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MOCTPOEHUE U AHAJIN3 CUCTEMBI YPABHEHUM
I'PABUTALHMOHHOTI'O ITOJIA

B. B. CunopenkoB
MI'TY um. H.O. baymana

Ha ocnose xonyenyuu «kopnyckyisapHuo-noneeoz2o oyanuzma Mamepuuy 6 suoe
moodicoecmea KUHeMamuyecKux Xapakmepucmux J10Kaau308aHHO20 8 NPOCMPAHCmeEe
MaAmMepuanbHo20 meia U epasumayuoHHo20 NoJjis, C030arue20 maxkue xapakxmepu-
CMUKU NpU NOJHONPAGHOM BKIIOYEHUU 6 MEeOopuio 6eKmopHO20 PaAGUMAYUOHHO20
NOMEeHYUaIa NOCMpoeHa CUcCmema ypasHeHuti 2pasumayuoHHo20 nois, 8 COomeem-
CMeuU ¢ KOMOPLIMU CKOPOCMb PACNPOCMPAHEHU GOJIH 2pasumayuu 6 moyHOCmuU
pAasHa ckopocmu ceema 8 uzuiecKom 8axyyme.

Ha nmytu panpHenmero pasBuTHs HallMX 3HAHWM O NEPBUYHBIX IPOLIECCAX U
OCHOBaxX MHUpPO3JaHUsl PaCCMOTPUM BECbMa 3araJlO4YHbI U OUYEHb JAaBHUU 3aKOH GCe-
mupnozo msazomenus [1], kotopomy yxke 6omnee Tpexcot jetT. UccnenoBanue xapak-
TEPUCTUK SIBJIEHUS T'PAaBUTALIMOHHOTO B3aUMOJEHUCTBHS MAaTEPUATBHBIX TEJl SIBISETCS
(dbyHIaMEHTaJIbHOW W JI0 HACTOSIIEr0 BPEMEHH MO CYIIECTBY HEPEIICHHOW 3a/aueit
¢u3nyeckoil HayKu. B 4acTHOCTH, Ha CEro/iHs HET SICHOCTU B BOIPOCE O BO3ZMOXHO-
CTHU cyulecTBoBaHus B [Ipupose BOJH rpaBUTallMy U CKOPOCTH MX PaclpOCTPAHEHHMUS.
PaccmarpuBaeMblil 371€Ch 3aKOH BCEMUPHOTO TATOTEHUS — 3TO 3aKOH ()EHOMEHOJIOT -
YECKM M aHAINTUYECKU ONMMUCHIBAECTCS dMIIMPUUYECKUM BBIPAKEHUEM JIEUCTBUS CUJIbI

2pasumMayuOHHO20 NPUMAJICEHUs. MEXIY IByMsl MAaT€PUAIbHBIMU TEJAMU Maccou My

1 M,, HAXOSAIIMXCSA Ha HEKOTOPOM PACCTOSHUU I IPYT OT Apyra:
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OTmeTnM, 4TO HHM cama 3aBUCUMOCTH (1), HU ee mapaMeTpbl HUKOUM 00pa3om

HE OOBACHSIOT (PU3MUECKUH MEXaHU3M OIKCHIBAEMOIO 3TOW (OpMyNON SBIIECHHS.
IIpu dTOM cuibl B obcyxkaaemom 3akone F P (F) nelcTBYIOT 1o IMHMH, COEIHM-

HHIOH_Ieﬁ HCHTPBI MacCC B33HMOI[CI>1CTBYIOH.[HX TCJI, 4 IOTOMY TaKMEC CHUJIbI HA3BIBAIOT



yeumpanvuoivu. Hanomuum keratu, yto «Cuna — eekmopuas gusuyeckas eeiuduna,
8bI3bIBAIOWAS] USMEHEHUe CKOpocmu meaa aubo e2o oeghopmayuio». COOTBETCTBEHHO
«lJenmp macc mena — 3mo mouka, NPUIOICEHUe CUlbl K KOMOPOU 8bl3b18AeN MOJbKO
nocmynamenbHoe 08UMCEHUE IMO20 Mea».

[TockonbKy yKa3aHHOE B3aUMOJAEHCTBUE MPOUCXOAUT B IPOCTPAHCTBE PU3nUe-
CKOT'0 BaKyyMma, KOTOPO€, COTJIaCHO COBPEMEHHBIM HCCIIEIOBAHUSAM, NYCcmomou B 0y-

KBAJIBHOM CMBICJIE 3TOTO CJIOBA OBITh HE MOXKET, TO (PU3NYECKYIO MMOCTOSIHHYIO ¥, B

dbopmyne (1) Oynem Ha3bIBATh 2paBUMAYUOHHOU NPOHUYAEeMOCHbIo 8akyyma. JlanHast
KOHCTaHTA MOJyYaeTCsl U3 NOCMOSHHOU 2pAsUmMayuoHHo2o 3aumooeticmeust [1], 3a-

MUCAaHHOW B BHJIE€ COOTHOIICHHS, B cucTeme ¢usndeckux eauaun CU paBHOTO
G? =1/4rny,=6,67-10"" H - (m?/x2?) . Tlo nautemy MHeHHI0, GyleT BechbMa TMo-
JIe3HBIM JJI JabHEHIIEero MPOBECTH JeTabHOE O0CYXIIEHHUE pa3MEpHOCTH H eIu-
HUI] U3MEPEHUsI YKAa3aHHOU BhINIE PyHIAMEHTAILHON (PU3NUECKONW KOHCTAHTHI ¥, U
CBSI3aHHOM € HEW Apyrux (PU3NYECKUX BEIUYHH.

Urak, paccmotpum ¥, =1/47G* = 1,19-10 “Inlm - TPaBUTALMOHHYIO TIPO-
HUIIAeMOCTh BaKyyMa, IJI€ B YUCIUTENE €IUHUI] U3MEPEHUS dTOW KOHCTAHTHI (HU3H-
yeckas BeIM4MHa, ompejensiomas epasuemkocms C T = m/o ¥ | naspannas uamu
Lanuneu (ananor snekmpoemxocmu. C = ( °/ (0] °- Dapao, tae (° - dIEKTPUYECKUI
3apsil, ¢ - CKAISPHBI DICKTPHUCCKUIl OTCHIMAT) U PABHAS OTHOLICHHIO OCHOB-

_ 2 2 ep
HBIX (pr3mueckux BenuuuH: [ 71 = ke-cek Imemp”. Kak Buaum, C ™ mpencrabnsercs

OTHOMICHHUEM BCIHNYHNH I'PAaBUTAITMOHHOTO 3apsiaaa ( MaCCBI) «Ke» K CKAJIIPHOMY T'paBH-

2, 2
TAIMOHHOMY TOTeHImAny «/Jocoyas/ke=memp lcex™», 10 ectb {C T} ={kelv?}. Vka-

3aHHBINA TOTEHIIMAJ TIOTOMY H3MeEpseTCs B «/[oicoynvlke = V2», TaK KaK omnpenenser-
csl pabOTON MO MEPEMEIEHUI0 EJMHUYHON MacChl U3 JaHHOM TOYKHM MOJsl HA OEecKo-
HEYHOCTh, a MIOTOMY H3MepseTCsl B «/[ocoyvlke = v?». Cormacto ONPEIEIICHHIO T10-
TEHIMaJIa, B OONACTH CBOErO CYIIECTBOBAHHSA (0 7 MNPHHIMIHATILHO OTPHIATENICH U
JOCTUTAET B LIEHTPE 10J1s buznuecku BO3MOKHOTO MHHHMMYyMa
—c2? =-8,99-10% JIxc/ke, cooTBeTCTBEHHO HAa GECKOHEUHOCTH MAKCUMAJICH U PaBEH

HYIIIO. B JaCTHOCTH, Ha NOBCPXHOCTHU 3emin IIaHHBII)'I IIOTCHIIMAJI COCTABJIACT BCIIM-



anny —6,26-107 [oiclke, 9TO COOTBETCTBYET KBaAPATy Nepeoli KOCMUUECKOU CKOPO-
cmu: V, = 7,91-103m/c [1].
JIorH4ecKr OYEBHJIHO, YTO BCE HAIM PACCYXKJICHHS, Kacaroluecs rpaBUTAIU-

OHHOM KOHCTaHTBI ¥, MOJHOCTHIO (PU3UUECKH MOCIEA0BATEIbHO TOX/IECTBEHHBI pe-
3ylbTaTaM aHallu3a APYTruX (PyHIaMEHTaJbHbIX KOHCTAaHT &, U [, , KOTOPHIE MbI

Ha3bIBacM [2] COOTBETCTBCHHO 3JEKMPUUECKOU W MACHUMHOU NPOHUUAEMOCTSMU
gaxkyyma, BXOASIIMX B 3aKoHbl KylloHa 3EKTpUYECKOr0o U MAarHUTHOTO B3auMOjei-
CTBHSI MaT€pUAIBbHBIX TEJ B MPOCTPaHCTBE (Pu3mveckoro Bakyyma. Ilpu stom cpasy
OTMETHUM, YTO 3/IeCh HE CTaBUTCS 3aJlada MOWTH MPOTOPEHHBIM ITyTeM MHOTOYHUCIICH-
HBIX, 10 CYHIECTBY, O€3yCIENIHBIX MOMBITOK OOBEIUHEHHS SJICKTPOMArHUTHBIX U
I'PaBUTAIIMOHHBIX B3aMMOJICUCTBHUI MOCPEICTBOM TPSIMOTO CBEJCHUS TPAaBUTAIUU K
AIEKTPOMArHeTU3My, HE TOBOPS yKe 00 AK30THKE: OObEeIMHEHUSI UX Ha 0aze oOuiei
TEOpUU OTHOCUTENbHOCTH. Hall ske moaxo — 3TO Ha OCHOBE MOJIYYEHHBIX B paboTe
[2] pe3ynbTaToB BOCIONB30BATHCS Jlajiee KOHIICTIIUEH COBPEMEHHBIX MPEICTABICHHIH
B TCOPHH JIeKTpoMaruetusma [3], 0a3upyrommxcsi Ha MOJHOMPABHOM BKJIIOYCHHUH B
AIIEKTPOMATHUTHYIO TEOPUIO BEKTOPHBIX MOTEHIMAIOB C IENbI0 MPUMEHEHHUS JTOU
KOHIICTIIINH K aHAJIOTHYHOMY OTIMCAHHIO, HO YK€ TPaBUTAIIMOHHBIX SIBJICHUI.

Jlist mocTpoeHusl ypaBHEHUH T'PaBUTALIMOHHOIO TOJsS, MOAOOHO MOJIIO AJIEK-
TPUYECKOMY WIIM MarHuTHOMY [1], BBeIeM TOHSTHE 8eKMOPHO2O NOJSL 2PASUMAYU-

OHHOU Hanp:AsiceHHocmu, TO €CTb CUJIbI 'PaBUTAlVUH HA CAWHUIY MACCBhI:

P = m _
G (r) = = 2
() == @

JlanHoe, ka3anoch Obl, TPUBHAIBHO OYEBUIHOE COOTHOLLIEHUE HATJISIAHO WUILTIO-
cTpupyetr GyHAaMeHTaIbHbIA 3aKkoH I[lpuponbl «xopmyckynapHo-nonegou Oyanusm

Mamepuuy», NOCKOJIbKY YCKOPEHHE Tella MacChl M, IOJ I€HCTBUEM CHJIBI OIMCHIBA-

eTCsl B MEXAaHHUKE ypasHeHUueM OUHAMUKY nocmynamenvho2o ogudxcenus F =mya , a

MOTOMY KakK JIBE CTOPOHBI OJIHOW MeJalli BEeKTOP MEXaHW4eCcKoro yckopenus a (i)

MaTepUaIbHOIO TE€JIa MACCOM mo TOXKJACSCTBECHHO PAaBCH B JAHHOW TOYKE BEKTOPHOMY

HOJII0 TPABMTAIMOHHOM HANPSKEHHOCTH, co3aromeii 910 yekopenue: a(r) =G (F).




IIpy 5TOM efUHHIA U3MEPEHHs] YCKOPEHHs MaTepHaabHOro Tea a = 0°F / 0t? pas-

na B cucteme CU {m/c?}, a, cornacHo ONpeneneHuI0 HanpAjtCeHHOCMY NOMeH Y-

anvnozo nons G(F)=—grad ¢, G(F) usmepsiercs B {(n?/c?)/ m} . Koneuno
MaTeMaTHYECKU 3TH €IUHHUIIBI U3MEPEHUS TOKIAECTBEHHBI, HO 3/1€Ch UIET pedb O (hu-
3WYECKH Pa3IMUYHBIX BEIMYMHAX. A 3TO U €CTh IPOSIBICHUE KOPHYCKYIAPHO-NOLE8020
ovanusma Mamepuu, TIe TPUCYTCTBYET TOKICCTBO XapaKTEPUCTHK IBUKEHHUS JTOKaA-
JM30BaHHOTO B MPOCTPAHCTBE MATEPHAILHOTO TEla M TPABHTAIMOHHOTO IOJIS, CO3-
JAOIIET0 TaKUEe XapaKTEPUCTHKH, JTUOO HA00OPOT, XapaKTEPUCTHKH TOJIS IpaBUTa-
[IUHM PETUCTPUPYIOTCS MMOCPEACTBOM KMHEMATHUECKUX MTapaMEeTPOB Teja B 3TOM IIOJIE.

Takum 006pa3oM, pa3sMEpHOCTh BEKTOPHOI'O IO TPAaBUTAIIMOHHON HAIPSHKCH-
noctu {G}={V2/u} ectb quneiinas nomHOCMb CKANAPHOZO 2PABUMAYUOHHOZO NO-
MeHyuaq, 9To CTPYKTYpHO M (PU3HUUECKU TOKIAECTBEHHO Pa3MEPHOCTSM aHAJIOTHY-

HBIX BEKTOpOB dutexTpuueckoil {E}={B/u} u maruurnoii {H}={A4/m} HanpsoxeHHO-

CTEH - IUHEUHOU NIOMHOCMU COOMBEMCMBEHHO INIEKMPUUECKO20 U MACHUMHO20 CKA-
JISIPHO20 NOMEHYUANO8.
[TokaxkeM Kak MOXKHO TOJNYYUTh cucmemy OugpghepeHyuanrvbHbiX ypasHeHutl

2PAsUMAYUOHHO20 NOJisl, TIIE OCHOBOW HAIMX PACCYXICHHH OyaeT TOT (akT, 4To
dynximonansHo mone |G (F)| ~1/r?%. To ecTh ¢ y4eTOM KOHKPETHOH aHAINTUKH
cooTHomeHus (2) MMeEeM TIPaBUTAIIMOHHBINA AHAIOT 3JIEKTPOCTATUYECKOH TEOPEMBI

["aycca [1] - Teopemy ["aycca ans mosst rpaBUTALAN cﬁ (;/OG ) dS = j pMdV (®), rme
vS Vs

—

IIOTOK BEKTOPHOro mois y,G dYepe3 MPOM3BONBHYIO 3aMKHYTYIO IIOBEPXHOCTh
S pasen macce B 00beMe Vg BHYTPH 3TOM IOBEPXHOCTH.

COOTBETCTBEHHO, CpaBHUBAsi TPaBHTAIMOHHYIO Teopemy ['aycca (®) ¢ mare-

MaTHUeckoi Teopemoii I'aycca-Octporpaackoro cﬁ a ds = j diva dV , momyuum
vS Vs

npu Vg — 0 mepsoe auddepenHnuanbHoe ypaBHEHHE TI'DAaBUTALMOHHOIO IOJIS

div (yoG)=p™| (*), rme obvemmas niomHOCMb NOMOKA GEKMOPHO20 NOJIA

7oG (F') paBHa obwemmou niomnocmu maccor p™ = 0m/ oV B stoit Touke. Ilpu-



— —

4eM aHaJIOTHYHO BeKTOpaM anexmpudeckou D = g,E n macnumnou B = pyH unoyx-

—

yuu 6 nycmome BEKTOp ¥,G (QU3NYECKH JOTUYHO HA3BATh BEKMOPOM SPABUMAYUOH-

Hoti uHOykyuu. VI3 onpenenenust «ougepeenyuu» ciaeayet, YTo BEKTOP OISl TpaBUTa-

IUOHHON MHIYKIMH SIBJSIETCSA NOMOKOBbIM 6eKMOPOM W UMEET €IUHUILY H3MEPEHHS
7} ={Kelm?}. K
{y,G}={kelm"}. Kak u cinenoBano oxuaaTh, OH CTPYKTYPHO TOXKAECTBEHEH pa3Mep-
HOCTSIM U €IWHHIIAM H3MEpeHHUs (DU3MYECKM aHAJOTHYHBIX MMOTOKOBBIX BEKTOPOB B
snextpomarnetusme: {&,E}={Kn/m?} - snexrpuueckoit u {u,H}={(B c)/m?} -
MardMTHON MHAYKIUH IS ITYCTOTHL.
Jlanee W3 MOy4ECHHOTO JAMBEPTEHTHOIO ypaBHeHHs (*) Uit CBOOOJHOrO IMpPO-

crpanctBa (o™ =0), ¢ ydeToM COOTHOIICHUST BeKTOpHOrO aHanmu3a divrotd =0,

nonyuaem crnegyromee auddepeHuuatsHoe ypasHenne |rot A% = yoé (*%).

3nech dyukims A% (F) ecTb 6exmophbill 2pasumayuoHHbIti NOMEeHYual ¢ ¢IuHN-
namu u3Mmepenust {ke/m}, CTPyKTypHO W CYIIHOCTHO TOJOOHBIA PasMEPHOCTSIM H
equannam mmepenns {A%}={Kilm} - snexkmpuuecxozo u {A™}={(B-c)lm} - mae-
HUMHO20 6eKMOPHBIX NOMEHYUuano8 B daekTpoMaraerusme. U emte. Bo-nepsbix, mo-
CKOJIbKY B ypaBHEeHUH (**) BeKTOp yOC; peanu3yercsi MOCPEACTBOM BEKTOPHOTO
MPOU3BEACHUS BEKTOpHOro oneparopa «Habmna» Ha BEKTOPHYIO (QYHKIUIO: [VAZ” 1,

TO TEM CaMbIM OJHO3HAYHO YCTAaHABJIUBACTCS, YTO BEKTOPLI G )41 A°’ B3auMHO op-

TOTOHAJIBHBI. BO-BTOpHIX, B ypaBuenuu (**) rot A% =0, a moromy noe eexmopa

A’ (T) uucmo euxpesoe, v 1O PTOU MPUIHUHE MOKHO 3aIlMCaTh €IIe OJHO ypaBHE-

HHUE B BUJIC KyJTOHOBCKOH KamnOposku: (diV ((/&, 4, AP) =0 (**%).

K coxarnenuto, kodpduiueHT B ypaBHeHHH (***), 00OpaTHO MPOMOPIIHO-
HaJIBHBIA CKOPOCTH CBETa B BaKyyMe /€U, =1/C,, cTporo HaMu He apryMeHTHPO-
BaH M 3alMCaH B JUBEPICHTHOM OIEepaToOpe JUIs MOJITOHKHU TIOJ NHOMOKOGbLIL GEKMOP
JEo kg A®” . Ho NMEHHO TaK 3TO CIENaHo HE Ha yCTOM MecTe, a 0a3upyercsi Ha pe-

3yJbTaTax padoThl [2], T/Ie MOKA3aHO, UTO «8Ce PA32080Pbl O CKOPOCMU PACHPOCMPA-

HeHus noneu cpasumayuOHHOcO 836114]%006126’7’/’1614}1, no 8eiuyuHe OMmIU4HOlU Om CKOpO-



cmu ceema 6nJOMb 00 OeCKOHeuHOCmu, ciedyem cuumams 0e30CHOBAMENbHbIMU,
NOCKONbKY nepeoaia n0biX CUNO8bIX NPOCMPAHCIBEHHbIX 83AUMOOCUCMBULL Manme-

PUGNBHBIX Mel ONPeoensiencs Mobko céolicmeamu Qusuuecko2o saxyyma». U Bcé
K€, eIUHUIA u3Mepenus Takoro Bektopa {/euy A7} ={(xelm?)-c} Becbma crpan-

Has U GUBUYECKH JaJIeKO HEOUYEBU/IHASI, HO OHA CTPYKTYPHO COOTBETCTBYET pa3mep-

HOCTSIM U €IMHULIAM U3MEPEHUsI MOTOKOBBIX BEKTOPOB HA OCHOBE BEKTOPHBIX MOTEH-
uuanos B snekrpomarnetusme [3]: {e,A"y={(Kur?)-} u {uy, A%} ={(B-clm?)-c}.
[Ipuuyem Bce 3TH (PU3NYECKHE BEJIMYMHBI NMPU YACTHOM AUQP(HEPEHUUPOBAHUH IO

BpeMeHH O /Ot Jar0T NMOTOKOBBIC BEKTOPAa COOTBETCTBYIONIMX TOJCH UHOYKYUU:
{e,04™ 16t} = {Kalm?} = {D} - snexmpuuecxoii, {11,046t} ={(B -c)Im?}={B} -
MA2HUMHOU T {m OAP [0t} = {kalm?}={ }/OC; } - epasumayuonnoil.

I[aHHBIe PaCCy’KACHUA IMO3BOJIAIOT MPCIJIOXKUTD (bYHKLII/IOHaJ'H)HYIO CBsSI3b MC-

Ky BEKTOPHBIMU MOJSIMU epasumayuonnol nanpscennocmu G () u eexkmopnoeo

epasumayuonno2o nomenyuaia A% () B BHIE COOTHOIICHUS:

G _ ‘\/gOluO aAep (3)
B ot '
Yo

KOTOpPOC, IO HAIIEMYy MHCHUIO, ABJIACTCA q)yHHaMeHTaJIBHBIM, BCOb B I[aJ'IBHGI\/'IIHeM

OHO OOJDKHO IMOMOYb HaM OKOHYATCIBbHO HOCTPOUTHL CHCTEMY III/Id)d)eDeHHI/IaJIBHBIX

YPABHEHHUW TPABUTAIMOHHOTO moJisl. MHTEpPECHO, YTO CTPYKTYpHO M CYIIHOCTHO

dopmyna (3) MOTHOCTHIO COOTBETCTBYET COOTHOIICHHUSM OJJIEKTpoauHaMuku [3]:
E=-0A"/0t uH = 0A®/adt.

OnHaKO 311eCh MBI UMEEM CTPAHHYIO, €CJIM HE CKa3aTh aOCypAHYIO CUTYaIUIO:
B TCOPHH dJIeKTpoMarHeTnsma Bektophl E u A™ H u A® Kax1oil napbl B3aHMHO
KOIUIMHEApHbI, a mapa BekTopoB G 1 A ¢ 0QHON CTOPOHbI, CONIACHO YPABHEHHIO
(**), MOMKHBI OBITH B3aMMHO OPTOTOHAJILHBI, HO C JPYTrOil CTOPOHBI, HABCKHUJIKY,
cornacHo cootHomennio (3), G 1 A” - KoIUIMHEapHBIe BEKTOPbI. BbIX01 U3 3TOTO,
SIKOOBI TIapaIoKCa MOXET OBITh TOJIBKO OJIMH: CIIPaBEIJIMBBI Cpa3y 00a BBIBOJA, TO-

ckonbKy BekTopel G u A’ neiictBuTenbHO opToroHanbHbl, a G u 0A? /ot - koin-

JIMHCAPHBIC BEKTOPHLI. OOBsICHEHUSI CTAHOBATCS TPpUBHUAJIBHBIMHU, CCJIXM ITIOHUMATD, YTO



1o pasMepHOCTH (/oo /7o) A’ - 3TO BEKTOp CKOPOCTH, a MOTOMY €TO BPEMEH-

Hasi npomsBomHas (. /€, 4, / 7/0)8,&2” / Ot ecThb BEKTOp HOPMAJIBHOIO YCKOPEHHSI.

Wrak, «napagokc» ycnemHo paspemeH! bonee Toro, Mbl yOequinch, 4T0 COOTHOMIE-

aHue (3) mpeacrtaBisseT COOOM MOJIEBOM DKBHBAJIECHT KHUHEMATHYECKONW (HOPMVIIBL:

d =dv/dt, dyro cHOBa HAIISITHO WILTIOCTPpHUPYET (pyHIaMEHTAIbHBINA 3aK0H [Ipupo-
Bl KKOPNYCKYAAPHO-NOAe80U Oyaiusm Mamepuu».
JI1st TOCTPOCHHMS TIOCIIEHETO YETBEPTOrO YPaBHEHUS HCKOMOM CHCTEMBI BO3b-

MEM POTOp OT ypaBHeHHs (3), ¥ C yU4eTOM ypaBHEHHs (* *) B HTOrE MOJYYUM COOT-

Howenue |rot G = —JEo o OG / dt| (** ), rae 3HaK 31ech TpeGyeT MPOBEPKH,

KoTopas Oyner npoBeneHa Huxke. COOTBETCTBEHHO, MOCPECTBOM COOTHOIIEHUS (3),

U3MCHUM ypaBHEHHE ( * *) Tak, 4TOOBI OHO CTAJO ¢ TOYHOCTHIO IO 3HAKA CTPYKTYp-

HO CUMMETPHYHBIM ( * * % %) : [rot A% = JVEo Mo oA | Bt].

Takum 00pa3oM, OKOHYATETBHO MOJTYYaeM CUCEMY YPABHEHUl 2pasumayuoH-

HO20 noJisl, PEJICTABISIONIYI0 co00M cucteMy nuddepeHnanbHbIX ypaBHEHUN TIep-

BOTO IIOPSIIKA OTHOCUTEIIBHO ABYX BeKTOpHBIX hyHKimii G (F) u A% (F) :

. oG . -
a) rotG = — [eyu, = b) div (y,G)=p", 4)

- A 2P -
c) rot AP = Je,u, ag—t, d) div (\Jeouy AP)=0 .

HNHuTepecHo, 4TO CTPYKTYPHO CUCTEMa ypaBHEHHH (4) BecbMa HEOOBIYHA U CO-
BEPILIEHHO HE KOPPEIUPYET C CUCTEMOM ypaBHEHUU JJIEKTPOAMHAMMKU Makcseiia

[1]. Ecau roBoputh 6ojiee KOHKPETHO, TO YPAaBHEHHS OTHOCUTEIBHO Zpa8UmMAayUuoH-

nou nanpsiscennocmu G (F) (4a) U epasumayuoHno2o 8eKmMopHO20 NOMEHYUALA

A’ (1) (4c) kazamoch OBl MOJHOCTHIO HE3aBHCHMBI, MOCKOJIBKY, B CPABHECHHH C

ypaBHeHUsIMU MakcBeiia, Mexay ypaBHEHUSIMU (4) OTCYTCTBYET B SIBHOM BUJE Te-

pEKpecTHasi MPOCTPAaHCTBEHHO-BPEMEHHAasl (PyHKIMOHANIbHAS CBsi3b. OJNHAKO, Takas

byHKIIOHATBHAS CBsI3b MEKAY BekTopHbiMU TiossiMu G () u A (F) Bce xe cy-



IIECTBYET B BUJIE OTJAEIBLHOTO (YHIAMEHTAIBHOTO COOTHOIICHUS (3), MO3BOIUBIIETO
HaM MOCTPOUTh CUCIEMY YPABHEHUIL 2pasumayuonio2o nois (4).

Bo3HukaeT Teneps 3aKOHHBIA BOMPOC O MPABOMEPHOCTU 3HAKOB MPHU BPEMEH-
HBIX TPOM3BOAHBIX B ypaBHeHHUsX (4a) u (4C). Ha 3T BompocCkl mpoiie BCero u Ha-
[JISITHEE MOXKHO OTBETHUTD, 3aIKMCaB ATH IO CYTH JieJla BOJHOBBIC YPaBHEHHS B KOH-
KPETHOM BHJIE JUISl BOJIH, PACIpPOCTPAHSIONIUXCS, HAPUMED, BJIOJIb MOJOKUTEIbHO-

ro HampasjieHus ocu 0X, MpH KOHKPETHO OPHEHTHPOBAHHBIX BEKTOPAaX KOMIIOHCHT
2p
rpaBUTAlMOHHOTO NoJis, a umenHo Gy (X,t) u A; (X,t) . B xauecTse opueHTHpa

y4TEM, YTO BOJIHOBOE YpaBHEHHUE JUIsl TPOU3BOJILHOW IJIOCKOM BOJHBI, pacrnpocTpa-

HAIOIIEHCS B HOJI0kHUTeNbHOM Harnpasienun ocu 0X f (X,t) = f,cos (ot —kx—¢),

MpeCTaBIseTCs B cieaAyonieit hopme: v -2 =

Tornma, pacnucaB ypaBHeHusi (4a) u (4C) corjacHO YCJIOBHIO MOCTaBJICHHOMN

BBIIIC 3a/1a4€, B UTOI'C IIOJTYyYHUM

oG 1 0G oA” 1 oA’
y o~ y _ z - z_
ax to, et 0 M et et O

rine koncranta C, =1/./¢ SIBISIETCSA CKODPOCMbIO c8emda 8 huzuueckKom 8axkyyme.
0 oo p

Takum 006pa3zom, CKOPOCTh PACIPOCTPAHEHUS TPABUTAIMOHHBIX BOJIH C?” OIpeaess-
€TCsl TOJBKO JIUIb NEKTPUUSCKUMU &, U MArHUTHBIMU L, MapaMeTpaMu NpOCTpaH-
CcTBa (PU3MYECKOro BaKyyma M B TOUHOCTH pPaBHA CKOPOCTH CBETA (JIEKTPOMArHUT-

HBIX BOJIH) B CBOOOZHOM 0T MaTepuu mpocTpancTse: CP = ¢, .

Wrak, npoBepka nmokasaia, 4To MpeJCTaBICHHbIE YPaBHEHUS TPaBUTALIUOHHOTO
nosist (4a) u (4C) AeMCTBUTEIILHO BEPHBI U SBISIOTCS YPAaBHECHHUSMU TPABHTAIMOHHON

BOJIHBI C B3aHMHO OPTOTOHAJBHBIMH BEKTOPHBIMH KOMIIOHEHTAMHU 2PASUMAYUOHHOU
nanpsicennocmu G (F,t) u eexmoprozo 2pasumayuontozo nomenyuara A% (F 1),
noJApOoOHBIN aHANIM3 PEIIeHUs] KOTOPBIX CIEeNyeT MPOBECTH B AanbHeimeM. Ho yxe
ceiiyac MOJKHO CKa3aTh, YTO, COTJIACHO COOTHOIEHHO (3), rae G ~ 0A®? | bt , kone-
6anns kommonent G (F,t) u A (F,t) B IUIOCKOH rapMOHMYECKOI BOJIHE OIS Ipa-

BUTAI[MU MMCIOT OTHOCHUTENIBHO APYT Apyra CABHI 1o (ase Ha /2 .



Kaxk u oxupnanoch, ypaBHeHus (4a) u (4C) mocpeicCTBOM COOTHOIIICHUS dHEpre-
TUYECKOT0 OajaHca OTBEUYAIOT TakKe Ha (PU3WYECKU MPUHIUIHUAIBHBIN BOIPOC, UTO

e TIEPEHOCAT BOJIHBI I'PaBUTALIMOHHOTO noJisi? Crenyst pacuery, UMeeM

- .- - - - S ~ OAP
A%rot G -Grot Aep:div[G,AZP]:—,/sOuOAZP%—«/EOMOG%- ()

Bunno, 4T0 cooTHOIIEHHE PHEpreTUuYecKoro Oamanca (5) xapakTepu3yeT B JaHHOM
TOYKE TPOCTPAHCTBA OOBEMHYIO IUIOTHOCTh MEXaHMYECKOW JHEpruu (ciaraeMble
ClieBa), U3MEHEHHE KOTOPOIl OmpesenseT TPaHCTIOPT B OKPY’Kalolee MPOCTPAHCTBO
00BEMHOH TIIOTHOCTH MOTOKA BEKTOpA MOBEPXHOCTHOM MIOTHOCTH YHEPTHH (IUBEP-
reHTHOE ciaraemoe). Takum 00pa3oM, cucTeMa ypaBHEHUH IPaBUTALMOHHOIO MOJIS
(4) nericTBUTENBHO (PUBMYECKU COAEpKaTeIbHA U MEPCIEKTUBHA, a TOTOMY TpeOyeT
B JIAJTbHEWIIIEM CEPhE3HOTO M3yUEHUSs, a CIEeAYIOIIee U3 Hee COOTHOIICHNE YHEPTETH-
yeckoro Oananca (5) npeacrasisieT coOOH rpaBUTALIMOHHBINA aHAJIOT IIUPOKO U3BECT-
HOU Teopembl YMmoBa-lloitntunra [1].

COOTBETCTBEHHO MOKHO TOJIYYUTh cucmemy OupgepeHyuaibHvix YpagHeHull

epasucmamuky, TI€ OCHOBOW HAaIlMX PAacCyXACHHH OyIeT TO, YTO B CTATHUYECKOM

ciaydae moje G (7') - nomenyuanvroe none. Torga B KOHEUHOM HTOTE UMEEM
a) rotG =0, b) div (y,G)=p", (6)

c) rot A? =y,G, d) div (e i, A*)=0.
3nech ypaBHeHue (6a) ompeneseT YCIOBHE MOTCHIMAIbLHOCTH BEKTOPHOIO IMOJIS

G (), a ypaBHenue (6b), kak U HOKHO OBITH, €CTh TPABHTALIMOHHBIM aHAJIOT TEO-

pembl [aycca. [lanee u3 ypaBHenust (6b) mist cBoboanoro mpoctpanctBa (o™ =0)

monydaeM ciefyoliee ypasHenue (6¢), rae gpyukuus A% (F) - eexmopnwiii 2pasu-

—

MAaYUOHHBIL NOMeHYua, COOTBETCTBEHHO ¥ ,G - sexmop epasumayuoHHou uHOYK-

yuu. Yl 1ockonbKy B ypasHenuu (6¢) rot A% = 0, 1o noxe sexmopa A (F) uucmo

suxpesoe, a TOTOMY MOYHO 3alucaTh ¥ HocieaHee ypaBHenue (6d) B Buae KyJIOHOB-

CKOM KaJuOpOBKH.



[locTpoenHasi cuctemMa ypaBHEHUU CTaTHYECKOTO rpaBUTALMOHHOTO mois (6)

MO3BOJIACT TAKIKC IMOJTYUYUTb COOTHOIMICHHUEC SOHCPIrETUUCCKOIO 6ancha, a UIMEHHO
A?rot G —Grot A”? =div[G,A"]=-y,(G-G). (7)

BuiHO, 9TO COOTHOIICHHE YHEPTETUIECKOTO OanaHca XapaKTepu3yeT B IaHHON
TOYKE TTPOCTPAHCTBA OOBEMHYIO TUIOTHOCTh MEXaHUYECKOM dHEpruu (ciaraeMoe cie-
Ba), KOTOpas MPUHIUIHAAIBLHO OMPEEIAETCS TPAHCTIOPTOM M3BHE 00BEMHOM TUIOTHO-
CTU TPABUTAIIMOHHOTO MOTOKa (JIUBEPreHTHOE ciaraemoe), 1ubo Haobopot (7), uc-
TOYHUK JHEPTUU TPABUTAIMU CO3/Ia€T TPABUTAIIMOHHBIA MOTOK Hapyxky. CiemoBa-
TEJbHO, CUCTEMAa ypaBHEHUN IpaBUCTATUKHU (6) Takke (PU3MUECKU coliepiKaTesibHa, a
CJIEYIOIIEE U3 Hee COOTHOIICHUE YHEpPTeTHYecKoro Oananca (7) mpeacTaBisieT coooi

CTaTHUYECKHUM aHAJIO TPABUTALIMOHHON TeopeMbl Y MoBa-IloiHTHHTa.

Pestome. Ha ocHOBe KOHLIETIIIMM «KOPITYCKYJISIPHO-TIOJIEBOIO Ayanu3ma Mare-
pUn» B BUJE TOXKIECTBA KUHEMATHUYECKUX XapaKTEPUCTHK JIOKATU30BAHHOTO B IPO-
CTPaHCTBE MATEPUAIBHOIO TeJa M I'PABUTALMOHHOIO MOJI, CO3JAIOLIEro Takue Xa-
PaKTEPUCTUKU NMPU MOJTHOMPABHOM BKIIOUEHUH B TEOPHUIO BEKTOPHOTO IPaBUTALMOH-
HOTO TMOTEHILMANIA MOCTPOEHbl CHUCTEMbl JUHAMUYECKUX W CTaTUYECKUX YpPaBHEHMM
I'PaBUTALIMOHHOTO noJis. [Ipu 3TOM yCTaHOBIIEHO, YTO IPABUTALMOHHOE I0JI€ MPHUH-
LUIIMATBHO PEaNNn3yeTCs] HEPa3pbIBHOM COBOKYMHOCTBIO JIBYX BEKTOPHBIX IOJEH, a
UMEHHO, 8eKmMopa epasumayuOHHOU HANPANCEHHOCMU U ePASUMAYUOHHO20 8eKMOp-
Ho2o nomeHyuana. B paMkax yKa3aHHBIX YpaBHEHHMH OJIHO3HAYHO MOKAa3aHO: CKO-
POCMb pacnpoCmpanenus 80aH cpasumayuy 6 MoYHOCMU pasHa CKOpocmu ceema 8
puzuyeckom saxyyme, 4To OATBEPKIACT BHIBOJIBI OCHOBOTIONAraroIei padoTsl [2] o

Eounom none cunoBoro npocTpaHCTBEHHOI'O B3aUMOJEHCTBUSL MaTepUAIbHBIX Tell.
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