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I[I/IHaMI/IKa YaCTHULl B TIpaBUTAOIMOHHOM IIOJIC MCCICAYCTCA C MCIIOJIb30BAHUEM MCXAaHUKU
Har‘paHma. HOJ'IyLIeHBI JUHAMHUYCCKUEC YPAaBHCHUA, BKIIIOYAOINUE CKOPOCTH II€PEaAavYn SHEPIruu U
HMITYJIbCa 'PABUTALIMOHHOMY I10JIIO. PaCCMOTpeHO JABUKCHUC YaCTUIl B I10JIC I_HBapI_[IHI/IJILI[a nB
cirydae ciabou T'paBUTallkK OIPEACICHBI IMACCUBHBIC TI'paBUTAIMOHHBIC MAaCCBhI (bOTOHa u
MaTepHaHBHOﬁ JaCTHULbI IIpHU YCJIOBHUU c1aboro BIIMSTHUS rpaBUTAIUOHHOTO TIIOJA Ha €C
JBHXXCHHUC. HafmeHa AKTHUBHAA Ir'paBUTAlMOHHAA MacCCa I YaCTHOI'O Cliy4dasa CHUCTCMbI U3 ABYX
OIWMHAKOBBIX TCJI, ABMIXKYIIUXCA B IPOTUBOIIOJIOKHBIX HAITPABJICHUAX.

1. BBeneuue.

B oOwmeit Teopun otHocutensHoctu (OTO) ompeneneHue UMITyJIbCOB MAaTE€pPUAIbHBIX U
CBETOBBIX YaCTHUL, JBWXYILIUXCS B KPUBOJMHEMHOM IPOCTPAHCTBE-BPEMEHH, U CHJI,
JIEUCTBYIOIIUX HA HUX, UMEET LIENbI0 HANTH PENSTUBUCTCKUE MOMPABKUA K TEOPUHU TATOTCHUS
HeroTona ans cmaboro rpaBUTallMOHHOTO mojs. Ecnu B KadecTBe COCTABISAIOUIMX 4-BEKTOpa
CHJIBbI, JEHUCTBYIOIEH HAa MaTEepUAIbHYIO YAaCTUIy €IUHUYHOM MacChl, pacCMaTpUBaTh BTOpPHIC
MPOU3BOJHBIE KOOPAUHAT MO MyTH [1-3], TO B HBIOTOHOBCKOM IIpEJEN€ BEIMYUHA, UIPAroLIas
pOJIb NACCUBHOM I'PABUTALIMOHHOM MAacChl, OKA3bIBAECTCS 3aBUCAILCH OT HAIPABICHUS JBUKEHUS
gacTuIlel [4]. DTO e MMeeT MecTo M g (OTOHA, €Clu C 4-CHUJIOW OTOXKIACCTBIISITH BTOPHIC
NPOM3BOJIHBIE KOOpAMHAT 1O apUHHOMY MapaMeTpy, B KadecTBE KOTOPOTO BBIOMpaeTCs
KOOPJIMHATHOE BpEMSI.

JlpyruM moaxoa0M sBIISIETCS BHIOOD JlarpaHKMaHa 4acTHULIbI, ONpeieseHne 0000IEHHBIX CUIT
KaK €ro 4aCTHBIX MPOM3BOIHBIX 0 KOOPIHHATE B COOTBETCTBHH ¢ MeXaHHKO# Jlarpamxka. [5-8].
B OTO (¢wusuyeckue CKOPOCTH YaCTHI[ CTaBATCA B COOTBETCTBHE KOMIIOHEHTaM
KOHTPaBapUaHTHOTO BekTopa 4-ckopocTH. [losToMy ¢ uznueckoit cuiioil CBI3bIBAETCSI BEKTOP C
BEPXHUMHU HHJIEKCAMH, ACCOLMMPOBAHHBIM C BEKTOPOM OOOOMIEHHBIX cui. B sTOoM ciydae
MacCHMBHAsl T'PAaBUTAIIMOHHAs Macca KaK MaTepuajbHOM, TaK M CBETOBOM YaCTHUIl OKa3bIBAETCS
HE3aBUCSAIIEH OT HAIpaBJICHUS WX JBIDKCHUs. DHEPrued W UMITYyJIbCAMH YaCTHUI[ CUUTAIOTCS
KOMITOHEHTBI KOHTPAaBapUAHTHOTO 4-BEKTOpa SHEPrUU-UMITYJIbCA, KaK 3TO Aenaercs B [1] mns
YaCTHIIbI, IBIKYIIECICS B TPOCTPAHCTBE-BPEMEHH MHUHBKOBCKOTO.

B nokazarensctBe PoKa NBUKEHHUS CBETA MO I€0I€3UYECKUM [9] B KauecTBe raMUIbTOHHAHA
Oepercss BpEMEHHas COCTaBIISAIONIAs KOBAapHMaHTHOrO BekTopa 4-ckopoctu. IIpumenenue
OCHOBAHHOT'O Ha JIarPaHKE€BOM MEXaHUKE BAPUALIMOHHOIO MPUHIIAIA CTAIMOHAPHOTIO UHTETpaia
sHeprun (IICUD) x aBukKEeHHMIO CBETO-TIOJJOOHOM YacTHIBl B IPaBUTALIMOHHOM Imoisie [5-8] He
MPUBOJUT K HAPYIICHUIO U30TPOIMHOCTH cBeToBOro myTu. B [10] Obu1 mpeioxken 0000IIeHHBIH
npuHiun depMa, B KOTOPOM HCIOJB3YETCS BapHallds HHTETpajga BPEMEHHONW KOMIIOHEHTHI
BEKTOpPA 4-CKOpPOCTH, NAIOIINN TPAEKTOPHIO IBUKEHUS CBETA, COBIA/IAOILYIO C I€0I€3UUECKOM.

2. YpaBuenus JlarpanxeBoit MEXaHUKU

B oOmieii Teopur OTHOCHTEIBHOCTH pPACCMATPHUBAETCS YETHIPEXMEPHOE MCEBIOPUMAHOBO
IIPOCTPAHCTBO-BPEMS C KOOPJMHATAMU X' U METPMYECKUMH Kod(uuuentamu §;;, HHTEpBaI B

KOTOPOM 3aIMChIBACTCA B BUC

ds® = g,dx'dx’ . (2.1)



OGosunaunm U =dx'/d H BEeKTOp 4-CKOpPOCTH 4YaCTHUIIbl, TAE€ A/ - HU3MEHAEMBI mapamerp.

[Tonyuynm ypaBHEHMsI €€ IUHAMUKH B OOLIEM BUJIE.
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CBSI3bIBAIOTCSA KOHTPaBapUAHTHbBIC UMITYJIbCHI
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YMHOXHUB 3TH YpPaBHEHHs Ha g“* M CyMMHUpPYs IO JBaXJbl BCTPEYANOIIEMYCS MHIEKCY A ,
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du OX

Hanuume BTOporo uneHa B MNpaBOMl 4YacTH OTpakaeT TO, YTO B TPaBUTALUOHHOM TIOJIE
coxpaHsieTcs He 4-UMMOyJbC OIHOW JIMIb MaTepuu, a 4-UMIyJIbC MaTepUM BMECTE C
rpaBuTaiuoOHHBIM TosieM (cM. [1] § 96). Ero KOMIOHEHTHI BBIPAKAIOT CKOPOCTh M3MEHEHUS
MPUOOPETEHHBIX TPABUTAIIMOHHBIM MOJIEM YHEPTUH U UMITYJIbCA TIPU JBUKCHUH B HEM YaCTHUIIBI

dﬁ kA agﬂ.i I i
= up'. 2.11
du : ox' P (2.11)




WuTterpupoBanue HTOW BEIMYMHBI MO A JAaeT OSHEPrUi0 U HMIYJIbC, 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, I[GFICTBYIOIHaH Ha 49aCcTulmy

paBHa IO BCIIMYMHEC WU IMPOTHUBOIIOJIOKHA 10 3HAKY CHIIC, I[efICTBYIOHICﬁ HCTOYHHUK I'paBUTAllUU
CO CTOPOHBI HaCTHULbI. 9TO SKBHUBAJICHTHO BBIIIOJIHEHUIO TPCTHETO 3aKOHA Hrrorona.

3. Jlunamuka MaTepruaIbHON YaCTHUIIBI

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),
MIPUHUMAIOIIINE BH/]T

p' = cmu'. (3.2)
Takoit BEIOOp OOYCIIOBICH TEM, YTO TOJIBKO B 3TOM CIIy4ae KOMIIOHEHTHI 4-BEKTOpa MMITYJIbCA
COBIIAJAIOT M0 3HAKy C KOMIIOHEHTaMHu BekTopa 4-ckopoctu. IlepBas kOMIOHEHTa ornpeaesnser
SHEPTUIO YaCTHUIIBI

E=cp'. (3.3)

I'paBuTanimoHHas cuia, NEHCTBYIOIIAs Ha MaTepUalbHYIO yacTully, BBUAY (2.8) ompexaensercs
dbopmyoit
Q' =cF' :lczmg”ag—guiu". (3.4)
2 OX

CornacHo oOmel Teopud OTHOCUTEIBHOCTH JIBWKEHME MaTepUalbHOM  YacTHUIIbI
ONpEeAENseTCd YpPaBHEHUSMHM TI€0Je3MYecKor JnuHuM. IS MaTepuanbHOM YacTUUBl IPH
narpanxkuade (3.1) oHM MoOryT OBITH MOJy4YeHBI W3 MPUHIMIA CTALMOHAPHOTO JEHCTBHS
FamunbToHa [9] M TOKAECTBEHHBI YpaBHEHUSM (2.6).

4, MarepuanbHas yactuiia B nosie [1IBapummunbsaa

FpaBI/ITaI_II/IOHHOe IIO0JIC ccbepnqecxoro TCJIa BHC €0 HICTOYHHUKA B Cq)epI/I‘IeCKI/IX KOOpAuHATax

X' =(ct,r,0,0) onncsBaercs MmeTpukoi LIBaprimmisaa

r
1€ IIOCTOsAHHAsA

o =M (4.2)
Cc

3aJIaeTCs TPABUTAIIMOHHON ITOCTOSTHHOM / W TpaBUTAIMOHHOMN Maccoit Tema M .

1
ds? = ¢2 (1_£J dt? _(1_gj dr? —r?(d6? +sin? 6d ¢?), (4.1)
r

[Toxy4nm BeKkTOp 4-CKOPOCTH MaTepHaIbHOM YaCTHIIBI, IBHKYILEHCS B HeM. YpaBHeHus (2.6)
JUTS. BpeMEHU-TT0I00HOTO WHTepBaia npu jarpamkuane (3.1) s i =1,3,4 TpuUMyT BUT

sl o). “

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

€ n - TOCTOsIHHAasd. BBI6epeM CUCTCMY KOOPAHHAT TaK, YTO ABHUKCHHUC YaCTULBI IIPOUCXOOUT 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. [loacrasisis (4.7)-(4.9) B (4.6), noiyvaem
AZ
ar_, ,72_[1+_2J(1_3j. (4.10)
ds r r

Jenenwne (4.10) na (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 I =V U COCTaBUT

V2 -1/2
m=(1——2] : (4.12)

C
Eciu TPACKTOPUIA CBO60,Z[HO I[BI/I)KYH_ICI\/’ICH YaCTHULIbI TAKOBA, YTO pagudlibHasd KOOpAUHATA UMECT

KOHEUHOE dKCTpeMaibHoe 3Hauenue I, , To ypasuenme (4.11) BBumy ycmosms [(I,)=0
HOPUHOCUT

el

s HEOrpaHWYEHHBIX [0 PaAUyCy TPACKTOPUN, HUMEIIIUX OCb CHUMMETPHUH, 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

, _cma(1 7n’r CAZ( a)
_ 1_ -2 4.14
° r [2 r—oc}r r 2r (4.14)

[Ipu cnabolf rpaBHUTAIMH, HEOTPAHWYEHHOM paauaidbHOM aBWkeHHH ( A=0 , ;=5 ) H©

alr<<V?/c? oHa mpeoOpa3yercs 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

(UKTHUBHON COCTaBISIONICH CHIIBI, OOYCJIOBJICHHON HCIIOIB30BAaHHEM CHEPUUYECKON CHCTEMbI

KOOpJIMHAT, CJeIyeT HCIOJb30BaTh M30TponHyr ¢opmy wmerpuku IlIBapmmmnbna B

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

2
r= (1+i_j r (4.16)
4r
mpu T = /x> +y* +2°,
X=Fcos@cosep, y=rcosfsing, z=rsing, 4.17)

KOTOpPOE€ TIPUHOCHT

2
(1_%) a )
—4r | dtz—(1+Ej (dx® + dy? +dz?). (4.18)

Bynem paccmarpuBarh JBMJKEHHE B IUIOCKOCTH Z =0 W WCKarh CHIIy, JEHCTBYIOIIYIO Ha
YaCTHIly, B TOYKE C KOOPIMHATAMH (ct, x,0,0) , COOTBETCTBYIOUIMMHU & = ¢ =0 B CPEPHUUECKON
cucreme orcuera. [TomydaeMsIM Py IPeoOpa3oBaHUAX KOOPAMHAT B IUIOCKOCTH

X =T cos @, y=Tsing (4.19)
B paccMaTpuBaeMON TOYKE COOTBETCTBYIOT HEHYJIEBBIC MPOCTPAHCTBEHHBIE KOMITOHEHTHI
BEKTOpa 4-CKOPOCTH B MPSIMOYTOJILHON CHCTEME KOOPIHHAT

dx dr dy de_
u=—=—, uf’:—y:—(or (4.20)
du du du du
npu (4 =S JJIs MaTepualibHON yacTuIlsl. U3 mpeobpazoBanus (4.16) cnenyer
a 2
dr =|1- dr. 4.21
[ 167° j (#21)

BBu1y KOBapHaHTHOCTH ypaBHEHHI TE€OAE3MYECKHX MOXKHO MEPEUTH OT HMX PpEIICHUI Uis
merpuku [lIBapummnbaa B chepudeckux koopauHatax (4.7)-(4.10) k peumieHuro it METPUKH
(4.18), cmenaB B Hux mpeodOpaszoBanue (4.16)-(4.17) u moxactaBuB B (4.20). B pesynbrate
HaXOJ/IMM HEHYJIEBbIE KOMITOHEHTBI BEKTOPA 4-CKOPOCTH:

u =n¢ —a|’ (4.22)
)
I N A
P S P OV S | T (4.23)
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IToacrasmss IMNOJIYYCHHBIC KOMIIOHCHTBI BCKTOpa 4-CKOp00TI/I B BBIPAKCHUC I CHIIBL (34)
nojydya€M €IMHCTBECHHYIO €€ HCHYJICBYIO KOMIIOHCHTY
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DTO BBIpAKEHHE HE 3aBHCUT OT MOCTOSIHHOW A , ompenensemMoil yriioBoil ckopocthio (4.9), B
Clly4ae 4acTHIbl, JABMXKYILIEHCS 1O HEOrpaHMYEHHOM MMPOBOW JIMHUM, YEMY COOTBETCTBYET

o 2
nocrosiuHas 1 (4.12) Ilpu cnaboii rpaBUTamMu M o /r <<V?/c? KOMIIOHEHTa CHIbl Qg

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 BBHUJAY HEKOBapMAHTHOCTH 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 HEMOJABIKHYI0O MAaTEpUANBHYIO YacTHIy. JTOMY CIy4al0 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 MOJy4YeHHas Ui METPUKU B M30TPOIHBIX NMPSAMOYTOJIbHBIX KOOPJAMHATAX KOMIOHEHTa (4.25)
npu nojacraHoBke (4.16) coctaBut
2 4
2 a 15a a
c'ma|l-=- "ty
2r 16r° 64
2 _ r
Qrest - . (428)

_ 2 5
2r2(1_“_j (M_j
4r 4r

[TosToMy 00 aHamOrMM ¢ HBIOTOHOBCKOM I'paBUTALMEN U IPaBUTALIMOHHOM Macce MaTepHalIbHON
YaCTUIIBI MOYKHO FTOBOPHUTH TOJIBKO B Ipeiesie cadoi rpaBUTaluy.

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

Paccmotpum cuctemy u3 aByx ten A u B ¢ onunakoBoit maccoit M . [Ipeamnomnaraem, 4to oHU
JBIDKYTCSI B IIPOTHMBOIIOJOXKHBIX HAIMPABICHUAX B CHCTEME OTcUeTa K'=(¢,x',)',z") C

OJIMHAKOBBIMH 110 BenuunHe ckopoctsiMu V u —V. Byaem cuntaTh, 4TO B MOMEHT BpeMeHH t' = 0
UX PaCIOJIOKEHUE TAKOBO, YTO JUIA ONPEIECICHHUS CO3/1aBAaE€MOM ITOM CHCTEMON T'PAaBUTALMM B
paccMaTpuBaeMoil 00JIaCTH pacCTOSHUEM Of MeEXy HUMH MOYKHO TIpeHeOpeyb.

[Tpu cnaboii rpaButaruu Metpuka (4.18) B mpuOImkeHHOM BHJIE CTAHOBUTCS CIIETYIOIICH

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

[Tpumenum k Helt npeoOpazoBanus JlopeHua

t=——— X=——u , y=y', Z=1 (5.2)



OpU YCIOBUHM « / Sr <<V’ /c?. OHO 03HAuYaeT, YTO MCKAKEHHsS MPOCTPAHCTBA U BPEMEHH,
BbI3bIBaeMble HanuyueM JlopeHi-pakropa OyayT Ha TOPSIOK OOJBIIE TOrO, YTO BBI3HIBACT
rpaBuTanys. [lo3ToMy BIMsIHME TpaBUTALMH Ha IpeoOpazoBaHus JIOpeHIla B JTaHHOM cilydae
MOXHO CYMTAaTh HECYHIECTBCHHbIM M TpuMeHsATh ux K Mertpuke (5.1). IIpeoOpazoBanue
KOOPJUHAT IIPU

(5.3)

2~ 2 ~2
AR %dt’dx’—£1+—cz A %de’z —[1+ %)(dy’z +dz?).  (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 COOTBCTCTBYIOIHGIZ CHUCTCMC MeTpI/IKOﬁ (51)

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

v (5.5)

<ixg <t

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

n n
cosnapaemoro N noacucremamu [1] ¢ wmerpuueckumu  Koddduumentamu g =17; +hij :

n
BBITIONIHSACTCS COOTHOMEHHUE N ~ Z h; . CymMmmupys moJis, moiy4aemble ocie noactaHoBok (5.5)
n

u (5.6) B MeTpuky (5.4), HaX0MM UHTEpPBAI MYTH JUIs BpeMeHU Onu3koM K t' =0 B cucreme u3
JIBYX TeJ:

2 2 2 2
ds” = ¢? Ll—czl%] dt” —£1+ %%} dx” —(1+ %} (dy”” +dz”) (5.7)

2V
npu &; = 20 .
[TomyuuM yckopeHue MaTepuaibHOW YacTHUIIHI B MOMEHT BPEMEHH, KOTJa OHa MOKOUTCS B
cucteMe orcuera K'. Bymem UCIOIb30BaTh YpaBHEHHS TE0IE3NUECKHX

£+F;,uku'=0, (5'8)
ds

lglk agj_k_'_agilf_aglij
2 ox'  ox' ox

KOOpIWHAT ¢ UHACKCAMH Kk = 2, 3, 4 HaXO0IUM

e I = cumBosibl  Kpucroddena. [Ins mnpocTpaHCTBEHHBIX

du“ 1 . 49 2
_ 11 1
—=—g —k(u ) . (5.9)
ds 2 ox

[lpu ymHOXeHMM Ha KOI(QGUIMEHT c’m TMpaBas 4YacTh OTOTO BBIPAXKCHHS COBIAJIET C
rpaBUTAIMOHHON cuioit (3.4), Tak Kak HEMOJBM)KHAS YacTHIla He meperaeT ummyibc (2.11)
TPaBUTAI[HOHHOMY ITOJIIO:

dp
ds
VYpaBuenus (5.9) Oe3 yuera MajbIX BEIHYHMH OOJBIIETO IMOPSAKA HMPUHOCAT KOOPAWHATHBIC
YCKOPEHHS

0. (5.10)



2 2 2
. 1 ¢ Vi, g 1, ,¢c+via ., 1, C+Vq
X'=—= ———-L, y———Cyﬁ:,Z———CZﬁ:. (511)
2 vz ct=vir 2 co—-v'r 2 co-VvrT
1-—=
C
B MOMeHT BpemeHH t'=0 . Eciu NOpoCTpaHCTBEHHBIM  paadyC-BEKTOpP  YaCTHIIBI

NEePIEHANKYJIAPEH JTUHUM JBMOKEeHUS Ten (X' =0), TO MOJy4YeHHBIH pe3ylbTaT COOTBETCTBYET
HBIOTOHOBCKOW I'PaBUTALIMU IIPU aKTUBHOW IPaBUTALUOHHONW Macce MaTepUaIbHOM YaCTULIbI

2 2
C +V

1.2

- (5.12)
c -V

MI=M

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

YAaCTUIIBl M €¢ IMAaCCUBHOW TIpaBUTAIMOHHON Maccor (4.26). Hamuuwme Jlopenu-dakrtopa B
Ka4yecTBe KOA(pPHIMEHTAa MPU KOOpAMHATE X' OOYCIOBJICHO TEM, YTO IBM)KCHHUE YaCTHIIbI
paccMaTpuBaeTCs B CHUCTEME OTCYETa, OTHOCHTEIBHO KOTOPOH HWCTOYHHUKHA T'PABUTAIHH
JIBMDKYTCSI BIIOJIb ATOM KOOPIHHATHI.

6. HpI/IHI_[I/IH CTAIMOHAPHOI'O HUHTCI'paJia SHCPTHUHU

st onpenieniennst TuHAMHUKA (DOTOHA B TPAaBUTAIMOHHOM TioJie OyaeM mcronb3oBaTh [ICUD
[5-8]. PaccmoTpuMm HMHTEpBal B ICEBIOPUMAHOBOM IMPOCTPAHCTBE-BPEMEHH C METPHUCCKHMHU

kodbdunreHTamMu ( i
ds® = g dx'dx’, (6.1)
rae 9~11 = P2911 ' le =pPYy,, gpq =0, 1Opu p,q=234. [ABIKCHHUIO CBETa COOTBETCTBYET

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

o= _glpup + G\/(glpglq —0,,0 pq)upuq

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

, (6.2)

aBisercss adp(UHHBIM MapaMeTpoM . DTO ypaBHEHHE MMEET PEUIeHUEM JIBa 3HAYEHUs O , OJHO

u3 KOTophIX ecTh 1 mpu §; = §;;. Ecim 0, = 0 u xorst GBI JUISL OTHOTO P BBINOJHSETCS glp 0,

TO MOJIYUUM
P.a
g pg u-u

p= (6.3)

2g, uu*’
rae k mpuHumaer 3HaueHwus 2,3,4.

JlarpanuaH CBOOOIHO ABUXKYIIIEHUCS YACTHUIIBI O€pETCs B BUJIE
L=—p. (6.4)
s o6oux 3naueHuit o (6.2), (6.3) koBapuanTHBIE 0000IIEHHBIC UMIYJIBCHI (2.2) U cuitbl (2.3)
PUMYT BUJI

u
p)v: ]_ﬂL L] (65)
uu,
1 09. . .
F, = —Lu'u’, 6.6
© o 2uut ox? (6.6)

CJ'IC,Z[YCT OTMCTUTH, YTO BCIIMYHHBI Fl q)OpMI/Ip}IIOT BCKTOp, KOTOpLIﬁ HEC ABJISCTCA TCH30POM.

Br16pannslii Jlarpan:kuan COOTBETCTBYET COOTHOLIEHHUIO



L, (6.7)

ABJISIIOIIMMCS. TIPU p = 1 UHTErpanioM JBwxeHus [11] u, coorBercTBEeHHO, © OyAeT 3Heprueu

CHUCTEMBbI, OOBEAMHSIONICH (OTOH W TPaBUTAIIMOHHOE II0JIC, 3ajJaBaecMoe Merpukon (2.1).
HmenHO 3TO ero 3HaueHue OyJIeT paccMaTpUBaThCs Jajee.

VYpaBHEeHMSs IBUKEHUS HaXOJATCSA U3 IPUHLMIIA CTAlMOHAPHOrO JeicTBUs ['amunpToHa (2.4),
KOTOpoe BBUY (6.4) MOXET OBITh 3amMcaHo B popMe

S = —T pdu . (6.8)

Ho
Beanunna £ HCHYIICBasj, €€ BapHalliU OCTaBJIAIOT HHTCpPBAll CBCTOHO,Z[O6HBIM. ypaBHeHI/IH

JBIDKeHUs OynyT ypaBHeHUAMHU Ditnepa-Jlarpamxka (2.5).
KonTpaBapuaHTHBII BEKTOp 0000IIEHHBIX NMITYJIbCOB 3aITUCHIBACTCS B BU/IC

1
p*=——u". (6.9)
uu,

B mpoctpanctBe MunbKOBCKOTO Tpu ad(HUHHOM MapameTpe x4 = Ct (Qu3udeckue SHeprus M
UMITyJIbC (OTOHA C YACTOTOM V COCTAaBISAIOT KOHTPAaBapUAHTHBIA 4-BEKTOp HMITyJIbca

i i
m =(hv/c)u | rme h - mocrostuuas Ilmanka. IIpu mpousBoibHOM adGUHHOM mapamerpe OH
MIEPETIUCHIBACTCS B BHJIC

C hvd!
T=——

- (6.10)
c u

I/I JJIA HCCBI[OpI/IMaHOBa HpOCTpaHCTBa-BpCMeHI/I AHAJIOTHUYHBIC BHGPFI/IFI n I/IMHy.HBC q)OTOHa B

KOOpﬂHHaTHOﬁ CUCTEMC OTCUCTAa CBA3BIBAOTCA C KOHTPABAPHUAHTHBIMH HUMITYJIbCAMMU. Honaraﬂ,

4910 V, - HEKOTOpOoe (UKCHPOBAHHOE 3HAYCHHE YACTOThI (POTOHA, TAKOE, YTO BBIMOIHSICTCS

) i
V=V, / U, , 1 cpaBHUBAs BBIpaXeHHS A1 7' U P, momydaem
. hr. .
ﬂ'l = 0 pI . (611)
c
Jlarparkuan (6.4) COOTBETCTBYET 4YacTUIlE C €AMHUYHOW »sHepruei. [ns Qorona on
BBIOHMpAETCSI CIEAYIOLTUM:
hv
=—0L. (6.12)
c
B sTOM ciiyyae KOMIIOHEHTaM acCOIMUPOBAHHOTO BEKTOPa 0OOOIIEHHBIX CUIT

L

ph

og; . -
£l g ZZii iy 6.13
J 2u,ut ox* (6.13)
CTaBATCA B COOTBETCTBUC I'PaABUTALIMOHHBIC CHUJIBI
Q' =hv,F' (6.14)

7. CornacoBanHoctb [ICUD st hoToHa 1 06061eHHOT0 NpuHItMna depma

[Mpuaun depma I CTaMOHAPHOTO TpaBUTanMoHHOTo mois [1,12] dopmymupyercs
ClIeIyIoIUM 00pazoM

5t=laji(dl—glkdxk)=o, (7.1)
C g11

TAC OJIEMCHT NIPOCTPAHCTBEHHOT'O paCCTOAHUSA BAOJIb JIyda €CTh

ME :[M_gpq]dxpdxq (7.2)
O



O003HaunB

1
df =—(dl g, dx*) (7.3)
gll
Y CpaBHUBAs 3TO BhIpakeHue ¢ (6.2), nmpu o =1 3anuceiBaem
df 1
——=pu. (7.4)
du
[TosToMy Bapuanust uHTerpania (7.1) paBHOCHIbHA BapUaIH
Hy
5. = [ puidu (7.5)
Ho

B [10] mpennoxxen o6oOmeHHpld npuHmun depma ¢ MpUMEHEHHWEM MPHUHIUMIIA MUHUMYyMa
[TonTpsirnHa U3 TEOPUU ONTHUMAIBLHOTO KOHTPOJSA. JlaHHBIM MOAXO0A pacHpOCTpaHSET MPUHIIUIL
®epMa Ui CTalMOHAPHOTO TPABUTAIIMOHHOTO MOJISl HA HECTallMOHapHbIe MeTpUkH. [loayyeHsl
JTUHAMUYECKHE YPaBHECHUS

Q=u", (7.6)
d[(0Q) 9Q QQ _
dy(@k‘*j ox'  ox' ox° 0 (7.7)

Y TIOKa3aHO, YTO UX PEIICHUS SBJISIFOTCS U30TPOMHBIMU I€01€3UNYECKUMH.
JIoka)keM, YTO 3TH ypaBHEHHS TOXICCTBEHHBI ypaBHEHHsM Oiinepa-Jlarpamka (2.5) mpu
narpamwkuane (6.4). @ynkuus Q [10] coBmamaer ¢ BbIpakeHHEM sl MPOU3BOAHON df /d

noiy4aeMbiM u3 ypaBHeHHs (7.3), IpU YCIOBHH, YTO METPUYECKHE KOIDDHUIUCHTHI 3aBHUCST
TaKke U 0T BpeMeHu. [1oatomy u3 ypaBHenus (7.4) cienyer BoIpaKeHHE ISl SHEPTUU

b % . (7.8)
BBuny (6.9) ypaBuenus (2.5) ans npoCTpaHCTBEHHBIX KOOPAUHAT MPHUHOCAT
1d(aQ) 1 anul_iaQ_O

ut dulou (ul)z out du u' ox®

(7.9)

s BpemeHHOM koopauHatel (A =1) u3 ypaBHeHui Diinepa-Jlarpanxka B dopme (2.6) mpu
000011eHHBIX UMITYJIbcax (6.5) u cunax (6.6) cnexyer

! Yog.

CLL LTINS (7.10)
du  2u, 0x
CpaBHEBas 3TO ypaBHeHHUE H cieayomiee u3 (2.3), (6.4) u (6.6) cooTHoIIeHNE

op 1 agij i

=- uu', 7.11

ox” 2ulul ox* ( )
BBULY (7.8) momydaem

du* o(Q/u 0

Ly QI R (7.11)

du ox* oxt
[ToncranoBka 3TOro BhIpakeHHsI B ypaBHeHHs (7.9) U yMHOXEHHE UX Ha u' JaeT ypaBHEHUs
(7.7). To ecTh, TOXICCTBEHHOCTh YypPABHEHMIi, MOJYUYEHHBIX C TOMOIIbIO OOOOIICHHOTO
npuniuna ®epma u [ICUD nns cBeTo-mo100HOM YacTHUIlHI T0Ka3aHa. BBUIY 3KBUBAJICHTHOCTH
pELICHU, TOJNYYEHHBIX W3 IIEPBOrO0 MNPHUHLIMIIA, HW3OTPOIHBIM TEOAEC3UYECKUM, PELICHHUS,
CIEAYIOIIME W3 BTOPOrO0 MPUHIMIIA, TAKKE€ UM SKBUBAJICHTHBI. [0 cpaBHEHUIO C MPUHLIUIIOM
®epma [ICUD naet cuctemy ypaBHEHUM, KOTOpas MMEET Ha OJIHO ypaBHEHHE OoJjbIie. JTO
MO3BOJISIET OJIHO3HAYHO omnpenenuTh adUHHBI TapamMeTp W BEKTOpP SHEPrHU-UMITYJIbCA
YACTUIILI.



8. Jlunamuka orona B noje [IBapiimmibaa

PaccmMoTpuM  OMHAMHKy  CBETONOAOOHOW  4YacTHIBl B  CTaTUYECKOM  IIEHTPAIbHO-
CUMMETPUYHOM IpaBUTALMOHHOM T0JIe, onrchiBaeMoM MeTpukoi LlIBapimmunsaa (4.1).
O0600611IeHHbIE UMITYJIBCHI (6.5) T IMKINYECKUX KOOPAMHAT {, @ SBISIOTCS MOCTOSHHBIMA

IBUKEHUSI
g cdt, (8.1)
du
, d :
C=risin?0—2(1-alr)". (8.2)

du
ITIpu B =1 BBuay (6.9) u (6.11) BpeMcHHass KOMIIOHCHTa BEKTOpa 4-CKOPOCTH COOTBETCTBYET
BEJIMYMHE YHEPTUU (POTOHA

E, =cr (8.3)

p
Ha yJaJeHUH OT LeHTpa rpasutauun E ;) = hv, . PaccmatpuBas 1BukeHne B TIOCKOCTH 6 = 7 / 2

[OJIyYHM YTJIOBYIO KOMIIOHEHTY BEKTOpa 4-CKOPOCTH

d C
P12 (8.4)
du r r

Jns n3orponHbix kKpuBeIX (ds = 0) u3 (4.1) Haxonum

- {l) e

EnuncTBeHHON HEHYJEBOM KOMIOHEHTOW aCCOIMHUPOBAHHOTO BEKTOpa OOOOIIEHHBIX CHJI
(6.13) siBiseTCs

F2=—3+C—2(1—3J(1—ﬁ] (8.6)
r’ r r 2r

I[pu paguansHoM aBrkennd, C =0, OHa paBHA

F2__% (8.7)

I,.2

YTO COBMAJAET C yJBOEHHOW CHJIOW, NEHCTBYIOIIEH Ha YacTUIly B HbIOTOHOBCKOM IpaBUTALMH.
BBuny (6.14) oHa cOOTBETCTBYET NaCCUBHOW I'paBUTALMOHHOMN Macce (hOTOHa

2h
m?" =C_V (8.8)

DTOT pe3yNbTaT COracyeTcsi C MBICIICHHBIM 3KCIIEPUMEHTOM I10 «B3BEIIMBaHUIO» (QoToHa [13],
B KOTOPOM OH COBEpULIAeT MEPUOANYECKOE ABIKEHHE B BEPTUKAIBHOM HAINpPaBICHUH MEXKIY
JIBYMSI TOPU30HTAIEHBIMU OTPAXKAIOIIUMH ITOBEPXHOCTSIMHU.

IIpu paccMOTpeHUM HEpaaualbHOTO JBIMKEHHS BO H30€XKaHUE TMOsBIEHUS (PUKTUBHOM
COCTaBJIAIOLIEH CHIIbI, OOYCIOBICHHON C(EPUYHOCTBIO CHUCTEMBI KOOPIHMHAT, BOCIIOJIb3YEMCS
dopmoit merpuku LIBapummipaa B NpsAMOYTroibHBIX KoopauHaTax (4.18). Tak ke kak u Juis
MaTepHaJIbHON YacTHUllbl, Oy/ieM paccMaTpuBaTh JIBUKEHHE B MJIOCKOCTU Z =0 M MCKaTh CHUITY,
JIEMCTBYIOIIYI0 Ha CBETONOJOOHYIO 4YacTUIly B TOYKE C KOOpAMHATAMH (ct,x,0,0) , 4TO
COOTBETCTBYET 3HAUCHHMIO YIVIOBOM KOOPIMHATBI ¢ =0 B CQHEpUUECKOHl CHCTeMEe OTCueTa.
[Tockonbky 4-CKOPOCTH SIBIISIIOTCS KOBAPHMAHTHBIMH BEKTOPAMH, TO OT pELICHUH ypaBHEHHUH
JIBUXKEHHS cBeTonoo0HoM vacTuusl (8.1), (8.4), (8.5) Kk KOMIIOHEHTaM BeKTOpa 4-CKOPOCTH B
IPSAMOYTOJIBHOM CHCTeMe KOOpIMHAT MOXKHO MEepeiTH ¢ momolisio npeodpasosanuii (4.20). Ero
HEHYJIEBbIe KOMIIOHEHTHI ¢ yueToM (4.16) u (4.21) npumyT BUI



1/2 a 2
°[+-2)
G N (8.9)

u=[———|, (8.10)

B (6.13), HAXOOUM E€IMHCTBEHHYIO HEHYJIEBYIO KOMIIOHEHTY BEKTOpa CHJIBI, ACHCTBYIOLICH Ha
CBETONOJOOHYIO YaCTHUILY:

ce___ - (1_80” (8.11)

Omna npeobpa3zyercst K BUILY

o[-57)
2 8r

e (8.12)
) a

167
O06o0mieHnas cuiia, IeiCcTBYyIOMmas Ha (OTOH, HE 3aBUCUT OT HAINPABIICHHS €0 JBWKCHHUSA. DTO
BbIpa)K€HUE OTiINYaeTcss oT (opmyibl (8.7), COOTBETCTBYIOLIEH pajuanibHOMY IBMKEHHIO B
chepruecKuX KOOPIMHATAX, UTO ABJSETCS CIEIACTBUEM HEKOBAPHAHTHOCTH BekTopa F'. OnHako
B mpepene cnaboil rpaButanmu (I = & ) 5TH BBIpAXCHUS aCHMIITOTHYECKH CXOISTCS WU JAIOT
3aKOH TATOTeHUss HpIOTOHAa NpM MacCHMBHOM TIpaBUTALMOHHOM Macce ¢oroHa (8.8), paBHOIi
YABOCHHOM IpaBUTALlMOHHOM Macce MaTepUaIbHON YaCTHUIbl SKBUBAJICHTHON €My SHEPIHH.

I'paBUTaninOHHOE IOJIE MOTOKA JJEKTPOMATHUTHOIO HU3IIyYCHHS OIPEACIACTCS U3 pelICHUs

r

VR N 1 _
ypaBHEHUI DHHIITEHHA R —=0J;R = 4T, Ui TEH30Pa SHEPIUU-UMITYJIbCA 3JIEKTPOMArHUTHOTO

1 o
momst T, = =g, F FY —F*F;, rae Fj - tensop snextpomarantHoro momst. B ciyuae craboit
4

IpaBUTAllUM W3 aHAINW3a YCKOPEHHUS MaTepUalbHOM YacTUIl B HEM CJeIyeT, YTO aKTHBHas
rpaBUTAllMOHHAsI Macca My4yKa CBETAa WJIM CBETOBOI'O IaKeTa B J[Ba pa3a OoJiblle aHAJIOTHMYHOU
MacChl CTepIKHs paBHO# emy sHepruu [ 14-16]. Cneqyer OTMETHTB, OJJHAKO, YTO FPAaBUTAIIMOHHOEC
B3aMMOJICHCTBHE MEXIY OJJIEKTPOMATHUTHBIM H3JIy4YEHHEM M MaTepUaIbHBIMH YacTULAMU
OTJIMYAETCA OT 3TOT0 B3aUMOJEHCTBUS MEXIY (OoTOHaMHU. PaBeHCTBO aKkTHMBHOM M MAacCUBHOU
IPaBUTALlMOHHBIX Macc (OTOHAa O3Ha4yaeT BBINOJIHEHHE 3-ero 3akoHa HploToHa mpH
IPaBUTALlMOHHOM B3aUMOJICHCTBUU CBETa M MaTEpUAIbHBIX YaCTUL[ M 3aKOHOB COXPaHEHMS
SHEPrUU U UMITYJIbCA.

9. 'paBUTAIIMIOHHOE KPACHOE CMEIIICHUE

[Tokaxkem, 4TO 3HAYEHHS SHEPruM MarepuanbHoW yactuinbl (3.3) u ¢otona (8.3) B mome
[[IBapumuabIa COOTBETCTBYIOT T'PaBUTAIIMOHHOMY KpacHOMY cmemeHuro. OHO ompenemnsercs
W3MEHEHHUEM COOTHOIICHUS MEX]y HYHEprueil CTaTH4eCKOW MaTepHallbHOM 4yacTHilbl U (OTOHA
[17]. B xauecTBe MaTepHaIbHOM YaCTHIILI MOXKET PACCMATPUBATHLCS OTICIBHBIH aTOM.



Hatinem sHepruro mMaTeprallbHOW YacCTHIlbI, HeTOABIKHOM B Tiosie [lIBapmmmibna. Eit Oyner
COOTBETCTBOBaTh TOYKA C MAKCHUMAJIbHBIM pPAJUYCOM TPACKTOPHUH, 3a/1aBa€MOW MOCTOSHHOU

n=mn, (4.13) nmpu A=0, KOoTOpasi COCTaBUT
1/2
a
n=lt) (9.1)

ext

[MoacraBisis 3TO 3HAYCHUE B BBIPAXKEHHUE JUIS 1# KOMIOHEHTHI BeKTOpa 4-ckopoctH (4.7), npu
=T, nomyuum
-1/2
a
1
u={1-— (9.2)
r

ext

41O BBUAY (3.2) COOTBETCTBYET SHEPTUU HEMOBMKHON MaTepUaIbHON YaCTULIbI

E = (1— %]_M E,, (9.3)

2 o
rac EO =MC -ee OHCPIHUA IIOKOS B COOCTBEHHOH CHCTEME OTCUETA.

Oueprus potona (8.3) BBuay (6.9) u (6.11) cocrasnser
hv,

L=
ST

E (9.4)
1
B mone IlIBapmmmibaa npu BpEMEHHOW KOMIIOHEHTE BEKTOpa 4-CKOPOCTH u' =1 OHa MpPUMET

BHU]T

-1
E,, = hv, (1-% . (9.5)

3,I[eCL VO COOTBCTCTBYECT YaCTOTC (bOTOHa B TOYKC TpaCKTOpHHU Ha YJAAJICHHU OT LCHTpa

rpasutaiun (I — ). Ipu oGo3HayeHnn sHeprun oTOHA B 3T0M Touke E o 910 BBIpaKeHne

NEPCIHCHIBACTCA KAK

-1
(24
E,n = Epho(l—?j . (9.6)

OTHolIeHHWe SHEpruM (GOTOHA K DHEPIrUs HENOJBIDKHOW MATCpUAIbHOW  YaCTHUIIBI
I (S13% 011 SH

B _ ﬁ(l_ KJM _ (9.7)

E E, r

Ero msmeHeHue IpOSABIACTCA B TIPABUTALIMOHHOM KPACHOM CMEHIEHMH 4YacTOThl (DOTOHOB,
UCIIYIIEHHBIX B TOYKE C MEHBIIMM DPACCTOSHMEM OT LEHTPA IO CPABHEHHIO C TOYKOM MX
MOTJIONICHUS aTOMaMH.

10. BeiBobI

I[I/IHaMI/IKa qaCTuIll B KpHBOJ’IHHCfIHOM MMPOCTPAHCTBC-BPCMCHU paccMOTpCHA C
HCIIOJIB30BAaHUEM MCXaHUKH HarpaHn(a. VCTaHOBIIEHO COOTBETCTBHE MCXKIY (1)I/ISI/I‘IeCKI/IMI/I
3Hep1’HeI>i " UMITYJILCOM YaCTUIIBI, OIMIPECACIACMBIMA U3 HCTPABUTAILIMOHHBIX B3aHMOﬂeﬁCTBHﬁ, u
KOHTpaBapuaHTHBIM BCKTOPOM 0606H_ICHHHX HNMITYJIBCOB. HonyquHme JUHAMHWYCCKHUC
YpaBHCHUA BKIIIOYAIOT B ceOs CKOPOCTb U3MCHCHUSA BCKTOPA SHCPIrUHU-HUMITYJIBCA, KOMIIOHCHTBI
KOTOPOr'o BbIpaXKarOT HpI/IO6peTeHHLIe TpaBUTAOMOHHBIM II0JIEM OSHEPTHUI0O W HMIIYJIBC IIpPU
JABMOKCHHWKW B HEM YaCTHIIBI. HpI/I pPacCMOTPCHUN OUHAMHUKU OTJENIbHON YacTUIBI 3TOT BCKTOp
SABJIACTCA aHAJIOIOM IICEBAOTCH30pa, UCITOJIB3YyEeMOI'0 B 3aKOHAX COXpPAaHCHUA B TCH30PHOM BUC.



XoTsi mody4deHHbIE OOOOIIEHHBIE CHUJIBI HE SBJSIOTCS KOBapUAaHTHBIMU BEIMYMHAMHU, B
npezene cinaboW TpaBUTAIMHM, OMUCHIBaeMOM MeTpukoil IlIBapummibaa, OHM BBIPAXaroT
HBIOTOHOBCKMH 3aKOH I'PaBUTalMU C MAaCCUBHOM MAacCOM 4YacCTHUL, COOTBETCTBYIOLIEH AKTUBHOMU
IPaBUTALIMOHHON Macce JBUKYILMXCSI TOUEUHBIX TEJl U CBETOBOrO Iyudka. I[Ipu aToM, naccuBHas
rpaBUTallMOHHAss Macca (OTOHA HE 3aBUCUT OT HampaBlieHus ero nBuxeHus. CoBmagas c
AKTUBHOM I'PaBUTALlMOHHON MacCOW HAIpaBJIEHHOI'O IEKTPOMArHUTHOIO U3IyUYEHHs, OHA paBHA
YABOEHHOM Macce MaTepUajbHOM YacTULbl SKBUBAJEHTHOU ero sHepruu. HexoBapuaHTHOCTH
BEKTOpa OOOOIIEHHBIX CHJI M BEKTOpPA, COCTABICHHOTO M3 CKOPOCTEH Iepenadyd SHEPrud U
MMITyJIbCa FPABUTAIMOHHOMY MOJIFO IIPU JBUKEHUU B HEM YACTHIIBI, UMEET Ty € IPUPOJY, YTO
Y HEKOBAapMaHTHOCTh IICEBJOTEH30pa 3HEPIMHU-UMITYJIbCA TPABUTALIMOHHOTO TOJIS, C TOMOLIBIO
KOTOpOTro ObUIN paccYUTaHbl MOATBEPKICHHBIE SKCIIEPUMEHTAILHO U3MEHEHHS KPYTOBBIX OpOUT
JBYX T€J, JBWXYILIUXCS BOKPYI OOLIEro IIEHTpa, B PE3yJibTaTe MOTEPU DHEPIHM, BbI3BAaHHOU
W3JIy4eHHEM TpaBUTAIMOHHBIX BoJH (HobeneBckas mpemus, 1993).

PaccmoTtpena cucrema u3 IByX OJIM3KO pacHoOJIOKEHHBIX OJMHAKOBBIX TEJl, JABMXKYIIHUXCS B
MIPOTUBOIIOJIOKHBIX HAINPABICHUAX, C MaJoOl IMOTEHUHUAJIbHON 3HEpPrued MO CPaBHEHUIO C €€
KMHETUYECKON 3Heprueil. Ero MoXHO omnucaTh C MOMOIIBIO METPUKH, IMOJIYYECHHOW IyTEM
npuMeHeHus mnpeoOpasoBanuii Jlopenna k Merpuxe [IBapmmunbaa. Ee rpaBuranmonnoe
BO3/ICIICTBHE HA MaTEpUAJIbHYIO YaCTUILy 3aBUCUT OT yrja MEXIYy paJuyc BEKTOPOM M JIMHUEN
JBUKEHHUS TEll.

[Tpumenenne TICHUD u o6o0mennoro mpunammmna depma st CBETO-MOAOOHONW YaCTHUIBI B
IrPaBUTALIMOHHOM TI0JIE MPUBOAUT K OOIIEMY pEIICHUI0, KOTOpOe SBISETCS HU30TPOIHOU
reogesnyeckoit munueil. [IICHUD onpenenser cucrteMy ypaBHEHH, UMEIOIIYIO 110 CPAaBHEHUIO C
pe3ynbraToM 0000mIeHHOro mpuHiuna depmMa Ha OJHO ypaBHEHHE OoJblne. ITO MO3BOJISET
OJIHO3HAYHO OIPEJIEINTh BEKTOp JHEPrUM-UMITysbca dacTuilpl. B mone IIBapummibaa
COOTHOILLIEHUE MEXAy »dHepruedl (oToHa ¥ HENOJIBMKHOM MaTepUaNbHONW  YaCTHIIBI
COOTBETCTBYET XapAaKTEPUCTUKE I'PaBUTALIMOHHOIO KPACHOTO CMELECHHUSI.
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