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JluHamuKka 4YacTUll B TpPaBUTALMOHHOM IIOJ€ MCCIEAYETCS C MHCIIONb30BAaHUEM MEXaHUKU
Jlarpanxa. [lomyueHsl AMHaMUYeCKHEe ypaBHEHHUs, BKIIOYAIOIIUE CKOPOCTh NepeAayl S3HEPTruu 1
MMITyJIbCA IPaBUTALMOHHOMY NOJII0. PaccMoTpeHo aBuxkeHue yactul B nosie llIBaprmmuiabaa u B
ciydae cina0oil rpaBUTallMM ONpe/eieHa IacCUBHAs TpaBUTAllMOHHas Macca (OToHa u
MaTepUaibHOW YaCTULbI IIPU YCIOBUU COOTHOLIEHMSI MEXAY T'PaBUTALIMOHHBIM [TOTEHLIMAJIOM U
€e CKOPOCThIO « / r <<V ?/c¢? . Haiinena akTBHAs rpaBUTAIMOHHAS Macca Il YaCTHOTO CIIydast
CUCTEMBI U3 ABYX OJJMHAKOBBIX T, IBHKYIIUXCS B IPOTUBOIIOIOKHBIX HAIIPABICHUSX.

1. Benenue.

B o6meit Teopun otHocurensHocTd (OTO) ompeneneHue HMMITYIbCOB MAaT€PHAIBHBIX H
CBETOBBIX YaCTHIl, JBWKYIIUXCS B KPUBOJMHEHHOM IIPOCTPAHCTBE-BPEMEHHU, M  CHII,
JICHCTBYIOIIUX HA HUX, UMEET LIEJbI0 HANUTH PEISATUBUCTCKUE NMONPABKUA K TEOPUU TATOTEHUS
Herotona st cnaboro rpaBuTaniMoHHOro mnojs. Eciu B kauecTBe cocTaBisOLUX 4-BEKTOpa
CUJIbl, JEUCTBYIOLIEH HAa MaTE€pUAIbHYIO YACTUIy €JUHUYHOM Macchl, pacCMaTpUBaThb BTOpPbIE
MPOU3BOHBIE KOOPAUHAT 1O MyTH [1-3], TO B HBIOTOHOBCKOM IMpEJIeNie BEIMYMHA, UTPAIoIas
POJIb TACCUBHOW I'PABUTALIMOHHOW MAaCChl, OKa3bIBA€TCS 3aBUCAILEH OT HAIPABICHUS JBUKEHUS
yacTulpl [4]. DTO ke uMmeer mMecto M s (HOTOHA, €cih C 4-CUJION OTOXKIECTBISATH BTOPHIC
He IPOM3BOJIHbIE KOOpAMHAT 1O ad(UHHOMY HapameTpy, B KauecTBE KOTOpPOro BbIOMpaercs
KOOpPJMHATHOE BPEMS.

JlpyrumM moaxoa0M SBIISIETCS BHIOOD JIarpaHKMaHa 4acTHUIIbI, ONpeiesieHre 0000IEeHHBIX CHIT
KaK €ro 4aCTHBIX MPOM3BOHBIX 10 KOOPMHATE B COOTBETCTBHH ¢ MeXxaHHKo# Jlarpamxka. [5-8].
B OTO ¢wusnueckue CKOPOCTH YacTUI] CTaBATCS B COOTBETCTBHE KOMIIOHEHTaM
KOHTpaBapuaHTHOIO BekTopa 4-ckopocTH. [loaToMy ¢ pu3nueckoil CHiloil CBSA3bIBAETCSI BEKTOP C
BEPXHUMM HHJIEKCAaMM, ACCOLIMUPOBAHHBI C BEKTOpPOM OOOOIIEHHBIX cwi. B »3TOoM ciyudae
NacCHBHAs I'paBUTAI[MOHHAs Macca KaK MaTepUalbHOM, TaK M CBETOBOM YaCTHUI[ OKa3bIBAETCS
HE3aBUCALIEH OT HaIpaBJCHUS UX JBWKEHHs. DHEpPrued W UMITYJIbCAMH YacCTHUI[ CUMTAOTCS
KOMIIOHEHTbI KOHTPaBapHUaHTHOTO 4-BEKTOpa IHEPrHMM-UMITyJIbca, Kak 3TO jAenaercs B [1] ans
YaCTHIbl, IBUKYIIEHCS B IPOCTPAaHCTBE-BpEMEHU MUHBKOBCKOTO.

B nokazarenscTtBe DoKa IBMIKEHHUS CBETA MO Ie€0€3UYECKUM [9] B KauecTBe raMUIbTOHHAHA
Oepercs BpeMEHHas COCTaBJfAIOINAs KOBApHAHTHOTO BeKkTopa 4-ckopoctu. [IpumeneHue
OCHOBaHHOTO Ha JIarpaH»KeBOM MeXaHWKe BapUallMOHHOTO MPUHIIUIA CTAllMOHAPHOTO MHTErpasa
sHeprun (IICHD) x ABMKEHHIO CBETO-TIOJJOOHOI YacTHUIBI B TpaBUTAIMOHHOM Tmoie [5-8] He
MPUBOJIUT K HAPYIIEHUIO U30TPOMHOCTH cBeToBOoro mytu. B [10] Obu1 npeioxken 0000IeHHBIN
npuHuun @depma, B KOTOPOM HCHOJB3YETCS Bapualus HHTErpajga BPEMEHHONW KOMIIOHEHTBI
BEKTOpPa 4-CKOPOCTH, AAIOIINN TPAEKTOPHIO IBUXKEHUS CBETA, COBIA/IAIOIILYIO C I€0/Ie3MUECKOi.

2. YpaBHeHus JlarpanxeBoit MeXaHUKA

B oO0mieli Teopuu OTHOCHUTENHFHOCTH PACCMATPUBAETCS UYETHIPEXMEPHOE ICEBIOPUMAHOBO
IPOCTPAHCTBO-BPEMS C KOOPJMHATAMU X' U METPMYECKUMH Kod(uuunentamu §;;, HHTEPBAT B

KOTOPOM 3aIlrCbhIBACTCs B BUIC

ds® = g dx'dx’ . (2.1)
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OGosunaunm U =dx' /d H BEeKTOp 4-CKOpPOCTH 4YaCTHUIIbl, TAE€ A/ - HU3MEHAEMBI mapamerp.

[Tonyuynm ypaBHEHMsI €€ IUHAMUKH B OOLIEM BUJIE.
Jlarpanxuany yacTuipl L COOTBETCTBYIOT KOBapMaHTHbBIE 0O0OIICHHBIE UMITYIIbChI
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JIBM>KEHME YaCTUILIBI ONPEIEIAECTCS MPUHLMIIOM CTallMOHAPHOTrO AeicTBUsA ['amunbroHa 6S =0
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rae My, w, - 3HAYEHUs IapamMerpa 4 B TOUYKaX, KOTOPbIE COEIAMHSET HUCKOMAas TPAaeKTOpUs
NBIDKECHUSI. Y CIIOBUE DKCTpEMyMa S TIPUBOAUT K ypaBHEHUSM Ditniepa-Jlarpamxka
d oL oL
— -—=0
duou*  ox’
(2.5) C yuerom BbIpakeHHH s 00O0OIIECHHBIX UMIYJIbCOB (2.2) U cua (2.3) 3TH ypaBHEHUS
MIEPETUCHIBAIOTCS B BUC
dp,
du
JlarpamxuaH BBIOMpAETCS TaK, YTO C (U3MYSCKUMHU DHEPTrUCH M HMMITYJIBCOM YaCTHIIBI
CBSI3BIBAIOTCS KOHTPABAPUAHTHBIE UMITYIIBCHI

J Y
P =9"p,. (2.7)
['paBUTAIIMOHHON CHIIE, MEHCTBYIOIIEH Ha Hee, CTaBUTCS B COOTBETCTBHE ACCOIMHPOBAHHBIN
(2.3) BekTOp

~F, =0, (2.6)

FI - gMFi (28)
[Tepexons k HUM B ypaBHEHHsIX (2.6), HaX0aUM

i dpi 09, |
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YMHOXHUB 3TH YpPaBHEHHsI Ha g“* M CyMMHUpPYs IO JBaXJbl BCTPEUYANOIIEMYCS HMHIEKCY A ,

noJy4yaeM
k oq .. .
Ek = dp L g gﬂl.l u'p', (2.10)
du OX

Hanuume BTOporo uneHa B MNpaBOMl 4YacTH OTpakaeT TO, YTO B TPaBUTALUOHHOM TIOJIE
coxpaHsieTcs He 4-UMMyJbC OIHOW JIMIb MaTepuu, a 4-UMIyJIbC MaTepUM BMECTE C
rpaBuTaiMOHHBIM TosieM (cM. [1] § 96). Ero KOMImOHEHTHI BBIPAKAIOT CKOPOCTh M3MEHEHUS
MPHOOPETEHHBIX TPABUTAIIMOHHBIM ITOJIEM YHEPTUH M UMITYJIbCA TIPHU JIBUKCHUH B HEM YaCTHUIIbI

dp*

kA g | i
du t

97 u'p'. (2.11)



WuTerpupoBanue »TOW BEIMYMHBI 1O A/ JaeT DSHEPTUI0 M HMIIYJIbC, MOJYYEHHBIX

TPaBUTALMOHHBIM TOJIEM Ha HEKOTOPOM MPOMEKYTKE €€ TpaeKTopuu. B pe3ynbTaTe ypaBHEHUE
(2.10) moxeT OBITH 3aIMCAHO B BHJIE

k =k
e Opf dp* (212)
du du

W3 3aKkoHOB COXPAaHCHUA DHCPIrUru U UMITYyJIbCa CICAYCT, UTO CHUJIA, ﬂeﬁCTBYIOIHaH Ha 49aCcTulmy
paBHa IO BCIIMYMUHE U IMPOTHUBOIIOJIOKHA 10 3HAKY CHIIC, l[ef/'ICTByIOH_[eI\;I HUCTOYHUK T'paBUTaAllU
CO CTOPOHBI HaCTHULbI. 9TO SKBHUBAJICHTHO BBIIIOJIHEHUIO TPCTHETO 3aKOHA Hrrorona.

3. JluHamMrKa MaTepraTbHON YaCTHIIBI

PaccMoTpuM nuHaMUKy MaTepHalibHOM yacTulbl. JlarpanxuaH MarepuanbHOM 4YacTULBI C
maccoii mokost M ciemyrommii

- i)
L, = cmy/gu'u’, (3.1)
JIns MaTepuanbHBIX YacTHI[ IapaMeTp 4 COBIAnaeT ¢ mHTepBatoM: 4 =S . C (Qu3nuecKuMu

SHEpPrUeii W WMITYJbCOM YaCTHIBI CBS3BIBAIOTCS KOHTPaBapUaHTHbIE HMITYJIbChl (2.7),
NPUHUMAFOIINE BHT
p' = cmu'. (3:2)
Takoit BEIOOp OOYCIIOBIICH TEM, YTO TOJIBKO B 3TOM CIIy4ae KOMIIOHEHTHI 4-BEKTOpa WMITYJIbCA
COBMAJIAIOT 0 3HAKYy ¢ KOMIIOHEHTaMH BeKTopa 4-ckopoctu. IlepBas koMIoHEHTa ompesesnser
SHEPTHUI0 YaCTHUIIBI
E=cp'. (3.3)
['paBuTaliMmoHHas cuia, NEMCTBYIOIIAs Ha MaTepUalbHYIO yacTully, BBULY (2.8) ompexaensercs
dbopmyoit
Q' =cF! = —Ec:mg”ai;jui ul. (3.4)
2 dx
CornmacHo oOmiel TEOpUHM  OTHOCUTEIBHOCTH  JIBJKEHHWE  MATEepHUaIbHOM  YacTHIIbI

OTpeNieNIeTcsl ypaBHEHMSAMHU TIeoJie3nuecKo JuHuM. JIs MarepuaabHONM 4YacTHIBI MpU
narpamxuane (3.1) oHM MOryT OBITH MOJyYeHBI W3 TPUHIMIIA CTAI[HOHAPHOTO JIEHCTBHS
FamunbToHa [9] M TOKAECTBEHHBI YpaBHEHUAM (2.6).

4. MartepuanbHas yactuia B noje IIBapummibaa

['paBuTanmoHHoE noje chepuuecKkoro Tea BHE €ro HICTOYHUKA B CHEPUUECKUX KOOPAUHATAX

X' = (ct,r,8,0) onuceiaercs meTpukoii [IBaprimmnbaa

r
1€ ITOCTOsTHHAs

o =2 (4.2)

2

c
3aJ1aeTCsl TPABUTAIIMOHHOM MTOCTOSIHHOM 7 M TPaBUTAIIMOHHOMN Maccoii Tena M .

1
ds? = ¢? [1_KJ dt? _(1_gj dr? —r?(d6? +sin? 0d ¢?), (4.1)
r

[Tomyunm BeKTOp 4-CKOPOCTH MaTepHaIbHON YaCTHIIbI, IBMKYIIEHCS B HeM. Y paBHeHus (2.6)
JUIs. BpeMEHU-TI0100HOT0 HHTepBaia npu jarpamxkuane (3.1) s i =1,3,4 IpuUMyT BUJ

sk

ds r



di(r2u3)—rzsin 0 cos Ou*? =0, (4.4)
s

%(rzsin2 9u4): 0

(4.5)

JIOTIOJTHUTENBHO U3 BhIpKeHHs 11 MeTpukH (4.1) ciexyer

(ng(ul)z 1 (uz)2 - rz[(ug’)2 +5sin? 49(u4)2} =1 (4.6)
r

5

N3 ypaBHenust (4.3) HaxoauM

cdt_ 77(1 - ﬁj (4.7)
ds r

A€ n - TOCTOsHHAasd. BI:I6€p€M CUCTEMY KOOPAHHAT TaK, YTO JABUKCHHUC YaCTULBI IIPOUCXOAUT B

T
IJIOCKOCTH @ = 2, 4TO JAEeT
2

49 _y, (4.8)
ds
Torpa (4.5) npuHOCUT
de _ A (4.9)
ds r?
rae A - nocrosiauast. [loncrasiss (4.7)-(4.9) B (4.6), noaydaem
AZ
ar_, ,72_[1+_2J(1_3j. (4.10)
ds r r

Henenue (4.10) Ha (4.7) naet

r':ic(l—g] 1—%[1+A—;J(1—ﬁj. (4.11)
r n r r

Jnss MUpPOBBIX JIMHUKM C HEOTPAHWYEHHBIM r 3HAYECHHE [ OMNPEHECIsAeTCS BEIMYHMHON

paauanibHON CKOPOCTH Ha OECKOHEUHOCTH =V U COCTaBUT

V2 -1/2
m=(1——2] : (4.12)

C
Eciu TPACKTOPUIA CBO60,Z[HO I[BI/I)KYI_I_ICI\/'IC}I YaCTHULIbI TAKOBA, YTO paaudlibHasd KOOpAUHATA UMECT

KOHEUHOE dKCTpeManbHoe 3Hauerue [, , To ypasuenme (4.11) BBumy ycmosms [(I,)=0
IPUHOCUT

el

s HEOrpaHWYEHHBIX [0 PaAUyCy TPACKTOPUN, HUMEIIIUX OCb CHUMMETPUH, BBIIOJIHICTCS
M =13

IloncraBnsss HallIGHHbIE KOMIIOHEHTBI BEKTOpPAa 4-CKOPOCTH B BBIPD&KEHUE AJI BEKTOpa
rpaBUTAlMOHHON cuitbl (3.4), AeHCTBYyIOIIEH HAa MaTepHAJIbHYI YAaCTHILYy, HAXOJUM €ro
€UHCTBEHHYIO HEHYJIEBYIO KOMIIOHEHTY

2 2 2
, _Cma(l n°r CA o
. - -2, 4.14
° r [2 r—oc}r r ( 2rj (4.14)

[Ipu cnaboll rpaBHUTAIMH, HEOTPAHWYEHHOM paauaibHOM aBWKeHHMH ( A=0 , ;=5 ) H®

alr<<V?/c® oHampeoOpa3yercs K BHILY



2 2 2

Gr=_C mza[c2+vzj. (4.15)
2r c’ -V

OnHaKo MpH paccCMOTPeHHH HepaauaibHOro aBrxkeHus (A #0) BO M30CKAHHE MOSBICHHS

(UKTUBHOM COCTaBISIOUICH CHIIBI, OOYCJIOBJICHHON HCIIOIB30BaHUEM CEPUUECKON CHCTEMbI

KOOPJMHAT, CJIEAyeT WCIONb30BaTh H30TponHyI ¢opMmy Merpuku [lIBapummnbna B

NpSMOYTOJBHBIX KOOpPIMHATAX (ct, X, y, z) . K Hell MOXKHO mepeiTu ¢ moMoIIbo peodpa3zoBaHus

2
r= (1+i_j o, (4.16)
4r
X=Tcos@cosp, y=rcosdsing, z=rsing, (4.17)

KOTOpPOE€ TIPUHOCHT

4
AT | gt? —(1+ i_) (dx? + dy? +dz). (4.18)
Ll + i_ J ar

4r
bynem paccmarpuBaTh ABHKEHME B INIOCKOCTH Z =0 M HCKaTh CUJy, JACHUCTBYIOUIYKO Ha
YacTUIly, B TOYKE C KOOPAMHATAMH (ct, X,0,0), COOTBETCTBYIOLIUMH & = ¢ = 0 B CPepruecKoit
cucteme otcueta. [lomydaembiM ipu peoOpa30BaHUSIX KOOPAUHAT B IUIOCKOCTH
X =T CoS @, y=Tsing (4.19)
B paccMaTpuBacMOM TOYKE COOTBETCTBYIOT HEHYJIEBBIE IIPOCTPAHCTBEHHBIE KOMIIOHEHTHI
BEeKTOpa 4-CKOPOCTH B IIPSIMOYTOJIbHOW CUCTEME KOOPAMHAT

poGx_dr o dy de

P —=— S = = (4.20)
du du du du
npu (=S JUIs MaTepualibHOM yacTuibl. M3 mpeobpazoBanus (4.16) cienyer
a 2
dr =|1- dr. 4.21
{ 167* ] (#.21)

BBuay KOBapHMaHTHOCTH YpaBHEHUHM TE€OAC3WYECKMX MOXHO IEpPEeHTH OT HX PElIEHUN I
metpuku IIBapummmisaa B cheprueckux koopauHatax (4.7)-(4.10) k peuieHuro Ak METPHKH
(4.18), cnenaB B Hux mpeodOpazoBanue (4.16)-(4.17) u moxcraBuB B (4.20). B pesynbrate
HaXO0JIUM HEHYJIeBble KOMIIOHEHThI BEKTOpa 4-CKOPOCTH:

a 2
(14‘7_\1
__4r

U =n|—"—1, (4.22)
or)
I_ ( 2 )(1—0{_)2]
Y S P O S | T (4.23)
1- a’ I | (@ |L1+aJ I
L 16r_2jL L ' (+4FM arJ |
wo—n (4.24)

[ToacraBisisi MOTyYCHHbIE KOMITOHEHTBI BEKTOpa 4-CKOPOCTH B BbIpakeHue st cuiibl (3.4)
I10JIy4aeM €IMHCTBEHHYIO €€ HEHYJIEBYIO KOMIIOHEHTY



: o Cma (1o a) o a) | fa) 4.2
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2r?
4r

DTO0 BBIpRKEHHE HE 3aBHCUT OT MOCTOSIHHOW A , ompenenseMoil yriioBoil ckopocteio (4.9), B
Clly4ae 4acTHIbl, JABMXKYILIEHCS 1O HEOrpaHMYEHHOM MMPOBOW JIMHUM, YEMY COOTBETCTBYET

o 2
nocrosiuHas 1 (4.12) Ilpu cnaboii rpaBUTamMu M o /r <<VZ?/c? KOMIIOHEHTa CHIbl Q.

COBMAJIET C BBIPAXKEHHUEM ISl CUJIbI B C(pepUUECKUX KOOpIMHATAX MPHU PaJAHaIbHOM JIBUKEHUU
(4.15). OHo sBnsieTcs 3aKOHOM rpaBuTanuu HplOTOHA IIpM MACCHBHOM I'paBUTALMOHHON Macce
MaTepuaIbHONU YaCTUILIbI

oo StV (4.26)

p 2_y? .

Opnako B o0meM ciay4ae BBUJAY HEKOBapMAaHTHOCTH BekTopa cwibl (3.4) mpu
npeoOpasoBanusx koopauHat (4.16), (4.17) B dopmyne mist cunbl B none IlBapiimmnbaa B
chepuueckux koopauHarax (4.14) momydeHHoe BbIpakeHue He coBmanger ¢ (4.25) u s
paauaIbHOTO JBUKEHHS YacTUIbl. B KauecTBe mpumepa pacCMOTPUM TPaBUTALMOHHYIO CUITY,
JEMCTBYIOIIYI0 Ha HEMOJIBIKHYIO MaTepUAIbHYIO YacTHIy. JTOMY CIy4ald COOTBETCTBYIOT

noctosiuaeie A=0, 11 =1, u paccrossaue ot uenrpa I =TI, . HeHnyneBas xommoHeHTa BeKTOpa

cuibl (4.14) npumer BuUI

Qo Cme (4.27)

2
2r? (1+“_)
4t

a TOJy4YeHHas Ui METPUKU B M30TPOMHBIX MPSAMOYTOJbHBIX KOOpAMHATAX KOMIOHEHTa (4.25)
npu nojacraHoBke (4.16) coctaBut
a 15a° o
c’ma|1- ? - +——
2 r16r 64r
Qrest - . (428)

_ 2 5
2r2(1_“_j (M_j
4r 4r

[ToaTomMy 00 aHaOrMM C HEIOTOHOBCKOM TpaBUTAIMEN M TPABUTAIIMOHHON Macce MaTepuanbHON
YACTHUIbl MOYKHO TOBOPHUTH TOJBKO B MpEJIeNie CIad0i rpaBUTAIUN.

5. YacTHbI# cityyail CUCTEMBI, COCTOSIIEH U3 ABYX JIBHKYIIIUXCS TEJ

PaccmoTpuM cuctemy u3 aByx Ten A u B ¢ ogunakoBoii Maccoit M . IIpeanonaraem, 4to oHM
JBIDKYTCS B IIPOTHBOIIOJOKHBIX HAINPABJIICHUAX B CHCTEME OTcdeTa K'=(,x',y',z") C

OJIMHAKOBBIMH 110 BenuunHe ckopoctsimu V u —V. Byaem cuntaTh, 4TO B MOMEHT BpeMeHH t' = 0
UX PacCIOJIOKEHUE TAKOBO, YTO JUIA ONPEICICHHUS CO3/1aBAaE€MOM ITOM CHCTEMOM TpaBUTALlMH B
paccMaTpuBaeMoil 00JIaCTH pacCTOSHUEM Of MeEXy HUMH MOYKHO TIpeHeOpeyb.

[Tpu cmaboii rpaButaruu Metpuka (4.18) B mpuOImkeHHOM BHJIE CTAHOBUTCS CIIETYOIIEH

ds? = ¢’ (1—@) dt —(1+ %)(dxz T+ dy? +dz?). (5.1)
r r

[Tpumenum k Helt npeoOpazoBanus JlopeHua

t=——— X=——=, y=y', =17 (5.2)



OpU YCIOBUHM « / Sr <<V’ /c?. OHO 03HAuYaeT, YTO MCKAKEHHsS MPOCTPAHCTBA U BPEMEHH,
BbI3bIBacMble HanuyueM JlopeHi-pakropa OyayT Ha TOPSJOK OOJBIIE TOTO, YTO BBI3BIBACT
rpaBuTanys. [lo3ToMy BIMSIHHME TpaBUTAlMK Ha TpeoOpa3zoBaHus JIopeHIa B JaHHOM cirydae
MOXHO CYMTAaTh HECYHIECTBCHHbIM M TpuMeHsATh ux K Mertpuke (5.1). IIpeoOpazoBanue

KOOpJUHAT MPHU

(5.3)

2~ 2 ~2
ey %dt’dx’—£1+—cz i %de’z —[1+ %)(dy’z cdz?). (5.4)
S c-—-Vv'r r

B cmcremax orcuera KA , KB , CBA3AHHLBIX C paCcCMarpuBacMbIMU TCJIAMH, T'paBUTAlNA

KaXXa10ro M3 HUX B OTACIIBHOCTH OIIMCBIBACTCA B COOTBCTCTBYIOH_Ieﬁ CHCTCMC MeTpHKOﬁ (51)

[lepeiineM OT STHX CHCTEM K cHcTeMe KoopauHar K', ¢ momoinsio npeobpasosanuii JlopeHia
npu

v (5.5)

<ixg <t

_v. (5.6)
Ecimu npencraBute Merpuueckue koddpuuuents! B Buge 9; =77; + hij , TI€ T];; - COOTBETCTBYIOT
MeTpuke MUHBKOBCKOTO, TO B Ciydyae ciiaboi TpaBUTALMH MPU PACCMOTPEHUU OOIIETO TOJIs,

n n
cosmaBaemoro N moxcucremamm [1] ¢ wmerpuueckumu  kodddummentamu gy =7, +hy

n
BBITIONIHSACTCS COOTHOMEHHe Ny ~ Z h; . CymMmupyst moJisi, moy4aeMble ocie HoacTaHoBoK (5.5)
n

u (5.6) B MeTpuky (5.4), HaX0MM WHTEpPBAI MYTH JUIs BpeMeHU Onu3koM K t' =0 B cucreme u3
JIBYX TeJ:
2 2 2 2
dsZ = C2 Ll_ uﬁ} d-tl2 _ £1+ Ciﬁ} der _ (1_'_ %J (dy/2 +dzr2) (57)
r

ci-vir ci-vi r

npu 0[1 =2« i

HOJ'Iy‘lI/IM YCKOpPCHHUEC MaTepHaHBHOﬁ YaCTHULIbI B MOMCHT BPCMCHHU, KOT'Ja OHa IOKOUTCIA B
CUCTEME OTCUCTAa K' . By,Z[CM HCIIOJIb30BATh YPABHCHUSA I'COACINICCKUX
dUi i

—+Tjuku' =0, (5.8)
ds

lglk agj_k_'_agilf_aglij
2 ox'  ox' ox

KOOpIWHAT ¢ UHACKCAMH Kk = 2, 3, 4 HaXO0IUM

e Iy = cumBonibl  Kpucroddena. [Ins mpocTpaHCTBEHHBIX

du® 1 dg,-

_ ke 11 ¢ 12

= —— e — . 59
ds 29 gxx () (5:9)

[Ipu ymHOXeHUM Ha KOIPPUIMEHT c°m TMpaBas YacTh OSTOTO BBIPAKEHUS COBMAJET C
rpaBUTAIMOHHON cuioi (3.4), Tak Kak HEMOJBMXKHAs YacTUIla He meperaerT ummyiabc (2.11)
IPaBUTANMOHHOMY TIOJIIO:

ap* _
ds

VpaBaenus (5.9) 6e3 yuera ManbIX BEIMYHMH OOJIBIIETO TMOPSAKA MPUHOCAT KOOPAWHATHBIC
YCKOPEHHS

0. (5.10)
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. 1 ¢ Vi, g 1, ,¢c+vie ., 1, cC+Va
X'=—= ——— Z_B,y———Cyﬁ:,Z———CZ > > T3 (511)
2 vz ct=vir 2 co—-v'r 2 co-VvrT
1-—=
C
B MOMeHT BpemeHH t'=0 . Eciu NOpoCTpaHCTBEHHBIM  paadyCc-BEKTOpP  YaCTHIIBI

NEePIEHANKYJIAPEH JTUHUM JBMKEHUS Ten (X' =0), TO MOJy4YeHHBIH pe3yIbTaT COOTBETCTBYET
HBIOTOHOBCKOW I'PaBUTALIMU IIPU aKTUBHOW IPaBUTALUOHHONW Macce MaTepUaIbHOM YaCTULIbI

2 2
C +V

1.2

MS =M -
C -V

, (5.12)

rne M, =2M | TIpu v=V 5ta dopMmyna ToXIeCTBEHHA COOTHOLICHHIO MEXIY MACCOM TOKOS

YAaCTUIIBl M €¢ IMAaCCUBHOW TIpaBUTAIMOHHON Maccor (4.26). Hamuuwme Jlopenu-dakrtopa B
kKauecTBe kod(ddummenrta npu koopawHate X' OOYCIOBJICHO TEM, YTO JIBI)KEHUE YaCTHIIBI
paccMaTpuBaeTCss B CHCTEME OTCUYETa, OTHOCHUTEIILHO KOTOPOW WCTOYHHKH TI'PABUTAIHU
JBYOKYTCS BJIOJIb 3TOW KOOPIUHATHI.

6. [IpuHIIUTT CTAalTMOHAPHOTO MHTErpajia YHEpTrun (PoToHa

st onpenieniennst TuHAMUKY (DOTOHA B TPAaBUTAIMOHHOM ToJie Oyaem mcronb3oark [ICUD
[5-8]. PaccmoTpuMm HMHTEpBal B ICEBAOPUMAHOBOM MPOCTPAHCTBE-BPEMEHU C METPHUCCKHMHU

kodbdunreHTamMu ( i
ds® = g dx'dx’, (6.1)
rae Oy, = P2911 : le = P05, gpq =0, 1Opu p,q=234. [IBIKCHHUIO CBETa COOTBETCTBYET

ycioBue ds = 0. [Ipu §y; # 0 MEepEMEHHas L 3aJa€TCS BbIPAKECHUEM

o= _glpup + G\/(glpglq —0,,0 pq)upuq

1
g,,u
rae O mpuHUMaeT 3HadeHus 1, a 4-CKOpOCTH u' ONpENeNsAoTCAs TPH YCIOBHH, YTO A

, (6.2)

apnsercs apuHHBIM mapamerpom Jlanmee OynyT paccMaTpuBarbesl Bapuauuu (yHKIuu (6.2)

BOJIM3M €€ 3Ha4eHus p =1, KOTOPOMY COOTBETCTBYIOT MeTpuueckue kodddumuentsr J; = ;.

Ecmu 0y, =0 u xoTs GBI 7151 0JHOTO P BBIIOIHSETCS 9, # 0, To momyunm

Pryd
gpqu u

p= (6.3)

2g, uu*’
rae k mpuHuMaet 3HadeHwus 2,3,4.

JlarpanxuaH CBOOOTHO JBIIKYIICHCS YaCTHUIIBI OEPETCs B BHJIE
L=—p. (64)
st o6oux 3nauenuii o (6.2), (6.3) koBapuaHTHBIE 0000IIEHHBIC UMITYJIbCHI (2.2) U cuitbl (2.3)
PUMYT BUJI

ui
p,=——, (6.5)
u'u,
1 dg.. . .
F=- T uinl. 6.6
A 2u,ut dxt o (6:6)

CrelyeT OTMETHTh, 4TO BEIHUMHBI F; (QOpPMHpYIOT BEKTOpP, KOTOpBI HE SBJISETCS TEH30POM.

Bri6pannsrii Jlarpankuan COOTBETCTBYET COOTHOIIEHHUIO



L, (6.7)

ABIIAIOIIMMCSL UHTErpanioM ABwxkeHus [11] u, cooTBEeTCTBEHHO, L OyIeT 3HEeprueil CUCTEeMBI,

o0beuHsIoIIeH (POTOH U IPaBUTAIIMOHHOE TT0JIe, 3a/1aBaeMoe MeTpHKoii (2.1).
VYpaBHeHUs IBUKEHUS HaXOJATCS U3 MPUHIUIIA CTAlMOHAPHOTO JeicTBus ['amunpTona (2.4),
KOTOpO€E BBHUY (6.4) MOXeET OBITh 3aMCcaHo B (hopme

S=—[ pdu ©68)

Ho
Benmuunna o HeHyneBas, e Bapualldd OCTABIISIOT WHTEPBAJ CBETOMOJOOHBIM. YpaBHEHUS
JIBIDKECHUS OyAyT ypaBHEeHUsIMHU Ditniepa-Jlarpamxka (2.5).
KonTpaBapuaHTHBIN BEKTOp 0000IIEHHBIX UMITYJILCOB 3aIIHCHIBACTCS B BUJIC
1
A A

p’=——u’, (6.9)
uu,

B mpoctpanctBe MunbkoBckoro mnpu adpduHHOM mapamerpe u = Ct (usudeckue >HEprus u
UMIyJIbC (OTOHA C YACTOTOW V COCTaBISIIOT KOHTPAaBapUAHTHBIN 4-BEKTOp HMITYJIbCa

i i
o= (hV/ C)U , tne h - mocrostaHas Ilnanka. Ilpu mpowmsBosibHOM adUHHOM TapaMeTpe OH
[IEPEIUCHIBAETCA B BUJIE
. hvu'

=—=.

cu

41 AJIsL TICEBAOPUMAHOBA NPOCTPAHCTBA-BPEMCHU AHAJIOTMYHBIC SHEPTHUA U UMITYJIBC (I)OTOHa B
KOOPAMHATHOW CHUCTEME OTCYETA CBS3BIBAIOTCS C KOHTPABapUAaHTHBIMU UMIyJibcamu. [lomaras,

/A

(6.10)

4yTro V, - HEKOTOpoe (UKCHUPOBAHHOE 3HAYEHHE YacCTOThl (POTOHA, TAKOE, YTO BBIIOJIHIETCS
. [
V=Y, / U, , 1 cpaBHUBAS BBIpXEHUS U 7' ® P, momydaem

Chy,
r=—2p'". (6.11)
c
Jlarparxuan (6.4) COOTBETCTBYET 4YacTHIE C €IWHUYHOW »HHeprueit. [ns ¢oroHa o

BBIOHMpAETCs CIeAYIOLUM:
o, (6.12)

L =
h
P c

B 5TOM cilyuae KOMIIOHEHTaM acCOLMMPOBAHHOIO BEKTOPA 000OIEHHBIX CUIT
1 dg:;; . .
1A 9ij fqpd

Fl=— : 6.13
9 2uyut dxd (613)

CTaBsSTCS B COOTBECTCTBUC FpaBI/ITa]_[I/IOHHBIe CHUJIBI

Q' =hv,F' (6.14)

7. CornacoBarHoctb [ICUD st hoToHa 1 06061meHHoTr0 npuHIituna depma

[Mpuamun ®epma AN CTaMOHAPHOTO TpaBUTarmoHHoro mons [1,12] dopmynupyercs
CIIEIYIOINUM 00pa3om

1.1
St==5[=(dI-g,dx")=0, (7.1)
C gll
TAC DJICMCHT NPOCTPAHCTBCHHOI'O paCCTOAHUSA BAOJIb JIyda CCTh
dl? :[M—gpq]dxpdxq (7.2)
gll

0O003HaUNUB



df = i(dl — g, dx") (7.3)

gll
U CpaBHHBAsI 3TO BeIpakeHue ¢ (6.2), mpu o =1 3anuceiBacM
df 1
—=pu. (7.4)
du
[ToaTomy Bapuanus unrerpaia (7.1) paBHOCUIIbHA Bapyalluu
My
S, = Ipuldu (7.5)
4o

B [10] mpennoxxen ob6oOuiennbiii npuHmun depMa ¢ MPUMEHEHHUEM NPUHIUIIA MHUHAMYyMa
[ToHTpsiTMHA W3 TEOPHH ONTUMAIBHOTO KOHTPOJS. JlaHHBIN MOAXOJ paclpoCTpaHseT MPUHIIUI
®depma ISl CTAIIMOHAPHOTO TPABUTAIIMOHHOTO TMOJS Ha HECTAlMOHAPHBIE METPUKHU. [lomydeHs
JTMHAMHYECKHE YPaBHEHUS

Q=u", (7.6)
d (6Q) 6Q 6Q dQ

_ —=|-—— =0

d,u(@)'(qj ox'  oxt ox’ (7.7)

U M0Ka3aHO, YTO UX PEILEHUs SABISIOTCS U30TPOIMHBIMH I'€0e3NUECKUMMU.

JlokakeM, YTO 3TH ypaBHEHUs TOXICCTBEHHbI ypaBHEHHsM Oiinepa-Jlarpamka (2.5) mpu
narpamxkuane (6.4). Oynkius Q [10] coBmamaer ¢ BeIpakeHHEM Uil MPOU3BOAHOU df /du ,
NOoJy4aeMbIM W3 ypaBHeHHs (7.3), TIpU YCIOBHH, YTO METPUYCCKUE KOIPPHUIMCHTHI 3aBHCAT
TaKKe U oT BpeMeHH. [1oaToMy U3 ypaBHeHus (7.4) clieyeT BIpaKeHHE Uil SHEPTUH

Q
Beuny (6.9) ypaBaeHus (2.5) s mpoCTpaHCTBEHHBIX KOOPAMHAT TPUHOCST
1 d(aoQ 1 0Q du' 1Q _, (7.9)
ut dulou® (u1)2 out du  utoxt '

Hns BpemenHout koopauHaTel (A =1) u3 ypaBHeHuil Dunepa-Jlarpanmxka B gopme (2.6) npu
00001IeHHBIX UMITyJTBCax (6.5) u cunax (6.6) cnemxyer

. L og, .

dL+“_igu'u: _0. (7.10)
du  2u, ox
CpaBHuBast 3T0 ypaBHeHue U crenyomniee u3 (2.3), (6.4) u (6.6) cooTHOmICHHE
op 1 095 i

=- uu’, 7.11
ox* 2u1ul ox’ ( )
BBUAY (7.8) momydaem
du’ o(Q/ut 0

- (o) AR 2 R (7.12)

du X oxt
[ToncranoBKa 3TOro BBIpaXeHUs B ypaBHeHHS (7.9) M yMHOXEHHE WX Ha u' JTaeT ypaBHEHHS
(7.7). To ecTh, TOXICCTBEHHOCTh YypABHEHHI, MOJYYEHHBIX C MOMOIIBK 0OOOIIEHHOTO
npunnuna @epma u [ICHUD mist cBeTo-mogo0HON YacTUIIBI TI0Ka3aHa. BBUY SKBHBaJIEHTHOCTU
pelieHui, MOJYyYeHHbIX M3 [EpBOTO MPHUHIMIA, H3OTPOMHBIM T'€OJ€3UYECKUM, pPEIIEeHUs,
CJIEIYIOIIME W3 BTOPOrO IMPHUHIMIA, TAKKE MM SKBUBAICHTHBI. [[0 CpaBHEHMIO C NMPUHLIMIIOM
®epma [ICUD maer cuctemy ypaBHEHHH, KOTOpas MMEET Ha OJHO ypaBHEHHE Ooiibiie. DTO
MO3BOJISIET OJHO3HAYHO OMNpeaenuTh ap@UHHBIA TapamMeTp U BEKTOp SHEPrHU-UMITYJIbCa
YaCTHULBI.



8. OOuuii BU BBIPAKESHUS JIJISI CHITBI

VYpasuenue (2.12) ans aeiictByromieit Ha (OTOH cuibl (6.13) mpuHUMaET BUJ

dpk g . . 1 dg; .
kA LA i H 21
dp +g" axl P T -9 2uulﬂxuu (8.1
[Tpoussenem 3ameny adpuHHOTO MapameTpa
dit = du - ugut, (8.2)
Bripaxenue st ummynnbeoB (6.9) mpumeT BT
pt = 1A, (8.3)
2
r7e 4-CKOPOCTh ONpPEIEIsSeTCs Kak 0t = % [ToncranoBka (8.2) B Beipakenue (8.1) mpuHOCHT
dpk Aag.-lz P ‘iagz_;l x g
Lypl — i 8.4
ai 9V 23 axt (84)

[IpaBas yacTh 3TO (GOPMYNIBI C TOYHOCTHIO 10 Kod3(duIienTa coBmamaer ¢ cuioi (3.4),
JIEUCTBYIOIEH HAa MaTepUAJIbHYIO YaCTUIy €AMHUYHOU sHepruu. OHa SBJISETCS KOBapHUAHTHOM
JUTSL TUHEAPU30BaHHBIX METPUK.

9. Jlunamuka otona B mosne lIBapimuisaa

PaccMoTpuM  nUHAMHUKY ~— CBETONMOAOOHOW 4YACTHIBI B  CTaTUYECKOM  IICHTPAIBHO-
CUMMETPUYHOM TPAaBUTAIIMOHHOM TI0JIE, ONUChIBaeMOM MeTpukoit [lIBapumunbaa (4.1).
OG6o0MIeHHBIE UMITYJIBCHI (6.5) TS IMKIMYECKUX KOOPAUHAT [, ¢ SABIAIOTCS TMOCTOSHHBIMA

JBHXXCHUA
B_ Cdt (9.1)
du’
C= rzsinzed—(p(l—a/r)_l. (9.2)
du

[Tpu B =1 BBuny (6.9) u (6.11) BpemeHHass KOMIIOHEHTa BEKTOpa 4-CKOPOCTH COOTBETCTBYET
BEJIMYMHE YHEPTUU (POTOHA

E, =cr1' (9.3)

ph
Ha yJIaJICHUH OT LIEHTpa IPaBUTALIUU EphO =Nv, . PaccmarpuBas nBmkeHne B miockocTu 6 = 7 /2
MIOJIyYHM YTJIOBYIO KOMIIOHEHTY BEKTOpa 4-CKOPOCTH
d C a
o[- (9.4)
du r r
Jnst u3oTponHbix KpuBkX (ds = 0) u3 (4.1) Haxonum

{2 -E-2)]

EnuHCTBEHHOW HEHYJIEBOW KOMIIOHEHTOH ACCOIMHPOBAHHOTO BEKTOpPAa OOOOIIEHHBIX CHII
(6.13) stBnseTCst

Fz——1+c—2(1—3j[1—1j (9.6)
rz rl r 2r '

[Ipu paguansHom nBuxenun, C =0, oHa paBHa
F2__ o (97)

re’



YTO COBIIAJIAET C YABOCHHOW CHUJIOH, JEHCTBYIONIEH HA YACTUIly B HbIOTOHOBCKOW TI'paBUTALIMH.
Bauny (6.14) oHa COOTBETCTBYET MACCUBHOM rpaBUTAIIMOHHOMN Macce (poToHa

2hv
mp =25 (9.8)

DTOT pe3ysbTaT COrIacyeTcsi C MBICIICHHBIM 3KCIIEPUMEHTOM T10 «B3BeIIMBaHUIO» (GoToHa [13],
B KOTOPOM OH COBEpIIACT MEPUOJUYECKOE JIBIXKCHHE B BEPTHKAJIHLHOM HAIPABICHUU MEX]Y
JBYMsI TOPU30HTATIBHBIMU OTPAKAIOIIUMU TTOBEPXHOCTSIMHU.

[Ipn paccMOTpeHHH HEpaauaIbHOTO BMKCHHS BO HW30€KAHHE TMOSBICHUS (DUKTHBHOU
COCTaBJISIOLIEH CUIbl, OOYCIIOBJICHHON C(HEPUYHOCTHIO CHUCTEMBI KOOPJMHAT, BOCIOJIb3YEMCS
dopmoit merpuku [lIBapummiabpaa B IpsIMOyroibHbIX KoopawHatax (4.18). Tak ke kak u ams
MaTepUaIbHOW YacCTHIIBI, OyJeM pacCMaTpHUBATh JBIKEHUE B IJIOCKOCTH Z =0 W MCKATh CHITY,
JEHCTBYIOIYI0O Ha CBETONOAOOHYIO YAacCTHIly B TOYKE C KOOpAMHATaMu (ct,x,0,0) , YTO

COOTBCTCTBYCT 3HAYUCHUIO er'IOBOﬁ KOoOpauHaTel ¢ =0 B C(I)CpH‘IGCKOfI CHUCTCMEC OTCUCTA.

[TockonbKy 4-CKOPOCTH SIBIISIIOTCS KOBAPHMAHTHBIMH BEKTOPAMH, TO OT PEIICHWH ypaBHEHHN
nBHKeHus1 cBeTornoaobHoi gactuiel (9.1), (9.4), (9.5) x KoMoHeHTaM BeKTOpa 4-CKOPOCTH B
IPSIMOYTOJIBHOM CUCTEME KOOPJMHAT MOKHO IEpEelTH ¢ nomolibto npeodpazoBanuii (4.20). Ero
HEHYJIEBbIE KOMIIOHEHTHI ¢ yueToM (4.16) u (4.21) npumyT BuUI

2 1/2 2
(1_a)|f o1 2) } c(l_f_j
T T r
ut=1, u’ =+ ar 3|l— ar 5 I , U’ 27. (9.9)
(1_’_0:} r_z[l+a] F(1+_J
ar { ar J 4r
IloxcraBisis O TU 3HAUEHUSA U
12
u=|—4 |, (9.10)

B (6.13), HAXOIMM €TMHCTBEHHYIO HEHYJIEBYI0 KOMIIOHEHTY BEKTOpa CHIIbI, JEHCTBYIOIIEH Ha
CBETOMOI00HYIO YaCTHILY:

e a(l_;?J (9.11)

5
i+ 2| [1- %
4r 4r

Omna npeoOpa3zyercs K BULY

a[l—a_]
= 8r

__ . (9.12)

2
2 a

167°
O06o0uieHHas cuiia, eicTByIomas Ha (GOTOH, HE 3aBUCUT OT HANPaBICHUS €ro JBHXKEHUSA. DTO
BhIpakeHUE oTiimdaercss oT (opmynsl (9.7), COOTBETCTBYIOWIEH pajHalbHOMY IBIDKEHUIO B
cheprUeCcKUX KOOPIMHATAX, UTO ABJSETCS CIEACTBUEM HEKOBAPMAHTHOCTH BekTopa F'. OmHako
B mpejene cnaboit rpaButanuu (I = & ) 5TH BBIPOKXCHUS aCHMIITOTHYECKH CXOISTCS WU JAIOT
3aKOH TATOTeHUs: HpIOTOHA NpM MaccCHMBHOM TpaBHTalMOHHOW Macce (ortoHa (9.8), paBHOI
YABOEHHOM IpaBUTALIMOHHON Macce MaTeprUaJbHON YaCTHUIIbI SKBUBAJIEHTHOW €My YHEPTHH.

I'paBUTalIMOHHOE TOJIE TOTOKA 3JEKTPOMAarHUTHOIO M3JIy4YEHHs OIPEAEISAETCS U3 PEIICHUs

r

O o o P i
ypaBHEHUN DUWHINTEHA R — =R = 4T, AJid TEH30pa SHEPTUU-UMITYJIbCa SJICKTPOMATHUTHOIO
2

1 .
moms T, ==g,F FY ~F*F,, rme F; - tensop snextpomarantHOro moms. B ciyuae cnaboit
4



rpaBUTALlMM M3 aHAM3a YCKOPEHUS MaTepUaIbHON YacTHIl B HEM CJEAyeT, YTO aKTHUBHas
rpaBUTAlMOHHAS] Macca My4yka CBETa WJIM CBETOBOTO IMAaKeTa B JBa pa3a OOJbIEe aHATIOTUYHOU
MacChl CTEPXKHsI paBHOM eMy sHepru [14-16]. Crenyer OTMETHUTh, OJTHAKO, YTO FPABUTAIHOHHOE
B3aUMOJICICTBUE MEXK/y OJJICKTPOMArHUTHBIM H3JIyUYCHUEM U MAaTEepUATIbHBIMU YacTUIAMU
OTJIMYAETCA OT ATOr0 B3aMMOCHCTBUS MexAy (oToHaMu. PaBeHCTBO aKTMBHOM M IacCUBHOU
TPaBUTAlMOHHBIX Macc (OTOHA O3HAYaeT BBIIOJHEHWE 3-T0 3akoHa HboTOHAa TIpH
rPaBUTALlMOHHOM B3aUMOJICHCTBUU CBETa M MaTepUAIbHBIX YaCTUIl M 3aKOHOB COXPaHEHUS
SHEPTUU U UMITYJIbCa.

10. I'paBUTAIIMOHHOE KPACHOE CMEIIICHHUE

[TokaxkeMm, 4TO 3HAYCHHS SHEPrUU MatepuanbHoi dacTuinbl (3.3) u ¢dorona (9.3) B mose
[IIBapmmiabga COOTBETCTBYIOT I'PaBUTALIMOHHOMY KpacHOMY cMelieHuo. OHO omnpenensercs
U3MEHEHHUEM COOTHOIICHUS MEX]y SHEprueil CTaTU4eCKOM MaTepHallbHOM yacTHUllbl U (OTOHA
[17]. B xauecTBe MaTepraIbHON YaCTHIIBI MOKET PACCMATPUBATHCS OTACIIBHBIH aTOM.

Haiinem sHepruto marepuanbHON YacTHIIBI, HENOABMKHOM B moje LlBapmmmnbaa. Eit Oyner
COOTBETCTBOBATh TOYKA C MAKCUMAJIbHBIM PAJIMYCOM TPACKTOPHUH, 3a1aBAEMOU IOCTOSHHOU

n=mn, (4.13) npu A=0, KOoTOpasi COCTaBUT
1/2

a
n= 1—r— : (10.1)

ext
[MoacraBisis 3TO 3HAYEHHE B BBIpAKEHHE s 1-ii KOMIIOHEHTHI BekTopa 4-ckopoctu (4.7), npu
=T, nomyuum

-1/2

a
ut = 1_r_ , (10.2)

ext

4yTO BBUY (3.2) COOTBETCTBYET SHEPTUH HETOIBIYKHON MaTEpHAIbHON YaCTHIIbI

-1/2
E = (1—2] E,, (10.3)
r

2 o
Tac EO =mC -ee SHEPTHs IOKOA B COOCTBEHHOM CHUCTEME OTCUETA.

Dueprus potona (9.3) BBuay (6.9) u (6.11) cocrasnser

_ v

E (10.4)

ph
ul

B mone llIBapmmmibaa nmpu BpeMEHHOW KOMIIOHEHTE BEKTOpa 4-CKOPOCTH u' =1 OHa TpPUMET
BU/J

-1
E,, = hv, (1—%} . (10.5)

3nech V, COOTBETCTBYET 4acToTe (POTOHA B TOYKE TPACKTOPUM Ha YJIAJIEHUH OT IIEHTpa

rpasutaimn (' —> ). ITpu 06o3HaveHnn sHeprun GpoToHa B 310l Touke E g 910 BBIpAXkeHue
MEPENUChIBACTCS KaK
-1
(24
E,n= Epho(l—?j : (10.6)

OtHomieHne »dHepruM (GOTOHA K HHEPrus HEMOJBIKHOW MaTepHAIbHOM  YacTHUIIbI
cienyouee:

% _ %(l_ ZJM _ (10.7)
r
0



Ero wusmenenwme MMPOABIACTCA B TI'paBUTAHMOHHOM KpPAaCHOM CMCHICHHMU 4YaCTOTHI (1)OTOHOB,
HUCIIYIICHHBIX B TOYKEC C MCHBIIMM paCcCTOAHHUEM OT HLCHTPA IO CPABHCHUIO C TOYKOM HX
IIOTJIOIICHUA aTOMaMHU.

11. BeiBojbl

JvnHamuka 4YacTMLl B  KPUBOJMHEWHOM  MPOCTPAHCTBE-BPEMEHU  PACCMOTPEHA  C
UCIOJIb30BaHUEM MeXaHMKH JlarpaH)ka. YCTaHOBJIEHO COOTBETCTBHE MEXAy (U3NYECKUMU
OHEPIrUeH U UMITYJIbCOM YaCTHULBI, OIPEAEIAEMbIMU U3 HEIPABUTALMOHHBIX B3aUMOJCHCTBUN, U
KOHTpaBapUaHTHbIM BEKTOPOM OOOOLIEHHBIX MMITyJIbCOB. [loslyueHHBbIE JUHAMUYECKHE
YpaBHEHHUs BKJIIOYAIOT B c€0s1 CKOPOCTh M3MEHEHUS BEKTOpPA SHEPrUU-UMILYJIbCA, KOMIIOHEHTBI
KOTOPOI'O BBIPAKAIOT NPUOOPETEHHbIE TI'PABUTALMOHHBIM II0JIEM SHEPIUI0 U HMMIIYJIbC IpU
JBWKCHHHM B HEM dacTulbl. IIpn paccMOTpeHMM NMHAMMKH OTAEIBHOM YaCTHULBI 3TOT BEKTOP
ABJIAETCS aHAJIOTOM IICEBIOTEH30PA, UCIOIb3yEMOIO B 3aKOHAX COXPAHEHUS B TECH30PHOM BHJIE.

XoTs1 mody4yeHHble OOOOIIEHHbIE CHUJIBI HE SBJISIIOTCS KOBapUAaHTHBIMU BEIMYMHAMHU, B
npezene cnaboid TrpaBUTAlMM, ONHUCbIBaeMOM MeTpukoil IlIBapummibaa, OHM BBIPaKarOT
HBIOTOHOBCKHMH 3aKOH I'PaBUTAlMU C IIACCUMBHOM MAacCOM 4YacCTHUL, COOTBETCTBYIOIIEH AKTUBHOMU
IPaBUTALMOHHON Macce IBHKYIIMXCSl TOUEYHBIX TEJI U CBETOBOrO mydka. IIpu aToM, naccuBHas
rpaBUTAallMOHHAsE Macca (POTOHA HE 3aBUCUT OT HampasiieHus ero JBwxeHus. CoBnagas c
AKTUBHOM I'PaBUTALlMOHHON MacCOl HAIIPaBJIEHHOTO IEKTPOMAarHUTHOIO U3JIy4YEHMs], OHA paBHA
YABOCHHOM Macce MAaTepHUaJbHOM YacCTHUIbl DKBUBAJICHTHOW €ro 3Hepruu. HexoBapuaHTHOCTH
BEKTOpa OOOOIEHHBIX CHUJI M BEKTOpPA, COCTABJICHHOI'O M3 CKOpPOCTEH Iepenauyd SHEpruud U
HMITYJIbCA FPABUTAMOHHOMY IIOJIXO IIPH JBUKEHUU B HEM YACTHIIBI, UMEET Ty XK€ IPUPOY, YTO
Y HEKOBAapMAaHTHOCTh IICEBIOTEH30PAa 3HEPIMU-UMITYJIbCA TPABUTALIMOHHOTO IIOJIS, C MOMOLIBIO
KOTOpOTro ObUIN pacCUUTaHbl MOATBEPK/IEHHBIE SKCIIEPUMEHTAIbHO U3MEHEHHS] KPYTOBBIX OpOUT
JIBYX TeJ, JBHXYLIMXCS BOKpPYr OOIIEro LEHTpa, B pe3yibTaTe MOTEpU SHEPIUH, BBI3BAHHOM
U3ITyuyeHueM rpaBuTaliioHHbIX BosiH (HoGeneBckas npemus, 1993).

PaccMmoTpena cuctema U3 AByX OJIM3KO PACHOJOXKEHHBIX OJMHAKOBBIX Te€J, ABMKYIIUXCSA B
IIPOTHUBOIIOJIOKHBIX HAINPABICHUAX, C MaJOW IOTEHIHAIBHON HEPrHEd MO CPABHEHUIO C €€
KMHETUYECKOW JHeprue. Ero MOXXHO ommcarb ¢ MOMOIIBIO METPUKH, ITOJYYEHHOW IIyTEM
npuMeHeHus npeoOpasoBanuii Jlopenna k Merpuke [IBapmmmnbaa. Ee rpaBurtanmonHoe
BO3/JCICTBUE HA MAaTEPUAJIbHYIO YAaCTUIly 3aBUCUT OT yTja MEXIY paJuyC BEKTOPOM M JIMHHUEU
JIBUKEHUS TEJl.

[Tpumenenue TICUD u o6o00menHoro npunimmna depma sl CBETO-MOJOOHONW YaCTUIIBI B
IPAaBUTAlMOHHOM TIOJ€ MPHUBOAUT K OOLIEMY pELICHHI0, KOTOpOEe SBISIETCS H30TPOIHON
reonesndeckoit muHue. IICUD onpenenser cucreMy ypaBHEHUH, UMEIOLIYIO 110 CPAaBHEHUIO C
pe3yabTaToM 0000meHHoro npuHuuna depma Ha OJHO ypaBHEHHE OoJiblie. DTO MO3BOJISET
OJIHO3HAYHO OIPEIEINTh BEKTOP JHEPrHHU-HMIIyJbca dacThnsl. B mome IIBapummnsaa
COOTHOIIIEHHE MEXAy »JHepruei (oToHa M  HEMOJBWKHOM MaTepHaJbHOM  YaCTHUIIBI
COOTBETCTBYET XapaKTEPUCTUKE IPaBUTALMOHHOTO KPACHOTO CMEIICHMUS.
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