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NPEAUCIIOBHE

B sroii KHUIe cflenaHa MOMBITKA paccKasarb
MIKO/IBHAKAM CTAPHIUX KJAcCOB M BCeM, KTO MHTepecyercs
¢u3uKOH, O TIpaBHTAlLHH.

'paBuTaHUOHHOEe B3aUMOJEHCTBHE — caMoe cJjaGoe H3
BCEX H3BECTHHIX B HPHPOJe B3aUMOJAEHCTBUH — OHpejesser
JIBH)KEHHE TMTaHTCKHX HeOecHHIX TeJs, IJaHeT, 3Be3f, ra-
JIAKTHK M 3BOJIONMIO camoil Becenenno#t B uenom. Ho B s1a-
6OpAaTOPHLIX YejI0BHAX IpaBUTANlHOHHBIE 3(deKTH HACTO/b-
KO MaJsH, YTO U3MEPUTb UX — 3ajaya He U3 JerKux.

PacckasbiBas 0 rpaBUTAllUOHHOM B3aUMOJEHCTBUH, aB-
TOPbI €Tapa/INCh CJ1€0BaTh H3PEUEHHIO BBIAAIOMIErOCs COBET-
ckoro ¢u3uka, akagemuka U. E. Tamma: «CryneHT — 310
He Tryeb, KOTOPOTO HYXKHO HadapiiupoBartb, a $akes, KOTO-
puIf HYXKHO 3axkeub». [lo-BHIMMOMY, 3TO BBICKa3blBaHHE
OTHOCHUTCSl H K IIKOJbHHKAM (TeM 6oJsiee, UTO HEKOTODHIe U3
HUX eTaHyT CcTyAeHTaMH). [ToaToMy aBTOpHI OCTABHJIH Mepej,
co6oft ciepywoulyio 3aaady. Bo-nepBeiX, HO3HAKOMHTH UH-
TareJqsi ¢ OECHOBHBIMH COBPEMEHHLIMH IIPEeJCTAaBJAEHUSIMH O
rPaBUTAaHHOHHOM B3auMoOjeHCTBUH. Bo-BTOpBIX, JNaThb eMy
MOYYBCTBOBATh, KaK yIUBHTE/NbHBIE OCOGEHHOCTH TpaBHTa-
WU TPOSIBJISAIOTES] HarOMBITE.

B kHure naercsi HEeMHOTO HCTOPHH Pa3BUTHS HAEH H OINBI-
ToB. Ha npumepe rpaBHTallHOHHBIX SKCHEPHMEHTOB YHTa-
Teb YBUANT, KAKOH TPYIAHBIA M yB/IEKaTeJbHBIH MyTh HPO-
mvia Gu3uka, Apexae yeM HOCTHIJIA COBPEMEHHOrO YPOBHSH
MOHHMMAHUS - OCHOBHEIX 3aKOHOB, YIPABJSIOMHX MHDPOM.
B-Tperbux, aBTOpH NOCTABHJIM elle ORHY 3amagy — yoe-
JHUTb YHTaTe/Sl B TOM, YTO He/b3sl 3aHUMATHCS KAKOH-TO Of-
HOM yacTbio PH3HKH, MpeHeGperast 3HaHHeM ocTaNbHbIX. PH-
3HKa ef1Ha. D10 0COGEHHO APKO NMPOSIBJSIETCS NPH OCYIIECTB-
JIEHWH OMBITOB, KOrJAa NPUXONUTCS MO HEOGXOAUMOCTH HC-
N0J1b30BaTh 3(pdeKThl UJIH METOAL U3 Pa3IHYHHIX obsacrel
¢usukn. Bor noyemy B pacckase o rpaBHTAIlHOHHBIX dKCIIe-
pHUMEHTaxX BAPYT MOSABJSIOTCS €MKOCTHbIE JAaTIYHKH, MarHH-
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TOMETPHI, Ja3ephl, TeJIeCKONbl, CIYTHHKH M MHOTOe, MHOTOE
Ipyroe.

ABTOpHI HazelOTCs, YTO 10HBIE GHTATEJH, JakKe eClH OHH
He cobupaioTcs B 6yAylueM 3aHHMaThCS TPaBUTALlMOHHON (H-
3HKOM, pacIiUpPsT CBOH KPyrosop W Hahuyt s cebsi Koe-
YTO HHTEpPecHOe W MoJie3Hoe B 3Toi OypHO pasBuBalollecs
obnactH (U3HKH.

Ecsu aBTOpaMm ynajoch 3aHHTepecoBaTh YHTaTelNsi, HMeB-
IIEr0 MYKEeCTBO JOYHTATbh 3Ty KHHTY IO KOHLA, OHH OyAyT
CYHTaTh CBOK 3aJayy BHINOJHEHHOH.

Aptopel uckpenne Gnaromapenl JI. TI'. Acnamasosy,
H. 1. HoBuxkoBy u 1. A. CxOpOOMHCKOMY 3a I0/1€3Hble
COBeTHl H KPHTHUECKHe 3aMeyaHHs Mo IeJoMYy pPsAfy BONpO-
COB, 3aTPOHYTHIX B.KHHIe. ABTODHI I1yGOKO NPH3HATEJIbHBI
O. B. Bensiepot u JI. I'. CrpayT 3a HeoLeHHMYIO NOMOIIb
B paboTe Haj DYKOIHUCHIO.

B. b. Bpazunckuil
A. . [Toanapes



§ 1. HECKOJIbKO CJICB
0 ®PU3HYECKOM 3KCNEPUMEHTE BOOBLLE
H O TPABUTAI{HOHHOM B YACTHOCTH

...51 G6ymy nmtupoBaTh repasfo GoJiee HOCTORHYIO
Belilb — ONBT, HaCTaBHHKA M3 HAaCTaBHHKOB.
Jleorapdo OJajiBunuu

"®u3nky — HayKy O camblX oOWwHX, GyHAa-
MEHTaNbHBIX, H B 3TOM CMbIC/IE CAMBIX IPOCTHIX, SIBJIEHHUAX
HEXHBOH MPHPOMABl — CUUTAIOT Haubosee Pa3BUTOH CpeiH
BCeX €eCTeCTBEHHbIX HayK. Panbmie Apyrux Hayk ¢H3HMKa
usbpana cebe B KauecTBe €JMHCTBEHHOIO CYIbH — OIIBIT.
Y pasblue Apyrux HayK o NpHpPOJE CTasNa HayKOH KOJHYeCT-
BEHHOH: WHCJIO, YHCJEeHHAsT 3aKOHOMEPHOCTb UIPAOT B (H-
3HKe KJI04eBYI0 posib. ®PusHuyeckas TeOpHA JABHO yxke JO-
CTHIJIa TAKOrO YPOBHsI, KOTJa Bce ee Npe/icKa3aHUsl HOCAT
KOJIHYeCTBEHHBI XapaxTep, a ONbIT, (PU3HUECKHH 3KCIepH-
MEHT — 3TO BCerja M3MepeHHe, Npouenypa MoJydeHHs 4HC-
J1a WK YHC/AEHHOH 3aBHCHMOCTH C [OMOLIBIO TeX MJIH HHBIX
npu6opoB. M Tonbko Torja ¢uanueckas TEOpUS HMeeT Ipa-
BO_HA XKH3Hb, KOTIA YHCJIO, TIP./ACKa3biBaeMoe TeOpHel, COB-
najaer B Ipefesax TOYHOCTH H3MepeHHH C COOTBETCTBYIO-
IIHM YHCJIOM, TOJNYYEHHBIM B 3KCIEPUMEHTE.

Cpasy xe cjejyeT cKas3aTb, 4TO HE OJIHa, & HECKOJbKO
TEOpHH, OXBATHIBAIIMX ONHH H TOT Ke KPYI sABJEHHH,
NIOPOI0 HMEIOT [IPAaBO Ha KH3Hb. MOXKeT TaK CIyYHTbCA, UTO,
OTJIHYasICh B CaMOfi CBOell OCHOBe, TEOPHH JAIOT CTOJb OJIH3-
KHe KOJIHYeCTBeHHble IpefcKasaHuss B 00JacTH SBJEHHH,
JNOCTYNHBIX 3KCHNEpHMEHTY, YTO JOCTHTHYTOH TOYHOCTH H3-
MepeHMH He XBaraer, YTOGHI CHeJaTh BHIGOP, KaKyIlO U3 T€O-
pH#i CuUHMTaTb MpPaBHJBHOM.

Ho skcnepuMeHTaTOpHI CTaBAT HOBLIE OIBITH, @ TEOPHS
JaeT MM pEeKOMEeHJAlUH HJIH HaBOLHUT lia MbIC/Ib, KaKHe JKC-
NepYIMEHTHl CTOUT CTaBHThb, @ KaKHe MaJio YTo H00aBAT K yKe
uspectHoMy. Ilo Mepe TOro Kak sKcnepHMeHTHl OXBAaTHIBAIOT
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Bce GoJiee MIMPOKUH KPYT ABJEHHH, OOHH TEODHH OKa3hlBa-
I0TCS1 €32 GOPTOM», APYTHE BEDKHBAIOT

B 3TOM HenpepniBHOM mpouecce CpaBHEHHS TeOpHU €
SKCIEPHMEHTOM MOPOI0 CJAYYAIOTC «CKayKH», Tpebymouye
KOPEHHOH JIOMKH CaMbIX OCHOBHBIX NPeACTaB/1enN i B Pusuke.
Kak npaBuJo, 370 NpOHCXOAUT 6J1arofaps NOBHILIEHHIO Yy B-
CTBHUTEJBbHOCTH 3JKCIEDPHMEHTOB, PAcCLIHPEHHIO gucia M JH-
anasoHa H3MepseMbIX BeHunH. Tak HJIH HHaYe 3TO CBA3aHO
C Da3BHTHEM TEXHOJIOTHH, C POCTOM 3KCIIePHMEHTalbHOTIO
noTeHuyana ¢pu3nKuH. Bo3bmem B KauyecTBe MpHMepa HBIOTO-
HOBCKYI0O MeXaHHKY. OHa ¢ BBICOKC!} TOYHOCTBIO OIHCHIBAET
ABHXeHHe HeGecHBIX Tes. Ho noBbiuienne TOYHOCTH, AOCTHT-
HyToe B XX Beke, MO3BOJHIO H B JBHKEHHH IJlaHeT oOHa-
PYXHTb OTKJIOHEHHSl OT mnpejckazanuii TeopuH HbloTOHA
(nanpuwmep, cmemenne nepurenusi Mepkypust). Eue panbiue
SKCIIEDHMEHTHI 110 3JIEKTPOMAarHeTH3My JoKasa/jH, 49TO He
BCe SIBJIEHHS OXBATHIBAlOTCSl MeXaHHKOH HpioToHa, u Gblna
noctpoeHa Teopusi MakcBensia, OMHCHIBAIOUIAA 3JeKTpHYE-
CKHe ¥ MarHHTHBIE ABJIEHHs . DKCIepUMEHTANbHOEe H3YUEHHE
aTOMOB H 3JIeMEHTaPHBIX YaCTHI TPHBEJIO K CO3/aHHIO KBaH-
TOBOH MeXaHHKH. A OmHcaHHe ABHKEHHS TeJ CO CKOPOCTS-
MH, He CJHIIKOM MaJbIMH [0 CPABHEHHIO CO CKOPOCTBHIO CBE-
Ta, NOTpeGOBaJO NOCTPOEHUS CIENHaNbHOH TEOPHH OTHO-
CHTEJIbHOCTH.

A. ditHwiTefiny NpHHALIEXHUT I'yGOKOe BHICKA3HIBAHHE
O COOTHOILHEHHH TEOPDHHM H 3KCNEDHMEHTa: SKCIEPHMEHT He
MOXKeT MOATBEPAHUTD TEOPHIO, OH MOXKET JIHILIb ONPOBEPTHYTh
ee. B 370 BhicKa3biBaHHe BJ0XKEHO yTBEPXKJAEHHE O TOM, UYTO
KaXIyI0 TEOPHIO CJellyeT paccMaTpHBaTh JHIOb KakK HpH-
6aKeHHyI0 MoJesib. Mcnonb30BaHHBIA TOMBKO YTO TEPMHH
«MOJie/iby B COBpEMEHHOHA (H3HKe OT/IHYaercs OT OObIAeH-
HOTO MpEeJCTaBJIEHHUS O HEKOTOPOH KOHCTPYKLHH C KOJIeCH-
KaMH M pHYaxkkaMH. «Mozenb» B (u3HKe — 3TO, KakK
NPaBHJIO, HEKOTOpas CHCTeMAa YPaBHEHHH, OMHCHIBAION(Ast
MaTeMaTHYeCKH CBS3b MeXJYy (H3HYeCKHMH BeJHYHHAMH,
KOTOpble MOTYT GbiTh H3MepeHbl Ha onbitTe. K TakuM BesH-
YHHAM OTHOCSATCS, HampHMep, KOOpAHHATa, CHJa, yCKope-
HHe, 3apsij U T. A. [IpaBuJabHA HJIM HeNpaBHJIbHA CHCTEMA
ypaBHeHu#, T. e. ¢pU3HYecKass MOJENb, MOXHO y3HaTb, MO-
CTaBHB OMBIT H CPABHHB TO HJIH HHOe KOHKPETHOE DellieHHe
3TOH CHCTeMBl YpaBHEHHH ¢ pe3yJbTaTOM ONMBITA.

Ilpu cospauuu Mopenu, MOHHMaeMOH B TaKOM CMBbICIe,
bH3HKH-TEOPETHKH, KaK MPaBUJIO, MPHGEraioT K HeKOTOPOH
UleaNn3alud — OMUCHIBAs OAHH COOTHOLIEHHS MEX1y Be-
JHUYHHAMH, OODBABJSIOT APYrHe HeCylleCTBeHHBIMH, OCO3HaH-
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HO AeJaI0T NpUGIHKEeHHs!, 3apaHee OTPAHHUYHBAACH TOH WJIH
HHOH 00/1acThIO 3HAYEHHHA BXOISAUIMX B ypaBHeHHs H3Me-
psieMbIX BesII9HH. B peasibHOM (u3HueckoMm onbiTe rjaBHas
3aja4a, KOTOPYIO MPHUXOAUTCA pellaTh 3KCIEPHMEHTaTopy,
COCTOMT B TOM, UTOGBI YCTPAHUTD, UCK.TIOUHTh BCE BO3MOKHbBIE
sIBJI€HHS W BO3JEHCTBHUSI, KOTOPblE «HE HMEIOT OTHOIIEHHS
K zeny». Hanpumep, eciM 3kcnepHMeHTaTOpy HEOOXOAHMMO
H3MEPHTh MaJblii JeKTPHUECKHH TOK, 4TOObI B KOHEYHOM
cueTe npoBepuTh 3akoH OMa, TO, BLIOPAB B KadecTBe H3Me-
pPHUTENLHOTO NPHOOpPA BBICOKOUYBCTBHTE/IbHBIH TI'a/lbBAHO-
MeTp, 3KCMepUMEeHTATOD IMOCTapaeTcs KakK MOXHO Gonee
TIIATENHHO YCTPAHUTh BUOPAlHM 3€pKaJblla rajbBaHOMET-
pa, BbI3BaHHbIE, HANpuUMep, CeHCMHUYECKUMH KOJe0aHHAMH
3emau, GYIeT BbIYHTATH APeH( «HYJAd» — H3MeHeHHe MO0Ji0-
JKEHUs PaBHOBECHS HHUTH, CBsi3aHHoe ¢ ee Jedopmarued,
MONBITAETCS YCTPAHHTb BJHMSHHE BHEUIHHX MAarHHTHBIX IO-
Je#d ¥ T. I., T. €., KaK TOBOPAT 3KCNEPUMEHTATOPH], MOMNLI-
Taercs YCTPaHHTb CHCTEMarHYecKHe M CJydyaiHble IOMeXH,
He HMeloLllie OTHOLIEHHS] B IaHHOM Caydae K 3akoHy Owma.

AKKyparHoe UCK/IOYeHHe BCeBO3MOXKHbBIX BHEIIHHX H da-
CTO BHYTPEHHHX INOMeX ceHuac MOXeT OHTb AOCTHTHYTO
JUUIb NPH HCIOJb30BAHHH TNPAKTHUYECKH BCEro apceHasa
HAKOMJIEHHOTO (PU3UKaMH OMBITa, T. €., M0 CYLIECTBY, BCeH
¢usuku. K coxasnenuio, B 3roif TpyAHOH pabore, Kortopas
COCTOMT, KaK NMPAaBUJIO, H3 MHOXECTBA NPOBEPOK, KOHTPO/Ib-
HBIX HMCNBITAHH#, BBIUUTAHUH ofHOro 3ddeKkra U3 APYroro,
Jlaxke B COBPEMEHHO! 3KCIepPUMEHTa/lbHOH MpPaKTHKE CIly-
yaloTcst omHOKH. Tak, HanpuMep, HECKOJIbKO pa3 B NEPHOAH-
4ecKol (PH3HYecKOH mevarH oGbABJISIIOCH 06 OGHAPYIKEHUHH
MOHONOJiA (3/1eMEHTapHOI0 MAarHHTHOrO 3apsifa), o6 obHa-
PY:XEHHH 4acTHN ¢ APOOHBIM IO OTHOIIEHHIO K 3JEKTPOHY
3JIEKTPHYECKHM 3apsiioM H T. II.

DKcrepuMeHTalbHasi HayKa H306HJyeT MOHCTHHE Jpa-
MaTHYeCKHMH CHTyauusiMu mnogoOHoro poja. OpHakKo 3T0
elle He «qpaMa» UzeH, KoTopas NPHBOLHT K KOPEHHOH JIOMKe
~bHsMyecKHX NpeACTaBAeHUH, ynomuHaBiiefics Bblme. M3
TIPHBEJEHHBIX IPUMEPOB JI0.TKHO GBITh SICHO, YTO OT hH3HUe-
CKOH TeopHH (YTOOBI ee MOXKHO GbLIO CUMTATH MPABHJBHOM)
BOBCe He TpebyeTcs, 4yTOGhl €e OCHOBHBIE YPaBHEHHS cpasy
YUHTBHIBA/IH BCE MHOTOYHC/IEHHbIE B3aHMOCBSI3H, CYLIECTBYIO-
e B peasjbHOM Mupe. Ecau Obl HayKa nomwia 1o TakoMy
NyTH, TO, HaBepHOe, nporpecc Boobwuie Obl1 Obl HEBO3MOXKEH.
Baxno npyroe. Kaxpas (usuueckasi TeOpHs HMEET CBOIO
06/1aCTb TPUMEHHMOCTH, ¥ TOJLKO B 3TOM CMBIC/IE €€ CeyeT
CUMTaTh NPHOIHKEHHOH. [[pyTHMH C/OBaMH, KaxIAyio Teo-
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pHIO, T. €. KaXKAY (PU3HUYECKYIO MOAeNb, CJAEAYET paccMat-
pHuBaTb Kak npejenburli ciydai Gonee obuiei, 6LITh MOKET
e:le He MOCTpOeHHOH, mojenn. Tak, Mexanuka Holotona ne
Tpedyer fnepecMoTpa B cBoeil obsacru MPHMEHHMOCTH, HO
3KCTPANOJIsILHs €€ BbIBOAUB 3d NPefesbl 3TOH 0G/1acTH BeTy-
naer B HeH30eKHOE MPOTHBOPEUHE C OIMBITOM.

Haunnas Ham pacckas o rpaBuTauMd (ApYTHMH CJ10Ba-
MH, O TATOTEHHHM), TJIaBHBIM OOpPa3oOM O T'PaBHTALHOHHBIX
9KCMepUMEHTaxX, HeoBX0HMO CKa3aTb HECKOJIBKO CJIOB O TOM,
KaKoe MecTO I'DaBHTAlHOHHOE B3aHMOJEHCTBHE 3aHHMAaeT
B COBpPEMEHHOH (PU3HYeCKOH KapTHHe MHupa.

Cospew,ﬂﬂoﬁ (GH3HKe H3BECTHBI YeThIpe (PyHIaMeHTa/lb-
HbIX B3aUMOJEHCTBHS: CHJABHOE, 3JeKTPOMAarHHTHOe, ciaboe
H TpaBHTALHOHHOe.

CusibHOe B3aHMOJEHCTBHE CYLIECTBYeT MEXIY MpOTOHa-
MH U HeHTPOHAMH H odecnedyHBaeT yCTOHYHBOCTb aTOMHBIX
agep. baarogaps cnabomy B3aHMOAEACTBHIO HPOHCXOLHT
pajuoaKTHBHOE NpPeBPalleHHe OJHHX silep B JPYrHe C Hc-
MyCKaHHeM 3JIeKTPOHOB, O3HTPOHOR H HeHTpHHO. M nepsoe,
¥ BTOPOE B3aHMOJEHCTBUSA SBIAIOTCA, KaK rOBOPAT DH3UKH,
KOPOTKOAEHCTBYIOMHUMH. DTO N3HAYaeT, YTO OHH GHICTPO
y6eiBatoT ¢ paccrofnueM. [losTomy 5TH B3anmoneHcTBYs npo-
ABJAIOTCA TOJAbKO B MHKDOMHDEe, H He YIMBHUTEJNBHO, 4TO
4eJI0BEK CTOJNIKHYJICS C HHMH, JIMUIb MPOHHKHYB B IVTYOHHBI
MHKpPOMHpPA. DTO NPOM3OLLIO COBCEM HENABHO, B HalleM
BeKe.

D/eKTPOMarHUTHOE B3aUMOJeACTBHe sIBJsieTCs], B NPOTH-~
BOTIOJIOXKHOCTb MEPBBIM IBYM, AanbHojeficTBywomuM. Of-
HaKO B NpPHPOJE CYUIECTBYIOT 3JeKTPpHUECKHe 3apsasl ABYX
NPOTHBOINOJIOXKHBIX 3HAKOB, IMO3TOMY 3apsKEHHBIMH $IB-
JISIIOTCSL JIMIUB 3JIeMEHTapHBle YacTHLB, a MaKpOCKOMHYe-
CKHe Tesla, BCAEACTBHE KOMIEHCAUMH 3apsiJoB MPOTHBOIO-
JIOKHBIX 3HAKOB, SIBJASIOTCS NMOYTH HEATPaJbHBIMU: H3GBITOK
YHCJIa MOJIOXKHUTENbHO 3apsiKEHHBIX YACTHIL HaJ YHCJIOM OT-
PHLIATe/IbHO 3ap s2KEHHBIX HJIM Ha000pOT B /1:000M MaKpOCKO-
MHYECKOM Teje HHYTOXKHO MaJj MO CPABHEHHIO ¢ OOMIMM
YHCJOM TeX M APYTHX YacTHI, HHaue Tea0 Obi10 Obl pasop-
BaHO 3JIEKTPOCTATUYECKHMH CHJIaMH OTTaJKHBaHHs. Bce,
4TO OCTAETCs OT JEKTPOMarHHTHOTO B3aHMOJICHCTBUS B MaK-
pOMHpe,— CPaBHUTENBHO cJiabble 5JeKTPHYECKHEe U MarHHT-
Hble NOJIS1 U 3JeKTPOMArHHTHOE U3JyyeHHe, 4acTb KOTOPOTro
yeJIOBEUeCKHM TJ1a30M BOCHPHHHMAeTcsi KaK CBeT.

CoBceM HHayue OOCTOHT JeJI0 ¢ 'PaBHTALHOHHEIM B3aHMO-
JedCTBUEM — KaK yXe FOBOPHJIOChH, CaMbIM CJ1a0biM K3 BCEX
B3auMojieficTBHi B pUpoae. B MHKpOMHpe I'DaBHTAlHOHHBIE
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Ci1Jibl HHYTOXKHBL 110 CPABHEHHIO C CHJIAMH 3/1e€KTPOMAarHut-
HOTO, c1a60r0 (He TOBOPS Y:Ke O CHJILHOM) B3aHMOIESHCTBHS.
Taxk e Kak 3/eKTPOMAaTHHTHbIE, IDABHTALHOHHBIE CHJIBI 5IB-
JAAI0TCA AATHHONENCTBYIOMNMH. AHANIOTOM 3JIEKTPHYECKOTO
3apsfa -—— IPaBHTALHOHHBIM  apAJOM — sABJAserca Jobas
sacca uau 3Heprus. Ho B oTnnude OT 3/71€KTPOMarHUTHOrO
B3aMMOIEHCTBIS, B NPHPOJE CYLIECTBYIOT I'DAaBiTAHOHHbIE
3apAJibl TONBKO OHOTO 3HAKA, MKy KOTOPBIMH Bceraa jefi-
CTByeT IpaBHTAlMOHHOE NPUTSIKEHHE M HUKOIJA He OblBaeT
TPABHTALHOHHOTrO OTTaNKHBaHUs. [ToaToMy camoe ciaboe H3
BceX H3BeCTHHIX B3aHUMOJAEHCTBHH HUIDaeT rijaBHeHyo POJb,
Korja peub HIeT 00 OOBeKTaX KOCMHUYECKMX MacluTaboB:
rpaBHTAL{IOHHBIE CHJIBI BCErja CKAajiblBAaIOTCA, a JJIA TOrO
yTOGLI OHH CTaJH ONPEAESIONUMH, MAacChl TATOTCIOMMNX Tel
JIOJIKHBI GbITh OTPOMHbLI. 3€Mi171 -— 5TO KaK pa3 Takoe Orpom-
HOE TeJIC; BOT MOYeMy 4e/lOBEeK XHBET B- MHDe, B KOTOPOM
CTAJKHUBAETCSl -C TpaBHTalMeil KaxJoe MIHOBCHHE.

M XoTs uejlOBeYyecTBO HMeeT JIeJio ¢ rpasuTanueil
MOCTOSIHHO B TeuyeHHe ThicAY JieT, 10.1bKo B XVII Beke Gua-
rogaps HbloToRY M0g¥ Haydu/kCh GIHCHBATH W NpeacKa-
3bIBaTh JBHXKEHHE Te/l B TIPABHUTALMOHHOM MOJe.

C/leayiomiuM 3TarnoM B NOHUMAHHHM TPABHTALHH SIBHJIOCH
cospauue obuei teopun otHocuresbHOCTH (OTO) itHiureil-
HoM B Hauya.1e XX Beka. Takoe «3anoszajoe» NpOHHKHOBEHHE
B NPHPOAY I'DABHTALMOHHOIO B3aHWMOJEHCTBHS HMMEET CBOH
npuyuHbl. [lej0 B TOM, 4TO HOCTaBHTb AKTHBHBIH rpaBHTa-
[MOHHBIH 3KCIEPHMEHT, T. . Ie/leHanpaBJeHHO H CYLIEeCT-
BEHHO U3MEHHTh 'PaBHUTALMOHHOE N0JIe B J1aBOpaTopUH, OUeHb
TPYAHO: CJHILIKOM MaJble TPaBHTALHOHHbIE 3apsibl (MAacChl)
HMEIOTCSI B PACNOPSIKEHHH Y SKCIEeDHMEHTaTopa B 3eMHOH
JgaGoparopuu. Bor noueMy B rpaBUTALHOHHLIX 3KCNIEPHUMEH-
Tax MPHILJIOCH NMPOSABAATb HCK/IOUHTENbHYIO H306peTaresb-
HOCTb, YTOOBI M3MePATb HeoObldalHO ciabble 3PEeKTHl Ha
¢oHe GOBIINX HErPABHTALHOHHLIX TOMEX.

MosKHO cKasarb, 9TO CErOAHA IJ1aBHAs TPYAHOCTb rpa-
BHTALlMOHHOTO 3KCMEePHMEHTA He TOJIKO H He CTOJbKO B CJia-
6octu 3¢heKTOB rPABHTAIHOHHOTO B3aUMOAEHCTBHUSA, CKOJIb-
KO B OTHOCHTEJIBHO BBICOKOM YPOBI€ [1OMEX HerpaBHUTALHOH-
HOTO MPOHCXOXJAEHHUS.

Kpome Toro, rpaBuTallHOHHBIE IKCIEPHUMEHTHI MOTPedo-
BaJl paciuipeHHus «pu3HyecKod J1abopaTopHH» JO MacuITa-
60B cHauasia CosHeuHO#l cCHCTEMBI, a 3aTeM Bcell BceeneHHoil.

Mrak, rpaBHTalIOHHDLIE SKCIIEPHUMEHTH 3aHHMAIOT B (U-
3HKe ocoboe MecTo, XOTsl Obl MOTOMY, YTO HX IOKa OTHOCH-
TeJbHO MaJo MO CPABHEHMIO C YHCJIOM SKCIEDPHMEHTOB, [0-
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CBSUIEHHBIX, HampuMep, 3/eKTPOMATHUTHOMY B3auMoOjeH-
cTBHiO. M mpHuYHHA HEMHOTOYHCJIEHHOCTH T'PaBHUTAIIMOHHBIX
ONLITOB, KAK MBI Y:Ke .3HaeM, COCTOHT B KOHEUHOM cuere
B TOM, UTO I'PaBUTAIlHOHHOE B3aHMOIEACTBHE SIBJISIETCSI CaMbIM
c1abbIM U3 BCeX H3BeCTHHIX B3auMopeiictsiii. [loatomy,
4TOGEI TIOCTABHTb HOBHIfl OMBIT MO MPOBEPKe T'PaBHTALUOH-
HBIX TeOpHi, B KOTOpOM Oblna Obl AOCTHTHYTa JOCTATOYHAS
YYBCTBHTENbHOCTh, HEOOXOAHMO 3aTPATHTh BECbMa 3HAYH-
TeJILHBIE YCHJIHSA, 9acTO NPIiBJ€KaTh HOBbIE METOJbl, pa3pa-
GoraHHple B APYTUX obnactax ¢usur:i. Muoorga vg Takue
ONLITH YXOASAT MHOTHE MeCsIbl M Ja)Ke TOHl.

OcHOBHAX 4acTb 3TOH KHHIH ITOCBSILlEHA COBPEMEHHBIM
rPaBHTAllUOHHBEIM 3KCIIEDHMEHTaM, U aBTOPHl HANEI0TCs, YTO
YUTATENH IMOYYBCTBYIOT KPAacoTy H H3SILECTBO MHOTHX U3
3THX 3KCMEePHMEHTOB.

§ 2. YUTO BbIJIO H3BECTHO O T'PABUTALLUM
HbIOTOHY

TIpuaHHYy 3THX CBOMCTB CHJIB TArOTEHHS A He MOI' [0 CHX Mop
BLIBECTH M3 SBJIEHHM, T'HIOTE3 Xe A He H3MBILLIAIL... Jl0BO/MbLHO
TOTO, YTO TSITOTEHHE Ha CaMOM JieJ1e CYLecTBYeT U AeHCTBYeT eor-
J1aCHO H3JIOXKeHHbIM HAMH 3dKOHAaM H BIIOJIHE ROCTAaTOYHO AJS 06b-
SICHEHHs] BceX ABHXKEHHH HeGeCHBIX TeJl H MODA.

H. Hoiomox

HeGosbmioli ucTopuyeckuit 3KCKype, ¢ KOTO-
pOro HauyuHaeTcsi 3TOT naparpad), NOMOXKET YHTATENIO MOo-
YyBCTBOBATb, KaK HENPOCTO AABA/IUChH JIIOJASIM HCTHHEI, KOTO-
pble B Halle BpeMsi H3BeCTHBl KaX/OMY IUKOJbHHKY.

Beiratomuiica ¢unocop peBueit I'penun Apucrorenn
nojaraj, YTO CKOPOCTb NajJeHHs Tel B AAHHOH cpene mpo-
NOPIHOHA/bHA BeCy Tesa, a yBe/H4YeHHe CKOPOCTH B KOHIE
NajeHHs OH MPHIMCHIBAA yBeJHYEHHIO Beca TeJa MO Mepe
npubmKeHUsl K npeaonpeneeHHoMy Mecry. Kamens, mox-
HATBIA Haj 3emielt, «uyBcTByer celsi», corsacHo Apucro-
TEJI0, <IPOTHBOECTeCTBeHHO». OTMETHM INONYTHO, YTO IO
Apucroreno npu ABHXKEHHH HA TEJIO MOCTOSHHO JAeACTByeT
HEeKOTOpasi CuJa, BBHI3BaHHAs B3aUMOJEHCTBHEM Tena co
cpenoii. Otclofa c/neoBa/ COBEPIIEHHO HEOXKUIAHHHIN BhI-
BOJA: NYyCTOTa HEBO3MOXKHA, TaK Kak ecu OBl OHA cyllecT-
BOBa/ia, TO TEJI0 MTHOBEHHO NOCTHrano Obl NpelHa3HayeH-
Horo eMy Mecra (c GeckoneuyHol ckopocTbio!). IToutu uepes
IBe TeICSAYM JeT nocae Apucrorens [anuiell skcnephHmeH-
TaJbHO J0KAa3bIBa€T, YTO CKOPOCTb MAAaloero Teja B My-
CTOTE NPOMOPIHOHA/NbHA He BEICOTE Majeis, KakK AyMajH
€ro npeAllleCTBEHHHUKH, a BPeMEHH najeHus: vwni (Xopouo
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H3BECTHBI M3 IKOJbLHON (DH3HKH 3aKOH YBeJHYEHHS CKO-
POCTH npH paBHOYCKOPEHHOM JBHXeHuH). ['oBopsT, 4TO
KOTJla CKeNTHYECKH HaCTPOEHHble ydeHble — COBPeMEHHHKH
lFanuness — yBujieln CBOUMH I/1a3aMH, KaK B CTEeKJ/SHHOMH
TpyOKe, U3 KOTOPOU BblKauaH BO34YyX, MeTaJJIM4eCKUH Lia-
PHK ¥ MyuwHHKA NajaloT COBEPIICHHO OJMHAKOBO, TO He BCe
U3 HUX TOBCPUJIH CBOHM TIJja3aM.

INocnenytouiie MHOTOYKHC/IEHHBIE 3KCIEPHUMEHTHI, HayM-
Has ¢ He OYeHb TOYHHIX 3KcrepHMeHTOoB ['anunes n Heio-
TOHA M KOHYasg NPEUH3HOHHKIMH (T. €. OYeHb TOYHBIMH)
SKCIIepUMEHTaMH, BHIIOJHEHHRIMH HexaBHO (cM. §7), co
BCe BO3pacTaiollell TOYHOCTBIO JOKA3kIBajH, YTO BCe Tesa,
He3aBHCHMO OT MX Macchi, XHMHYECKOI'O COCTaBa H JPYTHX
CBOMCTB, MajaioT B IPaBUTALIMOHHOM I0Jie (ec/iH NpeHe6peub
COIPOTHBJIEHHEM BO3yXa) C OAHUM M TeM XKe YCKOpEHHeM.
3aberasi Bmepel, OTMETHM, YTO 3TOT 3KCNEPHMEHTaJbHhHINA
(bakT — yHHBepcalbHOCTb (OMHMHAKOBOCTb) YCKODEHHS CBO-
GOZHOrO MajiIeHUs Tesl B PaBHTAllHOHHOM IOJie — CTaJl Kpae-
YrOIbHBIM KaMHEM B OCHOBaHHH OO6ilefi TEOPHH OTHOCHTEJb-
HOCTH DiHINTENHHA.

[IpoaHasn3upOBaB OTPOMHYIO COBOKYIHOCTb OILITHBIX
JaHHeiX, HblOTOH MOHSJI, YTO HEmoCpeACTBEHHEIM OTKJHKOM
TeJ HAa TIPUJIOXKEHHYIO K HUM CHJY SIBJIfIeTCs He caMa CKO-
pOCTb, a YCKOpPEHHe — IPOH3BOJHAS CKOPOCTH 110 BPeMEeHH
(ckopocth H3MeneHHs1 ckopocTH). On Hamen IPOCTYIO CBfI3b
Mexny cunofi F u yckopeHueM @, KOTOpasi OYeHb XODOLIO
ONpaBAMBajach Ha OIIKITE:

F=mg,a. (2.1

310 BceM H3BEeCTHBHI BTOPOH 8aKoH MeXaHHKH HbloToHa.
Benuunna, BXofisiman B Bujae KospdunueHTa B 3aKeH Nps-
MO¥l mpemnopuHOHAILHOH 3aBucumocTd F oT @, nojyuuia
Ha3BaHue WHEPTHOIl MacChl HIH Mepbl HHEPLHH, T. €. Mephl
CONPOTHBJIEHHS Tesa CHIOBOMY BO3IeHCTBHIO, CTpPeMSLIEMY-
csl U3BMEHUTDb COCTOsIHHE ABUXKEHHS Tesna (yCKOpeHue, 3ames-
JleHde, H3MeHeHHEe TPaeKTOPHH).

OTMeTHM, YTO 3TOT 3aKOH cHpaBefIuB A cujul F Jo-
6oro npoucxoxaeHus. 3areM HuloTon o6partuics K uccieso-
BaHHIO caMHX cus F: ueMm onpeaensieTcsl BeTHYHHA U HANPaB-
JIeHHe B TOM HWJH HHOM cJyuae. HauGosee 3HaUMTENBHEIM
€ro JOCTHXKEHHeM GOblA aHa/lH$ SAKOHOB I'PaBHUTAIHOHHRIX
cusl. 31ech YMeCTHO OTMETHTb, u4To 10 HiloToHa eymiecTBO-
BaJl OTPOMHNM ONEITHHA (HaGaeAaTe bHLIM) MaTepHasn o sa-
KOHAX ABHXKEHHs WJIaHeT, DONYYeHHHI B 8HaUHTEALHON Mepe
SHaMeHHTEM aeTpoHoMoM Tuxo bBpare. Ero yueHnkoM



Horannom Kennepom (moppobuee o 3akonax Kensepa cM.
§ 10) 6Gbl1H HalijeHbl SMNHPHYECKHE, T. . NOJYyYeHHble H3
OMbITa, 3aKOHH, KOTOPBIE C BBICOKOH TOYHOCTbIO ONMHCHIBAJIH
JBHXKeHUs nnaver. 3agaua, koropyto pemna Hreioron, 3a-
KJIoYajach B TOM, Kak BBeCTH cHJy Fyp IpaBHTaliOHHOTO
NPOHCXOXKAEHHs, JeHcTBYIoUYyI0 Mexxay CosHLEM H IaHe-
TaMmH, 4TOGbl U3 ypaBHeHHs (2.1) c/ef0BaH ONbITHLIE 3aKO-
el Kensepa. Oter, noayueHusii HbloToHOM H Hocsmu#
Tenepb Ha3BaHHe 3aKOHA BCceMHpHOTo TsiroTends HbioTona,
TaKKe H3BecTeH UIKOJBHHKaMI

(Mpg)- (meg)
'-F"""Gﬁ‘!,:,ﬂ“ 2.2)

B sToM 3aKoHe, cripaBegiMBOM B Takoil (opMme samucH A/
TOYEUYHBIX Macc, G — rpaBHTALMOHHAA MOCTOSIHHASA, Fys —
paccrosiHue Mexny tenamu. Jlisi HeioToHa GBUIO sicHO, 4TO
(mep)1 ¥ (Mpp)y — Tak HasbIBaeMble I'DABHTALHOHHBIE MACCHI
T€J — N0 CBOeMYy (H3HYECKOMY CMEICAY OTJIHUYAOTCA OT
HHEPTHBIX Macc, KOTOphle GUI'YPHPYIOT BO BTOPOM 3aKOHE
Heiorona (2.1). I'paBuTanionHas macca B OGRIYHBIX 3EMHBIX
YCJIOBHAX OMNpejessieT BeCc Tesa (B HEBECOMOCTH, Ha opGHTe
310 He TaK). Kak y6enuicst cav HelotoH (B pesyJibraTe omH-
CaHHBIX HHKe, B § 7, ONBITOB C MasiTHMKaMH), BeC Tejla BCeTAa
NponopuHoHaNeH WHepTHO# Macce Tena. CoBpeMeHHHKaM
Hblorona 310 06CTOATENBCTBO Ka3a/l0Ch BHOJIHE €CTECTBEH-
HBIM, TeM 6OJjiee, YTO OMBIT MOATBEP:KAAN PABEHCTBO HHEPT-
HOH W rpasuTanuoHHoii Macc. [losatromy HeloTon ompepe-
JHJ Maccy Tak: «KoJH4yecTBO MaTepuH ecTb Mepa TAaKOBOH,
yCTaHaBJIHBaeMasi TNPONOPLHHOHANBHO IJIOTHOCTH H 00Bb-
eMy ee».

BaXHO nogYepKHYTh, YTO, COTJACHO 3aKOHY BCEMHDPHOrO
TATOTEHHs, TeJa He TOJbKO MNPHUTATHBAOTCS K 3emje, HO
H Apyr K apyry. BciencrBue ciiaGocTH TIpaBHTalHOHHOTO
B33aUMOJIEUCTBUSl TPUTSIKEHHE MeX1y J1abopaTOpPHEIMH Mac-
caMH, Kak Mbl 3HaeM, KpaiiHe Majo (YTO COOTBETCTBYET
MasiocTd noctosiiuoél G B (2.2)). Tem ne meree I'. Kapenpuu-
Iy yAaJoch ¢ NOMOLIBIO KPYTHJIBbHLIX BecoB (pHC. 1) H3Me-
PHTb IPaBHTALIMOHHYIO CUJTY MEXAY ABYMs IIAPHKaMH B Jia-
6opatopun. CMenast joranka HeiotoHa o ToM, 4TO Bee Tena,
a He TOJIBKO HeGecHble, HCIBITBIBAIOT B3aHMHOE IpaBHUTALH-
OHHOE TPHUTsIKEeHHe, MOATBEPAMIAch Ha omnkite. Brnocnexcr-
BHH C noMmolipio Merona KaBenpumia OplAa YHCJEHHO Oompe-.
Aenena nocrosunas G, sxoasamas B (2.2). Cerogns sra no-
CTOSIHHAA H3BeeTHAa MO 4YeTBepToro 8Haka: (=(6,6734
=+-0,003)-10~% am?/(a®+r). Drenepumenr Kasenpuia — 3T0
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ONMH M3 HEMHOTHX «aKTHBHBIX» TPABUTAILMOHHBIX JKCIEPH-
MEHTOB B HCTOPHUH (M3HKH: TpPaBHTAUHOHIOE MOJie CO3.a-
BaJIOCh J1a60paTOpHbBIMA MaccaMu. Henbssi He oTMET!TH OT-
POMHOE 3HAYEHHE 3TOTO JIaG0PATOPHOTo dKCHepHUMeHTa JJIs
acTpoHoMuHd. 3Has M3 HaGJMIOTEHUH, Kag ABHKeTcs 3emnst
BoKpyr CoJIHI|a, MOXHO ONpE/IJIUTh YCKODeHHe, a 3HAuHuT,
COTJIaCHO BTOPOMY 3aKOHY [UHAMHKH HuioToHA, cHJY.
3arem, 3Has1, UTO 3Ta CHJIa 0GPATHO MPONOPIHOHANBHA KBaJl-

P

Puc. 1. ¥Ynpomernas cxema onunraiKasenauma no usmepenuio G. Hs-

MepHB, HACKOJbKO 3aKpyuHBaeTcs HHTb, KaBeHAWW oOmnpejesus cH-

Jy, HIeHCTBYIOUYIO MeX]y CBHHIOBBIMH mapukaMH A u C (B u D) mac-

caMu m u M, yGequacs, 4T0 3Ta CHJa OGPATHO NPONOPI{HMOHANBHA
KBajJpaTy paccTofHus r, u onpenenua G.

pary H3BecTHOro paccrosiHusi A0 COJIHI|A, MOXHO Orpeje-
JUTb [POH3BEJCHNE IPABUTAILHOHHON MOCTOSIHHOMR Ha Maccy
Connua. Takum o6pas3om, 3Hast u3 onelta Kasewpuiia rpa-
BHTALMOHHYIO MOCTOSIHHYIO, MOXHO «B3BecuTb» CouHle,
3emmo (u3yuasa askenue Jlyner), fOnurep, Carypu (u3y-
gasi JABHXKEHHe HX CNyTHHKOB) H T. A.

Ho He TOMIBKO B acTPOHOMHH NMDHTOAHJIOCH 3HAHHME MO-
crosiHHON (. Bo3HHK/1a nesiast HayKa — IPaBUMETPHsi, KOTO-
pasi 0Ka3anacb OYeHb MOJIE€3HON U /IS TAKUX BIIOJIHE 3€MHBIX
HayK, Kak, HanpuMmep, reosorusi. O ToM, 4TO TaKOe IpaBUMeT-
pHsa M Kakas OT Hee nosb3a Ha 3emse 1 B KocMoce, paccka-
3bIBa€TCSi B INPUJIOKEHHH, IIOMEIIEHHOM B KOHIE 3TOH
KHHUTH.

[NocMoTpHM Teneph Ha 3aKOH BCEMHPHOTO TSATOTEHHS
HoloToHa, BcTaB Ha Touky spenus dusukoB XX u XX Be-
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KOB, KOrJla 6narofaps HccJelOBaHHAM 3. 1EKTPHYECTBA NPOY-
HO BOWIE B (DH3HKY TaKHe NMOHATHSA, KaK NojJe W 3apsl.

Korna Mol roBOpHUM O MpHTSIKEHUH ABYX Tten, A u B,
MOXKHO MpeicTaBuTb cefe, uto Tesqo A H3MeHseT CBOHCTBa
NPOCTPAHCTBa BOKPYT cebs Tak, 4yTo Telo B pearupyer Ha
5TH H3MEHEHHS! NPOCTPAHCTBA, HCMBLITHIBAsl CHJY NPUTSNKeE-
Hus K teny A, u Hao6opoT. Bosee nakoHnuHO: Kaxjoe Te/10
co3JaeT BOKPYT ce0si TpaBUTalHOHHOe foJie. CHOBA, BOCIOJ/b-
30BaBIUNCh aHAMOTHEH C 3JIeKTPOCTATHKOH, MOXHO Onpefe-
JIUTh 3apsfl KaK CIOCOOHOCTb Te/la pearHpoBaTh Ha TO MJIH
HHOe MoJe: HanpHMep, CHJIa, KOTOPYIO 3apsiKeHHOe TeJso
HCHBITBIBAET B 33JaHHOM 3JIEKTPOCTAaTHYECKOM ROJe, HpO-
NOpIHOHA/IbHA 3JEKTPHUECKOMY 3apsily 3Toro Ttena. Ml
BIIpaBe BBECTH FPAaBHTAHHOHHLIN 3apsij M HAa3BaTh €ro, Kak
9TO HCTOPHYECKH U IMOJY4YH/O0Ch, T'DABUTALHOHHOH Maccol
Mrp. BB BUAHTE, YTO CJ0OBO «Macca» COAA MORAJO YHCTO
CN1y4yalHO,— MOXKHO Obl1I0 OBl TOBOPHTb HCKJAKUHTENBHO
O TIpaBHTALlHOHHOM 3apsje, AeHCTBHTENbHO HE HMEIOLIEM
HHuero o6iiero ¢ HHEPTHOH Maccof, 0 KOTOpPOH H1na peyb
paubiie. ['paBUTANHOHHBIA 3apsj (MM TpaBHTALMOHHAA
Macca) TOBODHT O BeJHUHHE CHJBI, AeHCTBYIOIEH Ha TeJO
B 3aJlaHHOM TDaBHTAIHOHHOM IMOJie, TOTJa KaK HHepTHas
Macca TrOBOPHT HaM 06 YCKOpeHHMH, KOTOpOe npHoOperaer
TeJIO MOJ JAeHCTBHEM 3aJlaHHOH CHJIBI, B YaCTHOCTH NOJ JAeH-
CTBHEM TIPaBUTALlHOHHOH CHJIBL

I'paBuTalHOHHOE noJie, NOJOOHO 3JEKTPOCTaTHYECKOMY,
MOXHO OIKCHIBaTh ¢ HOMOLIBIO BEKTOpa HaNpPAMXKEHHOCTH
noast Ep, onpenenys HaMpsXKeHHOCTb KaK CHJY, AeHCTBYIO-
LyI0 Ha eJHHHYHBI rpaBuTalHOHHEIA 8apsaA. Toraa

FFP = (mrp)l (Erp)n = (mrp)a (Erp)1° (23)

31ech BaXXHO MOAYEPKHYTb, YTO HAMpSIXKEHHOETb MOJS
He 3aBHECHT OT Tesla, KOTOpoe MOMEIEHO B MoJie, a 3aBUCHT
TOJIBKO OT TOTO Tejla, KOTOPOE 3TO MOJIE CO3[Aer.

BosHHKaeT BOMpPOC: C KaKUM YCKODEHHEM @ ABHIKETCS
B 3aJlaHHOM TpaBHTalHOHHOM nose E., HeKoTopoe Ten0?
BocnonbszoBasinuck (2.3) u (2.1), moayuum

My
a=—E_,.
Mgg P

2.4)

ITockonbKy (akT OJMHAKOBOCTH YCKOpPEHHH JIIOGHIX TeJ
B I'PaBHTAllMOHHOM IOJIe ObLI YCTaHOBJIEH Ha OMBITE C BBHICO-
KOH CTeleHbI0 TOYHOCTH, TO H3 3TOTO CJAEAYeT BHIBOJA, UTO
AJSl BCeX TeJ OTHOIUERHE Myplm,, ABJSAETCA BEJHYHHON
NOCTOSIHHOH, He 3aBHCflled, KaKk MH Yyxe TFOBOPHJH, OT
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XMMHUYECKOTO COCTaBa Tesa, OoT ero Gopmel, pasmepa H T. A.
[Ipu cooTBeTCTBYIOWIEM BHIOOpPE CHCTEMBI €IMHHI MOXHO,
cJeloBaTeNbHO, CHENaThb 5TO OTHOIIEHHE DaBHLIM €JUHHILE.
[Toayuusnock, 9T0 rpaBUTALMOHHBIA 3apsk (MU TPaBHTalM-
OIHAs Macca) 0Xa3aJjicsl paBHBIM HHepTHOH Macce. HTo 310 —
copnajienne? [loctaTrogHo o6paTUTb BHHMaHHe Ha TO, UTO
B 3/1eKTPOCTaTHKe, B KOTOPOH LIEHTPa/lbHOE MECTO 3aHUMaeT
3akoH KysioHa, oueHb MOXOXKHUH Ha 3aKOH BCEMHPHOTO TH-
rOTeHHs1, 3apsii — 3TO 3apsl, a macca — 310 macca. M nu-
KaKoil CBfI3H MeXAy HHUMH HeT. Tela HMEOT COBepLIEHHO
pasHble OTHOUICHHS €/Myg,, @ A5 He3apsKEeHHBIX Tel H BOB-
ce e/my,=0. Eciu mep=my,, TO, Kal BHAHO H3 (2.4),

aw2g=Em, (25)

T. €. pa3 yCKOpeHHe BceX Tesl B 3aJaHHOM I'DABHTAlHOHHOM
0Jie OJHO H TO K€, TO HMEHHO OHO U sIBJIAETCS BEJIHUHHOH,
XapakTepusyioulefi 3T0 moJie, W NpU NOIXOAALlEeM BhIGOpE
CHCT2\ibl STHHHIL TPOGTO COBHANAET C HAMPAKSHHOCTBIO Ipa-
BHTa(MOHHOrO HOJSA. 3/eeb BMNEPBbIC MOABJAETCH  He-
KOTOPOE TOKIECTBO TI'PABHTABUOHHOIO [O.1s1 H YCKOPEHHS,
OTTa/KHBAsICb OT KOTOPOro DAHIMITEAH cO34aJ CBOWO OOILYIO
TEOPHUI0 OTHOCHTENBHOCTH.

3akaHunBas STOT naparpacd, noxBeeM HEKOTOPHIA HTOT.
HblOTOH, OKOHYATeNbHO NMpPEeoNoJieB apHCTOTe/eBy «GOs3Hb
MyeTOTH®, HANENHJ MYCTOE NMPOCTPAHCTBO CBOACTBOM ObITH
apeHo#, Ha KOTOPOil pasrpuiBaloTcst GU3HYECKHE SIBJEHHS.
Cornaedo HbloToRY Bce siB/eHHS, CBS3aHHBIE C IPaBHTallH-
OHHBIM B3aHMOJEHCTBHEM, OMHCHIBAIOTCH PABUTAIHOHHBIMH
CH/IaMH, FOAUHHSIOUIMMHCA 3aKOHY BCEMHPHOTO TSATOTEHHS
U BJIOXKEHHLIMH® B 3TO MPOCTPAHCTBO. DTH CHJBL AEACTBYIOT
HAa pacCTOsIHMU (NPUHUMMA JaNbHOAEACTBUA), H NPHUMHA HX
BO3HHKHOBEHHUsI, KaK CJAeLyeT U3 snurpada K AaHHOMY MNa-
parpagy, ocTraBanach HepacKpHITOH.

§ 3. OTHOCUTEJIbHO YEr0 ABWKYTCS
TEJIA W CBET?

YTo Kacaercs MeXaHHYeCKOR fpHPOJb JopeHnlleBa sdupa, 10 B
WYTKY MOXHO ¢Ka3aTb, 4To I'. A. JlopeHl| 0CTaBHJ eMY JIHIIb OAHO
MeXaHHYeCKoe CBOACTBO — IeNOABHKHOCTE. K ®TOMy MOMKHO
[o6GaBHTb, YTO BCEe H3MeileHHS, KOTOpbie BHeC/Ia cllellnajibHasi Teo-
PHSl OTHOCHTEJIBHOCTH B KOHLENNIHIO 3pHPa, COCTOANH B JIHUICHHH
abupa H ITOrO NOCHENHEr0 ero MeXaHWYyecKoro CBOHCTBaA.

A. Jinwmedn

[Tyts k nonumanmo OTO nexur uepes CTO
(cnennanbHYIO TEOPHIO OTHOCHTE/NBHOCTH). 3alerast Bnepex,
ckaxkem B ueM cyTb OTO. Cornacio OTO ceofictBa npo-
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CTPaHCTBa-BpEeMEHH ONpENeNsIOTCS] MaTepHeli: marepHsi HC-
KPHBJsieT IPOCTPaHCTBO-BpeMsi. B cBolo ouepenp, JBHKEHHE
MaTepHH OnpejensieTcss reOMeTpPHYeCKHMH CBOACTBaMH caMo-
r0 NMpOCTPAaHCTBa-BpeMeHH. A rpaBHTaMOHHOE B3aMMOJEHi-
CTBHE — 3TO He YTO MHOe, KaK Hal/oJaeMoe MpOsiBjeHHe
HCKPHBJEHHOCTH IPOCTPAHCTBA-BPEMEHH.

IIpencraBum ceGe, uTO MaTepHH, HCKPHBJSIOMEH MPOCT-
paHcTBO-BpeMs, HeT. KakoBO TOrza npocCTpaHCTBO-BpeMsi?
H nouemy Mbl rOBOPHM NPOCTPAHCTBO-BpeMsi, a HE IPOCTPaH-
CTBO U BpeMs?

Kak Mbl yxke 3HaeM 3 npegpinymiero naparpada, Hslo-
TOH CYHMTa/J, YTO «apeHOiH», Ha KOTOPO# pasbIrpHIBAlOTCA
IBJICHHSI NPHPOIbI, SIBJsETCA aGCO/IOTHOE MpPOCTPaHCTEO.
Ho, kak nounman eme [anuneil, qBHKeHHe OTHOCHTENBHO:
€CTb CMBIC/I TOBOPHTD JIHILIb O NlepeMellleHHH OJHOrO Tesa OT-
HOCHTeJNBbHO JApyroro. IIpuHnun oTHOCHTENBHOCTH, chOpMY-
JupoBaHHblil [anuseem, riacut: «MexaHWdecKue siBJIEHHS
NPOHCXOAAT ONMHAKOBO B JBYX CHCTEMax OTCUeTa, JBHXKY-
IHXCS DAaBHOMEPHO H MNPSMOJHHEHHO OTHOCHTEIBHO APYT
apyra». [IpyruMu cJI0BaMH, ONLIT HHYEro He TOBOPHT O CY-
IeCTBOBAaHHH alCOMOTHOrO npocrpaHcrBa. [anunedt cdop-
MYJHpPOBaJ TaKKe 3aKOH HHepuuHu (mepBoli 3akoH Hblo-
ToHa), riacsmuil: «Teno npogosKaer ABUraThCsl paBHOMED-
HO M INPAMOJIMHEHHO, ecjH paBHOJAEHCTBYIOLIAs] BHELIUHHX
CHJI, JeRCTBYIOIIUX Ha 3TO TeNo, paBHa HyJo». Ho 3T0 03-
Hayaetr, uto aGCOJIIOTHOE IPOCTPAHCTBO TepsieT BCSKHH
CMBICJI, TIOCKOJIBKY HeJb3s, Na)Ke B IPHHIIMIE, H3MEPHTh
JBHKEHHe OTHOCHTENbHO Hero. JleficTBHTEIbHO, NYCTh C Of-
HHUM M TEM 2Ke TeJIOM NPOHCXOJAT ABa coSuiTHs. Tepsier Bes-
KHMH CMBICJ BOMpPOC, MPOH3OLWIH JIH 3TH COOBITHS B OLHOM
MecTe HJIM B Pa3HbIX, IOCKONbKY HaOJogaresb, ABHKYIHH-
csl BMECTe C 3THM TEJIOM, OTBETUT YTBEPIHTENBLHO, a JoOOH
Ipyro# Habsofaresb, ABHXKYIUMACA paBHOMEDPHO H NPSMO-
JIMHEHHO OTHOCHUTENBHO NepBOTo HabmoaTe s, KOHEYHO XKe,
IacT OTpUIIaTeJbHBbI OTBET. A NPHHIHN OTHOCHTENbHOCTH
[anunes B TOM M COCTOHT, YTO M NEPBHIl, H BTOPOH Habio-
JlaTeJl1 COBEPIUIEHHO PaBHONPABHBI M 3aCAYKHUBAIOT OJHHA-
KOBOTO JOBEpHS.

ITosTomMy, eciin MCXOAUTH U3 OIIbITA, Y2Ke B paMKax HblO-
TOHOBCKOH MEXaHUKH BbLIEJEHHYIO CHCTEeMYy OTcyeTa, He-
NOABHKHYIO OTHOCHTE/ILHO aGCOMIOTHOTO MPOCTPAHCTBA, CJle-
IyeT 3aMeHUTb Ha GeCKOHeYHOe MHOXKeCTBO HHepIHaJbHBIX
CHCTEM OTCYeTa, T. €. TAKHX CHCTeM, B KOTOPHIX ClIpaBefJiu-
BBl 3aKOHBI HBLIOTOHOBCKOM AnHamHukH. MHepruajbHbIE CHC-
TEMBI OTCYeTa [ABHIKYTCH OTHOCHTENbHO NPYT Apyra paBHO-
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MEPHO H NPSMOJHHEHAHO M SIBJSIOTCS COBEpIIEHHO pPaBHO-
paBHLIMH.

PaccmoTpHM iBe HHepIHANbHbIE CUCTeMBl otcyera [ u [’}
I’ nBIXeTcs OTHOCHTENBHO / CO CKOPOCTHIO ¥ BIOJb ocH 0X
(puc. 2). B kaxno#i cucremMe OTcyeTa HEKOTOPOe COGLITHE
3ajaercsi TpeMsl IPOCTPAHCTBEHHLIMH KOOPAHHATaMH (X, Y, 2
Bl ux',y,2 BI') u momenTom Bpemenu (! B/ ut B1I').
CBsisb MEXAY X, Y, 2, tu x', y', 2’, ¢’ maercst mpoOCTBIMH COOT-
HOIIEHUIMH, KOTOPhIE Ha3bl-
BalOTCA NpeoOpasoBaHUAMH b4
Canunes: ey

. 7/

¥=x—ut, Y=y, Z

2=z, t=t. SR

|
INocnensee paBeHcTBO 03- I
HayaeT aGCOJIIOTHOCTh Bpe- |
MEHH — BpeMs BO BceX HHED- 1
NUaJbHBIX CHCTEMAX OTCYETa y—-—
Teuer ogHHakoBo. M3 (3.1), .
COIVIACHO KJIACCHUECKOH Me- Puc. 2. JIBe uHepyHaibHble CHCTe-
Mbl oTcueta / ¥ /', ABHXKyuwuecs
XaHUKE, CJCLYeT, B 9aCTHOC-  grpocutensHO APYT APYra €O CKO-
TH, YTO CKOPOCTb HEKOTOPO-  pocThio ¥, HampaBJieHHOH BJOJb
ro Ttena otHocutespHo [’ ocu OX. A—mHekotopoe coGbiTHE,
(0603HAUMM ee yepe3 ') CBsi-  ONHCHBAEMOE KOOD IHHATAMH £, Y,
. 2z ¥ BpemeHeM ¢ B / M KOODJHHA-
3aHA CO CKOPOCTBIO TOTO XK€ ramy x' y', 2’ u BpemeneM ¢’ —
Tesa OTHOCHTeNbHO [ (0603- B/l
HauuM ee uepe3 u) Ipo-
CTbIM COOTHOIIIEHHEM, KOTOPOE€ OTpakaer KJlacCHYECKHH 3a-
KOH CJIOXKEHH I cxopocrefx'

X d(x—ut

u’—%—t,—_—%—t—-——) dt —v=u—1. (3.2)
Ecau xe B ypaBHeHHH Broporo 3akoHa Hetorona (F,=mx
M T. 1.) BLIPa3uTh X, Yy, 2, t yepe3 x’, y', 2, ', Bocnosb3o-
BaBIIKCh (3.1), TO 3TO ypaBHeHHe COXPaHHUT CBO# Bui. B ra-
KHX CJy4asiX TOBOPSIT, YTO YpaBHEHHE HHBADHAHTHO OTHO-
cuTeNbHO npeoGpasoBanuii ["anunes. VIHBapHaHTHOCTD Becex
3aKOHOB HbIOTOHA OTHOCHTE/IbHO mpeoGpa3oBaHuit (3.1) —
3TO [POCTO apyras dpopmynuposxa KJIACCHYECKOTO MPHHIH-
nMa OTHOCHTEJIbHOCTH.

Ycnexu HBIOTOHOBCKOH MeXaHHKU B ONHCaHHH BCEX HU3-
BECTHHIX MEXAHMYECKHX JABHXKEHHH, BKJ/IOYas [BHXXEHHE
nJager, cnocoGcTBOBATH TOMY, YTO HBIOTOHOBCKHE MpeACTaB-
JeHHsl O [IPOCTPAHCTBE H BPeMeHI He IOJBEPrajuCh COMHE-
auio B1ioTh 40 XIX Beka, Koraa ¢usHka o6parujach K u3y-

i7




YEHHIO COBEPLUEHHO HOBOTO KJacca s1BJeHHH, Ha OCHOBE KO-
topbix Papajelt 1 MakcBeasn CO31ajqH 3JEKTPOMATHHTHYIO
Teoputo. [10y4HB CBOH 3HAMEHHTEIE YPABHEHHUS, ONHCHIBAIO-
e BCe 3JIEKTPOMArHHTHbE siBJeHHs, Maxkcpesn1 chenan
3ameuarte/ibHOE OTKPHITHE: 3/1€KTPOMAarHHTHOE B3aHMOJEH-
CTBHE MOXKET PacnpoCTPaHAThCA B BHAE BOJH, CKOPOCTb pac-
NPOCTPAHEHHs] KOTOPHIX COCTaB/fAeT COBEPLIEHHO Ofnpene-
JenHoe 3HaueHne — 300 000 kM/c, T.e. paBHa CKOPOCTH
cBera. Ho cpasy ke BO3HHK BOIPOC: 3TO CKOPOCTb OTHOCH-
TenbHO dero? Ileitasich OTBe-
y THTb Ha 3TOT BOmpoOC, IO
77747/ npo6OBaTH BBECTH NPEACTAB-
€HHe O CBETOHOCHOM 3(H-
v pe, T.e. O HEKOTODPOM THIIO-
TETHYECKOH cpefie, B KOTOPOi
l (4, caepoBatesIblO, OTHOCH-
TeJILHO KOTOpO#)  pacnpo-
CTPaHAIOTCS 3JIeKTPOMariuT-
| B Hble BOJAHBI. B H3BecTHOM
P ; _ 2 / CMBIC/ie Takas TOMBITKAa 03-
's - 2 Hauajaa BO3BPaT K aGCoMOT-
HOMY MpPOCTPAHCTBY: IeH-
CTBHUTE/NbHO, HHeplUHaJbHas
cHCTEMA OTCUETa, HEeNoJABHK-
Hasg OTHOCHTeNBbHO 3Hpa,
Puc. 3. Cxema onmta Mafixens-  BBIACICHA  CPEIM  NPOUHX
coHa— Mopan: A, B—3zepkana, HHEDUHAJbHBLIX CHCTEM H AOI
C—noaynpospaunoe  3epKano,  «abGCOAIOTHBIM  JBHIKEHHEM»
‘g@;’.ﬁ:ﬁ’:ﬁ"ﬁyqf‘ X Ui;g':{‘:}’ﬁ'_ MOXHO NOHHMATb JBHKEHHE
CKOpocTh 3eMa  oTHOcHTenbmo OTHOCHTEJNBHO 3TOM CHCTEMSI
Coanna. oTcyYeTa.
' B 1887 r. MaiikenbcoH u
MopJiu npoBeny BaKHEHIIHA
SKCIEPUMEHT 10 OGHApYKEHHIO JBHXKEHHSI 3eM/IH OTHOCH-
TeJNIbHO «CBETOHOCHOTO» 3dupa (puc. 3). DxcnepumeHt Mait-
KeJbCOHAa — MopJH chirpal OYeHb BAXKHYIO PO/ib B PasBu-
THH BCeX MOCJAEAYIOIHX MPENCTaBjJeHHH O NPOCTPaHCTBe
H BpeMeHH. [103TOMY HECKO.IbKO CJOB 00 3TOM IKCIepHMeH-
Te. CBET OT HEKOTOPOTO HCTOUHHKA Pa3Nefistics C MOMOILbIO
3epKaJs Ha JBa Ny4Ka, PAclpoCTpaHsBIIMXCH B JBYX B3auM-
HO TepHEeHAUKYJASIPHBIX HampaB/ieHHsiX. 3areM, OTPAa3UB-
IUKCh OT APYTHX 3epKaJ, JYy4d Bo3Bpamjanuch 0O3paTHo
1 unTepdepupoBanu Apyr ¢ apyroM. Ecau 661 3emas asu-
rajacb OTHOCHTeIBHO CBETOHOCHOTO 3dupa, TO Bpems f,
HEOOXOJHMOe CBeTy 1] PacHPOCTPaHEHHS OT MOJYNpo3-
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pauHoro 3epkana C k 3epkany A (cM. puc. 3) u obpaTHo,
6b1710 GBI He paBHO BPeMeHH {,, 33 KOTOpOe CBET pacipocTpa-
HseTcs or 3epkana C k 3epkaly B u obpario. B arom
HeTpyaHO yGeauTbCsi, 3aMETHB, YTO MOKA CBET «paclpocTpa-
HSIeTCs] OTHOCHTE.ILHO 3(HPa» CO CKOPOCTHIO ¢, BCe 3epKana
TOXEe «IBHKYTCA OTHOCHUTEJIbHO 3(Hpa» CO CKOPOCTHIO U.
DneMeHTapHBIR pacueT pa3sHOCTH BpemeH At=+f,—¢, MBI Tpe-
JloctaBasieM yuTarenio. HeofHoBpeMeHHOCTb NpHXoAa BOJ-
HOBBIX (PPOHTOB O3HayaeT CABUI HHTep(epeHUHOHHOH Kap-
THHHL 10 CPaBHEHHIO CO CJydaeM, KOTrja npuHGOp «IOKOHTCSA
OTHOGHTENBHO 3¢upa». Mafikenbcon M Mopau pemMjd B
npolecce H3MepeHHs HeNpepLIBHO BpaIaTh CBOH HHTepGepo-
MeTp, OXHZAAs, YTO ecad 3eM/s AeHCTBUTENBHO IBUIKETCS
OTHOCHTETbHO 3HUpa, TO HHTEP(epeHIHOHHbIE TONOCH! JO/XK-
Hbl NMEpHOAMYECKH (u3-3a BpaleHHs HHTepdepoMerpa) cme-
marecs («ryasaTby). OHH JOCTUIVIH BEJHKOJEIMHOH TOYHOCTH,
HO, YBBI, HUKAKOTO «TYJsHUS» HHTep(epeHIIHOHHOH KapTHHH
He OOHApyXHUJIU.

Kak o6bsicHUTD TaKOH «OTpPHIATEJIbHBINY pe3yabTaT SKC-
nepHMeHTa, HHKTO B TO BpeMs He 3HaJ. [IpaBaa, ocraBanace
«CracuTe/NbHas» MbICJb, YTO HMEHHO B TOT MOMEHT, KOTZa
TPOBOAMJICA 3KCNEpUMEeHT, 3eMss CAyyadHO MOKOHJach
OTHOCHTeJNbHO 3dupa. MamepeHus NoBTOPUJH yepe3 ILIECTh
MecsileB, KOrZa 3eMJisi ABHTajach MO CBoeH OpOHTe BOKPYT
ConHlla B NPOTHUBOMNOJIOXKHOM HANpaBJE€HHH,— TOT K€ pe-
synbrar. OTpHUATENbHBIH pe3y/bTaT SKCHepUMeHTa Kasall-
Csl MapafOKCANBHBIM: €c/1M 3eMJIsi HeloABHKHA OTHOCHTEb-
HO 3dupa, To Connue, ['anaktuka u Bcst BeenenHas JBHKYT-
Csl OTHOCHTeNbHO 3Qupa, T. e. BpamaoTcs BOKPYT 3emJHl
H 310 uepes 300 ser mocsne Toro, kak Jlxkoppano Bpywno
CTYNUJ Ha KOCTep, He xejas oTpeubcsl oT yuyeHus: Konep-
HHKa, OTBepraBulero reoneHTpusM. [IbiTasch OGBSICHUTD pe-
syapTar ombita Mafikenbcona — Mopau, Oumkepanpi, a
3aTeM M JlopeHU BBIIBHHYJIH THIOTE3y O TaK Ha3bIBaeMOM
COKpallleHHH MPOJOJbHBIX pa3MepoB JBHXKYIIHXCS Tell.
- B pamkax 3To#f 'HIOTE3H YIaN0Ch OGBbSICHUTD, [I04EMY B 9KC-
nepuMedTe MafikenbcoHa — MopJau He HA6MOHANOCH «Ty-
JISTHHSI» HHTep(epeHIIMOHHON KapTHHBI: PACCTOSTHUS B ABYX
B3aHMHO MePNEeHIHKYNsPHLIX HalpaBleHHsX (cM. pHc. 3)
TaK H3MEHSIOTCS B XOJle BpallleHU sl BCeH YCTaHOBKH, YTO BBe-
IleHHas paHee pasHOCTb BpeMeH Af OKa3biBaeTcsi B TOYHOCTH
paBHO#l HyJIO.

Hrak, orpunare/bHulil pe3yabTar onpita MafikenbcoHa —
Mopau ®uuxepasp H JIOpeHR OGBAGHHIH, HO OPH 3TOM
BO3HHKJ/Aa HOBasi npo6.ieMa, PEEHTb KOTOPYI0 OHTAJCHA
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[Tyankape,— B uem ¢u3suyeckas NpHYMHA H3MEHEHHH MPO-
IOJIbHBIX PA3MepoB ABHKYuHXCs Tea? [louemy o 06HOTO
poja «cxKaTHe» BIOJb ABHXKEHHsS! BO3HHKAeT BO BceX HHEPIIH-
aJbHBIX CHCTEMAaxX OTCYeTa, KPOMe OJHOMH BbljieseHHOil, MO-
KOsIefics OTHOCHTE/IBHO MHPOBOTO 3dupa?

CoBcem HHaue nojoules K o6bsCHEH: 0 onbira MalKesb-
cona — Mop.n Tenpux Tepu. Ou npeirosokui, 4to 3gup
yBJIeKaeTcsl ABHXKYHIHMHCS Te1aMH, TaK 470 JabopaTOpPHBIE
3KCINEPHMEHTHl B NPHHIHIIE HE MOTYT OOHAPYXKHTb JBHXKeE-
HHe OTHOCHTeIbHO 3¢Hpa. Ho apyrue usnuecxue onsirh *j
M0Ka3aJ/Ii, YTO 5Ta THIOTe3a HeBepHa.

Kak MBI Tetcpb 3HaeM, JJIsi OKOHYaTe.IbHOTO Daspere-
HUSl 3TOTO Iapajjokca mNoTpefoBajics MNepecMOTP CaMbIX
(pyHaaMeHTaNbHEIX NpPEACTABJEHUA O NPOCTpPAHCTBE H Bpe-
MEHH.

VIMEHHO 1O NyTH TaKOro MEPecMOTpa OCHOB IOILEN
A. DiiHiuTeliH, co3jaTesb ClEUUAaNbHON TEOPUH OTHOCHUTE/Nb-
Hoctd. B otsinume or X. Jlopeana, [Jx. ®uiaxepannpia, A.
[lyankape ¥ JpPyruX, OH He OrPaHHYHUBA/CS KOHKPETHOH
1e/bl0 OGBSICHHTb OTPHUATENbHBIA pedy/brar onbita Maii-
KesbcoHa — MopJn. Jloruka ero paccyxieHuii 6bl1a NpH-
MepHO TakoBa.JIpHHIMIT OTHOCHTENBHOCTH, CHOPMYJ/THPOBAH-
Hel [anuieeM 17151 MexaHMYeCKHX fiBJEHHUIT 3a[I0JITO JIO OT-
KPHITHA 9JIEKTPOMAarHeTH3Ma, — paccykaail IiHIITeHH,—
6610  Obl BIOJIHE €CTECTBEHHO pacCHpOCTPAHHTbL H Ha
9/IeKTPOMATHUTHBIE SIBJICHHS.

B cBoeft camoit nepsoii pa6ore no CTO Dfinmrelin npu-
BOAHT TakoH NpPOCTOH NpHMep: HUMeeTcss NMPOBOAHKMK H Mar-
HHT, KOTODHIE JBHKYTCS OTHOCHTEIBHO APYT APYra c mo-
CTOSIHHO# CKOpOCTbio. B cHcTeMe oTcuera, B KOTODOH JBH-
JKEeTCS MarHuT, a NPOBOJHHK MOKOUTCS, COTJIACHO 3aKOHAM
MakcBesiia BO3HHKAeT 3JEKTPHUYECKOe MoJie, NOPoXKJaolee
B NPOBOAHHKE HEKOTOPHI TOK. B apyroi#l chucreme orcuera,
B KOTOpOH ABHXKeTCs NPOBOJHHMK, 4 MATHHT MOKOHMTCS, HH-
KaKOro 3JIEKTPHUYECKOTO M0JIsi BOKPYT MarHuTa HeT, HO B
NPOBOJHHKE BO3HHKAET 3JIEKTPOABHXKYINAS CHJA H3-3a CHJ
Jlopenua, meficTBYIOIIHX HA ABHXKYILHECS BMeCTE C MPOBOJ-
HHUKOM CBOGOZHbIE 3apsianl. B pesysbrare B 06eHX cHcTeMax
OTCYera TEKYT COBEPLIEHHO OAHHAKOBHE TOKH. Takux npu-
MepoB MOXKHO GbLT0 Gbl TPHBECTH MHOXKecTBO. Kopoue, Bech

*) He BaaBasce B mOAPOGHOCTH, OTMETHM JIHIUb, YTO 3/1eCh Peub
uper o6 sdpdekre abeppaunu cBera ¥ 06 omnite Puso. Yro 310 Ta-
Koe, HHTepecylOMHecs MOTYT Y3HaTh, HaupHMep, H: KHHrH A. DfiH-
wrefna u JI. Hedenbna «dBomonns ¢pusukes.— M.:— Hayxa, 1967,
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ONBIT YKA3BIBAJ Ha TO, YTO IPHHILUI OTHOCHTENBHOCTH Crpa-
BEJJIMB 7151 BCEX 3JIEKTPOMArHHTHBIX, @ He TOJbKO MEXaHH-
geckuX siBjeHuil. Ho, Kak Mbl y2ke 3HaeM Ha npuMepe ypas-
HEHHs! 1J1si BTOPOTo 3akoHa HbloToHa, 3TO JO/IKHO ObLIO Obl
COOTBETCTBOBaTb HHBApPHAHTHOCTH YypaBHeHHH Makcseana
OTHOCHTENbHO npeobpasoBanuit 'anuaes. Ho Henmocpencr-
BeHHasl IpoBepKa I0Ka3aJna, 4To 3To He Tak. [Ipumensd npe-
o6pasoBanus 'anuiess K nepeMeHHbIM, BXOASIINUM B YpaBHe-
Husl Makcsenna, ¢u3uku yOefHaHCh, 4TO ypaBHEHH:
MakcBessia cripaBefJIHBE JIHIIb B OJHOH BhINE/NEHHOH HHep-
LHaJbHOH CHCTeMe OTcyera, B TOH caMoil cHcreMe, OTHOCH-
TeJIbHO KOTOPOH CKOPOCTb PacHpOCTPaHEHHsl 3JeKTpoMar-
HUTHRIX BOJIH B TOYHOCTH PaBHa NOCTOSIHHOH ¢ (B CHCTEMe,
HEMOJBHXXHOH OTHOCHTEJIbHO «CBETOHOCHOTO 3dupar). Jlo-
peHIl Haules TaKHe Npeo0pa3oBaHHs NepeMeHHLIX, BXOJs-
IHX B ypaBHeHus MakcBensna, OTHOCHTEJIbHO KOTOPBIX
ypaBHeHHs1 HHBapHaHTHHL. [Ipeo6pa3oBaHus 3TH TaK H Ha-
3bIBalOTCSA «npeobpa3oBanusaMu Jlopenuay, xota cam Jlopenn
OpHAaBal HM JIHIIb (POpMAJbHO MaTeMaTHYECKHH CMBICH,
¢du3udeckHil Ke CMBIC 3THX mnpeo6pa3oBaHHil oOcraBajcs
HepacKpbITHIM.

Takum o6Gpasom, Bo3HHKJA nmpobJjema BhIGOpaA: JHGO OT-
Kasarbcsi OT C(HOPMYJHPOBAHHOTO BhHILE NMPUHLIHIA OTHOCH-
TeJIbHOCTH, JIHOO BHIOM3MEHHTh TeopHio Makcsenna, BBOAS
KaKHe-TO JOIOJIHHTE/NbHBE THIOTe3bl O cBoHcTBax 3dupa
(abcoJtroTHOTO MPOCTPAHCTBA), AUGO OTKA3aThCs OT CIPaBel-
JUBOCTH NpeoGpasoBanuii I'anunesi. Ilocnepnee o3nauvaso
OBl OTKA3 OT TeX NPUBBLIYHBIX NPEJCTaBIEHUH O [[POCTPAHCTBE
H BpeMeHH, H3 KOTOPHIX C TAKOH OYEeBHIHOCTHIO C/e/0BajH
npeo6pasoBanus lanuies! DitHurrefiH nepBLIM MOHAM, YTO,
BOOPEKH <«3paBOMY CMBICJAY», OIBIT, OeCHpHCTPacCTHHIHA
CyAbsi, BbIHEC NPHTOBOP HMEHHO npeobGpasoBanusM ['anu-
Jiesi, a BOBCe He NPHUHLHNY OTHOCHTENbHOCTH HJIH 3JEKTPO-
MarLiuTHOH TeopuH Makcsenna. [leno B TOM, YTO BO Bcex
SKCIIEePHMEHTaX, He CBA3aHHBIX C IONBITKAMH OGHAPYXKHTh
a0Cco/IIOTHOE ABHKEHHe, T. €. ABHXKeHHe OTHOCHTENbHO 3(H-
pa, ypaBHeHHsi MakcBessia «paGoTajin» IPEBOCXOAHO, T. €.
NpeKpacHo OGBACHSIH H NPeACKa3biBalH Pe3yJabTaThl BeeX
3KcrepuMeHToB. [ToaToMy, noxBeprHyB COMHEHHIO npeobpa-
3oBanusa lanuies, DiHumrefiHn o6paruacs K CaMHM OCHO-
BaM — K TaKHM BONpOCaM, KaK OJHOBPEMEHHOCTb H CBsi3b
MeXJ1y NPOCTPAHCTBEHHBLIMH OTPe3KaMH H BpeMeHHBIMH HH-
TepBa/llaMH B Pa3/JHYHHX HHEPIHAJbHEIX CHCTEMAxX OTCYeTa.
IIpu sToM Ha BOOpyKeHHe DHHIUTEAH NPHHSA ABA MOCTY-
JlaTa, OCHOBaHHHIX HA Bcell COBOKYIHOCTH ONBITHRX JAHHKIX.
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Bor ath aBa moctysiara, KOTOPHIX 0Ka3a/loCh BHOJHE JOCTA-
TOYHO [/151 HOCTPOEHHS BCero BenHyecTBeHHoro spauus CTO:
I. IIpuHOUN OTHOCHTE.1LHOCTH: Bce (DH3HYECKHE SIBJIE-
HHSl MPOTEKAIOT OJMHAKOBO BO BCEX IHEPUHAJbHBLIX CHC-
TeMax orcyera. ITO 03HAYAET, YTO TOBOPUTH 06 a6COJIOTHOM
JIBH2KEHHH H 00 3¢upe GecCMBICAEHHO, NOCKO/IbKY He CYIIecT-
ByeT IKCIEPHMEHTA, C MOMOUIbI0O KOTOPOrO MOXKHO ompefe-
JIUTh JBHXKeHHe HAO6J/I04arte]si OTHOCHTeJIbHO 3bHupa.

I1. CkopocTb cBEeTa OAHHAKOBAa M KOHEUHa (a He Gecko-
HEYHa) BO BCeX HHEpOHa/bHBIX CHCTEMax OTCYeTa, He 3aBH-
CHT OT CKODOCTH JABHKEHHS] HCTOUHHKA U SIBJISI€TCS Mpefeib-
HOH CKOpOCTbIO paclpOCTPAHEHHSI KaKOro-au6o cHrHana.

HesaBucHMOCTb CKOpPOETH CBETa OT CKOPOCTH HCTOYHHKA
NPOTHBOPEYHT, HA MNepBBIi B3IVISAA, NPABHJY CJOKEHHS
CKOpOcCTel B HbIOTOHOBCKOH MeXaHHKe. JleficTBHTebHO, eclll
HCTOYHHK CBeTa JBHKETCSl K HaG/IoJaTesio cO CKOPOCThIO U
H CKOPOCTb HCNYLIEHHOIO CBeTa OTHOCHTEJIbHO HCTOYHHKA
paBHa ¢, To, Ka3anoch Obl, OTHOCHTEJIBHO Ha6onaTe s CBeT
JOJI?KEH IBHTAThCS CO CKOPOCThIO ¢+0. Ho MHOrouHc/IeHHBIE
aCTPOHOMHYECKHE HaO/OJeHHsI, B TOM 4HcJe HaGMoneHHus
ABOHHBIX 3Be3Jl, COBEPLIEHHO ONpeJejeHHO ONpOBepTaiH Ta-
KOH xop paccyxjenuil. Eciu 6ul 17151 cBeta Gbll crpaBeiuB
TAaKOH NpOCTOH 3aKOH C/IOXKEHHsSI CKOPOCTe#, TO CBeT, HCHy-
IIeHHBIH OAHOH H3 3Be3J]| B JBOHHOH cHcTeMe, ABHXKYyIIeHCA
10 HampaBJIeHHIO K HalJojarenio, onepexasn Obl CBET, HC-
NYIIEHHbI# KOMMOHEHTOM, ABHXKYIIUMCS OT HabJionartens
(puc. 4). Ecanu yuecTb 3TO omnepexeHHe, TO BHIUMOE B3aHM-
HOE pacrnoJioxKeHHe 3Be3]] B JBOHHONA cHUcTeMe JOJIXKHO 3aMeT-
HO OT/IHYAThCS OT TOH KapTHHBI, KOTOPYIO JaBajyu Habmoue-
HHs1. CienoBaTeNbHO, TAKOTO ONepexKeHHs1 HeT, H HeoOXxo-
JHMO OTKa3aTbCs OT KJIACCHUECKOI'O 3aKOHA CJIOJKEHHS CKO-
pocteii. Pa3 Tak, To, Ka3ajoch 6bl, HeOGXOAMMO BBECTH IIO-
HATHe 3QHpa KakK cpejipl, B KOTOPOH pPacHpOCTPaHSIETCs CBET,
HONOGHO TOMY KaK 3BYK paclpoCTpaHseTcss B BO3AYXe.
Torna ckopocTs pacnpocTpaHeHHs CBETa, TaK e Kak H CKo-
poeTb pacmpocTpaHeHHs 3BYKa, AeHCTBHTEJIbHO HE 3aBHCEa
66l OT ABUXKEHHs HCTOYHHMKA, a OMpeAessiach CBOHCTBaMH
epennl. Ho, ecoiu 6ol Takast cpeia CyIiecTsoBana, T0 Habuo-
Iate/lb, ABHXKYINHIACS OTHOCHTENbHO 3TOH cpemnl (3dupa),
Habmonan Obl, ONSATHL-TAKH B COOTBETCTBHH C KJIACCHUECKHM
3aKOHOM CJIOXKeHHs] CKOpOCTel, H3MeHeHHe CKOPOCTH CBeTa.
Ho cymecrBoBanne sdupa, Kak MH yxKe 3HaeM, HCKJiO4a-
Jock oneitoM MaiikesbcoHa — MopJan.

CrnenoBaresbHO, aCTPOHOMHYESKHE HAGMIONEHHA ABOAHKIX
3Be3A M pesyabTar ommra Mafireabeona — Mopau Bmecte
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B35TbIE NPOTHBOPEUHJIH 32KOHY CJ0XeHHUs1 cKopocTedl (3.2).
3aKOH Ke CJ0XKEHHSI CKOPOCTeH, NPHHATHIH B HbIOTOHOBCKOH
KJIacCHYeCKOH KHHeMaTHKe, SIBJASETCs HenocpelcTBeHHBIM
CJIeACTBHEM aBCOIOTHOCTH BPEMEHH, O YeM YiKe TOBOPHJIOCH
npu obcyxaenun npeobpasosanuii [aanies (3.1). Teneps
SICHO, 9TO NyTh, U36panHubIfl DAHINTENHOM, — aHANU3 CAMBIX
(yHIaMeHTaNbHBIX CBOIICTB NPOCTPAHCTBA H BpeMEHH H B

I n n w v
A 8 A
S ISP TR
J )\ \
! 8 OA BQ! o
A ,’4' Ajr\\ A i\\ P
e N e l/ ~ e
-0 aig - T\' -0~

Puc. 4. [IpoBepka He3aBHCHMOCTH CKODOCTH CBeTa OT CKOPOCTH HCTOY-
HHKa 1O JABOHHEM 3Be3fiaM. Habmionaemoe yrioBoe paccTosHHe o
3Be3l A OT HeMOABHXHOTO IeHTpa Macc O B JBOMHOH CHCTeMe,

cocrosimesi u3 38e3i A 1 B u ynaneHHolt oT 3emin Ha paccTosimue

D (cnaowH4ast KpHBas—CHHYCOHJA), COOTBETCTBYET HE3aBHCHMOCTH

CKOPOCTH CBeTa 01 CKOPOCTH HCTOYHHKa. Ecsn Ghl GbUI crpaseisiB

KJIaCCHYECKHH 3aKOH CJOXKEHHS CKOpOCTefl, TO MOJy4ajach Obl LITPH-

XoBas KpuBasi, He COTJacylomasicsi ¢ HaGJIOAeHHSAMH, Ofepexalouias
(At > 0) uan orcraomas (Af < 0) OT CHHYCOHZEL

NepBYIO ouepelb aHaNU3 NOHATHA OJHOBPEMEHHOCTH — OBl
NMPOAMKTOBAH BCEH COBOKYNHOCTBIO OMBITHBIX JAHHBIX.
Cnenyer OTMETHTb, 9TO BO BpeMeHa JiiHluTeiiHa, Koraa
Obli1u cpopMmyTHpoBaHH mogeryJarel CTO, eme une Gulid u3-
BECTHHI HH cJ1a0kle, HH CHAbHEIE B3aumopeiicteusi. OcHOBaH-
Hbl€ JIHLIb HA MEXaHWYe K HX H SJIEKTPOMArHHTHBIX siBJEHHSIX
(3KcnepuMeHTANBHO- [1GATBEpPXKIGHHE TeopuH MaxkcBesna,
oneltr MaiikenbcoHa — Mopsid, HE3aBHCHMOCTb CKOPOGTH
pacnpenesnedusl cBeTa OT CKOPOCTH HCTOYHHMKA H T. J.) 3TH
NOCTYJaThl, €CJAH CMOTPETh C CeTONHSAIHUX MO3HIMI, ABMAS-
JIHCH JIOBOJIbHO cMeJsIo# runore3oH. (B stom, noxany#, u co-
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CTOHT KayeCTBEHHOE OT.1HYHe JI0OOro (PU3HYECKOTo NPUHUH-
na WJIM NOCTysaTa OT TeX dKClepHMEeHTabHBIX (akToB, Ha
KOTOpBle JNaHHBIA NPHHIHN onupaercd.) OfHAaKO Bce nocie-
nymouiee pasputde ¢usuku noareepxkaaer CTO; eue Hu pasy
GH3HKH He CTaJKHBAJHCh C TAKHMH OMNBITaMH, Korja Obl
BO3HHKa/Jla HEOGXOJMMOCTb OTKa3aThCsl OT NPHHIUIIOB, Je-
xkamux B ocHoBe CTO, MopuduiupoBaTh HJIH OrpanHYHTb
06J1acTb sIB/I€HHH, B KOTOPBIX OHH NPHUMEHMMEL.

Uro ke caenyer u3 nocrynaroB CTO? Iloxanyii, cameiM
YAMBHTE/bHbIM BbIBOZOM H3 3THX IOCTYJIATOB fBJAsETCA BbI-
BOJ O TOM, YTO BPEMs «TeueT» [HO-PAa3HOMY B PasHbIX CHCTe-
Max orcyera. [IpYTHMH C/I0BaMH, B TeX IpeoOpa3oBaHHfX,
KOTOpLIe MNPULIK Ha cMeHY npeo6pasoBanuaM [ anuies
(3.1), T. e. B mpeoGpasoBanusix JlopeHua, npH nepexofe OT
OJIHOH MHEPLHAJbHOH CHCTEMBI OTCYETa K APYrod MeHsIoTCA
He TOJbKO NPOCTPAaHCTBEHHBIE KOODAHHATBHI, HO M BpeMs.
B uactrOCTH, H3 3TOrO C/1€fyeT OTHOCHTEJIbHOCTb NOHATHA
OIHOBPEMEHHOCTH! B2 COObITHS, OJHOBPEMeHHble C TOYKH
3peHHs Hab/ofaTe/si B OfHOM CHCTEMe OTCYeTa, MOTYT ObITh
He OJHOBpeMEHHbI B IPYroil cHcteMe oTcyeTa. A MOHSTHE OfI-
HOBPEMEHHOCTH, €CJIH BAYMaTbCsl, HTPaeT BaXKHYIO POJ/ib IPH
ONMHCAHHM JI000T0 MeXaHHYeCKOTO [ABHXKEHHS.

JeficTBHTEIbHO, YTO 3TO 3HAYUT — OMHCATb JBHXKeHHE
Tena? OTO 3HAYMT 3ahath €ro KOOPAHHATHL B HEKOTOPOH
CHCTeMe OTcueTa KaK (GyHKUHH BpeMeHH. M TyT MBI cpasy xe
CTaJKHBaeMCsl C IIOHATHEM OJIHOBPEMEHHOCTH: Y IBEPXK ieHke,
Y4TO B MOMEHT BpeMeHH [ Tesl0 MMeeT KOODAMil. Tl X, Y, Z,
O3HAyaer, 4TO OJHOBPEMEHHO C TéM, i.. K TeJO 0Ka3blBaeTcsl
B TOYKe C YKa3aHHBIMH KOOpJHHATaMH, yachl Habsojaress,
NOKOSIIer0Csl OTHOCHTE/IbHO BBIO@HHOH CHCTEMBbI OTCUETA,
noKa3blBalOT BpeMs f. [IosicHUM 3TO Ha NMPOCTOM NpHMeEpE.
JleficTBHTE/IbHO, MYCTh Y HAC B PYKaX 3/JE€KTPOHHBIE Yachl.
Mbl roBopuM, 4TO K HaM MPHULIH TFOCTH TOYHO B 18 wacos,
€c/iM OJHOBPEMEHHO C TeM, KaK pasja/cs 3BOHOK, Ha TabJo
HamuX vacoB uMopn 17.59 cmennnuncy nudpamu 18.00.
Ecnu B MOMeHT, Korga pasgajicsi 3BOHOK, Mbl HaXOQHJIHCh
JOCTaTO4YHO GJTH3KO OT ABepH, TO yTBep:KAeHHe 00 O1HOBpe-
MEHHOCTH YKa3aHHBIX COOBITHH He BBbI3bIBaeT HHKAKHX CO-
MHeHMH. YcnoxxauM curyanuo. [lycerb Ha JIyHy onmycTuics
KocMHueckhll annapar. UTo o3Hayaer yTBepxKJeHHE, UTO
aTo npousowsio B 18.00 no MockoBckoMy BpeMeHH? MOxHO
Ob1/10 OBl MOJMOKHTHCS, HAPUMEP, Ha Yackl KOCMOHaBTa, KO-
TODHIH flepefl CTAPTOM CBEPHJI CBOH Yackl C yacamu Ha 3eMie.
Ho rae yBepennoctb, uTo B Xofe B3.jera, 110J1€Ta H MPHIY-
HEHHs 3TH Yachl He OTCTalM M He YLUUIH BIepen?
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3uaunt, 4To6bl FOBOPHTH 06 ONHOBPEMEHHOCTH ABYX CO-

ObITHI B JaJIEKHX TOUKAX NMPOCTPAHCTBA, Mbl JOJIKHB! [IPe3K-
lie BCero ykas3aTb KakKoH-TO €noco6 CBepKH 4acoB, WJH, ro-
BOpst GoJiee HAYYHBIM $3BIKOM, HAYYHThCSI HX CHHXPOHU30-
BaTb. Jlast 3TOro HEOGXOAMMO HCMOJb30BAaTh KaKOH-TO
CHrHaJ/l, CKOPOCTb KOTOPOrO H3BECTHA. DJIEKTPOMarHuTHELIE
BOJIHBI, B YAaCTHOCTH CBeT, Jy4Ille BCErO MOAXOAAT Ha pPOJb
TAKHX CHTHAJNOB: HX CKOPOCTb — (yHIaMeHTa/lbHast (u3d-
decKasi MOCTOSIHHAS, He 3aBHCALIAS HH OT CBOMACTB HMCTOY-
HYKa, HH OT CBOWCTB IPHEMHHKA.

HTaK, HeCKONBKO CJIOB O CHHXPOHH3alMH YacoB.

ITycTb ¢ 3emMau nocknaercst CHrHan Ha JIyHY B MOMeHT
BPeMeHH f3 N0 4acaM, HaXoJSAUUMCS Ha 3eMJ/1e PSILOM C nepe-
maruukoM. IlycTe, nanee, B MOMEeHT BpeMeHH fj NO yacam
Ha JlyHe cBeT JOCTHraer 3epkaja Ha NOBEDXHOCTH JIyHbI
H oTpaxaercsi o6patHo K 3emsie. M nycTh CHrHa/l1 BO3Bpa-
Iaercad Ha 3eMJI0 B MOMeHT {3 mo 3eMHbIM 4acam. Yackl
CHHXDOHH30BaHbl, €CJIH

tn—ts=ts—tn. (3.3)

[Ipu 3ToM corsiacHO BTOPOMY NOCTY./1aTy DMHIUTEHHA, €CTH
L — 3t0 paccrosinve mexay 3emaell u JIyHO#, TO

_ 2L
¢ = =T, (3.4)

asasiercs QyHaamenTanbHoi nocrosiuoi (=300 000 kM/c—
CKOpOCTb CcBeTa B mycrore). TakuM o6pasoM, OLHOBpEMEH-
HOCTb ABYX COGRITH (0603HAUHM HX KaK A u B), HENOABHXK-
HBIX OTHOCHTEJNBHO APYT APYra, HO NPOHCXOAAIIUX B pas-
JHUYHBIX TOYKaxX INPOCTPAHCTBA, O3HAuYaeT OAHHAKOBOCTb
NOKAa3aHHH CHHXPOHH30BAHHBIX YacoB, OJHH H3 KOTOPBIX
pAacrnoJIoKeHbl TaM, Ijie IPOHCXONUT cobbiTHe A, a BTOphle—
TaM, TAe IPOUCXONHT cobwiTue B.

A Kkak ke 06GCTOUT JeJO C OAHOBPEMEHHOCTBHIO JBYX CO-
ObITHH, OHO M3 KOTODHIX IPOHCXOJMT, CKaxKeM, Ha 3eMie,
a Jpyroe — Ha NpOJIETAIOMEM MHMO KOCMHYeCKOM Kopabie,
T. €. B Pa3JHYHBIX HHEPHHAJbHBIX CHCTeMax orcyera? Pas-
OepeMCsi 3a0JHO H C BOIPOCOM O TOM, YTO TaKoe JJ/IHHA,
Hanpumep, TBePJOTrO CTEPXKHS, a HMEHHO; KaK ee MOXHO
H3MEepHTb.

Huuero npoine sToro Bonpoca He 6bIBaer, CKaxeTe Bbl —
H OKa)keTech NPaBbl, HO TOJIbKO B TOM CJydYae, KOIja CTep-
JKeHb NOKOHUTCS OTHOCHTENBHO TOH CHCTEMBI OTCUETa, B KOTO-
poit uamepsiercsa ero giuHa. Ho nonycTtum, 4to OH ABHKETCS
B HanpaBJeHHH OCH OX CO CKOPOCTBIO U (T. €. OKOHTCA OT-
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HOCHTe/IbHO cHeTeMnl [') (prc. 5). HaGmonarens B cicreme I’
Onpeie T AJHUHY CTEPKHS, NPHK/ANLIBAS K HEMY JIHHEHKY.
IycTb sTa aninuHa, u3MepeHHas TaxiiM 06pasoM, OKasa/jach
paBHo#i BenuunHe [. HaGmoaarenb ke B cucreme | Jo/keH
OnpeleyquTb, B KaKHX TOYKaX MNOKosumeHcs cucremMsl [
HaXOAATCA KOHIBI cTepKHA A U B (cM. puc. 5) B HEKOTOPBIH
MOMeHT BpeMeHH f. Jlis atoro eMy nonagoGsrtcs He OfHH,
a no KpaiHell Mepe, 1Mapa 4acoB, PACMOJ0OKEHHbIX B Pa3HbIX
MecTaXx M CHHXPOHHSOBAaHHBIX C [OMOLIbIO CBETOBOIO
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Puc. 5. M3amepeHue AJHHBI JABHKYLIETOCS CTEPKHs. a) B HekoTopblit
MOMEHT BpEMEHH IO WacaM, CHHXDOHNH3OBAHHBIM B CHCTEME€ OTCYeTa
I’, oTHOCHTeIBHO KOTOPO# cTepkeHb AB memogsuxeH, A coBnajaer ¢
HYJIEBBLIM JleJIeHHEeM JIMHeAKH, 3aKpelnJieHHoH oTHocuTeabHo ', a mpa-
BHil KoHenl B coBmnagnaer c pgenenneM 100cMm. 6) B cucreme /, otHo-
CHTEJIbHO KOTOpOH cTepkeHb AB [BuXKeTCS ¢ HEKOTOPOH CKOPOCTHIO
U, MOMEHT BpeMeHH, Korja A cOBIIajaeT ¢ HYJeBHIM JeJieHHeM JIHHeH-
KM, 3aKpeIJIEeHHOH OTHOCHTeNLHO /, He paBeH MOMEHTY BpeMeHH, KOT-
na B coBnagaer ¢ genenunem 100 cMm.

curHana. B kmaccuueckoil MexaHHKe, B KOTOpOfi cnpase-
JIUBBI npeo6GpasoBaHus ['anuiesi, MOMYalUBO MpeAMoJara-
JIOCh, YTO P€3yJ/ibTaThl 3THX JBYX H3MepeHHi B CHCTEMaX OT-
cueta [ u I' oguHakosul. Ho Tak 1 310 Ha camoM jene?

IlycTh K KaXKAOMY H3 KOHIOB CTEPXKHS MPUKPEIJIEHH
yachl 44 U #g. [IyCTh C TOUKH 3peHus mokosmerocs Ha6o-
Jartesisi, T. €. OTHOCHTeJNbHO CHCTeMbl /, Yachl 44 H 4g IIO-
Ka3bIBAIOT OXHHAKOBOE BpeMs, T. €. ABAAIOTCS CHHXPOHH30-
BaHHBIMH. DTO O3HAuaer, YTO [OKA3aHHs JBHKYLIHXCS
4acoB 4, COBMANAIOT C MMOKA3aHUSIMH MOKOSIIMXCA YacoB,
MHMO KOTOPBIX Yachl 44 NpPOJETAIOT B MOMEHT BPEMeHH f,
a NMOKa3aHHs YacoB 4p B CBOIO OYepe/lb COBMAAAIOT ¢ NOKa3a-
HUAMH JAPYTHX MOKOAIHXCS 4acOB, MHMO KOTOPHIX B 3TOT
MOMEHT MpOJIETAIOT 4Yachl 4p, CHHXPOHH30BAHHBIX C Mep-
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BBIMH TIOKOSILIUMHCSA YacaMH. ByayT v B TakoM ciiyyae yachl
44 U 4g CAHXPDOHH30BAHEI H C TOUKH 3peHHsa Habjwofaress
B cucreMe /', nBHxyuefics BMecte co crepxuem? Ecnu 1a,
TO [JIMHA JBUXKYIIETOCs CTEPKHS COBMajaer ¢ AJHHOH
CTEpXKHs IMOKOALIErocsi, €cJiH e HeT, TO Bompoc O IJHHE
ABHXKYIIEroGsi CTEPXKHS OCTAETCsl OTKPHITHIM, @ MBI YOex-
Jaemcsl, YTO He BCe TaK MPOCTO, KaK MOIJIO Gbl MOKa3aTbCs
HA TepBbIl B3TJAX.

Hrak, nycts HabmofaTenb, ABHXKYLIMicA BMecTe CO
CTepXKHEM M HAXOAAUIMHCSA HA OJHOM KOHIe cTepxHA A,
MOCHLTAeT B MOMEHT BpPeMEeHH [, MO YacaM 4, CHTHAJ B CTO-
POHY KOHIIa B, cUrHas B MOMEHT /p 110 4acaM 4 OTPaKaeTCs
OT 3epKaJsa, pacroJIoXKeHHOTO Ha KOoHIe B, ¥ B MOMEHT Bpe-
MeHH 1 1O uacaMm 4, Hocturaer Habmoparens. Ecau Mbl
TBEPJO CTOMM Ha CIPaBelJIMBOCTH NOCTYJ/aTa O MOCTOsIHCTBE
CKOPOCTH CBeTa, TO, OYEBHJHO, NOJyuYaeMm

i
c—

tg—ty= n t,;—t3=—c—_’-l_7. (3.5)
Takum o6pasoM, tp—1,5~ty—1tp, ¥ C TOUKH 3peHHs Habmo-
narenst B cdcreMe /' yachl 44 M 4p He CHHXPOHH30BaHHI,
XOTsl /11 HabmozaTenss B cHcteMe / OHH CHHXPOHH30BAaHBHI.
Jpyrumu cnoBamu, Mbl YOEIWJIHUCh, 9TO MOHSITHE OJHOBpE-
MEHHOCTH He siBJIsieTcsi aGCOMIOTHBIM, a 3aBHCHT OT BhIGOpa
CHCTEMBl OTCYeTa, TOrJa KaK KJaccHueckass MeXaHHKa
MOJIYa/IUBO IIpeamnosiarana a6CoOMOTHOCTb TNOHATHSI OIHO-
BPEMEHHOCTH, a TeM CaMbIM U a6COMOTHOCTb BpeMeHH BOOG-
me. 1o GbIO Ol CIIpaBeIMBO, €c/IH Ol CKOPOCTh CHTHAINA,
HCMO/Ib3YEMOTO /I CHHXPOHH3alMH YacoB, Oblia Gecko-
HEYHOH (¢ — o0), HO TAKHX CHT'HAJOB B NpHpOLe He ObIBa-
er — raacut 11 nocrynar CTO.

Taxum o6pasoM, mpu HCMONB30BaHHM NpPeoGpa3oBaHHH
TFanunesi, npexnosnaraiomux a6cOMIOTHOCTL BPEMEHH M, B
9aCTHOCTH, OJHOBPEMEHHOCTH, HESIBHO NOJAPAa3yMeBa/lH Cy-
IeCTBOBaHHE B NpHpoJe OeCKOHEYHO OBICTPHIX CHTHAJIOB,
TOorja Kak Teopuss MakcBensa OpraHMyeckH BKJIIOYaeT B
ce6s1 KOHEUHOCTb CKODOCTH CBeTa, M INepecMOTP MOHATHSA
OJHOBPEMEHHOCTH il He NPOTHBOpeuHT. BoT nouemy IiH-
wTefiH, onupasich Ha TeopHio MakcBessia H nepeeMaTpHBas
KJIaCCHUECKYIO MeXaHUKY, HEOJHOKPATHO MOAYEPKHBAJ, YTO
BCSl TEOpHSl OTHOCHTENBHOCTH, MO CYIIECTBY, BHITEKAET M3
TEOPUH 3JeKTPOMAarHHTHOTO MOJf. :

B pesyabraTe riy6oKoro aHann3a H3MepeHHs Bpemenu
H paccTosHUs1 DiHIITEHH NMONYYHI NMpeodpa3oBaHHs KOOP-
NUHAT W BpPEMEHH NPH MePexofe OT ONHOH HHepUHaNbHOH
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CHCTeMBbl OTCueTa K JApyroii. B mpenenbHOM ciydae ouyeHb
MaJIbIX OTHOCHTeJNbHEIX cKopocrefi (v/c<€1) mosyueHHbIe
DitHTeiHOM npeoGpa30BaHUA MaJo OTJIHYAIOTCA OT MPEOG-
pasoBanufi ['annnes. HanomuuM, uto 5TH npeoGpa3oBanus
ObL1M BhIBEleHHl H3 [OCTYJAaTOB O KOHEYHOCTH CKOPOCTH
pacnpocTpaHeHHs CBeTa H MPHHIHIIA OTHOCHTENBHOCTH, pac-
NpocTpaHeHHOTo Ha Bce (H3HueckHe sBleHHs. [loaTomy,
KaK ¥ CJeNOBaJO OXHAaTh, ypaBHeHHs MakcBesnsa HHBa-
PHAHTHbl OTHOCHTEJbHO 3THX NpeoOpa3oBaHHf, T.e. 3TH
npeo6pa3oBaHHs fABJIAIOTCA He ueM HHBIM, Kak npeoOpaso-
BaHuamu JlopeHuna. JlpyruMm cjaoBamH, B pe3yJbTare
dfiHIuTeliH BMecTO npeo6pasoBaHuil [anuies nonyuua umen-
HO TakHe Npeo6pa3oBaHHs KOODAHHAT H BPeMeHH, OTHOCH-
TeIbHO KOTOPHIX, KaK moka3sas JlopeHi, He MpHAaBasi 3THM
npeo6pa3oBaHHAM HHKAKOrO (H3HYECKOro CMbIC/Ia, HHBApH-
aHTHBl ypaBHeHHs1 MakcBensa. CTO npupana npeo6paso-
BaHUAM JlopeHna cOBepHIEHHO SCHBIH (U3HYECKHH CMBICI
npeo6pa3oBaHH KOOPAHHAT H BPEMEHH MpPH mepeXoje OT
OJIHOH HHepUHAJbHOH CHCTEMBI OTCYeTa K Jgpyroii. B uacrt-
HOCTH, OKa3aJI0Ch, YTO XBHXKYILHeCs 4achl BCerJa HAYT Mel-
JIeHHee, 4eM MOKOSIIIHecs.

Ho ner ain 3nece nporusopeuns ¢ I mocrynatom CTO,
KOTODBIH FOBOPHT O MOJIHOH PaBHONPABHOCTH Ha6/onarenei
B Pa3HBIX HHePIHAbHBIX cHcTeMax orcuera? OkasbiBaercs,
c I moerynarom 3nech Bce B nmopsinke. Ha6moznarenn, Haso-
BeM ero A, HemoJBHKHBIA OTHOCHTE/JIbHO CHCTEMBI OTcuera [,
CYHTAeT, YTO 4Yachl, HEMOJBHXXHbIE OTHOCHTEJIbHO CHCTEME
orcuera /', MAYT MejseHHee, yeM Te, YTO y HEro Ha pyke.
A na6monarens A’, HEMOABHXKHBIA OTHOCHTENBHO CHCTEMBI
orcuera /', Mo OTHOIIEHHIO K KOTOpoMy HaGmiofarenn A
JBHXKETCs, CYMTAeT, YTO yachl HaOmonarens A HAYT men-
aeHHee. Ho pasBe Tak GoiBaer? Xota A u A’ coBepmenHo
paBHOMpPAaBHBI, MOXET CO3/aThCsl TaKoe ollylleHue, Gyaro
KTO-TO U3 HHX OOMaHBbIBaeT, HO KTO — COBEPILeHHO He SICHO.
Bosnukaer napanokc. OnHako, 4To6bl BHISICHHTD, [ KOTO
npouuio GoJsbille BpEMeHH, HampHMep, KTO CHJbHee mocra-
pen — KOCMOHABT Ha paKeTe HJIH ero GjAH3Hell, OCTaBLIHACH
Ha 3emJie, HeOGXOUMO CPABHHTb MOKA3aHHA HENOIBHKHBIX
yacoB, a AJISl 3TOTO OfHY H3 CHCTeM OTCYeTa HaJ0 3aTOpPMo-
3uTh. PaBHOMNpaBHe CHCTEM OTCUETa B 3TOM CMBIC/IE Hapyila-
ercs: oHa M3 HHX — HHepHHa/ibHas, a Apyras Oblia Ka-
koe-To Bpems yckopenHo#. (Uurarensi, KoTophlii 3auHTepe-
cyercsl 3THM BONPOCOM NOAPOGHee, MBI OTChIAEM K KHHTE:
Crobenroyoirs 1. B. Ilapanokc 6/1M3HELOB B TEOPHH OTHOCH-
teapHOcTH.— M.: Hayka, 1966.)
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Ectb eme omuH Kaxymuiics napagokc. Ilyctb oTHOCH-
TEJIbHO HEKOTOPOH HHepUHaJbHOH CHCTEMBI OTCYETa HEKO-
TOpPOE TeJO JIETHT CO CKOPOCTBIO #=>2/, ¢, a HaBCTpedy eMy
JIETUT APYTOE TeJIO C TOH Ke cKopocThio v=—3/, ¢.Torna us
KJ1aCCHYeCKOTO 3aKOHA CJIOKeHMS cKopoctelt (3.2) cienyer,
YTO Tesa cOMHKAIOTC CO CKOPOCThiO #/,c>>c. He mporuBo-
PEUHT JIH 3TO BTOPOMY IOCTYJaTy, COTJIaCHO KOTOPOMY HeT
Huuero ObicTpee cBera? OkaswmiBaercs Her. B CTO, B koto-
poii BpeMs yxke He siBJisieTcst aGCO/IIOTHBIM, 3aKOH CJIOXKEHHs
CKOpocTeHl BHITVISAHT TakK:

=" (3.6)

T 1—uv/c?

(cp. ¢ (3.2)). CornacHo 3TOMY 3aKOHY JBa T€/1a, PaCCMOTPEH-
HBIX B NpefBIAyLIeM npumepe, cOIHKAEIOTCS CO CKOPOCTBIO

3 3
W =B = e < ()

U3 3akona cnoxenusi ckopocreit (3.6) caenyer, 4TO HH-
Kakasi CHJla He CMOXeT ClesiaTb CKOPOCTb TeJa MpeBhILalo-
1e#t ¢. 910 O3HAYAET, YTO NIPH CTPEMJIEHHH U K ¢ Macca Tea,
T. €. Mepa HHEPTHOCTH, JOJIKHA CTPEMHTbC K GECKOHEYHO-
CTH, APYTHMH CJIOBaMH, HHEpPTHas Macca Tesa JOJ/KHAa 3a-
BHCETb OT €ro CKOPOCTH. [leHiCTBHTEJNbHO, KaK cjefyeT H3
CTO, macca Tesia M cBsizdaHa cO CKOPOCTBIO U COOTHOILEHHEM

M= Mo 3.7)

YV i—%c

3pecb M, — Macca NOKOsl TeJjia, T. €. Macca, H3MepeHHas
B TOH CHCTeMeé OTCYeTa, OTHOCHTEJIbHO KOTOPOH Teso Io-
KOHTCS.

A sueprus Tena (o6o3HauuM ee yepes E) coraacHo CTO
cBsi3aHa ¢ M 3HameHHTOH (JOpMYJIOH SKBHBAJEHTHOCTH Mac-
Cbl H 3HepIHH:

E=Mc. (3.8)

Popmyasa (3.8), no cyuecTBy, 03HadaeT, 4TO HeT ABYX He-
3aBHCHMBIX BEJIHUMH «Macca» H «3HepTusi», KaK 3TO HMeJo
MEeCTO B KJaCCHUeCKOH MeXaHHKe, eCcTb OJlHa BeJHYHHA,
HasviBaemass Maccoi-sHeprueii. drtot BeiBog CTO wumeer
orpomHoe 3nauvenve 115 OTO, o koTopoit peun moizET B cJe-
Aywomem naparpade.

Hrak, MBI NOHS/IH, YTO BpeMs NOTEPSJO CBOH abCOMOT-
HBIH, He 3aBHCAMA OT cHcTeMbl oTcuera xapakrtep. CTO
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yCTaHOBH/IA MEXKJY BPEMEeHeM M NPOCTPAHCTBOM Hepas3phiB-
HYIO CBSI3b, OTpPaxKeHHYI0 B npeoOpasoBaHusix JlopeHna.
[Tostomy corsnacHo CTO Toii apeHo#, Ha KOTOPO# pa3bIrphHI-
BaloTca Bee (H3uuecKye COOHITHS, SBJSETcs He NPOCTO Npo-
CTPAHCTBO, a YeTHIPeXMEpHOe MPOCTPaHCTBO-BPEMS.
Marematuk O. MHHKOBCKHi BBeJ TaK Ha3biBaeMoe IICeB-
JIOEBKJIHOBO YeTHIpEXMEPHOE MpPOCTPAHCTBO-BPEMsi, KOTO-
pOe Tenepb TaK U Ha3bIBAETCS — NPOCTPAHCTBO-BpeMs MuH-
KoBckoro. Uro 310 3a npocrpancTBo-BpeMsi? BosbmeM 06bru-
HO@ TPEeXMEPHOE eBKJIHJOBO MPOCTPAHCTBO, KOTOpPOE JIEXKHT
B OCHOBE Hallleil CTepeoMeTpuH, usyyaemoii B mkoJe. [TycTsb
HMEIOTCSl JiB€ TOYKH, HAlPHMEP KOHIBI 3KECTKOTO CTEP:KHS.
IlomecTuM OJMH M3 KOHIOB B Ha4aslo AEKapTOBOH CHCTEMBI
koopaunat O. Torna koopaunarsl gpyroro konna A GyayT
X, Y, 2. JInuHa crepxHs [ BHIPa3sUTCA C HOMOUILIO TEOPEMEI
ITndaropa uepes x, y, 2z cuaeaymowuM o06pasoM:

P=x+4y*+4 22 (3.9)

Teneps nepefineM B APYTyiO [€KapTOBY €HCTEMY KOOPAH-
HAaT, NOBEPHYTYIO OTHOCHTEJBbHO MepBOil TaK, 4TOOBl HX Ha-
yana coBnajfa/ni. B HOBo#i cucTeMe KOOpAHHAT KOHEIl CTEPXK-
Hs1 A 6yner uMeTb KOOpAHHATH X', y', 2'. [Tocko/abKY JAnHHa
CTEep:KHSI — BeJH4HHA, BOOOIE He 3aBHUCAIIAs OT CHCTEMBI
KOOpJAHHAT, TO

2 2
Rhyrtl=x 4y 2, (3.10)
T. €. MBI MOXKEM CJieJ1aTh BbIBOJI, UTO B TPEXMEPHOM €BKJIHJO-
s .
BOM MNPOCTPAHCTBE BEJIHYHHA 2« X=X, X=Y,%X3=2)
i=1

npH IOBOPOTAX HE MEHAETCA. MaremMaTHKH YMEIOT JIETKO

pa60TaTb HE TOJIbKO C TPEXMEDHBIMH, HO H C N-MEDHLIMH €B-

KJIHIOBBIMH IIPOCTPAHCTBAMH, B KOTOPHIX JAJIHHA OTpE€3Ka
n

5 .
6yner paBHa }41 2@i=1,2, ..., n).
=
Okas3sbiBaercsi, corjacHo npeobpasoBanusM Jlopenna
NIPOCTPAHCTBEHHBIE KOOPAHHATHL X, Y, 2 U BpeMsi { B OLHOI
CHCTeMe OTCYeTa U COOTBETCTBEHHO ¥, y', 2’ u ' — B Apyroii
CBsI3aHBl TaK, 4YTO

)P —xP—y?—22=(ct')2—x""—y' = 2. (3.11)

Casans wa (3.11), MoxkHO no anagsoruu ¢ (3.10) ckasars, uTo
Iepexol OT OJHOH HHepLHaJbHOH CHCTEMbI OTCUETa MOXOXK
Ha MOBOPOT B HEKOTODOM YeTHIPEXMEPHOM [pPOCTPAHCTBE.
B kauectBe J/MHBI (MM KaK NPUHSATO TFOBOPHTh — HHTEP-
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Basa) B 3TOM MpPOCTPAHCTBE CJeAyeT CUMTATh BEJHUHHY
Xi—x3—x3—x3, vHe X,=ct. D10 YeTHPEXMEepHOoe MPOCTPaH-
CTBO HAa3bIBae1cCs IMCeBACEBK.THIOBLIM (HS-S& 3HAKaA «—»
nepej x;, X, X3) NPOCTPaHCTBOM-BpeMeHeM MHHKOBCKOTIO.
HMmeHHO OHO-TO M HMeeT QH3HYECKYIO PeaNbHOCTD, SB/SETCH
TOH apeHO!, Ha KOTOPOH NPOHUCXOAAT Bce pU3HUECKHe ABJe-
Hus. [Ipu 3TOM elle pa3 noAYepKHeM: HeT HH aGCOJIOTHOrO
BpeMeHH, HH aGCOMIOTHOTO TpexmepHoro npocrpauncraa. Co-
rnacio CTO MBI KHBeM B NCEBLOEBKJIHIOBOM MPOCTPAaHCY-
Be-BpeMeHH, KOTOpOe cXeMaTH4ecKH M300paxeHo Ha pHC. 6.

ct

Puc. 6. ITpocrpanctBo-BpeMss MunKoe
ckoro. Kaxaomy co6uituio A B cHCTEM
orcyeTa / COOTBETCTBYeT KOOPJAHHATA X4 rf
H MOMEHT BpeMeHH !4 (KOOpAHHATH Y
H 2z He MOKa3aHbl). B cucreme orcuera
I’ sToMy e COGHITHIO COOTBETCTBYET KO-
ODIHMHATA X4 H MOMEHT BPEMeRH 14,
CBsi3aHHBE C x4 H !4 TpeoGpa30oBaHH-
em Jlopenna. Ha pucynke nokasawm

MHpPOBbIE JIMHHH: I —O06beKTa, HENoj- / |
BHIXHOTO OTHOCHTeNbHO [, 2—06beKTa, ! |
ABHXYIIEroCs OTHOCHTENBHO [, 38— ayua i 4 L

cBeTa. % z

Bce ¢usHueckue sBIEHHS COOTBETCTBYIOT COGHITHSIM B
3TOM NpPOCTPAHCTBE-BpeMeHH. KaxIoMy ToueuHOMYy OGBEKTY
IPHMHCHIBAETCS TaK HasblBaeMasi MUPOBasi JIHHHs, KOTOpasi
IBJIIETCS] COBOKYMHOCTBIO COGBLITHH, MPOMCXOASLIMX C AaH-
HbIM OGbekToM. Ha puc. 6 npuBeneHsl mpuMepbl MHPOBBIX
JIMHUEA /11 06BbEKTa MOKOSIIErocs, ABUKYIIETrocs, a TaKKe
MHpOBasi JIMHUS Jiy4a cBeTa. MHTepBan Mexay ABYMS COGBI-
THSIMH He 3aBMCHT OT CHCTeMBl OTCYeTa, XOTA MPOCTPaHCT-
BeHHEIe M BpEeMeHHbIe KOODAMHATHI M3MEHSIIOTCS COIVIACHO
npeo6pa3osBanuaM Jlopenia.

Kak Bunno us (3.11), kBagpar unrtepsana Mexnay AByMs
COGBLITHSIMM MOKET ObIThb KaK MOMOXKUTENbHBIM, TaK U OTPH-
1are/bHbIM,— TOTJa TOBOPST COOTBETCTBEHHO O BPEMEHH-
Mog0oGHOM H NPOCTPAHCTBEHHONOAOGHOM HHTepBanax. Jlio-
Oble 1Ba COOHITHA HAa MHPOBOH JIHHHH CBETOBOTO Jiydya pas-
AeNeHbl HY/EBHIM HHTEDBA/OM, MOSTOMY TaKyl0 MHPOBYIO
THHHIO NIPUHSATO Has3bBaTh HY/1eBOH. COBOKYIHOCTD HYJIEBBIX
~{HPOBBIX JINHHH, COOTBETCTBYIOLWIUX JyYaM CBeTa, MPOXOAS-
MM MOJ BCEMH BO3MOXHBLIMH HaNpaB/eHHSIMH Yepes3 He-
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KoTtopoe cobriTie O, HA3HIBAETCS CBETOBHIM KOHYcoM. CBeto-
BOH KOHYC JI€JTUT BCe NPOCTPAHCTBO-BpeMst MHHKOBCKOTO Ha
ueThipe o6Gnactd (cM. puc. 7): I — abcosmoroe Gynyiuee —
0671aCTh COOBITHH, AOCTYMHBIX BIHSHHIO CO CTOPOHBI COOBITHS
0, 11 — abcomoTHOe NpoLLIoe — 06JacTh COOBITHII, KOTO-
pBle MOTYT BaHsATb Ha cobuitie 0. OGe 3TH 06JacTH JexKar
BHYTPH CBETOBOTO KOHYCa, MO3TOMY KBajgpaT HHTepBasa
Mexay cobnrtHeM O U M06BIM COOBITHEM H3 3THX ABYX 06Ja-
cTell osoxKuTENeH. 3HAK HHTEpBaJsa, KOTOPHI TaK ke, KaK
H caM WHTepBaJs, He 3aBHCHT OT BHIOOPA CHCTEMBI OTCYETa,
onpenesnsieT, CAe10BaTebHO, IPHUHHHBIE COOTHOLIEHH S MeX-

Puc. 7. IIpocTpancTBeHHO-BpeMeHHas
nuarpaMMma (KoopjuHara 2 He NoKasa-
Ha): I — cBeTOBO} KOHYC, / — a6CcoJIIOT-
Hoe 6yjyuiee, / /[—a6CcoJIOTHOE NPOLIIOE,
111, 1V — a6conotHoe yaanennoe, Hu-
TepBall MeXAy Toukamu O u A—Bpe-
MeHHTOZOGHbIH, Mexiy O u B—HyJe-
Bod, MeXAy O u C—mnpocTpaHCTBEH-
HOMOJOGHBIH.

1y cobuiTHamu. Jlio6oe cobbitHe H3 061acTH | MOXKeT ObITh
cilefcTBHeM coBuTHS O, HO He MOXKeT GbITh NIPHUMHON COOBI-
i O, npu 3Tom Jio6oe coberrHe M3 obnactu [/ moxer
GbITh NPUUHHOH cOObITHs O, HO He MOXKeT ObITh CJIEICTBHEM
cobuitua 0.

Jlpe npyrue obaactu, /11 1 IV,— 310 061act abcouiioT-
HOTO yJaJIeHHs ; Bce coBbITHS U3 STHX obsactelt BOOOWE HU-
KaK NPHYHHHO He CBsi3aHbl ¢ cobbltHeM O, KBajpaT HHTep-
BaJa, pPasjeNsollero no6oe U3 3THX cOOBITHH U cobuTHe O,
OTpHIaTEeNEeH.

[naBHBI BHIBOJ W3 TAKOTO «HHBADHAHTHOIO», T. €. He
3aBHCALIETO OT BHIGOpa CHCTEMBl OTCUETA, pasjesleHus
NpoCTpaHCTBa-BpeMeHH Ha obnacty [—IV cocTouT B TOM,
yto nousartue npuuunHocTd B CTO MMeer aGCOMIOTHBIA Xa-
pakTep: O ABYX JIOGhIX COOHITHAX MOXKHO OJHO3HAUHO CKa-
3aTh, B KAKOM TMPUYHHHOM COOTHOLIEHHH APYT K APYTYy OHH
naxogstca. [1pu 31oM B J0Goit cHcTeMe OTcuera «cobbiTHe —
NpHYMHA» BCETJa MPOHCXONHT PaHbille «COOBITHSI — CJIELCT-
BUS». A BOT Kakoe M3 JBYX NPHUMHHO He CBS3AHHBIX COOBI-
THH MpPOM3OIIO paHbIlle, a KaKoe MO3Ke — 3aBUCHT OT
CHCTEMBI OTCUeTa.
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ITpocTpaHcTBeHHO-BpEMEHHEIE IUAarPAMMEL THNA TOfl, 4TO
H306paxkeHa Ha puUC. 7, 9aCTO HCMOJB3YIOTCS H NMpPH H3yde-
HHH HCKPHBJIEHHOTO NpPOCTPaHCTBa-BPEMEHH.

3akanunBasa pacckaz o CTO, cTOMT nMopuepKHYTH, UTO
Briociencteuy CTO monyuuna nopTBeprkieHHe B MHOTOYHC-
JIEHHBIX 3KCIIEPUMEHTAaX, IVIaBHRIM 06pasoM, B 3KCNepHMeH-
Tax, B KOTOPHIX YYAaCTBYIOT 3/IeMEHTAPHEE YacTHNBL. B uwacr-
HocTH, ceronus 6e3 3xHanuss CTO He cnpoeKTHpPOBaTh H He
MOCTPOUTb YCKODHTENh 3/MeMeHTapHHIX dacTul. He 6Gynmer
npeyBesHUeHHEM cKa3aTh, uTo ceroaus CTO crana 6ykBanb-
HO HHXeHepHON Hayko#. Kak 3aMmetun onun ¢H3HK, «B HaM
BEK 3/IeKTPHUECTBA BPAIAIOIHACA SAKOPh KaXIOro reHepa-
TOpPa M KaXJOTO 3JIEKTPOMOTOPA HEYCTaHHO IPOBO3TJaliaer
CMPaBeNIUBOCTh TEOPHH OTHOCHTENBHOCTH — HYXKHO JIHIIb
yMeTb CylaTh.

§ 4, UTO TAKOE OBIIAAl TEOPUSA
OTHOCHUTEJIbHOCTH (0TO)?

O61ast TeopHst OTHOCHTENbHOCTH 06s13aHa CBOHM CYIeCTBOBaHAEM
npexe BCero ONLITHOMY DaKTy YHCJIEHHOTO PaBeHCTBa HHEPTHOR
H TSIXKEJION MacChl Tes, MPHYEM KJacCHIecKasi MeXaHHKa He MorJyia
MaTb HHKaKOM HHTepnperanuu STOMY (yHAaMeHTaNbHOMY 06«
CTOATeNbCTBY. TaKylo HHTepNpeTanuio yRanochb MONYYHTb, pace
NMPOCTPaHsAs NPHHIOHN OTHOCHTENILHOCTH Ha YCKODeHHBle OTHOCH=
TEeJIbHO APYyr Apyra CHCTEMBl OTCYeTa.

A. Sdnwmedn
(Co6panme nayynsix TpyHos, T. II, c. 110)

B npexsinymem naparpade MsI 103HaKOMHJIHCH
co crenuanbHon Teopueft otHocuTenbuocTH (CTO). InaBubIf
BEiBOJl CTO 3ak/mowaercst B TOM, 9TO apeHa, Ha KOTOPO# pas-
BOpauHBalOTCs GDH3HUECKHE SIBJIEHHs,— 3TO YETHIpEXMepHoe
npoctpanctso-spemMa. OpnHako, pacckasmiBas o CTO, Met
CO3HATEJIbHO HEe 3aTParWBajH BONMPOCA O BO3MOXKHOM BJHS-
HHH CaMOR MaTepHH Ha CBOMCTBAa 3Tolt apeHsl. JleficTBATEND-
HO, B MYyCTOTe, BRAJH OT MACCHBHHIX TeJ YeTHIpeXMepHoe
MPOCTPAHCTBO-BPEMS SIBJISIETCS NICEBNOEBKIHAOBEIM YeTHpeX-
MEepPHBIM MPOCTPAHCTBOM-BpeMeneM MuHKOBcKoro. BosHH-
KaeT eCTeCTBEHHHIA BONPOC, KAKOBH e CBOfACTBa NMpOCTPaH-
CTBa-BpeMeHH, HanmpHMep, BOJH3H MacCHBHHX Tea. Bompoc
MOXHO MOCTaBHTh TOUHEe: KAKOBH TeOMeTpHYECKHe CBOf-
CTBa pEabHOTO MPOCTPAHCTBA-BPEMEHH, KaK OHU 3aBHCAT
OT cBofictB Marepuu? [losToMy mnpexkne uem nepexoauTh
x onucanuio OTO, KoTopas OTBewaeT Ha 3TOT BOMPOC, He-
CKOJIBKO CJIOB O T'€OMETPHH.

[llkonbHas MporpamMma mo reoMeTpHH YCTPOeHa TaK, 9TO
TMIOCTY/1aThl, JIEMMHI H TEOPEMBI €BKIHAOBON T'€OMETPHH TNy-
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6GOKO TMPOHHKAIOT B CO3HAHUE YEJOBEKa H €My NMOTOM OUYeHb
HeIpOoCTO NMpPEACTaBUTb cebe, UTO eBKJIHA0BA FeOMETPHS C Ma-
TEMATHYECKOH TOUKH 3PEHHS] — 3TO JIHIIb OJHA U3 BO3MOX-
HBIX reomerpufi, mpuueM camas npocrefimasa. Hanpuwmep,
CPEeH MOCTYJIaTOB €BKJIHJOBOH reOMETpHH eCTh TaKol: uepes
JaHHYIO TOYKY MOXKHO IPOBECTH TOJIbKO OJHY HPAMYIO, Ha-
pallielbHYI0 HekoTopo#l 3amaHHO#. B Hauane mpomwioro
BEeKa MHOTHM TreoMeTpaM KasalJioch, 4YTO 3TO BOBCE HeE
NOCTYJIaT, a TeopeMa, BBITEKAIOUasi U3 IPYTHX HOCTYJIATOB.
Berpatomuticss pycckuit yuensii H. M. JloGaueBckuit noka-
3aJ1, 4TO 3TO BCE-TAKH MOCTYJaT: OH NMOCTPOHJ HENPOTHBOPe-
9HBYIO T€OMETPHIO, HHUEM C JIOTHYECKOH TOYKH 3pEHHS He
XyXe eBKJHIOBOH, HO B KOTOpOH YKasaHHBIH NOCTysar
orcyrcrByer. Kak BnociecTBHH ObLIO TOHSTO, peyb muia
O reoMeTpHH Ha rumep6osionje BpalleHHsi, TOTAa KaK €B-
KJHJ0Ba TeOMETPHS B clydyae JBYX U3MePeHHH ecTbh reoMer-
pHs Ha nuockoctH. HesaBucumo or JloGaueBckoro, HO He-
CKOJIbKO MO3Ke, K aHAJOTHYHOH TI'eOMeTpHH NpHIIes BeH-
repckuil Marematuk DBosbsu. 3arem B. Puman nocrpoun
HeJBI KJlacc reOMeTPHH, KOTOphle B ABYMEPHOM cJydae CO-
OTBETCTBOBA/JH T'eOMETPHSIM Ha NMPOH3BOJIbLHBIX 3aMKHYTBHIX
NOBEPXHOCTAX, HANpPUMep Ha MOBEPXHOCTH 3JJIHICOHAA Bpa-
menus. M Jlo6asesckuii, 1 Puman cpasy xe NOHAJIH, YTO HX
OTKpBITHE MHBIX IeOMeTpHiH BieueT 3a co0oil BaxKHBIH, yxe
He reoMeTpuuecku#l, a ¢busnueckHii BOMpOC: a KakoBa Bce-
TaKH reoMeTpHust oKpyxaiomero Hac mupa? M6o renepn yxe
HeT JIOTHUYECKHX OCHOBAHHWH CUMTATh, 4TO OHA 00S3aTeJNbHO
eBKJIHIOBa. Cle10BaTeIbHO, OTBETHTh HA STOT BONPOC MOXK-
HO TOJIbKO OMBITHBIM NyTeM. KTo-TO U3 BeTHKHUX cKa3aJ NpH-
MepHO TakK: «Besnune gesoBeyeckoro pasymMa B TOM H CO-
CTOHT, YTO 9eJIOBEK MOXeT NOHSITh CYIIECTBEHHO 6oJblue,
4eM B cuiax cebe mpeacTaBuThy. [leficTBUTENBHO, MBI Ge3
TPYyJAa OpexcTasisieM cebe JM060e HCKPUBJIEHHOE ABYMEpHOe
NPOCTPAHCTBO: MOBEPXHOCTDb IIapa, CJOXKHYIO MOBEPXHOCThb
KaxkofA-HHOYAb Basbl, aBTOMOGHJBHOrO Kpbuia H T. A. Ho
yXKe TpexMepHOe IPOCTPAHCTBO MbI MOXKeM NPENCTaBUTh cefe
TOJIBKO MJIOCKHM, T. €. €BKJHJOBHIM. A NpOCTPaHCTBO elne
Gonbiiefi pa3aMepHOCTH MBI BOOOIIE HAFJIIAHO NMPEACTaBHTh
ce6e He MoxeM. Ho ¢ noMmompio MaTeMaTHKH MBI MOXeEM
NOHATh FeOMETPHIO MPOCTPAHCTB JtoGofi pasmepHocTH. UTO-
OBl SICHO MpeACTaBHTH cebe, B YeM OTJIMUHME MCKPHBJIEHHOTO
NPOCTPaHCTBA OT €BKJIHJOBA, PACCMOTPHM cHauanla JByMep-
HHIH ciayuaii.

IpencraBum ce6e, 9To Ha 60/1bIIOA chepe XKUBYT pasym-
HEle JByMepHEIe CYINECTBAa, BCIO JXH3Hb NepefBHTalolIHecs
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no cepe H HecnocobHEe B MpHHNHUNE NOKHHYTH ee. [lyors
OJHO H3 TaKHX CYyLIeCTB, BhIOpaB HEKOTOPYIO TOYKY Ha MO-
BEPXHOCTH Chephl B KauecTBe HCXOJHOM, OTNOJI3aeT Mo ayre
GOJbIIOr0 Kpyra Ha HEKOTOpOe PAcCTOsiHHE H 3aTEM II0J3eT
10 HEKOTOPO# OKPYKHOCTH Ha cepe, He NpHOIHKASCh H HE
yAanssch OT HCXOXHOH TOYKH. CyIecTBO MOXKET M3MEPHTb
Tenepb AJIUHY 3TOH OKpYXHOCTH. IlofesMB 3Ty NIHHY Ha
«IMaMeTp» OKPYKHOCTH, H3MEPEHHRIH BJ0Jb AYTH 6OJIbLIOrO
Kpyra, CyIlecTBO MOXeT NMPOBEPHTb BaKHEHIIMH IeOMETpH-
yecKHH (akT, IpUCYLIHi eBK/IHA0BOH reoMerpHH. Ecin oka-
JKETCS, YTO 3TO OTHOLIEHHE PaBHO YHC]Y 7, TO CYIIECTBO
BIpaBe CeJaTh BEIBOJ, 9TO JKHBET Ha NJIOCKOCTH; €CJIH XKe
3TO OTHOWIEHHe He OyIer
paBHO YHCay 7, TO 3TO
IOCTaBHT Halllero AByMep-
HOro KOJJlery B TYIHK,
eclH OH He jorajaercs,
YTO KHBET Ha HCKPHBJIEH-
HOH ceplyecKol NMOBEpX-
HocTH. UeM MeHblle pajH-
yC OKPY2KHOCTH, HJIH 60Jib-
me paauyc cgephly TeM
TpyAHee 3aMeTHTb OTJIH-
yHe nOBepXHOCTH chephl Puc. 8. Uem Goablue paguyc chepu,
oT KacaTeﬂbHOﬁ K Heﬁ TEM MEHbINe €€ JIOKaJAbHMEe OTJIHYHA

mIockKocTH (pHc. 8). OT KacaTe/IbHOH IJIOCKOCTH.

Heuto noxoxee MoKeT CIyYHTbCH H C TPEXMEPHBIMH pa-
3YMHBIMH CYIIECTBAaMH, XKUBYIIHMH B pealbHOM TPeXMEpHOM
npocTpPaHCTBe, T. €. ¢ HaMH. [IpOBOAS H3MepeHHs B MaJjbixX
06/1acTAIX NPOCTPAHCTBA BJA/IH OT MACCHBHBIX T€JI, MBI MOXKeM
Y He 3aMETHTb OTJIHYHS HAIIero TpeXMepHOIro MpOCTPAHCTBA
OT eBKJ/HJOBa, a YeTbPEXMEPHOrO NPOCTPAaHCTBAa-BPeMeHH
OT NCeBJOEBKIHJ0BAa NPOCTPAHCTBA-BpeMeHH MHHKOBCKOrO.
Ho ecnn omucatb OKpyXHOCTb BOJIH3H MacCHBHOIO TeJa,
TO He OKaxKeTcs JIH, YTO OTHOIIEHHe ee AJHHBl K JHAMETPy
6yzer He paBHO w?

Coraacuo. OTO, Bo6paBiueii B ce6s npexcrasienus CTO
O €JHHOM NpOCTPAHCTBe-BpeMEHH, a He O BpeMEHH H mpo-
CTpPaHCTBE B OTJE/NbHOCTH, FPAaBHTALlHOHHOE MOJe, CO3[|aBae-
MO€e MaCCHBHHIMH T€/1aMH, 3TO, MO CYTH, H €CTb NpPOSIBJIEHHE
HCKpPHUBJeHHOCTH npocrpaHcrBa-BpeMenH. OTO ycranasiu-
BaeT KOJIHUECTBEHHYIO B3aUMOCBSI3b MEXK/y [€OMETPHIECKHMH
CBOMCTBaMH IIPOCTPAHCTBA-BPEMEHH H [OBEJEHHEM MaTe-
pPHH B 3TOM NpOCTpaHCTBe-BpeMeHH. [pyruMH cloBaMH, co-
rnacso OTO, cpoiicTBa TOH apeHBl, HAa KOTOPOH pa3BopagH-
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BaioTcs_Bce_(pu3ngeckue coOLITHSA, T. €. IPOCTPAHCTBA-BpeMe:
HH, B3aHMOCBSI3aHEI C XapaKTepoM TOTO, YTO Ha 3TOH apeHe
OPOHCXOAMT, T. €. ¢ (PH3HYECKHM NOBEJeHHeM MaTepHH.

Uto6hl B caMblX OOLIMX 4YepTax NpPeACcTaBuTh cebe, 4TO
takoe OTO, BhienHM JBa OCHOBHBIX BOINpPOCA3, Ha KOTOPLIE
JO/XKHA YMETb OTBeuarth Ji06ast TeopHs I'DABHTALMH, B TOM
yucie 1 OTO.

[NepBuii Bonpoc. IIpeanosnoxuM, 4TO rpaBHTALHOHHOE
noJe 3ajaHo. Kak B 3TOM noJsie ABHKYTCSI Tesa, CBET, BOOG-
lle MaTepHsi, eC/lH OOPATHBIM BJIHSIHHEM paccMaTpHUBAaeMBIX
00OBEKTOB HAa CaMO TIPaBHTALlHOHHOE II0Jle MOXKHO NpeHel-
pedb? Takue o6BEKTH NPHHATO Ha3biBaTh NpOGHLIMH. Ha-
npHMep, COYTHHK — 3TO NPOGHOE TeJO B TPaBHTALHOHHOM
noJie 3eMJIH, a caMy 3eMJII0 MOXKHO CYHTaTh NMPOGHELIM TeJIOM
B rpaBHTanHoHHOM noje CoJiHLA.

Bropoii Bonpoc. Ilyctb 3agano pacnpeie/nende MaTepHH
B IIPOCTPAHCTBE H H3BECTHO, KaK Marepus ABHxKercsi. Kakoe
rpaBHT2.IHOHHOE MoJe CO3AaeT Takas Marepusi? Hanpumep,
KaKoe I'DaBHTAllHOHHOE I0Jie CO3JaeT BOKPYT ceGsi 3Be3fa
HJIH IV1aHeTa?

Hayuubmnce orBeyaTh Ha 063 3TH Bonpoca, TeOpHs N03-
BOJISIET B NPHHUMIE PEIHTb, KaK FOBOPAT (U3HKH, CaMOCO-
[VIaCOBAHHYIO 3ajadyy: Marepusi CO3[aeT IpaBHUTALHOHHOE
1oJsie, KOTOpoe, B CBOIO O4Yepelib, BAHsIET HAa ABHKEHHE CaMOH
MarepuH.

Hrak, nonnitaeMcsi cHava/la_Hay4YMTbCSi OTBe4YaTb Ha
nepBuI BOMpOC. -

BepHeMcsi K NIPHHIMIY OTHOCHTEJIbHOCTH, MOJIOKEHHOMY
B ocHoBy CTO. Kak Mul yxe 3HaeM, 3TOT NPHHLHUN IJacHT,
4TO BCe 3aKOHhI (PU3HKH OLHHAKOBbl BO BCeX HHepIHaJbHAIX
cHcTeMax oTcyera. MoxXHO Jid OGOGLIMTb 3TOT NPHHLHI Ha
NpOH3BOJIbHbIE CHCTEMEI OTCYETa, ABHXKYILHECS C YCKOpeHH-
€M OTHOCHTEJbHO HHepuHaJbHEIX? Kasanoch Obl, HeT. Beab
HEeHHepIHaJbHbBle CHCTEMBl OTCYEeTa NMPHHLHMHANBHO OTJIH-
YalOTCHi OT HHEPIHAaJbHBIX: B HeHHepIHaJbHOH CHCTEMe OT-
cyeTa TEJO ABHXKETCS C YCKOpeHHeM, Jaxe eCJH Ha Hero
He Je AICTBYIOT CHJIBl CO CTOPOHBI APYTHX PeasibHbIX O0bEKTOB.
Ho Bceraa /M MOXHO OTJIHYHTH NOAOGHOIO poja «PHKTHB-
Hbl€» YCKOPEeHHsl OT TeX YCKOpeHHH, KOTOphle BhI3BaHH (PH-
3HYECKHM B3aHMOJleHCTBHEM TeJ?

OTnHuKTEeNbHAS OCOOEHHOCTh ¢(PUKTHBHAEIX» YCKOpEHHH,
CBSI3aHHEIX C NEPeX0JOM B HeHHePIHAJbHYIO CHCTEMY OT-
cuera,— Ta, YTO BCe TeJa, Ha KOTOPhIe He AEHCTBYIOT CHJIHI,
HCNBTEIBAIOT OJAHHAKOBHIE ycKopenus. Ho Bce Tesa Henhl-
TBIBAIOT OAUHAKOBH € YCKOPEHHs H B Clydae OJHOPOAHOTO,
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t. 6. OCTOSHHOrO MO MPOCTPAHCTBY, I'PaBHTAIHOHHOIU
noss. O6paTuMcs K Takomy npumepy. IlpencraBum ceGe koc-
MHYECKYIO paKery, [POJETAIOILYI0 TaK AaJeKO OT I'DABHTH-
pyomux Teaq — 3Be3] HJH MJaHeT, YTO I'PaBHTAlHOHHBIE
CHJIBI, JeHCTBYIOIHe Ha paKeTy, HHUYTOXKHO MaJjbl. [lycTthb
MOILHOCTb PaKeTHbIX JABHIaTesell mojo6paHa TaK, 4TOGH yc-
KOpeHHe, C KOTOPLIM JBHKETCSl paKkera, B TOYHOCTH paBHS-
JoCb YCKOpeHHI0 cBoGojpHoro magenusi g. Ha xkocmonaBra,
KOTOpHIH CHAHT B pPaKeTe, AeHCTBYeT eMHCTBEHHAs1 CHJIa —
peakuusi onopnl co croponbl Kpecna N. MmenHo ata cuna
coo0IiaeT KOCMOHABTY YCKOpeHHe: COIVIacHO BTOPOMY 3a-
koHy Heiorona N=m,,g, rie my, — HHepTHas Macca Koc-
MOHaBTa. KOCMOHABT MOMHHT, YTO Nepex CTapTOM, KOrja
paKera CTOs/1a HENMOABHXKHO Ha 3emile, HA HErO CO CTOPOHHI
Kpecaa LefictBoBasna cuia N', ypaBHOBELIHBAIOWAs CHIY
NpUTsiKeHHs1 K 3emae, T. e. N'=mpg. U B TOM, H B Apyrom
clydae y KOCMOHABTa CO3/1aBaJjIOCh OLLYLIEHHE, YTO KaKasi-TO
CHJIa BJIaBJIHBAET €ro B Kpecio. EcilH myy=m;p, To N=N'.
3HauHT, ec/IH IPAaBHTALMOHHAsA M MHEPTHAsi MacChl COBNAJa-
I0T, B TOM H JPYIOM CJy4yae KOCMOHABT LOJIXKEH HCIBITHIBATD
COBepIIEHHO OJHHAKOBbIE OLIYILIEeHHS: T. €. OH, 3aKPhIB Ha-
IJ1yXO WJJIOMHHATOPHI, He cMOT Obl yrafaaTh — HENOABHXKHA
JIH paKera, HO BOJIH3H €CTb TeJo, CO3Jalollee IPaBHTAHOH-
HOe 10Jle C HANpPSIXKEHHOCThIO & (CM. § 2), HIH rPaBHTAIHOH-
HOe [0J1e OTCYTCTBYET, HO PaKeTa JBHKETCs C YCKOPEeHHEM &'

PaccmorpeHHBIH NpHMEp HJJIOCTPHPYET HJAEI0, MOJO-
xkeHHyl0 B ocHOBY OTO: HuKaKOH JIOKaJbHBIA SKCHepH:
MEHT, T. €. 3KCIEPHMEHT, MPOBOAHMEIH B MaJOH YacTH Mpo-
CTPaHCTBa, B H30JHPOBAaHHOH J1a6GOpPaTOpPHH, HE MO3BOJISIET
OTJIHYHTb IPABHTALMOHHOE MoJie OT ycKopeHHd. [leficTBu-
TeJbHO, €C/IH IKCHEPHMEHT NPOBOAUTCS B A0CTATOYHO MaJIOH
006J1aCTH NPOCTPAHCTBA, TO B 3TOH 06G/acTH TPaBHTALHOH-
HOe MoJie MOXKHO C BBICOKOH TOYHOCTbIO CUHTAThb OLHOPOJ-
HbIM. KoHeuHO, B ciyuae HeJOKAaJbHOIO 3KCIEpHMEHTA
MOXKHO 3aMETHTb, YTO B Pa3HBIX TOYKaX MPOCTPAHCTBA YCKO-
peHHs pasiuYHbl (HampHMep, 4eM Aajblie OT 3eMJH, TeM
MeHbllle yCKOpeHHe cBoGogHOro najeHus). [Toatomy rpasura-
I[HOHHOE T0JIe B NPOTSKEHHOH 06/7acTH He 3KBHBAJEHTHO
nepexofly B HeHHEPLHANbHYIO CHCTeMy oTcuera. Ilpyrumu
C/IOBAMH, cCJlelyeT BCe BpeMsl NOMHHTb, 4TO 3SKBHBAJIEHT-
HOCTb TPaBHTALHOHHOTO MOJII H YCKOPEHHsl CIpaBejIHBa
JIMLIb JIOKaJbHO. DTO 03HAYaeT, YTO C y4eTOM IPaBHTALHOH-
HOTro moJisi Bce 6e3 HCKJIOUEHHS] CHCTeMbl OTcyeTa (B TOM
YHCJe H HeHHepIHa/bHbE) COBEPIIEHHO PABHONPABHHLI MPH
ONMHCAaHHH JIOKAJbHLIX (pH3HUECKHX siBJeHHH. B 3stoM M co-
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crout raasapit npurnun OTO — npuHUMT 3KBHBAJIEHTHU-
CTH, B OCHOBE KOTOPOTO JIEXXHT PAaBEHCTBO HHEPTHOH H rpa-
BUTALLUOHHOM Macc, 3HAKOMOE KaXKAOMY HIKOJbHHKY.

B knaccuyeckoi MexaHHKe PaBelicTBO MHEPTHOH U rpaBH-
TAIHOHHOM Macc -—— 3TO BCETo JIHIIb CJydyailHOe COBNAJEHHE.
B OTO — 3to ¢ynaaMenTaj bHbI NPUHLIUI, 0606IIAOLIHHE
pesyJbTaThl MHOTOYHCJEHHBIX OIBITOB H OTpaXKarluuit
NPHPOAY TPaBHTAIHOHHOTO B3aHMOJEHCTBUS.

IlpuHuin 3KBHBaJIEHTHOCTH O3HAYaeT, YTO HE TOJBKC
CKOPOCTH PaBHOMEPHOTO INPSMOJIHHEHHOTO JBHIKEHHS $IB-
JISIIOTCSl OTHOCUTENbHBIMH, HO H yCKOpeHHsl. Bee ypaBHenud
OTO, xoropble CAHILIKOM CJIOXKHBI, YTOObI HX 3[eCb BHITH:
chiBaTh, 006/1aJal0T OJHHM 3aMeyaTe/JbHbIM CBOHCTBOM: OHH
BBIMVISLJAT OJAMHAKOBO HE TOJbKO BO BCeX HHEpLHAJbHBIX.
CHCTEMaX OTCYeTa, HO BOOOIie BO BCEX CHCTEMaX OTCUYeTa.
Hpyrumu cnosamu, ypasnenusi OTO nHBapHaHTHB! OTHOCH-
TeJbHO NPOH3BOJIBHBIX N1peo0pasoBaHUN KOOPAHHAT H Bpe-
MeHH (Cp. ¢ HHBapHAHTHOCTHIO OTIOCHTEJNBHO HMpeoGpasoBa-:
Huit Tanunes u Jlopenua, § 3).

A Tenepb mnoneiTaeMcst MOHATh, KaKUM 06pasoM, 3Has
CTO u onupasicb Ha NPUHIHI 3KBHBAJEHTHOCTH, MOXHO:
ONHCATh BJHSHHE I'DABUTALHOHHOrO MOJA Ha (H3HUECKHE
nporueccol. HauneM ¢ caMoro npocToro ciy4asi OAHOPOJHOTO:
IPaBHTALIOHHOTO MOJIS.

[lycte umeercsi HewHepumasnbHas cucrema orcuera I',.
IBHXKYIIASICS B JAHHBIA MOMEHT OTHOCHTEJIbHO HHEpPIHAJb--
HOM cHcTeMbl oTcuera /. 3Hast yckopeHue [’ OTHOCHTENBHO [,
MBI B KQXK/Iblil MOMEHT BDEMEHH MOXKEM OTIPeeNHTb CKOPOCTh
nBixenust I’ orHocutenbHO /. A 3Has CKOpOCTb, MBI C MO-
Mollblo npeobpasoBaHuil JIopeHna, O KOTOPHIX II1a pedb
B § 3, MO2KeM CBs13aThb KOODAHHATHL 1 BpeMsl JII06Oro cOOBITHS
B chcTeMe / ¢ KOOpAHHATAMH H BPEMEHEM 3TOTO XKe COOBITHS
B cucreme /’. Oxa3biBaercsi, 4to, 3Has npeo6pa3oBaHus
JlopeHia, MOXHO YCTaHOBHTb CB$SI3b HE TOJBKO MeXAY KO-
OpJAHHATaMH H BPEMEHeM B Pa3HBIX CHCTeMax OTCyeTa, HO
1 MexJy JI0ObIMH APYTHMH BeJHYHHAMH, HalpHMep CHJIaMH.
Jpyrumu cjoBaMH, eciH Mbl YMeeM ONHCHIBATh (PU3HUECKHE
sipnenus B I, To ¢ nomompio CTO mMoxeM Jath HX OMHCaHHE
u B cucreme /’. Ho yckopenue cucremnl I’ oTHOCHTeNbHO [
9KBHUBAJIEHTHO, KaK Mbl B TOM yGeIMJHCh, CYIIECTBOBAHHIO
B I’ rpaBuranuounoro mnous. CieoBaTebHO, MOXHO PACCUH-:
TaTh BJHAHHE T'PABHTALHOHHOIO I0JIA Ha XOX paccMaTpH--
BaeMbIX (DH3HYECKHX [IPOLECCOB, HAMpHMep, OTBETHTb H&
BOIMPOC: KaK BJHSAET I'PABHTALHOHHOE I0JIe HA pachnpocTpa-
HeHHe Jyda cBera? B knaccuueckoii Teopuu HploroHa 3roT
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BOMNPOC CTaJTKHBAeTCS C TaKOH Ge3HOll HeonpeseieHHOCTEH,
4TO camoe pa3yMHoe GbL10 Obl CKa3aTh, YTO HHKAK He BJH-
sier. OTTalKHBasiCh »Ke OT MPHHIMNA SKBHBAJEHTHOCTH,
MBI C JIETKOCTbIO JlJaeM OTBET: IOCKOJIbKY OTHOCHTE/1bHO HHEp-
LHHaNbHOH CHCTEMbI OTCYETA CBET PACHPOCTPAaHseTCs NpPsIMO-
JHHEAHO, TO OTHOCHTENBHO YCKOPEHHOH CHCTEMBI OTCYera
€ro TPaeKTOPHs ONMCHIBAETCS HEKOTOPOA KPUBOH JHHHEH
(puc. 9); cnenoBaTebHO, TOBOPHM MBI, H B IPaBHTALlHOHHOM
NoJie CBeT pacnpocTpPaHsiercss M0 KPUBOH.
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Puc, 9. OTK/IOHEHHE Jlyua CBeTa B YCKODEHHOH CHCTeMe OTcyeTa.

Tenepy monpofyeM onucaTh GH3HUECKHe SIBAEHUS B He-
OJHOPOAHOM I'PaBHTALMOHHOM noJie. [yisi 3TOro Heo6X0AUMO
NpPOCTPAHCTBO, B KOTOPOM HMMeETCsl FPaBUTAIlMOHHOE MOJIe,
‘pa3buTh Ha MafleHbKHe sSiYeHKH TaK, YyTOObl pasMep sUeHKH
OBLT HAMHOTO MeHbllle TOTO XapaKTepHOro pasmepa, Ha KOTO-
POM 3aMeTHBI NPOCTPAHCTBEHHblE H3MEHEHHUS! I'PaBHTAIHOH-
Horo moJisi. Hanpumep, npH H3yuyeHHH I'paBHTAlHOHHOIO
nossi 3eMJH pa3Mep Takoi f4yeHKH JOKeH ObiTh HAMHOIO
MeHbliie pafuyca 3eM/1H, U 4eM pa3Mep siuefKH MeHblIe, TeM
GoJiee BBICOKOH TOYHOCTH ONHMCaHHs MBI fobbemcsi. Torsa,
C TOYHOCThIO, OnpesiesieMo pasMepoM BLIOpaHHO! siueliKH,
MBI MOKEM CUHTATh [OJIe BHYTPH sUefiKH ONHOPOAHEIM. Eciu
rpaBHTAlHOHHOE N0JIe 0 KaKOH-TO NPHYHHE SIBJISIETCS Mepe-
MEHHBIM 110 BpeMeHH (HampuMep, ec/ld pedb HJET O 'PaBUTa-
IIHOHHOM T0Jie GBICTPO MpoJieTatoLlefl KOMeThl), TO He GyneM
TpeGOBaTh OT Hallero pasduenys Ha si9efKM CJIMIIKOM MHO-
roro — npocjefuM BJHUSIHHE T'PaBUTALHOHHOTO NOJST Ha
H3yuaeMble siBJIeHHS B TeUeHHE JOCTaTOYHO MaJoro BpeMeHH,
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KOTOpOe HaMHOTO MeHbllle, 9eM TO BpeMsi, 332 KOTOpOe foJe
CYIIECTBEHHO H3MeHHTCSl. WHBIMH c/0OBamu, peub HJET,
€C/M Bhl 3aMeTHJH, O pa30HeHHH NpPOCTPAaHCTBAa-BPEMEHH
Ha YeTeipeXMepHBIe s4YeHKH, BHYTPH KaXIOH H3 KOTOPHIX
IPaBHTAllHOHHOE II0JI€ MOXXHO CUHTATh OJHOPOJHBIM H MO-
CTOAHHBIM. HO OZHOPOZHOE H MOCTOSIHHOE IPaBHTAIlHOHHOE
noJsie, Kak MBI yXKe 3HaeM, MONHOCTBbIO 3KBHBAJICHTHO mepe-
X0y B YCKOPEHHYIO CHCTEMY OTCUeTa, KOTOPHIH C yCrexom
nposogurca ¢ nomompio CTO. CrnenoBatenbHO, MBI yMeeM
OTBETHTb HA BOIPOC O BJIHUSIHHH I'PAaBHTAllHOHHOIO MOJIsSI HA
Mmo6oe coObITHE, JIOKANTH30BAHHOE, €C/IH TaK MOXHO BHIpa-
3UTbCSI, H BO BPeMeHH, U B mpocrpancrBe. [locie 3roro
Heo6XOJHMMO JIMIIb COMOCTABHTb, CBECTH BOEJUHO BCIO HH-
dopManuio, MONYUEHHYIO AJISl KaXKAOro COOLITHSI B OTHAE/b-
HOCTH, Y TOTZa MBI CMOXKEM OTBETHTb Ha BOIPOC O BJHSIHHA
IPAaBHTAllHOHHOTO NOJIA Ha SIBIEHHS, MPOTSKEHHBIE H BO
BPEMEHH, H B IpPOCTPaHCTBE.

Kak nyymre mpoBecTH TaKoe cONOCTaB/eHHE HJIH, KaK
roBopsAT HU3HKH, KAaKUM JJIs1 3TOr0 BOCIOJIL30BATLCS amma-
parom? Cosnarens OTO nonsJ, 4To TaKo# anmapar yxe pas-
paGoTaH MareMaTHKaMH — 3TO TEeOMETPHSI HCKPHBJIEHHBIX
IIPOCTpaHCTB, nocrpoeHHas JloGaueBckum, Pumanom, Tayc-
COM M JPYTHMH. DTOT MaTeMaTHUecKHil annapar, rpy6o ro-
BOPSl, CBOJUTCA K HCNOJBL30OBAHHIO BMECTO JEKapTOBBIX
KOODAHMHAT HEKOTOPHIX, TAaK Ha3hiBaeMBIX KPHUBOJHHEHHBIX
KOODJMHAT, KOTOpHle HHAue ellle Ha3bIBAlOT rayCCOBCKHMH
KoopauHaTaMH. [losicHMM CyTb BRIIECKa3aHHOTO Ha JBY-
MEepHOH aHaJioruu. PaccMoTpum cHauana MJIOCKHH JIHCT TeT-
pamxi B KJaerouky. Ha niockocTH nucTa MOXKHO BBECTH Je-
KapTOBHI KOOPJIMHATHI TaK, 4TO Kaxo#l Touke A COOTBETCT-
BYIOT [iBa UHCJA Xj H X,, YKasHBaloUmlHe, KaK MONAacTh H3
Hayasa Koopaunar O B TouKy A: Hajo NPOHATH MO rOPH30H-
TaJ¥ X; CM, a 3aTeM [0 BEepTHKaNH — X, cM. 15 cocenHux
TOUEK KOOPAHHATHI X; H X, OTJIHUAIOTCS He3HauuTenbHO. Ecn
TOuKa B HMeeT KOOpAHHATH X;-+dx; H X,+dx,, TO ee paccro-
siHHe JI0 TOuKH A CBsi3aHO ¢ dX; M dx, COOTHOLIEHHEM

ds® = dx? + dd. (4.1

Takas 3aBHCHMOCTb KBajJpaTa PacCTOSTHHSI MEXJy CO-
CeHHMH TOYKAaMH, CBOASINASCA K CyMMe KBajpaToB NpH-
palieHH# KOOpAHHAT, 03HAYaeT, UTO Mbl HMEEM JIeJIO C eBKJIH-
JOBRIM TPOCTPAHCTBOM.

BBesieM Tenepb Ha TOM Ke INIOCKOM JiHCTe GyMard Koop-
JMHATH COBepIIeHHOo HHOro poxa. HauepTum Bmecto mps-
MBIX, 06pa3yIolHMX NPSAMOYTOJIbHEIE KJETOYKH, ABAa CEMEH-
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CTBa TAKHX KPHBBIX, YTO KpHBbIE OJHOrO CeMeHcTBa Apyr ¢
APYroM He nepeceKaiorcs (puc. 10). Kaxno# KpHBOPI OJIHOTO
ceMeficTBA MPHIHKILIEM YHCIO #;, 2 KAXKLOH KPHBOH JAPYroro
ceMelcTBA — YHCIIO U, UHcHa 4y H Uy MOTYT OBITH HCIIOJIB-
30BaHH B KauecTBe KOOPAHHAT HUUYTh He XyxKe YHCel Xy
H x,. Tag xe Kak 1 panblie, Kax/10{ Touke A COOTBETCTBYET
napa 4Hces u; H U,, YKa3blBawlnas, Ha nepeceyeHHH KakuX
KPHBBIX Haxoisitcs 91U ToukH. CocepHell TOuKe B COOTBeET-
CTByeT napa GJH3KHX uHcea u,~+duy ¥ u,+du,. Ho Tenepsb
KBaJIpaT PacCTOsIHHSI MexAy ToukaMH A U B He paBcH cyM-
Me KBaJpaToB du, u duy. 3aKOH, 10 KOTOPOMY ONpeJeisieTcs
paccTosiHHe MeXJy ABYMsS COCEIHHMH TOYKaMH, €C/IH H3-
BECTHBl PAa3HOCTH MX KOODJHMHAT, CBs3aH C BHIOOPOM
KPHBOJIHHEHHBIX KOOpJAHHAT.

Z

il /

Puc. 10. KpuBonuHefiHHe KOODAHHATH,

Ecau peus Haer o6 onpeneneHHH HOJIOXKEHHS TOYKH Ha
IJIOCKOH MOBEPXHOCTH, TO Mbl BCErAa MOXKEM [epPecYHTaTh
N0 3aJaHHBIM U, U U, IEKAPTOBBl KOODJAUHATHL X; U X, T. €.
OCYIeCTBHTb NpeoGpasoBaHHe KOOPJHHAT

Xy =%, (Uy, Uy),
Xg= Xq (Uy, U,),

B pe3yJbTaTe KOTOPOTro KBaJpaT PacCTOSIHUS MEXAY ABYMs
COCefHMMH TOuKamu npumer Buj (4.1).

Ho, ecsiu MH HMeeM Jies10 ¢ KPUBOH TOBEPXHOCTLIO, Ha-
NpUMEpP C MOBEPXHOCTbIO ABTOMOGHJIBLHOIO KphHLIa, TO e-
KapTOBbl KOODJAMHATH BOOOLE HeJNb3sl BBECTH, T. €. HH NpH
KaKOM BbI6Ope KOOPAHHAT KBaApaT PACCTOSHUS MeXAY JABY-
Msl TOUKAMH He paBeH CyMMe KBaJpaToB NpHpaIeHHH KOoop-
auHat. Torga MBE rOBOpHM, 4TO NPOCTPAHCTBO HE ABJAETCSA

1)
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eBKNHIOBBIM. 'ayce u Puman noapo6uo paspa6ortaiu Teo-
pHIO, TMO3BOJISIIOLLYIO ONpelessiTh TeOMeTPHUYeCKHe COOTHO-
[IeHHS Ha TaKHX MOBEPXHOCTAX. DTa TEOPHs cefiuac Hashl-
Baercsl PHMaHOBOH reomerpuefl. Kak Mbl yKe oTMeuaJ,
MaTeMaTHKH, Hay4YHBILHCh YTO-TO JeJ/1aTh C ABYMEePHEIMH NpO-
CTPaHCTBaMH, CNOCOOHBI OGOOLIATL JLOCTUTHYTOE HA Cayudai
Ja1000TO YHCAa H3MepeHHH. DyeMeHT JJIHHBI HJIH, COTJIACHO
NPHHSITOH TEPMHHOJIOTHH, 37€MEHT HHTepBajla MeXLy CO-
CeJHHMH TOYKAaMH HJIH, Jy4lle CKa3aTb, COOBLITHSIMH B YEThl-
pexMepHOM npocTpaHcTBe-BpeMent MunkoBckoro (cM.(3.11))
onpejensiercs. KaK

ds? = ¢ di* — dx* — dy® — dz. 4.3y

B nonHoi#t amasoruu co cjydaeM JIBYMEepHOH MOBEPXHOCTH
MOKHO BBECTH BMECTO X, Y, 2 U { NPOH3BOJIbHLEIE KPUBOJIH-
HefiHble KOODJHHATHL U, U, p H T, /IS KOTOPHIX BHIpaKeHHE
tHna (4.3) Oyner yxKe HecnpaBeLIHBO.

IlpocrpancTBo-BpeMs B 0Ollell TEOPHH OTHOCHTEJIbHOCTH
He SIBJISIeTCS NCeBJOEBK/IHIOBEIM, IOTOMY YTO HE CYILIECTBY-
€T TaKOH eJHHOH HHepUUaJbHOH CHCTEMBI OTCYETa, KOTOpash
NOKpHIBasna OBl BCe NPOCTPAHCTBO-BpeMsi. B KaxaoM coGHI-
THH IIPOCTPAHCTBA-BpeMEHH MOXKHO BHIGpPaTh JOKAIbHO
HHepIHaNbHYI0 CHCTeMY OTCYeTa, NPOJOJIXKHB KOTOPYIO He-
OTpaHHYeHHO BO BPeMeHH H B NPOCTPAHCTBE, MBI MOJYYHM
Kacare/JbHOE IIJIOCKOE NPOCTPAHCTBO-BPeMsi; HO NPH Nepexo-
e K APYTOMY COOBITHIO JIOKaJbHO HHEpIHaNbHAs CHCTEMA
orcueta Oy/JeT HEMHOIO OTJIHYAThCS OT NpeAblAyLied, T. €.
KaK Obl <[IOBEPHYTa», NOJZOGHO TOMY KaK KacaTesbHbIE IJIO-
CKOCTH K JBYMEDHOH HCKpPHBJIEHHOH MOBEPXHOCTH MOBEp-
HYTBI OTHOCHTE/IbHO APYT Apyra. Taxum o6pasoM, MpUHLHI
5KBHBAJIEHTHOCTH YCKOPEHHS! M JIOKAJbHOTO T'PaBUTAIlHOH-
HOTO I0JISI, B OCHOBE KOTOPOTO JIEXKHT PaBEHCTBO HHEPTHOH
U TsIKeMOH Macc, HeH36eXKHO NPHBOLHT K MPeJCTaB/IeHHSIM
00 MCKDHBJ/IEHHOM YeThIpeXMEPHOM INPOCTPAHCTBE-BPEMEHH,
B KOTOPOM TeMIl TeUeHHS BpeMeHH Das3/HueH B Pa3/HYHBIX
TOYKaX U B KOTOPOM HEeBO3MOXKHO BBECTH €JJHHYIO HHEpIH-
aJIbHYIO CHCTeMY OTCYeTa BO BCeM NPOCTPAHCTBE.

Ho orcyrcrBie XKecTKHX HHePHHAJBbHLIX CHCTEM OTCUETa
HUYYTb He MellaeT BIIOJIHE UETKOMY OMNHCAHHIO SIBJEHHH.
Ecnu MBI BBOIMM NPOM3BOJIbHbIE KPHBOJIHHEHAHEE IayCCOBBE
KOOPAMHATHL, TO MOXeM KOHCTaTHPOBAaTb COBMAJleHHEe IBYX
COOBITHH, MOXKEM pacCUMTLIBATb PACCTOSTHUS W HHTEpPBaJIbt
BPeMeHH MeXAy COOBITHSIMH, T. €. NOJHOCTBIO OMHCHIBATh.
reoMeTpHuYeCKHe CBOMCTBA NMPOCTpaHCTBa-BpeMeHH. A cBOH-
CTBa NPOCTPANCTBA-BPEMEHH ONpEeNeNsIoT MOBeJeHHe MaTe--
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PHH B HeM: IBHXKEHHe Teal M naydefl cmera, Aebopmanuu
H T. I

Tenmepb OCHOBHAasf HjJes NPHHLIINA 3KBHBAJEHTHOCTH
MoOxKeT GhITh chopMmy.iHpoBaHa Ge3 MPHBJIEUEHHS CHCTEM OT-
cyeTa, JKECTKO CBSI3aHHBIX C HeKoTOpbiMH Tesami. Kak
numer DfHmTeRH: «Bce rayccoBel CHCTeMBl KOODJIHHAT
B NpHHIHMIE 3KBHBANEHTHH A5 HOPMYAHPORAHHA OOLIHX
3aKOHOB NMpHpoAb. UTak, ec1H HMeercss HEKOTOPOe TPaBH-
TALHMOHHOE 110JIe, TO BCE YACTHIIBI U J1YYH CBeTa, KOTOphIe NpU
OTCYTCTBHH T'PABHTAHOHHOTO MOJS JBHTalHCh Obl MO Mps-
MBIM JIMHHSIM, Ternepb JO/KHBI JBHraThCs MO KpaTdaiIium
nyTAM — Kak H mnpexfe. Ho xkorma mpocTpaHcTBC-BpeMs
HCKDHBJIEHO, KpardalmMi nyTb OyAeT He TPsMBIM, a KpH-
BuM. Takue KpHBbIe JHIHH Ha3hbBAIOTCS IEOJe3HUeCKUMII.
X MOKHO BCerja paccunuTaThb, cJy H3BECTIIO IPABHUTAlllION-
Hoe TroJie.

[TosTOMY 10 ABIRKEHHIO 4ACTHIL U Myuell cBera, T. €. 3Hasd
HX MHDOBBIE JHHHH (TPAEKTOPUH B IIPOCTPAHCTBE-BPEMEHH),
MOXKHO BOCCTAHOBHTb BCE CBOHCTBA PaBHTALHOHHOIO MOJIA.

Hrak, ¢ nepBbM BaKHEHUIMM BOMNDOCOM, BCTAIOUIHM
nepej TeopHeH rpaBHTAlMH,— KaK MoJie BJHsET Ha I0Be-
JleHHe MaTepHH — MBI B OOUIMX 4eprax pasobpanuch. Met
OOCYAHM LeJBbIfl PN SIBJEHHH, CBSI3aHHBIX C JABHXKEHHEM
NPOGHBIX TeJ M Jydell cBeTa B IPaBUTAlHOHHOM MOJIE, MO
OTAENBHOCTH H Gosee NMoApPOGHO B MOC/ACAYIOUKMKX pasienax
3TOH KHMTH.

Ho ectb 1 BTOpO#, HE MeHee BaXKHBIH BOIPOC: 4eM OIpe-
JlesisieTcs caMO TPaBHTAIHOHHOE T0Jle, T. €. OT 4ero 3aBUCHT
reoMeTpHsl NPOCTPAHCTBa-BpeMeHH? B knaccuueckoil Teo-
PHH TPAaBHTAIMOHHOE IOJIe ONpejenasiioch TOJIbKO paclpe-
JileiedueM Macchl. J1eHCTBHTeNbHO, ecH U3 3aKOHAa BCEMHp-
Horo Tsarotenus: HploTora B /0%50it Hanepea 3afaHHON TOUKe
NPOCTPAHCTBA Mbl 3HAaeM PAaBHTALHOHHOC 110J€, CO3jAaBae-
Moe TOYeuHBIM TEJNOM, TO, pa3buBas Jioboe pacnpenesieHHe
Maccel H2 MHOXKeCTBO TOYEYHHIX MAaccC, CKJajAbiBas HX TPaBH-
TallHOHHBIE TOJISI, MBI CMOXKeM OMNpele/lHTb IPaBHTAllHOHHOE
nose, co3jaBaeMoe NMPOH3BOJNBHLIM pacnpesejeHHeM Macc.

Korpna xe peub HAeT O MOCTPOEHHH TEOPHH T'PABHTAIHH,
KOTOpasi CTaBHT CBOCH IEJbI0 YYecTb KOHEUYHOCTb CKOPOCTH
pacnpocTpaHeHHs JIOOBIX CHTHATOB, MOXKHO NpeIBUIETb,
4TO TIpaBHTALMOHHOEe 10Je OyAeT 3aBuUCeThb ile TOJbKO OF
pacnpejiesieHHsI Macc, HO H OT CKOPOCTeH HJM HMIYJbCOB,
C KOTODBLIMH JBHXKYTCS 3JIEMEHTHl MaTepHH: I3MeHEHHe [I0-
JIOXKEHHs OTHEJBbHBIX 3/IEMEHTOB BeleCTBa JOJIKHO CKa3sbl-
BaThCA Ha I'PABHTAIHOHHOM MIOJIE.
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" TlockoNLRY MBI 3HaeM H3 CHeNHaJbHOA TEOPHH OTHOCH-
TEeJAbHOCTH, YTO MAcca U SHEPTHS — OJHO H TO XKe, TO 'PaBH-
TAIMOHHOE NOJIe NOJIXKHO ONpeNesiTbCA HEKOTOpofi KOMGH-
Hanuefl SHEPTHH H UMNYJIbCOB. MBI 31iech He GyieM BHHKATh
B 0coOble TOHKOCTH, HO BCE-TaKH, YUYHTHIBAsl NPHHIHNHAb-
HYIO BaXXHOCTb 3aKOHa, COTJIACHO KOTOpPOMY co3jaercs (re-
Hepupyercs) IPaBHTAIHOHHOE T0Jie, CKAaXeM CJefyIollee.
JoronbHo cnoxupie ypaBHenusi OTO nosBossior paccun-
TaTb BEJHYHHbI, KOTOPHIE HA3bIBAIOTCS MOTEHIMAJlaMH Tpa-
BHTAaIMOHHOTO MOJsi. DTH BEJHYUHBI ONPENENSIOT TeOMeTpPH-
gecKHe CBOFCTBA MpPOCTPAHCTBa-BpeMeHH. B npenenbHOM
c/lyyae, KOTa CKOPOCTH TeJs, CO3JAIOUIUX I'paBHTaNHOHHOE
nosie, Majbl, a CaMO TPaBHTAI[HOHHOE MOJie sIBAseTcs cJa-
6bIM, T. €. MPOCTPAHCTBO-BPEMsl MOYTH He HCKPHBJIEHO, BCE
TPAaBHTAllHOHHBIE MOTEHIHAJbI CBOASTCA K ONHOH BeJHYH-
He — OGBIYHOMY HBIOTOHOBCKOMY T'DaBHTallHOHHOMY MOTEH-
nuany. HanoMHuM, 4TO rpaBUTALHOHHBLIA MOTEHIHAN B TEO-
puu HbloToHa — 3TO NOTEeHNHANbHAS SHEPTHS Tesla eNHHHY-
HOfl Macchl, MOMEIEHHOTO B TPaBHTAIIMOHHOE MOJIE.

Ha 3ToM MBI 3aKaHYHBaeM Hallle OMHCAHHE CTPYKTYPH
OTO. Ilepexoaum K KOHKPETHBIM (DPH3HYECKHM CJIEJCTBHAM
ofwell TEOPUH OTHOCHTEJILHOCTH.

§ 5. UTO MO)XET TEOPU A1 TPABUTALIHHU
NMOCOBETOBATb 3KCNNEPUMEHTATOPAM
Bpocas B BOAYy KaMelIKH, CMOTPH Ha KpPYrH, HMH o6GpasyeMbie;
HHaye TaKoe Gpocanue OyRer nycrtofi 3a6GaBoiQ.
H3 couunenuid Kosomoer ITpgmrkosa
(Adopusm Ne 156)
B npenrinymem naparpade 6blJI0 faHO KauecT-
ennoe onucanune OTO. B arom naparpade mbl o6cyaum Te
pekomenganuu, koropsle OTO paer skcnepuMeHTaTopaM H
HabmonatensM. Mbl nocrapaeMcsi NpeCcTaBUTh cebe, KAKUMH
JOJIKHBI GBITh SKCMEPUMEHTH HJIH HAGMIONEHHS, B KOTOPHIX
CTaBUTCS 3ajada — JHGO NPOBepHTb NMPHHIMMOBL, Jexaliue
B ocHoBe OTO, a1u60 conocTaBHTb KOHKPETHHIE KOJIHUECT-
BEHHBIE MpPEACKa3aHHS 3TOH TEOPHH C ONBITOM.

ITpexxne Bcero, Kak u Bcskas apyras ¢H3ndeckas Teo-
pusi, OTO Tpe6yer NpoBepKH TeX NMPHHIUNOB (IIOCTYJATOB),
KOTOpHIE JIEeXXaT B €e OCHOBeE.

Onun u3 npuHuHNOB — cnpasexausoctb CTO B jocra-
TOYHO MAJILIX 06J1acTsIX NMPOCTPAHCTBA-BPEMEHH — MOATBEp-
JKJeH MHOTOUYHC/IEHHBIMH J1aGOpaTOPHBIMH SKCIEPUMEHTaMH,
He HMeIOMHMH HEeMOCPEeJCTBEHHOTO OTHOIIeHHS K TIpaBH-
ranud (eM. § 3).
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Bropof npunnun, Ha Kotopwiit onupaercs OTO,— npun-
MO S5KBHBAJEHTHOCTH — HMEET CaMOe HEeMOCPeJCTBEHHOe
oTHomenne K rpasuranud (cM. § 4). Hauwnasa ¢ Tanunes
1 Hbl0TOHA HEOIHOKPATHO CTABHJIHCH SKCNIEPUMEHTH, C BO3-
pacraiomefi TOYHOCTHIO JOKA3LIBAIOIIHE HE3aBHCHMOCTb YC-
ROpeHHs CBOGONHOTO MaJieHHsi OT KOHKPETHHIX CBOACTB Npo6-
HBIX Tea. Takoe cBOMCTBO najeHUs MPOGHHIX TeNT — HeMo-
CpPEeICTBEHHOE 3KCNEepHMeHTaNbHOe MOATBEPKAEHHE TNpPHH-
nuna skBHBaseHTHoCcTH. PekoMennanust OTO oueBnzHa: STOT
MPUHIUN HEOGXONUMO MPOBEPSITH C TOA TOYHOCTHIO, KOTOPYIO
MO3BOJISIET COBPEMEHHBII YPOBEHb 3KCIEPUMEHTAJNbHOMN TeX-
HUKH. A 370, B CBOIO O9epelb, 03HAYAeT, 4TO C POCTOM CKYJIb-
TYpPbI» U3MEPEHHHA (C MOBHIIEHHEM TYBCTBHTENHHOCTH H Pas-
peleHusi IpHGOPOB) HEOGXONMMO BO3BPAINATHCS K ONHITAM
M0 MpOBepKe MNPHHOMIA SKBHBAJeHTHOCTH. B nociennue
TOJIEl GHITH BHIMOMHEHEl OMBITHL KaK B 3eMHHIX JlaGopaTto-
pUAX, Tak U omeITH B MacmraGe CoJTHEYHON CHCTEMHI, Tl B
KagecTBe NMPOGHHIX Tes HCIOJb30oBanuch 3emns # Jlyna.
SroMy Kpyry BompocoB mocBsiuieH § 7.

OTO cBsi3bIBaeT TPaBHTAIMIO C HCKPHBJEHHEM IMpPOCT-
paHcTBa-BpeMeHH. DTO 03HaYaeT, BO-NEPBHIX, UTO B I'PaBHTa-
IHOHHOM MNOJ1e BOIH3H MacCHBHOTO TeJla BpeMsl TedeT HHaue,
ueM BJalH OT HEro, Ilie TPaBHTAaNHOHHOE NoJe ciaabee. Ot-
clofla ClelyeT pEKOMEeHNamHs A5 SKCHepUMEHTAaTOpPOB:
CPaBHUTb XOJ OXHHAKOBHIX 9aCOB, YaJ€HHHIX Ha Pa3/THIHbIE
paccrosiHust ot 3emiu uau ot Conuna; Apyras («poacTBeH-
Hasi» 3TOfl) PeKOMEeHJAalHs: U3MEPHTb HU3MeHeHHe TacTOTHI
doToHOB, ynansomuxcs uaM npuGIHKAMHUXCT K 3emie
;uén K ConHny. OnHcaHUIO 3THX 3KCHEpHMEHTOB MOCBSAIIEH

HckpuBreHHe mnpocTpaHCTBa-BpEMEHH B TI'DaBHTalMOH-
HOM MoJle 03Ha9aeT, BO-BTOPHIX, YTO TPEXMepPHOe MPOCTPaH-
CTBO MepecTaeT GHITh eBKIHIOBLIM. DTO IOMKHO NMPOSABHThCSA
B ONnpeJie/IeHHOM HCKPHBJIEHHH (POHTA 3JeKTPOMATHHTHBIX
BOJIH TPaBUTHPYIOIHMU Tenamu. OTCiofa clenyeT elle OfHA
pPEKOMeHJAanHA JSKCMepUMeHTaTOpaM: HeoGXOAMMO MpocJe-
IUTb, KAaK ‘PacNpPOCTPAHSIOTCA JYYH CBeTa H DPaJHOBOJHE
B rpaBuTanvoHHoM nosie CosHOa, H3MEPHTh OTKJIOHEHHS Ta-
KHUX JIyJefl M COMOCTAaBUTL OGHAPYKEHHYIO TAKUM 06pa3oM
HeeBK/IHJ0BOCTh ¢ uucaeHHnM npeackasanuem OTO. Ilpu
TaKUX usMepeHusix (cMm. §9), KoneuHo, 6yIeT cKas3hBaThCs
M H3MEHeHHe TeMNa TeuYeHHs BpPeMeHH B TPABHUTAIHOHHOM
nose.

Ho e TonBKO HA pacmpocTpaHeHHe 3MeKTPOMAarHHUTHBIX
BOJIH BJIHSIET HCRPHB/IEHHE MPOCTPaHCTBa-BpeMeHH. JIBuxe-
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HHe NpOGHEIX TeJ, TAKHX, KaK IUIaHeTH HJIH CNYTHHKH, CO-
raacio OTO NpPOHCXORHT 1O reoNe3HYeCKHM B HCKPHBJIEH-
HOM npocTpaHcTBe-BpeMeHH. IIpu 3TOM naxe B cinabom rpa-
BHTanMOHHOM Tojie COHIA TPaeKTOPHH NMPOGHBIX TeN He-
MHOTO OT/IMYAIOTCA OT TeX TPAEKTOPHH, KOTOpHe MpencKa-
abiBaiorcss Teopuell Hoiotona. Uem 6amxe K Conmny, TeM
cuibhee 3TH otauuns. [Tostomy OTO pekomennyer BHHMA-
TeJbHO M3yuaTh JBUkKeHHe Gimxkafimelt K CONHIY NuiaHeTsl
MepxypHit 1 NoNbITaTbC O6GHAPYKHTh YKA3aHHBIE OTVIHUHSA
€e TPAaeKTODHH OT TPAeKTOPHH, NPefCKa3bBaeMOH 3aKOHAMH
Heiorona. Kpome toro, OTO pekomenayeT o6paTHThCA K H3-
YUeHHIO IBHKEHHS 06HEKTOB B JajiekoM KocMoce. Ecay Haid-
JAyTCA TakKue OOBEKTH, KOTOpHE JBHKYTCA B CHJIBHOM
TPABHTAIIMOHHOM T10JI€, 8 MapameTpbl HX OPOGHT H3BECTHHI C
IOCTaTOYHON TOYHOCTBIO, TO TaKHe OGBEKTH MOTYT OHITH HC-
noJIb30BaHKl B KauecTBe a6oparopuy no nposepke OTO BHe
§Ccl)gﬂeqﬂoﬁ cHcTeMHL. DTOMy KPYTY  BONPOCOB *TOCBAIIEH

Bce pekomengauuu OTO, nepeunc/ieHHble Bhlllle, OTHO-
CHJIHCh K SKCIIEPHMEHTaM B HEH3MEHHOM BO BpEMEHH CTaTH-
9eCKOM TrPaBMTANHOHHOM IOJIe, CO31aBAE€MOM HEMOABHXHbI-
MH TesamH. JIBHKeHHe rpaBHTHPYIOMUX Te cornacHo OTO
IOJ/XXKHO BJIMATH HA CO3aBaeMOe HMH TPABHTAllHOHHOE MoJIe.
Hef#icrButensuo, OTO ¢ camoro Hayaja CTPOHJIAch Kak pe-
JIATHBHCTCKOe 06o6menne Teopud HbioTOHA, ¢ TeM 4TOGH
COBMECTHTb TEOPHIO 'PABUTAIHH C KOHEYHOH CKOPOCTHIO pac-
NPOCTPaHeHHsi JMo6GhIX CHrHaJOB. MOXHO MPOBECTH TaKyIO
AHAJIOTHIO: 3aKOH BCEMHPHOTO TSTOTEHHS, OUeHb INOXOXHH
Ha 3akoH Kysoma,— 370 3aKOH TI'DABHCTaTHKH (CPaBHHTE
¢ anekrpocraTukoft), a ypaBHerHs1 OTO — 3T0 ypaBHeHHsi
rPaBHIMHAMHKH (CPaBHHMTE C 3JEKTPONHHAMHKOH).

B uactHoctn, OTO npenckasuiBaer, yTO Bpaujaomieecs
rPaBHTHPYIOIIee TeJO HAPSIAY CO CTATHUECKHM (NMOTEHIHA/b-
HbIM) mosieM GyneT co3jaBaTh BOKPYr ce0s CTalHOHapHOe
TPaBHTAllHOHHOE MOJI€é BUXPEBOro XapakTepa, OYeHb MOXO-
JKee Ha CrTallHOHApHOe MarHHTHOe MoJjie Bpallarolerocs 3a-
psaxenHoro tena. Kak o6HapyXHTb TakOe BHXPEBOe I'paBH-
taiuonnoe nose? OTBeT C/efyeT H3 TOro OOCTOSITENbCTBA,
YTO BHXPEBOE IpaBHTAIHOHHOE Mose (Ha30BeM €ro no aHa-
JIOTHH C 3/JeKTPOJIHHAMHUKON TIDaBHMAarHHTHBIM) NEACTBYET
Ha JBHXXYIIHeCs NPOGHbe MACCH, A HA MOKOSIIIHecs NPOGHbe
MaccH He HeACTBYeT (IBHXKEHHe OmpejesseTcss OTHOCHTE/b-
HO uentpa rpasurupyiowero tena). OTO paer, ciaexosa-
TENBbHO, TaKYIO :peKOMEHNAHIO: 9TOOb H3MEPHTb CBA3aHHOC
6 BpameHHeM 3eMaH rpaBHMarHUTHOE [OJe, HajO0 BHIBE CTH
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Ha Op6HTY BOKPYr 3eM/H Bpamamomeecs Telo (rMpocKom)
M NIPOCJIENNTh, KaK OHO Oyier ce6s BecTH. Kak aKcnepmmes-
TATOPHl CJIEAYIOT 3TOH PeKOMEHAALHH K 4TO yiKe B ITOM Ha-
NpaB/ieHHH CHes1aHo, pacckasniBaer § 11.

Ilpononxas aHAMOTHIO G 3/1eKTPOAHHAMHKOM, TPHYMbpOM
KOTOpO#l SIBHJIOCH NpefCKa3aHHe H OTKDHTHE 3JeKTpomar-
HHTHBIX BOJIH, MBI MOXeM OXHJaTb, UTO HEYTO HOXOXKee
JIOJKHO TIPOM30HTH M B rpaBUAHMHaMHKe. KoneuHocTb pac-
NPOCTPaHEHHs] TPABHTAIlHOHHOTO B3aHMOAEHCTBHS IpHBesa
dhHmTeliHa Ha camoil 3ape pa3Butus OTO K mpeackasaHHIO
CYIleCTBOBaHHS I'DaBHTALHOHHBIX BOJH. DTH BOJHHI ellle He
OTKPHITHI, HO KX INOHCKH B Hacrosillee BpeMs HHTEHCHBHO
BeAyTcs B IiesioM psifie naGoparopuit mupa. Ilono6xHo Tomy,
Kak 3JIeKTPOMAarHUTHble BOJIHBI, PETHCTPHpPYyeMBIE paaHo-
H ONTHYECKHMH TeJecKONaMH, HeCyT HaM HHGOpMaiLHio
O ABHKEHHH 3apsKEHHBIX YaCTHI[ B KOCMHYECKOM IIPOCTPaH-
CTBe, I'PaBHUTAIIHOHHBIE BOJIHBI JO/KHH HECTH HHPOpMaLHIO
O IPaHIMO3HBIX JBIKEHHSIX KOCMHUYECKHX Macc. ['paBuranu-
OHHBIE BOJIHBI — 3TO cJ1a0ble BCIJIECKH BOJIH KPHBM3HHI, JO-
KaruBluuecs 0 nerektopa B CoJIHEUHOHM cHcTeMe. YdueHble
HaJeloTCs, 4TO, OOHADYXKHMB 3TH BCIJIECKH, OHHM IMOJydYar
OdYeHb BaXKHYIO HHPOpPMAIHIO O JaJeKHX Karactpodax BO
Bcenenroit. Pacckas o rpaBHTalHOHHBIX BOJIHAX H crnocofax
HX oGHapy:keHus nofiner B § 12.

Bce BHILIECKa32aHHOE OTHOCHJIOCH K 3KCIIEpHMEHTaM B CJ1a-
ObIXx TI'paBHTALMOHHBIX moJisXx. [IpaBra, rpaBHTalHOHHBIE
BOJIHBI C/1a6bl BOJIM3H AETEKTOpa, a TaM, Tie OHH BO3HHKAIOT
(reHepupylOTCSl), TPABUTALHOHHBIE TOJIST MOTYT OBITb OYeHb
CHJIbHBIMH.

ITo muenmo coserckoro acrpodusuka B. JI. I'unsbypra
NOMJIMHHO aKTyaJjbHOR sBasercs nposepka OTO B cuabHOM
rpaBuTannonHoM nose. Ho, K coxxajeHHio, CO3kaTh AOCTa-
TOYHO CHJIbHOE TPaBHTALMOHHOE ImoJe B Ja6opaTtopHH
(Brmovatoweii Bcio CONHEUHYIO CHCTEMY), IO KpaiiHell mepe
B Onuxaiiiee crosetne, He ypactca. [lostomy B mouckax
npossiennii OTO B cH/IBHBIX I'PAaBHTAllMOHHHIX NOJAX MBI
JIOJKHE BHUITH 3a pamxkd CoJiHeuHOH cHcTeMbl. JpyruMu
CJIOBaMH, OT SKCIIEPHMEHTOB MBI JOJIKHBI OOPaTHTbCA K acT-
POHOMHUYECKHM HabmoaeHusM. Haxolscb B COCTOSIHHH mac-
CHUBHBIX HabJojare/efl, MbI He MOKEM HCKJIIOUHTh MHOXECT-
BO acTpoQU3HYECKHUX SIBIE€HHH, He HMEIOIHX HEeNOCPeACT-
BEHHOTO OTHOIIEHHA K I'PAaBHTalMH. B KaXaoM acTpOHOMH-
4ecKOM OGBeKTe TeCHEHIIHM 00pa3oM IepellieTanTca U THA-
PONMHAMHYeCKHe MPOLECCH], U INPOIECCHl epeHoca Haayue-
HM, U NJ1a3MeHHbIe HeyCTOAYHBOCTH, U T. I., H T. 0. I x0T
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rpaBHTalHUsi_HTPaeT_ONpeje/siollylo pPoJb B XH3HH acTpo-
HOMHYECKHX OOBEKTOB, H3MEDPHTb G HYXXHOH TOYHOCTBIO T€
BEJIHYHHEI, KOTOpHE HEOOXOAHMO COMNOCTAaBJATb G HpPEACKa-
sagusaMu OTO, kKak mpaBuJso, Kpaiine TpyaHo. Ho, TeM He
MeHee, npeickasanne OTO — cyuecTBoBaHHe YEPHBIX ABID,
OOBEKTOB CO CBEPXCHJIbHBIM TI'DaBHTALMOHHBIM [OJIEM —
HaXOAHTCA B LlEHTPe BHHMAHHUs MHOTHX aCTPOHOMOB H acTpo-
(H3UKOB (HE TOJIbKO TEOPETHKOB, HO H HalGJogaresneii). O6
aKTyaJbHOH mpoG/ieMe COBPEMEHHOH PeJSsITHBHCTCKOH acT-
POPH3HKH — O NOHCKAX YepHHIX IbIPp — OGyJeT pacckasaHo
B § 13.

Hpyroit o6vekt, B kotopom OTO poskHa nposiBasitTeCs
B N0JIHO# Mepe,— 510 Bcenennas B uesnom. Uem Gosiee Mac-
cHBeH H 6oJiee NPOTsiKeH 0OBEKT, TeM GOJIBIIYIO POJIb HTPAET
B HeM rpaBHTauus. BceneHHass — 3TO, KOHEUHO 2Ke, CaMBIi
GoJbIIOH OOBEKT, M03TOMY HeyAHBHTEJIbHO, 4TO HaykKa
KOCMOJIOTHSl, 3aHMMAIOIAsiCsl H3yYeHHEM CTPOEHHS H 3BO-
JionHH Beenennoii B nesoM, He MoxeT o6oituch 6e3 OTO.
O poan OTO B KOCMOJIOTHH H O ee MPUMEHHMOCTH K PaHHHM
3n0XaM XH3HH BceleHHol noiiger peur B § 14.

3akaHuHBasi 3TOT naparpag, cieiyer OTMETHTb, 4TO, He-
CMOTPS Ha CBOIO KPacoTy H Xopoluee corjiacHe ¢ HMEOLLH-
MHCs 3KcIepUMeHTaMH H HabmojeHuaMu, OTO He aBasercs
Ha CeroJHsILIHUH JeHb eJHHCTBEHHOH TeopHeH rpaBHTaLHUH.
ITostoMy oxma H3 3ajay SKCNEPHMEHTAaTOPOB — IOCTapaThb-
Csl YCTAHOBHTDb 3KH3HECNIOCOOHOCTD JPYIHX, TaK Ha3bIBAEMBIX
anbTePHATHBHHIX, TEOPHH IPaBHTALHH, ONHCAHHIO KOTOPHIX
B caMblXx OOUIMX yepTax nocssimeH § 15.

Tenepp MH nepexoguM K KOHKpeTHhIM caeictBuam OTO
B (PU3HYECKHX SKCIEPHMEHTaX H acCTPOHOMHYECKHX HalJio-
Jennsix. Ho mpexkie Bcero no3HakOMHMCSI C COBDPEMEHHEIM
SKCIIEPHMEHTAJNbHEIM [OTEHUHAI0M HameHd IJaHeThI.

§ 6. MF3MEPUTEJIbHbIA MOTEHLHAJI
HAIIEA MJIAHETbl BYEPA M CErOJaHA

B Mupe COBpeMeHHOH HayKH €CTb HCCJeJIOBaHHS, NpoBefleHHe
KOTOphiX aGCOJIIOTHO HEBO3MOKHO 6e3 COJIHAHOrO HaGopa MpHGO-
poB. BO3MOXKHOCTAMH, KOTOpble GbiJIH JAOCTYNHH ApXHMeXy K
HbloToHy, Tenepb yKe HHKTO He OrpaHHYHBaeTcs (KpoMe, MOXer
ObiTb, (PH3IHKOB-TEOPETHKOB), H XOpOLIO 0GOpPYAOBaHHAs JaGopa-
TOPHS TaK e Heo6XOoAHMa /sl TPOAYKTHBHOIO HCCJIEIOBAH Hsl, KaK
OHIIylLlas MallHHKa [Is HaNHCaHHA OTYeTa HadajbCTBY.

A, Kou, M, Bpeiiep, 1959 e,

MoXHO cyuTaTh, YTO OTHOCHTEJBHO CJIOXKHBIE
neseHanpasJieHHble (H3HYECKHE SKCNEPHMEHTH B JaGopa-
TOPHBIX YCJOBHAX (Ha 3emse) Hayan genartb [anuseo Ia-
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auned eme B XV1I Beke. Mul He XOTHM yMA/HTb 31€Ch POIH
€ro MnpeauecTBEHHHKOB — ecTecTBOHCHEITaTeNell [IpeBHeit
Ipenun. OnHako ApeBHerpeueckue yueHble Gosbiue HabJIo-
JaJi IOCTYNHEIE UM (H3HYEeCKHE SIBJeHHS M MOYTH HE NbITa-
JIHChb fieJ1aTh YHCJIEHHbIE COMOCTaBJEHHS MeXay Habmonae-
MbIMH Be/JIHUYHHAMH H TNPENCKa3aHHsSMH, BHITEKABIIMMH H3
runores, 3aNHCAaHHEIX B BuAe fopmya. K nepBeiM TakuM ¢u-
3HYECKHM CONOCTaBJEHHSM HYKHO OTHECTH PaGOTHI COBpe-
MeHHHKa [anunes — Horanna Kennepa. OH, npoaHannsu-
poBaB JaHHble HAOMIOAEHHH 32 JBHXKEHHEM IIJIaHET, KOTOPHIE
6blIM BEHINOJIHEHH ero yuurtesgeM Tuxo Bpare, cmor ycra-
HOBHTb KOJIHUECTBEHHBbIE 3aKOHBI, IOJIYYHBIIHE Ha3BaHHE
3akoHoB Kennepa (cM. § 10). (3arem Hcaak HbiotoH, ocHo-
BbIBasicb Ha 3akoHaX Kensepa, nmocTpous nepBylo TEOpHIO
TATOTEHHS.) DTO GBIH YAHBUTEBHO TOYHBIE AJISI TOTO Bpe-
MEHH acTpoHoMHyeckHe Habmogenusi. IlosnHee mnaesga
3aMeyaTesbHBIX (DH3HKOB-3KcnepuMmeHraropoB — I'. Kapen-
zuw, . Kyaon, X. dpcren, M. Gapageit u ap. — 3anoxuna
(byHZaMeHT COBpPEMEHHOH SKCrepHMeHTa bHO!H GU3HKH. [L1s
TOTO 4TOOHI BHIIOJAHHTbL Hally 3ajgady — OMHCAaTh, YTO Cle-
J1aHO (DH3HKAMH-IKCIIeDHMEHTATOPaMH, HCCJAEAYIOLIUMH Ipa-
BHUTallHOHHbIE SBJEHHS, YTO HMH JejiaeTcsi cefiyac H 4TO,
BO3MOXKHO, HM yJacrcs cienath B GnmkaiimeM Gyayuem,—
pasyMHO XOTs1 Gbl YaCTHYHO OLIEHHTb, KaK BHIPOC «H3MEpH-
TeJbHBIH NOTEHIHaM» cO BpeMeH [anunes o Hamux ZHEH.

UYem xe pacnonaranu, ckaxem, lanuieid waum Kennep
KaK SKCHeDHMEHTaTophl (TouHee, Kak HabGmwoparenu)? Bo-
nepBBIX, B HX PAacNopsKeHHH ObLIH yXKe HEMJIOXHe acTpo-
HOMHYECKHE TeJIeCKONHLI H YejoBedecKHi ruas (mpubop, o6-
JlaJalolMid  8aMedareJbHOH YyBCTBHTEJIbHOCTHIO). Bo-BTO-
pHIX, B HX pacnopsikeHuH Gruia 3emsisi, TOYHee, ee BechbMa
paBHOMepHOe BpalleHHe,— HHBIMH CJIOBaMH, BechbMa CTa-
6usbHBIe yackl. [I0TOK cBeTa OT SIpKO# 3Be3/bl HJIH NJIaHeTH,
JNOCTHTAOIMUA MOBEPXHOCTH 3eMJIH, COCTaBJseT B OITH-
YecKoM Auanasone okoso 10~° Br/cm?. [Tnomans OKy/sipoB
teseckonos 'anunes u Kennepa Guura okosmo 102 cm2. 1o
O3Ha4aeT, 4TO IOTOK ONTHYECKHX KBAaHTOB OT SIPKHX 3Be3J
HJIM IIJIaHeT, NOCTHTaBLIMX rya3a HaGJuojatesisi, COCTaBJIs
okoJsio 10'? KBaHTOB B CEKYHAY. A rJia3 yBepeHHO PErHCTPH-
pyer oxoso 10? onTHyeckux KBauToB. Kak cTaso scHo AHILb
B 3TOM Beke, 3emJ/s Bpallaercss HepaBHOMEpPHO (ecTb H Cce-
30HHBIE H3MEHEHHSl YIJIOBOH CKOPOCTH, €CTb H MOHOTOHHBII
npeiid). Ho 3TH HepaBHOMEDHOCTH He OYEHb CYIIECTBEHHHI
Jaxe IJisl NOBOJIbHO TOYHBIX H3MEDEHHH: OTHOCHTE/bHEIE
H3MEHEHHSl YIJIOBOH CKOpOCTH BpaileHus 3eMin (Aw/w)s
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8 TeuéHHe Foza nopsaaka 1-10~8. Dru Benvuunnl fdioT npen-
CTaBJleHHe O TOH BecbMa BBICOKOM TOYHOCTH, KOTOpPOH yaa-
Joch goctHdb Tuxo Bpare u 3arem Kensepy npu onpegede-
HHH NepHojOB obpalleHHsi miaaHet, a I'aguiero — npH Ha-
6stoneHnH cnyTHHKOB lOnuTepa.

Yero xe J0OHJIMCh (H3HKH-3KcIepHMeHTaTopHl 3a 300
Jer, npowexwnx nocie I'anunes n Kensepa? Bo-nepsoix,
6bl1H cle/aHbl 3HAYHTENbHO GoJsiee cTaGH/ibHBE yachl. OT-
HOCHTeJIbHAasi HeCTaGHJIbHOCTb YacTOThl BOJOPOZHOTO CTaH-
IapTta (Gosiee noapoGHO O ero ycTpodcrBe GyzeT paccKasaHo
B Jpyrom naparpage) cocrap/iseT Aow/wa3-10"%. Ha Ta-
KYI0O BeJHYHHY OTJIHYAIOTCSl YaCTOThl BOJOPOIHBIX CTaHAap-
TOB Pa3HBIX CTPAH, UMEIOLUIUX METPOJOTHYECKYIO CIyKOy *).
Takum o6pa3om, «1o cpaBHEHHIO ¢ 3emJell» TOYHOCTb YacoB
3a 300 sier Bo3pocsa Ha naTh NopsAkoBs. [lo cyliecTBy «Bbl-
HrpaHo» naxe Gosblue. Jlejo B TOM, 4TO B GOJIBIIMHCTBE
(GH3HYECKHX 3KCNEPHMEHTOB HeT HeoOXOJHMOCTH 3HAThb BCe
3Havauiue nudpsl, Kak 310 TpeGyercs B MerposioruH. [locra-
TOYHO GbITh YBEPEHHBIM B MOC/IEJHHX HECKONbKHX LH(pax.
PU3NKH TOBOPAT, 4TO GOJBLUIHHCTBO H3MEPEHHH — 3TO H3-
Mepenus auddepenunanbHble. MHBIME cloBaMH, perucTpH-
pyercs He cama BelHYHHA, a JHIUb ee H3MeHeHHe. [IBa Bo-
JOPOAHBIX CTAHAApTa YacTOThl PAa3HBIX CTPaH OTVIMYAIOTCS
Ha TPH eIMHHIBl TPHHAAUATOrO 3HaKa, HO 3Ta pasHHIa (coc-
TaBJAIONIAS COTHIE JOJH Tepua) H3MeHsercs 3a JOBOJIBHO
NPOJIOJIKHTE/IbHOE BpeMsl CYIeCTBEHHO MeHblue. Tak, Ha-
npumep, 3a THICAYY CEKYHJI OTHOCHTeJbHOE M3MEHEeHHe dac-
TOTHI BOJOPOAHOro crangapra npuMepHo B 300 pas Menblue,
T. e. Aw/oa1-1071%, A 3a Takoe JOBOJBHO NMPONOIKHTE/b-
HOe BpPeMs MOXKHO HauaTb H KOHYHTb H3MepeHHs. M3 storo
c/ieflyeT, 4TO BBIMIPBIUI IO cTaGH/IbHOCTH yactoTsl 3a 300
JIET COCTaBHJI OKOJIO CEMH TOPSIKOB.

C 4YyBCTBHTENbHOCTBIO NMPHEMHHKOB 3JIEKTPOMArHHTHOTO
H3JIyYeHHsl 3@ 3TO e BpeMsl MPOH30LLIO caenyiomee. B on-
THYECKOM JHanasoHe co3jand (OTONPHEMHHKH, CUHMTAIOLIHE
OTJle/IbHBIE KBAHTHI, a IJIOLIA/b TENECKONOB B 3TOM Ke JHa-
MasoHe YBeJHYHIH OT CTa KBaJPaTHBIX CAHTHMETPOB MO
TPEXCOT ThicAd KBaAPaTHbIX caHTHMeTpoB. OfHaKo B panuo-
BOJIHOBOM JHala3oHe U NPUMBIKALIEM K HEMY CO CTOPOHBI
KOPOTKHX BOJH cBepxBbicokouactorHoM (CBY) nnanmasone
JIOCTHXKeHHs elle OoJjiee Breuardisiomue. [leficTBHTENbHO,
BO-NePBLIX, OKOJIO COPOKa JeT Ha3aJ OblIH CO3[aHbl BHICOKO-

*) MeTpoJiorusi 3aHHMaeTrcsi, B YaCTHOCTH, H3MepeHHeM a6COJIOT-
HHX 3HayeHHA BPEMEHHHX HHTePBAJOB H NPOCTPAHCTBEHHHX OTpe3-
KOB.
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qyBcTBUTE/bHEBIE TpHeMHHKH B CBU-nnanasone paguoBoJH
(fA~10°—10" T'n). Dt npHeMHHKH (MX HHOTJA HA3HIBAIOT
Ma3epaMH) HMelOT TOPOrOBYIO 9yBCTBHTE/IbHOCTb, COOTBETCT-
BYIOIIYI0 HECKOJbKHM panHodoToHaM. A ¢OTOHEI B 3TOM
IMana30He JJIHH BOJIH HA MATb MOPSAKOB «JIerye», T. €. He-
CYT MEHbBIUYIO SHEPTHIO, 9eM (OTOHKI ONTHYECKOro AHANa30Ha
(3Heprus oxxoro GoToHa B ONTHYECKOM AHANA30HE NMpPHMep-
HO Ha NATb NOPSAAKOB GoJsblue, YeM SHeprus oxHoro goroHa
B CBEpPXBLICOKOYAaCTOTHOM JHanas3oHe). Bo-BTOphIX, OblIK
CO3JIaHbI PajiHOTe/IeCKONbI, MIOMAb codnpaxomero 3epkaja
KoTophix B 10° pas™Gosbiue muomany nepBoi JIMH3HL Telle-
ckona lanunes.

Hrak, ecn cpaBHHBATh MOJIHYIO YYBCTBHTENBHOCTD TeJle-
CKOIIOB TpexcoT/eTHefl NAaBHOCTH (C Y4YeTOM YYBCTBHTE/b-
HOCTH IJ1a3a Habmozaressl) ¢ YyBCTBUTENBHOCTBIO COBPEMEH-
HBIX PaJHOTE/eCKONOB, TO MOXKHO CIeJaTh BBIBOJ, 4TO MOC-
JleIHHe NMPUMEPHO Ha TPHHAAUATb MOPSAKOB YYBCTBHTENb-
Hee. B JefiCTBHTENBHOCTH BBIHTPHINI MOXKeT GHITH GoJiblie,
€C/H €eCTb BO3MOXHOCTb JJIHTE/]bHO HAKaIJHBATh CHIHA.
3t e nHdPH (CeMb MOPSAAKOB MO CTAGHIBHOCTH YaCTOTHI
H TPHHAJLATb MO YYBCTBHTENHHOCTH K MOTOKY 3JI€KTpOMAr-
HHTHOTO H3/yUeHHs) JOBOJBHO SIPKO XapaKTEPH3YIOT aK-
THBHYIO paGoTy H3HKOB-3KCIIEPUMEHTATOPOB H aCTPOHOMOB-
Habmonaresefl 3a mociegHHe TPHCTA JeT. 37eCb YMECTHO
OTMETHTB, YTO OCHOBHbIE NOCTHXKEHHSl B® GopbGe 3a 4yB-
CTBHTEJbHOCTD H CTAOHJBHOCTb OTHOCATC K TOCJENHHM
COpOKa roiaM 3toro croJietisi. KoHeyHo, He TOJILKO 3THMH
JABYMSl XapaKTeDHCTHKAMU 3aC/JYyXKEHHO TOPAATCA SKCHepH-
meHTaropel. [Ipuaymano, oTpaGoTaHO H BOMJIOLIEHO B CTaH-
JapTHble NPHOOPHI MHOMKECTBO KayeCTBEHHO HOBHIX METOJIOB
uamepeHnuii. B yactHocTH, paspaGoTaHbl MOIUHEAIHE METOBI
BHIZle/IEHHS CHT'HAJIOB U3 ITYMOB, METOJbI H3MepeHHH B alep-
HOMl ¢u3uKe U (HU3HUKE 3JIEMEHTAPHBIX YacTUl, CO3JaHBI
cnytHHKH 3emau u CosnHua M Muoroe npyroe. Mel ocrano-
BHJIUCb 3]1eCh TOJIBKO Ha JBYX Be/JHUYHHAX, (4yBCTBHTEJNb-
HOCTH H CTaGHJIbHOCTH), KOTOPHIE IOHANOGATCS HaM B NIEPBYIO
odepelb A1l OMHCAHKHSA GOJIBIIOrO KOJHYECTBA IPaBHTALHOH-
HBIX 3KCNIEPHMEHTOB, BBINOJHEHHBIX CPaBHHUTEJbHO HENABHO.

PaccMoTpuM, 4TO MOXKHO cuenath B J1aGOPAaTOpHH, €CIH
B HallleM PaclOpSIKEHHH HMeeTCH YYBCTBHTENbHBIH MpHeM-
HHK H BBICOKOCTAOMJILHBI T'eHepaTop 3JeKTPOMarHHTHHIX
Kosie6anufi. B GosbIIOM uyHC/Ie TpaBHTAllHOHHBIX 3KCNCPH-
MEHTOB HeOGXOAHMO H3MepSTh CHJIHL, AefcTBYIOIHE HA Mac-

Ecnu maccwl cBoGopusie (Mu cnato CBsi3aHHBIE), TO
CHJIEI NPHBOAAT K YCKOPEHHSM, KOTOpHE B CBOIO Odepelb
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MOTYT GHITb H3MEpeHH MO CMEIeHHIO 33 TOYHO OTMEpPeHHOe
Bpemsi. TakuM o6pasoM, 3ajadya OGHapyKeHHs MaJOH CHJIH
(4714, 9TO TO 3Ke camoe, MAJIOTO YCKOPEHHs1) CBOIMTCA K 3aja-
ye pPerdcTpaliM Masoro MexaHHueckoro cmemenus. Ilpen-
MOJNIOKHM, 4TO B JIaGOpaTOpHH HaM HEOGXONHMO H3MEPHTH
Manoe cmemenHe Ax Tena A oTHocuTenbHO Tena B. Opuu
H3 CrNocOGOB OCYLIECTBJIEHHS TaKOTO H3MEPeHHs COCTOHT B
c/lefyiomeM: NMPUCOEIUHHM ORHY IVIACTHHY IJIOCKOTO SJIeK-
TPHYECKOTO KOHAeHcatopa K Teay A, a JApyryio IJacTH-
HY — K B (puc. 11). Torna H3MeHeHHe pacCTOSTHHA MEXIY

’ K bonemmempy

Puc. 11. IlpuHnunHanbHas cxeMa eMKOCTHOrO RaT4HKa.

NJacTHHAMH Ha BeJMYHHY Ax BHI30BET U3MEHEHHE 3JIEKTPH-
ueckoit eMKOCTH C Ha TaKyio Ke OTHOCHTEJbHYIO BeJHYHHY!

AC/C = Ax/d. 6.1)

Takum o6Gpa3oMm, 3amaua H3MepeHHS] MaJoro MeXaHH-
9eCcKOro CMeIeHHsl CBeJach K H3MepeHHI0 MaJoro H3MeHe-
HHSl 3/MEKTPHUECKOH eMKOCTH. DTy BTOPYIO 3ajady Jerko
OCYIIeCTBHTb cJelylollUM nyTteMm. {o6aBHM K eMKOCTH WH-
ILYKTHBHOCTb L, MOJYYHTCS pPe30HAHCHBIA SJEKTPHUECKHH
KOHTYpP € pPe30HAHCHON 9acTOTOH, PaBHOM

0pes = 1/V'LC. 6.2)
Hamenenue emkocTH NPHBEJET K H3MEHEHHIO Mp,4!
Adpes 1 AC _ 1 Ax

Opes 2 C 27d "

(6.3)

[Ipome Bcero M3MepHTb CABHT Pe30HAHCHON 9YacCTOTHI, €CIH
HCIO/Ib30BaTh 3JIEKTPHUYECKHH KOHTYP C BBICOKOH HO6pOT-
HOCTbIO Q. J1a151 TOrO YTOGHI MOSICHUTD 3TO HOBOE JJISt MHOTHX
yHTaTe/edl MOHATHe, MpeACTaBHM ceGe, YTO MH XOTHM ompe-
AeNUTb, YeMy paBHA DE30HAHCHAA 4YacCTOTAa (p., 3JEKTPH-
9ecKoro Kourypa. Ilyctb B HameM pacnopsiKeHHH HMeeTos
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SJIERTPHUECKHA TeHepaTOp ¢ NepecTPanBaeMoR 9acTOTOR.
MensieHHO H3MeHsIsl 9acTOTY TaKOro reHeparopa, Mojacoeiu-
HEHHOTO K KOHTYPY, MOXHO MOAY4YHTb HanGOJIbIIHA pasmax
(aMnuIHTYRy) mepeMeHHOrO HanpSXKeHHs B KOHType, KOraa
9aCTOTA FeHEPATOPa ., PABHA @,.,. ECHH Ke HEMHOTO
H3MEHHTb YaCTOTY @y, T. €. COTCTPOHTBL» FeHEpPaTop B CTO-
POHY GOJIBIIHX HAH MEHBIIHX YacTOT, TO aMIIHTYAa Koseba-
HHfl Gyaer ymenbiuarbes (pHc. 12). ToBopsT, 9to pesonanc-
Hasi KpHBasi TEM «OCTpee», YeM BHillle JOOPOTHOCTb 3JIEKTPH-
geckoro KoHTypa Q. DBoiee
CTPOro TMOHSITHE JOOPOTHO- ),
¢cTH @ omnpemensioT Kak
OTHOIIEHHe  pEe30HAHCHOH
YaCTOTH ., K NOJOCe 4a-
cToT A®, Ha Kpasix KOTOPO#
aMIJIMTyAa KoJseGaHuil, H3-
MepsieMasi BOJIbTMETPOM, B
JiBa pasa MeHbllle, 4eM IIpH
pesoHaHce *). M3 storo onu-
CaHHS OYEBHJIHO, UTO CaMBbIii
npocToii cnoco6 H3MepHTHb
MaJsbli CHBHT ®p.s, BbI3BAH- ~
HBI MeXaHHuecKHM cwmelne- Puc. 12. Hacrpoiixa reneparopa
HHeM Ax, COCTOHT B C/IelyiO- B EMKOCTHOM NlaTHHKE.
IeM: HY2KHO HaCTPOHTb YaCTOTY Oy, HA CAMYIO KPYTYIO YacTh
CKJIOHA Pe30HAHCHOW KPHBOH H perHcTPHpOBaTh Masbie H3-
MEHEHHs aMIUIHTYAbl 3JeKTPHYEeCKOro HanpsukeHuss AU
BOJIbTMETPOM (K KOTOPOMY, €ClH HeoGXONHMO, AO0GaBHTb
BBICOKOYYBCTBHUTEJbHBIH YCUJIHTENb). DTO ONHCAHHE METOja
u3MepeHHii Ax MOXeT C/JYXHTb KaueCTBEHHBIM OOOCHOBa-
HHeM npocToil (HOpMY.bl, KOTOpas HaeT CBA3b MEXAY OT-
HOCHTEJLHBIM H3MEHEHHEM PAaCCTOSTHHSA MeXJy INJIacTHHAMH
Ax/d ¥ OTHOCHTE/NbHHIM H3MEHEHHEM AMIUIHTYIBl 3JEKTPH-
9EeCKOr0 HamnpsiKeHHs: ’

AU 1 NAC 1 , Ax
TR =502, (6.4)

Wrey Wpes w

M3 3TOro mpocToro COOTHOIIEHHSI CPa3y CTAHOBHTCS BHIHO,
9T0, BO-NIEPBBHIX, HJISi TAKOrO H3MEpPeHHs HeoGXOJuM YyB-
CTBHUTE/JbHLIA NPHEMHHK (A5 H3MEpPEHHS MaJblX BeJHYHH
AU), BO-BTOpHIX, HYyMeH BBICOKOCTAGHIbHBIN TreHepaTop

*) Uem MeHblle 3aTyXaHHe B KOHTYpE, TeM BHlle JOGPOTHOCTD.
Ty BeNUYHHY MOXHO ONpeNeNHTb H APYTHM 06pa3oM: LOGPOTHOCTb
paBHAa YHCAY NePHOAOB KoJeGaHHA, B TedeHHe KOTOPLIX AMILIATYAA
kosie6aHufi y6nBaeT NPHMEPHO B TPH pasa,
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3JIeKTPHYECKOro Hanps:xeHus. Bropoe TpeGoBanue cBA3aHO"
C TeM, YTO H3MEHEHHe YacTOTHl IeHepaTopa ®..,, TaK XKe'
KakK H cMemeHne Ax, Bei3oBer HameHenne AU (cM. puc. 12)..
Orcioga caenyer TpeGoBaHue K CTaGHIBHOCTH 9aCTOTHL:

AO; o/ Oper < Ax/d. (6.5)

UeMm TOYHEE BHIMOJHAETCH 3TO YCJIOBHE, TeM Jyulle Ijs Ha-
6moparens: GoJblie YBEPEHHOCTH, YTO PErHCTPHPYEMOe HM
AU BbI3BaHO HMEHHO CMeUIeHHeM AX, a He «HOJI3aHHEM»
qacTOTHl IeHeparTopa.

Hrak, MBI NO3HAKOMHJIUCh C TaK Ha3bIBAGMBIM €MKOCT-
HBIM JAaTYHKOM MAJIBIX CMeUleHHH (MM MPOCTO €MKOCTHBIM
JAaTYHKOM). D10, GRITb MOXKET, HECKOJBKO I'POMO3JKOE, OIH-
CaHHe NPOCTOro cnoco6a H3MepeHH C NOMOIIBI0 EMKOCTHOTO
JlaTYHKa Mbl 3aKOHYHM YHCJOBBLIMH OLlEHKAaMH.

Jns Toro 4TOGH OLEHHTH, CKOJIb Majioe Ax Takoit 1aTYHK
NI03BOJISIET 3aPEerHCTPHPOBATh, HYXKHO KOPOTKO CKasaTh O
TOM, KakKHe NOGDOTHOCTH HOCTYNHBI 3KCIEepHMEHTaToOpaM.
B ofrlyHOM pagHoOnpHEMHHKE WJIH TeNEeBH30pe MHOTO 3JeK-
TPHYECKHX KOHTYpOB (pe3oHaTopoB); y HHX Q=100—200.
Kak oTtmeueHo Bblilie, J06GPOTHOCTE TeM GOJbILe, YeM MEHbIIIe
NOTEPH B €MKOCTH H HHIYKTHBHOCTH (MEHbIIIe 3JIeKTPHUYEeCKOe
conporuBienne). [losToMy, ecid H3rOTOBHTH 3JEKTpHUUec-
KUA KOHTYD H3 CBepXMpPOBOASIIEro MarepHasa (Hanpumep,
CBHHIIA HJH HHOOHA), Y KOTOPOTO CONPOTHBJIEHHE NOCTOSH-
HOMY TOKY ofpalaercsi B HyJb BOIH3H TeMIepaTypsl XKHJ-
KOTO TeJHs, TO MOXHO OXHIATb PE3KOr0 YMEHbIIEHHS CO-
NPOTHBJIEHHUS IePEMEHHOMY TOKY H, CJIeJIOBaTe/NbHO, BEICOKOH
Jo6potHOCTH. [lelicTBUTENBHO, MpaKTHYeCKH 6e3 BCAKHX
OCOOBIX TOHKOCTEl y TaKHX 3JEeKTPHUYECKHX KOHTYPOB,
€CJIH OXJIAfIUTh HX JO TEMNEPATYPHI KUAKOTO TETHSA, MOXKHO
JgoctHub Qas1-10¢. Ilycte B Halem pacnopsKeHHH HMeeTcs
nHPPOBON BOJBLTMETP, KOTOPHIH MNO3BOJSIET OTCYHTHIBATH
eIHHHILY MATOrO 3HAKa 3JEKTPUUECKOrO HampsiKeHHs (T. e.
AU/U~1-107%), u sjeKTpHYeCKHH KOHTYp ¢ H0GpOT-
HOCcThI0O Q~10%. Bocno/sib30BaBIIHCHL COOTHOIIIEHHEM, CBS-
auBatomuM AU/U ¢ Ax/d, mbl monyunM oueHky Ax/dz
~2-10~, [Ipu 3a30pe B eMKOCTH, paBHOM, HampHMep, Of-
HOMY MHKpoMeTpy (T. e. 104 cM), eMKOCTHBIH 1aTYHK 6yneT
crioco6en 3apeructpupoBats Axa2-10~1% cm! A mas Toro
4TOGRl OH HAJEeXHO paoTas, 3JMeKTPHUECKHH TreHepaTop
JOMKE€H HMeTb OTHOCHTEJbHYI0 HeCTaGHJIBHOCTb YacCTOTHI
AOpen/ 0pey<<2: 10712, '

Kak yxe oTMeuasnocs Bhille, TaKOH YpOBeHb HeCTaGHJIb-
HOCTH ¢C 3amacoM» NpeB30fiieH! 32 KOPOTKOE BpeMsi ¥ BOJO-
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POLHOTO CTAHIAPTA HYACTOTH A @pen/®pex1-1038, Uncno
Ax~~2-1071¢ cM MOKET CMyTHTb YHTaTeJsl, KOTOPHIH BCIOM-
HHT, 4TO pa3Mep aroma okono 1078 cMm, a aapa aroma —
10722 cm. OpHako QHU3HUeCKOH GECCMBICAHIE B BO3MOXHOCTH
H3MEepHTb TaKoe Masoe CMellleHHe MaKpOCKONMHYECKOTo Tesa
/A OTHOCHTENbHO APYToro (ToXXe MakpOCKOMHYECKOro) Tes1a B
HeT. B JeficTBHTENBHOCTH MBI TOBODHM 00 M3MEpEHHH CMe-
leHHs1 60JBIIOrO KOJIJIEKTHBA aTOMOB (IOPsiiKa MOCTOSIHHOH
Aporagpo). Kpome TOro, 310 H3MepsieMoe cMelueHHE eCTb
Pe3ybTaT OTHOCHTENBHO MeNJeHHOTo mnpouecca. IuemMA
‘CJIOBAMH, B BeNHYHHY Ax He BXOIAT (He perHCTPHPYIOTCS
JaTYHKOM) OTHOCHTENHHO ObICTPHIE (U CYLIECTBEHHO GOJNbIINE
no abCcoMOTHON BeHYHHE) KoJeGaHHsl OTHENbHBIX aTOMOB H
sitep. K Bompocy o ToM, KakHe OrpaHHYeHHsl CTaBHT KBaH-
T0Basi MeXaHHKa B TAKHX MaKPOCKONHYECKHX H3MepeHHAX,
MbI BepHeMcsl, Koria B § 12 6yneM o6cyKaarb rpaBHTANHOH-
Hble aHTEHHBI.

3aMeTHM, 4TO B PacCMOTPEHHOM YHCJEHHOM IpHUMepe
6bl1a Henonb3osana onenka AU/U~1-1078. fcno, uro Ma-
Jocte AU/U onpenensieTcsi 4yBCTBHTENbHOCTBIO YCHAUTEN S,
NpHUMeHsIeMOTO B TakHX u3MepeHHsiX. Cefluac yxxe HaJeXKHO
oTpaboraHa MeTOAMKa H3MepeHHsi MeXaHHYeCKHX KoJieba-
HHH (CO 3BYKOBOH 4acTOTOH), MO3BOJSIONIAS pas3iH4arh
pasmMax koneGauuit 2-1077 cM NpH BpeMeHH YyCpelHeHHs
10 c.

IlepefineM Tenepb K H3MEPEHHIO MaJbIX MeXaHMYeCKHX
CMellleHH!l, KOTJa B KayecTBe J1a6OPaTOPHH HCIOJb3YeTCs
Bcsi Conneunasi cucreMa. Peub noiiner o ToM, ¢ Kako# ToY-
HOCTBIO OIpefieNnsieTcsl HeKOTOpoe paccrosine L ot 3emin
10 CIyTHHKA WJH Mex1y cnyTHHKamH. [IpencraBum ceGe,
YTO OT Ha3eMHOH aHTeHHH BbinymeH uMnyasc CBU anektpo-
'MarHHTHOTO H3J1y4eHHUsl B CTOPOHY cnyTHHKA. Ecan Ha cnyT-
HHUKE eCTh PeTpaHCAATOp (T. €. aHTeHHA, NPHEMHHK C YCH-
JIUTENIEM, BBIXOJ, KOTOPOTO TaKXKe COeIUHEeH C aHTeHHOH
CMyTHHKA), To uyepe3 Bpems 2L/c (¢ =3-10°kwm/c) Ha Ha-
3eMHOH aHTEHHE MOXKHO 3apPerHCTPHPOBATh «OTPaXKEeHHBIH» Ta-
KHM 00pasoM OT CIyTHHKa MMIYJbC H, H3MEDHB HHTEPBAJ
BpeMeHH, TOYHO ONpefeNHTh paccrosuue L. UToOwl <u3MepUThb
HHTepBaJ BpeMeHH», HEOOXOZHUMO BBIICHHTb, KaK «Xpa-
HHUTb BpeMs» MJIH, TOUHee, KaK XPaHHUTh €NHHHLY BpEMeHH.

Crauana (mo cepemunbl 40-X TOJOB HAmIero CTOJIETHSA)
«XpaHHuTesNeM» eIHHHIBI BpeMeHH Owuna 3emisi (HHTepBal
BpeMeHH, COOTBETCTBYIOUIHH ee OJHOMY 0GOpOTY, JHGO JOIH
ero). Korjga Gbu cO3jaHBl aTOMHBIE CTAaHAAPTHL 4acCTOTHI,
a 3aTeM BOJOPOAHHIA CTaHAAPT (TOXKE aTOMHEIM), CTaJO Oye-
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BH/HLIM, YTO 3eMJjisi Bpallaercs HEpaBHOMEPHO, POJb «Xpa-
HHUTeJsI» eIHHUIEI BpEMeHH Nepelnia K 3THM J1aGopaTopHbIM
HCTOYHHKAM BBICOKOCTAOMJbHBEIX; KoJiebaHuH. Epununen
BpeMeHH cefiuac fiBJsieTCS HHTEPBaJ, B TEUeHHE KOTOPOTO
OPOUCXOXHT 3apaHee OTOBOPEHHOE YHCJIO NEePHOLOB KoJeba-
HHH TaKOro aBTOTeHepatopa. Iljis TOro 4TOGH H3MEPHTHb
paccrosinue L, Hy?KHO COCYHTATh KOJTHUECTBO NIEPHOJIOB KOJIe-
6anuii, KOTOpOe NPOHAJET 3a TO BPeMs, NIOKA UMIYJIbC 3JI€K-
TPOMAarHUTHBIX BOJIH OyJer JBHTaTbcsi TyAa (IO CHYTHHKA)
1 o0paTHO (1O Ha3eMHOH aHTEHHHI), 3aT€M YMHOXHTb OIpe-
Jle/leHHOe TaKHM 06pa3oM BpeMsl Ha CKOPOCTb pacnpoCTpaHe-
HUS 3JIEKTPOMAarHUTHHIX BOJIH B BaKyyMe (CKOPOCTb CBETA)
¥ [OJTyueHHOe NPOH3BeJleHHe NOJETHTh Ha ABa. B Takoii npo-
Henype uaMepeHHsi paccTosiHdsi L norpemmnocts AL 6yger
OIpefieIAThCSl IPOCTHIM COOTHOLIEHHEM:!

AL/L = AOyen/®ren- (6.6)

Eciu Hac uHTepecyeT Tak Ha3biBaeMasi MeTPOJIOTHuEC-
Kasi TOYHOCTb, T. €. Mbl XOTHM 3HaTb Bce 3Hauauiue Hudpu B
sHaueHud L, TO HEOGXONHMO INOJbL30BaThCs IJisi ONpeneie-
HusA AL npuBeJieHHOH BhIIIE OLlEHKOH AJ151 BOJOPORHOIO CTaH-
AapTa A, /or,~3-107%. B cnyyae, korga L=300
MiH. KM=3.10%® cM (yZBOeHHOE paccTosiHHe OT 3eMJH IO
Cosinua), cielyer OKuaarth, uTo AL~9 cM. Peanbnas noc-
THCHYTasi CErOJHsl METPOJIOTHYECKAasi TOYHOCTb B TaKHX H3-
MepeHHsIX NPHMEPHO Ha OJMH NMOPANOK Xyxe (T. e. AL~
~1 M).IlpuunH B pacXoxJeHHH HECKOJbKO. Bo-nepBuix, BO
BCeX “MPeJUIeCTBYIOINX DAacCyKAEHHAX Mbl HCXONHJIH H3
TOrO, YTO JOBOJIbHO CJIabblil CUTHAJ, «OTPaXKEHHBIA» OT CyT
HMKa, NpUHUMaeTcsd 6e3 BCAKHX HCKaXKeHH# (MHBIMH CJIO
BaMH, YTO B HAleM Paclopsi)KeHHH HMeeTcs NPHEMHHK Ge.
[UyMOB). A peajbHBIH MPUEMHHMK TaKHe HCKaXXEHHs BHOCHT.
Bo-BTOpHIX, HE OBIO YYTEHO, YTO 3/JEKTPOMArHHTHOMY HM-
nyJbCy, XOTSl H KOPOTKOe Bpe€Msi, NPHXOAHTCS NPOXOLHTH
yepe3 atMocdepy, a Bce OCTaJbHOE BpeMsi HMIYJbC Pacrpo-
CTpaHsieTcsi He B HJeaJbHOM BakKyyMe, a B MeXIJaHETHOMH
nJiasMe. DTH JBe OCHOBHbIE NPHYHHBI (€CTb ellle H MeHee gHa-
yyTe/bHBIE) NPHUBOAAT K TOMY, YTO METpOJIOTHYecKasl Io-
TPELIHOCTD B ONpEJE/ICHHH MEXKIUIAHEeTHBIX PAcCTOSIHHA coc-
tasJasieT okoso 1 M. Eme Gosee BneyaT/isiiomux TOYHOCTEH
JOCTUIVIH NPH TaK HasblBaeMHIX Ju(depeHIHANbHHX H3Me-
peHHsiX, T. €. IPH H3MePEHHAX He CaMOH BeJIHUHHBI, a JHIIb
ee MaJbIX u3MeHeHHH. B 3TOM ciayuyae BakHa He MeTpoJio-
ruyeckas CTaOHJbHOCTb YacCTOTHl, a KpaTKOBpeMeHHas, Ko-
Topasi, KaK OTMEYaJoCh Bhllle, CYIIECTBEHHO Jyume. 3a
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BpeMsl MOpsIKA ONHOA MHHYTHI YHaeTcsl pasjudyaTh cMelle-
HHs1 Ha3eMHOH AHTEHHBI OTHOCHTENLHO AHTEHHHI CNYTHHKA,
MeHbmue 1 cM.

S1OT pacckas — WIMIOCTPANHIO 00 ‘U3MEPHTENTHHOM MO-
TeHIHaJle», CO3JaHHOM Ha CerofHsiIHUA neHb (PU3HKaMH-
3KCMEePHMEHTATOPaMH,— MBI 3aBEPIIHM ellle OXHHM MPOCTHIM
npuMepoM. [Ipennonoxum, 4To HaM HEOGXOAUMO H3MEPHTH
¢ 3eMJIH He TOJHKO KOOPAUHATHI CIYTHHKA, HO H €ro CKO-
poctb. s TOro uToGHl BHIMOJIHHTL TAKOE H3MEDEHHe, JO-
CTaTOYHO BOCNONB30BaThbcA 3pdekrom Honnepa. CymHoCTb
sroro 3¢dekra cBogurcsa K caenywoiemy. I[lycts B Hamem
pacrnopsi:KeHHH UMelOTCs 1Ba ONHHAKOBHIX HOCTAaTOYHO CTa-
6GUMBHBIX (MO YacTOTE) HCTOYHHKA (TeHepaTopa) 3JIeKTPO-
MarHHTHBIX BOJIH, ABHXKYIIHMXCS OTHOCHTEJIBHO APYT Apyra.
Ha6monatenb, HemonBUKHBIA OTHOCHTENBHO OJHOTO U3
TeHepaToOpoB, OOHAPYKUT PA3HUIY B NMPHHHMAEMBIX YacTo-

ax. 3Hax 3TOH pasHHIBI 3aBUCHT OT HanpaBJ/ieHHs B3auM-
HOoro nBukeHHs. Ecnu oIuH reneparop ypajsiercsi, TO Ha-
6monarens GYNeT pErHCTPHPOBATh MOHHXKEHHe (KIOKpacHe-
HHE») YacTOTHl, €CJH TPHONHIKAETCS — MOBHIIIEHHe («Mo-
rony6ennes). OTHOCHTENBHBI CHBHT 9acTOTHI, BBI3BAHHHIA
3TuM 3ddexToM, nonUMHETCS MPOCTOf hopmy.Je:

(Ao/w)p = =% v/c, 6.7)

Tle ¥ — CKOPOCTh JBHKEHHsl OJHOrO TFeHepaTopa OTHOCH-
TEJLHO APYroro (3HaK 3aBHCHT OT TOTO, YTO MPOHCXOIHT —
cOnuxKeHHe UIH ynanenue). ScHO, 9TO BO3MOXKHOCTb H3Me-
pPHTh U ¢ moMopio 3Toro 3bhdeKra 3aBUCUT B NMEPBYIO Oye-
pelb OT TOro, HACKOJNBKO CTaGH/bHA YacTOTa aBTOTeHepa-
tTopoB. Eciu Hac uHTepecyer MeTpoJsiorHuecKas TOYHOCTb
B H3MepeHHH U, TO OYEBHJIHO, YTO npejesoM Gyzer

AVyerp X (AOrey/Open)yerp € =~ 1:1072emle.  (6.8)

ITo npuunHaM, aHAJOTHYHHIM IPHBEJEHHBIM BHIIE /s H3Me-
peHHs PACCTOSTHUMA, peaslbHas NOTPEIIHOCTh HECKOJIbKO 60JIb-
we (Av okono 0,1 cm/c). OgHaro ans nuddepeHIHanbHbIX
H3MepeHHH, Tle He BaXKHbI Bce 3Hadamue MUQpLI, norpe-
HocTb MeHblie. Cefiyac MPOW3BOASITCS OTCYETH BapHanui
CKOPOCTH KOCMHYECKOTro KopaG.isi, HaXoAsllerocss Ha pac-
crossHun Gomee 10° xM ot} 3emsau, ¢ MOrpemrHOCTbIO B
KaXJ0M oTcuere okoso 3-1074 cM/c mpH BpeMeHH ycpenHe-
Hus 50 c. [Ipu atom cama ckopocTb KOpaGist OTHOCHTENBHO
3em1n mpeBhlllaeT BTOPYK KocMHueckylo (v>11,2 km/c).

Uurarens (no-BUAHMOMY, 3apaHee YBEPEHHHIA B TOM, 4TO
$U3NKH-9KCIIEPHMEHTATOPH! CETOAHsI MOTYT H3MepsTb HaM-
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HOTO TOYHee, 94eM BO BpeMeHa ["anunest) 1o/uKeH paccMaTpH-
BaThb 3TOT pasjiesl KHHTH JIHIb Kak ujmocrpanuio. Ha ne-
MHOTHX CTPAHHIAX HEBO3MOXKHO OIIHCATb BCE, YTO JeJaloT
H MOTYT clenaTb (H3HKH-3KCIIEPHMEHTATOPHl B HacTosllee
BpeMs. B kaxawiit nocienyromuii naparpad Mel 6yieM BKJIO-
4aTh HeOGOJbIIHE JOMOJNHEHHs, KOTOPhIE, KaK aBTOPLI Hajle-
I0TC#, [O3BOJISAT MOHSATh H OLLYTHTb M3SIIECTBO H OCTPOYMHE
MHOTHX BbIMOJHEHHBIX HEJAaBHO IPaBHTAIlMOHHBIX OIBITOB.

§ 7. CKOJIbKO BbIBAET COPTOB MACC

PasHoCTb CKOpOCTel JBH:KeHUS B BO3AyXe JJIS WapoB H3 30/10Ta,
CBHHIA, MeRH, MopdHpa M APYIHX THAXKEJbIX BellleCTB CTOJb
HHYTOXKHA, YTO NPH MajelHH ¢ BbicoThl 100 JokTel (okono 46 M)
30JI0TOH 1Iap He OGrOHHT MeJHBH H Ha 9eTbipe NaJiblla. YCTaHOBHB
STO H3 HaGMIofeH i, 51 NpHIIEN K BLIBOAY, UTO B cpelie, He OKa3sl-
Balomell HHKaKOro COMPOTHBJICHHS, BCe Tesa GyAyT NafaTh ¢ ORH-
HaKOBOH CKOpPOCTbIO.

Taauneo Taaunei

[IpoBepka npuHIHIA SKBHBAJTE€HTHOCTH MPOH3-
BOAHJIaCh OTHOCHTEJNBHO GOJIbLIOE KOJHYecTBO pa3. MoxHo
CUHTaThb, YTO MEPBBLIM, KTO IeJ€HANPABJIEHHO MPOBEPSJE
3TOT NPHHIHIM, 661 caM Heloton (xota u no HuioroHna atoik
npo6aemMoii yxke 3aHumannch). Onbithl HeioToHa Guliu mo
CYLIECTBY QUeHb IPOCTHIMHU: OH CPaBHHUBAJ NEPHOAH KoJseba-~
HHUH MasiTHHKOB, COCTOSIBIIHX H3 TOHKOH HHTH (C OYeHb Ma-
JIOH COGCTBEHHOH Maccofl) H MacCHBHOIO LIADHKA HAa KOHIE..
IJapuku GbITM H3rOTOB/EHH! W3 PasHbIX MarepuatoB. C oT-
HOCHTEJIbHO BHICOKOI TouHOCThIO (0KoJs0 1-1072) B npepenax
MOTpeIHOCTH H3MepeHnil HBIOTOH yCTaHOBUJ DPaBEHCTBO OT-
HOLIEHHMH MHEPTHOH ¥ TPaBUTALMOHHON (TAXKeJ0H) Macc.
Upnes onbita HeloTOHA cTaHeT MOHSTHOH U3 CJIENYIOLIErO pac-
cyxJeHHs. UHTaTeNb 3HaeT U3 MIKOJNBHOTO yYyeGHHKA 1O (H-
3HKe, 9TO NePHOJ KoJIeGaHH! MaTeMaTHIeCKOI'0 MasiTHHKA Ty,

paseH
T, =21}/ -;-, 7.1y

rie /| — JJMHA HUTH, 8 g — YCKOpEHHe CBOGOJHOTO MajieHHs .
st Toro 4To6H! B 1aGOPATOPHH CO3XaTh HEYTO MOXOXKee. Ha
MaTeMaTHYeCKHH MasTHHK, HEOOXOAMMO B3fTb JOCTATOYHO:
IVIOTHBIH MartepHual, M3rOTOBHTb M3 Hero LIapHk, a 3artem.
[IApHK MOJABECHTb HAa BO3MOXKHO 6ojiee TOHKOH HHTH. [lua-
MeTP IIAapDHKA JOJ/UKeH ObTb MHOTrO MeHblue JJAMHBI HHTH.
Ecnn u3MepuTh NepHOI MaJIbIX KosleGaHUH TaKOTO PeasIbHOTO-
¢du3HYecKOro MasTHHKA, TO OKaXKeTCs, YTO OH OYEHb MaJo.
OTJIHYaeTcH OT Ty, BEIYHCIEHHOTO 1o Gopmye (7.1). B mKonk:



#ioM yueBHHRe MO (U3HKe yMaTIHBAETCS O TOM, YTO BHIBOA
opmyssl (7.1) ocHOBaH Ha NpPUHIHIE SKBHBAJE€HTHOCTH.
JleAcTBHTENBHO, A MaJbIX KOJeGaHHi TOUEUHOH MacChl Ha
HEeBeCOMO# HUTH AJIMHOMN [ B rPaBHTAIlHOHHOM II0JIe C YCKOpe-
HHeM CBOGOJHOTO NMajfieHus g ciefyeT 3aHcaTh BTOPOH 3aKOH
Hpeiotona rtak:

42 (1 Gmypy (M o
ey S = — g = — 2GR 29

TJe @ — MaJoe YIJoBoe OTKJIOHeHHe MasiTHHKa. CieBa cTo-
HT WHepTHas Macca Mg, a CIpaBa — I'PaBUTALMOHHAA,
my,. Pemenne ypaBHenus (7.2) UMeeT BHJ FAPMOHHYECKHX
‘KoJIe6aHH# ¢ meprHoioM

— g Mrp
T, =21 T e (73)
‘Kak Buaso u3 cpasBHenus dopmya (7.1) u (7.3), mepBas
(wikoabHast) GopMysa As1 MepHOAA KOJeGaHHH MaTeMarTH-
'JeCKOr0 MasiTHHKA MpPEANosaraer, 9T0 MPHHIUI 3KBUBAJIEHT-
'HOCTH BBITIOJIHsIETCS TOUHO. QueBHAHO, YTO cTporas popmyJia
(7.3) no cymecTtBy naer peKOMEHAALHIO, KAaK INPOBEPHTDH
NpUHIMI SKBHBAJEHTHOCTH: HEOOXOAHMO H3TOTOBHTbL He-
CKOJIbKO MasITHUKOB C OJHHAKOBLIMH [ M LIApDHKaMH H3 pas-
HEIX BEIIECTB M H3MEPHTb MEPHOABI HX COGCTBEHHHIX KoJeba-
uuii. Eciu nepuosapl coBnagyT, TO OJHHAKOBHI H OTHOIIEHHS
Myy/My, IS HCNOJB3OBAHHBIX BeIIECTB. JTOT pe3yJ/bTar
H 6bL1 monyued HpioToHOM.

«Y CycTs MHOro Jer KayecTBeHHOr0 CKayka B TI0-
BbIIIEHHH TOYHOCTH NpPH NpPOBepKe NMPHHLHUNA 3KBHBAJEHT-
HOCTH YAaJoch JOGHTBbCS BBIJAIOLIEMYCS BEHIEPCKOMY yde-
Homy P. DrBewy (ero umsi HOCHT Y HuBepcHTeT B Bynanew-
Te). B onmitax JTBella B HayaJe 3TOTO CTOJNETHS OBLIO
TI0Ka3aHO, YTO J/151 PA3JIHUYHLIX BElUIECTB OTHOLICHHS Myy/Myp,
€C/IH M OTJHMYAloTCs, TO He GoJiee 4YeM Ha HECKOJBbKO eJH-
HHUIL CeAbMOTr0 3HaKa. Paspeuienne, JOCTUTHYTOE DTBELIEM B
TOCJEYIOMUX OIbiTaX, ObBUIO NPEB30HAEHO AOBOJBHO CY-
LIECTBEHHO, W Temepb MPHHLUHUNY SKBUBAJEHTHOCTH «IOB€-
PAIOT» 4151 QOBIYHBIX (IOCTYMHEIX B HA3eMHOH J1a6OPaTOPHH)
TeJ BIIOTh O ypoBHs 1-10712,

[pexkne yeM KOPOTKO OMHCAThb 3TH MOCJEIHHE OIBITHI,
HEOOGXOAMMO ONpPENEJNHTh, C KAKOH TOYHOCTDIO (C KAKHM pas-
pelIeHHeM) HMeeT CMBIC NPOBEPATb NMPHHIHI 3KBHBAJEHT-
HocTH. [loNyyuTh ONHO3HAYHBIH OTBET HA STOT BOIPOC He
OYEeHb-TO IPOCTO, TaK KaK HEOGXOAHMBI HEKOTOphie (GH3HYeC-
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KHE FHI0TeSH, B KOTOPHX cOAepXa/uch 6H pasMepHLe WK
Gespa3mepHble BeJIHUHHB, CBSI3aHHBIE C HHEPTHOH H TPaBH:
TauHoHHOHA Maccamu. OueBugHO, uTo B OTO Tako# runoresnt
HET, TaK KaK NMPHHIHI 5KBUBAJIEHTHOCTH KaK MOCTYJaT fB-
JIsieTCsA ee OCHOBOH.

Awmepuxanckuil pusuk P. JJMKKH mpejsioxu/a KOJHYECT-
BEHHBI MOAXOJ K OIleHKe TOYHOCTH, HEeoGXOAHMOH IIpH
NpoBepKe MNPHHIHMNA 3KBHUBAJIEHTHOCTH. PaccyxXaeHHs
JIUKKH cBOAsiTCA K CJAENYIOIEMY: AJisi HEKOTOPOH Macchl
OCLIYHOTO BeLIECTBAa MOXKHO 3aMHCaThb MPONOPIMH, B KOTO-
pLieé BXOJAT MAacChl-3HEPTHH, COOTBETCTBYIOLIHE Pa3HbIM,
H3BECTHBIM (H3UKaM, BHAAM B3auMojeficTBHs. UuTaTesIo
B HayaJjle 3TOH KHHTH y:Ke HallOMHHAJIOCh, YTO (U3HKH 3HA-
IOT YyeTblpe BHAA B3aUMOJEHCTBHH: siiepHOe, 3JeKTpoMar-
HHUTHOe, cjaboe W rpaBuTanHoHHOe. [as awpo6oro tena B
J1a60paTopUH Maccoil 0KoJo 1 Kr'H MJOTHOCTBIO MOpsifka ‘1
KI/IM?, MOXKHO 3alHCAaThb TAKHE MPONOPIHH:

1: (1072 — 10-3%): (10-11 — [0=14); (10=38 — [0=39),

B sT0lt nponopuun 3a equHKUIly MPUHSTA Macca, COOTBET-
CTByIOIIAsl CHJBbHOMY (sifepHoMy) B3aumopefictBuio. Ilpu-
6MHMKEeHHO 3Ta BeJHYHHA MPOIOPIHOHANbHA CyMMe Mace
NPOTOHOB H HeHTPOHOB *). Macca-3Heprusi, COOTBETCTBYIO-
I1ast 3IEKTPOMarHUTHOMY B3aUMOJEACTBHIO (3/IEKTPOCTATHYE-
CKasl NOTeHIHAJIbHAs SHEPTHs «CKJIEEHHBIX» 51IePHBIMH CHJla-
MU NIPOTOHOB B siJipe U 3HEPTHsi B3aUMOJEHCTBHS I POTOHOB
H 3JIEKTPOHOB), COCTaBJSIeT JOJH NMPOLEHTa OT MAcChl, COOT-
BeTCTBYIOLIEeH CHIBHOMY B3auMozeficTBHIO. Macca, CooTBeTCT-
BylOIasl CJaa60My B3auMOJeHCTBHIO, cocTaBiaser 1073—
1074, a wMmacca, cOOTBEeTCTByWOLIasi T'PaBHTALHOHHOMY,—
10~28—10~% yacTb OT CH/IBHOrO B3auMogeiicTBUs. B 3roil
nponopuud JIMKKH HeT YTOYHEHHs, O KakoH Macce HAET
peub—o06 HHEPTHON UJIU IPaBHTALHOHHOMA . OXHAKO eCTh HEKO-
TOpasi CHCTEMATH3AIHS «COPTOB» MAcC — [10 H3BECTHHIM BHaM
B3auMojieiicTBUA. Ec/H B35Th 1Ba Tejla U3 PasHBIX BEILIECTB
(nanpuMep, C pa3HBIM OTHOIIEHHEM YHCJ/1A IPOTOHOB K YHCIY
HeHATPOHOB B sIZAPE), TO MOKHO 3apaHée CKa3aTb, YTO y 3THX

*) CorsacHO COBpPeMeHHHIM NpeACTaBJeHHAM GH3HKH 3JeMeHTap-
HHIX YaCTHIl NPOTOHH W HEHTPOHH He TAaKHE YXK «3JeMeHTapHHe» 4a-
CTHIHl — OHH COCTOSIT M3 TaK Ha3HBaeMBIX KBapkoB. Bce cBoiictBa
NPOTOHOB W HEHTPOHOB, B TOM YHCJEe M HMX Macca HOKOs, Ompejessi-
10TCS XapaKTepoM B3aHMOJeMCTBHS KBapKOB APYr C APYrom, BOT IO-
g9eMy MH CBfI3HIBaeM MacChl IIOKOSI IPOTOHOB H HEATPOHOB C CHJbHHM
B3aHMOJIeHiCTBHEM, He HMesi BO3MOXKHOCTH B paMKaX JaHHON KHHTH
OCTaHOBHTBCSI Ha 3TOM Bompoce GoJsiee nogpoGHO.
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Te pasHoe oTHOMIEHHE BKJAAAA B ONHYIO Maccy pasnninbix
B3auMojieiicTBHH. Ec/H NpHHIMN 5KBHBANEHTHOCTH He SIBJIS-
ercsi OOLIUM, TO MOXHO IPEANOJIOKHTb, HalPUMepP, 4TO OT-
HOLIIEHHs] HHEPTHOH Macchl K IPaBHTALHOHHOM ISl CHIBHOTO
H 3JIEKTPOMAarHHTHOIO B3auMOJeficTBH He coBnajaior. Tor-
Jia caefioBajio 66l OXHJAaTh, 4TO onbiT HBlOTOHA ¢ AByMs Ma-
ATHHKaMH, H3TOTOBJIEHHBIMH H3 BelleCTB, COOTBETCTBYIOUIHX
Jalleko OTCTOsIIUM 3JjeMeHTaM B Tabaune MeHzneneesa, fact
[OJIOXKHTEJIbHHH Pe3yJbTaT: MasiTHHKH C OJHHAKOBBIMH [
HMesaH Obl pa3Hblii nepHoA. Kak yxke uurtaTenb 3Haer, pe-
3yJIbTATH 3TOIO OMNBITA H NOC/EJOBABIIHX 32 HUIM — OTPHILA-
TesibHBle. OfHAKO, HCNO/Mb3Ysl CUCTEMATUKY JIUKKH, MOXKHO
YHCJIEHHO OIIEHHTh BaXXHOCTb TOTO HJIH APYTOro ypOBHs pas-
peleHHs, JOCTHTHYTOIO NPH NpOBepKe MPHHIMIA 5KBHBAa-
JentHocTH. Ceifluac, Ha OCHOBAHHH ONBITHHIX JAAHHBIX, OOBIY-
HO TOBOPAT, YTO NMPUHIMI 3KBHBAJEHTHOCTH NPOBEPEH «HA
ypOBHe» cjiaboro B3aumoaeicTBHs (B Ha3eMHBIX JaGopartop-
HHIX ONBITax) i «Ha ypPOBHe» I'PaBHTALHOHHOrO B3aHMOJEH-
CTBHA (B KOCMHUYECKOM 3KCIIEPHMEHTE).

OcTaHOBHMCS KpPaTKO Ha ABYX ONBITaX, B KOTOPHIX Obl1a
JOCTHTHYTa HaHJyuliias TOYHOCTb. B nepBOM M3 HHX, BBl
MOJIHEHHOM B MOCKOBCKOM rocyAapCTBEHHOM YHHBEPCHTETE,
OblT HCIONB30BaH NpHeM, npepnoxeHHblii P. JIHkkH.

B gem ke cymHOCTb 3TOro npHemar

Kax u3BectHo, 3emus1 nagaer Ha CoJHIIE C YCKOPEHHEM
0,6 cm/c?. D10 mamenHe He 3aBepiuaercs Karactpopod AIs
3eMsIH H3-3a HaYaJbHHIX YCJIOBHH (BE&JHYHHBI H HampabJje-
HHS BEKTOpa HayaJbHOM CKOPOCTH): OHA «IIPOMaXHBAETCH»
MHMO COJIHIIAa H 3TO CHCTEMaTHYeCKOe «[IPOMaXHBaHHEe» BMeC-
Te ¢ majieHHeM U oGpa3yer NMPHMEPHO KPYTOBYIO OPGHTY
3eMsH.

B6an3n 3eman rpaBuTanuoHHoe noJje CoaHLA MOXHO
CYHTaThb OXHOPOAHBIM. IIpoBepHTb NPHHUHI 3IKBHBAJIEHT-
HOCTH corjacHo J[IHKKH yAOGHO CJefyIOHM CIOcOGoM
(puc. 13). [TomecTHM Ha KOHIIAX KOPOMBICJIA KPYTHJBHOTO
MasiTHHKa JBe OJHHAKOBBle MacChl H3 JBYX PpasHHX Be-
IecTB (B ONbITe, ONMMCAHHOM BhIlle, HCIOJAb30BANHCh allo-
MHHHA H niatHHa). Ecam y 3THX JABYX MaccC yCKOpeHHs
nageHuss Ha CousiHIle Pa3/IHYHBL, TO OHH JOJIKHBI OblIH Obl
8aKpYYHBaThb KOPOMBICJIO MasiTHHKA. Tak Kak OJHOBpPEMeH-
HO ¢ obpamenHeM Bokpyr Conniua 3emas ellle coBepliaeTr
BpalleHHe BOKPYTr cOGCTBEHHOH OCH, TO B pasHoOe BpeMs Cy-
TOK N0 OTHOLIEHHIO K Ha3eMHOMY HaG6JIOfaTeNi0 MasTHHK
ROJKeH 3aKpyuHBaTbCsi B pasHble CTOPOHH. HecioxHbI#
pacuer, KOTOpHIi MH 3Jiecb He NPHBOAHM, NOKAa3hBaeT, 4TO

61



MASITHHK ROJIKEH MEPUOAHYECKH IO raPMOHHUECKOMY 34KOHY
3aKpy4YHBaTbCsl; MPH 3TOM aMIVIMTYAA CMEIIEHHS MOJIoXKe-
HHSl KOHLOB IPY30B OT MOJIOXKEHHsI PaBHOBECHS MAOJIKHA
COCTaBJIATb MPHMEPHO

N~ A5, (7.4

Iae ap=0,6 cM/c? — rpaBuranuonHoe yckopenue K CoJHIY
Ha op6uTe 3eM/H, T, — NMEPHOA COGCTBEHHHIX KOJeGaHH#H

a AL
° B
24
/
/
/
a, //
/
/
/
P /
04
// Jemna
/
/
/
Ve
7/

Puc. 13. IlpunuunuaipHas cxeMa ONBITA NO NPOBePKEe NpPHHUMNA
SKBHBAJIEHTHOCTH.

MasiTHHKa, A — mpeanosaraeMasl OTHOCHTE/bHAasi PasHOCTb
ycKopeHHii cBoGojHoro nafenus Ha CoJsiHIe MeXIy mJa-
THHOH M aJ/JIOMHHHEM.

IIpuBenenHoe BhIpaxKeHHe, CIpaBENIHBOE MPH YCJIOBHH,
4TO T, MEHbILIE 3EMHBIX CYTOK, JaeT MepBYI0 PEKOMEHJALHIO:
4TOOH H3MepsieMblii adbeKT GblT 3ameTHee, HEOGXOAUMO yBe-
JIMYHBATh NEPHOJ COOCTBEHHBIX KoJeOaHHui#l, Toraa GOymeT
MEHbIIE TPYAHOCTEH B CO3JaHHH CHCTEMbl DPETHCTpalHH
MaJbiX cMelleHHH Al. B onuchiBaeMOM oOmbiTe 3HAYEHHS
To=5 1 20 mMuE=x~1,9-10* c. Ecnu noacrasum B ¢dopmyay
(7.4) sro 3navenne v, ¥ A=1-10712, To MBI noayunM Al
~5-107°. A sTa BeJIHYHHA OTHOCHTE/NBHO JIETKO H3MEPUMA.
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B peanbHOM OMEITE BMECTO ABYX Macc GBLTH HCNIONB30Ba-
HH BoceMb (pHc. 14): yeThipe 3 MJIATHHLI H YEThIPE H3 a0~
munnsi. TeM caMbM GbIO OcJiaGeHO BJIHSIHHE ONEPAaTOpPOB
(¥ TIPOXOXHX B KOPHAOPE), KOTOpHIE MOIJIH 32 CYer co6CT-
BEeHHOH MAacChl pacKauaTb KPYTH/IbHBIA MasTHHK. OmHako
TIpH 3TOM 3HaYeHHe Al 6bIO HECKOJIBKO MeHbllle, 4eM NpHBe-
nennoe Boime npu Ax1-10712. Jlns perucrpaiyd TakHX
Kose6aHH# Jy4 TeJHii-HEOHOBOrO
Nagepa HampaB/AJACA Ha 3epKa-
JI0, YKpEIUIeHHOe B LIEHTPe KOpo-
Mulcia BecoB. OTpaKeHHBIH JydY
nonanan Ha MeAJeHHO Bpaulaiwo-
muiica 6apaGan ¢ (OTON/IEHKOH.
Ilns yBesHYEHHs CMELIEHUS NAT-
Ha «CBeTOBOE IUIeYo» Jasepa
6bL10 BBHIOPAHO JOBOJILHO 60JIb-
muM — okoJo 50 M. ITocnie nposis-
JeHHs TJIEHOK OllepaTop ompeje-
JAJ 3HAUEeHHe AMILIMTYIBl KoJe-
GaHHit KOpOMBICJA C NEPHOAOM,
PaBHBIM 3eMHBIM CyTKaM, H (a3oi,
KOTOpOii COOTBETCTBOBAJIH OBl MaK-
CHUMYMHI B TOJEHb H TOJHOYb.

CeMb CYTOYHBIX 3amHced JalH
TaKOW pasGpoc 3HAYeHHH AaMILIH-  Puc. 14, [IpunnnHanbHas
TyA, YTO MOXKHO GOBUIO clenarb CXeMa  YCTaHOBKH A
BLIBOJ O CIPaBEIJHMBOCTH NMPHH-  TPOBEPKH NPHHIMNA SKBH-
[MIa SKBHBAIECHTHOCTH sl Mua- DAACHTHOCTH: - [—BOMLG-

.S paMoBas HHTb TOJIIHHOM
THHEI M aJIOMHHHSI MO KpaiHed 5 wkm, 2— sepkaJo,
mepe ¢ ToyHoCcThiO f10 1-10712, i3 3—aasep, 4—GapaGan c
NPONOPIHA /IS «PASHEIX COPTOBy POTOMIEHKOR, 5—BaKyym-
Macc, TpPHBEJEHHBIX BhIe, CJe- Had  xamepa.
AYeT, U4TO JO0JISi MacChl, <OTBETCTBEHHas» 3a caaGoe B3aHMO-
JeficTBHE, M OCHOBHAsl 9aCTb MAcChl, CBSI3aHHAsl C CHJIbHBIM
B3aMMOJICHCTBHEM, MAJalOT C OXHHM H TEM XKE YCKOPEHHEM,
T. €. IPHHIHI 5KBHBAJEHTHOCTH CNIPaBEelJIHB He TOJBKO AJIsI
-CHJIBHOTO, HO M /IS ¢/1a6Oro B3aHMOZAEHACTBHS.

B onucanHOM omnbiTe GBLIO «BBDKATO» MOYTH BCE, Yero
MOJKHO JI0GHTbCSI B 3eMHBIX 1a60paTOpHBEIX ycaoBHSIX. Flpu-
BelleM HEeCKOJbKO JieTasell SKCIepHMeHTa: KOPOMBICIO KpY-
TH/IBHEIX BECOB GBLIO MOJABELIEHO HA NMPOBOJIOKE JHAMETPOM
5.10~¢ cm (mpumepHO B 10 pa3 ToHbLIE Ye10BEUECKOTO BOJIO-
ca), caMH BecHl ObLTH NOMEILEHBI B KaMepy C AaBJIeHHEM MeHb-
me 10~ aT™M, KOTOpPas B CBOIO O4Yepe/b TIIATENbHO SKPaHH-
poBanach ot Bapuauuﬁ TEMNepaTyphl H OT MArHUTHOTQ MO,
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Bpems 3aryxaHusa koJeGaHUA KPYTHJIbHOTO MasTHHKA GELIO
Gosblle ABYX JIeT. DTO MO3BOJHJO CYIIECTBEHHO OCJaGHUTh
MOMEXH, BHI3BAaHHbIE TENIOBEIMH MEXaHHYECKUMH HIYMaMH
(HeckosibKO GoJsiee noxpo6HO 06 3TOH mpobseme Gyner pac-
ckaszaHo B § 12). CoBepluieHCTBOBaHHE TaKOH MNpOLELYPHE
HU3MepeHH#, BO3MOXKHO, NMO3BOJIWJIO Obl MOBHICHTH paspelle-
HHe Ha 1-2 nopsiiKa; HO 3TOro HEJOCTATOYHO AJI TOrO, YTOOH
NIPOBEPHTh CNPABeJJIHBOCTh NPHHIHNA SKBHUBAJEHTHOCTH
«Ha ypOBHE I'DaBHTAIlUOHHOTO B3aUMOJIEACTBHA», KOTOPOE IS
TeJ, HNOCTYIHBIX SKCIEPHMEHTaTopy B HaseMHO# JaGopa-
TOpHH, COCTaBjlseT (KaK 3TO OTMeyaJoch Bhime) 10728—
102,

OTHOCHTe/NIbHO HeNaBHO Obl1 3aBepIIeH ellle OfHH OINBIT
110 MPOBepKe MPUHIMINA 5KBHBAJEHTHOCTH, B KOTOPOM B Ka-
gecTBe «IPOOHBIX Tel» GBIM HCNOMb30BaHH JIyHa, 3emis
n CosHue. B 3ToM skcnepuMeHTe NPHHHMAaAHM ydacTHe He-
ckoabKo Jaboparopuit B CIIA. BHemHe sKcnepHMeHT Ha-
MOMHHA/ cXeMy JaGopaTopHoro omura (cM. puc. 13), omu-
CaHHOIO BHIIIE, TOJBKO POJIb KyCKa IJIaTHHBI BHINOJHSAJA
3emis1, a Kycka amoMunust — JIyHa. B cBoGoaHoM naneHHH
Ha CoJiHIe 5TH IBa «IPOGHBIX TeJa» MONMyTHO o6paiaiorcs
BOKpYT OOILEro IEeHTpa Macc.

Ecnun ceo6onnoe nanenne 3emnu u Jlynsl Ha CosHue H
cBOGOIHOE TMAajeHHe MX APYr Ha JApyra coBepmaiorcs 6e3
HapyuleHHsl NpPUHIMUNA SKBHBAJEHTHOCTH, TO H3MeHeHHe
PacCTOSIHUS MeXAYy HUMH 6yJeT TOYHO NOJUHHSATBHCS HbIO-
TOHOBCKOH MeXaHHKe C OJHOA H TOH e IpaBHTalMOHHOM
nocrosinHot G. Bmecte ¢ TeM paccrosinne 3emas — Jlyna
MOKHO ONpPENEeNHTb OUeHb TOYHO, U3Mepssi BPeMs IBHXKEHHS
J1a3epHOTO UMIYJIbCA OT HCTOYHHKA Ha 3eMJe 0 YTONKOBBIX
oTpaxartesiefl, OCTaBJEeHHEIX Ha nmoBepxHocTH JIyHBI coBer-
CKHMH JIYHHHKAMH H aMEpUKAHCKUMH KCNeIHIHAMH «AnoJ-
JoH». Ilocsie TOro Kak TOYHOCTb TaKOH JIa3epHOM JIOKAIHUH
HNOCTHIVIAa HECKOJbKHX CAHTHMETPOB, 0Ka3aJ0Ch BO3MOXHBIM
¢ 6oJIbIIMM paspelleHHeM NPOBEPHTb NPHHIMI SKBHBAJEHT-
HoctH Aas Macc 3eMaH H JIynsl. Crennduxa storo skcnepu-
MEHTa COCTOHT B TOM, 4TO BKJIaJ I'DaBHTAIUOHHOM 3HEpPTHH
TAaKOro Tesla, Kak 3eM/s, B MOJHYIO MAacCy OTHOCHTENbHO
BesuK. [l 3eMin OTHOINEHHE MAacchl, CBA3aHHOM C ee col-
CTBEHHBIM IPABUTALHOHHLIM NOJIEM, K €e MOJHOH Macce MpH-
MepHO paBHO 4,6-107%, nnsa JIyHs 310 oTHOmeHne — 0,2 X
% 1071 uro Ha 18 mopsiAkoB GoJblle, UeM Y JIOGOH MacChl
B n1a60opaTopuH Ha 3eMmie.

OcHOBHO# pe3y/ibTaT 3KcnepuMeHTa ¢ 3emied, JIyHoit u
CosHueM MOXKHO cHOpPMYJHPOBATh CJENYIOMEMM 06pa3oM:
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OTHOLIIeHHe TPAaBHTANHOHHOM MacCH, CBA3aHHOA C TrpaBH-
TAIlHOHHBIM MoJieM 3eMJ/IH, K ee HHePTHOH Macce Takoe ke,
KaK ¥ JJis1 OOBIYHEIX J1aGOPAaTOPHBEIX TeJ. DTO yTBepKAeHHE
CrpaBeIHBO C TOYHOCTBIO O MOTPEILIHOCTH H3MepeHHH, coc-
taBuBwed 1,5%.

B nodasnenue K 3TOMy O4€Hb KPaTKOMY OIHCAHHIO SKCHe-
PHUMEHTA yKa:KeM, 4TO CaMO H3MepeHHe PaCCTOSTHUA 3eMist —
JlyHa mpopoJikajioch B TedeHHe deThipex JeT. [Ipu uaMepe-
HHAX YYHTHBAJIHCh HEOXHODONHOCTH B paclpeliesieHHH Macce
no o6beMy JIyHH H 3emiH, BapHAlHH YIJIOBHIX CKOpOCTeH
JlyHHl 0 3eMaH, aMILTHTYa MPHJIMBHBIX BOJH B 3eMHOH Kope
¥ Jubpanus (MOKaYHBAHHE OTHOCHTEJIbHO OCH BpalieHHS)
JIyHebL.

{loaronA HTOrH H3/0XKEHHOMY, MOXKHO CKa3arb, 4TO OT-
HOLIIEHHEe HHEPTHOH MacCHl K I'PaBHTALHOHHOH AJs1 CHIBHOTO
M CPaBHUTAaLHOHHOrO B3AaHMONEHCTBHH C OUYEHb BLICOKOH
TOYHOCTBIO OJHO H TO Xke. [{o HacTosIero BpeMeHH eile He
BHITIOJIHEHEI H3MEPEHHS] G aHTHMAaTepHeH, XOTA KOCBEeHHbIe
coo0pakeHHA NOKA3kLIBAIOT, YTO U JI/1S1 Hee MPHHIHI SKBHBA-
JIEHTHOCTH JOJIKeH OBITh CNPaBeAJIUB.

§ 8. KAK «<KPACHEIOT» U «'OJIYBEIOT»
SJEKTPOMATHHUTHBIE BOJIHbI
...cBeT, o6J1ajjas MHepTHOR Maccoff, TepAeT SHEPTHIC HA NPEOXO-

Jl“HHe TPaBUTAUHOHHOI O IMPHTAXEHHS... [I0Teps] CBETOM OHEepPrum
03Ha493aeT yBeJHYEHHE ero AJHHb BOJIHbI.

HOxc. Opup <«Ilonynspaas @asuxa»

Hauusast ¢ a2toro naparpada aguraremo
GyIeT NpeisoXKeHO OnHcaHHe Haubojiee HHTEPECHHX H BaX-
HbIX 3KCIEPHMEHTOB, B KOTOPHIX GbNIH H3YUEHBI pa3/THIHLIE
rpaBHTaNHOHHBIE ABJeHHs. [lo cywiecTBy peub nofizer o
npoBepKax 3(PQeKToB, BHITEKAOUHX H3 00med TEODHH OT-
HOCHTEJIBHOCTH. DTO OMHCAHHE 3aHHMAeT 3HAYHTE/NbHYIO
9acTbh BCEro O6beMa KHHTH, H 3THM OOCTOSITENLCTBOM OMpPaB-
IlaH MOJ3aroJIOBOK KHUTH: «KaK H3MepAIoT KPHBU3HY MHpa».
.ABTOpHI peluH/IH BKJIOYHTh B KAXABIA pasjiell H HEKOTOPOe
KOJIHYECTBO «TEXHHYECKHX JeTajiell», HHBIMH CJIOBaMH, BH-
noJIHUTh OGeinanue, nfaHHoe B § 6, — MPONO/IKHTb paccKas
00 «3KCNepHMEHTAJbHOM IOTEHLHa/e HaUleHd [VIaHEeThI»,
T. €. J4Th 9HTATEJIO MPEACTABIEHHE O TOM, 9TO H G KaKOH
TOYHOCTbIO YMEIOT H3MepATb (H3HKH-9KCIEPHMEHTATOPH
CEeroiHs.
B stor maparpad «Bomu» ABa SKCIEPHMEHTA: H3yYeHHe
NOBEJIeHHS 3JIEKTPOMATHHTHBHIX BOJH H 3/€KTPOMArHHTHRIX
reHepaTopoB B CTATHYECKOM IPAaBHTAIlHOHHOM IOJe.
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18 mionss 1976 r. ¢ BOCTOYHOro noGepexkbs ceBepo-ame-
PHKaHCKOro KOHTHHeHTa Obl1a 3amynieHa pakera ¢ BOLOpOJ-
HBIM CTaHJAPTOM 9acTOTH Ha 60opTy. JLJIHTENBLHOCTD €€ moJie-
Ta COCTaBHJ/Ia OKOJIO IBYX 49acoB. Bo BpeMms moJiera B anoree
pakera HOCTHIVIAa BBHICOTHI OKOJO 10* KM (0 BepTHKaIH).
[Noner sakoHuH/Cs1 TEM, UTO OHA ynana NPHMEPHO B LEHTPE
cepepHOAi AT/NaHTHKH, HEMHOTO BocTOuHee bepmynackoro
TPeyroJbHHKa. dTO Gbuta NocJIe[iHssl U peliaiomas 9actb
9KCNepHMEHTa, KOTOPHIH B TeYEHHeE MSITH JIeT TOTOBUJI npodec-
cop P. Becco BmecTe co cBouMH KoJuteramu. Llennb skcnepu-
MEHTa 3aKJ/09a/ach B TOM, YTOGEI IPOBEPHTb OHO U3 CJel-
crBuii OTO: n3meHenue 4acToThl HOTOHOB, MafAIOUIHX B Tpa-
BHTALlHOHHOE TIOJIE.

Ilpexxne wem mepefiTH K MOXAPOGHOMY ONMCAHHIO TOTO,
49TO H3MEPEHO H KaK H3MepeHO B TOT HIOHbCKMH JeHb, pac-
CMOTPHM TNPHHIHUNHKAJBHYIO CTOPOHY Bompoca. HagneM ¢
npocro#i mozenH. IlpexncraBum ceGe, 4TO IIAPHK MAaccod m
nagaér c Bbicots H na 3emmo. B camom Hauane najeHus
IIAPHK UMEJ MO OTHOIUEHHIO K TNOBEPXHOCTH 3eMJIH NOTEH-
IHaJIbHYI0 SHepruio mgH (g — yckopeHHe CBOGOAHOrO na-
JeHH#). Y caMoil NOBEPXHOCTH NOTEHIHAbHAsi SHEPTHS Npe-
BpalaeTcss B KHHETHYECKYIO, H MOXHO 3anucarth paBeHCTBO

mgH = mv?/2. 8.1)

Tenepn npencraBuM ceGe, UTO BMECTO IIaPHKA C HEKOTO-
po#i BbICOTEl H Mbl «BBLITYCTHJH» (TOUHEE, H3JYUHIH BHU3)

onuH (GOTOH, SHeprHs Kotoporo fiw, rie h — nocrosHHas
ITnanka. Ecnu Bocnonb3oBatbest Gopmydioit E=mc? (cM. § 3)
¥ npupasusaTh E K Ao, TO clefyeT CInTaTh, 910 HOTOH HMe-
eT Maccy m="Fhw/c?. OTMeTHM, 4TO 5Ta Macca He TNOXOXa Ha
maccy mapuka. ¥ (OToHa ecTb Macca TOJbKO B JBHXKEHHH
H, KaK TOBODST, HET Macchl NMOKOsi. [IpH JABHMEHHH BHU3
Macca GOTOHA Bce BPeMsi HAXOAHTCSl B yCKOpsiiolleM Mose
Semin &, H ee NOTEHIHAIbHAS aiieprus y6uiBaer. [IpennoJio-
JKHM, 9YTO CO CKOPOCTHIO JBHXKEHHSI HHUErO He MPOUCXOJIHT,
T. €. OHa OfHA H Ta XKe HaBepXy H BHH3Y (3TO «OUEBHIHOE»
JonyieHHe TpeGyer no6aBoyHOro aHaju3a). Torpa ocraercs
JIHIIb OfHA BO3MOXKHOCTb I/ YIOBJIETBOPEHHSI 3aKOHA CO-
XpaHEHHS SHEPTHH: NPENNONOXKHTb, YTO H3MEHEeHHe IIOTEH-
LiHaJbHOH HepruHu (OTOHA B MOJe TSXKECTH 3eMIH NpeBpa-
THTCSI B M3MEHEHHe 3HepTHH camoro (oroHa. A Tak Kak
9Heprusi (GOTOHA MPOMOPLHOHAJBLHA €ro 4acrote, TO AOJ-
XeH NPOH30ATH CABHT YacTOTHl A @y

fiho,, = (ho/c*) gH. (8.2)
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SIcHo, uTO mpH «majgeHHH» (HOTOHA CBEPXY BHH3 JOJIKHO
HaG/IOfAThCA [MOBHILIEHHE YaCTOTH MJH, Kak TOBOPAT,
«rosiy6oe» CMeLleHHe, T. €. CABHT 4acCTOThl B ronyfyio CTO-
pOHYy, a mpu ABHXKeHHH (OTOHA CHH3Y BBEpX JOJKHO Ha-
6TI0faThCsi  «TIOKPacHeHHe» (POTOHA — CABHT 4YacTOTHl B
KPAaCHYIO CTOPOHY HMJIH, KaK TOBOPAT, KKPacHOe» CMeLeHHE.
B nHanucannowm Beiie paBeHctse (8.2) nocrosinnas I1nan-
Ka coKpauiaercsi. B Takux ciayuasix pu3HKH-TEOPETHKH TIO-
BOPAT, 4TO 3ppeKT He KBAHTOBHIl, 3 YUCTO KJIACCHUECKHH.
PagenctBo (8.2) yro6Hee nepenucatb B TaKOM BHJE:

Ao, jo=gH/c*= Ag/c?. 8.3)

3necs BMecTo mpou3BeleHHs gl{ wanucana paBHas 3TOMY
NPOU3BEJIEHHI0 PA3HOCTb T'PABHTALHOHHBIX MOTEHIHAJIOB
A¢ B611M3u noBepXHOCTH 3eM/H Ha BricoTe H U Ha HyJeBOH
BeicoTe. [IpuBeeHHEIN BLIBOA HYXXHO paccMaTpHBaTh JHILUb
KaK HJJIIOCTPAIHIO, TAK KaK OH OCHOBAH Ha psijie NOMyIleHHH
(ogno u3 Hux Mmul Bryeauan). M3 OTO moKHO NONYy4HTDb
TOYHBIH aHAJUTHYECKHH OTBET Ha BOIPOC O TOM, YTO TPOH30H-
Jet ¢ dacrotofi GoTOHA, ABHKYLIETrocsi B CTaTHYECKOM TIpa-
BHUTAaHOHHOM 1osie. OTBeT TOT XKe, 4TO H (8.3).

Hrak, ana nposepku sddekra xpacHo-roay6oro cme-
IEHHs YACTOTHI HYKHBI 1Ba TeHEPATOpa C ONMHAKOBBLIMH (HJIH
odeHb GNH3KUMH) uactoTaMH. OIHH H3 TeHepaTOPOB HYKHO
MOJHATH MOBHIIE H 3aTeM, N1aB BO3MOXKHOCTb UM H3/ydaTh
3/7IeKTPOMarHUTHHIE BOJIHEI, CPABHHUTH 1B€ 4acToThl. OueBH]I-
HO, 4T0 3T0T 3¢deKT HeBenuk. lleficTBUTENBHO, €CnH TOA-
craButh B opmyny H=20 M, To otBer 6yleT Aw, /o=~
&2-1071%, liIMeHHO Ha TaKoH pa3HHIe BhICOT 3a 16 zer 10
onuceiBaeMbix cobbiuil (B 1959—1960 rr.) u Gelra BeMosHe-
Ha nepBas MpoBepka 3Todl npoctoit GopMyJsl A/ KpacHo-
rony6oro cmemeHns *). Pe3yJbTaT OMEITa Gbl1 YAOBJAETBOPH-
TeJAbHBIM: (opMysia «paGoTanas mMpaBHJABHO, YHCIO, H3Me-
peHHoe mNpPHOIMKEHHO, COBNAalO0 C YHCJIAOM H3 (OPMYJIHL.
OnHako TO4HOCTH OBHITa HE CJMLIKOM YIOBJIETBOPHTENb-
.HOH — oKosio 5% ot BeauuHHBI 3deKTa.

DKCNepUMeHTATOphl, NpOoBepsoliHe  (HH3HUECKYIO TeO-
pHIO, KaK NPaBMJIO, TAKOH TOYHOCTBIO HE YAOBJIETBOPAIOTCA.
HmenHo nostoMy, 4ToGHl HMETH «3amac MPOYHOCTH®, GBLIO
pelleHO UCIONB30BaTh PAKETY, ¢ TeM 4TOGH caM 3ddeKT GblI
cyiiecTBeHHO Gosibiie. B ombite 1976 r. pa3HOCTH BHICOT B
10 ThIC. KM coOoTBeTCTBYET AQ/c?~s4,5- 1071, T. e. npUMepHO

*) 3namennrHil onut [laynna u  Pe6ku, a 3arem Ilaymna u
Crafinepa.
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Ha NMATb NOPAAKOB Gosblue. Ilasi 3Toro oneita Gbin H3rGTOB
JIeH CMenHaJbHBIA BOAOPOAHEIA CTAHAAPT YACTOTHI, KOTOPLIH
MOXHO 6BIIO pa3MecTHTb Ha 6opTy pakersl. Ero oTHOCHTE/N -
Hble yXOJIbl 9aCTOTH! B TeUEHHE IBYX 4acOB (3TO J0JIblle, 9eM
BpeMA IKCNepHMeHTa) He mpeBbimanu 5-10~%. Ecau cpas-
HHTb 5TO 3HaueHHe ¢ oxHaaeMbiM 3hdekToM A@/ci~~4,5X
X 107 10 MOXKHO 6b1710 GBI PACCYUTHIBATL HA TOYHOCTDH OKOJIO
0,001 %. K coxasenuio, B TaKHX (1a H BO MHOTHX Jpy-
rux) ¢H3WYeCKUX ONbITAX Bcerja HafNercs HEeCKONbKO
MPHUMH, N0 KOTOPBIM NOJIHBIA pe3epB YYBCTBHTEIbHOCTH (HJIH
paspeineHHs) 'He peanusyercs A0 KoHua. Tak GblI0 H B 3TOM
onsite. OTHOCHTeNbHAs! MOI'PENIHOCTb B CJAHYEHHH CHBHTA
9aCTOTEl BOJOPOLHOIO CTAHAAPTa 9AacTOTHl Ha GOPTY PakeTH
H JIBYX OJHMHAKOBBIX CTaHJapTOB 9acTOThl Ha 3eMJse OKOJIO
2-107¢(r. e. 0,02% ot oxuznaBmerocs cABUra A®y,,, 1eACTBH-
TeJIbHO COCTaBHBIIEro Av4,5- 107 @,,). CaMbIM NPHSATHHIM H
JJ1 SKCNEePHUMEHTATOPOB H [JIs1 TEOPETHKOB, OXHAABUIHX
orBera, GO TO, UTO B Npejesax omHOKH H3MepeHHH HHKa-
KUX OTKN1OHeHH#i oT mpenckasanuss OTO o6uapyxeHo He
6bi10. MnbivMu cioBamu, topmyaa (8.3) ¢paGoraer» odekb
TOYHO. B 3TOM COCTOHT OCHOBHOI pe3y/ibTaT 3aBeplIEHHOrO B
1976 r. skcnepumMeHTa, KOTOPHIH TaK Xe, KaK H SKCMIepHMeH-
61 1959—1960 rr., Teneps CTaN Manoh YaCTbIO BEJHKOH HC-
TOpHH sxcnepnmemanbnoﬁ du3HKH.

Y uyhTaresnss He MOJIKHO CO3JaThCsl BHEYATNEHHS, UTO
ONMHCaHHBIA ONHIT G MpocTeiM. [IpocTa UMb ero mpHHIHK-
nuanbHas cxema, OMHCAaHHas Bbiwe. [losTOoMy aBTOpHI pe-
muau  1o6aBHTb HECKOJbKO Kpatkux Jerajeli. CHauana
onuiueM (Kak 910 Gbuto o6emano B § 6) ycrpoiicTBo Bo-
NOpPOZHOTO CTaHjapra d9acToTel. BHemine sTtor npuGop
HalOMHHAEeT CpelHUX pasMmepoB Gouky (puc. 15), BHyTpH
KOTOpPOfi JNOBOJILHO BHICOKHH Bakyym okono 10~* Ttopp
(nI0THOCTD paspexeHHOro rasa Ha 11 MOpsAIKOB MeHklie,
geM B OObIUHBIX ycioBHsX). «HauwanpHasi Touka» Bonopojn-
HOTO CTaHJIapTa — 3TO MeTajJIMdecKasi TpPy60uKa, 3aKphITas
C OHOH CTOpPOHBI ry6uaroii niatHHO!. Tpy6ouka OTKPHITHIM
KOHIIOM NOJCOefHHeHa K 6Ga/lJIOHy CO CXKAaTHM BOJOPOJOM.
3akphiThifi ry6uatofi nmaTHHOM KOHeN TPYOOUYKH HameseH
BHYTPb GOYKH BHOJb ee ocH. M3 mniaruHOBoro ¢usbrpa
B BaKyYyM BBITEKaeT TOHKas CTPYsl aTOMOB BOJOpPOjAa (OKOJO
10" aToMOB B CeKyHAY).

CHagasa Ta CTPYys MONajaeT B 06/1aCTh MEXIY METal/H-
9eCKHMH 3JIeKTPOJaMH, K KOTOPHIM MOJBEJEHO NepeMeHHOoe
BHICOKOUAcTOTHOe HanpskeHHe. B 3Toft o6nacTu ssekTpH-
YecKoe nose BOSGYyxJaeT aTOMH Bojopoja. MX craHoBHTCSH

68



Gosibiie Ha BEPXHHX KBA'TOBHIX YPOBHSIX MO CPaBHEHHIO C
TEM pacHpejeseHHeM, KOTOpOe yCTaHaB/AHBaeTCs [PH TelJo-
BOM paBHOBECHH. 3a0[HO B 3TOM Mo.ie Pa3GHBailOTC H MOJe-
KyJEI Bogopona. Jlanee cTpys TakHX Bo30y»NeHHbLIX aTOMOB
nonajaer B 06J1acTh, I C MOMOIIBIO MOCTOSIHHBIX MarHHTOB
co3fiaeTcsl BecbMa HEOZHOPOJHOE MAarHHTHOE foJsie. Dro mdr-
HHTHOE MoJie pa3fieifieT aTOMbHl BOAOPOJA: aTOMBI, HAaXOls

IHecss Ha BepXHEM YypPOBHe,— (OKYCHpPYyeT, a aTOMHl, Ha-
XOnsyecss Ha HHXKHeM,— nedokycupyer (paccenBaer). He-

(¢
= _‘;’-»-—— —
- =< Buizod CBY~
I T“ _I:]— usyqerus
H, 7 w€ _J 5 - 4 _
lK Hacocy

Prc. 15. IpunnunnanbHas cXeMa BOZOPOAHOrO CTaHAAPTa YacTOTH:
1—HaKOHeYHHK H3 ryGuyaTofi NJIATHHH, NPONMYCKAIOIAA BOAOPOX, 2 —
BBICOKOUYaCTOTHOE BO3GYXK/JEHHe NyuKa aTOMOB BOAOPOAA, 3—HCTOYHHH
CHJILHOrO HeOJHOpOXHOro MarsutHoro moas, 4—CBU-pesonartop, Ha-
cTpoesHni Ha uyacrory 1,4.10°Tn, 5—MarHATHHE 9KpaH.

OXHOPOJHOE MarHHUTHOE M10JIe TaK «H36GHP aTeIbHO OTHOCHTCS»
TOJIbKO K JIBYM OMpe/Ie/J€HHBIM KBAHTOBEIM COCTOSIHHSIM aTo-
Ma BOOpOXA. B ofHOM u3 3THX COCTOSIHHF «OCH BpalIEHHs»
NPOTOHa M 3JIEKTPOHAa MapajenbHbl (FOBOPAT — CIHHEL
napajJesnbHE), a B APYroM — aHTHNapasJelsHH. Ecim
aTOM BOJOpOJA MepefiieT H3 NEePBOro COCTOSHHS BO BTOpOE,
TO STOT nepexoj 6yAeT CONPOBOXKAATLCA H3JNYUYEHHEM PalHO-
(OTOHA, YacTOTa KOTOpOro npHGIHxKeHHO paBHa 1,4-10°9
I'u. 910 M ecTh yacToTa BOZOPOXHOTO CTAHAAPTA.
ChokycHpoBaHHasi 49aCTh CTPYH aTOMOB BOJOPOJAa, B
OCHOBHOM COCTOSIIIIasi H3 aTOMOB, HAXONALIHXCS Ha BepXHEM
H3 IBYX ONHCAHHHIX Bblllle YPOBHEH, [ONajaeT B OTBEPCTHE
B CBU-pesonarope, KOTOpHIi HAacCTPOEH Ha YacTOTy 3TOro
nepexona. [Tocie npHMepHO CTa THICAY CTOJKHOBEHHH CO
CTEHKaMH pe30HaTopa aToM BOZOPOXA BHLIETAaeT H3 PesoHa-
TOpa Yepe3 TO K& OTBEPCTHE H TaKHM OGPa3oOM «BHIGHIBaeT
u3 urpe. Ero nanbnefimasi cyap6a — GHTb YHANeHHBIM H3
o6beMa, oH GyJeT MOrJIOIEeH MOLUIHKIM BaKYYMHBEIM HacOCOM.
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B pesonarope unco BO36YKAEHHBIX aToMoB Okosio 1072
M KaX[bifl U3 HUX MPOBOIUT TaM OKOJIO OXHO# CEKYHABL. DTHX
YCJIOBH — aTOMEI Ha BEpXHEM YpOBHe H pe30HaTop, Ha-
CTPOEHHLI Ha YacTOTy KBaHTOBOTO lepexofia,— JAOCTaTOYHO
Wi TOrO, 4TOGHI cpaboTas TaK Ha3LIBaeMblii MasepHHIH -
derr: aToMbl H3/yYaloT panHodOTOHHI KOTEPEeHTHO (CTPOTro
B (ase) Ha vacToTe, oueHb GJIHM3KOH K 4acTOTe KBAHTOBOTO
nepexona. TakoBa nNpHHUMNHANBHAS CXeMa YCTPOHCTBA
BOIOPOXHOTO CTAaHJApTa YacCTOTHI.

B 5TOM OnucaHHH MBI ONYCTHJH MHOXECTBO ¢MEJKHX Je-
Tajelly, KOTOphle, ONHAKO, WUTPalOT BeChbMa BAXKHYIO POJb,
€C/ HYXHO MMeTb CTaGHJIBHOCTb 4YacTOTHl Ha YypOBHE
Aw/0<5-107%. Jlns MAMOCTPAUHH DOJH STHX «i€Tased»
YKaxeM, YTO OCTOSTHHOE MarHHTHOE 110JIe B pe30Harope LoJ-
3KHO GrITh Menbme 10~% I'c. CnenoBarensHo, HYXKHBI MarHHT-
Hble 9KpaHbl U JaTYHKH KOHTPOJSI BeJHUIHHBI HATPsI2KEHHOC-
TH MarHATHOTO moJisi. Bropoe ycnoBue /st IOCTHXKEHHS Ta-
KOTO YPOBHSI CTaGMJIBLHOCTH YacTOTHI — HCKJIOYHTH H3Me-
HeHHe TEMMepaTyphsl CTEHOK pe3oHaTopa BIJIOTh N0 YPOBHS
AT<0,01 °C.

' B 3aksouenue onucanus skcnepumenta 1976 r. orMeTnm
ele HeCKOJIbKO BaXKHBIX NOMOJHHTENBHEIX H3MePeHH#, KOTO-
pHIe MPHIIIOCH BHITOMHSATL BO BpeMsi mosera pakertsl. I'ias-
HOM 3anauell BO BpeMsl M3MEpeHHH ObLIO HCKIIOUATD 3hheKT
Jlonniepa — cHBHT 4aCTOTH M3-3a Pa3HLIX CKOpocTell 60pTO-
BOT'O Fe€HEepaTopa M Ha3eMHHIX renepatopos (06 3ToMm addek-
Te GBLI0 pacckasano B § 6). Jlerko oneHHTh, YTO CABHT Yac-
TOTHI M3-3a 3TOTO 3¢peKTa Ha MHOTO MOPSANKOB GosbIle, YeM
oxupnaeMoe 3HaueHue 4,5-10~1° @. Bo Bpemsa noJsera miH
HeIpephIBHEIE JIOKAHOHHEIE H3MEDEHHS TOJOXKEHHS PaKEeThI
¢ HECKOJIbKHX Ha3eMHBIX craHuuil. Ee nonoxenue uameps-
JIOCh € TOYHOCTHIO N0 | M, a CKOPOCTb — C TOYHOCTBHIO 1O
HECKOJIbKHX CaHTHMETPOB B CeKyHIy. Kpome 3TuX .u3Mepe-
HWil aBTOpaM MPOEKTA NMPHIIOCH BBHIMOJHUTD €llie N0BOJbHO
MHOTO IOTIOJHUTENbHBIX TPO6 U MPOBEPOK.

TMepefinem. Tenepb KO BTOPOMY 3KCIEPHMEHTY, KOTODBIH
MOKHO CUHTATh «GIH3KHM PONCTBEHHHKOM» TOJIBKO YTO. OMH-
cannoro. IlpexBapuM ero KpaTKHM paccKa3oM O MOCTaHOB-
Ke npoGnemsl. [Ipo6seMa B HECKOJBKO YIIPOLIEHHOM BHIE
CBOAHMTCS K CJENYIOWEMY MPOCTOMY BOMPOCY: KaK BJHSAET
rpaBHTallHOHHOE MoJie Ha TeMn Xoxa yacoB? [lycTh B Hawem
pacnopsikeHHH umeercsi napa uyacoB. CHHXPOHH3YeM 3TH
Jachl B OlHOM MecTe (cM. § 3), a 3aTeM MOMeCcTHM HX HA HEKO-
TOpOe BpeMsi T B JBe JJaGopaTopHH, OT/IHYAIOLIHECS TPABHTa-
IMOHHBIM NMOTEHIHA/IOM Ha BeHYHHY A¢ (ecsn Ja6opaTopuu
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HaxolsTci Ha 3eMm/e Ha pasHBIX BHICOTaxXx, To Ap=gH).
ITo mporecTBHH BpeMeHU T Yachl MOXKHO CBE3TH ONSATH B Of-
HO MECTO M «CJHYHTb» MOKasaHus crpenok. O6mas rteopun
OTHOCHUTE/NIbHOCTH JaeT OJHO3HAUHLIH OTBET Ha 3TOT BONPOC:
IpaBHTAIlHOHHOE MOJIe OKAXKET BJHSHHE HAa TEMIT X0/la YacoB

(He3aBUCHMO OT HX NPHPOABI); Pa3HOCTb MOKa3aHHH 4acoB
6yaer paBHa

At =1 écg . 8.4)
CpaBunBas aty gopmyay c popmysioi (8.3) ans casura gac-
TOTBl B I'DABHTAIMOHHOM II0Jle, MOXKHO 3aMETHTb, YTO 3TH
aBa 3ddekra — «Gau3KHEe POACTBeHHHKH». Pasnnume coc-
TOHT B TOM, 4TO B CJlyYae CABHIa 4acTOThl H3MepseTcs pas-
HOCTb 4acTOT, a «CJAHYEHHe» MMOKA3aHHS CTPEJOK 4acoB CO-
OTBETCTBYET CABHTY (a3 (T. €. HHTerpaJy 1o BpeMeHH OT CABH-
ra gactote). OTO Takxe mpejckasbiBaeT H 3HaK 3pdexra:
4achl, PAcroJOXKeHHbIe BbIlle (faJjblile OT NOBEPXHOCTH 3eM-
Ji1), GYAYT HATH «OblcTpee». Ec/iu moAcTaBHTh B 3Ty HopMyay
v=14 4, /=10 kM, TO AT RO/2KHO OBHITb PaBHO NMPHMEPHO
50-107% ¢ =50 Hc.

Kak ormeuasnoch B § 6, camble cTaGH/IbHBIE Yachl — 3TO
aTOMHBbIE CTaHJAPTHl YaCTOTHI H JYYIIHH CpefH HHX — BOJO-
poanbiil cranaapT. OHH H GbLIH HCNOJB30BAHEI B IBYX JKCIIe-
pPHUMEHTaX, BHINOJHEHHbIX He3aBHCHMO, MPHMEpPHO B OJHO H
TO K€ BpeMsl ABYMS [Py NIIaMH SKCIIEpUMEHTATOPOB (HTaJIbsIH-
CKHMH H aMepHkaHckHMH). [lepBrie OTBe3/M Ha rpy3oBHKe
HECKOJIbKO CTAHAApTOB YacTOThI BEICOKO B TOpHl, a NO Npo-
I[IECTBHH HECKOJIbKHX 4acOB NPHBE3JIH 06PaTHO H CJHYMIH C
JApYTHMH CTAHAApTaMH 4acTOThl, KOTOPbIE OCTAaBaJHCh B HO-
auHe. Popmyna «cpaGoTtasnas BepHO — C TOYHOCTBIO A0 5 %
(norpemHocTb H3MepeHHs). OnepexxeHue MO BpeMEHH «rop-
HbIX» 4acoB COBIAJIO C BBIYHCJAeHHBIM N0 dopmyse u3 OTO.

AMepukaHckHe (HH3HKH NMOMECTH/IH HECKOJbKO CTaHAap-
TOB YacTOThl Ha CaMOJIeT H «3aCTaBHJ/IH» €ro HenpephiBHO
Jerarb oKoso 14 yacoB. M B ux 3kcnepumeHTe OBLIO MOJY-
yeHO noxrBepxkieHHe atoro spdekra OTO, ogHako ¢ syu-
meit TouHocTbio (0Kos0 1%). HMHTepecHO# 0cOGEHHOCTHIO
BTOPOr0 3KcHepHMeHTa OBLIO TO, YTO H3MepsJach PasHOCTb
ABYX 3(deKToB: H3MeHeHHe TeMIa XOJa 4acoB, BHI3BaHHOE
pa3HHLEed TIpaBHTALHOHHBIX MOTEHLHAJIOB, H H3MEHEHHe
TeMIla X0Ja 4acoB, BEI3BaHHOE T€M, UTO «CaMOJIETHbIE» Yachl
ObLTH B ABHXKEHHH, H, CIEJOBATeJbHO, HX HYXHO OBbLIO CHa-
yana yckoputh A0 400 kM/4 (TakoBa CKOpOCTb caMoJeTa,
HCIO/Ib30BAHHOTO B 3JKCIIEPHMEHTE), a 3aTeM 3aTOPMO3HTb.
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Creunanbnasi Teopus otHocHtesabHocth (CTO, cm. § 3)
M03BOJISIET PAaCCYHTATh, KAK MEHSIETCA TEMI TeueHHs Bpe-
MeHii B YCKOPDEHHHIX HeHHepIHaJbHbIX CHCTEMAaX OTCYeTa.
IlopuepkHeM, 4TO 3TOT 3dPeKT He caefyeT NyTaThb C TeM, 4T
BpeMs B Pa3/HYHHIX HHepPIHAJIbHBIX CHCTEMAX OTCUeTa Teuer
no-passomy. B ciayuae nByx Habuopareneil B IBYX HHep-
IHaJbHHX CHCTEMAX OTCYeTa KaXKAbIA Habn:01aTeJlb CUHTAET,
4TO Yackl APYroro UAyT MenseHHee. UTOGH! BLISICHUTL FCE XKe,
KTO H3 HHX «IIpaBs, OJHOMY H3 HabJojgarte/iell Heo GXOLXHMO
HCIIBITAaTh CHayajla yCKOpeHHe, 3aTeM 3aMellJleHUe # B WTOre
0Ka3aTbCsl HENOABHXKHHIM OTHOCHTEJIBHO BTOPOro HabJiona-
Tesisi. IIpu 3TOM B XOZle YCKOpEHHSI U 3aMe[/ieHys HaGeXHUT
HMEHHO TaKas pa3HOCTb B IIOKa3aHHH 9acoB, KOTOpas 3a-
BHCHT TOJIbKO OT CKOPOCTH. B 3TOM 3aKA104ae1 Cq 3HaMEeHUTHIA
napajiokc GJIHM3HELIOB — KOCMOHABT, YJeTaouil 1 KOCMOC,
pasroHsiomMuiics A0 CKOPOCTH, CPaBHHMOH CO CKOpOC)biO
cBeTa, a 3areM BO3Bpalalomuiics Ha 3emino, OOHApYXKUT,
9TO ero O/M3Hell, ocTaBmuiicsa Ha 3eMie, CTal HAMHOrO CTap-
e, ueM OH caM. Eme pa3 noguepkHeM, 94TO TYT BeCbh «HOKYyC»
B YCKODEHHH, XOTSl B OTBET OHO sIBHO He BXOAHT. [IpH cKopo-
cTH nosiera camosiera okosno 400 kKM/a sToT sddekr 3a 14 1
cocraBuT npuMepHo 5 Hc. Takum o6pasoM, B OKOHUATeNb-
HOM CJIMIEHHH PasHOCTb NOJIKHA Ghlia cOCTaBHTh 50 HC —
—b5 Hc=45 Hc. FIMeHHO 3Ty BeJIMUHHY M INOJYYHJH NpH
OKOHYaHHH H3MepeHHiil

Mu eme BepHeMcsi K nmpoGJeMe BJHSHHS IPaBHTALHOH-
HOTO MOJIsi Ha TeMI TeUeHHs BpeMeHH, Koraa B § 13 nosHa-
KOMHMCSl C TaK Ha3hblBaeMhIMH 4Y4eDHBIMH IbIpaMH — OGbek-
TaMH C OU€Hb CHJIbHBIM I'PABHTALHOHHKIM NTOJIEM.

§ 9. COJIHIE§CKAXXAET MOPTPET
HALIEA METATAJIAKTHKH
Y 3AJEP)KMBAET PAHO3X0

TakuM 06pasoM, pe3ysabTaThl 3Kcnenunuu B Co6pan u Ha IIpuH-
CHIH OCTaBASAIOT Majio COMHEHHH B TOM, 4YTO JIy4 CBeTa OTKJO-
HseTcs BOaH3H CoJiHIIa H 4TO OTKJOHEHHE, eC/H MPHMHCaTbh ero
NeHCTBHIO rpaBHTAIHOHHOrO nosas COJHI{A, MO BeJHYHHe COOT-
BeTCTBYeT TpeGoBaHHAM oGLlefl TEOPHH OTHOCHTEJNbHOCTH JDHH-
wmTetHa. OJHAKO HUHTepec K AAaHHBIM HaGJNIONEHHSM TaKkoB, YTO
B JAaibHelliieM, BeposATHO, GyJeT NPH3HAHO XKeJaTeJbHbIM ellle
pas MpOBeCTH MX BO BpeMs OyidyliHXx 3aTmenH#l. HeoGbiualino
6MaronpHsiTHbiE YCJIOBHS 3aTMeHHs 1919 r. yxXe He MOBTOPSIT-
cs, W npugetcs QororpadupoBaTh Gosee ciaaGble 3Be3Abl, KOTOs
pbie, BeposiTHO, GyayT Gosee ynaaneHnl oT CodHIa.

&, Haiicon, A. 390uneromw, K. Hasudcon, 1920

Paccmotpennele B § 8 1Ba  rpaBHTanHOH-
HHX 3(hdeKTa HOCAT, TaK CKa3aTb, CKa/lspPHBIH Xapakrep.
HsMeHeHHe TeMna XOfia 4acOB He 3aBHCHT OT TOTO, MOIHSTHI
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OHHU CTPOTO Haj roJIOBOH 3KCNEPHMEHTATOPa /U CMelleHH B
CcTOpoHY. BakHa /WL Pa3HOCTb IPABHUTAILLMOHHEIX MOTEH-
IIHaJIOB, H HA MOBEPXHOCTH PaBHOrO NOTeHIHaaa (A1 3eM-
JI1 — Ha OJMHAKOBO{l BBICOTE) BCE OJAMHAKOBHIE YacChl HIYT
cHHXpOHHO. To Ke crpaBejIuBO H JJIs1 KPACHOTO H ros1y6o-
ro cMemteHus gacrors! doroHos. Ecau rosopure o yersipex
KOOpDAHHATAaX MPOCTPaHCTBa-BpeMeHH, TO 3(dekTH, pac-

3Beac7a>\ ZANAN ,’:’:
\ /// \\
/
/
/

Comue arp /

Jemng

Puc. 16. @) Cxema onbita no W3MepeHHIO OTKJOHEHHS SJEKTPOMArHUT-

HOll BOJIHHL B rpasutanuonHoM nose Coanna (8rp = 1,75"). 6) llsy-

MepHas aHAJIOTHf, WIJIIOCTfHPYIOmasl BJIHSAHHE KPHBH3HH TpeXMepHO-
ro MPOCTPAaHCTBA Ha PACIPOCTPAHEHHE CBeETa.

cMOTpeHHble B § 8, OTHOCATCSA K OXHON BPEMEHHOH KOQpIH-
Harte: 'PaBUTAIlHOHHOE MOJie BJHAET Ha TEMIl TEYeHHS Bpe-
mend. B atom maparpade Mbl paccmorpum apyrue 3¢derTsl
OTO, Hocsiue reomerpuHyeckuil xapakrep. Peub noiiner o6
HCKaXXKeHHH TPaeKTOPHUH Jiyyell cBeTa H PaJHOBOJIH I'PaBHTa-
UHOHHHIM NMOJIEM — JPYFHMH CJIOBAMH, O BAHSIHUH IpaBHTa-
HHOHHOTO MOJI HAa NPOCTPAHCTBEHHbIE KOOPAHHATHI, C II0-
MOILBIO K OTOPBIX ONHUCHIBAIOTCS] TPAEKTOPHH.

Brepsbie uaes onnira Takoro poga Gulia NpeioxKeHa ca-
MuM JfiHwTeiiHoM eme 3 1917 r. TlpeacraBuM eeGe, 910 MH
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tororpadupyem 3Be3/ipl, KOTAA JIy4H CBETa OT HUX MPOXOAAT
B6au3u Kpast Conuua (puc. 16). 310 MoKHO clenaTb BO Bpe-
Msl MOJIHOTO COJIHEYHOTO 3aTMeHHs, KOTAa IHMCK JIyHBI Jj1si
3eMHOT0 Ha6JofaTe/si MOJHOCTHIO 3aKphiBaeT fucK CosHia.
Ecau cnenats eme oany dororpaduio Toro xe yyactka He6a
(uepes noaropa, koraa Conxie Gyzer Ajisi 3eMHOTO Hab/oa-
TeJas JajeKo OT 3TOro ydacTka He6a), TO CpaBHeHHE JABYX
¢doTtorpaduii MO3BOJHT H3MEPHUTb BO3MOXKHOE H3MEHEHHeE
YTJIOBOTO PACCTOSIHHSI MEXAY COCeAHHMH 3Be3naMu. JIyd cBe-
Ta (MOTOK (POTOHOB) OT 3Be3/IBl OTKJ/IOHSETCS B IPaBHTAlHOH-
HoM nosie CoMHIIA TeM CHJIbHee, 4eM GJHKe OH IPOXOJHT K
Kpato CosiHna. Mi3-3a 3T0ro cMeienne H3o6paxeHHs1 3Be3/Ib
Ha dororpadun Tem Gosblie, yem Gnuxke 3Be3la K JHCKY
ConHna. 1o npocToe KayecTBEHHOE PacCyXKIeHHe He JaeT
OCHOBHOTO, YTO HEOGXONMMO MJisi BHIIOJHEHHS IIPOBEPOU-
HOTO OMBITa,— YHC/1a. MOXHO JIH MpH BLIYHCIECHHH, TAaK XKe
kakK B § 8, paccmatpuBaTh (OTOH KaK LIAapHK Maccol m=

=E/c*=Hho/c?, netsimuii co ckopocThio cBeTa? Ecu BOCTIONb-
30BaTbCsl HBIOTOHOBCKOM TeopHell TpaBHTallHH (3aKOHOM
BCEMHPHOTO TATOTEHHSI), TO OTBET GYJET CJAENYIOUHM: YIJIO-
BOE CMeIleHHe 3Be3Jlbl, JyY OT KOTOPOH NMPOXOIHT BO/NH3H
kpas CoJHIa, TO/KHO GbiTh paBHo 0,87". Ec/H e HCXOIHTD
13 OTO, To pe3yabTar no/keH GuiTh BaBoe Goablue. [Touemy
TOT e caMblil «TPIOK» — 3aMeHa (OTOHAa OOLIKHOBEHHOH
qacTHIe Macchl m=/Rw/c?, KOTOPHIl MBI C YCTIeXOM MpUMe-
HWNW B NpefblAylieM naparpade, JaeT HeBepPHBLIH pe3yJib-
TaT KOrja peuyb HIET He 06 H3MEHEHHH 4YacTOThl OTOHOB
(xak 8 § 8), a 06 uckpuBJenHu TpaekTopuu dorona? Corac-
HO HbIOTOHOBCKOH TEOPHH I'DaBHTallHOHHAs CHJA JeHCTBYeT
Ha TeJla B IJIOCKOM INpOCTPaHCTBe-BpeMeHH, B pe3yJibTare
Yero Tesa JBHKYTCS 1O HCKPHBJEHHBIM TPaeKTOPHAM (Ha-
npHMep, N0 runep6oJam, napa6osaM HJIH 3JJIHICAM).

Ho M0xkHO, TeM He MeHee, 3a]aTh TaKOA BONPOC: B KAKOM
HCKPHBJIEHHOM IPOCTPAHCTBe-BPeMEHH TPAeKTOPHH Tel,
npejcKa3biBaeMble HBIOTOHOBCKOH TeopHeH, COOTBETCTBYIOT
yeThHIpeXMepHbIM reofie3nyeckHM? Oka3BIBaeTCs, UTO TaKoe
YeTblpeXMepHOe MPOCTPAHCTBO SIBJISIETCS] MPOCTPAHCTBEHHO
MJIOCKHM, T. €. B KaX/blfi MOMEHT BpeMeHH TpexMepHOe
MPOCTPAHCTBO — €BKJIM/IOBO, HO BpeMSl TeYeT IO-pa3HOMY
B Pa3/JHYHBIX TOYKAX TPEXMEPHOTO MPOCTPAHCTBA B 3aBHCH-
MOCTH OT 3Ha4YeHHS HBIOTOHOBCKOTO TIPaBHTAllMOHHOTO MO-
TeHIlHana, B [I0JTHOM COOTBETCTBHH ¢ 3peKTaMn, pacCMOTpeH-
Hemvu B § 8. Uro xe kacaerca OTO, T0 B ciyyae caaboro
nons (cnmaGoro B ToM cMbicie, uto Ag/c*<1) sta Teopus
[peACKa3bIBaeT TaKOe YeThipEXMEePHOe NPOCTPAHCTBO-BPEMS,
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YTO B HEM HE TOJBKO BpEMs TeueT MO-pasHOMY B PasIHUHEX
TOYKAax TPEXMEpPHOTO MPOCTPaHCTBA, HO H CaMO TPeXMepHoe
MPOCTPAHCTBO HCKPHBJIEHO, T. €. He ABJAAETCH TOYHO €BKJIH-
JoBeiM. IlosToMy He caydafiHO, 4TO pe3yJbTar J060ro K-
CIepHMeHTa B c1a60M TPaBHTAallUOHHOM IIOJie, €CJH B 3TOM
3KCNepHMeHTe IPOCTPAHCTBEHHAsA KPHBH3HA I10 TOH HJIH HHOH
HNpUYHHE HE Ba)KHA, MOXXHO nepeopMy/IHPOBaTh Ha HBIOTO-
HOBCKOM si3biKe. VIMEHHO ¢ TakHMHM 3KCHEPHMEHTaMH MH
umenu geso B § 8. C apyro# croponnl, OTO ¢ camoro Hauana
BKJIIOYaeT B ceOsl IPHHIUI COOTBETCTBHSA, COIVIaCHO KOTOPOMY
B cJy4yae OuYeHb €/Ja6Oro rpaBHTAalHOHHOTO MOJS H MalbiX
CKOpOCTell, MHOTO MEHBIIHX, Y4eM CKOPOCTb CBEeTa, BCe Mpej-
cka3anuss OTO poJ/kHBL COBNAJaTh C NpeJCKa3saHUsIMH HbIO-
TOHOBCKOH TeopuH. [Tocnennee 03Hayaer, 4TO reofie3HYecKHe
MemieHHBIX gacTun, coriiacHo OTO moutH «He 4yBCTBYIOT»
KpHBH3HY TpexmepHoro npocrpancrsa. Ho xoraa peun naer
O TreoJe3HYeCKHX, COOTBETCTBYIOU[HX MPEAEJbHO GhICTPHIM
gacTHnaM — QOTOHaM, Yy4yeT NPOCTPAHCTBEHHOH KPHUBH3HHI
CTaHOBHTCS CYINECTBEHHBIM. MOXHO CKasarb, YTO HCKPHB-
JIEeHHEe TPaeKTOPHH (JOTOHOB cJiaraercs H3 ABYX 3(dekTOB,
OIMH M3 KOTOPHIX CBfI3aH C H3MEHEHHeM XOJia 4acos, a ApYy-
roif — ¢ KpHBH3HOH mpocTpaHcTBa. Kak nokasbiBaioT pac-
geTsl, ocHOBaHHble Ha OTO, 3TH 3(deKkTH AalOT paBHHE OT-
KJIOHEHHS], KOTOphIe, CK/IaJbIBasich APYT C APYroM, MpUBO-
JSIT K MHOXHTEJIO JBa B OKOHYaTeJbHOM pe3y.braTe. Ta-
KHM 06pa3oM, pasHHIA B YHC/AEHHOM BHIPaXKEHHH BeJHYUHBI
s¢pdexTa HrpaeT KIAIOYEBYIO |POJib.

" PesyabrarT BblYHC/IeHHH OHHITefiHA, MOXeT GHITb 3a-
IHCaH B OYeHb NPOCTOf opMe: YIIOBOE CMELIEHHE MOJOXKe-
HHUs 3Besjnl Oy, paBHO

_ 4GMOIS_Q_ 1,75
e CZRO R - [\]
B sroit popmyne G — rpaBHTanHOHHAsA mocTosiHHasA, Mg u
Ro— macca u paguyc Coanna, R — npHHeJbHOe paccros-
HHe, p=R/Rg (cM. puc. 16).

[TepBas mpoeepka 3Toro sddekra Gblia BHINOJHEHA 29
mas 1919 r. ®. [aficonom, A. dnaunrronoM u K. dasua-
coHoM. OmmIT jan BHoJHE OXHO3HAYHHIA OTBET: HabJiojae-
Masi BeIMuHHa G/iu3Ka K oxupaemoii: 1,75". Ho norpemsocrb
uaMepeHH#i cocraBusia 0Koso20% BeJHYHHBI OXHIAaeMOro
a¢dekra. ITOro BNOJIHE AOCTATOYHO, YTOOH OTBEPTHYTb YHC-
TO HBIOTOHOBCKHH pacyeT H ¢CKJOHHTbcs» B moansy OTO.
OnHako Takof TOYHOGTH ellle He XBaTaeT AJis HaJieXKHO# mpo-
Bepkd OTO. deno B ToM, 90 nocie co3gands OTO Grun BEIA-

£5

. ©.1)




BHHYT ME/NEA PAA anbTePHATHBHEIX TEOPHA TIPABHTAalMH,
KOTODHE,B CBOHX NIPeCKa3aHHAX MOPOf HE;TAaK CHJABHO OT-
angaiorca or OTO, Kak HBIOTOHOBCKas TeopHs. TO4HOCTDb
B 20% He MO3BOJIANA CHENATD BHIGOP MEXKAY 3THMH TEOPHAMH
1 OTO. (O6 anbTepHaTHBHBIX TEOPHSiX TPAaBUTALlHH MBI IOrO-
BOpHM 49yThb moxpoGuee B § 15.) ITostromy nocsie mepsoro
onuita GbLIO NMPEANPHUHATO HECKOJBKO MONBITOK MOBTOPHTH
STOT SKCNEPHMEHT, COXPAHHUB Ty Ke NPOLefypPY H3MepeHHs.
K coxanenuio, ocoGeHHBIMH YCIi€XaMH 3KCIIE€PHMEHTATOPHI

Vi

N

]

Puc. 17. JnppakuuonHbie OrpaHHYeHHsT B ONTHYECKOM TejecKone: [ —
¢doTonNacTHHKAa, 2—O0Ch TeJiecKona, 3 — 3st3ia.

NIOXBACTAaThCS TaK U HE CMOIVIM — TOYHOCTb H3MEpEeHHE BO3-
pocJia, HO He cymecTBeHHO. [IpHueM HeKOTODBIE ONBITHL IPOC-
TO He,'yhanucb. [IpuunH Heypau Gbl10 HecKosbKO. Yacrto
6LlBaJI0O Tak, YTO 3KCMENHIHS acCTPOHOMOB co6GHpanach B
onpejie/IeHHOE MECTO, FJe JO/KHO ObLIO HaGMOAaThCs MOJI-
HOE COJIHEYHOE SaTMEHHE, HO HMEHHO B 3TOT JieHb U 4ac, KOTAa
TEeJIECKONH U (HOTOMJIACTHHKH GbLIM NMPHTOTOBJ/EHH, HEGO Sa-
TATHBAJOCh 06/JaKaMH HJH atMochepa Oblla CHIBHO BO3MY-
ImeHa H H300pakeHHs NMOJyJyaJuch pasMuTMU. Ho ecTh eje
OJlHa MPHYHHA, He MO3BOJIHBLIAS CYUIECTBEHHO IMOBHICHTH
TOYHOCTb H3MEpeHHH, Jaxe Korja He60 ObLJIO YHCThIM, a
aTMochepa HeBO3MYIleHHOH. Dra NpHIHHA — AUdpaKuusA
cBera. SIBeHHe AM(pPAKIHH CBETa CBSI3aHO C BOJHOBOH MPH-
poJOit 9/1eKTPOMAarHHTHHX BOJIH H NMpPOSIBJSIETCs, HANPUMEP,
B TOM, YTO BOJIHA MOXET <OrHGaTb» NMpENnsTCTBHE (3KpaH),
«3aXOHUTb» B 06/1aCTb T€HH (eCH 06JacTh TEHH ONMpeNeNsTh
9HCTO reoMeTpHuecKH). Ms-3a audpakmunm ceera pasmep
H306paxkeHHs 8BesfH Ha (OTONJIACTHHKE TEJIeCKOmna Bcerga
HMeeT KOHEYHHE pasMepHl.

Ha puc. 17 uso6pakena B yIpOLEHHOM BHJIe POLEAypa
onpeneJieHHsi YrJoBOIrO paccTosiHHsS O SBe3lbl OT OCH Tese-
ckona. U3 pucyHnka BugHo, uro 0=B/f, rae f — dokycunoe
paccrosinne JiMH3H. Pa3Mep usobpaxenuss AB us-sa aug-
PaKIHH CBETOBHX BOJIH BCerZia KOHeYeH H paBeH

aB=2L, 9.2)
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rae D — AHAMEeTp TeJeckKona, A — cpenusia AAHHA BOJIHR

CBeTa, perHcTpupyeMasi goromniacTHHkoifi. M3 storo coot-
HOIIeHHs caeayer, 9T0

— AB/f ~ A/D. 9.3)

M ecan A=5-10"% cm, D=50 cMm, T0 AB~1-10"¢ pan~
~0,2". CorniacHo npoctoii dopmyse (9.3) Ans noBrILIEHHS
YIJIOBOTO pa3pellieHdsi HaJ0 yBequuyuBatb D, T. e. HCOOMb-
30BaTh TeJECKONHl 6osbmmioro guamerpa. Ho eciu xopomiens-
KO MOAYMaTb, TO MOXKHO COO0Gpa3uTh, YTO BOBCE HE COOTHO-
weHue (9.3) onmpenensieT TOYHOCTb H3MepeHHs yraa 0, Tak
KaK AaKKyDaTHBIfi 3KCEPHMEHTAaTOp MOMKET II0CTapaThCs
H3MepHTb MOJIOKEHHe WEeHTpa MATHA, IWHPHHA KOTOPOro
AB. A 3T0 MOXHO CAeNlaTh MHOTO TOYHee: NSITHO Ha ¢oTo-
NJIaCTHHKe 06pa30BaHO BecbMa OOJIBILMM KOJHYECTBOM 3e-
peH cepe6Gpa, KOTOphle 06pa30Bajuch B pe3yJbTare nonaja-
HHA Ha (DOTOMIACTHHKY MHOTMX MH./JUOHOB ONTHYECKHX
¢oroHOB. DTO, HECOMHEHHO, NPaBU/IbHOE COOOpaxeHHe.
JHAKO, I/ TOTO YTOOHI HCMO/NB30BATh TOT pe3epB, HYXKHA
OTHOCHTEJIbHO JJIUTe/bHAsl JKCMO3HLHUS (POTOMIACTHHKH,
B TeYeHHe KOTOPOH OYAYT YCPEeAHSTbCA H BO3MYIIEHHS IIO-
JIo:+€HHS 1. THA, BbI3BaHHBIE Q1yKTyauusiMu atmocepnl. Ho,
¢ 1p yI OHCTOPOHEI, OJIHOE COJIHeYHOe 3aTMEHHe NIPOJOJIKAeT-
csi Heaomro. MmenHo us-3a aroi COBOKYNHOCTH NPHUMH BO
Bcex Or'blrax MO H3MEPEHHIO YIVIOBHIX CMElleHHH 3Be3Jl, Bhi3-
BaHHBLIX TPaBUTAlMOHHBEIM mnoseM CoJIHI@, AacTPOHOMaM
He yAaJoCh JOCTHYb TOYHOCTH H3mepeHHit Gosbiie 10% or
3HavyeHHs oxujaemoro spdekra. Tak npoaosxKaiock BOIOTh
Jo 1970 r., korpa sKCnepUMeHTaTOPhI-pagHObU3UKH CO34ANH
panudouHTepdepoMeTprl CO CBepXAJIHHHON Gas3oi. 3a 10 Jer,
npomemX NOcjae 3T0r0, T. €. K KOHIy 70-X roios, BO MHO-
rux Ja6opaTopuax MHpa, UMEIOIHX TakHe paJHoOHHTepde-
poMeTpH, 3(pQeKT OTK/IOHEHHSI 3JEKTPOMATHHTHHX BOJH B
rpaBuTauHOHHOM moJie CosMHua H3Mepsiicsi HEeOXHOKPATHO.
TouHoCTh H3MepeHHH O Mepe COBepLIEHCTBOBAHMS ammapa-
TYpH POCJIa H K. KOHIY MNPOLLIOrO JAECSITHJAETHsS AOCTHI/A
- 0,01". B npenenax atofi morpemHoctH (1. e. okosa0o 0,5% or
1,75") npeackasanne OTO noarBepaH/IOCh.

PacecMoTpUM HeECKOJbKO MOApoGHee pafuouHTEpdepo-
MeTpHYecKylo MeToiuky usmepenuii. Ha puc. 18 usobpaxe-
Ha NPHHUMIHANbHAS cXeMa pajgHodHTepdepoMerpa ¢ GOJb-
woft (HO MOKa He CBepXANHHHOM) 6a30ii. OH COCTOUT H3 ABYX
napa6oJiHYecKHX aHTEHH, OCH KOTOPHX NPHMEpHO napai-
aeabHH. OT IBYX aHTEHH B OJHO MecTO cXoAsTes asa CBU-
Kabens. CurHa/J, MpUIIERIIHA OT SPKOro PajHOHGTOYHHKA,
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[IPHHHAMaeTcs] NIPHEMHHKOM CHHXPOHHO, T. €. YCHJHBAIOTCA
TOJIBKO T€ 3JIeKTPOMAarHUTHbIE KOJIeGaHHs, KOTOPbIe «BOLIIH»
B QHTEHHB! OJHOBPeMEHHO (PafHO(PH3HKH roBOPAT — B (a-
3e). Judpakuus snekrpomarHuTHeXx BosiH CBU-quanasona
HIpaeT B TAKOM IIPHEMHHKE TY ke pOJib, YTO H B ONTHUECKOM
tesnieckone. ([Iudpakuusa — 310 obuiee A5 BCeX BOMHOBHIX
npoueccoB siBjeHue.) ViMeHHO H3-3a AM(pAaKUHM LIMPHHA
yIJIOBOH JAuarpammbl HanpasienHoctH AO Takoro paamo-
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Puc. 18. TIpuHuunHaibHasj,cxeMa pajHoHHTepdepomeTpa ¢ Gasoii L.

nHTepdepoMeTpa MOAUYHHSIETCS] TOH e NpOCToH dopmy.e,
KoTopasi Geu1a mpuBefieHa Boiute (Gopmyana (9.3)):

A6~ ML, (9.4)

rae A — JJHHA BOJIHBI, Ha KOTOPYIO HACTPOEH NPHEMHHK,
L — paccrosiHue Mex1y aHTeHHamH (6asa). B nepBwix ombl-
Tax L 610 0KoJ0 3 KM. JlJs1 AJIHHEI BOTHEL A=3 cM 3Haue-
uHe AB~~1-10"% pag=2". B TakMX H3MepeHHAX, TAK Ke
KaK 4 B C/yuae ¢ NATHHIIKOM OT 3Be3Jibl Ha HOTONNACTHHKE,
MOZKHO pasnuuaTh Majsie 1044 ot AB. Mimenno nostomy yixe
B nepBuix HamepenHax sddexra OTO na takom pammous-
tepdepomerpe B 1971 r. Gbu1a JOCTHTHYTA TOYHOCTb OKOJIO
6% ot BesnunHb 3ddeKTa, 4TO 3aMETHO Jyullle, 4YeM B ONTH-
YeCKHMX H3MepeHHsiX. 31ecb Hajo0 OTMETHTb, YTO SIPKHX pa-
JIMOHCTOUHHKOB Ha HeGe OTHOCHTeNbHO MHOro. Mcnosnb3osa-
JHCb BO BpeMsi H3MEDEHHH ¢3aTMEHHBIE» HCTOUHHKH (T. e.
Te, KoTophie «3axoAa™ 3a Conuue). I'1aBnHas npuuuna cy-
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IECTBEHHOTO MOBBLILEHUsI TOYHOCTH PajMOU3MEPEHHsI COC-
TOHT B TOM, 4TO Ansi pagHoBosin CBU-nuanasona armocdepa
HAMHOTO NMpo3payHee, 4eM JJ1s ONTHUECKUX BOJIH H, CJIel0Ba-
TeJbHO, BO3MYIleHHE (POHTA 3JEKTPOMATHHTHOH BOJHBI
HamHoro ciabee. BTopoe npenMymecTBo COCTOMT B TOM, YTO
H3MepEeHHs MOKHO NIPOH3BOJAHTD, HE JOXKHAAfACh 3aTMEHH S ,—
panHOTEJIECKOII «CJIeM» B ONTHYECKOM JHanasoHe, T. €. H3Me-
pEeHHs MOXHO NPOM3BOLMTH BCAKHMH pas, Korja ipKuil pa-
AHOMCTOYHHK npuGaukaercs K aucky CoJHua.

Ho 310 6Bln1 sivb nepBoiil stan paGotel. Buasane, kak
MBI YK€ CKasaJli, MCIOJIb30BAJHCh PafHOHHTEP(HEPOMETPHI
¢ JVIHHHOM, HO He CBepXA/IHHHO# 6a3oi. B crpanax, rae Hayd-
Hble HCCJIEI0BaHHs NOCTHTJIH JOCTaTOYHO BBHICOKOTO YPOBHS,
KaK MPaBUJIO €CTb HECKOJIbKO PafHOTe/IeCKONOB. ITH PafHo-
TeJIECKONB OGBLIYHO yAaJeHbl JOCTaTOYHO HaNeKo ApYT OT
Apyra — Ha COTHM KHJOMeTpoB. $IcHO, uyTO, YBEJHYHBaA
6a3y L pamuounTepdepomerpa ¢ 3 kM jo, ckaxeM, 300 kM,
MOXKHO CY3HTb JHArpaMMy HanpaBjIeHHOCTH Ha 1Ba MOpPSA-
ka. Ho npoknagka CBU-kabess Ha Takoe paccTOsHHE —
BecbMa jnoporocrosimee geno. Takolt AnuHBEI KaGeab pajguHo-
(H3HKH NPeNJIoKHIH 3aMEHUTb ABYMSI CTaHJapTaMH 4acTo-
THl ¥ JByMsi XOpomuMu MaruutohoHamu. Mnes 31oit 3aMeHBI
HeoGbuaiiHo mpocta. [lasi Toro 4ToGHl ABa pagHOTENECKONa,
yAa/AeHHble APYT OT APYra HA COTHH KHJIOMETPOB, paboTaiu
KaK equHblii paguouHTepdepomerp, HEOOXOAUMO <HPHHH-
MaThb» PagHOCHTHAJbI OT OJHOTO HCTOYHHKA CHHXPOHHO, T. €.
per¥icTpHpoBaTh TOJBLKO T€ 3JIEKTPOMarHUTHLIE KoseGaHHs,
KOTOpHIe NpuxoxAT B (hase. Ho paguocurnan (o6u14HO mocsie
npeo6GpasoBaHusi YacTOTH C MOMOLIbIO TeTEPOAHHA) MOXKHO
3amucaTh Ha MarHUTHOM mJeHKe. 3aNHCH HA ABYX MarHuTo-
(doHax, MOAKJIOYEHHHIX K «BHIXOfaM» ABYX paJHOTEJIECKO-
0B, MOXHO CHeJaTh CHHXPOHHHIMH, €C/IH Ha TOH Ke Mar-
HUTHO# JIEHTE C MOMOIIBIO ABYX BBICOKOCTAGHJBHBIX TeHepa-
TOPOB clie/1aTb METKH BpeMeHH. 3aTeM JiBe MarHHUTHHIE JIEHTHI
(MneHKH) ¢ TaKUMH 3aNMHCAMH M METKaMH BPeMEHH OCTaercs
JHULb NPHBE3TH B OAHY J1aGopaTopHiO H B HEH MPOHU3BECTH
«CUHTHIBAHHE» TOJBKO TeX 3alHCAHHBIX PaJHOCHI'HAJIOB, KO-
TOpbIE «IPHLLIH» HAa aHTEHHH B ORHOHU (ase. B 3TOM cocToHT
OCHOBHasi HJlesl pafHOHHTep(epOMETPOB CO CBepXAJHHHBIMH
6asamu. C ux nomompio B 1978 r. yaajsoch yMeHbUIHTb O-
TPEIHOCTb B H3MEPEHHH OTKJOHEHHS 3JIeKTPOMarHHTHOH
BOJIHH TpaBuTanuoHHbiM nojeM Coanna no 0,5% (100% —
sHaueHHe caMoro sdpekTa), ¥ TaK ke, KaK U B IpEILIECTBY-
IOIHX ONBITAX, B IpeJieaX NOrPeIIHOCTH H3MEePEeHH I HUKaKHX
oTKJOHeHHH ot npefckazanHa OTO o6HapyxeHo He GHLIO.
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Umnrare/Nb MOXET CIPOCHTb, [OYEMY Hepexoi OT pajgHo-
nHTepdepomerpa ¢ AMuHHON 6ason (3 kM) K pagHOHHTEp(e-
pomeTpy co CBepXATHHHOR Ga3oft (Goubiue 300 kM) mpHBes K
YMEHBIIIEHHIO NOTPEIIHOCTH H3MepPeHHHA TOJBbKO Ha OJMH Io-
psnok (ot 6 no 0,5%), a ne Ha npa. IIpuamna cocrour
B TOM, 9TO DU H3MEPEHHSX YIJIOBBIX CMEmEeHHA paiHOHCTOY-
HHKOB Ha YPOBHE COTBIX JOJefi YIVIOBOA CEKYHIH MOXHO
Apenebpedb atMoctepofi 3emsd, HO, K COXKAJEHHIO, IPUXO-

Puc. 19. Cxema xeemuueckoro paguonntepgpepomerpa H. C. Kapaa-

mesa: /— ]/ —KoCMHYECKHE PaJHOTENEeCKONH. TOHKHMH CNJIOLIHBIMH

JAMHEAMH YCJHOBHO H306paX{eHH MNOJOXeHHs (fOHTa SJAeKTPOMAarHHT-
HOMft BOJIHW OT YyZaJIEHHOrO HCT 4HHKA.

AUTCA BHOCHTb 3HAUHTeJbHYIO TONpaB .y Ha «armoctepy»
CosHila — COJTHEUHYIO KOPOHY.

PanuonnrepdepoMeTprl co cBepXAIHHHOA 6a30H, KOHeY-
HO, HMCMOJb3YIOTCA He TOJbKO AJIsi H3MepPeHHs YKa3aHHOro
ajpdekra OTO. C ux nomoupio, HanpuMep, yAaJOCh CHATh
KapTel peibeda niader Mapca u BeHepni. A 370 GBLIO He-
0OHYaiHO BaXKHO J/1s1 BHIOOpA MecTa .i0CafKH CIFyCKaeMBIX
annaparos.

OcraHoBuMCsl KpPaTKO ellle Ha OXHOM BecbMa IPHBJIEKa-
TEJNLHOM IPOEKTE OMNbITA, NPENJOKEHHOTO COBETCKHM acTpo-
¢usukom H. C. Kapaawesnim. [IpencraBum cebe, 910 B Ha-
IIeM PacropsiKEHHH HMeIOTCS TPH CNYTHHKA, BHIBEJEHHBIE
Ha reJIHoueHTpHyeckyo op6ury (puc. 19). Ilycrb Ha KaxaoM
H3 STHX COYTHHKOB eCTb PaJHOTEJEeCKONl H Bce STH paiHo-
TeJIeCKOMNBl OpHEHTHPOBaHH B OJAHOM HamnpaBbieHHH. Ecin
NPOH3BOAHTh 3alHCh PaJHOCHTHAJIOB OT BeChbMa YAaJIEHHOTO
HETOYHHKA, NPHIICAWIHX Ha STH COYTHHKH, Tal XKe NaK 8TO
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IenaeTcs B paaHOMHTephepOMeTpe CO CBepXAJIHHHON 6a3of,
a 3aTeM «HaNpaBJATb» (C MOMOIIBIO APYTHX aHTEHH) 3Ty 3a-
nuch Ha 3em/I0 A1 COBMECTHOR OOpaGOTKH H BhIAEJIEHMSA
PagvOBOJIHE, NpumeAmefi CHHXPOHHO (KOT€PEHTHO), TO
MOXHO TaKHM 06GpasoM peann3oBaTh pafHOHHTepdepoMerp
CO CBepXCBepXIHHHON 6a3ofi. JleficrBuTe/bHO, POJb 6a3bl
6yzner urpath AuaMerp 3emHo#i opGHTH (3:10' cM). Ecau
cpejHsisi AJIMHA BOJIHHI NMPHEMHHKOB Ha CIYTHHKaX OKOJIO

€M, TO yIJIOBoe DaspeiuenHe Gyaer npumepuo 2-1071
pan &~2-107* yria. ol C noMolpio TaKOro pagHouHTepdepo-
MeTpa MOXHO OyJeT pasiHuaTh CPaBHHTEJIbHO MaJjhie Je-
Ta/lH Aaxe Ha Kpaio Hamel MeraranakTHKH, T. €. TOH JacTH
Bcenennofi, KoTopasi, B NPHHIHNE, AOCTYIHA HAIIHM CEroi-
HSAHHM Ha6monenusaM (cM. § 14). Baaronapa stoMy okxa-
JKYTC BO3MOXKHBIMH HEKOTOpHE MNPHHUHINHAILHO HOBhHIE
<KOCMOJIOTHYECKHE» OIBITHI.

Hrak, Mo paccMorpest 3hderT OTK/IOHEHHS Jiyya CBeTa
HJIHM, 49TO TO Xe caMoe, MOBOPOT (POHTA 3JeKTPOMarHHUTHOR
BOJIHBI [IPH PACTIPOCTPAHEHHH B CTATHYECKOM, T. €. HEH3MEH-
HOM BO BpemeHH, rpaBuraunoHHoM moje Coanna. PpoHT
BOJIHHI MIOBOpaYyHBaeTCsi Ha ONpPENEJEHHBIA Yyroj, U 3eMHOMY
Ha6J/I0AaTeNI0 KAXKETCSs, UYTO HCTOUHHK H3/y4YeHHs CMeilaer-
csi. 10 yIJIoBoe CMellleHHe — HaHOOJIbIIee /ISl TOH YacTH
¢ponTa, KoTopas 6auxe Beero K kpaio Cosnna. C yaanenneMm
or ConHia yryioBoe cMeleHHe y6uBaer. B o6piuHOM onTHKe
XOpOLIO H3BECTHO, YTO NPH3MBl H JIHH3H H3 ONTHYECKH IJIOT-
HBIX MaTepHaJoB (CTeKJa, KBapla, NPo3pauyHhX MHHEpPaJOoB)
TaKiKe «pa3BOPaYHBAIOT» (POHT 3/1eKTPOMATHUTHON BOJIHHL.
Ec/u nonb3oBaTbhCs Takoi aHaloOrHef, MOXHO CKa3aTb, 94TO
CTaTHUECKOE TIPaBHTAllHOHHOE MoJjie CO3AaeT YTO-TO Bpoje
JIOTNIOJHHTEJNBHOrO TMOKa3aTelsisi IMpeoOMJIeHHsT M 3JeKTpo-
- MAarHHTHHIX BOJIH (OHO siB/sieTca 6oJiee MJIOTHOMA ONTHUECKOR
cpefoi, YeM «YHCTHIf» BaKyyM, T. €. BaKyyM 6e3 GJIH3KOro
MPHUCYTCTBHS PABHTANHOHHBIX MAacc). DTOT NONOJHHTENb-
HbIfl OKa3aTeJb NpeoMJIeHHs An NPHMEPHO paBeH OTHOLIe-
Huio Ag/c* (Ap=GM/r — rpaBHTallMOHHBIA NOTEHIHAJ,
€ — CKOpOCTb PAcCpPOCTPAHEHHS SAKTPOMATHHTHEIX BOJIH).
Takas aHaJOFHsI, BO3MOXKHO, NOCJAYXKHJ/Ia TOJYKOM IJi TOTO,
YTOGHI NPEA/IONKHTD, @ 3aTeM H OCYLIECTBUTD IPYTOH OMKIT 1O
nposepke OTO. WUnes storo onsita npocta. Ecau craruuec-
KOe [paBHTAIMOHHOE ToJle CO3/aeT JUISi 3JIEKTPOMarHHTHBIX
BOJIH JOTOJIHUTE/IbHBIN MOKa3aTeslb MPeJOMJIeHHs, TO OHO
JIOJKHO 3aJlepXXUBATh HMIIYJbCH 3/J€KTPOMArHUTHBIX BOJIH,
TaKk KaK B IVIOTHOH cCpelie CKOPOCTb pacmpoCTpaHeHHs
3/JEKTPOMarHHTHHX BOJIH MEHbIlle, YeM B CUHCTOM» BaKyyMe.



MpencraBuM ce6e, 4TO HMIMYJbC 3JEKTPOMAarHHTHBIX BOJIH
pacnpocrpansiercsi B6ausu Aucka Cosnna (puc. 20) ot He-
TouHHKa B Touke A Jo npueMHuKa B Touke B. Pacuer, oc-
HoBaHHbilt Ha OTO, MpUBONMT K C/leAyromed npoctoit dop-
MyJe: JIONOJIHHTe]bHAs 3afiepKKa Bo BpeMmeHu Al paBHa

GM
®1.ro+ri+!
At=—5=In7 7, ©9-5)

TJIe ¢ — CKOPOCTb CBeTa, a CMBICJI 7o, I H [ sicen us puc. 20.
[Tyctb U3 ToukH B, pacnosioxeHHoH Ha 3emJie, HCIyCKaer-
Csi paJiHOUMITYJIbC, KOTOPHIH, OTPa3HB-
A IHMCh OT TOYKH A, pacnosoxeHHOH
Ha Mapce, BosBpaiaercsi B TOYKY
B. Ecan Mapc Haxojurcs B Tak
Ha3blBaeMOM [IOJIOXKEHHH JaJbHero
coenuHeHHs (IPHUMEpHO TaK, Kak
sT0 H3006paxeno Ha puc. 20), To
At~2-10"%c pns uMnyJabca, pac-
npocrpaHsiowerocs or B k A u o6par-
HO. YMECTHO OTMETHTb, YTO TaKas
sajiepxkkaB 2-107%c cooTBercTByeT
3(heKTHBHOMY Y AIHHEHHIO NyTH | Ha
60 xm. Eciu BCOOMHHTB, 4TO MHO-
TPEIHOCTh H3MEPeHHs PacCTOSHHH
MeX]y Ha3eMHbIMH AaHTeHHaMH H
Puc. 20. Cxema omneitTa aHTeHHAaMH Ha CIYTHHKax 0KO0J10
no uamepennio sazepx- 1M (cM. § 6), TO cTaHeT OYeBHIHBIM,
;'; "x;'gé:_zcaﬂ ::e‘;?& uro 3T0T 3ddeKT MOXKHO H3Me-
TH o
- rpaamau“o“o{a o putb C BecbMa GOJIBIIOA  TOWHO-
Connna. croio. M3amepenus sddekra 3azep-
JKKH MPOU3BOIHJNCL MHOTO pasHa-
ygHasi ¢ 1967 r. [locnennee u3me-
peHue Obl10 3aBepuieso B 1981 r. HauGoubiued TounoCTH
yAaJloch AOCTHYDL yyeHbIM H3 MaccauyceTcCKOro TeXHOJIOTH-
uyeckoro uHcruryTa (CIIA). CorsniacHo X H3MepeHHSM Be-
JIMYHHA 3alepKKH coBnagaet ¢ npeackasanueM OTO c tou-
HOCTBIO 10 MOTPELIHOCTH H3MepeHHi, KOTopas COCTaBJIseT
0,2% snauenus sddexra. DTO HaMBBICIIAS TOUHOCTD,. KO-
TOpO# yrajoch foctiyb npu nposepke OTO B rpaBHTanHOH-
HoM mnoJjie ConHua. [Ijisi Toro 4ToOBl YHTATENb MOT NpEJCTa-
BHTb ce(e, KaK peajbHO IPOHCXONH/IH 5TH H3MEPEHHUs1, HYXK-
HO Ccpa3y CKasarb, YTO HHKAaKHX HENOABHKHBIX MaaTdopM
(omop) A u B e 6bu1o. Ha camom gnente ecto CBU-nepenar-
YUK HMIYJbCOB, CBS3aHHBIH C aHTEHHOH pajguoTesecKona
Ha 3eMJe, H CIYTHHK, Bpallaiolluicsa BoKpyr Mapca, a Ha
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CNyTHHKE — PEeTPAHCJAATOP C YCHIHTEJNeM H HeGOJbIIOH
CBY-aunrennoii, nanpabsieHHo#t Ha 3emmo. M Bce TH Tesa
ABHXYyTCA BOKpYr CoJIHIA, a CHYTHHK — elle 4 BOKpyT Map-
ca. HasemHblli Habmofarenb MoxKeT H3MEpPSThH JHIIb MNOJ-
HOe BpeMsl JBHKEHHS 3JIeKTPOMarHHTHOTO HMITYJIbCa «TYAa H
oGpaTHO», T. e. uaMepath [. OfHako y HaG/ofatels ecTb
BO3MOKHOCTb H3MEPSITb 3Ty BeJHUYHHY B Pa3Hble HHTEPBaJbl
BPEMEHH H B Ipolecce ABHkKeHHS 3eM/IH, Mapca H cnyTHHKa

9 \2_’
it ¥/
Puc. 21. 3aBucumMocTh OT BpeMeHH 1
H3MepsIeMOTO  paccTostHHst | Mexay 0
HCKYCCTBEHHBIM CHYTHHKOM Mapca u 1

3eMJeii: ] —u3MeHeHHe BO BpeMEHH,
paccuHTaHHOE [0 HBIOTOHOBCKOM Teo-
puH, 2—peajabHO H3MepseMoe pac-
CTOsIHHE, fj—MOMEHT JaJIbHero coe-
IuHenusi, Korga 3emas, CojHue u L
Mapc HaxopsTcs Ha OAHOH npsiMoi. Y t

NPeaBLIYHC/IATh 3apaHee SHaUYeHHe [ B MOCAENYIOIHEe HHTEp-
Ba/bl. DTH MPEJBBIYHC/ICHHS] MOXKHO Je/1aTh, JHGO HCIOMb-
3ysl TOJIbKO 3aKOH BCEMHDHOTO TArOTeHHs HbioToHa, JHG0
ucnoab3yss OTO. Ha puc. 21 cnsolHbBIMH KPHBBIMH TOKa-
3aHbl Pe3y/bTaThl MNPEABLIYHC/ICHHH [BeqHUnHH [l BOIH3H
MOJIOXKEHHS1 NlaJIbHEro coeflMHeHHs1 Mapca, npHueM nmpejcka-
sanus OTO xopoto coryiacyiorcsi ¢ pesyJ/bTaTaMu H3Mepe-
HHH [ 0 BpeMeHH ABHKEHHs JIEKTPOMArHUTHOrO HMIYJIbCa.

3aKkaHuHBasi 5TO KPaTKOEe ONMHCAHHE OIMLITOB, KOTOpHIE
Jlalld TaKoe XOopolllee NOATBEPKAEHHE TEOPHH, HYXKHO OTMe-
THTb, YTO B OMHCAHHH ObLIO OMyIleHo MHOTO jeTanedf. Tak,
Hanpumep, B Mmpolecce H3MepPeHHH HYXKHO OBLIO BBOXHTD
HONPaBKy Ha MOKa3aTeJb NPEJOMJIEHHS /IS 3JIEKTPOMarHuT-
HBEIX BOJIH B IJIa3Me COJHEYHOH KOPOHEI (UTOOHL 3TO ChesaTh,
HYXHO OBWIO HcHosb3oBath ABe CBU-uacroThl, Tak Kak
mja3Ma HMEET CHJIBHYIO 3aBHCHMOCTb TIOKa3aTeJsi MpesioM-
JIEHHS] OT YacTOTHI); /ISl BHIYHCJIEHHH BETHYHHBI [ HYXKHO
OLIO YYHTHIBATH BO3MYLalollee IPAaBHTALHOHHOE BO3Jeii-
CTBHe Ha TpaeKTOpHH 3eMiH H Mapca HecKo/IbKHX OJmxkaii-
IIKX [VIaHeT W T. 1.

[NoxBoxst HTOr ONMCaHHIO BecbMa TOYHO H3MEPEHHBIX pe-
AATHBHCTCKHX I'PaBHTALHOHHBIX 3(eKTOB, MOXHO CKa3arTh,
4TO cefiyac JJIs TOYHOI'O MPOTHO3HPOBaHHA moJieroB B CoJ-
HeyHolt cHcreme OTO crana moOuYTH <HHMKEHepHOH» HayKoOH
O HaBHTallMOHHHIX NonpaBKax K Teopud HeloToHa.
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Hraxk, mp ¢ Bami y3uann, aro Costue OTKNOHSAET SA€K-
TPOMarHuTHhie ROJHb. Teopus rpaBHTANHH NpeiCKa3hiBa-
eT, 9T0 Ji06oe IpPaBHTHPYIOIlEe Te/0 AOMKHO OTKJIOHATh
JY9H CBeTa,— CJIeI0BaTeJbHO, J1 060€e rpaBHTHpYIOLIEe TeJ0
JIOJXKHO JeiicTBOBaTh HanojobHe onTHYECKOH JHH3bI, ¢op-
MHPYsi H300paKeHHe KOCMHYECKHX uObeKTOB, €C/H I0A00-
HOTO COPTa JIHH3a PachosioKeHa HelaJlero OT Jyya 3peHHs,
COENHHSIOLIEr0 HEKOTOPBIN KOCMH4ECKHH GOBeKT ¢ nabsona-
teqeM. Jlo 1979 r. 3170 OCTaBa/jOCh JIHINb TEOPETHYECKHM
npenckasandeM. B 1979 r., uepes HeckosabKO Hefeab 1ocsie
100-netHero o6uJiess dAHINTEIIHA, ObT OTKPHIT YAHBHTEJb-
HBIl OGBEKT: ABOHHOM KBa3ap (. 0957-4-561). Mso6paxenue
KBa3apa, NOJydYeHHOe B Pas/IMYHbIX JHanasoOHaX 3JEeKTpo-
MargMTHOTO  H3JIyYeHHs, COCTOSLJIO H3 ABYX OTJEJbibIX,
MOYTH TOYEYHHIX H300paKeHHH, OTHEeNEeHHBIX APYr Or Apyra
yrioBbM paccrosinueM 6 ayru. CaMoe yAHMBHTENbHOE 32-
KJIIOYaJOCh B TOM, YTO XOTSl HHTEHCHBHOCTH H3JIydedusi OT
ABYX OTAE/NbHHIX KOMIOHEHT H300paxkenHs (Ha30BeM iX A
¥ B, puc. 22) GblnM pasjiHyHbI, CIEKTPaTbHbIE 0COQEHHOCTH
KaxJoil H3 KOMNOHEeHT A U B GbUIH YAHBHTEJIbHO MOXOXKH.

BrocsieficTBHH N06JAH30CTH Gblia o6HapyxeHa Gosibluasi
3J/UIMNTHYECKAs FajlakTHKa, pacnoJioKeHHasi Ha Hebe 4yTb
CEeBepo-BOCTOYHee KOMMOHEHTH B (cM. pHc. 22). Muorwe
ydeHble CYHTAIOT, YTO 3Ta 3JUIMNTHYECKasl rajJlakTHKa H iB-
Jsercsi TPaBHTAIlHOHHOH JMH30H, a JBe KOMIIOHEHTH H30-
GpaxeHHs1 KBasapa A u B cyTb 1Ba H306pax<eHHs OXHOIO H
10r0 Ke OGbeKTa, KOTOPHIH Mbl BHIHM C 3eMJIH ¢CKBO3b»
rpaBHTalHOHHYI0 JnHH3Y. [locie sToro 6bl10 OGHApyXKeHO
euie TPH APYrHx oObekTa, Mojo3peBaeMble B TOM, 4TO, Ha-
6ioaas UX, Mbi HMeeM JIeJI0 C TPaBHTAIlHOHHBIMH JIHH3aMH.
OcHOBHOE OT/IHYHE TI'PAaBHTAIMOHHON JIHH3HK OT OOBLIYHEIX
co6HpaTeJbHHX JIHH3 COCTOHT B TOM, 4TO, KaK BHJHO H3
¢dopmya (9.1), yron oTk/I0HeHHS TeM GoJiblle, 4eM GaHXKe K
REHTPY JIMHSH NPOXONIUT JydY cBeTa. M3-3a cnenudpuaeckoi
8aBHEHMOGTH 0 OT 7 y rpDaBHTAUHOHHBIX JIHH3 HET POKYCHOTO
PAaGGTOSIHHSA H OHH He [Al0T TOYe4HOTO H300paKeHHs AJs
TOYEYHOrO MpeJMera.

Kak 0okasmEBalOT pacyeThl, NPOTsKeHHOe FPaBHTHPYIO-
iee TeJO B Ka4YeeTBE IPABHTAUHOHHOH JHH3HI JOJ/IKHO 13-
BaTb TpO#HOe “3o0paxkeHHe. DJJIHITHYECKAs TajlaKTHK3E,
pacnonoxeHHasi Ha HeGe BOJIH3H KOMIOHEHTH B B IBOAHOM
KBasape, siBJsieTcsi, G6€3yCNOBHO, TNPOTSKEHHHIM TEJIOM.
[loaToMy HeMHOro 03aJjauHBajio OTCYTCTBHE TPETHETO KOM-
noHenta. Ho, Bo-HEpBHIX, 0H MOXET OHTb 3HAYHTEJbHO CJI3-
6ee M0 HHTEHCHBHOCTH, 9eM Ha ApYyTHX, a, BO-BTOPhiX, €l0



H300paKeHHe MOXKET £3aTMEBAThCS» H3JNYyUeHHEM caMol 9J-
JIMNITHYeCKON raflakKTHKH. DHUJIH npoBejeHBl pacdeTH mpo-
XOXKJEHHsI CBeTa yepes [1pO3DauHble NPOTAKEHHHE OGbeKTE
(TMnNa rajakTHK H siep raJaKTHK, COCTOSIIIHX HS OTAEbHEX
3Be3Jl) NPHA Pa3AHIHOM 3aBUCHMOCTH MJIOTHOCTH OT PaccTos-

Puc. 22. Ilpofinoii keasap Q 0957--561: @) maoGpaxenne B paamo-
JuanasoHe, 6) cxema <«JeACTBHSI» rPaBHTaHOHHOX JIHHSH.

HHs 10 uentpa. Okasanoch, 9T0 H306paKeHHS MOTYT GHITh
elte 6oJiee CJAOXKHHMH H COCTOAATh H3 elne GOJbIIero YHcjaa

KOMIIOHEHT.
Hexm'opue y4eHble BHCKAa3hBAOTCA CKCOTHYEGKH IO

NOBOJAY OTKPHITHA PPAaBHTAllHOHHHX JIHHS. Ho eyAbsi, KaH
BCcerjga, OoAHH — OMNuT, T. €. AanbHefmne Ha6/IOACHHA HOEA-



XKYT, MHOrO JH BO BcesleHHOR rpaBHTAllHOHHHIX JIHH3 H
KaKkyio POJIb OHH] HIPAlOT B «HCKaXKeHHH moprtpera Mera-
FaJlakKTHKH».

§ 10. HACKOJIbKO BblJj1 HENPAB KENJIEP

EcaH e 51 BHICTYNHJ B 3alUTy CBOeH COGCTBEHHOH TEOPHH, TO
cAies1aJl 5TO B HafieXKie HA TO, YTO OHA HCTHHHA H HCIOJHEHa CePb-
€3HOI'0 CMbICJIa, B CHJIY Yero si pelIHTeJIbHO He HaMePeH OTKa3aTb-
csl OT Hee A0 TeX MOpP, NMOKAa KTO-HHOGYAb, [PEBOCXOASIIMA MeHs
cBoefl y4eHOCTbIO, He JAacT Ge3ynpeyHOro AOKa3aTeJbCTBa ee
OLIHGOYHOCTH,

H. Kenaep <«PasroBop co 3Be3AHbBIM
BeCcTHHKOM», 1610 r,

Horann Kennep, o6paGoTaB OrpoMHyI0 Maccy
JAHHBIX O BHAHMMBIX TOJIOXEHHSIX IVIaHeT Ha HeGe, JOOHI-
THIX MHOTOJIETHHMH HaGJIOJeHUsIMH cBoero yuHreas Tu-
xo Bpare, mpumen K NOpPasUTEJbHBIM JJisl TOTO BPEMEHH
BBbIBOJAM O JBHKeHHH I1aHer. Kenuiep copmyanposas Tpu
(GyHJaMeHTa/bHbIX 3aKOHA, HOCSIIHX TelePb €ro HMs.

IlepBeiit 3akoH Kensepa riacur: op6HTa Kaxao# niaaHe-
TH NpejcTaBiasier co6oi JIHIC, B OAHOM H3 (OKYCOB KOTO-
poro Haxogutcs CoJHLe.

- Bropo#t 3akon Kensiepa 3ByuuT Tak: npsiMasi, COeAHHAIO-
mas Co/Hue H Kakylo-J1H60 mjaHery, 3a PaBHEIE TPOMEXYT-
KH BpeMeHH OIHCHIBAeT OJHHAKOBYIO INVIOMLAfb.

U, nakonen, Tpetuii 3akoH Kensepa naer cBi3b MeXAy
NepHOJaMH OGpalleHH sl IJIaHeT H HX paccTostHusIMH 10 CoJH-
Ija: KBaJparsl NepHoJOB O6pameHHsl ABYX JIOOBIX IJIaHET
BOKpyr CoaHua T; u T, OTHOCATCS KaK Ky6bl Ry H R4 60J1b-
IINX MOJyOoceH 3JJIHICOB, 110 KOTOPHIM OHH ABHXKYTCS:

YT3=RYR}. (10.1)

BrnocnenctBun HeloToH BEIBes Bee TPH 3akoHa Kenuepa,
HCXOJsl M3 BTOPOTO 3aKOHa AMHAMHKHU H 3aKOHA BCEMHPHOTO
taroreHus (cM. § 2). HoloToH JoKkasas, 4To 3MIHPHYECKHE
3akoHbl Kensiepa ofHO3HayHO cJaefylOT H3 OGpaTHOH MpoO-
NOPUHOHAJBHOCTH TPAaBHTAIMOHHOH CcHJIBI KBajpary pac-
CTOSIHHSI MeXAY ABYMsl NPHTATHBAOIIUMHCSA Maccamu. [Ipu
J1060H APYroii 3aBHCHMOCTH CHJIBI OT PAcCTOSIHHSI 3aKOHBI
Kennepa ne BuimosiHsiinch Gul. 1o Mepe Toro, Kak Bo3pacra-
Jla TOYHOCTb ACTPOHOMHUYECKHX HaGMIOJeHHH 3a JIBHXKEHHEM
IJ1aHeT, aCTPOHOMBI OGHAP Y2KHBAJIH OTKJIOHEHHs OT 3aKOHOB
Kennepa, Bri3BaHHEIE BO3MYILIEHHSIMH OPGHTHI TON HJIH HHOH
IVIaHeThl, KOTOphle OGBSICHSAJINCh I'PABHTALHOHHRIM TIPUTS-
JKEHHEM CO CTOPOHH OCTaJbHHX OyaHer CoJiHedHOH cHGTe-
Mul. Hapsay ¢ KosuuecTBEHHRIMH IOIPABKaMH KO BTOPOMY
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U TpeTbeMy 3akoHaM Kemnsepa, HaG/moa/ics HHTepecHeRn
KauecTBeHHBIH 3¢¢eKT, CBA3aHHBIH C HApYILIEHHEM NEPBOTO
3akoHa Kemsepa: mio6bie BO3MYINAIOMIHE CHJBL JOJXKHBL
NPHBOJAUTL K TOMY, 4YTO OpGHTA MNJaHeTH MNpeACTaBjser
cO60H He YHCTBHIH 3JLTHIC, a 3JIJIHIC, KOTOPHI MeAJIeHHO
NOBOPAYHBAETCSl, OCTABasiCh B OJHOH M TOH Ke NJOCKOCTH.
B pesynbrare nepurenuii niaHer, T. e. 6auxkaimas K Conx-
1Ly TOYKa OpGHUTHI, C TEYeHHEM BPEMEHH CMeI[aeTcsl Ha HEKo-
topeiit yroa (puc. 23). HauGo/ibliee cmelneHHe nepuresus
HabGmonanoch y Oamxafied K
Conuny niasetsl, T. e. y Mep-
Kypusi. Beiio o6Hapy:keHO, 4TO
Kkaxaele 100 ser mnepuresnuit
Mepkypus cmelaercsi Ha yroJa
532", T. e. npuMepHo Ha 9’3a
100 sier. ¥Yxe B cepenune XIX
BeKa AaCTPOHOMBI Hay4YHJIHCh
onpenensTb ABHXEHHs IaHeT
C TaKOH BBICOKOH TOYHOCTBIO,
YTO CMOTJIH MNPOBECTH TOYHEH-
IMA y4er BJAHSIHUA BceX ApY-
THX NJaHeT Ha OpGuTy Mepky- Pre. 23 %‘g"f""ea“epme""”
pusi. OKasanock, 4T, NPHUMEHSs pKypus.

3aKOH BceMupHoOro tsirorenus HbioTona, ynaercsa oGbsc-
HATH JIMIIb YacTh HaO/MIOfaeMoro cMemeHuss MepKy-
pusi. [IpyrumMu cjoBaMH, HBIOTOHOBCKAsi TEODHs IpeACKa-
3biBaja CMellleHHe nepureqdss MepKypusi MeHbluee, YeM
Hab/mojaemoe. HeoOBsSICHEHHBIM OCTaBaJioCh CMelleHHe,
paBHoe 43" 3a crosierne, o6HapyxkenHoe B 1859 r. actpomo-
MoM JleBepre. UTOGEI OOBSICHHTH TAaKyl0 aHOMAJHIO, NBITa-
JINCb H3MEHHTDb 3aKOH BCEMHPHOTO TATOTEHHUS!, HO OTKA3alHCh
OT MOAOOHRIX MOMBITOK, MOCKOJbKY IIPH 3TOM BO3HHKAJIH
TPYAHOCTH B OGBSICHEHUH JABHIKEHHs APYTUX NJaHeT. Brutn
MPEANPUHATH NMOUCKH T'MNOTETHYECKOH MNJaHeThl (el Jaxe
Jami ums Bynkan) mexxny CosHueM U MepKypueM, HO TOXe
6es3ycrienHo.

Korna Jftnmurelin B 1915 r. mosy4nsn cBOH 3HaMeHHThIE
ypaBHEHHUs J/Isi TPABHTALHOHHOTO MOJISI, OH NEPBHIM JeJIOM
paccuyuTas ¢ HX MOMOIIbIO, KaK HCKPUBJEHO NMPOCTPAHCTBO-
BpeMs1 B6iu3n CosiHIa. 3ateM, 3Hasi reOMETPHIO NPOCTPaH-
CTBa-BpeMeHH, OH omnpefenus GopMy reofie3HyecKHx, T. €.
KparyafiuX MHDOBBIX JIHHHH, 110 KOTOPBHIM ABHXKYTCS MJa-
HeThl B 3TOM HCKPHBJIEHHOM IIPOCTPaHCTBe-BpEMEHH.

[Tockonbky mpocrpancTBO-BpeMss B6au3u ConHima uc-
KpHUBJIEHO ¢/1a6o, 3aiady O ABHIKEHHH IJIAaHET MOXKHO GEino
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chopMyJIHPOBATL U HAa HbIOTOHOBCKOM SI3BIKE: MJIAHETa ABH-
KErcsi B IJIOCKOM MpPOCTPAHCTBe-BPEMEHH, HO Ha Hee cO
cropoHbl CoJiHIA JAeHCTBYeT CHJa NPHTSXKEHHS, HEMHOTO
OTJIHYAIOWASACSH OT HBIOTOHOBCKOH CHJIBI, MpeACKa3blBaeMoH
3aKOHOM BCEMHDHOTO TATOTEHUS.

CorJyiacHo Teopuu DiiHwTefiHa J06as MJjaHera jaxe 6e3
ydera BO3MYyILEHHH, BHOCHMBIX OCTA/bHBIMW IJIaHETAaMH,
JIO/IKHA OMMCHIBATH B CBOEM JIBHUIKEHHH MeNJIeHHO HOBODa-
gyBaouics 3JMHIC. 3a ofuH 060pOT MO OpOHUTE CMELIeHHe
[IepUTeJHs COCTaB/seT

6nGMo ‘
P=—m T (1C.2)
rae @ — GoJbiuasi MoJyoCh 3JJIHICA, @ € — €ro 3KCUEeHTPH-
CHTET.

Ina Bcex nuaner, HauuHasi ¢ Beneprl v nanbie ot CoJiH-
13, TaKHe PeIITHBHCTCKHE CMeLleHHs MepHre/HeB CAHLIKOM
MaJibl, 9TOOBI HX MOXKHO GbLJIO B TO BpeMs 3ameTHTb. Ho BoOT
I MepkypHsi peNsITHBHCTCKOE CMeILIeHHe MePHTeHs Co-
CTaBHJIO Kak pa3 43" 3a croserue! Takoe nopasure/ibHoe COB-
nageHue sBuJoch MOAMHHHEIM TpuyMpom OTO. Dusuku
BIepBble OCO3HAJH, YTO POLHJACh Teopus, GoJiee TOYHas,
4eM 3aKOH BCEMHPHOro TAroreHust HbloToHa, KOTOpHIH ¢
(aHTacTHYECKONA TOYHOCTBIO ONHCHIBAeT ABHIKEHHE IIJIaHeT,
acTepOHJIOB H KOMET U JlaxKe MO3BOJIMJ B CBOE BpeMs Ha'liTH,
KaK TOBOPHTCS, HA KOHYHKE mepa, T. €. TEOPETHYeCK:, ii1a-
Hery Hentys.

Hauunasa ¢ 1966 r. Ha nomompb TpagHIMOHHMM OIITH-
YeCKHM MeTojaM HaGJIOJeHHs 32 JBHXXEHHEM IJIaHeT MpH-
11712 pafHOJIOKAIHS IIAHET, KOTOpAasi NMO3BOJKJIA CYLIECTBEH-
HO TOBBICHTb TOYHOCTb OINpele]eHHsi MapameTp B OpOHT.
B yacTHOCTH, TOYHOCTb HM3MEpEHHs CMEIUeHHS Mepuresus
MepKkypus panHoOJIOKALHOHHBIMYI METOaMH K cepefune 70-X
rogios gocturia 0,5% OT U3MEpeHHOTO PeIsTHBHCTCKOTO 3¢-
gexkra. OTO corsnacoBsiBasach ¢ HaOMIOAEHHSIMH C TakKOY
BBICOKOH TOYHOCTBIO.

B 60-x ronax Grl1a BolIBHHYTA OfHA M3 HanboJlee XKH3He-
CNOCOGHBIX a/JbTEPHATHBHBIX TEOPHH IpaBHTAllUH, TaK Ha-
3biBaeMasi CKaslsipHO-TEH30PHAs TeOpHs1 TpaBHTallMH (CM.
§ 15). Bra Teopus npenckassBaeT CMelileHHe nepHrenns Mep-
KypHs, 3aMeTHO Menbuuee, yeM »r OTO. Ho cosnarenn stoi
TEOpHH He cOOUpasuCL CAABAThCS, BRIABHHYB IHIOTE3Y, YTO
He Bce 43" B cMelleHUH nepureauss MepKypusi 06bsICHSIIOTCS
HCKDHBJ/ICHHEM NPOCTPaHCTBA-BPEMEHH, a TOJBKO 4Yacrth,



npumepHo 39”. Ocratoiunecs 4” cllenyer OTHECTH K HCKaxe-
HHIO OpOUTHL MepKypHs, BBI3BAHHOMY CIUIIOCHYTOCTBIO COJIH-
na. JIHKKH ¢ cOTPYAHUKAMH NpefnpuHsa B 1974 r. nonuitky
H3MepuTh cnJocHyrtoeth CosHla H [OJYYHJ pPe3yJbTar,
s1KOGBI OATBEPZKAAIOUHE r0o TEOPHIO H TEM CaMbIM OTBepra-
o OTO. Oauaxo apyrasa rpynna uccaenonarenei (Xuia
¥ ApyTHe) HHKaKe#d cnmocHyTocTH CoJHIA He OGHapyXKH-
na. [Tockoneky :10106HOTO COpTa H3MEPeHHS KpafiHe TPYAHBI
(oxupjaeMasi CMJIIOCHYTOCTb O4eHb Masla — SKBAaTOpPHANbHOE
ceuenue CoJiHLA sIBJSETCS JJIHICOM C Pa3HOCTbIO MOJY-
oceft Bcero .14 ub 35 KM npu cpentem paguyce Cosnna
700000 kM), NPHYHHBl pACXOXKIEHAss I3THX Ppe3yJbTaTOB
JI0 CHX [O) HEe YCTaHOBJEHbl. XOTA cJeLyeT, NPH3HATh,
4YTO HEKOTopasl HeoNpeJejeHHOCTb B 3TOM BOIpoce elle
0OCTaeTcsl, HO SIBHOTO MOBOJ2 AJsl COMHEHHH B clpaBeiJH-
BoctH OTO mnoka HeT- B Ham KocMHYeCcKHH Bek, Korja
KOCMHYeCKHe KopalGJu yxe 60po3aatT npoctopbl CoJHey-
HOH CHCTEMEI, MOSIBUJIACH peaJibHasi BO3MOXKHOCTb YCT-
PaHHTb 3Ty HEONpeJeJeHHOCTh B mpobseMe CMelleHHS
nepurejiusi Mepkypusi. esno B TOM, 4TO, MOJB3ysCh pa-
JHOJIOKal el HCKYyCCTBEHHLIX CHYTHHKOB DBenepnl u
Mapca, cHa6KeHHBIX PETPAHCASITOPAMH PaAHOBOJIH, MOXK-
HO, B IpuHUHuNe, B OauxkaiuieM OyAylieM OIpeaesHTb
PesIITHBHCTCKHE CMeElIeHHs MepHresuneB H 3THX mJaileT, a
Takxe 3eMjH. [oCKOJNBKY cMelleHHs1 Nepure/iHeB, BbI-
3BaHHBIE KPHBH3HOI NMPOCTPAHCTBA-BPEMEHH M CIJIIOCHY-
TocTbio CoJIHLA, TO-Pa3HOMY 3aBHCAT OT PACCTOSIHUST MEXK-
oy niaHetoit H CoJiHLEM, TO 1O H3MEPEHHSIM CMeIleHHN
nepHure/ineB HECKOJIbKHX NJIaHET MOXKHO OyleT TOYHO Ofl-
peresiuTb BKJAAL TOro H Apyroro 3¢dexkra B OTAEJbHOCTH,
a 320[JHO HE3aBHCHMO H3MEDPHTh CIIIOCHYTOCTh COJHLA.

ia 3TOM MOKHO GhI/IO bl 3aKOHYHTb PACCKa3 O CMEIIeHHH
ilepUreJlHeB IJIAHET U NepefiTH K APYTHM SKCIEepHMEHTaM B
CosHeuHo# cHcTeMe, HO JietoM 1974 r. Paccen Xainbc u JIxo-
3ed Tefiyiop OGHAPYXKH/IH B NAJEKOM KOCMOCE COBEPIIEHHO
yIHBUTEbHBIA OOBEKT, KOTOPOMY GBIIO CYKAEHO CTaTh CBOE-
0o6pa3Hoil peNSTUBHCTCKOH Jaboparopuefi, 6yKBaJlbHO NoO-
JlapeHHOH peasTHBHCTaM HieApOH NpPUpOnoH.

Peub uaer o6 OTKPHITHH NyJbcapa B ABOHHOH cHCTeMe.
[Ipexnae Bcero, YyTo Takoe ny.abcap.

B 1967 r. anrsufickue pa11oacTpOHOMEI, paGoTaloIIHe MoK
pykoBozicrBom Xbiouma B KemGpumke, oGHapyXHJIH MpH-
XojslIlHe H3 KOCMOCA pery/sipHO INOBTOPSIOUIHECS pajgHo-
HMNYJIbCHI, CJENOBaBUIHE OAHMH 33 APYTHM C HHTEPBAJIOM
menbine | c. HeobriuaiiHas TOUHOCTb, ¢ KOTOPOH MOAAEPXKH-
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BaJlach peryJsipHOCTb NMPHXOJa HMIYJbCOB, HaBeJa ObLIO
y4eHBIX Ha MBIC/Ib, YTO HAKOHEN-TO 3eMJsiHe OOHAapYKHJH
CHTHAJBI KaKOH-TO BHE3eMHOH IHBH/H3AIUH. DTOT OOBEKT
Ha3Ba/lu nyJibcapoM. Menee yem 3a mosroia Guljo O6GHApY-
JKeHO emle TPH nynabcapa. CeroiHs HX YHCJIO H3MepsieTcs.
COTHSIMH.

OueHb CKOPO CTaJO $ICHO, YTO MYJbCAphl — 3TO HE YTO
HHOe, KaK HeATpOHHHIe 3Be3/ibl. Kak mokasanu eme B 1934 r.
Baazne u LIBUKKH, IpH rpaBUTALHOHHOM C3KATHH JOCTATOYHO
MacCHBHOH 3Be3/ibl, HcYeplaBilell 3anmachl CBOEro sJepHOro
roplo4yero, NPOHCXOJHUT «BAABJIHBAHUE» SJEKTPOHOB B MPOTO-
HEl ¢ 0o6pa3oBaHHeM HeldTpOHOB. HelitpoHbl moj AeficTBHEM
IPABHTAllHOHHBIX CHJI CXKHMAIOTCSI B O4YeHb IJIOTHHIH
06BbeKT — HEATPOHHYIO 3Be3ly, KOTOpas MNpeNCTaB/sieT CO-
6ofi cBOeOOpa3HOe aTOMHOE SIAPO, «KpafiHe mepeoborauieH-
HOe» HEeHTpPOHAMHM, pa3Mephl Koroporo nopsiaka 10 kM, a
Macca — nopsiika macchl CosHna. OpuH KyOuueckuil caH-
THMETP BELIECTBA HEHTPOHHOH 3Be3lsl «BECHT» OOJIbIIe
100 maH. ToHH!

IToueMy HeHTpPOHHBIE 3Be3/ibl IPOSIBJASIOTCSA B BHAE MYJIb-
capoB? DTO NPOHCXOAUT 6/1aroaps TOMY, YTO CXKaThle JO Ta-
KHX MaJIbIX Pa3MepOB HEHTPOHHBIE 3BE3JIbl, C ONHOH CTOPOHHI,
JOJIXXHBEI O4YeHb GHICTPO BpamaThes, a, ¢ APYroil CTOPOHHI,
MOryT o6/1aaTh OYeHb CHJIBHEIM MarHUTHHIM noJieM. IlepBoe
H3 3THX CBOHACTB cJellyeT H3 3aKOHA COXPaHEHHsI MOMEHTa
KOJIUYECTBA ABHIKEHHS U POSBJASAETCS, HAIPUMEDP, B TOM, UTO
¢urypucr, Bpamammuics ¢ paCKHHYTHIMH B CTODOHY pYKa-
MH, Ha4YHeT BpallaThCs HAMHOro OhicTpee MocJje TOro, Kak
TNpHXKMeT pYKH K rpynu. Hanuuue ke CHIBLHOrO MarHUTHOrO
nossi oObsCHAETCS 3aKOHOM COXPaHEHUs IIOTOKA MAarHur-
HOro moJisi, T. €. 3aKOHOM COXPaHEeHHs YHCJa MarHHTHBHIX
CHJIOBLIX JIHHHI: TO XK€ CaMoe KOJIHUECTBO CHJIOBBIX JIMHHIA,
KOTOpOe 0 CXKATHS IMepPeceKaso 5KBAaTOpPHAIbLHOE CeueHHe
3Be3[bl, TeNepb NePeceKaer CYIIECTBEHHO MeHbllee M0 [JIo-
IajH SKBAaTOPHAJbHOE CedyeHHe cxkaBluefics HeATPOHHOMH
3Be3H. B pesy/ibTare HanpsKEHHOCTb MAarHUTHOTrO MOJS,
npeicTaBieHHass T'YCTOTOH CHJIOBHIX JHHHUH, IOJKHA HeO-
GLIYaiHO BO3PACTH.

Ecnu k stoMy n06aBHTb, YTO HA MOBEpXHOCTH HeHTpPOH-
HOI1 3Be3/Ibl HMEIOTCS 3apsAzKeHHbIe YACTHIBI, KOTOPhIC JOJLK-
HBl YCKOPATBCA 3JEKTPHYECKHM MOJIEM, TO MBI B CaMBIX 00-
HIMX 9epTax MOXKeM NpPeACTaBHUTb cebe HEHTPOHHYIO 3Be3ly,
BOCMOJIb30BABIIHCh TaK HA3LIBaeMOH MOJENBI0 HAK.JIOHHOTO
poratopa, H3o6paxkeHHo# Ha pHC. 24. YCKOpeHHBIE 3J€eK-
TPUYECKHM MOJIeM 3apsiKeHHBIE YaCTHIH, OJarofapst HajH-
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quio cusbl JIopeHna, ABHXKYTcs, Kak Obl HaBUBasch Ha Mar-
HHUTHBIE CHUJIOBBIE JIUHHH H H3/ydas NPH 3TOM PajHOBOJIHEL.
Ecnn nampaB/ieHHe MarHUTHOIO NMOJIST He COBMAjaeT ¢ Ha-
npaB/ieHUeM BpalleHus (OTCIOAa H HasBaHHe HAKJIOHHBIA po-
TaTop), TO BO3HHKAeT «uupKawiHily no Beenennoit nyu pa-
JMONPOXKEKTOpa, BOCNPDHHMMAaeMbli HaMH Ha 3eMmie Kak
pajHOUMINYJbC KaXKABIH pas, Kak 3TOT Jyd MonajaeT Ha
3emMHOil paauoTesneckon. Takum o6pa3oM, HHTepBaJ BpeMeHH
MeXAy NMPHXOAOM COCEHHX PaJHOMMNYJbCOB PaBeH IepHo-
1y BpalleHMs HeHTPOHHOH 3Be3fbl BOKPYT COOGCTBEHHOMH

Puc. 24. Mogeap myJabca-
pa {a): I — Bpamarolascs
HeATpOHHAA 3Be3fna, 2— CH-
JIOBHle JHHHH MarHHTHOrO
noJsst, 8 —Ny4oK 3apsiKeH-
HBIX PEJSITHBHCTCKHX uYac- ‘
THL, 4— HanpaBJIeHHBIH

pajHoJy4, HCNmycKaeMbilt

PeJATHBHCTCKHMH YacTHIA- J
mu. Hs-sa ToOro, uto oce

CHMMETpPHH MarHHMTHOTO Mo- s @
J He COBNAjaeT € OChIO

BpalleHHsl (HaKJOHHEIA po-
TaTOp), PajAMOJNYY «UHpKa-

et» mo Bcenennoft, uto §
BOCIIDHHHMaeTcs  yHaJleH- I
HbIM  HaGaiojatelleM KakK 3 |
CTpOro mepHOAMYecKas Mo- § e
CJIeIOBaTENIBHOCTD  PAfHO- X
HMIyJbcoB (6). Bpera )

ocH. JlioGo# apyroii o6bekT, 6yAb TO OGBIYHAS 3Be3[a MU
Genblii Kapauk *), pasBanusics Obl Ha YacTH NPH TaKUX Uy-
JIOBHIIHBLIX YIVIOBBIX CKOPOCTSIX BpamieHHs. HepaBHO Obla
o6HapyKeH PEKOPAHO «GbICTpHI» MyJbCap — BpPeMs MEXIY
NPHXOJOM COCEHUX UMIYJBLCOB COCTAB/SET AJs HEro BCEro
aunb 1,5-1073 ¢l

Ceromm He BbI3LIBAeT COMHEHHH, 49TO nynbcapm CB$13aHBI
CO BCHBILIKAMH. CBEPXHOBHIX. O6pa305a}me HeATPOHHBIX
3Be3J] COMPOBOXKAaeTcsl GYPHHIM B3PHIBOM 3Be3Jibl, KOTJa ee

*) Beanii KapJauK — OfHH M3 KOHEYHHIX MPOAYKTOB 3BE3AHON 3BO-
aiouud, cM.: baunnuxos C. H. DBenne kapauku.— M.: 3Hanue,
1977.
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CBETHMOCTb MOXKET CPaBHHBATBCH CO CBETHMOCTBIO IiejiOff
rajJlakTHKH, HacuuThiBaoomed nopsaka 100 mapn. 3sesn.
sIpkoe TOMy NOATBepxKAeHHe — myJabcap B KpaboBua:ch
TYMaHHOCTH, KOTOpad, Kak ObLIO HaJeKHO VCTaHOBJEHO,
AABJIETCS] OCTATKOM BCHBIUKH CBEPXHOBOH, NMpoH3owwesames
B 1054 r. 910 NOpasuTeNbHOE IBJIEHUE, KOTAa Ha HeOe BCNbIX-
HyJia 3Be3]a, CTOJIb sIpKasi, 4TO ee MOXHO GbL1o HabmonaTh
HEBOOPYXKEHHbIM I/1a30M JaXe JHEM, OMHCAaHO B IPEeBHHUX
KHTafACKHX JIeTOMHCAX.

BepHeMcs K nyJsibcapy B ABOHHO# cHCTeMe, TONyIHBILEMY
HassaHue PSR 1913+4-16. 910 HasBaHHe yka3niBaeT Ha TO,
4TO JBOAHOA MNyJbcap HMeeT CJefyiomHe KOOpAHHATHI Ha
HebGecHOM cg)epe. npsimoe Bocxoxaenue 19 9 13 MHH, cKJO-
HerHe +16°. Touka c TakuMH KOOpAMHATaMH pacnonomeﬂa
B co3Be3nuu Opua.

Mur yxe ckasand, 4T0 3TOT ABOHAHOA NyJibcap — YHH-
KaJibHasi JlaGoparopusi B JajleKOM KOCMoce. DTO CBSI3aHO C
TeM, 94TO MH HMeeM JeJIO C «TecHOMH» ABOMHOM cHcTeMoH, Aa
K TOMY JKe MacChl KOMIIOHEHTOB CPaBHHMEI APYT C APYroM,
MO3TOMY Bce pensiTHBHCTCKHe 3(deKTH 37eCh CyLecTBEHHO
3ametHee, 94eM B CoJsineqgHo#l cHcteMe. JlocraTouHo cKasarh,
yTO Op6uTanbHbe ckopocTH B PSR 1913416 okono 400 kM/c,
a pacCTOSIHHS MeXJLY KOMIOHEHTaMH CPaBHUMbBI C PAfHyCcOM
ConHua, Torga Kak camas Gmipkafmas kK ConHny niaHera
Mepkypuit ynanena or CosHia Ha paccrosinue 65 pannycos
CosHua H uMeeT opGHTAJIbHYIO CKOPOCTD Beero JHIub 60 kM/c.
Ho uro HauGoJiee BaxHO, NMy/1bCap B TECHOA NBOHHOH cHcC-
TEMe — 3TO NIpexJe BCero 4ack Ha opOuTe; cTaGHJILHOCTb
YacTOTHl, C KOTOPOH MyJibCap HOCBLIAET HMIYJIbCH, I03BOJISA-
er ¢ GecnpeleAeHTHON TOUHOCTHIO MO BapHAUHsM BPEMeHH
NpHXOJa MMNYJbCOB K HAOMONATENIO CYAMTh O NapaMerpax
OpOHUTH H, CJIeA0BaTe/NbHO, O TeX BapHALUHUAX ITHX MapaMer-
POB, KOTOpHIE CBsI3AHBI C peJISITHBUCTCKUMH 3(pdexramu.
B o6bluHBIX ABOMHBIX CHCTEMax B KayecTBe 4acoB CJyXKaT
aToMbl, H MapaMeTpsl OPGHTHI ONMPEAEAIOTCS MO JONJIepOB-
CKOMY CMeELIEHHIO CIIeKTPaJbHHX JHHHH, COOTBETCTBYIOUIHX
aToMHbIM nepexopam. IlyJbcap — 3TO 4acH, HeCOH3MEPHUMO
GoJsiee TOUHBIE, M BCe METOXBI ONpeNe/IeHHsi TapaMeTpoB Op-
GUT MO CMeIIEeHHIO CIEKTPaNbHONH JIHHUH NPUMEHHUMHI H K
nyJbcapy B ABOHHOH cucTeMe. MbI BipaBe Ha3BaTh CHCTEMY
PSR 1913416 cnekrtpanbuo asoitHo#i. Heobxoaumo nox-
4epKHYTb, 4TO o 3ddexty Honnepa onpenensiercs Tak Ha-
SHIBaeMas JydeBasi CKOPOCTb, T. €. NPOEKIIHsI CKOPOCTH Ha
Jyd 3peHHs. MakcuManbHasa JiyueBasi CKOPOCTb NPHOJIHXKe-
HHUA nyabcapa npeBbiwaer 300 kM/c, a MakcHMasbHas Jy-
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9eBasi CKOPOCTb YaJIeHHsl COCTaBJIsieT BCEro Jinmb 75 KM/c
puc. 25). I3 3toro cpasy ke MOKHO GBLIO CiefaTh BHIBO 1,
9TO NyJbcap B ABOHHOA cHcTeMe IBHXKETCA N0 JAOBOJLHO
BBITAAH yTOH 3JIHOTHYecko# op6ute. Ecau op6ura asaiun-
THYeCKa s, TO Mbl BIOpaBe OXXKHAATb 3pdEKT CMellleHHs nepH-
actpa¥), aHaJOTHUHBIH 3(DeKTY CMeIeHHs mepUrenns
Mepkypus. TlpenBapuresnbHble OLleHKH, OCHOBaHHbIE Ha 3Ha-
YeHHSIX NapaMeTpPOB OPGHTHI, MOJYYeHHbIX H3 HaGmoeHHH
PSR 1913416, nokasanu, 410 cMelleHHe NMEPHACTPa AOIXK-

Puc. 25. Bapuauuu JsyueBoit
CKOpOCTH MyJibcapa B ABOHHOH 100 Yoanenue
cucteme. JlyueBas CKOpOCThb
(T. e. MpOeKLUHsT CKOPOCTH Ha /
JIy4 3peHHs) onpejessercs 110
JOTVIEPOBCKOMY CIBHTY dYac-
TOTH NPHXOJA paXHOHMMYJb-
coB. OTpHLaTe/bHHE CKOPOC-
TH COOTBETCTBYIOT ABHKEHHIO
nyJabcapa MO HanpasJeHHI K
3emse. BupHo, uTO oOTpHuA-
TeJlbHHE CKOPOCTH  CHJBHO
NPEeBOCXONAT MO abCOMOTHON
BEJIHYHHE MOJIOXKHTEJIbHbIe lepuacmy
CKOPOCTH, COOTBETCTBYIOLIHE 1 P—
IBHIKEHHIO MyJbcapa oT 3eM- L 1 L
JU. DTO TOBOPHUT O CHJBHOM 0 2 4 6
BHTSAHYTOCTH OPGHTH MYyJbCa- Bpema, qacel
pa B HBOHHOH CHCTeMe.

>

1
8
=3

Npudnuncenue

b

Jyuebas cxopocrns o KM/C
g

4

ON e

HO cocTaBHTb mpuMepHo 4° B roa. (Cpasnure 43" 3a ctose-
tHe ans Mepkypus.) CMelmenne nepuacTpa, Kak ciaenyer
u3 OTO, 3aBHCHT OT MacC KOMIIOHEHTOB, KOTOpbieé H3 Ha-
6J0eHH A JTyyeBHIX CKOpPOCTeH H BPEMEHH 3a/lePXKKH CHTHa-
JIOB HeJIb3S1 ONpeNieiuTh HedaBHCHMO. [ToaTomy, H3MepHB He-
TNIOCPEAICTBEHHO CMEIleHHe MNepHacTpa, KOTopoe 0Kasanoch
paBHEM 4,22-4-0,04° B O], yueHbIE BMECTO TOTO, YTOGH NPo-
Bepatb OTO, pemmnau BOCIONb30BaThCS M3MEPEHHON BeJIH-
yHHOM pensTHBHCTCKOrO 3(deKTa, UTOOH C BBICOKOHA TOY-
HOCTBIO ONPENIEITh C €r0 MOMOIIBIO MacCy CaMoro myJbcapa.
OnpenesieHne ke Macchl Ge3 NMpPHBJEUEHHS 3TOTO PeJATH-
BHCTCKOTO ShdeKTa, KaK STO Jie1aeTcsi IPH aHain3e OGbIYHEIX
CNeKTPaNbHBIX JBOAHEIX, BO3MOXHO JIHIIb B TOM Clyvae,
KOTZa BHAHH 06a KOMIIOHEHTa H B OOOHX HMEIOTCSl CIEeKT-
pajbHBE JHHHH, 0 KOTOPHM MOXHO OMpeJe/HTh JyyeBbie
CKOPOCTH ABYX' KOMIOHEHTOB B OTHETbHOCTH.

*) IlepuacTp — 9TO Ta TodYKa OPGHTH, KOrAa MyJbCap HaXOAHTCA
» HaHMeHb[IeM YAQNeHHH OT CBOEr0 HEBHAHMOrQ KOMNAHbOHA.
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Takum o6pasom, B ciyuae PSR 19134-16 o6uasi Teopus
OTHOCHTE/IbHOCTH BHEC/1a CBOA YHHKa/lbHBIA BKJaJ B KOHK-
perHnle, YAUBHTENbHO TOYHBIE acTpodH3HYecKHe Hu3Mepe-
HHsI. Macca OJHOrO H3 KOMIIOHEHTOB JBOHHOH CHCTEMBHI,
nyJabcapa, KOTAa BTOPOH KOMIIOHEHT SIBJISIeTCS HeBUAHUMBIM,
MOxeT ObITb H3MepeHa TONbKO ¢ npusiederrem OTO!

Mbul He mpouaeMcs ¢ JBOHHBIM NYJbCapoOM, MBI BEpHEMCSI

K HEMy, Korja pedb noﬁne'r O TpaBHTAlMOHHBIX BOJIHAX
B§ 12.

§ 11. TPABUTALIUOHHBIE BUXPH

OTH SKCHEPHMEHTH OCOGEHHO BaXKHBI MO TOH MPHYHHE, UTO OHH
MO3BOJISIIOT HENOCPeACTBEHHO H3MEPHTb «yBJleYeHHe HHepLHaJb-
HBIX CHCTeM OTCYeTa® MOMEHTOM HMIyJbca 3eMJIH.

Y. Musnep, K. Topn, HOx. Yuaep <«IpaBHTanus»
(M.: Mup, 1977, 1. 3. c. 370)

B § 5 orMeuanoch, 4TO KOTAa MHI [EPEXO-

JAUM OT YPaBHEHHs, OIMHCBHIBAIOUIETO 3aKOH BCEMHPHOTO TS-
rotenust HploToHa, K ypaBHeHHsIM DHHIITEHA, TO TEM CAMBIM
MBI IePEeXOJHM OT I'PaBHCTATHKH K rpaBuannaMuke. OHaKo
BCE ONHCAHHBIE O CHX MOP SKCHEPHMEHTHl — H3MeHEeHHe
YaCcTOTH CBeTa, 3alnasjblBaHHE PaJHOCHTHAJIOB, HUCKpHBJIE
HHE TPaBHTHPYIOUIMM TeJOM Jiy4yeil cBeTa — OrpaHHYHBa-
JIHCh JIMIIb TeMH HOBBIMH mpejckasaHusamMu OTO, kotopbie
OHa BHOCHT HMeHHO B rpaBucTaTHKy. B § 10 Mt cMorsiu faxe
copMynupoBaTh 3afayy TakuMm obpasoM, yto OTO npuso-
IMT B 3TOM cJyuae c1a6oro moJisi JHIIb K HeGO/IbIIOMY H3-
MEHEHHIO HBbIOTOHOBCKOH CHJIBL, H Ha ONbiTe HEOGXOIHMO
3aMeTHTb 3TO H3MEHEHHe U KOJIHYeCTBEHHO CPaBHHUThL €ro C
npeicKa3aHHeM TEOpHH.

B stoMm naparpade Mbl BiepBeie o6paraemMcsi K COGCTBEH-
HO rpaBuaMHaMHueckuM npejckasanusM OTO. das aroro
HaM Tpexje BCero HeoOXONMMO OTKa3aTbCs OT MpPENIOoJO-
JKEHHsI, YTO pacCMaTPpUBAeMble HAMH TPABHUTUDYIOUIHE Tesa
HemoIBIXHEL. Kak mnoka3sbiBaeT aHanu3 ypaBHeHHH O#H-
wrreiina, B8 OTO rpaBuTanoHHOe noJie ABHKYLIUXCSA TeJ Ka-
YeCTBEHHBIM 06Pa30M OT/IHYAeTCs OT IPABUTAILMOHHOTO MOJIS
MOKOSIIHXC Tes. Bo3HHKaeT cBoeoOpasHasi COCTaBJISIIO-
mas TPaBHTALHOHHOTO TOJISI, KOTOpas BO MHOTHX OTHOILE-
HHSIX aHAJOTHYHA MAarHHTHOMY IOJIO B 3JIEKTPONHHAMHKE.

PaccMoTpuUM rpaBHTHpYIOIIee BpaIIAIOMIeecss TeNo —
Hanpumep, 3emso. Bokpyr Takoro Tena Hapsaay ¢ oGLIYHBIM
CTaTHYeCKHM TDAaBUTAIlHOHHBIM IIOJIEM BO3HHKAaeT elle
JONOJTHHTE/bHOE TPaBHTAI[HOHHOE MOJIE, KOTOPOe MBI Ha3o-
BeM, c/lefysl YKa3aHHOH aHaJOTHH, TPaBUMAarHHTHREIM. DTO
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noJie MPOSIBISIETCS B TOM, 9TO BCE TeJIa, ABHKYLIHECH OTHO-
CHTEJBHO TPaBUTHUPYIOILETO BPAILIAOMIErocs Tejla, UCIBITHI-
BAIOT JeHCTBHE JOTOJHMUTEJIBHOH CHJIBI, KOTOpasi 3aBHUCHT
He TO/IbKO OT TOTO, TJie 1aHHOe NPOGHOE TEI0 HAXOXUTCSA, HO
M OT BEJHYMHBI U HANpPAaBJEHHS €r0 CKOPOCTH.

I[Npoc/ienuM aHaJorHio ¢ 3JEeKTPOAHHAMHKOH 4yTb MOJ-
po6uee. IlycTb MBI HMMeeM 3apsiKeHHBIH, BpallaloLuiACs
map. Torpa, Kpome 3JeKTPOCTATHYECKOrO KYJIOHOBCKOTO
noas E, BOKPYT mapa co3laeTcs elie H Mar{HUTHOe MoJje ¢
WHAyKIHeHd B, cujoBple JIMHUM KOTO-
poro uzobpaxeHbl Ha pHc. 26.

Benuunna B npomnopunoHanbHa N

YII0BO# CKOPOCTH BpAllleHHsl 3apAXKeH-
Horo mapa. Ecu B TakOM 3J1eKTpoMar-
HUTHOM MOJIe JABMXKeTcsl INPOGHBIA 3a-
pPSA g, UMEIOIUMHA OTHOCUTEJNBHO U1apa
CKOpPOCTb ¥, TO CHJIA, KOTOPYIO OH
HCMBLITBIBAET B JJAHHOM I10JIe, OKaXeTCs
paBHOH, Kak nokasan Jlopexr,

F= q(E+[v><B]), (11.1)

e KBaJpaTHBIMH CKOOKaMH 06o3Haue- /
HO BEKTOPHOE NMPOHM3BEJeHHE BEKTOPOB ’
9" B. CBolicTBa BEKTOPHOTO MPOM3BE-  puc. 96. CuoBhie
JeHH sl OTPaXaloT TOT aKT, YTO MO MO- JHHHH MATHHTHOTO

AyJI0 JONOJNHHUTENbHAsE cuna JIopeHma ToAs Bpamaiouwero-
coa 3apsAXKeHHOro

Fn=(][‘vXB] (112) wapa.

MPOMOPIMOHANBHA MOAYJMIO CKOPOCTH |¥|, MOLY/IIO HHAYK-
(MK MarHUTHOTO NoJIs |B| M cunycy yria Mexay BeKTOpaMH
© u B, a nanpanienue Bektopa Fj nepneHguKyJsipHO MIOC-
KOCTH, B KOTOPOH JeXaT BeKTOph ¥ U B.

"Cesisb Mexay Bekropamu Fy, v u B, naBaeMas Bek-
TOpHBIM paBeHcTBOM (11.2), ouenb HanoMuHaer GopMyay ais
‘Tak Ha3bIBaeMoil cussl Koproanca, Kotopas siBjsieTcsi HHep-
nuaabHOM, «QUKTUBHOMY (Kaxymiefics) cuIoH, ReHCTBYIO-
el BO BpAINAIOMIMXCS HEHHEPIHANBHBIX CHCTEMAX OTCYETa
Ha Jo6oe JBHXKYLIeecss OTHOCHTENBHO 3TOH CHCTEMBI OTCYe-
Ta TeNOo:

Fq=2m[oxQ], (11.3)

rge @ — yrjoBas CKOPOCTb BpAalUleHHst HEUHepPIHaJIbHOM
cucrembl orcuyera. (ITlompo6ree o cuje Kopuosnca cm.
«KBaum» Ne 10, 1983 r.)
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B cuny npuHIHNa 5KBHBAJEHTHOCTH HEBO3MOXHO OTJIH-
9HTh YCKOPEHHYIO CHCTEMY OTCUeTa OT HHEePIHANbHOH CH-
CTeMEl OTCYeTa B IMOCTOSTHHOM TPaBHTallHOHHOM [IOJe.
EcrecTBeHHO, BO3HHKAET BOMPOC: KAKOMY I'Pa3HTAIHOHHOMY
TNOJII0 B 3TOM CMhICJIE COOTBETCTBYET HEHHEPIHANbHAs CHCTe-
Ma OTcuera, YCKOpeHHe KOTOpOH CBf3aHO C e2 BpauleHHeM?
OTBeT: Takoe rpaBHTALHOHHOE [10JI€ CO3[AeTCA £ AillAIOMIHM-
cs rpaBuTHpyouuM TesnoM. CoraacHo OTO Jo6oe Bpautaro-
meecss MacCHBHOE, a 3HAYHT, M TpaBHTHpYIOLIEe, TENC KakK
6bl BOBJIEKAeT B CBOE BpallleHHe BCe OKPYIKalolllee ero npo-
CTPAHCTBO-BpeMs. D10 03HAYAeT, YTO JIOKAJIBHO- HHEPUH A/ b-
Hble CHCTEMBI OTCYETa, T CaMble, B KOTOPBIX BCE JIOKATbHBIE
(U3HYecKHe MPOLECCHE MPOTEKAIOT TaK K€, KaK H B O1: Y rCT-
BHe TIpAaBHTAlHOHHOrO MOJIf, HROJIKHbI BpaUlaTbCsl OTOCH-
TEJBHO JajleKHX 3Be3j, T. €. OTHOCHTEJbHO YAAJEeHHbIX J10-
KaJIbHO-HHEepIHAJbHbIX CHCTEM OTCYeTa, KOTOPHIE NOUYTH He
UCIBITHIBAIOT YBJIEUEHHS H3-32 TOrO, 4TO TPaBHTAIlMOHHOE
nose GRICTPO yGriBaeT ¢ paccrosgHueM. Takoit apdekT ysie-
YeHHs] HHePIHAJbHBIX CHCTEM OTCUeTa HasmBaercs 3dpek-
tToM Jlense — Tuppunra. Eme pas nopuepkueM, 9Tto JO-
KaJIbHO, B TOUYKe, 3TOT 3QdeKT He OTIMYHM OT BO3HHKHOBEHH S
o6biyHO# cuan Kopnonuca. Ho manpapJienne W BesqMuHHA
yrJIOBOX CKOPOCTH YBJIeYeHHs HHEPUHaNbHBIX CHCTEM OT-
cyeta (0603HaYUM ee yepe3 Q1) yKe He sABJISIOTCSA MOCTOSAH-
HBIMH, 2 3aBHCAT OT KOOPAHHAT, TOYHEE, UT PACCTOSIHHA 7
A0 TPAaBUTHPYIOLIErO Tesla H OT a3UMYTaJbHOro yraa 6 Toro
MecTa, B KOTOPOM MBI XOTHM Ha6monath 3p@ekt Jlense —
Tuppunra (puc. 27):

i, 0= (/—XFD), 19

rie J — yIJIoBOH MOMEHT BpaulaioWerocsi rpaBUTHPYIOUIETO
Tesa, a aSHMYTAJbHHIA yroa 0 BXOAUT B CKa/lsipHOE MPOU3-
Befienue BekTopoB r u J. (rJ)=rJ cos 0.

Ecnu MH BepHeMCA K aHAJIOTHH C MATHHTHBIM M1OJIEM, TO
YBHAUMM YAUBHTE/bHOE CXOACTBO Mexay Qur (r, 0), nasae-
Mo#t coorHomeHueM (11.4), u maruuTHeIM mosteM B, Kotopoe
B CJyyae 3apsiKEHHOro Bpalllalomerocs wapa, Kak nokasbl-
BAIOT pacyeThl B MarHHTOCTATHKE, 3aBHCHT OT 7 U 0 TOYHO
TaK Xe, Kak H Qur:

__49 3r(rJ)
B—m(l— —,,—) , (11.5)

rae M u g — macca u 3apsp wapa.
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Taxum 06pa3oM, MONHHIM auHAJIOrOM HHAYKIHH MArHHT-
HOro moJisi SIBASAETCS yrJoBas CKOPOCTb Qurt, C KOTOPOH
Bpallaiolieecs TPABUTHPYIOUIEE TEJNO YBJIEKAaeT JOKaJbHO-
HHEPUHAbHEIE CHCTEMHI OTCYETA.

Jlo Hacrosilero BpeMeHH H3-3a MaJIOCTH 3TOro 3ddexTa
OH HHKeM He HabGmognaics. Tonbko B 1959 r., uepe3 npa
roja nocje 3amycka nepBoro B MHPe HCKYCCTBEHHOTO CHyT-
HHKa 3emuH, avepukaHckuii ¢usuk [udpd npemnoxun Ba-
PHAHT 3KCIIEPHMEHTa, B KOTOPOM MOXHO ObLIO HaLeAThCA
OGHApYXHTb 3TOT 3ddekr. Onua-

KO MOKa 3TOT SKCIEPHMEHT elle 2y
HE OCYIUECTBJIEH, XOTHl IJIsi €ro ,
MOATOTOBKH CJeNaHO yKe OueHb AN L
MHOTO. N

Hnes udda saknouaercs B
TOM, 9TOGHI BLIBECTH Ha MOJsp-

Hylo OpOGHMTY BOKpPYyr  3eMsH
BLICOKOYYBCTBHTEJBHHH  rHpoOC-
Korl.

Eciu ocb rupockona mnepnes- mJ
IHKYJIsIpHA MJIOCKOCTH OPOHTHI, a
opbutra nonsipuas (puc. 28), TO
och THpOCKONA JOJIKHA Mpelec-
cHpoBaTh (MOHOTOHHO MOBOPayH-
BaTbCA) OTHOCHTENBHO YHaJseH-
Heix 3Be3q na 0,05" 3a rox. Ta-
Kol addekt Oyner Habmonarbes, / { N
ec/iM BblcoTa OpPOGUTHL Han 3eM- }

Jiel MHOro MeHblle paauyca 3em-

au. [Ipeueccus (mMoBopoT) THPOC- Puc. 27. 3asucH MocTh QT
Kona oObsiCHseTcss TeM, 9TO orru 6
OTHOCHTE/IbHO  JIOKAJbHO-HHEP-

HHanbHOH CHCTeMBbl OTCUETa HanpapJeHHe OCH BpallleHHA
THPOCKONA HEH3MEHHO, HO caMa JIOKa/lbHO-HHepUHaIbHast
cucTeMa OTcueTa B cooTBeTcTBHH ¢ dddekToM Jlense — THp-
DHHra MeJIEHHO MOBOpauHBaercs Osarofaps BpaLIEHHIO
3eMJIH OTHOCHTENIbHO YAaJEeHHHX 3Be3[.

dra ounenxka sdheKra noxasbiBaeT, HACKOJIbKO TPYAHO
BLIMOJIHUTb TaKOM 3KCHepHMeHT. Bo-nmepBuiX, CNyTHHK, Ha
KOTOpOM GyleT YCTaHOBJEH THPOCKON, AOJKeH ObiThb CBO-
601HBIM OT cHoca (moapoGHee O TAKOM CIyTHHKE CM. MPH-
JoxxeHue). Bo-BTopbIX, CTaGHJIbHOCTh OCH THPOCKOTA JOJIK-
Ha GuiTh He xyxe uem 0,001” 3a roxa. B-tperbux, yriosas
cTaGU/IH3alUsA CAMOrO CIyTHHKA (MJIH XOTA Obl TOH ero 4a-
CTH, B KOTOPO# MPOHCXOQHT H3MePeHHe YI/IOBHX KOOPAHHAT

4 3gs. 109 ) 97



THPOCKOIIA) TaKxKe AOMKHA ObTh Ha ypoBHe 0,001” 3a

roj.
31H TpH TpPeGOBaHHS NOJIKHH BHITIOJHATHCS Ha OpOUTE
o KpaiHeli Mepe B TeueHHe HECKOJbKHX MecsleB, HE06XO-
JUMBIX J7Is1 TOTO, YTOOBI IpOJENAaTh

K,sﬁ\\ H3MepeHH .
/ N C momenTa ony6nukosanus lud-
/ \ QoM craTbu O PenATHBHCTCKOM FHPO-

\‘ ckorne (Tak OGHIYHO HA3HIBAIOT 3TOT

| 9SKCIepHMeHT) B OnHOH H3 JaGopa-

\ /I Topuil CT3H(OPJICKOTO YHHBEPCHTETA

\ ;/ (CHIA) BrimonHeHa GoJbluasi MOArO-

AN /  TOBHTeJbHasi paboTra H IIPOBENEHHI

S Ha3eMHbIe HUCNBITAHHS, OJHAKO Iep-
Puc. 28. Tlpemeccus BBIH 3amycK CHYTHHKA C HECKOJb-
PEJIATHBHCTCKOrO THPO-  KHMM. THPOCKONAMH Ha GOPTY cOCTO-
exona ougmnonﬂpﬂoﬁ WTCsI, MO-BHAMMOMY, HE paHee ueM

pore. gyepe3 HeCKOJBKO JIeT.

Ha puc. 29 cxemarHuecku NpeACTaBIE€HO YCTPOHCTBO
CHNYTHHKA, NMPEeJHA3HAYEHHOTO TOJbKO AJsi POBEPKU 3TOTrO
sddexra. OcHOBHAST €ro yacTh — GJIOK C HECKOJBKUMH OJHU-
HaKOBHIMH rupockonamu. Kaxnpiii H3 HHX IpeicTaBJser
co6oii OoueHb ONHOPOAHYIO cthepy H3 IJIaBIe€HOro KBapua

D3
Y Puc. 29. IlpunnunuajbHas cxeMa
CIIyTHHKA JJIsi H3MEpEHHS peJIsATH-
BHCTCKOH NpeleccHH THpockona: I —
Kopmye, 2—TeIuioBasi H30JSLHSA,
3—xunkufi rejuit, 4—Tejeckon,
5—onHH M3 THPOCKONOB, 6—mpoG-
HOe TeJO CHCTeMBl KOMMEHCALHH He-
L] & IPaBHTa[HOHHBIX YCKODEHHM.
(okoJ10 4 cM B auaMeTpe), MOKPHITYIO CBEPXIPOBOJHHKOM —
wuoBueM. Jlnst Toro uto6Gnl MCKJIOUHTH HOSIBIEHHE MOMEH-
TOB, CBSI3aHHBIX C OTVIMYHHIM OT HYJS KBajpYNOJbHBIM MO-
umeHToM cdepsl W BHYTPEHHHMH IPajHeHTaMH I'paBHTAIHOH-
HOTO MOJISI CaMOTO CITYTHHKA (3TH MOMEHTHI TOXKE BHI3HIBAIOT
EpeleccHio), KBapleBas ctepa JO/MKHA OTBEYaTh OYEHb
XecTKUM TpeGoBanusaM. JlonycTuMasi OTHOCUTENbHAS HEOHO-
poaHoCTh KBapla B cepe H JonycTuMmasi HechepHIHOCTD He
JOJMXKHBL npeBbimath 1.1078. ’
I'vupockonbl ¢ mMOMOLIBIO CAEAALIEH 3/ME€KTPOCTATHUECKOM
CHCTeMBl MOJBElIeHE BHYTPH 6JoKa (Takxe KBapIieBoro),
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Cdepnt packpyuusatorcsi npumepHo go 300 ob/c crpysamu
rasoo6pas3HoOro rejiusi, 3aTeM CTPYH BHIKJIIOYAIOTCS, OGBEM
BOKPYT cep OTKauMBaeTcs 10 rJy6OKOro Bakyyma, a cama
Kamepa OXJIaXKIaeTcsl [0 TeMIepaTyphl MKHIKOrO reHs.
HHTepecHO OTMETHTb, YTO NMOCTOSTHHAs BPEMEHH 3aTyXaHHsA
Takoro rupockona okoso 300 Jjer.

HOnsa crema uHPOpPMAIHH O MOJIOXKEHHH OCH T'HPOCKOMA
MpeNJIoKEHO M3sIHOE pelleHHe. Bpamaromuiics ceepXnpo-
BOJIHHK JOJDKEeH 006JajaThb MarHHTHHIM MOMEHTOM, MPOIMOp-
IIMOHAJILHEIM YTJIOBOH CKOpPOCTH BpamieHus (3ddext Jlonmo-
Ha). HeckoJbKO 4yBCTBHTENBHEIX MarHeTOMETPOB pacrosa-
raiorcss BOKpyr ctep. Muddpmanusi 0 MarHuTHOM moJe,
nosyyaemasi OT HHX, NOJIKHA TMO3BOJHTb H3MEPHTD MOJIOXKe-
HHEe OCH BpallleHHsi THPOCKoma ¢ TouHoctsio xo 0,0017.

Temeckomn, ¢ MOMOLIBIO KOTOPOrO OCb CIYTHHKA ODHENTH-
pyeTcs Ha OJHY H3 SPKHX 3Be3j, pacroJaraercs npsmo na
6JI0Ke C THPOCKONAaMH H, CJEIOBaTeNbHO, TOXKE HMEET TeM-
neparypy xumkoro renusi. CHrHa/lBl ¢ TeJleCKONa JOJIKHBL
yIpaBJAATb PEAKTHBHBIMH MHKPOJBHIATeNsIMH YIJIOBOH OpH-
enranuu. Kopnyc reneckona, ero JMH3bl H IIPH3MBI, pasje-
JISTIOLIME JYYH NJIs NaTYHKOB YNpaBJeHHs, H3rOTOBJSIOTCA
H3 IJIaBJEeHOrO KBaplia H COeJHHSIOTCS Ha ONTHYECKOM
KOHTakTe (Ge3 Kjess HJIM METalJHYECKHX CTSXKeK).

D10 KpaTtKoe ONHCaHHE MOKaspiBaeT, KaK HEMpoCTo BH-
MOJIHHTB TaKO# OIBIT H CKOJIBKO TPYJa H H300peTaTeJlbHOCTH
OH TpebyeT OT 3KCNEePHMEHTAaTOPOB.

B Hacrosimee BpeMsi 3KCIEPHMEHTaTOPhl COBMECTHO C
TeopeTHKaMH, B ToM uHcse H B CoBerckoM Coro3e, HHTEHCHB-
HO pa6boTaloT Haj co3JaHHeM JAPYrHX CXeM OIBbITOB, B
KOTOpPHIX MOXHO OBJIO Gbl OGHAPYKHTb TI'DAaBUMArHHTHYIO
COCTaBJISIIOILYI0 TPAaBHTAlHOHHOTO YCKOPEHHS.

§ 12, KAK JIOBAT BOJIHbI KPUBHU3HbI

JeTeKTHPOBaHHE TI'PaBHTAIHOHHHIX BOJIH HHOIfla CBSISHIBAIOT @
nposepkoit OTO... I coBepmeHHO yG6exJAeH, OAHAKO, B TOM,
YTO IVIaBHOE B BONpOCE O IPHEMe IPaBATAIlHOHHHX BOJIH Apyroe —
OHH 06pasyioT, MOXKHO CKa3aTh, HOBHIM KaHaJI, 110 KOTOPOMY M@XeT
(u Gyner!) mocTynaTb K HaM BaxHas HHGOpDMalHs O KOocMece.
ITosToMy paHbllle HJIA TO3Xe, HO POXJEHHe TIPaBHTAalHOHHO-
BOJIHOBOH acTPOHOMHH HéH3GexHo. UeM panbme — TeM Jaydmrel

B. JI. T'uns6ype «O dusuke m acrpopuauke»
(M.; Hayka, 1985, c. 96)

YpaBHeHHs1 3/I€KTPONUHAMHKH, KOTOphIE OMH-
ChIBAIOT CBA3b MEXKAY 3JIEKTPHUECKHUM H MarHUTHBHIM IOJISAMH
H 3JEKTPHUYECKHMH 3apsiilaMH M TOKaMH, MpEeACTaBJ/sIoT
coGofi 0600LIeHHe H3BECTHBIX ONMBITHBIX ()aKTOB — 3aKOHOB
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B3aHMOJEHCTBHA 3JEKTPHUECKHX 3aPALOB H SNeKTP HIECKHX
TOKOB. AHAJIH3 ypaBHeHHH NpPHBEJ K HEOXKHIAHHOMY AJA
COBPeMeHHHKOB MakcBeJia pe3yJabTaTy: OLHHM H3 BO3-
MOXKHBIX PellIeHHH 3THX ypaBHEHUH SBJIsSeTCS TaK Ha3biBae-
MOe BOJIHOBOE pellleHHe: NepeMeHHOe JBHXKeHHe 3JIeKTPH-
YeCKHX 3apsAJOB HIlepeMeHHBbIe 3JIeKTPHUECKHE TOKH sIBJIS-
I0TCSl HCTOYHHKAMH BOJIH (3JIEKTPOMAarHHTHHIX BOJIH), KO-
TOpBIE OTPBIBAIOTCA (IO BRIPAXKEHHIO Bhlgalolerocs ¢pusu-
Ka X. JIopeHla — «OTIIOYKOBLIBAIOTCS») OT HCTOYHHKA, CY-
IIECTBYIOT HE3ABHCHMO OT HEro H YAAJSIOTCS OT HEro C OYeHb
Gonbwo# ckopoctbio. B 1880 r. I'enpux I'epu ocymecTBua
OMBITE], B KOTOPHIX ObIJIO J0KAa3aHO CYIILECTBOBAHHE 3JIEKTPO-
MarHHTHBIX BOJIH. A ellle HECKOIbKHMH FOJaMH [1033Ke TaKXKe
SKCIIEPHMEHTaJbHO OBIIO JOKa3aHO, YTO CBET eCTb 3JEKTpPO-
MarHuTHasi BOJIHA H CKOPOCTb PaclpOCTPaHEHHsl CBeTa B
BaKyyMe ecTb CKOPOCTb PacHpOCTPaHEHUsS 3JIeKTPOMAarHur-
HBIX BOJIH. Torza e GblIM JeTaJbHO H3yueHH Bce O0COGeH-
HOCTH 3JIeKTPOMAarHHTHBIX BOJIH. B Takux BOJHaxX BeKTOp
3JIEKTPHYECKOTrO I0JIs1 NEepPNeHJHKYJ/SIpeH BEKTOPY MarHHuT-
HOTO M0J1s1 ¥ 06a 3TH BEKTOpa B CBOIO OYepeib NepneHAHKY-
JIAPHBI HanpaBJ/leHHIO pacnpocTpaHeHHs: BoJHbL. Ecau yna-
JATbCA OT MCTOYHHKA, TO B BaKyyMmMe Ha paccrosiHud R,
CylecTBeHHO GoJibllieM, YeM pa3Mep HCTOYHHKA, HanpsizKeH-
HOCTb 3JIeKTpHuecKoro noass E H HHAyKUHS MarHMTHOrO
nonss B 6yayr yMeHbluatbcsi OGpaTHO MPONOPIHOHAJIBHO
paccroguuio R. HyXHO OTMeTuTb, 4TO BCe OCOGEHHOCTH
3JIEKTPOMarHUTHLIX BOJIH, H3yYeHHbIE dKCIEepHMEHTATOpaMH
(sanpuMep, noBefleHHe BekTOopoB E U B npu npenomyieHuH
BOJIH Ha TpaHHLe ABYX Cpef, NPH OTPaXKEHHH H T. I.), He
TOJIbKO KayeCTBEHHO COOTBETCTBOBAJIH NpeJCKa3aHHsM, cJle-
JI0BaBIIMM H3 ypaBHeHUH MakcBenja. ®uU3HKU-3KCIIEp HMEH-
TaTOPbl, HCC/NEJ0BaBLIHE 3JIEKTPOMAarHHTHble BOJIHbBI, Ha-
6/10fanH TOYHOe YHCJEHHOE COBMajieHHe HM3MepsABLINXCS
BEJIHYMH C PaCYETHLIMH, KOTOPbIE NOJYYaJHCh H3 ypaBHEHHH
Makcsenna.

3arem B 1895 r. npousowio coGbiTee, KOTOpOE MO Mpa-
By CYHTAeTCsl PeBOJIONMOHHBIM: Halll COOTEYECTBEHHHMK
A. C. TlonoB mepBbIM YCNEMHO MNPOJEMOHCTPHPOBAT
BO3MOXHOCTb nepefaBaThb HHPOpPMalHI0O Ha GoJiblIHe pac-
CTOSIHHSI, HCNOJb3ysl B KauyecTBe HOCHTENs HHPOpMAIHH
3JIEKTPOMarHuTHele BOJIHBL. B Teuenne 30—40 nocsenoBaB-
IIMX 32 3THM JIeT NOSIBUJIOCh PAfiHO, TeJIeBHEHHE, PaJHOJIO-
KaiHs, HEMHOrO TO3Xe KOCMHYecKasi CBSi3b H pajuo-
acrpoHomus. OnHOBpPeMeHHO (KaK 3TO 3aKOHOMEpHO GbiBa-
€T B HayKe) 3/IeKTPOAHHAMHKA H3 nepejoBOro (poHTa
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Heenepopanuit B ¢Qu3MKe NpeBpaTHIACh B HHKEHEPHYIO
JQMCLHIIMHY, Ha OCHOBE KOTOPOH pAacCUHTHIBAIOT Mepejar-
YUKH M TPHEMHHKH TeJEBU3HOHHBIX CTAHLHMH, pajuoTese-
CKOIbl, aHTEHHBI CIYTHUKOB CBA3H H T. II.

®u3nKH, KOTOpble 3aHATHl HCCJEAOBaHMEM TIpaBHTALH-
OHHOTO B3aMMOJEHCTBHUS, cefiYac HAXOAATCA (€C/AH I0JIb30-
BaTbCsl MCTOPHUYECKOH aHaJsioruefi) rae-to Mexay «Makcses-
som_u [epuem». Jleno B TOM, 4TO ypaBHEHHSIM JAHIUTeAHA,
TaKk e Kak H YypaBHeHuaM MakcBela, yIOBJIETBOPAOT
BOJIHOBHIE peLIeHHs, T. €. JOJ/IKHBEI CyUIeCTBOBaTh rpaBHTa-
IMOHHBIE BOJHBEI (MOXKHO TFOBOPHTb — BOJIHBI NepeMeHHOH
KPUBM3HBI), a IpaBUTanHOHHHIA onbT [epua a0 Hacrosi-
ILEro BpeMeHH ellle He peain3oBaH. B stom maparpade Met
OCTaHOBHMMCSI MOAPOGHO Ha mpobJemMe OOHApPyXKEHHS TPaBH-
TallMOHHBIX BOJIH H ONMHLIEM TO, YTO KCHEPHMEHTATOPHI YK€
CyMeNH cAeJaTh AJsi ee paspemeHus. B ajekTpopuHaMuke
MakcBe/sia, KaK yxKe OTMeYasoch, MepeMeHHOoe ABHKEeHHe
" 3JIGKTPUYECKOIO 3apsiia NPHBOAUT K H3JYYEHHIO JIEKTPO-
MAarHuTHOM BOJIHBL. TOT 3Ke pe3yJbTaT COAEPKHTCS H B OXHOM
H3 pelleHUil ypaBHeHuH DHHIITEAHA: IepeMEHHOE JBHKEHHE
Macchl NPUBOAMT K H3JYYEHHIO TI'DaBHUTAllMOHHOH BOJIHEL.
MomHocTs H3/ydeHHs M B NEPBOM H BO BTOPOM cJiydae
IOJKHA OHITH MPONOPLHOHAAbHA KBaJpaTy 3apsafa (Mac-
cel). Ho u3-3a TOro, 4ro rpaBHTAalHOHHOE B3aHMOJEHCTBHE
caMoe cJ1a6oe, HAMHOTO cJiabee aaeKTpoMaruutHoro (G maino),
KO3(QUIHEHT NPONOPIHOHAIBLHOCTH, CTOSAILMA Nepej KBaj-
P aTOM MacChl, B cJlyYae IpaBHTAllHOHHOTIO H3JyYeHHsl KpaHue
MaJl — ApPYTHMH cJ10BaMH, 3Q(PeKTHBHOCTb TPaBHTALlHOHHOTO
u3JayueHHs upespblyaiino Masna. Ho, kpoMe 3TO#l KosHYecT-
BEHHOH MPHYMHBl CPaBHUTENbHO Manoi 3(EeKTHBHOCTH
rPABHTAIlHOHHOIO H3/y4eHHs, €CTb elle AOMNOJHHTeIbHas
NpHYAHA, CBSI3aHHAsl ¢ KaYeCTBEHHBLIM Pas/iHYHEM 3/IEKTPO-
MAarHHTHOrO H TPaBHTAIMOHHOTO B3aHMOAeficTBHiA. 10’
KauecTBEHHOe pasJHuHe 3aK/oyaercss B caenyoweM. Ha-
NOMHHM, 4TO B, 3J€KTPOAHHAMHKE eCTb 3/EeKTpHueCKHe 3a-
pAAB ABYX 3HAKOB (3/EKTPOHBl H MpPOTOHBI), OTHOLIEHHE
3JIEKTPHYECKOTO 3apsila K Macce MOXKET ObiTb pPasjiHiHO
jaxe AJs TeJ, 3apSKEHHbIX OJHOMMEHHO (pasivuue B H3-
ObITKE MJIH HEJOCTaTKe 3JEKTPOHOB); B IPaBHTAllMH Xe€ BCe
3apsjbl (TPaBHTALHOHHbIE MacChl) OAMHAKOBBI H OJHHAKOBO
OTHOLLIEHHE I'PaBHTAlHOHHBLIX 3apsJI0B K HHEPTHHIM Macca.
[MocaenHee yTBepxkAeHHE €CThb TOT CaMblil NPHHIHIN IKBH-
BaJIEHTHOCTH, KOTOPHI B KayecTse IOCTyJara JIEXKHUT B OC-
HoBe OTO H corsacyerca ¢ O4€Hb TOUHBIMH H3MEpPEHHSIMH
(cM. § 7). Mi3-3a 9TOro KauecTBEHHOTO pas/HuHsi S¢ek-
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THBHOCTb H3/y4eHHS TIPaBHTALHOHHEIX BOJNH COAEPKHT
JONOJHUTENbHBIA (akTop Masoctu. [loHsiTh, moueMmy 3TO
TaK, MOMOXKET CJeAyIollee MPOCTOe KauyecTBEHHOE PacCyk-
nenue. IIpencraBum cebe H30JMPOBAHHYIO CHCTEMY H3 ABYX
ten. [Iycth Teno Maccoil m ycKopsieTcsl nepeMeHHOH CHJIOH
F (1), nefictBylollell co CTOPOHHI JApyroro rtejga maccod M,
CKaeM, B [IOJIOXKUTETHHOM HalpaBJeHHH ocH x. Toraa Teso
Mmaccoit M nop pefictBHeM cuibl —F (f) JOKHO YCKOPATHCSA
B MPOTHBOINOJIOXKHOM HAaNpaB/jeHHH, TaK YTO OOLIHMH LEHTP
Macc CHCTEMBI JOJIKEH OCTaBaThCsl Ha MecTe (TPeTHH 3aKOH
mexanuku HploToHa, cnpaBejMBbif, KCTATH CKa3aTh, H B
TEOPHH OTHOCHTENBHOCTH, ec/H ero chopMy/JHpOBaTh KakK
3aKOH COXpaHeHHsl UMIyJbca). [I3-3a TOro, 4to HHepTHHIE
Macchl TeJl PaBHBI HX I'PaBHTALHOHHBIM MaccaM, a yCKOPEeHHS
JBYX Tesl 0OpaTHO NMPONOPLHOHAIbHBl HHEPTHHIM MaccaM H
HanpasJieHbl B NPOTHBOMOJIOXKHbE CTOPOHH, IDAaBHTAIIHOH-
HO€E H3/y4YeHHe OXHOH Macchl GY/leT NMOYTH NMOJHOCTBIO «KOM-
NEHCHPOBATLCS» H3/NyYeHHeM JApyroi. PU3HKH B 3TOM Cay-
Yyae roBOPSAT, YTO B TPABHTALHH HET JHIIOJLHOTO H3Jy4YeHH ],
a ecTh TOJNBKO KBajpynosbHoe. JlunosnbHoe H3JMy4YeHHe
(zunosnbHEIE H3Jy4aresnH) — ciydyai, OOLIYHEIA B 3J1E€KTPO-
JHHAMHKe,— H3JyyeHHe H3-3a JIBHKEHHS ABYX NOJIOCOB JH-
nosisi — JBYX PasHOMMEHHBIX 3apsijioB, TIOJIOXHTENILHOIO H
oTpHuLaTenbHOro. UHTarenb, KOHEYHO, MHOTO Pas BHIE] Ha
KpBILIaX JOMOB AHMOJIbHBIE TeJ€BH3HOHHBIE aHTeHHH. KBaj-
DPYIOJbHOE H3Jy4eHHEe — 3TO H3JTyuYeHHe ABYX MpPOTHBO-
MOJIOXKHO HanpaBJeHHbIX AuIoJel, KOTOPHE NOYTH MOJHO-
CTbIO B3aHMHO KOMIIEHCHPYIOT ApYT apyra. drta KapTHHa
TPaBUTALMOHHOTO H3/yyeHHs (He TOJbKO KAaueCTBEHHO, HO H
KOJIHYECTBEHHO) CTajla OYEBHAHOH (H3MKam cpasy mnocie
cospanus OTO. Ecan, HanpuMep, npejacTaBHTh, YTO B J1a60-
paTopuu MBI pacKaya/nu MexaHHYecKHe KoJeGaHHs B CTajlb-
Ho#l GonBaHKe Maccod 10 T (MM 3acTaBU/IM ee BpamiaThCs
KaK POTOp), TO MOIIHOCTb I'PaBHTAIlHOHHOIO H3Jy4YeHHs He
npeBbicHT 107% BT, naxe ec/iM aMIJIHTYAbl YCKOPEHHS NPH
KosleGaHUAX (MK CKOPOCTb BpalleHHsi) OYAYT OJH3KHMH K
npeneabHbIM, KOTAa GoJBaHKAa Ha4yHET pas3pylarhes.
[TeccuMHCTHYECKOE HACTPOEHHE OTHOCHTEJIBHO BO3MOXK-
HOCTH TNOCTPOHTHL B 1a6OPaTOPHH MOIIHBLIA HCTOYHHK IPaBH-
TaLHOHHOTO H3Jy4YeHHs cOXpaHsJaoch OoKoso 40 Jjer, nmoka
He MOSIBUJIOCh HOBOE Hanpas/ieHHe B QU3HKe — PeJIATHBHCT-
ckasi actpo¢usuka. B sToli o6jactH yIHBHTENBHO coue-
TalOTCSl TOHKHE, H3SILIHBIE 3KCIEPHMEHTH-HAGMIONEeHHS C
TeOPEeTHYECKUMH (aHTa3HsIMH (OCHOBAHHBIMH, BIIpOYEM, Ha
BCEM apceHa/e CTPOTOi COBPEMEHHOH TeOpeTHYeCKOH PH3H-
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KH). ACTpodH3HKH-TEOPETHKH HHTEPIPETHPYIOT HabMI0AA-
TeJibHble NAHHLIE, NPEAJIaraloT NPOrpaMMbl ILeJeHanpas-
JIeHHBIX [TOHCKOB KaYeCTBEHHO HOBBIX, OGHEKTOB H  SIBJe-
Hufl. 3a mocnennne 20 Jer B actpodu3UKe MPOH3OILIA
OGYKBaJbHO PpEBOJIOIMS, €CJH CYIUThb MO KOJHYECTBY
HOBBIX (PH3HYECKHX IPOIECCOB U OGBHEKTOB, KOTOPble OBLIH
npejcKa3anbl 4 OGHapyKeHbI (MM OGHAPYKEHBI H NOHSTHI).
ActpodusuKY NEPBLHIMH MOHSJIH, YTO He 006s3aTe/bHO CTa-
paTbesl cO3MaTh FeHepaTop PaBHTAHOHHBIX BOJIH B 3€MHOMH
J1aB0paTOPHH — MOXKHO BOCIOJIb30BAaTbCSl €CTECTBEHHBIMH
reHepaTopamMi, KOTOpPBIE HaM MpPENOCTABJseT NPUPOAA.
Jlornka noucka TakHX reHepaTopoB OCHOBaHA Ha NMPOCTOM
06CTOATEIbCTBE, KOTOPOE GbLJIO y2Ke OTMEUEHO B 3TOM Napa-
rpade: MOIIHOCTb KaK 3JIEeKTPOMarHuTHOrO, TaK H TPaBHTa-
IHOHHOTO H3Jy4Y€HHs NPONOPIHOHAJbHA KBajpaTy 3apsja
(B rpaBUTAUMOHHOM ciyyae — KBajapaTy Maccel m?). Ecun
YBeJHYHBATh Maccy, TO NPH NPOYUX DAaBHBIX YCJOBHAX
3(deKkTHBHOCTD H3/TyyaTesss OMKHA PAacTH. 3[eCb YMECTHO
BCIIOMHHTb, YTO TOJIHBIA 3amac HEPTHH B JiIOO0OM OOBLEKTe
Maccoit m ectb mc? (OH MPOMOPIHOHAJNEH Macce B NepBOM
crenenu!). TakuM o6pasoM, MOXKHO OXKHAATb, YTO C POCTOM
Macchl «<K03hdHIHERT NOJIE3HOTO AeHCTBUAY (3hHEKTHBHOCTD)
npeo6pasoBaHHs MacChl B TPAaBHTALMOHHOE H3JyYeHHE JOJI-
KeH yBesqnuuBaThes. [Tuonepckne paGoTel B 3TOM HanpasJie-
HHH GbUIH BBINONHEHBI COBETCKMMH yueHbiMH §1. B. 3eab10BH-
yem, M. J1. HoBukoswm, U. C. Kapaamessim u U. C. IlIknoB-
cKuM. B mponecce BrmosHEHHST 3THX paGoOT 0Ka3anoch, YTO
IJ1s1 TOTO YTOGHI OXKHAATh JEeHCTBUTENBHO GOJBIIOrO K. M. A.,
HEOoGXOHMO HCKATb JIOCTATOYHO MJIOTHHIE 3Be3JHbIe OGBEeKTHI,
Macca KOTOpHIX G/IH3Ka K COJIHEYHOH HiH GoJiblle, a pa3me-
PET HE CJIMIIKOM BEJHKH,— TOTJa MOXHO OXKHJIATb OTHOCH-
TeJIbHO BBICOKOYACTOTHBIX BcmjieckoB. K Hacrosimemy Bpe-
MEHHM KOJIHYECTBO TEOPETHYECKHX paGoT acTpodH3HKOB,
0630DHBIX CTaTell H KHHUT, B KOTOPbIX PacCMOTPEHBI pasJiuy-
Hble, KaK NPHHSTO FOBOPHTH, «CLIEHAPHH» Te€HEPaIUH BCIJIEeC-
KOB TDaBHTAllHOHHOTO M3JyUEHHS, TPEBHILAET ThHICAYY.
HeckoJabko ynpouiasi, MOXXHO CyMMHDPOBATb 3TH «CLIEHAPHH»
caenyromuM obpasom: Hanbosiee 3pGeKTHBHEIMH HCTOUHHKA-
MU FPABHTALlHOHHOTO H3JIyYeHHs JOJIKHBI OBITh TAKHE acTpo-
¢usnyeckne KaracTpodbl, KaK CTOJKHOBEHHSI HEATPOHHBIX
3Be3Jl, YepHLIX JABIp (0O HHX MBI HOAPOGHO GyleM paccKa-
3biBaTh B § 13), B3pbIBBI CBEPXHOBBIX 3Be3], HECCHMMETPHY-
HBEIH KoJlanc 3Be3jibl. BJ3THX mpomeccax MOXKHO OXHAATh,
4TO HECKOJIbKO NpoueHToB oT Mc? (rne M — Macca 3Be3Jibl)
NPEBPATHTCA B MOMIHKIA BCHJIECK TPaBHTALHOHHOTO H3JY-
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ueHHst. ACTPOpU3HKH-TEOPETHKH Aaxe COCTABHIAH TNPH-
MepHBIe TabJHIbl, C KAKOf BePOSITHOCTBIO H KaK 4acTo Ta-
KHE COOBITHSI NOJXKHBI NPOHCXOAHTD.

U3 stux Ta6nui MOXKHO MOJYYHTb (mpaBpa, XOBOJLHO
rpy6yio) OLEHKY IJIHMTENbHOCTH, MOIIHOCTH M BepOSIT-
HOCTH «MPHXOfa» Ha 3eMJII0 HMITYJIbCa I'PaBHTAIIHOHHOTO H3-
JIYYeHHs, KOTOPHI oOpasyercs B Hamef ['anakTuke (WiH B
COCEJIHHX) B pe3yJbTaTe OJHOHN H3 OTMEUEHHBIX BHIIIE acTpO-
¢usuyecknx karactpod. Bor omHa H3 «cTpOK» Tako# «Talb-
Jaune»: «[IpuMepHo onun pa3 B Mecsiy yepe3 COJIHEUHYIO
CHCTEMY JOJKE€H NPOXOIHTh HMIYJbC TIPaBHTAHOHHOTO
H3JIy4eHHs ¢ AiautenbHOCcThi0 1073—1074 ¢ u uepe3 KaxAwli
KBalpaTHHIA CAaHTUMETp HOJIXKHO MPH 3TOM NPOXOAHTH OKOJIO
10~¢ I>k». Unuratens, BO3MOXKHO, YAHBHT 3TO (haHTacTHUe-
CKH 60JiblIOE 3HAUeHHe NMJOTHOCTH MOIIHOCTH: Yepes TeJo
yHTaTeNs] pa3 B MecAI AOJIKHO NPOATH B BHJIE KOPOTKOrO
BcIiecka okouio 1 JIxk rpaBuTanHoHHOrO H3aydenns. OnxHako
JIETKO IOKa3aTh Pa3yMHOCTb TakOH oueHkH. [IpencraBum
ce6e, uTO Ha paccTosHHH R=10 MJH. cB. JIeT OT Hac (310
paBHO npuMepHO R~ 102 cM) npon3onnia OAHA H3 KHYKHBIX»
HaM acTpodu3HyecKHX KaracTpod, B KOTOPOH NPHHHMAJa
ydacTHe 3Be3ja C Maccoii B JecsiTb COJNHEYHBIX Macc M=~
~10Mp=2-10%r=2- 10¥kr. Ecau npepnonoxurs, ato 10%
OT BeJHYHHBI Mc? npeBpaTHTCsl BO BCIUJIECK T'PaBHTALHOH-
HOTO M3JyueHHs (qis RocTraTouyHo maoTHHIX 3Be3n OTO
OIICHOYHO NpeNCKa3LBaeT HMEHHO Takylo 3(hdeKTHBHOCTDb
npeo6pa3oBaHHUs MacChl B TPAaBUTALHOHHOE H3JyUEHHE), TO
Jocratouro noxenutb 0,1 Mc? Ha naomanp coepsl 4nR?2,
H MBI monyuum ouenky 107* J[x/cm®. OTMeTHM, 4YTO B pa-
anyce Ra~10% cMa~10 MiH. CB. JIET COJEpPXKHTCI OKOJO
300 ranakTHK, a B KaxIOi ralakTHKe B CPEIHEM OXHH Pa3 B
30 ner HaGmonaercs BCNBIIIKA CBEPXHOBOH 3Be3/bl (OIHH H3
KaHIHIaTOB HAa PoJb 3(PdekTHBHOrO reHeparopa rpaBHTa-
IIHOHHBIX BCIUIECKOB). M3 3THX ABYX uHcesq H mosaBiseTcs
OlleHKa — Ha 3emyie Pa3yMHO OKHJaTb TAKOE COGBLITHE MPH-
MepHO pa3 B MecsIl.

IIpuBeseHHYI0 OIEHKY MOIIHOCTH TI'PaBHTAIHOHHOTO
BCIJIECKA H YaCTOTY €ro MPOXOXKIeHHs uepe3 3eMJio MpH-
HATO CYHTaTh ONTHMHCTHYecKofi. K coxkanenuio, acrpo-
(GH3HKH-TEOPETHKH TOYHO, B JETaNfAX, He 3HAIOT, KaK INpO-
HCXONAT TakHe KaracTpodel. MHOrme H3 HHUX CUHTAIOT
BIIOJIHE IONYCTHMBIM, YTO 3ddeKkTHBHOCTD OyaeT HHxKe (Gosee
CHMMETDHYHOE JBHXXEHUE Macc), H NMO3TOMY PEKOMEHAYIOT B
KayectBe omenku 107° [Ix/cm?. [To3uuuio acTpodu3uKoB-
TEOPETHKOB MOXHO ONHCaTh INPHMEPHO TAKHM 06pa3oM:
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AycTb 3KCHepHMeHtaTophl 3aperuCTpHpyIoT Bcrijieckd, d
MBl YTOUHHM HAIIA NPHOJHXKEHHbE MOAeH acTpodusnye-
ckux Karactpod. Oxuuaemasfgopma BCIJIECKOB IPaBHTa-
IMOHHOTO M3JyYeHHs! (MX BpeMeHHas 3aBHCHMOCTb) TaKXKe
npeickasaHa acTpodu3nKaMH-TeOpeTHKAMH (cm. puc. 30.)

[1710THOCTL TPABHTALHOHHOTO H3JIy4Y€HH 10-¢ Tx/cm2—
3T0 He TaK Yy*X H Mago. JleAcTBHTENBHO, €C/H Obl
3T0 G6BUIO  3JEKTPOMAarHHTHOe H3JyyeHHe, TO 3ape-
THCTPHPOBATb €ro MOXHO OpuIO Obl MOYTH B JOMALl-
HHX YCJOBHAX, CJe€rKa IMepejie/laB MPOCTO PAJHOMPH-
eMHuK. OfHAKO MO TEM Ke
NpHYHHAM, [0  KOTOphIM .

B Ja60OpaTOpHEIX  YCJIOBH-

X TpaBHUTallHOHHOE H3JY-

YeHHE Pa3yMHOM MOLIHOCTH

TPYAHO TNOJYYHTb, TpaBH- | A
TallHOHHOE H3JIydeHHEe TPYH- t
Ho ¥ JeTekTHpoBaTh. OCHOB-
Hble yCU/Ius (PH3HKOB-3KCIIe-
pumedraropoB B 20 sa6o-
paTopHusX pasHbIX CTpaH Ha
Halllefl IJ1aHeTe HallpaBJeHbl Ha CO3[laHKe A0CTAaTOYHQ 1yB-
CTBHTEJIbHBIX Ha3eMHBIX I'PABUTALHOHHBLIX aHTEHH, YTOOH

0o6HapY:KUTb HMEHHO TaKM€ KODOTKHME BCILJIeCKH rpaBHTA-

I[HOHHOTO H3Jy4eHHs.

PaccmorpuM GoJiee moApo6HO YCTPOHCTBO rpaBUTALH-
OHHBIX AHTEHH. B COOTBETCTBHH C IPHHIHIOM 3KBHBAJICHT-
HOCTH JiB€ CBOGOJHBIE MACCH! B OJHOPOAHOM TI'PaBHTAIlHOHOM
noje GyAyT ABHraTbCH C OJHMHAKOBBIM YyCKOpeHueM. Ta-
KHM o006pasoM, M3 IPHMHLUHIA SKBHBAJEHTHOCTH CJeNyerT,
470 JIoGble NMPUOOPH, KOTOPLIE HaM B3AyMaJjoch OHl «BCTa-
BHTb» MEXIY IBYMsl CBOGOJHBIMH MaccaMH B OXHOPOJHOM
rpaBHTAllHOHHOM IIOJIe, 3TO NoJie He 3aperucrpupyior. Ho
npuBeieHHOe PyHIaMeHTaNbHOE yTBePKAeHHe MNpenoJaaraer
CyuiecTBOBaHHe crnocob6a u3MepeHHsl. Y CKODeHHs IBYX Mace
‘(Kkaxgoe MOpO3Hb) MOKHO H3MEPHTb JIHGO «H3BHe» (T. €. u3
06/1aCTH, Tie HET TPAaBUTALHOHHOTO MOJIs), JHOO0 OMHPASACH»
(oTcumnTHBasi PaccTosiHHA) Ha HECBOGOIH yio Maccy, ABHKEHHe
KOTOpOfi ompenensiercsi He TOJBKO I'DaBHTALHOHHBIM IOJIEM.
B 3eMHBIX yc0BHAX yAOGHOH (u3HUecKOH cuCTeMOH oTCueTa
IJisl U3MEpeHHs1 YCKOpeHHs CBOOOAHOrO MajeHus SBJAIOTCA
Tesa, Jexallye Ha MOBEPXHOCTH 3eMJIH: HM MeUIaloT MafaTh
«BHH3» (K LEHTPY 3eMJH) CHJIK YIIPYTOCTH.

' ' Temepb mOMHITaEMCS KauyecTBEHHO IIPeACTaBHTh cebe,
YTO TaKoe TPaBHUTAIMOHHAS BOJHA H B 4eM ee OTJIHYHE OT

105

Puc.30. Ox41asvuaa  ¢opma BCIIe-
CKOB FpaBHTALH)dHOT) H3JyUeHH



s/AeKTpOMaruuTHOl. [I'paBHUTAIHOHHAS BOJHA — 3TO 06-
JlacTb NPOCTPAHCTBA MepeMeHHOH KPHBH3HH. KpHuBH3HA
NPOSABJsIETCS B BUZE IEPEMEHHEBIX [0 BPEMEHH H 110 IIPOCTPaH-
CTBY YCKOPEHHH MexJy NpOOHLIMH TenaMH. BosHa josxkHa
«y6eratb» oT Hcrounuka. CoraacHo OTO ckopoctb «y6era-
HHS» (CKOPOCTb pacnpOCTPaHEHHS BOJIHEL) JOJXKHA OBITH
PaBHa CKOPOCTH PacnpocTPaHeHHs 3JIeKTPOMAarHHTHEIX BOJIH.
B cBs3H ¢ TeM, YTO ycKOpeHHs, BHI3BaHHBIE ['DaBHTALHOHHBIM
B3aHMOJEHCTBHEM (B YAaCTHOCTH, YCKOPEHHS B IpaBHTAlHOH-
HOH BOJIHE), HOCAT YHHBEpPCANbHBIH XapakTep, T. €. OJH-
HaKOBO JeHCTBYIOT Ha Jio0ble Macchl, B TOUKE (B CKOJIb Yrof-
HO MaJofi 06JacTH) IPaBHTAIHOHHYIO BOJIHY OOGHapyXHTb
Hesb3s. B 3TOM 3aKioyaeTcsi KauecTBEHHOE Pa3IHUHE MEXAY
TPABHTAHOHHBIMH M 3JIEKTPOMAUHHTHBIMH BOJIHAMH.

D/IeKTPOMarHHUTHYIO BOJIHY B IPHHIHIIE MOXXHO H3MEPHTD
B To4Ke. J1J151 3TOr0 ZOCTATOYHO MOMECTHTH B Hel JiBe MaCChL:
OIHY 3apsKEeHHYIO C 3apsOoM ¢, a BTOPYIO He3apsKeHHYIO
(M1H  3apsKEHHYIO TNPOTHBOMOJIOXKHO). UyBCTBHTENBHBIN
IMHAMOMETp MeXJy MaccaMH 3apeructpupyer cuay F=
=Eq (rne E — HanpsiKeHHOCTb 3JIEKTPHYECKOrO MOJs
B 3JIEKTPOMArHUTHO# BOJHe). M3aMepHTb TrpaBHTALHOHHYIO
BOJIHY MOXKHO JIMIIIb B TOM CJ1y4ae, €CIH PAacCTOsHHE MEXIY
IByMsl MaccaMu (TPaBHTALlMOHHBIMH 3apsJaMH) KOHEYHO.
VHBIMH cJIOBaMH, TNpHEMHHK (aHTeHHa) IpaBHTALHOHHOTO
H3JIy4eHHs] MOXeT OGHApYKHBaTh JHIIb PasHOCTb ABYX
YCKOpeHHH, T. €. OTHOCHTEJbHbIE YCKOPEHHS MEeXAY ABYMS
MaccaMH. TakHe yCKOpeHHSI NPHHATO Ha3pBaTb NPHJIHB-
HBIMH, @ TPaBHTAllMOHHEIE CHJIBI, BHISBIBAIOLHE TAKHE YCKO-
peHHs, HA3bIBAIOT NMPUJIHBHLIMH I'DaBHTAlHOHHBIMH CHJIaMH.
[TpunuBuas cuna tem Gosblile, ueM ObICTpee MeHsieTcs Tpa-
BHTAIHIOHHOE T0JIe OT TOYKH K TOUKe H ueM GoJblie paccTos-
HUe MexJy TOYKaMH. FIMeHHO 3THMH cHJIaMH OOBACHSIOTCH,
HanpuMep, NPHJIHBHL H OTJIHBH B OKeaHe (OTci0Jja H Ha3Ba-
HHE): Te TOYKH MHPOBOTO OKe€aHa, KOTOphle obpalleHH K
Jlyne, npuraruBaorcs K JIyHe cuibHee, 4eM TOYKH MHPO-
BOrO OKeaHa Ha INpPOTHBOMOJIOXHOH CTOPOHe 3eMJH, TakK
KakK pacnoJjioxkennl 6imxe K Jlyne a 12 800 kM (auamerp
3emun). ITosToMy B OKeane BO3HHKAlOT ABa «rop6a», mepe-
MellalolIecss OTHOCHTENIbHO CYIIM B XOJleé CYTOYHOIO Bpa-
IeHHss 3eMJIH, YTO BOCTIPHHHMAaercsi Kak dYepepylolmuecs
NPHJIMBE ¥ OTJIMBHIL.

Ha npumepe rpaBHTalHOHHBIX BOJH MBI MOXKeM C/el1aTb
BaXKHHIH (DU3HYECKHH BHIBOZ O CBOMCTBE IPaBHTAllMOHHOIO
1oJisi BOOGLIe: KPHBH3HA NPOCTPAHCTBA-BpPeMEHH, COOTBET-
CTBYyIOIasi I'PaBHTALlHOHHOMY IOJIO, NMPOsBJAAETCS B BHIAE
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npunuBHBIX yckopenuit. Ha puc. 31 nso6paxena CTpykry-
pa YCKODEHHH, CO3]aBaeMblX [JIOCKOH rpaBHTALHOHHON
BOJIHOM, pacmpocTpaHsiouieficd B Hanpas/eHud z. JlinHa
CTPe/IOK — BEKTOPOB YCKOPEHHH — INpONOpIHOHAIbHA
aMILIETYyZe yCKOpeHHil. EC/H MBI MOMECTHM JioGble JiBe
Macchl Ha HEKOTOPOM PAacCTOSTHHM [ JpyT OT ApyTa, TO amr-
JIUTYJa yCKOpeHHs1 GyneT TeM Gosblie, 4eM GOblie l. dt0
03HAYaET, YTO OTHOCHTENHHOE CMelleHHe CBOGOAHBIX MpPOG-
ubix Mace Al/l, BHI3BaHHOE TaKOH PasHOCTHIO yCKOpeHHH, 6y-
JET OHMM U TEM XKe JJisl Bcex

nap npoGHHIX Mace, Jexalux

Yy
Ha OJHOM NPSMOii. DTy BEJHYH- / I
HY B COBPEMEHHO#l TPaKTOBKeE N

OTO HaswBalOT AaMIVIHTYHOH S T
BapHAllMM METPHKM NPOCTPAH- — - — . 7
crBa M o6osHawaioT h: l p

e L2 (12.1) \\ l /

Panee B 3TOM mnaparpade
MBl PUBOJAHM/IHM ONTHMHCTHYEC-  pyue 31, Tose yckopenni B
KOe NpejACKa3aHHe acTPOPH3H- mjocKOCTH Xy, CO3NABAEMEIX
KOB: NPHMEPHO OAHH pa3 B TPAaBHTAlHOHHOH BOJHOH, Ko-
Mecsill Ha 3eMJI0 JOJIKeH «o6- Topad Pac"P:‘?TPa“"m"
PYIUHBAThCS» BCIIECK I'PABHTA- BAOML OCH 2.
IIHOHHOTO H3Jy4YeHHS HajauTeapHocthio 1073—10"¢ ¢ u
IJIOTHOCTBIO MOTOKa 3Hepruu 10~¢ JIxk/cM2. DTtUM 1BYM
3HAUEHHSIM COOTBETCTBYeT 3HaueHHe h=2-1071°. Tlpuse-
JieHHas1 OIleHKa O3HayaeT, u4To npH [~ 1 M 3HayeHHe yAJH-
HEHHMs H TMOCJENYIOLIEro yKopodueHHs paccroanusa Aly, ~
R lh~1-10~" cM. Bennuuna Al ouenb Mana, No3ToMy TaK
TPYAHO CHE/aTh TPABHTAIlUOHHYIO AHTEHHY C YYBCTBUTE/b-
HOCTBIO, JOCTATOYHOH AJIsI OOHAPYKEHHUS Ja)Ke OYeHb MOILL-
HBIX BCIIJIECKOB I'DaBHTALlMOHHOTO H3JyUEHHUsI OT acTpoPU3u-
YyecKHX KatacTpod. 31ech yMecTHO MOAYEPKHYTb, YTO COT-
JJACHO TAaKOMY IPOTHO3Y AacTpopHU3MKOB UHUTAIOLUHUHA 3TH
CTPOKH JNOJIKEH NPHUMEPHO Pa3 B Mecsl B TeyeHHEe OJHOH
MHJIIMCEKYH/BE (HJIH HeMHOro Gosiee KODOTKOTrO HHTepBaja
BpPEMEHH) YAJHHHTBCA H 3aTeM YKODOTHTbCS NPHUMEPHO Ha
2.107Y cm (ecniHm pOCT uMUTATENST OKOJO JABYX METDOB).
[TeccuMuCTHYECKUH NPOT'HO3 NPENCKA3BIBAET, YTO TPaBHTa-
[HOHHAs BOJIHA JO/KHA AedOPMHPOBATh YUTATE/Sl HA ONUH-
JiBa NOPsJKa MeHbIIe,

Tenepp MOXKHO paccMOTpeTb MPHHIHIEL, [0JIOXKEHHbIE B
OCHOBY pa3palOTKH TPaBHTAIlMOHHHIX akTeHH. Kak 310 @
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OYEBHAHOCTBIO CJIEAYET H3 H3JI0KEHHOTrO, CO3flaHHe N0CTa-
TOYHO UyBCTBHTEJbHOH I'DaBHTALHOHHON aHTEHHB TPeOyeT
KaK MHHHMYM JiBeé POGHBIE MacCH H UyBCTBHTEJIbHOE YCT-
POJCTBO, PETHCTPHPYIOLIEE HX OTHOCHTEJbHOE MepeMelle-
HHe. SIcHO TakXe, YTO HEOOXOZHMO NMPHJIOXKHTb MAKCHMYM
YCHJIHI, AJISt TOTO YTOO B 3ALIHTHTE  (H30JIHPOBATh) MNPOG-
HBle MacCH OT CHJIOBHIX BO3JefCTBHI HerpaBHTAIlHOHHOTO
NPOUCXOXKIEHHS (HampHMep, aKyCTHUECKHX H CecMHyec-
Kux mymoB). Jlaxke caMble 306 peTaTesbHbIE SKCIIEPHMEH-
TaTOPB HE MOTYT GHITh YBEPEeHH B COBEPIIEHHOH HaAeX-
HOCTH TaKoO# 3amUTH NPo6GHEIX Macc. CracaeT noJiokeHHe
«paboTa» ABYX aHTEHH B CHHXPOHHOM pexume. Mnaue Ta-
KYyI0 CXeMy M3MepeHHil Ha3hBaloT cxeMofi coBnagennii. B
3aMHCH KoJieGaHH{l OTHOCHTEJHHOTO JNBHIKEHHS ABYX Map
npoGHHIX Macc B CXeMe COBHaJeHHA HeOOXOAHMO BHIfe-
JSITh TOJIBKO TaKO€ «B3JparHBaHHe», KOTOPOe OAHOBpe-
MEHHO NPOHCXOAHT B ABYX mapax. TeM CaMbBIM MOXHO
HCKJIIOUHTH BCe HErpaBHTAIHOHHBIE HIYMBl MECTHOTO IPO-
HCXOXJIEHHUS M 3HAUHTEJBHO OCJHa6HTh POJib BHYTPEHHHX
IIYMOB, O KOTOPHIX peub NOfijeT HHXe.

B 3T0#t oOmeflt cxeMe HaMeTHJIHCh JBa Pa3jUYHLIX Ha-
npaBjieHHst pa3paboTOK IpaBUTALHOHHBIX aHTEHH H, COOT-
BETCTBEHHO, IBa THIA aHTeHH. B mepBOM M3 HHX HCIOJb3Y-

I0TCS CBSI3aHHbIE NMPOGHBIE MAacCHl Ha CPaBHHTENBHO MajioM
pPacCTOSIHHM, a BO BTOPOM — TMPAKTHYeCKH  CBOOOXHEHIE
Macchl, PpAasHeCeHHbIE OTHOCHTENbHO  JaNeKo JApPyr OT
apyra. PaccMOTpHM 3TH THNB aHTEHH HECKOJbKO MOJ-
pobGHee

Hnest rpaBHTanlHOHHON aHTEHHBI HA CBSI3aHHBIX IPOGHHIX

Maccax ‘SIMPHHANJIEKHT aMepukanckomy ¢usuky JIx Be- .
6epy. CYymHOCTb HJIEH 3aKJ/IIOYAETCA B cJENYIOmEeM: Mpeacra-
BHM cefe, UTO JBEe MAcChl COENMHEHBI [P YKHHON JJIHHOM /.
MoxHO momo6paTh KECTKOCTh NMPYKH HBl TaKuM 06pas3oM,
4TO MepHon MeXaHHYecKHX KoneGauufl T,., Oyner HpHO/IH-
EeHHO DaBeH MJHTENILHOCTH BCIJIECKA TI'PaBHTAIMOHHOTO
H3JyUeHHS] Trp. B 3TOM ciydyae BCnsieCK I'paBHTALHOHHOTO
H3NyUYeHHs], CO3NAIOUHA PA3HOCTh YCKOPEHHH, YNapHO BO3-
6yANT Ko/MeGaHUST B TAYKOM MEXAHHYECKOM OCHHJIJIATOpE.
Omn6ka B BHIGOpEe BEJHUHHBI Twex HE CYIlecTBeHHA. Ecain
Tyex OTIHUaeTCA HA 50% OT Tnp, TO M NPH Tako# «m10X0%
HACTpPOfiKe» AHTEHHBl AMIIHTYNA MeXaHHUYeCKHX Kojeba-
Huft Gymer mpuMepHo paBHa Al,~0,5 hl. ¥Ynapuoe
BO30YyXKIeHHe OCHHIIATOD OYAET «MOMHHMTb» TeM JOJblIe,
YeM MeHbIIe B HeM S3aTyXaHHe, HJH, ADYTHMH CJIOBaMH,
uem Gospme B Hem 1oOPOTHOGTD Q... O 106pPOTHOGTH MH
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yXe ropopuau B § 6, Korna uia peub 06 3/1EKTPHYECKHX
KOHTYpaX. 2TOT TePMHH HMeeT TOT XKe CMBIC/ H JJIfl. MéXa-
HHYECKHX DPe30HaTOpOB.

BMecro aByx Macc H NpYXKHHB MOXHO HCIOJIb30BaTh
AMHHHEE [HAHHAP (M3 MeTas/a HJH AH3JeKTPHKA) H per-
CTPHPOBAaTb YYBCTBHTENbHBIM JATYMKOM MaJjibie NPOAOJbHbIE
KosieGanus Takoro muaunapa (puc. 32). ([dsnHa nuaHHApA
JOMKHA GITh PaBHA MOJOBHHE JJHHEI 3BYKOBOH BOJIHHI, @
NepHoA 3TON 3BYKOBOM BOJIHBEI JOJIXKEH ObIThb NMPHMEpHO pa-

Puc. 32. I'paBHTannOHHAS BOJIHA, PacHpPOCTPAHAIOWASCA BIOJAb OCH
2 MepneHAMKYJISPHO K OCH MaCCHBHOIO IHJIHHAPA, BO3GYXKNAeT B HeM
MeXaHHYeCKHe KO/e6aHus O aMmauTyAoR Alpy = /shl.

BeH Tpp.) Ecain yuectsh, 9TO CcKOpOCTb 3BYKa B MeTassiax H
IHSJIEKTPHKAX JIEKHT B mpejenax ot 10° mo 5-10% cm/c u
YTO Tyex T Trp~r1073—10"% ¢, cTaHOBUTCA SCHBHIM BHIGOP
JJIMHBL | TAaKHX IHJIHHIDOB: OHA JOJIKHA OHITh B Mpejesax
npuMepHo oT 50 cM 10 5 M. MIMeHHO TakHe WHIHHADH H3
aJIOMHHHS OBLIH HCIOJIb30BaHBI B KaueCcTBe OCHOBHOIO 3Jie-
MeHTa NpH pa3paboTKe NepBhHIX IPABUTALHOHHLIX AHTEHH B
KoHUe 60-x u Hauane 70-x rogoB. LlunuHAPHE uMenH IHa-
Metp ot 70 cM 1o 1 M 1 Maccy Goblie ToHHbL. OHH GETH TOMe-
IleHb] B BAKY YMHBIE KaMepHI (17151 aKyCTHYECKOH H3OJIAIUH) H
NIOZiBellIeHb! HA «CJIOEHOM MHpPOTe» U3 CTAJbHBIX IJIUT H pe-
3WHOBBIX NPOKJAJOK (aHTHceficMuuecKass usoasnus). Jlar-
YHKH TO3BOJISIH PErHCTPHPOBATh H3MEHEHHS aMILVIHTYAH
ManbiX NPONOJNBHBIX KOJNEGAaHHH IHJIHHAPOB BIJIOTH JO
1.10 cMm, cnepoBatenpHo (cMm. (12.1)), yyBCTBHTENBHOCTD
TAKHX aHTeHH Obl1a h=1-10~. «Pa6ora» B cxeme coBnaje-
HHH HA HECKOJIbKHX IPaBHTALHOHHEIX aHTEHHaX B JOBOJbLHO
GosbIOM KQMHYECTBe saGoparopuii pasHHX crpan (CCCP,
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CUIA, Hranus, ®paunnus, Aurnust, PPT') npusena k otpu-
ILaTeJbHOMY pe3yJbTaTy; Ha 3TOM YPOBHE UyBCTBHTEJbHO-
CTH NepBOE MOKOJIEHHE TAKHX «TBEPAOTEJNbHBIX» IPaBHTa-
IIHOHHBIX aHTEHH [1aJ10 OXHO3HAYHEIH OTBET: B TeUEHHE MHO-
I'HX MecseB HaOM0AeH il BCIJIECKOB rPaBHTALHOHHOTO H3-
JgyyeHHsi oOGHapy:KeHO He 6b110. KeTaTH cKa3aTh, 3TO HECOM-
HEeHHO o0pajoBajo (ujaH, MO KpaiiHedl Mepe, YCIOKOHJIO)
acTpOH3HKOB-TEOPETHKOB — BEAb HX ONTHMHCTHYECKOE
npejckazanne h=2-107%°, T. e. MOYTH Ha TPH MNOpPsSAKA
MeHbllle. B Teuenne npolenmero ECATHIETHS SKCIEpH-
MEHTaTopbl, He YCIOKOHBIIHECS Ha MEPBOM OTPHILATENbHOM
pesyJbraTe, HHTEHCHBHO paboTajy Hajl cO3JaHHEM BTOPOroO
NOKOJIEHHS] TBEPJAOTENbHBIX AHTEHH.

OcTaHOBHMCSI KPaTKO Ha OCHOBHBIX MPHYHHAX (H TPYA-
HOCTSIX), KOTOpbI€ MELIAIOT CYIIECTBEHHO YJYYLIHTb 9yB-
CTBHUTEJLHOCTb. [lepBasi H3 HUX — 3TO TENJIOBOE JBHIKEHME.
TennoBoe nBH:keHHe (HampuMep, GPOYHOBCKOE [BHXKEHHE
JIETKOH MBIHHKH, KOTOPOE MOXKHO JIETKO YBHJIETH I10]] MHKPO-
CKOIIOM) ecTb OO0lIee CBOMCTBO BCeX CBOGOINHBIX W CBSI3aH-
HBIX Macc, 06/1aalolHX HeHys1eBo# (B aGCOMIOTHOM IIKaJe)
Temneparypoii. CpeHsisi KBagpaTHYHasi KHHETHIECKas SHep-
THs -CJIy4afHOro MOCTYNAaTeJbHOrO JBHXKEHHS CBOOOLHOH
Maccel ectb Y, mv*~3/, kT, rme k=1,4-10"22 /K —
nocrosinHasi bonbumana, a T — TeMneparypa B KelbBHHAX.
lopusonTanpHas yepra Hax v? 03Hadaer, 9ro Gepercs cpen-
Hsisl BEJIMYHHA 34 OYEHD JJIHTE/bHBIA IPOMEXKYTOK BPEMEHH.
Jlns MexaHHUYECKOrO OCHMJISATOpA TEMJIOBOE CJydaiHoe
KoJle6aHHe MOXKeT ObITh OMHCAHO CJEAYIOmHM 06pa3oM: ero
CpelHEKBajipaTHYHasl aMIIMTYAa KOJeGaHHH TemJoBOro

MPOHCXOKAEHHS VAli paBHa

V BB ~V xTimat, , (12.2)

TIE  @yex=201/Tyex — COOCTBEHHAS]  YACTOTA KoJie6aHuH
ocumisiTopa. UTOGH MPOBEPUTh NPHBELEHHYIO (GOPMYIY
Ha OrmbITe, HEOGXOAUMO ycpenusaTh Al(f) sa Bpemsi, cyluect-
BEHHO 6OJIbuIee, YeM BpeMsl 3aTyXaHHsl KONeOaHHH Tyex Me-
xaHugeckoro ocuuJastopa. Herpynno mokasaTb, 4To Mexa-
HHYecKasi JOOPOTHOCTb Qex, MEPHOX Kon§6aunﬁ Tuex H
BDEMsl 3aTYXaHHS Tuex CBA3AHBI MeXY COGOH mpocToit pop-
MyJIOH:

7:iexztueruex' (12’3)

Ecid 5KCIEPUMEHTAaToOp CTaHeT HM3MepsTb AaMIIUTYAY
koseGaHHil OCIHAJIATOPA 32 OTHOCHTEJILHO KOPOTKOE BPeMs
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T, TAKOE, UTO T<KTuey, TO OH YBHIHT, 9TO Hab/ofaeMas HM
BeqiHuHHA O/, MOXeT €yLIEGTBEHHO OT/IHYATBhGsA OT ]/ AL,

Bosnee Toro, sa Kopotkoe BpeMs ¥ eiydYafiHOe H3SMEHEHHE
aMIAHTYyAR KoseGaHuit 8/, OyderT TeM MeHbIle, 9eM €CHJb-

Hee» HEpaBeHCTBO f/t,‘,,,<l; 8/, MOXKHO BHIpa3HTb aHa/H-
THYECKH MPOCTHIMH COOTHOIUEHHSIMH}

= 27 %T ¥ P
6l,~V Al: - zl/-———.——z —_—
! 1/- * Tuex m‘l’n’au Tmex MoyexQuex

(12.4)

YcnoBrue oGHapyXeHHS TBEPAOTEJILHON aHTEHHON OTKJHKA
Ha BCIIECK T'PaBHTAIHOHHOTO H3JydYeHHs GYZEeT BRITJIAJETH
TdK:

0,5hl~cAly > bl (12.5)

Tak kak Aly, He 3aBHCHT OT MacCH, TO, KaK BHIHO H8

dopmyant (12.4), B pacnopsizkeHUH 3KCIEPHMEHTaTOPOB i
NOBBILIEHHST YYBCTBHTEJIbHOCTH B 3TOM BapHAaHTE aHTeHH
€CTb TOJbKO TPH BO3MOXKHOCTH: YBEJHYHBATb 1, YBEJHYH-
BaTb Qu.x» yMmenbmarb 7. 3a JHecsiTH/IETHe, NpOLIEILES -
nocjie paboTsl ¢ NMepBLIM MOKOJEHHEM I'PaBUTAIlHOHHBLIX aH-
TEHH, SKCIEPHMEHTATOPhl HOOUIHCH HEKOTOPHIX YCIEXOB:
OHH HAayYWJHChb OXJaXKJaTh MATHTOHHLIE ANIOMHHHEBHIE
muausapsl 10 2 K jpocTurate MexaHudyeckodt oGpoT-
HOCTH Qex Y UUITHHAPOB H3 MOHOKDHCTA/IOB cangupa M
KpemHHsi, mnpeBbimaomed 2-10° (y amomuHHA Qe
&5-10° mpu renueBHIX TeMmIepaTypax).

Mzl paccMOTpenH KpaTko IIyMbl, KOTOPhIE NPHUHATO Ha-
3bIBaThb BHYTPEHHHMH, TEIVIOBBIMH, LIyMaMH TBEPAOTE/b-
HbIX I'PaBHTalMOHHLIX aHTeHH. He ocranaBnuBasich Ha je-
TalgX YCTPOHCTBA JAaTYMKOB MajbiX KoJeGaHHH (3TO yBeso
Obl Hac B CTOPOHY OT OCHOBHOH TeMBI KHHTH), OTMETHM, 4TO
JJiISl TBEDIOTENbHBIX AHTEHH 3Ta 3ajaya BYepHe pelleHa.
B § 6 ObLIO KPaTKO OMHCAHO YCTPOHCTBO €MKOCTHOTO Zart-
4hKa, ¢ MOMOIULbI0 KOTOPOro mpu 1=10 ¢ yke yMeloT peru-
CTPHPOBATb aMILIMTYABI KosneGaHuii Alx2-10717 cm. Taxkoe
paspelieHne LOCTATOYHO JJIsi MOJYYEHHS 1yBCTBUTE/bHOCTH
aHTeHH, O/JIH3KOH K ONTHMHCTHYECKOMY NPOTHO3y acTpodu-
3HKOB.

Co3sfaHbl ZAaTYMKH C XOpOLIeH YYBCTBHTENBHOCTHIO, OC-
HOBaHHble HAa APYrux npusuunax. Ilepsbie mpoGubie 3amy-
CKM OJHOH H3 aHTEHH BTOPOrO NOKOJIEHHSI NMOKa3asH, 4TO
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ee 9YBCTBHTEABHOCTb cOOTBeTcTBYeT har3-107%, . e. npit-
MEpHO Ha HOJATOpa MOpsJKa BhILE, YeM YYBCTBHTEJIbHOCTDb
aHTeHH MepBOro MOKOoJeHHs. MoxHO HajesATbCsA HA TO, YTO
B Gamkafimue HeCKOJAbKO JeT Oyjaer JAOCTHTHYT YPOBeHb
9yBCTBHTEJBHOCTH, COOTBETCTBYIOmHU#A h~v2-107%, u 6yaer
NpoBepeH ONTHMHCTHYECKHHA NPOTHO3 acTPODH3HKOB.

INpexxsie yeM nepeiiTH KO BTOPOMY THNY PaBHTAUMOHHBIX
aHTEHH — aHTeHHaM Ha CBOOOAHBIX Maccax,O0CTaHOBHUMCH
Ha oJlHO# (PH3HUECKOl NPoGIeMe, KOTOPas MOKET OBITh cop-
MYJHPOBaHa CJeAYIOHM 06pa3oM: MOMKHO JIH I0/Ib30BATD-
sl BbIpaxKeHHeM A/ dly MpH CKOJIb YroaHO HU3KHX T H
CKOJIb YyTOAHO GoJibWIHX Quex? Il0 cylliecTBY 3TOT BOMPOC
MOXKeT GbiTh nepeOopMyJIHPOBAH TaK: A0 KAKHX MaJIbiX Be-
JUYMH HU3KOYACTOTHBIX KoJjieGaHuil 8/ sKcrnepHMeHTaTop
MOXKET MOJIb30BAThCA KJIACCHUECKUMH MPeACTaBJEHUSAMH?
5TOT BONpOC Gbl OCTaBJIEH B CBA3H ¢ pa3paboTKOi rpa-.
BHUTALHOHHBIX aHTeHH. OJHAKO OYeBHIHO, YTO OH HMeeT H
Gosiee WMPOKYIO, 061edH3HYeCKYI0 3HaUUMOCTb. OTBET HA
HEero moJsiydyeH OTHOCHTE/bHO HelaBHO. OKa3anoch, YTO NpK
JOCTAaTOYHO GOJBIIMX Q. U HHU3KHX T MaKpOCKOMHYeCKHH
ocIuAATOp (Aaxke TakoHi 6OJIbLIOH, KaK MATHTOHHAs aJio-
MHHHEBasi GOJIBaHKa) HeJb3s PaccCMaTpUBaTb KaK KJacCH-
yecKHH 06beKT. UTOGbI NMOJYYHTb NpPABHJIbHBIA OTBET Ha
3TOT BOMNPOC, BCIIOMHHM CJeAylollee: KBaHTOBAas MEXaHHKA
3amnpeiaer OJHOBpPEMEHHQEe H CKOJIb YTOAHO TOYHOE H3Mepe-
HHMe HEKOTOPHIX nap BeauuuH. Tak, Hanpumep, MpoH3Beje-
HHE HeomnpeleJieHHOCTell (HeTOYHOCTei) MPH H3MepeHHH
KOOpPAHHATHL Al M uMmnyabca Ap He MOXeT ObITb MEHbINE,
yeM mnoJsioBHHa mnocrosHHOH Ylmanka:

AlAp>1)2. (12.6)

1O COOTHOLIEHHE HeonmDele/eHHOCTel MOXKHO NMOHHMAThb
TaK, YTO, U3Mepsi KOOPJAHHATY C TOYHOCTBIO Al; y ocuuIs-
TOpa Maccoil m, Mbl coofuiaeM eMy HEKOTOpbIii HeH3BecT-
HBIi HMITYJIbC Ap}ﬁ/2Ali. UYepes gerBepTh nepuoga coG-
CTBEHHBIX MEXaHUYECKHX KONeGaHUil 3Ta HeONpeeNeHHOCTh

HUMnysabca Ap npeBpaTHTCA B HEONpPENeNEHHOCTb aMILIUTY:
Jbl (KOOpAMHATHI)

~ _Ar h
AI’N MmWyex = 2moyex Ay

B npouecce HenpepuiBHOTO H3MepeHHsi KOOPAMHAT Mac-

ChHI NOrpeuHoCTb HSMepeHHﬁ 6y1.leT OCTaBaTbCsl HEHU3MEH-
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Hofi B tom enyuae, éenn Al,~Al.. Orciona caepyer, 9to

b
Al-m ~ l/m—e—‘ . (12.7)

OTMeTHM, 4TO NOJYYEHHLIA OTBET He 3aBHCHT OT TOI0, KaKOH
KOHKPETHRIA THN JaTYHKa, PETHCTPHPYIOLIEro KOOPAHMHATY,
H36paH. DTOT OTBET €CTb CJeJCTBHE 3aKOHOB KBaHTOBOH
MeXaHHKH H YCJIOBHS HENPEPHIBHOCTH CJ/lexKeHHS 32 KOOpJH-
Harofi. Eciin MBI moActaBHM B NoJiyyeHHyio Gopmyay m=
=10°r H 0,,=10* ¢c™! (370 Napamerpsl OJAHOIO U3 BapH-
aHTOB TBEPAOTEJbHHIX IPaBHTALHOHHLIX AHTEHH), TO MOJY-
anM Al ~3-1071 oM.

CpaBuuBas BulpaxkeHus jas Aly, u 8/;, MOxHO mony-
YHTh YCJIOBHE IJISi «TPaHHMIbI», TepeceKas KOTOPYIO, 3K-
CrIepHMEHTaToOp, ONEPHPYIOLIUH € «BIOJHE» MaKPOCKOIMH-
YEeCKHMH MEXaHHYeCKHMH OCUMJIISITOPaMH, CTOJKHETCSl C
KBaHTOBOA MeXaHHKOMH:

2xT7/Q < . (12.8)

Ecnu nepasenctBo (12.8) BbInoJHeHO, TO KJ1acCHYECKHH MOA-
XOI K aHTeHHe HenpaBoMepeH. Hanpumep, uamepsisi Hempe-
PHIBHO H3MeHeHHe [(f), Helb3sl B NpPHHIMIE OGHApPYXHTb
OTKJIHK, MeHblIHA, ueM Al ;.. [lonyuenHnas omenka aJjs
Alnin (ecnu yuectb, uto [~ 1—3 M) nokasmiBaer, 4TO TBEp-
JOTe/IbHbIE TPaBHTAallHOHHbIE AHTEHHBI MO3BOJIAIOT JOCTHI-
HYTb UYBCTBHTENbHOCTH Ha} ypoBHe h~10"20 — 1072,
OxHako, 4YTOGH TNOJYYHTb JYYUIYI0 YyBCTBHTENbHOCTD,
HeoOXOJMMa  KauyecTBEHHAs MNepecTpoiKa Ipoueiypsl H3-
MepeHHs. K MOMEHTy HanucaHHsi 3TOH KHHUTH NpHHIMITH-
a/bHasi BO3MOXHOCTb OOGHapyXKHBaThb OTKJHKH, MeHbLIHe,
ueM Al,y,, YKe HafileHa (HanpuMmep, MyTeM OTKas3a OT He-
NPepLIBHOCTH CJIeXKEHHs1 3a Koopaunaroi). Ilpaspa, 3tH
HOBble METOJIbl M3MEPEHHH MOKa HaxXOLsATCsA «Ha Gymare»,
H 3KCepHMEHTaTOphl TOJNbKO cefiyac npucTynawoT K HX
paspa6orke.

PaccMorpuM Tenepb BTOPOH THII aHTEHH — aHTEHHH CO
cBOGOZHBIMH MaccaMu. I'1aBHas wupes, 3ajoxeHHass B MX
OCHOBY, COCTOHT B TOM, 4TOGhI, 3HAYHTENBHO YBEJIHYHB Pac-
cTosiHie [, MOJNYYHTb CYIIECTBEHHO GOJIBIIHA OTKAHK Alx
0,5 hi. B pesyJibrare pe3ko ocnabasiorcss TpeGOBaHHs K
H30JIALMH aHTEHHbI OT BHEUIHHX LIYMOB, a TaKxKe 3HAUHTe/b-
HO YMEHbIUAIOTCsl TPEGOBaHHs K NOHHXKEHHIO BHYTPEHHHX
(TenNOBHIX) WIYMOB. DTH aHTEHHbI [I0KA CYILIECTBYIOT TOJIBKO
B BHJie Mofiesieli (TPOTOTHIIOB), caMas GOJIbIuast H3 HHX HMeeT
pasmepst 0K0JI0 40 M. HopMantasiit (paGouuii) pasmep Takoi
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AHTEHHH B PasHHX NPOEKTaX JEKHT B npexenax ot 1 go
10 kM. 3HaueHne Al,, B ONTHMHCTHYECKOM NPOTHO3e JOJ/IXK-
HO OHITB NMPHMEpPHO paBHO 2-10"#—2.10"% cMm. flcHo,
YTO HeJb3s M3TOTOBHTh MEXaHHYECKHH DPe30HaTop AJIHHOH
OKOJIO OJHOTO KHJIOMETPa H moTpeGoBaTh, YTOOH €ro co6-
CTBeHHasi 4acToTa Guuia paBHa | k' mam Gosblue (B NpH-
poZie HeT TBEPAHIX TeJ, CKOPOCTb 3BYKa B KOTOPHIX Gbl1a Gl
10° xM/c). IMeHHO mosTOoMy, MO «CypOBO#» HEOGXOAHMOCTH,

Pic. 33. IlpunuunuanbHas cxeMa Ja3epHOH IPABHTAHOHHON AHTEHHH.

Ha pucynke mokasaHel oTKMOHeHHsi 3epKait [ u [l (Alpy = 1/5h),

BbI3BaHHHE TI'PaBHTALLHOHHOM BOJIHOM, pacIpocTpaHAIOWEACS BIOJIb

ock z; 1—doTonerexkTop, 2— ycuauTeab, 3—asep; Alpy = 10~ 14 cmM,
1~ 10%cm.

TaKas 4dHTeHHa, He GyAyuYH pe30oHAaTOpOM, He HMEeT «laMs-
TH»: OHA «HE 3BEHHT» I10CJIE «YAapa», BHIBBAHHOTO BCIIECKOM
I'PaBHTAllHOHHOIO H3Jy4eHHs. DTO O03HAuaeT, YTO OTKJHK
Al,, Heo6XOZMMO H3MepSTb HEMOCPEICTBEHHO B TeueHHe
BPEMEHH BO3JEHCTBUSI TPABHTAMOHHOrO HMIyJbca. TeM
CaMbIM, C OJIHOH CTOPOHHI, 06JIeryaloTcsi TpeOOBaHHS K H3Me-
puTeNbHOMY YCTpo#icTBY (Aly, Gosblue), a ¢ APYyroi cTopo-
HBl, OHH YCJIOXHSAIOTCA (He/Mb3s1 HCIOJb30BATh AJHTENbHOE
BbllIeJIeHHEe CHTHAaJa).

C uHXKeHepHOH TOUKH 3DeHHs IPaBHTALlHOHHAS aHTEHHA
Ha CBOGOJAHHIX Maccax MpeacTaBJser coboil nBe TpyGHI, cO-
€/[HHEHHbIe MOJ NPSMBIM YTJIOM, B KOTOPBIX NMOJ/IEPKHBAETCS
BhiCOKHH BakyyM. Ha koHumax Tpy6 Ha IJHHHBIX HHTAX
nojiBellleHbl MacCHBHEBIE 3epKasa (puc. 33), a B TOUKe Iepe-
CeYeHHs TaKXKe Ha TOHKHX HHTSX MOJABEILEH Ha MacCHBHOH
OCHOBE ONTHYECKHH «pasjenuTeNb» Jydedl (IJIacCTHHKA,
KO3(pHIHEHT OTpaxeHHs1 KOTOPOil MPHMEPHO paBeH KO3(-
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¢unuenty mponyckanus). IlepHOX COGCTBEHHBHIX MeXaHH-
YeCKHX KO/MeGaHHf 3epKal M ONTHYECKOTO Pas[ENHUTENs Ha
HHTAX (OH mopsagka 1 c) cymecTBeHHO GOJbILE, YeM Tpp.
VIMeHHO NO3TOMY TaKHe aHTEHHBl HA3bLIBAOT aHTEHHAMH Ha
CBOGOAHBIX Maccax. B Takyio cucTeMy OT BecbMa CTaGUJIb-
HOro MO YacCTOTe U MOLIHOCTH Jiazepa BBORUTCSI NMOTOK CBe-
TOBRIX KBaHTOB. DTOT NOTOK pasfensiercss Ha JABa Nyuka,
KOTOpBle, OTPA3HBLIHCH OT 3epKas, CHOBA CKJAaJBLIBAIOTCSH
(uuTepdepupyioT). M nonajaloT Ha dQoronerekTop. CHBHT
3epKaJ NPHBOJUT K CMeIleHHI0 HHTep(epeHIHOHHOA Kap-
THHBL. (DOTORETEKTOP M NOAKJIOYEHHHIA K HEMY YCHJIHTEb
JIOMKHBl PA3JHYHTh OYeHb MaJjible CMelleHHs HHTephepeH-
IIMOHHON KapTHHH. AHTEHHHI Ha CBOGOZHBIX Maccax (MHOraa
HX Ha3blBalOT JIa3ePHBLIMH I'PAaBHTAIlHOHHBIMH aHTEHHAMH)
NOKa HEMHOIO «OTCTAIOT» OT TBepAOTe/NbHHEIX aHTeHH. [lep-
BHl 3amMyCK TAaKHX aHTEHH MOXHO OXMAATH JHIIbL Yepes
HECKOJIbKO JIET.

Kpome HaseMHBIX TpPaBHTANHOHHHIX aHTEHH (H3UKHU-
SKCMEePUMEHTATOpH NPHCTYNHJIH K pa3paGoTke CIYTHHKO-
BHIX TPaBUTAallUOHHBIX aHTEHH. DTO TaKxKe AaHTEHHBI CO
cBOGOXHEIME MaccaMH. Paccrosinue [ B HUX JOJ/KHO GHITh B
HECKOJIbKO COT MHJIIHOHOB KHJIOMeTpPOB. Tak KakK Ha TaKHX
paccTosiHUAX (fa elle C Y4eTOM 3HAYHTebHOR Pa3HHUIIBI CKO-
pocTell CIYTHHKOB H 3eM/H) NMOYTH Ge3HAJeXHO YAepKaTh
nHTepdepEHIMOHHYI0 «KapTHHY» Ha ¢oTofeTeKTope (Kak
3TO JieslaeTcsl B HAa3eMHOH aHTeHHe), TO 3ayMaHO H3MePATh
He BeJHYHHY Al,, a ee IPOHU3BOJAHYIO MO BpeMeHH (WJH
TOYHee — BapHalHH ee MPOH3BOLHOH MO BpPEeMEHH) C MOMO-
mpio 3¢pdekra donaepa (cM. § 6). DTH aHTeHHB paccuuTa-
HBl Ha JpYrofl «creHapHii» pa601'u HCTOYHHKOB I'DAaBHTAlH-
OHHBIX BOJIH, NMPHAYMAHHBEIH acTPOPU3MKAMH-TEOPETHKAMH.
B HeM IJIHTENBHOCTH BCIJIECKOB JOJ/IKHA GbITH 3HAUHTENBHO
NpOJOJIKHTeNbHee: Trpr 100—1000 c, a BenunHa b nopsiz-
kKa 10~1—10-*". Ha puc. 34 uso6paxeHa cxemMa OXHOIO H3
NPOEKTOB TakoH aHTeHHH. JIBa KocMHYecKHX KOpabus,
sanymeHHue ¢ 3eMa1M B Hanpas/ieHuH lOnutepa, NOJKHBI
«pa3BepHYTbCA» B IPAaBHTALHOHHOM [0Jie 3TOH THTAaHTCKOH
IJIAaHETHl M BHIATH M3 MIOcKocTH COJIHEUHOH cHCTeMbl (M3
IJIOCKOCTH 3KJIHNTHKH), TAK YTO OAHH H3 Kopabiiefi oKaxercs
«Hall» MJIOCKOCTBIO 3K/JIHMNOTHKH, a JADYrod — «noi» Hei.
B Teuenne HeCKONIBKHX MecsleB noJiera 3eM/s M JBa cnyt-
HHKa OyAyT NpeACTaBJATh COGOA J1Be TIpaBHTAlHOHHbLE
dHTeHHBbI, KOTOPHIE MOXKHO HCIIOJIb30BaTh B CXeMe COBMaje-
Hu#A. OnHcaHHBI NPOEKT, BO3MOXKHO, GyJeT peanu3oBaH
B Hadaje 90-Xx rofoB 3TOr0 CTOJETHA.
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B stoM naparpade Mel nogpo6GHO paccKasaiu O pasiny-
HBIX NMPOEKTaX (HaXOASIMXCH B Pa3HBIX CTafUAX MOATrOTOB-
KH) I'DaBHTAlHOHHBIX aHTEHH, PAaCCYMTAHHBIX HA OGHapyXe-
HHE BCIJIECKOB TIPaBHTALMOHHOIO H3JyYeHHS OT HCTOYHH-
KOB, KOTOpBIe JO/IKHBI OBIIH GBI CYLIECTBOBATh C TOUKH 3pe-
HHs acTpodH3nKOB-TeOpeTHKOB. EcTh /1 Ha camom jene
TaKHe HCTOYHHKH HJIM HeT M KakoBa MX 3heKTHBHOCTb —
Ha 3TH BONpPOCHI MOXET AaTh OTBET JIHUIb NPSMOH ONBIT C

Puc. 34. [NpunuunuansHasi cXeMa ONBITa MO OGHAPYKEHHIO AJHHHO-
BOJIHOBHIX BCIIJIECKOB TPaBHTAI[HOHHOI'O H3JIYUEHHSI C MOMOUIbIO ABYX
KOCMHYeCKHX KopabJefi. KocMuueckne Kopa6an / u /] HampaBJsioTcs
¢ 3eman B cTopony lOmuTepa, rpaBHTallHOHHOE MOJE KOTOPOTO OTKJIO-
HSAeT HX TaK, YTO KOCMHYECKHHA KopaGJb / BHXOXHT NMOJ IJIOCKOCTHIO
9KJIHNTHKH, 2 KOCMHYeCKu#i Kopa6Jb // —Haj NJIOCKOCTbIO SKJIHITHKH .

aHTeHHaMH. BMecte ¢ TeM B JeTaisiX M3BECTHH HaJEXHO
CYIIECTBYIOIIHE HCTOYHHKH: 3TO TECHBle NBOHHBIE CHCTEMBI
(mBofiHble 3BE3MIbl), MepHol O6GpaIeHHs1 KOTOPHIX COCTaBJISIET
HecKosbKO 4acoB. Hamia yBepeHHOCTb B TOM, 4YTO HBOMHbIE
CHCTEMBI JOJIKHBI H3/1y4aTh TPABUTAIMOHHLIE BOJHBI, OCHO-
pana Ha OTO, Tak Kak B MX NBHXKEHHH eCTb lepeMeHHOE
yckopeHue. Heckonbko ABOAHBIX 3Be3Jl, PaclOJIOXKEHHBIX
OTHOCHTEJIbHO HEJlaJIeKo ,OT 3eMJH, NMOAPOGHO H3YYeHHI:
IJIsl HUX U3BECTHH H PacCTOsHHE, H MacChl KOMIIOHEHTOB H
¢ BHGOROAi TQUHOGTbI0 H3BeoTeH MepHOX.;ONHAKO, K COXa-
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JIEHHIO, Jlaxe camble «OhICTPHIe» H3 HHX, T. €. Te, Y KOTOPHIX
HauGoJIbIIHe MaccHl 3Be3J| H Hau6oJblIasi yacToTa obpalie-
#HA, JAIOT CHAMIIKOM Clalbiii MOTOK I'DABHTAllMOHHOTO H3
JAydeHusi. AMIUIMTYAa BapHalMH METPHKH MPOCTPAHCTBA
or Haubonee moaxoismed napu cocraBiser hx2-107%,
TlepHon u3MeHeHHsi MeTPHKH (OH paBeH IOJIOBHHE MEpPHOAA
06paleHHs KOMIIOHEHTOB BOKPYr OOIMIero LEHTpa Macc)
OKOJIO JIBYX 4acOB. $ICHO, 4TO MeXaHHYECKHH OCLHJIATOD
C TaKOH YacTOTOH cjenaTh MOXKHO (KPYTHJBHBIA MasTHHK,
HanpuMmep), HO NMPH 3TOM HeoObIYaHHO TPYAHO H30JHDPOBATDH
€ro OT BHEIUHHX NoMex (Hampumep, OT MPOEXaBlIero B KH-
Jomerpe rpy3oBHKa). TouHbie (HHXKEHEDPHOTO THIA) PacyeTHl
fIOKasHBAIOT, 4YTO JaXe BO3MOXXHOCTb JJIHTEJNbHO KOMHTb
cursan (Belb 4acToTa M3BECTHA BeChbMa TOYHO) HE cracaer
YIPOEKT, IPYTHMH CJOBaMH, He JeJaeT ero peajbHbM B
QTHOCHTEJBHO CKPOMHHIX J1aGOPaTOPHHIX YCJIOBHAX.

# TeM He MeHee JBOiiHbIE CHCTEMBI OKA3aJHCh «T0JIE3HBIMH»
s npoBepkH ¢ynpaMeHtanpHoro caeactsus OTO — cy-
IECTBOBAHHS TPAaBMTALMOHHBIX BOJMH. Drta NMpoBepKa Oblia
BHINOJIHEHA HEJABHO H fana Hennoxoe noarBepxaenue OTO.
Upes npoBepKu (TOyHee CKas3aThb — TILATeJbHOrO Habio-
JNEHHS M CPABHEHHsI IMOJYYEHHBIX NAHHBIX C PACUYETHBHIMH)
COCTOMT B CJIEAYIOIIEM: H3/1y4aiouiasi rpaBHTAllMOHHEIE BOJI-
Hbl apa 3Be3] JO/KHA TePATb SHEPrHi0. DTO 03HAYAET, 4TO
J(Be 3Be3JIbl JOJDKHBI CONHKATBHCHA, @ CJIEN0BATENbHO, TIEPHOL
o6palueHus AOJKeH YKopa'-mBaTbCﬂ.rTﬁ(HM 06pa3oM, HYX-
HO M3MEpHTb M3MEHEeHHe NepHoJa W COINOCTaBHTb NOJYyYeH-
HOE YHCJIO C pacueTHHIM. Takoil BapHAHT NPOBEPKH BHIBOAA
OTO 6un npunyMan okoso 20 Jjer Hasaj, ONHAKO He ObLIO
«MIOAXOJSAIIeH» naphl 3Be3]: B ABOAHOH cHcTeMe, cocrosmiel
U3 OObIYHBIX 3BE3Ji, €C/IH OHU PacMoioXKeHH! 6J1H3K0, BO3MOXK-
HO NepeTeKaHHe Macchl OfHOH 3Be3/ibl Ha Apyryio. B pesyb-
Tare NepHOJ MOXKET H3MEHATbCA He TOJNBKO H3-3a MOTEpH
SHEPTHH Ha TPABHTALlHOHHOE H3Jy4YeHHe.

Tak npomo/mkanocy 10 Tex mop, noka He GbI OQTKPHIT
CTaBIUMA 3HAMEHHTHIM MyJbcap B ABoHHOH cHcreMe PSR
191316 (crapwiit 3nakomeifi mo § 10). dra xBofiHas cucre-
Ma COCTOMT M3 JBYX KOMIAKTHHIX 3Be3l. OnHa H3 HHUX —
HeHTpPOHHAsi 3Be3]1a, MpoAB/sAoLIasaca Kak ny.abcap. OueHb
BO3MOXKHO, YTO M APYTrOfl KOMIOHEHT CHCTEMBbI TOXE SiBJIs-
eTcs HeliTpoHHOH 3Be3joii. CrenoBaTe/bHO, BO3MOXKHOCThb
nepeTeKaHUs BellecTBa ¢ OAHOM 3Be3Jbl HA JPYTYiO MPAKTH-
4ecKH HCKJIoueHa. MHorosieTHHe HAOJIONEHHS 33 MEePUOAOM
noKasajiu, YTO 3TOT MyJbcap ACHCTBHTENBHO TEpsieT CBOIO
QpOHTaNbHYIO SHEPTHI0O H 9TO HOTEPH YAOB/IETBOPHTENbHO,
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COBNAJAOT C PacyeToOM MOTEPb HA rpaBHTalHOHHOE H3Jyye-
uue. Tounocts mpoBepku OTO B 3THX HaG/IOAEHHAX CO-
craBuiia oKosio 15% . isaMeHeHHe nspHoja o6pammeH s nyJib-
capa NPHBOAMT K TOMY, YTO HMIYJbC PaJHOH3Jy4YEHHS,
HCNYIIEHHHA B MOMEHT, KOTJia MyJ/ibcap NPOXOAHT MOJIOXKe-
HMEe MepHacTpa, NPHXOAHT K HaGMIONATeNI0 ¢ HEKOTOPHM
onepexeHHeM 1o $ase OTHOCHTEIBHO NPeIBHYHCIEHHOTO MO-
MEeHTa MPHX0Aa 3TOro uMnyJbca. [Tocko/bKy BpeMs MexAy
IPHXOAOM COCENHHX HMMYJIbCOB PACTET JHHEHAHO C HOMEPOM
HMIyJIbCA, TO YNOMSIHYTHIH CABHTI 1O ase pacTeT Kak KBal-
par BpeMeHH HaGmofeHHH. 3a roj Takod cABHr mo ¢ade
cocraBua 0,04 c, HO mocje 6 Jier HaGMOAEHHH STOT CABHT
cocraBu yxe Gonee cekynau! Ha puc. 35, 6, B3iTOM H3 pa-
6ota JIk. BaiicGepra, k. Teitiopa u A. ®aynepd, BHAHO
YAOBJIETBOPUTEJIbHOE COBIAJieHHe PacyeTa, OCHOBAHHOIO Hd
OTO (kupHas JHHHMS), H SKCNEPHMEHTAJbHHX AAHHHIX
(xpyxkH). ABTOPH yKa3aHHOH DPaGOTHl OTMEYAIOT, YTO «B
9TOM CMHICJIE MYJIbCAP MOXKHO PACCMaTPHBATh KAK HE COBCEM
HCIpaBHLEIE Yachl, KOTOphle CHAyaja IIIH BEPHO, OAHAKG
NOCTENEHHO HaJyaJH YXONHTH BnNepef, MpHYeM CO Bce BO3-
pacraiouieii CKOPOCTbIO».

Onucannas nposepka OTO aeficTBHTENbHO MOATBEPKAA-
eT (XOTsl ¥ HE CO CJHIUKOM BBICOKOH TOYHOCTBIO H KOCBEHHHIM
06pasoM) CyLleCTBOBaHHE TPaBHTAIMOHHOTO H3JIyUEHHS.
OnHaKO S3TOT ONBIT He MOXET CAeNaTb HEHYXHHIMH BCe
YCHJIHS| BKCIIEPHUMEHTATOPOB, KOTOPBblE XOTAT NPAMO OGHa-
PYXHUTb BO3JEACTBHE IPABHTAIMOHHBIX BOJIH Ha HX aHTEH-
uul. Korna takoe BosjeiicTBue GyneT oOGHapyxeHo, Oyaer
OHOBPEMEHHO IM0Jy4eHa M KaueCTBEHHO HOBas acTpodusu-
yeckasi HHQOpManHs O mpoueccax B Hamell MeraranakTuke.
Huoraa roBopsAT, 4TO GYHET OTKPBIT HOBHIA KaHal acTpo-
¢usnueckoll HHGOPMAUHMH: TIPABHTALHOHHO-BOJIHOBOH (CM.
snurpad Kk AaHHoMy maparpady).

§ 13. KAK <YBUJAETb» YEPHYIO BIPY

— BarasiHe-ka Ha goporyl Koro TH TaM BHARIIL?

— Huxoro,— ckasana AJHca.

— MHe 6b Takoe 3penHel — saMetha Koposb ¢ 3aBHCTbIO. —
Veugerb Hukoro! Jla eule Ha TaKOM pacCTOSIHAH!

JI. Kappoas «Annca B 3asepKajibes

Jlo cux nop Mel OGCYXKJadH TJIaBHHIM OGpasoM
sddekTH cn1a6oro rpaBHTAIHOHHOrO NoJs. B ranHom napa-
rpace peub NOMLET O YEPHHIX ABIPaX, BOIH3H KOTOPHIX HCKPH-
BJIeHHE NPOCTPAHCTBA-BPEMEHH CTAHOBHTCS HACTONBKO CHJIb-
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HBIM, 4TO yXKe He CBOAMTCA K MAJbIM nonpaBKaM K TeopuH
HbioTona.

I'naBHbIfl BoOmpoc, Ha 'KOTOPHI MBI nocrapaemcn JaTb
OTBeT,— KAaKOBBHI Ha6/IoJjaTeIbHElE NPOSIBJIEHHS YEPHBIX
IBIp, KaK HX MOXHO o6HapyxkuTh? Ho mpexne Bcero Koport-
KO 0 (hM3HYeCKHX CBOHCTBAX 3THX YAHBHUTEJbHLEIX OOBEKTOB.

Uepnass pplpa — 310 006JaCTh HPOCTRAHCTBa-BPEMEHH,
U3 KOTOpOH HH OJUH CHTHAJ He MOKET BHIOpaTbCsl HAPYKY.
I'panuna, otaensiomas 3Ty abjaacTb NPOCTPAHCTBA-BPEMEHH
OT BCero OCTaJbHOrO MHpa, Ha3bIBAe€TCS TOPU3OHTOM COGHI-
THH: BCe, YTO NPOUCXOAUT BHYTPU TOPH30HTA COOBITHH,
CKPHITO OT IJ1a3 BHeIIHero HaGJozaress.

YepHbie AbIPE 00J1alaI0T HACTOJBKO CHJIBHEIM TPaBHTa-
IIMOHHEIM 10JIeM, 4TO Jla)ke CBeT He MOXKeT IPeojoJieThb HX
rpaBHTAllHOHHOE MNpHUTsKeHHe. [IpH TakUX YyZOBHLIHBIX
rPaBHTAllHOHHBEIX MOJsAX TeopHsi HbloroHa He mpuMeHHUMa,
TAaK CKasarb, Jaxke B HYJEBOM NPHOJIHKEHHH.

Jl1s onucaHusi CBOMACTB uepHHIX Abip HeoOxoxauma OTO.
OnHako, Kak HH CTPaHHO, CaMa BO3MOKHOCTb CYIIeCTBOBa-
HHs OOBEKTOB THIIA YePHEBIX IbIP CJAELYeT yKe U3 HbIOTOHOB-
cKoil Teopuu. UToGHI OKa3aTh 3TO, BOCHOJIb3yeMCsl MOHS-
THeM BTOPOH KOCMHYecKOH ckopoctH. HamomuuMm, uTO
BTOpasi KOCMHYeCKasli CKOPOCTb AJIsi TPaBHTHPYIOWEH Mac-
cbl M — 3T0 Ta CKOPOCTb, KOTOPYIO HEOGXOJHMO COOOLLHTb
HEKOTOPOMY IPOGHOMY TeJly, YTOObI OHO MOTJIO MPeojoJeTh
TPaBHTAllHOHHOE TNPHUTAKEHHE JAHHOM MacChl M yJereTb
CKOJIb YFOJHO Jajieko oT 3To# Macchl. ([lna 3emau BTOpas
KOCMHYecKasi CKoOpocTb paBHa 11,2 km/c.)

Bropylo KOCMHUYECKYI0 CKOPOCTb MOXKHO BHIPa3HTb
yepe3 Maccy M H paguyc R TpaBHTHPYIOLIEro Tesa:

v, =V 2GM/R, (13.1)

M
HJIH 4Yepe3 IJIOTHOCTb IPaBHTHPYIOUIEro TeJa p=fm§:

U"=Vs/aqu _R- (13.2)

UeM cu/IbHee rPaBUTALHOHHOE NOJIe, TeM GOJiblile BTOpas
KOCMHUYeCKasi CKoOpocTb. [Jo3ToMy, 49TOGH OTBETHTH Ha
BONPOC, CKOJb CHJBHO FPaBUTALHOHHOE TMOJ€ H CKOJb
CyLleCTBEHHB pasjauyus Mexay npeiackasanusamu OTO u
HBIOTOHOBCKOfl TeopHeHl TpaBHTAlLlMH, JOCTAaTOYHO CpaB-
HHMTb BTOPYIO KOCMHYECKYIO CKOPOCTb CO CKOPOCTBIO CBETa Ci

1 2GM 2GM

=V T =V & (13.3)
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U3 popmyan (13.3) BHAHO, 4TO ecau R GIH3KO K BeHUHHE
rg=2GM/ct, (13.4)

TO BTOpasi KOCMHUECKasi CKOPOCTb 6JIH3Ka K CKOPOCTH CBETa.
BennunHa ry HAa3LIBAETCS TPABHTALMOHHBLIM PaJHYCOM (HJIH
IIBAPIIIHIBIOBCKUM PajAHyCoM, O HMEHH HEMEIKOro yue-
noro K. IMIeapummnasna, xoropeiit B 1916 r. Bnepesie BB
3Ty BEJIHYHHY).

Jlannac eme B 1795 r. nucan: «Ecnu Gel xnamerp ceers-
meficsi 3Be3/ibl C TOR XKe MJIOTHOCTBIO, YTO H 3eMJ1s1, B JBECTH
nsThAeCAT pa3 npepocxonun auaMerp CosHUa, TO BCJAEACT-
BHE IIPHTSIKEHHS] 3Be3Nbl HH OAWH M3 HCHYIIEHHBIX €i0
Jayueft He cMor OBl IOATH 0 HAC; C/€0BaTeNbHO, He HCKJIO-
YEeHO, YTO caMble GOJIbLIHE U3 CBETSLIMXCS TN IO 3TOH HpH-
YHHE FIBASIOTCS HEBHIMMBIMH». B npasore Jlansmaca nerko
yGenuThCsi, BOCNONB30BaBUIHCh (Gopmysoit (13.2), u3 xorto-
poil BHAHO, YTO NpPH 3a4aHHOH MNJIOTHOCTH BTOpasi KOCMH-
YecKasi CKOPOCTb IPONOPIHOHANBHA PAXHYCY T'PABHTHPYIO-
wero tena. Paguyc Conxua mpumepno B 100 pa3 Gonbiue
panuyca 3eMJH, 3HaYHT, paguyc BOOGPaKaeMoro Tena, 0 Ko-
TopoM rosopuJa Jlanznac, B 25 000 pa3 moJkeH npeBbillaTh
paguyc 3emnn: 11,2 km/c-25 000=280 000 km/cxc.

Takum o6pa3oM, 3a 120 ser go cozganuss OTO Jlannac
dakTHueckn mnpeABOCXHTHJ mnpéackasniBaemyio OTO Bos-
MOXKHOCTb CYINECTBOBAHHSI YEPHBIX JbIP — OGBEKTOB, KO-
TOpHlE CBOMM YYAOBHIIHBIM I'DaBHTALlHOHHBIM IOJEM YAep-
JKHBAIOT Ja)ke CBeT.

O yepHBLIX ABIpaXx HAaNHCAHO HEMAJO MOMYJSAPHBIX KHHT.
Mmu pekomenayeMm uutaremo kuury M. JI. Hosukosa «Uep-
Hble JAbIpHl BO Bcenennoit» (M.: 3uanue, 1977) u Kuury
B. II. ®ponosa «Beenenue B (Gu3nKy 4epHHIX AbIP» (M.:
3nanue, 1983), a caMu orpaHuYHMCs ONHCAHHEM YXKe 3Ha-
KoMbIX HaM 3¢xpekToB OTO (cm. §§ 8—11), Ho Ha 3TOT pa3 He
B cs1ab6oM rpasuTanuoHHoM nose CosHIa, a B CBEPXCHIbHOM
TPAaBHTAllHOHHOM IIOJIe YEePHOH JBIPHI.

Kak yxe roeopusocb B § 8, Temm xoxa wuacos,
T. €. TEeMN TeUYeHHS BpEMeHH, TeM MeJJIeHHee, UeM GJHxke
yacel K TpaBHTHpyiomeMy Teay. Takoe 3amenneHue
BpPEeMEHH NpOSB/SETCs] B «MOKPACHEHHH» KBaHTOB, HCMY-
IMEHHBIX HCTOYHHKOM, KOTOPHIA OJHXKe K IPABHTHDYIOLIEMY
TeJy, 4eM NPHEMHHK. A KaK H3MeHsieTCsl TEMI TeUeHHs Bpe-
MeHH, eC/JH NPHOIHKATLCS K TPAaBHTALHOHHOMY pajuycy
Te yepHOH ABIPHI? OKa3biBaercs, 4YTO BpeMs C TOYKH 3pe-
HAS J1aNeKoro HaG/moAaTeNs1 BGIU3H rg BOOOILE OCTaHAB/IHBA-
eTcA.
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IpencraBum ceGe, YTO MBI MEJJIEHHO ONyCKaeM K YepHOi
JbIpe Ha OueHb NPOYHOA BepeBKe (OHAPHK, KOTOPHIA H3Ny-
YaeT CBET ONpefieJIeHHOH 4acToThl ©,. Yacrora cBera o,
npHHMMaeMasi Ha6JiofartesieM, KOTODHI Ppaclo/IOKeH OT
4yepHO#l IBIpHl Jajblie, 4eM Hail (GoHAapHK, OyLeT MeHblue
YacTOTH ®,, U3MepsieMOH B COGCTBEHHOH cHCTeMe OTcuera
donapura. Ilpu npubnuxeHun ¢oHapHKa K TOPH3OHTY
COGLITHA 4epHOH JBIPBI 4AacTOTa CBeTa, U3MepsieMasi yhaJeH-
HBIM Ha6JiofaTesieM, CTPEMHTCSI K HYJIIO, T. €. HCIIBITHIBaeT
GecKOHeuHOe KpacHoe cMelleHHe. Ecian y6parh BepeBKYy H
N03BOJHTh GOHAPHKY CBOGOJHO MajfaTh B YEPHYIO ALIPY, TO
NpHHHMaeMasi 4actora GyJeT CTpeMHTbCS K HYJIO ele Obl-
cTpee, MOCKOABKY 3(¢deKT IrpaBUTAIHOHHOIO KPacHOro cMe-
IleHHs cKaanpiBaetcs ¢ abdekrom Jlonnepa, KOTOPHIA TOXKe
yMeHbIIaeT 4acTOTy NPHHHMAaeMOro cBeTa: najas, (oHapHK
JBHXKeTCs OT Hac.

A xak o6GCTOMT JeJ10 C roy6GhiM CMelLleHHeM, KOTAa «IpH-
€MHHK» pacloJIOKeH «HHXKe», UeM «repefaTudk»? UToOwl
yOenuTbCS B TOM, YTO IPaBHTAIlHOHHOE IOJIe B 3TOM Clydae
«He IIYTHT», NPEACTaBHM ceGe MBICJIEHHO TaKylo (aHTacTH-
YecKyl0 CHTyalHio. 3Be3Ji0/eT 0Kas3ajics O4eHb GJIH3KO OT
yepHO# ApIphl. EC/IH B 3TOT MOMEHT BKJIOYAIOTCS CBEPXMOIl-
HBle JBHTaTe/NH, KOTOphIE 'OCTaHABJIHBAIOT NajJieHHe, TO KO-
pa6Jib MOXKET CropeTh OT ...3Be3fHOro cBeral Jlo6o# ¢oToH,
NPUXOAAIINA OT KaKOH-HHOyIb HaJeKoH 3Be3[bl, HCIBITHI-
BaeT NMOYTH GecKOHeYHOe rojy6oe cMelleHHe H, CJeNOBa-
TEJbHO, C TOYKH 3peHHs Habaofarensi, HaXOAAILIErocs
BOJIM3Y TOPH3OHTAa YepHOH ABIPHI, 3HEPTHS Takoro ¢orToHa
OrpoMHa.

Ecan ¢doHapuk asHxercss MO Kakoi-TO HepajualbHOH
opbuTe BOKPYr 4YepHOH JbIpPbl, HampHMep IO KPYroBoH
op6ure, To ekt [lonsepa Gyaer nonepeMeHHO TO CKJIa/bl-
BarbCsl, TO BBIYHTATHC H3 TIPABHTAIHOHHOTO KPacHOro
cMmemenusi. B pesyiabrare Gymer HaGofaThCcs  CMelre-
HHe 9acTOTHI IONIEPEMEHHO TO KpacHoe, TO rony6oe. B mpun-
[HuIe, MO aMIVIMTyAe KOJeOGaHHH YacTOTHl CO BpeMeHeM
MOXHO ObLIO GBI CHEJNaTh BHIBOJ O TOM, YTO (OHAPHK IBH-
JKeTcsl HMEHHO BOKPYT 4epHOH AnIpel. Ecsin 6bl BOKpYyT uep-
HOH ABIpHL Bpamjajcs MyJabcap, Mbl HMEIH Gbl HPEKPacHYIo
BO3MOXKHOCTb JJISl HCCJIENOBAaHHS TPaBHTALHOHHOTO MOJS
BOKPYT 4YepHOH JBIPHI.

OTHOCHTe/IBHOCTh BpeMeHH, T. €. 3aBHCHMOCTb TeMINa
XOJla 4acoB OT CHCTEMBI OTCYeTa, NPOSBJsiercs BOIU3H uep-
HOH ABIPEI 0COGEHHO APKO. Tak, c TOYKH 3peHHs1 YAaJIeHHOTO
Habmonareass KamMeHb, CBOGOAHO MAAAIOIHH HA YEPHYIQ
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AHIDY, JOCTHTHET IPaBHTAIHOHHOTO pPajfnyc¢a 3a BeckoHegHo®
BpeMsi, TOTJa KaK N0 yacaM Habiojarens, najaiomero BMe-
CTeé C KaMmHeM, NPOHJAET KOHEYHBIH NPOMEXYTOK BpPEMEHH,
npexjie YeM Takoi HaGmoAare]b nepeceyer ropH3OHT COGH-
tTHi (puc. 36).

B § 9 MBI 103HAKOMHJIHCh C HCKPUBJIEHHEM Jiyuell cBeTa
B TPaBHUTAIMOHHOM rnoJie. OueBHIHO, 4TO YepHas ABIpa TEM

Puc. 36. 3amepnenue BpeMeHH B ),
IpaBUTallHOHHOM [0Jie YepHOR RbIphI:
l— BpeMs Mo yacaM HeMOJBHXKHOrO
HaGnIoOfaTeNs, HaXOAAIIErocs jAajne-
KO OT 4epHOH JbIpH, 2— Bpems IO
yacaM Ha6maiofarens, CBOGOJHO mna-
JLAI0UIeT0 B YEPHYIO AHIPY.

CHJIbHEE OTKJIOHSIET JIYYH CBeTa, ueM GJIHXKe K rpaBHTAlHOH-
HOMYy pajHycy 3TH JyuH npoxogat (cM. dopmyay (9.1)).
Ho ecan nyu cBera npoiiner Ha paccrosuuu 1,5 ry, TO OH
MOXEeT HauaTb ABHraThcsi 10 OKpyxHocTH (puc. 37). Ilpu
OTpENE/IEHHBIX YCMOBHSIX BOKPYT UYEPHBIX HbID MOTJIH GBI

——

Puc. 37. Hckpunenne Jyuefi cBeTa B IpaBHTaIlHOHHOM MOJIe YepHOM
ABIDHL.

Jlaxke 0Opa30BHIBATbCSI CBOEOOpasHble OpeoJbl H3 (POTOHOB,
3aXBaueHHbIX Ha KpyroBble opOuTH. (B cBOoe Bpems mnpepn-
JIOXKHJIH MCKaTh YepHBIe AbIPHI N0 TaKHM opeoJiaM. [Ipaspa,
OIEHKH NMOKA3bIBAIOT, YTO [IAHCHl HA yCNeX 3eCh HEBEJIHKH.)
3aMKHYTble CBETOBble OPGHTHI HEYCTOHYHBHL: JOCTaTOYHO
JIydy CBeTa CKOJIb YrOAHO cJa60 OTKJIOHHTbCA K GO/bIIMM
panHycaM, KaK Jyd, clielaB HeCKObKO BUTKOB BOKpYT 4ep-
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HOM JIbIpH, yitneT na 6eckoneuocts. [Ipu Masom oTKIOHE-
HHM K MeHbLIHM pajdycaM Jy4 Mo CNHpaau nonagaetr
B UEpHYIO AHIPY.

Heo6riuna 1 HeGecHasi MeXaHHKa NPOGHBIX Tead BOJIH3H
yepHo#t Apipel. Taxk, anaunrHyeckass opOHTa, AOCTATOYHO
6/1M3KO MOAXOAAMAs K YEPHOH JAbIpe, MOXeT MpeneccHpo-
BaTh 3a OJMH 0GOPOT Ha oueHb Gosbwoi yroa (cp. ¢ § 10).

Tena, npuneraiomye H3 GECKOHEYHOCTH, THIA KOMET,
npexJe yeM CHOBAa YHTH Ha GECKOHEYHOCTb, MOTYT CHesNaThb

\ ‘)
N\ /s
/

Q) b

Puc. 38, HeGecnasi mexanuka BGau3n uepHoii Abipel.Fa) FllBuxkenne
npoGubix Tea no HuloTony (npuBOAHTCS AJs cpaBHeHHs). 6) Ilsuxe-
HHe NPOGHBIX Tesl N6 DiHWTelHY.

HECKOJIbKO BHTKOB MO OKPYXKHOCTH C PagHycOM, HPHMEPHO
paBHbIM 2rg (puc. 38). :

Ecsiu op6uTa Te1a MPOXOAHT ellle 6JIHKe OT YePHOH JBIPHI,
TO TEeJO YyNajeT BHYTPb Y€PHOH ABIPHI.

HeGecHasi mMexaHuka BO/IHM3H 4ePHOH ABIPbl CTaHOBHTCS
ee GoJiee CI0XKHOM, €C/IH yUeCTb IPaBHTAIlHOHHOE H3Jyde:
HHe, YHOCsIee YacTb SHEPrHH OpOHTANBHOIO JABHXKEHHS.
Tak, teno, aprkynieecs H3 GeCKOHEYHOCTH IO rumepGoJe,
npoJietast JOCTaTOYHO OJH3KO OT YePHOH JAbIPbI, MOXKET 1QTe-
PATH CTOJILKO SHEPTHH B BHJe TPABHTALHOHHOTO H3/yYeHH s,
4TO mepeifieT Ha 3IJIHNTHYECKYIO OPOMTY, 3JJIHITHYECKas
opOHTa THOCTENEHHO NpeBpaTHTC B KPYroBylo, 3areM pa-
Auyc KpyroBo#l opOUTHL OyJAeT MeNJIeHHO YMEHbIIAThbCA [0
TeX Nop, MOKa TeJO He nepeHjeT Ha KPYroByio OPOHTY C
HEKOTODHIM KPHTHYECKHM PajiHyCcOM, PaBHBIM 3rg. IIpH Menb-
IUMX pajidycaXx KPYTOBHX OpPOHMT He CYIIECTBYET, H TeJo
OBICTPO CBA/NIMBAeTCs B YEPHYIO ABIPY, NMOCHLIAS B MPOCTPaH-
CTBO TOCJENHHH BCIVIECK TPaBUTALHOHHOTO H3JYyYeHHs .
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Poab rpaButansonnoro usnydenus Bospactaer npomopiHo-
HaJILHO OTHOLIEHHIO Macchl NPOGHOTO Tesa m K Macce YepHOH
apipel M. [ToaToMy He yudTHIBaTH NOTEPIO SHEPrHH 3a CYET
rPaBMTAllHOHHOTO M3JIyYeHHS] MOXKHO JIHIIb B Clyyae OY€Hb
Manbix m/M.

Jlo cHX mop MBI ONMHCHIBaJIH HEBPAILAIOMIHECS] YepHble
Abippl. 3aberasi Bnepej, CKaXkeM, YTO YepHBIE JBIPBI MOTYT
o6pa3oBuBaThbcsl U3 3Be3n. Ho 3Besmpl 06/1aJa0T YIJIOBBIM
MoMeHTOM Bpauenus. [lostomy BrmosHe BeposiTHO, YTO H
YyepHBle AbIPH, OGpa3oBaBllHecss H3 Bpamaoomuxcsa 3Besf,
ToXe 6yAyT Bpamarbcsi. B aToM ciyuae BOKPyr yepHOH JLIPHI
JO/KHO BO3HHKaTh BHXpeBOe rpaBHTanuoHHOoe mose. Jlpy-
THMH CJI0BaMH, BpallleHHe 4YepHOH JBIPHI, TaK 2Ke KaK H Bpa-
lieHHe JI060ro Apyroro rpaBUTHPYIOIIETO TeJa, NPosABIser-
Cfl B YBJIEUEHHH JIOKaJbHO-HHEPLHAIbHHX CHCTEM OTCYETa,
T. €. NPHBOJHMT K BpalIeHHIO NPOCTPAHCTBA-BPeMEHH BOH3H
yepHO# AwIpH - (cp. ¢ § 11).

CymecTByer Takas o6jacTb, BHE KOTOPOH JBHIKEHHE
" JIy4yeH cBeTa H MPOGHHIX TeJl BO3MOXKHO KaK B HamnpaBJ/ieHUH
BpalleHH s, TaK H IPOTHB BPaIIEHHs YepHOMH JbIPHl, HO BHYTPH
9TOH 006J1aCTH YBJIeYeHHe NMPOCTPAHCTBA-BPEMEHH CTAHOBHT-
Csl HaCTOJIbKO CHJIbHBEIM, YTO HHKAKOe TeJO He MOXKeT MOKO-
HTbCSl H yBJIEKaeTcsl B HamnpaBJeHHH BpalleHHsl YepHOH JH-
pH. I'panuny sToft o6sactH Ha3LIBAIOT MpeeioM CTaTHYHO-
crd. OnHako B OTJIMYHE OT caydas HeBpamaiomefica uep
HOH JLIPH HEBO3MOXHOCTb MOKOSI BOBCEe He O3HAyaeT, 4TO
TEJIO HJH JIyd CBeTa HEH3GeXKHO JOJ/KeH NpHOJIHXKATbCA
K 4epHOH JAelpe. JTO JHIUL O3HAYaerT, YTO, MOAXBayeHHOE
rPaBHTAllHOHHEIM BHXPEM,  TEJO JNOJ/IKHO BpaulaThcsl BOKPYT
YepHOH AHIPHI. '

Ho ecan nopofit eme 6auxe K 4epHOi Jpipe, TO Jo60e
TeJI0 NoJ, AeficTBHEM rpaBUTalMH Heu3GexxHO OyJeT najarb
BHYTpPb YepHOH AuIpH. Toraa Ml BHOBb HMeeM JeJIO0 ¢ yXKe 3Ha-
KOMBIM HaM ropu30HTOM co6uiTHii. Ha puc. 39 Bpamaiomascs
YepHas Anpa NokKa3aHa cBepXy H c60ky. Buauo, yro Ha no-
JIIOC€ TOPH3OHT COGBITHH H MpeJeJ CTaTHYHOCTH COBMAjaloT.
O6sacTb MeXJy rOpH30OHTOM COOGHITHA H MpeNesoM CTaTHY-
HOCTH HasHBaloT 3procdepof, 3TO CJIOBO MPOHUCXOAHT OT
rpeyeckoro cJoBa sproc — sHeprus. I[Ipuunna, noyemy sta
o6/acTb NMOJyYHJIa TaKoe Ha3BaHHe, CBSi3aHa C YAUBHTEJb-
HHM CBOACTBOM BpAlIAIOMMXCH YePHBIX AHIP: OKa3HBaeTcs
H3 HHX MOXHO yepmaTb sHeprHio. Ha nepBmift B3rasg 310
Kaxercsl NMapajOKCaJbHLIM: Belb YepHas Jbpa — 3TO 06-
JIacTb, U3 KOTOPOH He MOXKET BHIATH HH BeLeCTBO, HH CBET,
HH 5Heprusi. 23r1o AeficTBUTeNbHO TaK. Ho uacth 3Hepruu
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4epHOM AHPH, 2 HMEHHO SHEPTHA BPALIEHHs, 3aK/MOUCHA He
BHYTPH YePHOH ABIPHI, @ B BHXPEBOM I'DaBHTAI[HOHHOM II0JIE,
T. €. HaXOAHTCSl BHE FOPH30HTA COOBITHI. AHIVIMACKHA Teo-
petuk P. [Tenpoys naxe npuaymas cnoco6 H3BJeYeHHs 3Hep-
THH H3 Bpaulaioueficss 4yepHoil AnlpH. KTo 3Haer, Moxer

Lo/

P N

a) )l

Puc. 39. Bpamaromasicst uepHasi apipa: a) BuA c6OKy, 6) BHI CBepXy
(sKBaTOpHAJbHaA IVIOCKOCTB); /—Tpefes CTaTHYHOCTH, 2— sprocde-
pa, 3—TOpPH3OHT COGHITHH.

OBITb SHEPreTHKA JaJeKoro 6YNyIIero He CMOXeT O6XOAHTh-
cs1 6e3 yepHbIX AbIp. Ho 310 yXKe, cKopee, 061acTh HayyHOM
(haHTacTHKH.

Ha 3tOoM MBI 3aKaHYMBaeM OIHCAaHHE CBOMCTB YEpHBIX
Iblp, a 4YHTaTeseH, KOTOphle 3aXOTAT NO3HAKOMHTBCS C
(hu3uKOH YepHBIX ABIP NOGJHIKE, OTCHIJIAEM K IHTHPOBAHHEIM
BbIlle KHHTaM.

Tenepb HeCKOJIBKO CJIOB O TOM, Kak 06pa3yloTcsl YepHule
JBIPEL,

W3 TeopuH 3Be3NHOH 3BOJIIONHH H3BECTHO, UTO YepHBIE
IbIPHI MOTYT OGPa30BLIBATECS HA 3aKJIOUHTENbHBIX CTAIHAX
9BOJIIOLMH 3Be3J, €CJAH MX Macca NMPEBOCXOAHT HEKOTOPYIO
KpuTHUecKylo Maccy M,, (M,~2M@p unnu Gonble, B
3aBHCHMOCTH OT ellleé HEJOCTAaTOYHO H3YUYeHHBIX CBOMCTB
BeIleCTBAa B CBEPXIIOTHOM COCTOSIHHH). [IpyrUMH CJIOBaMH,
ecau 3pesna obnanaer maccod M>M,,, TO HHKaKas cuna
JaBJIeHHs] He CMOXKET OCTAHOBHTbH CXKATHs 3BE3JIbl, MpPEXIe
ueM pauyc 3Be3[bl JOCTHTHET I'DAaBHTAIlMOHHOTO paiuyca
rg» @ TOTNA YK€ HHKAKHE CHJIbl HE CMOTYT NMPOTHBOCTOATH
rpaBurauuH. Cpeay 3Be3] eCTb MHOTO TaKHX, Macca KOTOPHIX
3aBeJIOMO BO MHOT0 pa3 npesbinaer M,,. Exuncreennas Bos-
MOKHOCTb JUISl TAKHX 3Be3]| H30eKaTh NpeBpalleHHs B Yep:
HYIO ABIPY — 3TO KaK-TO ¢HCXUTPUTHCSA» H COPOCUTH HU3OHI-
TOYHYIO Maccy, NPeBPaTHBIIHCh B pe3yJbTare Takoro cépoca
B GeJIbIfi KapJHK HJIH HEATPOHHYIO 3Be3ny. HekoTophiM 3Bes-
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nam 310, Gesyc/oBHO, yaaercd. Ho TpymHo BoOGpasuth,
yTOOBl KaKrasi 3Be3jia, KaKj3aMeyaeT COBETCKHH acTpo-
¢usuk U. C. lllknoBckuit B cBoe# kKHUre «3Besn», (M.: Ha-
yka, 1984), «royno 3Hana», CKOMBKO €ff Hano cGpPOCHTH Mac-
CHl, 4TOObI KaTacTpOPHUECKOrO CKATHA B TOYKY HE HPOH-
somio. MoXHO Jaxe OueHb TrpyGo MOACYHTAThb, CKOJIb-
KO TAaKHX YepHBIX IbIP JOJKHO HaXOAMThbcsd B Hawell ['anak-
rHKeE.

OkasnpiBaercsi, YTO B OfHOM ToabKO Hame# ['anakTHKe,
BO3MOXKHO, HMEETCS OKOJIO | MJIpJl. YepHRBIX JBIP, SABJSIOLIHX-
csl OCTaHKaMH NIPO3BOJIIOIHOHHPOBABLIHX, T. €. KYMEPILHX»,
3Be3]l. MOXKHO CPaBHHTb U€PHEIE ABIPHI C «3aXOPOHEHHSIMH»
HEKOrJia cBeTsLIerocs 3Be3iHoro Beuiectsa. O YepHHIX JbIpax
HHOTO, HE3BE3[HOI'0, NPOHUCXOXKJIEHHSI Mbl €Ie CKaXKeM He-
CKOJIBKO CJIOB, HO IIO3XKe.

«Ho kak B mpHHIHIIE MOXKHO HX OOHAPYKHTbH?» — CIIPO-
CUT BHHMATEJbHBIH YHTATEb, KOTOPHIA XOPOIIO 3aNOMHHII,
YTO YepHHIe ALIPH HHUYEro He uajnyudarr. Kpome rtoro, pas-
_Mepbl YepHEIX JBIP CTOJb Majbl H OHH HAXOASITCA TaK Ja-
JIEKO, YTO He CTOHT JaxKe H IBITaThC HCKAaTh HX B BHIE
YepHBIX NATEH Ha HeGe, B KOTOPLIX He BUIHO 3Be3f. OTKJIO-
HEHHe CBeTa YePHBIMH JbIPpaMH TOXKe NPEJCTaBJseTcs MaJo-
NIEPCIEKTHBHBIM: YTOORI 10 OTKJIOHEHHIO CBETA MOXKHO GBLIO
CYIHTb, YepHAs JpIpa OTKJIOHH/A CBET WM OOGRIYHAS 3Be3fa
TOH 2Ke MacChl, Jy4 CBeTa JOJKEeH NPOXOAUThL OUeHb GIH3KO
OT YepHOH ABIPHI, NPH 3TOM Tpebyercsl TAaKOe CIEeLHaIbHO
BbIGpaHHOE B3aHMHOE pAacCIOJOKEHHE HCTOYHHKA, YepHOH
JBIpEl M HaGmojaTensi, YTO OCTaeTcsl JHINb HaJeXna Ha
Cy4aHHOCTb, HO CTPOHTb Ha 3TOM IPOrPaMMy MOHCKOB
COBEPIIEHHO GeCCMBICJEHHO.

Ho namafite paccyxnath 3xpaBo. Bee, uto ectb Habto-
JaeMOro B 4YepHOH JpIpe,— 3TO ee I'PaBHTAIlMOHHOE IOJIe.
Ecnu mo kakofi-1M60 NpHYMHE TpaBUTALHOHHOE MoJe BO-
KpYr uYepHOH JIHIDH MeHsieTcs, HanpHMep, Ha Hee Najfaer
3Be3ja WJIM Jpyras 4yepHas Ablpa, TO B IPOCTPAHCTBE pac-
IpoCTpaHsieTcsl BOJHA KDUBH3HBI — IPaBHTAIHOHHAS BOJIHA.
Ceituac, Kak MuI y2ke otMeuanu B § 12, 3aknaneBaercs ¢yH-
JAMEHT TpPaBHTAllHOHHO-BOJIHOBOH acCTPOHOMHH, KOTOPas
MOXeT ObiTh B OynyIleM H CTaHeT OCHOBHHIM HCTOYHHKOM
nHpopManuH o yepHbIX Anipax. Ho u rpaBuTanvoHHBIE BOJ-
HH €llle HEeNOCPEICTBEHHO He OOHapy:xKeHbl. XOTeJoch Obl
KAaK-TO OGHAPYXKHUTh YepHBIe IbIPHI HEe3aBHCHMO.

Urak, Bce, uTo ocraercsi OT YepHOH AHIpHl BO BHELIHEM
MHpe,— 3TO ee I'DaBHTallHOHHOe nose. Ho rpaBuTanHoHHOE
noJie BO3JEACTBYeT HAa OKPYXEHHE 4epHOH ABIpHI, OyAb TO

197



ras, nelib MAH cocefHHe 3Be3fnl. OcTraHOBUMCS MOKa Ha
nocnenHedl Bo3moxuoctH. I1ycTb B HekoTOpO# ABOHHON CH-
CcTeMe, OJIMH H3 KOMIOHEHTOB KOTOpPOH — OOblYHAs, XOpO-
mwo HabiofaeMas 3Be3fa, a BTOPOil KOMIOHEHT — 4epHasi
avipa. Habmopas 3a aBuKeHueM BHIMMON 3Be3fHl, MHI, B
NPHHIKIIE, MOXeM ONpPENeTHTb Maccy HEeBHAHMOTO KOMIIO-
HeHTa, 0 KOTOPOM MBI ellle HHYero He 3HaeM, a TOJIbKO MOJ03-
peBaeM ero B «uepHOABIpOCTH». Ec/M BAPYT OKaKeTcs, 4TO
Macca HEeBHIMMOTO KOMIOHEHT2a HaMHOro GOJbllle MacChl
Conuna, Tounee, Gonbiue Myp, TO 3TO GyAET CIYKHTb MOYTH
MOJTHBIM _ I0OKA3aTe/ILCTBOM TOTO, YTO HEBHAMMBIH KOMIIO-
HEHT — 4YepHas jwipa. JefAcTBUTENbHO, HH Gesblfl KapJuK,
HH HEATPOHHAs 3Be3ja TakUMH GOJIbIIMMH MaccaMH 06.1a-
AaTh He MOTYT, a OGLIYHAs 3Be3[a TeM sipye, UeM MacCHBHeH,
H MBI ee HeH306exXHO Obl 3aMETHJIH.

Takas nporpamma mouckoB Ghlsia BrepBHE MPENIOKEHA
coBerckumu actpodusukamu §1. B. 3eapaosuuem u O. X. I'y-
ceiHoBbIM. OfiHaKO aHa/H3 GOJIBLIOTO YHC/Ia CIEKTPANbHBIX
JABOHHBIX CHCTEM C HEBHAMMBIM KOMIOHEHTOM MOKa3al, 4To
a6CoOMIOTHO BO BCEX HCCJAENOBAHHBIX CJyd4asiX HEBHAHMOCTb
OJIHOTO M3 KOMIIOHEHTOB MOXHO OBLIO OBl OGBSCHMTb, HE
npuberas K KOHIEMIUH YepHOM AbIpbl: HaNpUMeEp, <HEBHIH-
MOCTb» Oblla cBsi3aHa C TeM, 4To Gosiee sipKas BHAMMAs
3Be3Nla 3aTMeBa/ia MeHee ApKYi0 cocenky. Kpome Toro, sra
nporpaMma, HeCMOTPSI Ha KaXKyULylocsl NPOCTOTY, CTaJKH-
BaeTcsl C HeoObIYafiHRIMH TPYAHOCTSMH INpH ONpele/eHHH
Macc KOMIIOHEHTOB JABOMHON CHUCTEMBI: OKa3bIBaercsi He06Xo0-
JHMO TOYHO 3HATb PaCCTOSIHHE 10 NBOAHON CHCTEMEHI, a He-
ONpeNe/IeHHOCTH B PacCTOSIHHH, K COXKaJIeHHI0, OYeHb Be-
JIUKH.

[Mouck uyepHBIX AnIp MOLIEJ HECKOJIbKO MHade. B Kkaue-
CTBe 30HJa, Hab/mojas 32 KOTOPHIM, MBI HajeeMcst o6Hapy-
XKHUTb YEPHYIO AHIPY, Ol BeIGpaH Mex3Be3publii ras. [Tanas

. TMOX JefiCTBHEM TI'DABUTANMOHHOIO MOJIS Ha YEpHYIO AHDY,
T. €. HCHHITBIBasg, KaK TOBOPSAT acTpodH3HKH, aKKpeIHIo,
ras HarpeBaeTcsi H H3/y4aeT SHEpPrHi0, KaKk Ohl «KPHUUHT?,
npexie 4eM HCYe3HYTb B UYepHOH AEIpe, O TOM, 4TO C HMM
npukmounaock. Coserckuil acrpopusuxk B. ®. [IBapuman
NPeJIOKUI HCKATh OAHHOYHBIE YePHbIE JbIPHI, AKKPELHPYIO-
mue ra3 M3 Mexs3Be3[HOM cpenpl. B rase ectp MarmutHoe
nose, NpH NajJeHUH ra3a Ha YEPHYIO AbIPY MAarHUTHOE moJie
pacrer, BO3HUKAET TypOGYyJEeHTHOCTb, SHEPTHS KOTOPOH Mpe-
Bpaimiaercss B TEIUO ¥ BhICBeuHBaeTcsl Hapyxy. [loucku B
9TOM HaMNpaBJeHHH NMPOAOKAIOTCA H He KaXKyTcs Ge3Haiex-
HBIMH.
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T'ne xe uckarb yepHsle ApIpH? B Hacrosiee BpeMs mnpo-
n3oue Kak 66l CHHTE3 ABYX MOAXOJOB, H3JIOXKEHHBIX BBbILLE.
[To- BuanMoMy, GoJibiue BCEro LIAHCOB HAMTH YEPHYIO IBIPY
B JABOHHOH cHCTeMe 0O H3/JIYUEHHIO aKKpelHpYoUero
rasa.

Teopus 5BOJOLHH 3Be3A B TECHBIX JBOMHBIX 3BE3JHBIX
cuctemax oGHApPYKHBAeT OJHO JioGONbITHeHlee siBJICHHE,
KOPEHHEIM 00pa30M OT/IHYaloIee IBOJIOLHIO 3Be3] B TECHBIX
IBOHHBIX CHCTEMaX OT 3BOJIIOLMH 3Be3-0HHOYeK. Peub uzer
0 NepeTeKaHHH 3HAYMTENbHBIX MAcC BelllecTBa C OJHON 3Be3-
Ibl Ha apyryio. Ta maccuBHasi 3Be3fa, KoTopasi npeBpaTH-
Jlach B 4YepHyIO JbIpy, AO/DKHA Obla mepefatb «mepen
CMEPTBIO» 9aCTh MACChl CBOEMY KOMIIAHbOHY — MeHee MacCHB-
HoOf 3Be3fie. B pesysibrarte Takoro neperekaHMs MacCel TeMIl
SBOJIIOLMH BHMAMMON 3Be3fbl, CTaBilell 6oJee MaCCHBHOM,
yOhICTpsieTcsl M BCKOpe OHA HayMHaeT pa3fyxarb, INpeBpa-
warbcst B ruraHT. BemiecTBo Tenepb HauMHaeT COBepLIATH
06pATHBIN TMyTh — OT pasfyxiuell, He COCOGHON yaepKaThb

Puc. 40. ‘-Iepua-s ‘Ibpa_B ABOAHON SBesnHOR cHCTeMe:R]/ —uepHas Abl-
pa, 2—mopMabHasi 3Be3jia, Tepsomas Maccy, 3—JAHCK BOKPYT yep-
HOil ABIPLI, OOP230BaHHbIA INEPETEKaIOWUM BelleCTBOM.

CBOIO BHELIHIO 060/I0YKY BHIHMOH 3Be3/lbl K KOMIIAKTHOMY
KOMIIOHEHTY (KOTOpBIfi MOXKeT GbIThb HE TOJIbKO YEPHOH Mbl-
poii, HO u HelTpoHHOMH 3Be3joi). TeMn najenus BemecTBa
(TeMn aKKpelHH) B 3TOM CJydYae HaMHOTO NPEBOCXOAHUT TEMII
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aKKpelHH BelleCTBA HAa OJMHOYHYIO YEPHYIO ABIPY B MeX-
3Be3JIHOH cpefe.

Ho camoe riaBHOe — ra3 He MOKET Cpasy e ynacTb Ha
YepHyI0 AbIpY B JBOHHOH cHcTeMe, NOTOMY 4TO GJarogaps
OpGHTaNbHOMY JABHKEHHIO 0G/1aJaeT OTHOCHTEIbHO UepHOH
JILIPBEL YTJIOBBIM MOMeHTOM. COBepIlasi YyJOBHIIHO OLICTPBIE
KpyroBble ABHXKEHHS BOKDYT 4YepHOH J®Iphl, OH MeNJEeHHO
ocefiaer, [epexoAs OT OAHOH KPYroBOH OPGHTHI K APYTOH,
GoJiee 6/1M3KOH K uepHOH Jpipe. Bokpyr uepHoil Appbl 06pa-
syercs auck (puc. 40). Tako# xapaKkrep JBUKeHHS ra3a Bbl-
FOJHO OT/IMYAeTCs OT C/Iydas MOYTH PaJHaJbHOrO NajeHHs
BellleCcTBa Ha OJHHOYHBIE YepHble JbIpHl. Tam najgeHde ObLIO
CTOJIb OBICTPEIM, UTO I'a3 He ycrneBaJ, Npexje YeM ynacTb Ha
4epHYIO ABIPY, Harperbcs [0 CTOJb BHICOKHX Temmeparyp H
BBICBETHTb JIbBHHYIO JOJIIO0 TEIUVIOBOH 3HEPTHH, Kak 3TO
NPOHCXOAUT B C/yyae NHCKOBOH akKpeunuu. TeopHusi LHCKO-
KOH aKKpelHH B IBOMHEIX cHCTeMaX noJpo6GHO paspaboTaHa
coBerckuMH actpodusnkamu P. A. CionsieBeM, H. Y. lla-
kypoi#t, U. . HoBukoBbiM u ap. (noapoGHee cMm. [llaky-
pa H. H. HeliTpoHHBIE 3Be3[bl U «YepHBbIE IBIPBIY B JBOH-
HBIX cucreMax.— M.: 3Hanue, 1976). I'as HarpeBaercs 10
TeMIIepaTypel B MUJJIHOHBI IPafyCoOB H SIBJsETCS NOITOMY
MOLIHEIM HCTOYHHKOM PEHTTeHOBCKOTO H3Jy4YeHHS.

IToHCcKH YepHEIX ABIP CPe PEHTT€HOBCKHX HCTOYHHKOB
OKa3aluch He 6e3pe3yJbTaTHBIMH.

B nBoiiHo#i cucreme, conpepxkaieit 3sesgy HDE 226 368,
C NOMOIIBI0 aMEPUKAHCKOI'O CHEIHAJbHOIO PEHTTeHOBCKOTO
cnyTHHKa «YXypy» B 1972 r. 6bl1 OGHapyxKeH peHTI€HOB-
CKHH HCTOYHMK, NOJYYHBIIHH Ha3panue Jlebenp X-1. He-
BHIHMBIN B ONTHYECKOM JHANa3oHe JJHH BOJH KOMIAKTHBIH
0o6beKT, BOJH3H KOTOporo (opMupyercsli peHTI€HOBCKOE
H3JyyeHHe, uMeeT Maccy okoso 10Mp H, BO3MOXKHO, SABJISI-
eTca 4epHOH Abipoll. HekoTophlie uccienoBare OTHOCATCS
CKeNTHYeCKH K 3TOMY MNpPEANOJIOKEHHIO, HO AJIs OTCTaHuBa-
HHS CBOeHl NO3HLUH HM yKe CEeroJHs NPHXOAUTCA NpHUBJE-
KaTbh JOBOJIbHO CJOXKHBIE MONENH TPOHHOH (a He IBOHHOMN)
3Be3/bl. KpoMe MacCHBHOCTH KOMIIAKTHOTO OGBEKTa eCTh
ellle OJiMH He3aBHCHMBIH apTyMeHT B HO/b3y TOTO, YTO KOM-
NakTHbIH HCTOYHHK JleGenp X-1 comepKHT 4epHYIO ABIPY.
JeJso B TOM, uTO GbNa OGHApy:KeHa ObICTpasi XaoTHUYecKas
NlepeMeHHOCTb PEHTI'€HOBCKOTO M3JyYeHHs OT 3TOr0 HCTOY-
HuKa (puc. 41). [ToguepkHeM, YTO XAaOTHYHOCTb I€PEMEHHO-
CTH XOpOLIO COTJIACyeTcsl C NPEeACTABJEHHEM O YepHOi Hbl-
pe, BO/IM3H KOTOPOH HET MEXaHU3MOB BO3HHKHOBEHHSI pery-
JSIPHOH, NepUONHYECKOH NepeMeHHOCTH, KaK 3TO HMeso Obl
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MeCTO JJ/1S1 OKDEeCTHOCTH HeHTPOHHO# 3Be3Jpl. Dricrpas
rlepeMeHHOCTb YKa3biBaeT Ha HeOObIMallHYI0 KOMIaKTHOCTb
00BeKTa.

Hrak, BHOJIHE BEpPOSITHO, UTO B PEHTI'EHOBCKOM HCTOY-
Huke Jlebenp X-1 ofnapyxena uepnas avipa. Cpeiu peHT-
TeHOBCKHX MCTOYHHKOB B HACTOsIlee BpeMsl HMEIOTCS elle
HECKOJIbKO KaHJHJATOB B UepHbIE ABIPHI.

I'oBops o nmpo6ieme ToMCKa YepHBIX AbIP, HEJAb3s He OT-
MEeTHTb, UTO CETOJHSAIIHAS acTpodHu3UKa He OrpPaHHYHBAETCA
MOMCKaMHU YePHBIX ALID 3Be3THLIX Macc, 00pa3oBaBlUMXCA B
pesyJibTaTe 3BOJIIOLKH 3Be3]. B nociexnee Bpems Bce GoJee

(S

Cuem qomonob 3a 0,64 mc
R I I T T e~
pe—

J18,471 318,491 J18,511
CexyrOsi ™ noche  3aNYcKx

Puc. 41. PentreHoBckoe usaydyeHue HcrouHuka Jle6egp X-1. Temunie
BCIIJIECKH — IIOM€XH, CBETJ/Ible— HCTHHHBIE BCIJIECKH PEHTTE€HOBCKOTO
H3JTyYeHHs.

IIPUBJIEKATENbHOH CTAHOBUTCSA THIOTE32 O CYIIECTBOBAHUH
CBEPXMACCUBHBIX YEPHBIX JABID, NPHTAUBLIMXCS B LEHTPAX
[JIOTHBIX 3BE3JIHBIX CHCTEM, TAKHX, KAK IIAPOBHIE 3Be3[HbLIE
CKOIIJIEHH S, fpa rajJakTHK U KBasapel. Hapexxna nonyuutsb
Hab/oaTeIbHbIE JIOKA3aTeNbCTBA CYIIECTBOBAHHS B YKa-
3aHHBIX 3BE3JIHEIX CHCTEMAaxX YePHBIX AP OTHIOAb He JIMIIEeHA
OCHOBaHHUHi.

Teopusi npenckasblBaeT, 4TO CBEPXMAaCCHBHAs YepHas
Jblpa JOJ/KHA MPHBOAUTD K Iepepacrnpelie/leHuio 3Be3]|, TaK
yTO B IleHTpe OoOpasyercsi Y3KMH INHK IIIOTHOCTH 3Be3J.
Ha puc. 42 uso6paxeno anpo ranaktuka M 87. Kak moka-
3aJ1 CIEeKTPaJbHBIA aHalIH3 U3/MyYeHHUs 3Be3J, B 3TOH ranak-
THKe, pachpesie/ieHHe MIOTHOCTH U CKOPOCTeH 3Be3] BOJIHU3H
IEeHTPa YKasbiBaeT Ha TO, YTO B LIEHTPE HAXOAUTCS MOYTH
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He cBersiuuiica 0GbeKT pasmMepoM Bcero JHmb 300 cB. Jert,
HO uMelomuit Maccy okosio 6,5 mapa. mace Coanna. I'pa-
BHUTALHOHHEI pajuyc Teja ¢ TaKo# Maccoll paBeH NPHUMEPHO
0,02 cB. rozna. INostomy BHyTpH paauyca 300 cB. JeT MOXeT
HaxOAMTbCA KaKOe-TO IPYyroe KOMIAKTHOE TeJso, He 00d-
3aTesIbHO YepHas Avlpa. Tem He MeHee Hesb3sl HE NPH3HATD,
4yTO AaHHble No M 87 sBAsAIOTCS MOIIHBIM apryMeHTOM B
TN0JIb3Y «YepHOIBIPHOH» rumore3sl. Kpome TOro, 4ynoBHI-
Hble [PUJHBHLEIE CHJIBI B TPaBHTALlHOHHOM I0Jie YepHOii
JBIPBI Pa3pHIBAIOT NOJJIETAIONE K Hell 3Be3/ibl, B pe3yJbra-

Puc. 42. daauntHueckas rajaktika M 87, B ueHTpe KOTOpO#f, BO3-
MOJKHO, HaXOAHTCH uepHasi AwIpa.

Te BO6JH3H 4YEePHOH JABLIPbl MMEEeTC MHOIO rasa, KOTOpHIH,
najas Ha Hee, 06Pa3yeT JHCK, NOXOXHH HA TOT, YTO BOSHH-
KaeT B JIBOMHOM CHCTeMe, HO CYIIeCTBEHHO 6o.nee MAacCHBHHIA.
H, BO3MOXKHO, MeHee TOpsuHi.

[MTono6Has kapTHHA NPHUBJEKaeTCs] HEKOTOPHIMH YUYEHbIMH
Iisi oGBbsICHEHIsi MPHPOABI KBa3apoB. B Hacrosimiee Bpems
HET HEJOCTaTKa B XOPOLIHX TEOPHSX, OOBSCHSIOWHUX INpO-
meccHl B ffpax rajakTHK H KBaszapoB. Ho moka tpynuo or-
IaTb OpeANnouTeHHe KaKoi-1160 u3 Teopui. MOKHO JHLIBL
CKa3aTh, YTO CPELH JUIEPOB B 3TOM COPEBHOBAaHHH IHIIOTE3a
uepHOH JBIpbl cefiyac 3aHHMaeT ONHO H3 MEPBBIX MECT.
TomoxkpeM po ¢uuuma. Haxkonnenue Ha6GMOAATENbHEIX



JNAHHBIX, MOJYYEHHBIX BO BCeX AHANa30HaX 3/IeKTPOMAarHHT-
HOrO CNeKTpa, OT PajHo- JI0 raMma-, ¢ KaxJIbM JiHeM NpH-
6/HkaeT HAc K pasrajkaMm TafiHbl KBa3apos H siiep raJaKTHK.
Tak, oTKpbITHE TEPEMEHHOH raMMa-JHHHH B IIeHTpe Hamed
co6crBeHHolt I'anakTHKH, a Takxe uennlfi psig uHPpakpac-
HBIX H DEHTTeHOBCKHX HaGMofeHHl MOOYIHI COBETCKHX
acrpodusnkos, H. C. KappameBa u ero coTpynHHKOB,
BHIIBUHYTh THIOTE3y O TaK HAa3biBaeMO#l «raMma-NyluKe»,
KOTOpasi B KauecTBe OJHOTO H3 HaHGo/lee BaXKHbIX 3JIeMEHTOB
B «yCTPOHCTBE» CONEPIKHUT CBEPXMACCHBHYIO UEPHYIO JHIPY.
Bhiia BrickazaHa Takxke ujes O IBOAHOH 4epHOH  JBIpe,
pacnoJiokeHHO#l BOMU3H leHTpa Hame#l [ajakTHKH.

Mul eme BepHeMcsl K 4epHbIM Jpipam B § 14, rae Gyner
CKa3aHO HECKOJBKO CJIOB O PEeJIMKTOBBIX, H/H NePBHYHLIX,
YepHBIX JbIpax. .

Hrtak, MBI BHIHM, YTO npoGieMa OGHapy:KeHHsi YepHBIX
JIbIp B HacTOsLIee BPeMsl aKTyaslbHa He TOJBKO /IS TeOPeTH-
yecKkofi, HO W /s HaGMmoNaTeNbHOH acTPODHU3HKH.

§ 14. KAKAS TPABUTAUHU S
HA OKPAHUHE METATAJIAKTHKH

TMpocTpalcTBo - 310 GeckoneuHast cdepa,
LeHTp MOBCIORY, a OKPYXKHOCTH HeT HHIAe.

B. ITackasre «Muiciiuy

B nauase 20-x rofioB Haiero BeKa BhIJAIOH -
csi coBerckuil yueHnli A. A. ®dpuamaH BoOCnosb30BasICSH
ypaBHeHHsIMH DHHIUTEeAHA /151 TOCTPOEHHST MaTeMaTHYECKOH
MoOJieJIH, OMHCHIBaIOmEell MOBefeHHe BellecTBa H TeOMETPHH
Bcenenno#t B nenoM. Pesyibrat, nonyueHHuii dpuamanoM,
GbLT coBepiieHHO HeoxkuAaHHbIM: coryacHo OTO Bcenennas
He MOKeT OLITh CTAallHOHAPHOH, OHA JOJKHA JHOO CKHMAThb-
csl, " JIH60 PacCIIHPSATHCS.

Hano ormerutb, 4TO NpeicTaBjeHHsI O HEH3MEHHOCTH
cBoiictTB BceseHHO## B 1eOM B Te BpeMeHa HACTOJILKO
IIPOYHO BJafie/ld yMaMH JIOxeH, uTo jAaxe DHHIUTEAH He
cpasy corsacuics ¢ BeiBogamH Ppuamana. '

UyTh no3xe BHAAIOMUACT aMEPHKAHCKHA acTPOHOM-
Habmopareanr D. Xa66n mnokasaJ, 4yto BceneHHast iefiCTBH-
TEJbHO PaCUIHPSIETC — TeOPeTHYecKoe NpefcKasaHHe, cre-
JanHoe DpuamaHoM, 6iecTsinie MOXTBEPANJIOCH Habmone-
nusmu! JleficrBurensHo, Xa66a (a eme panbme B. Craii-
dep) oGHApYKHJ KpacHbe CMEIeHHs CNEeKTPaJbHBIX JHHHMA
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B CHEKTPaX TrajJaKkTHK H ¢ MOJHBIM OCHOBAHHEM MpPHIUCAN
atH cMmemnenus addekry lonnepa, ¢ BBICOKOA TOYHOCTHIO
OTIPEIE/IUB CKOPOCTH, C KOTOPLIMH pasberaioTcs rajqakTHKH.
OrnpesiesMB paccTOsiHUS A0 ralakTHK, Xab0/ Mokasana, 4To
CKOpPOCTH B3aHMHOTO YyJaJieHHsl FaJaKTHK NPONOPUHOHAJb-
Hbl PACCTOSTHHIO MEXy HHMH — 3aKOH Xa66aa (puc. 43).
MMeHHO 3TOT 3aKOH mnoaTBepkAaeT Mofeab ,PpuaMana.

CZ,kmc
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0{ ) 2
., 100 e 7
-t
é 1 d o. /:/’O/ 4
S $00—5—4 o
g et 4
,5) 78 X —
m*
(1) 1 2 103 L 3 L L L
Paccmostue . 08 1w 12 1 16 18 20

Puc. 43. 3akon Xa6Gaa. @) 3aBHCHMOCTb JIy4eBO CKOPOCTH OT pac-
crosuus B (Mnk) mo Xa66ay: I —no panuniM 1929 r., 2—mo jaHHBIM
1936 r. 6) 3aBHCHMOCTb KDaCHOTO CMELIEHHSI 2z OT BHJHMOH 3Be3JHOMH
BEJHYHHBL m* IS fajekux rasaktek no pabore Conpmaxa 1972r.
Yem Gosbiue m*, TeM JaJiblue rajaktiuka. [IpAMOYroJbHHK B Ha-
yajie KOOPAMHAT— 06JIaCTb JAHHBIX, KOTOPHIMH pacmoJjiaran Xa66..

B 1963 r. Obl1H OTKPBITHL KBa3apbl — HeoObIYaHHO MO
Hble ¥ KOMIAKTIble HCTOUHHMKM H3JydeHus. K Hacrosmemy
dpeMeHH HX OTKDHITO HeCKOJIbKO coTeH. XapaKTepHbIM CBOH-

v=0

Puc. 44. KpacHoe cMelleHHE B CHEKT-
pax rajJakTHK H KBaszapos. Ha pu-
U CyHKe CXeMaTHUeCKH H300paxeHa
cHCTeMa KaKHX-TO XOPOLIO H3BECTHBIX
CreKTpasibHBIX JHHHIA. YUem Gouablue
CKOpPOCTb YJasleHHsi o6heKTa, TeM
CHJIbHEE CMelaloTcs JHIHH B Kpac-
.z HYIO (LJIHHHOBOJIHOBYIO) 4aCThb CTEKT-
pa, IIPH 3TOM B3aHMHOE paclojloxe-
HHMe 3THX JIMHHA ocTaeTcsl HeH3MeH-
HBIM (U > U7).

CTBOM KBa3apoOB SIBJSIETCSI OrPOMHOE KPacHOEe CMelleHHe B
HX CNeKTpPax, yKasblBawlilee Ha TO, YTO KBA3aphl yAAJISIIOTCS
OT HAacC €O CKOPOCTsMH, 6JH3KUMH K CKOPOCTH cBeTa (puc. 44).
Toabko Mojenb pacmupsiomefics BcenenHo#t cnoco6Ha
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OGBSICHUTb 3TOT yAHBHTENbHEHIINH (akT — OOBEKTH C Mac-
caMH, BO MHOTO MHJIJIHApJOB pa3 INpeBHILIAIONIHE Maccy
CousHila, YHOCSITCS OT HAC MOYTH CO CKOPOCTBIO cBeta. [leso
B TOM, UYTO 3TH OGLEKTbI OUEHb JJaJieKH, a UeM Jiaflblie OObekKT,
TeM ObICTpee, COTVIacHO 3akoHy Xab66.a, oH OT Hac ynans-
ercsi. [lpaBpa, Jenajuch TONBITKM OOBSCHHTb OOJbIIHE
KpacHbIe CMelleHHs1 KBa3apoB HHaue. Tak, k. Bep6uux BuI-
CKasaJ/l THIOTe3y O TOM, UTO KPaCHOe CMelleHHe B CIEKTpax
KBa3apoB CBsi3aHO He ¢ 3ddekrom [omniepa, a HMeeT Ty xKe
NPHPOJY, UTO H KPAacHOe CMeLleHHe YacTOTh! B I'PaBHTALHOH-
HOM 1ioJie (paccMoTpeHHoe Hamu B § 8); mpu 3TOM rpaBuTa-
I[HOHHBIE TOJIsT JOJIKHBL OBITh UyIOBHIIHBIMH. ['unoresa
IPaBUTAHOHHOTO KPAaCHOTO CMELIEeHHsl NPOTHBOPEUYMT Iie-
Jomy psiny HaGmoneHul. CerofHsi MaJjio KTO H3 y4eHBIX COM-
HeBaeTcsi B KOCMOJIOTHYECKOH NMPHPOJe KPACHOTO CMeLIeHH s
KBa3apoB; BeJHYHHA XK€ KPACHOTO CMellleHHs] HCMOJb3yercs
IJisl onpelieieHHsl Bo3pacTa M yJaJeHHOCTH KBa3apoB.

Paccrosinue 10 caMoro Jjajekoro KkBasapa, o-BHIHMOMY,
nocruraer 17 mapn. cB. Jer. Msnyuyenne ot KBa3apos, NpH-
HMMaeMmoe pajHo-, WHPpaKpacHHIMH, YJbTPa(hHOJETOBEIMH,
DPEHTIeHOBCKUMH H ONTHYECKHMH TEJeCKONaMH CerojHs,
ObLIO MCMyLeHO HMH, Korja BcenenHasi Gbuia eme coBceM
I0OHOH, B HECKOJBbKO pa3 MoJioxke, 4eMm ceroiHsi. Hayudas
KBasapbl, MBl NBITAaeMCsi, KpOME BCero Mpovero, yrauarsb,
YeM OHH CTa/H CerojHs: ObITb MOXeT, OHH MOTYXJH, CTaB
OJVHOKHMMH UYEepHBIMH [BIPAMH, HJIH TOJBKO KIIONPHTHXJIUY,
CNPSITABHINCH B siipax TaJlakTHK, H MO3TOMY HE SIBJSiETCS
JI aKTHBHOCTB s1/lep TallaKTHK C/1abbIM OTTOJIOCKOM HX OYp-
10i1 «<KBa3apHo# Mosonoctu»? BoT nanieko He MOJHBIA nepe-
YeHb BCTAIOMIMX Nepel HCC/efOBaTe/NsiMH KBa3apoB BOIPO-
COB, KOTOPBIM NOCBsileHa, HanpHumep, 6pounopa b. B. Kowm-
Oepra «3arajounsie KBazapby (M.: 3uanue, 1981). Tak uiu
unave, Habsiofasi KBasapbl, Mbl 3ar/siiblBaeM B IIPOILIOE,
3arparuBaeM COKDOBeHHble TaiHbl (PH3UYECKOH 3BOJIIOLUH
Bcenennoit. B atom cMmbicsie COBpeMeHHBII MOLIHBIA TeJe-
CKOIl 4YeM-TO CXOX C MAaILIHHOH BpeMeHH, OMHCAHHOH nucaTe-
nem-thanractom I'. Yamcom.

Teopus pacunpsiiomeiicss BeenenHoii eme Gosee ympo-
yisiach, xorjga B 1965 r. cOTpyJHUKHM aMepHUKaHCKOH Hayu-
Hol s1a6opatopuu dupmbl Bena A. [lensuac u P. Bujcon, a
3aTeM aMepPHKaHCKHe acTPOHOMBI BO rJiase ¢ P. [IHKKH OTKpHI-
JIM PaJIHOH3JyYeHHe, IPUXOJsiIee CO BCeX HaNpaBJEHHH U3
KOCMOCa C OJHHAKOBOH HHTEHCHBHOCTBIO. CHEKTp 3TOro
3arajloyHoro (POHOBOTO H3JyueHHs OblJ TAKHM, KaK €CJH Ohl
OHO H3JlyYa/joch YepHBIM TeJIOM, «HarpeThiM» Jo 3 K, win,

135



Jyduie CKasaTb, OXJaxaeHHsM 10 —270,°C! Hecmotpsi Ha
TO, YTO 3TO H3JyUeHHe HHaye YeM «XOJIOJHbIM» He HA30Bellb,
KOCMOJIOTH Cpasy e MOHS/IH ero (PU3HYECKYi0 MPHPORY:
3TO He YTO MHOe, KaK PeIHKTOBOE H3JydeHHe, HCNYLieHHOe
JaBHBIM-aBHO TOpSIYMM BellecTBOM Hauwlell Bcesenoi,
KOTZa elle He GbIIO He TObKO 3Be3J H FaJaKTHK, HO H ApeB-
HUX kBasapoB. [Ipu pacumpenun BcenenHo#i u3/yueHiie
OCThLIBAJIO, H, HECMOTPS Ha TO, YTO KOIJ|a-TO €ro Temneparypa
JOCTHraja MHOTHX MHJUIHADAOB KeJbBHHOB, K CEroi-
HSIIHEMY JHIO OHO YCHeJIO OCTHITh HO TeMIepaTypbl, KOTO-
pas croap Mana (<< 3 K), uto MakCUMyM HHTEHCHBHOCTH
COOTBETCTBYET MUJIIMMETPOBLIM BOJIHAM.

Taxkoii cueHapuii pacuIlMpeHHs U OXJaXAEHHS KOTAA-TO
ropsiyero BelllecTBA H H3JydYeHHsl NOJYYH/]1 Ha3BaHHE «Teo-
puu ropsideil BceseHHO!», KOTOpyI0O B KauecTBe THIOTE3bI
eme B 40-x rojax BhICKasaJl aMepHKaHCKHH TeOpPEeTHK
I'. T'amoB. He3anosro a0 OTKpPLITHSI peTHKTOBOTO H3J/y4eHH 1
Ha BO3MOXHOCTb €ro OGHAapyKeHHsl YKas3ajH COBeTCKHe
actpopusuku A. I'. Jdopowkesnu u Y. 1. HoBukos.

Takum o6pa3oM, peHKTOBOE H3JydeHHE SIBJISIETCS CBH-
JereseM eme 6oxee paHHel sBomounHd BceneHnHof, uem KBa-
3apbl —jipeBHeflluMe U3 KOCMHUYECKHX OOBEKTOB — HIIH,
MOXHO CKasaTh, HpejcTaBiser cofofi Ha6.ofaTe/NbHbIH
«UHCTPYMEHT» B MCC/IE[IOBaHUH CBOHCTB paHHeil BceneHHOM.
PennkroBoe H3nyueHHe Hrpaer QyHAaMeHTaNbHYIO DOJb B
coBpemeHHOH KocMosioruu. A. Ilensnac u P. Buiscon, koro-
phle BriepBole ero OOHApYXKHJH, cTajH Jaypearamu HoGe-
JIeBCKOH HpeMHH.

310 u3nyuyeHHe HeceT Ha ce(e OTIEYATOK TeX COOBITHI,
KOTOpHIe NPOUCXOAUIH Bo Beenenuoit no Toro, Kak o6paso-
BaJjach HabJofaeMasi CTpyKTypa. B uacTHOCTH, Haua/bHble
BO3MYIIEHHS [JIOTHOCTH H PaBHTALHOHHOrO M0/, H3 KOTO-
PHIX BNOCAEACTBHH MOJ JeHcTBHEM TIpaBHTAIlHOHHOH Hey-
CTOHYHBOCTH 00pPa30Ba/HCh CKOMJEHHS TajJaKTHK H CaMH
raJakTHKH, IOJKHH OBIH OCTaBHTb CBOH cJie]| B CHEKTpe U
yTJIOBOM pacnpefleleHHH PeJHKTOBOro Huanyuenus. Ilosro-
MY NMOHCKH TAaKHX CJIeOB OYeHb BaXKHKI /151 IPOBEPKH HALIHX
TEOPETHYECKHX INPEeACTaBJeHUH O NPOHCXOXKINEHHH HabJio-
naeMoil cTpyKTypul BcenenHoii. HabmoneHusi oTK/IOHeHHH
YIJIOBOTO paclpefiesieHHsi PeJHKTOBOTO H3/yueHHs BeyTcs
Ha mHorux papuoreneckonax B CCCP u 3a pyGexoM.

Ectb eme omun ucrouHHK HHQopMaunuu o paHHeil Bce-
JIEHHOH — 3TO COOTHOIUEHHEe MeXAy pPaclpoCTPaHeHHOCTbIO
Bo BceneHHO# JIerKHX 3/leMEHTOB — BOJOpDOJA H TeJiHs.
OkasbiBaercs, 4TO0 cpefiiue no BceleHHOH KOHIEHTPauUHH
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BONOpOAA, Te/Hsi W HM30TONa BOAOPOAA, AeHTepHs, cylie-
CTREHHBIM 06pPa30M 3aBHCSAT OT TOTO, B KAKOM TeMne MpoHc-
XONUJIO pacuipenre BceseHHo#l B mepBble CEKYHMABI H MH-
HyTHl ee Xu3HH. CpaBHMBas HaG/ojaeMble CpEJHHE KOH-
LIEHTpaUHH BOJOPOA, TeJius H JeHTepHs C NpeicKasaHHSAMH
pas/IMYHbIX KOCMOJIOTHYECKHX Mozesnefi (B TOM uyHc/Ie He
(bpUAMaHOBCKHX), yaaJOCh OTBEPIHYTb MHOTHE H3 MOJeJeH.

PaspuTHe H3UKH 3/€MEHTAPHBIX YacCTHI| [03BOJIHJIO
TEOPETHYECKH <«3aryisiHyTh» B emie GoJiee paHHHEe MIHOBe-
HuA Bcenennofi. Ha ocHoBe TeopHH 3/eMEHTapHEIX 4acTHIL
B pesyJibTaTe YTJ1y6/eHusi npeicTaB/eHHi 0 cBoHcTBaxX (u-
3HYECKOr0 BaKyyMa yJajoch [OCTPOHTb CIieHapHH 3BOJIO-
uuH BeemenHoON OT MOMeHTa, KOrja ee Bo3pacT Obl1 MpHMep-
Ho 10~4° ¢| HameTu/uch NyTH A5 pelieHHs TJ1aBHLIX BONPO-
COB KOCMOJIOTHHM: mouemy Habuofaemass HamH Bcesnennas
onHoponHa B Gosbwux Maciita6ax. [Touemy ee cBoicTBa
‘0OIMHAKOBHl BO BCEeX Hanpas/eHHsX (H3otponus BeenenHoit)?
[ToueMy Ha Kkaxubifi G6apHoH BO BceseHHoOH mnpuXomuTCS
npuMepHO MUJIHAp] (OTOHOB PEIHKTOBOIO H3JYYEHHS H
OTKYJa B3SI/IUChb Te HayaJbHble BO3MYLIEHHS IJIOTHOCTH H
rPaBHTALHOHHOTO MOJsi, K3 KOTOPHIX o6pasoBasach HabJIo-
JaeMasi KpynmHoMaciutaGHasi cTpyKTypa BcenenHofi: cBepx-
CKOIJIEHHS M CKOIVIEHHS TFaNaKTHK, TFaJakTHKH H 3Be3fbl.

IIponukHOBeHHe B ele Gosee paHHHe MrHoBeHHsl Bce-
JIeHHO! TpeOyeT KOpeHHO! JIOMKHM HAIIHX NpPeNCTaBJeHHH O
npocTpaHcTBe H BpeMeHH. Eme npeicTouT NOCTPOHTL KBaH-
TOBYIO TeopHiO rpaButanuu. CerofHs JHUIb MPOTJASALBAIOT
KOHTYpH Oynyiiefl efHHOH TEOpHH BCeX B3aHMOJEHCTBH,
HO, OBITb MOXKET, OKOHYaTeJbHOE CJIOBO B KOCMOJOTHH 3a
Hefl.

He yrany6asisice nanee B yIHBHTe/NbHHIE MHpP COBpeMeH-
HOH (H3HUECKOH KOCMOJIOTHH, MBI DEKOMEHIYyeM 4YHTaTedio
cratet . B. Senpnosuua, kuuru U. 1. Hosukosa, C. Baiin-
6epra u JI. C. Mapounuka u Il. JI. Hacenbckoro (cM.
NPHUBEJICHHYI0O B KOHILle KHUTH JIUTEpaTypy).

INockosbKY Hallla KHHXKKA [OCBSIIeHa TPaBHTALMH, MBI
OCTAaHOBHMCSl 4YyTh nojpoGHee Ha «TPaBHTALUOHHOM CKeJle-
T€» COBPEMEHHOH KOCMOJIOT'HH, B OCHOBE KOTOPOH JleXaT yIo-
MSIHYThIE BbIllIe KOCMOJIOTHUeCKHe Mofeu dpHamana, ycra-
HaBauBawiire cBsi3b B Ayxe OTO Mmexny noeenenneMm Be-
llecTBa H TeOMeTPUYCCKHMH cBoicTBaMH BceseHHON Kak
LeJI0T0.

Mogenn dpuamana npeacTaBasioT cOG0H pelleHHst ypaB-
HeHHH DHHwTeliHA /151 OJHOPOAHOTO M H3OTPOMHOTO pac-
npenenenus BeulectBa. OCHOBaHHEM AJS TOro, 4TOOH CUHM-
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TaTh BceseHHYI0 OXHOPOAHOH U HM3OTPONMHON CJYXHT, BO-
nepBHIX, Hab/iofaeMasi OZHOPOJHOCTb PAaCHpeIeNeHH sl BUIH-
MOTO BelllecTBa B Macurra6ax, mpesbliaomyux 100 Mok *)
(xorss B MeHbmMX Macwrabax BcesnenHas kpaiiHe HEOJHO-
pPOfHA — MBI BUJUM 3Be3[bl, TaJaKTHKH, CKOIJIEHHS ra-
JIaKTUK). Bo-Bropbix, HabJiofaemMass H30TPONHUA PEJIHKTO-
BOrOo H3jyueHus. B-tperbux, Habmopnaemasi pacnpocrpa-
HEHHOCTb JIerKHX 3J1eMEHTOB YKasblBaeT, YTO pacLIMPeHHe
BceneHHo#t GbLIO CKOpee BCEro M3OTPONHBIM, MO KpaiHed
Mepe, Iocjie NepBOfi CEKYHAB OT Haya/la pacIUMpeHus.

Mogenn ®puaMana ONUCHLIBAIOT MOBefeHHe BceleHHOH
B nejoM. Ho Bcenennasi pacmmpsiercs, H OT Hayaja pac-
IIHPEHHsT TPOUIO KOoHeuHoe Bpemst {=15—20 mipa. ner,
[03TOMY HaIUM HAOJIONEHUSM B NPHUHLHIE NOCTYNHA He
Bcsl Bcenennas,, a Tonbko HekoTtopas ee uyacTb. CBeT 3a
BCe BpeMs pacmupenus BcesneHHoO# ycneBaeT JOHTH 10 HAac
C paccTOsiHU#, He mpeBbIAIMHUX ci~15—20 Mapa. cB.
Jgetr ~5000—6000 Mnk. JdocrynHasi HaOMOJeHUSM YacTb
Bcenennoil mosyuusna nasBanue Meraranakruku. OTO c
yCreXoM ONMHCHIBAeT T'PABUTALMIO BO Beeil MeraraflakTuke,
no kpaiiHel Mepe, He NMpPOTUBOpEYUT HabmofeHHsIM. TeM
He MeHee Hal0 ObITb OCTOPOXKHBIM, KOTJa MBI 3KCTPAaIoJiu-
pyeM BBIBOJBI, MOJYUeHHbIE H3 H3yueHus Haueil Meraranak-
THKH, Ha Bclo Bcenennyio. CoBpeMeHHasi KOCMOJIOTHS, B
9acTHOCTH Mojenu ®pujaMana, NpuBJIeKaeT CAeAYIOMYIO TH-
nore3y (KOCMOJIOTHUECKHH MpHHIKN): BcesieHHass MOBCIORY
OJIHHAKOBA, T. €. BBINVISAJHT TakKOH XKe, Kak U B Haweil Me-
TarajakTHKe.

Mogzenu ®puamana 1alOT 3aBUCUMOCTb PACCTOSIHHS MeX-
Iy IOByMsl 3jeMeHTaMH Macchl (Hanpumep, MexAy AByMS
CKOIJIEHHSIMH Ta/lakTHK) OT BpeMeHH. Pacmupenne Bcenen-
HOH O3Hauaer, YTO 3TO paccrosiHHe pacrer. Pacmiupenue
NPOUCXONUT Bcerga c 3amenneHueM. OkasplBaeTcsi, 4TOOBI
MOHATH 3TO, JAOCTaTOYHO BOCIHOJIb30BaThCsl OOBIYHOH TEO-
pueil Hoiorona. Beigenum B pacmupsiomeiicss 0AHODPO AHOH
U usorponHoii BcenenHoit map pagmycom R. Ilpocne num,
KaK JBHXKeTCl HeKoTropas TouKa B, pacnosioxeH Has Ha
rpaHulie 11apa, OTHOCUTEJNbHO TOUKH A, pacrosiox eHHOH B
ero LeHTpe. YCKOpeHHe TOUKH B omnpejensieTcss TONbKO Be-
[eCTEOM BHYTPH BbILEJNIEHHOIO I1apa M PaBHO

— — GMJR®. (14.1

*) 1 Mnk=10°® nk, 1 nk (Eapcek) ~3 cB. roaa.
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INockonpky M =*%/;nR%, riie p — NJOTHOCTb BelllecTBa Mia-
pa, T. e. CpefHss IVIOTHOCTh BelllecTBa BO BceneHHOH, TO

a= — */4nGpR, (14.2)

T. €. YyCKOpeHHe (HJIH Jyullle CKa3aTh, 3aMejljIeHHe, [I0CKOJb-
Ky YCKOpEHHE OTPHIATeJ]bHO) NPONOPLHOHAJIBHO MJIOTHO-
CTH P U PacCTOSIHHIO R Mexx1y BhIOpaHHBIMH TOYKamH. CKo-
pocTb v, ¢ KOTOpoil ToukH A u B ynansiores APYr OT ApY-
ra, Toxe MNPOINOPIMOHANbHA paccTosHHI0O R (3akoH Xa6b-
Jal):

v=HR, (14.3)

rge H — nocrossuHas XaG6.na, ompegmesnsieMass H3 HabJo-
JleHH#.

Ypapuenus (14.2) u (14.3), JONONHUB HX yCTIOBHEM He-
H3MeHHOCTH Macchi M (p R*=const), MOXHO 3amucatb B
BHJIE CHCTEMBI ypaBHEHHIi OTHOCHTENBHO R, p u H:

&R 4

ar = —3 "GPk,

IR —HR, (14.4)
pR? = const.

JKaspIBaeTCs, YTO €CJH P MeHbllle HEeKOTOPOH KPHTHYEeCKOH
NIOTHOCTH Q,, TO PAcCUIMpeHHe, T. €. yBenuueHHe R Gyner
NPOJOJIKATECS HEOrPAaHUYEHHO; €CJH Ke P=pP,,, TO pac-
IIUPEHHEe CMEHHUTCS PaHO WM MO3JAHO CHKATHEM. i’-11*0651, He
peluasi cucteMy ypaBHeHu# (14.4), moay4uTh 3HaueHHe KpH-
THYECKOH IJIOTHOCTH Qy,, BOCNOJNB3yEMCS aHaJOTHEed CO
BTOPOH KOCMHYECKOH 'CKOpocTblio. Macca B HHKOrza .He
«ymajeT» Ha maccy A, ecsH ee CKOpOCTb v GoJiblle BTOPOH
KOCMHYECKOH CKOpDOCTH, COOTBETCTBYIOIIEH Macce BellecT-
Ba, 3aKJIOYEHHOH BHYTPH Iuapa paguycoM R:

v, =V 2GM/R =V ¥/4nGp R. (14.5)
Hs (14.3) u (14.5) nonyuaem;/paBeHCTBO, OmpejesioLlee
KPUTHYECKYIO MJIOTHOCTD:
HR =V¥,nGp,, R. (14.6)
Orcoina
Pup = 3H?/80G. (14.7)
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Cerozusitunee sHaueHHe nocrosuuolt Xa66aa, rony-
YeHHoe M3 HabJiofeHHH, cocraBasier 75 Km/(c-Mnk) *),
NO3TOMY Py, R21072° r/cM?. 3Hasi CpenHIO MJOTHOCTH BO
Bcenennoii u cpaBHHMB ee C p,,, MOXHO IpeicKasatb Gyay-
myio cyap0y nHaweii Beenennoit. Ilpu p<lp,, paciunpense
6yneT NpONOMKATHCS HEOTPAHHUEHHO Aoaro. A npu p>
>pyp PAHO WJIH MO3JHO HACTYMHT CXKaTie: BMECTO KPACHOTO
CMEIIEHUS B CNEKTpax ralakTHK Gyler Ha6GmonaTtbesi ro-
ny6oe cMmelleHHe H B KOHIe KOHLOB BcenenHasi BepHercs

At
¢ ? p=Pe

Puc. 45. Cyan6a Bcenennoit B sasu-
CHMOCTH OT ee cpejHell INIOTHOCTH
>Pp p. ITo ocu abeygHce OT/I0KEHO BpeMs,
a no ccH OpAMHAT paccTosiHue R
MeXJy ABYMs NPOM3BOJIbHEIMH, JOC-
; T2TOYHO yJaleHHHIMH JAPYT OT Apyra
rajlakTHK aMH.

K CBEPXKDHTHUYECKOMY COCTOSTHHIO, H3 KOTOPOro OHa HayaJa
CBoe pacuvpeHHe (pHc. 45).

IlosroMy oAHOH M3 BaKHeHIIMX TIPOGJEM KOCMOJIOTHH
ABJIsieTCcs ONpejleieHHe cpefHedl NJUIOTHOCTH BelecTBa BO
Bcenennoii. Eciin Bce cBersilieecsi, a 3HaYHT, BHAHMOE Be-
IECTBO paBHOMEPHO pacmpeleiuTb no Bcenenunoi, To mno-
JYYHTCS 3HaueHHe MIOTHOCTH p=3-1073! r/cM?, KoTOpOE
MeHbIle p,,. HO oueHb BEpPOATHO, YTO CYWIECTBYIOT KaKHe-
T0 (opMBH TeMHOH, TPYAHO OOHapyXKHBaeMOH MarepHH
(ckpeITOif Maccel). D10 MOryT GbIThb OCTBHIBIIHE 3BE3[HI,
MeX3Be3[IHbIii ra3 HJIH KaKHe-TO 3K30THUecKHe (POpMBI Ma-
TEpHH: NEPBHYHBIE YepHbIE ABIPBI (0 HHX HECKOJNBKO CJIOB
HHXKe) HJIH elle He OTKPBITbIe Ha 3eM/e 3JIeMEeHTapHbIe Ya-
cTHUB H T. A. IIpoGseMa CKpBITOH MacChl OKOHUATEJIbHO He
pelreHa, HO BeAYTCSl HHTEHCHBHBIE IOHCKH BO3MOXKHBIX KOC-
BEHHBIX NPOSIBNEHHH CKPBITOH Macchl, HanmpHMep, CKPHITYIO
Maccy B CKOIVIEHHSIX FallakKTHK IBITAlOTCS OGHapYXKHTb MO
ee TPaBHTaHHOHHOMY BJIMSIHMIO Ha JBHXKEHHe OTAEJbHBIX
raJakTHK B CKOIUIEHHSiX. Dta mpob6jeMa crana OCOGEHHO
aKTyalbHOH mocJe TOro, Kak IOSBHJIHCH COOOLIEHHSI 00
OTKPBITHH Macchl NOKOs1 Y HEATPHHO. XOTsI OKOHYaTeILHOTO
TOATBEPXKIECHHS 3TOrO pe3y/bTara ellie HeT, HO KOCMOJIOTH-

*) IlpaBxa, CylIeCTBYIOT pacXOXJAeHHS NpH ONpeJeJcHHH 3Haye-
HEg H MeXAy pasHbiMH rpynnamu HaGaogateneil. He Hckiouelo,
uro H = 50 xm/(c - Muk).
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deécKie CefCTBUS HATHUHS MACCHI MOKCS Y HEATPHHO CTOMb
3HAUUTEJIbHBI, YTO KOCMOJIOTH YK€ CeroiHsi HHTEHCHBHO
«OOBITPBHIBAIOTY Pa3JiHYHBbIE CHEHAPHU 3BoJOLUMH Bceneunnof
(B uactHOocTH, OGpasoBaHHe HEATPHHHOH CTPYKTYDH, Ha
KOTOpYIO NOTOM HaTeKaeT» CBeTslleecs BeulecTBo). [Toaro-
MY He HCKJIIOYEeHO, YTO CKPBITasi Macca 3aKJ/IloueHa B HeHTpH-
HO M TOJIHAs CPeJHsAs IJIOTHOCTH BellecTBa BO BcenenHoi
0.1M3Ka K Py (WIH Jaxe GoJbiue).

3akanumuBasi 3TOT naparpadg, Heo6X0HMO BbIICHHTb POJIb
OTO B Kocmosioruu. Benp cucrema ypaBuennii (14.3), (14.4),
M3 KOTOPHIX CJIEAYIOT BaKHble BHIBOABI O cyabbe Bcenen-
HOM, IoJlyyeHa C MOMOLIBIO YHCTO HBIOTOHOBCKHMX pPaccyk-
JeHuil. VIcTOpHuecKH, Kak yxe OTMeuasoch, KOCMOJIOTH-
yeckHe MojesH Obuin noctpoeHn! ®PpuIMaHOM B paMKax
OTO sa 10 ner mo Toro, Kak Obula OCO3HAHA BO3MOXKHOCTD
HCIIOJIb30BAHHUST B KOCMOJIOTHH HbIOTOHOBCKOII Teopuu. M ato
He cayyafiHo. Bo-mepBbiX, B HbIOTOHOBCKOH TEODHH CY-
IIECTBYEeT TaK Ha3biBaeMbll T'PaBHTALHOHHBIA NapajoKc:
HEONHO3HAYHOCTh  BBIYHC/IEHHS TPABUTALMOHHOH CHJIBI.
Tonbko mocrynasi coBepIeHHO ONpefiesleHHbIM 06pasoM —
BhIJie/IsAsl AP M BBIYKC/AS [PABHTALHOHHYIO CHAY, JeHCT-
BYIOLIYIO Ha YacTHLY BOJIH3H TPAaHHIBI MIApPa, MOXKHO GBLIO
NOJNIyYHTh YpaBHEHHs1 M pe3yJbTaThl, cOrJacylolyecs ¢
OTO. Ilostomy, He 3Hasi 3apaHee OTBeTa (MONYYEHHOrO
®puaMaHOM), HCHOJIb30BaTh HBIOTOHOBCKYIO TEOPHIO Obi-
JIO N0 MeHblllel Mepe PHCKOBAaHHO (MOZPOGHeE CM. KH.:
Hosuxoe H.]].dBomouusi Beenennoii.— M.: Hayka, 1983).

Bo-BTOpBIX, HBIOTOHOBCKAs TEOPHUS CNIPABEAJHBA TOJbKO
B CPaBHHTEJNbHO MasbiX Macurabax. [lelicTBuTenbHO, eciu
YBEJIHYHBATh PafHyC l1apa R, TO paHO HJIH MO3JHO BTOpasi
KOCMHYecKasi CKOPOCTb CTaHeT PaBHAa CKOPOCTH CBeTa, ¥y =
=c¢. D10 mpoH30HAeT mpH

vy =V *,7GpR ., =, (14.8)
T. €. npH
} R, =V 3c%(8xGp). (14.9)

Hanpuwmep, npu p=p,, noayuum, uro R, ,~3-10" nk. Kak
MBI 3HaeM (cM. § 13 o uepHBIX ABIPAX), B TAKHX Maciitabax
M0J1b30BaTbCs HBIOTOHOBCKOH TeOpHeH yXKe HeJb3s.
OkasbiBaercsi, 4TO TpeXMepHOe NPOCTPAHCTBO BeenenHoi
HCKPHBJIEHO, XapakTepHBHIH pajuyc KPHBH3HBI NPHMEPHO
paBsed R,,. Ecin p<<p,,, T0O TpexmepHOe NPOCTPAHCTBO OT-
KPHITO, B TOM CMEIC/Ie, UTO XOTSi OHO U HCKPHBJIEHO, HO IIpO-
CTHPaeTcs BO Bce CTOPOHHI 10 6eCKOHEUHOCTH. Ecan p>p,,,
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TO MPOCTPAHCTBO 3aMKHYTO: €CJIH JIeTeTb OT 3eM/IH Bce Bpe-
Ms B OJHOM_HamnpaB/JeHHH, TO NPHJIETHLIL ONATb K 3emue.
(IlpaBna, eciu BCIOMHHMTb O TOM, YTO MPH P>>p,, Bcesen-
Has CHayasa pacluupsieTcsi, a IOTOM C2KUMaeTcsl, TO paHblie,
yeM mnpusieTHiib o6patHO K 3emJse, BceneHHas ycmeer
cXKaThes.)

Bosuukaer Bompoc: HeJb3sl JH C [OMOMIbIO KAaKHX-TO
HabJofeHHH# HU3MepUTb KPHBH3HY NPOCTPAHCTBA, & MO HeH
OnpeJie/IuTh CPEJHIOI [JIOTHOCTD BellecTBa BO BceneHHOH?
B npunnune, sto BoamoxuHo. OTO npexpckasbiBaer OTKJO-
HEHHe OT MpPOCTOro 3akoHa Xab6bna A1s OdYeHb JAaJeKHX
O0GBEKTOB, T. €. JJisi OGBEKTOB C GOJIBLIMMH KPacHBIMU CMe-
IEHHSIMH, KOTOpBIe ONpeje/sioT CAefyIomHUM 06pasoM: 2=
=Ao/w. Kak cnencrsue addpekra Homrepa zxvlc *).

Ha npakrtuke cTposiT 3aBUCHMOCTb TaK Ha3blBaeMOH BH-
JUMOH 3Be31HO# BeIMYHHB 06beKTa m* ot z (111 Hao6opoT,
2 ot m*). Mbl He GyzeM BO BceX MOAPOGHOCTAX paccKasbl-
BaTh 3JieCh, KaK B aCTPOHOMHH ONpEeENsIOT BEeIHYHHY m*.
BaxHo Jsuwb crepyomee: m* 3aBHCHT JIHHEHHO OT Jora-
pudma noroka usnydeHus, nNpuxojsuiero Ha 3emso. Ecan
NpeoJIOKHTb, YTO BCE HCTOYHMKH HCCJIELyeMoro KJjacca
(HanpuMep, KBa3aphl) U3/1YYalOT B NPOCTPAHCTBO 32 €IHHh-
Iy BpPEMEHH MPHUMEPHO OJHHAKOBBIE KOJNHYECTBA SHEPTHH,
TO, O4YeBHJIHO, NOTOK Yy 3emau Oyner o6paTHO NMPONOPHHO-
HaJleH KB3JIpaTy paccTosiHus Jio Hetounuka. ClieoBaTesbHO,
m* siBisiercs JHHeHHOH (QyHKUHKel Jiorapudma paccTosiHuSA.
3Hauurt, ecu 3aKoH Xa66Ja (cMm. popmyay (14.3)) cnparen-
JIUB JJ151 JIIOOBIX CKOJIb YTOXHO GOJIbIIMX paccTosiHui (T. €.
JJIs1 CKOJIb YTogHO GOJIBLIMX 2), TO 3aBUCHMOCTb log 2z ‘OT
m* posixkHa GRITb THHEHHOH. JIIOObIe OTKJIOHEHHS] OT 3aKOHA
Xa66s1a NPUBOAAT K OTKJOHEHHIO 3aBUCHMOCTH 2 (m*) (B JIO-
rapH¢MuIecKHX KOOpAUHATAX) OT npﬂmon nunuH (puc. 46).

Y'Ka3aHHble OTKJIOHEHHsI OT NPsiMOii MOTVIH GBI HCHOJb-
30BaThCH JJIsl ONpefeseHUst KPHBHU3HBI Mupa. Ho, momumo
9HCTO TEXHHYECKHX TPYLHOCTEH, CBS3aHHBIX C HaGJIONEeHHEM
OdeHb JajeKuX OOBbeKTOB — KBa3apoB, CYILIECTBYET elle H
NpHHIHUNHAIbHAS TPYAHOCTb. [leJlo B TOM, uTO 3a Bpems,
CpaBHHMOE ¢ Bo3pactoM BceneHHoH, KBa3aphl-CHJIBHO 3BO-
JIOLIMOHHPYIOT, T. €. HX CBETHMOCTb B JaJIEKOM MPOILIOM
Obl1a, MO-BHAMMOMY, CYLIeCTBeHHO GOJbllle, YeM B MocJe-
JYIOULYI0 3M0Xy. YuYeT TakoH 3BOMIONMH TOXE NPUBOIHUT
K OTKJIOHEHHIO 3aBHCHMOCTH 2 (m*) or npsimoil. M1 noka He

*) Dta mpocras ¢opmysa CnpaBeAJaHBa AJs He OYEHb OOJBUIHX
ckopocteil. Ilpn v ¢ Heo6Xopumo yunthiBaThb 3¢dektsi CTO.
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GyAyT SICHBI 3aKOHHI 3BOJIOUMH KBa3apoB, YKa3aHHHIA Me-
TOJ ONpe/ie/IeHUsI KPHBU3HBEI MHDA HCIIO/Nb30BATh HE YAacTCsl.

Ta e TPYAHOCTb, CBfI3aHHAs C IBOJIOLHEH OOBEKTOB,
BO3HHKAeT U TPH TMOJACUETE YHCJIA PAJUOTANAKTHK: €CIH Obl
OHM HE 3BOJIIOLHOHUPOBAIH, TO N0 3ABHCHMOCTH YHCJA pa-
JMOTAaKTHK OT CBETHMOCTH MOXHO OBIIO 6Bl OMPENEIHTH
‘KpuBH3HY Bcenennoi.

TakuM 06pasoM, BONPOC O HE3ABUCHMOM OMpENETeHHH
KPHBU3HEl OCTA€TCsl OTKPHITHIM, MCCJEIOBAHHS B 3TOM Ha-
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Puc. 46. 3aBucuMOCTb KPacHOTO CMeIIEHHSI 2 OT BHAUMOH 3Be3gHOMN
BEeJHYHHB m*, NpejcKasbiBaeMast Pa3iHYHBIMH KOCMOJIOTHYECKHMH MO-
IensMu: [-—3axpeiTag BCeJEHHAsd, P> Pgp, 2—IPOCTPAHCTBEHHO MJIO-
cKas BceleHHafd, Q= (gxp, —OTKpPHTAsi BCeJIeHHas, 0 < Pypy $—
MOJAe/b HepacllHpsomeRca (CTalHOHapHOM) BCENEHHOM.

npasJieHHH npojo/kaiorcs. [ToBeluenue paspemaromeii cno-
COGHOCTH 3a cyeT yBeJMYeHHs 6Gas3bl B pajuouHTepdepoMer-
puu 1mo3BOJMT (cMm. § 6) ompezenATb yrJoBele pasmepnl 0
OYeHb JaNeKUX OGBEKTOB. 3aBHCHMOCTh 0 OT 2, KaK OKa-
3a/10ch, TOXe YYBCTBHTe/NbHAa K KPHBH3HE MHpa.

KpoMe mnpsMbIX H3MepeHHHl KOHKPETHBIX KOCMOJIOTH-
YecKHX BeJH4uH (mocrosHHo# Xab6na, cpeguedl MJIOTHO-
CTH, KPHBHM3HBI IPOCTPAHCTBA U T. J.), B COBPEMEHHOH KOC-
MOJIOTHH 4YacTO MPEANPHHHMAIOTCS MOMBITKH MO COBOKYI-
HOCTH aCTPOQHU3MYECKHX JAHHBIX MOJYYHTh KOCBEHHbIE Orpa-
HHUYEHHs Ha T€ HJIH HHbIE BEJIHYHHBL, YTOGLI Ha OCHOBE 3THX
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OrpaHUueHHH INOMBITATBCS YTO-TO CKasaTb O paHHedl Bce-
JIeHHOH. B KauecTBe npuMepa MOXKHO YNOMAHYTb 06 Orpa-
HHYEHHAX HA TaK Has3biBaeMble NE€DBHYHBIE YepHblE ABIPHI,
Ha BO3MOXKHOCTb CYLIECTBOBAHHS KOTOPHIX BIepBble yKasa-
an §I. B. 3eapnoBuu u U. JI. HoBuKOB.

M3 § 13 mbt 3HaeM, uto B cerojusiiugeil Beenennoi MOryT
00pa3oBbIBATLCS YEPHBIE ABIPHI C MACCAMH, NPEBbILIAOLIHMH

" Maccy Connua. OpHako B npouioM, Korja Beenennas 6buia

OyYeHb IVIOTHOH, MOTJH 0GPa30BBLIBATbCSI YepHBIE JAbIPHI
CKOJIb YTOJHO Mauibix Macce (BIJIOTh 4o Macc nopsiaka 1079 ).
KoJsnyecTBO TaKMX 4epHBIX IbIp TecHeHwHM o6pa3oM CBfi-
3aHO C XapaKTepoM BO3MYIIEHHH MJIOTHOCTH H TPaBUTAIlHOH-
HOTO 1OJIs, KOTOPble CYLIECTBOBAJH C CAMOTO HauaJja pac-
wupenus BeenenHo#t. Y xors nepBuYHbIe YepHbIE IBIPHI [TOKA
He o0napy»KeHbl H MOXHO JaThb JIHIUb OTPAHHYEHHs Ha HX
YHC/IO (HAa OCHOBE I1€/10TO Psifia HAGMIOAATEbHBIX TaHHBIX),
YK€ MOXHO C JOCTaTOYHOH ONpeleseHHOCTBIO CKa3aTh, 4TO
Bcenennas B Hauajle cBOero pacuiupenus Obla He CJAHIIKOM
XaOTHUYECKOH, T. €. YKa3aHHble BO3MYLIEHHS OblUIH He CJIHILU-
koM BenukHu. (IlogpoGHee o npoGneMe mepBHYHBIX YEPHBIX
auip cMm. crateio M. JI. HoBukosa u A. T'. Ilosnnapesa.)

Ha stom mbl 3akanunBaeM KpaTKHil pacckas O 3Ha4YeHHH
rpaBHTaluH 175 BcesleHHOH B LleJIOM H O ee POJIH B COBpe-
MEHHOH KOCMOJIOTHH.

§ 15. MOCTOSIHHA JIK TPABUTALLTHOHHA A
NOCTOAHHASA?
(0 IPYTUX TEOPH SIX T'PABHTALLUH)

Hcernna ofna u ta e u B ITapuxe u B Tyayse.
B. Iackass (U3 nucbma K Pepma)

B npeapinymux naparpadax 3TOH KHHTH Mbl
IIO3HAKOMHJIHCh ¢ 0O11el TeOpHel OTHOCHTENbHOCTH, IIaBHbIM
0o6pasoM ¢ 3KCIepHMeHTaJbHBIM U HabaonaTe bHbIM QyHAA-
MEHTOM, Ha KOTOPBIH 3Ta TeopHUs onupaetcsi. Mol yOeIHIUCD,
4TO 10 CHX NOP HH OJMH SKCIIEpHMEHT, HH OJHO Hab/oeHHe
He Bcrynajau B, npotHBopeune ¢ OTO. Ho, kak cneanyer u3
npuBoauMoro B § 1 BbicKasbiBaHHsl A. DiHIUTeAHA, HH OIUH
3KCNEePUMEHT He MOXKEeT NOJTBEPAHTb TEOPHIO, a MOXKET JIHLIb
ee onpoBepraytb. Kpome toro, HecMoTpsl Ha 3HauHTe/NbHBIA
nporpecc B IDaBUTAIlUOHHOM 3KCIepUMEHTe, AOCTHTHYTHIH
B nocsegnue 10—20 ser, skcnepumeHtanbHbiil 6asuc OTO

oCTaercs OTHOCHTEJIbHO CKYAHBIM, 4TO, KaK Mul yXKe 3Haeu,
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o6bsicHseTCA cJ1aGOCThIO PAaBHTALlHOHHOTO B3aHMOIEHCTBHS.
[TosToMy Ham paccka3 O rpaBUTALHOHHOM 3KCHEepHMEHTe
He GyJeT NOJIHLIM, €CJIH He 3aTPOHYTh BONPOC O BO3MOXKHOI
CpaBe[yIMBOCTH JAPYTHX TeOPHH TIpaBHTAllHH, OTJIHUYHBIX
or OTO, kotopele Tak ke, kak u OTO, He npoTHBOpeyaT
Ha CerojHfIUHMH JeHb BCEH COBOKYNHOCTH 3KCIEepUMEH-
TaJlbHBIX U HaG/IOJATENbHBIX JAHHBIX.

Aror Bonpoc npHoGperaeT 0coGyid OCTPOTY B CBSA3H €
OTKDBITHEM «3K30THYECKHX» ACTPOHOMHYECKHX OOBEKTOB, B
KOTOPHIX HUMEHHO 3¢eKThl CHJIbHOTO I'PaBHTALLHOHHOTO MO-
JISl HrpaloT BaXHYIO pojb. Mccienys nysbcaprl, KOMNakr-
Hble pPEeHTreHOBCKHE HCTOYHHKH, KBa3aphl, PEJHKTOBOE H3-
JlydyeHHe, ydYeHbIe CTPOAT MOJENH SIBJEHHH, NMPOHCXORSALIMX
B 3THX oObekTax. Kak npaBu/o, NpPH 3TOM NPHXOXUTCSA
NO/1%30BaThCsl NMpPEACKAa3aHHSIMH TEOPHH HE TOJBLKO B 00-
JIaCTH c/1aGbiX TPAaBHTALMOHHEIX noJied, Anas kKotopeix OTO
MOXHO CYHTaTb NPOBEPEHHOH C XOpoIlleH TOYHOCTBIO, HO H
B o6JlacTH CHJBHBIX moJiefi. HanpuMep, HekoTophie MOzenH
KOMINAKTHBIX DEHTTeHOBCKHX HCTOYHHKOB MJIH KBa3apoB
BKJIIOYAIOT B ce6si yepHble AbIpel. MOXKHO cKasarb, 4To npej-
ckasanus OTO, oTHOcsmHeCs K CHJIBHBIM I'DaBHTalHOHHBIM
TMOJIIM,— 3TO B H3BECTHOM CMHIC/IE€ SKCTpanossuus. UTobel
OLEHHTb HAJEXKHOCTb TAKOH 3KCTPAUOJSILHH, TOJE3HO MO-
3HAKOMHTbCS C JPYTHMH, KaK TOBOPST, aJbTepHATHBHBIMH,
MOJIe/IIMH I'PAaBHTALlUOHHOH TEOpHH.

B 60-x 1 70-x rogax Gbu1 npeiyioxeH LeJbI PAA TAKHX
MoJesieil, NMOHANOOHMHCh Ja)Ke «TEOPHH TI'PaBHTALHOHHBIX
Teopuil», HEOOXOJUMEIE 1S KJacCHPHUKALUUH albTePHATHB-
HbIX MoJieJiell B HX SKCIepHMEHTaJIbHEIX caelcTBHi. [Ipexae
BCEro0 K TAKOH «TEOPHH TEOPHI» OTHOCHTCS TaK HasbiBae-
Masi cucteMa (uiu cHcremardka) ukku (0 Hefl KOPOTKO .
roBopuJiocb B §7), Koropasi cTaBHT nepef cofofi 3anauy
NPOaHANU3HPOBATh CaMbleé OCHOBEI TI'DAaBHTAIlHOHHOH TeO-
pHH H BHIpa60OTaTh KPHTEPHH KH3HECNOCOGHOCTH BHIABH-
raembix Mofeneli. Kparko atu Kpurtepuu ¢opMyJaupylorcs
c/eflylolHM 06pasoM.

) 1. Teopus (MoAesb) fo/mKHA OBITH MOJHOH, T. €. ZO/IXKHA

OOBACHATD «H3 MNEPBLHIX TNPHHIHUIOBY pe3yJbTaT JI000ro
IKCNIePHUMEHTAa, KOHEUYHO, €C/H SBJIEHHS, 3aTparuBaeMble B
3TOM 3KCIIePUMEHTe, He BHIXOJSIT 32 00J1aCTh NPUMEHHMOCTH
MOZEJIH.

2. Teopuss nomkHa OHITb CaMOCOTJIACOBAaHHOH, T. €.
Jio6oe ee npejcKas’aHHe NOKHO ObITb OfHO3HAuHbIM. Ha-
npumep, Teopuio HeiotoHa B 3TOM CMEIC/IE CaMOCOT/1aCOBaH-
HOH CYHTATb HeJb3sl: ee MpeAcKa3aHHe OTHOCHUTENbHO MOBe-
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JeHHs1 GECKOHEUHOTO pacnpeje/eHts BellecTBa HeoHO3HAU-
HO, a 3aBHCHT OT crocoba paccyxzenuit (cM. § 14, rae ymo-
MSIHYTO O I'DaBHTAL[MOHHOM MapajoKce). ,

3. Teopust no/mkHa 6bITh PEJSTHBUCTCKOH, T. €. B MaJlbIX
06/1acTsIX NMPOCTPAHCTBA-BPEMEHH, KOTJa I'PaBHTALHOHHBIM
B3aUMOJEHCTBHEM MOXHO TIpeHe6peyb MO CpaBHEHUIO C
JPYTHMH B3aUMOAEHCTBHSMH, AOJKHA OBITH CIpaBe1HBa
CTO.

4. Teopusl AOJKHA JABATh NPABHJIbHbIA HBIOTOHOBCKHH
npesfen B 06/1acTH cJabblX I'PABHUTAIHOHHBIX [JI0J€H H Mel-
JIEHHBIX JBHKEHHH.

5. Teopust IOMKHA BKJIOYUATh B ce6si TAaK Ha3bIBaeMbI
cnalplii MPUHLHUI 3KBUBAJEHTHOCTH, KOTOPBIH MBI MOXKEM
chopmynupoBaTh Tak (cp. GOpMy/THPOBKY NMPHHIHMIA IKBH-
BAJIEHTHOCTH, NPHBEJEHHYIO B § 4): MHpOBasi JMHHA MPOC-
HOTO 3JIeKTPHYECKH HEATPaNbHOro Teja 3aBHCHT TOJNBKO OT
HayaJbHbIX YCJIOBHH, HO He OT €ro BHYTPeHHeH CTPYKTYPHI .
M XHMHYECKOT0 COCTaBa. DTOT NPHHIUMN, KAaK 3aMETHT BHH-
MaTe/bHBIH UUTaTe/]b, HE YTO MHOe, KaK MPUHLHUI YHHBEp-
CaJbHOCTH CBOGOJHOTO NajieHHS.

6. Teopus mo/mKkHA comepKaThb NPHUHIUN YHHBEpPCAIbHO-
CTH TPaBHTAIHOHHOTO CMelleHHs YacToTel (cM. § 8): rpaBu-
TallHOHHOE CMeIlIeHHe YaCTOThl MJHM Pa3HOCTb TeMINa XOAa
HI€aNbHO MPAaBHJbHEIX YAacOB MEXK1Y [BYMs COOBITHSIMH
NPOCTPAHCTBA-BPEMEHH OINpefeNsieTcss TOJbKO MHPOBBIMH
JHHUSIMH HCTOYHHKA M NPHEMHHKA (MM 4acoB), HO HE 3a-
BHCHT OT UX CTPYKTYPbl H XHMHYECKOTO COCTaBa.

IlepBoie nBa KputTepust IUKKH HOCAT YHCTO TEOPETH-
YyeCKHH XapakTep, TOr4a KakK OCTaJbHble YeTblpe HMEIT
onbiTHOE 060CcHOBaHHe. Kpurepuit 3 ocHOBaH Ha BCedl COBO-
KYIHOCTH 3KcnepumenToB no nposepke CTO (cMm. § 3): Kpu-
Tepuii 4 — Ha ycnexax HBIOTOHOBCKO TeOpHH B OObsiCHE-
HHM JIBUXKEHHS HeOeCHBIX Tell M B Ma6OpaTOPHHIX 3KCIIe-
pumentax tuna onsita Kasenguma (cm. §§ 2 u 10); kpu-
Tepuil 5 —Ha 3KCNepUMEHTaX, [OKa3blBAIOUWUX YHUBED-
cajlbHOCTh cBoGogHOro mnajenust (cM. § 7); H, HaKoHel,
KpUTepHil 6 OCHOBAaH Ha 3KCIEPUMEHTAX, ONHUCAHHHIX B § 8.

Cpenu Bcex NpeIOXKEHHBIX H MBICIHMBIX TEODHH, YIOB-
JIETBOPSIIOLIUX H3JIOXKEHHBIM BbIIIe IIECTH KPUTEPHAM MKH3-
HECNMOCOGHOCTH, CJefyeT BbIAEIUTb BaKHEHIIHH MOAKJAace
Teopu#l, Kotopble HasbiBawoTcs Merpuueckumu (OTO mnpu-
HagMeXUT HMEHHO K 3TOMY MOJKJaccy).

‘Uro6kl MOHATH, Y4TO 3TO 32 TEOPHH, HEOGXOJUMO, BO-TEp-
BBIX, YTOUHHTH YIOMSHYTHIA B § 4 sfHIITEAHOBCKHI NpHH-
UM 9KBHBAJEHTHOCTH H, BO-BTOPHIX, 4yTb IJyG:Ke 3aTpo-
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HYTb BONPOC O TOM, KaK ONHCHIBAETCS reOMeTPHUs NIPOCTPaH-
CTBa-BpPEMEHH.

Bonee Toynasi ¢opMyJspoBKa yka3aHHOTO BhILLIE MPHH-
[UMna 3KBHBAJEHTHOCTH TaKoOBa: 1) cmpaBejiuBH CJabbIH
NPHHIHUN 3KBHBAJE€HTHOCTH ¥ NPHUHLIUN YHUBEPCAJbHOCTH
IPaBHTAIIOHHOTO CMelIEHHUsT YaCTOThl; 2) pe3yJbTar Jio60ro
MBIC/IUMOTO HETrpaBHTAlHOHHOTO 3KCIEePHMEHTa B CBOGOJ-
HO mnajamiolledl CHCTeMe OTcYeTa He 3aBHCHT OT TOrO, TAe
H Korja Bo BceneHHOH 3TOT 5KcmepHMMeHT MpPOBOAMJCSH, H
He 3aBHCHT OT CKOPOCTH CHCTEMBI OTCYeTa.

Tenepr HECKONBLKO CJIOB O cOcOGe OMUCAHHS FE€OMETPHU
npocTpaHcTBa-BpeMeHd. HanoMHuM, 4TO HMEHHO reOMeTpH-
YecKHe CBOHCTBAa HPOCTPAHCTBA-BPEMEHH IMPOSIBJSIIOTCS B
Buje rpaBuTanuyi. OKaspiBaeTcs, YTO /151 HOJHOTO ONUCAHHSA
reOMeTpHM TNPOCTPAHCTBAa-BPEMEHH JOCTaTOYHO 3HATh, Kak
CBsI3aHEI GECKOHEUHO MaJible NpHPaIleHHsl YeThIpex Koop-
JHHaT (Tpex NMpOCTPaHCTBEHHBIX dx, dy, dz 1 OJHON BpeMeH-
HO# df) ¢ PusnHyecKuM HHTEpBaioM ds (cM. § 3) Mexay ABY-
Msl GeCKOHEYHO OJIUSKUMH COCTOSIHHSIMU B IIPOCTpPaHCTBe-
BpeMeHH. Eciiu moBciofy B NpOCTpaHCTBe-BPEMEHH B MPOH3-
BOJIbHOH cHCTeMe OTcyeTa TaKasi CBfI3b 3aJaHa, TO NOBOPHT,
YTO 33JlaHa «MEeTPHKa» NpocTpaHcTBa-BpeMenu. Hampumep,
COOTHOLIEHHE

ds? = (Cdt)® — dx® — dy? — dz* (15.1)

ompeje/nsieT METPHKY, B MPOCTPAaHCTBe-BpeMeHH MHHKOB-
CKOro. A eiie 6ojiee MPOCTOe W MPHBBIYHOE COOTHOLUEHHE,
caenyroiee U3 Teopemsl [Tudaropa, onpegessier Bce reomer-
pHYECKHE CBOMCTBA €BKJMAOBA MPOCTPAHCTBA:

d* = dx® +dy? 4 d2*. (15.2)

B c/aysuae HCKpUBJEHHOrO NpPOCTPAHCTBA-BPEMEHH, Jd
eille B MPOU3BOJIBHEIX KPHBOJHHEHHBIX (rayccoBBIX) KOOD-
JMHaTax CBsi3b MeXAy ds® H dx?, dy?, dz® u df* 6ymer KyAa
caoxHee, yeM cootHourenue (15.1). Ho mpu atom coxpa-
HUTCS BaxKHelIlee CBOMCTBO TaKOH CBsI3U: OHa OCTaHeTCHd,
KaK BIEpBBHIE MOHSJI MaTeMaTHK PHMaH, «KBajpaTHYHO».
D10 03HayaeT, YTO BCE YCJIOXKHEHHS! CBEAyTCS, BO-NEPBHIX,
K TNOSIBJEHHIO HEKOTOPHIX Ko3dduuueHToB mpu dx?, dy?,
dz® u df?* (HanpuMep, BMECTO C/1araeMoro dx? Moxer NMosiBHTh-
cs caaraemoe f(x, y, 2, t)dx?) u, BO-BTOPBIX, K MOSIBJECHHIO
ciaaraemoro tuna ¢ (x, y, 2, t)dx dy unu F(x, y, 2, t) dt dx
U T. A. 3ajaHue METPUKU (M TeM caMBIM ONpejeseHHe BceX
reOMeTPHYECKHX CBOHUCTB NPOCTPaHCTBA-BPeMEHH) O3HaYaeT,
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flo cymtecTsy, safiantue «koadbdunuentos, f,ou F ut. 1.*),
A3MEHSIOLUUXCsI PH epexoie 0T O/HOH TOUKH NPOCTPAHCT-
Ba-BpPeMeHH K Apyrod. A caMu yka3aHHble KO3 DHIHEeHTH
elle Ha3hKBAOT NOTEHIMANAMU T PaBHTAalHOHHOrO NoJst. Bcee-
rO 3THX NOTEHUUAJOB JeCATh (BMECTO OJHOTO-eAHHCTBEHHOIO
B HBIOTOHOBCKOH TEODHHM TPaBHTalllii) H BCe OHM OIlpefe-
JSIOTCS pacnpejeseHHeM H JBHXKEHHEM MaTepHH.

Tenepp Mbl yxke roToBBI CHOPMY/HPOBATH MOCTYJATHI,
Ha KOTOPBIX CTPOHTCS Jio6asi METPUUECKash TeopHsi TpaBUTa-
uuu: 1) B u3HYecKOM NpOCTpaHCTBe-BPeMEHH MeTpHKa Jeli-
CTBHTEJIbHO CYLIECTBYeT; 2) MHPOBble JIUHHH NPOOHBIX TeJ
ABJSIOTCS TeoJe3HYecKUMH 3TOf MmeTpuku (cM. §4); 3) .
yIOBJIeTBOpsieTCS] SHHIUTEHHOBCKHH NPHHIMUN 3KBUBAJIEHT-
HOCTH, a JIOKa/bHble HerpaBHTalMOHHLIE 3aKOHBl B CBO-
60JHO NajalLUX CHCTEMax OTcUeTa CBOJSITCS K 3aKOHaM
CTO."

- CymectByer runoresa, Brickazanuas luddom, cornac-
HO KOTOPOIl BCe KPUTEPHH XKHU3HECNOCOOHOCTH I'paBUTALHOH-
HOH TeOpHH CBOASITCA K IIOCTY/1aTaM METPHUYECKHX TeOpHH,
T. e. Ji06as XKH3HeCHocOOHas TeOpHsl NOJKHA OBITb METpH-
" yeckoil. [Toka runoresa lludda 10 KoHua He KOKasaHa, HO
€CTb cepbe3Hble OCHOBAHHsI BEPHTh B CHPaBeAJHBOCTb 3TOH
THIIOTe3bl, YTO O3HAUYaeT CHJIbHOE CYKEeHHe KJjacca BO3MOXK-
HHIX TEOpHH IpaBHTaIHH.

YkaxkeMm Tenepb, Kakoe Mecro 3anumaer OTO cpenu
IPYTHX METPHYECKHX TEOpHil. "

Mb! yke HeOJHOKpATHO OTMeYaJiH, YTO TPaBHTaNHA Kak
HCKPHBJIGHHOCTb NPOCTPaHCTBa-BPEMeHH OnpejelisieTcss pac-
npefeseHHeM INJIOTHOCTH H CKOpPOCTH MartepHH. Kasanocb
Obl, 4TO BellecTBO Beell BeesleHHOM HOIKHO OKa3bIBaTh BJIHS-
HHEe Ha JIOKa/lbHYI0 TpaBHTalHOHHYIO ¢u3uky. Hanpumep,
rPaBHTAllHOHHAsS IIOCTOSIHHAs MOrJa Obl 3aBHCeTb OT IJIOT-
HOcTH BceneHHOH, KaK 3TO H MPeACKA3bIBAETCS] HEKOTOPHIMH
albTepHATHBHLIMH TeopusiMH rpasutanun. B OTO rtakoe
BJHsHHe oTcyTcTByer. Jleso B TOM, utOo diiHwmTeliH, cop-
MyJIHPOBaB CBOH NPHHUMI 3KBHBAJEHTHOCTH, NOCTPOHJI
npocrefilIHi BapHAHT TEOPHH, YAOBJETBOpsIOmell 3TOMY
nNpHHIHNY. B HEeKOTOPBIX GoJiee CNOKHBIX TEOPHSIX TPaBHTa-
IHH, Hapsly C METPHKOH, NPHCYTCTBYIOT elle H ApYyTHe
rpPaBHTALHOHHBIE 1015, KOTOPBIE He NPOSIBJSIOTCH HeNocpel-
CTBEHHO B JBHXKEHHH NPOGHBIX Tes (3TO ABHKEHHE ONpefe-
JIsieTcsl TOJbKO METPHKOI), HO KOCBEHHO, HAapsAy C BellecT-

*) Ias enuHooGpasksi 0603HAYeHHH YKa3aHHHX K03((dHIKHEHTOB
OPHHATO 3aNHCHBATh HX B BHAE BEJHYHH C JBYMA HHACKCaMH, Ha-
npumep, f=giis ¢= g1z, F = go K T. &
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BOM, BAHAIOT HA caMy MeTPHKy. JIpyrumu cioBami, ONHT
MOYTH OJIHO3HAYHO YKAasplBaeT Ha TO, YTO NPOOHbIE Tesa
ABMXKYTCS M0 reoje3HYecKUM B HEKOTOPOH MeTpHKe, HO Oc-
TaB/seT NPOH3BOJ B HANMHCAHHM YypaBHeHHH, Onpejessiio-
IIUX BUJ 5TOH METPHKH.

Bce Merpuueckne TeOpHHM BX/MHOYAOT JOMOJHHTEIbHBIE
IPaBHTALMOHHBIE MO/ H 3THM oTainda:orcsa oT OTO. HMmen-
HO M3-32 3THUX JONOJHHTENbHLIX MoJell ryio6anbHble CBOHCT-
Ba BcesieHHO# BJAHMSIOT HA JIOKaJbHYIO TDAaBHTALHOHHYIO
¢usuky. Tak, HEKOTOpbie TEOPHH MPEACKa3biBalOT MeJIeH-
Hble M3MEHeHHs] CO BPEMEHEeM BeJHUHHbl I'PAaBHTALHOHHOM
nocrosingoit G B Xoje 3BoJOUUH BceneHHoO#.

OzxHako psii acTpOHOMHYECKHX HaG/IOJeHHA MO3BOJsIET
JaTh CHJbHbIE OTPAHHYEHHs HA TEMN H3MeHeHHs G H TeM
CaMbIM HaJIOXKHTb CHJIbHbIE OTPAHUYEHHS Ha TMapameTphbl TeX
TEOPUIl TpaBUTAUHUH, KOTOpble NPENCKA3LIBAOT H3MEHEeHHe
G co BpeMeneM. YKasaHHble OTpaHHUYEHHs! ObLIH MOJYYEHBI
M3 aHaaM3a 3BOJIIONMH CKOIVIEHHH TaJaKTHK, SBOAIOIHH
Conuua, KoseGanuit JIyHbl, a TakXKe N0 PaAHOJIOKALMH 1A
Her. Kpome Toro, mpenjioxeH psij 1a60paTOPHLIX 3KCHEPH-
MeHTOB. CoBCeM HEJABHO 3KCIEDPHMEHTATOPHl H3MePSIH Men-
JIeHHble BapHalUMH NapaMeTPOB OPOHT IJIAHET C OMOLILbIO
PalHOJIOKAIHOHHOTO ClEXEHHUsT 332 CNYTHHKaMH, BbIBeJeH-
HBIMH Ha KPYyroBble OPGHTHI BOKPYT GJIHM3KHX K 3em/e mja
HeT. Pe3y/ibTaThl TaKHX AJIUTENbHBIX H3MEPEHHH IO3BOJIH/IH
YCTaHOBHTb CJeNyouuii npenen AJjs BO3MOXHOIO OTHOCH-
TE/IbHOTO H3MEHEHHsl TPaBHTALHOHHOH mocTosiHHOH G BO
BpeMeHH:

AG/G £0,4-10"1 3a 1 rox. (15.3)

Ecsu yuectb, 4To Bpemsi, npoluejiee ¢ Hayaaa paciiupe-
HHA Bcenenno#t, cocrasaser 10192.10° jer, To o4YeBH]-
HO, 4TO 3a BCe BpeMsi 3BOTOUMH BcenenHoit BeanmuuHa G
MOrJ/1a U3MEHHThCSI He C/1M uKOM cuabHo. Ho naxe mepsen-
Hble Bapuanud G, He MpOTHEOpevalye orpaHHyeHHsM (15.3),
MOTJIH Obl CYIIECTBEHHO CKa3aTbCA Ha 3BOJIOIMH OYeHb PaH-
Heii Bcenennoii. [Tostomy orpanuyenns Ha AG/G npescras-
JAFI0T OCOOHIA HHTEpec A KOCMOJIOTHH.

K coBepiieHHO ApPYroMy THNY «T€ODHH TeOPHH» IMPH-
HalJe:KHT TaK HasbiBaeMblili NapaMeTPH30BAHHBIA MOCT-
HBIOTOHOBCKHH  popmanusm ([I[TH-dopmanusm). Hecmort-
ps Ha TaKOe, Ha NepPBLIH B3IV, MyApEHOe Ha3BaHHE, CMbIC]
aToro ¢opmanuaMa uYpesBhiyaiiHo mpocr. Jlio6as Teopus
JOJIKHA JaBaTh KOJIHYECTBEHHblE MpPeACKAa3aHHs TpaBHTa-
IHOHHHIX 3)¢dekToB B csaboM rpaBHTAllMOHHOM MOJe, B
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9aCTHOCTH, JAaBaTh NONPABKH K NPEACKa3aHHUSM HbIOTOHOB-
CKOH, TeOpHH, (NOCTHBIOTOHOBCKHE | nonpaskH).; OkaskiBaer-
csl, YTO, HECMOTPSl HAa CHJIbHbIE Pas3/HYHS OCHOB TEOPHH H
METOJIOB HX INOCTPOEHHS, MOXKHO BBECTH NPHMEPHO AECATDb
napamerpoB (ux HasmiBaioT [I[IH-napamerpamu), TakHX,
4To JI000H IpaBHTALUOHHLIA 3(hGdeKT B caMOM ofLieM CJy-
yae MOXKeT ObITh BHIPAXKEH uepe3 H3MepsieMble BeJHYHHBI
(paccrosinne, CKOPOCTb H T. A.) H HEKOTOpHE KOMGHHAIHH
STHX JecsiTH napamerpoB. TakuM o6pasoM, H3MepeHHs,
onucanHeie B §§ 7—11, moryr paccmMarpuBaThC Kak orpa-
HUYeHHs1 HA Te uau uHbe [1[TH-napamerpwl. CrenoBaresib-
Ho, [I[TH-jopmanuam ycraHaBiHBaeT HEKOTOPHIH NOPSAOK
CpelM KOHKypHpYyIOIIHX Teopuil. Kaxpnas anbrepHaTdBHAs
TEOpHs, NPEX/e UYeM BCTYNHTb B «uecTHYI0 6oprby» ¢ OTO
H JPYTHMH TEOPHSMH, JOJKHA BHAATh B KauecTBe CBOEH
«BH3HTHOH KapTOuKH» HaGop mpeackasbiBaemnix [1[1H-napa-
MEeTPOB HJIM JIONYCTHMYIO o6/i1acTh 3THX napaMerpos. Comno-
CTaB/leHHe 3TOH HHGPOpMALMM C SKCIIEPHMEHTOM HHOTAA
OTBEpraer Ty HJM HHYIO TEOPHIO, HHOTZA AAeT Ha Hee orpa-
HUYEHHS.

Eme pa3 nopuepkuem, uto OTO mo cux mop BelAepKaaa
BCe NOJOGHOrO poja HCOBITaHHsA. A uro GyjeTr Aanblue —
HNOKaXyT OyAyllye 3KCIEpUMEHTHI.

3AKJIOYEHHE

ABTOpHl HanEOTCS, YTO YHTATe]b, MO3HAKO-
MHBUIHHACS C NpEAUIeCTBOBABIINMH NMATHAALATHIO Maparpa-
(damu 3TOH KHHI'H, IOYYBCTBOBAJ, HACKOJBKO I'y6xKe H LIH-
pe cerojHsIHee NMOHHMAaHHE I'PaBHTAIlHOHHOrO B3aHMOJeH-
CTBHSI 110 CpaBHEHHIO ¢ npefctaBieHHsaMH Hpiotona. OTO
COr/IacyeTcsi ¢ LEJBIM PSZIOM OMNBITOB, JeJlaeT KaueCTBeHHbIE
NpeJCKa3aHHsl, KOTOpBIE ellle NPEACTOMT NpPOBEPHUTb (Ha-
npHMep, OHA NpeJCKasbiBaeT TPaBUTALHOHHBIE BHXPH, Ipa-
BHTAlHOHHBIE BOJIHBI, YePHBIE JABIPHI), TaK 4TO HKCIIEPHMEH -
TatopaM M HabJiofiaTe/iIM ecThb Haj yeM paborath. Jla H
nepejl TEOPETHKAMH CTOHT e€llle MHOXKECTBO HEepeIleHHbIX
3ajau.

Bo-nepBrix, B pamkax camoit OTO, no mepe pasButud
9KCMEPHMEHTANbHBIX M Ha6/IOfATe/bHEIX BO3MOXHOCTEH,
BO3HHKAIOT 3ajla4H, HanpHMep, TAKOTrO pOJa: KakKHe BO3-
MOXKHBI HCTOYHHKH IDaBHTALMOHHOTO -H3/yY€HHs, KaK Ha-
JexHee paccyHTaTh HOPMY NMPHXOASALIMX Ha 3eM/II0 BCIJlec-
KOB HJIH 10 KaKHM KOHKPETHBIM HaGJIOJaTeNbHBIM NpPOSB-
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JIEHHSIM YEPHBIX JBIP MOXKHO C YBEPEHHOCTBbIO CYJHTb O HX
cymecTBoBaHHH. KoHeuHO, B TakoHd HeGOJBIIOH KHHXKKE
HeJIb351 OCBETHTH Bce mpobseMul. Tak, B KHUT'Y He BKJIIOYEHB!
npobJieMbl POXAEHHS YacTHI[ B CHJBHEIX T'PaBHTAIlHOHHBIX
NoJsiX, KBAHTOBOE HCIIapeHHe YepPHBIX AbIP, MpoGJseMbl KOc-
MOJIOTHYECKOH CHHTYJSIPHOCTH, MOYTH HEe 3aTPOHYTa MNpo-
6JeMa NPOUCXOXKAEHHUS] CTPYKTYphl BceneHHoit W MHOrHe
JpyrHe BOHPOCHI.

Bo-BTOpBIX, NOYTH HHYErO He GBLIO CKa3aHOo o mpobseMe
KBAaHTOBaHHsI T'PABUTAIlMOHHBIX MOJel, OObeNHHSIO el Bce
H3BEeCTHbIe B3aHMOZEHCTBHS, a Ge3 Takoifi TeoOpHH I'pPaBHTa-
Y He OGOHUTHCH NMPH H3YYEHHH CaMOro HayaJjia pacild PeHHA
Bceneuuo#.

JpyraMu cjaoBamu, Yy 4YHTaTes sl He JOJKHO CO3JAaThCs
BMEYAT/eHHUs], YTO H3JOXKEHHBHIM B 3TOH KHHre HCYepIibl-
BaeTcsl Becb KPyr Npo6seM TpaBHTANHOHHOH (H3HKH.

Ho, kak MBIl Hajgeemcsi, yKe H3 TOrO, YTO B 3TOH KHHIeE
OTpaXkeHO, YUTATeJb MOXKET CIeNaTh BLIBOJ O OYpHOM IpO-
HUKHOBEHHUH IKCNepHMeHTa U HaO/MIOJeHUH B HEKOrAa YH-
CTO TeOpeTHYeCKHe pasfelbl (U3HKH TIPaBHTAIHOHHOTO
B3aUMOJIEHCTBHSA.

Pactymuit 3xcrnepuMeHTaNbHBIA U HAOMIOAATEN bHEIH TO-
TEHIHa/ HameHd IJlaHeTkl, pacliipeHHe «1abopaTOpHH» 10
MacitaboB CoJsiHeyHoH cucTeMbl H Beell BeelleHHOH B 1esioM
Jal0T HaM YBepeHHOCTb, YTO B GyAyleM HaMm yJacTcs Npo-
HUKHYTb B elle 6osiee yAHUBHUTE/NbHBEIE TAHHBI TPaBUTALHOH-
HOrO B3aMMOJEeHCTBHSA, IMyOKe MOHATH ero pojb B MHPO-
3laHHH, KaK B Makpo-, TaK U B MHKpDOMHpE.



MPUJIOJKEHHE

KAKAS NOJIb3A OT TPABUMETPHH .
H ECTb JIH HEBECOMOCTb HA OPBHTE?

Bce, yT0 H3sarajsoch B MpeALIECTBYIOMWIMX Na-
parpadax, 6bI0 MOCBsAIEHO (yHAaMeHTabHBIM CBOACTBAM
IPaBHTALlHOHHOI'O B3aHMOJEHCTBHS, OCHOBHBIM NOJIOYKEHH-
am OTO, skcnepuMeHTaM, rje NpoBeps/Iach TEOPHS IpaBH-
TalHH, acTPOPH3HIECKUM HAOMOAEHHAM, I OOGbsACHEHHA
KOTOphIX TpeGoBajioch npusiedyenne OTO. Bmecre c Tem
He c/lelyeT CYHTarb, 4To (GHU3HKM H HHXKEHephbl, 3aHSThIe
pa3paboTKO#l BBICOKOYYBCTBHTE/NbHLIX MPHOOPOB /151 H3Me-
peHHs TpaBHTalHOHHOTO NOJs, CTaBAT mepel co6o#
€HHCTBEHHYIO Lle/Ib — HCCJIeJOBaTh 3aKOHOMEPHOCTH, HOCS-
mHe ¢yHAaMeHTaNbHBIH XapakTep. YMeHHe C BHICOKOMH
TOYHOCTBIO H3MepSTh I'PAaBHTALHOHHEIE YCKOPEHHs, HX pas-
HOCTH HJIH HX H3MeHeHHs, MO3BOJIfE€T DelllaTh leJbil psn
BaXKHBIX MPHKJ/AJHBIX 3ajad.

DrOT pasnes npejcrab/iseT cO60f HEKOTOPOE OTKJIOHEHHE
OT 4uCTO (U3HUECKOrO H acTPOPU3HYECKOrO HamnpaB/eHHH
KHHIH (noueMy M BblHeCceH B NPHJOXEHHE) — OH MOCBS-
IIeH, TaK CKa3aTb, MPAKTHYECKHM -3eMHBIM H OKOJIO3€MHEIM
rPaBHTALHOHHBIM NpobiemaM. Untarennb, no-BHAUMOMY, XO-
pOILIO 3HAET, YTO yTBepxKAeHHe «3eM/s1 uMeeT GopMy I1apa»
CMpaBe/IMBO JIHIIb B NEpBOM NPHOJHKEHHH». Y TBepxKie-
_HHe O CIVIIOCHYTOCTH 3eMJH CO CTOPOHBI MOJIOCOB — 3TO
JIHIIb «BTOPOE NPHOMMKeHHe». «B TperbeM mpHG/IHKEHHH»
tdopMy 3eMsH onpeznesnsieT HEOJHOPOIHBIA penbed (ropwl,
IOJIHHBI, MOpsi, okeaHnl). OUeBHAHO, YTO 3Ta reOMeTpHYec-
Kasi HEOZHOPOJHOCTb BMeCTe C HEOAHOPOJHOCTSMH MJIOTHO-
CTH 3eMHHX MOpPOJ, NPHJEralluX K MOBEPXHOCTH, NPHUBO-
IHT K 3HAYHTE/NbHBIM Da3JHYHSM YCKOpeHHsi CBOGOIHOrO
NajeHusi g /15 PasHbIX reorpagHyecKHX paioOHOB.

HerasbHoe H3yueHHe HEOJHOPOJHOCTH B pacrpee/eHHH
g Ha TNOBEPXHOCTH 3eMJIH — 3TO OJHA M3 33a1ay ClelHalb-
HOH IMCUHIJINHBI — IPaBUMETPHH, CTOsILEd Ha CThiKe (H-
3UKH H TeOPU3HKH. JICHO, YTO 3HaHHE O TOM, KAK H3MeHs-
eTcsl BeJHYHHA g NpH I[lepeMelleHHH BJOJAb NMOBEPXHOCTH
3eM/H, MOXET AaTb HCKJIOYHTEIbHO MOJIE3HYI0 IJs Teo-
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JI0r0B MHGPOPMAIHIO O TMJIOTHOCTH MPUJEraloumHX (¢CHH3Y»)
K NOBEPXHOCTH 3eMHBIX MOPOJA B ONpeleseHHOM paiioHe.
A Takasi ouedka B CBOW 0O4epeilb MOMKeT GHITb KOCBEHHBIM
yKa3aHHeM Ha 3a/leraHde MNo/e3HbIX HCKONMaeMhIX H, cJe-
1OBaTeAbHO, peKoMeHJauueld K npo6HoMy GypeHHIO (KOTO-
poe MHOrO JOpOXKe, 4eM H3MepeHHe g Ha NOBEPXHOCTH).
Ceftyac OGHIYHKIN MOJ1EBOH (KaK FOBOPSIT T€0JIOTH) NPpHGOP —
rpaBUMETP — MO3BOJISIET H3MEPHTb g € TOYHOCTHIO IO OX-
HOH MHJIHOHHOH moJH. [IpHHUIMN NeficTBHS MoOJEBHX rpa-
BHMETPOB BecbMa MNPOCT: 3TO JHG0 MasTHHK H AJs ompeje-
JIeHHsl g H3MepsieTcsl NMEePHON ero Kose6GaHu#, JHOO Mac-
ca Ha NpYXHHe, YAJHHEHHE KOTOPOH NpONOPIHOHAJIBHO Be-
auyuHe g.0AaHaKo OHH OOJAjalOT PSIIOM CYIIECTBEHHBIX
HeocTaTKoB. BOT OAMH M3 HHX: H3-32 MOHOTOHHOTO H
HEKOHTPOJNIHPYEMOTO HM3MEHEeHHsi JJIMHK MAasTHHKAa HJH
NPYXHHbI, KAaK TOBOPST, MOJI3eT HYJb-NMYHKT. DTO 3Ha-
YHT, YTO TaKOH NMPHOOP HYKHO KAKHUM-TO 06pas3oM Kaaub-
poBarth.

OGbIYHO NPOM3BOASIT HECKOJbKO H3MEpPEeHHH B Pa3HBIX
TOYKax 3eM/IH M, BEpHYBIUHCh B HCXOJHYIO TOYKY, elle pa3
C/IMYAIOT NepBoe H3MepeHHe g € NOCJeAHHM (KOHTPOJIbHBIM).
Taxas npouenypa no3BossieT HCKIIOUHTH HAKAR/IHBAIOIHECA
B npouecce uaMepeHHs omMUGKH. [Ipu 3ToM HEOGXOAHMO GHITH
YBEPEHHHIM B TOM, YTO B TE€UEHHE BCEro BpeMeHH H3Mepe-
HHA HYJAb-TYHKT NO/13eT MOHOTOHHO. Kpome Toro, ykasas-
Has npoueaypa KaJHOPOBKH NMpPEANO/araeT, YT0 H3MEeHeHH s
g B MCXOJHOH TOYKe 3a BCe BpeMsi H3MEpEHHI He eyuiecT-
BeHHbl. Ho 310 He 06s13aTe/bHO Tak, MOCKOJIbKY €CTh MOHO-
TOHHBIE IBUKEHHS PA3/NHYHBIX PalOHOB 3eMJIu (BBEpX, BHH3
M «BOOK»), KOTOpbIE 1IDHBOIAT K N3MEHEHHIO g BO BPEMEHH.
M3 3Toro onucaHMsi SICHO, YTO MasiTHUKOBBIE H NPYXKHHHEIE
MoJieBLie TPABHMETPHl XOPOLIH JIHIIb A/ OTHOCHTEJNBHBIX
H3MEPEeHHH, H WISl HX KaJHOPOBKH Tpedyercs aGCOJMIOTHBINA
rpaBumeTp. TepMHH «aGCOMIOTHBIH» 3[€Ch HMeeT TOT XKe
CMBIC/I, 9TO H METPOJIOTHYeCKH# craHiapt (Kak, HanpiiMep,
BOJOPOJHLIA CTaHAAPT 4acToThl). Takol aGCOJIOTHHI rpa-
BHMETD Obl OTHOCHTEJIBbHO HEJaBHO CO31aH. B ero paspa-
GOTKY BHeC/1H GOJbLIOA BKJAaj COBETCKHe yueHbie U3 Cu-
6upckoro oraenenuss AH CCCP.

Yro6bl NMOHATH NMPHHUMN AEHCTBHS aGCOMIOTHOTO rpa-
BHUMETpPa, BCIIOMHHM, YTO NPH CBOGOJHOM NaJeHHH B Ba-
KyyMe npH HyJIeBoi HauyalbHOH CKOPOCTH BbicoTa H CBSi-
3aHa CO BPEMEHeM NajieHHsi ¢ NPOCTbIM COOTHOILEHHEM:

H=1,gt* (1.1
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HamepuB H u ¢, MOXXHO OnpefeauTh BelHUHHY g. AGcoioT-
HHIAl (€ro Takke Ha3bIBAOT GaJjIHCTHYECKHM) TI'DAaBHMETp
COJIePKHUT TPYOy, U3 KOTOPOH BblKauaH BO3AyX. B Hell na-
JlaeT crekasiHHas npuama (puc. 47). Jlasepuslil ayu orpa-
JKAETCs OT 3TOH MPHU3MBI.H BMecTe ¢ JPYIHM Jy4OM OT TOTO
XKe Jasepa Jaer HHTeppepeHUHOHHYIO KapTHHY. dDortoje-
TEKTOp NOCTaBJIeH TaK, YTO eMy yJOGHO OTCUMTHIBATH CIABHI

SQ'.Z‘ —1
|
|
ly
7
Al Puc. 47. TlpuHuunuanpHas cXxema
{l GannucTHUeCKOro rpaBuMerpa: [ —
! CTeKJsiHHAasE TNpH3Ma, 2—cHcTeMa
1 3 «OTIYCKaHHMsI»  IPH3MbI, 3 — CHCTeMa
7 Sl 4 «MOJXBATHIBAHUS» NPH3MbI, 4—pas-
[y JeJUTENIb ONTHYECKUX Jyueil, 5 —Ba-

D
:—"—_—"—_—@f——< {6_]xyymnas kamepa, 6—aasep, 7 —do-

TOJETEKTIP, 8 —cueTuuK UMITYJIBCOB.

HHTepQEePEHIIHOHHOA KAPTHHBL €C/H NpH3Ma IO BepTHKAaIH
cMelllaeTcsl Ha IOJOBHHY JIMHBEI ONTHYECKOH BOJHEI, TO
(hOTONETEKTOP BBIAAET HMNYyJabC. TakuM 00OpPa3oM, BHICOTA
H cooTBeTCTBYeT HECKONBbKHM MHJ/IMHOHAM ONTHYECKHX IIO-
JayBoJH (ecau H mnopsjgka Merpa), H 3agaua He CJHILKOM
CJIOKHOH 3JIEKTPOHHOH CXeMbl COCTOMT B TOM, 4YTOOBI CO-
CYHTaTh COOTBETCTBYIOLIHE HECKOJNBKO MHJJIHOHOB HMIYJIb-
COB U OJHOBDEMEHHO «3aceub» BpeMsl, KOTOpOe MpOoHzeT,
noka Mzer cueT. OueBHIHO, HYKHO B KauyecTBe COCTABHOIO
37eMeHTa IpaBUMeTpPa HMEThb CTaHJApT BpPeMeHH M TOYHO
3HaTh YacTOTy Jasepa (WM ero JJIHHY BOJIHBI).

M3 npuBejeHHOro (3HAYHTENbHO YIPOLIEHHOTO) ONHCa-
HHUs1 aGCOJIIOTHOTO IpaBHMeTpa CJAEAYeT, YTO 3TO He «IoJe-
BOM», a, TaK CKa3aThb, «CTallHOHAPHBI» npUGop. OfHAKO ero
OYEBHJIHOE NPEUMYILIECTBO — BBICOKAs TOYHOCTh. Hecko.b-
KO TaKUX I'DaBHMETPOB, H3TOTOBJEHHBIX B Pa3HbIX CTPaHaX,
KOTJla UX MPHUBE3JIH B OJHO MeCTO U CHHYHJIH HX MOKasa-
HHS, Jadu pasdpoc B U3MepeHHsX g He Gosee 1-1078 Ho u
91O He npexen. BcmomHuM, uro yactory (M Bpewmsi) ceiiuac
YMEIOT «XPaHHTbY C OTHOCHTENBHOH TOYHOCTBIO 3+ 1071 (cM.
§ 6). CnegoBare/ibHO, B OYAYIIEM MOXKHO OXKHAATL MOBHIILIE-
HHsI YYBCTBUTENBHOCTH 3TOro npubopa.

Heopnoponnocts B pacnpefieneHHH YCKOpeHHs CBOOOJ-
HOT'O NajileHysi BeCbhMa 3aMETHO CKa3blBaeTcsi Ha JBHKeHHH
COYTHHKOB 3eMJsid: OpOGHTHI CNYTHHKOB Jaxke B paMmkax
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HbIOTOHOBCKOH TEOPHH JOJIXKHBI CYLIECTBEHHO OTJIHYATbCS
OT YHCTO 3JunTHYecKHX. Ecau yuecTp eme, uro 3eMist
BpalllaeTcsl, H B pa3Hble MOMEHTH BPeMEHH ABHIKEHHS OKO-
JIO3EMHOT'O COYTHHKA IOJ TEMH YY4acTKaMH OPGHTHI, M0 KOTO-
PBEIM COYTHHK COGHpaercsi MPOJIETETb, MOXET OKa3aThCsl
«IONIOJIHUTEIbHASY Macca (HampHMep, TOPHBIH MacCHB), TO
CTaHOBHTCS] OYEBHIHBIM, YTO H TJIOCKOCTb OPOHTHI TOXKE MO-
JKeT H3MEHATbCS BO BPEMEeHH.

Ha nepBeiit B3riisiy, Kazanoch 6bl, YI06HO (C TOUHOCTBIO,
HanpuMep, N0 CaHTHMETPAa — TaKas TOUHOCTb BIIOJHE J0O-
CTynHa, cM. § 6) H3MepATb B ONpeJeJieHHbIE MOMEHTHI Bpe-
MEHH KOODJAHHAThl COYTHHKA H 3areM II0 3THM KOOpJHHA-
TaM H MOMEHTaM BpEMEHH ONpeJeNsTb pacnpeiesneHHe g
Ha Pa3HBIX BRHICOTAX BJOJb BCell 3eMHOH MOBEPXHOCTH C TOY-
HOCTbIO He Huxe, ueM 1-107¢g. OnHako Takas mpouenypa
He TOAHUTCs, MOTOMY YTO peasjibHble OKOJIO3EMHBIE CIIYTHHKH
JIBHXXYTCSl HE TO TOYHO reojie3nueckuM opbutam. WNHBIMH
CJI0OBaMH, Ha OpOHUTE HET TOJHOH HEBECOMOCTH.

[locniennee yreepxkaeHHEe HAXOXUTCS B KaXKyIEMCsl MpO-
THBOPEUYHH C TeM, 4TO BbI, YHTATENH, BHIENU MO TEJIEBH30-
PY H B KHHO: CBOGOJIHO «TJIABAIOIIHEY B OTCEKAX KOCMHYeC-
KHX Kopa6/iell KOCMOHABTHI, KOTOPhIE K TOMY 3Ke JEMOHCT-
pUpYIOT napsiue GOPTOBHIE KYPHAJBI, He3aKpenJeHHbIE
npeaMers! H T. M. OfHAKO ecM MOXKHO GBbLIO Obl MOLOXKIATh
OKOJIO uYaca, HCKJIOYHTb LUPKYJSIHIO BO3LyXa B OTCEKaXx
OKOJIO3eMHOM KOCMHUYECKOH CTaHLMH, TO MOXHO OblIO GBI
YBHIETb 3aMETHOE «CKalJIHBaHHE» BCeX CBOGOZHO MaBalo-
IIUX_TIPEIMETOB Ha CTaHUMH BOJU3H OJHOH H3 ee CTEHOK.
[IpnuuH, nouemy 3TO TakK, HeckosbKo. Hanpumep, HH3-
KOJIETSIIIIHE OKOJIO3eMHBIe CNYTHHKH HEMHOTO TOPMO3SATCS
B BEPXHHX ¢J/109X arMocepbl; OTHOCHTENbHO HeGOJIbIIOH
CIYTHHK ¢ Maccoit 200 KT ¥ mJomanbio OKoJo 2 M2 Ha BhI-
cote Kpyroo#l op6utel 400 KM TOpMO3HUTCS aTMochepoit ¢
yckopeHHeM ~3-107¢ M/c?. Jlapiienre COJHEYHOrO H3Jyde-
HHS TaKXe OTHOCHTETbHO BEJNHKO: AJIs TAKOTo ke He(OJIb-
IIOTO COYTHHKA OHO NPHBOJAHUT K YCKOPEHHIO (HJIH 3aMelJe-
HHIO, B 3aBHCHMOCTH OT OPHEHTALUH HATp aBJIEHUST JBHKEHHS
CyTHHKA Mo oTHowenuwo K Counily) nopsiaka 3- 1078 m/c?.
3ameTHM, 4TO Ha BhICOTaX op6uT mopsiaka 500 KM ycKope-
HHS, BbI3BAHHBIE OCTATKaMH aTtMoc(ephl M JaBjeHHEeM COJI-
HEYHOTO H3JIyYyeHHs, NMPHUMEPHO paBHbl. 3aMeTHBIH BKJIal
B HErpaBHTALHOHHOE YCKOPEHHE CNYTHHKA BHOCHT H JaB-
JIEHHE COJIHEYHOTrO BeTpa (IOTOKA MPOTOHOB H 3JEKTPOHOB,
uenyckaemelx CousnneM). Takum o6pasoM, Ha COYTHHKH
JEACTBYIOT NMOBEPXHOCTHBIE CHJIBI, KOTOphIE MPHBOAAT K 3a-
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METHbIM HEerpaBHTALHOHHEIM YCKopeHHsM. [leficTBHTeNbHO,
HerpasuTainHoHHOoe ycKopeHue 3-107%m/c? 3a 10 cyrok mpu-
BeJleT K OTKJOHEHHIO OT YHCTO HBbIOTOHOBCKOTO JBHXKEHHS
CIyTHHKA MP}MEPHO Ha Y/,-3-10~% m/c2- (10%c)2x21,5- 10 M=
=1500 kM. M3-3a 3THX HerpaBHTAlHOHHBIX YCKOPEHUH HE0B-
XOJHMO CHCTEMAaTHYeCKH CJeIMTb 3a CIYTHHKaMH H MO-
C1USTHHO BHOCHTb KOPPEKIIHIO HX OpOGHT. BoT nouemy oObiy-
HBIfl CIyTHHK HeyIo0eH M TOYHOro M3MepeHHs YCKOpeHHs
cBOGOIHOrO mnajgeHHss Ha opGure.

Kak Mbl orMeuanu Beille, nepeyHC/]eHHble CHJBI, BO3-
JeHcTByIOIYe Ha COYTHHK (Mbl He YHOMSIHYJIH BO3JeHCTBHE
MHKDOMETEOPHUTOB, KOTOpOe 3HAauuTeJbHO ciabee Tpex oOc-
HOBHBIX OTMEUEHHBIX CHJI), SIBJISIOTCS MOBEPXHOCTHBIMH CH-
JlaMH. DTO 3HAYHT, YTO TeJO, MOMEleHHOe BHYTPb CIyTHHKA
(ecnu mpeneGpeub Ha BpeMsi COGCTBEHHBIM I'PABUTAILHOHHEIM
nojieM CrNyTHHKa), Oyler cTpeMHTbCs, [0 NEpPBOro Kaua-
HMS, JBUraTbCs M0 TPAEKTOPHH, CYyLIeCTBEHHO Gosee GJIH3-
KOH K reofe3HuecKoil, ueM caM CHOYTHHK.

CnyTHHK MOXHO clie]laTh JOCTaTOYHO CHMMETDHYHBIM,
TaK, 4TO6bI B HeOOJBIOH O0JacTH BHYTDH CIYTHHKA €ro
COOCTBEHHOE TI'DABHTAIMOHHOE MoJjie ObLJIO MOYTH CKOMIIEH-
cupoBaHo. Ecau moMecturts Tyjna mpoGHOE Teso, OKPYKeH-
HOe GECKOHTAKTHBIMH JaTYMKAMM Ma/biX CMelleHHH, KOTO-
pBle yNpaBJsIOT TArOH peakTUBHBIX MUKpPOJBHraresef, TO
B LEJIOM TaKOH CNyTHHK Oyler ABUraTbcs, NOBTOPSAfA JIBH-
}KeHue MpoGHOro Tesna, MOCKOJbKY BCe MOBEPXHOCTHBIE CH-
JILI, KOTOPbIE «CHOCSITY €ro C
reo[e3NIEeCKOd TPaeKTOPHH,
6YyAYT CKOMIEHCHPOBAHHI TS~
roii wmukpojpurartesneii. Ta-
KO# CIyTHUK W Obl1 Ha3BaH
CIIYTHUKOM, CBOGOJHBIM OT
cHoca (puc. 48). )

CoBepIlleHHO $ICHO, YTO
JUI TPelU3HOHHBIX H3Me-
peHHH rpaBHUTallHOHHOTO I10-
Jas CoJHUIA M IVIaHET CchyT-
HHKH, CBOGOJHLIE OT CHO-

ca, HesameHnuMmul. [lepBhiii
Puc. 48., IlpuHuunuanbHas cxe- ; p

Ma CNOyTHHKa, CBO601[HOFO oT TaKoH Cﬂy'l;HPIK (OH Hasbl-
cHOCA. Baucs «Tpatisagn-1») 6ui1 3any-

meH yyenniMu CIIA 8 1972 r.
H HCNHITHIBAJICA B TeueHMe ienoro roja. Jlas toro 4roGu
YMEHBIUHTb BEJHYHHY MAarHUTHOTO [MOJIsi, KOTOpPOe CO3Za-
ercsi CamHM INpPOGHHIM TEJIOM H HE MOXET OHTb CKOM-
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IEHCHPOBAHO CJjeAsiiel CHCTeMOH, TPo6HOe TeJo ObIIO0 H3-
FOTOBJTEHO H3 CIlJiaBa IJIATHHBI H 30J10Ta — ABYX MaTepHa-
JIoB, 06/1a1aI01HX Ha- H NapaMarHUTHEIMH CBOHCTBaMH.
B peayabrate cyMmapHasi MarHHTHAasi IPOHHIIAEMOCTb NPO6-
HOTO TeJla 0Kasajiach Ha 1Ba MOpsiiKa MeHblle, YyeM y oObIY-
HbIX HedeppPOMAarHHTHHIX TeJl.

Hcnoitanus, nposenennble ¢ «Tpafisnom-1», nokasanm,
YTO ypOBEHb KOMIIEHCAIlHH HerpaBHTALHOHHBIX YCKope-
auil goctur 10-8 cm/c?. BricotTa OpOHTHI CMyTHHKA Ham
noBepxHoCTh0 3eMJyH Gbla okoao 800 xM. dt0 O3Ha-
gaeTr, YTO YPOBEHb KOMIIEHCAIIHH HETPABHTAIlHOHHBIX YCKO-
pennii goxomun jgo 0,1%, 4To 1an0 BO3MONKHOCTH C TOY-
Hocthio 10 100 v mporHo3upoBaTh MeCTOIOJIOXKEHHE
CNyTHHKA Ha op6uTe ka JBe Heaeau srepel. dus oOLIYHBIX
CNYTHHKOB OTKJIOHEHHS] 32 CYTKH, KOTOpble HEOOXOAMMO
KOPPEeKTHPOBATh, COCTABASIOT (OTHH MeTpoB. Takum 06-
pasoM, CNyTHUKH, CBOGOAHBIE OT CHOCA, MOTYT CJHY:KHTb
XOPOLIHMH MaBUTAllHOHHBIMH CPHEHTH{AMH.

Mbl He OymeM OCTaHaBJIHBaTbCA 34cCh Ha TPeGOBaHHAX,
npebsBaseMbIX K YCTPOHCTBY CnyTHHKA, CBOGOLHOTO OT
crioca. KoHe'ino, 1715 CO3M@aHHs1 TAKOro ¢nyTHHKA Tpedyercs
PeIIMTh CJIOXKHBIC TeXHMueckue 3ajaud. OnHako, Kak IO-
KasblBalOT pacuers, B OJuxkaiiuiie Troibl, I0-BHIHMOMY,
ylaeTcss KOMIIEHCHPOBATb HErPAaBHTAIHOHHBIC YCKOPEHHS C
TOuHOCTBIO J0 1010 cm/c?

B 3T0M pasnesie moapoGHO paccMOTpeHH Ba npubopa,
¢ NMOMOILBIO KOTOPLIX MOXKHO OYeHb TOYHO H3MePATh YCKO-
penusi B6sin3n 3eMju (Ha ee MOBEPXHOCTH W Ha OPOHTE).
HazemMHass u okosio3eMHasi rpaBUMETPHSI NPOAOJKAET H
cefilyac HHTEHCHBHO Pa3BHBAThCs. DTa AHCUHIVIHHA, KaK
yXe 0TMeuaJioch BHIIIe, I03BOJIET pelllaTh BaXKHble 3aja-
YH reoJIOTHYeCKOH pasBegkH. MoXHO 0XHIaTh, YTO B He-
najnekoM OyaylleM rpaBHMeTpnl OYAYT MIHPOKO HCIOJB30-
Batbca Ha JIyne, Mapce u Jgpyrux nJjaserax.
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