DKCHEPUMEHTHI IO MMPOBEPKE TEOPUH TpaBUTOCHED
H.A. MuxaiiinoB

Teopwust rpaBuTOC(Ep OCHOBaHA HA CIOUCTO-000I0YEYHON CTPYKTYpPE aTOMOB, KOTOpast
MPOCTUPAETCS OT LIEHTPA aTOMa Ha OTHOCHUTEIHHO OOJBIIINE PACCTOSHUS, 3HAUNTEITHHO
NPEBBIMIAIOIINE OOIIEIPUHATHIN «pa3Mepy» aroMa.

Crnowucro-o6onoueunas crpykrypa (COC) aToMoB MacCHBHOTO Telia POPMHPYET ero rpaButochepy,
KOTOpast SIBJSIETCS OOIIEH CIIOMCTO-000I0YEYHOM CTPYKTYPOI BCEX aTOMOB, BXOSIIUX B JJaHHOE
teno. Takum 006pazom, BOKPYT JIt0OOTO MACCUBHOTO Tejla (MACCUBHOTO OOBEKTA) UMEETCS
HEKOTOpasi peajbHas (puzndeckas cpefa — rpaBuTocepa, KoTopas sSBISIETCS HEOThEMIIEMON
4acThIo 3TOro Tena. [1]

[Ipencka3annas B TEOpUU rpaBUTOCHEP CIOUCTO-000I0UEUHAsI CTPYKTYpa aTOMOB XOPOIIIO
coracyercs (OATBEPKAAETCs) C LIETIbIM PSIIOM SKCIIEPUMEHTOB:

1. DKCepuMEeHTHI 10 TU(PPAKLIUHU 3IEKTPOHOB HU3KHUX dHEPruil. [2]

DKCIIepUMEHTHI TIOKA3aJIM, YTO pacCesHUE dJIEKTPOHOB HU3KUX SHEPTUil Ha Kparo Au(pakinoHHON
PELIETKH [TPOUCXOIUIIO TaK, KaK OyATO aTOMBI 3TOH pElIETKH UMEIU HEKOTOPYIO CIOUCTYIO, YIIPYTro-
000JI04€UHYI0 IPOCTPAHCTBEHHYIO CTPYKTYPY.

CornacHo Teopuu rpaBUTOCHEp, paCCETHUE JICKTPOHOB MPOUCXOAMIO UMEHHO TaK, KaK OHO
JOJHDKHO TPOUCXOAUTH Ha KPUCTAIITMYECKOH peleTke aTOMOB, UMEIOIIUX CIIOUCTO-000JI0UEUHYIO
CTPYKTYPY. DICKTPOHBI C HU3KOW IHEPTUECH, CTATIKUBASCh CO CIIOUCTO-000JI0UETHON CTPYKTYpOi
aTOMOB Ha Kparo Iperpajibl, OTCKAKUBAIM PUKOLIETOM OT HEKOTOPbIX cioeB COC 3THX aTOMOB,
UMEIOUIUX TUIOTHOCTb, JOCTATOYHYIO IS YIPYTroro OTPa)KeHUs STHUX AJIEKTPOHOB.

2. DKCTIEpUMEHTHI IO TOPMO3HOMY M3JIy4E€HHE AIEKTPOHOB HU3KUX SHEPTU MTPH NMPOXOKIECHUN
yepe3 y3Kkue menu. [3]

[IpoBeneHHbBIC HKCIIEPUMEHTHI 3a(DUKCUPOBAIH ""OECKOHTAKTHOE" B3aMMOJIeHCTBUE "TIPOIETHBIX "
AJIEKTPOHOB C TPaHHUIIAMM "TIPOJIETHOM" 1€ MPH IHUPHUHE LIENH JO 2 MUKPOH, YTO
COIPOBOXK/IAJIOCH TOPMO3HBIM U3JTyYEHHEM.

CornacHO Teopuu rpaBUTOCHED, 3TO ABISIETCS CIEACTBUEM B3aUMOIEHCTBHS "MPOJIETHBIX "
AIIEKTPOHOB CO CIOUCTO-000JI0UEUHOM CTPYKTYpO aTOMOB I'PAaHUIIBI LIEJIH, YTO MPUBOJUIO K
BO30YX/IEHUIO 3TOM CIOMCTO-000I04€YHOM CTPYKTYPBl aTOMOB U MOSIBJICHUIO MHAYIIUPOBAHHOTO
U3ITy4YEHUSI.

3. DKCIepUMEHTHI 0 OECKOHTAKTHOMY B3aUMOJEHCTBUIO HAHOYACTHULIBI (MUKpPOCGEpPHI) € MI0CKOI
MOBEPXHOCTHIO. [4]

B sTOM 3KCcniepuMenTe ObLIIO 3aperuCTPUPOBAHO BO3HUKHOBEHHE OOKOBOTO JBUKEHUS MUKPOC(hEpHI
IpY €€ BpallleHNH HaJ IUIOCKON MOBEpXHOCTHIO. COIIacCHO TEOpUH rpaBUTOChEp, ITO SABIISETCS
CJIEICTBUEM B3aUMOJICHCTBUS CIIOMCTO-000JI04€YHON CTPYKTYPhl aTOMOB MUKPOC(HEPHI CO CIOUCTO-
000JI04€YHBIMH CTPYKTYpaMH aTOMOB IUIOCKON MOBEPXHOCTH. Takoe B3auMOAEHCTBHE IPUBOIUT K
s¢deKkTy TUIa TPEHUs, YTO U BBI3bIBACT MOSIBICHNE HEKOTOPBIX CHUJI BBI3BIBAIOIINX JIBUKEHHUE
MUKPOCHEPHI.

4. DKCTIEpUMEHTHI IO B3aUMOJICHCTBHIO SACP TSHKEIBIX aTOMOB MPU UX «OECKOHTAKTHOM)
CTOJIKHOBEHHH. [4]

DkcrepuMeHTHI Ha OonbiioM aaponHoM komnaitnepe (BAK) 3adukcupoBanu B3auMoeicTBHE siiep
TSXKEIIBIX aTOMOB IIPU UX «DECKOHTAKTHOMY CTOJIKHOBCHHH, YTO COMMPOBOXKAAIOCH U3JTYUCHUEM
ramma-(oToHoB. CortacHO TeOpuu TpaBUTOCPEpP, ITO TAKKE SBISAETCS CICACTBHEM
B3aMMO/IEUCTBUSA CIOUCTO-000JI0YEUHBIX CTPYKTYP aTOMOB, B JAHHOM CITy4ae siiep TKENbIX
aTOMOB, TIPH UX CTOJIKHOBEHUH He 1100 B 7100, a BCKONB3b. B pe3ynbrare B3auMoeCTBHS CIIOUCTO-
000JI0YEUHBIX CTPYKTYP SIFEP aTOMOB Ha OOJBIIION (OKOJIOCBETOBOM) CKOPOCTH MPOUCXOIUT
YaCTUYHOE Pa3pyIICHHE TAKUX CTPYKTYP, YTO COMPOBOXKIAETCS U3TydeHHEM (POTOHOB.



OHeprust 3TUX (OTOHOB 3aBUCUT OT CKOPOCTH JABHMKEHHS YacTHI] (S7iep aTOMOB), OT UX MACChl,  OT
TOT0, KaKH€ CJIOU 3TUX CTPYKTYpP BCTYIST BO B3auMoelcTBre. Yem Oosbliie Macca U CKOPOCTh
YaCTHI] U YEM MEHBbIIIE PACCTOSHUE MEX/y HUMU MPH TAaKOM CTOJKHOBEHHH, TEM BBIIIE OyleT
SHeprusi GOTOHOB.

5. DKcIepuMEHTHI 10 TeIuIonepeaade MeKIy MUKpOYaCTHIIAMU Yepe3 Majible 3a30phl. [5]

Ouszuku u3 CHIA npoBenu SKCEPUMEHT 10 TEIUI000MEHY MEXAY MUKpoTenaMu (HEOOIbITUMU
IUIOCKUMH MEMOpaHaMU) pacIioioKEHHBIMUA OTHOCUTENIBHO JIPYT JIpyra ¢ HEKOTOPBIM 3a30POM.
Pasmep 3a30pa MexIy STUMU MEMOpaHaMH COCTABIISUT BCETO HECKOJIBKO JIECTKOB HAHOMETPOB, HO
IIPU STOM IPEBOCXOINI OOIIETPUHSTHIN pa3Mep aTOMOB B COTHU pa3.

B sToM citydae, coriacHO CyIIeCTBYIONUM MPEACTABICHUAM, MEXKAY MEMOpaHaMH MOT ObITh
TOJIBKO JIYYUCTBIN TEIJIO0OMEH, T.€. Iepeiada Teria (OTOHaMH B COOTBETCTBUU C 3akoHOM [lnaHka.
OnHaKO HKCTIEPUMEHT MOKa3aJl, 4TO TEMI00OMEH MEXIy MeMOpaHaMH ITPEBOCXOHI IPUMEPHO B
CTO pa3 MaKCUMAaJIbHO BO3MOJKHBIHM JTyYUCTBIA TETNIOOOMEH MEXK/y HUMH, UTO HE COOTBETCTBOBAJIO
3akoHy IInanka.

CornacHo Teopuu rpaButocgep, HabI0AaeMbIil B 3TOM SKCIEPUMEHTE SKCTPEMAIbHO BHICOKUN
TEII000MEH MEXAy MeMOpaHaMH SBIISIETCS CIIECTBUEM TOTO, YTO KPOME JIYYUCTOTO TEMI000MeHa
(TerurooOMeHa oToOHAMM) MPOUCXOINIT U TETUIOOOMEH ITyTEM B3aUMOJICHCTBHSI CIIOUCTO-
000JI0YEUHBIX CTPYKTYp aTOMOB 3THX MEMOpaH.

Cnoucto-060104€YHbIE CTPYKTYPBl aTOMOB ITPOCTUPAIOTCS HA PACCTOSTHUS 3HAUUTEIIHHO
MPEBOCXOAAIINE OOLIETIPUHATHIN pa3Mep aTOMOB U MPH 3a30p€ B JECATKH HAHOMETPOB MOTYT
B3aMMO/IECTBOBATh JPYT C APYTOM.

[Tpu Temmneparype Bblie aOCOIIOTHOTO HYJS BCE aTOMbl BUOPUPYIOT CBOMMH CIIOMCTO-
000JI04€UYHBIMH CTPYKTYpaMH, YEM BBIIII€ TEMIIEPATypa, TEM BBIIIE YaCTOTA U aMIUIUTYa BUOpaluu
aTomoB. Takum 00pa3oM BUOpallvsi aTOMOB OJTHOM MeMOpPaHbI MOIJIa MepeIaBaThCs aTOMaM JPYroi
MeMOpaHBbI, 00eCTIeurBasi MPU TOM 3HAYUTEIHHO 00JIee BRICOKHUMA TEIJI000MEH, YeM MOT J1aTh
TEMI000MeH (OTOHAMH.

Taxkum 00pa3om, UMeeTcs UENbIid PsiJl FKCIIEPUMEHTOB, KOTOPBIE XOPOIIO COITIACYIOTCS CO CIOUCTO-
000JI04€4HOI CTPYKTYpOI aTOMOB, M KOTOPbIE MOKHO PaccMaTpUBaTh KaK HKCIIEPUMEHTHI I10
npoBepKe (MOATBEPIKICHHUIO) TEOPUU TpaBUTOCED.

Teopus rpaBuTOChEp MpeCKa3bIBAET TaKXKe HeNblid paa 3 dexro [6], KOTOpble MOXKHO pa3OUTh Ha
JIB€ OCHOBHBIE I'PYIIIIBI:

1) 3siekTpoanHaMu4yeckue 3¢ PeKThbl, BOSHUKAIOIINE [TPU B3aUMOJICHCTBUH IEKTPOMarHUTHOTO
U3Ty4eHus (CBeTa) ¢ rpaBUTOC(epoil MaCCHBHOTO Tea;

2) rpaBuTOIMHAMUYecKkHe 3(pGeKThI, BOSHUKAIOIINE IPU B3aUMOACHCTBUM IBUKYIIHUXCS

rpaBuTochep.

JKCNepUMEHTHI 10 MPOBepPKe JIeKTpoauHaMmnieckux 3¢ dexroB Teopun rpasutocdep.
[maBHBIM 2JEKTPOJMHAMUYECKUM (P PEKTOM TeOpUH rpaBUTOChEp SABISETCS 3aBUCUMOCTD
CKOPOCTH CBE€Ta OT (PU3MUECKHUX NTapaMeTPOB rpaBUTOCHEPHI, KOHKPETHO, OT MTOKa3aTes
IPEeIOMIIEHUS TPaBUTOC(EPBI, KOTOPBIH ONpeNeNnseTcs ee HEeKTPOMarHUTHBIMU CBOMCTBAMU:
JTUBJIEKTPUYECKON 1 MarHUTHON MPOHUIIAEMOCTBIO IPaBUTOC(EPHI.

CkopocTb cBeTa B rpaBUTOC(Epe MaCCUBHOTO Tela onpeaessercs GopMyIoi:

V.=c/n

rae V. — CKOpOCTh CBETa B TpaBUTOC(Epe MACCUBHOTO TEa;

C — DJIEKTPOAMHAMUYECKasi HOCTOsIHHAs (CKOPOCTh CBETA BJAIM OT MACCUBHBIX Tel);

N — MOKa3aTelb MPeIoMIIEHHS IPaBUTOCHEpHI.

[TokazaTenpb mpeaoMIeHHs B TaHHOM TOYKe rpaBUTOC(Epbl MACCUBHOTO Teja (00BbEKTa) 3aBUCUT OT
Macchl Tesia M ¥ OT pacCTOsIHUSA 10 IIEHTpa Macc 3Toro Teina. [1]



CormacHo Teopuu rpaButocdep, Bce 3¢ (HeKThl, BOSHUKAIOIINE IPU TBUKCHUH CBETa B
rpaBuTOoC(hEpe MACCUBHOTO TEJa, SBIISIOTCS CIEICTBHEM 3TOTO TIIaBHOTO 3(pdeKTa: 3aBUCUMOCTH
CKOPOCTH CBeTa OT (PU3MUECKHUX MapaMeTPOB rpaBUTOCHEPHI, OT €€ MOKa3aTesl MPETOMICHUS.
Takum 00pa3oM, TH000M IKCTIEPUMEHT MOATBEPKIAIONINN JTF000M U3 IEKTPOTUHAMHYECKUX

3¢ eKToB, BOSHUKAIOIINUX MPHU ABIKEHUHU CBETA B rpaBUTOC(Epe MACCUBHOTO Tella, SIBISETCS B TO
KE BPEMs OKCIICPUMEHTOM, IMOATBEPKAAOIINUM U3MEHCHUC CKOPOCTH CBETA ITPU €TI0 JIBUKCHHUU B
rpaButocdepe.

OnHUM U3 TaKUX SKCIIEPUMEHTOB SIBIISICTCS U3BECTHBIN HKcriepuMeHT [laynna u PeGku ¢ ramma
n3nydenuem. CoracHo Teopuu rpaButocdep, sxciepumenT [laynna u PeOku daxruuecku
NOATBEPIMI SPPEKT U3MEHEHUSI CKOPOCTH CBETa (ANIEKTPOMATHUTHOTO U3JTYUYEHHs ) OT IMOKa3aTes
IPEJIOMIIEHUS TPaBUTOC(EPBI MACCUBHOTO TeJla, B JAHHOM CIIy4ae ITpaBUTOC(EpPbI 3eMIIu.
[Tokazarenp mpenomiIeHHs TpaBUTOC(EPBl MACCUBHOTO TeJla 3aBUCUT OT €€ TUNIOTHOCTH, KOTopast
3aBUCUT OT MaccChl 3TOTO TeJa U OT PACCTOSIHUSA 0 €r0 LIEHTpa Macc.

Taxkum O6pa3zoM, B yCIOBUSIX 3eMIIH, TIOKA3aTeNb MPEIOMIICHHS €€ TPaBUTOC(EPHI, a 3HAYUT U
CKOPOCTh CBETa B IpaBUTOC(EpPE 3eMIIN, 3aBUCUT OT PACCTOSIHUSA /10 €€ LIEHTpa Macc.

B ycnoBusix npoBeneHust u3BeCcTHOro skcnepumenta Ilaynna u Pebku, ckopocTs cBeTa (raMma
I/I3J'Iy‘—IeHI/ISI) AO0J’KHA 3aBUCETH OT BBICOTHI HAXOXKJACHUS IPUEMHHKA raMMa U3JTy4YCHUA
OTHOCHUTEJIBHO UCTOYHUKA ITOTO U3IIYYEHHUS, YTO U IT0KA3aJl IKCIIEPUMEHT.

B nannoe Bpewmsi, sxcniepumenT [laynna u PeOku nHTEpripeTHpyeTcs Kak MOATBEPKICHUE
MpeICKa3aHus TEOPUH OTHOCUTEILHOCTH DUHINTEHHA O 3aMEJICHHH X0/la BPEMEHHU BOJIM3H
MaccUBHBIX Tell. OTHAKO, 3aMeJIEHUE X0/la BpeMEHHU BOJIM3U MAacCCHBHBIX TE€J, TO BCETO JIUIITh
a0CTpakTHBIN 3P PekT MaTemMaTHIeCKON Teopun DiHIITEHA. To, 9TO B TEOpUHU OTHOCUTEIIBHOCTH
MHTEPIPETUPYIOTCS KAK 3aMeJJIEHUE X0/1a BPEMEHH, B PEAIbHOCTH SIBIISIETCS 3aMEJIJICHUEM
CKOpPOCTH CBETa B IpaBUTOC(EpPE MACCUBHOTO Tela, KOTOpas ABJISETCS pealbHON (hu3nyecKon
CpenoM ¢ TpaJueHTOM MOKa3aress npeaoMieHus. [7]

CornacHo Teopuu rpaButocdep, B akcnepumenTax [laynna u PeGku peructpupoBagoch UMEHHO
M3MEHEHHUE CKOPOCTU TaMMa U3IydeHus (raMmma-(pOTOHOB), YTO MPUBOANUIIO K U3MEHEHHUIO JITTMHbI
BOJIHBI DTOTO U3JIy4CHHUS.

B sTOM 3KCTIEpUMEHTE, HCTOYHHUK M MPUEMHHUK TaMMa U3Ty4eHUs! ObUIH BBITIOJTHEHBI U3 OJJTHOTO U
TOTO K€ M30ToINa xeye3a. TakuM 00pa3oM, HICTOYHHUK U IPUEMHHUK raMMa U3ydeHus ObuIn
HaCTPOEHBI Ha U3JIYYEHHUE CTPOTO ONPEIEICHHON JUIMHBI BOJIHBI. KOrna nCTOYHNK U MPUEMHHK
HaXOAMJIMCh Ha OTHOW BBICOTE U OBLIN HEMOABMKHBI OTHOCUTENIBHO JPYT APYra, TO JJIMHA BOJIHbI
U3ITy4YeHUs] He U3MEHSUIAaCh, U MPUEMHHK MOIVIONAl raMMa-(OTOHbI UCITYIIEHHBIE U3JTydaTesIeM.
Korna npreMHUK HaxoaniICs BbILIE HCTOYHUKA, CKOPOCTh TaMMa MU3JTyYEHUS TIPUXOIAIIETO K
IIPUEMHUKY BO3pacTaja, COOTBETCTBEHHO JUIMHA BOJIHBI H3JIY4€HUS YBEJIMUNBAIACH, U IPUEMHUK
y>Ke He TOIVIOINIa raMmMa-(hOTOHbI UCITYIIIEHHbIE n3aydaresneM. UToObl CKOMIEHCHPOBATh 3TO
VM3MEHEHUE JUTMHBI BOJIHBI TaMMa U3JIy4€HUS U3-3a U3MEHEHHs CKOPOCTH 3TOTO U3ITyYEHUs,
MCTOYHUK U3JIyYEHUs IPUBOJIUIIN B JBUKEHUE OTHOCUTEIILHO IpUeMHHKA. [Ipu a3TOM npoucxonumio
M3MEHEHUE IJTMHBI BOJIHBI FaMMa U3JlydeHus 3a cuet Jloriep agdexra, 1 MpUeMHUK HadYHHAI
HOIVIONIATh raMMa-(hOTOHBI UCITYIIIEHHbIE H3TydareneM. [§]

Bricokast 4yBCTBUTENBHOCTD SKcTiepruMenTa [laynaa nu PeOku kK M3MEHEHHUIO AJTUHBI BOJIHBI raMMa
U3ITy4YEHUS TI03BOJISET 3apUKCUPOBATh HE TOIBKO APPEKT U3MEHEHHSI CKOPOCTH CBETA B
rpaButochepe 3emiu, HO U ekt yBaeueHus cBeta rpaButochepoit 3emiu.

B sTOM BapuaHTe 3KCiepuMeHTa U3Iydareib U MIPUEeMHHUK TraMMa-(pOTOHOB MOKHO PacIOI0XKHTh
TOPU30HTAIILHO OBEpXHOCTU 3eMitd. O0sS3aTeIbHBIM YCIOBUEM (DUKCAIIMH YBICUEHHS raMMa
U3Ty4eHus TpaBuTocdepoil 3emin apuseTcs odecneueHne, Kak ICTOUHUKA, TaK U PUEMHUKA,
BO3MOYKHOCTBIO JIBJKEHUS C HEKOTOPOH CKOPOCTBIO OTHOCUTENBHO OBEPXHOCTU 3€MJIH.

Eciiy uCTOYHMK U MPUEMHHUK TaMMa U3J1y4eHHs] HETIOIBUYKHBI OTHOCUTENBHO APYT Apyra U



OTHOCHUTEJIBHO I'paBUTOChEPH 3eMIIH, TO JUTMHA U3JTY4YE€HUS] U3MEHATHCS He Oy/neT U MPUEMHHUK
OyzeT nmomomars raMMa-(GOTOHbI UCIYIIIEHHbIE U3TydareseM.

Ecnu MCTOYHMK U IPUEMHHK OYIyT JABUTaThCS C HEKOTOPOH CKOPOCTHIO OTHOCHUTEIBHO
rpaBuTocheps! 3eMin, HO TIPU 3TOM OyIIyT HEMOABIKHBI OTHOCHUTENFHO APYT IPyTa, TO [UTHHA
BOJIHBI M3JIy4€HUS] MOJKET U3MEHHUTBCS U3-3a €T0 YBJIeUeHUs IrpaBUTOC(hepoil 3emMiin, U MpUEeMHHK He
OyzeT nmonomars raMMa-GOTOHbI UCIYIIIEHHBIE U3TydareseM.

Tak kak [lorutep 3¢ ekt B 3TOM ciyyae HabIroaaThesl He OyeT (MCTOYHUK U PUEMHUK
HETIO/IBIKHBI OTHOCUTENFHO APYT IPyTa), TO U3MEHEHUE JIUTHHBI U3ITydeHHs OyIeT 13-3a ero
yBIIeueHus rpaBuTocdepoit 3emin. 8]

Emte omauM snextpoanHaMudeckuM 3G GeKToM TEOpuu rpaBuTocdep sSBISETCS MPETOMICHHE CBETa
B rpaBuTOChEpe MAaCCUBHOTO Teia. DTOT 3P heKT MOKHO HAOIIOAATh, HAPUMED, TIPU MPOXOKTCHUHI
cBeTa oT 3Be31 BOnmu3u ColHIla BO BpeMs MTOJTHOTO COTHEYHOTO 3aTMEHHUSI.

CornacHo Teopuu rpaBuTOC(hEp NPEIOMIIEHHE CBETA B 3TOM CiIy4ae MPOUCXOAUT BCIEICTBUE TOTO,
4TO rpaBUTOC(epa MAaCCHBHOTO Tela SBIsIeTCs] PU3UIECKON Cpefoi ¢ TpaiueHTOM MoKa3aTens
npesnomieHus. [Ipu 5ToM OTKIIOHEHUE CBETa OyJIeT MPOUCXOANTH K IIEHTPY MAcC Tena, K IIEHTPY ero
rpaButochepsl. CoriacHo Teopuu TpaBUTOCHEP OTKIOHEHHE CBETA 3aBHCHT OT IpaUeHTa
MoKasaress MPeIOMIICHHS TpaBUTOC(Eepbl MaCCUBHOTO Tena. [Ipu 3ToM BeTnYnHA OTKJIOHEHUS
CBETa MOXET OBITh OOJbIIE, YeM ITO JaeTCS B TCOPUU OTHOCUTEIHLHOCTH, B KOTOPOI OTKJIOHEHHE
CBETa TPAKTYETCS KaK NCKPUBJICHUE aOCTPAKTHOTO MPOCTPAHCTBA-BPEMEHN MACCUBHBIM TEJIOM. [9]

B mepBoii mosoBrHE MPOIIIIOTo BeKa OB MPOBEIEH IENBIN Pl SKCTIEPUMEHTOB T10 OTIPEICIICHUIO
OTKJIOHEHUs cBeTa BOMM3K CoNTHIIa BO BPEMSI MOJIHBIX COJIHEUHBIX 3aTMEHHH.

B cratbe [10] nmpoBeneH aHaNNU3 3TUX SKCIIEPUMEHTOB, KOTOPBIN MOKA3all, 4YTO «Pe3yNbTaThl BCEX
HaOIOACHUH C MOJTHOM OMPEAETICHHOCTHIO TOBOPSAT, YTO OTKIOHEHHE CBETOBOTO JIydya IMpH
npoxokieHnn okoJio ColtHIra 0oJIbIle, 9YeM J1aBaeMoe OOIIeH TEOPHE OTHOCUTEILHOCTI.

K TakoMy k€ BBIBOAY IPUXOAAT U APYTUE UCCIEN0BATENN, HATPUMED, U3BECTHBII aCTPOHOM,
nupekrop [lynkoBckoit oocepBaropuu A. A. MuxaiioB, KOTOPBIA MPOBOIWI aHAIH3 TI0
pesynbraTam 6 HaOIroneHul (SKCIeanInii) 3a 35 Jet.

Ero ananu3 nokaszai, 4To pe3yJabTaTbl HAOMIOACHUI HE JOKa3bIBalOT THIEPOOIMUECKHM 3aKOH
OTKJIOHEHUsI CBETa, KOTOPBIN JaeT Gpopmyna DiiHmreiiHa. [10]

Ha puc.1 npencrasnen rpaduk oTkiIoHeHUs cBeTa BOMM3u CollHIa 10 TpeM TEOPHSIM: TEOPHH
Herorona, Teopun DifHITelHA 1 Teopun rpaBUTOChEp ¢ 00paTHO-KBaAPATUYHON 3aBUCUMOCTBIO
IIPEJIOMJIEHUS CBETA OT paccTosiHUA 10 1eHTpa ConHua.

ITo ocn Y - moka3aHO OTKIIOHEHUE CBETA 3BE3/] B YINIOBBIX CEKYH/IAX.

ITo ocu X - nano paccrosiHue ot LeHTpa CoNHIA B €ro paguycax.

Yem Ommrke HaxosATCs 3Be3/1bl K CONHITY, TEM CHIIbHEE CMEIEHUE MOJI0KEHUS 3TUX 3BE3]1 IPU MX
HAOJIOIEHNH U3-3a OTKJIOHEHHUS JIy4ya CBEeTa OT 3TUX 3Be3]] P NpoxokaeHuu Boau3u ConHua.
[TosTomy omnpenenenue cMeIIeHus 3Be31, MOJIMKEHNEe KOTOPBIX Ha HeOe Onn3ko K ColHILy,
HauOoJee BaXKHO U J1aeT HauboJiee TOYHbIE JaHHbIe (MEHBIIIE OTHOCUTENbHAS TOTPEIIHOCTh
uzmepenust). [lonoxxenue 3Be3n, koropele ObuM Hanbosee 6au3ku K CoHILY BO BpeMs HaOMIoAeHus
B bpasumuu B 1919 roay, nokazans! Toukamu 1; 2; 3. U3 rpaduka Ha puc.l BUIHO, 4TO cMeLIeHHe
IIOJIOKEHMSI OTUX 3BE3]] TOUHO COBIAAAET C PACYETHON KPUBOW OTKJIOHEHMSI CBETA 10 TEOPUN
rpaBuTocdep, MpUuueM COBIATAET HE OHA, a TP (Hanbosee BaXKHBIC) TOUKH.

[Tpuyem kpuBast 1o Teopun rpaButochep (mpu oOpaTHO-KBaAPATUYHON 3aBUCUMOCTH OTKIOHEHHS
CBEeTa) UJIET 3aMETHO BbIIIe y camoro kpas ConHila, yem runep6oia no popmyne DUHIITEHA.

Takum 00pa3zoMm, pesyabTarsl HaOmoAeHU B bpasmmmu B 1919 romy xoporio cornmacyroTcs ¢
Teopuelt rpaBuTocdep mpu 0OpaTHO-KBAPATUIHON 3aBUCUMOCTH OTKJIIOHEHUS CBETa BOIHU3U
MAaCCHUBHBIX TeJI, KOTOPYIO MPEACKa3bIBaeT Teopus rpaButochep. [9]
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HuTepecHble pe3yabTaThl ObLTH MOTYYSHBI TAKXKE B SKCIISAUIIMA HEMEIIKUX aCTPOHOMOB BO BpEeMsI
MOJTHOTO COJTHEYHOTO 3aTMeHud 1929 rona. Ynaunoe nonoxenue 38e37 okoino CosHIa BO BpeMst
3aTMEHUS TIO3BOJMIIO H3MEPUTH CMEIICHUE 3BE3/IbI, KOTOPast HAXOIMUIach OY€Hb OJM3KO K KParo
Comnnna (ayTh 60bI1Ie TOTOBUHBI paauyca ComHiia ot ero kpas). [11]

Ha oxnoit u3 (oTomacTHHOK CMeIleHue 3TOH 3Be3/bl JocTurano 1,56 yrioBoi cekyHIbl Ipu
paccTosiHuM 3Be3/1bl OT LeHTpa ConHiua 4yTh Oonbiie 1,5 ero paguyca (3Be3na 13 u3 Tabmuis).
Ecnu cmenienre nomaoxeHust 3Toi 3Be371bl BO BpeMs 3aTMeHus 1929 rona Hanectu Ha rpaduk
(Touka 4 Ha puc.l), To OHO MPAKTHUECKU COBIAAET C KPUBOM OTKIIOHEHUS CBETA M0 TEOPUHU
rpaBuTocdep, u 3T0 OylIeT y)Ke yeTBepTasi ToUka Ha KPUBOH, MpuueM n3-3a 6mu3zoctu kK CorHIy,
camas BaKHasl.

Opnnako HaOM01aeMO€e OTKIIOHEHUE OT TMIIEPOOIMUECKOr0 3aKOHA MOXKET OBITh CBA3aHO € APPEeKTOM
yBiedeHus ceeta rpasurocdepoit Connua B HabmoneHusx B bpasunuu B 1919 roxy.

[TosTOoMy 111 yTOUHEHUS 3aKOHA OTKJIIOHEHUS CBeTa BOJIM3M MACCHUBHBIX TeJl TpeOyeTcsl MPOBECHHE
HOBBIX 3KCIIEPUMEHTOB C YYETOM BceX 3PPEKTOB MpeICKa3aHHbIX Teopuel rpaBuTochep.

B aBrycre 2017 roaa, Bo Bpems nosiHoro 3armenus Conxna Ha Tepputopun CILIIA moxHO ObLITO
IIPOBECTHU LENbIN psAJl SKCIIEPUMEHTOB IO MpoBepke AP ekToB Teopuun rpaButocdep. [12]

OpnHako HUKaKuX CBEJEHUI O IIPOBEIECHNH U PE3YIbTaTaX TAKUX HKCIIEPUMEHTOB B OTKPBITYIO
neyarb He MOCTYIAJIo.

Kpome skcneprMeHTOB, KOTOpbIe MOKHO ObLIO IMPOBECTH BO BPEMSI IIOJTHOTO COJTHEYHOTO 3aTMEHUS
B aBrycte 2017 roga, ObUTH NpEIOKEHBI U IPyTrue 3KCIIEPUMEHTHI 110 MpoBepke 3(PPEKTOB TEOpUU
rpaBuTochep.

B aBrycre 2017 rona, 3emns, ConnHue u Mapc HaxoquIMCh ITPAKTUUECKH HA OJJHOU MPSIMOW JIMHUH,
a BOimM3u Mapca HaxoquI0Ch HECKOIBKO KOCMHUYECKUX alaparoB. DTO MO3BOJISIIO IPOBECTH
U3MEpPEHUs 110 3a/Iep’KKe CUT'HaJa OT 3THX arlapaToB IpU ero NpoxokaeHun Boimu3u ConHua.
3azepkKa curHajia mpu ero npoxoxjaeHuu Bomu3u CoinHia OyaeT SBISTHCS CIEACTBUEM Cpa3y IBYX
3 PeKTOB TEOpUH rpaBUTOCHEP: CHUKEHUSI CKOPOCTH CBETa B rpaBUTOC(Eepe MaCCUBHOTO Tella
(ConHiia) 1 yBenu4eHHMsI MyTH CUTHAJIA 33 CUET €ro OTKJIOHEHUs OT MpsIMOH (TpeloMIIEHHE CBETa B
rpaButocepe Connna). [13]

B aBrycre 2017 M0xHO ObLII0 IPOBEPUTH e1ile oAuH (D (HEKT Teopuu rpaBUTOCdep: yBICUCHHE
CBETa WIH paguocuraaia rpaButocdepoit ComHIIa BCIEACTBHE €€ BpAICHHS.

CormacHo Teopuu rpaBUTOChEp, PE3YIBTATHl U3MEPEHUH MOTYT 3aBUCETh OT TOTO, C KAKOW CTOPOHBI
ot CoJHIIa IPUIIIEIT CUTHAT WK JTyd cBeTa. [13]

Bb110 IIpeu1o’keHo TaKkke /1Ba BApUaHTa HKCIIEPHMEHTA 110 YBJIEUEHUIO CBETA IpaBUTOC(HEpOi
3eMJIM ¢ UCTIONb30BAHUEM CITyTHUKOB Ha opOute 3emiu. [ 14]

B nepBom BapuaHTe, yBiIeueHHe CBETa rpaBUTOC(hHEpoi 3eMiln IpeaIaraloch U3MepsTh 10 BpEMEHN
MPOXOXKJICHUS CBETOBBIX CUT'HAJIOB, KaK MO X0y ABM)KEHMS JBYX CIyTHHKOB Ha OJJHOM opOuTe, Tak
Y IIPOTUB UX JABMKeHUs. [Ipu paBeHCTBE CKOPOCTEH IBUKEHUS CITyTHUKOB, OHU OyAyT HEOABHKHBI
OTHOCHTEJIBHO JPYT ApYra, HO3TOMY, €CIIU BpeMs IPOXOXKACHUSI CUTHAJIOB OYyJIET pa3HbIM, TO 3TO
OyZieT u3-3a yBII€UeHHsI CBEeTa rpaBUTOChEpOit 3eMiu.

Bo Bropom BapuaHTe, yBI€UeHHE CBETA TpaBUTOCGHEPOl 3eMITH Mpearaaoch U3MEpSTh MO
M3MEHEHUIO JJIMHBI BOJIHBI cBeTa (OMB). B aTOM BapuanTe, BMECTO IByX CIIyTHUKOB MOXKHO
UCIIOJIb30BaTh TOJIBKO OJMH CITyTHHK, HA KOTOPOM YCTaHOBJIEHO YCTPOMCTBO Ul U3MEPEHUS
M3MEHEHUS JJIMHBI BOJIHBI CBETA MPH JIBUKEHHUH CBETA B rpaBUTOC(EpE 3eMIIH KaK M0 XOAY
JBUKEHMS CITyTHHUKA, TaK U IPOTUB. ECiM cUrHan oT HCTOYHMKA K IPUEMHUKY MJIET 110 XOLY
JBUKEHMSI CITyTHHKA B rpaBUTOC(hepe 3eMiu, To JJIMHA BOJIHBI U3JIy4eHHUs Oy[eT yMEHbIIAThCS.
Ecnu curuan ot UCTOYHMKA K TPUEMHUKY MJET MIPOTHB X0J1a IBUKEHUS CITyTHHKA B TpaBUTOC(EpE
3eMJIH, TO JAJIMHA BOJIHBI U3JIyueHHs OyJeT BO3pacTaTh.



Ecnu curuan ot UCTOYHUKA K IPUEMHUKY HJIET 110 X0y JBM)KEHUS CITyTHUKA B TpaBUTOC(Epe
3emJiiu, TO AJIMHA BOJIHBI U3Ty4eHHs Oy/1eT YMEHbIIAaThCS.

V3meHeHne IMHbI BOJIHBI U3YYEHHUS B TAKOM HKCIIEPUMEHTE OyJIeT MPOUCXOIUTh U3-32 U3MEHEHHUS
CKOpOCTH IBWKeHUs cBeTa (OMB) OTHOCUTENHEHO PETUCTPUPYIOMIETO YCTPONUCTBA 32 CUET
YBIIEUEHUSI CBETA IPaBUTOCHEPOi 3eMITH.

DKCIIEpUMEHTAMH 110 YBJICUEHHUIO CBETA TPaBUTOC(EepaMy MACCUBHBIX TET SIBISIOTCS TAK)Ke TaKue
M3BECTHBIE DKCTIEPUMEHTHI Kak dKcniepuMeHThl duzo, Maiikenbcona u Canbsika. [15]

OmnbiT ®u30, 3TO MIKPOKO U3BECTHBIN U OTHOCUTENBHO MPOCTOM SKCIIEPUMEHT, B KOTOPOM
WCITOJIB30BAJICSI BECbMA TOYHBIN METO H3MEPEHUSI CKOPOCTH CBETA MO CMEIICHHUIO
UHTEP(EPEHITMOHHBIX TIOJIOC U3-32 PA3HOCTH BPEMEHHU MIPOXOXKICHUS JTydeil cBeTa B Iiedax
untepdepomerpa. B skcriepumente @u3o, CBET OT UCTOUHMKA paCILEIUIsUICS Ha JIBa Jy4a, O/IUH U3
KOTOPBIX JBUTAJICS 10 HAMPABICHUIO IBIXKEHUS Cpebl (BOAbBI), a APYTO JTyd JIBUTAJICS IPOTUB
JBIDKEHUS cpenbl. VI3MepeHus mpoBOIUIINCH, KaK MPU HEMTOBIKHON Cpeie, TaK U MPHU JBUIKECHUU
Cpebl. DKCIIEPUMEHT MOKa3al, YTo ABMKYIIasics cpea (BoJa) yBIEKAaeT CBET, HO yBIIEUCHHUE CBETa
IIPU 3TOM HE MOJIHOE, a YACTHUYHOE.

CoracHo Teopuu rpaBurocdep, B skcnepumente Ou3o peanbHO NPUCYTCTBOBAIH /1B (PU3NUECKHE
cpeabl: Boaa u rpaButocdepa 3emun. [Ipuuem Boja ABUranack OTHOCUTENLHO HHTEPHEpOMETpa, a
rpaButocgepa 3eMiI B JaHHOM 3KCIIEpUMEHTE Bcerna Oblia HEeMOIBUKHA OTHOCUTEIBHO
UHTEphEepoMeTpa.

B teopuu rpaButocdep, o0bsicHeHne 3 deKTa YaCTUYHOrO YBICUEHHUS CBETA JABIKYILENCS Cpenoi
B omnbiTe ®U30 oueHb npocroe. Tak Kak JBHKEHUE CBETa MPOUCXOAUT B KOMOMHUPOBAHHOMW Cpesie,
COCTOSIIIIEN U3 HEKOTOPOI IBHKYILEHCS OTHOCUTEIFHO UHTEPPEPOMETpa Cpeibl, HAIPUMEP BOJBI, U
HETO/IBKHON OTHOCUTENBFHO HHTEeppepoMeTpa rpaBUTOChEphl 3eMITH, TO U YBJIEUEHUE CBeTa OyleT
HE TOJIHBIM, a YaCTUYHBIM, TPOMOPIHUOHAILHBIM (PU3NUYECKUM CBOWCTBAM 3THUX JBYX cpell. [15]

Ortcrona CienyroT U OTPULIATENbHBIE PE3YIBTAThl SKCIIEPUMEHTOB MaiikenbcoHa - Mopiu 1 Ipyrux
MOAO0OHBIX IKCTIEPUMEHTOB TI0 OOHAPYKEHUIO yBIeueHUs cBeTa. IHTepdepoMeTp B ITUX
HKCIePUMEHTaX OBl HETMOABHKEH OTHOCUTENBFHO 3€MIIH, @ 3HAYUT U OTHOCUTENIBHO €€
rpaBuToc(epsl, U HUKAKOTO YBJICUEHHs CBETa OT rpaBUTOC(EpHl 3eMIM HE MOTJIO TPOUCXOAUTH.
Opnaxo, 3apUKCUPOBaTh YBIEUEHHE CBETA IPaBUTOCHEPON MOKHO, €CIIH IKCIIEPUMEHT IIPOBOJIUTH C
UHTEPPEPOMETPOM, KOTOPBII HUMEET HEKOTOPYIO CKOPOCTh JIBM)KEHUSI OTHOCUTEIHHO TPaBUTOCHEPHI
3emiiu, ¥ TaKhe SKCIIEPUMEHTHI YK€ MTPOBOIMINCH. DTO 3KCIIEPUMEHTHI C BpalatOIIMMCS
uHTEppepoMeTpoM Tuna skcrepumenta Canbsika. [15]

B nauane npouutoro Beka JKopxk CaHbsIK IPOBEI HKCIIEPUMEHT, B KOTOPOM HE Cpefia IBUTatach
OTHOCHTENBHO HHTep(hepoMeTpa, a HHTep(hepoMeTp IBHUTAIICS OTHOCUTEIHFHO 3EMITH.

B skcenepumenTe Canbska HHTEpGEpOMETp Bpalaics OTHOCUTENBHO 3eMITH, TO €CTh JIBUTAJICS
OTHOCHTENBHO rpaBuTocheps! 3emin. B 3ToM cirydae OTHOCUTENBHASI CKOPOCTH JIBHKCHUS
OTIpeJIeINIAETCS YITIOBOW CKOPOCTBIO BpallleHUs! HHTEp(epoMeTpa 1 ero pazmepamu, 4to u
3a(pUKCHpPOBAIT HIKCIIEPUMEHT. DKCIIEPUMEHT MOKa3aJl, YTO B 3TOM ciy4yae 3(pQeKT yBieueHus cBeTa
IPSIMO MPOTOPIIMOHANIEH YIJIIOBOW CKOPOCTH BpallleHHUsI UHTep(hepoMeTpa U pasMepam
uHTephepoMeTpa.

CornacHo Teopuu rpaButocdep, sxcrepuMeHT CaHbsiKa MOKa3aj 3aBUCUMOCTb 3P deKTa yBIeUeHU
CBETa OT CKOPOCTHU ABMKEHHUS HHTep(epoMeTpa OTHOCUTENBHO IpaBUTOCGhEPH! 3eMi. [15]

Eme onaum a3¢ppextom Teopun rpaButochep, KOTOpbIii MOXKHO POBEPUTH SIKCIIEPUMEHTAJIBHO,
SBJISIETCS CMEILIEHHE CIIEKTpa U3JIyuyeHHs! (CBETa) MPH €ro ABMKEHUH B TPaBUTOC(HEpEe MaCCUBHOTO
Tesna.

310 3P PeKT rpaBUTOCHEPHOTO CMEIIEHHS CIIEKTPA AIEKTPOMArHUTHOTO M3IydeHus (cBeTa). [14]



[Tpu npoxokaeHNH cBeTa (3MEKTPOMArHUTHOTO U3IIYYEHHUsI) B TpaBUTOC(epe MAaCCUBHOTO TEJa,
JUTHA BOJTHBI CBETa OYJET M3MEHATHCS TIPOMOPIIMOHATIEHO M3MEHEHHIO CKOPOCTH CBETA B TAHHOM
rpaButocgepe.

O710T 3¢ (deKT BO3ZHUKAET BCIEICTBUE 3aBUCUMOCTH CKOPOCTH CBETA OT MOKa3aTelis MPeTOMIICHUS
rpaButochepsl MaccuBHOTO Tena. [lokazarens npeaoMieHus rpaBUTOCHEpbl MACCUBHOTO Tela
3aBHCHUT OT MacChl 3TOTO TeJla U OT PACCTOSHUS /10 IIEHTpa Macc JaHHOTO Tela.

[Tpu ynaneHny oT MaCCHBHOTO Tella CKOPOCTh CBeTa OyAeT pacTH, U JAJIMHA BOJTHBI CBETa Oyner
YBEITUYNBATHCS, UTO Oy/leT HaOIMIOAaeTCs KaK «KpaCHOE CMEIICHHE) CBeTa (M3IydeHus).

[Tpu 0OpaTHOM IBMKEHUU CBETA, U3 001aCTH MEHEe TIOTHOM rpaBUTOC(hEpsI B 001acTh Oosee
MJIOTHOM TpaBUTOC(EPHI (K MACCHBHOMY OOBEKTY), CKOPOCTh CBETA, & 3HAYUT U JIJTMHA BOJIHBI CBETA,
Oy/leT yMEHbIIAThCs, YTO OyeT HAOMIOIaThCs KaK «CHHee CMeIleHne) cBeta (u3myueHus). [16]

KpacHoe cMmerienre HabmonaeTcs, HApUMEP, B CIEKTPE U3IIYUYCHUS TAKUX MACCUBHBIX OOBEKTOB
KaK 3B€3/Ibl, B TOM YHCJIE U B CIeKTpe n3nydenust CorHIa.

CuHee cMelIeHre CIeKTpa OyIeT HaOMIIaThCs, HalpuMep, MPH IBUKECHUH CBETa
(3TEKTPOMArHUTHOTO CUTHAJIA) OT KOCMHUYECKOTO armapara, KOTOPbId HaXOAUTCS Ha OKpanHEe
CoJIHEUHOM CHCTEeMBI, UJTH JIaXKe MPOCTO Ha BHICOKON OKOJI03€MHOW OpOuTe, HampuMep, Ha
reoCTaIMOHApHON (CHHXPOHHOI) opowuTe.

OTHOCHUTENHFHOE U3MEHEHUE JITMHBI BOJIHBI CBETA (3IEKTPOMArHUTHOTO M3IIYYCHUS) TIPU JBUKSHUN
B rpaBuTocdepe OyAeT onpeaensTbest GopMyIoi:

AMA = Ac/c

rae A - u3fydaeMasi JJInHa BOJIHBI CBETA;

C - CKOPOCTh CBETa B rpaBUTOC(HEpE B TOUKE U3TYUCHHUS;

A\ - U3MEHEHUE JJIMHBI BOJIHBI CBETA TIPH €T0 JIBIXKCHUH B TpaBUTOChEpE;

Ac - I3MEHEeHHEe CKOPOCTH CBETa MPHU €ro JBIKEHUU B rpaBuTochepe. [16]

DKCIEpUMEHT IO MPOBEPKE AaHHOTO 3(pdexra Teopun rpaBUTOCHEp MOXKET OBITH IPOBEJIEH C
WCTIOJIB30BaHUEM POCCHIICKOTO KocMHuUeckoro anmnapara Cnexrp-P.

Criextp-P HaxoauTcs Ha sruMnTHYECKOi opOute ¢ nepureem B 600 kM Haj 3emiieil u anoreem
cebiiie 300 000 kwm.

CornacHo Teopuu rpaBUTOCHEp, Ha TAKOH BHICOKO AIUIMIITHYECKON opOuTe OyneT Habmonarbes

s dexT n3menenus ckopoctu ceeta (OMB) u3-3a rpaguenTa mokasarens IpeToOMICHHS
rpaButocheps! 3emin. IPPEeKT U3MEHEHHsI CKOPOCTH CBETA BBI3OBET P APYTruX d3PPEeKTOB TEOpUU
rpaBUTOC(hEP, KOTOPHIE MOTYT OBITh SKCTIEPUMEHTAIIBHO 3a()UKCHPOBAHBI.

OnHuM U3 Takux 3(h(HeKToB SABISIETCS YKa3aHHBIN BbIlIe 3()(EKT CMELICHUs CIIeKTpa U3TyYeHHs
(M3MEeHEeHHUs UTMHBI BOJIHBI U3y4YEHHs ), KOTOPBIM BOSHUKAET BCIIEJICTBUE 3aBUCUMOCTH CKOPOCTH
CBETa OT MOKa3aTelis NpeIoMIIEHHs rpaBUTOC(EpPbl MACCUBHOTO Tea.

[Tpu nBUMXEHUHM KOCMUYECKOTO armapara mo opOuTe, UTMHA BOJIHBI cUTHaIa oT anmnaparta Crnektp-P
Oynet MeHsAThCs. Ha pa3HbIX yuacTkax opOUTHI ckopocTh cBeTa (OMB) Oynet paszHoii us-3a
rpaJveHTa IMoKa3aressi IpeJoMIIeHUs B TpaBUTOChepe 3eMiid. DTO MO3BOJISET SKCIEPUMEHTATIBLHO
OTIpEAETTUTh 3aBUCUMOCTD ITOKA3aTelNsl MPEIOMIIEHUS TpaBUTOC(EPHI 3eMIIH U 3aBUCUMOCTh
CKOPOCTH CBeTa B rpaBUToCcdepe 3eMIId OT PacCTOSIHUS JI0 ee IeHTpa. [14]

Eme onun 3¢pdext Teopun rpaButocdep, KOTOPhI MOKHO IKCTIEPUMEHTAIBHO TPOBEPUTH, 3TO

s dexT rpaButochepHOro THH3UPOBAHUS. ITOT YPPEKT MOKET BOZHUKATH MPU HAOIIOIECHUN
U3JTY4YeHHUs (CBEeTa) OT HEKOTOPOTO JaJIeKOro 0OBEKTa, HallpuMep, raJIakTUKH, CKBO3b I'paBUTOC(hEpY
HEKOTOPOTO JPYroro, 04€Hb MACCUBHOTO 00BEKTa, HAPUMED, APYTroM raJlakKTUKH C MAaCCUBHBIM
saapom. I'paButocepa maccuBHOTO Tena (00BbEKTa) SBIISETCS I cBeTa (PaKTUIECKH HEKOTOPOH
OTPOMHOM ONTHYECKOM JTMH30M, YTO U BBI3bIBAET 3(PPEKT rpaBUTOCHEPHOTO TUHIUPOBAHUS.

O ekt rpaBuTOCHepHOro (rPaBUTAMOHHOTO) JTMH3UPOBAHUS MHOTOKPATHO (PMKCUPOBAJICS MIPU
ACTPOHOMHUYECKUX HAOMIOMEHUAX JAICKUX rajakTuk. [17]



Eme ogaum 3¢pexrom Teopun rpaButocdep, KOTOPhIii MOXKHO MPOBEPUTH HIKCIIEPUMEHTAIBHO,
ABJISIETCS 3aBUCHMOCTh YCKOPEHUS TeJl WM YaCTULl MUKPOMHPA OT CKOPOCTU UX JBUKECHUS
OTHOCUTEIJIBHO UCTOUYHUKA YCKOPAIOIIEH CUIIBI. [ 18]

O10T 3¢ (deKT OTHOCUTCS KaK K YaCTHIIaM MUKPOMHUPA, UMEIOIIUM CIIOMCTO-0007I04EUHYIO
CTPYKTYpY (aTOMBI, IPOTOHBI, JIEKTPOHBI), TAK U K 00bEKTaM MaKpoMHUpa (MacCHUBHbIE TENa,
rpaBUTOC(EPBI KOTOPBIX TAKXKE UMEIOT CIIOUCTO-000JI04EYHYIO CTPYKTYPY).

CornacHo Teopuu rpaButocdep, 3p(HeKTUBHOCTh YCKOPEHHUS ATUX 0OBEKTOB OyJIeT 3aBHCETh KaK OT
UX CKOPOCTH, TaK U OT HapPaBJIEHUS UX JABMKEHUS OTHOCUTENILHO BEKTOPA YCKOPSIOUIEH CHJIBI.

[Ipu poa0IBPHOM YCKOPEHHH 00BEKTa MacCOM m Mo ACHCTBHUEM MPOIOJIEHON YCKOPSIOMIEH CHITBI
F, 3aBucuMocTs yckopeHus (a) 00beKTa OT CKOPOCTHU €T0 JIBIKEHHUS (V) onpeensercs GopMymoii:
a=F/m*(1-v/c) (1)

[Tpu monepeyHoM yCKOpEHUHN 00bEeKTa MACCOM M MO/ JEHCTBHEM MONEPEYHON YCKOPSIOIIEH CHITBI
F, 3aBucumMocTh yckopeHus (a) 00beKTa OT CKOPOCTH €ro JBMXKEHUS (V) onpenaenseTcs Gopmymnou:
a=F/m*{1-(v/c)*}** (2)

I C - CKOPOCTh CBETA.

U3 popmyn (1) u (2) cneayert, 4To KaKk MpU MPOAOIBHOM, TaK U MPH MOTEPEYHOM YCKOPEHUH TET U
yacTull 3pHEKTUBHOCTH UX YCKOPEHHs Oy/IeT maiaTh C YBEJIMUYEHUEM CKOPOCTH UX JABUKCHUS
OTHOCUTEJIBHO UCTOUYHUKA YCKOPAIOIIEH cUIIbl. [19]

N3 dpopmyn (1) u (2) cnenyet, uto 3¢h(HheKTUBHOCTH YCKOPEHHUS J1I000T0 Tesla HEKOTOPOH
ycKopsitouiei cusoit F, B TOM uncie u rpaBUTallniOHHOMN, Oy/IeT CHUKATHCS IPU TPUOIMKEHUN
CKOPOCTH Tena (V), OTHOCUTEIBHO UCTOYHHKA YCKOPSIOIIEH CHIIbI, K CKOPOCTH CBeTa (C).

OTcrona cieayeT, 4To TaKhe YacTUIIHl KaK ()OTOHBI, ABIKEHHE KOTOPBIX MPOUCXOIUT CO CKOPOCTHIO
CBeTa, He OYyT UCTIBITHIBATh ACHCTBUS CUJI MIPUTSHKEHUS (TpaBUTAIMK), TAK XKe, Kak He OyayT
UCTIBITBIBATh JACUCTBUS IPYTUX CHII, HAPHMED, MIEKTPUUESCKUX WM MarHUTHBIX.

3aBUCUMOCTb YCKOPEHHUS TEJ WIH YaCTHI] MUKPOMHUPA OT CKOPOCTH UX JIBUXKEHHUS] OTHOCUTEIBHO
HCTOYHHKA YCKOPSIOLIEH CHITBI, a Taroke popmyssl (1) 1 (2) MOXKHO 3KCIIEPUMEHTAIBHO TPOBEPUTH,
U TaKue SKCIIEPUMEHTBI yKe MPOBOAMINCH. JTO, HAIIPUMED, SIKCIIEPUMEHTHI € AJIEKTPOHAMHU Ha
auHelHoM yckopurene B [llanxaiickom nHCTUTYTE NpUKIagHON Gu3uKu. [20]

DKCTIepUMEHTHI TIOKA3aJIH, YTO 110 MEPE YBEIMYEHHSI CKOPOCTH 3JIEKTPOHOB 3(h(PEeKTUBHOCTD
paboThI TMHEHHOTO YCKOPHUTEINS yMEHbIIaIach. TakuM 00pa3oM, 3TH SKCTIEPUMEHTHI MOKHO
paccMarpHuBaTh Kak IMOATBEPK/IEHUE 3aBUCUMOCTH YCKOPEHHUSI T€JI OT CKOPOCTH UX JBUKEHUS
OTHOCHUTENBbHO ycKopstomei cunbl. [Ipu aTom hakruuecku 6bu1a moaTBepskaeHa U popmyaa (1)
TEOpUU TpaBUTOCHEP I MPOAOIBHOTO YCKOPEHHUSI.

Yro kacaetcs opmyisl (2) A MONEPEUHOr0 YCKOPEHHUs, TO 3Ta GOpMysIa MHOTOKpPATHO MPOBEpeHa
B TE€UEHUE ECITUIIETHI pabOoThl OOIBILIOTO YUCIIA YCKOPUTENIECH 3apsyKEHHBIX YaCTHI], B KOTOPBIX
OTKJIOHEHHE YCKOPSEMBIX YaCTHUI] TPOU3BOAUIOCH MATHUTHBIM I10JIEM (TOBOPOTHBIMU MarHUTaMH).

Takum 00pa3om, Bce dIEKTPOJUHAMUYECKHE dPPEKTH TEOPUH IPaBUTOC(EP UMEIOT KaYeCTBEHHOE
(pusmueckoe) noaTBepkAeHUE. [ MONTyYeHHs] TOUHBIX SKCTIEPUMEHTANIBHBIX JaHHBIX HEO0X0IUMO
MPOBECTH PsIJI HOBBIX KCIIEPUMEHTOB IO MPOBEPKE MEKTPOAUHAMUUECKUX 3(P(PEKTOB TEOPUU
rpaBuToc(ep, BOSHUKAIOIIUX MpHU IpoxoxaeHnu ceeta (OMB) B rpaButochepax MacCUBHBIX Tell.
Bce 31u sKcriepuMeHTsl MOTYT J1aTh HEHHYIO HH(OpMAIHIO I OnpeiesieHus] PU3NUECKUX CBOMCTB
rpaBUTOC(EP MACCUBHBIX TeN U (PU3MUECKON MPUPOIBI TPaBUTALMH (IPUTSIKEHUS TEM).

JKCNEePUMEHTHI 10 NPOBEepPKe rPABUTOAMHAMUYECKHUX I(PPeKTOB Teopuu rpaBurTocdep.
Bce rpaButonunamudeckue 3pdexTsl Teopun rpaBuTochep MOTYT OBITH POBEPEHBI
ACTPOHOMUYECKUMU HAOTIOACHUSIMU 32 IBIPKEHUEM MAacCUBHBIX TeJl B COTHEYHOM CUCTEME U
[anakTuke, myTem QUKcAMK U U3MEPEHUS U3MEHEHUH TapaMeTPOB IBUKECHHS STUX TEl.



['paBuTonMHAMUYEcKUE 3(PPEKTH B TEOPUH rpaBUTOCHEP ABISIOTCS CIEACTBUEM 3aKOHOB
TPaBUTOJMHAMUKH M 3aKOHOB OPOUTAIHHOTO IBIKEHUS. [21]

CoracHo TpaBUTOAMHAMUKE TEOPUU TpaBUTOCdep, MpU ABMKEHUH MAaCCUBHBIX TeJ (TOYHEE UX
rpaBuToCc(hep) OTHOCUTEIHHO JIPYT ApPYyTa, OyAeT BOZHUKATh HEKOTOpas Chja, KoTopas OyaeT
MPENsTCTBOBATh UX OTHOCUTEIHHOMY JABUKEHUIO.

duznyeckas IpUpoa BOSHUKHOBEHUS 3TOW CUIIBI COCTOUT B TOM, UTO MPH JIBHKEHUU TEJ
OTHOCHUTEIILHO JIPYT JIpyra rpaBUTOCHEPHI ITUX Tell OYAyT B3aMMOACHCTBOBATD, IPU ATOM MEXKTY
rpaButochepamu OyneT Bo3HUKATh 3 ekt rpaButochepHoro Tpenus. B pesynbrare, Oyaet
BO3HHKATh HEJBIN psifl 9(h(HEeKTOB, KOTOPbIE MPEACKa3bIBAIOTCS B TEOPUH IpaBUTOChHEp U
MOJITBEPKAAIOTCS aCTPOHOMUYECKUMHU HAOIOJCHUSIMH 32 IBIDKCHHEM HEOeCHBIX Tell. [21]

CornacHo Teopuu rpaBuTocep, Bce rpaBUTOIMHAMUYECKUE 3PPEKThI, BOSHUKAIOLINE TPU
B3aMMOJICHCTBUU IPaBUTOC(EP MACCUBHBIX TEJ MPU UX ABHKEHUU OTHOCUTENIBHO JPYT JIPYTa,
SBJISIFOTCA CIIECTBUEM TNIAaBHOTO 3(pdexTa. DTUM ITIaBHBIM I'PaBUTOJUHAMHUECKUM 3P PexTom
TeopHuH rpaBuTochep ABsiercs 3pPeKT rpaBUTOCHEepHOro TpeHus, KOTOPbIii BOZHUKAET B
pe3ynbraTe B3auMOJEHCTBHS rpaBUTOC(Ep MACCUBHBIX TEJ MPHU UX JBUKEHUHU OTHOCUTENIBHO JIPYT
npyra. Takum 00pa3om, JT1000# IKCIIEPUMEHT MOATBEPKIAIOIINHN JII000H U3 MPEICTaBICHHBIX HUXKE
IrPaBUTOIMHAMUYECKUXI(D(DEKTOB ABISETCS SKCIIEPUMEHTOM, MTOATBEPKIAIOIINM TaKxke 3P deKT
IpaBUTOC(HEPHOTO TPEHHUSI.

OnnuM 13 Takux 3(h(HeKToB, ABISETCS MUPOKO Habmonaemblit B ConHeuHoi cucteme 3pdext
CUHXPOHM3AIMH BpallleHHsI CITyTHHUKA IJIAHETHl BOKPYT CBOEH OCH € €ro OpOUTaIbHBIM JABH)KEHUEM
BOKPYT IUIaHEThIl. B pe3ynbprare cryTHUK 00palieH K CBOEH IIaHeTe BCEra OJJHOM CTOPOHOI.
CornacHo rpaBUTOAMHAMUKE TEOPUH TpaBUTOC(Ep ITO MPOUCXOAUT BCIEACTBUU dPPeKTa
rpaBUTOC(HEPHOTO TPEHUSI MEKIY TpaBUTOC(HEpaMU IJIAHETHI U €€ CITyTHHKA.

Tak nBrxkercs JlyHa OTHOCUTENBHO 3€MIIM 1 MHOXKECTBO CITYTHUKOB IU1aHET COJIHEYHOM CHCTEMBI.
CaMblil sIpKHi IPUMEP TAKOTO ABMXKEHUS, 3TO IBUKEHHE IIaHeTh! I1yToH 1 ero cyTHHKa XapoH.
I'paButocdeps [Inyrona u XapoHa npexkparuian IBUKEHHUE OTHOCUTEIBHO APYT Apyra u3-3a
addexra rpaBuTochepHoro TpeHus u reneps Ilnyron nu Xapon o0palieHsl Ipyr K Apyry Bceraa
0J1HOM cTOopoHOU. [ToHas cuHXpOHHOCTH JBMKeHU [imyToHa 1 XapoHa 03HayaeT, 4To ux
rpaBuToc(hepsl IBXKYTCS YK€ Kak eIMHOe 1Ieoe, T.e. rpaBuTocdeps! [ImyTona u Xapona
(aKTUYECKHU CIUINCH YK€ B OJIHY OOIIYIO TpaBUTOC(Epy 3TOH CUCTEMBI. [22]

Hwxe nepeunciens! rpaBuToguHaMudeckue 3QGeKThl TEOpUU rpaBUTOCHEDP, BOSHUKAIOIINUE MTPU
B3aMMOJICHCTBUU TPaBUTOC(HEP MACCUBHBIX TEI, a TaK K€ JaHbl IPUMEPHI UX TMOATBEPKICHUS
MyTeM aCTPOHOMHUYECKHUX HAOIIOJCHUH 3a TBIKEHHEM MacCUBHBIX Tesl B COTHEYHOU CUCTEME U
I'anmakTuke.

I'paBuronnnamMmmnueckne 3¢ ¢exTnl TeOpun rpasurocdep [23]:

1. CornmacHo Teopuu rpaBUTOCHED, €CIIM OPOUTHI TEJT HAXOASITCS HUKE CHHXPOHHOU OPOUTHI
HEHTPATBLHOTO TeNa, TO ATH Tea JOHKHBI TOPMO3UTHCS TpaBUTOCHEPOH IIEHTPATHHOTO TeNa U
CHIDKAThCSl K HEMY TIO CTIHPAJIH, T.€. IMaJlaTh Ha IIEHTPAIBHOE TEJIO.

[TonTBepKaeHME: TaK IBIKETCS MO opOuTe CryTHUK Mapca — D0o6oc, ICKyCCTBEHHBIE CITYTHUKHU
3emutr Ha OpOUTAX HUKE CHHXPOHHOM, BKITIOUasi MeXayHapoaHyro ctaniuio MKC, u eme
MHOXKECTBO JIPYTUX CIIYTHUKOB I1aHeT B CONHEYHOM cucTeMe.

2. Ecnu Teno IBMXKETCs BOKPYT IIEHTPAJIBLHOTO TeJja M0 €ro CHHXPOHHOM (CTallMOHAPHOI) opOuTe, U
BpalllCHHE TOTO TeJIa CHHXPOHU3UPOBAHO C €r0 OPOUTANBHBIM ABMKEHHEM, TO rpaBUTOChEpa
TAKOTo Tejia OyJeT HeMOABUKHA OTHOCHTEIBHO IPpaBUTOChEPHI IICHTpaIbHOTO Tema. [Tpu aTom
rpaBuToc(epa EHTPATBHOTO TeNla He OyeT HH TOPMO3UTh, HU YCKOPSITH JABMKCHHE TElla Ha
opoure.

Tak nBUTAIOTCA OTHOCUTENIBHO APYT Apyra maHeTa [ nyToH u ee cmyTHuk XapoH.



3. Ecnu Teno nBuKeTcs BOKPYT HEHTPAIBLHOTO Tela M0 KPYroBoil opOuTe, KOTopast HAXOAUTCS
BBIIIIE CHHXPOHHOW OpOUTHI IEHTPAIBHOTO Tella, U ABMKEHHE Tella IPOUCXOAUT B TOM XKe
HAalpaBJICHUH, YTO U BPALIEHNE LIEHTPAIBHOIO TeJa, TO TPaBUTOC(EpPa LIEHTPAIBHOIO Tena Oyaer
Kak ObI YBJIEKaTh 3TO TeJI0 Ha opOuTe. Takoe Teso OyJeT IBUraTbcs BMECTE CO CBOMM CIIOEM
rpaBUTOC(hEPHI HEHTPATHLHOTO TEJa MPAKTHUYECKH C TOM e CKOPOCTHIO.

Tak nBUTaroTCs M0 OpOUTAM MHOTHE €CTECTBEHHbIE CIYTHUKU BOKPYT CBOMX IUIAHET U TUIAHETHI
ConneuHoli cucteMsl BOKpyr ComHua.

4. Ecnu Teno ABMXKETCS PETPOrpagHo 1o OpOUTe BOKPYT LIEHTPAILHOTO TeJa, T.€. HallpaBJIEHHE €ro
OpOUTATBHOTO JIBMXKEHHSI TPOTHBOIOI0KHO BPAIIEHUIO TPAaBUTOC(EPHI IEHTPAIBHOTO Tela, TO
TaKo€ TeJIO0 JOKHO TOPMO3UTHCS TPaBUTOC(EPOI LIEHTPAIBHOIO TeJla U CHUKAThCA K HEMY T10
CIIUpaJIH.

Tak nBUTAIOTCS HEKOTOpBIE MacCUBHBIE Tena B COJIHEYHOM cucTeMe, Hanpumep, cnyTHUK Henryna
- Tpuron.

5. Ecau Teno IBMXKETCS BOKPYT LIEHTPAJIBHOIO Tejla Mo OpOUTE C SIKCIIEHTPUCUTETOM, TO
rpaBuToc(hepa LEHTPAIBHOIO Tesla OyJIeT Tak BIAUATh Ha OPOUTY 3TOTO T€Na, YTO IKCIIEHTPUCUTET
€ro opOMTHI OyJeT MOCTENIEHHO YMEHbIIATHCS, T.€. OpPOUTA TAKOTO Tea OyAeT OKPYIIISAThCS.
Taxoe BnusHUE OKa3bIBaeT, HanpuMep, ConHile Ha opouty Mepkypusi.

6. Ecnu Teno, Hanpumep I1aHeTa, 00palaeTcsi BOKPYT LIEHTPaIbHOIO TeJla, HAIPUMED 3BE3/Ibl, IO
opOuTe HUYKE CHHXPOHHON OPOUTHI IEHTPAJIBHOTO TeJla, TO TaKoe TeJI0 OyleT He TOIbKO
TOPMO3UTHCS TPaBUTOC(EPO LIEHTPAILHOTO TeJla U CHUKATHCSA K HEMY, HO U OyIeT P 3TOM
YCKOPSTH BpallleHHE LEHTPAIBHOTO TEa.

Tax nBUXKYyTCS 110 CBOUM OpOuTam, Haripumep, 3k3omnaneTsl HATS-18b u WASP-18b.

7. Ecnu Teno, HanpuMep IUIaHeTa, 00palaeTcsl BOKPYT LIEHTPAIbHOIO TeJla, HAIPUMED 3BE3/Ibl, IO
peTporpaaHoii opouTe, TO TaKoe TeJo OYJeT He TOIBKO TOPMO3UTHCS IPaBUTOC(HEPOil LIEHTPaTbHOTO
TeJa U CHUXKATHCS K HEMY, HO U OyAeT MPH 3TOM 3aMeUIATh BpallleHHe [IEHTPaJIbHOro Tela.

Tak nBUKETCS 110 OpOUTE BOKPYT CBOEH 3BE3/Ibl, HanpuMep, sk3ortanera HAT-P-7b.

8. Ilpu aBM>KEeHUU Telna, HapUMeEp TUIAHETHI, 0 OpOuTe BOKPYT OoJiee MaCCUBHOTO Teja, HalpuMep
3BE3/IbI, OyZIET MPOUCXOAUTH CMEIICHUE OPOUTHI (CMEIIEHUE TIEPUIICHTPA) ATOTO Tea B
HaIpaBJICHUH BPAIICHUsI LICHTPAIBHOTO TeJA.

Takoe cMmeleHrne HaOIOIAeT s, HapuUMep, y opoOuTe MepKypusl.

9. Ilpu nBMXKEHUHU TeJa IO MOJIAPHONU OpOUTE BOKPYT MAaCCUBHOIO TeJla JOJKHO MPOUCXOIUTH
cMeleHne (TOBOPOT) MIOCKOCTH OPOUTHI ATOTO Tella B HAIIPABICHUHU BPAICHUS LICHTPAILHOTO
Tena.

Takoii MOBOPOT IJIOCKOCTH OPOUTHI IOJIKEH HAOII0AATHCsI, HAPUMEP, Y UCKYCCTBEHHBIX
CIIyTHUKOB, HAXOMAIIUXCS Ha MOJISIPHBIX OpOUTAX.

Kak nokasaHo BblllIe, rpaBUTOAMHAMUYECKUE Y3PPEKTHI TEOPUH TpaBUTOChEp MOATBEPKAAIOTCS
COOTBETCTBYIOIIMMHU aCTPOHOMUYECKUMH HAOTIOICHUSMU 32 IBUKEHUEM MACCHBHBIX Tell B
Conneunoit cucreme u ['anakruke. Takum oOpa3oM, Bce 3PeKTs (peacKazaHusi) TEOpUn
rpaBuToc(ep Kak 3MeKTpoANHAMHYECKUE, TaK U TPAaBUTOJUHAMUYECKIE UMEIOT (pu3nyecKoe
(xauecTBEHHOE) OATBEpKACHUE. [24]

Huxoman Muxaiinos
4.1.2019
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Puc.1. I'paduk oTkiionenus ceera BOau3u CoNHLA IO TPEM TEOPUSIM:

teopun HeioToHa, Teopuu DiHILITEiHA U TEOPUU TpaBUTOChED.

CwMerieHue nonoXeHus Tpex 3Be3 Hanbosee 6mu3kux k ConHiy nmpu HaOmoaeHusx B bpaswinu B
1919 rony TouHO coBIaAAET C KPUBOU IO Teopuu rpaButocdep (Touku 1; 2; 3).

Touka 4, 310 cMerieHue 3Be37bl camoil Onu3koii k ConHIly Bo Bpems 3atmenus 1929 roaa.

ITo ocu Y - moKa3aHO OTKJIOHEHUE CBETA 3BE3[] B YITIOBBIX CEKYHIAX.

ITo ocu X - nano paccrostHue ot HeHTpa ColHLA B €ro paguycax.



