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I[I/IHaMI/IKa YaCTHULl B TpaBUTAIMOHHOM IIOJIC€ HCCICAYCTCA C HCIOJb30BAHUCM MCXAaHUKHU
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'paBUTallMH OIPEACICHBI IMACCUBHBIC TI'PAaBUTALIMOHHBIC MAacCChI (I)OTOHa u
MaTepHaHBHOﬁ JaCTHULbI IIpHU YCJIOBHUU c1aboro BIIMSTHUS rpaBUTAIUOHHOTO TIIOJA Ha €C
JBHXXCHHUC. HafmeHa AKTHBHAasd rpaBUTAallMOHHAA Macca JJIs 4aCTHOT'O Ciiy4dasa CUCTEMBI U3 IBYX
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 PENSATUBUCTCKUE MOMPABKU K TEOPUHU TATOTCHUS
HeroTona ans cmaboro rpaBUTallMOHHOTO mojs. Eciu B KadecTBe COCTABISIOMIMX 4-BEKTOpa
CHJIBbI, JEHUCTBYIOIEH HAa MaTEepUAIbHYIO YAaCTUIy €IUHUYHOM MacChl, pacCMaTpUBaTh BTOpPHIC
MPOU3BOJHBIE KOOPAMUHAT MO IMyTH [1-3], TO B HBIOTOHOBCKOM IpE€Jeie BEJINYMHA, UTParoLas
pOJIb NACCUBHOM T'PAaBUTALlMOHHOM MAcChl, OKA3bIBAECTCS 3aBUCSAILECH OT HAIPABIICHUS ABUKCHUS
gacTuIlel [4]. DTO e MMeeT MecTo M g (OTOHA, €Clu C 4-CHUJIOW OTOXKIACCTBIISITH BTOPHIC
NPOM3BOJHBIE KOOpAMHAT MO apPUHHOMY MapaMeTpy, B KadecTBE KOTOPOTO BBIOMpAETCS
KOOPJIMHATHOE BpEMSI.

JlpyruM moaxoa0oM sBIISIETCS BHIOOD JIarpaHKuaHa 4acTULIbI, Ollpe/ieJieHre 0000IIEHHBIX CHII
KaK €ro 4aCTHBIX MPOM3BOIHBIX 0 KOOPIHHATE B COOTBETCTBHH ¢ MeXaHHKO# Jlarpamxka. [5-8].
B OTO ¢wusnyeckue CKOpPOCTH YaCTHI[ CTaBATCS B COOTBETCTBUE KOMIIOHEHTaM
KOHTPaBapUaHTHOTO BekTopa 4-ckopocTH. [losToMy ¢ uznueckoit cuiioil CBI3bIBAETCSI BEKTOP C
BEPXHUMHU HHJIEKCAMH, ACCOLMMPOBAHHBIM C BEKTOPOM OOOOMIEHHBIX cui. B aTOM ciydae
MacCHMBHAsl T'PAaBUTAIIMOHHAS Macca KaK MAaTepUajbHOM, TaK U 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, IBIKYIIEICS B TPOCTPAHCTBE-BPEMEHH MHUHBKOBCKOTO.

B nokazarensctBe PoKa NBUKEHHUS CBETA MO Ie0I€3UYECKUM [9] B KauecTBe raMuUIbTOHHAHA
Oepercss BpEMEHHas COCTaBIISAIONIAs KOBAapHMaHTHOrO BekTopa 4-ckopoctu. IIpumenenue
OCHOBAHHOTO Ha JIarpPaHKE€BOM MEXaHUKE BAPUALIMOHHOIO MPUHIINUIA CTAIMIOHAPHOTIO UHTETpaia
sHeprun (IICUD) x ABMKEHMIO CBETO-TIOJJOOHOIM YacTHIBl B IPaBUTALIMOHHOM Imoisie [5-8] He
MPUBOJUT K HAPYIICHUIO U30TPOIMHOCTH cBeToBOro myTu. B [10] Obu1 mpeioxken 0000IIeHHBIH
npuHiun depMa, B KOTOPOM HCTONB3YETCS BapHallus HHTETpajia BPEMEHHONH KOMIOHEHTHI
BEKTOPA 4-CKOpPOCTH, NAIOIINN TPAEKTOPHIO IBUKEHUS CBETA, COBIAIAIOILYIO C I€01€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 €€ IMHAMUKH B OOLIEM BUJIE.
Jlarpanxuany yacTuipl L COOTBETCTBYIOT KOBapMaHTHbBIE 0O0OIICHHBIE UMITYIIbChI
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"o 22)
A 0000IIEHHBIE CUJIBI
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F =—. 2.3
booax! (23)

JIBM>KEHME YaCTUILIBI ONPEIEIAECTCS MPUHLMIIOM CTallMOHAPHOTrO AeicTBUsA ['amunbroHa 6S =0
npu

Hy

S=[Ldu, (24)
Ho

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 yyerom BbIpaXeHUH Ui OOOOIICHHBIX UMIYNbCOB (2.2) u cui (2.3) 3TH ypaBHEHHS

HEPENChIBAIOTCS B BUJIE

dp,
du

Jlarpamkuan BBIOMpAeTCS TakK, 4YTO C (PU3MUYECKUMH SHEPrHed W HUMITYJIbCOM YaCTHUIIBI
CBA3BIBAIOTCA KOHTPABAPHUAHTHLIC UMITYJIbChI

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

~F, =0, (2.6)

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

i dpi 09, |
F'= — u . 2.9
g Al gll d 6x' p ( )

YMHOXHUB 3TH YpPaBHEHHs Ha g“* M CyMMHUpPYs IO JBaXJbl BCTPEYANOIIEMYCS MHIEKCY A ,

noJy4qaeM
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
coxpaHsieTcd He 4-UMIyJbC OAHOW JIMIIb MaTepuu, a 4-uMIylIbC MaTepud BMECTE C
rpaBuTaiuoOHHBIM TosieM (cM. [1] § 96). Ero KOMIOHEHTHI BBIPAKAIOT CKOPOCTh M3MEHEHUS
MPUOOPETEHHBIX TPABUTAIIMOHHBIM MTOJIEM YHEPTUH W UMITYJIbCA TIPU IBUKCHUH B HEM YaCTHUIIbI

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




WuTterpupoBanue HTOW BEIMYMHBI MO A JAaeT DSHEPrui0 U HMIYJIbC, MOJyYEHHBIX

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

d k d“k

S S (2.12)
du du

W3 3aKkOHOB COXpaHEHHsI PHEPTUH W MMITYJIbCa CJIEAYET, YTO CHJIA, NEHCTBYIOIIAs HA YACTHILY

paBHa IO BCIIMYMUHE U IMPOTHUBOIIOJIOKHA 10 3HAKY CHIIC, HGfICTByIOH.[Gﬁ HUCTOYHUK T'paBUTaAllU
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

L, = cmy/gu'u’, (3.1)
Jlyis MaTepualbHBIX YaCTHIl TMapameTp A/ COBMamacT ¢ WHTepBajgoM: 4 =S . C (usnuecKumu
3HeprI/IeI71 U HUMIIYJIBCOM HYaCTUIBI CBA3BIBAIOTCA KOHTPABAPDUAHTHBIC HMITYJIbChI (2 . 7) ,
NPUHUMAFOIINE BH/T

p’ =cmu', (3.2)
Takon BBI60p O6YCHOBJ'IGH TEM, 4YTO TOJIbKO B 3TOM CJIy4ac¢ KOMIIOHCHTLIL 4'B€KTOpa HUMITYJIbCAa

COBITAAAKOT 10 3HAKy C KOMIIOHCHTAMM BCKTOpa 4-CKOPOCTI/I. HepBas[ KOMITOHCHTA ONpeaAciacT
OHCPIUI0 4aCTUIbI

E=cp'. (3.3)
['paBuTanimoHHas cuia, NEHCTBYIOIIAs Ha MaTepUalbHYIO yacTully, BBUAY (2.8) ompexaensiercs
dbopmyoit
Q' =cF' :lczmg”aigu‘u". (3.4)
2 OX

CornacHo oOmield TeOpuHM OTHOCUTENBHOCTH JIBUKEHHWE MaTepUAIbHOM  YaCTHIIbI
ONpEAENsIeTCd YpPaBHEHUSMHM Te€0Je3MYecKol mnuHuM. I MaTepuanbHOM YacTUUBl IPU
narpanxkuade (3.1) oHM MoOryT OBITh MOJy4YeHBI W3 NPUHIMIA CTALMOHAPHOTO JEHCTBHS
FamunbToHa [9] M TOKAECTBEHHBI YpaBHEHHSM (2.6).

4. MarepuanbHas yactuiia B nosie [lIBapummnsaa

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

X' =(ct,r,0,9) onncwiBaercs MmeTpukoi LIBaprimmisaa

r
1€ IIOCTOsAHHAsA

o= 2M (4.2)

CZ

3aJ1aeTCs TPABUTAIIMOHHON ITOCTOSSHHOM J W TPaBUTAIMOHHON Maccoit Tema M .

-1
ds? = ¢2 [1_gj dt? —(1—gj dr? —r?(d6? +sin? 6d ¢?), (4.1)
r

[Moxy4nm BekTOp 4-CKOPOCTH MaTepHaIbHOM YaCTHIIBI, IBHKYILEHCS B HeM. YpaBHeHus (2.6)
JUTS. BpeMEHU-TT0I00HOTO WHTepBaia npu jarpamkuane (3.1) ms i =1,3,4 TpuMyT BUT



-t

di(r2u3)—rzsin fcos Ou‘* =0, (4.4)
s

%(rzsin2 9u4): 0

(4.5)

JIOTIOJTHUTENBHO U3 BhIpaKeHHs 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€ 11 - IIOCTOSAHHAsA. BI)I6CpeM CI/ICTeMy KOOpI[I/IHaT TakK, 4YTO ABHKCHHNEC YaCTHUIIbI HpOI/ICXOIII/IT B
T

IJIOCKOCTH @ = 2, 4TO JAEeT
2

40 _

0. 4.8

s (4.8)

Torpa (4.5) npuHOCUT

dp _ A (4.9)
ds r?

rane A - nocrosiauaast. [loncrasisis (4.7)-(4.9) B (4.6), noiyvaem

dr A?

dr_, 772_[“_2}(1_1) (4.10)
ds r r

Henenue (4.10) Ha (4.7) naer

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

Jns MUpPOBBIX JIMHUKM C HEOTPAHWYEHHBIM r 3HAYECHHUE [ 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 pagudlibHad KOOpAUHATA UMECT

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

IMPUHOCUT

el o2

s HEOrpaHWYEHHBIX [0 PaAUyCy TPACKTOPUN, HUMEIIIUX OChb CHUMMETPHH, BBIIOJIHICTCS
M =13

IloncraBnsss HallIGHHbIE KOMIIOHEHTBI BEKTOpPAa 4-CKOPOCTH B BBIPD&KEHUE MJI BEKTOpa
rpaBUTAlMOHHON cuiibl (3.4), ACHCTBYyIOIIEH HAa MaTepHAJIbHYH YaCTHIYy, HAXOJUM €ro
€JUHCTBEHHYIO HEHYJIEBYIO KOMIIOHEHTY

0 = czr’rzwz [1_ n'r }r CA32 (1_1) (4.14)

r 2 r—o r 2r



[Ipu cnaboif rpaBUTAIMH, HEOTPAHUYEHHOM paauanbHOM ABWkeHHH ( A=0 , ;=5 ) H
alr<<V?/c? oHaImpeoOpa3yercs K BUIY
2 2 2
~ c’ma (c”+V
2
Q" =- 2 2 2 | (4.15)
2r c° -V
OnHaKo MpH paccCMOTPeHHH HepaauaibHOro aBrxkeHus (A #0) Bo H30CKaHHE MOSBICHHS
(UKTUBHOM COCTaBISIOUICH CHIIBI, OOYCJIOBICHHON HCIIOIB30BaHUEM CHEPUUECKON CHCTEMbI

KOOpJIMHAT, CJeIyeT HCHOJb30BaTh M30TponHyr ¢opmy wmerpuku IlIBapummnbna B
NPSMOYTOJIBHBIX KOOpJIMHATAX (ct, X, Y, z) . K Hell MOXHO IepeiTu ¢ MoMOIIbIo Tpeodpa3zoBaHus

2
r= (1+K_J r (4.16)
4t
mpu T = /x> +y* +2°,
X=Fcos@cosep, y=rcosfdsing, z=rsing, 4.17)
KOTOPOE IPUHOCUT
2
1—% o )
ds? = c?| — 4T | dtz—(1+4—_J (dx + dy? +dz°). (4.18)
r

Ll + i_ J
4r
Bynem paccmarpuBarh JBMJKEHHE B IUIOCKOCTH Z =0 W WCKaTh CHIy, JCHCTBYIOIIYIO Ha
YaCTHIly, B TOYKE C KOOPIUHATAMH (ct, x,0,0) , COOTBETCTBYIOUIMMHU & = ¢ = 0 B CHEPHUUECKON

cucreme orcuera. [TomydaeMbIM Py IPeoOpa3oBaHUAX KOOPAMHAT B IUIOCKOCTH

X =T cos @, y=Tsing (4.19)
B paccMaTpuBaeMON TOYKE COOTBETCTBYIOT HEHYJIEBBIC MPOCTPAHCTBEHHBIE KOMITOHEHTHI
BEKTOpa 4-CKOPOCTH B MPSIMOYTOJIBHON CHCTEME KOOPIUHAT
oG 0T dy de

r— - ! r - (420)
du du du du
npu (4 =S JJIs MaTepualibHON YacTuIlsl. U3 mpeobpazoBanus (4.16) cnenyer
a 2
dr =|1- dr. 4.21
[ 1677 ] (4.21)

BBu1y KOBapHaHTHOCTH YpPaBHEHHI T'€OAE3MYECKHX MOXKHO MEPEUTH OT HMX PpEIICHUH Uis
metpuku [lIBapummunbaa B chepudeckux koopauHatax (4.7)-(4.10) k pemieHUIO Ui METPUKU
(4.18), cmenaB B Hux mpeodOpazoBanue (4.16)-(4.17) u moxactaBuB B (4.20). B pesynbrate
HaXOJ/IMM HEHYJIEBbIE KOMITOHEHTBI BEKTOPA 4-CKOPOCTH:

ut =y —4 | (4.22)
)
\r ( ) )(1—0‘_)21
ot : |n2—|1+ AN || ar I , (4.23)
_“ =2 o 1_,_&
[ 16r_2j|L L ' (1+4FJ JL 4FJJ|

T — (4.24)



[ToacraBnsist MOyYCHHbIE KOMITIOHEHTBI BEKTOpa 4-CKOPOCTH B BbIpakeHue ajisi cuiibl (3.4)
[10JTy4aeM €IMHCTBEHHYIO €€ HEHYJIEBYIO KOMIIOHEHTY

c’ma

. zr o -3 o 72‘| o )
Qrest = — ﬁ n L(l— EJ + [1— E] J - (14‘ Ej . (425)
1+ —=

2r?
4r

DTO BBIpRKEHHE HE 3aBHCUT OT MOCTOSIHHOW A , ompeensemMoil yriioBoi ckopocthio (4.9), B
Clly4ae YacTHIbl, 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 CPEPUUYECKUX KOOPAMWHATAX MPHU PaIUaIbHOM JBHKEHUU
(4.15). OHo sBnsieTcs 3aKOHOM rpaBuTanuu HpIOTOHA IIpH MACCHBHOM I'paBUTALMOHHON Macce
MaTepuaIbHOW YacTULIbI
oo SV (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 cuinbl B nosne IlBapiimmnbaa B
chepuueckux koopauHarax (4.14) momydeHHoe BbIpakeHue He coBmanger ¢ (4.25) u s
paauaIbHOTO JBUKEHHS YacTUIbl. B KauecTBe mpumepa pacCMOTPUM TPaBUTALMOHHYIO CUITY,
JEHCTBYIOIIYI0 Ha HEMOJIBIKHYIO MaTepHAIbHYIO YacTHIy. DTOMY CIy4Yard COOTBETCTBYIOT

noctrosiuaeie A=0, 11 =1, u paccrossaue ot uenrpa I =TI, . HeHyneBas xommoHeHTa BeKTOpa

cuibl (4.14) npumer Bux

Qo Cme (4.27)

2
2r? (1+“_)
4t

a MOJy4YeHHas Ui METPUKU B M30TPOMHBIX NMPSAMOYTOJIbHBIX KOOPJAMHATAX KOMIOHEHTa (4.25)
npu nojacraHoBke (4.16) coctaBut
a 15a° o
c’ma 1—2—_— = —
2 _ r16er 64r
Qrest - . (428)

. 2 5
2r2(1—0‘_j (1+ Oij
4r 4r

[ToaTomMy 00 aHaIOrMM C HEIOTOHOBCKOM TpaBUTAIMEN M TPABUTAIIMOHHOM Macce MaTepuaibHON
YACTHUIbl MOYKHO TOBOPHUTH TOJBKO B MpeEJIeNie cIa00i rpaBUTAIIUN.

5. YacTHbI# ciTydail CHCTEMBI, COCTOSIICH U3 ABYX JBUKYIIMXCS TEII

Paccmorpum cucremy u3 aByx ten A u B ¢ ogunakoBoii maccoit M . Ilpennonaraem, uto oHn
JBIDKYTCS B IIPOTHBOIIOJOKHBIX HAINPABICHUAX B CHCTEME OTcdeTa K'=(¢,x',y',z") C
OJIMHAKOBBIMH 110 BenunHe ckopocTsmu V u —V. Bynem cunrath, 94T0 B MOMEHT BpeMeHH t' = 0
UX PACIIOIIOKECHHUE TAaKOBO, YTO IUIA ONPENEICHHUS CO3JaBacMOW 3TOM CUCTEMOW IpaBUTAlMM B
paccMaTpuBaeMoil 00J1aCTH pacCTOSHUEM Of MeEXJy 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 npeobpazoBanus Jlopenua



(5.2)

OpU YCIOBUHM « / St <<V’ /c?. OHO 03HAuYaeT, YTO HMCKAKEHHsS IPOCTPAHCTBA U BPEMEHH,
BbI3bIBacMble Haimu4yueM JlopeHi-akropa OyayT Ha TOPSIOK OOJBIIE TOrO, YTO BBI3BIBACT
rpaBuTanys. [loaToMy BIMSIHHE TpaBUTAlMK Ha TpeoOpa3zoBaHus JIopeHIa B JaHHOM cirydae
MOXHO CYMTAaTh HECYIIECTBCHHbIM M TpuMeHsATh ux K Merpuke (5.1). IIpeoOpazoBanue
KOOP/UHAT IIPU

(5.3)
402\7 o Sy C2+\72 o 2 (24 2 2
ﬁ:dtdx — 1+ﬁ: dx’ — 1+: (dy +dz ) (54)
cC —-vr c —-vr r

B cucremax otcuera KA , KB , CBA3AaHHBIX C pacCMAaTpUuBACMbIMHU TCJIaMH, I'paBUTAINA

Ka)XJ0r0 U3 HHUX B OTICIBHOCTH OIKCBHIBACTCS B COOTBETCTBYMOIICH cucteme merpukoit (5.1).
[lepeiiieM OT DTHX CHUCTEM K cucTeMe Koopauuar K', ¢ momoinsio mpeobpasoBanuii Jlopenna
npu

v (5.5)

<ixg <t

=—v. (5.6)
Ecim npencraButs Metprdeckue koddduuments B Bune 9; =17; + Ny, rae 77; - coorsercyroT
MeTprke MMHBKOBCKOTO, TO B Cilydae claboil rpaBUTAIllMM MPH PACCMOTPEHHH OOIIEro MO,

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

n
BBITIONHSACTCS COOTHOMEHHUe N ~ Z h; . CymMmupyst HoJis, moy4aeMble ocie HoacTaHoBoK (5.5)
n

u (5.6) B MeTpuky (5.4), HaX0MM MHTEpPBAI MYTH JUIs BpeMeHHU Onui3KkoM K t' =0 B cucreme u3
JIBYX TeJ:
2 2 2 2
ds2 = CZ Ll_ Clﬂ} d-tl2 _ [1+ Ciﬂ} der _ (1_'_ %J (dyI2 +dzr2) (57)
r

ci-vir ci-vi r

npu &, =2a .

HOquI/IM YCKOpPCHHUEC MaTepI/IaJleOP'I YaCTHULIbI B MOMCHT BPCMCHH, KOT'Ja OHa IMOKOUTCIA B
CHUCTEMEC OTCUCTA K' . ByﬂeM HCIIOJIb30BATh YPABHCHUSA I'COACINICCKUX
du’ i
d—+l"l:,uku'=0, (5.8)
s

og . 00
rae T :lglk 9 +ag"‘ - g”j - cumBosbl  Kpucroddens. [l mpocTpaHCTBEHHBIX

2 ox' ox! ox"
KOOpAUWHAT C UHACKCAMU k = 2,3, 4 HaX0JUM
dut 1o %(ul)z
ds 2 : ox* '

[Ipu ymHOXeHUM Ha KOIPPUIMEHT c°m TMpaBas YacTh OSTOTO BBIPAKEHUS COBMAJET C

(5.9)



rpaBUTalMOHHON cuimoi (3.4), Tak Kak HEMOJABMXKHAs 4YacTHIlA He meperaerT ummyiasc (2.11)
T'paBUTAIMOHHOMY IIOJITO:
=~k
dp
ds

VpaBuenust (5.9) 6e3 ydera MaibIX BEIMYUH OOJBIIETO IMOPSAKA IMPUHOCAT KOOPAHWHATHBIC
YCKOpEHUSs

0. (5.10)

2 2 2 2
. 1 o v, g 1, ,¢c+via ., 1, C+Vq
X'=—= ——— Z_B,y———Cyﬁ:,Z———CZ > > T3 (511)
2 vz ct=vir 2 co—-v'r 2 co-Vvr
1-—=
C
B MOMEHT BpemeHH t'=0 . FEciu NOpoCTpaHCTBEHHBIM  paadyC-BEKTOpP  YaCTHIIBI

NEPICHIUKYJISIPEH JTHHUU JBIKeHUS Tel (X '=0), TO MOJy4YeHHBId pe3ylbTaT COOTBETCTBYET
HBIOTOHOBCKOM I'PABUTALIMM IIPU aKTUBHOM IPAaBUTALIMOHHON Macce MaTepHalbHON YaCTULIbI

2 2
C +V

1.2

MS =M -
C -V

, (5.12)

rac Ml =2M . HpI/I v=V »sTa Q)opMlea TOXIACCTBCHHA COOTHOUICHUIO MCKAY Maccoil IOKOs

YacTUIBl M €€ IAaCCHBHOW TIpaBUTAIIMOHHON Maccoit (4.26). Hamuuwme Jlopenu-gaxktopa B
kKauecTBe kod(ddummenta npu koopauHate X' OOYCIOBJICHO TEM, YTO JIBI)KEHUE YACTHIIBI
paccMaTpuBaeTCss B CHUCTEME OTCUYETa, OTHOCUTEIILHO KOTOPOW WCTOYHHKH TI'PABUTAIHU
JBYOKYTCS BJIOJIb 3TOW KOOPIUHATHI.

6. HpI/IHI_[I/IH CTAaIMOHAPHOI'O HHTCI'paJia SHCPTHUHU

st onpenieniennst TuHAMHUKA (DOTOHA B TPAaBUTAIMOHHOM TioJie OyaeM mcroibs3oBaTh [ICUD
[5-8]. PaccmoTpuMm HMHTEpBal B ICEBIOPUMAHOBOM IMPOCTPAHCTBE-BPEMEHHU C METPHUCCKHMHU

koddduirenTamu ( i
ds® = g dx'dx’, (6.1)
rae Oy, = P2911 : le = P05, 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 TpuHUMaeT 3HadeHus 1, a 4-CKOpOCTH u' ONpENeNsAOTCAs TPH YCIOBHH, YTO A

, (6.2)

aBnsercss ap(UHHBIM MapaMeTpoM . DTO ypaBHEHHE MMEET PEUIeHHEM JIBa 3HAYEHUs O , OJHO

u3 KOTophIX ecTh 1 mpu §; = §;;. Ecim 0, = 0 u xorst 6B JUISL OTHOTO P BBINOJHSETCS glp 0,

TO MOJIYUUM
P.a
g pg u-u

D= (6.3)

2g, u'u*’
rae k mpuHumaer 3HaueHus 2,3,4.

Jlarpanxuan cBOOOIHO JBIIKYIIEHCS YacTULIbI OepeTcs B BUJIE
L=—p. (6.4)
Il oboux 3nauenuii o (6.2), (6.3) koBapuanTHBIE 0000IIEHHBIE UMITYILCH (2.2) 1 cuithl (2.3)
MIPUMYT BT
uﬂ

p)v = 1 1 (6.5)
uu,




L %0 iy

F, =
2uut ox*

(6.6)

p2

CrieslyeT OTMETHTb, YTO BEIMUMHBI F; (OPMHPYIOT BEKTOp, KOTOPBIH HE SIBISACTCS TEH30POM.

BoiOpannbIii JlarpaHKuad COOTBETCTBYET COOTHOLIEHUIO
oL
2
p =U — L y (6.7)
ou’
SBISIOMIAMCS. TIPU p =1 UHTErpanioM aBmxkeHus [11] U, cOOTBeTCTBeHHO, O OyaeT 3Heprueit

CHCTEMBbI, OOBEAMHAIONICH (OTOH W TpaBUTAIMOHHOE II0Jie, 3ajaBaeMoe MeTpukou (2.1).
HmenHO 3TO ero 3HayeHue OyJIeT paccMaTpUBaThCs Jajee.

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

S = —T pdu . (6.8)

Ho
Bemnunna L HCEHYJIEBadA, €€ BapHallid OCTaBJIAT HHTCPBa CBGTOHO,Z[O6HLIM. ypaBHeHI/IH

JBUKEHUS OyayT ypaBHEHUsIMH Dilnepa-Jlarpanxka (2.5).
KoHTpaBapuaHTHBII BEKTOp 0000IIEHHBIX UMITYJIbCOB 3aITUCHIBACTCS B BUJIC

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 HMITyJbca

i i
m =(hv/c)u | rme h - mocrostuuas Ilnanka. IIpu mpousBoibHOM adGUHHOM mapamerpe OH
NIEPENUCHIBACTCS B BUJIC

vy

w (6.10)

T
cu

W nns nceBroprMaHoOBa MPOCTPAHCTBA-BPEMEHU aHAJIOTUYHBIE SHEPTUsS U MUMIYJIbC (POTOHA B

KOOPJMHATHOM CHCTEME OTCUETa CBA3BIBAIOTCSA C KOHTpPaBapUaHTHBIMM MMITyibcamu. [lomnaras,

4yTo V, - HEKOTOpoe (UKCHUPOBAHHOE 3HAYECHHE YaCTOThI (POTOHA, TAKOE, YTO BBIMOJHSIETCS

, [
V=Y, / U, , ¥ cpaBHUBAs BBIpaXEeHUS Ui 7' U P, momyyaem
. hv, .
7[' = 0 pI . (611)
c
Jlarparkuan (6.4) COOTBETCTBYET 4YacTUIlE C €AMHUYHOW »sHepruei. s Qorona on
BBIOMPAETCS CIIETYIOLIUM:

LG (6.12)

ph —

L

C
B stom CJIy4a€ KOMIIOHCHTaAM aCCOMHUPOBAHHOT'O BEKTOPA O606H_ICHHBIX CHUJI

o9 . .
El_ g 2 iy 6.13
J 2u,u* ox* (6.13)
CTaBATCA B COOTBETCTBUC I'PaBUTALIMOHHBIC CHUJIBI
Q' =hv,F' (6.14)

7. CornacoBanHoctb [ICUD st hoToHa 1 06061meHHor0 npuHIituna depma

[Mpuaun ®depma I CTalMOHAPHOTO TpaBUTanMoHHOTO mois [1,12] dopmymupyercs
ClIelyIoIUM 00pa3oM



5t=55ji(d|—glkdxk)=o, (7.1)
c gll

TAC DJICMCHT NPOCTPAHCTBCHHOT'O paCCTOAHUSA BAOJIb JIyda CCTh

d|2 :[M_gpq]dxpdxq (7_2)
gll

O603HauuB
1

df = —(dl - g, dx*) (7.3)
gll

Y CpaBHUBAs 3TO BhIpakeHue ¢ (6.2), nmpu o =1 3anuceiBaem

df 1

—=pUu, (7.4)

du

[TosToMy Bapuanust uHTerpaia (7.1) paBHOCHIbHA BapUaIiH
Hi1

S, = Ipuldu (7.5)
Mo

B [10] mpemnoxxen ob6oOuiennbrii npuHmun depMa ¢ MPUMEHEHUEM MPUHIUIIA MHHAMYMa
[ToHTpsiTMHA U3 TEOPHH ONTUMAIBHOTO KOHTPOJIA. J{aHHBIN MOAX0J pacnpoCTpaHseT MPUHLIUI
®depma ISl CTAIIMOHAPHOTO TPABUTAIIOHHOTO TOJIS Ha HECTalMOHAPHBIE METPUKHU. [lomydeHs
JTMHAMHYECKHE YPaBHEHUS

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

_ —|-—— =0 .
d,u(@)'(qj ox'  oxt ox’ (7.7)

Y TIOKa3aHO, YTO WX PEIICHUS SBJISIFOTCS U30TPOMHBIMH I'€0I€3UNICCKUMH.
JlokakeM, YTO 3TH ypaBHEHUs TOXIECTBEHHbI ypaBHEHHsM Oilnepa-Jlarpamxka (2.5) mpu
narpamxkuane (6.4). Oynkius Q [10] coBmamaer ¢ BeIpakeHHEM Uil TPOU3BOIAHOU df /du ,

NOJTy4aeMbIM W3 ypaBHeHHs (7.3), TIpU YCIOBHH, YTO METPUYCCKUE KOIPPHUIMCHTHI 3aBHCAT
TaKKe U oT BpeMeHH. [1oaToMy U3 ypaBHeHus (7.4) clieyeT BIpaKeHHE Uil SHEPTUH

b % . (7.8)
Beuny (6.9) ypaBaenus (2.5) s mpoCTpaHCTBEHHBIX KOOPAMHAT TPUHOCST
ii(an_ 1 2Q du’ 1 4Q 0

ut dulou (u1)2 ou' du u' ox®

(7.9)

Hns BpemenHort koopauHaTel (A =1) u3 ypaBHeHuil Ouinepa-Jlarpamxka B gopme (2.6) npu
00001IeHHBIX UMITyJTbCax (6.5) u cunax (6.6) cnemxyer
. L og, .
W0 B gz, (7.10)
du  2u, ox
CpaBHHBas 3TO ypaBHEeHHUE u cienytomiee u3 (2.3), (6.4) u (6.6) cooTHoIICHNE
og:: .
o _ L By, (7.11)

ot ) 2u1ul ox’
BBUAY (7.8) momydaem

du' 20(Q/u 0
_:(ul) Q : ) :ul_Ql.
du OX OX
[ToncranoBKa 3TOro BEIpaKeHUs B ypaBHeHUS (7.9) M yMHOXEHHE MX Ha u' JIaeT ypaBHEHHS

(7.7). To ecTh, TOXKICCTBEHHOCTh YypPABHEHW, MOJYYCHHBIX C MOMOIIbI0 O00O0OIIEHHOTO
npuniuna @epma u [ICHUD nns cBeTo-mo100HON YacTHIIBI JoKa3aHa. BBUIY SKBUBaJIEHTHOCTH

(7.11)



pelleHui, TMOJYYeHHbIX M3 IEpPBOTO MPHUHIIMIA, H3OTPOMHBIM T'€OJEC3UYECKUM, PEIICHUs,
CJEeNyIOIIUE U3 BTOPOrO NMPUHLHUIA, TaKKE UM 3KBUBAJICHTHBIL. [0 cpaBHEHHIO C MPUHIIUIIOM
®epma [ICUD pmaer cucteMy ypaBHEHHE, KOTOpas MMEET Ha OJHO ypaBHEHHE Ooiibiie. DTO
MO3BOJIIET OJHO3HAYHO OmpeAenuTh aGPUHHBIN MapamMeTp W BEKTOp SHEPTHH-UMITYJIbCA
YaCTUIIBI.

8. Jlunamuka porona B noje [IBapiimmibaa
PaCCMOTpI/IM JAUHAMUKY CBeTOHO,Z[O6HOI>'I HaCTULbI B CTaTHUYCCKOM LHEHTPAJIbHO-

CUMMETPUYHOM I'PaBUTALIMOHHOM I10JI€, OnMCbIBaeMOM MeTpukoi 1lIBapummnbaa (4.1).
O060011IeHHbIE UMITYJIBCHI (6.5) I IMKINYECKUX KOOPAMHAT {, @ SBISIOTCS MOCTOSHHBIMA

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

du
[TIpu B =1 BBuny (6.9) u (6.11) BpeMeHHAsE KOMIIOHEHTa BEKTOpa 4-CKOPOCTH COOTBETCTBYET
BEJIMYMHE YHEPTUU (POTOHA

1
E,=C7 (8.3)
Ha y/laJleHuu OT uenTpa rpasutauun E o = v, . Paccmarpusas asuwkenue B mockoctu 6 = 7 /2

[IOJIyYHM YTJIOBYIO KOMIIOHEHTY BEKTOpa 4-CKOPOCTH

d C
P12 (8.4)
du r r

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

{2 -E-2)T

EnuncTBeHHON HEHYJEBOM KOMIOHEHTOW aCCOIIMHUPOBAHHOTO BEKTOpa OOOOIIEHHBIX CHJI
(6.13) sBsteTcst

F2=—3+C—2(1—3J(1—ﬁ] (8.6)
r’ r r 2r

I[pu paguansHOM aBrkeHnd, C =0, OHa paBHA

F2__% (8.7)

I,.2

YTO COBMAJNAET C yIBOEHHOW CHJIOW, NEHCTBYIOIEH Ha YacCTULy B HBIOTOHOBCKOW I'DABUTALIUU.
BBuny (6.14) oHa cOOTBETCTBYET NaCCUBHOW I'paBUTALMOHHOMN Macce (hOTOHa

2h
m?" =C_V (8.8)

DTOT pe3ysbTaT COTIaCyeTCsl ¢ MBICIIEHHBIM 3KCIIEPUMEHTOM I10 «B3BelMBaHUO» (hoToHa [13],
B KOTOPOM OH COBEpUIAET MEPUOJNYECKOE JBHKEHUE B BEPTUKAJIBHOM HAIPABIECHUU MEXIY
JBYMsI TOPU30HTAIbHBIMU OTPaKAIOIIMMU TTIOBEPXHOCTSIMH.

IIpu paccMOTpeHUM HepaaualbHOTO JABIKEHHS BO H30ekaHuEe TMOsBIEHUS (PUKTUBHOM
COCTaBJISIONIEH CHUJBI, OOYCIIOBJIEHHON C(HEPUYHOCTHIO CHUCTEMBI KOOPIMHAT, BOCIOJIb3YEMCS
dopmoit merpuku LIBapummibaa B NpAMOYTOJbHBIX KoopauHatax (4.18). Tak ke kak u Juis
MaTepHaIbHON YacTHUllbl, Oy/ieM paccMaTpuBaTh JIBUKEHHE B IUIOCKOCTH Z =0 M MCKaTh CHUITY,
JIEMCTBYIOIIYI0O Ha CBETONOJOOHYIO 4YacTUIly B TOYKE C KOOpAMHATAMH (ct,x,0,0) , 4TO

COOTBETCTBYET 3HAUCHHIO YTIJIIOBOW KOOPIWHATHI ¢ =0 B CQEPUIECKOil CHUCTeMe OTCUeTa.
[Tockonbky 4-CKOPOCTH SIBISIFOTCSI KOBAPUAHTHBIMM BEKTOpPaMH, TO OT PELIEHUN ypaBHEHUH



JBIDKEHUs CBEeTONOA00HO0M yacTuiiel (8.1), (8.4), (8.5) Kk KOMIOHEHTaM BeKTOpa 4-CKOPOCTH B
IPSAMOYTOJIBHOM CHCTEMe KOOpIMHAT MOXKHO MEepeiTH ¢ momolisio npeodpasosanuii (4.20). Ero
HEHYJICBbIC KOMIIOHEHTHI C yueToM (4.16) u (4.21) npumyT Bua

|- 2-|1/2 a 2
2], )] i
T TTL L S | 3|1— ar I U (8.9)
CF S I N I
4r ar 4r
HOI[CT&BJ'IHH 3THU 3HAYCHUSA U
=
u =] —2C |, (8.10)

B (6.13), HAXOUM E€IMHCTBEHHYIO HEHYJICBYIO KOMITIOHEHTY BEKTOpa CHJIBI, JACHCTBYIOMICH Ha
CBETOMNOI00HYIO YaCTHILY:

e a(l_;FJ (8.11)

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

Omna npeobpa3zyercs K BULY

a
a [1— 8_]
2 r
Frerm———. (8.12)
2 a
r T a2
167
O06o0ueHHas cuiia, eicTByIomas Ha (OTOH, HE 3aBUCUT OT HAIPABICHMS €ro JBHXKEHUSA. DTO
BbIpaXXEHHE OTINYaeTcsi OoT (Gopmyibl (8.7), COOTBETCTBYIOIIEH paJuaIbHOMY IABUKEHHUIO B
cheprUECcKUX KOOPIMHATAX, YTO ABJSETCS CIEACTBUEM HEKOBAPMAHTHOCTH BekTopa F'. OmHako
B mpejese cinaboi rpaButaiuu (= ) 3TH BhIpOKEHHUS ACHMITOTHYECKH CXOMATCS M JAIOT
3aKOH TATOoTeHUs: HpioTOHA TpW MacCUBHOW TpaBUTAIMOHHOW Macce ¢oToHa (8.8), paBHOM
YABOEHHOM I'PaBUTALIMOHHON Macce MaTepHAIbHOM YaCTHUIIbI DKBUBAJIEHTHON €MY SHEPTHH.
['paBuTanIMOHHOE MOJIE TOTOKA 3JEKTPOMAarHUTHOTO M3JIYyYEHHUs OIpPEAEIsSeTCcs] U3 pelleHus

O o o PR i
ypaBHEHUI DHMHINTCHHA R| — =& R = 4T, AJs TEH30pa YHEPrUU-HMILyJIbCa JICKTPOMArHUTHOTO
2

1 o
0JIse TijEM =—g;FyF M _FrF j» Tae F; - Tensop snextpomarnutHOro mons. B ciyuae cnaboit
4

IrpaBUTAllMM W3 aHAIW3Aa YCKOPEHUS MaTEpPUAJIbHOM YacCTUIbI B HEM CIIEIYET, YTO AKTHUBHAS
IpaBUTAllMOHHAs Macca Iy4yKa CBETa WJIM CBETOBOTO MakeTa B JBa pa3za 0oJbllle aHAJIOTHYHOM
MacChl CTEPXKHsI paBHOMW eMy Hepru [ 14-16]. Cienyer OTMETHTh, OTHAKO, YTO TPABUTAIUOHHOE
B3aUMOJICUCTBUE MEXKIY OJJICKTPOMATHUTHBIM W3JIyYEHUEM M MATE€pUAIbHBIMU YaCTULAMHU
OTJIMYAETCs OT ATOr0 B3aMMOEHCTBHS MexAy (oToHaMU. PaBeHCTBO aKTMBHOM M NacCUBHOU
IPAaBUTAlMOHHBIX Macc (OTOHA O3HAYaeT BhIMOJIHEHHE 3-ero 3akoHa HeloToHa mpH
TPAaBUTALlMOHHOM B3aMMOJECWCTBUM CBETA M MaTEPUAIBbHBIX YaCTUI M 3aKOHOB COXPAHECHMS
DHEPIUU U UMITYJIbCA.

9. 'paBUTAIIMIOHHOE KPACHOE CMEIICHHE

[Toxaxkem, 4TO 3HAYeHWsI dHEpPruu MmartepuanbHol dactunbl (3.3) u dorona (8.3) B moie
[IBapimmiasaa COOTBETCTBYIOT TPaBUTAIIMOHHOMY KpacHoMy cMerieHuto. OHO ompenensercs



W3MEHEHUEM COOTHOIICHHSI MEXKIy SHEPTHEH CTAaTUYECKOHW MaTepHallbHOW 4YacThIlbl M (POTOHA
[17]. B kauecTBe MaTepHaIbHOM YaCTHIIBI MOXKET PACCMATPHBATHLCS OTICIBHBIH aTOM.

Haiinem sHepruro mMaTeprallbHOW YacTHIlbI, HEOABIKHOM B miosie [lIBapimmibna. Eit Oyner
COOTBETCTBOBaTh TOYKA C MAKCHUMAJIbHBIM PAJUYCOM TPACKTOPHH, 3a/1aBa€MOM MOCTOSHHOU

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

[ToacraBisis 3TO 3HAYCHUE B BBIPAXKEHHUE JUIA 1# KOMIOHEHTHI BeKTOpa 4-ckopoctH (4.7), npu

=T, nomyuum
-1/2
1 a
u=1-— , (9.2)
rext

4yTO BBUAY (3.2) COOTBETCTBYET SHEPTUH HETOBUKHON MaTEPHUAIbHON YaCTHIIbI

E = (1— ﬁj_m E,, (9.3)

r

2 o
rac EO =MC -ee OHCPIUA IIOKOSA B COOCTBEHHOH CHCTEME OTCUETA.

Oueprus potona (8.3) BBuay (6.9) u (6.11) cocrasnser
hv,
ph= T -

E (9.4)

U,

B mone IlIBapmmmibaa npu BpEMEHHOW KOMIIOHEHTE BEKTOpa 4-CKOPOCTH u' =1 OHa MpPUMET
BUJ

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

BHGCL V, COOTBETCTBYET YacTOTE OTOHAa B TOYKE TPACKTOPHH HaA YAAJICHHKW OT ICHTpa
0

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 SHEpruv (GOTOHA K DHEPrUs HEMOJBIDKHOW MATCpUAIbHOM  YaCTHUIIBI
I (S13% 011 SH

B _ ﬁ(l_ KJM _ (9.7)

E E, r

Ero msmeHeHue IpOSABIACTCA B TIPABUTALIMOHHOM KPACHOM CMEHIEHMH 4YacCTOThl (DOTOHOB,
UCIIyIIEHHBIX B TOYKE C MEHBIIMM DPACCTOSHMEM OT LEHTPA IO CPABHEHHIO C TOYKOM MX
MOTJIOLICHUS aTOMaMH.

10. BeiBobI

I[I/IHaMI/IKa HaCTuIll B KpHBOJ’IHHCfIHOM MMPOCTPAHCTBC-BPCMCHU paccMOTpCHA C
HCIIOJIB30BaAHHUEM MCXAaHUKH HarpaHma. VCTaHOBIIEHO COOTBETCTBHE MCXKIY (bHSI/I‘IeCKI/IMI/I
3Heereﬁ 1 UMITYJILCOM YaCTUIIBI, OIMIPEACIIACMBIMA U3 HCTPABUTAILIMOHHBIX B3aHMOﬂeﬁCTBHﬁ, u
KOHTpaBapuaHTHBIM BCKTOPOM 0606II_ICHHLIX HNMITYJIbCOB. HonyquHme JUHAMHWYCCKHUEC
YpaBHCHUA BKIIIOYAIOT B ce0s CKOPOCTb U3MCHCHUSA BCKTOPA SHCPIrUHU-UMITYJIBCA, KOMIIOHCHTBI
KOTOPOro BbIpaXXarOT HpI/IO6peTeHHLIe TpaBUTAOWMOHHBIM IIO0JIEM OHEPTHUI0O W HMIIYJIBC IIpU



JBWKEHUM B HEM dacTulbl. [Ipy paccMOTpeHMM NTMHAMHMKH OTAEIBHOW YacTHUIbl 3TOT BEKTOP
ABJIIETCS aHAJIOTOM IICEBIOTEH30PA, UCIOIb3yEMOIO B 3aKOHAX COXPAHEHUS B TECH30PHOM BHJIE.

XoTs mody4YeHHbIe OOOOIICHHBIE CHUJIBI HE SBJISIIOTCS KOBapUAHTHBIMU BEIMYMHAMHU, B
npenene cinaboil rpaBUTalMM, ONMCBbIBaeMOMl Merpukoil IlIBaprmmuiapaa, OHHM BbIpaXaroT
HBIOTOHOBCKMH 3aKOH I'PaBUTAlMU C MAaCCUBHOM MAacCOM 4YacCTHUL, COOTBETCTBYIOLIEH AKTUBHOMU
IPaBUTALIMOHHON Macce JBUKYILMXCSI TOUEUHBIX TEJl U CBETOBOrO Iyuka. I[Ipu aToM, naccuBHas
rpaBUTallMOHHAss Macca (OTOHA HE 3aBUCUT OT HampaBiieHus ero nBuxeHus. CoBmagas c
AKTUBHOM I'PaBUTALMOHHON MacCOW HAIpaBJIEHHOI'O IEKTPOMArHUTHOIO U3Iy4YEHHs, OHA paBHA
YABOEHHOM Macce MaTepUajlbHOM YacTUIbl SKBUBAJEHTHON ero sHepruu. HexoBapuaHTHOCTH
BEKTOpa OOOOIIEHHBIX CHJI M BEKTOpPA, COCTABICHHOTO M3 CKOPOCTEH Iepenadyd SHEPrud U
MMITyJIbCa FPABUTAIMOHHOMY MOJIFO IIPU JBUKEHUU B HEM YACTHIIBI, UMEET Ty € IPUPOJLY, YTO
Y HEKOBAapMaHTHOCTh IICEBJOTEH30pa 3HEPIMU-UMITYJIbCA TPABUTALIMOHHOTO TOJIS, C ITOMOLIBIO
KOTOpOT0 ObUIN pacCYUTaHbl MOATBEPKICHHBIE SKCIIEPUMEHTAILHO U3MEHEHHS] KPYTOBBIX OPOUT
JBYX T€J, JBWXYILIUXCS BOKPYI OOLIEro IIEHTpa, B PE3yJIbTaTe MOTEPU DHEPIHM, BbI3BAaHHOMU
W3JIy4eHHEM TpaBUTAIMOHHBIX BoJH (HobeneBckas mpemust, 1993).

PaccmoTtpena cucrema u3 IByX OJIM3KO pacHoOSIOKEHHBIX OJIMHAKOBBIX TEJl, JABMXKYIIUXCS B
MIPOTHUBOIIOJIOKHBIX HAINpPABIEHUAX, C MaJOW MOTEHUUAJIbHON 3HEpPruer Mo CPaBHEHUIO C €€
KMHETUYECKON 3Heprueil. Ero MoXHO omnmcaTh C MOMOIIBIO METPUKH, IMOJIYYECHHOW IyTEM
npuMeHeHus mnpeoOpasoBanmii Jlopenna k Merpuke [IBapmmunbaa. Ee rpaButanmonHoe
BO3/ICIICTBME HA MaTEepUAJIbHYIO YaCTUILy 3aBUCUT OT yrja MEXIYy pajnyc BEKTOPOM M JIMHUEH
JIBUJKEHHUS TEll.

[Tpumenenne TICHUD u o6o0mennoro mpunammmna depma st CBETO-MOAOOHONW YaCTHUIBI B
IrPaBUTALIMOHHOM TII0JIE MPUBOAUT K OOIIEMY pEIICHUI0, KOTOpOe SIBISETCS H30TPOIHOU
reogesnyeckoil munueil. [IICHUD onpenenser cucrteMy ypaBHEHHH, UMEIOIIYIO 110 CPAaBHEHUIO C
pe3ynbratoM 0000mIeHHOro mpuHiuna depma Ha OIHO ypaBHEHHE Ooiblne. ITO MO3BOJSET
OJIHO3HAYHO OIPEJIEIUTh BEKTOp JHEPrUM-UMITysbca dYacTuipl. B mnone IIBapummibaa
COOTHOILIEHUE MeXAy »dHepruedl (oToHa ¥ HENMOJIBIKHOM MaTepUaNbHONW  YaCTHIIBI
COOTBETCTBYET XapaKTEPUCTUKE IPaBUTAIIMIOHHOTO KPAaCHOTO CMEIIECHHUSI.
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