS U B KaKOl CUCTeMe B JaHHBIN
MOMEHT BPEMEHM IPOU3BOIATCS BBIYMCIEHHMS Macc. PeanpHee
MOMCKAaTh MPUUYUHY YBEIMUYEHHS] CUIIBI HENOCPEICTBEHHO BOKPYT
IBYOKyIIerocs tena. M Takas npuuuHa umeercs.

Bun ¢opmyn (95) + (97) HaBoAWT HAa MBICNIB, YTO BIUSHHE
ckopoctd V Ha CHIIy, KOTOPYIO HY)XKHO NMPHJIOKHTH K JIETAIIEMY
AIIEKTPOHY, YTOOBI pa3orHATh €r0 WM HM3MEHHWTh TPACKTOPHIO,
00yCIIOBJIEHO HE OTHOCHTEILHOCTBIO JIBUKEHHS CHCTEM, B
KOTOPBIX TPOM3BOMAATCS H3MEPEHHsS, @ BIMSHHEM CKHMAECMOCTH
3(UpPHOTO raza.

ONEKTPOH U IpYTrHe 3JIEMEHTApHBIE YACTHILBI SBIIIOTCS OYEHb
IUIOTHBIMHM TeJIaMH  BceneHHO#, Ui KOTOPBIX KO3 HUIUEHT
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nponutaemoctu € = 1. [ToaTomy adup oOTekaeT 3TH Tena Tak ke,
Kak BO3Iyx oOTekaeT (yTOONBHBIA MY, WJIA METEOPHT,
MOTIAIAIONTNN U3 KocMoca B atMocdepy 3emin. CreoBaTtenbHO,
Te4deHus 3(Upa OKOJIO JICTSIIETO IEKTPOHA MOTYT OBITH OMUCAHBI
ypaBHeHueM Jlammaca g HECKMMAeMOM  KMAKOCTH, €CIIH
ckopocth V<< C,. 3mech C,, - CKOPOCTh paclpOCTpPaHEHU
cimalbbeix Bo3MymieHui. B pasnmene 15 mokaszaHo, 4TO B CITIOKOWHOM
adupe C,, = 285000 km/c

o’plox? + 9°ploy? + 8%ploz* = 0. (98)

PaccmarpuBaercs oOpaméHHOe IBMKEHHE. DTO OOBIYHBIA B
aspoanHaMuKe mnOpuéM. B Takol TMOCTaHOBKE HE JJIEKTPOH
JIBIKETCS CO CKOPOCTBIO V 4epe3 CcroKoiHbIi 3¢dup, a, HaobopoT,
Ha HEMOJBWKHBIA AJIEKTPOH CO CKOpOCThI0 V Haberaer mMOTOK

adwupa.

W3BecTHO, YTO CKUMAEMOCTb Ta3a MPOSIBIISETCS MPHU OOJIBIINX
CKOpPOCTSIX M BBIp@XaeTcs B TOM, YTO JAEUCTBHE OT JIIOOOTO
HMCTOYHMKA BO3MYULICHMHA Ha YAaNEHHYI0 TOYKY 3alla3/IbIBaeT I10
CPaBHEHHUIO C AHAJOTHMYHBIM JEHCTBUEM B HECKHMAEMOW Cpene,
I7Ie OHO IPOSBISAETCS U Iepeaaércs MIHOBEHHO. be3BHXpeBble
TEYEHUS CXKUMAEMOTo ra3a, KakKOBBIM sBisgeTcs d>(up mpu
CKOpOCTSIX Te4eHus, mpuOmmkaromuxcsa kK ckopoctd C, H,
CJIENOBATEbHO, K CKOPOCTH CBETa B MYCTOTE, B JIMHEHHON
MOCTaHOBKE OMHUCHIBACTCS ypaBHeHUEM [18]

(1-MAd%0/ox* + 0°ploy? +0°ploZ=0.  (99)

B sTtom ypaBHeHmm umcio M mpenctaBisieT coOOH OTHOIIEHUE
CKOPOCTH TEUeHHS K CKOPOCTH paclpOCTpaHEHHs cIaldbIx
BO3MYIIIEHUH B Ta30BOH cpene. [I[puMeHuTenbHO K A3(UpHOMY Ta3y
BJIAJIM OT MaTE€PHAIIBHBIX TEIl

M =V/C,.

3neck C,, - CKOPOCTh PACIIPOCTPAHECHUS CIAOBIX BO3MYIICHHHA B
cniokoiiHOM 3¢upe. [IpeodpazoBannemM KOOpIUHAT BHIA

Vv1-M?

ypaBHenue (99) mns mpousBosibHOrO umcia M < 1 cBoauTcs K
ypaBHenuto (98) mis yrciaa M = 0. [ToTeHnuman ckopocteid ¢ B ToMm
U JIpyrOM ciydae OIMH U TOT jke. CKOpOCTh [BIDKCHHS Tella

X = X' Y =Y,Z2=2,. (100)
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(omexktpona) HampamieHa Baosb ocu OX. Dopmynsr  (100)
MIOKA3bIBAIOT, YTO IIPU NEPEXOJE OT HECKHUMAEMOM JKUAKOCTU K
C)KMMaeMOH cpele pa3Mephl, IONEpPEeYHble K HalpaBICHHUIO
IBIDKEHWS Tena wid  3¢pupa, HE U3MEHSIOTCS. Pasmepsr,
COBMAJAIOLIME C HANpaBICHUEM JABMKEHUS BIoib ocu OX,
COKpAIAIOTCS 10 CPAaBHEHHUIO C aHAJIOTUYHBIMU pa3MepaMu BIOJb
ocu OX; B HEC)KMMaeMO# cpele B COOTBETCTBHU C (POPMYIIOH,
coBmaatomieit ¢ popmynoit Jlopenna - Ouripkepanpia,

= (VI-w ),

[Ipy 3TOM HET HEOOXOAMMOCTH OYKBAJBLHO TOHHUMATh 3TO
COKpalieHue Kak (hu3nueckoe M3MEHEHUE pa3MepoB Tel. PeaiabHO
M3MEHSIIOTCSI CBOMCTBA TeYEHUs 3(QUPHOTO Taza OKOJIO Tea H3-3a
NPOSIBJICHUST CokUMaeMocTH, a (opmyiasl nepexona (100) muib
(GopManbHO MaTeMaTHYeCKH TPaKTYIOT JTO SIBICHHE Kak
U3MCHEHHE JUIMHBI Tel B HANpaBlIeHWH WX JBWKEHHA. B
a’poJIMHAMUKE TaKUM 00pa3oM YCIEIIHO IePeCUYUTHIBAIOTCS
a’pOIMHAMUYECKUE XapaKTePUCTUKU KPBUIbEB B HECKHIMACMOM
notoke pu M = 0 K COOTBETCBYIOIIUM WX XapaKTEPHUCTHKaM B
C)KMMaeMOM TIOTOKE TIpH JIFOOBIX yrciax M < 1.

CoOTBETCTBYIOIIME HW3MEHEHHUS TMPOUCXOMSIT HE TOJIKO C
JTUHEWHBIMU pa3MepaMH, HO U MECTHBIMH CKOPOCTSIMHU TEUYCHHS.
HeiictBurenpHO, nponuddepeHmpyeM MOTEHITHAI CKOPOCTEH 10
koopauHataMm X,Y,Z B CKHMaeMOM IIOTOKE M, TEepexois K
KoopauHaTaM Xy, Yy, Z; B HECKUMAEMOM TMOTOKE, OyZIeM UMETh

N S T . SO S

X J1-M2 Ok, d oy, Oz 0z
VYuuteiBasi, 4YTO TMEpBbIE NPOU3BOAHBIE OT MOTEHIUANA
CKOpPOCTEH Kak JiIsl HEC)KUMAEMOM, Tak M JJIsl CKUMAEMOU CpeJibl
paBHBI COOTBETCBYIOIIMM MPOEKIHUAM CKOPOCTH BO3MYLIEHHOTO
TeUeHHWss Ha KoopauHaTHeie ocd, 3amenum (101) Ha
COOTBETCTBYIOILIME PABEHCTBA !

Vi
Vi=—=2_ v =V V=V, (102)

OTH paBEHCTBAa HAIOT CBS3b MEXAY CKOPOCTSMH BO3MYIIEHHOTO
TEYEHUS OKOJI0O OOTEeKaeMoro Tejla, HampuMep »JJIeKTPOHA, B
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CKIMAeMOM M HEC)KMMAEMOM TOTOKaX BO BCEX COOTBETCTBYIOLIMX
TOUKax, CBA3aHHBIX ypaBHeHUsAME (100).

Ckopoctu Bo3mymiéHHoro tedenus V' u V', TmpeacTaBisioT
co00i1 aOCOFOTHBIE CKOPOCTH TeUCHUS d(hHpa OTHOCUTETHHO TIOJIS
CIIOKOWHOTO 3(upa B CHCTEME KOOpPIWHAT, CBS3aHHOW C TEIIOM
(37meKTpOHOM) | JBMIKYIICHCS BMECTE C HUM CO CKOPOCThIO V.

B cBa3u ¢ stum ormerum, uro ypaBHenus (100) + (102)
PAacKpbIBAIOT ~ CYIIHOCTh  peaJbHbIX  (PU3UUECKUX  SBJICHUH,
MPOUCXOJAIIUX B CKUMAEMOM 3()UPHOM raze OKOJIO JBIKYIETOCS
anektpoHa (tena). [Ipu 3ToM camo McciieIoBaHHE TOATATKUBACT K
HEO0OXOUMOCTH pa3o0paThCsi B CHCTEMaxX KOOPAMHAT W WX
OTHOCUTENBHBIX JIBWKCHUAX. DTO OYCHb HAITOMHUHAET ITOAXOJbI
o011l TeoprH OTHOCHUTEIHHOCTH. B Hell Takke paccMaTpHUBAIOTCS
JIB€ CHCTEMBI, JBWXKYIIHMECS OJHA OTHOCHTENBHO JApPYrod ¢
HEKOTOpoil ckopocThio V. B 3aBHcMMOCTH OT TOro, B Kakoi
CHCTEME HM3MEPAIOTCSA CKOPOCTH M JIPYrMe HMHTEpECyKqIye
BEJIMYMHBI, B UX BBIPAKCHUAX MOsiBIIsieTcs monpaska 1/ (1- M“ )™,
Tonpko B TEOPHMM OTHOCHUTEIBHOCTH OHA HCKIIOYUTEIHHO
OTIpENIeNIAeTCSl CAaMHUM OTHOCHTENBHBIM JBIDKCHHEM, a B TEOPUHU
s¢upa 3Ta MONpaBKa HAMOJHEHA (PU3MYECKHM CMBICIIOM, TaK Kak
YUUTHIBACT BIMSHUE CXXHUMaeMocTu 3¢dupa. B razoBoil nuHammke
OHA M3BeCTHA Kak mompaska [IpanaTis Ha CKMMaeMOCTh BO3IyXa.
CKkopocTh pacmpocTpaHeHHs CIa0bIX BO3MYIICHHH B A(UPHOM H
TO0OM JIpyroM Ta3e He 3aBUCUT OT COOCTBEHHOW CKOpPOCTH
HCTOYHWKA BO3MYIIEHUSA. VMEHHO 3TO CBOHCTBO B TEOPUHU
OTHOCUTENFHOCTH 0€3 J0Ka3aTelbCTB MEPEHOCHUTCS Ha CKOPOCThb
CBETa M BBOJUTCS KaK HEMPEPEKaeMbIii IOCTYIIAT.

W3 coorHomennii (102) BuaHO, YTO BO BCEX TOYKax
ckuMaeMoro motoka mpu M > 0 aGcoroTHRIE CKOpocTH dhupa B
Hanpasyienunn ocu OX ( HampaBieHue ABWKeHHs Tena ) B 1/(1-
M2 )Y? pa3 OombIle CKOPOCTEH B COOTBETCTBYIOIIMX TOYKAX
HeckuMaemoro notoka npu M = 0. Takue xe M3MeHeHUs OyIyT
MPOHCXOIUTh B TIOJIE HEC)KUMAEMOTO IOTOKA OKOJIO Teja, eCid
BMECTO Yyd4éTa BIHSHHS CKAMAaEMOCTH, YHCTO g)ojlj)zlv[aano,
YBEJIUYUTH CKOPOCTh Haberaromero moroka B 1/ (1- M“ )™ pas, to
€CTh CYMTATh CKOPOCTHh HAOETAIOIIEro MOTOKA
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B mpsmMom nBmkeHHH, Korna Teno ( DIEKTPOH ) JBIDKETCS
gepe3 CIOKOWHBIN 3¢up, ckopoctu V u V,; OymyTr cKOpocTsSIMU
ATOrO Tela B CKMUMAaeMOM M HEC)KHMAeMOM IIOTOKax. B atom
cllydae TeopeMa UMITYJIbCOB 3aIHIIETCS B BUJIE

d (m \7) - m V. =F (103
dt\ o/ T odtl e ‘/1 - M?2 S
3mech, Kak U B Mexannke HplOTOHA, Macca Tema My SBISETCSE

BEJIMYMHOU MTOCTOSTHHOM, & CKOPOCTh, YCKOPEHHE U, KaK CJIEACTBUE,
cwia F 3aBucaT OoT mMoOmpaBKW Ha BIHMSHHUE CKAMAeMOCTH 3(dupa

1/ (1- M?)¥2,

[anee mocnegyem 3a JOTHKOM TEOpPHH OTHOCHUTEIBHOCTH H
IpUMEM, 9TO TPH JIFOOBIX CKOPOCTSAX IBHKCHUS Tella, Halpumep
AJIEKTPOHA, YTOOBI MPHUAATh €My OoJuHaKoBbie yckopeHus dV/dt u
dV,/dt B cxuMaeMOM U HEC)KUMAEMOM IOTOKax, HYKHO
NPWIOKHUTE K HEMY pa3Hble CWIIBL. B Takoil MOCTaHOBKE B
ypaBuernn  (103) mompaska 1/(1- M? )¥2 bopmanbHO
nepeMeniaeTcss co CKOpOCTH Ha Maccy Tena. B pesynprarte arta
Macca TmepecTaér OBITh TOCTOSHHOW BEITUYMHONM W HAaYMHAET
3aBUCETh OT CKOPOCTH JBHKCHHS T€JIa OTHOCHTEIHLHO CIOKOWHOTO
apupa. HaoOopoT, CKOpOCTH ¥ YCKOpPEHHS B C)KHMaeMOM U
HEC)KMMAaeMOM TIOTOKaX d(upa MPUPaBHUBAIOTCS MEXKITY COOOM:

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

Bonee Toro, yd4rém, 4To CKOPOCTH pacIpOCTpaHEHHUsS CIaObIX
BO3MYIIIEHHUI OIM3Ka K CKOPOCTH CBeTa B ImycToTe U mpumeMm C, =
C. B pesynprate Macca mpHOOpETaeT CMBICT MACChl JBIDKEHHS M
npu ckopoctd V M Macchl TOKOS M, MpU HYJIEBOH CKOPOCTH.
Mexay Humu, kak cieayet u3 (103), hopMaiibHO ycTaHABIMBACTCS
CBSI3b

(104)

3nech V - CKOpPOCTh Tella OTHOCUTEIBHO CIOKOMHOTO 3¢upa. [lpu
TaKOM MOHMMAaHHU Macchl TeopeMa uMiyibcoB (103) mpuobperaer
BUJI, KaK B TEOpUH OTHOCUTEIbHOCTH [11]:
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=F . (105)

C ToukM 3peHHs NPAKTUUYECKOTO HCIONB30BaHUA (opmya
(105) wHuwuem He ommuaercs ot ¢opmynsl  (97) Teopuun
OTHOCUTENbHOCTH DifHITelHa. OgHAaKO U3MeHseTcs punocopckas
3HAYMMOCTb 3TOW (POPMyJIBI, TaK KaKk B a’pOJMHAMHUKE H3BECTHO,
YTO UCIOIB30BaHHAs NIPH €€ MOJYyYCHHUH JIMHENHAS TEOPUS HE HAET
MpaBWILHOTO pe3ynbTaTa nmpu M = 1. [ 3Tor0o B aspouHaMuKe
UCTIONB3YeTCs IpyTras TeopHsi, pa3paboTaHHas A1l TPAHC3BYKOBBIX
TEYEHHH. JTa TEOpHs, XOTS M NaéT MAaCKMMaJbHbIE 3HAUEHUS IJIs
CWJI, IEUCTBYIOIINX Ha Tella B Ta30BhIX MOTOKax mpu M = 1, HO
CWIBI IIPH 3TOM OCTAIOTCSl KOHEUHBIMH BeIMYMHAMH. Takas xe
Teopus JOJDKHA MPUMEHSTHCS JUIsl aHajlu3a TPaHCCBETOBBIX
TeYeHH dpupa.

[Tostomy Ha ocHoBanuu ¢Gopmyn (97) u (105) He caemyer
nenatb (GUIOCOPCKUII BBIBOA O HEBO3MOXKHOCTH HPEBBIIICHUS
CKOpPOCTH CBETa B IyCTOT€ MaTEpUAIBbHBIMU TEJIaMHU. Y MECTHO B
CBSI3U C 3TUM HAIIOMHHUTH, YTO B TOCJEIHEEe BPEeMs MOSBUICS Pl
myOuKaIuii 00 acCTpOHOMUYECKUX HAOIOJICHUSX CBEPXCBETOBBIX
CKOPOCTEH HEKOTOPBIX KOCMHYECKHX 00BeKkTOB. OmHAKO ceifuac
MO3HUILIUU TEOPUU OTHOCUTEIIFHOCTH €Ill€ HACTOJIbKO CHIIBHBI, YTO K
9TUM COOOINEHHUSIM OTHOCATCS C HexoBepueM. HecmoTps Ha
(baxThl, CTOPOHHUKH ATOH TEOPHUHU MBITAIOTCS HAUTH OOBSICHEHHS,
BBIBOJSIIINE W3 TOJ KPUTHKH OCHOBHOW TMOCTYJaT TEOPHH
OTHOCUTENIBHOCTH O TOM, YTO B TIPUPOJE HE CYIIECTBYET
CKOpoOCTeil 0OoJIbIlIe CBETA B IyCTOTE.

CoBepIIeHHO SICHO, 4TO MpH BbIBoIe hopmyibl (105) momparka
1/(1- M?)Y2 s hopmanbHO HepeHeceHa ¢ yCKOPEHHs Ha Maccy.
[TosTOMy O 3aBHCHMOCTH MacChl OT CKOPOCTH MOKHO TOBOPHTb
JOCTAaTOYHO YCJIOBHO W JIAIIb HPHUMEHUTEIBHO K IOHSTHIO
HHEPIMOHHO# Macchl. He cremyer 3TOT BBIBOJ pacipoCTpaHsATh Ha
BECOMYIO MAaCCy, BXOJSIIYIO B 3aKOH BCEMHUPHOTO TATOTCHUSI.

Cremyer OCTaHOBUTHCS €mIé HA OJJHOM MOMEHTE, CBSI3aHHOM C
pasroHOM JJeKTpoHa. B pasmene 15 yxe oTMmedanoch, 4To TpH
HPEBBIICHAN BO BPEMsI pasroHa unciia My, B TIOTOKe 3(hHpa 0KOJIO0
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3JIEKTPOHA BO3HUKAIOT JSIMOA000pa3Hble CKauKH YIJIOTHEHUS. JTO

SIBIICHUE COINPOBOXKAAETCA MOSIBJICHHEM BOJIHOBOTO
COIIPOTHUBIICHMUS, Ha IIPEOA0JICHHE KOTOpOTO HYXXHa
NOTIOJIHUTENbHAs ~ CWia. BrosHe TMOHATHO, YTO  BOJHOBOE
CONPOTUBIIEHHE,  NPEMATCTBYS  PasrOHy  JJIEKTPOHOB B

MOCTYIIaTeIbHOM ~HAlpaBJIICHHH, HE OKa3blBaeT BIHMSHUS Ha
HCKPUBIICHHE WX TpaekTopuid. BuauMo ¢ 3TUM CBS3aHO
paszielieHie B TEOPUH OTHOCHTEIBHOCTH MacC Ha TPOIONBHYIO U
nonepeyHyro. M3mMeHuB creneHb B 3HameHatene Gopmysasl (95) u
npeBpatuB e€ B popmyny (96), yaamock NpuOIMKEHHO y4eCThb
JOTIOJIHUTENBYIO CHIIy BOJHOBOTO CONPOTHBICHHUS, KOTOpas
HOSIBIISIETCS MIMEHHO IPU TIPHOJIMKEHHH CKOPOCTH JJIEKTPOHA K
CKOPOCTH CBETa M IIOITOMY IICUXOJOTMYECKH CBSI3BIBACTCS C
YCKOPEHHEM JJIEKTPOHA.

W3BecTHO, YTO MpEACTaBICHHWE O Maccax IMOKOS W JBHKCHHUS
MO3BOJMJIO B TEOPUHM OTHOCUTEIBHOCTH TMONY4YHTh (HOpMYIy,
CBSI3BIBAIOIIYIO0 MAcCy C SHEprueit

E = mC>. (106)

[Mockonbky hopmyssl (103) + (105) unentrunsl Gopmynam (95) u
(97) TeopuH OTHOCHUTEIBHOCTH, TO BbIBOJ (opmyisl (106) B
paBHOI Mepe OTHOCUTCS K U3JIaraeMoi Teopuu 3gupa. ITOT BEIBOJ
MokHo Haith B [8,11,16] u ap. IlodToMy MBI He CTaHeM
BOCIIPOHM3BOJIUTH €r0 B 3TOM pabore. OTMETHM JHIIh W3BECTHBIC
BBIBOJBI M3 O3TOW (OpMyNbl: W3MEHEHHE Macchl BEIET K
SKBUBAJICHTHOMY H3MEHEHUWIO SHEPriuH ¥, HaoOOpOT, SHEprust u
Macca SKBUBAJICHTHBI JAPYT OPYTy; BCSKas IMOKOSMIAsCS Macca Mg
TOXJIECTBEHHA C KOJIOCCAILHBIM 3a11aCOM YHEPTUH

2

E, =m,C".
DTa 3HEprus MOYTH BCS OCTAETCS B MaTepUAIBLHOM Tele MpH
TeMIieparype aOCoJoTHOTO Hyisl. OTy sHepruto [lmaHk HasBan

CKpbITOM dHeprued. Korma mokosmasics macca TpuoOpeTaeT
CKOpOCTHY, TO €€ 3amac YHePTuu

2 m0C2 2 1 2
E=mC" = = = =mC” +—m\V+..
Ji-vzic 2
W3 sroit ¢GopMysibl BHAHO, YTO BEJIMYHHA (moVZ)IZ, 00BIYHO
HasplBacMasi KMHETHYCKOM OJHEpruedl  JBIDKYIIErocs  Tela,
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COCTaBISICT  JIMIIb  HUYTOXKHOC  MOPHPAIICHHE  JHEPrHH,
cooTBeTcTByIOIee ckopoctd V. ITlomyTHO HAMOMHHM, YTO B
paznerne 5 Obl1a OTKPBITA TPABUTAMOHHAS SHEPTHS, 3aKITIOYEHHASL
B MaTEPUAIbHBIX TeJax. JTa SHEPIUsi, B CBOK OYepe/b, BO MHOTO
pa3 OoJibliie SHEPTUH, onpeaesieMoit Gopmysioii (106).

3aksoueHne

[TpuBenéunsie B paboTe MCCIIEAOBAHMS HE MCUEPIBIBAIOT BCEX
BO3MOXKHOCTeH Teopun 3¢upa. imMeercss 6obioe 9nucio mpodiaem
(Gu3UKM, aCTPOHOMHH, MHUKPOMHpPA, KOTOPHIE MOTYT IOJYyYHThb
pemieHre C HOMOIIBIO 3ToM  Teopuu. OHa  pacmmpsieT
NpeCTaBIeHUE HAayKH 00 yCTpOICTBE KOCMOCA, BKIIAJBIBACT B
PYKH YUEHBIX HOBBIM MHCTPYMEHT, YBEIIMUUBACT CTETIEHb CBOOOIBI
HAaYYHBIX HCCIIEIOBAaHUM.

Llenmpto  paboTBI  HE  SBISAETCS  KPUTHKA  TEOPHHU
OTHOCHTEIIHOCTH, CHITPaBIIeH OOJBIIYIO POJIb B MCTOPUH HAYKH.
Bonee Toro, aBTOp He cUMTaeT TIAaBHEIM B paboTe TO, YTO C
MO3UIMA  Teopuu ddupa yaaIoch OOBSICHUTH IIOYTH BCE
ontndeckue dPdexTr, nexkamme B (QyHIAMEHTE TEOPUH
A.Dunmrerina n npuBenmue 100 et Hazaxg QU3MKY K KPU3HUCY.
CoOcTBEHHO TOBOPSI, HEOOBSICHEHHBIM OCTAJIOCh TOJBKO CMEIICHUE
nepurenis Mepkypust Ha 43" B croserne. Bo3MokHO, 3TO U HE
TpeOyeTcsl, Tak Kak u3BecTHa paszpaboranHas emé B 1906 roay [2]
HEMEI[KUM aCTPOHOMOM 3eelHrepoM XOpomio 00OCHOBaHHAs
runore3a. OHa OOBSCHAET O3TO CMEIICHHE TPaBHTAIIHOHHBIM
BIIMSHHEM OOJBIION MacChl MENKHX YAaCTHI[, 3aIlOJIHSIFOIIINX
OKOJIOCOJTHEYHOE MPOCTPAHCTBO BIUIOTH 10 OPOUTH 3eMIIH.
Hanmmume Takoro BemiecTBa MOATBEPXKIACTCS HAOIIOIaEMBIM
30/IMaKaIbHBIM CBETOM, TIPEICTABISIIONIMM COOOH paccestHHOe
OTpa)kK€HHE COJTHEYHOTO CBETa OT 3TUX YaCTHII.

Bonee BaxHO TO, 4TO Teopus 3dupa puzwuHa U HE 3aKaTa B
KECTKYIO CKOPIIYIly MaTeMaTHYECKHX ypaBHEHUH, KOTOpPHIE KaK B
TEOPUH OTHOCUTEIHHOCTH, HAYMHAIOT CaMOJIaBJIeTh HaJ (PU3NKOI
peanbHBIX TPUPOJHBIX SBICHUI M 3IpaBBIM CMBICIOM. TeopHs
a¢upa cBOOOHA OT ITUX HENOCTATKOB M OTKPBIBACT HIMPOKUH
MPOCTOP [JI1 HOBBIX OTKPBITUN U CBEPIICHUM.
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