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NPEAUCJIOBHE K IWECTOMY HW3JAHHIO

[TepBoe H3jaHKe 3TOH KHHMIH NOSIBHJIOCH Gojlee TPUALATH JieT TOMY
Hasan. I1pu psiie nepeMsianuil 3a 5TH JECATHJETHS KHHra nepepa6a-
THIBaJach M JOTNOJHSJIACh; K HAcTOSILIEMY BpPeMEHH ee o6beM yBeJaH-
yuJICcst 1O CPABHEHMIO C NepBOHayaslbHBIM TOYTH Biasoe. Ho wuukoraa
He BO3HHKANI0 HeoOXOAMMOCTH B H3MEHEHWH MNpelJoXKeHHoro JlaHaay
cnoco6a. IOCTPOEHHsl TEOPUH H BAOXHOBJEHHOIO HM CTHAsA H3JO0-
JKeHud, IJIaBHasg 4YepTa KOTOPOrO — CTPEMJEHHE K SICHOCTH H
npocrore. Beemu cuiamyu sl CTPEMHJCS COXPAHHTb STOT CTHIb M IIPH
Tex nepepaborkax, KOTOpHIE MHE NMPHILIOCH TPOH3BOAUTD YIKE OLHOMY.

ITo cpaBHEHHIO ¢ NpelBIAYHIUM, NATHIM, H3JaHHEM TEPBHIE JEBATH
[JIaB KHHTH, ITIOCBANIEHHBIE 3JIEKTPOJUHAMHKE, OCTA/JHCh TouTH 06e3
uameHeHu#. [J1aBel Xe, NOCBSLIEHHBIE TEODUH TPABHTALHOHHOTO MOJS,
nepepaGoTanbl U JONOJHeHB. OT H3JaHUS K H3JAHUIO MaTepuasi 5THX
IViaB CYUIECTBEHHO AOMOJIHSJCS, H B KOHIIE KOHIIOB BO3HHK/A HEOGXOH-
MOCTb B HEKOTOPOM Il€pepacrpeie/eHHN H YNOPSAAOUEHHH €ro paclo-
JIOKEHHS .

§1 xoten Gbt BHIPA3UTE 3[1eCh NMTyBOKYI0 NPH3HATEIBLHOCTh BCEM CBOHM
TOBapHIaM 1o paboTe — CJAUIIKOM MHOIOYHCJEHHBIM, YTOOBI s1 MOT MX
NePEUHCANTh,— KOTOPble CBOMMM 3aMEUaHHAMH H COBETaMH IOMOIVIH
YCTPAHUTh MMEBILHECHd B KHHIC HENOUeThl H BHECTH B Hee psAJ yJayulle-
Hui. Bes 3THX coBeTOB, 6€3 TOH rOTOBHOCTH NOMOUb, C KOTODOH HEHs-
MEHHO BCTPEUaIOTCsi MOHM BONPOCH!, paboTa Hal NPOAOTKeHHEeM H3JaHHH
aroro Kypca Opwia Obl HaMHOTO TpYAHeEE.

Oco6oii 61arofaprocTbio s1 06a3an JI. I1. IIutaesckomy, ¢ KoTopeM
f IOCTOSTHHO O6Cy2KAal BO3HUKABILKE BONPOCH, a Takxke B. A. Beaun-
CKOMY 32 €O IOMOILb B NPOBepKe (GOPMy/a U UYTEHHH KOPPEKTypHl.

Ilexaépb, 1972 r. E. M. Jlupuuy



H3 l'lPEllHCJIOBHFlA K -MMEPBOMY H BTOPOMY H3JAHHAM

Ilpeanaraemasi KHHra NOCBSLIEHA HM3JIOXKEHHIO TEODHH 9/1€KTPOMAr-
HHTHOTO W TPaBHUTAIHMOHHOTO MOJeH, T. €. 3JIeKTPOAHHAMHKE U OOLIei
TEeOPHH OTHOcHrejabHOocTH. IloTHasi, JIOrMdecKH CBsI3HASE TEOPUSA SJEK-
TPOMArHHTHOIO TOJs BKJAKOUaeT B cebsl CHeLHaNbHYIO TEOPHIO OTHOCH-
TesbHOCTH. [lo3TOMYy MEI B3fIJIM MOCJEIHIO B KauecTBe OCHOBbI HM3JI0-
JKeHHs. 3a MCXOAHBIH NYHKT J/Is1 BBIBOJA OCHOBHBIX COOTHOUIEHHH Oe-
pyTCs BapHAILMOHHLIE NPHUHIMIbLI, JAIOMIHE BO3MOXKHOCTb JIOCTHIHYTh
HaHOoJbIel OOLHOCTH, €IUHCTBA H, HO CYLIeCTBY, HPOCTOTHI M3J0-
JKEHHS.

CootBeTcTBeHHO obiieMy miany xamero Kypca reopernueckoil ¢u-
3MKH (4acTbl0 KOTOPOTO SIBJISIETCS 3TA KHUIA) Mbl He KacalHuCh B 3TOM
TOME BOBCE BONPOCOB 3/JEKTPOJAHHAMHMKH CIJIOUIHBLIX CPER, OrpaHHYH-
BasiCh H3JIOKEHHEM «MHKPOCKOMHYECKOH» 3/IEKTPOXHHAMHKH — 3J€K-
TPOAMHAMHUKH BaKyyMa ¥ TOUEUHBIX 3apsJOB.

g uTeHHs] KHUTH HEOGXOIHMO 3HAKOMCTBO C 3/JEKTPOMATHHTHBIMU
SIBJICHHAMHU B 06beMe o6IIHx KypcoB ¢u3nku. Heo6xoninMo Tak®ke Xopo-
lIee 3HaHWe BEeKTOpHoro ananusa. He mpeanosaraercss npexsapurenb-
HOTO 3HAHHS YMTATEIsSIMM TEH30PHOIC aHaJH3a, KOTOPHIA wHajaraercs
HapajyieNbHO ¢ PA3SBUTHEM TEOPHU I'DABHTALHOHHLIX IOJIEH.

Mocksa, aexabps 1939 r. J. Janday, E. Jugpuiuy
Mockpa, uions 1947 r.
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rJ1ABA |

NPUHUAUIT OTHOCHUTEJ bHOCTlrlv

§ 1. CkopocTh pacmpocTpaHEeHHSI B3aHMOREHCTBHH

Jns onucanus npoueccoB, NPOHCXOASMINX B NMPHPOJAE, HEOGXOTHMO
HMeThb, Kak roeopsr, cucmemy omcuema. Tlox cucremoit orcuera mouHu-
MalT CHCTEMY KOODAMHAT, CAYXAIIYyI0 1Js YKas3aHus NOJ0XKEHHs
YaCTHUI[ B IPOCTPAHCTBE, BMECTE CO CBA3AHHLIMH C 3TOH CHCTEMOH yacamH,
CTYKAMUMH 1J151 yKa3aHud BPEMEHH.

CyIiecTByIOT CHCTEMBI OTCYeTd, B KOTOPHIX CBOGOIHOE [BIKEHHE
Ted, T. €. JABUXKEHUE TeJ, He HAXONAIIUXCA MOA IeHCTBHEM BHEINHHUX
CHJI, NPOHCXOANT C TOCTOSHHOH CKOpPOCTBIO. Takue cucTeMsl oTCuera
HOCSAIT Ha3BaHHE UHCPYUANbHBLX.

Eciu nBe cucrembl orcyera JABHKYTCSH JPYI OTHOCHTEJIBHO JpyTa
paBHOMEDHO M IPAMOJUHEHHO W €CJH OJHAa W3 HHX HHEplHaNbHas,
TO OUEBHAHO, 4TO M ApYrasi TOXe sIBJAAETCS HHEPLHaJbHOH (BCSIKOC
CcBOOOHOE ABHXKEHHE H B 3TOH cuCTeMe OyJeT NpsIMONHHEeHHbIM H pas-
HOMEpHEIM). TakuM o6pa3oM, HMeeTcsi CKOJILKO YrOZHO HHEePIIHAIbHbIX
CHCTEM OTCHETa, JBHKYI[UXCHA JPYT OTHOCHTEJBHO APyra PaBHOMEPHO-
NIOCTY AaTeJabHO,

OnpiT MOKa3bIRAET, 4TO CIPABEAJIHB TAK HA3HIBAEMBIH APUHYUN OMHO-
cumenvrocmu. COryIacHO 3TOMY NPUHIUNY BCE 3AKOHH! NPHPOLHI OAMHA-
KOBBI BO BCeX HHepUMaJbHBIX CHCTeMax orcuera: JIpyrumu cjaoBamH,
YPaBHeHUs, BHIpaXaloliye 3aKOHbl NMPHPOJBI, HHBAPHAHTHB O OTHO-
HIeHHI0 K Npeo0pasoBaHHSIM KOOPAHHAT W BPEMEHH OT OAHOH WHEpUH-
aJbHOH CHCTeMBI K Jpyrofi. 3To 3HAYHUT, YTO YPaBHEHHe, OMHCHIBAlOIIEe
HEKOTOpBIH 3aKOH NpPHPOAB, OYAYuM BHIP2:KEHO uepe3 KOODAMHATHI H
BpeMsI B Pa3/IMUHBEIX HHEPUHATBbHBIX CHCTEMaX OTCYeTa, MMEeT OJHMH H
TOT Xe BHI.

B3aumozeficTBHe MaTE€PHANBHEIX YACTHIL OMHCHIBAETCS B o6bltmou
MeXaHHKe NIOCPEACTBOM MOTEHUHAIBHON 3HEPTHH B3aWMOJEHCTBHA, AB-
asomedics (yHKIHeH 0T KOOpAHMHAT B3aHMOJICHCTBYIOIHX YACTHL
Jlerko BUAETH, UTO 3TOT CNOCOG OMHCAHHS B3aAUMONEHCTBHI BKJIOYAET B
cebsl npeanoJOoXeHHe O MTROBEHHOCTH DacHpPOCTPaHEHMS B3aHMOJeH-
CTBHH. [lefcTBUTENLHO, CHJIBI, AeACTBYIOIHe HA KaX]yI0 H3 YaCTHIL CO
CTOPOHBI OCTA/IbHBIX HACTHL, B KaX[blii MOMEHT 32BHCAT, NIPH TAKOM
ONHCAHHH, TOMBKO OT MOJOXKEHHS YaCTHIL B 3TOT XK€ MOMEHT BPEMEHH.
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YlaMeHeHHe TOJIOMEHHA KaKoH-Tu00o H3 B3aHMOJEHCTBYIOIHX YaCTHI{
OTpakaeTcsl Ha OCTaJbHBIX YACTHIAX B TOT K€ MOMEHT.

OnetT, 0AHAKO, NOKa3biBaeT, YTO MIHOBEHHLIX B3aHMOJEHCTBUH B MPH-
pone He cymectByer. ITosToMy M MexaHHKa, HCXOAfINAsA U3 TpeAcTa-
BJEHHSI O MIHOBEHHOCTH pacllpOCTPAHEHHsI B3aUMOJEHCTBHE, 3aKJIo-
yaeT B cefe HEKOTOPYIO HETOYHOCTE. B NeACTBUTENLHOCTH, €C/TH ¢ OXHHM
W3 B3aUMOJCHCTBYIOIIMX TeJ NPOHCXOAHT Kakoe-HUOYAbL H3MEHEHHE, TO
Ha JpyroM Teje 5TO OTPa3UTCA JHIIb [0 HCTeUEHHH HEKOTOPOTo IpoMe-
JKYTKa BpeMeHH. TOJIBKO HOC/IEe 3TOro NpoMeXKyTKa BpeMeHH CO BTOPEIM
TeJIOM HaUHYT IPOUCXOIHUTh NPOLIECCH, BHI3BAHHbIE JAHHBIM H3MEHEHHEM.
Pasnenus paccrogHHe MeKAy OOOHMH TeJaMH Ha 3TOT HMPOMEXKYTOK
BpeMeHM, Mbl HafleM «CKOPOCTh pacupocTpaHen#s B3auMonedi-
CTBHI».

3ameTuM, 4TO 3Ty CKOPOCTb MOXKHO OBLIO Gbl, COGCTBEHHO T'OBOpPS,
Ha3bpiBaTh MAaKCUMaJbHOH CKOPOCTBIO PACHPOCTPAHEHHsT B3aumopeicr-
Buil. OHa ollpefiesIsieT JHIIb TOT IPOMEKYTOK BPEMEHH, 1T0C/ie KOTOPOTro
H3MeHeHHe, IIPOUCXOASAIIEe C OJHUM TeJIOM, HauMHAaeT MPOSIBASATHCS Ha
apyroM. OueBHAHO, YTO HAJHYHE MAKCUMAABbHONR CKOPOCTH pacmpocTpa-
HEeHHS B3aUMOIEeHCTBHH O3HAYAET B TO XKe BPeMsi, YTO B IPUPOJe BoolIe
HEBO3MOXKHO JBIKEHHWEe TeJ CO CKOPOCThIo, Gosbluel 3roit. eicTBH-
TeJBHO, eCJH Obl TaKoe JABHIKEHHe MOTJIO IPOHCXOLHTE, TO NOCPEACTBOM
Hero MOXKHO Obl1O OBl OCYLIECTBHTb B3aMMONEHCTBHE CO CKOPOCTBIO,
npespiapNe HaHGOJBIIYIO BO3MOXHYIO CKOPOCTb PaclnpoCTpaHeHHs
B3aHMOJAEHCTBUH.

O B3aumofeficTBUY, PACTIPOCTPAHAIOIEMCS OT OJHOH HaCTHLb K APY-
roff, 4acTo TOBOPSIT KaK O «CHTHaJe», OTIPAaB/SIOLIEMCS OT HepBOH
YacTHUB! H «JalolleM 3HATh» BTOPOH 00 H3MEHEHWH, KOTOpOe HCIBITaja
nepBasi. O CKOPOCTH pacHpocTpaHeHHsT B3aUMOREHCTBHIA roBopsT TorAa
KaK 0 «CKOPOCTH CHTHAJay».

W3 npuHuMOa OTHOCHTENBHOCTH BLITEKAeT, B UACTHOCTH, YTQ CKO-
poCTb pacnpocTpaHeHHs] B3aUMOZEHCTBHH OJHHAKOBa BO BCeX HHep-
I HaJbHBIX CHCTeMaxX orcyera. Takum o6pasoM, CKOpPOCTB paclipocTpa-
HEeHHsl B3aNMONEHCTBMH fABJSiETCA VHUBEPCANTLHOH NOCTOSHHOH.

DTa TNOCTOSIHHASL CKOPOCTh OJHOBPEMEHHO fBJSETCA, KaK Oyaer
ITIOKa3aHO B AaJbHEHIIeM, CKOPOCTBIO PaclpOCTPAHEHHs CBeTa B MycC-
TOTE; NO3TLMY e HashBaloT ckopocmuto ceema. OHa 0603HaYaeTCst OObIYHO
OyKBOH ¢, 2 ee YHC/IEHHOE 3HAUEHHE .

¢=2,998-10% cmfc. ‘ (L1

Bonbloit BeMHYHHOH 3Tofi CKOPOCTH 00BsicHsercss TOT (akT, 4To
Ha mpakTHKe B GOJBIIMHCTBE CJyuyaeB BOCTATOUHO TOUHOH OKa3blBaeTcs
KJaccHueckas MexaHHKa. BosbIIMHCTBO CKOpocTel, ¢ KOTOPHIMH HaM
NPHXORUTCSA MMETh 110, HACTOJIBKO MaJbl 10 CPABHEHHIO CO CKOPOCTRIO
eBeTa, UTO HPEANnoJoXKeHHe O GeCKOHEYHOCTH IoCie]HeH NPaKTHYeCKH
He BJHsSET Ha TOYHOCTb DPe3yJbTaToB.
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O6bexrHeHe TPUHIHNA OTHOCHTEILHOCTH C KOHETHOCTBIO CKOPOCTH
pacnpoCTPaHEHHs B3aUMONEHCTBHA HA3BIBAETCA NPUHUUNAOM OMHOCU-
meavHocmu- JiHwmerina (oH O6vl1 chopmyaupoBaH A. Sidnwmedinom
B 1905 r.) B OTViMYHe OT MPHHIKIIA OTHOCUTEALHOCTH [ainess, HCXOA s~
mero H3 GecKOHeUHOH CKOPOCTH  DACIPOCTPAHEHHMs B3aHMOJei-
CTBHH.

MexaHdKa, OCHOBaHHasd HAa >3HHIITCHHOBCKOM I[PHHIUIE OTHOCH-
TeIbHOCTH (MBI 6yJeM OOBIYHO HA3LIBATH €ro IIPOCTO NMPHUHIIUIIOM OTHO-
CHTEJILHOCTH), HasblBaeTcsl pesamusuctmckor. B npenensHoM ciyuae,
KOTJa CKOPOCTH JIBHXKYIIMXCH TeJ MaJbl 10 CPABHEHHIO CO CKOPOCTHIO
cBeTa, MOXHO npeHeOpeub BJIHSIHHEM KOHEUHOCTH CKOPOCTH pacipo-
CTpaHeHUsl B3aMMOJeHCTBHH Ha JBHKeHMe. Toraa pensiTHBHCTCKas
MeXaHHKAa E€PEXOANT B OOBIUHYIO MEXaHHKY, OCHOBAHHYIO HA IPEJI0N0-
JEHHH O MTHOBEHHOCTH PacHpOCTPaHeHHs B3aUMOAECHCTBUH; 3Ty Mexa-
HUKY Ha3bIBalOT HBIOTOHOBCKOH WM KJjaccuueckoll. IlpenennHulfl mepe-
X0 OT PeJSITUBUCTCKOH MeXaHHUKH K KJaCCHUYeCKOH MoxkeT ObITh (op-
MaJsibHO NTPOH3BEAEH KaK Iepexol K Ipelesay ¢— oo B GopMmyJax pess-
THUBHCTCKOH MEXaHHKH.

YKe B KJacCHYECKON MEXaHHKE MPOCTPAHCTBO OTHOCHTEJLHO, T. €.
IIPOCTPAHCTBEHHBIE COOTHOIIEHUS] MeKAY PAa3/IMUHLIMH COOBLITHSIMH 3a-
BHCST OT TOTC, B KAKOI CHCTEME OTCUeTa OHU OITHCHIBAIOTCSI. Y TBEPIKAE-
HHe, UTO JIBA PA3HOBPEMEHHBIX COOBITHS MPOUCXOAST B OJHOM H TOM 2Ke
MecTe NPOCTPAHCTBa HJIH, BoOOIIE, HA ONpeJeJIeHHOM PAcCTOSIHUU JIPyr
OT Apyra, NpHOGPETAeT CMBIC/ TOJBKO TOTHA, KOTJAa yKa3aHO, K KakKoH
CHCTEME OTCYEeTa 5TO YTBEPKAEHHE OTHOCHTCH.

HanpoTuB, BpeMs sIBJsieTCs B KJACCHUECKOH MeXaHHKe abCosIoT-
HBIM; APYFHMH CJIOBaMH, CBOHCTBZ BPEMEHH CUHTAIOTCS HE 3aBUCSIIHMH
OT CHCTeMbl OTCYETa — BpPeMst OJHO JJIs1 BCeX CHCTEeM orcuera. Dro 3Ha-
YHT, YTO €CJAH KaKue-HHUOYIb [BA SIBJIEHHSI MPOUCXOAAT OJHOBPEMEHHO
/11 Kakoro-HHOYAb Hab/iofaTesNsl, TO OHU SIBJISIOTCS OJHOBPEMEHHBIMH
M JUIs BesiKoro pyroro. Boo6uie, NpoMeXXyTOK BPeMEHH MeXKIy NBYMS
JAHHBIMH COOBITHSAMH JOMXeH ObITh OJAMHAKOB BO BCEX CHCTEMAX OT-
cuera.

Jlerko, ofiHako, y6elHTLCA B TOM, YTO MOHATHE alCOMIOTHOrO Bpe-
MEHH HaxoJHuTC B IMIyOOKOM NPOTHBODEYHH € IHHINTEHHOBCKHM IIPHH-
LLMIIOM OTHOCHTEILHOCTH. /151 3TOr0 AOCTATOYHO yiKe BCOOMHHTDL, YTO B
KJIaCCUYeCKOH MeXaHHKe, OCHOBAHHOH Ha IOHATHH 06 aGCOMIOTHOM Bpe-
MEeHH, HMeeT MecTO ODIEeH3BeCTHBIH 3aKOH CJIOKEHHs CKOpOCTeH, cor-
JIaCHO KOTOPOMY CKOPOCTb CJIOKHOTO JBHXKEHHMA PaBHA HPOCTO CYMMe
(BeKTOpHOI) CKOPOCTEl, COCTAaBJSIIONAX 3TO ABHKEHHE. IDTOT 3aKOH,
6yAyus YHHBEDCANBHBIM, LO/DKEH OblI OBl OBITh IPHMEHHM H K pPacnpo-
cTpaHeHHIO B3aHMmofeHcTBHH. OTciofa cieloBano Obf, YTO CKOPOCTh
9TOrO PacmpOCTPAHEHHs JO/KHA OBITh PA3/MYHON B Pas3/iHuYHLIX HHEp-
IHAJIbHBIX CHCTEMAX OTCUeTa, B IPOTHBOPEUHH C NPHHLHUIIOM OTHOCH-
TenpHOCTH. OnbIT, OXHAKO, BIOJHE TIOATBEPIKAAET B TOM OTHOIIEHHU
NPHHIMA OTHOCHTeJNbHOCTH. l3MepeHns, npoH3BeleHHbIE BHEPBHIE



14 MPHHIUIT OTHOCHTEJBHOCTH [t 1

MaiikesnconoM (B 1881 r.), oOHapyXHIH MOJHYIO HE3ABHCHMOCTH CKO-
POCTH CBETA OT HANPABJIEHHSA €r0 PACHPOCTPAHEHHSA; MEXKAY TeM COTJIAC-
HO KJACCHYECKOH MEXaHHKE CKOPOCTh CBETA B HATIPABJEHHH ABHMKEHHS
Sewstd 10MKHA Oblia 6B GBITE OTAHYHOH OT CKOPOCTH B NPOTHBONONOK-
HOM HaIpaBJIeHHH.

TakuMm 00pa3oM, NPHUHIHUI OTHOCHTEILHOCTH IIPHBOJAHT K De3yJib-
Tary, 4TO BpeMs He sBjsercs aGcoioTHHIM. Bpems Teder no-pasHomy B
pasnbix cucreMax orcyera. CjefoBare/ibHO, YTEEPKIEHHE, UTO MEXAY
JABYMsI JaHHBIMH COOBITHSIMHM NPOLIEJ ONpEIeJIeHHBI IIPOMEXYTOK Bpe-
MEeHH, TPHOOpeTaeT CMBbICI TOJMLKO . TOTA4, KOIJda yKa3aHo, K Kakoii
CHCTEME OTCYeTa 3TO YTBepKJeHHe oTHocuTcs. B uactHOCTH, COBBITHS,
OLHOBpeMeHHLIE B HEKOTOPOH
chcreme orcuera, GYyAyT He Of-
HOBDEMEHHBIMH B JADYrofl CcH-
cTeMe.

Jlas ysicHeHHsi 3TOro mo-
JIE3HO PACCMOTPETD CJIENYIOUHE
HNPOCTOH NpHMep.

Paccmorpum aBe HHepIHAb-
Hele cucrembl orcuera K u K’
C OCSIMH KOOPAHHAT COOTBETCT-
BEHHO Xyz ¥ X'y’zZ’, npUueM CH-
. creMa K’ IBHKETCS] OTHOCHTE/Ib-
y Puc. 1. no K Bnpaso BOAL Ocelt x U X’

(puc. 1).

ITycrs 13 HexoTopoll TOUKH A Ha OCH X' OTNPABJASIOTCS CHTHAJB! B
JABYX B3aHMHO IIPOTHBOIOJOXKHBIX HampasJeHusix. [Tockoabky cko-
pOCTb PacnpPOCTPAHEHHS CHTHaJa B cucTeMe K’, KaK U BO BCAKOH HHep-
LIHa/ILHOH cHcTeme, paBHa (B 00OMX HampaB/EHHSX) ¢, TO CHIHAJbI A0~
CTHFHYT pPaBHOYJAaJeHHHIX OT A Touek B H C B OJHH H TOT K€ MOMEHT
BpemeHH (B cucreme K'). ,

Jlerko, onaHako, BHIAETh, YTO Te JKe caMble JIBa COOGBITHS ([PHXOX
curHana B B u C) 6yAyT OTHWOAb He ONHOBPEMEHHBIMH JJs HaGo-
jJarenss B cucreme K. JlefiCTBHTENBHO, CKOPOCTH CHTHAJIOB OTHOCH-
TeJIbHO CHCTEMBI K COIJIACHO NPHHUHNY OTHOCHTEJNLHOCTH PaBHA TOMY
2Ke ¢, H IOCKOJbKY ToukKa B ABHaKeTcs (OTHOCHTEJIbHO cHCTeMbl K) Ha-
BCTpeUy MOCJaHHOMY B Hee CHTHany, a Toyka C — 10 Hanpas/eHHIo
oT curHana (nociandomy 3 A B €), 10 B cHcTeMe K CHTHaJ NPHAET B
TouKky B panniue, ueM B Touky C.

Takum o06pa3oM, NPHHUHIN OTHOCHTENBHOCTH JHHIITEHHA BHOCHT
(yHIaMeHTaNbHEIe H3MEHEHH B OCHOBHble dusuyeckue NOHATHA. 3a-
HMCTBOBaHHbie HaMH M3 MOBCEAHEBHOIO OMbLITA NIPEJCTABJEHUSA O Mpo-
CTPAHCTBE H BPEMEHH OKAa3bIBAIOTCH JHIIL HPHOIHKEHHBIMH, CBA3aH-
HBIMH C TEM, Y4TO B ITOBCEJHEBHOH JKH3HY HAM NPHXOAMTCH HMETh A0
TOJIBKO CO CKOPOCTSIMH, OYEHb MaJibIMH [0 CPaBHEHHIO CO CKOPOCTBIO
CBeTa.

2 z'

}

88
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§ 2. Hurepsan

B nanpHeitiueM MB GylieM 9acTO MOJB30OBATLCST NOHATHEM cOObIMUA.
CobpiTHE ONpPERETIACTCS MECTOM, T/ie OHO NPOU3OIINIO, ¥ BpeMeHeM, KOTHa
oHO npowusouLto. Takum o6pa3oM, CoObITHE, NPOHCXOASIIIEE C HEKOTOPOI
MaTepHa/JbHON UacTHLEH, ompefesisieTcss TpeMs KOODAMHATAMH 3TOf
YACTHIEI U MOMEHTOM BPEMEeHH, KOTAa NMPOHCXOAHT COOLITHE.

YacTo nosiesHo U3 cooOpaxKeHUH HAaTASJAHOCTH IT0Jb30BaThCS BOOG-
pa’kaeMbIM HYeTHIPeXMEePHLIM IPOCTPAHCTBOM, Ha OCHX KOTOPOro OTKJja-
ABIBAIOTCSI TPH MPOCTPAHCTBEHHBIE KOODAMHATHL M BpeMA. B stom mpo-
CTpaHCTBe COGHITHe H306pakaeTcsi TOUKOHA. IDTH TOUKH HAs3HIBAIOTCH
mupossimi mouxamuy. BesKol 4acTHie COOTBETCTBYeT HEKOTOpas JIHHHSA
(muposas aunus) B TOM YeThlpeXMepPHOM mpocTpaHcTBe. Touku 3TOM
JUHHH OTPEAENSIOT KOOPIMHATHl YACTHIBI BO BCE MOMEHTHl BPEMEHH.
PaBHoMepHO M npsiMONHHEHHO ABHXYUeHcss MaTepHaJbHOH uYacTHIle
COOTBETCTBYET NpsiMast MHPOBAfA JHHHA.

Bhipazum Tenepb NPUHIMI HHBAPUMAHTHOCTH CKOPOCTH CBETa Marema-
THuecKH. [JIst 3TOro paccMoTpHUM JBe cucTemul otcueta K u K’, ABUXKY-
IMUeCst APYT OTHOCHTEJBHO APYyTa ¢ MOCTOSIHHOH cKopocTbio. Koopawu-
HATHbIE OCH BhIGEpeM NPH 3TOM TaKUM 00pasoM, 4TOObl OCH X U X' COB-
najaJju, a oCH y U z OblIM NnapanyelabHbl OCSM ¥’ H 2’; BpeMs B CHCTeMax
K n K’ ofosnauum uepes ¢ u ¢'.

Ilycte nepBoe COOBITHE COCTOMT B TOM, UTO OTHPABJSIETCS CHUTHAJ,
pPACTIPOCTPAHSIOWHACS CO CKOPOCTLIO CBETA, U3 TOUKH, HMEIOUIed Koop-
IUHATHI Xy, Y1, 2; B cHCTeMe K B MOMEHT BPeMeHH f; B 3TOH Ke CHCTeMe.
Byaem ua6amonate W3 cucreMbl K pacnpocTpaHeHWe 3TOrO CHCHAMA.
IlycTe BTOpOE COGLITHE COCTOUT B TOM, UTO CHI'HAJ MPHXOAHT B TOUKY
Xs, Ys, Z» B MOMEHT BpeMeHHU f,. CHTHAMT pacnpocTpaHsercs co CKOpo-
CTBIO ¢; MPOUIEHHOE UM PACCTOSIHHE PaBHO nostomy ¢ (f,—t;). C apyro#
CTOPOHBI, 3TO € PacCTOsiHHe PaBHO [(Xas—x, )2+ (Yo—1y1) 2+ (22—21) 212
Takum o6pasoM, MBI MOXKeM HANHCATH CJIELYIOULYIO 3aBHCHMOCTb MEKIYy
KoopAuHaTaMH 060HX COOLITHA B CHCTEME K:

(Xe—%1) 2+ (Yo—1/1) >+ (2a—21) *—C2 (£,—1,)*=0. 2,1

Te ke xBa coGHITHSI, T. €. pacnpOCTpaHeHHe CHTHala, MOXKHO Ha-
omonate U3 cuctembl K'. IlycTh KOOpAHMHATHL NEPBOTO COOBITHSI B CH-
creme K': x;, Y1, 21, i1, a BTOPOrO: X;, Ys, Zs, l5. IlocKosbky cko-
pocth cBera B cuctemax K u K’ oxMHakoBa, T0, aHajoruuso (2,1),
HMeeM:

(i) (G p P+ (G— 2 — e (l—1)r=0.  (2,2)

Ecnu xq, 41, 21, 1y U Xa, Ys, 22, I3 — KOODAMHATHl KAKUX-THOO JBYX
COOBLITHH, TO BeJHYHHA '
Spe=le? (f,—1,)2—(Xa—x1) 2 —(Yo—ty:)—(2o—2))2} /2 = (2,3)
Ha3bIBAETCS UHMEPEANOM MEXLY 3THMH JBYMSl COGBITHSMH.
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Takum o6pasoM, H3 HHBAPHAHTHOCTH CKOPOCTH:CBeTa CJELYET, ‘UTO
€CJIH HHTEPBAaJ MeXYy JABYyMs COOLITHSIMH PaBeH HYJIO B OJHOH CHCTeMe
OTcyera, TO OH paBeH HyJIU H BO BCAKOH JPYroH cHCTeMe.

Ecnu ABa cobpiTs GeCKOHEYHO GJIU3KH APYT K APYTY, TO IJISI HHTEp-
BaJia ds MeXXIy HHMH HMeeM:

dst=c¥dt*—dx?*—dy*—dz2, 2,4)

®opma BolpaxeHnus (2,3) uiau (2,4) mos3BossieT paccMaTpHBATh HH-
TepBaJ, ¢ PopMaJbHOR MaTeMaTHUeCKOH TOUKH 3peHHs, KAK PaCCTOsITHUE
MeXy ABYMS TOUKAMH B BOOODaKaeMOM 4eThIpeXMepPHOM IIPOCTPaHCTBE
(Ha ocAX KOTOPOTO OTKJAJALIBAaeM X, y, z U npousseieHue cf). Mmeercs,
OJIHAKO, CYIIeCTBEHHOE OTIHYME B MNPAaBHJIE COCTAaBJEHHS 3TOMH BeJH-
YMHB 110 CPAaBHEHHIO C NMPAaBHJIOM OOBIUHOH TeoMerpuH: npu obpaso-
BaHUH KBajpara HHTepBaja KBaJpaThl pasHOCTed KOOPAMHAT HO pas-
JIMUHBIM OCSIM CYMMHPYVIOTCS He C OJJMHAKOBEIME, a C Pa3/JHYHLIMH 3Ha-
Kamu 1).

Kak 6b110 mokasaHo Bhiile, eciu ds=0 B HeKOTOPOH MHepUHANbHOH
cuctemMe otcyera, To ds’=0 u B Apyro#t cucreme. C ApyroH CTOPOHH,
ds u ds’ — GecKOHeuHO MaJjble OJHHAaKOBOTO mopsiska. M3 aTux AByX
06CTOAITeNIbCTB CICAYET, UTO ds® U ds’? AOMKHBL GBITh NPONOPLHOHABHBI

Apyr Apyry:
ds?=aqds'?,

npHueM Ko3bQHIHEHT @ MOXKET 3aBHCETh TONBLKO OT aGCOJIOTHOH Beau-
YHHbl OTHOCHTEJILHOM CKOpOCTH 06eHX WHepuHaJbHbIX cHcreM. OH He
MOJKeT 3aBHCETb OT KOOpPJAHHAT M BpPEMEHH, TaK KaK TOrha pasJ/iHuyHEble
TOUKH IIPOCTPAHCTBA H MOMEHTHI BPeMEHH OblTM Gbl HE PABHOLIEHHBI, YTO
MPOTHBOPEUUT ONHOPOAHOCTH NpocTpaHcTBa W BpemeHH. OH He MOXeT
3aBHCETb TaKXe M OT HanpapJ/eHHsl OTHOCUTEILHOH CKOPOCTH, TaK KakK
3TO MNPOTHBOPEUHJIO OBl H3OTPOITHOCTH IIPOCTPAHCTBA.

Paccmorpum Tpu cucremsl orcuera K, K;, K, u nyctb V; u V, —
CKopocTH JBHKeHHs cucTeM K, u K, orHocurensno K. Torga umeem:

ds?=qa((V,)ds;, ds*=a(V,)ds:.
C TeM Ke OCHOBAaHHEM MOXKHO HAIHCATh: .
dsi=a(Vy,)ds},

rae V,,—a6comorHas BeJHYHHA CKOPOCTH ABHKeHHA K, OTHOCH-
TeqpHO K. CpaBHHBas Jpyr ¢ APYroM 5TH COOTHOILUEHHS, HafiieM,

1) YeTsipexmepHyo reOMeTpHIO, ONpelesseMylo KBappatHunoit dopmoi (2,4),
Ha3BIBAIOT 710e600esKA10060t B OTAHURE OT OOGLIYHOM, €BKJAMAOBOH, reOMeTpPUH. DTa re-
omeTpusi Gblla BBeJeHa B CBSA3H C TeopHel oTHocuteasHocTd I'. Munkosckum.
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YTO JOJKHO ObiTh:

AN |
20— a(,,). (2.5)

Ho V;, 3aBHCHT He TOJNBKO OT aOCOJIIOTHLIX BEJHYHH BeKTOpoB V, U V,,
HO M OT yIVla MeXAy HHUMH. MeXay TeM HoC/IeNHHH BoOOIle HE BXOAHT
B JIEBYIO YacTh COOTHOWEHHS (2,5). SICHO MO3TOMY, UTO 3TO COOTHOLLE-
H¥{e MOXKeT GbITh CNIpaBeJIMBRLIM JHIIb, ectu ¢yHkuusa a (V) ceoaurcs
K MOCTOSIHHOH BeJIHYHHE, PaBHOH, KaK 3TO CJIEAyeT U3 TOro XKe COOT-
HOILIEHHs, EHHHUIE.

Taxum ob6pasom,

dst=ds’?, (2,6)

a u3 paBeHCTBa GECKOHEUHO MaJsblX HHTEPBAJIOB CJIEAYeT PAaBEHCTBO
TaKXKe H KOHEUHBIX HHTEPBaJOB: §=§'.

Mbl mpuxoAnM, CIeA0BaTeNbHO, K BaxHeHIeMy pe3yJbsTaTy: HHTep-
BaJl MEXAY COOBITHSIMH OJMHAKOB BO BCEX HHEDPIHANBHBEIX CHCTEMAX
orcuera, T. €. IBJsSETCS HHBAPHAHTOM I10 OTHOIUEHHIO K mpeobpasoBa-
HUIO OT OAHOH HHepHUaNBHOH CHCTEMBI OTCHeTa K J00o# Apyroit. Jra
HHBaPHAHTHOCTh U SIBJISIETCA MaTeMaTHYECKHM BbIpaXKeHHEM MOCTOSIH-
CTBA CKOPDOCTH CBeTa.

Ilyers onAaATh Xy, Y1, 21, & U Xa, Yz, 22, {3 — KOOPAHHATEL JBYX CO-
6biTHit B HekoTopol cucreme orcuera K. Crpammupaercs, CyIIeCTBYET
JIH Takasi CHcTeMa oTcuera K', B KOTOpOH o6a 3TH COGBITHA TPOHUCXO-
Juny Obl B ONHOM H TOM K€ MecTe IPOCTPaHCTBA.

Beenem o6o3Hauenus

tz_tl - tlg» (xz—x1)2+ (yz_y1)2 "*“(22""‘21)2 = liz
Torna kBaapar HHTepBaja MeXJy COOCLITHSIMU B cHCTeMe K
Sfe =1, — 11,
H B cucreme K':
sis =t —13,
npuyeM B CHJIY MHBapHAaHTHOCTH HHTEpBaJja
cw%z"‘ﬁz = c2t;§—l;§.
Mp1 xoTHM, 4YTOGH B cucTeMe K’ 06a cOGBITHS MPOHSOULIM B OfHOMH
TOuKe, T. €. urobn [;,=0. Torza
Sta=c2— 12, = %3 > 0.
CrnenosaTesbHO, CHCTEMA OTCUETa C TpeGyeMbIM CBOCTBOM CYIIECTBYET,
ecsiu §3, >0, T. e. ecqu HHTEPBAN MEXKAY OGOMMH COOBITHSIMH BeIeCT-
BeHHbll. BelllecrBeHHBIE HHTEPBaNbl HA3LIBAIOT 6PEMEHUNOOOCHbIMU.
Takum obpasom, eciu uHTEpBal MEXKAY IBYMA COOBITHSIMH Bpe-

MEHHUMNOKOOHEIA, TO CyLleCTBYeT TaKas CHCTeMa OTCYeTa, B KOTOPOi
06a coOBITHA NPOH3OLLIM B OAHOM H TOM ke Mecre. Bpewms, kKoropoe
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npoﬁmeT MEXKAY 3THMH COGLITHSIMH B 3TOH CHCTCME, paBHO

12——~Vc2t“‘ = (2,7)

c

Ecnu xakue-HuGynp 1Ba COGBLITHS NMPOHCXOAAT C OXHHM H TeM Ke
TEJIOM, TO MHTePBAJ MeXIy HUMH Bcerla BpeMeHHNonoOHblH. [leficTBu-
TeNbHO, NYTh, KOTOPBIA TEJIO NPOXOAHT MeXAy OOOHMH COGHITHSIMH,
He MOXeT ObiTh OoJibllie Cfjs, TAK KaK CKOPOCTh TeJla HE MOXKeT ObiThb
6onbuie ¢. Ilostomy Bcerna

1, <ty

3anaguMcs Tenepb BOIIPOCOM, HeJb3s JIH BHIGPATh TAKYIO CHCTEMY
oTcyeTa, B KOTOpPOH JBa COOLITHSI TIPOU30LLIH OBl B OJHO H TO XKe
Bpems. Ilo-npexnemy Mmbl umeem B cucreMax K m K': c¢%,—1[3, =
= ¢*2—1;3. Ml XoTHM, uTO6H {;,=10; orciona

st =—10;3<0.
CrefoBate/IbHO, HCKOMYIO CHCTEMY OTCUETA MOXKHO HAHTH TOJBKO B TOM
cIyyae, KOTA HHTePBAJ Syp MEXIY ABYMSI COOBITHSIMH MHUMBIH. MHH-
Mbl€ HMHTEDBAJIbl Ha3BIBAIOT NPOCHPAHCIMBEHHONO00OHVIMU.

Takum 06pasoM, ecTH MHTEPBAJ MEXKAY ABYMSI COGBITHSIMH IIPOCT-
paHCTBeHHONOAOOHBIA, TO CYLIECTBYeT Takas CHCTeMa OTCYera, B KOTO-
poii oba coOBITHS MPOHCXOMAAT OAHOBPEMEHHO. PaccTosinne Mexay Touy-
KaMH, T'Ae MPOUSOLLIH 5TH COOLITHS B 3TOH CHCTEME OTCUETa, PaBHO

L= Vlzz—cztﬁ:ism' (2,8)
Tloapassenenne uHTe pBAJOB HA BpeMEHHNIOAOOHbIE H NPOCTPAHCTBEH -
HOMOJO0HbIE €CTb, B CUNY HX MHBapPMAHTHOCTH, NOHSITHE aGCOJIIOTHOE.
310 3HauMT, YTO CBOHCTBO HHTEpBasa OBITh
t BpPEMEeHHNOJ06HBIM HJIH NPOCTPAHCTBEHHONO/06-

c HBIM HE 3aBHCHT OT CHCTeMBbl OTCYETa.
Bo3bMmem KkKakoe-HHOYIb COGBITHE — HA30BEM
ero cobeiTueM O — B KauecTBe HayaJja oTcuera
BpEMEHH H NPOCTPAHCTBEHHBIX KOOpAMHAT. lpy-
THMH CJ/IOBAMH, B UYE€TBIPEXMEDHOH CHCTeMe
KOODJMHAT, HA OCHX KOTOPOH OTKJAXBIBAKTCA
X, Yy, z W t, MupoBasi Touka cobuitua O Oyzer
HauajnoM KooppuHar. [locMoTpHM Teneps, B Ka-
KOM OTHOIUEHMH K JAHHOMYy cobwiTHio O Haxo-
abe. |npous, IATCS BCe ocTanbHble coObiTHs. asi Harasj-
d b HOCTH Mbl OyJeM pacCMaTpHBaThb TOJBKO OLHY
Puc. 2. NPOCTPAHCTBEHHYIO KOOPJHHATY H BpeMsi, OTKJa-
JBIBasl UX Ha ABYX ocsx (puc. 2). Ilpamonnneit-
HOe paBHOMEpHOe JBHXEHHE YacTHLBI, NpoXojsamel Touky x=0
npy {=0, n306pa3suTcsa npsMol JuHHeH, npoxofsiedl yepes O M Ha-
KJIOHEHHOH K OCH f NOX YIVIOM, TAHTeHC KOTOPOro PaBeH CKOPOCTH ya-
crumpl. TlockonbKy HauOoOJbINAs BO3MOXKHAs CKOPOCTb DaBHA €, TO

abe. | 640.

abe. aoe. T
yaa/]‘ 0 yaaﬂ-
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CyUIeCTBYeT HaubOJbIUMH YroJ, KOTOPHIA MOXKeT 00Da30BbIBaTh 3Ta
npsmas ¢ ockio . Ha puc. 2 usobpaeHs! e npsiMble, u3obpazkalouiue
pacrpocTpaHeHHe JABYX CHTHaJ0B (CO CKOPOCTBIO CBETa) B TPOTHBOIIO-
JIOXKHBEIX HAIpPaBJeHNs1X, NpPOXOASAUINX 4epe3 cobuitHe O (T. e. MPOXO-
Jauux x=0 npu £=0). Bce sunnn, nzobpaxaoline ABHKEHHUs YaCTHLI,
MOTYT JIeXKaTh TOJbKO BHYTPH o6iaacteli aOc u dOb. Ha npsMeix ab u
cd, oyeBHaHO, x==cf. PaccmoTpum cHauazna cobuITHS, MUPOBbIE TOUKH
KOTOPBIX -J1exKaT BHYTpU obaactu aOc. Jlerko coo6pasuTh, 4TO BO BCEX
TOuKax »3Toit obaactu c**—x2>0. JIpyruMu CJ0BamH, HHTepBaJkl
MeXJy NI0ObIM coObiTHEM 3TOH 067acTH H coObitHeM O — BpeMEHHNO-
jo6ubie. B s1oil obnactu £>>0, T. €. Bce COOBITHS 3TOH 061aCTH NpPOHC-
xoznar «nocsey cobertiss 0. Ho nBa coObiTHS, pasieneHHbIX BpEMEHHIIOo-
JOGHBLIM MHTEpPBAJIOM, HH B KaKOH cHCTeMe OTcueTa He MOT'YT NPOUCXO-
JnTh ofHoBpeMeHHO. CreloBaTeNbHO, Henb3sl BHIOpaTh M HHKAKOH
CHCTeMBI OTcueTa, e 661 Kakoe-HUOYAb H3 cobbiTuil 06.1actu aOc npo-
HCXOAUM0 «J10» cobuiTHA O, T. €. Koraa 6uu1o 6l £<C0. Takum o6pasoM,
ece cobbiTus o6aactu aOc sBasiorcss GyAYIIHMH IO OTHomeHHI0 K O,
U TIPHTOM BO BCEX CHCTEMaX oTcyera. Ty o6JacTbh MOXHO IMOITOMY
Ha3BaTh «abco/MoTHO Gyaylleli» Mo oTHOmeHMI0 K cobuithio O.

CoBeplleHHO aHAJOTHYHO Bce cOOMTHA objactd bOd sABASIIOTCS
«aGCoOJTIOTHO TMPOMIEAIIHMH» 0 OTHOWeHuto K O, T. e. coObITHS 3TOH
06J1aCTH BO BCEX CHUCTEMAX OTcyeTa MPOUCXOAAT Jo cobbitus 0.

Hakosren, paccmorpum emme obaactu dOa u cOb. MurepBaa mexny
JIFOGBIM COGBITHEM 3TOH 06sacTH U coObiTHeM O — MPOCTPAaHCTBEHHONO-
JIo6HBIA. B mo6oit cucreMe oTcyeTa 3TH COOLITHS NMPOUCXOAAT B pasHbIX
Mectax mpocrpaHctBa. Ilostomy 3TH 06/acTH MOXKHO Has3BaTh «abco-
JIOTHO yJAaJieHHBIMH» 10 oTHouweHHI0 K O. IoHATHS «OJHOBPEMEHHOY,
«paHbllliey H «I03Ke» /sl 3THX COOBITHH, OJHAKO, OTHOCHTENbHH. /s
BCAKOTro COGHITHSI 3TO¥ 006J1aCTH eCThb TaKHe CHCTeMbl OTCYeTa, TAe OHO
NPOUCXOJAHUT No3xkKe coObiTHA O, CHCTEMEI, I'i¢ OHO IPOMCXOAUT paHblie
O, Hu, HakoHell, OfIHAa CHCTeMa OTCYeTa, TAe OHO NPOHCXOAHT ONHOBpE-
meHHo ¢ O.

3ameTHM, UTO €CJIH pacCMaTpPUBATh BCE TPH NMPOCTPAHCTBEHHBIE KOOP-
JHHATH BMECTO OJHOH, TO BMECTO /IBYX ITePeCeKaIoLUXCsT NMPAMBIX HA
puc. 2 MBI HMesqn OBl «KOHyC» x*-Fy*+z*—c*?=(0 B yeTrblpexXMepHOH
CHCTeMe KOOpAMHAT X, Yy, 2, I, OCb KOTOPOIO COBNAaJaeT C OChi0 f (3TOT
KOHYC HA3BbIBAIOT c8ermosoim Korycom). ObaacTH «abcomoTHO Gy AyLIEro»
¥ «abCoJIIOTHO TpoMIeJueros H300paxalnTcs TOrjJa COOTBETCTBEHHO
JEYyMS BHYTDEHHHMH IIOJIOCTSIMH 3TOTO KOHYCA.

JIBa coGuITHSI MOT'YT ObITh MIPUUYKMHHO CBSI3aHBI APYT C APYTOM TOJABKO
B TOM CJIy4Yae, eC/IH HHTEPBaJ MEXAy HHMH BPeMeHHNOAOOHHIH, YTO He-
NOCPECTBEHHO CIeAYeT H3 TOro, 4TO HHKAKOe B3aHMOIEHCTBHE He MOXKET
pacnpocTpPaHsAThECS CO CKOPOCTHIO, Gojibiiell CKOpPOCTH cBeTa. Kax Mbl
TOJBLKO YTO BHAENH, KaK pas A TaKHUX COOLITHA HMEIOT aGCOMIOTHBIH
CMBICA TIOHATHS <«PAHbIUE» M «II03XKep», UTO ABJsAeTCS HeoOGXOAHMBIM
YCAOBHEM JJIS1 TOTO, YTOOR HMEJIH CMBIC/! IOHATHS TTPHUYKHLL 1 CICACTBHA.



20 MPHHI{HI OTHOCHTEJIBHOCTH [ra, 1

§ 3. CoOctBenHOe BpeMs

IlpennoJioxkuM, 4TO Mbl HalJioJaeM M3 HEKOTOPOH HWHepIHAJbHOH
CHCTeMbl OTCUETa MPOU3IBOJBHLIM 06Da30M ABMKYIIHECS OTHOCHTEIBHO
Hac yachl. B Kax/plil OTAENbHBIH MOMEHT BPEMEHH 3TO JIBHXKEHHE MOXKHO
paccMaTpHBaTh Kak paBHoMepHoe. [To3ToMy B KaKIbifi MOMEHT BpeMeHH
MOXKHO BBECTH HEMOABHIKHO CBSI3aHHYIO C IBHKYLIHMHCS YaCaMU CHCTEMY
KOODAMHAT, KoTopas (BMecTe ¢ yacamu) GyJeT ABJMATHCA TOXKE HHEPILU-
aJIbHOH CHCTEMOH OTCUerTa.

B TeueHune GeCKOHEUHO MaJIOTO NPOMEXYTKAa BpeMeHHU df (o Heno-
IBMKHBIM, T. €. CBS3aHHBIM C HaMH, 4acaMm) JBHKYIIHECs Yachl IIPOXo-
JAT paccTosiHHe

Vder - dy? - dz2.

CrpamuBaeTcsi, KakoH IPOMEXYTOK BpeMeHU di’ MOKaXKyT HPH 3TOM
JIBIZKYIIHECS yackl. B cucreme KoopaHHAT, CBA3AHHOH C JABHIKYIIHMHCA
yacamu, NnocjaeIHHe NOKosATCd, T. e, dx'=dy'=dz'=0. B cuny PIHBapH-
aHTHOCTM HHTepBaja

ds?=c¥dt*—dx?—dy*—dz*=c*dt",

dx® |- dy? - d2* - d2?
=dt ‘/1 Tocdeg

OTKyJa

Ho
dx? 4-dy? |- dz? 2
are - =0

IZie U eCTb CKOPOCTh ABHIKYIIHXCA YaCOB; MO3TOMY

, ds / v2 :
dt :—E—zdt ]/ 1—;—. 3,1

WUurterpupys 370 BHIpaxeHHe, MOXKHO HaHTH INPOMEXYTOK BpeMeHH,
MOKa3bIBaeMbli ABHXYIUIUMHCS YHaCaMmH, €C/IH II0 HEIIOABHXKHBIM Yacam
npouger Bpems f,—1,;:

1y
t;—t;=jdt 1/1—%2-. : (3,9)
ty

Bpemsi, OTCUHTEIBAEMOE MO YacaM, ABHKYIIMMCS BMECTE C JAHHHM
0GBEKTOM, HAa3HIBAETCS COOCMBEHHbIM 8pemerem STOro ob6beKTa. PopMyJThl
(3,1) u (3,2) BEIpaxkaloT COOGCTBEHHOE BpeMs yepe3 BpPeMsi CHCTEMBI OT-
cueTa, OTHOCHTENIBHO KOTOPOH pacCMaTpHBAeTCs JBHXKEHHE.

Kak Buguo us (3,1) uiam (3,2), cob6cTBeHHOe BpeMs JBHKYIIETOCSH
00BbeKTa BCETAa MEHbllle, YeM COOTBETCTBYIOIMH NPOMEKYTOK BPEMEHH
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B HEMNOJBHUXHOH cucteMe. J{pyrHMH cjioBamy, ABHXKYIHECsS 4Yachbl HAYT
MeJJIEHHEe HeNOABHKHBIX.

TlycTe OTHOCHTEJNBHO HHEPLHANTBHOH CHCTEMBI OTCueTa K IBHXKYTCH
npsMoHHeHHO U paBHOMepHO Apyrue yackl. Cucrema orcuera K, cBsi-
saHHasi ¢ 3THMH INOCJEHUMM, ToXe HHepuHajbHasi. Toraa uacel B
cucreme K’ ¢ TOuKH 3peHHst Habaiofnartenast B cucremMe K orcraroT Io
cpaBHeHHIO ¢ ero yacamu. W HaoGopor, ¢ TOUKH 3peHHst cHcTeMbl K’
OTCTAIOT Yackl B cucTeMe K. Y6eIUThCA B OTCYTCTBHH Kakoro-au6o mpo-
THBOPEUHS] MOXKHO, 0OpAaTHB BHHMaHHe Ha cJefylollee o6CTOATEIECTBO.
Jls Toro uto6bl YCTAHOBHTH, YTO 4ackl B CHcTeMe K’ OTCTAIOT OTHOCH-
TeJbHO 4acoB B cucteMe K, HaJO NOCTYNHTH CJEAYIOUUM 0Opa3oM.
IlycTb B HEKOTOPBIE MOMEHT BPEMEHH 4Yachkt K’ NPOJIETAIOT MHMO YacoB
B K, H B 3TOT MOMEHT II0KasaHHsi 060UX 4acoB coBmanawT. s cpas-
HeHHs Xoja uyacoB K M K’ Hago BHOBb CPABHHTbh NOKA33aHUSA TeX Ke
IBuxkymuxcs yacoB K’ ¢ yacamu B K. Ho Tenepn Mbl yKe cpaBHHBAEM
3TH wachl ¢ ApyrumMH uyacamd B K — ¢ TeMH, MHMO KOTOPBIX yachl K’
npoJeranT B Apyroii MomeHt. Ilpu sToM obHapyxurcs, uro uacel K’
6yIyT OTCTaBATh II0 CPaBHEHHUIO C uyacaMd B K, ¢ KOTOPBIMH OHH CpPaB-
HHUBAIOTCH. MBI BHAMM, YTO JI/IsI CPAaBHEHHS X0/la YACOB B JBYX CHCTEMAaX
oTcyeTa HeoGXOMMMBI HECKOJBKO UacOB B OXHOH CHCTeMe H ORHH B JpY-
roii. [ToaToMy 3TOT mpoliecc He CHMMETPHUEH IO OTHOMIEHHIO K obeuM
cucreMaM. Bceria OKaXyTcsl OTCTAIOUIMMH Te 4ackl, KOTOpble CPaBHH-
BAIOTCA C Pa3HbIMH YacamH B JPYroH CHCTeMe OTCyera.

Ecnu ke mMeloTCs BOE 4acOB, W3 KOTOPLIX OJHHM ONMHCBHIBAIOT 3aMK-
HYTYIO TPaeKTOPHIO, BO3Bpallasch B HCXOAHOE MeCTO (K HENOABHKHEIM
yacam), TO OKaXKYTCA OTCTAIOIIMMH HMEHHO JBHXKYIHeCs 4achl (1o cpaB-
HEHHIO ¢ HenoABMKHBIMH). OO6paTHOe pacCyXJeHHe, B KOTOPOM ABHXKY-
IHecsl yachl pacCMaTpHBaNuCh Obl KaK HENOJABHKHBIE, Telepb HEBO3-
MOXKHO, TaK Kak 4Yachl, ONHUCHIBAIOLIHE 3aMKHYTYIO0 TPaeKTODHIO, He
JBHKYTCS PABHOMEPHO U INPSMOJHHEHHO, a MOTOMY CBS3aHHAs C HHMH
CHCTEMa OTCueTa He SIBJISIETCSI HHEPLHAJbHOH.

ITocKoJIBKY 3aKOHBI NPHUPOJBI OJHHAKOBEI TOJBKO B HHEPIIHATLHBEIX
CHCTEMaX OTCYeTa, TO CHCTEMBI OTCUETa, CBF3aHHBIE C HENOABHKHEIMH
yacaMH (MHepLHa/JbHas CHCTEMA) U C ABHKYIIUMHCS (HeHHEpIHabHas),
o0safaloT pasHbIMH CBOACTBAMH, W paccyxKleHue, NPHBOJsIIEe K pe-
3yJbTaTy, YTO NOKOSIIHUECS Yachl JOIKHBI OKa3aThCsl ‘OTCTAIOLIUMH, He-
IPaBHJBHO.

IIpoMexyTOK BpeMeHH, MOKa3blBaeMBIH YacamH, paBeH HHTerpaay

ds, B3iTOMy BIOJb MHPOBOH JIMHHH 5THX yacoB. Ecsu yacel Hero-

IBYKHBI, TO X MHDOBAasi JIMHHA fB/AseTCA NpaMoil, HapaJjelbHOH ocH
BpPeMeHH; eCJIH XKe 4achl COBEPIIAIOT HePAaBHOMEPHOE JBHKEHHE M0 3aMK-
HYTOMY NyTH H BO3BPallal0TCs B HCXOJHOE MECTO, TO HX MHPOBAs JIHHHS
6yzer KpuBo#i, Tpoxoisuiel yepe3 JBe TOUKH HA IIPAMOH MUPOBOH JTHHHK
HETOABHAKHBIX YaCOB, COOTBETCTBYIOIIMX HAyally H KOHUY ABUMKEHHS.
C Znpyroit cTOpOHBI, MBI BHZENH, UTO NMOKOSIIIUECH YaChl  OKA3bIBAIOT
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Bcerja 6oJblIHH NPOMEXKYTOK BpEeMeHH, ueM JABHXKYyliuecsa. TakuM o6-
pasoM, MBI NPHXOAHMM K BBIBOAY, 4YTO HHTerpai S ds, B3ATBLI MeXny

ABYMs1 3aJAHHBIMH MHDPOBBLIMH TOYKaMH, HMeeT MaKCHMaJ/IbHOe 3HaueHHe,
ecJIH OH Gepercs 1o NpsAMOH MHPOBO#H JIHHUH, COEAMHIOMEH ITH TOYKH)

§ 4. Npeo6pasosanne Jlopenua

Hameft nenpto Gyner cefiyac HaxoxaeHue GopMys npeobpasoBaHHs
OT OJHOl MHepLHAJLHOH CHCTeMHI OTcuera K JApyro#, T. e. GopMyJ, 1o
KOTODbIM, 3Hast KOODAUHATH X, Y, 2, ! COOLITHSI B HEKOTOPOH CHCTeMe
orcuera K, MOXHO HalTH KOOPAMHATH X', y', 2', ' TOTO iKe COOBLITHS
B Apyroil HHepuHandbHOH cHcTeMe K.

B ksaccHyeckoll MeXaHHKe 3TOT BOIPOC pelllaeTcsi OYeHb INPOCTO.
B cuny aGCo/IOTHOCTH BPEMEHH Mbl UMeeM TaM f={’; jaJjee, eClH OCH
KOODAHHAT BHIOPAHBI TaK, KaK MBI 9TO OOBIYHO ZejiaeM (T. €. OCH X H X’
COBIAAAIOT, OCH Y, 2 mapasjelNbHbl OCAM Y’, 2', IBHXKEHHe BIOAbL OCeH
X W X'), TO KOODAMHATHE y U z GYAyT, OYEBHIHO, PABHALI KOOPAHHATAM
Yy’ ¥ 2, a KOOpAHHATH X H X' O6YAYT OTJIHUATbCA Ha PacCTOSHHE, NPOii-
JIEeHHOe OJHOH CHCTeMOH OTHOCHTeJBLHO APYrOH; eClM Hauajo OTCUeTa
BpeMeHHd BEIGPaHO B MOMEHT, Korja ofe CHCTEMBI KOOPAHHAT COBMANAJH,
a ckopocTb cHCTeMBl K' OTHOcHTelbHO K ectb V, TO 3TO paccrosiHue
ectb Vi. Taxum obpasowm,

x=x'+Vi, y=y', z=2', t=¢. 4,1

Srn dopMyasl HasblBawTCa npeobpasosanuen Iarunes. Jlerko npoee-
pHTb, 4TO 3TO Npeobpa3oBaHHe, KaK H CJeJ0Bajlo, He YAOBJETBOPSET
TpeGoBaHMIO TEOPHH OTHOCHTENHHOCTH, — OHO HE OCTABJISIET HHBApH-
AHTHBIMM MHTEPBAJIBI MEXKJYy COOBITHSIMH.

PeasituBHcTCcKMe Ke ¢dopmyJ/bl npeobpasoBaHust MBI GylIeM HCKaTh
UCXOAs K3 TpeOOBaHHUsA, YTOOLl OHH OCTABJSIH HHTEPBAJIbI HHBApPHAHT-
HBIMH.

Kak MblI BHienH B § 2, uHTEpBAT MEXAY JABYMST COOBITHAMH MOXKHO
paccMaTpHMBATH KaK PacCTOSTHHE MEXJAY COOTBETCTBYIOUIMMH ABYMS MH-
POBBIMH TOYKAMHM B YeTHIDEXMEDHOH CHCTeMe KOODAHHAT. Mel MoxeM,
cJ1eJloBaTebHO, CKa3aTh, YTO HCKOMOE IpeoGpasoBaHHe AOJKHO OCTaB-
JISSTh HEH3MEHHBIMH BCe JJIHHBI B YeThIPeXMEPHOM NPOCTDAHCTBE X, Y,
2z, ct. Ho TakuMu npeoGpa3oBaHUSIMH SIBJASIOTCS TOXBKO MapasjiefibHble
NepeHoCk H BpallleHHs CHCTeMBb! KoopAHHAT. M3 HHX NmepeHoChl CHCTeMbl
KOOPJHHAT IapaJ/ieJbHO caMofl cebe He MPeNCTaBJASIIOT HHTEpeca, TaK
KaK CBOJAATCS NPOCTO K IIepeHOCY Hayaja NMPOCTPAHCTBEHHBIX KOOPAH-

1) IpeanonaraeTcsi, pasyMeeTcsi, YTO 3TH TOUKHM H COEJHHSIOIHE HX JIMHUH Ta-
KOBbI, UTO BCE 3/1eMeHTH ds BAOJIb JHHWI BPEMEHHTOJOCHE.
" YKasadtoe cBOHCTREO HHTerpand CBfI3aHO ~C TICEBJORBKIMIOBOCTLIO HeThpex-
MepHOI reomeTpHH. B eBkanioBoM l'IpOCTpaHCTBe pm'rerpa.n ObL 6b[, KOHEYHO, MHHH--
MaJieH BIOJIb NPSAMOR JIHHMH.
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HaT ¥ M3MEHEHHI0 MOMEHTa Hauaja oTcueTa BpemeHH. TakuMm oGpasoM,
HCKOMOE npeoGpasoBaHue JOMKHO MaTeMaTHYeCKH BHIPAXKaThCA Kak
BpallleHNe YeThIpeXMEePHOH CHCTEeMbI KOOPAMHAT X, Y, 2, L.

Besikoe BparieHue B UETBIPEXMEPHOM NPOCTPAHCTBE MOXKHO pasJfo-
KHUThb HA IIECTh BpallleHuH, a HMEeHHO B INIOCKOCTSIX XYy, 2y, Xz, IX, 1y,
{z (nogo6EO TOMYy, KaK BCSIKOe BpallleHHe B OOLIMHOM IIPOCTDAHCTBE
MOXKHO PasJIOXHTh HA TPH BpaLleHHs B MJIOCKOCTAX Xy, 2y U x2). Ilep-
BLIE TPH H3 3THX BpalleHHH HPeobpas’yoT TOALKO NPOCTPaHCTBEHHBIE
KOOPAHHATHI, OHH COOTBETCTBYIOT OCBIUHBLIM NPOCTPAHCTBEHHBIM NOBO-
poram.

PaccMOTpHM MOBOPOT B IVIOCKOCTH 1X; KOOPAMHATHE § H Z NIPH 3TOM
He MeHsIoTCA. 3TO npeolpasoBaHHe JOJ/IKHO OCTaB/JIAThH HEH3MEHHOH,
B UACTHOCTH, PasHoCTh (cf)’>—x% — KBaJApaT «PACCTOSIHHSA» OT TOUKH
(ct, x) no mauasna koopiunar. CBA3b MeXJAy CTapuIMH M HOBBIMH KOOp-
JuHaraMyl B 3TOM IpeoGpasoBaHMM Jaercs B Haubojee oflleM BUie
(opmyJiamu

x=x'chy+-ct’ shi, ct=x" sh\p-}c# chy, 4,2)

rze P — «yroJ NOBOPOTa»; NPOCTOH NPOBEPKOH JIerko yGeIMThCs, 4TO
npH 3TOM JeHCTBHTENBHO Oyler c*P*—x?*=c¥'*—x'. Popmyas (4,2)
OTHYAIOTCH OT OOBIUHBIX opMyJ1 NpeoOpa3oBaHUst NPU NIOBOPOTe oceli
KOOPJHMHAT 3aMEHOH TpPHTOHOMETpHUeCKHX (YHKUMH runepbosnuye-
cxuMHU. B 3TOM 1posiB/sieTcs OTJIHYME NCEeBJOEBKJIHNA0BOH IeOMETPHH OT
€BKJIH0BOM.

Mpr mmem ¢opmyssl npeodpasoBaHHsT OT HHEPHHAJNBHOH CHCTEMBI
orcuera K K cucreme K', XoTopas ABUIKeTCS OTHOCHTe/bHO K O CKO-
poctbio V BRoAb ocH x. [lpu 3ToM, OueBHAHO, MORBEPrawoTcs npeobpa-
30BaHUIO TONBKO KOOPAUHATA X M Bpems f. [TosTomy 3T0 npeo6pasoBanue
JokHO GBITh BHJA (4,2). Ocraercs ompefesnuTh yroa P, KOTOPHIl MOXKeT
3aBHCETh TOJBKO OT OTHOCHTEJNBHOH ckKopocTH V 1).

PaccMorpuM JEHXKEHHE B cucTeme K Hauasna KOOPJIHMHAT CHCTEMBI
orcuera K’. Torma x'=0 u dopmyssr (4,2) NpUHUMAOT BHA

x=ct’ shp, ct=ct' ch,

WIH, pa3aejuB OAHO Ha Apyroe,
X .

Ho x/t ecth, o4eBHIHO, CKOpPOCTh -V cucrembl K’ orHocHTesabHO K.
Takum 06pasom,

Vv

thy=<

.

1) Bo u3bexanue HeiOpa3yMeHHH 3aMeTHM, YTO yepes V Mul Besfe 0Go3Hauaem
TNIOCTOSHHYI0 OTHOCHTENBHYIO CKOPOCTb [BYX HHEDLHAJBHEIX CHCTEM OTCYeTa, a uepes
¥ — CKOPOCTb ABHMKYLIEHCH YaCTHUH, BOBce He OGA3aHHYIO GHThH NOCTORHHOIM.
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Orciona

shy=

oxcrasus 310 B (4,2), Haxogum:

AV o) fm ,3)

. Y=y, — A
]/1—‘” V 1_.'/_2

310 ¥ ecTh HMcKoMbie dopMysibl npeoGpasoBausd. OHH HOCHAT HasBaHnue
GopmyJ npeobpazoearus Jlopenya n uMelOT LA JajbHeRmero ¢ynaa-
MeHTa/ibHOE 3HaueHHe.

Oo6patHele GopMyJibl, BhIpaxawolue x’, y’, 2/, 1’ uepes x, y, 2, t,
npolle Bcero nonyyarwres 3ameHol V wa — V (Tak Kak cucrema K J1BH-
JKETCS1 OTHOCHTENBHO K’ €O CKOPOCTBIO — V). ITH XKe GopMyJbl MOKHO
MOJIYYATh HENOCPEJCTBEHHO, peluast ypaBHeHHs (4,3) OTHOCHTENHHO
X, Yy, 2, .

Jlerko Bunets u3 (4,3), 4To OpH HpelesbHOM Iepexoje ¢c— oo K
KJAaccuueckol MexaHuke GopMyJbl npeobpasopaHus JlopeHna AeHCTBH-
TEJILHO TIepeXxofisiT B npeobpasoBanue I anuses.

ITpu V>>c B dopmynax (4,3) KOOPAUHATEHL X, { AeJAlOTCST MHUMBIMH;
3TO COOTBETCTBYeT ToMYy (haKTy, UTO JBHXKEHHE CO CKOPOCThIO, GoJiblen
CKODOCTH CBE€Ta, HEBO3MOXHO. HEBO3MOXHO Jaxe HCHNOIb30BAHUE CH-
CTEeMEBI OTCUeTa, ABHKYLIEHicd CO CKOPOCThIO, PABHOH CKOPOCTH CBeTa,—
npH 3TOM 3HaMeHatesd B ¢opmyaax (4,3) obpaTniuce 65 B HYJb.

Hna ckopocteft V, manbiX 1o CPaBHEHHIO CO CKOPOCTHIO CBeTa,
BMecTo (4,3) MOXHO TOJbL30BaThCSl NPHOIHAKEHHBIMH — (hOpMyJaMH

x=x"+Vt, y=y', z=2, t:t’—l—?v?x'. 4,4)

ITyctb B cucteme K noKoUTCS JIMHEHKA, mapaJsiesbHas ocH x. JauHa
ee, H3MepeHHass B 3TOH. cHcTeMe, NMycThb OyAeT Ax=x,—x; (Xo H X, —
KOOPAHHATH 000OMX KOHLOB JHHefiKH B cucTeme K). Haiizem Tteneps
JUIMHY 3TOTO CTepXKHsl, U3MepeHHYIO B cucreme K'. Ilas storo Hagzo
HAHTH KOOPJHMHATHI O0OMX KOHIOB CTEPXKHS (X, M X;) B 3TOH cHcTeme
B OJHH H TOT XX€ MOMeHT BpemeHH ¢’'. M3 (4,3) Haxonum:

x1+Vt' Y — xg+ Vi’

= ’ 2
V2
VR YT

Jdauna crepkHf B cucreMe K’ ecTb AXx'=x,—x); BHYMTAA X, M3 X,
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HaxXxoAHNM:

A !’
Ax—_—_.__x___.

V2
l/‘—?

Cobcmeennoti 0AuHol CTEPXKHS Ha3bIBAETCSI €ro JJHHA B TOi CHCTEMe
oTcuera, B KOTopo# oH nokourcs. O6o3HaunM ee uepes [y=Ax, a aiuny
TOTO K€ CTepXKHs B KaKoH-nubo cucreme orcuera K’ — uepes [. Toraa

VZ
1=1, ]/1—-52—. (4,5)

Takum obpasoM, camyio OOJBLIYIO IJIHHY CTepXkKeHb HMeeT B TOH
cHCTeMe OTCYeTa, IJie OH NMOKOWTCH. [lJHHA ero B cHCTeMe, B KOTOpOH

OH JIBMKETCH CO CKOPOCTbIO V, yMeHbInaeTcs B oTHouwenun ) 1—V?/ce.
ST0T pe3yJLTaT TEOPHUH OTHOCHTEJALHOCTH HA3BIBAETCH AOPEHLESbIM CO-
Kpauieruen.

ITockonbKy monepeuHble pasMephbl Teja NPH €ro ABHXEHHH He Me-
HAIOTCSA, TO o0beM ¥° Teja COKpauiaercs N0 AHAJOTHYHOH (opmyJe:

-9, 1-%, (4,6)

rie 972, ecTb coOCcmeeHHbLl 0b6vem Tena.

W3 npeobpasosanus JlopeHua MOXHO HaHTH H3BeCTHBHE HaM yike
pe3yJbTaTel OTHocutenbHO coberBeHHoro Bpemernn (§ 3). Ilyers B cu-
creme K’ nokosiTcs yackl, B xauectBe ABYX COBGBITHH BO3bMeM JBa COObI-
THS, NTPOHCIUEAUINX B OJHOM W TOM XKe MecTe x’, y’, 2’ mpocTpaHCcTBa
B cucreMe K’. Bpems B cucreMe K’ MeX1y 3THMH COOBITHSIMH €CThb
At'=1{,—¢;. Halinem teneps Bpemsa Af, Kotopoe HPOULIO MEXKJY 3THMH
JKe cOObITHSAIMH B cucTeme orcuera K. U3 (4,3) umeem:

Vo, vV ,
t1+c—2x tat =%

Towe e
Vi-= -

HJIH, BBIYHTAass OAHO H3 Jpyroro,

t,=

At’

ty—t=At=—"20

’
Vi-&
[
B ‘ToNIHOM coryiacuu ¢ (3,1).

HakoHner, ormeTHM eme OfHO ofulee CBOHCTBO IpeoGpasoBaHHil
Jlopenna, omiuuaiouiee ux or npeobpasomauuit [anuaes. Ilociesuue
06/1a1210T, KaK TOBOPSIT, CBOACTBOM KOMMYTaTHBHOCTH, T. €. COBMECT-
HBIl pe3yJsbTaT ABYX IOC/eNOBaTe/bHBIX NpeoGpasoBauuiél [anunes
(c pasnuuHBIMH CcKopocTsiMH Vi B V,) He 3aBHCHT OT NOPAJAKA, B KOTO-
pom stH mpeo6pasosanus npoussoisaTcsa. Hanporus, pesyastar AByX
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NOC/EA0BaTEIbHbIX NTpeobpasoBanuii JlopeHua 3aBUCHT, Booblile FOBOpH,
OT HX TNOCJAeIOBaTENbHOCTH. UMCTO MATeMATHYECKH 3TO BHIHO yKe W3
HCIOJB30BAHHOIO BhILIE (POPMANBHOTO HCTOJKOBAHHA 3THX npeoGpa-
30BaHHH KaK BpalleHUH YEThIpEXMEePHOH CHCTeMBI KOODJAHHAT: KaK H3-
BECTHO, Pe3yJbTaT ABYX MOBOPOTOB (BOKPYT PasiUYHLIX Ocel) 3aBHCHT
OT MOPAAKA WX ocymecTsiaeHusi. Mckmiouenuem ABIAIOTCA JMMb Hpe-
o0pa3oBaHys ¢ napajjeJbHBIMH BeKropamH Vi H V, (9KBHBaJeHTHBIE
NOBOPOTaM YeThIpeXMePHOH CHCTeMBI KOOPAHHAT BOKPYT OZHOH H TOH
JKe OCH).

§ 5. MpeoGpasoBanue CKOPoCTH

Mbl Haman B npensiiymieM naparpacge GopMyJisl, TIO3BOJSIOLIRE MO
KOOpAHWHATaM COOBITHS B ONHOH CHCTeMe OTcyeTa HaiflTH KOOpAHHATHI
TOTO Ke COOBITHS B JpYroi cucreme orcdera. Temeps mbl Ralgem dop-
MYJIbl, CBSI3BIBAIOUINE CKOPOCTL ABHMKYLIEHCS MaTepHaJIbHOH YacTHIHl B
OJHOH CHCTEMe OTCueTa CO CKOPOCTBhIO TOH K€ YacTHIBI B JADYIoH CH-
creMe.

Ilycte onate cuctema K’ IBWKETCS OTHOCHTEJNBHO cHcreMbl K €O
ckopocteio V Broab ocu x. Ilyers v,=dx/dt ecTh KOMNOHEHTa CKOPOCTH
B cucreme K, a v,=dx’/dt’ — KOMIIOHEHTa CKOPOCTH TOH K€ 4aCTHLbI
B cucteme K'.

M3 (4,3) mul nmeem:

’ dt'—f——,ﬂ,d\:’
WAV dy=dy, de=dz, di——r= .

2

= - =

PasjgenuB nepsrie TpH paBeHCTBa Ha YeTBePTOE H BBeAS CKOPOCTH

adx = ——————-

=& v’—~gi
T dt N TI
HaxoQuM:
7
: o ]/1——.— oy -4
o Dx+V _ _ c?
Ux—~-——7 Uy————-—v—vﬁ—, U= ———— V . (5,1)
1+ =5 I I+

1 GopMyJIE H onpeleasiioT npeoﬁpasoaaﬂue cxopOCTeﬁ. CHu npén-
CTaBJSIOT cob0fl 3aKOH CJIOXKEHHS CKOPOCTEH B TEOPUH OTHOCHTEbHOCTH.
B Mpele/IbHOM C/Iy4ae C— 00 OHH NePEeXOAiT B (OpPMyNBL KJaccHue-
CKOH MeXaHHKH U,=0,+V, v,=~v, v,=u,

B yacTtHOM clyuae ABHKEHHS HacTHUB NapajlielbHO OCH X U, =10,

v,=v,=0. Toraa v;=uv,=0, a v;=v', npuuem
v -V
V=—V0%%- o (5,2)

1+

v
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Jlerko yGeuTbCsl B TOM, YTO CyMMa JBYX CKOpOCTel, MEHBIINX HIIH
paBHBIX CKOPOCTH CBETa, €CThb CHOBA CKOPOCTb, He 606/blIasd CKOPOCTH
cBeta.

st ckopoctelt V, 3HaYHTENIBHO MEHBIIHX CKOPOCTH CBeTa (CKOPOCTh
v MOXeT GbITh JI060H), HMeeM MPHOJIMKEHHO C TOYHOCTHIO 10 YJIEHOB
nopsinka V/e: :

R v I 4 R 4
v,= v+ — )y YT Uy— Uy, U=U—U0 .

It TpU HOPMYJIBEl MOKHO 3allHCaTh B BHIAE OXHOH BEKTOPHOH dop-
MY JIBI

V=V Ve (VW)Y (5,3)

OGpartuM BHHMaHHE HA TO, YTO B PETATHBUCTCKHH 3aKOH CJAOXKEHHS
ckopocreit (5,1) nBe ckaaapiBaeMble CKOPOCTH V' U V BXOAAT HeCHM-
MeTPHYHLIM 06pas3oM (ec/IH TOJAbKO 0o6e OHH He HampaBJjeHbl BAOMbL OCH
X). D10 06CTOATENBCTBO €CTECTBEHHBIM 06GPasoM CBSI3aHO ¢ YIIOMSIHYTOR
B OpefbiaymeM naparpage HEKOMMYTaTHBHOCTbIO I1peoOpa3oBaHHil
Jlopenila.

BuifepeM ocH KOOpAHHAT TaK, YTOOBI CKOPOCTb YACTHUBI B NAHHBIH
MOMEHT JIexKaJia B IJIOCKOCTH Xy. Torna cKopocTh YacTHH B cucreve K
HMEeT KOMIOHEHTH U,=vc0s0, v,=~vsin0, a B cacreme K’ umeeMm v, =
=0 cos 0, v,=v'sin6’ (v, v’ W0, 8" — abcomoTHbIE BeJUUHHBI U YIVIHL,
ob6pasoBaHuble CKOPOCTBIO C OCSIMH X H X' COOTBETCTBEHHO B CHCTeMAax
K u K’). C nomomsto ¢popmya (5,1) Haxozum Torja:

2
v’ Vl—% sin 97

v cos 0’4V ‘ (5,4)

dra ¢opmyaa onpelesseT H3MEHeHHe HANpPAaBJeHHS CKOPOCTH NPH
nepexofie OT OLHOH CHCTEeMBI OTCYeTa K APYroi.

PaccMorpuM mofpo6GHee BAaXKHBIH YaCTHBIA caydalt 3TOA GopMyJibl, a
HMEHHO OTKJOHEHHe CBeTa NpH nepexofie K APYreH cucreMe orcuera,—
sABJEeHHE, HaspiBaeMoe abeppayueti cBera. B stom ciaydae v=v'=¢ u
npeapaymas ¢opmysa HepeXoquT B '

tg 0=

tg 0= ————sind’. (5,5)

U3 tex xe popmys npeobpasopanus (5,1) JIerko moayyuTh aHafo-
THYHYIO 3aBUCHMOCTb A sin® H cos6:

s 0= —————sinb®’, cosO= ——V—C— . (5,6)
1—}——0- cos 0’ l—{——;- cos 8’
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B cnyvae V<c¢ HaxomuMm H3 (5,6) C TOYHOCTHIO O UJIEHOB IO~
psnka V/e:

Sin@—sin§’ = — —Z— sin 6’ cos 6’.
Bsoas yron AB=0'—6 (yron aGeppauuu), HaXOIHM C TOH ke T04-

HOCTbIO:
Ab= L sing’, (5.7)

T. €. H3BECTHYIO 3JeMeHTapHylo QopMyay nisa abeppaltuH CBeta.

§ 6. YernipexmepHble BeKTOpPbI

CoBOKYITHOCTE KOOPJHHAT COOLITHA (cf, X, Y, Z) MOXKHO paccMaTpu-
BaTh KaK KOMIIOHEHTH! YeTHIPEXMEepPHOTro pajuyc-BeKTopa (WJIH, KaK Mbl
OyJZieM IrOBODHTb JIIsi KPATKOCTH, 4-pajiuyc-BeKTOPa) B YETBIPEXMEPHOM
npocrpancrse. Ero  KoMmoHeHTsl Mbl GyeM 0603HAYaTh Yepes x4, rae
HHJeKC [ mpoberaer 3Hawenus 0, 1, 2, 3, npuuem

x'=ctf, x*=x, x’=y, x’=z,
KBazpar «aauHB 4-pajuyc-BeKTOpa JaeTcs BbIpaxeHHeM
(x)P—(x")’—(x?)*—(x°)*.

OH He MeHsieTcsl IPH J00BIX NOBOPOTAX YeThIPEXMEPHO!N CHCTEMBI KOop-
JIMHAT, KOTOPHIMH fBJAIOTCS, B YACTHOCTH, npeoGpasoBanus JlopeHua.

BooGiue wemeipexmeproin sexmopom (4-sextopom) A¢ Haspipaercs
COBOKY IHOCTb 4YeThipeX BeqnuuH A° A*, A% A3, KoTophle mpH npeos-
pPa30BAHUAX YETHIPEXMEPHOH CHCTEMBI KOOPAHHAT NpeobpasyioTcs Kak
KOMIIO HeHTHI 4-pa;myc-semopa XE, Hpn npeoGpasopauuu Jlopenia

'o+ AN l1+ A0

vty

Ksazpar BequuMHBL BCAKOTO 4-BEKTOpA ONpPEAEAeTCs AHAJIOTHYHO
KBaznpary 4-pajauyc-BeKTopa:
(A°)P—(A1)*—(A%)*—(A%)".
Jnsi yroGeTBa 3anmucy MONOGHBIX BhIPakeHHH BBOAAT JBA «COPTa» KOM-

NOHEHT 4-BeKTOPOB, 0603Hauas ux 6yksamu A’ u A; ¢ HHACKCAMHE CBEPXY
H cuusy: Ilpu stom

Ag=A0, Al——Al Ay=—A2, A3=j—Aa. . (6,2

= A2, As=A". (6,1)
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Benuuunbl A¢ HA3BIBAIOT Kowmpasapuanmuemu, o A; — Kosapuanm-
HoiMu  KOMIOHeHTamu 4-Bektopa. Ksazpar 4-BeKTopa NpEICTaBUTCA
Torha B BHJE

3
2}) AlA;= A°A, -+ ArA, + A2A, 4 A%A,.

Takue cymMMbl IPHHSATO 3ATHCHIBATD MPOCTO Kak A’A;, onyckas 3HaK
cymMupoBaHus. BooOlie npuHMMaeTcs NpaBH/oO, COIVIACHO KOTOPOMY
0 BCAKOMY HHIAEKCY, NOBTOPSIOMIEMYCH B JaHHOM BLIDaKeHUH ABAK]bL,
HoJpasyMeBaeTCss CyMMHUPOBaHUE, a 3HAK CyMMBI ontyckaercs. I1pu stom
B KaXJOH nape OJJHHAKOBEIX WHIEKCOB ONMH JOJKeH CTOSITh HaBepxy, a
apyro#i BHH3y. Taxolfl cnmoco6 o6o3HAueHUs] CyMMHPOBaHHS 110, Kak
FOBOPAT, HeMbIM HHAEKCAM, OueHb YI00eH W 3HAUUTEJNBHO YIPOILAeT
3amuchk (QopMydr.

B sTo#t kHure Mbl Gyaem 0603HaYaTh YeTHIPEXMePHLIe HHIEKCE!l, IPO-
Geratomue spavenuss 0, 1, 2, 3, narunckumu OykBamu i, &, [, ...

AHajiornuHO KBazpary 4-BeKTOpa COCTaBJsiercs CKaJIsipHOe NPOH3-

BelleHHe [IBYX pa3HbIX 4-BeKTOPOB:

A [Bi:AOBD+A131+A2B2+A333.

[Ipu 3TOM, OUEBHMIHO, €r0 MOXKHO 3amucaTh Kak B BuIe A‘B,, Tak U B
Buge A;B!,— pe3yanTar OT 3TOro He MeHsiercsi. Boofie Bo BCSiKOH
nape HeMbIX HHJEKCOB BCerja MOXKHO IIePeCTaB/sITh BEDXHHH U HIKHUH
HHJEKCH 1),

Ipoussenenue A’B; sBasercs 4- -CKaJIsipOM — OHO HHBAPHAHTHO 110
OTHOWIEHHIO K HOBOpOTaM YeTHIPeXMEPHOH CHCTEMBI KOOPAHHAT. 3TO
00CTOATENLCTBO JIETKO TPOBEPHUTH HEMOCPEACTBEHHO %), HO OHO M 3apaHee
OUEBHAHO (IO aHAJOTHH ¢ KBaapaTtoMm A‘A,;) u3 Toro, u4To BCe 4-BEKTOPHI
npeobpasyioTcs no OAHHAKOBOMY 3aKOHY. :

Komnonernty 4-sektopa A° Ha3niBaloT BpeMEHHOH, a KOMIIOHEHTHI-
At A% A? — mpocTpaHCTBEHHBIMH (110 aQHAJOTHH ¢ 4-pajuyc-BeKTO-
pom). Ksaznpar 4-sektopa MOXeT GHITb MOJIOMKHTEJbHBIM, OTPHLATENb-
HEIM HJIH DaBHBIM HYJIIO; B 3THX TpPeX CIy4asX roBOpAT COOTBETCTBEHHO

1) B coBpemenHOH JIHTEPAType 4ACTO ONYCKAIOT BOOGIIE HHACKCH Y YeThIpexmep-
HBIX BEKTODOB, 4 HX KBAJpaThl H CKAJsADHEIE [IPOU3BefleHHs 3aMHCHLIBAIOT NPOCTO KaK
A%, AB. B 3Toil KHHre, ORHAKO, MBI He OYleM [0Jb30BaThCs TaKHM COCOGOM 0603HA-
qeHHH.

2) Ilpu 5TOM HajO NOMHHTB, YTO 3aKOH NpeolpasoBanus 4-BeKTOPa, BuPAKEeHHLIR
4yepe3 KOBApPHAHTHEIE KOMIOHEHTHL, OTJHYaeTcHd (B 3HAKAX) OT TOTO e 3aKOHa, BbI-
PaXeHHOTrO B KOHTDaBapHaHTHLIX KOMIOHeHTaX. Tax, BmecTo (6,1) GyaeM, oueBHAHO,
HMeTb!

Ao———-A1 A1~——Ao

VR VR

A=A, A=A
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0 8peMeRUNOO0OKbIX, NPOCMPAHCMBERHONO000HbIX U HYAeblx 4-BEKTOPAX
{(cHOBa MO aHAJOTHH C TEPMHHOJIOTHEH AN HHTePBasioB) !).

[lo oTHOWEHHIO K YHCTO HPOCTPAHCTBEHHLIM IIOBOPOTaM (T. €. TIpeo-
6pa3oBaHyAM, He 3aTParyBaIollUM OCH BPeMeHH) TPH MPOCTPAHCTBEHHbI®
KOMITOHEHTHI 4-BeKTopa A’ COCTaBJASIOT TpexMepHblii BekTop A. Bpe-
MeHHAad e KOMIIOHeHTa 4-BeKTOpa MNpelcTaBiasier cobofl (1o oTHome-
HHIO K TeM XKe npeo0pasoBannsM) TpexMepHeil ckanisip. Ilepeuncass
KOMIIOHEHTHI 4-BeKTOopa, MBI 4acTo OyJAeM 3amuChiBAaTh HX KakK

Ai=(4o, A).

Tipu 370M KOBApHAHTHBLIE KOMIIOHEHTH TOTO Xe 4-BexTopa: A ;= (A% —A),
a xBaapar 4-pekropa: A‘A;=(A%*—A% Tak, jis 4-panuyc-BekTopa:

xi=(ct, 1), x;/=(ct, —1), xx;=c**—r1.

Y TpexmepHBIX BEeKTOPOB (B KOODAMHATaX X, Y, Z) HET, KOHEUYHO, He-
06X0A¥MOCTH PasinyaTh KOHTPA- M KOBapHaHTHblE KOMIOHEHTHL. Besje
(rle 9TO HE CMOXKET NPHBECTH K HEJOPA3yMEHHAM) Mbl OyAeM IHcaTh WX
KommoHneHtsl A, (@=x, y, zZ) ¢ HHAEKcaM# BHH3Y, 0603HAYASA 3TH HH-
JEKCHI TPeyecKHMH GyKBaMH. B yacTHOCTH, N0 ABaKAbI MOBTOPSIOMIHMCS
TpevecKyM HHJAEKCaM OyAeT noapasyMeBaTbCsl CYyMMHMPOBAHHE 110 TpeM
3HaueHus M x, y, z (nanpumep, AB=A B).

YerblpeXMepHbIM TeH30poM (4-TeH30poM) 2-ro paHra HasbiBaercs
coBokynHocTb 16 Bennunn A%, kKoTopble npH 1peoGpasoBaHHUH KOOP-
JvHAT Npeobpa3yloTcsl KaK NPOU3BeeHHsT KOMIOHEHT ABYX 4-BEKTOPOB.
AunanordusbiM 06pazoM ONpPefe/sIOoTCS ¥ 4-TeH30pbl BHICIHMX PaHIOB.

KowmnoHeHTEl 4-T€H30pa 2-ro paHra MoryTt ObITh NpeACTaBJeHBl B
Tpex BMIAX: KaK KoHTpaBapHanTHble A%, xopapuaHTHHE A H cMe-
wannbie A’y (B NocsteHeM cayyae Hago, Boobile roBopsi, pasauyats 4%,
u A%, T.e. CICAUTD 32 TeM, KAKO$ WMEHHO — NEPBbilt WiX BTOPOH —
HHJIEKC CTOHT BBepXY, a Kakofl BHH3Y). CBsI3p MeXKAY PasTHUHLIMH BH-
JAMH KOMIIOHEHT OMNpeAe/seTcs N0 ofineMy NpPaBH/Iy: IOAHATHE HJIH
onyckanHe BpeMeHHoro uHzekca (0) He MeHsieT, 4 NONHATHE HJIH
ONyCKaHHWe NPOCTPAHCTBEHHOTro MHAeKca (1, 2, 3) MeHseT 3HAK KOM-
noueHTs. Tak:

Ap=A", A4,=—A4%, A4,,=A4", ...,
A°o= Aoo, A01: Ao1, Aolz__A(u, A11: ___Au’ v

[To OTHOWEHHIO K YUCTO NPOCTPAHCTBEHHLIM NPEOCPA3OBAHKAM Je-
BATb KoMmoHeHT A, A%, .. coCTaBIsIOT TpexXMepHBIA TeH3op. Tpu
KOMIIOHEHTBI A%, A%, A% u TpH KoMnoHeHTsl A1°, A%, A39 cocTaBasioT
TpexMepHble BEKTODH, a KOMIIOHEHTa A% gmiseTcd TPeXMepHHM CKa-
JIIPOM. .

Tensop A HaswiBaeTcsi CHMMETPHUHBIM, ecid A'* =A% u aHTHCHM-
METPHYHBIM, ecnH A%*=-—A% Y aHTHCHMMETPHYHOTO TEH30pa BCe

1) Hynaebnie 4-BeKTOPH HAa3HBAIOT TAKKe WU3OMPONHOIMU.
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JIMArOHAJIbHbIE KOMIIOHEHTH (T. €. KOMIOHeHTH A, A, ..) paBHbl
HYJIO, TaK KaK, HANpHMEp, JOKHO ObiTh A%=—A%. ¥ cummeTpuy-
Horo TeHsopa A‘* cmemaHHble KoMnoHeHTH Af M A,. oueBHIHO, COB-
nazaloT; Mbl OyJeM NHCaTh B TaKUX CJydasx npocto A}, pacrosaras
HHAEKCH OJUH HaX JNPYTHM.

Bo BCSIKOM TEH30PHOM PaBEHCTBe BRHIDAXKEHUS ¢ OGEHX ero CTOpOH
JIOJIAKHBI COZIePKaTh OJHHAKOBbIE B OJHHAKOBO PAcloJIOXKeHHbie (BBEPXY
WJIH BHH3Y) CBOGOIHEIE, T. €. He HeMble, HHJeKCH. CBOGOLHEIE HHAEKCH
B TEH30DHBIX DABEHCTBAX MOXKHO HepeMelliaTh (BBepX WJW BHH3), HO
00513aTeJIbHO OJHOBPEMEHHO BO BCeX WieHaxX ypaBHeHus. IlpupaBuuBa-
HMe e KOHTPA- U KOBAPHAHTHBIX KOMIIOHEHT Pa3/HYHbIX TEH30POB «He-
3aKOHHO»; TAKOe DABEHCTBO, AaxKe ecJH Obl OHO CIYYafHO MMeJO MECTO
B Kakoli-nubo cucTeMe oTcyeTa, HapyHmuaoch OLl IPH Nepexofe K Apyrod
cucTeMe.

M3 KommoeHT TeHsopa A% MoxHO 06pa3oBaTh CKaasp nyreM o6pa-
30BaHHSl CYMMEL

ii= A%+ A4 - A%, + A33

(npu 370M, KoHeuHo, A=A /). Takylo cymMMy HasbIBaIOT c2e00M TEH30Da,
a 06 onepaurH ero o0pa3oBaHUs TOBOPST KaK O CCPMbIBARULL HIH yApo-
WweHuy TEH30pa.

Onepauyell cBepThiBaHUS SBJASAETCS H PaCCMOTPEHHOe BhIe o6paso-
BaHKe CKa/sPHOTO IPOM3BEJCHHS ABYX 4-BEKTOPOB: 3T0 €cTh 06paso-
Banue cxanspa A‘B; us teusopa A‘By. Boobuie BCsikoe cBepTLIBAHHE
[0 Iape MHAEKCOB HOHHXKAET paHr TeH3opa Ha 2. Hanpuwmep, A%, ecTsb
Tensop 2-ro pamra, AfyB*— 4-sekrop, A%, — ckansp ¥ T. 1.

ExunnunbiM 4-TeH30poM HasbBaeTcsl TeH30p O, AJIsl KOTOPOTO HMeeT
MECTO paBeHCTBO

SkAT = A* (6,3)
npu mo6om 4-ektope A, OueBHIHO, YTO KOMIOHEHTHI 3TOrO TeH30pa
paBHbl

1, ecmm i=k,

8 = . 6,4)

0, ecau iz=k.

Ero caex: 6i=4.

[Moxnumast y TeHsopa 8% onuH uam onyckas APYyrofl HHIEKC, MBI
TONyYUM KOHTpA- WIIM KOBapHAHTHBIH TEH30p, KOTOPHiH 0603HAYaloT
KaK g'* nin g, v HasbIBAIOT mempudecKum men3opom. Tensopst g% u gy
HMEIOT OJJHHAKOBble KOMIOHEHTHl, KOTOPHe MOXKHO MpPEICTABHThL B BHAE
TabTHUbL:

i 0 0 0
" 0=1 0 O ,
1 —_ _—
E"=Ew={0 o0 —1 o (6,5)
. \0 0 0 —I
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(MHAEKC { HyMepyeT CTPOKH, a HHAEKC k£ — CToA6uLl B NOpPsAKE 3Haue-
Huii 0, 1, 2, 3). OueBugno, uro

gndk=A,; g*A,=A. (6,6)

CxansipHoe TpOH3BefeHUE IBYX 4-BEKTOPOB MOMKHO IIOSTOMY 3amucath
B BHJE

AiAizgikAiAk=gikAiAk- (6,7)

Teunsopnt 6%, gz, g% MCKMIOUHTENBHE B TOM OTHOWIEHHH, YTO HX
KOMNOHEHTBI OJIMHAKOBBEI BO BCEX CHCTEMAX KOOPIHHAT., TakuM ke CBOH-
CTBOM 00Jaf@eT U COBEPIIEHHO AHTHCHMMETDHYHEIH €AMHUYHBIN 4-TeH-
30D YeTBEPTOro panra e*!”, Tak HA3HIBAa€TCS TE€H30pP, KOMIOHEHTH KO-
TOPOTO MEHAIOT 3HAK IIPH IlepecTaHOBKe JMIOOLIX ABYX HHAEKCOB, NPHYEM
OTJIMUYHBIE OT HYJf KOMIIOHEHTH papHul =4=1. M3 anTucummerpuuHOCTH
CJeyeT, yTO BCe KOMIIOHEHTBHI 3TOr0 T€H30pa, y KOTOPBIX XOTs Gbl ABa
HHJEKCa COBNAJAIOT, PaBHBI HYJIIO, TaK YTO OTJHYHEI OT HYJA JNHUIE Te,
y KOTODHIX Bce uerhipe WHAeKca pasauusbl. [losoxum

\ =11 (6,8)

(IpH 3TOM €gy23=—1). Torzna Bce OT/IHUHBIE OT HYJISI KOMIOHEHTH e*!™
paBHBl +1 HaM —1, cMOTpsA MO TOMY, YETHBIM UAH HEUETHBIM YHCJIOM
NepecTaHoBOK (TPAHCIO3HUMHA) MOTYT ObITh HPUBEAEHHBI yucaa i, k, I, m
K nocaefoBatenbHocTH 0, 1, 2, 3. Uucao TakHX KOMIIOHEHT pPAaBHO
41=24, Tlostomy

eifime,  — 94, (6,9)

[To OTHOWEHHIO K MOBOPOTAM CHCTEMbl KOODAWHAT BENTHUHHBL e*!”
BellyT ce0s Kak KOMNOHEHTH! TeH30pa; OAHAKO NPH H3MEHEHHH 3HAKa
y ONHON MM TPEX KOOPAMHAT KOMIIOHEHTH e'*'™, Gynyun onpeleneHsl
OJIMHAaKOBO AJs1 BCEX CHCTEM KOODAMHAT, HE H3MEHAITCH, B TO BpeMms
KaK KOMIIOHEHTHl TeH30pa JO/KHBL Obli Obl M3MeHMTb 3HaK. [TosTomy
¢’%i™ ecTh, COGCTBEHHO TOBOPS, HE TEH30p, 4, KaK TOBOPSAT, MHCEBJO-
TeHsop. [lces0omen3oper MoOOTO paHra, B YaCTHOCTH Nce6OOCKAASpbL,
BeAyT ce0f Kak TEH30phl NMPH BCeX Peo6pasOBAHHAX KOOPAHHAT, 3a
HCKJIIOUEHHEM TeX, KOTOpbIe He MOTyT OBITh CBEIEHBI K IIOBOPOTaM, T. €.
3a HCKJIOUEHHEM OTpaskeHHuil — H3MeHeHHH 3HaKOB KOODAMHAT, HE CBO-
JAUMBIX K BDALIEHHSIM. )

IMpousBenenus ei*!meprst ofpasywt 4-tensop 8-ro pamra, npuyem
y2Ke TeH30D HCTHUHHBIH; YIPOIEHHEM IO OJHON HJH HECKOJLKHM [apam
MHJEKCOB M3 HEro moJyyarTcs TeH30pe 6-ro, 4-ro M 2-ro paHros.
Bce aTH TEH30PEI UMEIOT ONWHAKOBEIA BHJ BO BCEX KOOPIUHATHHIX CH-
cremax. [losTomy MX KOMIOHEHTH AO/KHHL BHIP@XKaThCsl B BHJAE KOM-
GUHAUHH Npou3BeleHHi KOMIIOHEHT €IMHHYHOTO TeHsopa O} — eluH-
CTBEHHOI'O HCTHHHOIQ TE€H30Pa, KOMIIOHEHTH KOTOPOrO BO BCEX CHUCTEMAX
ORHHAKOBHL. JTH KOMOMHALMH JIEFKO COCTaBHTb, MCXOHst H3 CBOHCTB
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CUMMETPHH TIO OTHOIUIEHUIO K MEPECTAHOBKAM MHAEKCOB, KOTOPBIMH
oMU JOJKHBL o0janarthb ).
Ecan A® —anTucHMMeTpHYHBIE TeH30p, To Tensop A* u mcesio-

. 1 .
TEH30]D A*‘k:7e‘“”’A,m Ha3bIBAIOTCA OyaavHoimu IPYr Apyry. Ana-

JOTHUHO e#™A  ecTb aMTHCHMMETPHUYHBIH TCEBJOTEH30p 3-TO paHra,
ayanbHbifi Bektopy Af. Tlpoussenenne A% A}, nyajabHBHIX TEH30POB
eCTh, OUEBHJHO, MCEBIOCKASD.

B CcBfI3M €O CKA3aHHBIM HAIOMHHM HEKOTOPbIE aHAJOTHYHEIE CBOICTBA
TPEeXMEPHHEIX BEKTOPOB H Ten30poB. COBEDIEHHO AHTHCHMMETDHYHBIM
eIHHUYHBIM IICEBJIOTEH30POM 3-T0 paHra HashIBAETCS] COBOKYMHOCThL Be-
JIHUHH €, .y, MEHSIOUIMX 3HaK MPH MePeCTaHOBKe /00X JBYX HHIEKCOB.
OT/IMUHLL OT HYJIS JHLIb KOMIOHEHTEI €, C TPEMsI PasdIuuHbIMU HHCK-
camu. Ilpu stom nonaraem e,,.=1; ocranbHele ke paBubl 1 mam —1,
CMOTPS 110 TOMY, UETHBIM MU HEUeTHEIM THCIOM TPAHCIO3UIIHE MOXKHO
IPHBECTH TIOCTEOBATEILHOCTE ¢, §, ¥ K MOCJAEIOBATENBHOCTH X, Y, 2 2).

ITpouspenenus €,5v6),, COCTABJISIOT HCTHHHBI TPEXMEPHHI TEH30D
6-ro paHra H MOTOMY Bpra)KaIOTCH B BHJe KOMOGHHAUMI I1POU3BEICHHH
KOMIIOHEHT eHHHYHOTO TpeXmepHoro Texsopa o, °).

1) Tlpupesiem agech T4 ClIPABOK COOTBETCTBYIOMHE (GOPMYJIBE:
5,; BT

i i i1
o of o8 o 5;}; or  bs
. r s : ] k
elkl'”eprst = Ql st st 612‘ , elklmeprsm =—10p & &5,

;p r S / [ 3
) &7 S|

5’;’ 671 ;n 6?1 14

! ik igk : i

Blklmeprl,ﬂ =—2 ((Spér ~(Srép), e’kl”’epklm —_—— 66,)

O6uine ko3pduunentsl B 3THX GOPMYySAX TPOBEPAIOTCS N0 PE3YJbTATY NOJHOTO CBep-
ThIBaHHUSI, KOTOpoe J0JIHO jaTe (6,9).
Kak crnencrsue nepsoil H3 3Tux GOPMYJT HMEEM:

EPTStAl'PAkrA[SAmt:— Ae[kl,,z, elklmgpl‘sfAl.pAerZl[sAmt:24/4,

rie A — onpefesinTeNs, COCTABJIEHHEIH U3 BEJTHUHH Ajg.

2) HeusMEHHOCTh KOMIIOHEHT 4-TeH3opa ™ 1o OTHOWIEHMIO K BpalleHHsM
4-cucTesBl KOODAHHAT M HEHSMEHHOCTH KOMIIOHEHT 3-TEH30Da €3, [0 OTHOMEHHIO K
BpaUleHWsIM TPOCTPAHCTBEHHBIX OCEll KOOpAHWHAT SIBJAIOTCA UYACTHBLIMH CAydasmH 06-
Iero npaBHJA: BCIKHH COBEPIICHHO aHTUCHMMETDHUHBI TEH30p PaHra, PABHOIO YHCAY
H3MepeHM{I MPOCTPAHCTBA, B KOTOPOM OH ONPe/esIeH, HHBAPHAHTEH NPH BpauleHHAAX
CHCTEeMBl KOODAMHAT B 3TOM IPOCTPAHCTBE.

3) IpuBefeM AJisl CIPABOK COOTBETCTBYIOULHE OPMYJIbE:

S 619. B4y
Capripy = | Opn gau )
o O Oy

¥Ynupomaa sToT TeHsop N0 OXHOMN, ABYM H TPEM [apaM HHIEKCOB, NOJYYHM:

euﬁe)\p"r = 6«)-6§p,— aap.é@)\s eu@je)\'ﬂ = 26«)\9 eqﬁ*feq&[ =6.
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‘Tlpy OTpaNeHHH CHCTeMBI KOODJAMHAT, T. €. HPH H3MEHEHHH 3HaKa
BCEX KOOPIMHAT, KOMIIOHEHTHI OOGBIMHOTO TPEXMEPHOrO BEKTOpA TOXKE
MEHAIOT 3HAK. Takue BeKTOPH HA3HBAIOT noaApHbimMi. KOMIOHEHTH ke
BEKTOPd, KOTOPHIH MOXKeT ObITh MpEICTABJAEH KaK BEKTOPHOE IPOH3Be-
JeHHe ABYX HOJAPHBIX BEKTOPOB, IIPH OTPaXKEHHH HE MEHSIOT 3HaX.
Takue BeKTOPHI HASHIBAIOTCH axkcuaibHbimi., CKaaApHOE NPOH3BEJCHHE
TOAAPHONO U AKCHAILHOTO BEKTOPOB AB/IAETCA HE HCTHHHBIM, 4 TICEBI0-
CKQJAAPOM: IPH OTParKeHUn KOOPAHHAT OHO MEHSET 3HaK. AKCHaJIbHHIl
BEKTOp SIB/ISETCS TICEeBIOBEKTOPOM, AYaTbHbIM AHTHCHMMETPUYHOMY TeH-
sopy. Tak, ecau C=[AB], t

C = ! e ..C

=g lunls TR Cy=AB;—AB,.

Bepuemca k 4-temsopam. [Ipoctpamcrsenubie (£, &,...=1, 2, 3)
KOMIOHEHTH aHTHCHMMETPHYHOro 4-Tensopa A% cocrasiasior no or-
HOLIEHHIO K HHCTO NPOCTPAHCTBEHHEIM I1PeoOpa30OBaHUSM TPeXMepHBIH
AHTHCHMMETPHYHBIE TEH30p; COIACHO CKA3aHHOMY BBILIE €ro KOMIIO-
HEHTB! BBIPAMKAIOTCS Yepe3 KOMIIOHEHTH TPEXMEPHOIO aKCHAa/JIbHOTO
BexTOpa. KommoueHTth! e A%, A%, A% cocraBjagior, MO OTHOEHHIO
K TeM e npeoOpasoBaHHsM, TPeXMeDHBIH NOJAADHEIH BekTop. Takuu
00pasoM, KOMIOHEHTHl aHTHCHMMETPHUHOTO 4-TeH30pa MOMKHO Mpel-
CTaBHTL B BHAE TalJHIbI

/0 px Py P

—a, a,
(A%) = 0 —a | (6,10)
\_'pz Qy 0

npHYyenM nNo OTHOUWEHHIO K HPOCTpaHCTBeHHbIM npeoﬁpasosammm pua—
HOJIHDH[JIF[ H aKCHAaJ bHBIH BERTOPHI. HepEIIHCJIHH KOMIIOHEHTLI aHTHCHM-
METPHUHOTO 4-T€H30pa, MbI 6_\'&61\1 34NHCLIBATE HX B BHAE

A%=(p, a);
TOrAa KOBapuHaHTHEIE KOMIIOHEHTHI TOTO Ke TeH3opa
Ap=(—p, a).

OCTaHOBUMCS, HAKOHEIl, Ha HEKOTOPHIX AubpepeHIHaNbHBIX | HHTe-
TPANBbHBIX ONepaunHsiX 4YeTRIPeXMEepPHOTO TEH30PHOIO aHas Husa.
4-rpafyeHT cKansipa ¢ ecTh 4-BEKTOp .

dp [/ 1 og
L=(sa ve)-

HPH TOM HEeQOXOJUMO HMETh B BHAY, YTO HAMHCAHHBIE NDOH3BO/JHLIE
AOJI2KHBI PACCMATPHBATLCH KaK KOBADHAHTHBIE KOMIIOHEHTDI 4-B€KTOP3.

HefictButensso, AuddepeHunan ckaisgpa
ad .
do =22 dx

¢ oxt
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ToXKe €CTh CKaJfAp; H3 ero BHAA (CKalspHOEe MpOU3BeieHHe JBYX 4-BEK-
TOpPOB) H OUEBHIHO CJeJaHHOE YTBEpXKIEHHe.

Boo6l1ie onepartopsl auddepeHIHPOBaHHs 10 Koopaunaram x!, 6/dx,
JOJI2KHEl PacCMaTPHBAaThCs KaK KOBapHaHTHBE KOMIIOHEHTHI OMNEpaTop-
noro 4-BexTopa. IlosToMy, nanpumep, siBAfeTCs CKaspoM AHBepTeHIHs
4-eKkTopa — BHIpaxkenue OAY0x, B KoTOpoM au(pdepeHLHpYyIOTCs
KOHTPABAPHAHTHbIE KOMIOHEHTH A .

B TpexMepHOM NpOCTPAHCTBE HHTEIPHPOBAHHE MOXKET NPOH3BO-
IUTHCS TI0 OOBEMY, MO MOBEPXHOCTH W 110 KpuBOH. B ueThipexMepHOM
NPOCTPAHCTBE COOTBETCTBEHHO BO3MOXKHBI UeTbipe pOAA HHTerpupo-
BaHUH.

1) Murerpan nmo xpuBoil B 4-npocTpaHCTBe. DJIeMEHTOM HHTETPHPO-
BaHHsl SBJSETCS 3JEMEHT JJHHBI, T. €. 4-Bekrop dx’.

2) MHTerpas mo noBepxHOCTH (IBYXMepHOH) B 4-npocrpancree. Kak
H3BECTHO, B TPEXMEPHOM IIPOCTPAHCTBE ITIPOSKUWH TMJOWAAH Napaj-
JieJlorpaMMa, NOCTPOEHHOTo Ha ABYX BeKTopax dr W dr’, Ha KOOpAHuHAT-
Hple TNIOCKOCTH X,X, DABHEI dx dx’B—dedx’ Amnasnornuno B 4-npocrt-
paHcTBe GECKOHEUHO MAaJblii 3JIeMeHT NIOBEPXHOCTH ONpelesieTcs aHTH-
CUMMETPHYHBEIM TEH30POM BTOporo paura dft=dx'dx'* —dx*dx'’; ero
KOMIIOHEHTHI PABHBI NPOEKUHSIM TIOUIAAH 3JeMeHTa Ha KOOpMHATHLIE
JIOCKOCTH. B TpeXMepHOM IIPOCTPaHCTBE, KaK H3BECTHO, BMECTO TEH-
sopa df,, B KauecTBe 5/1eMeHTa IIOBEPXHOCTH HCTIONb3YeTCsl BEKTOD df

. 1
JyagarHBlT  TEH30PY dfa df" 5 €, df 4. Teomerpuuecku 310 ecTh

BEKTOD, HOPMAJbHBIH K 3JIeMEHTY HOBerHOCTI/I H 1o abcoTHOH Besau-
YHHEe PaBHBIM NIJIOMIAAM ITOTO 3JIeMeHTAa., B ueThIpeXMepHOM NpoCTpaH-
CTBe TAKOTO BEKTOPa MOCTPOUTh HENb3st, HO MOXKHO NMOCTPOHThL TEH30D

1) Ecan se npou3BouTh JuddepeHIUPOBaHHS 0 «KOBAPHAHTHDBIN KOO IHHATAMY

xl‘, TO npoH3BOﬂHble
c’"l‘ ax‘ ( C » t ’ )

COCTaBJ/AI0T KOHTPABAPDHAHTHbIE KOMIIOHEHTHI 4'B€'KTOp3. Mbpr 6y,1€M NOJb30BaThCHd T~
KOH 3anHuChl0 JIUIIb B HCKJIOUHUTENBHBIX caydaax (Hanpmlep, AJId 3altHCu KBazapara

Jp 0
4-rpapjuenta —- 79 %%
axt dx;
YromsiHeM, YTO B JIMTePATYPe YacTO MCMOJB3YETCs KPATKasl 3aiTHCh YaCTHHIX NPOo-
H3BOJHEIX NO KOOPAHHATaM JIPOH3BOAHBLIX C NOMOILBIO CHMBOJIOB
d 0
O =— 0;=—

ox; oxt

B sroit dopme 3anuch onepatopos nubdepeHUNpPOBAHNS SBHO NPOABJAETCH KOHTpa-
WM KOBapUaHTHBHIH XapakTep o06pa3yeMbIX C WX MOMOIIBIO BeJHuuH. TakuM e npe-
UMYLIeCcTBOM o6siafaeT H APYroil NpHMeHsieMbld CocoG KpaTKOH 3aNucH NpPOM3BOZ-
HHIX — DOCPeJCTBOM HHJEKCOB IIOCJIe 3ansToi:

9% i 9%

AN ox;
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df*t nyaabHpli TeHsopy dfi¢, T. e.
df** :% e*rdf . (6,11)

T'eomeTpHuECKH OH H306paKaeT 5/IEMEHT NOBEPXHOCTH, PABHBIH H CHOp-
MaJbHBIHY dJeMeHTy df®; Bce JiekamHe Ha HeM OTPE3KH OPTOrOHAJLHEL
KO BCEM OTpe3KaMm Ha ajemente df®. Quepmano, uto df*df;,=0.

3) VuTterpan mo rumepnoBepXHOCTH, T. €. IO TPEXMEPHOMY MHOrO-
obpasuio. B Tpexmepnom npoctpaHcTBe ofbeM mnapajsienenuueia, Imo-
CTPOGHHOTO Ha TpeX BEeKTOPAX, PaBeH, KaK H3BECTHO, OMpPEeeIHTe/]io
TPEThero NOPsIKA, COCTABJEHHOMY H3 KOMIIOHEHT 5THX BEKTODOB.
B 4-npocrpancTBe aHAaJOTHYHLIM 06Pa3oM BHIPAMAIOTCS [POEKILHU
ofmema «napassenenunesas (7. €. «IOWEAAH» THIEPIOBEPXHOCTH),
NOCTPOEHHOTO Ha Tpex 4-sekTopax dxf, dx'!, dx"; oBu nawTes onmpese-
JIATEJISTMH

dxt dx't dx"?
dSikt — (dx*  dx'F  dx"%
dxt dx’t dx™

COCTaBASIONHMH TEH30p 3-paHra, aHTHCHMMETPHUHBIH 110 TPEM HHAEK-
cam. B xauecTBe 3jeMeHTA WHTETPHPOBAHHA IO THIEPIOBEPXHOCTH
yRoGHee noJsib3oBaTbcd 4-BeKTopoM dSY, nyanbHBIM TeH3opy dS¥#:

asi= — _(I)— e AS, dSpim = CnpimdS”. (6,12)

Ilpu stoM
dS°=dS'*, dSr=dS"s, . ..

Teomerpnuecku dS? — 4-BeKTop, MO BeJHUHHE PABHBIH «IJIOHIAAHY Jie-
MeHTa THNEPIIOBePXHOCTH U N0 HANDPABJEHUIO HOPMAJBHBIA K 3TOMV
3JIEeMEHTY (T. €. NMepHeHAHKYJ/ISPHBIH KO BCeM MPSIMBIM, IIPOBEIEHHBIM B
3JeMeHTe TUNepriopepxHoctH). B uactHocTH, dS*=dxdydz, T. e. npes-
CTaB/asieT coOOH 3/eMeHT TpexMepHoro ofvema dV -—— MpoeKuuio 3je-
MEHTA THMEPNOBEPXHOCTH Ha THIEPIIOCKOCTL Xx°=const.

4) VHrerpasn 1o 4YeTbIpeXMEPHOMY OOBEMY; 3JEMEHTOM HHTerpHpo-
BaHUsl SIBJASIETCA NpOHu3BeleHHe AnpQepeHLHANOB:

dQ=dx’dx'dx*dx*=cdtdV. 6,13)

DTOT 37€MEHT SIBJASETCS CKAJAsPOM: OUEBUAHO, YTO 00BEM Y4YaCTKa
4-t1pocTpaHCTBa HE MEHSETCS IIPH NOBOPOTE CHCTEMBI KOOpJAHMHAT 1).

1) Tlpn npeoGpasoBaHHH NePeMeHHBIX HHTerpuposanus x°, x!, x%, x3 K HOBBIM
N peMeHHbIM x0, %1, x"2, x'3 ajeMeHT MnTeTpupPOBaHUA dQ 3aMeHIETCS, KAK H3BECT-
Ho, Ha JdQ', rae dQ’—dx’odx’ldx’zdx’3 a
/ ’ ’ +
;o 0(x'0, gL, X2, x'3)
0 (x°, ¥}, £, x¥)
— fkoGuan npeo6pazopanug. s simuelinoro npeofpasosains BHRA x"'wocl' x* sK0-
Ouan J cosmajaeT c onpeAeJauTe/eM [oc | u paseH (Wi MOBOPOTORB CHCTeMbI KOOp-
JHHAT) eiMHUNE; B 5TOM M IIPOSBJAETCA UBBAapHaHTHOCTD dL2.
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Ananoruuto teopemMam l'aycca m Crokca TpeXMepHOro BEKTOPHOIO
agaqu3a CYUEeCTBYIOT TEOpeMEl, I03BOJIAIOIHe NPeoOpa3oBbIBaTh APYT
B JApyra UETbiDEXMEDHbIE HHTErPasibl.

Hgrerpan no 3aMKHYTO# THIEDNOBEPXHOCTH MOXKHO MPeoGpasoBarh
B HHTErpaJl IO 3aKJIOUEHHOMY B HEl 4-00BEMY IyTEM 3aMEHEBI 3JIEMEHTa
pHTErpHpoBanusa dS; Ha oneparop:

s, —do 2. (6,14)
Oxt

Hanpumep, IJasi MHTerpasa oT Bekropa A’ umeem:
§ Aias, :ga_f‘;dg. (6,15)
oxt

Ara GopMmyaa ssaserca obobmieHneM Teopembl ['aycca.
HMuTerpan no AByXMepHOH IIOBEPXHOCTH HpecOpa3yercs B HHTerpas
[0 «OXBATBIBAEMOH» €10 THUNEpPHOBEPXHOCTH 3aMEHOH aJeMeHTa HH-
TErpupoOBaHua dfj, Ha omneparop:
dfty— dS; - J 6,16
fem—dS; 57 —dSs - (6,16)

Hanpnmep JJ151 MHTErpaJa oT aHTHCHMMETPHUHOTO TeHsopa A* imeem:

7 { an d]lku—S)(dS ‘ZA: dSkOAk> (s, d/‘k. (6,17)

Huterpaa mno 4eTblpeXMEpPHOH 3aMKHYTOH JIHHHH mpeobpasyercs
B HHTErpa/ [0 OXBATLIBAEMOH €l0 NOBEPXHOCTH NYTEM 3aMeHBI

_) ki __(_
i = (6,18)
TaK, T HHTEFpaJIa oT BEKTOpEl HMeeM:
i (g9 1 i [ OAr  0A;
§ A *Sd/* L= Edf (o > (6,19)

uTQ sipaferTcs obobieHueMm TeopeMbl CTOKCa,

3anaun

1. Hakitn 3akon npeoBpazoBaHus KOMMOHEHT CHMMeTPHuHOro 4-Tensopa A%
npu npeofpasosanuu Jlopenua (6,1).

Pewenune. PaccmaTpupag KOMNOHeHTbl 4-TeH30pa KaK TPOM3BeJeHUd JBYX
KOMNOHEeHT 4-BeKTOpa, NOJYy4YHM:

A0 —

( 'oo+2 'ol_f_l/;z_ A/u)
c2 ’
l_—z
C

All— !

( '“+2 '01+ A'oo)
1____.

c2?
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A2 AN A AT Arz:____l___ (A'm +Y_A'az>
1 ’ ————“_‘Vz ¢ )

Vi-=

1 , Ve Vo, Vo,
AoL:l 7 [A 01<1+?2_> Jr_c—A oo+_c_ Au]’

H agatoriyisie Gopayas aas A%, A3 493 )
2. To e AN aHTHCHMMETpHUHOro Tensopa Ak,
Pemenue. [lockoanky KOOPAMHATH X, X* He MEHAIOTCH, TO He MEHASTCH H KOM-
noHelTa TeHsopa A%, a xomnosentn A2, A% »u A%, A% npec6pasywores kak x! u x%:
A2 +_V_ Aro2 Aoz —{——V— Az
A% 428 Atz - & A0 ‘
. ?

I ‘}2 | Vq
— —_—
U aHAJOrHYHO ANd A % AO“.

[To oTHOWeHHI0 K NOBOPOTAM JBYXMEDHOR CHCTeMB! KOOPAMHAT B IHNJAOCKOCTH
2Ox' (KaKOBBIMH SIBJISIOTCST PACCMATPHBAaEMble NPeoBPa30BaHUA) KOMMNOHeHTh A%=
=—A1, AW=AU=( coCTaBASIOT aHTHCHMMETPHUHEIR TEH30D PAHra, PaBHOrO HHCTY
uzmepenult npocrpagersa. [lostomy (cM. npumeyanue Ha crp. 33) npu npeolpazosanusx
3TH KOMIOHEHTH He MeHSIOTCS!

A%= 401,

§ 7. YernipexmepHast CKOPOCTb

U3 0o6LIMHOrO TPEXMEepPHOro BEKTOpa CKOPOCTH MOMHO 00pa3oBaTh
U yeThipeXMePHBIH BeKTop. Takol uernsipexmeproti ckopocmeto (4-cKo-
POCTBIO) YaCTHUBL SIBJSETCS BEKTOD

dxt

u”=~(g. (7,1)

Jl1a HaxoXJeHHA ero KOMIIOHEeHT sameyaeM, uTo corJvacHo (3,1)

ds—cat Y 1-2,

rie v—oO0blyHas TpexMepHas CKOpocTh vactuipl. Ilostromy
dxt

1 —

ds

ad x

d _ v
v? v2
U T. 0. Takum oOpasom:

i 1 v
u _< > (7.2)

OrmeruM, 410 4-CKOpOCTb €CThb BesiyHHA Ge3pasMepHad.
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KoMIOHEHTH 4-CKOPOCTH He He3aBHCHMBbI. 3ameuas, uto dx,dx’ = ds?,

pMeeM:
u"ui= 1. (7,3)

[eomeTpHUeCKH 4! ecTb eIHHHUHELH 4-BEKTOD KacaTeJbHOll K MHPOBGH
JIIHUH YaCTHLBL.
AHaJorH4Ho ONpejle/eHHI0 4-CKOPOCTH, BTOPYIO NPOH3BOIHYIO

" wi _ d"x" dut

dss ~ ds

MOMKHO Ha3BaTh 4-yckopenueM. JludepeHUMPYS COOTHOLEHIE (7,3),

HapgeM: ]
uw =0, (7,4)

T. €. 4-BGKTOpr CKOpPOCTH U YCKOPEHHA B3aUMHO OpPTOTCHAJILHBI.

Japavua

OnpefenuTh peJATHBHCTCKOE PaBHOYCKOPEHHOE JBHXeHHe, T. €. NPIMOJHHEeRHoe
JBIXXeHHUe, IIPH KOTOPOM OCTaeTCs NOCTOAHHOH BeJIMUHHA YCKODeHHs w B cOGCTBEHHOMN
(B KaxAblii AaHHBIH MOMEHT BPEMEHH) CHCTeMe OTCyeTa.

Pemenue. B cucTeme oTcuera, B KOTOPOH CKOPOCTBH HacTULb =0, KOMIIOHEHTH!
4-yckopennsi paBun w'=(0, w/c?, 0, 0) (@ — oOblyHOE TpeXMepHOe YCKOpeHHe, Ha-
npaBjieHHOe BAOJL OCH X). PelsTHBHCTCKM MHBapHaHTHOE YCJOBHE DaBHOVCKOPEHHO-
CTH JOJIKHO GbITb NPECTABJIEHO B BHAe TOCTOSHCTBA 4-CKaaspa, coBnajaiouiero ¢ w?
B cOOCTBEHHOI CHCTeMe OTCueTa:

; w?
whw; = const =

B «HenoasuKHOM» cHCTEME OTCYeTd, OTHOCHTENbHO KOTOpOIi paccmarpuBaercd
IBMIKEHHE, PACKPLITHE BBIDAXKEHUA w'@; NPHBOAHT K YpaBHEHHIO

d 7} v ,
w, HIHA - =w{ -+ const,

T T T
Voi-% V-

Tlonaras v=0 npu {=0, umeem const=0, Tax uro
wi

e
Vo

Hurerpupys eme pas u noaarag x=0 npu {=0, nonyuum:

c? w?
X—E- < V1+ ye -—-1).

Ipu wt <€ ¢ 310 GopMyJIbl NEPEXOIAT B KJIACCHUECKHE BLIDAKEHHS U=}, ¥== w22,
Ipn wt — oo cxopoCTb CTPEMHTCA K NOCTOSHHOMY 3HAYEHHIO C.
CoGcTRenHOe BpeMsi PaBHOYCKOPEHHO ABHIKYHIeHCs YacTHIbI aeTCsi WHTEIPadacM
¢

s ) i
U c wt
E V 1—— dt=— Arsh —.
c w c
0
Ilpu £ -— oo omo pacteT no suauutessHo GOjee MeZJCHHOMY uYeM f 38KOHY"
¢ .
— In 2.._w_{.
w ¢

v=
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PEJIATUBUCTCKASA MEXAHHUKA

§ 8. Npunuun naumenbuiero neicTBHs

TIpy necoe10BaHHH ABHIKEHHA MATE€PHAJLHBIX YACTHIL Mbl OyAeM HC-
XOJHTb H3 NPHHUMIIA HAaMMEHbIIEro JeHCTBHA. DTOT OPHHLHUI 3aK/II0-
yaeTcs B TOM, YTO [JJ/51 BCAKOH MeXaHHJYeCKOHN cucreMbl CYLIECTBYeT
Tako#l HHTerpan S, HaspiBaeMbiil JeHCTBHEM, KOTOPLIH AJis A€HCTBHTE b-
HOro JBHKEHHA HMeeT MHHHMYM M Bapuauus S xoroporo, ciefosa-
TeJAbHO, paBHa HYJO D).

Onpenenum nHTErpas AeHcTBHA IS CBOGOLHONH MarepMasibHOH ya-
CTHIBI, T. €. YacTHlbl, He HaXONsIUeHCs IToJ JefCTBHEM KaKux-au6o
BHELIHHX CHJI.

Jns 3TOTO 3aMeTHM, YTO 3TOT HMHTErpaJ He AOJKEH 3aBHCETh OT
BEIOOpa TOH UJTH HHOH MHEPUUAJLHOH CHCTEMBI OTCHETA, T. €. OH JOJKEH
ObITh MHBAPHAHTOM OTHOCHTEJNBHO npeobpasoBaHuil Jlopenua. Orciona
caeyer, 4To OH Ao/xeH ObTh B3ST OT cKaJjasipa. Jlasee, scHO, 4TO MOX
HWHTErpasoM LOJIKHBL CTOSATH AHdGepeHIIHAJB B IepBoi crenedn. OXHAKO
€JMHCTBEHHBI TAKOH CKa/Jadap, KOTOPBHIH MOXKHO NMOCTPOUTH AJsI CBOOOJ-
HO#l MaTepHa/J bHOH YacTHIIbl, eCTh HHTEPBAJ dS UK . dS, TAE oL — HEKOo-
TOpast NOCTOSHHAS.

Hrak, pefictBue Jaa CBOOOAHOH YACTHUBI JAOJMXKHO HMETL BHJ

b

S=— ocg ds,

Q
re uuterpan Gepercst BAOAL MUPOBOH JVHHYN MEXKIY ABYMA 3aJaHHBIMU
COOBITHSIMH @ U b —.HaXO0XKJICHHEeM YACTHIRI B HAUAJABLHOM H*KOHEYHOM
MecTax B ONpese/ieHHBIE MOMEHTH BPEMEHHM f; M fp, T. €. MeXAy 3aJaH-
HBIMH MHDOBLIMH TOUKAMHM; ¢ €CTh HEKOTOPas MOCTOSHHAsA, Xapakrepu-
3yI0Mas JaHHYIO 4acTuly. JIeTKo BUJeTh, YTO AJsI BCeX YaCTHLL o JOJIKHA

1) Crporo ToBOp#, NPHHUMI HAMMEHBLIErO AeHCTBHA YTBepKiaer, uTo HHTerpan
S no/KeH ObITh MHHHMaJIEH JIHIIb BAOJB MAJBIX YYaCTKOB JIHHUYU HHTIPUPOBAHUS.
Jas Auuuii NpOH3BOABHON JVTHHEL MOMKHO YTBEPKIATH TOJBLKO, 4YTO S MMeeT SKCTpe-
MyM, He 0o0si3aTe/IbHO ABASMIOWHACH MunuMymoM (oM. I §2).
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6LITh TIOJIOXKHUTENbHOH BeanuuHoH. efictBHTenbHO, Mbl BHIEIH B § 3,
b

yTO MHTErpan Sds HMeeT MaKCHMAaJIbHOe 3HAaYeHHe BROJL NMPSIMOA MHDO-
a

pOfl IMHHH; HHTEIPHPYS BAOIL KPHBOH MUPOBOH JIMHKH, MOKHO CAE/MaTh

ero CKOJb YTOZHO MAaJIBIM.

Takum oOpasoM, HHTErpas, B3ATHIH C MOJOKUTENbHBIM 3HAKOM, HE
MOXKET HMeTb MHHHMYMa; B3ATBIH e ¢ OOpaTHBIM 3HAKOM OH HMeEeT
MHHUMYM — BJIOIb NPSIMOH MHPOBOH JIHHHH,

JleficTBHe MOMKHO HpeicTaBUTh B BHJAE HHTErpaja No BPeMeHH:

Koapunmenr L npu df HaspiBaeTcs, Kak H3BECTHO, hyriyued Jaepan-
#a 1J1s1 JaHHOH MexaHuyeckoll cucrembl. C momouweio (3,1) Haxoaum:

ty -
S=—\ac )/ 1-Zat,

v

t

roe v — CKOpOCThb MaTepuasibHOH uyacTuubl. Pynxuua Jlarpanxa zas
YacTHIBI €CTh, CJAEA0BaTeIbHO,

B = — O.C l/]——g—j.

BennunHa ., KaK yxKe 0TMeHaJ/Nm0Ch, XapaKTepusyeT JaHHylo 4yacTHILY.
B knaccuueckoll MexaHHKe BCSIKAS dacTHIlA XapakKrepusyercs ee mMac-
colt m. OHpe}leJII/IM ¢Bs13b BesIUUMH o 1 m. OHa HaxoAuTcsa U3 ycCJ/JoBHud,
YTO NMPHU NpeIJeJbHOM NEPEXOJIE ¢—= OO Halle BbIpaxKeHue 4/ L JAOJI2KHC
nepeﬁTﬂ B KJACCHYECKO€ BhIpdXKEHHE

L=muv?/2.

JIAst oCcylecTBiAeHHS 3TOTO Hepexoia pasioxkuMm L B psg 1o cre-
neusm v/c. Torpa, onyckasi WwieHbl BHICHIMX MOPSAKOB, MOJyUAEM:

ov?
2c

L=—ac ],//l—z%jz—occ—l—

[ocrosinuble ymensl B pyHKUMY JlarpaH:ka He OTPAXKAOTCS HA ypaB-
HEHMAX ABMKEHUS U MOTYT ObITh onyuieHsl. OnycTuB B L MNOCTOAHHVIO
GC ¥ CPaBHHB C K/JIACCHUECKUM BbIpaxkeHueM L=mu?/2, HafineM, uTO
a=rmc.

Takum ofpasom, AeHcTBHE JJs CBOGOJAHOH MAaTepHANBHOH TOUKH
paBHo

b
S=—nmc Sds,» 8,1)
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a ¢ynkuus Jlarpauxa
L= —me? Vfl—ic‘;. 8,2)

§ 9. J"eprua u uMnydbe

Hunyabcom yacTHUBI Ha3bLIBAETCH, KaK H3BECTHO, BexTop p=2L/dv
(OL/0v — cumBosinyecKoe 0603HAUEHHE BEKTGDE, KOMIOHEHTHI KOTOPOTo
paBHBl NPOH3BOAHBLIM OT L 10 COOTBETCTBYIOMIMM KOMIOHEHTAM V).
C nomownio (8,2) Haxoaum:

mv
p = '—————~___._ . (9, 1)
7
=
=

Hpu maneix ckopoctsix (v<€c) uiau B npeiese npH c— 0o 3TO BbIpa-
JKeHHe MepexoiuT B KJaccuyeckoe p=rmv. IIpu v=¢ uunyasc ofpa-
maercsi B GeCKOHEUHOCTb.

[TpousBoaHas oT UMIyJbCA IT0 BPEMEHH €CTh CHJa, AefCTByomas Ha

qacruny. nyCTb CKOpPOCTb HacTHiibl M3MEHSETCH TOJAbLKO 110 HalpanJe-
HHIO, T. €. CWJ1a HanpapJeHa NepPneHIUKYJ/JISIPHO CKOPOCTH, Toraa

dp m dv 9,2)

a7 T odt
/) V==

Ecnn xe ckopocTs MeHsIeTCsl TOJIbKG [0 BeHUHHe, T. €. CHJA Ha-
npas/JeHa Mo CKOPOCTH, TO

dp m dav

AT (9,3)

=)
Mer BuAMM, yTO B OGOMX CJAyYasix OTHOWIEHHE CHJBl K VCKOPEHHIO
PasJuYHO.
Inepeueldl & uwacTHibl Ha3LIBAETCA BEANYHHA
& =pv—L

(cm. 1 § 6). Iloacrasass Buipaxkenue (8,2) u (9,1) gaga L u p,

MOJTYy UM M:
nc?

=

Jra oyeHs BaxHad (GoOpMyJa NOKasnlBAET, B YACTHOCTH, YTO B peIs-
THBUCTCKOH MeXaHHUKe 3HEpPIHs CBOGOJAHOH UYACTHLLI He oﬁpamaeTCﬁ B
HYJIb OpH U= 0, a ocraerca KOHEUHOH BEJNHYHMHOH, paBHOH

& =mc®. - (9,5)
Ee Ha3wbBAIOT gHepeueil NOKOS YacTHLBL.

&= (9,4)
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[pu ManbiX CKopocTsix (v<<c¢) mMeeM, pasaaras (9,4) mo crene-
HAM U/C:
5  Mmuv?
& ~ mc? -+ 5>

T. €. 32 BLIUETOM SHEPTHU MOKOSl KJAACCHUECKOE BRIPAXKEHHEe ITA KUHe-
THUEeCKOH 3HepriH 4acTHIL.

[MoggepKHeM, YTO XOTsI MBI TOBOPHM 31€Ch O «YACTHIIE», HO €€ «3.16e-
MeHTaPHOCTb» HUTIE He Henoabsyercs. Tlostomy moayuertusie hopary. sl
B PABHOIT CTeMEHH MPIMEHNMBI H K JIIOOOMY CJIOAKHOMY TETV, COCTOMAMLEMY
{3 MHOTHX UACTHIL, IPHYEM IO /M HAJA0 NOHUMAThL NOJHVIO Maccy Teia,
a o U— CKOPOCTh €ro JABMIKEHHSI Kak Lesioro. B uactHoctu, ¢gopav.ia
(9,5) cnpaBeLiuBa U 174 Jioboro nokosierocss kax uedace teaa. O5-
paTHM BHHMAHHE Ha TO, 4TO 3HePrusi CBOOOJHOrO Tel1a (T. . 3HeprHs
Je060ll 3aMEKHVTOH CHCTeMbI) OKa3blBAETCA B PEJISITHBHCTCKOH MeXaHHKe
BIIOJIHE ONpeJe eHHOll, BCeraa NOJOXKHUTEIbHOH BEIHUYHHOH, Hemocpel-
CTBCHHO CBSI3AHHOH ¢ Maccol Tesia. HanoMHHUM B 5T01 CBSI3H, YTO B KJIAC-
cHUeCKOH MexaHHKe 3HCPTHS Teja onpeleseHa JHUIb C TOUHOCTBIO [0
NPOU3BOAbHON AAMHTUBHON MOCTOSIHHOH, H MOXKeT OBhITh KaK MO.JI0KH-
TeJqbHOH, TaK U OTPHUATEIEHOH.

DHepris [OKOSILErocs Tesaa COAEp:KHT B cefe, MOMHMO 3Heprufl
TIOKOSI BXOASIIIUX B €r0 COCTaB YAaCTHI, TAKKe KMHETHUECKYID IHEPTHIO
YaCTHL H HEPTHI0 MX B3aUMOIEHCTBUS ApPYr ¢ Apyrom. [pyrumu c.io-
BaMH, /¢’ He PABHO CYMME X /TqC? (M, — MAcChl 4acTHU), a MOTOMY H /1
He PaBHO > m,. Takun 00pasoM, B PeNSITHBHCTCKOA MeXaHHMKe He HMeoT
MeCTa 3aKOH COXPAHEHHs MACChl: MACCa CJIOKHOTO Tesla He PaBHA CyMie
Macc ero yacrefi. BmecTo 3TOro nmMeeT MecTo TOBKO 3aKOH COXDaHeH!A
3HEPTHH, B KOTOPYIO BK/IOUAeTCS TAaK¥Ke M SHePTHs JIOKOH YACTHIL.

BosBoast Boipaxkenus (9,1) u (9,4) B kBaapar u cpaBHHBAsA HX, Hall-
JeM cielviollee COOTHOLUIGHHE MeXAY SHepruedl M HMIIY/JbCOM HaCTHLLL:

2
—df— = p?4- m3c?. (9,6)
OHeprusi, BHIPa:KeHHAsS uepe3 HMIYJbC, HA3LIBaeTCst, KaK H3BECTHO,
byukuueli [aMmuabToHa F7:

H=cV p*4 m:. 9,7)
Ilpu maawix ckopoctsix p<€mec U NpHOIIKEHHO
2
P o~ 2 L
G ~ mc® + T

T. €. 33 BhHIYETOM 3HEPTHH NOKOA MNOJydYaeM H3BECTHOE KJIaCCHUECKoe
Bhlpaxenne (QyHkuuMu [aMHIBTOHA.
W3 Boipaxenuii (9,1) u (9,4) BHTeKaeT Takxe c/efyioulee COOTHO-
lIeHHe MexkAy SHepTHel, HMITYJIbCOM H CKOPOCTHIO CBOOOJHOMH YacTHLbL:
« SV :
P =g ) (9’8)

c?
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Ilpn v=—c uMnyjsCc H 3HEprus wacTHUBl OOpaIlaloTCs B GecKoHey-
HOCTb. JTO 3HAUHT, YTO YacTHLA C OTJIHUHOA OT HyJas Maccoll m He
MOXKET JBHUraThCsl CO CKOPOCTBIO cBeta. B peiATHBHCTCKON MeXaHHKe,
OJHAKO, MOTYT CYHIECTBOBAaTb YACTHLBI C MAacCoi, PaBHOH HyJIO, IBH-
JKyIecsl co CKopocThio cBera !). M3 (9,8) umeeMm A5l TaKuX YacTHIL:

p=2. ©9,9)

[Mpubnmxenno taxkas xe ¢opMysia ClpaBeIanBa U A4 YacTUIl C OTIHY-
HOH OT HYJS MacCoi B TaK HASHIBAEMOM YA6MPAPLASNUBUCITICKOM CITY-
yae, KOTJla SHePrHsi YacTHIbl & BEIHKA NO CPABHEHHIO C ee SHeprued
noxos mc?.

BriBeleM Termeph BCce NOJyUeHHBlE COCTHOHICHHS B YETHIPEXMEPHOM
Buge. CorjacHO NPHMHUMNY HAHMEHLIIETO ACHCTBHS

b

88 = — med § ds= 0.

a

Packpoem Bripaxenue aas 0S. {na sroro sameuaeM, uro ds :de,-dx"
H TIOTOMY

88 =—me g i &M — mc § 1, d0x%,
a

Huterpupys no yactsM, HAXOAMM:

b
88 = — mcuiﬁx"‘:+mc géxf%%i ds. (9,10)

Kax wmsBecTHo, A5 HAXOXKAEHHS YPABHEHHH JABHKEHHWS CpaBHH-
BAKOTCSL PAa3jHUHLIE TPAEKTOPHH, NPOXOAAIMIHE uepe3 JBa 3aJaHHBIX
NoJoXKeRus, T. e. Ha npereaax (8x%),=(8x"),=0. HUcruunas TpaekTopus
onpenensiercss us yeaosus 8S=0. M3z (9,10) mpl nosyuunu 6sl Torma
ypaBHenue du,;/ds=0, T. e. TOCTOAHCTBO CKOPOCTH CBOOOAHOH YaCTHLIBI
B UETHIPEXMEPHOM BHJE.

J1s1 Toro uTo6Bl HAUTH BapHaUHIo AeHCTBUSA KaK PYHKLUHIO OT KOOp-
JMHAT, HAJO CYMTATh 3aJaHHOH JIMIIb OJHY TOYKY a, Tak uro,(8x'),=0.
Bropyio e TOuKy Haf0 CYMTAThL NEepeMeHHOH, HO NpH 3TOM paccMarpH-
BATH TOMLKO UCTHHHBIE, T. €. YIOBJETBOPSIOUINE YPABHEHHAM ABHKEHHS
TpaekTopuH. [lTostomy umrerpan B Buipamennun (9,10) mia 8S pasen
Hymo. Bmecto (6x%), nuwem mpocro 6x' H, TakMM 06pa3oM, HAXOAHM:

8S = — meu,; 8x7, 9,11)

1) TakoBEL cBeTOBHE KBaHTH —- (OTOHH, a Takxke HEHTPHHO.
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4-BeKTOp

oS
pi=—52 (9,12)
‘nasbiBaetcsl 4-umnyavcom. Kak H3BECTHO H3 MEXaHHKH, TIPOH3BOAHBIE
0S/0x, 0810y, 3S/0z — TPU KOMIOHEHTH BEKTOPA UMMNYJAbCA UACTHINH P,
a npou3BojHasg — 0S/0t ecTb sHepTHsl YacTHUH &. [losTOMy KoBapHaHT-
Hple KOMITOHEHTH 4-ummnyJdbca p,=(&/c, —p), a KOHTpaBapHaHTHRHIE
KOMITOHEHTHI 1)

pf:(ém)- | (9,13)

W3 (9,11) puaso, 9To KOMIOHEHTH 4-HMNyJBCa CBOGOMHON HacTHIbI
paBHBL
pl=meul. (9,14)

IloacT4BUB cioja KOMIIOHEHTH! 4-ckopocTH us (7,2), yOemruMcss B TOM,
uyTo A P U & AeHCTBHTENLHO NosyyaloTcst Boipaxenus (9,1) u (9,4).
Taxkum o6pasoM, B PeJATHBUCTCKOH MeXaHMKE HMIYJIbC H 3HEprus
ABJSIOTCS KOMIIOHEHTaMu ofiHoro 4-Bektopa. OTCI0a HEMOCPeACTBEHHO
BBITEKAIOT (OPMYJIBl Npeo0pa3oBaHHs HMITYJbca M IHEPTHH OT OZHOM
HHeplHaabHON cHCTeMBl oTcyera K Apyrofi. Iloacrasus B ofuiue dop-
myJbl (6,1) npeoGpasoBanus 4-Bexktopa BbIpaxeHust (9,13), Haxogum:

’ 1% ,
px_I—?éD 6‘)’—{—1/17;

Ps= =y Py=Pys Po=Prs &= rmrs,
Vg Vi-g

TAE Px, Py, P — KOMIIOHEHTH TPEXMEDPHOTO BEKTOPA P.
Hs onpenenenuss 4-umnygaesca (9,14) m toxkaectsa uw'u;=1 uneeM
I/ KBajpaTta 4-uMmny/bca CBOGOJAHOH YACTHIBL

(9,15)

pip;=m. (9,16)
Tloncrasue croga Beipaxkenust (9,13), Ml BepHeMCst K COOTHOUIEHHIO
9,6).
ITo anajoruy ¢ oGBIYHBIM ONpeeneHueM CHIBL 4-BEKTOP CHIIBI MOMKHO
OIIpeJenuTh KakK IPOU3BOAHYIO:
- . dpt duf
gl:E;':mC—d—s‘. (9,17)
Ero komnonents ynosjerBopsitor ToxaectBy guf=0. KommoneHTsf
5TOTO 4-BeKTOpPa BBIPAXkKAWTCA 4Yepe3 OOBIUHBIN TpPEeXMeDHBIH BEKTOD

1) O6paTum BEHMAHHE HA MHEMOHHUECKOE-TIPABHJIO /IS 3aMOMHHAHHS ONpejese-
HUSL (busmuecknx 4-BeKTOPOB: KOHTPABADHAHTHbIE KOMIIOHEHTH! CBSI3aHBI C COOTBET-
CTBYIOUMMH TPeXMepHbIMH BeKTopamu (r Ads x', p Aad p' M T. I.) C «NpaBUILHBIMY,
NOJIOK HTETLHBIM 3HAKOM.
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cuael f=dp/dt coraacho

, it f
ge (e, L. (9,18)
2 ]/ 1~—Cg ¢ V IMF

BpeMeHHast KOMIIOHEHTa OKasbiBaeTCf CBsi3aHHOM € paboroli CHJHL.
Penarusucrckoe ypasHenne 'amuabrona — 1ko0li nosnyyaercs nof-
cranoBkofl B (9,16) npouseoaneix —0S5/0x’ BMecTO pj:
dS aS 5 08 0S 2
259 gin 8 95 _ e (9,19)
0x; gxi dxi Oxk

HJH, eCJH HanHucaTb CyMMy B ABHOM BHJIE:

1 (0S\2 [aS\2 [3S\® [aS\* ..
= (o) — (5 —(F) — (%) =me (9,20)

Ilepexon K npelebHOMY CJIydar0 KIacCHUeCKOll MEXAHHKH B Vpas-
pennu (9,20) cosepiuaerca cJaenyomum obpasom. [Ipexie Bcero neo6-
XOIHUMO yuecTh, KakK H IIDH COOTBETCTBYIOUIEM nepexofe B (9,7), uto B
PEJISITHBHCTCKOH MEeXaHHMKe 3HePrusi YacTHIbI COAEPIKHT uJeH mc?,
KOTOPOTO HeT B KJaccHueckofl MexaHuke. llockosbXy mefictBue S
CBSI3aHO C HEpruel BhIpaKeHHeM &=—0S/0f, To npy nepexoje K kJjac-
CHUeCcKOH MexaHHKe Hajo BMeCTo S BBECTH HOBoe jeiicTBHe S’ coryacho
COOTHOLIEHHIO

S=8"—mc*.

IMoxcrasass ero B (9,20), Haxoaum:
L (987\2_ 98" L [(0S"\2, (9S\2 , (0S'N2] _ g
gme\or) "o " am|\ox) Tl Tl ] =0

B npezese npu c—> oo 3T0 ypaBHeHHe NepeXOANT B H3BECTHOE KJaccu-
ueckoe ypaBHeHHe I'amMunbrona — $1koGH.

§ 10. Npeobpazosanne GyHKUHH pacnpejeieHUs

B pasnuunbIX HU3HYECKHX BONPOCAX MPHXOAUTCS HMEThb €O C Iyy-
KaMH 4acTHn, of6/ajaiolmiuX pasaH4HeIMH uMmnysascamu. CocTaB Takoro
nyuka, ero UMIYJbCHBIH CIIEKTD, XapakTepusyercsa Qyrryuell pacnpede-
AEHUS YACTHIl 1o uMnyJbcaMm: f(p)dp.dp,dp, eCTb IOJs UkC/Ia YacHAll,
00/1aal0lMX MMIYJbCAMH C KOMIOHEHTaMH B 3aJaHHBIX HHTepBa/ax
dpy, dp,, dp, (W1H, KaK rOBOPAT JAJsl KPATKOCTH, YHCJIO UYACTHL B 3aJaH-
HOM 3/emMeHTe o0beMa d*p=dp.dp,dp, «HMITyJbCHOIO HPOCTPAHCTBA).
B cBsi3U C 9THM BO3HHKAET BONPOC O 3aKOHe NpeoGpasoBaHusl GyHKIHH
pacnpefenenus f(p) OT OJHOH CHCTEMBI OTCUETA K APYTOM.

Jns pelenuss 3Toro Bonpoca BHISICHHM NPEABAPHTENLHO CBOHCTBA
«3jieMenTa o6vema» dp.dp,dp, TNO OTHOLIEHHIO. K IPeoGpa3’oBaHHIO
Jlopentia. Ecu BBeCTH HeTHIPEXMEPHYIO CHCTEMY KOOPAHHAT, Ha OCHX



§ 10] NPEOBPA30BAHHE @YHKIMH PACHPEIENEHHS 47

KOTOPOH OTKJIAJBIBAIOTCS YEeThIPE KOMIOHEHTH 4-MMIy./ibCa YaCTHIH,
10 dpdp,dp: MOXKHO PaccMaTpHBATh KaK YETBEPTYIO KOMIIOHEHTY 3Je-
MeHTa T[HIEPIOBePXHOCTH, ONpeleNsieMod  ypaBHeHnueM p'p,=m?c%,
DjleMeHT THIEPIIOBEPXHOCTH eCTh 4-BeKTop, HalpaB/eHHBIl MO HOp-
MaJdd K Hefl; B JaHHOM CJIydyae HAIpPaBJeHHE HOPMA/W COBNAJAET, Oue-
BUAHO, ¢ HarparleHuex 4-Bexktopa p;. C1ci01a c/elyer, YyTO OTHOIIEHHE

dp.dp,dp
oy e, (10,1)
KaK OTHOL:IeHHe OIHMAKOBBIX KOMIOHEHT JABYX INapasyeNbHBIX 4-Bek-
TOPOB, €CThb BCJIMUYHHA HHBAapHanTHas ').
OueBnIHBIM  HHBADHAHTOM HABJSIETCA TAaKXKe JOJAS UYHCJIAa HacTHl
f dp.dp,dp ., ne 3apucsias oT BeIOpa cHcTeMbl OTcuera. Hanucas ee
B BuIe

dpy dpy dp,

H yuuTHIBasS HHBapuaxTHOCTh oTHOweHus (10,1), MBI MPHXOAHM K BHI-
BOJAY OO0 MHBAPHAHTHOCTH TpousBegeHus f(p)&. Orciooga ciaeryer, uTo
¢yHKLHA pacnpeieleHus B cucreme K’ cBAsana ¢ QyHKUHeH pacrpe-
JeJeHus1 B cucreMe /X COOTHOIIEHHeM

Fen=18E, - (10,2)

IpHYeM P U & NOIKHE! ObITh BBIPaKEHBl yepes p’ U &’ ¢ MOMOLLBIO op-
My npeobpasosauns (9,15).

Bepuemvcsi kK nupapuantHoMy Beipaxenuio (10,1). Ecau BeecTH «cde-
pHUeCKHe KOOPAMHATE B HMIYJALCHOM NPOCTPAHCTBE, TO AIEMEHT 00hema
dp.dp,dp. 3avernutcsa Ha p? dpdo, rae do — 37EMEHT TeJeCHOTO yrja
AJsl HanpasleHHI! BekTOopa p. 3ameuas, uTo pdp=&d&/c* (coriacko
(9,6)), mreent:

p2dpdo pdd& do
& e
1y Hurerpuposanue no saementy (10,1) MoKeT ObiTe IipeicTaBAeHO B ueThipex-

MEDHOM Bjile ¢ OMOHUIbIO O-(yHKUMU (CM. [PHMeyatine Ha cTP. 96) KaK HRTErpHPOBakie
no

2 ., .,
-0 (pf p;—m2c®y dip, d*p=dp®dp' dp® dp?. (10,1a)

Hpu stom wernipe koMmomenTs! p! paccMAaTPHBAKOTCS KAK HE3ABHCHMbIE MepeMEHHDIE
{npuyem p® npoGeraer JHUIb NOJMOXKHTebHbe 3Hauenns). Popmyaa (10,1a) ouepnana
M3 cuepyloulero npejcTaBienus Qurypupywoueit B Heit 8-byBxuuu:
&\ _ ¢ é
b oip—mee) =8 1 — S ) =5z [8 (4 € )40 (m—€ )] . (10,19
the =c V p*+m3c®. B cpow ouepens sra dopmyia caegyet u3 dopmyant (5),
fipHBefeHHO! B MPHMeYaHHH Ha cTp. 96.
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Taxum o6pa30M, HAXOAHM, YTO HHBAPUAHTHO TakKikKe U BhlpaxeHue
pd&do. (10,3)

B napyrom acnekrte nouaTtHe o GyHKIUMN pacnpeliesieHHa GHTYpPUPYeET
B KHMHETHUECKOIl TeODHMH TasoB: mnpousBefeHue [(r, p)dp.dp,dp.dV
€CTb UMCJO YACTHI, HAXOAAIMUXCs B 3aJaHHOM 3JeMeHTe obbema dV u
oO/MajalOlIHX HMIYJALCAMHM B 3aJaHHBIX HHTepBanax dp,, dp,, dp..
©Oynrumo f(r, p) HasbBalT GyHKUKEH paclnpeleleHHT B Qa30804
npocmpancmee (IPOCTPAHCTBO KOOPAMHAT M HMMITYJIbCOB YacTHLH), a
npouspegenue augepennnanos dt=d*pdV — anemenToM ofbema 3To-
ro mpocrpaHcTa. BpIsicHEM 3akoH mnpeo6pasoBaHusi 3TOR (GYHKIHH,

Beenem napsify ¢ AByMs cucTeMaMy otcuera K u K’ elle U CHCTeMy
Ky, B KOTCpOH uyacTHlE C paccMaTpHBaEMbIM HMIIYJILCOM TMOKOATCS;
HMEHHO [0 OTHOUIEHHIO K 5TOH cucTeme onpereasercs COGCTECHHBIH
ofbvem dV, siemenra, 3aHHMAeMOro RanHeiMy uyacrtunamMu. CKOPOCTH
cucrem K u K/ OTBOCHTENIBHO CHCTEME K, COBIAJAIOT, MO ONPEleJCHIIO,
CO CKOPOCTSIMH ¢ H ¢, KOTOPBIMH 00/2/aI0T 3TH YacTHIIBI B CHCTEMax
K u K’. Cornacuo (4,6) umeeM 1ostomy:

S VoY
W=V, | 1—5%, av=dV,y 15,

OTKY/1a
v _ &
v g

[lepeMHOXKHB 3TO PABEHCTBO C PaBeHCTROM d3p/d3p’=&/&’, Halifem, uto
drv=dr’, (10,4)

T. €. 3NeMeHT (pasoBoro odbema nHBapuanTeH. [TockoaLKy UHBApHAHTOM
SIBJISIETCH, IO ONpeJeseHHIO, TAKKEe U YHCAO 4acTull fdt, TO Mbl IpH-
XOIMM K BBIBOZY 00 WHBADHAHTHOCTH (D)YHKUHH pacnpejesieHHs B da-

30BOM IIPOCTPAHCTEE:
I, p)=Ff p), (10,5)

rje r’, p’ cBg3aHel ¢ r, p gopMysamu npeobpasoBanus JlopeHua.

§ 11, Pacnax vacruiy

Paccyorpum camonpoM3BOJIBHBIH pacnal Teja ¢ maccolt M Ha nBe
YaCTH ¢ MaccaMH 711, H M, 3aKOH COXPAaHEHHs] 3HEPIUH NMPH pacnaie,
NpHMEHEHHLI B CHCTEMe OTCUeTa, B KOTODOH TeJO NOKOHTCS, JAAer 1):

M:élo"[‘é:zoy ’ (1111)

1) B §§ 11—13 nonaraeM c==1. JIpyruMu cJI0OBaMH,CKOPOCTh CBeTa BHIGHpaeTcs B
KauecTBe eJMHHIbI H3MeDEeHHS CKOpocTeH (IpH 3TOM Da3MEPHOCTH JJIHHBI U BPeMeHH
CTaHOBATCA OJMHAKOBHIMHK). Taxko# BHGOD SABABCTCA CTECTBEHHLIM B PENSITHBHCTCKOMN
MexandKe W OYeHb ynpolnaeT sanuchk ¢opmys. Oasako B 3ToHl KHUre (3HAUHTENLHOE
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rie &0 U 20 — 3HEPruM pasjeraromuxcs uacreil. ITocKoIbKy &9 => 1,
n &20>>mMy, TO paBeHcTBO (11,1) MOMXKeT BHINOJHATHLCA JIHINb, €CJIH
M= my~m,, T. €. TeJo MCXKeT CaMONPOH3BOJBHO pPacnajfaThes Ha
4acTH, CYMMa Macc KOTODBIX MeHbIle Macchl Tena. Hanporus, ecan
M < my~ma, TO TEJO YCTOHYHBO (IO OTHOLIEHHIO K JaHHOMY paciany) u
€aMOTIPOU3BOJIBHO He pacnagaeTcs. st ocyllecTsaeHust pacnaia Halo
66110 Obt B 3TOM CJyuae COOOMIWTL TeJNY H3BHE SHEPruio, PaBHYIO 0O
KpallHell Mepe ero «3Hepruu CBsA3uy (M, --m,—M).

Hapsiny ¢ 3akoHOM COXpaHEHHsI HEPTUH [IPH pacHaje AOMKeH Bbi-
NOJTHATBECS 3aKOH COXPAHCHHS HMIYJBECA, T. €. CYMMa MMIVJIBCOB Pas-
JIETAIOIMXCA yacTell, KaK U NepBOoHAYAABHLI HMITYJbC TeJIa, PaBHa HY-
JI0: ProtP2=0. Otciona pl,=p3, HIA

éjioﬂm%:éﬁo—mz- (11,2)
Jea ypasrenns (11,1) u (11,2) ogHo3HAUHO ONpeaensioT SHEPTHH pas-
JIETAOIHUXCSA  YacTeH:

M24-mi—mj M2 —m} -+ mj
Ep=2ttmor o M (11,3)

B HexoTopoMm cMBIc/e OGPATHBIM SIBJASIETCS! BOMPOC O BLIYUCAEHHHU
cyMMaproH sHeprud M ABYX CTaJIKUBAIOMUXCH YacTHL[ B CHCTENE OT-
cyeTa, B KOTOPOH HX CyMMapHEIH HMNYJBC PaBeH HYJIO (WIH, KAK Fo-
BODSIT JIJISt KPATKOCTH, B CUCIMEME UCHMPA UHEPHLL HIH B «~CUCTEMEY).
Brraucienue 3Tofl BeMUUHLI A2eT KPHTEPHI, Onperensrmii BO3MOK-
HOCTb OCYIIECTBJICHHSI Pa3/JUUHBIX IPOLECCOB HeYMPYTHX CTOJKHOBE-
HUH, COMPOBOXKAAIOMIUXCS H3MEHEHUEM COCTOSHUSA CTAJKHBAIOIHXCH
YACTHIL WM «POXKAEHHEM» HOBBIX uacTHil. Ka:KAbif Takoi mpouecc MoKeT
NPOUCXOAUTD JHUIL NPU YCJIOBHH, YTO CYMMa MAacC BCEX «IPOJYKTOB
peakiluu» He mnpeBbiuaer M.

Ilycte B Hexozno#l (Wi, Kak TOBOPAT, 2a00pamopHoil) CHCTEMe
OTCHeTa YacTHLA ¢ Maccod m,; W 3Hepruefl &; CTaNKHMBAETCS C INOKOSA-
welcd uacTuuell ¢ mMaccoit m,. CymMmvmapHsasi Heprust o0eux 4acTHIL

E=61+ &, =6+ m,,

a8 CyMMapHbIH HMOYJIbC Pp=p;-+p.=p;. Paccuarpupas ofe uacTuun
BMECTe KaK OJHY CJACXKHYIO CHCTEMY, MBI HafAeM CKODOCTb ee JBHIiKe-
Husi Kak ueqoro coriacHo (9,8):

P Py
V=¢=&tm (11.4)

MECTO B KOTOPOH yaeneHo M HepelsTUBHCTCKOH TeOpHH) MH!, KakK NpaBHJIO, He GyneMm
NO/IB30BaTLCS TaKoil CUCTEMOM €MHHIL, a NIPH ee HCTNOAb30BaHHM OyAeM KamAblH pa3
OroBapHBaTHL 3TO.

Ecnu B dopmyae nosoxeno c=1, To Bo3Bpallerne K o6bUHbIM eIHHHIAM HE Mpel-
CTaBJIsieT TPYAa: CKOPOCTh CBETA BBOAUTCA B Hee TaKuM 06pa3soM, u4Tolhi 00eCneuHTh
NpPaBUILHYIO Pa3MEPHOCTh.
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DTO H ecTb CKOPOCTh [BHMKEHHSI y-CHCTEMBI OTHOCHTEIBHO Jaboparop-
HOH CHCTEMBI (A-CHCTEMEI). :

OpHaxo AJsi onpeiejeHuss uckomo# maccel M Her HeoOXONHMOCTH
(hakTHUeCKH NIPOU3BOAMTH I1peobpasoBaHHe OT OJHOH CHCTEMBbI OTCUETA
K Jpyroii. BumecTo 3TOro MOXKHO HENCCPEeNCTBEHHO BOCHOIb30BATHCH
opmy.1oit (9,6), npuMeHUMOl K COCTABHOI cHCTeMe B TAKOil ke Mepe,
KaK H K KXJ0fi 4yacTHile B OTHENBHOCTH. TakHM 0OpasoM, HMeeM:

Mzzgz_pzz (61_{””12)2—(6}%—””%),
OTKyaa
M? = m2 -+ mi + 2m,é). (11,5)

3agaumn

1. Uacruia, EBHKYINASICA CO CKOpOCTbIo V, pacnagaeTcsl «Ha JeTy» Ha Jse
yacTHubl. OnpefesuTb CBA3bL MEXKAY YIVIAMH BblJeTa NOCJeIHHX H HX SHEPTHSIMH.

Pewenwnue. ITycts §o—3HePrust OAHOR U3 pacnaZHbIX YacTHI{ B y-CHCTeMe
(r. e. &9 wH &y w3 (11,3)), &—oHeprusa 3TOH Ke YACTHLE! B .4-CHCTEMe, 2
0 —yron ec BhileTa B 2-chcTeMe (IO OTHOWEHRIO K Hanpasienn©® V). C nomoumnio
¢opmy1 npeotpaszoanust (9,15) umeem:

_ &—Vpcosh
& Vi_v:
OTKyZA
05 E—E VIV ()
V V& —m?

Hns ofpaTHoro onpegenelust & no <os 0 orcwola rnogydaeTcs KBaJpaTHoe
(oTHocuTeabHO &) ypapheHuHe

S (1—V2cos20) — 286GV I—VI 4 &4l —V2) - V2m2c0s20=0, (2)

IMEIoIee OZMH (eCaM CKOPOCTb paCrafHON yacTHUB B 4-CHCTeMe U, > V) Ham asa
(ecam vy, < V) NOJIOKUTENLHBEIX KOPHS,

[Tpoucxoxienne nocnenuell NBY3HAYHOCTH $CHO U3 CJeMYIOUETo rpaduueckoro
noctpoerust. Coraacno dopmysaMm (9,15) KOMIOHEHTa HMuyJabca B 4-CHCTEME
BBIPAXNCAGTCS Yepe3 BeIHYHHBI, OTHOCSLIHECH K 4-CHCTeME, CJeAYIOMHM 08pasom:

Py €08 8+ &V .
py="0— 220 p,=p,sin 0,.
* Y i—Vvz? 7 ¢ 0 .

Hexkmoyas orciona 0y, nmoayum:
Pi+(pe VI=VE— &V)*=p;.

[To oTHOWeRHIO K NepeMeHHBIM p,, p, 310 €CTh ypaBHEHHe SJIMIICA C MOJYOCSMH
po/V 1—V? p, u Lentpom (rouka O Ha pHC. 3), CMEIIEHHLIM HA PACCTOSHHE
EV/VT—V® or touku p=0 (Toura A Ha puc. 3)1).

1) B kaaccHyeckoM Hpejese SJJIHIC NpeBpaliaercst B OKpyxkHocTs (cm. I §16).
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Ecmn V > po/&o=1vo, 170 Touka A usexur BHe saaunca (puc. 3, 6) u Npu
3aiaBHOM yrJje O BexTop P (a ¢ HHUM H 3Heprusi &) MOKET MMeTb JBa pasjuu-
HBIX 3HaueHHsi. M3 NOCTPOeHHA BHAHO TaKke, UTO B 3TOM cjyuae yroa O moxer
NpPHHHMAThL JIKWb 3HAYeHHH, He INPEeBBIIAIONIME OnpefeeHHoro O,y (OTBEYAOmEro
TAKOMY TOJIOXEHHIO BEKTOpa P, NPH KOTOPOM OH KacaTeleH K JIHNCY). 3Have-
aue Op,¢ TpOLIE Bcero omnpefeisieTcst AHAJMMTHYECKH M3 yCJIOBUS OGpalleHusl B HYJb
AMCKPUMHHAKTA KBaJpATHOTO ypDaBHEHHs (2) M OKAa3bIBAETCS DPaBHBIM:

. 1—V2
sin Gmax:&’—l/;l—v—-———.

2. Haiitu pacnpenesieHne paciagHblX 4YacTHI IO 3HEPIHSM B 4-CHCTeMe,

9 V<0, 9V>0,
Puc. 3.
Pemenune. B y-cucteme pacnagspie YacTUUn paclpefe]eHEl W30TPONHO MO

HanpaBJeHHsIM, T. €. J0JA uHCJAa YacTHIL B 3JeMeHTe TeqecHoro yraa dog =
= 25 sin 8, dB, ectn

1 i
dN:.EdOO:?]dcos 0. Q)

3Heprnﬂ B A-CUCTEME CBA3aHa ¢ BeJHYHHAMH, OTHOCSAIIMMHCA K y-cHcTeMme, COOTHO-
HICHHEM

é;:é)o“fﬂoovcos 8,
Vi—v2
H TIpoGeraer 3HAueHUS MEXIY
So—Vp, " So+Vp,
Vi—y? V1-V2
Bruipaxas | d cos 6] uepe3 d&’, nonyuuMm HopMHpoBaHHOE HA €IMHMHY pachpeneJe-
HHe TIO SHEPrHsM (WA XaxXI0ro M3 JBYX COPTOB pacnafHblX YacTHIL):

1 —
e 2
dN = 5Von V1i—vzd§.

3. OnpepesnTh MHTEpBaJ 3HAYCHHI, KOTODbiE MOXKET NDHHHMATL B A-CHCTEME
YroJ Mexkiy ABYMSl DpacnajHbiM4 YacTHUAMK (yroJ pasfiera) OpH pacnajie Ha Ape
ORHHAKOBBHIE YACTHIBL.

Pemenue. B y-cucreMe yaCTHIBl PA3aEeTAIOTCA BO B3aHMHO NPOTHBONOJIOXK-
HEIX HanpaBJeHHX, TaK Yr0 Oy ==n—0y0==0,. CBsi3ap MeXKAy yraaMu B Y- U
4-cHcTeMax jaercsa coraacHo (5,4) dopmynamu

vp cos 8,V — vy cos B,V
vy sin@, Y 1—V?2 vy sin 0, Y1—V2

(B mamHOM chydae Uyq=1U, ==17;). Mcxomui yroa pasnera 0=0,-+-0, u gaa

ctg 0, = , CctgO,=
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HEro NpocToe BHIYUC/IEHHE NAeT:
V2ol V20d sin? 0,
W, YV 1—VZ sin 8,

HccneioBanne 5KCTPEMYMOB 3TOTO BLIpa)KEHUS NPUBOAUT K CJACAYIONIHM HHTEpBajaM
BO3MOKHBIX 3HaueHH# O:

ctg @ =

ecan V < vy 2 arctg (% Vl—V2> <0< m;
STV
ecau UO<V<i—__Z 0 < © < arcsin }/ 1__1/_2<_:r2t_;
]/l—vg 1—up
ecau V>7v°;—:5: 0<®<2arctg<3v°—]/1——vzy<%.
I—Uo 4

4. Hafitu yruaosoe pacnpeje/iesue B 4-CHCTeMe JJIS pacnajHbiX 4acTHI C Mac-
coif, paBHOM HyJI0.

Pemenne. Csa3p MexAy yrJaMH BLLIETa B 4- M A4-CHCTeMax AJsd YacTHLLL
¢ m=0 pnaercs coraacuo (5,6) dopmymoii
cos 0—V
1—VcosB’

TopcraBasis sTo BbipaKeHue B Gopmyay (1) samaun 2, mosyunm:
(1—V?%) do
4 (1—Vcos 0)2°

5. Hafitn pacnpefienienne mo yriaM pasjera B A4-CHCTeMe IIpH pacmnajge Ha pse
YaCTHLBI ¢ MACCaMM, PABHBIMH HYJIO.

Pewenune. Cesasp Mexny yrjamu Beuiera 0y, 8, B 4-cucreme u yrjamu
0,0=10,, 0y;=m—8, B y-cucreme onpenessercs no opmynam (5,6), nocje uero
g yraa pasaera © =0+ 0, Haxopum:
2V —1—V2cos?2 8,

1—V2cos2 0,

cos Oy =

dN =

cos O =

H 06paTHO;

T I1—_v: _ e
cos By = ]/l—l—l—/zlctgf-g- .

IMoxcraBue 310 BRIpaxkenue B dopmyay (1) 3agauu 2, nonyuum:

12
av— 1=V o

16V o 8 [¢)
{3 —— 2 . 2
sin® — ]/ V2—cos 5

Vroa © npoGeraer sHaueHHs OT T A0 @pyp= 2 arccos V., .

6. Ormpenenurb HAuOOJBIIYIO SHEPTHIO, KOTOPYIO MOKET YHEeCTH OfHa H3
pacnmafiHbiX YacTHI{ MNP paciaje HENOABH/KHOA dwacTHUBl ¢ Mmaccoi M ma Tpu
UACTHULL My, Mg, Mg.

Pemenune. Yacruma my; HMeeT HaUOOJIbUIYIO 3HEPrHIO, €CJAH CHCTEMA [BY X
OCTa/NbHBEIX YACTHL /M, M 113 HMEeT HAHMEHbLIYID BO3MOXKHYIO Maccy; MOC/IeNHSIST
paBHa cymMe M, mg (YeMy OTBeuaeT COBMECTHOE IBHMKEHHE 3THX YacTHL C OfH-
HakoBo#l ckopocTeio). CeeZst, TakuM ofpasoM, BONpPOC K pacmagy Ttena Ha jase
qacTH, noaydum coraacko (11,3):

Mz—}—m%—(mz—}—ms)'z
éal max = oM .
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§ 12. UnBapnanTHoe ceueHue

Kak u3BecTHO, pasjHYHble NMPOLECCH PACCESTHUS XapaKTepH3YIOTCS
X aghpexmusrbimy ceternuamu (AU TIPOCTO CeHEHUSIMU), ONPeIeso-
[HMH YHCJIa CTOJIKHOBEHHI, TPOHCXOAAHAX B NYUKAX CTATKUBAIOMIHXCA
yacTHIL.

ITycTh MBI HMeeM ABa CTaNKHBAOIKXCSH NYYKa; 0003HAUHM uepes A;
H 1, MJOTHOCTH YaCTHIL B HHX (T. €. UHCJa YacTHIL B eluHHIE ofbema),
a yepe3 v; H V; — CKOPOCTH YacTHI. B cucreme orcuera, B KOTOpoil
yaCcTHUBl 2 TIOKOSITCH (MJIHM, KaK I'OBODAT KOpOUe, B cucmeme MOKOA ua-
CcTHIL 2), MBI HMEEM JeJ0 CO CTOJKHOBEHHeM HyukKa 4acTHI ! ¢ Heroj-
BUKHOH MuIeHb0. 11py 3TOM, corsacHo OGBEIMHOMY ONpeleNeHHIo Cce-
UeHHUsS O, YUCJIO CTOJKHOBEHHH, NIPOUCXOAAINX B o0beMe dV B TeueHue
BpemMeHHU df, paBHO

dV - Gvo‘mfllflg dV dt,

rAe U, — BEJTHUYHHA CKOPOCTH uacThll / B CHCTEMe MOKGA yacTHU 2
(MMEHHO TaK onpefe/siercss B PeJSTHBUCTCKOH MeXaHHKe OTHOCHTE/Ib-
Has CKOPOCTh JABYX YacTHL).

Uncso dv mo caMoMy CBOEMY CYIHECTRY €CTh BeJIUUHHA HHBAPHAHTHAS,
IMocTaBuM cebe UebIo BEHIPAa3UTh €e B BUIe, IPUTOTHOM B JI060H CUCTeMe
oTcueTa:

dV:Anlflg dth, (12,1)

rae A — nojsnexkamas olnpeleseHH0 BeJHUHHA, O KOTOPOH H3BECTHO,
4YTO B CHCTeMe IIOKOSl OfHOH W3 4YacTuil oHa paBHa ©,,0. [lpm stom
MLl GyjeM Bcerja MOHMUMAaTh G MMEHHO KAaK CeueHHe B CHCTeMe NOKOs
OJIHOH M3 YaCTHI(, T. €., TI0 ONpeeJeHHI0, KaK BeJUUNUHY HHBAPHAHT-
uyto. Tlo onpene/sieHuI0, HHBAPUAHTHOIT IBJAGTCS U OTHOCHTeIbHAST CKO-
POCTE Ugpyy-
B Beipaxenuu (12,1) npomnssenenue dVdi¢ ecth BeaMUMHA HHBAPH-
anTtHad. [lostomy Ro/mkHO ObITh MHBAPHUAHTHEIM H ITpoM3BeaeHHe A, ;.
3akoH npeoGpasoBaHus MJIOTHOCTH YACTHIL 1 JIETKO HalTH, 3aMETHB,
4YTO MHBAPHUAHTHO YHUC/IO YacThI, ndV B 3ajanHOM asnemeHTe obbeMa dV.
HanucaB ndV=n,dV, (ungexc 0 yKasbIBaeT CHCTEMY IOKOSI YACTHII)
A BOCNONB30BaBIIKCH ¢opmysoll (4,6) aas mnpeobpasoBanus obbema,
HabgeMm:
. n
n:-VIO—:UZ’ (12,2)
WIH n=n,&/m, rjie & — SHeprusi, a M — Macca YacTHIlL.
ITosTomy yTBepxkieHHe 00 WHBAPHAHTHOCTH NpoH3BeleHUus Anin,
SKBUBAJIEHTHO MHBAPHAHTHOCTH BhIpaxkeHus A& .. Doaee ynobuo
IpeACTaBHTh 3TO YCJIOBHE B BHAE

Aé)léJZ —_ A 6162 N (12’3)

= = 1nv
P12 &182—PiP: !




X
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rie B 3HaMeHaTe/le CTOUT TOXK€ HHBADHAHTHAA BeJHUHHA — MPOH3BEME-
Hue 4-uMNyJabcoB OO0EHX YacTHIL.

B cucreme nmokos yacTuHu 2 umeeM .=y, P.=0, TaK 4TO HHBA-
puantnas seauunna (12,3) ceonurcs Kk A. C apyrofl CTopoHsl, B 3Toi
cucreme A=o0v,,,. Takuy 00pasoM, B NPOM3BOJILHOH CHCTEME OTCYETa

.

102

A= ov,,, é;lé (12,4)

I[JIH MPHAAHUS 3TOMY BBIDAXKEHHUIO OKOHYATEILHOTO BHAA, BhIPa3suM
Uy UEDE3 HMIYIbCHI WM CKOPOCTH 4YaCTHU B HpOIBBOJbHOﬁ CUCTEME
oTCcYeTa. ,HJIH 3TOTO 3aMeuyaeM, YTO B CHCTeME NOKOR YacTHil 2 uuba-

pHaHT

Puilh = =
1 SR Vv

I—ugy

: TR e
vzl/l——% (12,5)
M2

Bripasus BenHUHHY p,.ph = &\&, — PiP, H€PE3 CKOPOCTH Vi - H V, C MO-
mottsio (9,1) u (9,4):

PriPs = My,

Orcioaa

I—vv,
V{i—d)(1—2))

¥ noacrasus B (12,5), mocse npocTeIX Nnpeofpa3oBaHuil MONyYUM Clie-
AyIolilee BEIpaxeHie /A5 OTHOCHTEJbHOH CKOPOCTH!

, Vv PP
IOTH‘ ! 1—2V1V2 ! (1276)

(o6paTuM BHHAMAHHE HA TO, YTO 3TO BhIpaKE€HHE CHMMETPHUHO 10 Vi H
Vs, T. €. BEJIHUUHA OTHOCHTEALHOH CKOPOCTH He 3daBHCHT OT TOrO, MO
OTHOUWIEHHIO K KOTGPOil H3 YacTHL OHA OHPeaeIsieTcs).

IMoacrasus (12,5) mau (12,6) 3 (12,4), a satem B (12,1), nonyuum
OKOHYATE/ bHBE (DOPMYJILI, PEIIAIOlU[He I[IOCTABJIEHHBIH BOIIPOC:

dv=0c _—”L’:;T&ﬂl’i nyn, dV dt 2,7
HJTH
dv =0} (v;—V,)* —[v,V,]? nyn, dV dt (12,8)

(W. Pauli, 1933). .
Ecan ckopoctu v, M v, JIexat BIOJb ONHOM NpAMOf, TO [v,v,] =0,
tak 4ro dopmyna (12,8) npunuMaer BUj
dv=o|v,—v,|mn,dVdt. (12,9)
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3agaua

HaifiTn «31eMeHT AJMHB B PENSTHBHCTCKOM «IPOCTPAHCTBE CKOPOCTeii»,
Pewenue. Mckomslil «3/1eMeHT AJHHBIY dl, IpeACTAaBASET CO60# OTHOCHTENb-
HYI0 CKOPOCTb JBYX TOYEeK CO CKOpOCTsiMH V H V-}-dv. Ilostomy u3 (12,6) naxomanm:
(dv)2—]v dv]? dv?
(I—uv2 T (1 —ou2)?

2= +4 f’_‘vz) (d62 -+ sin? 8dg?),

rae 0, ¢—noaapHBIi yroJ W a3uMyT HanpasjgeHust v. Ecam BBecTH BMecTo U
HOBYIO TepPEeMEeHHYIO ) COIJacHo papeHCTBY v==thy, TO aneMeHT JJHHE OpeAcTa-
BHTCSI B BHIE

diZ = dy24-sh? y (d62-I-sin? 0 do?).

C reoMeTpHuYecKoli TOYKH 3pEHHS, 3TO €CTh 3JEMEHT IJHHBI B TpeXMepHOM Ipo-
crpaunctBe Jlo6aueBCKOrO—NPOCTPAHCTBE NOCTORHHOH OTPHLATEJbHOH KpPHBH3HH

{cp. (111,8)).
§ 13. Ynpyru#e CTOJKHOBEHMS 4acCTHIL

PaccMOTpHEM, ¢ TOUKH 3peHHs PEIATHBHCTCKON MEXaHHKH, yrpyeoe
crmoakroserue dacTuy. OOG03HAYHM HMITYJIbCH H SHEPTHH ABYX CTAJKH-
BAIOUHXCA YacTul, (¢ MaccaMy /iy H i,) 4epes Py, &1 U P2, &»; 3HAUCHHSA
BeJIWYUH I10CJI€ CTOJIKHOBEHHsI GyZieM OTMEYaTh INTPHXOM.

3aKOHBI COXPaHEHHs JHEPIUU H HMITYJ/IbCA NPH CTOJSKHOBEHHH MOKHO
3anucaTh BMECTE€ B BHAE YPAaBHEHHA COXDaHeHHs 4-MMIyJibca:

piFpi=p'+pd. (13,1)
CocraBHM H3 3TOro 4-B8KTOpHOI‘O YpaBHEHHA UHBAPHAHTHBIE COOTHO-

menus, KOTopele OYAYT YAOOHBIMHM JJisi AajbHEHWHX BLIUHCAEHHH.
Hns atoro mepenmwenm (13,1) B BHAE

Prpa—p = pd
N Bo3peneM obe CTOPOHBI paBeHCTBA B KBajpaT (T. e. HamuumeM HX
CKaJIsipHble TIPOHM3BeJleHHs CaMHX Ha ce0s). 3ameuas, YTO KBaparhl
4-uMnyJbCOB p: U p paBHB mj, a KBajapaThl pi ¥ p; paBHLl m,
HOJIYYHM:
2 ; i *
my+ puiPs— PriPt — PaiPy = 0. (13,2)

AnajornusbiM 06pasoM, BO3BeJs B KBaAPaT PABEHCTBO Pl - — pii = pif,
MOJTyUHM:
M3+ P1iPo—Poils’ — PriPa = 0. (13,3)
PaccMOTpHM CTOJIKHOBEHHE B CHCTeMe OTcyera (4-CHCTeMa), B KO-
TOpOii A0 CTOJKHOBEHHS OIHA W3 YacCTHI (4actHua m,) NOKOUJIACH.
Torpa p,=0, &,=m, 1 durypupyomue B (13,2) ckansipHnle Mpo-
H3BeJEHUs PaBHBI
pllpé = é‘)lmZ’ p2ip1‘ = m26)1’ (13 4)
. ;i:é)é_y_ ’:66'— 'COSG 3y
pllpl M1 plpl ¥l plpl‘ 1
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rae 0,—yroa paccesHusl HaJjeraloweid vactuuel m,. IlojgcTaBuB 3TH
BoipaxeHus B (13,2), momyamm:

’ 2
c0s 0, = &1 (é’r’rmz)_’glmz—ml . (13’5)
Pib1
AHajiornunsIM o6pasoM u3 (13,3) nakzem:
CcOoS 92: (€1+m2)('é;2‘_‘m2) s (13,6)
P1Pe

rae 6, —yroJ, ob6pasyeMblii I/IMIIyJIbCOM OTJauH P, C WMIYJbLCOM Ha-
JleTaolel yacTunsl p;.

@opmyasl (13,5—6) CBA3BIBAOT YIVIBI paccestHUS OOEHX UYacTHIL
B A-CHCTEME C W3MEHEHHSIMH MX 5HEPTHH HpH crojkHoBenusnx. Obpa-
masi 3Td GOPMYJIbl, MOXKHO BHIDA3UTb IHEPrUH &;, & uepes yroda 6,
uau 6,. Tax, noactaBus B (13,6) p,—= Vé"z—ml, p24V<5°2 —mZ u
BO3BElsl PaBEHCTBO B KBAJPAaT, NIOCJAE IPOCTOrO BBIYHCACHHS MOJYUHM:

‘_ (&1 my)?+(§1—mi) cos? by
o= M oy — (& —mi) eos?0, " (13,7)

O6pamenue xe dopmyas (13,5) NpuUBOAHT B ofmieM cjyyae K BecbMa
IPOMO3JIKOMY BhIpaKeHHIO &; uepe3 0.

OTMeTuM, uTO €CJIH iy > M,, T. €. HAJNETAWNAas YaCTHUA TKesee
nokosefics, To yroa pacceanust 0; He MOMKeT NPEBBIIIATH HEKOTOPOTO
MAaKCHMaAbHOTO 3HAUeHHsi. DJieMEeHTapHbIM BEIYHCTEHHEM JIerKo Ha#TH,
UTO 3TO 3HAUEHHE OMpPENeNAETCs PaABEHCTBOM

SIN 0, oy = =2, (13,8)

my

B TOYHOCTH COBMAJAMOIIMM C H3BECTHBIM KJACCHYECKHM DPe3yJbTaTOM.

®opmyisl (13,5—6) ympomaiorca B cIydae, Korja HaseTawoas
yacTuua o0JafaeT paBHOH HYJIIO Maccol: m; =0, # COOTBETCTBEHHO p; =
=&, P1—=d&1- BpinaueM 111 37010 cayyas GopMyay AJs SHeprHU Hajde-
Taloed YacTHLbl NOCJAe CTOJKHOBEHMsI, BLIDQXKEHHOH uYepes yroJa ee
OTKJIOHEHHS !

@9;———’"—2———-—. (13,9)

1—cos Gl—f—gf
1 .

BepHemcst CHOBA K OOLIEMY CAyYal0 CTONKHOBEHHS YACTHI[ JIOGBIX
macc. HauGoisee npocTo cToNKHOBEHNE BHTASAUT B Y-cucreme. Otmeuas
3HaueHHs BeJWYHMH B 3TOH CHCTeMe JIONONHHTEJbHLIM MHAEeKcOoM O,
HMEEM 37eCh Pro=——P2==Po. B CHIY COXPaHEHHSA HMIIYJbCA, HMNY/IbLCHI
o6eMx YacTHll MPU CTOJKHOBEHHH TOJLKO MMOBOPAUHUBAIOTCS, OCTABASACH
PABHBIMH 110 BeJTHYHHE M NPOTHBOINOJOKHBIMH 110 HanpasJaeHuo. B cuny
JKe COXpaHeHUs] HepIrHH abCOIOTHbIe 3HAYCHHS KAXKAOI0 H3 HMITYJ/IbCOB
OCTAIOTCST HEH3MEHHBIMH,
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OGosnaunM yepes Y Yrol paccesiHUs B Y-CHCTeMe — yToJj, Ha KO-
TODHIH TI0BOPAYHBAIOTCS PH CTOJKHOBEHHH HMIYJbLCH Piy H Pyy. OTOH
BEJUYUHOH TOJHOCTBIO OIpeNe/sieTcsl NPOoLlecC paccesHHst B CHCTEMeE
LIEHTPA MHEPLIUH, a IOTOMY H BO BCAKOH ApPYyrod cucreme orcuera. Ee
yAOOHO BHIOPATh TAKKe H IIPH OMHCAHMH CTOJTKHOBEHHS B A-CHCTEME
B KauecTBe TOT'O €JHHCTBEHHOIo IapaMerpa, KOTOPhIH OCTaeTcs Heorpe-
JleJIeHHBIM HOCJIE yYeTa 3aKOHOB COXPAHEeHHs 3HePruM W HMIYJIbea.

Brlpasum uepes 3TOT napamerp KOHEUHble HEPrHH 00euX uacTHL
B s-cucTeMe. [l 3TOrO BepHeMcsl K COOTHolueHHIo (13,2), HO Ha 3TOT
pa3 packpoeM TpOU3BeNeHUE p,;py B y-CHCTEME:

P1iPy = 1910 —ProPro = &} — P COS = p§ (I —cos y) - mj

(B y-cuCTeMe 3HEPTHA KAXKIOH M3 YaCTHI IPH CTOJKHOBEHHH HE Me-
HAeTCsA: &1y = &) OCTajbHBIE K€ JBAa NPOH3BENEHUs DPACKpPHIBaeM
no-npexHeMy B J-cHcreMe, T. €. Gepem mu3 (13,4). B pesyJbrare
HOJIYYHM:

2
§i—& = —2(1—cosy).

OctaeTcst BEIpasuTh p? uepes BeJHUHHBI, OTHOCSLIHECS K A-CHCTEMe.
D10 JerKo cjesaTh NyT€M NPUPABHUBAHHS 3HAUEHHH HHBAapHaHTA
PPy B Y- H a-CUCTEMAX:

- G106 — ProP20 = 1My,
U

V (s md) (p§ + m3) = Ey/my— Pl
Pemasg 910 ypaBHeHHe OTHOCHTEJBHO pj, MOJIYUYHM:

2 2 2
_raliomd) (13,10)
mi-4-my+2my&

Takum o6pasoMm, OKOHUATEJLHO HMEEM:

pi=

, my (E1—mi)
1= ————5——— (1—cos¥y). 13,11)
! b my b mi - 2my &y X) (
DHeprus BTOPoH YacTULl HOJNYUaeTCsl U3 3aKOHA COXPAHeHHs: &, -+m,=
=&+ &5 [losromy
. my (&1 —m3)
=y, — 22— (1 —c0s §). (13,12)
¢ P mid-ma - 2myy
Broprie usennl B 3THX (opMyJ/iaxX MPeACTaBAAOT COG0H SHEPTHIO,
TepsieMyio TepBoil H npHoSperaemyro BTopol uactuuedi. HawnGosbuiast
nepenaua SHEPrUy NoJydaeTess mpH = U paBHa

e g 2m(Et—m]) |
(gzmax mz_@‘;l 6}1m1n_ mi—}—m§+2m2@‘)’1 . (137 3)
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OtHolneHHe MHHHMAJbHOH KHHETHYeCKOIl 3HEPrHH HaJjetawouled
4acTHUBI I0CJe CTOJKHOBEHUS K ee NePBOHAYaJbHOH KHHETHYECKOMH
SHEepruu:

éol'min_ml — (my —m,)? . (13 14)
&r1—m mi+mi+2ma&y '
B npemenbHOM ciyuae MaJbix CKOpocTed (kKorxa & =~ m-f mv?/2) sTo
OTHOILLUEHHE CTPEMHUTCS K IIOCTOSIHHOMY Npejeay, PaBHOMY

m — My \?
(m1+m2 ’
B ofGpatHoM e npeflee GoJblinX sHepruil &, otHowenue (13,14)

CTPEMHTCH K HYJIO; K NOCTOSHHOMY K€ MpeieJy CTPeMHTCS caMa
BEJIHYHHA & i, DTOT TIpefiesl paBeH

& = my - mj
1min — 9m,

Tlpeanosmoxum, 4yto m,>>m,, T.e. Macca HajeTawollell YacTHLH
Mania 10 CPaBHEHMIO ¢ Maccoil mokouBuIe#ics yactuusl. CornacHo Kjac-
CUYeCKOH MeXaHHKe IIPH 3TOM JierKasl 4acTHLa Morja 6bl mepeiaTh Ts-
JKeNoH TONBKO HHYTOXKHYIO uacTh cgoefl anepruu (cM. [ § 17). Taxoe
NOJIOXKEHHe HE HMEET, OJHAKO, MecTa B PEISiTHBUCTCKOA Teopuu. M3
¢opmyansl (13,14) BHAHO, YTO NpH JAOCTATOYHO OOJNBIIUX 3SHEPTHUAX
&1 1oJs nepelaHHON 3HeprHH MOXKeT JOCTHYb nopsiika 1. Jlns sroro,
OJHAKO, HeJ0CTaTOYHO, UyTOOL CKOPOCTh YacTHLLI /; Oblia mopsaixa 1,
a HeoOXOAUMBI, KaK JIe[KO BHAETb, SHEpPTHH

61 ~ My,

T. €. JerKas uvacTuua JoJ/KHa obsalaTh SHepruel nopsnka 3HeprHH
NOKOS1 TSAXKEN0H YacTHLEL.

AHanorduHoe MOJIOKEHHE HMEET MECTO HDH my<<my, T.e. Korja
TAXKeNas YacTHLa HajeTaeT Ha Jerkymw. Y spech, corsacHo Kiaaccuue-
CKOH MeXaHHKe, IPOUCXOAHUNA OBl IHIIb He3HAUUTEIbHAS [1Iepesata SHep-
rud. [lossa nepejgaBaeMoll 3ReprUU HauuHAeT CTAHOBUTHCSA 3HAUUTENLHOMH
TOJBKO HaYHHAsl OT 3HepPruf

my
ébl ~ ';Z .
OTMeTUM, UTO ¥ 31eCh peub WAET He NPOCTO O CKOPOCTAX NOPSAKA CKO-
pocTH cBera, a o6 3HEpPrHsiX, OOJABIIHX NO CPABHEHHIO C /My, T. €. 00
y/AbTPapeJATHBUCTCKOM CJyuae.

3apaun

. Ha puc. 4 TPeYTOMLHHK ABC o6pa3oBaH BeKTODPOM HMIYJbCA Py HajleTaroiel
9acTHILL U UMITYJIbLCAMH pl, p2 o6enX YacTHLL 0CJEe CTOJTKHOBEHHA. Ham‘n reoMeTpHye-

cKoe MecTo ToyeK C, COOTBETCTBYIOIH X BCEM BO3MOMXKHBIM 3HAUCHHSM Pis po
Pemenne. HMckomasi kpupasi npefcTasisieT coboit JJMINC, NOJAYOCH KOTOPOTo
MOTYT ObiTh HaHAeHL HemoCPejCTBEHHO ¢ NOMOWLIO (OpMYJ, NOJNYYeHHLIX B 3afaue | .
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k § 11. [leficTRHTENBHO, TPOH3BEIEHHOE TAM [IOCTPOCHHE NI PeACTABIACT cOBOH HaXOMHK e~
HHE FEOMETPHUECKOrO MeCTa KOHUOB BEKTOPOB P B 4-CHCTEME, NOJYYAOWMHXCS H3 IIPO-
H3BOJIbHO HAIIPABJIEHHEIX BEKTOPOB Pp C 3aLaHHOH LIMHOH py B y-CHCTeMe.

YauTeisas, 40 aGCOMOTHBIE BEMHYHHBL HMNYJBCOB CTANKMBAIOWHXCH YACTHIL
B Y-CHCTEME OJHHAKOBBL I HE MEHSIOTCS IPH CTOJKHOBEHHH, Mbl HMEeM 10 B JaHHOM

>y iy 4)[:'73
0,

Puc. 4.

r
cryyae ¢ aHafOrMUYHBIM INOCTPOEHHeM IS BE€KTOpa pyp, LJAA KOTOPOFO B y-CHCTEME

myV
Po == P1o==Pro= VI—:‘T/—z ,

rae V — CKOPOCTE YaCTHIIB /11, B 4-CHCTEME, COBNAZAIOMIAN A0 BEANYHHE CO CKOPOCTHIO
UeHTpa HHepUuH, paBHoll V=p,/(&§1-+mp) (cm. (11,4)). B pesyantarte Haiipem, uro
mManasi ¥ Go/blIas NMOJYOCH SJJIHNCA PABHBL

Po= Mapy ,
me—}—m%—}—QmQé’l
Po  _ mup (§1Fmy)

VI=VE  mitmi+omé,

(nepsoe n3 3THX BHIpaXEeHHIl COBNAJaeT, KOHEUHO, C
(13,10)).

Tlpu 6;,=0 BexTop p; COBUIAJAET C Py,TAK YTO pac-
croauue AB paBHo p,. CpaBHHBas Py C YABOCHHOH 60Jb-
10/ NOJIYOCBIO SJJIMICA, JIETKO YOeAUThCs, YTO Touka A JIeKHT BHE 3/IHIlca, ecu
my > my (puc. 4, @) ¥ BHYTPH HEro 0pH my < my (puc. 4, 6).

Onpenenuts MUHIMATLHBIE YTOJ pasnera Op;, YAaCTHI NOCJHE CTOJNKHOBEHHS,
eclu_Macchl O0eHX YACTHL ONHHAKOBHI (/M= my==m).

Pemenune. Ilpu ny=im, T04ka A RUATrDaMMEBI JIEXHT HA 3AAHICE, 3 MHHHMANBHO-
My YrJly pas3JieTa COOTBETCTBYET NOJIOKeHHe ToukH C B KOHILe Majofi noayocu (puce. 5).
M3 noctpoennst sicho, uTo tg (Omin/2) AaeTcs OTHOmEHHEM JIMH NOAYOCedi, u Mai
HaXORMM:

Puc. 5.

O 2m
t mmz_ .
£ S1+m
HJIH
&1—m

cos Gmin:é"l—f—fjﬂl'

2 5 b4
3. Ilna cTO/MKHOBeHHS BYX YaCTHI OXHHAKOBOH MAacChl M BHIDA3HTh &1, (g;,
% uepes yroJ paccesHuf B 4-cHCTeMe 0. L
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Peumenue. O6pamerue dopmyas (13,5) azet B 310M cuayyael
63' (1t m) - (Fy—m)cos? By
TS Em)— (&1 —m) cos? Oy

, (éi—mg) sin? 4
&= m+2m+(§1—m) sin? By °

CpaBHUBas ¢ BEHPAKEHHEM &§p uepe3 -
&1=E— " (1 —cosy),

HaiiJieM yToJl pacCestHHSI B Y-cUCTeMe:

2m—(&1-+3m) sin? B¢

2m+(§1-+m) sin? Oy

Cos § =

§ 14. MomeHT MMIyJbca

Kax u3BecTHO M3 KJacCUUeCKOH MeXaHUKHM, Yy 3aMKHYTOH CHCTEMbI,
KpOMe 3HePrMH M HMIYJBCa, COXPaHseTcs elie W MOMEHT HMIyJAbCa,
T. €. BEKTOp

M= 3 [rp]

(r ¥ p — PaAHyC-BEKTOP M HMITYJLC YaCTHIBI; CYMMHPOBaHHEe IIPOH3BO-
JIHUTCS [0 BCeM YacTHIlAM, BXOAALINM B cocraB cuctemsl). Coxpanenue
MOMEHTA SIBJSIETCS CJCICTBHEM TOTO, UTO (hyHKL s JlarpaHxa I/ 3aMK-
HYTOfl CHCTEMBI B CHJ1y H30TDONHHM IIPOCTPAHCTBA He MEHSIETCS NPH MO-
BOpPOTE CHCTEMBI KakK IEJOTO.

IIpozenas Tenepb aHaJOTHUYHLIH BHIBOJ B UETHIPEXMEDHOM BUJE, MEI
TOYYnM PENATHBUCTCKOE BRIpakesne Aisi MomenTa. ITyers xf— KOOP-
JHHATH OJHOH W3 uacThil cHcrembt. [IpousBeneM GeCKOHEUHO MaJblii
TNOBOPOT B UETHIPEXMEPHOM IPOCTPAHCTBe. IT0 ecTh NpeobpasoBaHHue,
IPH KOTOPOM KOOPAMHATHI X' MPUHIMAIOT HOBbIE 3HAEHHS x'i, 1ak uro0
pasHocTH x'’— X' SIBJASIOTCS JTMHEHHBIMH DYHKIIMSIMHE:

xi— i = x, §QE, (14,1)

¢ GeckoHeuHo ManbiMH Koathduuuenrtamu 08 ;. Komnonenrts! 4-tensopa
8€2;; CBSI3aHEI IPH 5TOM COOTHOLUEHHSIMH, BOSHUKAIOILHMH B pe3yJbTare
TpeGoBaHusl, UYTOOBI NPH IOBOPOTE OCTaBajlach HEM3MeHHON JiHHa
4-panuyc-BekTOpa, T. €. UTo0bl GbuIO X;x'i=x;x'. TloncraBass ciona x'!
u3 (14,1) u or6pacwiBas YieHs!, KBajpaTuuHble 1o 8L 5, Kak GecKOHeUHO
Majble BhICIIEro MopsfKa, HaXOAHuM:

DTO paBEeHCTBO MOJKHO BBINOJHATHCA HPH TPOU3BOJBHEIX . Ilo-

CKOJIbKY x'xk—cpIMMeTquHLm TeH30p, O0Q,, JOJKHEI COCTABJATDH
aHTHCHMMETPHYHBIH TeH30p (IpOMSBeJeHHe CHMMETPHYHOIO TeH3opa
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Ha aHTHCHMMETPHUHBLIH, OUEBHJHO, TOXKIECTBEHHO PABHO HYJII0):
(SQki:—(SQik. (14,2)

Wamenenne neficTBHsi IPH GeCKOHEYHO MaJOM M3MEHEHHH KOOp-
AuHaT HMeer BHI (cM. (9,11))

88 = — p'dx;

(cyMMHpOBaHHe NMPOU3BOAUTCS MO BCEM YacTHLaM cHcTembl). B ciyuae
paceMaTpuBaeMoro Hamu ceffuac mosopota Ox;=88,,x* a motomy

88 = — 8Q,, D pixk.

Ecan pas6uts TeH3op X pix* Ha CHMMETPHUHYIO H AHTHCHMMET-
PUYHYIO YAcTH, TO NepBas M3 HUX IIPH YMHOXKEHMH HA aHTHCHMMET-
PHUHBIl TEH30p TOXKAECTBEHHO fAaeT HyJb. IlosToMy, BBEIZEAAS H3

pix* aHTHCHMMETPHYHYIO 4aCTh, Mbl MOXeM HAIHCATh Ipeibiayliee
paBeHCTBO B BHJE

65 = —08Q; 5 3 (pixk—phrl). (14,3)

Isist 3aMKHYTOIl CHCTEMEBI, B CUJIY M30TPONHH NPOCTPAHCTBA U
BpeMeHH, npH mnopopore B 4-npocrpaHcTse (QyHKuMA Jlarpanxka He
MesgeTcs, T. €. napamerpnl 08, 3TOro IMOBOPOTA SABJSIOTCS UHKJ/IH-
YyeCKUMH KoopauHatamH. llostromy cooTBeTcTByMOUHEe 080OUIEHHBIE
HMITYJILCBE COXPAHSIOTCSI. DTHMH HMIYJAbCAMH HBJSIOTCS BETHUHHBL

0S/0Q;,. Y3 (14,3) umeem:
3 1 . .
By = T D (PE ).

Mgl BHAMM, CJEAOBATEIBHO, YTO Y 3aMKHYTOH CHCTEMEB! COXpaHsercs

TEH30P
Mk =3 (xIpF— x¥pi). (14,4)

D1oT aHTUCHMMETPUYHBIN TeH30p HOCHT Ha3BaHue 4-TeH30pa MOMeHmMA.
TIpocTpaHcTBeHHBIE KOMIIOHEHTH! TEH30pa MOMEHTa COBIIAJIaloT
C KOMIIOHGHTAaMH TPeXMepHOro BeKtopa moMenta M=) [rp]:

M» =M, —M®=M, M?*=M,

KommonenTsl ke M, M2, M cocraasior BeKtop X, ({p—&r/c?).
Takum oGpa3omM, MOXKHO 3amKcaTs KOMIOHEHTHI TeH3opa M* B Buie

Mit — (Z (z _%) : —M) (14,5)
(cp. (6,10)).

B cuay coxpamennst M%* pns 3aMKHYTO# CHCTEMbl HMeeM, B dact-

HOCTH:
2 <tp~§:—2r—> =const.
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HockosbKy, ¢ apyroit CTOpOHbI, NOJIHAS SHEPTHA & TOXKe CoXpa-
HfAeTCH, TO 5TO PABEHCTBO MOXKHO HAamHCaTh B BHJE

S¢S
28 286

Ortcioga MBI BUABM, UYTO TOYKa C pajHyC-BEKTOPOM

== const.

&r
R= %“5 (14,6)
PaBHOMEPHO ABHIKETCH CO CKOPOCTHIO

CZ
LY (14,7)
X6
KOTOpas eCTh He UTO HHOe, KaK CKOPOCTE ABHIKEHHS CHCTEMBI KaK 11eJ0ro
(oTBevaromas no gopmyJe (9,8) ee nOJHBIM 3HEPTHU H HMIYabey). Pop-
nysa (14,6) naer pessiTHBHCTCKOe onpelesieHHe KOOPAHHAT LEeHTpa
HHEPUUH cHereMbl. ECIM CKOPOCTH BCeX YacTHIL MaJjbl MO CPaBHEHHIO
C ¢, TO MOXHO NPHOJIDKEHHO IOJOXHTE & & mc® u (14,6) nepexoaur B
cOBlUHOEe KJACCHUECKOoe BhIpaKeHwue ')
Smr
R=T—.
>m
Ob6paruM BHHMAHHe Ha TO, YTO KOMITOHEHTH Bektopa (14,6) me co-
CTABJSIIOT NPOCTPAHCTBEHHBIX KOMIIOHEHT KaKoro-aubo 4-sekropa H
NOTOMY NPH NPeoOpPa30BaHUH CHCTEMbl OTCUETA He NMpeodpa3yloTcst Kak
KOOPAUHATH KaKoH-iH60 Touku. ITosTomy LEHTP HHePUHH OAHOH M TOH
K€ CHCTEMBI YACTHIL 110 OTHOUIEHHIO K PasJHUHBIM CHCTEMAM OTCYeTa —
3T0 DAa3JUUYHBIE TOUKH.

3apava

HafitTu cBsA3b MeXAYy MOMEHTOM uMnyJjbca M Tesna (CHCTEMBI YacTHL) B CHCTEMe
oTcueta K, B KOTOPOil TeJlo ABHIKETCsT CO CKopocTsio V, H ero momentom M@ B cucreme
orcueta Ky, B KOTOPO# TeJIO KaK lesoe LOKOHTCS; B 060HX CAYyYasiX MOMEHT onpeaens-
€TCsl TI0 OTHOIIEHHIO K ORHON M TOH JKe TOUKe — UEHTPY HHepIUH Tesa B cucteMe K, 2).

Pewenne. Cucrema K, ABHKETCA OTHOCHTeNLHO K €O CKOPOCThIO V; BriGepen ee
Hanpap/JeHue B KauecTBe OCH x. VIuTepecyiouine HaC KOMIOHEHTH Temsopa Mi¥

1) B 1o Bpemsi Kak Kjacchueckas (opMysa AJs UeHTPa WHePLHH OTHOCHTCA K
CHCTEMaM KaK HeB3aUMOeHCTBYIOWIMX, TaK M B3aHMOAeMCTBYIOIIMX 4YacTHL, ¢opmyaa
(14,6) cnpaseanuBa Jiuwls npu npeHeGpe:keHHH B3aumojefictBueM. B peasiTuBHcTCKOR
MeXxaHHKe oNpejesieHie LeHTPAa HHEPIHH CHCTeMbl B3aMMOAGHCTBYIOIIMX YACTHIL Tpe-
€yer yueTa B ABHOM BUAE TAKXKe WMIYJbCA U SHEPTHU CO3JAaBAEMOT0 HMH NOJA.

5 Q)

2} HanomsuM, uTo xoTs B cucTeMe K (B KOTOPOH Zp:O) MOMEHT HMIyJibCa He

32BHCHT OT BLICOpa TOUKH, IO OTHOILEHMIO K KOTOpOli OH onpejenseTcs, HO B cucTeme K

B KOTOpOii Zp;éO) MOMEHT 3aBHCHT OT 3Toro BmiGopa (cm. I § 9).
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npeobpasyloTea no gopmyaam (cm. 3agauy 2 § 6)

M) 12_{_1/_ Moy 02 M) 13_{_K Moy 03
4 [4

M2 = — , M3 = —
V2 V2
1/ = 1/1—5;

Tax Kak Hayalo KOOPIHHAT BHGpPAHO B LEHTPe HHepUMH Teaa (B cucrene Ky), 10

M23 — M(O) 23_

B 3TOl cHCTEME 26’1‘:0‘ a IOCKOJILKY B HCH H Xp:(), o MW 0 s g

Yuuresast CBsi3b MY KomGokeHTamu M® u  BexTopom M, Haxoaum gJ8 noc-
JeHerO:

1 © M
My=MP, My=—"Fee,  My=—

’ ]/-1 /Y




FTJTARA III

3APAA B JJNEKTPOMATHHUTHOM INOJIE

§ 15. dnemeHTapHBIe YACTHILI B TEOPUM OTHOCHTEJBHOCTH

BaaumozeficTBHE YaCTHIL APYT € APYIOM MO2KHO ONHCBIBaTh C MO-
MOIIBIO TOHSITHSI CHJIOBOTO 1044. BMecTo TOro utofisl rosopuUThE O TOM,
4YTO OJHA YacTHUA JefCTBYeT Ha APYIyl0, MOXKHO CKdsaTb, UTO 4aCTHLA
CO3J1aeT BOKPYT cefs roJie; Ha BCAKYIO ZPYIYIO YACTHIY, HAXOASILYIocs
B 3TOM MOJe, JeHCTBYyeT HekoTopasi cua. B kiraccnuyeckod mMexasuke
nojie ABJAETcs JHHIb HEeKOTOPBhIM CNoco0oM ONHCauus (H3UYECKOro
SABJCHHUS — B3aHMOJEACTBUS vacTul. B TeopHH ke OTHOCHTEJIbHOCTH
fJaroAapsi KOHEYHOCTH CKOPOCTH pACNpPOCTPAHEHHs B3aHUMOJACHCTBHIT
[OJICIKeHME Belliefl cyiiecTBenubim ofpasom mensiercs. CHIbL, Jefict-
BYIOUIHE B JAHHBI MOMEHT Ha YacTuly, HE ONPeAeAsIoTCs HX Pacnofo-
JKeHueM B 3TOT MoMeHT. Msmeuenue noJoxeHusi ojiHOH M3 YacTHL OT-
paxkaercst Ha JPYTHX YacTHIAX JUbL COYCTS HEKOTOPBIH NPOMENKYTOK
BPEMEHH. DTO 3HAUHT, YTO MOJIe CAMO 1O cefe CTAHOBUTCH (HUAHUECKOH
peasbHOCTEI0. MBI He MOXKEM TOBODHTL O HEIOCPEACTBEHHOM B3aHMQ-
JeHCTBHY YACTHI, HAXOASIIIHUXCS Ha PACCTOSHHY APYT OT Apvra. Bsanmo-
JeHCTBHE MOKeT TPOMCXOAHTh B KaXILIH MOMEHT JHIIL MOXAY COCen-
HUMH TOYKaMM IpocTpancTBa (6anskornefcteue). [TosToMy MBI AOJKHBL
TOBOPHUTH O B3aHMGJIEHCTBHH OAHOH YACTHLIEL C NOJEM H O MOCHAEAYIOUIeM
B3a¥MOJCHCTBUN TIONsI C APYroil wacTulleil.

Mgur 6yzem paccmaTpuBaTh ABa BHAA NoJeld: MOJAs paBUTAllUOHHLIE
W 3JeKTpoMarHutHbie. [ PDaBUTALIMOHHBIM TOJAM [MOCBSILEHBI I'JIABBI
X—XIV. B ocranbubix riaBax paccMaTpUBAIOTCs TOJLKO 3J€KTpomar-
HUTHBIE [OJS. )

H3yueHuio B3auMOJEACTBUH YACTHU C 3ACKTPOMATHUTHLIM TNOJEM
NpeATIoIIeM HeKOTOphIe obLine cooOpaKeHUsd, OTHOCSAIIRECST K NOHATHIO
«YacTHUBI» B PEJSITHBHCTCKOH MeXaHHKe.

B k/aaccuyeckoil MeXaHHKe MOXKHO BBECTH NOHSATHE abCO/IIOTHO TBep-
JIOTO TeJsa, T. €. Tejla, KOTOPOe HH MPH KAKHX YCJOBHAX HE MOXKET ObITh
JeopMHPOBaHO. B TEOPHH OTHOCHTETHHOCTH NOJ aGCOMIOTHO TBEPABIMU
TeJlaMH CJ1eA0BaJo Obl COOTBETCTBEHHO NOJPa3yMeBarh Tesa, Bce pasmMephl
KOTOPBLIX OCTalOTCS HeUM3MEHHBIMH B TOH CHCTeMe oTcdeTra, I'’Zl€ OHH Mo-
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Kositcsl. JIerko, ofHaKo, BHIETh, YTO TEOPUH OTHOCUTEILHOCTH JE/IaeT
Boo0Ile HEBO3MOXHBIM CYLIECTBOBaHHE Aa6GCOIIOTHO TBEPABIX TeJ.

PaccMoTpuM, HanpHMep, KPyIVIBIl AHCK, BpaillaloUIHACS BOKPYT
cBOeH OCH, H TIPENNOJOXKHM, YTO OH a6cofioTHo TBepd. CesisaHHaf ¢
3THM JHCKOM CHCTEMa OTCYeTa, KOHEYHO, He SIBJSeTCH HHEePIHAJIbHOH.
"‘MOXHO, OIHAKO, BBECTH A1l KaxAOro M3 HeGOJBUIMX IJEeMEHTOB JHCKA
HHEPIHAJIbHYIO CUCTEMY OTCYeTa, B KOTOPOH GBI 5TOT JIeMEHT B JaHHBIH
MOMEHT TIOKOHJICSI; AJIsT PA3HBIX 3/IeMEHTOB AUCKA, 06/1aJatoUIuX Pasuyg-
HBIMH CKOPOCTSIMH, 3TH CHCTeMBl OYAYT, KOHEUHO, ToxXe pasiuuHbl. Pac-
CMOTPHM D]l 3JIEMEHTOB JJHHBI, PACIOJOXKEeHHbIX BAOJNb KaKOIo-HH-
6ynb panuyca aucka. BJarogapst aGco.moTHOH TBepAOCTH JHCKA JITHHBL
KaxKJ0r0 H3 3THX OTPE3KOB B COOTBETCTBYIOLIEHl HHEPLHAALHOH CHCTEME
OTCUETa OCTAIOTCS TAKHMH K€, KAKUMH OHH SIBJISIIOTCA Y HEHNOABHIKHOTO
IMCKa, DTH Ke JUIHHBL TOJNYUUT U U3MEPSIOIUHA HX HEMOABUKHBIA Ha-
6ronaTesb, MUMO KOTOPOI'O MPOXOAUT B JAHHBIH MOMEHT paccMaTpHBae-
MBI pajHyc JIHCKa, MOCKOJAbKY KaKIbli M3 OTPe3KOB MEpIeHANKY-
JisipeH K CBOefl CKODOCTH, a B TAKOM CJyuyae He IMPOHCXOLHUT JIOPeHLeBa
cokpauteHust. Ilosromy W Becb paguyc, H3MEPEHHBLIH HEMOABHKHBIM
HabJolaTeIeM KaK CyMMa COCTaBJISIOIIUX €ro OTPe3KOB, OYIeT TakuM
JKe, KakHM OH fIBJSeTCs Yy HeMojBMKHOrO Aucka. C JpyTOH CTOPOHHL,
JJIHHA KaXJIOro M3 3JeMEHTOB OKPY>KHOCTH AHCKA, NPOXOAALIEro B
JaHHBIH MOMEHT MHMO HeMOJBHKHOrO Hab/iofaress, NoJABepraercs
JIODEHIIEBY COKpALIeHHI0, TaK YTO U JJHHA BceH OKPYXKHOCTH (H3Me-
peHHAs HENOABMKHBLIM Hal/mofareseM Kak CyMMa JJHH OTIEJbHBEIX ee
OTPE3KOB) OKa:KeTCsi MeHblile, YeM [JIHHA OKPYKHOCTH MNOKOAIIErocs
Iucka. Mbl MpUXoAHM, TakKHMM 0Gpa3oM, K pe3yJbTary, YTO IIPH Bpa-
WEHHH JAUCKA OTHOWIeHHe AJIWHBL e['0 OKPYXAKHOCTH K pajuycy (uameps-
emMoe HEeNOJBIKHBIM HalmonaTeneM) JOAKHO OblI0 Obl H3MEHUMTHCH
BMECTO TOT0, 4ToOBl ocTaTbcs paBHBIM 21T, [IpoTHBOpeuHe 3TOTO pesyib-
TaTa co C/IeJIaHHbIM ITPEIIONIOKEHHEM U TOKA3bIBAET, UTO B AefiCTBUTE/] b~
HOCTH JHCK He MoXKeT OBITb aGCOJIIOTHO TBEPJBIM M NIPH BpAlleHHH He-
u36eKHO IMOABEpraeTcd HEKOTOPOH CJOXKHOH JedopmauHH, 3aBUCAUIEeH
OT YIIpYrHX CBOHCTB MaTepuana, H3 KOTOPOIO clleTaH JHCK.

B HeBO3MOXKHOCTH CyUIECTBOBAHHA a6COMIOTHO TBEPABIX TeI MOXKHO
y6enutbes ¥ ApyruM nyTeM. IlycTe KakoeHHOyAb TBEPHOE TEJIO BHeMI-
HUM BO3JefiCTBHEM B KaKOH-HUOYAL OJHOM ero Toyke IPHUBOAUTCS B ABH-
x)eHue. Ec/in 66 Teso ObLIO aGCOTIOTHO TBEPABIM, TO BCE €ro TOYKH
J0JHb! GblTH ObI IPUATH B IBUXKEHHE OJIHOBPEMEHHO C TOH, KOTopas HOJ-
Bepriach BO3JAEHCTBHIO; B NPOTHBHOM Cillyyae Teso JehopMUPOBAIOCH
6u1. TeopHs OTHOCUT@/NBHOCTH, OIHAKO, JlelaeT 3TC HEBO3MOXKHBIM,
TaK KaK BO3/ECTBHE OT JAHHOH TOYKH Nepefaercsi K OCTaJdbHbIM C KO-
HEYHOH CKOPOCTBIO, @ [OTOMY BCe TOYKH TeJa He MOTYT OXHOBPEeMeHHQ
Hayarb JBUraThCs.

M3 ckasanHOro BBLITEKAlOT ONpeje/eHHbIe BBIBOABI, OTHOCSIIHECH K
PacCMOTPEHHIO JACMEHMAPHbIX YACTHLL, T. €.. YaCTHL, JJs KOTOPBIX
MbI CYHTAEM, YTO HX MEXaHHYECKOe COCTOSIHHE IOJHOCTbIO ONUCHIBAETCA
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3aJaHHeM TpeX KOODPAMHAT H TpeX KOMIIOHEHT CKOPOCTH JBHXKEHHHA
Kak pesnoro. O4eBHIHO, 4TO ec/H OBl 371eMeHTapHasl uacTuua ofaajnana
KOHEUHBIMH DasMepaMu, T. e. Oblja 6Bl IPOTs2KEHHOH, TO OHA He MOTJa
6bl neopMHPOBATLCS, T2K KaK NMOHATHe AedopMAaIHU CBS3aHO C BO3-
MOKHOCTBIO HE3aBUCHUMOTO JBHXKEHHS OTAeIbHBIX yacTed Tena. Ho, Kak
MBI TOJILKO UTO -BHJEJNH, TCOPHS OTHOCHTENBHOCTH IOKAa3bIBA€T HEBO3-
MOKHOCTh CYUIECTBOBAHHS aGCOJIOTHO TBEPABIX TeJ.

TakuMm 00pasom, B KJaccHYeCKOH (HEGKBAHTOBOH) DeISITHBHUCTCKOf
MeXaHHKe YacTHLiaM, KOTOphIe MBI PacCMaTpPHBAEM Kak 3JeMeHTapHhIe,
Hesb3s NPHNUCHIBATE KOHEUHBIX pasMepos. [IpyrumHu cioBamH, B Ipe-
Jenax KJ1acCHueCKOH TeCPHH 3JeMEHTapHble YacTHUbI JOJIXKHBL paccMmart-
PHBATECA KaK TOUYEYHBIE ).

§ 16. YeTbipexMepHbIii NOTEHUHAA NOJA -

Heficteue 118 4acTHUbIL, ABWXKYIIEHCS B 3aJlaHHOM 3/JIeKTPOMArHUT-
HOM ToJie, CKJAaJbIBAeTCsl U3 JBYX yactefi: u3 nelicteus (8,1) cBoGoxHOf
YAacTHUBl H H3 4JeHa, OMHCHIBAIOLIETO B3aHMOJEHCTBHE HACTHILL C HO-
qeM. ITocnenauil Zo/IKeH COepKaTh Kak BeJHUHHBI, XapaKTePHU3YOIHe
YacTHIy, TaK H BEJHYHHBI, XapaKTePH3YIOIIHE MOJe.

OxasbiBaercs %), UTO CBOHCTBA YAaCTHIILI B OTHOIIIEHHHU ee B3aHMOJeil-
CTBUA C 3JEKTPOMArHUTHBIM NOJIEM ONpEeleNsATCsl BCEro OJHHM napa-
METPOM — TaK Ha3biBaeMbIM 3apA0om YacTHUGL e, KOTOPHIH MOMXKeT GbITb
KaK MOJIOKHTENBHOHA, TaK H OTPHLATENLHOA (MM pPaBHOH HYJIIO) Beld-
yyHOH. CBOMCTBA Ke NOJIs1 XapaKTepH3yIoTCH 4-BeKTOpOoM A ;, TaKk Hashi-
BaeMBIM 4-nomeryuaros, KOMIOHEHTEl KOTOPOro SIBASIOTCA (DYHKUHAMH
KOOPJHHAT M BPeMeHH. DTH BeJHMYHHbI BXOAAT B JefiCTBUE B BHJE 4JeHa

b
—2( aya,

rae ¢yukuun A; 6epyTcsi B TOYKaX MHPOBOH JIHHUH HacTHUBIL, MHOXH-
tesb 1/c BBeseH 3fech misl ypoberBa. ClefyeT OTMETHTb, YTO JO TeX
nop, MoKa y Hac HeT HHKaKuMX (opMyJ, CBSI3bIBAIOWIMX 3apAj HJIU MO-

1) Xora KBaHTOBas MeXaHHMKa CYIIECTBEHHO MeHsieT CHTYaUHIO, OIHAKO U 3feChH
TEOPHS OTHOCHTE/IBHOCTH [Je/laeT KpaiHe TPYAHLIM BBEJeHHe HETOYEYHOro B3aHMomei-
CTBHSA. :

2) Cnepymollue HMKE YTBEDKIEHHS HAJAO PAcCMATPHBATL B 3HAUHTENLHOH CTelleHH
KaK pe3y/bTaT ONBITHBIX JaHHHIX. Buj jeficTBus i YACTHIE B 3JEKTPOMAarHHTHOM
roJie He MOXKeT OBITb YCTAHOBJ/IEH Ha OCHOBAHHH OIHHX TOJNILKO OOGHIHX COOGpaxKeHHMi,
TAaKHX, KaK TpeGOBaHHe PesISITHBHCTCKOH WHBAapHAHTHOCTH (IOCJeHEee NONyCKato 6ol
HampuMep, B JefiCTBHH TaKke M 4leH BHAZ 'fA ds, tae A — cKausipHas OyHK-
nU). .

Be usfexande Heflopa3yMeHHH HAMOMHHM, YTO Peub HAeT Be3je O KAacCHYeCKoi
(He KBaHTOBOII) TEOPHH, M NOTOMY HHIAE He YUHTHIBAIOTCH 3(QeKThl, CBA3aHHbLIE CO
CIIMHOM 4YacCTHL.
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TeHIHaANBl C M3BECTHRIMH yXKe BeJHYHHAMH, €JUHHUBI I MX H3Mepe-
HHA MOTYT OBITh BHIOpaHBEI POHM3BOJBLHBEIM 06pasoM 1),

Takum oOpasoM, JeiicTBHe AJs1 3apsAda B JEKTPOMAarHUTHOM IoJe
HMeeT BHJ

S:f (—mcds——i— Al-dx"). ’ (16,1)

Tpu npocTpaHcTBeHHBle KoMoHenTsl 4-sexropa A! o6pasyior Tpex-
MEPHBIH BEeKTOP A, Ha3BIBAGMBIH 8eKmMOpHbIM noieHsyuatonm noad. Bpe-
MEHHVIO K& KOMIIOHEHTY HasbIBAIOT CKAAAPHLIM FROMEeHY U104, 0003Hax
yuMm ee Kak A°=¢. Takum ofpasom,

ITosToMy wuHTErpas gefiCTBHSI MOXKHO HAIHCaTb B BHIE
b
e
S= S‘ _(—mc ds+— Adr—eg dt) ,
a

HJIH, BBOASI CKOPOCTb YacTHUBl V==dr/d{ H mepexois K HHTErPHPO-
BaHHIO IIO BPEMEHH,

1y -
. 2
s=|(=me )/ 1=F + £ Av—eg) at. (16,3)
ty

TogpiHTerpassHoe BuIpaxeHue ecTb GYHKLHs JlarpaHxa a7as 3apsia
B 3JIeKTPOMarHHTHOM I0Je!

Le—me Y 1= 5 +Z Av—eo. (16,4)

D10 BrIpaXkeHHe oTiHYaeTcs oT QyHKUMHK Jlarpanxa (8,2) mast ceoGoz-
o e . o
HOH 4acTHUB! YeHaMH — Av-—eQ, KOTOpble ONUCHIBAIOT B3aHMOJE]i-

CTBHE 3apsja C IOJeM.

IlpousBomnast OL/0v ecTb OCOOUIEHHBH HMIYJBC YacCTHIBL;
o6osnaunm ero mnocpeacrsoMm P. Ilpoussoas nuddepenuuposanue,
HaXOLUM: :
mv

02
1/““3

3nech Mbl 0B03HAYMJIH IOCPEICTBOM P OGBIYHBIA HMIYJbC YACTHILH,
KOTOpHIH MBI H Oy/eM Ha3blBaTb IPOCTO HMILYJIbCOM.

P:

+=A=p+=A (16,

1) O6 ycTaHOBJIEHHH 3THX €AHHHL cM. § 27.
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U3 ¢ynkuuu Jlarpanxa MoXKHO HaiTH QyHKLHHIO | aMHJIbLTOHa
4aCTHIbI B I10JI€ N0 U3BeCTHOH ofiell QopmyJe

H=v ——~—L
Hoacrasiss cxozxa (16,4), HaImeM
H =

2

(16,6)

1_52_

Gyuxuus [aMuabTOHA, ONHAKO, NO/UKHA OBITH BHIpaXKeHa He dYepes

CKOPOCTb, a 4epe3 OOOOUIEHHBIH KMIYJILC YaCTHLHL.
M3 (16,5—6) BHmHO, YTO COGTHOIlEHUWE MeXQy I —eq H

P—2A H T P
_""C' —TaKoe K€, KakK Mexmy H p B OTCYTC BHe IioJfd, T. €.

(@)2:;712024»@——% A)z, (16,7)

c
HJIN HHauye:

= ]/m‘“’chi—c2 (P———i— A>2~{—e(p- (16,8)

CJas Manelx ckopocTedf, T. €. B KJACCHUeCKOH Mexauuke, PpyHK-
nmus Jlarpanxka (16,4) nepexomut B

L———-{— Av—e(p (16,9)
B stoM npubamxeHuu
p=mv=P— % A,
H Mbl HaXOAUM c.nezly}omee BHIpaKeHHe JJIsT GYHKUHMH [aMHbTOHA:

e 2 :
H =55 (P—%A) +ep. (16,10)

Haxkonen, BoinuileM ypaBHenHe [ amuabrona— fArko6u gJasa uyac-
THIB B 3JCKTPOMAaTHHTHOM noje. OHO Tosyuaercss 3aMeHOH B PyHK-
mitn IamuaproHa o6oOmieHEoro umnyabca P Ha 0S/0r, a cawmoro
F —na —0S/0t. Takum obpa3om, nosyuum H3 (16,7):

(gradS——%A)z é(%%Jrecp)szchz:o. (16,11)

§ 17. YpaBHeHHS ABMIKEHHS 3apsja B moJje

3apsiA, HaxofduiMiics B ToJe, He TOALKO HOABEpraercs - Bosjel-
CTBHIO CO CTOPOHBI IO/, HO B CBOIO OY€pelb CaM BJIHSAET HA NoJe, H3-
meHfs ero. OfHAKO €C/iM 3apsj € He BelHK, TO erc JeficTBMeM Ha noJje
MOXHO npeHeOpeub. B aToM cayuae, paccmarpuBasi ABHXKEHHE B 3a]aH-
HOM TOJe, MOKHO CUHTATh, YTO CAMO NOJIE HE SAaBUCHT HH OT KOOpAHM-
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HaT, HU OT CKOPOCTH 3apsifia. TOUHbIe YCJIOBHsl, KOTOPHIM JOJIKEH YAOB-
JIETBOPAThL 3apsal AJdsl TOro, YToGBl OH MOT CUHTAThCH B YKa3aHHOM
CMBICJIE MaJIbIM, OYAYT BHIICHEHH B JajbHefimeM (§ 75). Huke Mbl 6yaem
CYMTaTh 5TO YCJIOBYE BHIIOJHEHHBIM.

Hrag, HaMm Hafo HaHTH ypaBHEHWsS ABHXKEHHS 3apsaja B 3aJaHHOM
3JIEKTPOMATHHTHOM [0jIe. DTH YPaBHEHHS MOJYYalOTCs BapbHPOBAHHEM
JeficTBHA, T. e, JArOTcs ypaBHeHusiMH JlarpaH:xa

d oL oL
v o (17.1)
rie L omnpegnensiercs dopmy.oit (16,4).
Tlpoussoanas JL/dv ectb 060GieHHBIH HMIyabC wacTuust (16,5).
Janee nuuieM:
oL
or

l

VL = % grad Av— egrad ¢.

Ho no usBecTHO# ¢opmyJie BEKTOPHOTO aHaJH3a
grad ab=(avV) b (bv) a+ [brot a] 4- [arot b],

rge a 1 b—mobbie aBa -BekTopa. IlpumMensis 31y dopMyay x Av u
NOMHS#, 4TO AugipepeHupoBaHHe MO I NMPOH3BOAUTCS NIPH HOCTOSAHHOM
vV, HaXOIHuM:
oL e
a ¢

(VV)A+ %— [vrot A] —egrad ¢.

YpaBHenust Jlarpam:xka, c/IeroBaTeJLHO, HMEIOT BHJ

d
Et‘(p_'_s— A):%(vv)A —}-%[vrot A] —egrad ¢.

o dA o
Ho nosuwiil auddgepennuan Et_dz CKJIaJBIBAETCSl H3 JABYX 4YacTeil: 3

dA “
M3MeHeHUs — di BEKTOPHOTO NOTEHIMA/Ja CO BPEMEHeM B JaHHON
TOYKe NPOCTPAHCTBA H M3 H3MeHeHHsl IpPH Tiepexoje OT OfHOH TOUKH
HpOCTpPaHCTBAa K JAPYrodl Ha paccTosiHHe dr. Dra BTOpas 4aCTh paBHaA
(dry) A. Takum obpa3zom,

dA O0A
7= T(VV) A.,
IMoxcrapasst 310 B npepbiyiiee ypaBHEHHE, MNOJydaeM:
dp____e0A
dt~ ¢ Ot
- 310 ¥ eCcThb ypaBHEHHe JBHKEHHS] YacTHLHI B 3JE€KTPOMArHHTHOM
nojie. CyileBa CTOMT HPOM3BOXHASl OT HMMIYJbCA YACTHLLI 110 BPEMCHH.

Cnenosarenbﬂo, Bhipaxkenue B Tnpasoff wactu (17,2) ectb cuna, gedict-
Bylolllasi Ha 3apsAJ B 3/JeKTPOMar{HUTHOM noJje. Mbl BHAHM, 4TO 3Ta

—egrad @+ [vrot A]. (17,2)
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CHJIa COCTOHMT H3 JIBYX yactefi. [lepBast yacTb (mepBblil H BTOPOH WieHH!
B npaBo#t yacTH (17,2)) He 3aBHCHT OT CKOPOCTH yacTHIE. Bropas yacrs
(TpeTH# ujeH) 3aBHCHT OT 3TOH CKODOCTH: NPOIIOPLIHOHANBHA BEeJIHUHHE
CKOPOCTH H IepneHAHKY/spHa K HeH.

Cuny mepBoro pojia, OTHECEHHYIO K 3apsily, DaBHOMY eRMHHIE,
HABBIBAIOT HANDANCEHHOCIBI0 IACKMPUHECKO20 NOAS; OBO3HATHMM ee no-
cpeacreom E. Hrak, no omnpezeieHHo,

:——C-———grad Q. (17,3)

MHOXHTEIb TIPH CKOPOCTH, TOUHEE NPH V/c, B CHJE BTOPOro poia,
JeficTBylolmlel Ha €JHHUYHBIA 3apsj,, HAa3BIBAIOT HANPANCEHHOCITbIO
maesumroeo noas, obospaunm ee uyepes H. Hrak, mno oupenenenuio,

H=rot A. (17,4)

Ecan B anexrpomarnutnoM none E=0, a H=0, To rosopsar o6
aaekmpuyeckom noase; eciau xe E=0, a H=%0, 10 noJse Ha3bIBaIOT Ma2-
HumHoim: B obllleM clyuae 3JIeKTPOMATHHTHOE ITOJIe SIBJISIETCS HasloxKe-
HUeM noselfl 3JAeKTPHUECKOro ¥ MarHUTHOTO.

OrmeruM, uto E npeacrasasier coGoi#t nonspeei, a H — akcuasnb-
HBIH BeKTOD.

YpaBuHeHHs JIBYKEHHs 3apsja B IEKTPOMATHHTHOM IIOJIE MOXKHO
Tenephb HANHUCATh B BHIE

——eE—Q— [vH]. (17,5)

Crosiulee crpaBa BhIDpa:KeHHe HOCHT HasBaHHe aoperyesol cuast. Ilep-
Basi ee 4acThb — CHJIa, ¢ KOTOpPOH JeHCTBYyeT 3JEKTPHYECKOe MoJe Ha
3apsj,— He 33aBHCHT OT CKODOCTH 3apsiia M OPHMEHTHPOBaHA M0 Ha-
npasnennio nonst E. Bropas uacth — cuia, oKasplBaeMast MarHHTHBIM
[0JIEM Ha 3apsiji,— NPONOPLHOHATILHA CKOPOCTH 3apsifia U HampasjieHa
NepPUeHTHKYISPHO K 5TOH CKOPOCTH M K HAampPaB/JeHHI0O MarHHTHOIO
noas H.

Jlns ckopocTef, MajpIX MO CPAaBHEHHIO CO CKOPOCTBIO CBETAa, HM-
nyJbC P OPUGNHIKEHHO DABEH CBOEMY KJIACCHUECKOMY BbIDAXKEHHIO mv,
H ypaBHeHue npmkenus (17,5) mepexomur B

m———eE—l— [vH]. (17 6)
BbIBe,ZIeM ellle YpaBHeHHe, ompejesiollee H3MEHEHHe KHHETHYECKO
IHEPTHH YACTHUBI ') CO BpeMeHeM, T. e. IPOU3BOAHYIO

06 xnn _ 4 mc?
dt dt ' 02 ‘
I-=

1) [ox ¢«KHHETHYECKOH» MBI IIOHHMAeM 31eCh H HHKe aﬂeprmo 9,4), meoqalomyxo
B ce0A 3HeprHio NOKOA.
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Jlerko yGeIuThCd, YTO

d@'>° xin
v _
dt ;

noacraBasis dp/dt u3 (17,5) u sameuas, uro [vH] v=0, umeem

d—é’}t‘—“ﬁ =¢eEv. (17,7)
M3MeHeHVe KHHETHYECKOH 3HEPTHH CO BpeMeHeM ecTh padora, Mpous-
BeJeHHas nojen Haj yactHueH (B exuHHuy Bpemeru). M3 (17,7) Buzuo,
yTo 3Ta pabGoTa paBHA NPOM3BENCHHIO CKOPOCTH 3apsiia Ha CHIY, ¢ KO-
TOpOH AeHCTBYeT HA HETo 3jieKTpHUecKoe moje. Pabora noas za BpeMﬂ
df, T. e. IpU TepeMellleHHM 3apsija Ha dr, pasua eEdr.

INoguepkHem, uTO paforTy HaJ 3apsiioM NpPOH3BOIMT TOJBKO 3JeK-
TPHUECKoe I10Jie; MarHUTHOE I0Jie He NPOM3BOAHT paboTl Haj ABHKY-
INMMCSl B HEM 3aps/IOM. IMocnennee CBSI3aHO C TEM, YTO CHIIA, C KOTOPOH
MarHUTHOe noje JAefiCTBYeT Ha YacTHILy, BCerJa NMepneHJUKyaspHa K ee
CKOpPOCTH.

YpaBHeHHsT MeXaHMKH HHBAPHAHTHHI 10 OTHOLIEHHIO K IMEpeMeHe
3HaKa y BPEMEHHY, T. €. IT0 OTHOILEHHIO K 3aMeHe GYAYIIEro IPOLIeAIIHM.
JpyryumMu cioBaMH, B MeXaHuKe 00a HaNpaBp/eHHs BDEMEHH 5KBHBAJIEHT-
Hbl. JTO 3HAUUT, YTO €C/IH COIVIACHO YpPaBHEHHSAM MEXaHHKH BO3MOXKHO
Kakoe-HUOGYb ABHXKEHHe, TO BO3MOXKHO H 0OpaTHOE ABHXKEHHE, TIPH KO-
TOPOM CHCTEMA NPOXOJHUT TE K€ COCTOSIHHS B 0OPAaTHOM INOPSIAKE.

Jlerko BUAETH, 4TO TO XK€ CAMOE MMEeT MECTO H B 3JIEKTPOMATHHUTHOM .
HoJie B TeOPHH OTHOCHTEJABHOCTH. I1pH 3ToM, 0aHAKO, BMECTe C 3aMeHOH
t Ha —! HaJO H3MEHHTh 3HAK MAarHUTHOTO noJis. JleHcTBUTENLHO, JIETKO
BUJIETh, YTO ypaBHeHHs IBHKeHHA (17,5) He MeHSIOTCH, eCAH MPOU3-
BECTH 3aMeHy

— —1{, E— E, H—> —H. (17,8)

ITpu s1oM, cornacHo (17,3—4), cxansipHBIH NOTEHIHaJ] He MeHseTcH,
a BEKTOpPHBIH MeHsleT 3HaK:

o>, A——A o (17,9)

Taxum o6pasoM, -ecnd B 3J€KTPOMAarHUTHOM MOJIE BO3MOXKHO HEKO-
TOpOE ABHXKEHHEe, TO BO3MOKHO M 0OpaTHOE [BHKEHHE B IoJie ¢ o0par-
HeIM Hanpasjenuem H.

3apaua

Bripasute yckopehne YacTHUBI Yepes €€ CKOPOCTb H HANPSKEHHOCTH 3JEKTPH-
GeCKOr0 H MAaFHHTHOTO ToJeH.

Pemenune. IlogcraBnsem B ypasHeHue JBHxeHHs (17,5) p_v«‘,D,(n,,/c , @
dé’,m,,/dt BHIPaKaEM COIVIACHO (17, 7) B pesnybTaTe Haiinem:
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§ 18. KammopoBouHass HHBApHAHTHOCTb

PaccmoTpuM Temeps BONPOC O TOM, HAaCKOJNbKO OJHO3HAYHO OMpefe-
JIeHBI [IOTeHLHAMb! 1oJist. IIpH 3TOM clieryeT y4yecTs, YTO moJe xapakTe-
pH3yeTcst TeM JeHCTBHEM, KOTOPOE OHO OKAas3bIBAGT Ha JBHIKEHHE Ha-
XojsllHXcA B HeM 3apsjoB. Ho B ypaBHenus aswkenus (17,5) Bxoaar
He NIOTCHLHAJEI, a HanpsekeHHocTH noas E u H. Tlosromy nBa noas ¢u-
3HYECKH TOXKJECTBEHHEI, €CJIH OHU XapaKTEPH3YIOTCA OXHHMH M TeMH
ke BekTopamMH E u H.

Ecnu 3ananbr noreHuuanel A u ¢, To 3THM, corsiacHo (17,3) u (17,4),
BIoJiHe opHo3HayHo onpenesensl E u H, a snaunr u nose. Oxuako ox-
HOMY H TOMY € TOJIO MOTYT COOTBETCTBOBATb PAa3/HYHLIE IOTEH-
nuajnsl. YroOw yOemMThCH B 3TOM, NPUOABHM K Ka)KIOH KOMIIOHEHTE
noreHuuana A, BeIwdHHy — Of/0x*, rae f — mpousBosbHas GyHKUHS
OT KOODAMHAT M BpemeHH. Toria norteHuman A, nepexogur B

, of
Ap=4p—7 . (18,1)
Ilpu Takoii 3ameHe B uHTerpaJse aeiicrsust (16,1) nmosBHTCS AOnON-
HHTe/bHbIH 4YJeH, NpeJCTaBJMIOMNH cofoil NojaHbfl aupepeninan:
4 af k e
2 ax _d(cf>, (18,2)
YTO He BJMSET HAa ypaBHeHHsl IBHKeHHs (cM. I § 2).
Ecnu BMecTo ueThIpeXMepHOro MOTeHNMAJ/a BBECTH BEKTODHHI U
CKaJgpHBII M BMeCTO KOOpAMHAT x'—KOODAMHATHL cf, X, Y, 2, TO
‘yerbipe paBeHcTBa (18,1) MOXKHO HamucaTh B BHJE

A'=A+gradf,
R 10
o =p—5%. (18,3)

Jlerko yGefuTLCSI B TOM, YTO 3JCKTPHYECKOE H MAarHUTHOe HOJf, ompe-
nenennble  papenctBamu (17,3—4), JelCTBHTENLHO He H3MEHSIOTCSH
1pH MOJACTAHOBKE BMECTO A H ¢ NOTEHLHANOB A’ H @', ONpeleTeHHbIX
corsacho (18,3). Takum o6pasomM, npeoGpasoBanHe nmoreHnHamos (18,1)
He H3MeHser nojia. [loreHuHaAbl onpeseseHEl I03TOMY He OXHO3HAYHO —
BEKTOPHBIH [OTEHLHAJ ONpenesieH ¢ TOYHOCTBIO N0 T'pajHeHTa, IPOH3-
BOJILHOH (QYHKUHUHM H CKaJSIPHBIA — C TOYHOCTBIO AO HPOH3BOAHOH N0
BpeMeHH OT ToH Xe (DYHKIHH.

B 4acTHOCTH, K BEKTOPHOMY NOTEHIHATY MOXKHO NPHOABHUTE JIOGOH
[OCTOSIHHBIH BEKTOD, a K CKaJsPHOMY NOTeHIHANy — J00yl0 MOCTOSIH-
HY10. D10 BHIHO H HEIIOCPENCTBEHHO U3 TOro, uto B onpejeienne E n H
BXOJISIT TOJbKO NMPOH3BOZHLIE OT A H @, U NOTOMY IIpHOaBJAeHHe K no-
CJIeAHHM HOCTOSHHBIX He BJIHSI€T HA HanpsXKEHHOCTH MOJIS.

P HU3HYECKH I CMBICA HMEIOT JTHILB T BeJTHYHHLI, KOTOpbie HHBAPHAHTHEI
no OTHOUIEHHI0 K npeo0pasoBanuio rnoreHnuatos (18,3); nosromy
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BCE€ YPaBHEHHA IOJKHH ObiTh HHBAPHAHTHBI N0 OTHOWICHHIO K 3TOMY
npeoGpasoBanuio. ATy MHBAPHAHTHOCTH HA3BIBAIOT KAAUOPOBOUHOL HIIH
epaduenmnoii (no-nemeL Ky ee HaswialoT Eichinvarianz, no-anrauicku—
gauge invariance) ?). ’

OnucanHas HEOJHO3HAYHOCTh TOTEHIHAN0B JaeT Bceria BO3MOXK-
HOCTb BLIOPaTh HX Tak, YTOOBl OHH YAOBJETBOPSJIH OJHOMY IIPOH3BOJIb~
HOMY JIONOJIHUTEJNLHOMY VCJOBHIO,— OJHOMY, TaK KaK Mbl MOXKEM
NPOU3BOJIBHO BeGpaTh oaHy ¢yukuuio f B (18,3). B wacTnocrH, Beeraa
MOXKHO BbIODATb IOTEHILHAJB! MOJA TakK, YTOOB! CKa/IsAPHBIA NOTEHIHANX
@ Gbii paBen HyJwo. Creqats e BeKTOPHBII NOTEHIHAI PABHLIM HYJIK,
BOOOLIE TOBOPsi, HEBO3MOMXKHO, TaK Kak ycjaosue A=0 npencrasjiser
€060l TPH NONOJHHTENbHBIX yCJAOBHS (A5 TPeX KOMIOHEHT A).

§ 19. NocrosHHoe aMeKTpoMarHUTHOE noJe

IlocmoanKbim 3N€KTPOMarHUTHBIM [OJeM Mbl HasblBaeM IIoJle, He
3aBUcsIIee OT BpemeHU. OQUeBHIHO, YTO MOTEHLUHAJBI MOCTOSTHHOTO IO/
MOIKHO BEIGPATh TaK, 4ToGb OHHM GBIJTH (PYHKILHSIMH TOJIBKO OT KOOPJHHAT,
HO He OT BpeMeHH. [locTOSIHHOE MarHuTHOE ToJie IMO-TIPeXKHEMY paBHO
H=rot A. TlocrosiHHOe ke 3JeKTpHUeCKoe I[oJe

E=—grad ¢. (19,1)

Takum 06pa3oM, MOCTOSTHHOE 3/1eKTPHUECKOE IToJe o;npenenﬂeTcsx TOJIBKO
CKaJISIPHBIM TIOTEHLHAJOM, d MaTHHUTHO€ — BEKTODHBIM IOTEHIIHAIOM.

Mkl BuesIM B npeAbIRylnemM naparpade, 4To NOTEHIHAJbL IO Onpe-
JlejieHbl He OHO3HauyHO. Jlerko, ofHaKo, yO6eiuTbCA B TOM, UTO €C/H
‘ONMHUCHIBATH MOCTOSIHHOE 3/1EKTPOMATHHUTHOE MOJIe ¢ MOMOUIBIO He 3aBH-
CSAIUX OT BPEMEHH IOTEHIHANO0B, TO K CKAJISPHOMY NOTEHIHANY MOXKHO
npubaBHTh, He M3MEHSs IOJIs1, JIHIIb NPOH3BOJBLHYIO TOCTOSIHHYIO (HE
3aBUCAILYIO HH OT KOOPAHHAT, HH OT BpemeHH). OObIUHO HA ¢ HaKia-
JBIBAIOT ellle JOIOJHHTeNBbHOE YCJIOBHe, Tpebysl, YyToObl OH HMeJ ompe-
JefleHHOe 3HAYyeHHE B OmpelesieHHOHM TOUKe MPOCTPAHCTBA; yalle BCEro
BLIGHPAIOT ¢ Tak, 4TOObl OH OLLI paBeH HYJMIO Ha GeckoHeuHocTH. Toraa
H YVIOMSIHYTasl TIPOHU3BOJIbHAS TIOCTOSIHHASl CTAHOBUTCS OIpPENEIEHHOH,
H CKaJIAPHBIA NOTEHIIMAT NOCTOSTHHOTO MO/, TAKHM 00pasoM, CTaHO-
BUTCS BIOJIHE OXHO3HAYHBIM.

Hanpotus, BeKkTODHEBIA MNOTEHIHAT MO-PEKHEMY He OJHO3HAYEH
Hdaxe 17151 NOCTOSHHOTO 3JEKTPOMarHUTHOIO MOJIsSl; K HEMY MOXKHO IIpH-
6aBUTL TpanueHT MAO60H (YHKUHH KOOpPAMHAT.

OnpefenuM, ueMy paBHA SHEPTrHs 3apsifia B NOCTOSIHHOM 3JIEKTPO-
MATHHTHOM ojie. Ecau noJie NocTossHHO, TO H pyHKI M Jlarpamxka ans

1y TopuepkHeM; 4TO 3TOT Pe3yJLTAT CBsI3aH ¢ NoApazyMmesaouumes B (18,2)
TOCTOAHCTBOM e: Takum 06pa3oM, Ka/lHOPOBOYHAS WHBAPHAHTHOCTb YPaBHEHHH 3JeK-
‘TPOAMHAMHKH M COXDaHEHHe 3apAfa TECHO CBSI3aHLI APYT C APYTOM.
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3apsjia He 3aBHCHT SBHO OT BpeMeHH. Kak u3BecTHO, B 3TOM cayuae
SHEPTHsl COXPaHsieTcsi, CoBllafas ¢ ¢yHxkuuedi [amunbToHA,
Corsiacio (16,6) umeem: :

M e, (19,2)

Taxum o6pasoM, BCJAEACTBHEe HANHYUS NOJS K SHEPrHU YacTHULI TIPH-
GapJjisieTcs UJIEH e — MOTEHLIMajlbHAas 3Heprus sapsina B nose. Otve-
THM CYHIECTBCHHOE OOCTOATE/NBCTBO, UTO 3HEPrHs 3aBHCHT TOMBKO OT
CKaJApHOIO, HO He OT BeKTOPHOTO NoTeHnuana. Hpyrumu ciaoBamy,
MarHUTHOE TOJle He BJMSeT Ha DHEPTHIO 3apsifoB; SHEPTHIO UYACTHIBL
MOXKET H3MEHHTb TOJbLKO 3JeKTPHYECKOoe moJe. ITO CBSI3aHO C TeM, UTO
MaTHUTHOE ToJie, B HpOTHBOHOJIO}KHOCTb 3JE€KTPHYCCKOMY, He TNpOU3-
BOAHMT Hal 3apsiOM PaGoThI.

Ecau HanpsKeHHOCTh NOJA BO BCeX TOYKAX MPOCTPAHCTBA ORUHA-
KOBa, TO TOJE HasbBAIOT 00HOpoOHeim. CKaNSIPHBIH NMOTEHNHUAT OXHO-
PONHOTO 3JeKTPHUECKOTO MOJsT MOMKET ObITh BHIpAKEH Uepe3 HamlpsiKeH-
HCCTb MO/ COIVIACHO pAaBEHCTBY

¢=—Er. (19,3)

HeficturesnsHo, npu E=const umeem grad (Er)=(EV)r=E
BekTopHEI e moTeHiHajs ONXHOPOAHOTO MAarHWTHOTO MOJS BHIpa-
KaeTcsl yepes HanpsiKeHHocTs 3Toro nona H B Buze

— < [Hr]. (19,4)

HeiictButensHo, npu H=const HaxoIuM ¢ NOMOLILIO H3BECTHBIX (hop-
MyJl BEKTODHOTO aHajM3a:

rot | Hri=Hdiv r—(Hy)r=2H

(namomuuM, uto divr=23).
BeKTopHbIA NOTEHUHA ONHOPOIHOIO MarHHTHOIO MOJS MOXKHO BEI-
6paTe M WHAaue, Hampumep, B BHIe

x:"‘H!/y Ay:Az:() (19,5)

(ock z BRIGpaHa BRoOAbL Hanpasjedua H). Jlerko y6eaurtscs, 4ro u npu
takoMm Bribope A umeer mecto paBeHcTBe H=rot A. B coorsercrBuu -
¢ ¢opmyaamu npeo6pasosaunus (18,3) norenuunansr (19,4) u (19,5) or-
JIMYAIOTCs. APYT OT Jpyra rpafueHToM Hekotopoi ¢yHkuuu: (19,5) mo-
ayuaercsi u3 (19,4) npuGasnenueMm Vf, rie f=-—xyH/2.

3agaua

Hanncate BapuanMOHHBI ~DNPUBLUHN Ui TPAaeKTOPHH  YacCTHUB  (IPHHLMI
MonepTion) B TOCTOSHHOM 3JEKTPOMarHHTHOM NOJE B PeJIITHBHCTCKON MeXaHHKe.

Pemwenne. [lpunnun MonepTion 3akJioyaeTcs# B TOM, YTO €CJAH NOJHAS
BHEPTHS YACTHUB COXPaHfAETCS (IBHKEHHE B NOCTOSHHOM TOJE), TO ee TPaeKTOpHus
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MOKEeT 6thb Oﬂpeﬂeﬂeﬂa n3 BapHaU,PIOHHOl'O ypaBHeHHﬂ
6Spm=0

rie P—o6o0mennsil HMNyase YacTHIB, BHIPAIKEHHEIR uepes suepruio u pudipepen-
IHanbl KOOPJAKHAT, a MHTerpas Gepercst BJAOJIb TPAeKTOPHH yactHubl (cM. 1 § 44).

e
Toacrasnss P:p—l-? A u 3aMeyasl, yTO HampaBJeHHs P U dr COBUAJAIOT, HUMEEM:

6S<pm+§Am>:Q

rae dl= ¥V dr® ectb saeMent ayru. Onpenensst p u3 p2--m??=(&—e9)?/c?, Ha-
XOLUM OKOHYATEJbHO:

aj { V @—ewr—meariaa }20-

§ 20. JisuxKenHe B NOCTOAHHOM ONHOPOAHOM 3IJEKTPHUECKOM MOJE

PaccMoTpuM [IBHIKEHHE 3apsjla € B OJHOPOJ{HOM IIOCTOSIHHOM 3.IEKT-
puueckom none E. Hanparnenue moss npumeM 3a ock X. [ BHikeHHe
OyZeT, O4eBHAHO, MPOUCXOJHTh B OJHOH INIOCKOCTH, KOTOPYIO BhIGepeM
3a IJIOCKOCTh Xxy. Torzaa ypaBHeHHs }IBI/I}KeHI/IH (17, 5) OPHMYT BHA

px=eE, p,=
(Touka Haa OykBo#i 0603Hayaer nncp(pepeHquOBaHHe no f), oTkyxa
p=eEt, p,=p,. (20,1)

Hayano orcuera BpeMeHH Mbl BBIOpAJH B TOT MOMEHT, Koria p,=0;
Do €CTb HMOYJIBC YACTULLL B 3TOT MOMEHT.
Kunernueckass sHeprus wacTHub! (3Heprusi 6e3 IOTEHLHAJbHOH

SHEPTHH B M0JIe) PaBHA &y, = ¢} m2c® 1 p* . Tloxcrasasis cona (20,1),
HaxoJuM B HalleM cJydae:
Sen =V m¥c*Fc2p2 4 (ceEt): =V &+ (ceEt), (20,2)

rae &,—>3Heprusa npu f=0.

CoraacHo (9,8) ckopocTs YacTHUB V= pc?/&yuy- LI cKOpOCTH
U, =X HMEeEeM, CJIeOBATE/bHO:

dx  puct c*eEt
é')mm V@5°§+(ceEt)2

Huterpupysa, Haxonum:
=V & 1 (ceEly (20,3)

(MOCTOSIHHYIO MHTErpHPOBAHHUSI MOJIaraeM pPaBHOR HyJI0) ).

1) 1ot pesyabTaT (npH p,—0) coBnajaer ¢ pelieHHeM 3afayH O PEJSTHUBUCT-
CKOM /IBHXKCHHH € NOCTOSIHHBIM «COOCTBEHHBIM yCKOpeHHeM» w,=eE/m (cM. 3agauy
K § 7). TTocTosHCTBO 3TOr0 YCKODEeHHS CBSI3aHO B NaHHOM CJydae ¢ TeM, 4YTO 3Jek-
TPHYECKOE MOJIe He MEHSIeTCs NpU npeobpasoBanuax Jlopenna co ckopoctsimMa V,
HanpasJICHHBIMH BAOJIb NOJA (cM. § 24).
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JIJISI onpe,ueneﬂm y HMeeMm:
dy pyc? Poc?

N O o

OTKyIa

y=2C Arsh ©EL (20,4)
K

YpaBHeHHe TpAaeKTOPHH HAXOLHM, Bbipaxkas H3 (20,4) f uepes y

u noxcrasass B (20,3). Dto paer:
& eEy
X=F ch i (20,5)

Tagum oépasoM 3apsA ABHKETCS B ONHOPOAHOM 3JEKTPHYECKOM Tofe
110 LEMHOH JMHUH,

Ecan ckopocTh uwacTHUBl v<€C, TO MOXKHO IOJIOXKHUTb p, = My,
&, =mc?; pasaarast (20,5) no crenensim l/c, mosyyuM, ¢ TOUHOCTDbIO
JO 4Y/I€HOB BBLICILErO MOpsijKa:

X =

Ez y?+-const,
mug

T. €. 3apaj ABIKeTCS Mo napaboJie, — pe3yJbTaT, XOPOILO H3BECTHLIHR
H3 KJacCHUeCKOH MeXaHHKH.

§ 21. JlpukeHue B MOCTOSAHHOM OLHOPOAHOM MArHHTHOM MoJe

PaccmoTpuM Temepb ABHKEHHE 3apsja € B ONHOPOXHOM MAarCHHUT-
Hom noje H., Hanpasnenuwe noss BhiGepeM 3a oCh 2. ¥ paBHEHHS
JBHIKEHHS

p=- [VH]

MHl TlepenuueM B APpYroM BHZAE, TIOACTABHB BMECTO HMMIIYJbCa

V

rae §-—3Heprusi UYacTHIBI, KOTOpas B MAarHUTHOM MOJie NOCTOSIHHA,
YpaBHeHHs1 IBHXKeHHS NPHOODETAIOT TOTAA BHA

) .
€& —2 [vH], @1,1)

Wi, B KOMIIOHEHTaX,
Uy = 0V,, U, = —@U,, U,=0, . @12

‘rAe Mbl BBeH oGo3HaueHue '
o= : (21,3)
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YMHOXKHM BTOpOe M3 ypaBHeHHil (21,2) Ha { M CJIOXKHM C Ile pBbIM:
d%- (vx+ivy) = —io (v, +ivy)y
OTKYyAa
0,4 (v, = ae” it
rJle a—KOMILIeKCHasi TnocToAHHas. Ee MOXHO HamHcarb B BHJe
a=v,e”'*, TIe U, U o BellecTBeHHb. Torza
U, —+ in — votg_i (u)t+a),
H, OTfeJss JeHCTBUTE/bHYI0O M MHUMYIO YAcTH, HAXOJHM:
U, = Uy COS (0 ), vy = —0,, $in(0f 4-a). (21,4)

ITocTosiHHBIE Uy; U O ONpEAeJISIIOTC HauabHBIMH YCJOBHSMH, O €CTh
HauaJsibHast (aza; uTO ke KacaeTcsl Uy, To u3 (21,4) BHAHO, uTO

vot:l/vi—}—v; )
T. €. Uy; eCThb CKOPOCTb YaCTUlbl B JIJIOCKOCTH XY, OCTAKIAACA HpH
JIBHKEHHH IIOCTOSIHHOH.
Uz (21,4) HaxonuM, HHTErpUPYS eule pas:
X=Xx,+rsin(ot+a), y=y,-+r cos(wfta), (21,5)
rae

Dot __ Yot _ <Pt

. ecH T eH (21,6)
(p: — NPOEKIHS UMIYJbCa Ha MJIOCKOCTh xy). M3 Tpersbero ypasuenus
(21,2) HaxonUM: ¥, =Up, H

2=zy+00,t. ©1,7)

s (21,5) u (21,7) BUAHO, YTO 3aPsia ABHAKETCH ‘B OJHODOJHOM MAr-
HUTHOM TIOJIE 110 BHHTOBOH JIMHHH C OCbIO BIOJb MarHWTHOTrO MOJA H C
pamuycoM r, ompenensiemMusiM (21,6). CKOpOCTh YAcCTHIBL MPH 3TOM MO-
CTOsIHHA M0 BejimuuHe. B yacTHOM cayuae, Koraa v,,=0, T. e. 3apsig
HEe HMeeT CKOPOCTH BJO/b NOJA, OH JBHKETCH M0 OKPYKHOCTH B ILIO-
CKOCTH, TEPNEHAUKYJIAPHOH K TIOJIO.

BennunHa o, Kak BUAHO u3 ¢GopMyJ, €cTb IHUKIHYECKas 4yacTora
BpallleH¥si YacTHUbl B IJIOCKOCTH, MEPHNEHJUKYJASPHOR K HOMIO.

Ecau ckopoctb uacTHIib! Majia, TO Mbl MOXKeM NPHOJAHXKEHHO MOJIO-
KHUTh &=mc?. Toraa yacrora ® npeBpalaercs B ‘

eH
=—. : (21,8)

IlpennonoxuM Teneps, UTO MArHHTHOE MOJE, OCTaBasfCh ORHOPOA-
HBIM,  MEAJIEHHO M3MEHSIeTCSl M0 BeJWYMHe U HanpaBAeHHi0. BoisicHuM,
KaK MeHsIeTCsl PH 5TOM JBHXKEHME 3aDSXKCHHOH YacCTHIEBL
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Kak H3BECTHO, TIPU MeLJIeHHOM H3MeHeHHWH YCJOBHH JBHXKEHHS Octa-
J0TCSl NOCTOSIHHBIMH TaK Ha3blBacMble aJHaCaTHYECKHE HHBAPHAHTEI.
TlockoMbKY ABHKEHHE B MJIOCKOCTH, NEPNEHANKYIAPHOR K MATHUTHOMY
NOJTI0, NMEPHOLUYHO, TO annaéarnqecxnm HHBapUaHTOM SIBJASETCS HHTe-

rpaj
1

B3ATHIA 110 NMOJHOMY TepHOAY ABHKEHHUS, B JaHHOM cJydae IO OK-
pyxHocTH (P;—npoekiius ©6OOLICEHHOIO HMITYJbCa HA YKA3aHHYIO

e
nJaockocts) ). Iloacrasasas P, =p+- A, uneen:

_%L-ggptdr+—;%gs'Adr.

B nepeoM ujleHe 3aMeuaeM, YTO P; MOCTOAHHO 110 a0COMIOTHOH BEIU-
uHHe M HanpasJeHO Mo dr; KO BTopoMmy npuMeHsieM Teopemy Crokca
n 3amenseM rot A=H:

]:rpt+2£CHr2a

rie r—paguyc opOuthl. [loncTaeissi B 3T0 PaBEHCTBO BLIpAXKEHHE
s r (21,6), HaxoamM:

30Dt
I = SeH (21,9)

Orcroza BUAHO, YTO IPH MeNIeHHOM H3MeHeHHH fI monepevHsIil UMITyJibe

p: Memsercs npornopuHosansho V H.

J1OT pe3yNbTaT MOXKHO NMPHMEHMTh H K APYTOMY CJIYy4Yal0 — KOTAa
YacTHIlA JBHXKETCS [0 BHHTOBOH JIMHHH B IIOCTOSTHHOM, HO HE BIOJiHe
OIHOPOJHOM MAarHHTHOM HoJie (NOJle MaJO MeHsAeTCsi Ha PACCTOSHUAX,
CpPaBHMMBIX C PaJHyCOM H LIaroM BHHTOBOH op6uThl). Takoe IBHKeHHe
MOMHO DACCMATPHBATh KaK JBIKEHHe MO KPYTOBOH opbure, cmeniao-
mwelicg ¢ TeyeHHEM BPEMEHH, a 10 OTHOLIEHHIO K 3TOH opbuTe mnoJje Kak
Obl MeHsieTcsl CO BPeMEHeM, OCTaBasick OAHOPoAHbIM. Torma MoxHO

1 Cm. I § 49. AnuabarnuecKuMH HHBAPHAHTAMH ABJASIOTCH BOOOLIE HHTOrpaJIhl
p dg, B3ATHE TTO NEPUOAY HM3IMEHCHMS JAaHHOH KOopAuHaTel ¢. B paccMarpuBaeMoM

cayyae TEpPHOAB! 110 ABYM KOODAWHATAM—B ILIOCKOCTH, NEPreHiuKyaapuol x H, —
COBNAJAIT M HANHCAHHBIA MHTerpasn / npeacTaBJsieT coboit CYMMY JBYX COOTBETCT-
BYIOUUX afua0aTHUeCKHX uusapuantos.ONHAKO KAXALI M3 STHX MHBAPHAHTOB B OT-
IEeJBHOCTH He HMeeT 0COOOTO CMBICJIA, TAK KAaK 3aBHCHT OT HEO[HO3HadHOro BHGOpa
BEKTOPHOTO MOTEHUMANA NOJs. Hponm‘exaloma;{ OTCIOfa HeOAHO3HAYHOCTh afuaGaTH-
UeCKMX HHBAPHAHTOB OTPa)KaeT TOT (akT, YTO, pacCMaTPHBasi MarHHUTHOE NOJE Kak
OIHODOXHOE BO BCEM IIPOCTPaHCTBe, B NPHHIMNE He/b3s ONPEXEAHTH BOSHHKAIOUlee
peyefcTBHe nepemenHoCTH H szexTpuyeckoe mose, sapuCsiliee B JlencTBHTeJIbHOCTK
OT KOHKDETHHIX YC/IOBHH Ha GeCKOHEeYHOCTH.
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yTBEPKJATh, YTO NonepeuHas (MO OTHOLIEHHIO K HAMDABJEHHIO MOJIs)
KOMIIOHEHTa HMIYJIbCa MeHsieTcsl To 3akony py=) CH, rae C — nocro-
- auHasA, a H — 3agannag QyHKuMs KoopauHat. C Ipyrod CTOPOHBI, KaKk
H [pH JABMXKEHHH BO BCSIKOM TOCTOSIHHOM MArHHTHOM IoJe, 5Heprus
YaCTHUBI (2 C HEel0 M KBaJpaT ee HMIYJbCa p?) OCTAETCS IOCTOSTHHOH.
ITosToMy DpOIOMBEHAS KOMIOHEHTa HMIyJ/JbCa MEHSeTCd IO 3aKOHY

pi =p2_p? IPZ*CH (x7 Y, 2). (21,10)

[Tockonbky Beerna AOMKHO ObITb pi==0, TO 0TCIOA A BUJHO, UTO IPO-
HUKHOBEHHE YaCTHUE! B 06/1aCTH JIOCTATOUHO cHJIbHOTO nots (CH > p?)
OKAa3bIBAETCS HEeBO3MOKHEIM. [IpU IBHXKEHUH B HaNpaBiACHHH YBEIHYH-
BAIOUIErocsd MOJs1 pajiuyc BHHTOBOH TpPaeKTOPHH yOBIBaeT IPONOPLHO-
HaibHo py/H (1. e. mpomopuuonansio 1/} H), a ee mar — nponop-
[IMOHATBHO p,. I1pH NocTHXKEHHH IPaHHNBI, HA KOTOPOil p, obpauaercs
B HYJb, 4aCTHI{A OTPaKaeTcsl OT Hee: NPOAO/KAs BPallaTbCs B IIpex-
HEM HANpaBJeHHH, OHA HAYMHAET JBHUIAThCA NMPOTHB IPajHeHTa IoJjid.

HeonnopoanocTs [0S MPHBOAUT TaKikKe H K JPYTOMY SBACHHIO —
MELJIEHHOMY [ONIEPEeUHOMY CMeIeHHIo (Opeiighy) BeAYIero LeHTPa BUH-
TOBOH TPAEKTOPHH YACTHIB! (TAK HA3BIBAIOT B 3TOH CBA3H LEHTDP Kpy-
ropofl op6uThl); 3TOMY BONPOCY NOCBALUEHA 3ajaua 3 K CAEAYIOUEMY

naparpady.
3agaua

OnpefeduTh YacTOTH KOJeGaHHH 3apPsHKeHHOTO IPOCTPAHCTBEHHOTO OCLHJLIA -
TOpa, HAXOASAIErOoCs B HOCTOSTHHOM OJHOPOJZHOM MATHHTHOM II0Jie; COOGCTBeHHAS
4yacToTa KoJeGaHHH ocUMAAATOpa (NPH OTCYTCTBHH MNOJIS) paBHA .

PemeHnue. YpaBHeHHS BHHYXACHHBIX KOJOAHHH OCUH//IATOPA B MALHUTHOM
nosie (HampaBJIeHHOM BROJb OCH Z) HMEIOT BHI

. e . . eH . .
x+ox=——y, y+w3y=—m—cx, 2 0iz=0.

Ymuoxas BTOpoe ypasHeHHe Ha i W CKJaJbiBasi C NEPBHIM, MOJydaeMi
’ - 5, - eH -
Etoof=—i—§,

me

raze E=x-iy. Orcrofa HaxoguM, 4YTO YaCTOTHl KOJeGaHHH OCLHM/IATOPA B IJIOC-
KOCTH, NEePNeHAHKYJASAPHOH K N0JI0, PaBHBI

_ s , I [eH\2 eH
o= 1/“’°+74‘ (;rc) o
Ecan none H mano; 1o 31a opMyJia NEPeXoiuT B

el

w=moﬂ:2mc.

Kone6anns Baosib HanpasieHHUs NOJS OCTAIOTCH HEH3MEHHHIMH,
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§ 22. JipuKeHHe 3apAjia B MOCTOSIHHBIX OJHODOAHBIX 3JEKTPHUECKOM
M MarHUTHOM TOJSIX

Haxkonell, pacCMOTPHM JABHKEHHE 3apfAAa B CAy4Yae OJHOBPEMEHHOIO
HaJU4HsA OJHOPOZHBIX M IIOCTOSIHHBIX 3JIEKTPHUECKOTO H MATHHTHOTO
niosiefi. Mbl OrpaHHYHMCSE TIDH 3TOM HepeJATHBHCTCKHM CJyvyaeM, Koraa
CKODPOCTb 3apsifia U< ¢, ¥ NI0TOMY ero HMITYJbC P=/1V; KaK Mbl YBHIHM
HHXKE, JJIsT 9TOr0 HeoOXOIHUMO, YTOGBI JEKTPHYEECKOoe Tode GbLIo Majio
[0 CPABHEHHIO C MAarHHMTHBIM.

Hanpasnerne H BhiGepem 3a och 2, a IJIOCKOCTb, NPOXOASILYIO Ue-
pe3 Bektopel H n E, 3a muockocts yz. Torka ypaBHeHHs ABHXKeHHs

mv = eE +% [VH]

HanmyumyTca B BHIAC

. e -
mx = ?yﬂ,

my=eE,—— xH, (22,1)
m'z':eEz.

M3 Tperbero ypaBHEHHS BHIHO, UTO BJOJb OCH Z 3ap;111 ABHXKETCS
paBHOMEpHO- ycxopeHHo T. €.

o, =12 Ut (22,2)

YMHO¥Kas BTOpOE H3 ypaBHeHnﬁ (22,1) Ha i M CcKJanbiBas ¢ nep-
BbIM, HaXOJIHM:

d - .- . . Lt . e
d-t(x—}—ty)—f—tw(x-i—ty):tWEy
(0=eH/mc). Vuterpay storo ypaBHeHHs, Fle X-+iy paccMaTpHBaercs
KaK HEH3BECTHOE, PABEH CyMMe HMHTErpaja 3TOTO K€ YpaBHEeHH: 6es
NpaBof yacTH H YaCTHOTO MHTErpaja ypaBHeHHMs C NDaBOi 4acThio.

IlepBhiii u3 HHX e€cTb ae~ ‘!, BTOpOil paBeH eEy /mw cE,/H. Takum
o6pasom,

.. i cE,
x+iy=ae™® +—F-
ITocrosinnaa a, BooGuie ropopsi, KomIviekchas. Hamucas ee B BHAe
a=be'* ¢ BelleCTBEHHBIMH b H o, MBI BHIHM, YTO HOCKOJBLKY @, YM-

HOXaeTCsi Ha e~ ™! 70, BHIGUPAs COOTBETCTBYIOMIMM OGPA30M HAYaJo
OTCYeTa BPEMEHH, MBI MOXKeM NpHAATh ¢ase a jgoGoe 3HaueHue. BriGe-

peM ee Tak, uToObl @ 6bii0 BemlecTBeHHO. Toria, oriensia B x-+iy
MHHMYIO H BelleCTBEHHYIO YacTH, HaXONHM: '

. E . )
x=acosmt+c'ﬁy, y=—asin of, (22,3)

Ilpu 3toM B MoMeHT BpemeHH f=0 CKOpOCTbL HampaBjeHa IO OCH X,
Mbr BHIYMM, YTO KOMIIOHEHTHI CKOPOCTH YaCTHUbI SIBJISIOTCH NEPHOAHYE-
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CKUMH QYHKUHAMH BPeMeHH; HX CpelHHe 3HAueHHs] PaBHBI

- CEy -
=g y=0

OTy CPEeNHIO0 CKOPOCTh ABHMKEHHs 3apsiia B CKPEUIEHHBIX 3JeKTpHdue-
CKOM H MarHUTHOM II0JIX 4aCTO HA3BLIBAIOT CKOPOCTBIO 3JEKTPHUECKOTO
Opetigha. Ee Hanpas/eHue MepneHIUKyAsPHO K OOOHM MOJISAM M He 3a-

BHUCHT OT 3HaKa 3apsnza. B BEKTOPHOM BHJE €€ MOXKHO 3aIIUCaTh Kak

— c{EH]
V=
Bce dopMy.iel sTOrO naparpaga npuMEHHMEL, €CJTH CKOPOCTb YaCTHLbI
MaJa 110 CpaBHEHHIO CO CKOpPOCThIO CBE-
Ta; MBI BUJHUM, YTO 114 3T0TO Tpebyercs, g
B YaCTHOCTH, YTOOH! IJEKTPHUECKOE H
MarauTHoe MnoJis YAOBJETBOPAJIH ycJo-
BHIO

(22,4)

Ey 21, (22,5)
H

Z

abcoJitotHble Ke BeauuyuHbl £, 0 H mo- y 2
IyT OBITh MPOHU3BOJBHBIMH.
Hnrerpupys ewe pas  ypaBHeHus
(22,3) u BBIOMpas MOCTOSIHHBIE HHTETPH-
poBanust TakK, yro6el npu (=0 6bLIO ,
x=y=0, nomyyaem: : 7

9

a . cEy
x=Esmmt +Ft’
(22,6)
y= 2 (cos at—1).
[V

Paccmarpusaemele Kak napamerpi-
YeCKHe ypaBHeHHs KPHBOH, 3TH ypas-
HEeHHs1 onpelensior coboil Tak Ha3sblBa- z
eMylo TpoxoHay. B saBucuMocTH ot Toro, 8 :
Gosbllie MJIH MEHbLIE a6COMIOTHAS BeJH-~ Puc. 6.
YMHa @a, 4eM abCOMIOTHAs BeJHYHMHA
¢E,/H, npoeKuns TPaeKTOPHH HaCTHUBI Ha IIOCKOCTb Xy HMeeT BHA,
H300paXKEHHBIH COOTBETCTBEHHO Ha pHc. 6, @ W puc. 6, 6.

Ecmu a=—cE,/H, 10 (22,6) nepexoaur B

X= cil;’ (0 —sin ot),
.
cE (22:7)
y=—=(1—cos wt),

T. €. TPOEKUHs TPaeKTOPHH HA IUIOCKOCTb Xy SIBASIETCH LUKJIOMAOH
(puc. 6, o). : i
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3anaun

1. Onpegenuts peITHBHCTCKOE ABHKEHHE 3aDsad B NaPajJlelbHbiX ORHOPOAHBIX
SJIEKTPUYCCKOM M MArHUTHOM MOJSIX.

Pemenue. MarautHoe nofie He BJAHsIeT HAa ABHXKEHHE BJOJL COBMECTHOIO Ha-
npasyeHus E U H (ock 2), KOTOpoe MpOHCXOAMT, C/IeJ0BaTeNbHO, NOJ JAEHCTBHEM. OA-
HOTO JIHUWb 3JIEKTPHYECKOrO IOJIS; HO3TOMY corviacHo § 20 Haxomum:

é& —
Z—EKELH-, gxuu:Vé°%+(ceEt)Zo
Jaa nBuMKeHHS B ITOCKOCTH Xy HMEeM ypaBHEHHS:
s e < 24
px“?Hvy, py—""C_HUx"y
HIH
d . .eH . ie He ,
n (pxFipy) =—1i ra (vx‘l‘wy): - m (Px+lpy)~
Orciona

pxtipy=pe=i,

Tle p;—IOCTOSIHHOE 3HAYCHHE IMPOeKIHH HMIYyJbca HAa IIJIOCKOCTb XY, & BCIOMO-
rate/ibHaf Be/IMYHHA @ BBEJEeHA COrVIAaCHO COOTHOLUCHHIO

dt
dp=eHc
¢ Eean’

OTKyZ#a
_ oy E
=2E N P (0]

Hanee umeem:

H
Pxtipy= pte"”—g““"( +ip=2 d(x+ty)

dq> :
OTKYAa
cpt _ <Pt
x———H sin @, y= 5 €08 Q. _ @)
®opmyan (1—2) BMecre ¢ dopmyJoi
2= —& ch =+ q) 3)

ONpEJeNsIor B IapaMeTPHUeCKOM BuIe NBH:KeHHe YacTHuu. TpaeKiopus npeacras-
JseT co6ofi BHHTOBYIO JMHHIO C pajHycoM cpi/eHd H MOHOTOHHO BO3pPacTAIOLIHM
maroM, o KOTOpOH uacTHIA JABHXKETCs C yObBaloulel yIVIOBOH CKOPOCTBIO
Q=e Hc/Eqn 7 CTPEMSIIERCH K ¢ CKOPOCTBIO BIOJIb OCH 2. - .

2. Onpeneniuth PeJsATHBHCTCKOE J[BHMKeHHe 3apsid BO B3aUMHO TeplIeHAHKY-
JAPHEIX M PAaBHBIX 110 BeJHYHHE 3JIEKTPHYECKOM H MarHHTHOM NoJjsx l),

Pewmenne, Bubupas oce z BroJb Hanpasiednss H, a och y—B HanpasJe-
Hud E u nonaraa E =1/, HanuweM ypaBHeHHs JBHKEHHS:

dp, e dPy_ v dps __q
7 = By G =E1=-7) 7

1) 3agava o ABUKEHHMH BO B3aUMHO NepHeHIHKYJSPHBIX, HO He OAMHAKOBBIX MO
penuunte noasx E u H mapnexamum npeoGpasoBaHHeM CHCTeMBl OTCYETa CBOAHTCH
K 33jaue O JBHKEHUH B UHCTO SACKTPHUUYECKOM HJIH HHCTO MATHHTHOM moae (cum. § 25).
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H, KaK HX caefctBue, ypasuenue (17,7):.
déJKHH___
T——-EEUyc

W3 stux ypaBHeHHII hMeeM:
p,=const, Sxun— Py =const =a,

Hcrnonpsyst Takke paBeHCTBO
?(PIH ——-Czp)%: (§ xnn+Px) (S xun—cpx) =c*py+&

(rme 2= m2c* 4 c2pi= const), Haxomum:

I ,
&xun+cPx = (Czp;+32):

H 3areMi :
2
o | Epy-f-e?
(gmm :7_{_ o0 :
P o czpz+ e2
_— _——
* 2c 2ac

Hanee numem:

dp v
& xun d_ty= eE (éakﬂﬂ_"éj‘%‘f) =eE (& xun—CPx) =eEa,

" OTKYAa
g? , €%
2eEt=| 145 ) Pyt35Ps (H
Jnsg onpenelieHHst TPaeKTOPDHH B ypaBHEHHSX

dx ®py
dt gKHH P

nepexofiiM K NepeMeHHOH py corjacHo dt = & xun dpy/eEa, nocje yYero HHTErpH-
poBaHHe NPHUBOILHT K QOPMyJaM:

c e? c3 3
¥=GF (‘ 1+;;) Py GazeE P
c? 2 pc? @
Y=SaeE ¥ 2= Ea Py

®opmyasl (1—2) nosHocThi0 ONpeAeaAIOT B IapaMeTPHYeCKOM BHIe (Mapaverp py)
nBuxkeHue dacTHUH. O6paTHM BHHMaHHE Ha ToO, YTO HauGosee GHICTPO BO3PACTaeT CKO-
POCTb [BHXEHHSI B HalpabJeHHH, nepneHAukyyasipioMm E u H (och x).

3. OmpenenuTe CKOpOCTH Jpeiida  Beayllero mneHTpa OPGUTH  HePeJATHBUC-
TCKOH 3apsKeHHOH YacTHUE B KBA3HOJZHOPOLHOM MOCTOSIHHOM MATHHTHOM IoJsie
(H. Alfven, 1940). .

Pemenune. [IpeanonoxuM cHavasa, 4To 4acTHUA JBIKETCA IO KPyrorol op6ure,
T. €. ee CKOPOCTb He HMeeT NPOJOJBHOI (BAOJL nonsi) cocrabasiomel. IlpeactaBum
ypaBHeHue TPaeKTOPHH dacTHUb B BHAe r= R ()4 (¢), rae R (f) — paguyc-rexTop
Bellylllero. LieHTpa (MejJleHHO MeHswolascd GyHKLUHSA BpeMenH), a §(f) — Grictpo
OCHMJVIMpYIOINAsi BeJIMUHHA, H306paxaloniass BpamiarejbHOe JABHKEHHe  BOKPYr

- €
BEAYIIEro UeHTpa. YcpelHuM HeficTRYIOWYIo Ha wactuuy cuay —IrH (r)] no nepuop;
P P BYK P prony
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OCHHJALMOHHOTO “(Kpyrosoro) aeitxenus (cp. 1 § 30). Bxoasamylo B Hee dyukuuio
H (r) pasyoxum no creneHsm §:

H(r)=H (R)+(Ev) H(R).
[pu ycpenneHuH ujieHb! MEepBOTO MOPSAKA N0 OCUHJMHPYyIoilell Beanunne § (/) 06-
paliawTcs B HyJb, 4 WIEH BTOPOrO MOPAIKa TNPHBOAHT K MNOABJECHHIO JRONOJHH-
TeJbHOH CHJIBE
e ——
f=2 €@yl
Jlns Kpyrosoro ABH:KeHHS

t=oltnl,  I=-,

rae n-—e[HHUYHLIE BekTop B Hanpasienun H; uactora @=eH/mc; v; —cKopocTh

yaCTHILL B €¢ KpyrosoM gemenuu. CpelHee 3HaueRHe NpPOU3BEJEHHI KOMIOHEHT
BeKTOpa §, Bpallalomerocs B IJOCKOCTH (NEPNERABKYJAPROI K m):

1
Cagﬁz 9 czéapy

rae 8,3 — epuuuuHbll Tensop B 3Toil MAoCcKocTH. B pesyibrare mo/yduHM:

m

v
fo= — 5H {[[nv]H]

B cuay ypasuenuit div H=0, rot H=0, KotoprM yIOBJeTBOpseT MOCTOSHHOE MOJE
H(R), umeem:

[[nv]H]=-—ndivH4+(nv)H+[nrot Hl=(n V)H=H (nv) n+n (nv H).

Hac nutepecyer nonepeunas (m0 OTHOWIGHHIO K M) CHJA, NPHBOAALIAS K CMELIEHHIO
opbuTH; OHAa paBHa
2 2
mu mv
fe— —L(ny)n=_2Lyv,
2

rae 0 — pajnyc KpPHBH3HB! CHJIOBOH JIHHHMH NOJIA B JaHHOH TOYKe, 4 ¥ — eJHHUUHBI
BEeKTOP, HaNpaBJeHHHH OT LEHTpa KPHBH3HBL K 3TOH Touke.
Caryuaii, xoraa yactuia obsajaeT Takke H NPOAOJABHOM (BAOJbL N) CKOPOCTBLIO vy,

CBOAMTCA K NPeAbAYILEMY, ec/H MepedTH K CHCTeMe OTCYeTa, BPAINAIOMIECHCS BOKPYr
MTHOBEHHOTO LeHTPa KPHBHM3HEI CHJIOBOH JIHHHH (TPaeKTOPHH BeJYILIEro LEHTpa) ¢
YIJIOBOH CKOPOCTLIO v /p. B 3Toll cHCTeMe 4acTHLA He HMeeT NPOJONBHOH CKOPOCTH,

HO MOABJIAETCS AOMOJHHTE/]bHAS [ONEPeYHas CHiia — LeHTpoSexHas CHJa, PaBHAs
vmy ?l/p. Takum oGpasom, mosfHasi nonepeuHas cuaa

m{ 2 v’
f=v () +-2).
-l p 2
3Ta cuia JKBHBaJIeHTHA NOCTOAHHOMY 3JIEKTPDHYECKOMY IMOJI0O € HanpsKeH-

Hocteio f J_/e. Corsacho (22,4) ona BeisuiBaeT Jpeiid BeAyllero ueHTpa OPOHTHI CO CKO-
pocTbio

1 ' a2y U
vd:(:)_é(v“—l__;; [vn].

3HaK 5TOil CKOPOCTH 3aBHCHT OT 3HaKa 3apsja.
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§ 23. TeH3op 3JeKTPOMArHHTHOTO MOJS

B § 17 Mul BeIBenH ypaBHEHHUA JBHKEHHs 3apsjga B ToJe, HCXONA
u3 ¢yuknuu Jlarpamxka (16,4), HanucaHsoi B TpexMepHoM Buje. Brise-
IeM Temnepb Te e ypaBHEeHHsl HemocPeACTBeHHO H3 ZefictBus (16,1),
HallACAHHOI'O B UeThIpeXMepPHBIX OOO3HAYEHHSIX,

ITpuHUMD HAUMEHbLLIEro NEHCTBHSA TJIACHT

b
68:6§<—mcds—% A,.dxf> —0. (3,1)

3ameuas, 4TO ds:l/dx,- dx’, HaxoauM (Tpefessl HHTEr pUPOBAHUS @
U b Mbl OyjeM HHUXe I8 KPAaTKOCTH ONYCKaThb):

68 = — S (mcd—’—‘—"z%sx—[+% A, doxi4 % aA,.dxf) —0.

IlepBrle nBa useHa B MOJBIHTErpajibHOM BBIpasKeHHH IDOHHTErpH-
pyeM 1o yactsM. Kpome TOro, B HepBOM uWjieHe BBeleM 4-CKOPOCTb
dx;/ds =u;. Torna

g (mc du,-Gx"—i——i— Sx'dA;— % 6A,-dxi) — (mcu,- —1——3— Ai) 8x! I =0
: (23,2)
BTopoii 4ieH 3TOro paBeHCTBA paBeH HYJO, TAK KaK MHTErpaJl Bapbu-
pyeTcsi NpH 3aJlaHHBIX 3HAUEHHAX KOODAHHAT Ha npenenax. Janee,
84, :‘;7’*; Sx*, dA,:g%i dx*,
H MO3TOMY

S(mcdu,-éx"-l—ia’q’é % dk— ’dxﬁxk> —0.

HanumeM B nepBoM ufeHe du; = ES—"ds, BO BTOPOM H TpeTbeM dx!=u’ds.

Kpome TOro, B TpeTbeM uieHe NOMEeHfeM MeCTaMH HHAEKCH { B &
(3TO HMUEro He HM3MEeHHT, TaK KaK M0 3HauykaM [ H R NIPOH3BOJUTCA
cymmupopanue). Torapa

mei__ e <%_?if> ut | 8xids=0.
ds ¢\ oxi Oxk

BBHAy MpOW3BOJILHOCTH Ox’ OoTClOfa cjenyer, uTo IMOABIHTErpajbHOE
BbIpaXKeHHE PaABHO HYJIIO:

me3i 2. (aAk aAf) ut =0,
ds ¢ \ gxi-  Oxk :

BreaeM o6o3HaueHHE

' 04 oA,

ik — Qxi ] Axk?

(23,3)
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3TOT AHTHCHMMETDHUHBIA TEH30D HA3BIBAETCH MEH30POM IAEKMPOMA2-
wnumuoeo noas. Toraa mojydeHHOe ypaBHEHHe HAMHLIETCA B BHAE
dut e L. ‘
e Rk
meos =~ Fity,. (23,4)
S10— ypaBHeHHEe IBHXKEHHS 3apsja B YeThipeXMepHoH ¢opMme.
CMBIC/ OTJAEJNBHBIX KOMIOHEHT TeH30pa F;, JIeTKO BHISICHMTb, NOJ-
craBu 3uavedus A;= (g, — A) B onpenenenue (23,3). Pesyiasrar
MOIKHO 3amHcaTh B BHAe Ta6JHIB, B KoTopoll wHaekc (=0, I, 2,3
HyMepyeT CTPOKH, a HHJEKC K— CTOJOIDLL:

0 E. E, E /0 —E, —E, —E,
(E
Flk.__

—E, 0 —H, H, 0 —Hz H,

Fy= —E, H, 0 —H, 0 —H,

—E, —H, H, 0 \E H, 0
(23,5)

Kopoue, MOXHO HamucaTb (cM. § 6):
Fi=(E, H), F*=(—E, H).

Taxum 00pa3oM, KOMIOHEHTHI HaNPAXKEHHOCTEH SJIEKTPUYECKOro H
MArHUTHOTO NoJIeH SABJIAIOTCSA KOMIIOHEHTaMH OLHOTO 4-TeH30pa 3/IeKT-
POMAarHUTHOTO I10JIA.

Tlepexons K TpexMepHBIM 0003HAUEHHSIM, JETKO y6ezu~m=c;1 B TOM,
4YTO TPH MPOCTPAHCTBEHHbIE KOMNOHEHTH ({=1, 2, 3) ypaBnenus (23,4)
TOXKAECTBEHHBL C BeKTOprIM ypaBHeHHeM ILBH}KEHHH (17,5), a Bpemen-
Hasi KomioHeHTa (i=0)— c ypaBHeHmeM paGorbl (17,7). Ilociennee
€CTh CJIC/CTBHE YPABHEHHS JBHKEHHsS; TOT (paKT, YTO M3 YeThIPEX ypas-
nennii (23,4) TONBKO TPH HE3ABWCHMbI, MOXHO JIETKO OOHAPYyMHTDb
TaKkKe ¥ HermocpeJCTBEHHO, YMHOXKHB o6e cTopoHH (23,4) Ha uf. Toraa
JeBasg CTOPOHA paBeHCTBA OOPaTHTCA B HyJb BBHJY OPTOTOHAJLHOCTH
4-ekTopoB u' M duds, a npaBast CTOPOHA — BBHIY AHTHCHMMETDHY-
HOCTH Tensopa F .

Ecau paccmaTpuBaTh B BapHauuH S TOMBKO HCTHHHBIE TPAeKTOPHH,
TO MepBEIH uieH B (23,2) ToxkIeCTBEHHO o6paTHTCH B HyJb. Torza Bro-
poit useH, B KOTOPOM BepPXHHil Ipefiesl PACCMATPHABAETCS KaK MepeMeH-
HbIf, jaer Auddepenunan AedcTBUA Kak QyHKHUHM KoOpAuHar., Takum
o6pasom,

88 =— (mcu,. +< A,.) 8xf. (236)
Orciona
as e
— o = meu; i+ A =p;i+— 4 ] (23,7)

4-pexTop —0S/0x! ecthb 4-BeKTop 0GOOILIIEHHOTO HMITYJIbCA YaCTH-
ubt P;. TloxcraBnisasi 3HaueHHsi KOMHOHeHT p; H A;, HafizeM, uro

pi—(artee oy e p), (23,8)
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Kak u cienoBajio, npocTpaHCTBEHHBIE KOMIIOHEHTH 4-BeKkropa P, o6pa-
3yIOT TPeXMepHBIH BeKkTOop 0000leHHOro HMnyJasca (16,5), a BpemeH-
Hasi KOMIIOHEeHTa ecTb &/c, Flie & — moJiHasi SHeprHsA sapsja B MOJe.

§ 24. Ilpeodpa3oBanne JlopeHua piast noJst

Hanmmem dopmyasl npeo6pasoBaHus AJs Moas, T. €. GOPMYJHI, 10
KOTOPBIM MOKHO OINpeJesUTh NoJie B OJHOH HHEPLHAJIbHOH CHCTEMe
oTCueTa, 3Has 3TO XKe\Jjojie B APYrod cUCTeMe.

DopmMyanl mpeobpasoBaHus LIS IIOTEHINANOB HAXOAATCS Hemocpes-
CTBEHHO M3 O6WIHX GOpMyJ] Npeo6pasoBaHus 4 -sextopa (6,1). Ilonmus,
yro Ai=(p, A), HaXoauUM:

q> +-— Ay ‘ A;+~V—CP’
e, A=A, A=Al (24,1)

Z 4 x 2 ]
¢

dopmy.sl npeoépasosaﬂuﬂ JJ1s1 aHTUCHMMETPHYHOTO 4-TeH30pa BTO-
poro paHra (KakoBHIM siBJsieTCs TeH30p [F°*) naiizeHbl B 3ajaue 2§ 6:
KOMMOHEeHTH F* U F® ye MeHSIOTCSI NPH NpeoGpasOBAHHH, d KOMIIO-
HeHThl .F02) F% y 12 F13 npeo6pa3yloTCs COOTBETCTBEHHO KaK x° U x!,
BripasuB KOMIIOHEHTEHI TeH3opa Fi* yepe3 KommoxenTs nosei E u H cor-
JacHo (23,5), moayuum caenyiompe (GOpMyJbl NpeoGpasoBaHus AJIA
3JIEKTPHUECKOTO NOJS:

2 V r
E,,+— H, E;—— Hj
E,=E, E=—rie (242
YRR T YR
4
H st MarHuTHOTO TIOJd:
Ve s, Vo
, Hy—— E; Hy+—E,
H,=H, H—=—2"— H=— X _, (243

Y V2 z V2
Vie Vg

TakuM 06pasoM, 3JEeKTpHYeCKOe M MArHUTHOe NOoJs, Kak H 6ojb-
IIHHCTBO (DM3UYECKHX BEJHYHH, OTHOCHTENLHBEI, T. €. HX CBOHCTBA
pas/MuHBl B PasHBIX CHCTeMaX oTcuera. B 4acTHOCTH, aJeKkTpHyeckoe
WIH MarHUTHOE IoJe MOMKeT OblTh PaBHO HYJI0 B OAHOH CHCTEME Of-
cyeTa H B TO K€ BPeMs NPHCYTCTEOBaTh B APYrofi cucreme.

®opmyasl npeoGpasoBanusa (24,2—3) 3HAYHTENBHO YHPOLIAIOTCA
aasa cayuas V <€c. C TouHOCTBIO R0 4JIeHOB nopsanka V/e umeem:

E,=E, E,=~E,+YH, E,=E,——H,

H,=H, H,=H,—%E, H,=H,+%E,
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Oru GopMyJbI MOTYT GbITb HamHCaHbl B BEKTOPHOM BHJE:.
’ 1 ’ W’ 1 ’
E=E —{-;—[HV], H—H——-—C~[EV]. . (24,4)

dopMysel obpatrHoro mnpeoOpaszoBasuda oT K K K mosyuaiworcs
H3 (24,2—4) nepecTaHOBKOH WITpHXa ¥ H3MeHeHHEeM 3HaKa y V.

Ecan B cucreme K’ wmaruutHoe moge H' =0, To0, corsacHo
(24,2—3), MexAy 3JEKTPHUECKHM H MATHHTHBLIM IIOJAMH B CHCTEME
K cyuiecTByeT COOTHOUIEHHE

H=_ [VE]. (24,5)
Ecau xe B K" moae E'=0, 10 B cucreme K
1
E=—— [VH]. (24,6)

B oGoux cnydaax, caefoBaresbHO, B cHCTeMe K MarHWTHBIE M 3JEKTPH-
yeckue MOoJsl B3aHMHO MepNeHAHKYJIADHLL.

i GOPMYNBL UMEIOT, Pa3ymeeTcsi, W O0PATHbIA CMBIC/I! eC/id B He-
KoTopoli cucteme orcuera K noasi E u H B3auMHO nepneHIUKYJsipHBL
(HO He paBHBI IO BeJHYHHE), TO CYLIECTBYeT Takas cucremMa K’, B Ko-
TOPOH ToJie YHCTO 3JIEKTPHUECKoe WJIH YHCTO MarHuTHoe. CKopocTb V
aToil cHcTembl (no oTHomeHHo K K) nepnenaukynaspHa Kk E 1 H n no
BEJIMUMHE paBHa B nepsoM cayuae ¢cH/E (npuuem gosxHo 6HTh H << E),
a Bo BTOpOM ciyyae cE/H (npuuem E << H).

§ 25. UnBapHaHTbl mojA

M3 BeKTOPOB HANPAKEHHOCTEN 3NEKTPHUECKOrO U MAFHKTHOrO NoJeH
MOXKHO COCTaBHTb HHBAapHAHTHbIE BEJHYHHBLI, OCTAIOUIHECS HEH3MEHHHI-
MH TIDH_ npeoGpasoBaHUAX OT OXHOH HHepHI/IaJIbHOH CHCTEMBI OTCYeTa
K APYTOH.

Buzx 3THX MHBAPHAHTOB JIErKO HAHTH MCXOAA M3 qublpeXMepHoro
NPEACTABJIEHHAS] TOJIS C TIOMOLLBIO AHTHCHMMETPHUHOTO 4-TeHsopa Fk,
OueBHAHO, YTO H3 KOMIIOHEHT 3TOr0 TEH30Pa MOXHO COCTABHTb cienyto-
e MHBAPUAHTHBIE BEJIHYMHEI:

F; Fi*=inv, : (25,1)
eFmF W F,, =inv, (25,2)
rzxe efl™ —coBepIIEHHO AHTHCHMMETPHUYHBIH  €IMHMUYHBIE TEH30p

(cM. § 6). IlepBast u3 3THX BeJIHYHMH — HCTHHHBIH CcKaJfp, a Bropas —
ncespockagsp (npousBeneHue TeHsopa Fik Ha JlyaJbHHIH eMy TeH30p)1).

1) OTMeTHM TaKKe; 4TO nces,uocxa.nﬂp (25 2) MOMKET GLITh TIPEACTaBJeH B BHIE
4-siuBepreHIHH;
. : F] , .
elkimp. F—4_~_{ plklm —_—
Flk {m axe (e Ak axl Am)[,

B 4eM JIeTKO yOeEHTLCH, YYMTHLIBAA AHTHCHMMeTpHYHOCTL elklm,
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Bripaxas xommnounenTsl F* uepes xomnonentsl E u H corsacho
(23,5), aserko y6enuTbcsi B TOM, 4YTO B TpexmepHoii ¢opme 35TH
UHBADHAHTBHl HMEIOT BHJ

H*—E?=inv, ‘ (25,3)
EH=inv. (25,4)

TTceBAOCKANISAPHOCTh BTOPOTO H3 HUX OUEBHIHA M3 TOTO, YTO OH MPex-
crapasieT coGoll mpousBefieHHe noJspHOrO Bekropa E Ha akcuasbHbIH
sektop H (xBazpar xe (EH)? Gyzer HCTHHHBIM CKaJjsipoM).

M3 uHBapHAHTHOCTH NpPHBEAEHHBHIX J[BYX BHIPaKEHHH BBHITEKAIOT
caelyoline BoBOAL. EciaH B KakoH-HAOYyIb CHCTeMe OTCHeTa JeKTPH-
YeCKOe W MarHHUTHOE M0JISl B3aUMHO NeprneHAUKyaAspHul, T. e. EH=0,
TO OHHU NEPNEeHAUKYNSAPHB H BO BCAKOH APYrodl HHeplHaabHOH cHcTeme
orcuera. Ec/in B Kakoil-HHOYIb CHCTeMe OTCUeTa abCOMIOTHBIE BEJHYHHBL
E u H paBHbI IpYT IPYyTy, TO OHH OAMHAKOBHI U B JII060H APYTOH cHCTEME,

Hmetor, oueBHIHO, MECTO TaKKe M CJeAyIOllHe HepaBeHcTBa. Ecin
B KakoH-mu6ynp cucreme orcuera £ > H (unu E<CTH), 10 ¥ Bo BCAKOH
apyroii cucreme 6yner E>H (wmn E<<H). Eciu B Kako#t-1u6o cH-
creme orcyera Bektopsl E u H o6pasylor ocTpsifi (HaH Tyno#) yroa, To
OHH GYAYT 06pAa30BHIBATL OCTPHIf (MM TyMOH) YIoJ H BO BCAKOH Apyroi
cUcTeMe.

IlpeoGpasoBanuem JlopeHua MOKHO BCErja JOCTHYL Toro, urtobul E
u H nonyuunu Jro6Grie 3HaUeHHs1, YJOBJIETBOPSIOUIYE TOJIBKO YCJIOBHIO,
uyto6el E*—H? u EH umenu 3afaHHble onpefieieHHble 3HaueHus. B ua-
CTHOCTH, MOXKHO HA#TH TaKyl0 HHEPIHAJbLHYIO CHCTeMy OTCyera, B KO-
TOPOH JIEKTPHYECKOE H MarHUTHOE MOJIA B JAHHOH TOUKe MapasenbHbl
apyr apyry. B aroit cucreve EH=EH, u u3 AByX ypaBHeHHH

Ez—"H2=E(2)——' 0 EH: E()Ho

moxkuo Haitu 3naueHusi E u H B aroil cucreme orcyera (E, u Hy —
3/IEKTPUUYECKOE W MATHHTHOE MOJIS B HCXOAHOH CHCTEME OTCYera).

Hckmouennem siBaseTcs cayuya#, Korja o0a HHBapHaHTa PaBHbL
aymo. B stom cayuae E u H Bo Bcex cucremax oTcyera pasHBHL IO Be-
JIHUHHE W B3aUMHO MEPUEHAHKYJSDHBI IO HaMpPaBJIeHHIO.

Ecan mumbs EH=0, T0 MOXHO HalTH TaKyl0 CHCTeMy OTCUeTa, B
koropoit E=0 uan H=0 (cmorpsti nmo Tomy E*—H?<umu>0), T. e.
AOJe YHCTO MArHHTHOE WJIH YHCTO 3J1eKTPHUECKOe; HaoGopoT, eclld B
KakoH-HHOYAb cucreme orciera E=0 uan H=0, To Bo Becsikoit ApyToi
cHcreMe OHM GyNyT B3aMMHO NEPIEHAUKYJISDHB B COOTBETICTBHH CO
CKa3aHHEIM B KOHIe NpPeLIIyIIero naparpada.

H3noxum ere u apyro#t crnoco6 nofxosa K BONpocy o6 HHBAPHAHTAX
AHTHCHMMETPHYHOTO 4-TeH3opa. JTOT Cnocob JAeNaeT OYeBHAHBIM elUH-
CTBEHHOCTb JBYX He3aBHCHMBIX HHBapuantoB (25,3—4) H B To xe
BpeMsl BBISIBJISIET HEKOTOPHIE MOYYHTENbHBIE MAaTeMaTHYeCKHe CBOHCTBA
npeo6pasoBanuil JlopeHla B NpPHMEHEHHH K. 4-TEH30DY.
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PaccMoTpuM KOMILIEKCHBIH BEKTOP
F=E-iH. (25,5)

Hcnonbsys dopmyast (24,2—3), Jerko BHIETh, UTO NPeodpasoBatue
JlopeHua (BIoJb OCH X) IJisl 3TOTO BEKTOPA HMEET BHJ

F,=F, F,=F,cho—iF,sho=F,cosip—F,sinig,
F,=F,cosip-F,sinig, th(P:_cV—' (25,6)

Mp1 BHAMM, YTO BpalllenHe B NJIOCKOCTH x{ 4-TDOCTPAHCTBA (KAKOBHIM
U sBJsIETCS paccMarpHBaeMmoe npeofpasoBanue JlopeHua) Ajas BeKTopa
F 5KBHBAJCHTHO BPAIIEHHIO HA MHUMBIA yroJ B IJIOCKOCTH Y2 TPeXMep-
Horo mnpocrpascTBa. COBOKYMHOCTL K€ BCEX BO3MONKHBEIX MOBOPOTOB
B 4-npocTpaHcTBe (BKJloUYalomas B cefs TakxkKe U IPOCTHIE MOBOPOTHL
ocell X, y, 2) 5KBHBA/JICHTHA COBOKYIIHOCTH BCEX BO3MOXKHLIX IOBOPOTOB
Ha KOMILIEKCHBbie YIVIBI B TPEXMEPHOM NPOCTPAHCTBE (LIECTH YIJIaM
NoBOpoTa B 4-[IPOCTPAHCTBE COOTBETCTBYIOT TPH KOMILIEKCHBIX VIJa
[IOBOPOTA TPEXMEPHOH CHCTEMBI).

ExnuucTBeHHBIM HHBADHAHTOM BEKTOPA IO OTHOIMIEHHIO K HOBOPOTAM
sBasieTca ero keaapar Fi=E?*—H?4-2{EH. Ilostomy BelllecTBeHHbIE
Bequunnnl E2—H? u EH sBadmoTcs eAHHCTBeHHBIMH HHBapHaHTaMHM
TeHsopa [F.

Ecnu F?s£0, o Bextop F moxkHo mpencrasuth B Buie F=an, rie
n — efuHNYHBIA (n*=1) KoMIIeKCHBHIH Bekrtop.. [lyTeM Hapjexauero
KOMIIIEKCHOTO NOBOPOTA MOXKHO HANPaBHTEL N BAOJbL OXHOH H3 KOODIH-
HAaTHBIX Oceit; TPH 3TOM, OUEBH/IHO, N CTAHET Bel(eCTBEHHBIM H TeM CaMbIM
onpeneaut HanpasieHus1 o6oux BexkropoB E u H: F=(E+iH)n. Ipy-
ruMd caoBamu, BekTophl E u H craHyT mapanjenbHBIMH JApDyr APYyry.

3anaua

OnpenennTs CKOPOCTh CHCTEMBI OTCUETA, B KOTOPOH 3JeKTPHUECKOE H MAPHHTHOE
NOJIS1 NapaJlJieslbHEL.

Pemenune. Cucrem orcuera K', yIOBJNETBODSIOUHUX IOCTaBJIEHHOMY YCJOBHIO,
cymlecTByeT GeCKOHEUHOE MHOXKECTBO: eCyIH HaljieHa OflHa H3 HHX, TO TeM e CBOHCTBOM
6yieT obnagaTtes H Jiobas Lpyras CHCTeMa, ABHKYINASACH OTHOCHTENILHO NepBof €O
CKOPOCTHIO, HANPAaBJIeHHOH BHOJML ofliero Hanpassienust nojeft E n H. Tlostomy no-
CTaTOYHO OMPEJAENHTs Ty H3 STHX CHCTEM, CKOPOCTb KOTODOH IepreHiuKyastpHa K Q6o-
M noJsM. Bribupas Hanpap/ieHHe CKOPOCTH B KauecTse OCH X H BOCIOB30BABIIHCE
Tem, uto B cucterme K' Ey=Hy=0, E,, Hz—— EzHy—O MOAY4HM C TIOMOWbIO dopmya
(24,2—3) pas ckopoctd V CHCTeMbt K OTHochebeHo HCXOJHOH [CHCTEMB! CJefylollee

ypaBHeH#e: -
: Ve [EH]

l—]—VZ/Cz_Ez—f—- H?

(13 ZBYX KopHell KBajpaTHOTO ypaaneﬂna JOJKeH, pasymeeTcsi, OHITb BLIGpaH ToT,
47151 KOTOPOTO. V<c).




FrTABA IV

YPABHEHHUA 3JIEKTPOMATHHUTHOIO MoJisa

§ 26. Mepsas napa ypapHeHHi# Makcseana

M3 Belpaxenuii

H=rotA, E=—— 1 (-3,———gradq)

JIerKO NOJIyuUHTh YpaBHEHHH, cofepikaiinde Toabko E v H. Jdas sroro
onpeneaum rot E:

1 0
roth—-c—a—trotA—rot grad .

Ho porop Besikoro rpaguenta paBeH HYJIO; CJ/IeJ0BATe/BHO,

rot E=— 1M

=5 (26,1

B3sip guBepreHuuio ot obenx yacrell ypaBHeHus rotA=H u nomus,
YTO JHBepreHlMs BCAKOTO POTOpAa paBHAa HYJI0, HAXOLHM:

divH=0. . (26,2)

YpaBHeHust (26,1 —2) cocTaBjAsIOT MEPBYI [apy ypasHerui
Marcseara v). 3ameTuM, 4TO 3TH JBAa YpaBHEHHs ellle He ONpelessioT
BIIOJIHE CBOMCTBA MOJSI. DTO BHIHO Yy3Ke H3 TOTO, YTO OHH ONpPeAessioT
H3MEHCHHME MArHHTHOTO I0Jiss cO BpeMeHeM (npousBoxnyio OH/df),
HO He OmnpeleasioT nupoussoguoli JE/0f.

YpaBrenus (26,1—2) moXXHO HanmpcaThb B HHTerpajpHOH Gopme.
CornacHo Teopeme ['aycca

{divHay = Haf,

rje HHTerpa cupasa Gepercs 1o BCeH 3aMKHYTOH NOBEPXHOCTH, OXBATHI-
Batouiei o6beM, MO KOTOPOMY B3ST HHTErpan ciesa. Ha ocroBauuu

1) VpaeHeHuss MakcBeiinia — OCHOBHBIE YPaBHEHHS SNCKTPOHHAMHKH — GblaH
~ repauie chopmyanposannl Jac. Maxceesrom B 1860-x roaax.
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(26,2) nmeem:
$Hdi=0. (26,3)

VuTerpan or BeKTOpPa O HEKOTOPOH NOBEPXHOCTH HA3LIBAETCS NOMOKOM
éexmopa yepes 3Ty MOBepXHOCTb. TakuM 06pasoM, ITOTOK MArHHTHOTO
NoJsl 4epe3 BCAKYIO 3aMKHYTYIO MOBEPXHOCTb PaBeH HY.JIO.

Cornacso Tteopeme Croxca

SrotEchﬁEdl

rjie MHTerpas cripasa Oepercsl MO 3aMKHYTOMY KOHTYPY, OrHGamomemy
NOBEPXHOCTh, N0 KOTOPOH HHTerpupyercs ciesa. M3 (26,1) Haxomum,
HHTErpHpys obfe YacTH 1O HEKOTOPOH HOBEPXHOCTH:

$Edl= ———C——Sde (26,4)

" Muterpan BekTOpa MO 3aMKHYTOMY KOHTYPY HA3BIBAETCS YUPKYAAyUer
3TOTO BEKTOpa 1o KOHTYpPY. LIUpKYISUHIO 3eKTPHYECKOTO NOJIS HA3HI-
BAIOT TAKKe 3AeKmpolsuxcyueii cunoli B 1aHHOM KoHType. Takum oGpa-
30M, 3JEKTPOJABMIKYINAS CHJIA B HEKOTOPOM KOHTYPE paBHa B3sITOM
¢ 06paTHBIM 3HAKOM IPOH3BOJHOH MO BPEMEHH OT IIOTOKA MATHUTHOTO
MOJisi Yyepe3 MOBEPXHOCTh, OTPAHHYHBAEMYIO 3THM KOHTYPOM.

YpasHenua MakcBeaia (26,1-—2) MoXHO HanucaTb H B Y€THI-
pexmeépHbIX ofo3naueHusAX. Hcxons us onpefesieHns TEH30pa 3JAEKTPO-
MarHUTHOIO TOJIsI

F, — 94 94
B oxi  oxk!
JErKo yOejHThCs, 4TO
OF i, aF/zz 5Fu
axl ki e (26,5)
BripaxeHue, cTosilllee B JIEBOH CTOPOHE PaBeHCTBA, NMPEACTABAseT CO60H
TEH30D TPeThero paHra, aHTHCHMMETDHYHBIH 1O BCeM TPeM HHAEKCaM.
Ero KOMIOHEHTH He PaBHBI TOXIECTBEHHO HYJIO JHUIbL NPH [ F k71
Bcero, TakuM o6pasoM, UMeETCs: 4eThipe Pas/MuHbIX yDPABHEHHH, KOTO-
phie, Kak Jerko yGeiuTbCs MOACTAHOBKOH Bhipaxenu# (23,5), coena-
JalOT ¢ ypaBHeHHsAMH (26,1 —2).

AHTHCHMMETle{HOMy 4-TEH30PY TPETHEr0 PaHI'3 MOMKHO NPHBECTH B
COOTBETCTBHE AyaNbHBIH eMy 4-BeKTOp, NMOJYYALIHACH YMHOXEHHeM
TeH30pa Ha e’*'” ¥ ynpolleHWeM MO TpeM napaM HHIEKCoB (cM. § 6).
Takum ofpasoM, (26,5) MOXKHO Hamucarh B BHIE 7

etklm 0F 11 :0, ) ' (26,6)
oxk
SIBHO BbIPayKalollieM TOT (aKT, UTO 3/lech HMeeTcs BCero ueThlpe He3aBH-
CHMBEIX YPaBHEHHS. . . ,
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§ 27. JleficTBre AJsi JAEKTPOMATHHTHOIO II0Js

He#icreue S 115 Bcell CHCTEMBI, COCTOSILIEH H3 3J€KTPOMarHUTHOTO
MoJisi BMeCTe C HaXOAAUMMHUCH B HEM YacTHUAMH, JOJXKHO COCTOSTL M3
Tpex uacrei:

S=8;48u+S,., - (27,1)

S, €cTb Ta yacTh AeficTBHs, KOTOpas 3aBHCHT TOJBKO OT CBOHCTB
YacTHl, T. €. AeHCTBYE N CBOOOAHBIX uacTHu. Has oaHo# cBoOOAHOMH
4aCTHIBI OHO JAaercs dopmydoit (8,1). Ecan umeeTcst HECKOJIBKO YacTHL,
TO HX oflee AeHCTBHE PAaBHO CyMMe JeHCTBHE AJA KaXA0H YacTHUUBL B
oTAesbHOCTH. Takum obpasom,

Sp=— X mc { ds. (27,2)

S, €CTb Ta 4acTb JeHCTBHSA, KOTOpasi o0yCJIOBJIEHA B3aHMOAel-
CTBHEM MeKNy vyacTuliamu u moJeM, CorsacHo § 16 umeem mjist cu-
CTeMbl YacTHIL:

Sw=—3 & [ Audx. (27,3)

B KaKJ0M H3 YJIEHOB 3TOH CyMMBI A €CTh MOTEHUKAJ MO/ B TOH TOYKE
NPOCTPAHCTBA M BPEMEHH, B KOTODOH HAXOAUTCS COOTBETCTBYIOWIAst
vyacruua. Cymma Sp,+S,,; — yke H3BecTHoe Ham jeiictBHe (16,1) mis
3apsioB B IoJie.

HaxkoHen, S; ecTs Ta yacTh AeHCTBHSI, KOTOPas 3aBUCHT TOJILKO or
CBOHCTB CaMOro MoJfA, T.e. Sy — JeAcTBHe IJIst 1oJdsd B OTCYTCTBHE
sapsanoB. o Tex mop, MOKa Mbl HHTEPECOBANHUCH TOJNBKO JBHKEHHEM
3apsioB B 33JaHHOM 3JIEKTPOMArHHTHOM Iosie, Sy, Kak He 3aBHcsLlee
OT YacTHI, HAC He HHTEPeCcoBaso, TakK KaK 3TOT UJeH He MOT MOBAUATH
Ha ypaBHEHHUs JABMKEHUS dacTuubl. OH CTAHOBHUTCS, OJHAKO, HeoHXo-
JUMBIM, KOTZa Mbl XOTHM HaiiTW YpaBHEHHUs, ONpelensiouiie caMo moJe.
DTOMY COOTBETCTBYET TO OOCTOSITENBCTBO, UTO M3 YACTH S+ Sy, Aelli-
CTBHST MBI HALTH 'TOJILKO J1Ba ypaBHeHud, (26,1—2), KoTophIe ele Heno-
CTATOUHBI JJIs1 TIOJIHOTO OIpeleseHHs TOoJs.

s ycranopsenust Buia AeficTBHs noas S; Mbl OyJeM HCXOAUTL U3
CAelyIOWEro BecbMa BAaXKHOIO CBOHCTBA 3/IEKTPOMATHUTHBIX TOJEil.
Kak mokasbiBaer OIbIT, 3MeKTPOMATHHTHOE TIoJIe IOAUMHSETCS TaK Ha3bl-
BaeMOMY NpUHYUnY Cynepnosuyuu: moJje, coljaBaeMoe CHCTEMOH 3aps-
JloB, NpeacTas/sieT coOoH pe3yJsbTaT MPOCTOro CAOKEHHs NoJeH, KOTo-
pBle CO3JAIOTCA KaX/JbIM H3 3apsiioB B OTAeNbHOCTH. ITO 3HAUHUT, YTO
HANPSIXKEHHOCTH pe3yJbTHPYIOWEro NoJis B KaXA0H TOUKe paBHH CyMNe
(BeKTOpPHOI) HanpsXKEHHOCTeH B 3TO#l TOUKE KaXKJOro H3 mojed B OT-
JeJILHOCTH.

Besikoe pemenne ypasueHuit noss SIBIISIETCS TIOMIeM, KOTOpOE@ MOXeT
ObITb ocymiecTBieHO B npupofe. COriiacHO NPHHUHIY CYNepro3HLUH
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cyMMa Jo6BIX TaKuX NOJAEH ToXe JO/KHA GbITh 10JIeM, KOTOPOe MOXKET
ObITh OCYLIECTBJIEHO B IPHPOJE, T. €. JAOJKHO YIAOBJIETBOPATH YpaBHe-
HHAM T10J4.

Kax u3Bectno, JHHeliHble AuddepeHIHalbHble YDABHEHHsT KaK pas
OTJIMYAIOTCST TeM CBOHCTBOM, YTO CyMMa JIIOOBIX €ro pelleHHH TomKe
apjsercsl pemendeM. ClefoBaTe/bHO, YPaBHEHHS IS IOAA JOMKHDL
OBITh  JIUHEHHBIMH JH(D¢epeHIHAJLHBIME  YPaBHEHUAMM.

M3 ckasannoro crefyer, 4ro moj 3HakoM HHTerpajta B JefictBuu Sy
JIOJZKHO CTOSAITh BEIPaXKEHHe, KBajApaTH4HOe N0 novito. Todasxo B 3TOM
cayyae YpaBHEHHSA NoJsl GyIyT JHHEHHBIMH,— VPaBHEHHs MO MOJY-
YalTCAd BapbUpOBaHHeM JeHCTBHUSA, a IPH BApPbHPOBAHHH CTENeHb IOAbIH-
TerpaJbHOTO BHIpAKEHHs NMOHMIKAETCH Ha EIHHUILY.

B Bolpaxenne njaa AeHCTBHA S; HE MOTYT BXOAMTH INOTEHIHAJE!
0751, TAK KaK OHH He ONmpefe/eHbl OHO3HauHO (B Sp,; 9Ta HEOAHO3HAY-
HOCTh Gbl1a He cyulecTBeHHa). [lostomy S; Ao1KHO OBITE HHTETpAIOM
HEKOTOPOH (PYHKIHH OT TeH30pa 3/JeKTPOMAarHuTHoro moas F;. Ho
JeACTBHE NOMKHO OBITh CKAaJASIPOM ¥ NOTOMY ZOJLKHO OBITh HHTETPaNoM
OT HEKOTOPOro cKadsapa. TakoBhIM fABJASETCA JHIIb NPOH3Be/eHHe

IkFtk 1)
Taxum obpaszoM, S 7 HONXKHO MMETH BHA

S;=al( FyFravat, av—dxayde,

rjae uHterpan Gepercsd MO KOOpIAMHATaM IO BCEMY ITPOCTPAHCTBY, a MO
BpeMEHH — MEXLY JABYMs 3aJlaHHBIMH MOMEHTaMH; @ €CTb HeKoTopas
nocrosunas. [lox uurerpanom crout F; Fi*=2(H>—E?. [lone E co-
llepxuT npousBoiHyilo 0A/0f. Ho serko Buners, uro (OA/0f)? noaxuo
BXOJMTh B JIEHCTBHE C NOJOXKHTEJbHBIM 3HaKoM (a moromy H E? ¢ no-
JIOXKHUTEALHBIM 3HaKoM). [edcTBurennHo, eciu On (GA/0f)? BXxoaumio
B S; CO 3HaKOM MHHYC, TO JOCTaTOYHO OBICTPHIM H3MEHEHHEM IOTEeH-
nMaja co BpeMmeHeM (B pacCMaTpHUBaeMOM HHTEpBajie BPEMEHH) BCeria
MOKHO OblIO GBI clenaTh Sy OTPHIATENBHOH BETHUHHON CO CKOJb YTOAHO
6osbIIKM - a0COMIIOTHEIM 3HaueHueM; S; He MOIyio Ohl, CJIENOBATe/BHO,

1) Tlogumterpanpuas QyHKuMs B Sy He JOMIKHA COAEPKAaTh NPOH3BOAHEIX OT
Fiz, Tak Kak B ¢ynxuuio Jlarpamka MOTYT BXOAHTb, NOMHMO KOODAHHAT CHCTeMH,
TOABKO HX TIePBHE ITPOH3BOAHLIE IO BPEMEeHH, a POJb «KOOPAHHAT» (T: €. MepesMeHHHIX,
10 KOTOPHIM IPOH3BOJHTCS BapPbUPOBAHHE B NPHHIMIE HauMeHbINEro JeHCTBHS) HI-
paloT B 3TOM CJAyvae NOTeHIHMaJs Ay NOJfA; 3T0 aHAJIOFHYHO TOMY, YTO B MeXaHHKe
¢yukuua Jlarpawka AJs MEXaHUYECKOH €HCTeMBl COJEePXKHT TOIbKO KOOPIWHATH Ya-
CTHI, H MX HepPBble IIPOH3BOIHBIE [0 BPEMEHH.

UTo kacaeTcs BelHYHHH e*lmFy F,  (§ 25), To ona sBasieTcst (K&K GBLIO OTMe-
YeHO B NpUMeuaHuH Ha crp. 89) nosHOH 4-1uBepreHuMell, H HO3TOMY ee JoGaBjeHHe B
NOALIHTErpajbHOe BHpaxeHKe B Sy BOOOWLE He OTPasuJoch Obl A <yPABHEHHSIX ABHIKe-
Hust». MIHTepecHO, 4TO TeM caMbIM 5Ta BesIHUMHA HCKJIOYAeTCs M3 LEHCTBHS yXe He3a-
BHCHMO OT TOTO O6CTOSATeNHCTBA, YTO OHA NPeACTaBJseT co60il He HCTHHHBIN, a NCeBLO-

CKaasap.
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HMETb MHHHMYMA, KaK 3Toro Tpebyer NPHHIHII HaHMEHbIIEero ReACTBHS.
Takum o6paszoM, @ JO/KHO ObITh OTPHUATENBLHBIM.

YucieHHoe 3HAUYEHHE @ 3aBHCHT OT BRIOODA €IMHHL 1/ U3MEPeHHs
noJsi. 3aMeTHM, 4YTO [oc/ae BHOOpa ONpele/eHHOrO 3HayeHHs 4 BMecTe
C eHMHMIIAMH IJS1 H3MEPEHHUs] TOJs ONpelefstoTcs TakXke H eJHHHIbI
IJIs1 M3MEpPeHHs BCeX OCTAJbHBIX 3/IeKTPOMATHUTHBIX BeIHYHH.

Mer 6yneM B JaqbHelinieM IIOL30BaTbCA TAK Ha3bIBAEMOH 2ayccosol
cucmemoli eQunuy; B 3Tofl cucreMe @ ectb Oe3pasmepHas BeAHUMHA,
paBuasg — 1/16x 1),

Taknm obpasom, IeficTBHe A/ [0S HMEET BHI

S, = _T;Tcgfikft'kdg, dQ =cdt dxdydz. (27,4)
B rtpexmepHOM BHZE:
1
Sf:.ﬁgg (E*— H?) dV dt. (27,5)
,pryrHMH croBamH, QVHKUHA JlarpaHma 3JeKTPOMaTHHTHOrO 0.l
L,:LS(Ez—Hz) dv. (27,6)

HeiicTBue LUIF{ oJid BMECTe C HAaXOAAWMUMHCHA B HEM 3apsajaMH HMQET
BH]IL

S—— Zs‘mcds—zg% Akdx’h—léﬁ%CSF,-RF"de. ©@17,7)

[NomuepkHeM, 4YTO Teneph Yyike 3apAAbl OTHIOAbL HE CYHTAIOTCA Ma-
JBIMH, KaK TIPH BBIBOJIE yPaBHEHHH IBHKEHHSA 3apsijia B 3aaHHOM MoJIe.
TTostomy Ap U F;, OTHOCATCS K HCTHHHOMY MOJIO, T. €. BHELIHEMY MOJII0
BMECTe C MoJIeM, CO3aHHBIM CAMHMH 3apsAfaMH; A, H F;, 3aBHCAT Tenepb
OT MNOJIOKEHHSI H CKODPOCTH 3apsijoB.

§ 28. qerupexmépﬂbxﬁ BEKTOP TOKa

BumecTo Toro utoGhl paccMaTPUBATDH 3apsiAbl KaK TOUEUHblE, B LEAAX
MaTeMaTH4eCKOro yxo0CTBa 4acTO PAacCMaTpHBAIOT 3apfl Kak pacipe-
Jie/IeHHbId B IPOCTPAHCTBE HenpepeiBHEIM 00pa3oM. Toraa mMoxHo BBecTH
naomrocme 3apada p Tak, yto pdV ecTh 3apai, HaXOAAUHACA B o0beme
dV; p ectb, BooGie roBops, GPyHKUHUS OT KOOPAHHAT H BpeMeHH. HH-
Terpaj OT P N0 HEKOTOPOMY 00beMy eCTb 3apsif, HAXOIAUIHACS B 3TOM
obneme.

1 Hapsmy C rayCccOBOH CHCTeMOH elMHHIL NOJb3YIOTCS TaKKe H TaK HA3BIBAEMOI
cucremoil Xesucaiia, 8 Kotopoit a=—1/,. B 3T0#f cucTeme eguHuL UMeloT GoJee yHo6-
HBI BHJ ypaBHeHHs noss (B HUX He BXOAUT TOFAa 47), HoO 3aTO 47 BXOAHUT B 3aKOH
Kynona. Hanpotus, B raycceBoif cHCTeMe e[RHHMIL yPaBHeHHs IO COAepKaT 4m, a
3akoH Ky/ona mmeeT mpoctoil BHI.
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I'lpH 3TOM HaJI0 NOMHHTB, YTO B AeHCTBUTEIBHOCTH 3PS bl SBJISIOTCH
TOYEYHBIMH, TaK YTO IJIOTHOCTH P PaBHA HYJIO BE3Jle, KPOME TeX TOYEK,
rje HaxolATcs TOUYEUHBIE 3aps/ibl, a HHTErpas Sp dV nonxen ObITb

paBeH CyMMe TeX 3apsfoB, KOTOPbie HAXOAATCA B AaHHOM obbeme. Ilo-
3TOMY P MOKHO HaIIHCaTh € NOMOLbI0 O-QyHKUHE *) B cIeayIomem BHIE:

o=ed(r—r,), (28,1)

rie cymma Gepercsi MO BCEM HMEIOUIMMCH 3apsjaM, a r, — paguyc-
BEKTOD 3apaja é,.

3apsi yacTHIB eCcTh, TIO CaMOMY CBOEMY onpeﬂeneHmo BeJUYHHA
WHBapHAHTHAS, T. €. He 3aBHcslIasg oT BeOOpa cucreMbl orcuera. Ha-
IPOTHB, IJIOTHOCTL P He €CTb HHBAPHAHT,— HHBAPHAHTOM SBJSETCS

Jumb npouspeneHue pdl.

1) §-dyuxuust 8 (x) onpeneasercs CJXEILYIOH[I/IM obpasoM: 6 (x)=0 npu Bcex He
paBHbLIX HYJIO 3HaYeHUusX X; npu x=0 0 (0)= oo, npuYem TaK, 9TO MHTerpan

+ o
X 8 (x)de=1. 1)
e :
W3 »toro omnpelefieBHs BBEITGKAIOT cJefylompe CBOHCTBA: ecan [ (x)—JHoGas
HepephiBHAT QYHRKLHA, TO

+® :
§ Fo0d—a)de=Fa) @
B 4acTHOCTH, o
+ @
{ Fmswax=r© @®)

(npejenbl HHTETPHPOBAHUSA, pasymeeTcs, He o00f3aTeJbHO AOJKHBI GHITb 4 00; 06na-
CTbI0 HHTErPUPOBAHHSA - MOXKeT ObITp JI0Gasgs 0G6JacTh, 3aKJiouaiol{as TY TOYKY, B
KoTopoil 8-GyHKuHA He HCuesaeT).

CMBIC CHEAYIOIIEX PABEHCTB 3aKJIOYAeTCS B TOM, YTO HX JIeBasi W NMpaBasi YacTH
JaI0T OJHHaKOBHE Pe3y/bTaThl, €CTH HX NPHMEeHATh B KauecTBe MHOKHTeJed HoX 3Ha-
KOM HHTEIDHPOBaHHS:

8 (— x) =5 (x), 6:(ax)=‘7116(x).. )

[ocaennee PABCHCTBO ABJISIETCA YaCTHBIM CJyuaeM GoJiee OGLIETO COOTHOLEHH S
| ,

Slol=Y ———508@x—ay), . 5

[ ()] Z[(P(ai), (r— ) | ®)

rie ¢ (x) — oaHo3Haunas QyHKUUA (oépaTHaﬂ el Q)yﬂxumx He ofs3ana OHITL ORHO-
3HauuoM), a a;— KOpHH ypaBHeHH ¢ (x)=0.

Tono6Ho ToMy Kak 8 (x) onpenenena 1Jist ORHON NepeMeHHON x, MOXHO BBECTH TPeX-
mepuyw 8-pyuxumio 6 (r), PaBHYIO HYJIO Besjle, KpOMe Havaja 'rpeXMepHou CHCTeMBbI
KOODAMHAT, H HHTerpaj KOTOPOH no BceMy mpocrpascTsy paBeH 1. Takyio dpynkumio
MOJKHO, OYeBHJHO, NpejcTaBuTh Kak npomsseiennue 6 (x)0 ()6 (2).
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VMHOXHM paBeHcTBO de=pdV ¢ 06eHX CTOPOH Ha dx':

. . dxi

dedxi=pdVdxf=p dth?[’
CneBa cToHT 4-BeKTOp (TaK Kak de ecTh cKalfp, a dx’ — 4-BeKrop).
3naunr, M crnpaBa JosxeH cToATk 4-Bekrop. Ho dV dt ectb ckansp,
dx! "
a moToMy P~ ecTh 4-sexTop. J1OT BeKTOp (0003HAUHM €ro uepes j')

HOCHT Ha3BaHHe 4-BeKTOpa MAOMHOCIU MOKA:
dxt

f=pGr (28,2)

Ero Tpu mnpOCTPAHCTBEHHbIE KOMIOHEHTHI 0GpasyloT TPeXMepHYIO
IJIOTHOCTL TOKA

j=ov; (28,3)

V €CTh CKOPOCTb 3apsiia B JaHHOH Touke. BpemenHas ke cocraBasiowas
4-ekropa (28,2) ects cp. Takum obpasom,

j'=(cp,j)- (28,4)

TMoaHblil 32ps)y, HaXoNAULHACH BO BCEM IPOCTPAHCTBE, PaBEH HHTeE-

rpaJny Sp dV mo Bcemy mpocTpaHCTBY. MOXKHO HaMHCATh 3TOT HHTErpaj
B YeThIpeXMepPHOM BHJE:

foav=2(pav = (jias, T (28,9)

€ HHTErPHPOBAHHE INIPOM3BOAMTCA MO Bcell YeTHIpEXMepPHOH THiep-
NJOCKOCTH, NEPNEHAHKYAsIPHOR K ocH X° (OUEBHIHO, YTO 3TO ¥ O3HAUaeT
MHTErPUPOBAHHE IO BCEMY TPEXMEPHOMY MpocTpaHcTBy). Boobme HH-

ey o o
Terpan TS]ldS"’ B3SITHIH 10 JI06OH THINEPNOBEPXHOCTH, €CTh CyMMa

3apslJoB, MUPOBBIE JTHHUU KOTOPHIX llepeceKaioT 3Ty I'uiepHoBepPXHOCTD.

Beenem 4-BexTop TOKa B BEIpaxkeHue (27,7) nisi AeHCTBUSL U Mpe-
o6pasyeMm BTOpOH uJeH B STOM BbIpaxieHHH. BBeas BMecTO TOYEYHBHIX
3apsiioB ¢ HelpephIBHOE pachpefeseHde ¢ IUIOTHOCTBIO ©, HaNumeM
5TOT yjeH B BHJE .

1 o
—= S pA;dx* dV,
3aMEHMB CYMMY IO 3apsijiaM HHTerpajoM mo Bcemy oGbemy. [lepenucas
€ro Kak '

1 ¢ def

Mbl BHIUM, 4TO STOT YJEH paBeH

—= [ Ay,
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Takum o6pasom, AeficTBue S HNpHHHMAaeT BHJ
I y I . )
S:—ZS‘mc ds— = S A, dQ ——mSF,.kF’de. (28,6)

§ 29. YpapHeHHe HEMpPepbIBHOCTH

H3MeHeHHe co BpeMeHeM 3apsjia, HaxOAAIEerocs B HeKoTopoM o0beme,
JlaeTcsl NPOH3BOAHOM

(%SpdV.

C apyrofi cTOpoHbEI, U3MEHEHHE 3a €JHHHIY BPEMEHH ONpeAeasieTcs
KOJIMYECTBOM 3apsifia, BBIXOASMUIETO 33 3TO BpeMs H3 JaHHOrO obbema
Hapyxy, Wi, Ha0060pOT, BXOISIEro BHYTPh ero. Komuuecteo 3apsija,
NPOXOASILIErs 33 €AUHULY BpeMeUH uepe3 sjiemeHT df NOBepXHOCTH,
orpaHHyHBamel Ham o6beM, paBHO pvdi, IJle V ecTh CKOPOCTh 3apsia
B TOH TOYKE IIPOCTPAHCTBA, Ile HaxoAurcs 3sjnemeHT di. Bekrop df Ha-
npaBJIeH, KakK 370 Bcerja NPHHUMAETCH, 110 BHEMIHeH HOPMaJIH K NOBepX-
HOCTH, T. €. N0 HOpMaJy, HanpapJeHHOH HApPyXKy OT paccMaTpuBae-
moro o6wvema. [lostomy pvdi nonoxurensHO, eciAd 3apsif BHIXOAUT U3
Hainero obbema, M OTPHLATENBHO, €CJIH 3aps] BXOIMT B Hero, IlosHoe
KOJTHUECTBO 3apsijJa, BHIXOASIIEro B €JHHHUIY BpEMEeHH H3 JaHHOrO 06be-

Ma, eCTb, CJIeNOBATENbHO, f pv di, rje uHTerpan pacnpocrpaHed 1o Beel

3aMKHYTOH IIOBEPXHOCTH, OrPaHHYMBAWOIIEH 3TOT o0beMm.
H3 cpaBHeHda oOOOHX TNOJYUEHHBIX BBIPAXKEHHH HaXOJUM:

CnpaBa nocrapjeH 3HAK MHHYC, TAK KakK JieBast 4acTh IOJOXKHUTEIbHA,
ecnd TOJHBEIE 3apsj] B J@8HHOM oObeMe YBeJHUYHBAEeTCA. Y paBHEHHe
(29,1), BoIpaxkaromee coboi 3aKOH COXpaHEHUs 3apsAd, eCTh TAK Ha3bl-
BaeMOE YPAaBHEHUE HenpepuisHocHi, HAMHCAHHOe B HHTErPATLHOM BHIE.
3ameuas, YyTO PV eCTh IJIOTHOCTh TOKA, MOXKHO mepenucath (29,1) B Buxe

3675“' v =—g¢ j dr. (29,2)

Hanumem 310 ke ypasHenue B nuddepennuaibHom Buge. Ilpu-
MeHuB K mpaBoll vactd (29,2) Teopemy I'aycca
$idi={divjav,
HAXOAUM: '

_ 0,
X(dw; -{—%) dV =0,

TTocKO/IBKY 3TO PaBEHCTBO JOJDKHO HMeTb MecTo IIpH HHTET PHPOBAHMHU
no mo0oMy oObeMy, TO MOABIHTErpajbHOE BBHIDAXKEHHE JO/IKHO ObITh
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paBHO HYJ'I}OZ
divi +2 —o. (29,3)

DT0 M eCcTb ypaBHEHHe HelpephIBHOCTH B juddepennuansuom BHze.
Jlerko y0enutbcsi B TOM, uTo BhipaxseHue (28,1) guas p B Buie
O-GyHKiHA aBTOMaTHYECKH YAOBJETBOpseT ypaBHenuio (29,3). s
NpPOCTOTH IPEANOJIOXKHM, YTO HMMeeTCcsl BCero JHIIb OfHH 3apsf,
TaK YTO :
p=-¢e8(r—r,).

Torga TOK
j=evd({r—r,),

rlle Vv — CKOpocTh 3apsna. HaiineM npoussomuyio dp/of. Ilpu nsu-
JKEHHHU 3apsila MEHSIIOTCS ero KOOpAHHATH, T. €. MeHsieTcs r,. [Tostomy

90 __ dp Ory

ot org of °

Ho 0r,/0t ects He uto ¥HOe, KaK CKOpOCTb V 3apsfa. [lajee, no-
CKOJIBKY P €CTb (PYHKLUHS OT r—T,, :

o _ __ 9%
O, or °
CaenoBarensHO,
%‘;—z—vgradp = —divpv

(cKopocTh V 3apsia He 3aBHCHT, KOHeuHo, oT r). TakuMm ofpasom,
MBI TIPHXOAHM K ypasHeHuio (29,3).
B uerblpexmepHOii ¢opMe ypaBHEeHHe HenpepblBHOCTH (29,3) BHI-
paxaeTcsi PaBeHCTBOM Hym0 4-IuBepreHuUHH 4-BeKTOpa TOKa:
oj* '
a4 —o. (29,4)
oxt
B npeawiaymeM naparpade MBI BHAEJH, YTO INOJHBIH 3apsif, Ha-
XONSALIMACA BO BCeM IPOCTPAHCTBE, MOXKeT ObTb HAalHCaH B BHJE

& § itas,

Tlle HHTerpHpPOBaHHMe IPOU3BOJMTCA IO THIEPIVIOCKOCTH x°=const.
B npyroii MOMEHT BpeMeHH MOJHbIA 3apsij, H300pa3HTCSA TAKHM Ke MHTe-
rpajoM, B3STBIM IO JAPYTIOH THNEPIJIOCKOCTH, NEPIeHAHKYJIADHOH K
ocH x°. Jlerko npoeepHrb, 4to ypasHernue (29,4) neficTBHTEIBHO PHBO-

IMT K 3aKOHY COXDaHeHHd 3apaja, T. e. K TOMY, YTO MHTerpana ijdSi
OIIMHAKOB, MO KakoH Obl FHIEPIJIOCKOCTH x°==const Mbl HH MHTETPHpO-
BaJsu. PasHocTh MexJy HHTErpajJaMH Sj"dSl-, B3AITHIMH IO IBYM TaKHM
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CHOEPIVIOCKOCTSIM, MOXKHO HAIlMCaTh B BHAE ﬁ j'dS;, rme uurerpan Ge-

perca mo Bcell 3aMKHYTOH I'MIEPNOBEPXHOCTH, OXBaTbiBaomeH 4- 06beM
MEXIY [BYMf paccMaTpHUBaeMbIMH THIEPIIOCKOCTAMH (9TOT HHTerpals
OT/JHYAETCS OT HCKOMOH DAa3HOCTH MHTErpajioM Ho GeCKOHeYyHO yAaJieH-
HOH «GOKOBOH» T'HIIEPIIOBEPXHOCTH, KOTOPBIH, ORZHAKO, HCYe3aeT, TakK
Kak Ha GecKOHeyHOCTH HeT 3apsinoB). C momouibio TeopeMmsl ['aycca
(6,15) moxHO, npeobpa3oBaB 3TOT HHTErpaj B HHTerpas mno 4-o6nemy
MeXIy IBYMs THIEPIIOCKOCTSMH, yOeiuTbcs, 4TO =

Firasi= 9L 4 =, (29,5)
ox?

4YTO H TpCﬁOBaJIOCb JOKa3aTh.
HpnBeneHHoe JOKa3aTeJIbCTBO OCTaeTCs, OYeBHAHO, B CHJjae H AJAsA

JBYX HHTErpajoB Sj”dS,-, B KOTODBLIX HHTerpPHPOBaHHE HPOH3BOAHTCSA

no Jo0bIM JBYM GeCKOHEUHBIM T'MIIePIIOBEPXHOCTAM (2 He TOJBKO MO
FUNEPIVIOCKOCTAM Xx°=const), BKuaioliuM B ce6si BCe (TpexMepHOe)

1 .7 o
npocrpancTBo. O1Cl04a BHIHO, YTO HHTErpaln ?S j*dS; nehcTBuTENB-

HO MMEET OIHO M TO Ke 3HaueHHe (PaBHOE IONHOMY 3apsly B IPOCT-
paHCTBe), MO KaKoi Obl TaKoi rnnepnosepxnocm HH TIPOH3BOAHJIOCH
HUHTErpHpPOBaHHe.

Mbr yke ynoMuHaNH (CM. NMpHUMeYaHHe Ha cTp. 73) O TECHO! CBSI3H
MeXJy KaJiuOpPOBOYHOH HHBAPHAHTHOCTBIO YyPAaBHEHHH 3J€KTPOJAHHA-
MHKH H 3aKOHOM COXpaHeHHs 3apsaja. IlpojemMoHCTpHpyeM ee elle pa3

Ha BbIpaxkeHuH jedicteusi B BUIe (28,6). Ilpu samene A; na A,— 5 KO
BTOPDOMY WJIE€HY B 3TOM BBIPaXKEHHH noGaBHTCS MHTErpajl

1 ;0
5 i I 40, }
oxt .
Hmenno coxpanenye 3apsja, BhpaxkaeMoe ypaBHeHHEM HelPepPhIBHOCTH
(29,4), mO3BO/IAET HAMHCATL TOALIHTErpaJbHOE BHIPAKEHHE B BHJE

0
4-luBEPTEHLIHH = . (fi), mocae yero corsacno Teopeme [aycca uHTerpan

no 4-o6bemy npeo6p33yeTc;1 B WHTErpaj IO I'PaHHYHEIM THIEPHOBEPX-
HOCTAIM; NpPHM BapbUPOBaHHM JIeHCTBUS 3TH HHTErpajbl BBIMAJAIOT H,
TakuM 00pasoM; He OTPaxKalTCs Ha YpPaBHEHHSX JBHKEHHUA.

§ 30. Bropas napa ypaBHeHHii Makceesnna

. Ilpu Haxox/eHHN YpaBHEHHH MO/ U3 NPHHIKNA HAUMEHLIICro Jeii-
CTBHSl MBI JIOJKHbl CUMTATh 3aJaHHBIM [BHXKEHHE 3aPAJ0B H NOJUKHEL
BapbUPOBATH TOJBKO MOTEHIHAJL MO/ (HIPAILHE 3AECh POJb ¢KOOP-
JMHAT» CHUCTEMBI); NPH HAXOXAEHHH YPaBHEHMI JIBHKEHHs Mbl, Hao6o-
pOT, CUHMTANM MOJe 33JaHHEIM M BapbHPOBANH TPAEKTOPHIO UYACTHUEL.
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. IlosToMy ' BapHanusi epBoro uJjeHa B (28 6) pasHa Temepn HyJIIO, a
BO BTOPOM He JOJIXKeH BapbHpOBaThCA TOK j'. Takum o6pasom,

85=—1 S [? /184, + o F"kSF,-k] dQ=0

(npu BapbUPOBAaHHH BO BTOPOM uJjieHe yuTeHo, uTo Fi*§F,, = F,0F %),
Tloacrapasis
94, 84
*oxi oxk
uMeeM:

as:_lf{ijiaAi_F_Lpiki Ak__Ftk 6/1}

Bo BTOPOM 4JIeHe MeHseM MeCTaMHM MHIEKCH { H kR, O KOTOPHIM
NPOU3BOJIUTCS CYMMHPOBaHHE, H, KPOME TOro, 3aMeHsieM F,; Ha —F .
Torma MBI mosyuymum:

88=— lg {ijfaA,.—L Fi iaA,.} Q.
¢ ¢ 4n oxk

Bropoii H3 3THX HHTerpa/joB GepeM IO YacTaM, T. €. NpHMeHseM
teopeMy I'aycca:

5S:wi§{ z+Li€f} 0A,dQ—-L [szaAask
c 4nc

45 Ox*

(30,1)

Bo BTOopoM ujieHe MBI JOJIKHBI B3ITh €0 3HAUeHHE Ha Npelesax HHTe-
rpuposanus. IlpenesamMn HHTErDHPOBAHHS IO KOOPAHHATAM SIBJSETCSA
GeCKOHEUHOCTh, Ille moJie ucuedaer. Ha nmpeznesiax ke HHTErpHUPOBAHHUSA
N0 BpPEeMeHH, T. €. B 3aJlaHHble HAYaJbHBIH H KOHEYHBI MOMEHTHI Bpe-
MEeHH, BapHalys IOTEHIIHAJOB PaBHA HYJIO, TAK Kak II0 CMBICJY MPHH-
LiUNa HaHMEHbINEro JeHACTBHSA MOTEHIHAJbl B 3TH MOMEHTH 3ajaHbl. Ta-
KHM oOpasoM, Bropo# uied B (30,1) paBeH Hy.0, H Mbl HaXOLHM:

L, LOFIRY o
S<c1+4n0xk)6 a2 =0.

Beupy TOro, uto Nmo CMEICJY INPHHLUHINA HaHMEHbINEro AeHCTBHS Ba-
prHauun O8A; NpOH3BOJIBbHBI, HYJIO JOJKEH PaBHATHCS KOSPHIHEHT
npu 8A4;, T. e.

OFik in .,

-—-—=——]l, (30,2)

oxk c

Tlepennwem stu versipe (i=0, 1, 2, 3) ypaBHenus B TpexmepHoii
dopme. Ilpn i=1 nmeem:

10F0 | gFn aFI2 L A
¢ oOf 0x oz~ ¢ I
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[Moacrap/isia 3HaueHHsT COCTABJSIOIHX TeH3opa F*; Haxonum:
1 9E, oH, oH, 4

T oy Tez - ¢ e
Bumecte ¢ asyms caenyiomumu (=2, 3) ypaBHeHHHMH OHH MOLYT
GbITh 3aMHCaHBl KaK OJHO BEKTOpHOe:

1B, 4. ' .

Hakosel, yptheHHe ¢ i=0 naet:
div E = 4np. (30,4)

Ypapnenus (30,3) u (30,4) u cocTaBJASIOT HCKOMYIO BTOPYIO Hapy
Makcsesnal). BMecte ¢ nepBoit mapoil, OHH BIIOJIHE OINPENeJsIOT JIeK-
TPOMAarHUTHOE IIOJIe M SIBJSAIOTCS OCHOBHBIMH YPAaBHEHMSIMH TEODHH
ITHX ToNell — 31eKmpodurHamuru.

Hanuwem 3T ypaBHeHHs B HMHTerpabHoil (opme. Huterpupys
(30,4) mo HekoTopomy oOBeMy H npuMeHss Teopemy I'aycca

{divEav = f Edt,
Haxoqum: 4
$E di=4a{pav. C(30,5)

Taxkum 06pa3omM, IOTOK 3/IEKTPHYECKOTO IO/ Yepe3 3aMKHYTYIO MOBepX-
HOCTb paBeH NOJHOMY 3apsiiy, HaXoAsLeMycsl B o0beMe, OrpaHHYeHHOM
5TOH TOBEPXHOCTHLIO, YMHOKEHHOMY Ha 4.

HMurterpupys (30,3) no HeKOTOPO# He3aMKHYTOH MOBEPXHOCTH H MpPH-
MeHss1 Teopemy Crokca

{ rot Hdt = § Hal,

HaXOoUM:
‘¢'Hdl=cig—tSEdf+4T”S§df. (30,6)
Benuuuny
=% @)
Ha3BIBAIOT mokom cmewenus. 3 (30,6), HanucaHHoro B BHAe ]
Fua=2((; +;n%'f)df (30,8)

1) Vpapuenns Maxceenia B Gopme, NPHMEHUMON K 3/IEKTPOMATHHTHOMY TOJIO B
IYCTOTe BMeCTe C HAXOAAUIMMHCSA B HeM TOYeUHbLIMH 3apsiaMH, ObUIH CHOPMYTHPOBAH
I'. A. Jopenyen.
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BHJAHO, HYTO IHPKYJSALHS MarHUTHOTO HOJIsE [0 HEKOTOPOMY KOHTY-
py PaBHa INOMHOXEHHOH Ha 4s/c CyMMeé TOKOB MCTHHHOTO H CMe-
[IEHHsI, TPOTEKAIIINX CKBO3b HOBEPXHOCTb, OIpAaHHYHBAEMYIO 3THM
* KOHTY POM.

W3 ypaBHenuit Makcpes/uia MOXKHO NOJYYHTb H3BECTHOE YK€ HaM
ypaBHeHHe HenpepeiBHOcTH (29,3). Bepsa ¢ obeux cropon (30,3) au-
BEPreHIHI0, HaXOJHM:

divrotH=—— —|— T divi.

Ho divrot H=0 u div E=4np coranacuo (30,4). Takum o6pa3oM, ME
NPHXOAHM CHOBA K ypaBHeHuo (29,3). B uersipexmepHom Buae u3 (30,2)
HMeeM:

PFE 4 fi

oxioxk ¢ oxi’
2
Oxlox PV
aHTHCHMMETPHYHOMY TeHsopy F, ofpallaer ero TOXIeCTBEHHO B HYJb,
M Mbl NPHXOXHM K YPaBHEHHIO HENPEPBIBHOCTH, HAMHCAHHOMY B YEThI-
pexmepHOM Buze (29,4).

Ho cummeTpuuHbIfi 10 HHAEKCaM i, k oneparop NpUMEHEHHBIH K

§ 31. HIoTHOCTL H MOTOK HEPrHM

YMHOXHM 06e uacti ypasrenus (30,3) ua E, a ofe uacti ypasHeHus
(26,1) nva H u ci0XXuMM IONy4YeHHbIE YPaBHEHHSA MNOYIEHHO!

1 L JE 1 JoH 4n ,
—E5 +—H % = —"2jE—(Hrot E—Erot H).
INoab3ysice H3BecTHOH (GOPMYJIOf BEKTOPHOrO aHasu3a
div [ab] = brota—arot b,

~ nepenucblBa€éM 3TO COOTHOLIEHHE B BHIE

10 47, .
55 a7 (E*+ H*) = — = jE— div [EH],
W
0 E2{H? s :
52——é-';[—-=—]E—dIVS. (31)])
Bexkrtop «

S= 4L [EH] | (31,2)

Ha3BIBAKOT éexmopom llotinmunea.
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Ilpounrterpupyem (31,1) no HexoropoMy oGheMy H NPUMEHHM KO
BTOpPOMY u4JieHy cnpaBa Teopemy [aycca. Mel monyuum Torpa:
9 (E-HH?
g i i dV_——SyﬁdV —§ Sdt. (31,3)
Ecan HHTErpupoBaHHe IIPOM3BOJAMTCS MO BCEMY HPOCTPaHCTBY,
TO HHTErpaJ Mo NMOBEPXHOCTH Hcye3aeT (MoJe Ha GeCKOHEYHOCTH PaBHO

Hymo). JaJjee, Mbl MOXeM HanHCaTh HHTeI‘paJISjEdVB BHJIe CYMMBI
"evE mo BceM sapsigaM, HaxOfsIUHMCA B MoJe, H TOACTaBHTbH
corsacHo (17,7)

d
evE = i 6}(1{&['
Toraga (31,3) nepexop;m B
E2{ H2
T JEEE W+ 3 bum =0. (31,4)

Taxkum 006pasom, A/is 3aMKHYTOH CHCTeMBI, COCTOSILIEH H3 3/eKTpPO-
MarHuTHOroO TOJA BMECTe C HaxOJSIHMHCH B HEM YacTHLAMH, COXpa-
HSeTCS BeJIMUHMHA, CTOSILAA B HAMCAaHHOM YpPaBHEHHH B cko6kax. Bro-
PO¥ uJeH B 3TOM BbIDaXKeHHH €CTh KHHETHUecKasi SHeprusi (BMecre ¢
3Hepruel NMoKos BCeX YACTHIL; CM. NpHMedyaHMe Ha cTp. 70); nepBBId ke
YIeH eCTb, C/Ie0BATE/NbHO, SHEPTHS CAMOTO 3/IEKTPOMATHHTHOIC MOJIA.
Benuwuuny

E* H? .
W= 5 (31,5)
Mbl MOKEM TO3TOMY HAa3BaTh MAOMIHOCHIGIO dHEp2Uu 3JEKTPOMArHHTHOrO
[oJIs; 3TO eCTh JHepPrusi eIMHUNBE oObeMa MoJisi.

[IpH HHTErpHpPOBAHHH IO HEKOTOPOMY KOHEUHOMY OOBeMy NOBepX-
HocTHBIA HHTerpant B (31,3), BooGlie roBopst, He Hcue3aeT, TAK YTO Mbl
MOXKEM HalMcaTh 3TO YpaBHEHHEe B BHIE

T EEE W+ Y G == F5at,  @LY)

rje Tenepb BO BTOPOM YJICHE B CKoOKax CYMMHPOBaHHE TIPOU3BOAMTCSH
TOJIBKO 110 YacTulaM, HaXOoAAHIHMCA B pacCMaTpHBacMOM o6beme, CieBa
CTOHT H3MeHeHHe MOJHOH SHEePrHUH NoJst 1 YACTHLL B €JHHHILY BPEMEHH.

Ilostomy uHTErpat f S di Hamo paccMaTpuBaTh KakK NOTOK SHEPTHH OIS

yepe3 MOBEPXHOCTb, OrPAHMYHBAIOILYIO AaHHEIH 06BEeM, TaK YTO BEKTOD
TlofinTHHra S €cTh NJIOTHOCTH 3TOTO MOTOKA — KOJHYECTBO SHEPTHH
10J11, IIPOTEKAIOILee B €INHHUILY BPEMEHH Uepe3 eMHHIY IIOBEPXHOCTH 1),

1) Mol npepmoJaraeM, YTO Ha CaMO#l MOBEPXHOCTH paccMaTpPuBaeMoro oGbeMa
B JIAHHBIA MOMEHT BpeMeHH HeT yacTul. B npoTHBHOM ciyyae B npaBoil cTopome pa-
BEHCTBA JIO/KEH bl Obl CTOATH TaKiKe H NOTOK 3HePrHH,ePeHOCHMOH IepeceKaioluMu
MOBEP XHOCTh 4aCTHLAMH.
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§ 32. Texsop 3aHepruu-UmnyJbca

B npensiaymeM naparpaje Mbl BBIBEJIH BhIpasKeHHe NJIsi 3HEPTHH
3/JIeKTPOMarHHTHOIO MoJsi. BeiBegeM 3To BeIpaxkeHHe, BMECTe C BhIpakKe-
HUeM JJIsl HMITyJIbCa NOJIsA, B 4eThipexMepHo# ¢opme. [1pu sTom mMel Gynem
AJsL NPOCTOTHl pAacCMaTPHBATh NOKA IEKTPOMATHHTHOe roge Ge3 3a-
psizoB. Mmess B BHAy JanbHeilnee NpHMeHeHHe (K TPaBHTALHOHHBIM
HOJISIM), & TAKXKe YIpolleHue BEIKJI30K, Mbl IPOJieslaeéM BEIBOJ B O6LIeM
BHJE, HE KOHKPETH3HPYsl POJ CHCTEMBbI.

PaccmoTpuM HekoTopywo cHCTeMy, HHTerpan AedCTBHst Al KOTOPOH
umeer BUI

Oq 1.
szfA(\q,b-;)dth_:SAdQ,A (32,1

rae A — HekoTopas ¢pyHKIHs OT BeJIHYHH ¢, ONPEAeISIOUIUX COCTOAHHE
CHCTeMBbl H HX NPOH3BOAHBIX 110 KOOPJHHATaM H BPEMEHH (I 3JIEKTPO-
MAaTHHUTHOTO 110Jis1 BeJIHYHHAMH ¢ SIBJSIOTCS KOMIIOHEHTH 4-TIOTeHIIHaa);
IJIsi KPaTKOCTH Mbl MHLIEM 3[€Ch BCETO OJHY TaKylo BeJIHYHHY ¢. 3a-

METHM, YTO HHTErpaJ 1o NpoCcTPaHCTBY SA dV ectb pyHKuHA Jlarpanxka

CHCTEMBI, TaK 4TO A MOXHO PacCMaTpPHBaTh KaK «IIOTHOCTHY QyHKIHH
Jlarpanxa. MareMaTHuyecKHM BBIpaXKeHHEM 3aMKHYTOCTH CHCTEMBI $IB-
JISIeTCS OTCYTCTBHE SIBHOM 3aBUCHMOCTH A oT xf, NOZOGHO TOMYy, Kak
pyukuua Jlarpanxa st 3aMKHYTOH MeXaHHYECKOH CHCTeMBl He 3aBH-
CHT S$IBHO OT BpeMeHH. _

«YpaBHeHHS NBHXKeHHs» (T. €. ypaBHEHHs IoJA, eCJd peub HIeT o
KakoM-JJH6O MOoJie) MOJY4aloTCsl COTJIACHO MNPHHUMIY HanMeHbINero
JeficTBua nmytem BapbHpoBaHus S. MMeem (17151 KpaTKocTH o603HayaeM
g, ;=0q/0x%):

53=CLS (gqéﬁq+%%6q,i> dQ —

=CLS [%‘aﬁo_i—(gz,é aq)—aq(;—if%] dQ=0.

Bropoit unern nox wuHTerpajoM, O6yAyuH npeo6pasoBaH MO Teopeme
Faycca, ucuesaeT npu HHTErpHPOBAHUH IO BCEMY NPOCTPAHCTBY, H Mbl
HaxoAuM TOTJa CJAefyIoUlie «yPABHEHHS IBHIKEHHS»:

202 9 9 (32,2)

(Be3sie, KOHEUHO, MNOAPA3yMEBAETCs CyMMHPOBAHHE 10 JABaXIbl IOB-
TOPSAOUWEMYCH HHAEKCY ().

JlanbHeHHA BBIBOJ aHA/JOrMUEH TOMY, KOTOPHIH NPOU3BOHTCA B
MeXaHHKe /sl BbIBOJA 3aKOHA COXPAaHEHHs sHeprud. VMIMeHHO, muimem:

A 9N dg  OA dq,

oxi  0g oxi | Ogp oxi
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[Toacrasnas ciona (32,2) u 3ameuasi, uToO ¢, ;= ; ., HaXOLUM:

A 3 ,0A 0A 0g; B oA
oxi  oxk <6q,k> q.i Oq  Ox* ~ﬁ< g 5:;;) '

3aMeHHB B JIeROil CTOpOHE paBeHCTBA

oA _gp A
_ axt oxk
H BBels 00O3HaueHue
oA
Tt=gq,; m—ﬁ{i’A, , (32,3)

HanuueMm l'lOJIy‘IEHHOE COOTHOUIeHUE B BHJIE
aT¥

Ti-o. (32,4)

Ecan umeercss He opHa, a HeCKOJbKO BequuuH ¢, to BMecto (32,3)
Hajo, OYEBHAHO, IHCAThb:

y Eq b U, —EA. » (32,5)

Mu Bugenu B § 29, uto ypasuenue Buga dA%/0x*=0, 1. e. pa-
BEHCTBO HYJIO 4-JHBEPreHIUH BEKTOpAa, SKBHBAJEHTHO YTBepP:KAEHHIO,

YTO COXPaHSETCst MHTErpai g A*dS, or storo BekTOpa MO T'HMEPIO-
BEPXHOCTH, 3aK/miodaionieii B cebe BCe TPEXMEPHOE MPOCTpPaHCTBO.
OueBHHO, 4TO aHAJOTHYHOE YTBEpXKIEHHE CNPABEVIHBO W LJIS TeH-
3opa: ypaBHeHHe (32,4) 9KBHBAJEHTHO YTBePXKAEHHIO, YTO coxpaﬂﬂeTCﬂ
BEKTOD

Pi=const S Tk dS,.

STOT BEKTOP W JOJXKeH OBITh OTOXKIECTBJIEH C 4-UMIYJIbCOM CH-
creMbl. TTocTOSIHHBIN MHOXKHTeNb mepej, HHTErPajJoM MBI BhIOGepeM Tak,
uyToObl BpeMeHHas KOMIIOHEeHTa P°® B COOTBETCTBHHM C IPEXHHM Ompe-
JeseHdeM Obljia paBHA 3HEpPrHH CHCTEMBI, JieJleHHoH Ha ¢, Jas 3toro
3aMeyaeM, 4TO

Po— const S T°:dS, = const S To 4V,

€CJIi UHTEerpUpOBaHHE TIPOU3BOJHUTCS NO THNEPIJIOCKOCTH x'= const.
C napyrofi cropoHsl, corjacHo (32,3) nmeewm:

To—g2% A
dg
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-~

(rne g =0q/0t). B coorBeTcTBHH C OOBIUHON (HOPMYNIOH, CBA3bIBAOMIEH
sHepruio ¢ ¢yHkuuei flarpasika, 3Ty BeJIMYHHY HAJ0 pacCMaTpHBATB

KaK NJOTHOCTb 3HEPIMH, H [HOITOMY ST"" dV ectb moJsiHas sHeprus

cuctembl. TakuMm o6pasoM, Hao NOJOKUTE const = 1/c, u Mbl noTyYaeM
OKOHYaTebHO AJf 4-UMIyJNbca CHUCTEMBI BBIpa:KeHHe

. 1 .
Pl—1 Y TS, (32,6)
Tensop T HaswlBaeTCs MeH30POM IHEPRUU-UMMLYL6CE CHCTEMBI.
HeoGxonumMo 3aMeTuTh, YTO ONpefeseHue TeHopa TF o cyuecTBy

He OlHO3HAuHO. [leficTBUTENbHO, ecaH T'*—TteH30p, ompeaeeHHbII
corsacHo (32,3), To 4 BCIKHE JAPYroil TEH30p Buja

Ttk+ ‘l])'kl, 113"" — ___;q)ilk’ (32’7)

yuosneTBopﬂeT ypaBHEHHIO coXpaHeHud (32,4), Tak KaK TOXKIECTBEHHO

5 ka - P* =0 BBy aHTHCHMMETPHYHOCTH TeHsopa P* mo HHIeK-
X* 0X

cam k, [. IlonHpllt 4-UMIyJIBC CHCTEMBl NPH 3TOM BOOOILE He H3Me-
HUTCA, TaK Kak corjaacHo (6,17) umeem:

Toxt “oxk

rre PIHTeI‘pHPOBaHHe c npasoﬁ CTOPOHBI PaBEHCTBA NPOU3BOZHUTCS MO
NOBEPXHOCTH (0OBLIYUHOM), «0XBaThIBAIOIIEH» 'MIIEPIIOBEPXHOCTH, MO KO-
TOPOH IPOH3BOJHTCS HHTEIDUPOBaHHE C JIeBOH CTOPOHBI paBEHCTBA.
3Ta NOBepPXHOCTb HAXOAUWTCS, OYEBHIHO, Ha OeCKOHEUHOCTH Tpexmep-
HOro NPOCTPAHCTBA, H, IOCKOJbKY NoJ€ HJIH HacTHUB Ha GeCKOHEYHOCTH
OTCYTCTBYIOT, WHTEeTpaJ] paBeH HyJo. Takum ofpasom, 4-UMOyJbC CH-
CTeMbl SIBJSETCHA, KAK H CJ1el0Bal0, OJHO3HAYHO OIpeeNeHHOil BeJH-
YHHOM.

151 0OIHO3HAYHOTO K€ onpeleseHust TeHsopa T MOXKHO BOCHOJMb-
3oBaTbCs TpeGoBaHMeM, uToObl 4-TeH30p MOMeHTa umnyabca (§ 14)
BhipaxKancs uepe3 4-HMIYJbC TOCPEACTBOM

= { (1 aPr— st dPY== [ (#TH — 0TS, (328)

T. €. TaK, 4TOOBI ero MVIOTHOCTh BBIPAXKaJach YePe3 IIOTHOCTD HMITYIbCA
OOBbIYHOH (hOPMYJIOH.

- Jlerko HafiTH, KaKOMY YCJIOBHIO JOJIKEH JJIsl 3TOTO YAOBJIETBOPSATH
TeH30p SHEPIHH-HMNYJIbCA. 33KOH COXPaHEHHs MOMEHTa MOMeT OBITh
BLIPAXKEH, KaK Mbl ViK€ 3HaeM, PABEHCTBOM HYJAIO JHBEPTeHIHH MOAbIH~
TerpajabHOro BhIpaxenuss B M. Takum oGpasom,

‘% (XTH — x*T)= 0. (32,9)
X
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3ameuast, uto 0x/dx' = 6! u IT# /0x' =0, Haxonum:

61Tkl ___5le1 Thi__Tik— 0’
HJH
Tik— TH, (32,10)

T. €. TEH30p 3SHEepPTrHH-UMIY/bCa JO/KEH ObHTb CHMMETPHUYEH.
3ametuw, uto tensop T*, onpepenenublii dopmydioit (32,5), Boobine
roBopsi, He CUMMETPHYEH, HO MOXeT ObiTb CHEIaH TAKOBLIM 3aMEHOMH
(32,7) ¢ naanexawum obpasoM BHIOpanHbIM VAL, B nanvueimem (§ 94)
MBI YBHJHM, YTO CYLIECTBYeT Croco6 HeHOCPEIlCTBeHHOI‘O TOJTyUeH sl
CHUMMeTpPH4HOro TeHszopa T'%,
Kak yxe ynomHHasnoch Bbllle, €C/U IPOM3BOJMTL HHTErpHPOBAaHHE
B (32,6) nmo runepmjockocTH x°=const, o P! npuoGperaer BHA

sz?STdev, (32,11)

rie MHTerpHpoBaHHe TPOHU3BOAHTCA MO BCEMY MPOCTPAHCTBY (Tpexmep-
Homy). IlpocTpaHcTBeHHble KOMIOHEHTH PP 06pasyioT TpexMepHbIi
BEKTOp MMIYJbCa CUCTEMBI, @ BpeMeHHasi KOMHOHEHTA eCTh JeJIeHHAd Ha
¢ ee sneprua. [lostomy BeKTOp € COCTaBJSIOLIMMH

i Tlo, l Tzo’ ,_], T30
¢ c c

MOXKHO HAa3sBaTb NAOMHOCIMbIO UMAYALCA, 3 BENHUHHY
W=T0o0

MOXKHO pacCMaTpUBaTh KaK NAOMHOCHL IHEpIUlL.
Jlns BbISICHEHHSI CMBICJIA OCTaNbHLIX KoMMoHeHT T Hanuwewm ypas-
HeHnus coxpanenus (32,4), oTAe/SUB B HUX NPOCTPAHCTBEHHbBIE H BpEMEH-
Hble TIPOU3BOAHLIE:
00 0
1ot 0T 0 =0, 19T= aT“B —0. (32,12)
c ot dx® c ot “oxk

IlpounTerpupyem 3TH ypaBHEHHS O HEKOTOPOMY 00beMy MNpOCTpaH-
ctBa V. U3 nepsoro umeem:

d aTo=
—7ST°°dv+ 2 dV=0, ,
naM, npeobpasys BTOpPOH HHTerpaJs no (rpexmepHoi) Teopeme aycca,
d «
EST“"dV:—cyST“ df., (6213)
TJie MHTErpaj cnpapa 6epercsi 1o MOBEPXHOCTH, OXBaTHBaKmeH o6beM V

@fx, df,, dfz ~— KOMIIOHEHTbI TPEXMEPHOTO BEKTOpa 3JIEMEHTa IOoBEpX-
HOCTH df) JieBoli CTopoHe paBeHcTBa (32, 13) CTOHMT CKOPOCTh H3Me-
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HEHHUsI 3HEPI'UH, Haxoasuleidcsa B o6veme V. Orciofa BHIHO, UTO BhIpa-
JKEHHE CIpaBa ecTh KOJHYECTBO HEPTHH, MPOTEKAIOIEH Yepe3 rPaHHULLy
aTOro o6beMa, a BEeKTOp S ¢ COCTaBJSAIONAMH

cT*r, T, cT*:

eCcTh IJIOTHOCTH 3TOTO MOTOKa — KOJIMUECTBO 3HEPTHH, MPOTEKAMIIEH
B €IHMHHUIlY BPEMEHHU Uepe3 eHHHILY MOBEPXHOCTH. TakuMm o6pas3oM, Mol
IIPHXOUM K Ba*KHOMY BBIBOAY O TOM, UTO TPeGOBaHHA PeJATHBHCTCKOM
HHBADHAHTHOCTH, 3aKJ/IOUEHHBIE B TEH30DHOM XapaKrepe BeJHUUH
Ti*, aBTOMAaTHYECKH NPHBOJAT K ONPENE]CHHOH CBSI3H MEXIY MOTOKOM
3HEPrUH H HMIyAbCOM: IVIOTHOCTh NOTOKAa SHEPI'MH PaBHA IUIOTHOCTH
HUMIyJIbCa, YMHOXEHHOH Ha c2.
M3 Broporo ypaBHedus (32,12) aHa/JOrHuHBIM NyTeM HAXOAUM:

a 1
EZSC—T“"JV: — $ T8 df, (32,14)

CneBa CTOMT H3MEHEHHE HMIyJbca CHCTeMbl B o6beme V B equHHILY
BPEeMeHH; M03TOMY fT“@dfg €CTb KOJIM4eCTBO HMIYJ/bCa, BhITEKaloLlee

B eHHULY BPeMeHH H3 3Toro o6bema. Takum o6pa3oM, KOMOOHEHTh! T3
TEH30pa SHEPTHH-HMITYJIbCA COCTABJSIOT TPeXMEPHBIH TeH30p MJIOTHOCTH
HOTOKA HMIYJIbCA — TaK HA3LIBAEMBIH men30p Hanpaxcenuti; 0603HaYHM
ero uepes 0, (o, B=x, y, 2). IlnoTHOCTb MOTOKa 3HEPTHH €CTb BEKTOP;
IJIOTHOCTh K€ MOTOKA HMIYJbCa, KOTOPHIH caM Mo cebe ecThb BEKTOP,
AOJMHA, OYEBHIHO, GBITb TEH30DOM (KOMINOHEHTa O, STOro TeH3opa
eCcTb KOJIHYECTBO Q-H KOMIIOHEHTHI MMITyJibCa, NPOTEKAlolliee B eJHHHLY
BpeMEHH uepes eLUHHLY MOBEPXHOCTH, NEPNEHAHKYJSAPHYIO K OCH X7).

Breinumem ewe pas Tabjuuy, YKasblBAIOILYIO CMBICT PAasJHYHBIX
KOMIIOHEHT TeH30pa 3HeprHH-HMIyJbca:

w S./e Syle Sc

ik — gjg gxx gxy gxz . (32,15)
y yx yy yz '
SZ/C O, Gzy 0,,

§ 33. TeH30p HEPTHH-HMINYJbLCA SMEKTPOMATHHTHOIO MO

[IpumeHHM Tenepb NoJydeHHBIE B TMpeipylieM naparpade obuiue
COOTHOLIEHHS K 3/IeKTPOMarHUTHOMY MNoJo. s 31eKTpoOMarHuTHOrQ
noss BeJWUHHA A cTOflIAs IOJA 3HAKOM HHTerpaJa (32 1), paBna cor-
aacuo (27,4)

1

BennuuHaMyu ¢ sIBJAIOTCS KOMIOHEHTH 4-NOTeHIHasa MOJs A,, Tax
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uto ompenesenue (32,5) tensopa T% npuHHHUMaeT BUJ
g 04 OA v
P oxd a4 0xk)
Jlns BHIUMC/EHHs crosulell 3xech IPOH3BOAHOH OT A Hanuiem
BapHalHio:

M:~iﬁ@%:—iﬁ%@ijﬂ)
8rn 8n

oxk  oxt

[NepectaBasis HMHIEKCHl M HMess B BHIY aHTHCHMMETpPHYHOCTb Fk,,
HOJTY4HM:

SA = — L prg e
4n Oxk
Orcioga MBI BHIUM, UTO :
o g
004, 0x%) .  4n
H NO3TOMY
1 04 1
Th= — ~ZIFk | ___ §kF, Fim
‘ 4n o + 16 = tmt 2
WM AJs KOHTPABADHAHTHBLIX KOMIIOHEHT
: 1 GA .
k. ik Im
T#= 4n 0x; l + Yom 16n Fiaf'm.

DTO TEH30p, ONHAKO, HE CUMMeTpHyeH. [l €ro CHMMeTpH3aluH
npubaBHM K HEMYy BeJHUYHHY
‘ 194! L,
, man e
Coraacro ypasHenuto nosis (30,2) B orcyTeTBHe 3apsanos OF%/0x, =0,
a noToMy
1 0Ai

Ea_x, 4n ax (AFR),

Tak 4TO HPOM3BOAMMAsl 3aMeHa T‘l’* OTH?CHTCH K suny (32,7) u sipasi-
04" 04
ercsl JOTMYCTHMOH. Hocxo.nbxy 07~F", TO Mbl HaXOIHM OKOH-
Xi l .
yaTeJbHO CJrepyolee Bpra)KeHHe IJf TeH30pa SHePrHH-UMIyJbca

3JIEKTPOMArHUTHOI'O IIOJIA:
Tik_ e leFk _I" gszl Flm) (33,1)

CHMMETPHYHOCTb 3TOLO TEH30Pa OYEBHJIHA. Kpome Toro, ero caen
paBeH HYJIO:
T:=0. (33,2)
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BhlpasiM KOMIOHEHTH! TeH3opa T yepes HanpsXKEHHOCTH JIEKTPH-
yeckoro W MarHutHoro moseit. C nomolepio 3HaueHuit £ u3 (23,5)
Jerko y6eIuThCs B TOM, 4To 7°° coBnajaer, Kak H cjel0Bajo, ¢ MJIOT-
HoCThIO sHepruu (31,5), a KoMmOHEeHTHl ¢T°* — C KOMIIOHEHTAaMH BEK-
topa Iloituturra (31,2). IlpocTpaHCTBEHHBIE »Ke KOMIOHeHTH T
06pasyioT TpexMepHbIH TEH30p € COCTaBJSIOHIUMHU

Ox = 5= (B3t E3— E3-- H3+ Hi— HS),
1
Oxy= "E(ExEy_i_HxHy)

HT. I., WIH

1
T dn

0.5 {—EaEB—HuH3+—21—6aB(E2+H2)}. (33,3)
10T TpeXMepHBIN TeH30p HA3BIBAIOT MUKCEEANOBCKUM MEH30POM HANPS-
Heenull. .

Jl1s npuBefenus Tensopa 7% K auaroHajbHOMY BHAY Haf0 NMPOM3-
BecTH NpeoOpasoBaHHe K CHCTeMe oTcueTa, B Koropo#l Bekropel E u H
(B AaHHOH TOYKE NPOCTPAHCTBA H B JAaHHBIH MOMEHT BPEMEHH) llapaJiieib-
HBI IpYT APYTY, JHOO ONHH W3 HHX paBeH HyJIO; Kak MhI 3HaeMm (§ 25),
Takoe npeoOpa3oBaHHe BO3MOXHO BCerAa, 3a HCKJIOYEHHeM CJaydas,
koraa E u H B3aHMHO nepneHAHKY/ISIPHBL H PaBHHI o BesanuuHe. Jlerko
BHAETh, YTO 1OC/]e npeo0pasoBaHUs EAHHCTBEHHHIMH OTJAHUHBIMH OT
HyJs KomnoHenramu T Gypyt

To0— _TU T2 T3\

(ocb x BoifpaHa B HamNpaBJeHUH IoJeH).

. Ecau xe Bextopel E u H B3a¥MHO NMeprneHAHKYJ/SIPHEI H PaBHHL 110
BeJiHuHHe, TO TeH3op T'# He Moxer GbITh NPHBEIEH K JUATOHATHHOMY
Buay'). OrinuHble OT HYJS ero KOMIOHEHTH B 3TOM CJyyae paBHBI

To0—="733—-T30=1/

(npuuem och x BbiGpaHa BRoab HanpasdeHus E, a ocb y — Brosb H).

Jlo cux mop MBI paccMatpuBanau noJe Ge3 3apsanos. IIpu nanuuuu
3apsIKeHHBIX YacTHIL TEH30p 3HEPTHH-UMITYJbCa BCEH CHCTEMBI TIpej-
cTaB/isteT cobOH CyMMy TEH30POB SHEPrHH-HMIYJ/bCA 3JEeKTPOMAarHHT-
HOTO IO/l H 4acTHU, IPHYEM B I0C/e[HeM YacTHLbl paccMaTpHBaIOTCH
KaK HeB3aHMOJeHCTBYIOIHE.

Jna onpeneseHHss BHAA TeH30Pa 3HEPTHH-HMIYJBCA HaCTHL HeOG-
XOJHMMO ONHCHIBATH paclpefieieHHe Macc B IPOCTPAHCTBE € NOMOLLBIO

1) Tor daxt, 9T0 NpHBefeHHE CHMMETPHUHOrO 4-Tensopa Ti% K rIaBHBIM OCAM MO-
KT 0Ka3aThCsl HeBOSMOMKHBLIM, CBA3aH C HCEBAOEBKJHAOBOCTbIO 4-IIPOCTpaHCTBA (CM.
TaKxke 3agady x § 94).
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«MJIOTHOCTH MAacChl», aHAJOIMYHO TOMY, KaK MBI ONHCHIBAEM pacnpeje-
JIeHHe TOYEYHHIX 3apSAN0oB C MOMOU(bI0 HX TJIOTHOCTH. AHAJOrHYHO
tdopmyae (28,1) w15 MIOTHOCTH 3apsAfioB, NJIOTHOCTL MAacc MOXHO Ha-
NHCcaTh B BHJE ‘

m=2m, (r—r,), (33,4)

Tl T, — Pajuyc-BEKTOPHl YACTHI, a CYMMHDOBaHHE MPOU3BOJHUTCA 110
BCEM YacCTHIaM CHCTEMBL.

T110THOCTb MMIYJILCA YACTHI] HATIHIIETCS B BHIeE pcu®. Kak Mbl 3Hae,
3Ta MJIOTHOCTh NpeacTaBasieT co60fi KOMMNOHEHTH 7°¢/c TeH3opa sHep-

THH-MMIYJAbCa, T. €. T%=pc?u* (@¢=1, 2, 3). Ho niotHoCTE Maccer sB-
- : . dx*
JSeTcst BpeMeHHOH KOMIIOHEHTOH 4-BeKTopa i:——d-t— (anaJOrM4YHO NAOT-

HOCTH 3apsnoB, cM. § 28). [TosToMy TeH30p 3HEPTHH-UMIY/IbCA CHCTEMBI
HEB3aMMOJEHCTBYIOMIHX YACTHIL eCThb
dxi dxk

. ;L ds
ik __ ik
T = pc a5 = Mew'ut

(33,5)
DTOT TEH30p, KaK M CJelNoBajo, CHMMETDHUEH.

Y6enuMcsa TNPSIMBIM BBHIUKCJAEHHEM B TOM, UTO JHEPTHA M HMITYJbC
CHCTeMbl, onpeieJieHHble KaK CYMMBI S3HEPTHI U HMNyJbCOB MOJSA M ua-
CTHIL, JeACTBHTENBHO COXPaHATCA. [IpyrdMH c10BaMM, Mbl JOJISHBI
IIPOBEPHTL YyPaBHEHHe

P — (T(")k—}- T(q)k) 0’ (33,6)

BhIpa)kaiolllee 3TH 3aKOHBl COXPaHEHMs.
Hugdepenunpysa Beipaxenue (33,1), numem:

OT™! 1 /1 . 0F;,  pw 9Fu OFk!
s~ w (TP SR 5

IoncraBue clopa cornacHo ypaBHeHusM Makcsenna (26,5) u (30,2)

OFiy _ _ OFmi_ OF; OFR _dn
o oxt  0x™ ' gk ¢ !?
NOJY4HM:
e U rim Fmi | pim OFi pu®Fi 4 o
Oxk _E<_?F Ot —_?F ‘axm —F Ixk TF”] ) *

epecTaHOBKOH HHIEKCOB JIETKO IOKa3aTb, YTO NEPBHE TPH UJIeHa

-,
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B3aHUMHO COKpallalTCA H OCTaercs

mk . ’
oT™; S ‘I—Fz'ljt- (33,7)

oxk 4

Huddepennupopanve xe tersopa (33,5) naer:

k 3
T 0 [ dekY ,  drkou
ack  foxk L Cdr axk "
Tlepebiil useH B 5TOM BhIpaXKEHUH 06pallaeTcsi B HYJb B CHJAY COXpa-
HEHHsl MacChl HeB3aHMMOAEHCTBYIOWHX 4acTHU. JleficTBHTEe/NbHO, BEJH-

dx* o
YUHHBI ME— COCTaBJISAIIOT 4-BeKTOp «TOKa MaccC», aHaJOrvdHbId 4-Bek-

TOpPY TOKa 3apsapoB (28,2); coxpaHeHHe ke Macc BbipaXkaeTcsl paBeH-
CTBOM HYJ/I0 4-muBepreHuud 3Toro 4-sekrTopa:

5%(;; ‘%") 0, (33,8)

nojob6HO TOMY, KakK - COXpaHeHHe 3apAla BhIpakaeTcsl ypasHe-
HueM (29,4).
Taxum obpasom, HMeeM:

or} dx* ou; du;

I B IF Wil e T

Jns nanoHefimero npeo6pa3soBaHHS BOCIOJb3YeMCS ypaBHEHHEM JIBH-
JKeHHsl 3apsiioB B I0JIe, HAIIUCAHHBIM B YeTbIpeXMepHOM BHie (23,4):
du; e 2
mC-E——-'C—Fiku .

Ipu nepexone K HenpephIBHOMY paclpeleleHHio 3apsia M MacChl
BIMeeM, TIO ONpefesleHHI0 IUVIOTHOCTeH W H p: p/m=p/e. IlosTomy

MOKHO HalHCaTh ypaBHEHHE ABUKEHHS B BHJE

IJ‘C dul = p Fikuk)
IR
dy; 1 zds
pe dtl c Ftkpu at =_Ftk]
Tarum o6pasoM, )
. oTtME
P ~=— Fujt (33,9

CrnaneiBast ¢ (33,7), Mbl JeHCTBUTEJBHO no.nylxaeM HYJb, T. €. npﬂ-
X0AUM K ypaBuenuwo (33,6).
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§ 34. Teopema Bupuana

Ilocko/abKY Cef TeH30pa SHEePTHH-UMIYJIbCA 3/AeKTPOMATHHTHOIO -
' TI0J151 paBeH HyJo, To cymma 7% 1/1si 060H CHCTEMBI B3aHMOAEHCTBYIO-
LIHX YaCTHI CBOAHTCS K CJENy TeH30pa SHeprHH-HMNYJabca OIHUX JUIllb
uactull. Bocrnons3oBaBuinch BeipaxenueM (33,5), uMeeM IO3TOMY:

. ; - ds ds v
— Ty . — — 2
Ty =T®}=pcuu’ 7 =pc 5 = pc ]/l = -

[Mepenumem 3TOT pesyJibTaT, BO3BPATHBIUIHCH K CYMMHPOBAHHIO MO
yacTHLaM, T. e. NpeAcTaBHB u B BHge cymMmbl (33,4). Torga monyyum
OKOHYATEeLHO:

2
=S me V. — g (r—r,). (34,1)
a

OtMerum, uro corjiacHO 3ToH ¢oOpMyJse HOJnd BCSIKOH CHCTEMB
-UMeeM: . ‘

Ti>0, (34,2)

NpHYEM 3HAK PABEHCTBA HMEET MECTO TOJNBKO JJs 3JeKTPOMarHUTHOIO
noJia Ge3 3apsajoB.

PaccmoTpuM 3aMKHYTYIO CHCTeMy 3apSKEHHBIX YacTHL, COBEPILAIO-
X GUHHTHOE ABHKEHHE, P KOTOPOM BCe XapaKTepH3YIOUIHe CHCTEMY
BeJTHYHHBl (KOODAHHATHI, HUMIIYJIbChI) MEHSIOTCA B KOHEYHBIX HHTep-
Bajnax 1).

YcpeauuM ypaBHeHHE

1o | oT? _ 4
T ot T

(cM. (32,12)) mo Bpemenu. Ilpu 3ToM cpefiHee 3HaueHHe NMPOU3BOIHOH
07¢%/0t, xax u BoOOIle NPOM3BOAHOM OT BCAKOH BETHUHMHbI, MEHAIOLECA
B KOHEYHOM HHTepBa/e, paBHO HyJo %). Ilosromy Haxoaum:

-0 7B _
57 Toa=0.

1) Ilpy 2TOM NpPEAnoJiaraeTcs TAKXKe, YTO H 3JEKTPOMAarHHTHOE MOJIe CHCTEeMBL
#cyesaeT HA GECKOHEUHOCTH. DTO 3HAUMT, YTO eCJH B CHCTEME MPOHCXOIUT U3AYUCHHS
SMEKTPOMArHUTHHIX BOJIH, TO IPEANOJAraercs, yTo ClelHa/bHble «OTPAKAIOUUe CTeH-
KH» TPeNsTCTBYIOT YXOAY 3THX BOJH Ha GECKOHEUHOCTD.

- 2) IMycts f ecTh Takas BeJMuuHa. Toraa cpeiHee 3HaueHHe mpousBonHoft df/df sa
HeKOTOpH HHTepBaJ BpeMeHH T ecTb

- T
F_10df , [D—[O
d~ T s dt T :

TMockoasky f(f) MeHsIeTCS TOMBKO B KOHEUHLIX Npefies1ax, TO IPH HeOrpaHHYEHHOM yBex
JauyeHHH T 3To cpejHee 3HAYEHUE AEHCTBUTENHHO CTPEMHUTCH K HYJIIO.
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YMHOXKaeM 3TO ypaBHeHHe Ha X M HHTEIDHDYEM MO BCEMY IpPOCT-
paHctBy. MHTerpas npeo6pasyem no Teopeme I'aycca, uMess B BHLY,

YT0 Ha OeCKOHEUHOCTH Tﬁ =0, H HOTOMY HHTerpaJ [0 NOBEPXHOCTH
HeyesaerT:

oTk Ox% = _
f dV_—XT;TﬁdV=—§6%T5dV=0,
HJIH OKOHYaTeJbHO: ’
{Teav=o. (34,3)
Ha ocHOBaHMHM 3TOro paBeHCTBA MBI MOXKeM HamHcaTh AJs MHTer-
pada ot Ti=Tg+T}:
(Tiav = (Tsav =,

rie & -—noJiHasi 3HePTUST CHCTEMBI.
Hakonen, nopcraBasia cioga (34,1), nafgem:

6= me V1 N (34,4)

310 COOTHOIIEHHE SBJSETCS PENATHBHCTCKHM O0OOIIEHNEM meopemsi
supuara Knaccuyeckoil MexanHHku (cM. I § 10). Has maubix ckopo-
cTell OHO NEepPexojHuT B

. 2
mgla
&— E mye? =— 5
a a

T. €. TI0JIHasl 3HEePTHs CUCTEMbI 33 BHIUETOM SHEPTHH MOKOS YACTUIl pPaBHA
B3SITOMy ¢ OGpPaTHLIM 3HAKOM CpeJHEMY 3HAUeHHI0 KUHEeTHYeCKOH
SHEPTHH, B COIVIACHH C Pe3yJIbTaTOM, HOJYYaeMbIM M3 KJaCCHUECKOH
TEOPEMEI BHPHAJA JJisi CHCTEMBI YACTHIL, B3AUMOJEHCTBYIOMHX 1O 3aKOHY
Ky.iona.

§ 35. TeH30p 3HepruM-HMNYJbca MAKPOCKOMHYECKHX TeJ

Hapsny ¢ TeH30pOM 3HEpPIrHH-HMIYJIbCA CHCTEMBI TOUEYHBEIX YaCTHIY
(33,5) Ham noHano6uTCA B JajbHeHIIeM BEIDAXKEHHe 3TOr0 TeH3opa IJd
MaKpPOCKOMHYECKHX Tes, PacCMaTPHBAEMBIX KaK CILIONIHBIE.

ITorok uMnyJibca yepes 3J1eMEHT HOBEPXHOCTH TeJla eCTh He UTO HHOE,
Kak JefcTBymollas Ha 3TOT saemeHT cuaa. Ilostomy o.df, ectb a-a
KOMIOHEHTa CHJEI, JeficTBylomell Ha sjement nosepxnoctd df. Boc-
nojb3yeMcsi Temeph CHCTEMOH OTCYeTa, B KOTOPOH NAHHEIH 3SJeMEHT
o6bema Tena nokontcs. B Takol CHCTEME OTCHETa MMEET MECTO 3aKOH
[Nackans, 7. €. JaBjeHHe p, OKasblBaeMOe JAHHBIM YYacTKOM Tefa,
QIMHAKOBO MO BCeM HANpaBJEHHSIM M Be3le MepHeHAHKYISIPHO
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K ILIOIIaJiKe, Ha KOTOpylo oHo mnpousBopurcsl). ITostomy Mbl MoxKeM
HAMHUCATh O, df =pdf,, OTKyJa TeH30p HanpsuKeHu# o ,5=pd g. Uro Ka-
caercst KOMHOHeHT T+°, RaolUX IIOTHOCTh HMIYJbCA, TO JJAs JAHHOrO
ajiemMeHTa 0GbhemMa Tesla B pacCMaTPHBAEMON CHCTEME OTCUETA OHHM DPAaBHBL
Hyao. Komnonenta xe 7°, Kak BCerja, paBHa IJIOTHOCTH SHEPTHH
Tesa, KOTOPYIO Mbl 0G03HAUKM 3JleCh Yepes &; &/c? eCTh IIPU ITOM IIOT-
HOCTb MAacChl, T. €. Macca efHHHILI oObeMa. IloguepkHem, uYTO peyb
UEeT 3/lech 0 elHHHUIE cOGCTBEHHOro o0heMa, T. €. ofbeMa B TOH cHcreme
OTCueTa, B KOTOPOH IAHHEIl yuacTOK Tesa NOKOHTCS.

TakuM o0pa3om, B paccMaTpPUBaeMOH CHCTEME OTCYETA TEH30p JHep-
FHH-HMIyJbca (A/I51 AAHHOTO yyacTKa Teja) HMeeT BHJ :

e 000

. 0p0O0

le: OOpO . . (35,1)
000p

Jlerko HaiiTH Temeph BbIpa)KeHHe I/ TEH30pa 3HEPTHH-HMITYJ/IbCA
B JIIoGOi CcHcTeMe oTcueTa. J1jist 3TOTO BBeAeM 4-CKOPOCTh 4 MAKPOCKO-
ITHYECKOTO ABHXKEHHA 3JjeMeHTa ofbheMa Tela. B cucTeme MOKOsSt 3TOro
anementa u'=(1,0). Bupaxkenune fas T* nojKHO GbiTh BHIGPAHO Tak,
ytoObl B 3TOH cucreme oH npHoGperan BuA (35,1). Jlerko npoBepuTs,
YTO TAKOBBIM ABJSIETCH

T* = (p+ ¢) u'u*— pg*, (35,2)
HIU AJ51 CMEIIAHHBIX KOMIIOHEHT
Tt=(p+e) wu*—pb}.

IDruM H onpenesserc TEH30D 3IHEPTHH-UMIYJIbCA MAaKPOCKOHHYE-
ckoro tesna. CoOTBETCTBYIOULNE BEIDAXKEHHUS J/Is IJIOTHOCTH 3Heprun W,
IVIOTHOCTH TOTOKA SHEPTHH S M TeH30pa HANDSKEHHH 0,40

v2
e+p %
-, _{pte)v (P+8,r)zv . 0, = _(_p_f—_s)v_ 4 p8,5. (35,3)
1.2 v » o 1%
c2? c2 c ( c2

Ecnn CKOpPOCTb V MAKPOCKONHNUECKOro ABHKCHHS MaJja M0 CPAaBHEHUID
CO CKODOCTRIG CBeTa, TO UMEEeM HpHﬁJIH)KGHHO:

S=(p+-e)v.

1) Crporo rosops, 3akoH llacka/isi HMeeT MECTO TONLKO Il KHAKOCTeH U rasos,
Oanako 171a TBepAbIX TeJd MAKCHMa/bHEIC BO3MOMKHKIE DA3HOCTH JaBJeHHH B DA3HBIX
HaMPaB/ICHUAX HAYTOKHDL O CPABHEHNMIO C TeMH AABJACHUAMH, KOTOPhHIE MOTYT HIPaTh
pOJib B TEOPHH OTHOCHTG/BHOCTH, TAK YTO HX YueT He IPeACTaBJsteT HHTepeca,
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IMockonbKy S/c? eCTh NMIOTHOCTH MMIYJBCA, TO MBI BHAHM, YTO DPOJb
IJIOTHOCTH MacChl HFPAeT B 9TOM Cjydae cymma (p-+&)/c2.

Bruipaxenne mis T ynpolaercsi B cjyyae, €ClH CKOPOCTH BCeX
4acTHL, BXOAAIIMX B COCTAB Tesia, Majibl NO CPaBHEHHIO CO CKOPOCTHIO
cBeTa (CKOPOCTb K€ M3KPOCKONHYECKOTO ABHKEHHS MOXeT OBITh IIPOU3-
BOJIbHOH). B 3TOM c/yuae B IJIOTHOCTH SHEPTHH € MOXKHO NpeHeOpeub
BCEMH €€ YACTAMH, MaJblMH O CPaBHEHHIO C 3HePruell IMoxos, T. e.
MOXHO TIHCaTh WUq* BMECTO €, T€ oy — CYMMa MAaCC YACTHL, HaxXons-
IHXCS B eIuHHIE (COOGCTBEHHOTO) ofObema Tesa (HONYEPKHEM, UTO B
oblieM ciyyae [, HaJo OTJIHYaTh OT TOYHOM INIOTHOCTH Macchl &/¢2, BKJIO-
yawouleil B cebsl TaAKAKe U Maccy, TPOUCXOAAILYIO OT S3HePrHH MEKPOCKONH-
YeCKOro JBHXKEHHS UYaCTHIl B TeJe H JHEPrHH MX B3aHMOJIEHCTBHSA).
Uro KacaeTcs JaBJeHMs, ONpefessieMoro sHeprHell MHKPOCKOIIHYECKOTO
JBUKEHUS MOJIEKYJ, TO OHO B pPacCMaTpHBaeMOM CJydae TOXe MaJio
N0 CPABHEHHIO C [UIOTHOCTBIO 3HepruH mnoxos Mec®. Takum ob6pasow,
HAaXOMM B 3TOM CJyuae:

Tk = p,ctulu*, , (35,4)
Uz sripaxenus (35,2) umeem:
‘ Ti=g—3p. ' (35,5)

O6iee cBoiicTBO (34,2) TeH30pa SHEPrHU-UMNYAbCA JM1000I CHCTEMB
noxasbiBaeT Tenepb, YTO I/ JaBJEHHS H IUIOTHOCTH MaKpOCKOIH-
YeCKOro TeJia BCerja HMMEeT MecTO HepaBeHCTBO

p<z- (35,6)

CpasHuM BoIpakenue (35,5) ¢ obuieit popmyJoit (34,1). Tockonbky
Mbl paccMaTpHBaeM cefyac MakpOCKOIIHYECKOe TeJIO, TO BhIpaKeHHe
(34,1) Hano ycpejHHTb 0O BCeM 3HAUEHHsIM I B eJHHUUE obbeMa.
B pesysbraTe nHaxonaum: '

e 3p=Yme V14 (35,7)

(cymMmMHpOBaHUe NPOM3BOAMTCA IO YACTHLAM, HAXOASIIHMCS B eIHHHUE
o6bema). B yJbTpapedsiTHBUCTCKOM IMpejedsie NpaBas CTOPOHA 3TOro
paBeHCTBA CTPEMHTCS K HYJIO H, TaKUM 0o0pa3oM, ypPaBHEHHe COCTOs-
HUsS BellecTBa B 3TOM Npefenel):

p=7. (35,8)

1) 3to0 npenenbHOe YpaBHEHHE COCTOSHH S BRIBEJIEHO 3/1eCh B NPEIIONIOKEHHH JJIeK-
TPOMAarHATHOrO B3auMOJEHCTBHS MEXJY dacTHUaMH. Mui 6yleM cuurath (KOTAa 5TO -
nonagoburca B ri. XIV), uTo oHO ocraeTcs CHpaBeAJHBHIM H s APYIHX CYLIECTBYIO-
HUX B NPHPOJe B3aUMOACHCTBHI MEXNY YaCTHHAMH, XOTS A0KA3aTeNbCTBA 9TOrO npef-
NOJIoKeHHsl B HACcTosiNee BpeMs He CyHIeCTBYeT.
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[MpumeHnM noJsiyyeHHbIe GOPMYJBI K HIea/IbHOMY ra3y, KOTOPBIH Mbl
[PEANOIOKHM COCTOALIHM H3 OIMHAKOBHIX dacTull. IlocKOIBKY YacTHIb
HJeaJbHOIO ra3a He B3aHMOACHCTBYIOT APYT C APYIOM, MOXHO BOCIIO/Ib-
3oBaThes popmyJoit (33,5), ycpenuus ee. Takum o6pa3om, AJAst HAealb-
HOTO rasa ‘ :
ik __ dxi dxk
T = nme ar ds
rJe 1 — YHCJIO YACTHIL B e€AuHHUle 00bema, a uepra o603HayaerT ycpe-
HEHHe N0 BceM yacThilaM. Ec/iu B rase HeT HIK4KOrO MaKPOCKOIIHYECKOro
JBHKEHHS, TO Mbl HIMeEM, C APYTOi CTOPOHBHI, Ast T4 BEIpaXKenHe (35,1).
CpaBHeHue o0eux ¢opMyJ NPHBOAHT K pPaBEHCTBAM:

c? nm v? .
e=nm —fmer, p="g e (35,9)
V-5 V%

OTH paBeHCTBA ONpeJeJsOT IIOTHOCTh M JaBJeHHe PeNsITHBHCTCKOro
{geajJbHOTO Tasa Yepe3 CKOPOCTH YacTHL; BTOPas U3 HHUX 3aMeHser
co6oil  M3BeCTHYIO (GOPMYJIY p=nmu?/3 HePeNATUBUCTCKOH KHHETHYE-
CKOHl TeOpHH Tas3oB.
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[IOCTOSIHHOE 3JIEKTPOMATHUTHOE TIOJIE

§ 36. 3akon Kynona

Ilnst TMOCTOSIHHOTO 3JEKTPHYECKOTO  (346KMpPOCIAMUYecKoz0) ToJs
ypaBHeHHs MaKcBeJia HMEIOT BHJ

div E=4mp, (36,1)
rot E=0. (36,2)

Dnextpuueckoe noje E Bripaxaercss yepe3 OAHH TOJMBLKO CKalsipHBIH
HOTEHIHAJl COOTHOIIEHHEM

=—grad ¢. (36,3)

[oxcrasass (36,3) B (36,1), HAXOnUM ypaBHEHHE, KOTOPOMY YAOBJAE-
TBOpSiET INOTEHIHA] I[OCTOSIHHOIO 3JIEKTPHYECKOTO IOJS:

Agp=—4ap. (36,4)

Do ypaBHeHHe HOCHT HasBaHHe ypaswerus Ilyaccona. B mycrorte, T. e,
npu p=90, noTeHUHas YROBJIETBOpAET ypasHerwo Jlaniaca

Hs nociennero ypaBHeHHs! ClelyeT, B YaCTHOCTH, UTO IMOTEHIIHAJ
3JIEKTPHYECKOTO NOJIA HUTAE He MOXKeT HMeTb HH MAaKCUMyMa, HH MHHH-
myMa. JIeACTBHTENBHO, A/ TOTO YTOOBL @ HMEJIO SKCTpPeMabHOEe 3Ha-
yeHHe, HEOGXOAHUMO, YTOGH BCe IEpPBEIE NPOHM3BOAHBEIE OT @ NO KOOD-
JuHartaM OblIH PaBHBI HYJIIO, 8 BTOPBIE IPOH3BOJIHLIE 0°¢/0x?, O%¢p/dy?,
0%@/02® umenu opuHaxoBbll 3HaK. [locnenHee, onHAKo, HEBO3MOKHO,
TaK KaK IpH 3TOM He MoxkeT ObITh YAOBJAETBOpeHO ypaBHeHHe (36,5).

Onpenenum Temeps IoJe, Co3jaBaeMoe TOU€YHbIM 3apsiiom. Hs
coofpamkeHHil CHMMETPHH SICHO, YTO OHO OyJeT HANPaBJEHO B KaXAoH
TOUKE IO PAJUyC-BEKTOPY, HPOBENEHHOMY H3 TOUKH, B KOTOPOH Haxo-
IuTcs 3apsaj e. M3 Tex ke coobpaxkeHu# sICHO, yTO abcoM0THAA BeJH-
yuHa E noja Oyxer 3aBHCeTh TOJBKO OT paccrosieus R o 3apsjaa.
Jns HaxoxIeHUsi 3Tof aGCOIIOTHOH BeTHYHHBI NIPUMEHHM YpaBHEHHE
(36,1) B muTerpanbHoii dopme (30,5). IloTok saexTpryeckoro mo.s
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yepe3 IIAPOBYI0 NMOBEPXHOCTh C pagHycoM R, NMpPOBENEHHYIO BOKPYF
3apsjaa e, paBeH 4nR2E; sT0oT moTOK Ao/KeH ObiTh paBeH 4me. Otciofa
HaXOJIHUM:

E=43.
B BekTOopHOM BHJE: » .
E— % . (36,6)

Takum o6pasoM, mnose, co3laBaeMoe TOUEUHBIM 3apsanoM, oOpaTHO npo-
NOPUHOHAJILHO KBAaApPATy PACCTOSHHA OT 3TOrO 3apsja. JT0 — TaK Ha-
3piBaeMblil saxon Kyaowa. IloreHuuman storo mous

o= _1‘;_. (36,7)

Ecin Mbl HMeeM CHCTEMY 3apsiIoB, TO CO3JlaBaeMoe eio 110Je, COorJac-
HO MPHHIHNY CYNepPIO3HIMH, PaBHO CyMMe MoJiefi, CO34aBaeMbIX Kax-
JIBIM H3 3apSJ0B B OTAE/NBbHOCTH. B 4acTHOCTH, HOTeHHPIaJI TAKOro moJs .

paBeH
— €a

rae R, — paccrosiHue OT 3apsja e, 10 TOUKH, B KOTOPOH MBI HUIEM NO-
teHuHaA. Eciu BBecTH. IIOTHOCTL 3apsja p, To 3ra opmysa nproGpe-
TaeT BHJ

¢= S L (36,8)

rae R — paccrosHue OT 3jemeHTa obbvema dV o JNAHHOH TOYKH («Toqu
HaOJIIOIeHUS») HOJS.

OtMmeTHM 3JieCh MaTeMaTHYeCKoe COOTHOLIEHMe, MOoJyyalouleecs NpH
noAcraHoBke B (36,4) 3HaueHuil p W @ 5 TOYEYHOIO 3apsija, T. €.
p=ed (R) u p=¢/R. Mbl Haxo1KM TOI/IA:

A =—4a5 (R), (36,9)

§ 37. duekTpocraTH4ecKasi 9HePrusi 3apsiioB

Onpenenum sHepru0 cucTeMul 3apsiioB. [lpu stom 6yneM HCXOIHTL
U3 IpejcTaB/JeHHs 00 SHEPTHU I0Jsl, T. e. W3 BhIpaxkeHusa (31,5) ans
MIIOTHOCTH 3HepruH. MIMEHHO, sHeprust CUCTeMbl 3apALOB JOMKHA GBITh
paBHa

U=%§E%dv,

rie E ecthb none, cospaBaeMoe STHMM 3apsjiamH, a HHTerpan Oepercsi
no BceMy mnpocrpanctBy. lloacraBnss cionpa E=—grad ¢, MoxHO
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., -npeoGpasosars U crenyiomum oGpasom:
=—§Hsgrad pdV= _gﬁjdiv (Eqa)dV—]—%ycpdivEdV.

IMepBolit U3 3THX HHTErpajJoB COIVIacHO Teopeme [aycca paBeH HHTer-
pany or E@ 1o HOBepXHOCTH, orpaHHuuBamoliedl o6beM HHTErpHpPO-
BaHHA; HO NOCKOJABKY HHTEIDHDOBAHHE NPOH3BOAUTCA IO BCEMY IPO-
CTPAHCTBY, a Ha GECKOHEYHOCTH TI0Jle PABHO HYJIO, TO 3TOT HHTErpa
ucuyesaer. [loxacraBasass Bo Bropo#i uHTerpan div E=4np, Haxogum
crepyollee BbIpaXeHHe VISl 3HEPTHH CHCTEMBI 3apSiJOB:

1
U= ﬂ opdV. @7.1)

JIast cucTeMbl TOYEYHBIX 3apsiIOB €, MOXKHO BMECTO WHTErpaja Haru-
caTtb CyMMY IO 3apsiiaM:

1
U= yzeafpa, v (37,2)

rae ¢, — INOTEHIHAN NOJs1, CO3/JaBAeMOrc BCEMU 3apsAJaMu B TOUKe, I'e
HAXOAUTCA 3apsil e,.

Ecan npuMeHuTh MOJyYeHHYIO OPMYJIY K ONHOH 3/1eMEHTApHOH 3a-
PSKEHHOH yacThue (CKaXeM, 3JeKTPOHY) ¥ NOJI0, NPOU3BOAUMOMY MM
caMHM, MBI TIPHIEM K BHIBOAY, YTO YacTula JoJkKHA 06/1ajaTh «COOCT-
BEHHOH» IOTEHIHAJNLHON 3Hepruell, paBHOH e@/2, rie ¢ — MOTEHIHA
NMPOU3BOJIUMOTO 3aPsIOM NMOJsA B MecTe, Ille OH caM Haxoaurcss. Ho mut
3HaeM, YTO B TE€OPHMH OTHOCHTENbHOCTH BCSKYIO 3JEMEHTAPHYIO YaCTHIY
HaNo pacCMaTpHBaThb Kak ToueuHyio. [ToTeHunan ke @=e/R ee nojas B
touke R=0 obpamaercss B 6eckoHeyHocTb. Takum o6pasoM, COrJacHo
37eKTPOJHHAMHUKE 3JIEKTPOH JoJuKeH Obl Oul 00safath GeCKOHeUHOH
«COOCTBEHHOH» 3Hepruel, a cJjefoBaTe/lbHO, H OeCKOHEYHOH MAaccoH.
Pusnrieckas GCCMBICACHHOCTD 3TOTO Pe3ysibTara MOKa3nBaeT, YTo yxke
OCHOBHBIE TIPHHIHITEI CAMOH 37€KTPOLHHAMHKH IIPUBOJAT K TOMY, YTO ee
HPUMEHUMOCTb JOJKHA OLITh OrpaHHyeHa ONpeleeHHBIMH IpeneTamH.

3aMeTuM, YTO BBHAY GECKOHEUHOCTH MOJYYAIOUIHXCH W3 3JIeKTPORH-
HaMUKH «COGCTBEHHOH» 3HEPTHH U MACCHl B PAMKAX CAMOH KJIaCCHYECKOH
3JIeKTPOAMHAMHKH Hesb3sl IIOCTABUTH BONPOC O TOM, SIBJSIETCS JIM BCS
Macca 3JEKTPOHA 3JeKTPOMArHUTHOH (T. e. CBSI3aHHOH C 3JeKTpoMar-
HHTHOH COGCTBEHHOH 3HeprHeH yacTHlbl)!).

ITocKoAbKy BO3HHKHOBEHHe He HMemeHd (U3HUeCKoro cmbic/aa
GeCKOHEUHOH «COOCTBeHHOH» 3HEPruu 3/JeMEHTAPHOH YacTHIbl CBA3aHO

3 C. uncro GopManbHON TOYKM 3DEHHS KOHEUHOCTh MACCH 3JEKTPOHA MOXKHO
TPAaKTOBaTh IyTeM BBeJeHHSI GeCKOHEUHOH OTPHUATENLHOH MacChl He3JeKTPOMAarHHT-
HOTO TNPOMCXOXJACHUS, KoMNeHcupywiefi GeCKOHEYHOCTL 3MEXTPOMArHATHOH Maceht
(xnepeRopMUpPOBKa» Macchl). Mel YBHAMM, OfHAKO, B AaJjbHeiimem (§ 75), uTo aTHUM crio-
cofoM He JIMKBUJHPYIOTCS BCe BHYTPeHHHE NPOTHBODEUHSA KJACCHYECKOH 3JeKTPOIH-
HaMHKI.
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C TeM, YTO TaKyl0 YaCTHLY Haj0 pPacCMaTPHBATh KaK TOUEUHYIO, MBI MO-
KeM 33KJIOYHTh, YTO 3JIeKTPOAHHAMHKA KAK JIOTHYECKH 3aMKHYTas ¢bu-
3KMYECKash TEOPHS CTAHOBHTCA BHYTPEHHE-IPOTHBOPEUHBOH IIpH mepe-
XOfle K JIOCTATOYHO MaJbIM PacCTOsIHHAM. MOXHO MOCTaBHUTb BONMpPOC O
TOM, K2KOB NOPSJOK BEJTHUHHE! 3THX paccTosiHui. Ha aTor Bonpoc MoX-
HO OTBETHTb, 3aMETHB, YTO JAJsi COGCTBEHHOH 3J€KTPOMArHUTHOH 3HEp-
I'HH JIEKTPOHA HaNo GBLTO OBl MOJYUUTh 3HAYEHHE MOPSIAKA BETHYUHBI
3Hepruu nokos mc?®. Eciau, ¢ Apyroil CTOPOHHI, pacCMaTPHBAThH 3JEKT-
POH, KakK 06Jajaloluii HEKOTOPBIMH pasmepaMi Ko, TO ero coGcTBeHHAas
noTeHnHasibHas sHeprus Obia GObl mopsigka e/R,. W3 TpebGosanus,
4yTo0B! 00€ 3TH BeJHUYHHb! ObLIH OJHOIO MOPSAKA, €%/ Ry~ mc?, HaXoauM:

e2
R, ~ prok (37,3)

31H pasmepnl (MX Ha3BIBAIOT «PAAMYCOM» 3JEKTPOHA) ONpPENeA0T
IPaHuLbl IPHMEHHUMOCTH 3JEKTPOJHHAMUKH K 3JIEKTPOHY, CJACAYIOUiMe
yxe H3 ee COOCTBEHHHIX OCHOBHBRIX NpHHUHNOB. Hano, oxnako, uMeTh
B BHAY, YTO B JEHCTBHTEJLHOCTH IpeleNbl IPUMEHHMOCTH H3JiaraeMoil
371eCh KJACCHYECKOH 3/IeKTPOLHHAMHKH JIeXAT ellle ropasfio BHIILE BCe-
CTBHE KBAHTOBHIX sIBJEHHH 1).

BepHemcst cHoBa K dopmy.ae (37,2). Crosinue B Hell IOTEHIIHAMBL P,
corylacHo 3akoHy KyJsioHa, paBHB

€,

Pg= R-:; ’ (37»4)
rie R,, — paccrosiHue MeXAY 3apsfiaMH e,, €,. Bripaxkenue 1715 sHep-
ruy (37,2) cocrout M3 ABYX udacTedl. Bo-mepBhIX, OHO COZEPKHUT GecKo-
HEUHYI TIOCTOSIHHYID — COOCTBEHHYIO 3HeprHi0 3apsifioB,— He 3aBH-
CAIYIO OT WX B3aHMHOIO PAacIloJoXKeHHsA. Bropas uyacTh ecTb 3Heprus
B3aHMOIEHCTBUS 3apsJ0B, 3aBHCSIAA OT MX pacnojyoxeHHd. ToJbko
3Ta YacTb M UMeEeT, OUYEBHHO, (u3uuecKHH HHTepec. OHa paBHa

1 . C :
=73 Z €aPas (37,5)
rne
r €p
o= 2 (37,6)
b(=a) Rab :

€CTh IIOTEHLHaJd B TOYKEC HAXOXKJIEHUA €,, CO3/1aBaeMbIil BCEMH 3apA-
JAaMH, 34 HCKJ/IIQUEHHEM é€,. HMnaye MOMKHO HamlHCATh:

U= 3 ”Re'; . @1
axrb

1) KeaytoBnie 3¢xpeKThl CTAHOBATCH CYIIECTBEHHBIMH NPH DPacCTOSHHAX MOPSAKA
fi/me, rae b — nocrosnnas INnanka.
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B dyactHOCTH, 3Heprusi B3aHMOAEHCTBHSI ABYX 3apsijioB

* r__ 66 :
U= (37,8)

§ 38. IMoae pasHoMepHO ABHKYUerocs 3apsga

OnpegennM noge, coszaBaeMoe 3apsoM €, IBHKYIIUMCA pPaBHOMEp-
HO co cKopocThlo V. Henoapmkuyio cucremy orcuera GyfeM HasblBATh
cucremoit K; cucreMy oTcuera, JBHKYILYIOCS BMecTe C 3apsaioMm, —
cucremoit K. ITycrth 3apsit HAXOQUTCSI B HayaJle KOOPAMHAT cHCTeMbl K';
cacteMa K’ JABHKeTCSl OTHOCHTeNbHO K TapajiieflbHO OCH X; OCH Y H 2
napajiebHel ¥ U 2'. B MoMeHT BpemeHH (=0 Hauasa o6eHX CHCTEM
coBnagaior. Koopjaunatel 3apsja B cucteme K, ciaenoBateabHo, x= Vi,
y=2z=0. B cucreme K’ Mb HMEEM NOCTOSIHHOE 3/JIEKTPHYECKOE MoJjie C
BEKTOPHEIM mnoTeHnnasoM A’=0 W cKaaspHbIM @' =e/R’, rae R'’=
=x"*+y'*+2'%. B cucreme K coryacHo ¢opmyaam (24,1) ¢ A’=0

N 4
Y ™
ez &

Mur nosikHBI Temepb BRIpasuTh R’ yepe3 KOOPAMHATHL X, Y, 2
B cucreme K. CorsacHo ¢opmysam npeofpasoBanus JlopeHua

P ol L = 2=z
- /-——1757 y =y, — %
Vi-=
H orciona
vz
(x—=VEP+{ 1= | (5*+2%)
R= < v‘;f> : (38.2)
4
Iloacrapnss sato B (38,1), HaxonuMm:
=% (38,3)
rie BBeleHO ofo3HAYeHHE
: - A
*a— (y— Vi) + (1 -—c—z) (424 29). - (38,4)

BekTopHuiil noreHuuan B cucreme K paBeH

A=qr=2Y (38,5)

¢~ c¢R**
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B cucreme K’ marautHoe nose H’ orcyrcrByer, a 3JeKTpHYeCKoe

E =5
ITo ¢opmynam (24,2) HaXOXUM:
Eﬂ
E E YN E - 4 )
R3 y 'l/l—-— RS 1/1—
E,— ez’

V2 ot
R l/‘—c—z
IopcraBnas cioga R, x', y', 2/, BbipaXeHHLHIE uepes X, Y, 2,
HaXoJuM:
V2\ eR
E:<l—"CT>R—*39 (38,6)
rae R — paauyc-BeKTOp OT 3apsifa e K Touke HaG/MONEHUs X, Y, 2 MOJS,
(ero KOMIIOHeHTHl paBHBI x—Vi¢, y, 2).
Sto BoIpaxeHHe Ajasa E MOXKHO HamHcarthb B APYrOM BHUJE, BBEIS Yroa
0 Mexay HanpaBleHHeM JABHXKEHHS W paiuyc-BekTopoM R. OueBuzHo,
49TO0 y*+2?=R?sin?6, u moromy R*? MOXHO HanucaTb B BHIE

R2—Re (1—‘;—: sin? e) . (38,7)
Torpa aas E nmeeM:
1
E=R___ ¢t . (38,8)

5] 3
R? (l—%——siﬂﬂ) /a

Ilpu 3ananHOM paccTosHHH R OT sapsija BeiuyuHa noast E Bospa-
cTaer ¢ yBeqHueHueM O OT Hy.as A0 /2 (WM TPH YMEHbIUEHHH OT 7t
Jo 11/2). HanmeHbliiee 3HaueHHe NoJie HMeET B HanpasJ/eHHH, napanjenb-
HOM HanpaBsJjeHHio JBmxkeHusi (6=0,n); oHO paBHO

E,,’:%((l—f—:).

HauGonpmuM e sBJseTCS HOJe, NEpHeHANKYJAAPHOE K CKOPOCTH
(6= n/2), paBHOe

e 1
EJ_=-R72'—V2-.
Vi-%
) c

OTMeTHM, 4TO TIPH YBEJHUEHHH cKopocTH noje E, najpaer, a E| Bos-
pacraer. MOXHO CKasaTb Har/IsifHO, 4TO 3JEKTPHUECKOE MOJE ABHXKY-.
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merocs 3apsafia Kaxk Obl «CIVIIOWIHBAETCS» MO HANPABJIEHHIO JABHXKEHHS.
ITpu ckopocrsix V, 61HM3KUX K CKOPOCTH CBETa, 3HameHaTeNb B GopmyJie
(38,8) 6/1M30K K HYJIIO B y3KOM HHTePBaJle 3HaUeHHH 0 BOKpyr 3HaYeHHs
0=n/2. lllupuHa 3TOro HHTEpBaja MOPSAKA BEJHYHHBI

CAG ~ 1/1_;‘;/—?-

Taxkum o6pasoM, 31eKTpHUecKoe moJie GBICTPO ABHIKYHIETOCH 3apsiia,

Ha 3aJlaHHOM PACCTOSAHHH OT HEro, 3aMeTHO OTJIMUHO OT HYJIS JIHUIb B

Y3KOM WMHTEPBAJE YIVIOB BOIU3U 3KBATOPUAABHOHA MAOCKOCTH, HpUUYeM

LIMPHHA 3TOTO HHTepBajia mMajaer ¢ yBeJuuenneM V kak V 1—V?ci.
MaruutHoe none B cucreme K pasHO

H = [VE] _ (38,9)

(cm. (24,5)). B ugacrdocrn, npu V <<c 31ekTpHYecKoe 1oJe TpHO/IH-
}KeHHO faetcs oOpluHoil GopmyJioil 3akoHa KyJona E = eR/R?, u Toraa
MarHUTHOE MoJie

VR
H=2021 (38,10)

3apava ; -

Oupenesuts cuiy B3auMmomeficTBhst (B cucreMe K) Mexay AByMst 3apsigamu,
ABIXKYIIHMHUCS C OJHHAKOBBIMH CKOPOCTAMH V.

Pewmenne. Hckomylo cuay F BoluucisieM Kak CHJAy, HAedcTByIOUlyi0 Ha
OJMH H3 3apsioB (e;) B MOJe, CO3/aBaCMOM BTOPBIM 3apsizoM (e;). HMwmeem ¢
nomousio (38,9):

e V2 €
F::elEz—{——C——[VHg]:el 1—-? Eg+~E§-V(VE2).

IMoxcrasus ciona E, u3 (38,8), moayunm I71s COCTABJSIOWHAX CH/IB B HAMNPABJEHHH
Aswkenus (Fy) H NepueHIuKy/sipHO K HeMy (Fy):

2 2\ 2
—(l—%) cos 0 (l——‘%) sin 0
ey c F __ €18 ¢
T 3, ! Yy pZ 2 3/, !
R (1—~—V: sin26)/ R (l————vz sin29>/
¢ ¢

Fy

rae R —paanyc-BeKTOp OT e, K ¢, a 0—yroa mexay R u V.,

§ 39. /lBukenue B KYyJOHOBOM MoJie

paCCMOTpI’IM JBHKEHHEe YAaCTHIBI C MacCoH m H 3apsaioMm € B loJie,
COo3/1aBaeMoOM JApyrum 3apdaaom e'; Mbl npeanosaraeM, 4YTo Macca mnocaes-
Hero HaCcTOJbKO BCJIHKA, YTO €ro MOXKHO CUMTATh HenoJABUKHEIM. Torzaa
3ajlagya CBOAMTCA K UCCACNOBAHUIO ABHXKECHHUS 3apdala ¢ B UEHTPaJbHO-
CHMMETDHYHOM 3JCKTPUYECKOM I10/1€ C IOTEHIHAJIOM (pze’/r.
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Ilonnas 3Heprusi YacTHLLI paBHA
] ———— g,
gzcl/pz_l_mzc2+_r_’

rae a=ee’. Eciu moan30BaThCsl MOJISAPHBIMH KOOPAHHATaMH B IIIOC-
KOCTH JBHXEHUSI YacTHibl, TO, KaK H3BECTHO M3 MeXaHHKH,

M2
p2: —;z——*_p?y .

rie p,—pajiHanbpHash KOMIOHEHTa MMIyJbca, a M-—TOCTOAHHEIN
MOMeHT HMIyJbca yactuusl. Toraa

é=c V’pg+$+m202+%' (39,1)

BoISICHUM BOIPOC O TOM, MOXKET JU YacTHOA IIPU CBOEM IBHXKEHHH
npuG/IMKATECI CKOJMb yTrofAHo 6iu3ko K umeHtpy. llpexnae Bcero oue-
BHJIHO, YTO 3TO BO BCAKOM C/JydJae HEBO3MOKHO, €C/IH 3apsAbl € U &' 0T-
TAJTKHBAWTCH, T. €. € H & — OJHOro 3Haka. [lajee, B ciyyae mpuTsxe-
HHUSl (¢ M € HMEIOT Pa3jMuHble 3HAKH) HeOTrpPaHHUYEHHOE NPHOJIHKEHHEe
K UEHTPY HEBO3MOXKHO, ecau Mc>|a|; NeficTBHTENLHO, B 3TOM Caydae
nepsbiit wieH B (39,1) Bcerna Gonblue BToporo, H npu r— 0 npasasi CTo-
pOHa S5TOTO’ paBeHCTBA cTpeMmyach Obl K GeckoHeuHocTH. Hamportus,
ecin Mc<< |a], 1o pu r— 0 3TO BBEIpaXKeHHE MOXKET OCTaBaThCs KOHEY-
HBIM (IIPH 3TOM, Pa3yMeeTrcsl, CTPEeMHTCH K 6eckOHeYHOCTH p,). Takum
obpasoM, eciau

Mc<<|al, (39,2)

TO YACTHIIA IPH CBOEM JBHXKEHUH «IAJ4€T» HA NPUTACHBAIOWIHE ee 3a-
pPsifl,— B IIPOTHBONOJIOXKHOCTb TOMY, UTO B HEPEJISITHBHUCTCKON MEeXaHHUKe
B KYJIOHOBOM Ti0Jie TaKoe IafieHue BOOOLIe HEBO3MOXKHO (33 HCKJIIOYe-
HHEM TO/IbKO Ciyyas M =0, Koraa yacThua e JIETHT MNPSAMO HA YacTH-
ny e).

IlonHOe ONpeleNieHHe JBHKEHHS 3apsia B KYJIOHOBOM noJe yA0G-
Hee BCero NPOM3BOJHTb, HCXOAA U3 ypaBHeHusi 'amuiabroHa — $IkoOu.
Brifepem mossipHBIE KOOPAHHATHI 7, @ B IJIOCKOCTH IBIKEHHUS. Y pab-
venne lammabprona — SIko6u (16,11) mmeer BHZ

012 (%;9 7>2—I—<%)2+ 1 <as> F-mict =0, )
Hmem S B BUIE
S=—&t+Mo+f(r),

rae (63 0 M —mocTosiHHBIE SHEPrusi M MOMEHT HMIIyJabCa JIBPI)KyI]J,EHCH
yacTuus. B pes3yJabTaTe HAXOJAHM!:

S-—@S“t—i—Mcp—!—S y é——)z—fﬁ—mw dr. (39,3)

r2
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Tpaexkropus onpenensercs ypaBHenHem 0S/0M= const. Unterpn-
poBaHHe B (39,3) NpHBOAMT K CJAEAVIOUIUM pe3yJbTaTaM AJs TPaek-
TOpPHH:

a) ecin Mc > |a:

(021\/12—0&)%:(:l/(/\/1<_é°)2——1112c2 (M2 — 2)cos( ]/1 ) o,
(39,4)
6) ecin Mc < |al:

(OLZ——CgMz)—l— —

= 4-cl/ (M&)*+ mc* (a*— M¥c®) ch (cp ]/PC—ZO%—.;—— l) + &o; (3,9,5)
B) ectH Mc=|a]:

2 g micr—qr (€2)", (39,6)

TlocTofiHHasA WHTETPHPOBAHHA 3aKJOY4CHA B IIPOH3BONLHOM BhiGope
Hayajna orcueTa yria .

B (39,4) Buibop 3HaKa nepel KOPHEM HeCylleCTBeH, TaK KaK TOxKe
CBfA3aH ¢ BLIGOpOM HayaJia oTcyeTa yrIJia @ mof 3HakoM cos. M3obpaxae-
Mas 3THM YypaBHeHHEM TpaeKTopusi B c/aydae npursxkenus (o<<0)
JEXHUT LEJHKOM [IPH KOHEYHBIX 3HAueHHAX 7 (QHHUTHOE JBHKEHHE),
ecan &<<mc® Ecan xe & >>mc?, T0 r MOXKer oOpalathes B GecKOHEY-
HOCTb (ABHXKeH¥We HMH(HUHHTHO). PHHUTHOMY IBHMKEHHIO COOTBETCTBYET
B HEPETATHBHCTCKOH MeXaHUKe JBHXKEHHe MO 3aMKHYTHIM opb6uram (3J1-
JuncaMm). B pessiTHBHCTCKOH »Ke MeXaHHKe TPAeKTOpHs HHMKOrAa He
MOXeT GbITh 3aMKHYTO#ll — u3 (39,4) BUAHO, UTO IPH H3MEHEHHH yIVIa ¢
Ha 27 pacCTOSHWE 7 OT IIeHTpPa He BO3BPAalllaeTcsi K MCXORHOMY 3Haue-
uuo. BMecTo 3/siHcoB MBI HMeeM 37iech ODOHTHL B BHJAE HE3aMKHYTHIX
«poserok». Takum oGpasom, B TO BpeMsl KaK B HEDEJSATUBHCTCKOH Me-
XxaHuKe (PHHHUTHOE JBHXKEHHE B KYJIOHOBOM IIOJI€ ITPOHCXOLHT IO 3aMK-
HYTBHIM opénTaM B DEJIATHBHCTCKOH MeXaHHKe KYJOHOBO IOJie TepsieT
3T0 CBOEe CBOHCTBO.

B (39,5) nepen kopHeM HOMKEH OBITH BmépaH 3HaK + npu o<<0
H.3HaK — npu o >0 (apyro#l BEIGOP 3HAKOB COOTBETCTBOBAJ Obl H3Me-
HEHHOMY 3HAKy mnepen KopHeM B (39,1)).

ITpu o <<0 tpaekropuu (39,5) u (39,6) nmpeacrasisior cobol cnu-
panu C pagHycoM 7, CTpeMslNMCH K HyJ/Io npu ¢—- co. Bpems xe,
B TeyeHHe KOTOPOTO MPOHCXOJHT «IajeHHe» 3apsla B HAYAJIO KOOPAH-
HAT, KOHEYHO. YOeIMThCS B 5TOM MOXKHO, 3aMeuasi, 4TO 3aBHCHMOCTh
KOODAMHATEL 7 OT BPeMEHH ompelessieTcsi paseHcrBoM 0S/0&= const;
noAcTanias cwofa (39,3), yBUIMM, UTO BpPeMs ONpelenAercs HHTErpa-
JOM, cxopsiuuMcs npu r—- 0. '
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3apgauu

1. OnpenenuTs Yros OTKIOHEHHS 3apsifa, NPOJIETAIOUIEr0 B KYJOHOBOM MoOJe OT-
TankuBaHHA (o > 0).

Pemenne. Yron oTkIOHeHUS  paBeH == —2@q, e Po— YTOJX MEXKLY NBYMS
acumnroTamu Tpaextopun (39,4). Haxoamm:

fx=n———ﬂ~—arctg vl M2 —q?

VEM2 —o2 ca ’

rje ¥ — CKOPOCTb 3apsijla Ha GeCKOHEYHOCTH.

2. OnpegenuTs 3¢gheKTHRHOR ceyeHne PacCesHRs Ha Majble YIVIbI IPH Paccesinuyu
YacTHI KYJOHOBBEIM IIOJIEM.

Pemenne. SpdekTHBHO® ceueHle dO eCThb OTHOLIEHHE YHCJA YACTHH, PacCesh-
HEIX (B ] C) B NaHHbIH 3J1eMeHT dO TeJIECHOTO YIJIa, K MJIOTHOCTH PACCEHBAEMOTO NOTOKA
YacTHIL (T. €. K 4HCJAY YacTHU, NpoxoisawHx B 1 ¢ yepes 1 cm? muomwagy nonepevHoro
CeyeHHs NMyuKa YacTHL).

TlockosbKy yroJa j OTKJOHEHHS YacTHUBl NPH ee NpOJEeTe uYepes IoJje Onpe-
JieIsieTcsl «NpPHLENbHBIM PAcCTOSTHHEM» P (T. e. paccTosiHHeM OT LeHTpa A0 NpsMOil,
110 KoTopoH JARurajcsi Gl 3apsAA B OTCYTCTBHe IIOJSA), TO

d dp do
do = 2mp dp=2tp ﬁdx:pa‘%m,

rie do=2m siny dy, (cm. 1 § 18). ¥YToa oTKJIOHEHHS (e OH MaJI) MOXKHO CUHTATL PaB-
HbIM OTHOIUEHHIO NPHPAIIEHHS HMITYJbCA K ero IepBOHAYaNbLHOMY 3HaueHuio. Ilpupa-
HIeHHe HMIYJIbCa PABHO HHTErpasy Nno BPeMeHH OT,CHJBI, AeHCTBYOIIeH Ha 3apsl B Ha-
npaBJIeHHH, NePNeHAHKYJSPHOM K HANIPaBJEHHIO JBHIKEHHS; NOCJAeAHSS NPUGTHKEHHO

paBHa r% % Takum o6Gpa3om, umeeM:

+ @
gl [ ettt
P J (pr4u2)'ls  ppv

L —®

(v—cxropocts yactun). OTcioga Haxonum shderTHBROE Cevenme IS MaNBIX X
o \?do
do=4 ( —) i
pvj) X
B HepsJISTUBHCTCKOM CJIy4ae p & mu, ¥ 3TO BLHIPAKEHHe COBIAJAET C MO/ Y2FOMHMCSI 110
¢dopmyae Pesepdopaa npu Maabix § (em. 1 § 19).

§ 40. JIHNOABHBIA MOMEHT

Paccmorpum nodie, co3faBaeMoe CHCTEMOH 3apsAJI0B HA PACCTOSIHHAX,
GOJIBLIHX TIO CPABHEHHIO C PasMEPAMHU CHCTEMEL.

Beefem cHCTEMY KOOPIHHAT ¢ HAuajoM Fle-HHOYIb BHYTPH CHCTEMBI
3apsoB. Pajnyc-BeKTOPE OTACJABHBIX 3apsiloB ycTh GYAyT r,. Tloten-
HHaj ToJs, CO3RABAEMOr0o BCEMH 3apANAMH B TOUKE C PaXHYC-BEKTOPOM

R,, paseH _
Cq
o= X ey o

(cymmupoBaHKe NPOH3BOAHMTCS MO BceM 3apanam); snech (Ro—rp) —
pafnyc-BEKTOPEl OT 3apsifioB €, K TO4Ke, IA€ Mbl HIUEM IIOTEHLHAJ.
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Msnl IO/KHBI HCCJIEA0BATD 3TO BbIpaxeHue st 6onplunx Ry (Ry>>r,).
JI1s1 3TOrO Pas’ioKHM €ro B PSIA MO CTENEHSIM T,/ Ry, BOCIONb30BaBILHCh

(opmyson
f(Ry—r)~f (Ro)—rgrad f (Ro)

(B grad nudepeHiupoBanne NPOU3BOAMUTCH 10 KOOPJIHHATAM KOHIA
Bektopa Rg). C TOYHOCTBIO AO UJIEHOB NMEPBOTO MOPsALKA

Ze“ Ze r, grad—— (40,2)
CymmMa
d=Ye,r, (40,3)

HOCHT HAa3BaHME OUNOAbHOZ0 MOMEHMA CHCTEMBI 3apAanoB. CYIHECTBGH~
HO, 4TO €CJH CyMMma Zea BCEX 3apAAOB paBHA HYJO, TO JHIOJBHBIH
MOMEHT HE€ 3aBHCHUT OT BI)I60pa HayaJ/ma KOOpAHHAaT. JleliCcTBHTENIBHO,
pPaxHyC-BEKTODHI Ty H I'a OIHOT'O M TOro 2Ke 3apsaja B JIBYX Pa3HbIX CH-
cTeMax KOODAHHAT CBsA3aHB! JApPYyr € JAPyroM COOTHOILIEHHEM

r,=r,+a,

rjae a—HEeKOTOpHH NocrosiHHbli BekTop. [Mostomy ecau Xle,=0, To
JUAOJBHBIH MOMEHT B o6eHX CHCTeMaxX OJHHAKOB:

Y ’ '
= DeLo=e s, +ade,=d
Ecnu 0603HauuTh DOCPEACTBOM €f, i ¥ —eg, ;7 TOJOKHTEIbHHE

H OTpHIATEJbHBIE 3apsiibl CHCTEMbI H UX paAHyC-BEKTOPBI, TO MOXKHO
HANuCcaTh AUNOJbLHBIA MOMEHT B BHJE

d=Yeir;—Yer; =R+ Det—R™ Deg, (40,4)
rjpe
+ = Ee; l'g pap— E@; 4
R T R o (40,5)

— PaJuyC-BEKTOPHI KUEHTPOB 3aPSAXOB» NOJOKHTENbHBIX U OTPHLLATE b=
npix. Ecmu Xef=Dle;=e, 10

d=eR._, (40,6)

rie R,_=R*—R™ ectb paguyc-BeKTOp OT LEHTPa OTPHLATE]bHEIX
K  LeHTPY MOJIOXKHTEeJNbHBEIX 3apsfioB. B YacTHOCTH, e€C/IH HMelTcd
BCEro JBa 3apsiia, TO R, _ eCTb pajuyC-BeKTOp MeX]y HHMH.

Ec/n monHpifl 3apsif CHCTEMBI PaBeH HYJIO, TO MOTEHIHaJ €€ NoJs
Ha GoJIbIUHX PACCTOSHHUSIX

e —dy LR - :
e=—dv =T (40,7)



130 MOCTOSHHOE 3JIEKTPOMATHHTHOE TOJIE [ra. v

HanpseHHocTb nods

E= —grad dR" %grad (dRO)—(dRO)grad—ls s
N Ry Rg Ro
HJIH OKOHYATeNbHO
p—2do—d (40,8)
Ry

rne n-—eIHHUYHBI BekTOp B HanpasgeHHH R,. TlosesHo Takxke yka-
3aTb, UTO €e MOXKHC I[1D€ICTaBHTh, A0 BblNOJHEHHS AxddepeHIHpOBa-
HHiI, B BHIe

1 \
E=(d7)¥ 5. (40,9)

Tagum ofpazom, noreHnHan€ nmoJjs, Co31aBaeMOTO CHCTEMOH ¢ pas-
HEIM HYJIIO MOJHBIM 3apsJoM, HA OGOJILLUIMX PacCTOSIHHAX oOpaTHO mpo-
NOPIUHOHAJNEH KBaJAPaTy, a HANPSKEHHOCThb M0 — KyOy pacCTOsHUS.
D10 nose obiajaer akcHAIbLHOH CHUMMeTpHell BOKPYT Hampasiaenus d.
B miockocty, npoxonsieit yepe3 3To Hanpap/eHHe (KOTOpoe BEIGepeM B
KayecTBe OCH 2), KOMIIOHeHTH BekTopa E:

3 —1 3sinb 0
E —d cos2 0 ’ Ex:d sin 3cos ) (40,10)
R} Rg
paﬂ,HaJIbHaH Xeé U TaHTreHuuaJbHasgd CcoCTraBJsiolllle B 3TOH TIJOCKOCTH
2c059 sin®
Ep=d=2"  E,=—d2%2, (40,11)
() RO

§ 41. MyJabTHTIONbHBIE MOMEHTBI

B pasioxeHuH noTeHuuaga mo cremeHsam 1/R,
(P:(p(0)+[P(l)+(P(2)+_ .. N (41,1)

yted @0 nponopuuoHassexd 1/RP'. Mwl BHIeIH, Y4TO NEPBBIH ujeH,
¢®, onpenensiercs CyMMmoll BceX 3apsiioB; BTopol, ¢, Ha3bIBaeMBIN
JHIOJALHLIM TOTEHIIHAJOM CHCTEMbBI, ONpeeNsaeTcs €€ JHIONbHBIM MO-
MEHTOM.

Tperufl ujeH pas/oKEHUS paBeH .

1 0?2 1
) — v
@ = 3 Eex“xﬁ XK, Ry 41,2)

rae cymma Gepercsi o BceM 3apsaM; MHIEKC, yKasblBaOUIHHA HOMep 3a-
psina, Mbl 37eCb ONYCTHJIH; X, — KOMIIOHEHTBI BeKTopa r, a X, — Bek-
topa R,. Jra uacTh noreHnuana oOLIYHO HA3bIBAETCS KBAAPYMOJIBHBIM
noreHuuanom. EcaH cymMa 3apsiioB M JHMOJbHBIE MOMEHT CHCTEMBI
paBHbl HYJIIO, TO Pa3/IOKEHHe HauHHaeTcs ¢ Q.
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"B Boipaxkenne (41, 2) BXOISAT LIECTh BEJIHYHH Y, €x, X Jlerko, ox-
HAKO, BHIETH, UTO B IEHCTBUTEIHLHOCTH TOJI€ 3aBUCHT He OT IIeCTH He3a-
BHCHMBIX BEJHYHH, @ TOJBKO OT NSATH. ITO CJeJYyeT H3 TOro, 4yTo $yHK-
uus 1/R, ynosierBopsier ypaBHeHmo Jlanmaaca:

1

R(,_(S ax OX, R, =0.
Mbl moKeM moaToMy HanucaTb ¢ B BHJe
A Y
A gh [
Tensop . _
D, = Ze(Sxaxs—r 633) (41,3)

HasbIBACTCS KEAOPYyNoAvHbimM momermon cuctemsl. M3 onpexenenus D
C/eyer, 4TO CyMMa ero AHaroHa/lbHbIX KOMIIOHEHT PaBHA HY.JIO:

D,,=0. : (41,4)

CHMMETPHYHBIH TEH30D D HMEeT IIO3TCMY BCEro NATh He3aBHCHMEIX
koMmnonent. C ero nomombro MOXXHO Hamnucars:

Da.ﬁ a2 1

“3

2) — 7% L
V=% IX0%, R, (41,5)
WJH, TNpoH3Benst AuddepeHIpoBaHue
3 .L 3X Xﬁ 6%
0X.0Xg Ry RS R%
u yuurmsas, uro §,.D,.= D, =0,
g = 2t ‘ (41,6)
2R} ’

. Kak n BCAKHI CHMMETPHUHBIA TpeXMepHuIf TeH3op, TeH3op D, g
MoOKeT ObITh pHBEAEH K [VIABHBIM ocaM. [IpH 31oM B CHIY yenosua (41,4)
B o0lleM cayyae JIMMIb [BA H3 TPeX IVIaBHBIX 3HAYEHHI HE3aBHCHMEI.
Ecnu xe cucreMa 3apsJoB CHMMETPHUYHA OTHOCHTENBLHO HEKOTOPOH OCH
(ock 2)1), To oHa XK€ ABJASETCS OJHOM H3 IMIaBHHIX ocell TeHsopa D g,
HOJOXKeHME ABYX JAPYTHX oceli B IJIOCKOCTH Xy TPOU3BOJBLHO, U BCE
TPH IVIaBHbIX 3HAUEHHS CBS3aHBl MEXAY CoOoii:

1
Dxx:Dyy:_szz' (41a7)

OGosnauasn KomnoHeHTy D,, Kak D (ee HasbiBalOT OOGBLIYHO B 3TOM
CJIyyae NpOCTO KBaAPYNOJAbHBIM MOMEHTOM), IOJY4UM ITOTeHI HaJl B BHIE

(p<2)=4£m(3 cosze—1)=—2-%1>2 (cos 9), (41,8)

rae 8 — yroa mexay R, # ochio 2, a Py — nonuHoM Jlexanjpa.

1) Mmeercs B BHAY OCb CHMMETPHH JI0G0T0 NOpsiiKa Bollle BTOPOTO.
% "
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I4

ITogo6Ho ToMy Kak 3To ObIO CHeJaHO B HpejblAylleM naparpage
JUTsl IHOOJLHOrO MOMEHTA, JIerko yGeauThCcsl B TOM, YTO KBaJApYmMoJb-
HBIE MOMEHT CHCTEMBI He 3aBHCHT OT BEIGOpa Hayasga KOODAMHAT, €C/H
paBHBI HYJIIO KaK NOAHBIE 3apsijf, TaK M AHMOJbHBIA MOMEHT CHCTEMBI.

AHanoruyHelM 06pasoM MOXKHO ObLIO OB HamucaTh CJAEXYIOUHe ujle-
HEI pasnomenns (41,1). [-ii uneH pasjomxeHus onpereasieTcsi TEH30POM
(Tak Has3bIBaeMbIM TEH30POM 2/-1mOJIbHOrO MOMeHTa) /-ro paHra, CUMMET-
PHYHBIM IO BCEM CBOMM HHJEKCaM M ofpaliaioluMcs B HyJb NpH CBep-
TBIBAHHH T10 JIF000I Nape HHAEKCOB; MOXKHO II0KAa3aTh, UTO TAKOH TEH30P
obnagaer 2/-F1 He3aBHCHMBIMH KOMMOHEHTaMH 1).

Mpbl BanuueM, oHaKo, 3/1ech oOWAi UleH pas3sosKeHHs NOoTeHlHada
B IDYIOoM BHJIe, HCIONB30BAB H3BECTHYIO H3 TEOPHH CHePHYECKUX (yHK-

Ui opmyay

1 1 il
|Ry—r] YA 2 2 =E

(41,9)
|2 Ro+4-r2—2r Rycosy [=p

rae y—yroa Mexay R, u r. Beenem cdepnueckue yriaet ©, ® u 0, o,
o6pa3syeMble COOTBETCTBEHHO BeKTOpPaMH R, M r ¢ (pUKCHPOBaHHBLIMH
OCSIMH KOODAMHAT, H BOCHOJh3yeMCsl H3BECTHOH TeopeMOil C/IOXKCHHS
ans chepuueckux GYHKIUH:

!

P, (cos y) = Z %P‘ﬁ”(cos 0) Pi™!(cos B) e~im (@=-w) (41,10)

rie P['—npucoepunenHble nonuHoMbl Jlexanxpa. Bsenem Takxke
cepuyeckue QPyHKIUY 2)

Iy 21 1 ({— 1 ms
Ylm(e, (p):(—l)’”l / ;_ gl—{—/’Z))'P (COSQ)e i m>0’ (41,11)
Yi, <im0, @)= (—1)""Y] | m\.

Toraa pasmnoxenue (41~9) HpHMET BHJ

TRo—r[ —rl Z Z Rl+121+1ylm(® D)YY,,0, o).

=0 m=-1

IlpousBens Takoe passoxeHnue B KaxI0M useHe cymmel (40,1), noayuum
OKOHYATE/IbHO CJefyiolllee BbipaxeHHe Aas1 [-TO 4jeHa paSJIO}KEHI/Iﬂ
[IOTeHuHana:

Z ]/2l+l (I)Ylm(@) D), (41,12)

m=-/

)
(P
Rl+1

1) Takoil TeH30p Ha3BBAIOT HernpusoiuMeiM. O6palieHne B HYJb NPH CBePTHIBA-
HHM O3HAY2ET, YTO H3 €ro KOMIIOHEHT HeJIb35i COCTABHTb KOMIIOHEHT KAaKOIo-muGo TeH-
3opa -60/lee HH3KOTO paHra.

%) B coorBeTcTBHH C ONpejieNleHHeM, MPHHATHIM B KBAHTOBOH MeXaHHKe.
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THE
4 .
QP =22tV 51 Yin O 00)- (41,13)
a

CosokynHocTh 2/+41 emuunn QW cocraBasier 2'-NOJbHBIH MOMEHT

CHCTEMbBI 3apPsJ0B.
- OmnpepesieHHBE TAKUM 06pa30M BETHUYHHBI QY CBA32HH C KOMITOHEH-
TaMH BeKTOpa JumnoJibHoro mMomenta d gopmynamu

QY =id, QY ==F V_ai+4@y (41,14)
Besmuunel e Q7 CBsi3aHBl ¢ KOMIIOHeHTaMH TeHsopa D,, cooTHoiue-
HUAMH ‘
= __5 Dzz’ Q(‘f} = 4 _1? (D =+ iD z)r
@ 1 ) (41,15)
Q:l:2 = ——— (Dxx—/Dyy =+ 2"ny)'

3agaua

OnpefeniTh KBaAPYHOJbHBIL MOMEHT ONHOPOZHO 3apsKEHHOTO 3JIIHNCOUAA

OTHOCHTEJIbHO €ro IeHTpa.
Peuwenne. 3amenss cyMmuposanye B (41,3) MHTerpupoBaHueM IO OGbeMy

jaunconja, HMeeM:

Dxx“—“PS S (2x?—y*—2%) dxdydz u 1. 1.

BriGHpaeM oOCH KOODAMHAT BJOJb ocefl 3JIIHNCOMHA € HAYajOM B €ro HeHTpe; u3
coobpakeHUl CHMMETPHH OYECBHIHO, YTO 5TH XK€ OCH SIBJSIOTCA IJIaBHLIMH OCSIMH
Tensopa D,g. IlpeoGpasosanuenm

7

x=x'a, y=y'b, z2=2c
HHTETpHPOBAHUE MO OGbEMY SJIMNCOHIA

22
@ T ta =1

CBONMTCS K HMHTErpHpOBaHHIO TIO 06BeMy cdeprl paguyca I

x4ytie=1.

B pesyaprare moayunm:

Dxx:—g—(2a2—-b2——c2), D, :-;—(21;2—@2—&),
D,, :fg. (22 — a2 —b3),

rae e=4

3 abcp —NoJEbi 3apsl JJIHNCOMAA,
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§ 42. Cucrema 3apajgos BO BHelIHeM MoJe

PaccMOTpPHM cHCTeMY 3aps0B, HAXOSIYIOCS BO BHEUIHEM 3J1eKTpH-
yeckom noJie. ITocpencreom ¢ (r) 6yaeM Teneps 0603HauaTh MOTEHLHAJ
3TOrO BHeIIHero moJs. [loTeHUHaNbHAS SHEPIHS KAKAOTO M3 3apsA0B
€cTb €,¢ (r;), a NoJHAS NOTEHUHATbHAS SHEPTHsl CHCTEMbI PaBHA

U:;eaq} (rg)- ) (42,})

BrifepeM CHOBA CHCTEMY- KOOPAHMHAT C HayajoOM Iie-HUOYAb BHYTPH CH-
CTeMbl 3apSIAOB; T, — DaAHYyC-BEKTOP 3apsiia €, B 5THX KOOPJHHATAX.

[IpennosnoxuM, 4TO BHelIHee noJsie ¢1a00 MEHSIETCS HA MPOTSXKEHHH
CHCTEeMB! 3apsJOB, T. €. SIBJISETCS 110 OTHOUIGHHIO K 3TOH CHCTEME KBa-
3HOZHOPOJAHBIM. TOIZia MBI MOXKEM PasJIoKHTh 3Hepruio U/ B psif 1o cre-
MEHSM Tg:

U=UD+UD LU+, (42,2)
B sTom pasnoxeHuH nepBBIil u/eH €CTb
U =g, e, (42,3)
a

rie ¢, — 3HAUeHMe NOTeHLMasa B Hauasle KoopauHat. B atom npubnu-
JKEHUH 3HEPTUs CHCTEMBI TAKOBA, KaK €C/aH OBl BCe 3apAAbl HAXOAMIUCH
B OIHOH TOYKe.
Bropoli unen pasnoxeHus
_ Uw = (grad (P)o ' Zeara'
Beensi manpspkenuocts E, nmoJst B ‘Hauase KOOPAHHAT H JIHIIOJbHbL
MOMEHT d CcHCTeMBl, HMeeM: '
U= —dE,. (42,4)

[Tonnas cusia, JeficTByIOLlas HAa CHCTeMY BO BHeNIHeM KBa3HOHIHO-
POXHOM IOJIe, €CTh, C TOYHOCTBIO JO PACCMOTPEHHBIX YJIEHOB,

F=E, Ye,+ (grad dE),.
Ecnu moJHblil 3apsj, paseH HYJIO, TO NepBH uleH HCUe3aeT H Toraa
' F=(dv)E, : (42,5)

T. €. CHJa OnpefiesieTcss NPOM3BOAHBIMH HaNpAXKEHHOCTH HoJs (B3si-
THIMH B Hauajge koopiauHar). llonHBI e MOMEHT JNeHCTBYIOUIMX Ha
CHCTEMY CHJI eCTb

K= 2 [ra’eaEO] = [dEO]’ | (42’6)

T. €. OlIpeae/aercsd camMoi HanpAXKEHHOCTHIO MOJI.
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PaccMOTPHM JiBE CHCTEMBI C PABHBIMH HYJIIO CYMMaMH 3apsJioB B KaX-
nofi W3 HHX M JHNONbHBIMH MomeHTaMH d; M d,, mpuueM HX B3auMHOe
PacCTOSIHHE BEJHKO MO CPaBHEHHIO C HX COGCTBEHHBIMH pasMepaMH.
OnpenenuM HOTeHIHaNbHYIo 3Hepruio U ux Baaumozneicrsus. st 3Toro
MOMKHO PaccMaTpHBaTh OAHY H3 5THX CHCTEM KaK HaXOAAMIYIOCH B IOJ€
propoil. Toraa ‘
U:'—‘dg El,

rne E, — mone nepsoii cucrembl. Iloacrasasisi ans E; BeIpakeHHe
(40,8), Haxopum:

U— (d,dy) Rz—zidlm d,R) , (42,7)

rre R — BeKTOp paccrosiHus MeXAy OOEHMH CHCTEMAMH.
Jlas caydasi, Korja y OAHOH M3 CHCTEM CyMMd 3apsiloB OTJIHYHA
OT HyJs (M paBHa e), NoJyyaeM aHAJOrMYHBIM 00pasoMm:

d
U=eos. (42,8)

rae R — BeKTOp, HanpaB/eHHbIA OT AMIONA K 3apsny.
Cnenywowuil uneH pasiaoxenus (42,1) pasen
1 0%,
2) — ___ 0
Ut = 2 Zex“xﬁ Ox 0xg
3zece Mbl, KaK u B § 41, onyCTHW/IM MHIEKCHI, YKasbIBAIOL[HE HOMEP

3apsjia; 3HaueHHs BTOPHIX IIPOM3BOJHBIX OT MOTeHLHasna GepyTcsi B Ha-
yase koopauHar. Ho noreHnuasn ¢ yRoBaeTBOPsET ypaBHenHio Jlamaaca

3% —5 % —0.
dx; p 0x,0%;3

HOSTOMy MBI MOXKeM HAlHUCaThb:
1 d%*¢ 1
2y — 0 —_— 2
U= 3x,0x5 e (x“xﬁ 3 Oy ) ]

HJIH, OKOHUYaTEeJbHO,
Da{i GZCPO

5 Gror;” (42,9)

U —

O6umuit uyed psiga (42,2) moxer OBITH BLIpaKeH uepe3 OnpenesieH-
Hble B IpelbiAyiueM naparpage 2/-nosnbHeie MoMeHTH D). Ilis storo
Hal0 npeIBapHTENLHO PA3JOXKMTh NOTEHUHA] @ (r) B pAJ N0 IAPOBHIM
¢GbyHKuusaM; oOWMH BHA TaKOTO pasjOoKeHHs:

® l 1 1/-——-———4n_
=7 Z‘am T1T Vim0, 0), (42,10)
1=0

m=-
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rie r, 0, ¢ — chepuyeckue KOODAMUHATHI TOUKH, & Q;m — MOCTOSIHHBIE |
koadduumentl. Cocrasisia cymmy (42,1) u yuuthiBast oilpefeseHue
(41,13), nonyuum:
!
Uo= 3 a,Q%. (42,11)

m=—/

§ 43. MocrosHHOe MarHHTHOE HoOJe

PaccMoTpuM MarHUTHOE 10Je, CO3ZaBaeMoe 3apsi/laMH, COBepIuaio-
HIUMH (pUHHTHOE ABHXKEHHE, TPH KOTOPOM YACTHIIBI OCTAIOTCSH BCE BPEMS
B KOHEUHOH 00J1aCTH NPOCTPAHCTBA, NPHUEM HMIYJAbCHl TOXKE OCTAIOTCs
Bcerja KoHeyHbIMH. Takoe ABMIKeHHe HMeeT CTAllHOHADHBIH Xapakrep,
W NIPECTABJsIeT HHTEPeC PACCMOTPeTh cpefiHee (110 BpeMeHH) MarHUTHOe
none H, cosnapaemoe 3apsjiami; 310 nojae Gyler Tenepb ¢yHKuHeH
TOJBKO OT KOOPAHHAT, HO HE OT BpPEMEHH, T. €. OyAeT NOCTOSHHBIM.

Jsis Toro yroGbl HAHTH ypaBHEHHs, ONpeiesiollHe CpeiHee Mar-
HHUTHOE I10JIe, YCPeAHHM 0 BpeMeHH ypaBHeHHus MakcBesia

. 1 0E |, 4n.,
divH =0, rotH=757 - i
I'IepBoe H3 HHX JaeT HpOCTO
divH=0. (43,1)

Bo BropoM ypaBHeHHH cpejlHee 3HaueHHe npousBofHoH OE/0f, xak u
BOOOIIE IPOH3BOJHOH OT BCSKOH BeJHYHHBLI, MEHSIOUEHCH B KOHEUHOM
HHTEpBaJie, PABHO HyJ/10 (CM. npuMeyaHue Ha crp. 114). I'lostomy BTO-
poe ypapHeHHe Makcpesjia npHOGpeTaer BHJ,

o 4 7
rot H=—7j. (43,2)

Ty 1Ba ypaBHEHHS H ONpeesioT NOCTOSHHOe moJe H.

BBenem cpegHuMi BeKTOpHBIH HOTeRUyanl A COIJIAcHO
rot A=H.
[MogcraBuB 370 B ypaBHeHue (43,2), nonydum: )
.= = 4n+
grad div A— AAz—cﬂ j.

Ho wmu 3HacM, 4To BeKTOprIﬁ NOTEHILHAJ T0JIA OlpeaesieH HEOAHO-
3HAYHO, M IIO3TOMY HA HEro MOXKHO HAJIOXKHTb J1060€e NOIIONHHTENBbHOE

yciosue. Ha stoM ocHoBaHuu BbIGEpeM nHoTeHIHasa A Tak, 4TOGH
divA=0. ‘ (43,3)

Torxaa ypaBHeHue, onpeae/asrouee BeKTOprIﬁ TNIOTCHI HAJ MMOCTOSITHHOI'O
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MATHHUTHOT'O N0JIsl, NPHOGPETAET BHJ

- 4+~
AA=—-=7 . (43,4)

Pelienne 3T0T0 ypaBHeHMA JIETKO HAATH, 3aMeTHB, 4To (43,4) BosHe
aHaJoruuHo ypaBHeHuw [lyaccona (36,4) s ckajisipHOTO TIOTEHIMana
[OCTOSTHHOTO 3JIEKTPHYECKOTO T0Jisl, IPHYEeM BMECTO MJOTHOCTH 3apsja
0 CTOMT IIOTHOCTh Toka j/c. Ilo anasorum ¢ pemexuem (36,8) ypasHe-
Hus llyaccoHa MbI MOMKEM .HaIHCATh

A=t tav, (43,5)

rie R — PaccTosHHe OT TOUKH HabI0AeHHsT ToJd 0 9JeMeHTa
obrema dV.

B dopmyne (43,5) MOXKHO TepeiiTH OT HHTErpaja K cymMme IO 3apsi-
JlaM, TIOACTAaBJSIST BMECTO j NPOW3BE/IeHHe OV U TOMHS, YTO BCE 3apSbl
Toueynsle. I1pu 3T0M HEOGXOAMMO HMETb B BUAY, UTO B uHTerpane (43,5)
R ABJAETCA 11POCTO TlepeMEeHHOH WHTErPHPOBAHHSA H NOTOMY, KOHEWHO,
He 1ojBepraercs ycpeiHeHHI0. Eciy e HamHcaTb BMECTO HHTerpaja

—j—dV d AL 6 7C- '
S B ylxmyz R ™0 R, GyAyT pajauyc-BEeKTOpPaMH OT/I/bHBIX
4acTHILl, MEHSIOUHUMHUCS NPU ABUKEHHH 3apsAfoB. [loaToMy Hajpo MHUCATh

X“ 1 Zeava ‘ (43,6)

rfle ycpeaHsiercsl BCe BBIpaxKeHHe, CTOsilee INoJ 4epToi,
3Hasd A, MOXHO HafiTH HanpsKEHHOCTb MOJIS:

H =rot A = rot - g day.
¢ JR

o/

Onepanus rot npoussoauTcs Mo KOOpAHHATAM TOUKH Habsmopexust. Ilo-
sToMy rot MOKHO MepeHeCTH MOJ 3HAK HHTeTpasa W npu puddepeHiu-
pPOBaHUH CYHTATh j NOCTOSIHHBIM. [IpuUMeHSS U3BeCTHYIO QopMyay

rot fa = frot a4 [grad f-a],
rae f u a—Juo0ble CKaIfp W BEKTOP, K MPOH3BEACHHIO] - &, HAXO-

JIHM:

H, CJefOBaTeAbHO,

E—_——‘jm‘] av (43,7)

(paguyc-Bexktop R Hanpas/ed u3 dV B TOUKy HabJioAeHHS 110J5). 3’1‘0 —
TaK HaseBaemulil 3axon buo u Casapa. % o
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§ 44. MaruuTHBIH MOMEHT

PaccMOTDHM CpefiHee MaTHHTHOE T0Je, CO3JaBAEMOE CHCTEMOH CTa-
IHOHAPHO JBHXKYVIIHXCA 3apsJoB Ha OOJbWIHX DacCTOSHHAX OT 3TOH
CHCTEMBI. ‘

BBeznem cHcTeMy KOOPAMHEAT C HAYAJOM TAe-HHOYAL BHYTPH CHCTEMBI
3aps/I0B, aHAJOTHYHO TOMY, Kak Mbl Jenand B § 40. O6oaHauuM onsith
PaAHYC-BEKTOPH OTAGJLHBIX 3aPsiiOB NOCPEICTBOM I, a PALUYC-BEKTOP
TOYKM, B KOTOPOH MBI HIeM moJse, nocpeicrsom R,. Torma R, —r,
eCTb PaJuyC-BEeKTOP OT 3apsja ¢, K Touke Habaogenus. Corsnacue (43,6)
uMeeM JJIs1 BeKTOPHOI'O NoTeHIHasia:

_1_ ea‘a
= L‘EI (44,1)

Ry—r,|’

Kak u B § 40, pasnoxuM 370 BhIpaxenue no creneHsM r,. CTou-.
HOCTBIO [0 YJEHOB NEPBOTO NOPAZKA (HHILGKC a AAS KPaTKOCTH

onycKaeMm):
! v — (v L
R, 2 ev —— E ev\rv o ) .

B TNiepBOM 4JjleHe MOXKHO Hanucarb:
— d
LFEEe

Ho cpennee 3naueHHe nMpou3BoaHOMN OT MEHSIOILEHCH B KOHEYHOM HHTEP-
Bajle BeJHUYMHBI Y er paBHO Hymmo. Takum obpasoM, ais A ocraercs

BbIpaxKeHue
=< 1 I 1 —
A=-—? E _ev (TV E)ZW E ev (rRy).

TlpeoGpasyem ero ciaenywoimum ofpason. 3amedass, YTO V =T, MbI
MOZKeM HallHCcaTb (HOMHH uTo R, ecrb NOCTOSIHHBIH BEKTOD):

SeROV=755 3 er (R)+5 Y elvR)—r(vR)]. .
an NOACTAHOBKE 3TOr'0 BHIpAaXKEHHA B A cpeinee 3HayeHHe OT Inep-

BOro ujeHa (C NMPOM3BOAHOH MO BPEMEHH) CHOBa OOpaTHMTCS B HYJb,
U MBI NOJYYHM:

A=

A=y e [VIR) (R~ (vRon
Beexem BexTOp
m=o-Yefrv], @42
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Ha3blBACMBIH MASHUMHOIM MOMEHMOM CHCTEMBI. TOFlIa
_ ER ] 1 —
A____[ 0. —_— emi. . 44,3
Rg V Ro ( 4 )
3Has BeKTOprIﬁ MOoTeHIUaM, JIeI'KO HaAHTH HanpAaA>xKeHHOCThL Mar-
HutHoro - noas. C IIOMOUILBIO d)OpMyJIbI

rot [ab] = (bV)a—-(aV)b+adivb—b diva

HAXOILHUM:
H = rot [m B—] —mdivXe —(mV)
. R} R} Ry
Haunee,
divR R, grad - + L divR,=0
R} R} Rb .
H

1 1 ) _ 3R, (m Ry)
Ry R}

—_— RO_ p— P— 1
(m07) 12 =25 (WT) R, R, (¥

Takum obpasom,

= Sn(mn)—nt
He =, (44,4)

rje h — CHOBa eJMHHYHBII BEKTOP B HarpasieHuu R,. Msl BHJIHM, uTO
MATHHTHOE T0JI€ BRIPAXKAETCS Yepe3 MarHUTHBII MOMEHT Takoil xe ¢op-
MyJ0E, KaKof 3JeKTPUUeCKoe I10Je BLIpaxaercsi yepes AHMOJIBHBIH -MO-
meHT (cm. (40,8)).

Ecnu y Bcex 3apsiioB CHCTEMBI OTHOUIEHHE sapsila K macce OJHHA-
KOBO, TO MBI MOXKeM HaIHCaTb:

m:%Ee[rv]:{EEZm[rv].

Ecan ckopoctH Beex 3apsiioB v<&¢, TO mv ecTb HMIYJbC P 3apsja,
H Mbl MOJIy4YaeM:

m=s > [rp] =5 M, (44,5)

rie M= Y [rp] ecrb MexaHuyecKHH MOMEHT HMIyJbCA CHCTEMbI,
Takum 06pasoM, B.3TOM cJyyae OTHOLICHHE MAarHHTHOTO MOMEHTa
K MEXaHHYECKOMY MOCTOSIHHO H DaBHO e/2mec.

3agaua

OnpenenuTs OTHOILIGHHE MArHHTHOTO H MeXaHHUECKOr0 MOMEHTOB IS CHCTEMbl
M3 JBYX 3apsfoB (CkopocTH v<&c).

Pewenye. Bubupas Hauaso KOODAMHAT B IeHTPe HHeplyH 06enx yacTull, 6yaeM
HMeTb -+ mere=0 H py=—p,=0p, rie p— HAMIOYJbC OTHOCHTENBLHOrO ABHIKEHHS.
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C noMOILI0 STHX COOTHOLIGHHH Haiijgem:
: 1 /e e mym
m=—oy{3 + 2 12 M,
2\ mj my -+ my

§ 45. Teopema Jlapmopa

PacemoTpum cHeremy 3apsiioB, HaXoASLLYIOCS BO BHEIHEM HOCTO-
AHHOM OJIHOPOJHOM MarHHWTHOM HOJIE.
Cpeausis (10 BpeMeHH) cuja, LeHCTBYIOIAas HA CHCTEMY,

= e Ty d e
F=2 ¢ Wl =5 22 < [,
0’6pamaeTCﬁ B HYJIb KaK Cpe/iiee SHaueHue NPOU3BOAHON MO BPEMEHH OT

BCAKOH BEJHYUHBI, MEHAKIIIEHACS B KOHEUHBIX npenesaax. Cpezmee Ke
3HayYeHHe MOMEHTa CHJ

K=23 < [r[vH]]

OTJIHYHO OT HyJss. Ero MoOXmo BHIpasuTh yepes MATHHUTHBIH MOMEHT
CHCTeMBbl, IJIsi Ye€ro IHLIEeM, DacKphbiBas IBOHHOE BEKTOPHOE INPOU3Be-
JeH1e:

1 d
K= E % {v(fH)—H (vr)} = Z —; {v(rH)—-——2- ‘—Erz}
Ilpu préﬂHeHHH BTOpOI usleH ofpainaeTcs B HyJb, TaK 4TO
— _ 1 —_—— ——
K= -2v(H) = e {v{fH)—r (vH)}
(nocsiesiHee npeofpasoBaHue aHANOTHYHO NPOH3BEICHHOMY NPH BbIBOJE
(44,3)), UM OKOHYATEJbHO
K = [mH]. (45,1)

O6parum BHUMAHKE HA aHajgorwio ¢ dopmysoi (42,6) anexTpuueckoro

cayyas.
" ®yukuusa JlarpaHxka cHCTeMBI 3apsiloB BO BHEIIHEM IIOCTOSTHHOM

OIHOPOXHOM MATHMTHOM TIOJIE CONEDXKHT JONONHHTENbHBIH (mo oTHoLe-
HHUIO0 K QYHKUHH JlarpaHxa 3aMKHYTOH CHCTEMbI) YJIeH

L,,:L—C—AV:ZEC—[Hr]v=2—QZ[rV]H (45,2)'

(MBI BOCTIOJ/Ib30BAMKCh BhlpaxkeHueM (19,4) Juist BEKTOPHOTO moTeHLHAA
OJHOPOJHOrO noss). BBoAss MarHHTHBIH MOMEHT CHCTEMBI, MMeeM:

L, =mH. (45,3)

O6parum BHYMaHHE HA aHAJIOTHIO C 3J€KTPHUECKHM HOJIeM: B OJHO-
pPOLHOM 3JeKTpHYeCKOM noJe (YHKIHsS JlarpaHKa CHCTeMbl ¢ DABHBIM
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HYJIO TOJHBIM 3apanaoM U AHNOJALHBIM MOMEHTOM COUEPXKHT 4Y/ICH
LE: dE,

ABJAOWHAACA B 3TOM CJyyae NOTeHIHAAbLHOH 3Hepruel cHCTeMbl 3aps-
0B, B3ATOH ¢ ofpatHbIM 3HAKOM (cM. § 42).

PaccMOTpHM cHCTeMY 3apsiioB, COBEPIUAIOILHX (QUHUTHOE ABHIKEHHE
“(co CKOPOCTAIMH U<<() B UEHTPaJbHO-CHMMETPHYHOM 3JIEKTPHUECKOM
noJjie, CO3JaBaeMOM HEKOTOPOH HENOABMKHOH udacTHLEeH.

Ilepefinem OT HENOABHMKHON CHCTEMBI KOOPAHMHAT K CHCTEME, DaBHO-
MEpPHO BpPAalLAOHIEHCsT BOKPYT OCH, MPOXOAsAUIEN uepe3 HEelOABHKHYIO
yacTuy. CoryiacHo H3BecTHOH (opMyJe CKOPOCTb vV uYacTHULl B HOBOM
cHCTeMe KOOpAMHAT CBA3aHA C ee K€ CKOPOCTLIO V' B CTAPOU CHCTeMe
COOTHOIIEHHEM

vi=v- [Qr]\,

Tle T — PajAuyC-BeKTOD YacTHLBI, a @ — yIjoBad CKOPOCTh BPAlLaio-
medicst cucrembl KoopaHHar. B HemopBmkHOH cucreme ¢yuxuua Jlar-
paHxka CHCTeMbl 3apsJ0B €CThb

L=Y"" v,

rae U — moreHLHalbHAs 9HepPTUS 3aPAJ10B BO BHEIIHEM 3JIEKTPHUECKOM
TI0J1e BMECTE € SHeprueldl ux B3auMmoleHAcTBHA APYT ¢ ApyroM. U aBisercs
dhyHKIUEH OT PacCTOAHHI 3apsiloB A0 HENOABMKHON 4acTHUBL ¥ OT UX
B3aHMHBIX PacCTOSIHUI; NMPU NMEpPeXoie K BPALAIONIEHiCs CUCTEME KOOP-
JMHAT OHA OCTAeTCs, OYEBUIHO, HeH3MeHHOH. I103TOMY B HOBOH CcHCTeMe
¢yukuua Jlarpamka Gyner

L= 5 (v+ @)y —U.

HpeﬂHOJIO}KHM, YTO y BCeX 4aCTHH OTHOUICHHE e/m 3apanoB K mac-
caM OJHHAaKOBO, H IIOJO2KHM

Q= ;" H. (45,4)

Toraa npu nocrarouno Maawix H (Koraa MOXHO npenebpeub y/ieHAMH
¢ H? ¢ynxkuus Jlarpamxka npuobGperaer BUI

L:Z?—}—%Ze [Hrlv—U.

Mer BuguM, uto oHa coBnajaer ¢ ¢yHkumeit JlarpaHxka, KoTopo# omu-
CBIBAJIOCH Obl JABIIKEHHE PAcCMATPUBAEMBIX 3apPAJOB B HENOABHAKHOU
‘CHCTeMe KOODJAHMHAT MPU HAJHYHMH IIOCTOSHHOrO MAarHHTHOrO IOJS (Cp.
(45,2)).
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Taxum 06pa3oM, Mbl IPHXOAMM K Pe3y/IbTaTy, YTO B HepeasiTHBHCT-
_ CKOM CJ1yuae IoBeieHHe CHCTEMEI 3aPAA0B € OJHHAKOBRIMH OTHOLLEHHUSIMH
e/m, COBepIIAOIIUX (HHUTHOE ABUKEHHE B LEHTPaibHO-CHMMETPHY-
HOM 3JIEKTPHYECKOM Mo/1e U B ¢JaboM OXHODOLHOM MarHuTHoM rose H,
3KBHBAJIEHTHO NOBEJICHHIO ITOH Ke CHCTEMB! 3aPALO0B B TOM XKe JeKTPHU-
4eCKOM ToJIe B CHCTeMe KOOPJHHAT, PaBHOMEPHO Bpaliamueiicsa ¢ yrio-
BOH cKOpocThio (45,4). DTO yTBEPKAEGHHE COCTABIAET COJEpKAHUE TAK:
HasLiBaeMolt meopemst Jlapmopa, a yriopas ckopocts Q2=eH/2mc Ha-
3BIBACTCH AQPMOPOBOL HACMOMOL.

K sTomy ke BOIpPOCY MOXKHO NMOZOHTH C ApYroi ToukH 3penud. Ilpu
JOCTATOUHO ¢J1abOM MATHHTHOM nogde [ Japaoposa uacTora Majia Ho
CPaBHEHHIO C YaCTOTaMM (PMHHTHOrO ABIKeHHS IaHHOM CHCTeMSI 3apsi-
JIOB, H MOXKHO PACCMaTPHBATh OTHOCALIHECS K 3TOH CHCTeMe BeJIIYHHH,
yCpe/HEHHbIe 0 BpEMEHaM, MaJIbIM 0 CPABHEHHIO C MepHoioM 2m/Q.
ITH BeJIMYUHBL OYAYT MeJJIEHHO (C 4acToToll &) MEHSThCSI CO BDEMEHeM.

PaccMoTpuM H3MeHEHHEe CPefHero MeXaHWYeCKOTO MOMEHTa CHCTEMEI

M. CorsiacHO H3BEeCTHOMY YPAaBHEHMIO MEXaHHKH npouspojnas M papna
MOMEHTY IeHCTBYIOIIHX Ha cucTeMy cuja K. IlosTony HMeeM, ¢ NOMOIIbIO
dopmyJsl (45,1):

iM  — —
=K = [mH].

Ecau OTHOINEHHE e/m JJisi BCEX YACTHIL B CHCTEME OIHHAKCBO, TO MeXa-
HHUYECKHH ¥ MArHUTHHIH MOMEHTHI NPONOPIHOHAALHBE APYT APYTY, H €
- nomomibio opmyat (44,5) u (45,4) Haxozum: ‘

- =— [em]. (45,5)

Sro0 ypaBHEHHe 03HAYALT, 4TO BeKTOP M (a C HHM H MarHHTHEBI MOMEHT nt)
BpalllaeTcsi C yTJIOBOH  CKOPOCTbIO — € BOKPYI HanpaBJeHHs 1oJs,
coXpaHsisl IPH 3TOM CBOIO aGCOMIIOTHYIO BEJIMUNHY H YroJ, o6pasyeMbli
HM C 5THM HanpaBJeHHEM (TaK Ha3bIBAEMAS .2aPMOPOBA NPEUECCs).
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3JIEKTPOMATHHUTHBIE BOJIHbDI

§ 46. Boanopoe ypapHenue

D1eKTPOMATHHTHOE IoJle B IYCTOTE ONperensercd YpaBHEHUSIMH
Makcsenna, B KoTopblX Hago nojoxute p=0, j=0. BumuueM ux euie
pas:

1 oH . .
rotE:—-—;a—t,dlvH:O, (46,1)
1 0E . :
rot H:TW , divE=0. (46,2)

" DTH ypaBHeHHs MOTYT HMETh OTJIHUHBLIE OT HYJA pelIeHUs . DTO0 3HAUMT,
YTO 3/1€KTPOMArHHTHOE I10/1€ MOKET CYIIeCTBOBATh JaKe [PH OTCYTCTBH 4
Kakux Obl TO HH OBLTO 3apsi0B.

O/1eKTPOMATHUTHBIE N0/, CYLIECTBYOIIHE B TYCTOTE IIPH OTCYTCTBHH
3apAJ0B, Ha3bIBAIOT 3JAEKMPOMASKUMHbIMI 80AHAMU. Mbl 3aiimMeMcs
Tenepb HCCJAeJOBAHHEM CBOHCTB TAKHX IIOJeH.

[Ipexne Bcero OTMETHM, YTO 3TH INOJA 00513aTENbHO AOMKHBI GhITh
nepemeHubiMy. JlefcTBHTEILHO, B TPOTUBHOM cayuae OH/0t=0E/dt=0,
H ypaBHeHHs1 (46,1—2) nepexoxar B ypaBHeHHA (36,1—2) u (43,1—2)
NOCTOSTHHOI'O T10J151, B KOTOPBIX, OAHAKO, Tenepb p=0, j=0. Ho peure-
HHSI 3THX YpaBHEHHH, onpefejeHHble dopmysamu (36,8) u (43,5), npu
p=0, j=0 ofpawawoTca B HYJb.

BriBesiem ypaBHeHHs!, ONPeAE/ISIONHe OTEHUHAEl 3MEKTPOMATHHT-
HBIX BOJIH.

Kak Mbl yKe 3HaeM, B CUJIy HEONHO3HAUHOCTH NOTEHIIHAJIOB BCeria
MOXKHO HaJIOKHTh Ha HHX HEKOTODOe JOMOoJHHTenbHoe ycjoBme. Ha
3TOM OCHOBAHHHU BLIGepeM MOTEHLHAJbl JIeKTPOMArHUTHLIX BOJIH TaK,
4TO6bl CKAJAPHBIA MoTeHIHad OblI paBeH HYJIIO:

) o=0. - (46,3)
Torga
E=——2 H=rotA. (46,4)
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IToxcraBass ofa 5TH BLIpaKeHHs B NepBoe H3 ypasHeuuil (46,2), na-

XOJAHUM:
rot rot A = —AA -+ grad div A= —— 21 (46,5)

HecMOTpst Ha TO, UTO Mbl yiKe HAJIOKWJIH OJHO JAOMOJHHTETbHOe
yCJIoBHE Ha NOTEHLMAMBL, IIOTEHLLHAJ A ECe JKe ellle He BIOJHE OJHO3Ha-
geH. YIMEHHO, K Hemy MOXKHO TNPHOABHTH TPAJUEHT JAOGOH He 3aBuCH-
el oT BpeMeHH QYHKIHMH (He MEHSSt TIpH 3TOM ¢). B wactHoCTH, MOXKHO
BHIOpATh MOTEHUHA 3JEKTPOMATCHUTHOH BOJHBI TAKHM 006PasoM, YTOOHI

divA=0. (46,6)
Jeficreutensro, noacrapass E us (46,4) B div E=0, umeem:
. 0A
div 5= d A=0,

T. e. divA ecTb GyHKUHA TOJBKO OT KOOPAHHAT. DTY QYHKIHIO BCEraa
MOXHO OOpaTHTb B HyJib NpHOaBJeHHeM K A I'DajHEHTa OT COOTBETCT-
Byloliell He 3aBHCALIEH OT BpeMeHH (PYHKIHH.

YpaBuenue (46,5) npuobperaer Temepb BHJ

1 ¢%A

AA—— = 0. (46,7)
310 W eCTb ypaBHEHHe, ONpejesdloliee NMOTEHIHAN 3JeKTPOMarHHTHBIX
BosiH. OHO HasweiBaeTcA ypasHenuem 0’ Arambepa HIH B0AHOBGIM YpPas-
Heruem ). } .

[Mpumenss k (46,7) onepauuu rot u 0/0¢, y6enumcsi B TOoM, UTO Ha-
npsikenHoctd E B H yA0B/IETBOPSAIOT TaK1M 7K€ BOJTHOBEIM ypPaBHEHHSIM.

IToBTOpHM BHIBOA BOJTHOBOI'O yPAdBHEHHA B UYeTbIPEXMEPHOM BHIE.
Jl1s 3TOrO HamMIIEM BTOPYIO Mapy ypaBHeHHH Maxcpesta JJIsi noas B
OTCYTCTBUE 3apsiiOB B BUJE

OFik

Oxk

(ypaBuenue (30,2) ¢ j*=0). IlogcraBue cioga Fi*, BhipaxeHHble ue-
pe3 NOTeHILHabl:

dAE Al

ik _ zr
F - 0x[ 0Xk

’ .

1) BoJnopoe ypasBHeHHe HHOTJA 3anHCLBAalOT B Bule [JA=0, rme

2 2’
0 Ala

dx; Ox? c? o2

€CTh TAaK HasbiBaeMBIll onepamop 0’ Aaambepa.
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NOJTyYHM:
02 Ak A
S - 46,8
Ox;0x*  Oxp Oxk (46,8)
HaJsoxxuM Ha moTeHUHaJbl JONOJHHTEIbHOE ycJoBHe
0Ak
— = : 46,9
e (46,9)

(3TO YCJIOBHe HAa3bIBAIOT JIOPEHLEBBIM, a 06 VYJOBJETBODAIOIHUX €My
NoTeHIHaJaX TOBOPAT KakK O [OTEHUHAJaX B AopeHuesol Karubpoexe).

Torna B ypasHenuu (46,8) mepBblil 4jeH BbINajaeT U OCTaeTcs
A 2 A
A _gn TA g, (46,10)
Oxy, Oxk dxk dxt

310 W ecTh BOJHOBOE YpaBHEHHE, 3alHCAHHOE B YETHIPEXMEPHOM
BHJE ). '
‘B TpexMepnoii (opme ycsosHe (46,9) uMeer BHR

1% 1-divA=0. _ (46,11)

OHo aBasieTcs Gosiee 06UIMM, YEM HCIIOB30BAHHBIE HAMHU BhIILE YCJIOBHSA
=0, divA=0; norenuuanbl, YJIOBJETBOPSAIOUINE 3THM MOCJIEIHUM,
YAOBJIETBOPAIOT Takxke H ycjaosHio (46,11). B orindue or HHX, OAHAKO,
ycioBde JlopeHuma wumeer peTATHBHCTCKH MHBAapHAHTHBIN Xapakrep:
MOTEeHU A, YAOBIETBOPAIONIHE €My B ORHOH CHCTeMe oTcYeTd, yIOB-
JIETBOPSIIOT €My M BO BCSIKOH ADYroH cucreMe (Mex1y TeM KakK YCJOBHA
(46,3), (46,6) Hapywaiorcs, BooOlle IOBOps, NPH Npeobpa3oBaHuu CH-
CTeMBl OTCYETa).

§ 47. Mnockue BoaHBI

PaccMoTpuMm uyacTHBIE Ciayuyall 3J€KTPOMAarHHTHBIX BOJH, KOIJa
noJie 3aBHCHUT TOJBKO OT OJHOH KOOPAMHATH, CKa)eM X (1 OT BpeMeHH).
Takue BoHBI HA3HLIBAIOTCS NAOCKUMU: B 3TOM clyyae ypaBHEHHsS noJs
NPHHUMAIOT BHA

9%

& el —o, (47,1)

rae nox f noxppasymeBaercs mobGas KoMmmoHenTa BektopoB E min H.

1) Crneayer otMeTuts, uto yesosne (46,9) He onpegesnser ewe BHGOP NOTEHUHANOB
BIOJIHE OIHO3HauYHbIM OOpasom. MMenHo, Kk A moxHo npu6aeuts grad f, a u3 ¢ npu
9TOM BBIYECTH — = ap TPHueM, 0/HaKO, GYHKIHMS f He IPOU3BOJbHA, a AO/LKHA YIOBJIET-
BOPSITh, KaK Jlerxo yGepuThes, BOJHOBOMY ypasHenmo []f==0.
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Jas pelieHHs 3TOrO ypaBHEHHS NepenuiieM ero B BHJE

(=) (e

U BBEJEM HOBbIE NEPEMEHHBIE

E=t—2, w=(+7,

c

TaK 4To

=45, r==m—1).

Torna

i) 1 0 0 a 1 g 0
@—7(5—%;)’ a_r]_7<7[+05c>’

U ypasHeHue mas f:

o2
o= 0.

Oquymho, YTO €ro peLleHHe HMeeT BUA
f=F@+fMm),

rae f, u f,—npoussoinpHele GyHKUUA. Takum oGpasom,
F=h(t=2)+n(t+2). (47.2)

INycts, Hanpumep, f,=0, Tak uro f=f; (I—x/c). BbisicHuM cMmblCa
sTOrO pelueHusi. B KaxmoH mmockocTH x=const mnose mensercs co
BpeMeHeM; B KaXKAnil NaHHBLIH MOMEHT IoJie PasqH4HO JJIS PasHbIX X.
OueBHAHO, UTO NOJe HMeeT ONHHAKOBOE 3HauyeHue AT KOODAHHAT X
d MOMEHTOB BDEMEHH f, YJIOBJETBOPSIOUIHX COOTHOMIEHHAM {—x/c=
=const, T. e.

x=const-+-ct.

OTO 3HAYUT, YTO €CJU B HEKOTOpHIH MOMeHT =0 B HEKOTOpOil TouKe X
MPOCTPAHCTBA MOJIe HMEJO ONpeleseHHOe 3HaueHHe, TO.uepe3 Mpome-
JKYTOK BPEMEHH f TO 3e caMoe 3HayeHHe IoJie HMeeT Ha PACCTOSHHH cf
BIOJIb OCH X OT NEPBOHAYAJILHOTO MecTa. MBI MOXKeM CKasaTh, 4To Bee
3HAUEHHs1 3JEeKTPOMarHHUTHOIO IOJsI PAaCHPOCTPAHSIOTCS B IMPOCTPaH-
CTBe BAOJb OCH X CO CKOPOCTBIO, PaBHOH CKOPOCTH CBeTa .

Takum ofpasom, f; (f—x/c) mpexcrasisier co6ofl IJIOCKYIO BOJHY,
Geryiyio B IMOJOXHUTEJBHOM HanpaB/ieHHH  ocH X¥. OueBHAHO, YTO
fa (t+x/c) npencraBasier coGoft BosHY, GeryuIyi0 B NPOTHBONOJOKHOM,
OTPHUATEJNBHOM, HaNpaBJeHHH OCH X.

‘B § 46 6uino nokasaHo, YTO MOTEHLUUAJE! 3/IEKTPOMATHHTHOM BOJIHLL
MOXHO BHIOpaTh Tak, utobnl ¢=0, npuuyem div A=0, BmiGepem noren-
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[HaJbl paccMaTpuBaeMol Tenepb IVIOCKOH BOJHEI HMEHHO TaKUM olpa-
soM. Ycaosue div A=0 gaer B 3ToM cayuae
' 0A
x=0,
ox

MOCKOJIBKY BCE BeJMUHHBL He 3aBHCAT oT Y u z. CorsacHo (47,1) Gynem
HMeTh Toraa M 0%A,./01=0, 1. e. 04,/0t=const. Ho mnpouseopuasn
0A/0¢ onpeznensieT aMeKTPUUECKOE MOJ€, H MBI BHIHM, UTO OTJIHUHAS OT
HyJs1 KoMInoHeHTa A, o3Hauasa 6bl B pacCMaTPHBAEMOM CIyuae HajauuHe
MNOCTOSIHHOTO TIPOJOJILHOTO 3JeKTpudeckoro mosst. ITockonbky Takoe
[oJie He HUMEeT OTHOLIEHMSI K 3JIeKTPOMATHHTHOH BOJIHE, TO MOXKHO
noaoxuts A,=0.

Takum o6pas3oM, BEKTOPHEIH INIOTEHUHAaJ I[IOCKOH BOJHBL MOJXKET
6biTh Bcerja BhIOpaH NEpIeHJUKYJAADHBIM K OCH X, T. €. K HanpasJe-
HHMIO PacTpoCTpaHeHHs] 3TOH BOJIHEL.

PaccMoTpum 11ocKkyio BoIHY, GETYINY IO B TOJIOKHTETLHOM HanpasJie-
HYM OCH X; B TAKOH BOJIHE BCE BEJHYHHEI, B YACTHOCTH M A, ABJIAIOTCA
dYHKUHAME TOAbKO OT f—x/c. U3 dopmya

1 A
E = — ra —07 y H=rotA
MBI HaXOJHM II09TOMY:
1 x 1
E=—-A’, H=[VA]= [V (t——_c) : A’] ——LmAl, (47.3)

rlle WTpHX obo3nayaer NudbGEepeHIUPOBaHHE 10 f—X/¢, a N — eJHHHY-
HBIH BEKTOP BJOJIL HanmpapJeHHs! pacnpocTpaieHus BoaHbl. [loacTaBana
epBoe PaBeHCTBO BO BTOPOe, HAXONMM:

H=I[nElL 47,4)

Mur BunM, uTo 3jexTpuueckoe H marnutHoe noisa E n H niaockoit
BOJIHLI HalpapJieHb HEePIeHIUKYJSIPHO K HanpaBjieHHI0 pacnpocrpa-
HeHus BOJMHBL. Ha 3TOM OCHOBAHHH 32/IEKTPOMArHHTHBIE BOJIHBI Ha3bi-
BAIOT nonepeiroimu. Vs (47,4) BUAHO, najee, 4TO JEKTPHUECKOE U Mar-
HHTHOE HOJIf IJIOCKOH BOJIHBI NMEPNEHIHKYJAAPHH APYT K APYTy H OiH-

HaKOBBI 0 aOCOJIIOTHOH BeJHYHHE.
IloTok 3HepruH B IVIOCKOH BOJIHE

S= 1 [EH] =4 [E [nE]],
H nockoapky En=0, To _
S= 4—C—E2n = -~ Hen,
i1 45

Takum o6GpasoM, nOTOK 3HEPrMH HamnpapJieH BIOJb HaNpaBJIeHHS
1 E2
pacrpocTpaneHHsi BOJIHBL - [TOCKOJBKY W:E(E2+H2):4—n— eCThb
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[JIOTHOCTh 3HEPTHH BOJIHBL, TO MOMKHO HallHCaTh:
S=cWhn, 47,5

B COLJIaCHH C TeM, UTO IoJie PacrnpocTpaHsercs CO CKOPOCTHIO CBeTa.

WMnyabe eAHHHHBE O0BeMa 3JeKTPOMATHHTHOIO Ioasi ecTh S/c2.
Jns naockoll Bosiebel 310 gaer (W/c) n. O6patuM BHUMaHHe HA TO, UTO
cooTHOImEHUe Mexay 3Heprueil W u nynysscoM W/e siaexrpoMariuTHOH
BOJIHBl OKAa3LIBAETCA TAKUM 2Ke, KaK s YacTHU, ABMKYIIUXCS CO CKO-
pocthio ceeta {cM. (9,9)).

[Torok umnyabca NOJAST AA€TCA MAKCBEAJIOBCKHM TEH30POM HAmps-
KEHHH 0,5 (33, 3) Buibupas no- NpexHeNy HarpasJIenHe pacrnpocTpane-
HUST BOJIHBI B KaYeCTBe OCH X, HAMAeM, UTO eIMHCTBEHHAs OTJIHYHAS OT
HyJIs KOMIIOHEHTA O, €CTb

Ope=W. (47,6)

Kax u cJjenoBajo, MOTOK HMIIyJbca HallpaB/eH MO HanpapJ/JeHHio pac-
NPOCTPaHEHHs! BOJIHBL U PaBeH IO BeJUUUHE IVIOTHOCTH SHEPTHH. )

Haiizem 3akoH npeo6pa3oBaHus IJIOTHOCTH 3HEPTUH IJIOCKOH 3JeKT-
POMAarHHTHOH BOJIHBI IIPH MePeXoje OT OJHOH HHEPUHUANbHOH CHCTEMb
oTcyera K apyrok. as atoro B q)opmyﬂy

Wz——ﬁ(\v rels+ 4 )

(cM. sanauy | x § 6) Hamo NOJACTABHTH
S, =cW'cosea’, 0, =W'costa’,

rie o’ —yroa (B cicreme K') Mexkay ocbio x* (BIOIb KOTOPOH Hamnpas-
JleHa cKopocTh V) M HanpaBJeHHeM DacIPOCTpaHEHHs1 BOJHHEL B pe-
3yJibTaTe HaXOAMM:

(47,7)

[Mockonbky W=E2/4n=H?/4n, TO aBGCOIOTHBIE BeJMUHHDI HAIPSKEH:
HOCTeH MoJist BOJIHBL NpeofpasyroTcs KaK Vw.

3apaun

1. Onpemeauth cuiy, AeHCTBYIOIYIO Ha CTEHKY, OT KOTOpPOH OTpakaercs
(c kosdpduiperToM oTpaxeHHs R) najaromas Ha Hee IVIOCKAsl 3J1eKTPOMarHHTHAS
BOJIHA. :

Pemenue. Cuaa f, mefictByiomass Ha eIMHHIY MJOINAAM CTEHKH, JaeTcs
[OTOKOM HMIlyJbca Yepes 3Ty IJOmaib, T. €. €CTb BEKTOP C COCTABJISIOLUMH

fu:GaBNB"!‘Ga@Ng,
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’
rge N—BEKTOD HODMAJM K TOBEPXHOCTH CTEHKH, 4 Ggg H Oo3—KOMIOHEHTH TeH-
30pOB HANPMKEHHE Najalomed H OTPaXKeHHOH BOJH. qu"bmaa (47,6), noayumm:

f==Wn (Nn)-+-W’'n’ (Nn’).

Ilo onpe)le.neﬂmo xosqxbnunema orpaxennss wumeem: W’'=RW. Baens Takxke
. yroJl nafeHus 0 (4 paBHBII eMmy Ke YI'OJI OTparKeHHsI) H NePEXOAT K KOMIOHEHTaM,
HailleM HODMaJIbHYIO CHJY (c6emosoe OasieHue)

fN:\V (14+R) cos2 0
W TaHTIEHUHAJIbLHYIO CHJY
fi=W (1—R) sin 0 cos 6.

2. Metonom I'amuibTona— $SIko6u onpefeanTb ,uBmerne 3apsja B noJe JOCKOH
3J1IeKTPOMArHUTHOH BOJIHBI.
PemeHue. YpaBuenue Iamuabrona— ko6, SamHCAHHOE B YeThIpeXMepHOH

dopme:
. [0S N
e ( FrAR “"> (w% A”) e v

Tor (axr, uTO moJe NpeNcTaBAseT COGOH NJOCKYI0 BOJHY, O3HAUAET, UYTO Al
ABJASIIOTC (YHKHMAMHM OJHOH He3aBHCHMOH NepeMeHHOH, KOTOPYIO MOXHO npej-
cTaBUTh B BHAe E=k;x!, rie A’ —nocTosiHHEIN 4-BEKTOp C DaBHBIM HYJIO KBaj-
" patoM, k=0 (cp. caepyriomuii naparpad). IToTeHnHanbl NOAUYHHEM JIOPEHLEBY
YCJIOBHIO
H t
oal_dal, o

ox'  dE

L7158 TePEeMEeHHOTO TOJisi BOJHBI 3T0 YCJIOBHE SKBUBAJNEHTHO paBeHcTBy Aik; =0,
Wmem pewrenne ypabHeHus (1) B Bule

S=—Fil +F (),

rie fi=(f9, f)—nocrosuublii BeKTOp, yAOBJeTBOpSIIOWMI YycaoBmO fiff = m?c?

(S=—f;x'— pemenne ypasrerns I'aMusbToHAa— SIKOGH ISl CBOGOAHON YACTHULI
¢ 4-umnyascom pl= fi). IMoncranoska B (1) npmaonm‘ K ypaBHEHHIO
. dF
A=y S 2 faio,
rie noCTOsSHHAS y:k,-f".‘ Ompenenus orcrona F, moayyum:
S——fud— 2\ fiaidg 4 a4 dE. ©
r CV 1 B 2,VC2 1]

Iepexonss K TpexXMepHeIM o06o3HaueHHAM ¢ (HKCHPOBAHHOH CHCTeMoH OTCueTa,
sbifepeM HampasJieHHe paclPpOCTPaHEHMsT BOJHBI B KauecTse ocdH x. Toria
E=ci—x, a nocrosras y=f0—f!, O603HauuB ABYXMEPHHI BeKTOp fy, T2
uepes ®, NONYUHM H3 ycaoBHS [ifl=(f0)% — (f1)2 —u? = m2c?:

o p1_ Mt u?
o g

BuiGepem norennmanm B kamuGposke, B KoTopoit =0, a A (E) JeXuT B maoc-
KocTH yz. Ilocne storo BrpaxeHne (2) npuMer BHR

_ Y. m*c? +% e ;
S——nr——2—(ct+x) —_— o7 ‘S‘u dg YCZSAZdE'
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Cornacio ofmuM npapuaaMm (cM. 1 § 47) aas oupefieneHns ABHKEHHS Hafo
NPUPABHATb INpPOH3BOIHBlE JS/0%, O0S/0Y HEKOTOPHIM HOBBIM TOCTOSIHHBIM, KOTO-
pele MOXHO 06paTHTh B HyJb COOTBETCTBYIOUIHM BLIGOPOM Hauaja KOOpAHHAT
H Hauaja OTcueTa BpeMeHH. TakuM oGPasoM I[OyYHM flapaMeTPHUeCKHe (opMyJibl

(E—mnapamerp):

1 e . e

1 mret b e 0. B
x_7( 7 “1>E_C_\ES”A"§+7\,-§2§A dg, =%+

. . e
O6obmeHdbtit HMITYAbC P:p—}—?A U sHeprus & onpefeasiorcs guddepeH-

LHpOBaHHEM JIefiCTBHSE 110 KOOpAnHATAM H BDEMCHH; 3TC HaeT:

e e
py:y'y‘7 Ay, Pe=%e—— A,

% m3c? -3 e 2
Pr=—gy T 2y oy A+ ooz 2\'0- ’
&=W+rye.

Ecan ycpeluntb 5TH BeJTHYHHBL 1O BpeMeHH, TO WIEHHl C NepBOfl CTEneHbI0 MepHO-
nuueckoii ¢yHknun A (§) obparatcs B Hyas. IlycTe cucreMa oTcueTa BhIGPaHa
TakuM OGPA30M, UYTO B Hell YacTHIA B CPeJHEM NOKOMTCHA, T. €. ee CPelHHH HUMIYJLC
pased uyJ/o. Ilpua 3troM Oy aer

2
. e
=0, y*=m2?{ AR

Torga oxounuatesbHble CpOpMyJII)I AJs ONpeREJICHUA JBUKEHHUA ITPHMYT BHI

e AT ___ e . _
x*Qch,_,S(A——A)dg, y= CygAydg, 2=— C\,SA dz,

e? —
ct=E+ oy S (A2—A?) dg; (3)
e 2 aA: e v . e
Px W(A“— )s pyz——z—Ay, pz___c—Az’
éa—C'Y‘f" (A2 A?‘). 4)

§ 48. MoHoxpoMaTHuYeckasi MJOCKasi BOJHA

BaKHbI# UacTHBI CJAy4aH 3JeKTPOMATHUTHBHIX BOJIH IIPEACTABJAIOT
BOJIHbI, B KOTODBIX IOJIe SIBJASIETCA IIPOCTOH NEePHOLHYECKOH (yHKUUEH
Bpemend. Takas BoTHAa Ha3bIBAETCA MOHOXpomamudeckoli. Bee BeTHUHHBL
(mOTeH1KAE, KOMIOHEHTH NMOsiefl) B MOHOXPOMATHYECKOH BOJHE 3a-
BHCSIT OT BPEMEHH NOCPEACTBOM MHOXHTE/A BHAA COS (wi+a), rae o —
yuxauueckas wacmoma (WJIH TPOCTO 4aCHIOMA) BOJHBL.

B BONHOBOM ypaBHeHHH BTOpasi IPOM3BOJHAA OT NOJS 110 BPeMeHH
paBHa Teneph 0%f/0f*=-—w3f, Tax uro pacnpenesenHe Mojsl TO Mpo-
CTPAHCTBY ONpeAeaseTcs B MOHoxpomamqecxoﬁ BOJIHE ypaBHeHUeM

Af +% f=0. (48,1)
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B nJiockoi BoJIHE (pacnpoCcTpaHAIOIEHCs BIOAL OCH X) 110J1€ sIBJIseT-
¢ (yHKuHedl ToMBKO OT t—x/c. [TosTOMY ecau miockast BosHa MOHO-
XPOMATHUHA, TO ee IoJie SBJAETCS NPOCTOH NepHOAHYecKol (hyHKuHeH
ot {—x/c. BeKTOpHBIH MOTeHLHAN TAKOR BOJHEI yA06Hee BCero HamHcaTh
B BHIE BCUIECTBEHHOH Y4CTH KOMILIEKCHOT'O BRIPAXKEHHS:

A =Re{Aeiot=xm ), (48,2)

3nech A, — HeKoTOpblfi TNOCTOSIHHBIA KOMILIEKcHBU BekTop. Oue-
BujiHO, uTO U HanpsokennocTH E u H B Takoll BosHe 6yAyT Hyerh aHa-
JIOTHUHBIH BUJ € TOH 2Kke 4acToTod . Besanunna

2mc
h=—- (48,3)
HaswiBaeTcs O0AUMOL 604Hbl; 3TO €CThb NEPHOA H3MEHEHHS I0oJas ¢ Koop-
JUHHATOH X B 3aJaHHBII MOMEHT BpEMeHH I.
Bexkrop

k==>n - (48,4)

(tnen — eJUHHYHEIH BEKTOP B HANMpaBJeHHU pacnpocrpadeHnus BOJHH)
HasblBaeTcs 804H06bM 6eKmopom. C ero NMOMOLILIO MOMKHO peACTaBUTh
(48,2) B BuZIE

A= Re { Aoez‘ (kr—w1) } , (48,5)

He 3aBUCSIHIEM OT BBIGOpa ocell KOODIAHHAT. Belnunny, CTOSAIYIO C MHO-
JKHUTeJeM [ B IIOKasaTese, Ha3blBAOT (ha30l BOJHLL.

Jlo Tex mop, IOKa Mbl TPOU3BOAHM HAJ BesIMYHHAMM JHIIb JUHEHHbIE
onepankii, MOXKHO ONyCKaTb 3HAK B3SITHS BEHIECTBEHHOI YacTH U Olle-
PHpOBaTh € KOMIVIGKCHBIMH BE&JHYMHAMH KaK Takosblmu ). Tak,

1) Ecam Kakne-1uGo xBe BesqnuuHbl A (f) W B (f) nHyTCS B KOMIJIEKCHOM BHJE:
A() =A=', B()=Be-",

TO npu 06pasoBaHMH HX NPOU3BeJleHHs HaA0, Pa3yMeeTCsl, CHayala OTACAMTL Belle-
CTBeHHYIO yacTh. Ho ecsn, kak 370 wacTo OblBaeT, Hac HHTepecyeT JIHIUb cpeiHee (MO
BpeMeHu) 3HauyeHHe ITOTO MPOM3BELCHHS, TO €r0 MOXKHO BbIYHCJAHTH KaK

1
? Re { AB* }.
JHeficTBurensHo; umeeM:

ReAReB= —;— (Age= O Ageiol) (Bye—iw! |- Breiot),

+2iwt

: npﬂ YcpelneHUH uJieHBl, COAePKALIKE MHOXKHTEN € N 06pamaloTca B HYJb, TaK

49TO ocTaercsa

ReAReB =% (AB*—}—A*B)’;% Re (AB*),
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NOACTABUB
— [ (kr—@f)
A=A e kr—o

B (47,3), HOJIYUHM CBSI3b MEXAY HATPSAKEHHOCTSIMH M BEKTOPHBIM TIOTEH-
[Ha/J0M TMJIOCKOH MOHOXPOMATHUECKOH BOJHBI B BHIE

E=ikA, H=il[KkAl (48,6)

paCCMOTDHM ﬂOHpOéHee BONPOC O HanpaBJeHUU TIOJAA MOHOXpOMa-
THUECKOH BOJIHEL. By[[eM I OllpeieJIecHHOCTH TOBODHTH 00 HICKTPHU-
YeCKOM IIoJie
E = Re { Eoel' (kr ~wt) }

(Bce CKa3aHHOe HHKE OTHOCUTCSI, PA3YMeETCs, B TOH e Mepe U K Mar-
muTHOMY nogiio), E, ecTh HeKoTOPHIH KOMIUEKCHbIH BekTOp. Ero KBaj-
par E}ectb HexoTopoe, BooOllIe ToOBOpS, TOXKe KOMILIEKCHOe YHCJIO.
Ecau apryment sToro uucsaa ectb — 2a (1. €. E3=|EZ2}e~2%), 1o BekTop’
b, onpesenenubli coraacHo

E,=Dbe~ ‘7, (48,7)

GyJier HMeTh BellleCTBEHHBbIH KBaxpar b*=|E,|%. C Takum onpejeneHuem
HamuimeM:

E:Re {bef (kr"mt"rx)}. (48,8)

Ilpeacrasum b B BHIE
b=b1+ib2,

rae b, u b, — xBa BemecTBeHHBIX BeKropa. ITockobKy kBajgpar b=
=p?—b21-2ib;b, nos:keH ObITL BeElIECTBEHHOH BEJHYHHOH, TO b b,=0,
T. €. BEKTOphl b; u b, B3auMHO NepneHAUKy/sipHbl. BriGepem Hanpap-
Jenne b, B kayectBe oc ¥ (0OCh X — 10 HaNpPaBJEHMIO PACNPOCTPAHEHUS
Boaunl). Toraa us (48,8) umeem:

E,=b,cos(ol—kr-+a), E,=-bysin(of—krta),  (48,9)

TIe 3HAK IVIIOC WIH MHHYC HMEeT MeCTO B 3aBHCHMOCTH OT TOIO, Ha-
npaBsieH BeKTOp b, B MOJIOXKHTEIBHOM HJIH OTPHUATENHHOM Hanpasie-
HuH ocH z. M3 (48,9) crenyer, yto

By E2 g, (48,10)
bi b3

Mpl BuAMM, TakuM 00pa3oM, YTO B KaxkJOH TOUKe NPOCTPAHCTBA
BEKTOP 3JIEKTPHYECKOro MOJIS BpallaeTcss B IJIOCKOCTH, IepNeHIHKY-
JISPHOH K HAmNpaBJeHHIO PACIPOCTPAHEHHS BOJHBI, IPUYEM €0 KoHel]
onucwBaer saaunc (48,10). Takas BosiHa HasbBaeTCA 3AAURMUUECKU
noaspusosantoti. BpalueHue NMPOUCXOAUT B HATPABJICHWH [0 WM fpo-
THB HANPAB/IEHHS] BHHTA, BBUHYMBAEMOIO BIO/b OCH X, COOTBETCTBEHHO
IpH 3HaKe ILIOC WM MHHYC B (48,9).
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Ecau b,=b,, 10 3aaunc (48,10) nperpautaercs B Kpyr, T. €. BeK-
top E Bpamaercs, octaBasich MOCTOSHHBIM N0 BetuynHe. B 3T0OM cayuae
IOBOPAT, UTO B0AHA NOAAPU306AHA N0 Kpyey. Beibop Hampas/eHHIl ocefi
Yy W 2 IPH 3TOM CTaHOBHTCS, OYEBHAHO, NMPOH3BOIbHBIM. OTMETHM, 4YTO
B T4KOl BOJIHE OTHOIUEHHE Y- H 2-COCTABJAIOIHX KOMILIEKCHOH aMIIIH-
tyanl Eo pasHo

Ep. _
Po= ki (48,11)

COOTBETCTBEHHO [I/151 BPAUISHUS 110 W MPOTUB HANPABAEHUA BUHTA (npa-
8as W aesas TOJASAPHU3AUUM) Y).

Hakonen, ecau b; uu b, paBHO HyJ110, TO MoJe BOJIHB HAanpasJjeHO
Be3Jie U BCEr/a NMapasiiebHo (MM aHTHIIAPAJLIETbHO) OLHOMY H TOMY XKe
HanpaejeHm0. BoMHY HA3BIBAIOT B 3TOM C/AYYae AUHELIHO NOASLPU30BAH-
HOU WJ¥ TIOISPH30BAHHON B TJIOCKOCTH. DJIMNTHUECKH NOJASIPH30BAH-
HYIO BOJIHYy MOXKHO pacCMaTpuBarh, OUEBMAHO, KaK HajoxeHHe JABYX
JHUHEHHO MOJISIPH30BAHHBIX BOJIH.

Bepnemca K onpeneneHHi0 BOJHOBOTO BEKTOpPa H BBEAEM UYeThIpEX-
MepHbI{I BOJHOBOH BEKTOp

k= (3 k) . (48,12)

Tor ¢akr, uTo 3TH BeJHUHHBI AEHCTBUTENBHO COCTABJSIOT 4-BEKTOP,
OUeBMAEH XOTH Obl U3 TOTO, YTO NIPH YMHOXKEHUH Ha 4-BeKTop x' OH
Jaer ckansap — (asy BOJIHBIL:

kix'= ot —kr. (48,13)
N3 onpenenennit (48,4) u (48,12) BuaHO, uTO KBaAPaT BOJHOBOIO
4-BeKTOpa paBeH HYJIO:
kik,= 0. (48,14)
3TO COOTHOINEHHE CJleyeT TaKKe H HeNoCPeACTBEHHO H3 TOro, 4To
BbIpaxKeHHe
A = A exp(—ikx’)
JNO/KHO GbITh pellleHHeM BOJHOBOro ypasHeHHs (46,10).
Kak y BcsiKo#l MIOCKOH BOJIHBL, B MOHOXPOMAaTHYECKOH BOJIHE, pac-

NpOCTpaHsoEedcs BAOND OCH X, OTIMYHEL OT HyJaq JHIIL CAefylomue
KOMIIOHEHThI TEH30pa SHepTHH-uMnyJbca (cMm. § 47):

TW:TM: T,

k]

Y IMogpasymeBaercs, 4To OCH X, Y, Z 06PasyloT, Kak BCeria, npasqanmoaym
cucTeMy. )
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C momompbio BOJHOBOro 4-BeKTOpPA 3TH PAaBEHCTBA MOXKHO 34MHCATh B
TEH30PHOM BHJE KaK ’

W2
(02

Tik

Eikk, (48,15)

Haxonen, ucno/ib3ys 3akoH npeoGpasoBaHHs BOTHOBOro 4-BeKTopa,
JIeTKO DacCMOTperb TaK HasbiBaeMbll aggexm [Jonniepa — H3MEHEHHe
YaCTOThl BOJHBI @, HCIYCKAeMOH HCTOUHHUKOM, ABHKYUIMMCH [0 OTHO-
HIeHHio K HabJalofartesi0, N0 CPABHEHHIO C «COGCTBEHHOH» HACTOTONH ®,
TOTO K€ HCTOYHMKA B cHcTeMme orcuera (K), B KOTOPOH OH NOKOHTCSH.

[Tyers V — cxopocTh HCTOUHHKE, T. €. CKOPOCTh CUCTEMbI OTCUeTa
K, ornocutensno K. CoraacHo ofmum QopMynaMm npeo6pasoBaHus
4-BEKTOPOB HMeeM:

.

kO_.__K kl
koo _ ¢

+

/ 7

Vi-=

(ckopocth cucrembl K ocHocurenbHo K, ectb—V). Tloacrasus ciona
(O]

k°= wjc, k*=kcosa=-—cosa, Iie &—yroi (B cacTeme K) wmexny

HanpaBJeHHEM HCIOYCKAHHA BOJHBI H HallpaBJACHHEM JBHIKEHHA HC-
TOUHHMKA, M BbIpaxasa o 4Yeped o,, NOJYyYuM.

, V-5
0= 0 ' (48,16)

1%
l——cosa
c
o u ecTb uckomas opmyaa. [Ipu V<«Zc ona jpaer, ecan yroJa o
He CJaumKOM OJH30K K m/2: ,
mzmo(urcﬁcosa). (48,17)
IIpr a= m/2 nmeem:

— V2
O = W, 1—? ~ 0, ].—'2—62 ’ (48,18)
B 9TOM CJyuyae OTHOCHTEJIBHOE H3MEHEHHe YaCTOThl IPO{IOPLHOHANBHO
KBANpaTy OTHOWeHHsA V/c.

3anaun-

1. OnpexesuTh HalpaB/ieHHe M BEJMUHHY OCedl 3/1JuNca NOJAPH3AUHH MO KOM-
naekcHoit amnantyje Eg. : .
Pemenue. 3agaua saxuoouaeTcs B onpejeieHud sektopa b=b;4-iby ¢

pemecTBeHHbIM KBajgpaTtoM. Vimeem us (48,7):

EEg =b-+83,  [EoEe]=—2i[b;bs], (1
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HJH
bi--b5=A?+ B2, b,b,= ABsin$,

rae BBeleHbl OOO3HAUYCHHS

Ey, Eyy
1Egyl=A, [Eo =8, B :—A—ei5

A abcomoTREIX 3Havennit Egy u Ey; B pasnoctu das (8) mexny nuMH. -OTCIOR

bro=V A2+ B +24Bsins 4 V A*+B*—24Bsin$, @

yeM M ONpejessiOTCH BEJHUHHE [OAYOCEH JUIMICA NOJISPU3ALHH.
Hag onpeneneHHs HX HaNpaBjJeHHs (OTHOCHTEAbHO HPOH3BOJLHBIX HCXORHBIX
oceil Y, 2) HCXOAHM M3 DaBeHCTBA

Re { (Eoby) (Egby) } =0,

B KOTGPOM JerKo y6eauthesi, nogctasus Eg= (b; --ib,) e~i*, Packprpisas sto pasen-
CTBO B KOODAHHATAX y, 2, NOJTy4uM 151 yria 0 mexiy uanpasiesneM by u oceio y:
2AB cos 8

Haripassienue Bpawendsi MOJst ONpEJENACTCS 3HAKOM X-KOMIOHEHTH BEKTOPA
[bybs]. Hanucas us (1)

» . e E [ Eyp \*
2 [byb,],.==E,Eqy— EgzE¢,=| Eg, |2 < Oz) u.z) },
[bybs], 0zL oy 0zEoy =1 oyl { EOy \Eoy

MBl BHJHM, 4YTO HamnpaBJeHHe BekTopa [bib,] (no mam mpoTus nosoxurTesbHOTO
HallpaBJIeHHSI OCH X), a TEM CAMbIM H 3HAK BPALICHHS (0 HJM NPOTHB HanpasJeHUS
BHHTA, BBHHUHBAEMOI'O BJOJb OCH X) AA€TCA 3HAKOM MHHMOH YacTH OTHOLIEHHA
EOZ/E0 (nJoc B nepsoM H MHHYC BO BTODOM ciayuyae). ITo npasuao o6obLiaer
npaBH.no (48,11) npu Kpyrosofi moJsipU3aliHy.

2. OnpenmenuTh [IBHXKeHHE 3apAja B IoJe IVIOCKOH MOHOXDOMaTHYeCKOH JH-
Hef{HO NOJIAPU30BAHHON BOJIHBIL.

Pewenune. Brbupas Hanpaesenne noasi E B Bo/IHe B KayecTse OCH y, MHIIEM:

E,=E=E,cos0t, A,=A=— CEO sin of

(E=t—x/c). Tlo dopmynam (3—4) 3amaum 2 § 47 HaxomuM (B CHCTEMe OTCYETa,
B KOTOPO# 4YacTula B CpeHeM MOKOHTCH) CAelylollee apaMeTpuueckoe (mapamerp
1= of) npeacTaBieHue NBUKEHHUS:

212
x= 2\5(?303 sin 21, =— a‘)’ cosn, 2=0;
_n e’y 2 __ 12,02 ezEg .
t o &0 sin2n,  y*=m2?+4- S

e2F}
x_—4,ymg cos 24, Py = pz:0-

3apsip AsuKeTcsi B IJIOCKOCTH Xy IO CHMMETPHYHOH 8-o0pasHofi KPHBOH ¢ mpo-
JIOJIbHOH OChIO BAOJNDb OCH Y. Hepnouy IJ.BH)KEHHH OTB€YaeT H3MEHCHHE napame'rpa W
or 0 no 2m., .
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3. Onpenenuts ABHKEHHe 3apsila B NOJIe HOJAsSPH3OBAHHOH IO KPYTy BOJIHEL
Pewenne Juis nons B BoJHe MMeeM:

Ey_Eocostg, E,=E,sin o},
A

y=

JBmKenne onpegensiercs GoOpMyJIaMH:

x=0, y=— e§§° cos wf, z=— eCE" sin f,
eE
pe=0, Py= pz:-'—'—m—o cos o,
22
¥2 = m2c® + cml;:o .

Takum 06pa3oM, 3apal IBIKETCS B MJIOCKOCTH Y2 1O OKPYKHOCTH paiHyca ecE  /yw?
C NOCTOSIHHEIM N0 BeJnuHHe p=eF,/® HMNyJbCcOM; HanpaBAeHHE HMIYJbCa p B
KamIblii MOMEHT COBNAlaeT C HalpaBjieHHeM MarHuTHOrO noJjist H BoJiH®L

§ 49. CnexTpasibHOe pa3joXKeHHe

BcsAKyo BOJIHY MOXKHO TNOABEPTHYTH TAaK HA3bIBAEMOMY CIIEKTPaJib-
HOMY DasJOXKeHHIO, T. €. TPeJCTaBHTb B BHJE HAJOMXKEHHs MOHOXpOMa-
THYECKHX BOJMH C PasjMYHBIMH YacTOTaMH. DTH DPAa3JIOKEHUS HMEIOT
pas3uyHBIH XapaKTep B 3aBHCHMOCTH OT XapakTepa 3aBUCHMOCTH NOJIA
OT BpEeMeHH.

K onHOH xaTeropHu OTHOCATCSA CJIy4aH, KOrja pas/ioXKeHHe cojep-
JKHT YacTOThl, ofpasyiolllve AUCKPeTHIH psAx 3HaueHuil. Ilpocrefiniuit
c1yyail Takoro pojia BO3HUKAaeT NPHU PasIOKEeHHM UYHCTO INepHOJHYe-
CKOTo (XOTSl H He MOHOXPOMAaTHUECKOro) MoJjist. 3TO eCTh Pa3J/ioKeHHe B
oObiuHbIA psif Pypbe; OHO CONEPIKHUT YACTOTHI, SIBJASIIOIIHECH LieJbIMH
KPaTHBIMH «OCHOBHOM» 4acToThl ®,=2n/T, rae T — nepuHon ifmoJs.
Hanwuuem ero B Buse

2 flle - imont (49’ 1)
R=—®
(f — xakas-u60 M3 BeJINUHH, ONMCHIBAOILUX 1oJe). Bestnuunu [, onpe-
n
JeasIoTcs 110 caMoif (YHKUHH [ HHTerpajiamu
i T/2
= 5’ F (£) einont . | (49,2)

T
—T/2

BBHJy BellecTBEHHOCTH (YHKLUHH [(f) OYEBHIHO, uTO
f—n:f:t' V (49)3)

B Goslee ClOXKHBIX Cyyasfix B PasJOXKEHHH MOTYT NPHCYTCTBOBATh
YACTOTHE, ABJISIOUIHECS LEJILIMH KPATHBIMH (H HX CYMMaMH) HECKOJILKHX
PasavYHbIX, HECOH3MEPHMbBIX APYT € IPYTOM OCHOBHBIX YacTOT.
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[Ipu Bossesenuu cymmnl (49,1) B KBagpar M ycpeRHeHHH MO Bpe-
MeHH NPOH3BEJICHHS WIEHOB C PA3/IHUYHBIMH YacTOTAMH O0palLaIoTCs B
HyJlb BBHIY HAJIMUHA B HHX OCHUHJTHPYIOWHX MHOXKHTeNell. OcTanyTes
JAMb wieHel BHAA fof_,=|f,|>. Takum oGpasom, cperuuit kpaiapar
noJis (CPeAHAs HMHTCHCHBHOCTb BOJIHBI) IIPENCTABHTCS B BUJAE CyMMbI
HHTEHCHBHOCTEl MOHOXPOMaTHUECKHX KOMITOHEHT:

s o]

e X} 5 g -
fzz ZJ ’/:nl‘:2 Z'f;llz (49v4)
n=-—x n=1
(TOAPA3yMeBaeTCsl, UTO CPejiHee 110 NMePHOLy 3HAYeHHe caMoil (hyHKIHH

f(#) pasHO Hymo, TaK uTO fo=F=0).

K npyroii xareropuu OTHOCATCS NOJIst, Pa3Jiaraiolliecs B HHTeI‘paJI
@ypbe, comep:KalHi HENPepBIBHBIH psiA  Pas3quHyHBIX yacroT. jlis
9T0ro (OYHKUHH [ (f) AOJKHBI YIOBJIETBOPATh ONpPEAeNEHHBIM YCIOBHAM;
00BIUHO peub HAET 0 QYHKUHUAX, 06pallaloliXCad B HYAb NPH =00,
Takoe pasfoxeHHe MMeeT BHI '

f= § fe—morg2, (49,5)

npuueM komnoHeHTH Pypne omnpeneasiorcs no camodt GyHKUUH ()
HHTEr paJjiaMu ‘

- S F(t)eistdt. (49,6)

[Tpu stom ananormyxo (49,3)
Fow="Fo- (49,7)

BhipasuM TOJHYIO HHTEHCHBHOCTb BOJIHBI, T. €. HHTerpaJs or f? no
BCEMY BpEMEeHH, Yepe3 HHTEHCHBHOCTH KoMmmoHenT ®ypbe. C nomotipio
(49,5—6) umeea:

_E,Pdt__i if S fe—twt%‘;l}dt:
o {‘\ fo § feria j fmf_w i

uau, yuuteieas (49,7),

fﬁdt=§lf;tzf;%=2fifw|2f’;;i. 9
- -0 1]
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§ 50. YacTH4HO NOAAPH3OBAHHBIH CRET

Bcsixast MOHOXpOMATHYeCKast BOJIHA N0 CAMOMY CBOEMY OTPelle/IeHHIO
HenpeMeHHO nojsipusoBaHa. OObIYHO, OAHAKO, NPUXOAUTCA HMETH JEJIO
C BOJIHAMH JIHIOb TTOYTH MOHOXPOMATHUECKHMH, COREPIKAIIHMH YACTOTHI
B HEKOTODOM MaJIoM uHTepBaje Aw. PaccMOTPHM Takyio BOJIHY, H NYCTh
® €CTb HEKoTOpad CpefiHdas ee yacTora. Toraa ee nose (Gynem roBOpHUT,
Ias onpeneneHHocty, o0 snekrpuueckoMm nose E) B s3anaHHoil Touke
[IPOCTPAHCTBA MOXKHO HAIIHCaTh B BHAE

E=E, ()e=™,

rie KoMiiekcHas ammiantyaa E, (f) aBasercs HeKOTOpoli MeAeHHo Me-
Hsoeicst ¢yHKIneH BpemeHH (y CTPOro MOHOXPOMATHYECKOH BOJIHBI °
6uiio 661 Eg=const). Ilockonbky E, onpenensier mossipusanuio BOJHEL,
TO 3TO 3HAUYHT, YTO B KaXKJOH TOUKE BOJIHBI €€ MOJSPH3ALHA MEHSETCs
CO BpEMeHeM; TaKyl BOJHY HAa3BIBAIOT HACMUYHO NOAAPUOEAHHOL.

CeoficTBa HOJMSPU3ALUU 3JIEKTPOMATHUTHLIX BOMH, B YaCTHOCTH
cBera, HabJIOJaloTCsl 3SKCNEPHMEHTAbHO MOCPEICTBOM INpPONMYCKAHHS
HCCElyEMOTO CBETa yepe3 DasjMuHble Tefa (Hanpumep, mpusmel Hu-
KOJis) M H3MEPEHHsI HHTEHCHBHOCTH NPOMIEIUIEr0 uepe3 TeJo CBeTa.
C MaTeMaTHuecKol TOUKH 3PEHUST 3TO 03HAYAET, YTO O.CBOACTBAX MOJSI-
pHU3aLHK CBETA NEJAIOTCSH 3aKJIOUeH s, HCXOIsl K3 3HAUEHHUH HEKOTOPHIX
KBaJpaTHUHBIX QYHKUMIT ero nosd. [Ipu aToM, pasymeercs, HAST pedb O
CpelHUX 10 BpEMEHH 3HAUYeHHsIX 5THX (QYHKIHH.

Ksanparuunas ¢yHKuus [OJISl COCTOHT M3 UJIEHOB, IPONOPIHOHAb-

HbIX mpousBseleHusm E E, E «Eg wnn E_E;. Tlpousseienns BHAA
EE,=E Ee~ %!, EE;= Eg Eqe¥r,

cofiepxamine GBICTPO OCUHJIMPYIOIIHE MHOXHTEIH e+29f mpu ycpen-

* *
HEHHH N0 BpeMeHH JaloT Hynb. IIpoussenenus xe E Eg=FE, Eop Ta-
KOTO MHOXKHTE/ISI HE COAEPKAT, U IIOTOMY HX CpPelHHe 3HAYEHHS OTJIHU-
HB! OT HyJst, TakuM 06pasoM, Mbl BHANM, YTO CROHCTBA YACTHUHO IO~
PH30BAHHOTO CBeTa BIIOJHE XapaKTepH3YIOTCSH TEH30POM

J 3= Ey.Eoye (50,1)

TockonbKy BekTop E, BCerja jexur B MJIOCKOCTH, NEPHEHAUKYJIAD-
HOH K HaNpaB/EHHUIO BOJHbI, TO TEH30p J,, HMEET BCETO YEThIPE KOMIIO-
HeHTHI (B 3TOM naparpade HMHAEKCH @, ﬁ nojpasymeBaioTcs npobe-
TalIMMH BCETO JiBa 3HAauYeHHs: o, _ﬁ——l 2, OTBEUAIOIIMX OCAM Y H Z;
OCb X — BJOAb HanpaBjeHHWs] PACIPOCTPAHEHHS BOJIHBI).

CyMMa JHaroHa/JbHBIX KOMIOHEHT TeH3opa J o (0603HAuUM ee yepes
J) ecTh BellleCTBEHHAsi BEJIHYHHA — CpeJHee 3HaueHHe KBajparta MOAY.isl.
pekTopa E, (uam, uyto 1O Xe, BekTopa E):

J=J, =EFE. (50,2)
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!

roff BeJMUMHOM OMpEIeNAeTCH HHTEHCHBHOCTh BOJIHEI, W3MEpTeMas
NJOTHOCTBIO NOTOKa 3HEPrHHd B HeH. ILTIH TOTO 4YTOOBI HCKJIIUHTH 3Ty
BeJIMUHHY, He HMEIOUIYI0 MPAMOrO OTHOWIEHHS K I0/IsPU3ALHOHHEIM
CBOMCTBaM, BBEJEM BMECTO J,q TEH30D
, s :
Py =" » (50,3)

LI KOTOPOro p,, = 1; 6y1eM Ha3plBaTh €10 HOAAPUSALUOKHOIM MEHIOPOM.
M3 onpenenenns (50,1) BUAHO, 4TO KOMIOHEHTbl TeH30pa J,,, a C
HHM H (0,4, CBSI3aHBI COOTHOLICHHSIMH

Pus= P (50,4)

(T. e. TeH30p, KaK roBOPAT, 3PMHUTOB). B CHIY 3THX COOTHOWIEHHH AHa-
rOHAJBHBIE KOMIIOHEHTBI Py; H Qs BEUICCTBEHHBI (IPHUEM 0q1+020=1),
" a pa=pi.. Bcero, cieloBaresbHO, NOJISPU3ALHOHHBIH TEH30pP Xapax-
TEPU3YeTCsl TPeMs BelleCTBEHHBIMH IapaMeTPaMH.

: BbIsACHUM  yC/IOBHSI, KOTOPBIM JIO/KEH YIOBJIETBOPSATH TEH3OD 0,4
IJIsT BIIOJIHE TOJAPH30BaHHOro csera. B stoM ciyuae E,=const, u
IIO3TOMY HMEeM IIPOCTO:

Jo3=Jp,5=EEqy (50,5)

(6e3 ycpennenus), T. €. KOMIIOHEHTBI TEH30Pa MOT'YT GHITh MPEICTaBICHbI
B BHIe MPOH3BENeHHH KOMIIOHEHT HEKOTOPOrO MOCTOSTHHOIO BEeKTOpa.
Heo6xon1Moe u JocTaTouHOe YCAOBHE IS 3TOTO > BHIPAKACTCA PABEHCT-
BOM HYJIO OIPeAeNHTeNs

[ 0ug| = £11020— 01200 = 0. (50,6)

ITpOTUBONMOIOKHBIM CyyaeM SBJASIETCH HENOAAPH3OBAHHBIH, MK
ecmecmeenHoi, cBer. IToJHOe OTCYTCTBHE MOJNSIpH3AlMH O3HAYAET, YTO
BCe HanpaB/eHHsl (B IVIOCKOCTH 4Z) BIIOJHE 3KBHMBAJIEHTHHL. J[pyrumu
C/IOBaMH, MOJSPU3ALUOHHLIE TEH30D [OJKEH HMETb BHJ

1 .
Pug= ?6a3‘ (5017)

[TIpu srom onpenenutens [p,,|=1/4.
B ofwem cayuyae HpOI/ISBO.}IbHOI/I NOJISIPU3ALUU 3TOT ONpeAeUTe b
nMeeT 3HayeHHsi Mexay O u 1/4 Y). Cmenenoro noaspusayuy Ha30BeM

1) B noJoKHTeJbHOCTH ONpexequTeNst LI JIo6oro Tedsopa Buaa (50,1) serko
yGeauthes, paccMaTpHBas JUIS NPOCTOTHL YCpeNHEHHe KaK CYMMMpOBaHHe MO Py
Pa3/IMYHLIX KMCKDPETHbIX 3HAUEHUH H IPHMEHSS H3BECTHOE a/reGpauiecKoe HepaBeHCTBO

|3 e =Sl Slwl
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NOJOXKHTENbHYI0 BEJTHUHHY P, onpelieleHHYI0 COFJIaCHO

lpsl=g(1—P). (50,8)

Omna npoGeraer 3HaueHust or 0 75 HENOJAPH30BAHHOTO A0 | And mo-
JisipH30BaHHOIO CBeTa. .
"~ T1pou3BOJABHBI TEH30P P,; MOKET ObITh PasjioiKeH Ha JABE YaCTH —
CHMMETPHUHYIO H aHTHCHMMeTpHuHylo. M3 Hux nepsas.

1
Sa{i =73 (paﬁ + pﬁu)

B CHJTYy 3DMHTOBOCTH (4 ABJSETCS BEWECTBEHHOH. AHTHCHMMETPHUHAS
JK€ yacrtb, HalPOTHB, YHCTO MHHMA. Kak M BCAKUH aHTHUCHMMETPHYHBIH
TEH30p pPaHra, PaBHOrO UHC/AY H3MepPeHUuH, oHa CBOJUTCH K MCEBIOCKa-
Jaspy (cM. IpHMeYaHHe Ha cTp. 33):

1 i
0} (paﬁ_‘pga) ) eq@As

rie A — BElECTBEHHbI NCEBIOCKAISD, €, — €IMHHUHBIH aHTHCHMMET-
PHUHBIA TE€H30p (C KOMIIOHEHTAMH €,=—€y,=1). Takum oGpasom, no-
JISIPH3AUHOHHBIA TEH30D NpPEJCTABHTCS B BHIE

yd
pap: Sas ) eaBA’ Saﬁ: Saa? (50,9)

T. €. CBOJAHTCA K OXHOMY BEIIeCTBEHHOMY CHMMETPHYHOMY TEH30DY
M OJHOMY ICEBIOCKAJIAPY.
JlJisi TIONIsIPH30BaHHON 10 KPYTy BOJIHBI BeKTOp Eo=const, npuuem

Ey=2iEq.

1
Jlerko BuzeTh, 4TO NPH 35T0M S ;3= 50,;,, a A== 1. Hanporus, ans Jn-

HEHHO N0/ PU3OBAHHOM BOJHEL IOCTOSIHHBIA BeKTOP E, MOXKET 6bITh BBIG-
paH BeluecTBeHHbIM, TaK 4To A=0. B obuem ciyuae BeTnuAHy A MOXKHO
Ha3BaTh CTENeHbI0 KPYTOBOH NOJSIPH3AUMH; OHa Tpoberaer 3HaueHHs
or +1 10 —1, nmpuueM 3TH NpelejbHble 3HAUEHUS OTBEYAIOT COOTBET-
CTBEHHO IIPABO- H JIEBO- LHUPKYJASPHO HOJSPH30BAHHBIM BOJIHAM.

* BemecreeHHBIH TeH30p S,,, KaK H BCAKHH CHMMETPHYHBIH TEH30p,
MeKeT ObITb IPUBEJEH K IVIABHBIM OCAM C ABYMS DA3JHYHLIMU [VIABHLIMH
3'1aueHHsIMH, KOTOpble 0003HAUUM uepe3 A, 1 A,. Hanpas/ienusa raapHbIX
ocefl B3aUMHO mnepneHAHKyJsipHbl. OOo3Hayas yepes n u n® opTel
(eMHUYHLIE BEKTOPBI) 3THX HANPABJCHHH, MOXKHO MNPEACTABHTHL Saa
B BHJE :
Ss=MaPndd a0, A 4-A,= 1. (50,10)

Bestituninl A; 1 A, NOAOXKHTENbHB B npoGeraior snauenus or 0 go 1.
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[Tycte A=0, TaK uro p,,=S,;. Kaxnwid us asyx unenos B (50,10)
HMEET BUJ TIPOU3BECACHHS lmyx KOMIOHEHT MOCTOSHHOIO BeLIECTBEHHOTO
sektopa (VAW mwin V' A,n®). JIpyrHMH CIOBAaMH, KamIblif W3 3THX
YJIEHOB COOTBETCTBYET JIHHEHHO MOJNsipH30BaHHOMY cBery. Jlanee, Mb
puxuM, uto B (50,10) HeT ujieHa, CONEpPIKALIETO IPOU3BEACHHUS KOMIO-
HEHT 3THX JBYX BOJH. DTO 03Ha4aeT, Yro o0e YacTH MOXKHO paccMarT-
pHBaTh Kak GH3HYECKH HE3aBHCHMbIE IPYT OT APyra, HiH, KaK FOBOPAT,
Hexoeepermmeoie. JIeACTBUTENHHO, €CAH JIBE BOJHBL HE3aBHCHMEL IPYT OT

Apyra, To cpeiHee 3HaueHHe MTPOM3BCAEHUA E(I)Eﬁ paBHO IMPOH3BCACHHUIO
CpeIHUux 3HAQUEHHH KaXKJIOro H3 MHO)KI/ITeJIeH A IIOCKOJIBKY KaxJaoe
H3 NOCJIEAHHX paBHO HYJIO, TO H

EPER 0.

Taxum o6pasom, Mbl TPUXOAUM K pe3yabTary, uto npu A=0 yactiHuHo
RONAPHU30BAHHYIO BOJHY MOXKHO IIPEACTABHTb KaK HAaJOXKeHUe IBYX
HEKOTeDEHTHBIX BOJIH (C HHTEHCHBHOCTAIMH, NPOIOPUHOHAJIBHBIMH Ay
U A;), JHHeHHO TOJSPH30OBAHHBIX BO B3aUMHO IEPHEHIUKYJSPHBIX
Hanpas/eHusx ). (B ofwem xe cjyyae KOMIIJIEKCHOTO TEH30PA P,
MOKHO [10K&3aTh, UYTO CBET MOXKET GHITh NMpeACTaBJjeH KaK HaJoXKeHHe
ABYX HEKOTEPEHTHBIX 3JJIHNTHUECKH TIOJASIPH30BAHHBIX BOJH, JIJIHACHE
NOJIAPH3ALHH KOTOPRIX MOXOOHBI U B3aHMHO NEPNEHAUKYIAPHB,— CM.
3ajauy 2.)
Ilycte @ — yroa mexkay oceto I (ocb y) u oprom n'Y; Torza

nW=(cosy,sing), n®=(—sing, cosy).

Beonst Bemuuuny [=A,—h, (IycTh Ay >>As), NPEICTABHM KOMITOHEHTHE
Tensopa (50,10) B cienywinem BHAe:

g 1 14+1cos2¢ Isin2g (50,11)
7 2 \[sin2¢ 1—1cos2¢ A

Taxum 06pas3oM, nNpy NpoU3BOILHOM BHIOOpE OCell Yy, 2 IONISPH3ALHOH-
Hble CBOMCTBA BOJIHBI MOXKHO XapakTepH30BaTh CACIYIOUIHMH TpPeMs Be-
IecTBeHHbIME fapamerpamu: A — creneHb KPYTOBOH MHOJSIPH3AIMH,
! — cTeneHb MakCcHMAaJbHOH JUHEHHOH NOJSAPU3ALHY, ¢ — YIoJd MEeXKAY
HanpasJjeHneM n‘Y MakCHMaJbHOH TNOJSPU3ALUM M OChIO Y.

Bumecro 3THX DapaMeTpoB MOXKET NPEACTABUTH ONpejesneHHble Ipe-
UMyllecTBa JApyrod HaGop Tpex NapaMeTpOB:

Ei=Isin2¢, E,=A, E,=lcos2¢ (50,12)

) Onpegenutens [Sqpl=A;Ay; nycts Ay >A,, TorAa crelenb NOJNSPH3ALHH,
onpefenentas coraacto (50,8), paBia P=1—2h,. B nannom caiyuae (A=0) gns xapak-
TePHCTHKH CTeNeHH MOJAPU3ALMH CBETA YACTO NOJB3YIOTCS H TaK Ha3bIBACMBIM tcoaqbtpw
yuenmom Oenoafpusayuy, ONPeJieNeHHbIM KaK OTHOLIeHHe AyfAy.
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(ux nasmBawT napamempamy Cmoxca). TlonsapusauoHHBA TeH30D BHI-
pazkaeTcs uepe3 HHX COTJIACHO

Ll +E it «
=7 (5,1 1) 60,13

Bee Tpu nmapaserpa npoGeraior anadenns mexay —1 u 1. Tlapamerp
€, xapaxTepusyeT JUHEHHYIO NOJSPH3AUMI0 BIOJb OCeH y H 2! 3Haue-
Huo E;=1 orpedaer mnogHad JuHefHAS TOASPU3ANUS BIOJL OCH Y,
3 snauenuo &3=—1 — Bioap ocu 2. [lapamerp xe &; xapakrepusyer
JUHEHHYI0 NGASPHURANMIO BAOAL HANpPaBAeHHH, coCTaBAsOmUX 45°
¢ ocbio y: 3HayeHuio §;==1 oTBeuaer monHas MOAAPU3ALHUS NOX YIJIOM

=n/4, a snaueHmo §;=-—1 — mop yriom @=-—m/4 1),
Onpeneanrens Tteusopa (50,43) pasen
1
[0as] =7 (1—E—Ei—E3). (50,14)

Cpasuus ¢ (50,8), MBI BHZHM, YTO
. P=VE+E+E (50,15)

Takum ofpaszom, npH 3ajaHHOH OOLIEH cTeleHH MOJsIpH3aAUHH P BO3-
MOX HbI Pa3/iMyHble THIBI NOJAPH3AHUY, XaPAKTEPH3YEMble 3HAYCHUSIMH
Tpex BedauuuH &, &, &; c 3agaHHON CyMMOH MX KBaJparoB; 3TH BeJIH-
4uHBL 00PA3YIOT KaK Obl BEKTOD 3akAHHOR JJIHHEL

OryeTHM, yTo BeMuMHB E,=A H V/ E:TEl=! HHBapHAHTHHl OT-
HOCHTENBHO TpeoOpasoBannil Jloperna. 3r1o. o6CTOATENBCTBO B 3HAYM-
TENbHOMN CTENEHH OYEBUJAHO YK€ U3 CaMOTO CMBICAA 3THX BEJIHUHH KaK
CTemeHe#l KpyroBoHf W JIMHeHHOH nossapusaunuii?),

1y lnst MONHOCTBIO SJVIHNTHYECKH TOJNSPL30BaHHOA BOJNHBI C OCSAMH 3JLIHICA
b, u b, (cm. § 48) napamerpu Crokca paBHHI

B =0, &y = 2b0,/J, 3 = (67 — B3)/.

TpH 3TOM OCh y HATpaBJeHa BAOAL by, a 1Ba 3HaKa B £, OTBEUAIOT Hanpap/eHuaM b, B
[OMOAKHTEABHOM UM OTPHUATEIbHOM HanpaBJeHHH OCH 2.

2) [Ina npAMOTO JJ0KA3aTe/IbCTBA 3aMeuaeM, 4TO MOCKOJIbKY 10Je BOJHH Nonepey-
HO B Ji000it CHCTeMe OTCYeTa, TO 3apaHee OYCBHJHO, UTO TEH30P gy OCTAHETCS ABY XMED-

HbIM ¥ B HOBOM CucTeme orcuerta. [Ipu sTom npeoGpasoBax-me Pag B paﬂ OCTABJSIET He-

H3MEHHOH CyMMY KBajpaTOB MoOJyJel paspaﬁ (ZeficTBHTENIBHO, BUA NpeoGpa3oBaHHL

He 3aBHCUT OT KOHKDETHBHIX MOAAPH3ALHOHHLIX CBOHCTB CBETa, a VIS BHOJHE MOJSAPH-
30BaHHOH BOJHEI 5Ta CyMMa paBHa 1 B Jsofoit cucTeme orTcueta). B cuay BemecTBeH-
HOCTH 3TOTO NPe00pasOBaHHA BElIECTBEHHAs H MHEMas YacTH TEH30PA Puq (50,9)
npeoGpasyioTCH He3aBHCHMO, a MOTOMY OCTAiOTCA HeH3MEHHBIMH TaKKe H CYMMbI KBaj-
partoB ;(OMH(/)"HEHT KaxaoH H3 HHX B OTAEJbHOCTH, BHPAXKAIOUIHECH COOTBETCTBEHHO
uepe3s { u
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3aaauH

1. Pa3joxuTb NPOM3BOMBHBIA YacTHUHO INOJSPH3OBAHHLIA CBET Ha «eCTECT-
BeHHYIO» H «IOJISIpH30BAHHYIO» YacTH. |
Pewenne. Takoe pasnoxense 03HadaeT NpeACTaBJeHHE TEH3opa Juy B BHIe

1 .
Jag=5 480+ EQIESE".

[TepBHlii UJeH OTBEUAET eCTECTBEHHOI, a BTOPOH — NOJISIPH30BaHHON UacTaM cBeTa.
Jas onpeleseHus HHTEHCHBHOCTEH 3THX yYacTell 3aMeyaeM, YTO OnpejesHTe b

1 | EMpm )
Jup— 5 J@8q |=| EQER" [=0.

TIpeAcTapuB ‘,“B=JPGB B BHje (50,13) u pewiag 3T0 ypaBHeHHe, NONYURM:
JO=J (1—P).

HInTeHcHBHOCTb Xe mospusosansof sacth J ™M = | E{M |?=7—J©®=Jp.

[Tonsipu3oBaHHasg YacTb CBeTa NpeacTaBJsieT cofol, Booblie roBop#, 3JANHITR-
YeCKH MNOJIIPHIOBAHHYIO BOJIHY, NDHUYEM HampasJeHHsS ocell 3JIMNCA COBMAAAIOT
C r1aBHBIMH OcAMH TeHsopa S,p. Bewmumnnt by u b, ocell amaunca u yroa ¢,
o6pasyeMHil 0Cbi0 b; C OChIO y, ONpefiefisIOTCS H3 PABEHCTB:

EHbE=JP, Wby=JE, tg 2<P=% .
3

2. TlpeicTaBATb IPOHSBOJbHYIO HACTHUHO TOJSPH3OBAaHHYIQ BOJHY B BHle
HAJOXEHHS ABYX HEKOTepeHTHLIX JIHNTHYECKH MOJSIPH30BAHHBIX BOJH.
Pemenue. [InA 5PMUTOBOTG TEH30DPA P,g «IVIaBHEIE OCH» OINPeleRIOTCH
IBYMsi eIXMHHYHLIMM = KOMIIEKCHHIMH OpTaMH n (An*=1), yJOBJETBOP%IOUIHMH
YpaBHEHH AM
paanzxnu‘ . (1)
TaaBubie 3HAUEHHS Ay M Ay NAIOTCA KOPHSIMH ypaBHEHHS
|pa@—mm[=o.
. *
YmHoxuB ypasHeHHe (I) ¢ oGenx CTOpOH Ha n,, MMeeM:
* l 7073
AZP«@%“@ZT 'Eo«ﬂal ,

OTKYZAa BMJHO, uTO My, A, BeIECTBEHHBl H TOJOXKHTEJNbHB. YMHOKHB ypaBHeHRA
’ (1) g p(1) % (a)f__a (2)*
Paslp =Mng’, PaB B =Aon,,

-
neppoe na n{2)", a Bropoe ma n{}), BEHuTA nmourenHo opHO M3 Apyroro M Eoc-

ROJb30BABMIMCL 3PMHTOBOCTbLIO TE€H30pa paﬁ: MOJdY4YHM:
(1) ,(2)*
(xl—-;\,z)na nfz =0,

Orciona caeayer, uto nWn®* =0, 1. e. optal NV ¥ N OpTOroHaJLHE ApYT ZPYTY.
Hcxomoe pasioxkenue BoJHB ocyliecTBaserca (opmyloi

Pap= Al né‘ ¥ - Aonl®) n&”'.
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Bcerna MoxkHO BHIGPATH KOMINJEKCHYIO AaMIVIHTYILy TakK, 4TOGB M3 JBYX B3aHMHO
neprieHAKKYJisIPHEIX KOMIOHEHT ofua 6bla BellecTBeHHa, a Apyraa mManma {(cp. §48).
[Monoxus

ni’ =by, ny’=ib,

(rze Teneps b, u b, ncapasyMeBaoTCH HOpMHpOBaHHbIMH yeaoBuem b3 bi=1),
noJy4HM TOrfa H3 ypassenHs nn*=(:

. 2
n® =ib,, n¥=b,.

OTrciofa BBAHO, YTO 3JJHACH OGOMX SJAMANTHYSCKH NOJSIPU3OBAHHBIX KojeGauui
nofo6Hbl (MMEIOT ONWHAKOBBIE OTHOUIEHMS OCeit), MPHYEM ONHH H3 HHX MNOBEPHYT
Ha npsMoil yroJ OTHOCHTEJBHO APYTroro.

3. Hailtu  3akon npeoGpasoBauusi napamerpoB (Tokca NPH NOBOpoTe oceil

Y, 2 Ha yroa @.
Pemenne. Hckombil 3akoH onpejeaserca cpasbio napamerpos Crokca

C KOMIIOHEHTaMH JBYXMEPHOTO TEH30pa B MNJIOCKOCTH Yz H MAeTCs q)OpMyJ'IﬂMH

Er=E, cos 2¢p—E; sin 2, Ey==E, sin 29 +E&; cos 2¢, By =E,.

§ 51. PazjoxeHue AEKTPOCTATHUECKOTO MOJSI

ITosie, co3faHHOE 3aPARAMH, TOXKE MOKHO GOPMATBHO PASJIOKHTh 110
IUTOCKUM BojiHam (B mHTerpan ®ypre). 10 pasioxeHue, OAHAKO, CY-
IECTBEHHO OTVIMYAETCSt OT Pa3/OXKeHHS 31CKTPOMATHUTHBLIX BOJIH B My-
crote. JleficTBUTEIBHO, TOJ€ 3apAJOB He YAOBJETBOPAET OLHOPOIHOMY
BOJIHOBOMY YDaBHEHHIO, a NMOTOMY ¥ KaxKABIH WieH DA3/IOXKeHHs IHOoJd
He YZOBJETROPSieT 3ToMy ypaBHeHuo. Orciofa cjaefyer, yTo IS ILIO-
CKHX BOJIH, Ha KOTOPble MOXKHO Pas/OXHTh I10/1€ 3apsiJ0B, He BbIIOJ-
HSI€TCS1 COOTHOLleHHe k2=®?2/¢?, KOTOpOe HMMEEeT MECTO IS IUIOCKHX
MOHOXPOMATHYECKHX 3J€KTPOMATHHUTHBIX BOJH.

B uacruocty, ecau ¢PopmasibHO MPEACTABUTL 3JEKTPOCTATHUECKOE
10JIe B BHJe HAJIOMEHUST IVIOCKHAX BOJIH, TO «YacTOTa» 3THX BOJH Gylaer
paBHA HYJI0, TAK KaK paccMaTpHBaeMoe I0Je He 3aBUCHUT OT BPeMeHH;
.BOJTHOBRIE K€ BEKTODBHI, KOHEYHO, OTJIHYHBL OT HYJIS.

Paccmorpum noJie, cozlaBaeMoe TOUSUHEIM 3apsIAOM €, HaXOASIUMCST
B Hayase xoopauuat. [loTeHuuan ¢ storo nosdsi onpejensercs ypasHe-
HueM (cM. § 36)

Ap=—4neb (r). (BLID

Pasjoxum ¢ B npocTpanctBeHHbi wuterpaa ®dypobe, T. e. mpex-
CTaBUM €ro.B BHJE

+ o
= | e Lk dh=dh, dk, dk (51,2)
¢= Pk (23)3 ’ - x Hivy FA ’
-0

[Tpu sToM
Pk = S g (r)e-ikrdy,
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TlpuMeHuB K oGenm uvacTsiM paseHcrBa (51,2) omepatop Jlamiaca,
HaXONHM:

+ o
; dk
Aq) —_ — S k2elkr (Pk (2n)3 ,

TaK 9TO KOMIOHeHTa Dypbe OT BhIpaXKeHHss A@ €CTh
(Ap)c = — F*px .

C npyrofi CTOpOHBI, MOXHO HaHTH (AQ)y, B3AB KommoHeHTY ®ypsbe
or obeux uacred ypapHenus (51,1):

(AQ)k = ——S 4red (r) e~ ikt dV—= — 4ne.

CpaBHI/IBaﬂ o0a NONAYUYCHHBIX BbIpaxKe€HHdA, HaxXoJAuM:
4me

P =7z - " (51,3)

Jra ¢opMyJa K pemaeT IOCTABJAEHHYIO 3ajauy.
AnajIorHyHO NOTEHUHANY ¢ MOXKHO PasJioKUTb W HaNPAKEHHOCTb:

+ oo
E= | Eket‘kr(gln’;g. (51,4)
C nomouwisio (51,2) nmeewm:
+ o
1. d3k . e A3k
E = —grad S Py e°kr P =— S ikex e““(Q—nﬁ .
CpasuuBasi ¢ (51,4), HaXOAHM:
Ei = — ik = —i %, (51,5)

Orciofia BHAHO, YTO MOJIE BOJIH, HAa KOTOPOE MBI PA3/IOKUIM KYJIOHOBO
noJie, HampapJeHo Mo BOJHOBOMY BeKTOpy. I1o5TOMY 3TH BOJIHEI MOXKHO
HasBark IPOAO/ILHBIMH. '

§ 52. CoGcTBeHHbIE KoJeGaHHS NONs

Paccmorpum cBoGoanoe (63 3apslioB) 3/71eKTPOMArHHTHOE TOJIe, Ha-
Xozsmeecsi B HEKOTOPOM KOHeWHOM ofbeme mnpocrpancrsa. s ympo-
LleHHs AaJbHeHInHX BBIYMCJAEHMH MBI IIpejroJiaraeM,. UTo 3TOT 00beM
oGnagaer ¢GopMOi NPSIMOYTONBLHOTO NapaJieJenHnesa Co CTOPOHAMH,
" PaBHEIMH cooTBercTBeHHO A, B, C. MBI MOXeM TOrfa pasjioXuTb BCe
BeJINYHHBI, XapaKTePH3YIOIHE [0JIe B 3TOM HapasieJenunese, B TPoit-
Hoi psx dypee (no TpeM KoopAHHaTaMm). Hanmuinem 510 pasioxenue



166 SNEKTPOMATHUTHHIE BOJIHB “[ra. vi

(sanpumep, IIS BEKTOPHOTO NOTEHLIHANA) B BHAE
| A= Ageikr,
2 A (52,1)

CyMMHPOBaHI/Ie NPOU3BOAUTCH 3[eCh MO BCEM BO3MOXKHBIM 3HAYEHHUAM
BCKTOpa k, KOMIIOHEHTEL KOTOPOTO npoéeraxoT, KaK U3BeCTHO, 3HAY€HHA

2nn,, 2nny,
= k=, k= (52.2)

2nn,

kx: c

A€ My, fly, Ny— TOJNOMNKUTEJbHbBIE HIH OTPUUATENbHBE LEJble YHCIA.
B cmy BEIIeCTBEHHOCTH A Koa@xpnuneHTbI pasnoxenusa (52,1)

CBSI3aHbI IPYT C APYTOM paBeHcTBaMH A _=Aj. Y3 ypasuenus div A=0
cregyer, 4ro AJaA Kaxjaoro k
kAg =0, (52,3)

T. €. KOMIJIEKCHBIE BEKTOPH! Ay «NOIEPEUHE» K COOTBETCTBYIOUINM BOJ-
HOBBIM BeKTopaM k. Bektopnl Ay SIBISIIOTCH, KOHEUHO, GYHKIHAME Bpe-
MEeHH; B CHJIy BOJIHOBOTO ypaBHeHHA (46,7) KaxAbll U3 HUX YIOBJETBO-
psAeT ypaBHEHHIO

A+ kA = 0. (52,4)

Ecntu pasmepnt A, B, C BuibpanHoro ofbemMa JOCTATOYHO BEIHKH,
TO CoCefHue SHAYeHHA kx, k,, k; ouenp GIU3KH APYTr K Apyry. MoxHo
rOBOPHTH TOTAA O YHCJE BOSMOKHEIX 3HAUeHHH ke, ky, k; B HEOOIBLINX
untepBanax Aky, Ak,, Ak,. Ilockonbky cocennue 3Ha'-IeHHH CKaxeM
k., COOTBETCTBYIOT SHAYCHUAM Ny, OTJIMYAIOWIHMCS HAa €IWHHLY, TO
yucno Arn, BO3MOXMHBIX 3HA4YeHHH &, B HHTepBane Ak, paBHO NPOCTO
COOTBETCTBYIOLIEMY HHTEpPBaJay 3HayeHuH n,. Takum o6pa3oM, HAXOLUM:

A B C
Anx-——% Akx, Any—ﬁAky, An‘,,:%Ak .
IMosoe uhcno An 3HaueHHi BeKTOpa Kk c KOMIOHEHTaMH B 3aJlaHHBIX HH-
TepBaJyiaX paBHO INPOH3BEACHHIO

An= An.An,An,= Ak Ak, Ak, (52,5)

(2ﬂ)
rae V=ABC — obbem noJasi. Jlerko onpeiesuTh OTCIOAA YHCJIO 3Ha-
ueHUH BOJIHOBOTO BEKTOpA ¢ a0COJIOTHOH BeJHUMHOH B HHTepBane Ak
U HaIpaBJeHHEeM B 9JeMeHTe TeJleCHBIX yrioB Ao. s 3Toro Hafo ne-
pedTH K cpepHYECKHM KOOpAHHATaM B «K-NpOCTPaHCTBE» H HANHCATh
BMecTO Ak, Ak, Akz ajeMeHT o0bemMa B 3THX KoopAxHaTax. Takum. oG-

_pasowm,

An= (2n)ak Ak Ao. (52,6)

3amenHs 3fieck Ao Ha 45, MONyYHM YHCJIO 3HauYeHHH K ¢ BeJHYHHOH B
HHTEpBaNe AR U MOGBIMH Hanpasienusamu: An=Vk?* Ak/2n2, -
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Briuucaum NOJHYIO 3HEPTHIO Mo
1 9
=g S (E2 -+ H2) dV,

BHIPA3UB ee uepes BenHuHHbl Ay . [l 3/1€KTPHYECKOTO H MAarHHTHOTO

foJied HMeeM: .
1 1 L
E=— - A=— =Y Ageitr,
4 c k

~ (52,7)
H=rot A=i Y [kAy] ek,
K

ITpy BHIYHCJIEHUH KBAJIPATOB 3THX CYyMM 3aMeUaeM, 4TO BCE MPOH3BeIeHHs]
yJIeHOB C BOJHOBHIMH BekTopamu k u k’, Takumu, uto k’s&—Kk, xaior
HYJb NPU HHTEIDHPOBAHHM NO BceMy oObeMmy. JleficTBATENbHO, TakHe
yjeHbl COMEPKAT MHOXKHTENIH elk+K)r -3 pHrerpaj, Hanmpumep,

4 i2—n 7%

Xe A Tdx

3 ,

¢ UENBIM OTJIMUHBIM OT HYJA 7, paBeH HyMo. B unenax xe ¢ kK'=—k
3KCHOHEHIIMAJIbHEIE MHOXHUTENH BbINAJAIOT M HHTerpuposanue no dV
Jaer npocto obvem V.

" B pesyabrare nafines:

& g3 {5 Adit [kA [kAL }.

Ho eeuay (52,3) umeewm:

[kAx] [kAx] = k2ALAg,
TaK 4ToO

E=gs Ek: {AkAL + B2 A AL (52,8)

Kaxppii ujleH 3TOH CyMMBl COOTBETCTBYET OJIHOMY H3 UJICHOB pas/ioxe-
uus (52,1).

B cuny ypaBnenus (52,4) BeKTOopnl Ay ABIAIOTCA FAaPMOHHUECKHMH
OYHKUMAMH BpPEMEHH C YacTOTAMH ©p =CR, 3aBHCSIHMH TOJLBKO OT
a6CoMOTHON BEJHYHHBL BOJHOBOro BeKTopa. B saBucuMocTH oT BhiGopa
3THX (yHKUMH uyieHn pa3noxenusa (52,1) Moryr npeacraBiaaTh coboi
cTosiyne MM Geryiiue IJIOCKHEe BOJHEL 1pencraBuM pasioxenne moss
B TakoM BHIe, 4ToGH ero ujeHol H300paxamu Geryimue BosHBEL Jlis
3TOro 3anumeM ero B dopme

A= % (ae’™r + age=ir), (52,9)
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SIBHRIM 00pasoM BBIPAXKAOWEH BEIUECTBEHHOCTH A, MpHUEM Kam bl
H3 BEKTOPOB ax 3aBHCHT OT BPEMEHH IO 3aKOHY

ag ve~iod @ =ck. (62,10)

Torna xaxaelit oTAenbHbIH wieH B cymme (52,9) 6ynet byHKIHeH TONIBKO
OT Pa3HOCTH Kr—wy, #, 4TO COOTBETCTBYET BOJIHE, PACTIPOCTPAHAIOWEHCS B
Hanpas/ieHun k.

Cpasuus pasnoxenus (52,9)u (52,1), Haxozmm, yTo UX KO03(pdH-
IMEHTHl CBSI3aHBI PAaBEHCTBAMH

Ak: ak+a—kv

a B cuay (52,10) mpousBojgHBIe MO BpeMeHH
Ay = — ick (ag—ag).

TloacraBus 310 B (52,8), BRIpa3uM 5HEPTHIO NOJS uyepe3 KOXpHHIUEHTH!
pasnoxkenus (52,9). Unensl ¢ 0poH2BEjCHUAMH BHAA axd_x WK

aka k BSﬂPIMHO COKpalawTcA; 3aMETHB TaK¥Xe, YTO CYMMBL Zakak H

Za ka k OTJIHYAKTCH JHIIE OOGO3HAYEeHHEM nepeMeHHon CyMMHpoOBa-
Hud H NOTOMY COBNAajalwT APyr ¢ JpYyroM, InoJyYHM OKOHYATE/IbHO:

E=Y &, 6 =5 aa (52,11)
k

Taxkum oOpasom, TOJIHAsE 3HEPrHS I0JIsSI BHIPAXKAETCA B BHIE CYM-
Mbl 3HEPIUH &k, CBS3AHHBIX C Ka)KIOH M3 IVIOCKHX BOJH B OTJeJb-
HOCTH. , , .

AnanoruyssiM 06pa3oM MOXKHO BBIYHCAHTL MOJIHBIA HMIYJBC [OJA:

LQSSdV=Z§{55’ [EH] aV,

IIpyuyeM IoJay4daercs

k . .
>4 g, (52,12)

k

DToT pe3ysbTaT MOKHO OBUIO OXHAATH 3apaHee BBHIY H3BECT-
HOrO COOTHOUIEHHS MeXAYy 3Hepruefl H HMIYJIbCOM INIOCKHX BOJIH
(cm. § 47).

Pasnoxenuem (52,9) mocruraercss OnMcaHHe NOJS NOCPEACTROM JH-
CKPETHOTO psijia nepeMeHHbIX (BEKTOPbI 8k ) BMECTO ONUCAHHS HElIpephiB-
HBIM PANOM NEPeMEeHHBIX, KaKOBBIM II0 CYLIECTBY SIBJSIETCS OINHCAHHE
noteHuuansom A (x, y, 2, f), 3aaBaeMpiM BO BCEX TOYKAX JIPOCTPAHCTBA.
Mui npousseseM Teneps npeobpasoBalue NEPEMEHHBIX dk, B PE3Y/LTaTe
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KOTOPOTO OKAaXKeTCs BO3MOXKHBIM NMPHAATL yPaBHEHHAM NOJS BUHA, aHA-
JIOTHYHLIH KaHOHHMUECKHM YypaBHEHHSIM (ypaBHeHHsM [aMHibTOHA)
MeXaHHKH.

BBelleM BelecTBEHHbIC «KAHOHMYECKHe HepemeHHble» Qi U Py co-
[VIaCHO COOTHOUIEHHSM

1% .
Q= T (ax +ay),
— ) (52,13)
Py = —iwm, ey (ax —ax) = Q.

Pyukuna FamuiapToHA 10N MOJydYaeTcss MOACTAHOBKOH 3THX BHIpA-
}eHUH B 3pepruro (52,11):

H = Z%k Z (P: -+ 03QF). (52,14)

Ipu stom ypasuenus ['amunbrona 057/0 Py, =Qy COBNANaOT C paBeH-
crBamu Py = Q. , KoTopble, TaKMM 06Pa3oM, AEHCTBHTENLHO OKa3bIBA-
I0TCS1 CJIEACTBHEM YPaBHEHHIl ABHMKEHHS (3TO JOCTHTHYTO HAaAIEHKAIHM
BeIOOpPOM Ko3(uuneHta B npeobpaszosanud (52,13)). ¥YpapHenus ke
054/0Q) =—P) NPUBOJAT K ypaBHEHHAM

Qx + 0:Q« =0, (52,15)

T. €. TOXJECTBEHHBI C YPaBHEHHUSIMH MOJf.

Ka:xnpiii n3 BektopoB Qi H Py neprneHIuKyaspeH K BOTHOBOMY BeK-
topy k, T. e. uMeeT no ABe He3aBHCHMble KOMMOHEHTH. Hanpassjenue
THX BEKTOPOB ONpejessieT HarpaB/eHue NOJSPH3ALHH COOTBETCTBYIO-
weit 6eryiefi BosHbl. O603HAYUB JBe KOMIOHeHTH BekTopa Q (B 1JO-
CKOCTH, nepnesjaukyjsipuoi k) nocpencteom Qyj, j=1, 2, HmeeM

Qi =2 Q}j» u ananoruuno s Py. Toraa
i .

= ;”k/ Ty = (Pi+ 0iQky)- (52,16)
]

Mgl Buaum, uro gyuxuusa I'aMuIbTOHA pacnajaercs Ha CyMMy He3a-
BHCHMBIX WICHOB, KAKIbIH H3 KOTOPBIX CONCPIKUT TOBKO M0 OO nape
BeuuH Qyj, Py;. Kaxapiii Tako# 4/I€H COOTBETCTBYET 6erymen BOJIHE
C ompenie/ieHHBIMH BOJHOBBIM BeKTOPOM M nossipusauued. Ipu srom
F{x; umeerT BHI GyHKUMH [aMHIBTOHA OJIHOMEPHOrO «OCHHIIATODPAY,
COBEPMIAIOIIETO NPOCThie TapMOHHYecKHe KosebGauus. ITosTomMy o rmo-
JIyYeHHOM PasJioXeHHH I‘OBOpﬂT HHOTZIA KaK O PasJIoMeHUH IO Ha
OCLYJI/ISITOPHL.
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BrinumeM ¢gopmy.ibl, BHIPaXKAOIHE B ABHOM BHJE [OJIe Yepe3 nepe-
Mennrie Pg, Qx. M3 (52,13) umeem:

i

[ e * /
= ]/%(Pk—imkak), ax=—= ) 7PtioQ). (6217

Ioncraeasas ath BeipaxkeHHs B (52,1), HafijieM BeKTOpHBIH IOTEH-
HaJ ToJsf:

A= ‘/ % > %(cka cos kr —Py sinkr). (52,18)

JIsi 3JIeKTPHYECKOTO W MarHHTHOIO MoJjell mosyuuM:

o
E=— ]/ 4—1} (ck Qg sin kr 4 Pk cos kr),
X

e (52,19)
H=— ‘/VW Zk:—ﬁ- (ck [kQy] sinkr + [k?k] cos kr).
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PACNMPOCTPAHEHHUE CBETA

§ 53. IeomeTpHueckas onTHka

[Tnockast BO/HA OT/IHYAETCS] TeM CBOHCTBOM, YTO HANpaBjieHHE ee
pacrnpoCTPAHEHHs W AMIVIHTYAA Be3Je ONHHAKOBBL. IIpou3BOJibHBIE
3JIEKTPOMATHHTHBIE BOJIHBI 3THM CBOHCTBOM, KOHEYHO, He 06/aJaioT.

OnHAKO 4YacTO JIEeKTPOMarHUTHbIE BOJIHBI, He SIBJSIOUIHECs MJIOCKH-
MH, TeM He MeHee TAKOBbl, YTO HX MOXKHO PacCMaTPHBAaThb KaK ILTOCKHE
B KaXKJOM HeGOJbLIOM y4acTKe NMpocTpaHcTBa. [/ 3TOro HeoGXOANUMO,
yTOOB AMIVINTYJA W Hanpas/jeHue BOJIHBI IIOYTH He MEHSJIUCh HA NPO-
TSI2KEHHH PACCTOSTHUH MOpsAaKa AJTHHBI BOJHBL.

Eciin BBIOJHEHO 5T0 YCAOBHE, TO MOMKHO BBECTH TAK HA3BIBAEMbIE
80AHOBbIE NOBEPXHOCMIL, BO BCEX TOUKAX KOTOPBIX (a3a BOJIHBI B AAHHBIH
MOMEHT BpPEMEHH OJlIMHAKOBa (AJI IVIOCKOH BOJHBI 3TO — IIOCKOCTH,
nepneHAHKyJ/sSipHble K HaNpPaBJEHUIO ee pacnpocTpaHeHHs). B kaxiaom
HeGOIbLUIOM yYacTKe [POCTPAHCTBA MOXKHO TOBOPHTb O HampaBJeHHH
pacnpocTpaHeHHs BOJHBI, HOPMAJbHOM K BOJHOBOMH noBepXHocTH. [1pn
3TOM MOXKHO BBECTH MNOHSITHE AyHeli — JIHHHH, KacaTelbHas K KOTODPBIM
B KaXKJ0H TOUKE COBNAJAeT C HAnpaB/jeHHeM PacrpOCTPAHEHHsT BOIHBI.

Mayuenne 3aKoHOB pacnpoCTpaHEHHs! BOJH B 3TOM C/lydyae COCTaB-
"JIieT MpeAMET ceomempuueckol onmuxu. [eomerpuueckas onTHka pac-
CMaTpuBaer, CJEeI0BATeNbHO, PpACOPOCTPAHEHHE 3JEKTPOMArHHTHBIX
BOJIH, B YaCTHOCTH CBeTa, KaK pacnpocTpaHeHHe Jyuel, COBEpIUEHHO
OTBJIEKAsICh IPH 3TOM OT HX BOJHOBOH NpHPOnbl. [IpYyrUMH CJOBaMH,
reoMeTpUYecKas ONTHKA COOTBETCTBYET IIPEAeJBbHOMY Cydailo MasblX
MIuH BostH, A—>0. v

aitmencs TeTlepb BHIBOAOM OCHOBHOTO YDABHEHHS [eOMETPHUYECKOH
ONTHKH — YPaBHEHHsI, ONpelessioulero HanpasJjeHue nayued. Ilycrs f
€CThb JjoGasi BeJHUHHA, ONMCHIBAIOWAs MOJE BOJHHL (Jii06asi M3 KOMIIO-
“Hent E uan H). B miockoit MOHOXpoOMaTHUECKOH BOJIHE [ HMeeT BHJ,

f=ael kr-ot+a) — g exp [i (—kxi )] (53,1)

(M1 omyckaeM suak Re; Besge mospasymeBaercsl BellECTBEHHAs UacTh).
Hanumiem BhipaxeHnue JJisl NOJS B BHAE

f= ae'®, (53,2)
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B cnyuae, xorna BOIHA He NJIOCKAsi, HO reOMETPHYECKAS! ONTHKA MPH-
MEeHHMa, aMIVINTYyJa a siBjsieTcs, Boobule roBopst, GyHKIHed KOOpIHHAT
H BpeMeHH, a (a3a P, HasblBaeMast TAKKE JLIKOHAAOM, HE HMEET IIPOCTOrO
Buaa, Kak B (53,1). CyLiecTBeHHO, ONHAKO, YTO 3HKOHAJ 1 ABASIETCS
Go/IbLIONH BETMUHHONH. DTO BHIHO. yKe U3 TOTrO, UTO OH MeHsieTCs Ha 2%
Ha NPOTSKEHUH JJTHHBI BOJIHBL, 4 TEOMETPHUECKAsI ONITHKA COOTBETCTBYET
npereay A—0.

B MajbIx yyactkax npoCTpaHCTBA H HHTEPBANaX BpeMeHH 3HKOHAJ P
MOXKHO PAs3JIOXKHTb B PSJ; C TOUHOCTHIO JO U/IECHOB NEPBOrO NOpPsAKa
nMeeM:

p=1p +-r oL 1 08

(Hauajio KOOPJMHAT ¥ HAUaJI0 OTCYETa BPEMEHH BHIGDAHHI B paccMaTpH-
BAEMOM YUacTKe NPOCTPAHCTBA M HHTEpPBAaJe BPEMEHH; 3HAUCHHS TPOH3-
BoaHbIX GepyTcs B Hauaje Koopiuuat). CpaBHUBas 310 BbIpaXKeHUE C
(53,1), MBI MOXEM HalHCaTh:
P oy
k==grady, o=—, (53,3)
B COOTBETCTBUH C T€M, YTO B KaxKIOM HeGOJIbIIOM Y4acCTKe MPOCTPAHCTBA
(v B HeOOJBIINX HHTEPBAJaX BPEMEHH) BOJMHY MOMKHO PacCMaTpHBath
KaK NJIOCKYI0. B ueTeIpeXMepHOM BHJe COOTHolleHuA (53,3) HanuiuyTco
Kak
A
k= ——% (53,4)

i )
oxt

rie k,— BOJIHOBOH 4-BeKTOD.
Mt Buiean B § 48, uTO KOMIOHeHTH 4-BekTopa k! CBA3aHBI COOT-

HowenueM k;k’=0. IloacraBasia cioaa (53,4), HaxoAUM ypaBHeHHe:

N _ . (53,5)
ox; ax

D70 ypaBHeHNe, HA3LIBAEMOE YPABHEHUEM JUKOHAAA, SIBIISIETCA OCHOBHBIM
ypaBHEHHEM T'€OMETPUUYECKOH ONTHKH.

YpaBHeHHe 3HKOHAIA MOXKHO BLIBECTH TaKXe M HeloCDeACTBEHHBIM
npefeibHbIM nepexofioM A—- 0 B BosHOBOM ypaBHeHuH. Ilosne f ynos-
JIETBOPSIET BOJHOBOMY YDAaBHEHHIO

N
Ox; Oxt

Moxcrapasa copa f= ae’®, HaxonuMm:

0%a Oa 61]) 6 1]) 6\]) 61|J
iy el f 0
1 — —_— - 21 i I ; 5 (53,6)
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Ho sitlkoHan ', Kak ObWIO BhIle YKa3aHO, €CThb GoJbliast BEJIHUYHHA,
[I03TOMY MOZKHO npeHe6peub 37eCh TpeMs NepBBIMH WjieHaMH HO Cpab-
HEHHIO C YeTBePTHIM, H Mbl MPHXOAHUM CHOBa K ypaBuenuto (53,5).

YKaxeM ellle HEKOTOpbIE COOTHOILEHHSI, KOTOpPBIE, NpaBja, B IpHMe-
HEHHH K pacnpoCTpaHeHHIO CBeTa B MYCTOTe NPHBOHAT JHIIbL K 3a-
paHee OuYeBHAHBIM pe3yJbraTaMm. CyIIeCTBEHHO, OJHAKO, YTO B CBOEH
of6tuefi ¢opme 3TH BHIBOJAB! NPHMEHHMBI H K PaclpOCTPaHEHHIO CBETa B
MarepHajJbHBIX Cpefax.

U3 ¢opmbl ypaBHeHus 3AKOHANA BEITEKaeT 3aMedaresbHasd aHaJIOrHs
MEX1y reoMETPHUYECKOH ONTUKOH U MEXaHHKOH MaTepHaslbHBIX YaCTHIL.
JlBuxeHHe MaTepHaJbHOM uacTHUBl onpenensiercs ypaBHeHuem Ia-
MuiabTOoHa — S1ko6H (16,11). DT0 ypaBHeHue, KaK H ypaBHEHHe 5HKO-
HaJa, siB/sieTCs] ypaBHEHHEM B UACTHBIX POM3BOAHLIX NEPBOTO NOPALKA
u Bropol crenedu. Kak usBecTHO, AeficTBHe S CBA3AHO C HMIYJILCOM p
u ¢yuxkuueii [ammibroHa F7 yacTHIbl COOTHOIIEHHSIMH

oS a N
P=5 H=—7%"
CpaBnuBas s1H dopmyasl ¢ popmyaamu (53,3), Mbl BULHM, YTO BOJTHOBOH
BEKTOp BOJIHbI MI'paeT B IeOMeTpPHUeCKOil ONTHKe poJb HMMYJbca ya-
CTHUB! B MEXaHHMKe, a 4Yacrora — poJjb ¢GyHKUHH [aMuibTOHA, T. €.
SHEPIruH uacTHILl, AGCONIOTHAA BEJIMYHHA 2 BOJHOBOIO BEKTOPA CBSI-
3aHa € YacTOTOH NOCPEACTBOM (OPMYJbI k=®/c. ITO0 COOTHOLIEHHE
aHAJOTHYHO COOTHOUIEHHIO p=¢&/c MEXIY HMIYJbCOM U 9HeprHed yas
CTHLH C Maccoil, paBHOH HYJI0, U CKOPOCThIO, PaBHOH CKOPOCTH CBeTa.
JJIs yacTHLl MMET MecTo ypaBHeHHs [ aMHIbTOHA
. oH rA
P=— “5‘]_—- , V=Tr= W .

BBuay ykasaHHO aHa/IOTHH Mbl MOXKEM HEIOCPEJCTBEHHO HAaNHCATh HO-
Jo0Hble ypaBHEHHS A Jy4yeH:

k—_0O0 [ 0do (53,7)

B nycrore w=ck, Tak uto k=0, v=cn (n — eIHHUYHLIH BEKTOP BIOJb
Hanpap/JeHHust PACIPOCTPAaHEeHHs), T. €., KaK H CJAeJoBajso, B NYCTOTE
JIyuHl SIBASIIOTCS NPSMBIMH JHHUSIMH, BAOJAL KOTOPLIX CBET pacmpocrpa-
HSIeTCA CO CKOPOCTHIO. C.

Axanorust Mexay BOJTHOBEIM BEKTOPOM BOJIHBI H MMITYJIBCOM YaCTHILEL
B OCOGEHHOCTH SICHO TIPOSIBJISIeTCS B cJenyiolieM ofcrostenbere. Pac-
CMOTPHM BOJIHY, MPEACTABJISIOLLYI0 CO0O0H HaMOKEHNe MOHOXPOMAaTHUE-
CKHX BOJIH C YaCTOTaMH, JEKAU[UMH B HeKOTOpOM HeOOJIBIIOM HHTEpBAJIE
M 3aHMMAIOULYI0 HEKOTOPYIO KOHEUHyio 0GJacTh NpocTpaHcTBa (TaK
HasbiBaeMblil 601H060L nakem). BeIYUCTUM 4-UMIYABC OIS STOH BOJIHEL,
BOCHOJIL30BaBILINCH (popMy,rxon (32,6) ¢ TEH30POM 3SHEpTHH-HMITy.IbCa
(48,15) (m1s1 KaxkaoH MOHOXPOMATHYECKOH KOMIOHEHTH). 3aMeHAs B
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3T0i opmyJie k' HEKOTOPLIM €ro CPEIHHM 3HAYeHHeM, TIOMYUHM BHIpa-
JKEeHHe BHIA

Pi= Ak, ) (53,8)

e Ko3pdULHEHT NPOTOPIHOHATLHOCTH A mexny asyms 4-BeKTOpaMu
Piu ki ecTs HeKOTOpHIA CKanAp. B TpexmepHOM BHie 3TO COOTHOLUEHHE
JlaeT:

P= Ak, &= Ao. (53,9)

TakuM o6pa3oM, Mbl BUAHUM, YTO HMIYJbC H HEPTUS BOJHOBOIO NAaKeTa
11peo6pasyloTcst OT ONHOH CHCTEMBI OTCUETa K IPYTOil COOTBETCTEEHHO
KaK BOJHOBOH BEKTOp H uacrora.

[Tpomomkasi aHanOrwio, MOXKHO YCT@HOBHTb MJIsi TEOMETPHUECKOH
ONTHKH NPHHLMI, aHAJOTHYHBI NPHHUMIY HAHMEHBIIEro AeHCTBUS
B MexaHuKe. OJHAKO €ro NpH 3TOM Heab3sl OyJeT HaNHCaTh B raMHJb-

TOHOBOH (opme, 6SL df=0, Tax Kak OKa3LIBaeTCsl HEBO3MOMKHBIM

BBECTH Ias1 Jyuell GyHKIHIO, aHaJoruunyw ¢yHkumu Jlarpamxka ass
yacruu. HeficturensHo, (yHKuua JlarpaH:xka L yacTHnbI CBA3aHA C

¢yukuueii [amuiabrona 57 nocpeacrsom L=p Q%; —J¢. 3aMeHss QyHK-

uuio I'aMHIBTOHA YacTOTOM ®, @ MMIYJBC — BOJHOBBIM BeKTopoM K,
MBI JOJIKHBI ObiM Obl HAmHcaTh s (YHKIUU JlarpaHxa B ONTHKe
Jw
ok
BO3MOXKHOCTb BBefleHHsl (HhYHKIMM Jlarpanxa a1 ayuefi BUIHA, BOPOYEM,
M HeMOCpPeICTBeHHO U3 YKA3aHHOTO BhIIIEe 06CTOSITENBLCTBA, YTO PACHIPO-
CTpaHeHHe JIy4eH aHaJOrHYHO JBMXKEHHIO HacTHLL C Maccoil, paBHoﬁ
HYJIO.
Ecnu Bosna o6majaer onpejeneHHONH MOCTOSIHHOH 9acToTolli ®, TO
3aBHCHMOCTb €€ T0Jisfi OT BPeMeHHM Omnpefiefsercss MHOXKHUTEMeM BHJIa
e~ ‘0! TlostoMy AJst 3HKOHA/Ia TAKOH BOJHEL MBI MOXKEM HAIHKCATh:

wz—mH“Po (x) yy Z), (53,10)

Tlie Po— GYHKIHS TONBKO OT KOOpPAMHAT. Y paBHeHHe 3fiKoHaga (53 5)
NpHHUMAaeT Tenepb BHJ,

— . Ho 310 BEIpaxeHHe paBHO HYJIO, NMOCKOJAbKY w=ck. He-

(grad gy =2 . . (53,11)

BennoBeie MOBEPXHOCTH SBJASIOTCS NOBEPXHOCTAMH IIOCTOSHHOTO 3HKO-
Haja, T. €. ceMefiCTBOM NOBepXHOCTeH BHAA Y, (X, y, Z)=const. Jlyun
JKe B KaxJ0# TouKe HOPMAJbHEI K CODTBETCTBYIOMEH BOIHOBOH HOBEpX-
HOCTH; HX HalpapJjeHHe ONpelessieTCsi TPajueHToOM V.

Kak u3BecTHO, B C/Jyuae, KOrjla SHEPTHSI NOCTOAHHA, IPHHIMO HAH-
MEeHbIUero JEHCTBHS JJIs YacTHIBI MOXKHO HAIHCaThb TaKXe M B BHJE
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TaK Ha3bIBAa€MOIo MNpHHIHNA Mbnepronz
5= pdl=

rje HHTErPHPOBAHHE IPOM3BOZUTCS MO TPAEKTOPHH YACTHIBl MEXLY
JBYMs 3aJaHHBIMH ee MOJOMeHHsIMH. MmiyJabc npepnosaraercs IpH
9TOM BBIPAXKEHHBIM KaK (DPYHKLHS OT HeprHH U AH(depeHIIHanoB Koop-
JIMHAT YacTHUBI. AHAJOTHYHBIA NPHUHUHM IS JydeH Ha3blBaeTCA MpPUH-
yunosn Pepma. B 3ToM cayuae Mpl MOXKeM Hamucarh N0 AHAJOTHH:

Sp=25{ kdl—=0. (53,12)
B nycrore k= %1 n, u Mbl nogydaeM (ndl=dl):
8§ di—o, (53,13)

YTO W COOTBETCTBYET MPSIMOJHHENHOMY DACHPOCTPAHEHHIO JyUei,

§ 54. HHTEeHCHBHOCTD

Takum ofpasoM, B TeOMETPHUECKOH ONTHKE CBETOBYIO BOJHY MOXKHO
paccmaTpuBaTh KaK NMydox Jayued. Jlyus, ogHako, camu 1o cebe omnpe-
JIeJISIIOT JIHUIb HalpaB/jeHHe DAacHpOCTPAHEHUs CBETAa B KAXKJOH ToukKe;
0CTaeTCs BOMPOC O pacipesiesleHHH HHTEHCHBHOCTH CBETA B IPOCTPAHCTBE.

Breifennm Ha KaKoH-J1#00 U3 BOJHOBBIX MOBEPXHOCTEH paccMarpusae-
MOroO nyukKa OecKOHeUHO Ma/dbif ajemeHT. M3 nuddepeHlHanbHOR reo-
METPHH H3BECTHO, YTO BCAKas
HOBEPXHOCTh HMEET B KaxIoH 4
cBoell ToOuKe JBa, Booblue ro-
BOpS, PA3/IHUHBLIX IVIABHEIX pa- g4
auyca xpususuel. Ilyets ac m
bd (puc. 7) — sneMeHTHl IJaB-
HEBIX KPYTOB KPHBH3HBI, NTPOBe-
JICHHBlE Ha JaHHOM 3JeMeHTe
BOJIHOBOH mnoBepxHoctu. Toria Puc. 7.

JIyuH, IPOXOJSAIIHE yepe3 TOUYKH '

Q U ¢, epecekyTcst APYT C LPYTOM B COOTBETCTBYIOUIEM LIEHTPE KPHBHU3HbBI
0,, a ayun, MPOXOASIIHUE uepes b u d, nepecekyTcsi B JpyroM LEHTpe
KpuBu3HBL O,.

Ilpu mauHBIX yriax pacTBopa Jyuelt, ucxoasamux u3 O, u 0,, 1iu-
HBI OTPE3KOB aC¢ H bd TPONOPIHOHAJIBHEI COOTBETCTBYIOIHM paguycam
KpHUBH3HB R; u R, (1. e. nmunam 0,0 u 0,0); nnowanp sneMeHTa Io-
BEPXHOCTH TIPONOPLHOHAJIbHA NPOU3BENEHHIO MIHH ac H bd, T. e.
nponopnyxoHanbHa R R,. JIpyruMu cjoBaMH, €CJIH pacCMaTPHBATh 3Je-
MEHT BOJIHOBOH HOBEpPXHOCTH, OIPAaHMUYEHHBIH OINpEeACJEHHBIM PAXOM
Jyuei, TO NPH ABHKEHHH BAOJb HHX ILIOMAAb 3TOTO 3JEMeHTa Gyner
MEHATHCA NPONOPUHOHANBHO R;R..




176 ’ PACITPOCTPAHEHHE CBETA [rn. v

C npyro#i CTOpPOHBHI, MHTEHCHBHOCTb, T. €. INIOTHOCTh IIOTOKA 3HEp-
THH, OOpaTHO NPONOPHHOHAJNbHA IVIOWAAH NMOBEPXHOCTH, Yepe3 KOTO-
PYIO MPOXOIHT JAHHOE KOJIHUECTBO CBETOBOH SHEPTHH. TaKHM o6GpasoM,
MBI IPUXOJHUM K BBIBOAY, UTO HHTEHCHBHOCTh

const 1
I=%p - (54,1)

Sty ¢opMyJay HALO NMOHUMAThH ciaeayiomuM obpasom. Ha xkaxaom
naHuoM Jyue (AB Ha pHc. 7) CYIECTBYIOT onpejeneHHbie TOYKH O; H
0,, sBasOIKecs LEHTPAMY KPHBH3HBL BCeX BOJHOBHIX NMOBEPXHOCTEH,
nepeceKarolMX RaHHBIA ayu. Paccrosinus 00, u 00, or Touku O ne-
peceueHHs BOJHOBOI MOBEPXHOCTH ¢ JydyoM 1o Touek O; u O, ABAAOTCS
pannycaMH KpuBHU3HBl R, U R, BonHOBoH noBepxHoctd B Touke O. Ta-
xuM obpasoM, gopmyaa (54,1) onpemensieT H3MEHEHHe HHTEHCHBHOCTH
CBeTa BJOJb JAHHOTO Jy4a B (YHKIHH OT PACCTOSHHH JO ONpeleseH-
HBIX TOUeK Ha 3ToM Jyue. [lonuepkHem, uto 3Ta YOpPMYJa HENPHTOAHA
JJIf CpaBHEHHs HHTEHCHBHOCTEH B Pa3HbIX TOUKaX OJHOH M TOH XKe BOJI-
HOBOH TOBEPXHOCTH.

IockobKy HHTEHCHBHOCTb OIpeie/sieTcsl KBajiparoM MOy NoJs,
TO JJIs1 H3MEHEHHSl CaMoro TOJS BIOJAb Jy4a MBI MOXEM HAMHCaTb:

const ep 542
I= et (54,2)

rie B (a3soBoM MHOKUTENE e*R mox R MOXKET MojpasyMeBaThbes KaK
R, TaK u R,; BeJHUHHBI e/#R1 i e/kR:  oTMUAlOTCST APYT OT APYTa TOJIHKO
MOCTOSTHHBIM (A5 JAHHOrO Jyua) MHOMKHTENEM, MOCKOJBKY PasHOCTb
R,— R, paccrosiHue MexAYy 060OMMHM LIeHTPAMH KPHUBH3HBI, NOCTOSAHHA.

Ecau o6a pajnyca KPHBH3HBI BOJIHOBOH NOBEPXHOCTH COBMAjaloT,
to (54,1) u (54,2) umeloT BHA

]:const : f:colr;st elkR. (54,3)

310 MMEeT MeCcTO, B YACTHOCTH, BCErAa B TeX CJAyuasiX, KOrZa CBET HC-
AYCKaeTcsi TOUEUHBIM HCTOUHHKOM (BOJHOBLIE MOBEPXHOCTH SIBJAAIOTCS
TOrAa KOHUEHTPHYECKUMH cepamu, a K — pacCcTOsIHHEM JO HUCTOUHHKA
cBeTa).

M3 (54,1) Mbl BHAMM, 4TO MHTEHCHBHOCTb obpalnaercss B GecKOHeu-
HOCTb B Toukax R,;=0, R,=0, T. e. B LeHTPax KPHUBH3HbLI BOJHOBBIX
nosepxHocrefi. [Ipumensas 3to Ko BceM JyyaM B Ny4YKe, HAXOAHM, 4TO
HUHTEHCHBHOCTb CBeTa B JaHHOM Nyuke ofpaiiaercsi B GECKOHEUHOCT,
BooGile TOBOpSl, Ha ABYX MOBEPXHOCTAX — I'€OMETPHYECKOM MECTE BCeX
LEHTPOB KPHBH3HBLI BOJHOBBIX [IOBEPXHOCTEH. OTH NMOBEPXHOCTH HOCAT
HasBaHHWe Kaycmuk. B uvacTHOM ciyyae nmyuka Jyded co cepHIeCKHMH
BOJIHOBHIMH TOBEPXHOCTAMH 00€ KayCTHKM C/JIHBAIOTEA B OJHY TOUKY

(goxryc).
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OtMeTHM, UTO, COTJIACHO M3BECTHBIM U3 JudpepeHUHATLHOH reoMeT- .
pHH CBOHCTBAM TeOMETPHUECKOr0 MeCTa LEHTPOB KPHUBH3HBI CemedCTBa
MOBEPXHOCTEH, JTYYH KacarTcsi KayCTHK.

Hagno umers B BHAY, 4TO (IPH BBITYKJ/IBIX BOJTHOBBIX MOBEPXHOCTSX)
LIeHTPBI KPHBH3HBI BOJTHOBBIX TIOBEP XHOCTEH MOFYT 0Ka3aThCs JeKalluMU
He Ha caMMX Jiyyax, a Ha X INPOJOIKEHHAX 3a ONTHYECKYIO CHCTEMY,
OT KOTOpOH OHH HCXOAAT. B TakHK ciyuyasix TOBOPSIT O MHUMBIX Kayc-
murax (MAM MHHMBIX @okycax). VIHTeHCHBHOCTE CBeTa MpPH 3TOM
Hurle He obpamaercss B GECKOHEUHOCTh.

Yro kacaercs ofpaiieHHs] MHTEHCHBHOCTH B 0€CKOHEUHOCTE, TO B
JNEeHCTBUTENBHOCTH, Pa3yMeercsd, HHTEHCHBHOCTb B TOUKax KayCTHKH
Jesiaercst OOMbLIOH, HO ocraercsl KoHeuHOH (cM. 3azauy x § 59). dop-
MaibHOe ofpameHHe B OecKOHEYHOCTh O3HauaeT, 4To NpHUOIHKEHHEe
FeOMeTPHYECKOH ONTHKH CTAHOBHTCS BO BCSKOM CJIy4ae HEMPHMEHHMBIM
BOMH3H KaycTHK. C 3THM e OOCTOSTENhCTBOM CBSI32HO H TO, YTO H3-
meHeHue (aspl BAOJIb Jyda MOXKET omnpeaessithest dopmysofl (54,2)
TOJbKO Ha yYacTKax Jyua, He BKAIOYAIOUIHX B ce0s TOUEK ero Kacauus
¢ kayctukamu. Hmke (B § 59) 6vaer nokasaHo, uTo B A€HCTBHTEIbHOCTH
IPH NPOXOXKIEHHH MHMO KAayCTHKH (asa IoJs yMmeHbliaercs Ha /2.
DT0 3HAUHT, YTO €CJH Ha YYacTKe JIyua o ero-KacaHus repsoi KayCcTHKH
noJe MPONOPIHOHANABLHO MHOXKHTENO ¥ (x — KOOpAHHATA BJOJb
Jlyya), TO TOCJ€e NPOXOXKAECHHA MHMO KayCTHKH roje GYIeT IIPONMopIH-
oHasbHO efkx—a/2) To ke camoe npon3017meT BOJIM3H TOYKH KacaHus

BTOpOPI KayCTHKH, H 3a 3TOH TOYKOH IoJjie GyILeT MPONIOPLUHOHAJNBHO
,el(kx—ﬂ) 1)

§ 55. Yruaoroii aiikoHaa

Wnymui B nycrore Jyu cBera, nonajas B Kakoe-THOO Ipo3pauHoe
MarepHasJbHOE TeJO0, HMEET 110 BEIXOLE H3 3JTOro Teja HalpasJjeHue,
BOOOIIEe TOBOPS, OTJIHYHOE OT NePBOHAUaJLHOro. JTO H3MEHeHHe Ha-
NpaBJ/eHHs] 3@BHCHT, KOHEYHO, OT KOHKDETHBIX CBOHCTB Tesia H OT ero
dopmbl. OkasniBaeTcsi, OJHAKO, BO3MOMKHBIM BBLIBECTH HEKOTOphHle 00-
IiMe 3aKOHBI, OTHOCSLIHECS K H3MEHEHMIO HanpasieHHs JydeHd cBera
NPH NPOXOXKJEHHH Yepe3 MPOU3BOJbHLIE MaTepHasbHble Teqa. [Ipu atom
NPeJoJaraerTcs: ToAbKO, UTO A1 JydeH, PACpoCcTPAHAIOIUXCS BHYTPH
paccMaTpPHUBAaEMOro Tesd, HMEeT MECTO TeOMETpHYecKas onTuka. Takue
HPO3pauHLIe Teaa, Yepe3 KOTOphie NPONYCKAIOT JYYH CBeTa, MHI Gyjaem
Ha3biBaTh, KaK 3TO HPHHATO, ONMUHECKUMU CUCTEMAMU.

B cuny ykasauHo#l B §D3 aHaJIOTHH MeXJy paclnpoCTPAHEHHEM J1y-
uyedl ¥ JBHKEHHEeM YacTHI(Bl, Te e OOLINEe 3aKOHH! CIIPaBeJJIHBH H JJIs
U3MEHEHHs HanpaBJIeHHs JBIXKEHHs 4YacTHI, JBHrABIIHXCA CHayaJa

1) Xara dopmyaa (54,2) cama 1o cefe He cnpaBeinHBa BOIM3H KAyCTHK, HO yKa-
3aHHOe H3MeHeHHe ¢asbl NOAA (POPMATLHO COOTBETCTBYET H3MEHEHHIO 3HaKa (T e
YMHOXeHHIO Ha €i®) Ry unu R, 8 31001 opMye.
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NPAMOJNIMHEHHO B TNycTOTe, 3aTeM NPOXOAAUIHX uepe3 KakKoe-HHOYIb
5/IeKTPOMATHUTHOE 110/1€ H CHOBA BBIXONALMX H3 3TOTO MOJS B MYCTOTY.
Has OMpe/eJIeHHOCTH Mbl 6yaeM, ONHAKO, HHXKE TOBOPHTbL O pacmpo-
CTPaHEHHUH Jyuell cBera.

Mpur Buzenu, uTo ypaBHeHHe HKOHaNA, OIpelessiollee pacipocTpa-
HeHHe Jiyuel, MOXKeT ObITb HAIHCAHO (/15 CBeTa C ONpejeJeHHOH ya-
ctotoll) B BHAe (53,11). Huxe mpl 6yaem 115 yro6erBa 0603Ha4aTh NO-
cpeacTsoM P HKOHAT Yy, JAeJEHHBH Ha MOCTOSIHHYIO BeJHUHHY ®/C.
Toraa ocnoBHOe ypaBHEHHE TeOMETPHUECKOH ONTHKH OyAeT HMeTh BHJ

(Vp)r=1. (55,1)

Kaxnoe petienue 3Toro ypapHeHHUs] ONHCHIBAET COGOI OnpeseseHHBIH
NYYOK Jlyyell, IpHYeM HampasJeHHUe Jyya, IPOXONSILIEro uepes JaHHYIO
TOUKY HPOCTPAHCTBA, ONpelesieTcsi IpajiHeHToM B 3ToH Touke. s
HalUX 1leell, OIHAKO, TAKOE OMHCAaHHEe HEeIOCTaTOYHO, MOCKOIbKY Mbl
uiieM OOLIHe COOTHOLIGHHUS, onpelensiollve NPOXOXKIeHHe yepe3 ol-
THYECKHE CHCTeMbI He KaKOro-au00 OJHOro ONpeieeHHOro mydka Jay-
uelf, a COOTHOINEHHSI, OTHOCAIIHecs K Jio0bM Jyuam. Ilostomy mbl
JOJKHBE MOJAb30BATECST 3HKOHAJIOM, B3SITHIM B TAKOM BHIE, B KOTOPOM
OH onucelBaJ Gbl BCe BOOOIE BO3MOMKHBIE JYUYH CBETA, T. €. Jy4H, Ipo-
XoJsAliye depes oGy apy Toyek B npocTpaHcTBe. B o6bluHOH cBoek
topme siikoHaT P (r) ecTh (a3a Jyya H3 HEKOTOPOTO MyuYKa, NMpOXoJs-
mero yepe3 Touky r. Teneps xe Mbl JOJIKHBI BBECTH 3HKOHAJ KaK QYHK-
o Y (r, r') KoopAHHAT ABYX ToueK (r, r' — pafHyC-BeKTOPHI Hauajb-
HOM M KoHeuHOfi Touek nayya). Uepes BCAKYWO NMapy TOYeK r, I’ MOXKHO
IIPOBECTH Jy4, U P (r, r’) ecTb pasHocTh (a3 (WM, Kak TOBOPAT, On-
muueckas 0Auna nymu) 3TOTC Jydya MeXAy TOUKaMH r U r’. Huxe Mbl
6yaeM Be3Jie MOAPA3yMEBATh TOJ I M ' PafUyC-BEKTOPBL TOUEK HA Jyue
COOTBETCTBEHHO [0 H [OCJA€ €ro NPOXOX/IEHHS Yepe3 ONTHYECKYIO
CHCTEMY. -

Ecau B ¢(r, r') oAuH M3 paauyc-BEeKTOPOB, CKaxKeM I’, CUHTAThb
3aJaHHLIM, TO Y KakK (yHKIOHS OT r OyleT OMUCHIBATb ONpeeaeHHBIR"
OYy4YOK JyyeH, a HMEeHHO IIy4YOK JyueH, NPOXOAsIIHAX 4epe3 TOUKY F’.
Toraa ¢y JomxHO yIOBAETBOPATh ypaBHeHHIO (55,1), B koTopoM Judde-
PeHLUPOBaHHE NPOH3BOIHUTCS MO KOMMOHEHTaM r. AHa/JOrMYHO, CYH-
Tas r 3ajaHHbIM, HAaXOJHUM ellle ONHO ypaBHeHHe Jjif ¢ (r, r'), TAK 4TO

(Vor=1, (V=L (85,2)

Hanpapaenune jyua onpenensiercs rpafuestoM ero ¢asel. [Tockoss-
Ky ¥ (r, r') ecTb pasHocThb a3 B TOYKaxX I’ W I, TO HampasJ/ieHHe JIyya B
TOUKE I’ ONpefieNseTcsl BEKTOPOM N'=0y/dr’, a B TOUKE I — BEKTOPOM
n=—0y/dr. 13 (55,2) BHAHO, YTO BEKTOPHl N H N’ eXHHHUYHLIE:

n?=n'2=1], (55,3)

Yersipe BeKkTOpa T, I, N, N’ CBS3aHBI MEXY CO00H HEKOTOPHIM COOT-
HOLIEHHEM, NOCKOJMBKY ABa H3 HHX (n, n') ABJAOTCA NPOHU3BOAHBIMH
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1o ABYM ApyruM (r,r’) or Hekoropoil dyukuuH P. Hro KacaeTcs caMoil
GYHKUUH P, TO OHA YROBJETBOPSIET NONOMHUTENILHBIM YCIOBHAM —
ypaBHeHHaM (55,2).

J/1 HaXoXKIEeHHS COOTHOLIEHHSI MeXAY N, n', r, r’ yJ10o6HO BBECTH
BMECTO 1) APYTYIO BEJHYHHY, HA KOTOPYIO Obl He Ha/1arajioch HHKAKHX
JIONOJIHHTEJbHBIX YCJAOBHE (T. €. KoTopas He JoJ/KHa Oblia 6nl yAOB-
JIETBOPATL KaKUM-1HOO AudhepeHIIHATbHEIM YPAaBHEHUSAM). DTO MOXKHO
cllesaThb CjaelyiomuM obpasoM. B ¢yHKUHH { He3aBUCHMBIMH NlepeMeH-
HBIMM SIBJSIIOTCA I M T/, TaK 4TO s Aupdepennnana dp umeen:

dmp—— dr—]—alpdr— ndr—+n'dr'.

IlpousseneM Teneph npeoGpasoBanue Jlexanapa K He3aBHCHMBIM IIe-
pEMEHHBIM N M N’ BMECTO ¥ H I, T. €. HANHILEM:

dp=—d (nr)~r dn--d (n'r’)—r’ dn’,

OTKyJa, BBOAS (YyHKIHIO ; ‘

' =01 — nr—p, (55,4)
HMeeM:

dy=—r dn--r' dn’, (565,5)

DYHKUMIO % Ha3BIBAIOT y2A06biM IUKOHQAAOM; Kak BUAHO M3 (D5,D),
HE3aBUCHMBIMH IIepeMEHHEIMH B HeM sBsifores n u n’. Ha y ne Hana-
raercsi yxe HHKAKHX JOTNOJHHTEJNbHBIX VCIOBHiH. - JlefiCTBHTENBHO,
ypasuenus (55,3) mpencrapisiior coGoOi Temepb JHIIL YCIOBHS, OTHO-
cAlHecs] K HE3aBHCHMBIM li€PEeMEHHBIM, NOKasLIBAIOIIHE, UTO H3 TPeX
KOMIIOHEHT 71y, fly, 1, BEKTOPA N (M aHAJIOTHYHO AT N') TOJABKO JBE ABJS-
I0TCS HE3aBHCHMLIMH. Mbr OyleM HUXKe B KayecTBe HE3aBHCHMEIX Nepe-
MEHHBIX TOJb30BATHCA KOMNOHEHTAMH M, Mz, My, M;, H TOTAA

=V 1—=ni—n2 n,=V1 —ng—ng.
[MoxcTaBasisi 3TH BEIpaKEHHS B
 dy=—xdn,—ydn,—zdn,+x dny-+y dn,+ 2" dn,
HaxonuM a5 nuddepeHnnana dy:

dy= ——(y——%x) dn,,—(z——';—ix) dn, -+

+(y'~’—l£,x’ dny -+ 2z dn,.
NI

ny

OTC}OlIa HaxolluM OKOHYATECJBHO CJACAYIOUIHNE YPABHEHHS:

ny oy, n, dy,
Y=o, *= ", T T am, .
, m, ., 00X , .n, ., 0y (55,6)
Y =w ¥ Ty T Ty
x X z
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omnpene/sionIe HCKoMoe oblliee COOTHOLIeHHe Mexay n, n', r, 1. DyHK-
LHA 7 XapakTepH3yeT KOHKPETHbIe CBOMCTBA Te1, Yepe3 KOTOpHe MNpo-
XOASAT Jyud (MU CBOHCTBA MOJA — B CJyvyae JBHXKEHHS 3apsKeHHBIX
YACTHL). :

Ilpn 3a7aHHBIX 3HAUEHHAX N, N’ Ka)kAas u3 [ABYX Nap yPaBHEHHIl
(55,6) n3zobpaxaer coGoil NPAMYIO JIHHHIO. DTH NpsMble SIBASIOTCS He
uyeM HHBIM, KaK Jy4aMH JO M MOC/Ie ITPOXOXKJAEHHS 4epe3 ONTHUYECKYIO
cucremy. TakuMm obpasoM, ypaBHenHA (55,6) HemocpeACTBEHHO onpeje-
JISIT X074 JAydell no ofe CTOPOHE! ONTHUECKOH CHCTEMH.

§ 56. Tonxue myukH Jayueii

Ilpn paccMOTpeHHH HPOXOKAEHHUS TIYUKOB Jyueil yepe3 ONTHUEC-
KHE CHCTEMBI OCOOBIHl MHTepec MPEACTABJASIOT MYYKH, BCe JAYYH KOTO-
pBIX MepeceKkaloTcsi B OAHOH ToYKe (TAK Has3blBaeMble 2OMOUEHINPpUUECKUE
NYYKH).

FomonenTpuueckyii my4yox Ayueii mocie NPOXOXKJAEHUsE Hepe3 OINTH-
yecKyio CHCTeMy, BOOOLIe FOBOpPS, NepecTaeT 6biTh I'OMOLEHTPHYECKHM,
T. €. IOCJAEe NPOXOXKAEHUS uepe3 Tejfa Jyud He COOHPAIOTCS BHOBb B
KaKoH-HUOYAb 0AHOMH Touke. ToNbKO B OCOOBIX CAyYasx JyuH, HCXOAS-
HUe M3 CBeTsAleHcs TOYKH, MOC/Ae TMPOXOKAEHHUS Yepe3 ONTHUECKYIO
CHCTEMY BHOBb TIepecekaioTcs Bce B OAHON TOUKe — H300parkeHHH CBe-
TseACs TOUKH ).

MoxHo noxaszate (cM. § 57), uTO eaMHCTBeHHBIH C/ayyal, Korxa Bce
TOMOIEHTPHUECKHE ITYYKH OCTAIOTCS I0C/7Ie NPOXOXKAEHHS depe3 on-
THYECKYIO CHCTEMY CTPOrG T['OMOIEHTDPHUECKHMH, €CTh TOXKAECTBEHHOe
oto0paxKenue, T. €. Ciayuyall, Koraa m3o0paKeHue OT/INYaeTCst OT MpeA-
MeTa TOJbLKO ero NepeHoCOM, TIOBOPOTOM HJIH 3€PKaJIbHBIM OTPaXKeHHeM
KaK IeJI0Tro.

Takum o6pasoM, HUKaKasl ONTHUYECKAs! CUCTEMA HE MOXKeT JaTh BIOJ-
He pe3koe H3obpamxeHue npeaMera (06/afaiollero KOHEYHLIMHM pasme-
paMH), 3a HCKIOYeHHEM TOJbKO TPHBHAJBHOIO C1yuas TOXKIECTBEHHOIO
nsobpaxeHns 2). Bo3MoKHO sumib npHOIHXKEHHOE, He BIIOJIHE pe3Koe
OCYILIECTB/IEHHE HETOXAECTBeHHOTO H300paKeHnsl IPOTAXKEeHHBIX Ipex-
METOB. ‘ _

Haubonee BaxkuolM ciayuaeM NpuOJIMKEHHOTO Iepexoja TOMOLEH-
TPHUECKHX NYTKOB B 'OMOLEHTPHUECKHE Ke SIBJISAIOTCS JOCTATOUHO TOH-
KHe NYyYKH (T. €. NYYKH C MasJblM yIJOM pacrBopa), HAyIHe BOJIH3H
onpeJeneHHod (1451 NaHHOH ONTHUECKOH CHCTEMBI) JHHUH. DTa JHHUA
HA3BIBAETCS ONMUUECKOl OCbI0 CHCTEMBI.

Heo6xoauMo npu 5TOM OTMETHUTh, UTO Jaxke GeCKOHEUHO Y3KHe Iyd-
KM Jyuedl (B TpPeXMEPHOM MPOCTPaHCTBe) B 0OIieM Ciyuae He SBIAAIOTCH

1) Tougra mepeceueHHS MONKET JeXKaTh JHG0 HA CAMHX JYy4ax, JuG0o HA JUHHH
HX NPOJOJIKEHHS; B 3aBUCHMOCTH OT 3TOr0 H306paxKeHHs Ha3bIBAIOTCH COOTBETCTBEHHO
ﬂ,ei:lCTBHTeJIbeIMI/X HJIHW MHHMbBIMH.

?) Taxoe orofpaxeHHe MOXKeT GbITb OCYUIECTBJICHO C IIOMOUILIO IJIOCKHX 3ePKaJI.
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FOMOLIEHTPHUECKHMH; Mbl BHAEAH (DHC. 7), YTO H B TaKOM IyYKe pas-
JHUHBIE JIYUH TIePECeKaroTCA B PA3/JHYHBIX TOYKaX (3TO fBJECHHE HA3HI-
paercsi acmuemamusmon). VicKIoueHne NpeiCTaB/IsioT Teé TOUKH BOJIHO-
BOHl MTOBEPXHOCTH, B KOTOPBIX 00a ee IVIaBHBEIX pajuyca KPHUBH3HEI paB-
Hbl JAPYT APYTY,— BOJNH3H TaKOH TOUKH MaJbll y4acTOK NOBEPXHOCTH
MOXKHO PacCcMaTPHBaTh KakK chepHUeCKHH, U COOTBETCTBYIOUWIHH TOHKHE
Ny4YOK JIyyeH SB/IAECTCA TOMOLEHTPHUYECKHM.

Bynem paccMaTpuBaTh ONTHUECKHE CHCTEMbI, 001aJat0lIHe aKCHAb-
poii cummerpyel ). Ochb CUMMETPHH TAKOH CHCTEMBI SIB/JSIETCS B TO XK€
BpeMsl ee ONTHYeCKOH ocbio. [leHiCTBHTesbHO, BOJHOBAs ITOBEPXHOCTh
Ayuxa Jyueil, UoyIero BAOJb 3TOH OCH, TOXKE MMEeT aKCHa/JIbHYIO CHM-
METDHIO; TIOBEPXHOCTH K€ BPalleHHs HMEIT B TOUKAX CBOErO mepece-
YeHHs C OChI0 CHMMETPHH JIBa .PaBHBIX JPYT APYTY pajguyca KPHBU3HBL
TMosroMy TOHKMH NYYOK, MAVUIHA B 9TOM HalpaBJeHHUH, OCTAETCsI TOMO-
HEHTPHYECKHM.

Jaa HaxoxaeHHst OOUIUX KOJHYECTBEHHBIX COOTHOLIEHHH, olpefe-
JISIONUX OTOOPAXKEHHSE C IIOMOLIBIO TOHKHX NYUYKOB, IPOXOAAIINX uepes
aKCHAJbHO-CUMMETDHYHbIE ONTHYECKHE CHCTEMBI, BOCHOJb3yeMCs YpaB-
HeHHaAMH (D55,6), ompefesMB npeaBapUTeNLHO BHJ (YHKUHMH Y B pac-
CMATPHBaEMOM cJydae.

INocKoAbKY MyuyXH Jyded TOHKHE M HAYT BOJM3U ONTHUECKOH OCH,
TO BEKTOPLI N U 1’ JiJis KaXKJOro nyuka HampasjieHkl IOYTH BJOIb 3TOH
ocH. Ecsiu BRIOpaTh ONTHYECKYIO OCh B KaueCTBE OCH X, TO KOMIIOHEHTh
n,, N N, n, GyIyT Majbl Mo CpaBHEHHIO ¢ eAnHHMued. Uro kacaercs
KOMIIOHEHT 1, My, TO Ny~ 1, a ny MOXKeT ObITh MPUONHKEHHO PABHBIM - |
niu —1. B nepsom ciyuae yud npojoJzKaloT UATH MOYTH B NpeXKHEM
Hanpas/IeHHH, Ionajas B NPOCTPAHCTBO 11O APYIYIO CTOPOHY OITHYE-
CKOH CHCTEMBI, KOTOPYIO B 3TOM CJyuyae HasblBalOT Aux30ti. Bo BTOpOM
clyyae Jiyud M3MEHSIOT HalpaB/eHHEe Ha IOUTH [POTUBONOJQXKHOE;
TaKas ONTHYECKasi CHCTEMA HAa3BIBAETCSl 3EPKAAOM.

Bocrnonb3oBaBmnCh MaNoCTbIO My, Mg, My, N, PA3NOKHUM YIJIOBOI
sifikoHan y(n,, nz, Ay, N;) B PSR U OTPAHMYHUMCS TEPBHIMH YIEHAMH.
B cuay axkcHa/lbHOH CHMMETPHH BCeH CHCTEMBI, ¥, AOJIKHO OBITH HUHBA-
PHAHTHO IO OTHOWIEHHIO K II0BOPOTaM CHCTEMBI KOODAMHAT BOKPYT OIN-
THYecKoH ocH. OTCI0Aa BUAHO, YTO YJIEHOB IEPBOIO NOPSJAKA, IPOIOp-
IHOHAJBHLIX TIEDBLIM CTENeHsSM y- M Z- KOMIIOHEHT BEKTOPOB n H n’,
B PasJIOKEHHH 7 HE MOXKeET OblTh,— 3TH UJeHBI He obazany 6bl TpebGye-
MOH MHBapHaHTHOCTbIO. M3 uieHOB BTOpOro nopsjka tpebyeMslM CBOK-
cTBOM 00/1a%al0T KBajpaTel n%, n’? H CcKajdspHOEe Npou3BeleHHe nn’'.
Takum 06pasoM, ¢ TOYHOCTHIO A0 UJIEHOB BTOPOTO MOPALKA YIVIOBOH
3HKOHAJ JJIl AKCHAJbHO-CHMMETDHYHOH OITHYECKOH CHCTEMbl HMeEeT

1) MoxHO NOKa3aTh, YTO 3ajaya 06 OTOGPa)KeHHH C MOMOMBIO TOHKHX NYUYKOB,
HAYIHX BOIM3M ONTHYECKOH OCH B He AKCHAJbHO-CHMMETPHUYHOH OIITHYECKOH CHCTe-
Me, MOXeT ObiTb CBelleHa K OTOGpaXeHHI0 aKCHaJabHO-CHMMETPHYHONR CHCTeMOH BMec-
Te ¢ nocJAeayIOIHM TOBOPOTOM NOJNYYaIOeroCs IPH 5TOM H3006pakeHHs Kax Neaoro
OTHOCHTeJILHO M306paKaeMOro npeaMeTa.
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BUA
x = const + £.  (ng+-n3) -+ (nyny +n, ﬂz)+ (ﬂy2+ﬂ?) (56,1)

rre f, g, h — TOCTOSIHHBIE.

Mmbl 6yzreM paccmMaTpHBaTh ceduac /s onpejeseHHOCTH cayyali THH-
3bl, B CBSI3H C UeM MOJIOKHM n,~1; A1a 3epka/, Kak OylIeT HHXKe yKa-
3aHOo, Bce (OPMYJBLI HMEIOT aHAJOTMYHHE BuA. IloAcTaBassa Temepb
Bhipaxkenue (56,1) B obmue ypasHenus (55,6), Haxonum:

ny(x—g—fny=y, fn,4n,(x'+n)=y,
n(x—g)—fm=z2 [n,+n(+h)=2z. (56,2)

PaccMOTpUM IOMOLEHTPHYECKUH NMYYOK, HCXOASIHI U3 TOUKH X, ¥, 2
TOYKa X', y', 2’ NMycTb OyJAeT TOH, B KOTOPOH MepecekaroTcst BCe Jyuu
nyuka nmocje NPOoXoxkJAeHHs uyepe3d JaHH3Y. Ecam Obl mepBast u Bropas
napsl ypaBHeHuH (56,2) 6bL1M HE3aBHCHMBI, TO 3TH YETHIpE ypaBHEHHS
npH 32JaHHBIX X, ¥, 2, x', y’ 2’ onpenenuau Obl OXHY OINpe/eeHHY0
CHCTEMY 3HaueHuft n,, f,, f,, N, T. €. BCEIO TOJIbKO OIUH M3 nyqeﬁ
BBIXOJSIIUX U3 TOuKH x, Y, z npomen 66l yepes TOUKy x', y', 2'. Has
TOTO 4TOOH! BCE TYUH, BRIXOASINHE U3 X, Y, Z, NPOILIH uepes % , Y, 2, He-
06X0AHMO, caeloBaTeNbHO, YyTOOb ypaBHeHHs (H6,2) He ObLIM He3aBH-
CHMBI, T. €. 4ToOBI Of(Ha [1apa 3THX ypaBHeHHH Oblia CJelCTBHEM APYToil.
Heo6xoaumbiM J/151 TaKOH 3aBUCHMOCTH YCJOBHEM SIBJIsIETCS, OYEBHJHO,
NPONOPUHOHAIBHOCTS KO3(Q(MHUHEHTOB OJHOH Haphl ypaBHEHHH KO3¢-
¢uunenTaM Apyroi napbl. Takum o6pasoM, JOMKHO GbITh :

x—g __ I _y_z.
e TR Ty T (56,3)
B YaCTHOCTH,
(x—g) (x" 4+ h)y=—f2 (96,4)

TlosnyueHHBIC YpaBHEHHS ONPEAENSIOT HCKOMYIO 3aBHCHMOCTL KOOp-
JIHHAT TOUKH H300pa’KeHUsl OT KOOpPAHHAT NpelIMeTa IIPH OTOOpaXKeHHH
C IOMOIIbIO TOHKHX IYUYKOB. '

Toukn x=g, x’=-—h Ha ONTHYECKOH OCH Ha3bIBAIOTCH 2AQBHOLIMU
ghokycamy ONTHYECKOH CUCTeMbl. PaccMoTpuM nyukH Ayvell, napasiesns-
HBIX ONTHYeCKOH ocH. TouKa ucnmyckaHHs Takoro Jiyya HaXOJHTCs, oue-
BHAHO, B GeCKOHEUHOCTM Ha OINTHUECKOH ocH, T. €. x=oo. M3 (56,3)
BHIHO, YTO B 3TOM cayyae x’' —=-—h. Takum o6pasom, napanyienbHbi ny-
4OK JIyyell nocse NPOXOXKAEHHS uepe3 ONTHUECKYIO CHCTEMY mepeceKae-
eTcs B I1aBHOM (okyce. HaoGopot; myuok ayueit, HCXOASUIHI U3 IVIaBHO-
ro ¢okyca, CTaHOBHTCA TIOCTE npoxoxme}mﬂ yepe3 cHCTeMy mapaJj-
JIeJIbHBIM.

B ypasHenusx (56,3) KOOp,ZIHHaTbI X B X’ OTCUHTHIBAIOTCS OT ORHOIO
H TOTO e Hauajla KOOPJHMHAT, JIeXKalllero Ha ONTHYeCKOH ocH. Y 1o0Hee,
OIHAKO, OTCUHTHIBATH KOOPAHHATHI NPeJMeTa H H306pakeHHs: OT Pa3HbIX
H44aJ KOODJAHHAT,” BBIOpaB HX COOTBETCTBEHHO B IJIABHHIX (OoKycax.
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B KauecTBe NOJOXKUTEJNLHOTC HANpaBJeHHsl OTCUeTa KOOPAMHAT Bhibe-
-peM HamnpasJ/IeHHs OT COOTBETCTBYIOIETO (POKYCa B CTOPOHY, HANpPaBJIEeH-
Hyl0 1o Xony Jyua. O6o3Ha4ass HOBbIE KOODJAMHATHI IIpeiMeTa H H30-
6paxkenyns OONbLIIMMH OYKBaMH, HMEEM:

X=x—g, X'=x'+h, Y=y, Y=y, Z=2, 2'=2

VpaBHenus oroGpaxenus (56,3) u (56,4) npHHHMAIOT B HOBLIX 0603Ha-
YeHUAX BHJ :

= — fz’ . (5695)

VAR i x
Y= TS T (56,6)
BequunHy [ Has3LIBAIOT 2A06HbIM (OKYCHbIM PACCMOAHIEM CHCTEMBI.
Ornowenne Y'/Y uaswiBaerca 6oxoseim yseauverues. Hto Kacaercs
HPOLONLHOTO YBEJHYEHHsI, TO, OCKO/JAbKY KOODJIHHATHL HE NPOCTO NpPO-
NOPUHOHANBHEL APYT APYTY, €ro cjAelyeT NHCaTh B AudipepeHLHaJbHOM
BUJE, CPABHHBAS 3JIEMEHT JJIHHHL IpefiMeTa (B HaNpap/jieHHUH OCH) ¢ 3Je-
MEHTOM JJTHHBI u3obpaxenus. M3 (56,5) nuem s npodossHozo yee-

AUHCHUA.
dX’ e Y’'\2
) X :%2(7) . (56,7)

Mu BHIUM OTCIONA, YTO Ja)Ke sl GECKOHEYHO MAJIBIX NpEIMETOB
HEJbL3s TOJNYYHTh TeOMETPHUeCKH nofobHoro usobpaxenus. Ilponosb-
HOe yBeJIHUeHHe HHKOTJa He PaBHO NONEePeYHOMY (38 HCKJIOUEHHEeM TPH-
BHAJILHOTO CJlyu4asi TOXJECTBEHHOTO OTOOpaKeHHs).

ITyuok, Buienm#d U3 TouKH X =f Ha ONTHYECKOH OCH, NepeceKkaeTcs
BHOBb B Touke X’'=~—f Ha TO# Ke OCH; 5TH [BE TOUKHM HA3LIBAIOTCS
2aasHoimy. VI3 ypaBHeHHM (56 2) (n,X— fny Y, n.X—fn,=Z7) sunso,
uTOo B 3TOM Cayuae (X=f, Y=2Z= O) MMEIOT MECTO PaBeHCTBA 11,==

=n,, n,=n, TakuMm o6pasoM, BCAKHH Jiy4, BHIXOJAIIHH M3 I1aBHOH
TOUKH, Ne€peceKaeT BHOBb ONTHUECKYIO OChb B JPYroil IVIaBHOH TOYKe B
Hampap/eHHH, NapajielbHOM NepBOHAYaJbHOMY.

Ecap koopiuHaThl MpeiMeTa W ero H3oOpaxKeHHs OTCUHTHIBATH OT
IJIaBHEIX TOUeK (2 He OT TJIaBHBIX q)oxyCOB) TO JAJIsl 3TUX KOOPAHHAT

& u & umeem:

F=X'+f, E=X—
Tloacraeass sro B (56,5), Jerko nosyuaeM ypaBHeHHEe OTOGpaXKEeHHS
B BHJAe '

1 1 1
ToF——F (56,8)
MoKHO TIOKa3aTth, YTO y ONTHYECKHX CHCTEM C MAJOH TOJIIIHHON

(nanpumep, y 3epkana, yskoi JHH3b) OGe TJIaBHbE TOYKH HOYTH CO-
BnajawoT. B stoM ciyuae B ocobesiHocTH y106HO ypasHeHHe (56,8), tak
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KaK B HeM & U &’ OTCUHTHIBAIOTCS TOTHA NPaKTHYECKH OT olmon " TOM
K€ TOUKH.

Ecan ¢okycHoe paccmmme TIOJIOXKHUTENbHO, TO NPEIMEThI, HaXOAsi-
muecs crnepeiu (no xoxy Jnyda) ot ¢okyca (X >0), oroGpaxkarorcs
npsiMo (Y’'/Y >0); Takue onTHUECKHE CHCTEMBI HA3LIBAIOTCS cobUpamens-
nomu. Ecnn xe f<<0, to npu X >0 umeem Y'/Y <0, T. e. npeamer
otobpaxaercst 0GpaTHBIM 06pa3oM; TaKue CHCTEMbl Ha3bIBAIOTCA pacceu-
samuUMmLL.

CylIecTByeT ONUH TIPEJENbHBIH cjydali oTOGpaxeHHs:, KOTOPbIH e
colepxurcs B gopmynax (56,8),— 3to cayuaii, Koraa Bce TPH Ko3(hdH-
uuenta f, g, h Jenaiorcsi GeCKOHEUHBIMH (T. €. OMNTHYECKAas CHCTeMd
HmeeT GeckoHeyHoe (JOKYCHOE PacCTOSTHHe H ee IJaBHBbIe (DOKYCH HaXo-
aArcst B GeckoHeyHoctH). Ilepexonst B ypapHenuu (56,4) kK mpeneny
GeckoHeuHwnlX f, g, h, Haxoaum:

+f2—'gh

[TockonbKy NpeicTaBIsieT HHTEpeC TOMLKO TOT cayuai, Koria rnpeaMer
H ero u300pa)keHHe HAXOAATCHA HA KOHEUHBIX PACCTOSHHSIX OT ONTHUe-
CKOHl CHCTeMBI, TO [, g, I HOJIKHBI CTPEMHTHCSI K GECKOHEUYHOCTH TaK,
uToGel oTHOmEeHUS h/g, (f°—gh)/g 6blin Koneuunimu. O6GO3HAUAs! UX CO-
OTBETCTBEHHO TIOCpeACTBOM a2 u P, Hmeem: x’ =a’x+f.
g ABYX ApYruX KOOPJAHHAT MBI HMeeM Tenepb U3 ypaBHeHHs (56,7):
I ’

L=i-4a.
Y 4

Haxonen, oTcuuThiBasi CHOBa KOOPAHHATHL X M X' OT PasHbIX Hayasa Koop-
JMHAT, COOTBETCTBEHHO OT MPOH3BOJILHOH TOUKH HA OTPA2KaeMOH OCH H OT
H306paxKeHUs 3TOH TOYKH, IOJydyaeM OKOHUYATeIbHO YpaBHEHHs OTo-
OpaxKeHUs B IIPOCTOM BHIE:

X=X, YV'=%a¥, Z'=+aZ. (56,9)

TaxkuMm o6pasoM, NPONOJNBHBIE H IONEPEYHBle YBEJHYCHHS TIOCTOSIHHBI
(o He paBHH Apyr Apyry). PaccMorpennnrii cayuait oto6paxenus Ha-
3LIBACTCH MEAECKONUUECKUM.

Bce BoiBenenHEle HaMu 51 inH3 dopmyasl (56,5—9) B paBHO#l Mepe
[IPYMEHHMBl H K 3epKaJjaM, M Jlaxe K ONTHUECKHM CHCTeMaM 0e3 akcH-
aJbHOH CHMMETPHHM, €C/IH TOJBKO OTOGpaKeHHe OCYILECTBJSETCS TOH-
KUMH ITyuyKaMd Jyuyed, HMAymyuMH BOJHU3H ONTHYecKOH ocH. Ilpu stom
BCerjia OTCYeT X-KOOpAHHAT IpeAMeTa M U300parKeHHs JOJIKEH MPOH3-
BOAMTBLCS BJOJIb OINTHYECKON- OCH OT COOTBETCTBYIOIIHUX TOUEK (IVIABHLIX
(hoKyCOB WJIH TVIaBHBIX TOYEK) II0 HAlPABJIEHHIO PacipOCTPaHeHUs Jyya.
Hazno umers B BHLY IPH 3TOM, YTO Y ONTHYECKHX CHCTEM, He o0/alano-
IHX aKCHaJbHOH CHMMETDHell, HalpaBjeHUs] ONTHYECKOIH OCH BHepenH
H 103314 CHCTeMbl He JiexkaT Ha OJHOH npsaMoOH.
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3amaun

1. Onpemenuth ¢oKycHOe paccTosiHHe IV OTOGpa)keHHss € NOMOINBIO IBYX
aKCHa/IbHO-CHMMeTPUYHEX ONTHYECKHX CHCTEM C  COBNAJAIOUHMH  ONTHUYECKHMH
OCHAMH.

Pemenue. Ilycrs f, u fy,—dokycHnle paccrosnus obeudx cucrem. [las
Kax/OH CHCTeMbl B OTAe/JbHOCTH HMeeM: .

X X1 =—f, XoXa =—f3.
ITockosibky u306pakeHusi, JaBaeMble NEPBOil  CHCTEMOl, SBJIAIOTCS HPEIMETOM
LJIsl BTOpO#, To, 0603Hauast RNOCPeAcTBOM [ paccTosHHe MEXAY 3aJHAM TJIaBHBIM
tokycoM mepBoit cHCTeMbl H nepefiHUM QOKycoM BTOpOfl, HMeeM X,=X; —{;
Bbipakas X; uepes X;, HaXOLuM:
c__Xfs

2~ ’

fi+1X,

() 5 =)=~(15)

OTKYA BHHO, uTO TJaBHble (OKYCH COCTABHOH CHCTeMbl HAXOAATCA B TOYKAX
X =—fi/l, X; =f3/l, a GoKycHOe PacCTOSHHE DaBHO

f__fle

(ana BoiGopa 3HAKA B 9TOM BLIPAXKEHHH HAJ0 HANHCaTb COOTBETCTBYIOmMEEe ypas-
HeHHe JUIS MONepPeYHOro yBeJuYeHHs).

B cuayuae, ecan. =0, dokycHoe pacCTosiHHe f= o, T. e. COCTABHAsl CHCTeMa
HaeT TeJeCKONHMUYecKoe oToGpaxenne. B sTom cayuae umeeM: Xg = X (fo/f1)?,
T. e. mapaMeTp & B ofuel ¢opmyde (56,9) paBen a=Ff,/f;.

2. Onpenenuts QOKYyCHoe pPacCTOSiHHE «MAarHHTHOH JIHH3bD JJAd 3apAKeHHBbIX
YaCcTHL, TIpeACTaBJisAlomeidl CO60H MPOJOJbHOE  OJHODOAZHOE MAarHHTHOE foJie
B yuacTKe AauHbl I (pHc. 8)1).

Pemenne. Ilpy JIBHKEHHH B MAarHuTHOM TiOJle KHHETHYeCKas 3HEPTHS
YACTHIUBI COXpaHseTcst; nostomy ypasHeHue [aMuiabTona— flko6H aas  yKopo-
yennoro AeiictBusi S, (r) (ModHoe AeHcTaHe

HJIH

S=—&t+S,) ects 3 ,
2
(VSO——%A> —p, : LA IR S z
rae - é,)-g, Z=0 z={
pzzﬁ—mzﬁzcmst. Puc. 8.

Bocrnosibzosasnch dopmyaoit (19,4) Ana BeKTOPHOrO MOTEHIMANA OLHOPORHOTO
MATHATHOrO NoJif, BHIGHPAsi OCb X BJHOJb HANpPaBJCHUS MOCJENHEr0 M PacCMATpH-
Basi ee KaK ONTHYECKYI0 OCb AaKCHaJbHO-CHMMETPHYHOH ONTHYECKOH CHCTEMEL,
noJjyunM. ypabhenue IamuisTona—5xo6u B Buje

rfie r— paccrosinge oT OcH X, a Sp— YHKIHA OT X H r.

1) Peup MOMET HMATH © NoJie B JJIHHHOM COJICHOMAE NPH NpeHeGPeMEHHH
HCKaXKeHHeM OXHOPOJHOCTH MoJs BOJH3H KOHILOB COJIEHOHJA.
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~ Jns TOMKMX TIYYKOB 4acTHI, pacHpOCTPaHAIOUIHXCA BOJAM3H ONTHUECKOH
OCH, KOODIHHATAa r Maja, COOTBETCTBEHHO 4eMy HhuleM S, B BHAE pdla Do CTe-
neusim r. [lepewe jBa ujena storo psja:

So=prta 0@t )
TIe O (x) yAOBJeTBOPAET yPaBHEHHIO
po’ (x)-+o? +—— H?2=0, 3
B of6aactu I nepex smuH30# HMeeM:
gll) = - p ,
X—x

.
rie x; < 0—mocToannas. 9ro peuIeHHe COOTBETCTBYET CBOGOJHOMY NYyUKy uac-
THI, pa3/eTalomuXca MO NPSAMBIM Jyd4aM H3 TOUKH X=X, Ha ONTHYECKOH OCH
B o6JaacTH I. [IefiCTBHTENILHO, CBOGOZHOMY JBHKEHHIO YACTHLIH C HMIYJbCOM p
B HaNpaBJIeHHH OT TOYKH X==X; COOTBeTCTByeT jelcTBle
2
-3 pr
So=p Vr+t—x)® ~ p(x—x;) +5o— -
2(x—x)

AHaJIOTHUHO, B 06JaCTH 2 NO3ajH JIMH3H IIHIIEM:

p
X— X,

o) =

TAe MNOCTOAHHAsE X, NPENCTABJsET Co6OH KOOPAMHATY HU300parKeHHs TOUKH X,
B o6aactu xe § BHYTpH JMH3H peilleHHe ypapHenus (3):

0(3)2% Ct <27l-)—x-{—C> ,

rae C—InponsBosbHasA NOCTOSHHAS.
IMoctosnnbie C w X, (OpH 3aAaHHOM X;) OMpeJe/AIOTCH YCJOBHIMH Heipe-
PHIBHOCTHA G (x) npH x=0 u x=10
p eH p eH
— L =——ctgC, L= 7,
X g0 8 l—x, 2c 2cp +¢
‘Hckmoyas M3 sTux paBeHCTB nocTosHAvio C, moJyynM:

(1—8) (%2 +h) = —f%,

rael)
20p Hl 2cp
ctge—, h=g—1, f=—""—,
Zp eH sin _eHl

2cp

§ 57. OroGpamenne WHPOKHMH NYyYKaMH Jyded

PaccmoTpeHHOe B IpelbiAyllieM naparpage otoOpaxkeHHe NPeIMeToB
C TIOMOHIBbI0 TOHKUX NYYKOB Jy4yell fBjsieTcd NpUOIMKEeHHEIM; OHO TeM
TouHee (T. €. pe3aue), yeM Yke 3TH Iyuxu. [lepeiineM Tenepb K Bompocy
o6 oroOpakeHUH MPeJMEeTOB NyYKaMH JyueH IPOH3BOJIbHOH IMMPHHEIL

1) 3HaueHHe [ AaHO C NPABHJBHEIM 3HAKOM, ONpefe/ieHHE KOTOPOro, OZHAKO,
TpeGyeT AONOJNHHTENBHOrO HCCHef03aHNs.



- § 87] OTOBPAXEHHE HIMPOKHMH MNYYKAMH Ny4EH 187

B npoTHROMNONOXKHOCTE OTOGPaKEHHIO NPEAMETOB TOHKHMH IyYKaMH,
KOTOPOE MOXKHO OCYUIECTBHTH C JI06OH ONTHUYECKOH CHCTeMOH, o6/1axaro-
med akCHaNTbHOH CHMMeTpHeH, oTOOpaKeHHe IUMPOKUMH NYYKAMH BO3-
MOKHO TOJIBKO C NOMOHIBIO ONpe/le/JeHHBIM 00pa3oM MIOCTPOEHHBIX ONTH-
yecKHX cucteM. Jlaxke ¢ 3THM OrpaHHUYEHHEM BO3MOXKHO, KaK YViKe
yKasblBasoch B § 56, oTobpaxeHHe JajseKo He BCeX TOUeK NPOCTPaHCTBA.

JlanbHelne BEIBOIbI OCHOBAHEL HA CJIEAYIOUEM CYLIECTBEHHOM 3aMe-
yauyud. [1ycrh BCe Jyun, BHXOAALLHE H3 HeKOTOpo# ToukH O H Hpoxo-
JALHe Yepe3 ONTHUECKYIO CHCTEMY, BHOBb HMEPECEeKAIOTCs B HEKOTOPOH
apvroit Touke Q. Jlerko BUAeTh, UTO ONTHYeCKAas AJHHA NYTH P ONH-
HaKoBa JJd BCceX 3TUX JydeH. JleficTBHTeNIbHO, BOJIU3H KaxXA0H H3 TO-
yex O, O’ BOJTHOBBLIE MOBEPXHOCTH /s NMEPeceKammuXcs B HUX Jyued
SIBJSIOTCS cepaMu ¢ LEeHTpamMH cooTBeTcTBeHHO B O n 0’ W B mpejese,
npH npubauxkenunt k O u 0', BEIPOKAAIOTCA B 3TH TOUKH. Ho BoJIHOBLIE

- MOBEPXHOCTH SIBJSIOTCSI NOBEPXHOCTSIMH NOCTOSIHHOH (hashl, U MOITOMY
H3MeHeHHs (ha3bl BAOJIb PA3HBIX JIyueHd MEXJy TOUKaMH HX NepeceueHHst
JBYX OIlpelesIeHHBIX BOJHOBBIX NMOBepXHOCTeHl ofMHAKOBHL. M3 ckasan-
HOFO CJICAYET, UTO OJHHAKOBBI (LI Pa3HBIX Jy4el) U MOJHbE H3MEHEHHS
¢asel mexay toukamu O u O'.

BrisicHuM yc10BHSA, HeOGXOLHUMBIE JIsT OCYUIECTBJICHHS OTOGPAKEH U
IIAPOKHMH IyYKaMH MaJIoro OTpe3ka NpsAMOH; H3o0pakeHHe NMpencTaB-
Jsier cOGOH MPH 3TOM TOXKe MaJjblil OTpe3oK nmpsaMoii. BeiGepem Hanpas-
JIEHUsT 3THX OTPe3KOB 3a HalpamJeHHus1 oceil (HazoBeM UX § u E’) ¢ Ha-
yagamMd O u O’ B KaKHX-THOO COOTBETCTBYIOHIHX APYT IPYry TodKax
npegMera u usobpaxenus. [TycTs ¢ ecTb onTuHuecKasl JAHHA NYTH AJS
Jayueit, Beixoasmux 3 O u npuxoisiux B 0. L nyuel, BHIXOAALIUX
H3 GecKoHeuHO GaH3KOH K O TOYKH ¢ KOOpAMHATOH d§ M CXOAANIUXCHA
B TOYKe H300pameHus ¢ KoopAnHato d§’, onTHueckas AJHHA NYTH €CTh

P{-dp, rae

dp = d§+ ;dg’.
BBe,ZIeM «YBCJIMUCHHE» TIpH 0T06pa)KeHI/IH
dg’
(ZE dg

KaK OTHOUIEHHE JTHHBL dE’ s/leMenTa H306paxeHHs K IIHHe 0ToGpaKa-
emoro saementa dt. B cuiy Majoctu 0T06pa}KaeM0ro OTpe3Ka yBeJH-
YeHHE O MOXKHO CUHTaTh BEJAHYHHOH, MOCTOSHHOH BJOJL €r0 JJIHHEL.
Hanucas tax xe, kak obbruHo, OY/0E=—n,, /O =ny (n,, ng —
KOCHHYCHI YIVIOB MEXJY HaHpaBJIeHHHMH Jayda % cooTBeTCTBeHHO OCAME
E u &), monyuum:

d'll) = (aeng—-ne) d§ ’ o,

Kak # 1719 Bcsiko# mapht COOTBETCTBYIOIHX APYT APYTY TOUEK Mpeamera
H H3obpakeHHd, ONTHUECKAs IJHHA NyTH Y-+d{ JoaKHA. OBITH
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OJIMHAKOBOH JJIA BCeX JIyueH, BRIXOASLIMX U3 TOUKU C KOOpAMHATO dE
H NpHXOIAWMX B TouKy df’. Orcloja nosyuaeM yc/IOBHe:

ogng— e = const. 67,1

D10 M ecTh HCKOMOE YCJOBHE, KOTOPOMY JOJKEH YIOBJETBOPATH XOJ
Jyuyeil B ONTHUECKOH CHCTeMe NMPH OTOOpPaKeHHH MIMPOKHMH IYYKaMu
Mmagoro orpeska npsamod. CoorHourenue (57,1) HOMKHO BHITOJHATLCS
JI71s1 BCeX Jiyuell, BRIXOAALIMX H3 ToukH O.

IlpuMeHHM Temephb TMONYUYEHHOE YCJIOBHE K OTOGPANKEHHIO C ITOMOLILIO
aKCHAJbHO-CHMMETPHYHOH ONTHUECKOH CHCTEMBI.

Haunem ¢ oTobpa:keHHs1 OTpe3Ka NIPsIMOH, JiexkKalllero Ha ONTHUECKOH
OCH CHCTeMBI (OCb X); U3 COOOpaskeHUHl CHMMETPHH OYEBHJHO, UTO H30-
6paxeHue GyJer TOXe JeXaTh Ha OcH. JIy4, uaymuil BIOIb ONTHYECKOH
OCH (n,=1), B CHJIy aKCHAJIbHON CHAMMETPHH CHCTEMBI HE MEHSIET CBOEro
HanpaBJieHUs1 TNIPH NPOXOXKIESHHH uepe3 Hee, T. e. n,=1. Orciona cie-
ayer, uro const B (57,1) paBHa B paccMarpHBaeMoM cjayuae a,— 1, H
MBI MOXKeM nepenucatb (57,1) B BHuze

l—n,

T e
lnx

O6o3nauast nocpeacTeoM 6 u 6 yrasl, o6pasyemsle JiyuaMd ¢ ONTHYE-
CKOH1 OCbl0 B TOUKAX HpeAMeTa H HM300paXKeHHs, HMeeM:

I—nle—cos(B:ZsinZ%, I—nx:2sin2%—.

Taknm 06pa3oM, MONYUHM YCJOBHE OTOOpaXKeHHsl B BHJE

sin % _
5= const =V a. (57,2)

sin—
2

Ianee, paccMOTpHM oTOOpaxkeHHe MaJoro y4acTKa INIOCKOCTH, Nep-
NEeHJIHKYJSPHOH K OINTHUECKOH OCH aKCHAJIbHO-CHMMETPHYHOH CHCTe-
Mbl; H30GpaxeHHe OYXeT, OUYEBHAHO, TOXE MEPNEHAUKYAAPHO K ITOM
ocu. [Tpumenssn (57,1) x 1060My OTpe3Ky, JexaleMy B 0TOGpaKeHHOH
NJIOCKOCTH, NMOJYYHM:

a,sin 8’—sin B=const,

rae 6 u 0 — no-npexHeMy YIVIBI MEXAY JYy4OM H ONTHYECKOH OCLIO.
Jist ryueil, BHIIIEJLIMX H3 TOUKH N€peceueHHa H300paxkaeMOH IJIOCKOCTH
¢ ONMTHYECKOH OChbI0 B HamnpasjeHdH atoil ocu (8=0), AomKHO ObITE, B
cuay cummerpuu, u 08'=0. [Toatomy const=0, u MBI HoJay4yaeM ycjaoBHe
oToGpaXkeHusi B BHJE

sin 0 ‘
e const =a,. | (67,3)
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Uro Kacaercst oroOpa)eHHS IIHPOKHUMH MNy4YKaMH TpPeXMEpHBIX
I :€AMETOB, TO JIE'KO BHAETh, UYTO OHO HEBO3MOXKHO Jaxe MpH MajioM
obbeme Tesa, NOCKOIBKY ycnoBHA (57,2) u (57,3) HecoBMeCTHMBI APYT
¢ APYrOM.

§ 58. Ilpenenbl reoMeTpHHECKOH ONTHKH

ITo onpexeneHH0 NMJOCKOH MOHOXPOMATHUYECKOH BOJIHBL ee amIJH-
TyIa Be3lle M BCeria ofuHakoBa. Takasd BoJHA GeCKOHeYHa MO BCEM
HanpasJeHHsM B MPOCTPAHCTBE M CYHIECTBYET Ha HPOTSKEHHH BCEro
BpeMeHH OT —00 J0 --0o. Beskast ke BOJIHA ¢ He Be3Jle H He BCeria no-
CTOSTHHOR aMIJIUTYA0H MOXKeT GhiTh JHIUb 60ee HIK MeHee MOHOXPOoMa-
TH4YecKo#. Mbl 3aliMeMcsl Terepb BBISICHEHHEM BOIPOCA O CIMENeHu HEMOo-
HOXPOMAMUYHOC BOJIH.

PaccMOTpHM 371€KTPOMAarHUTHYIO BOJHY C aMILIUTYJOH, ABJSIOMEHC
B KaxJOH ToYyKe NpocTpaHcTBa QyHKUHeH BpemenH. ITycTb w, ecTb
HEKOTOpasi CPeAHAs 4YacToTa BOJIHBIL, Torja mnojie BOJHBL (HanmpuMep
3JIEKTPHUYECKOe) B JaHHOM Touke HMeer BHI E, (f)e~ i@, Ito nose, He
ABJSIOLIeeCs, KOHEYHO, CAMO MOHOXPOMATHUECKHUM, MOXKHO, OJIHAKO, pas-
JIOKHUTh Ha MOHOXPOMATHUECKHE KOMMOHEHTH, T. €. B HHTerpan ®yphe.
AMIUTHTYAa KOMIIOHEHTBI 3TOTO PA3JIOKEHHUS C YACTOTOH @ MPOHOPLHO-

HaJlbHa HMHTErpany
+ @

{ E,(p)eitomontat.

-~

Muoxurenp e/(o—®d!  gpigercsi nepHOAHYECKOH (yHKUHeH, cpe/Hee
3HaueHHe KOTOpoil paBHO HyMo. Ecan 661 E, 661710 BoOGLIE OCTOSIHHBIM,
TO UHTerpaj 6bl1 GBI B TOYHOCTH PaBeH HYJIO NPH BCeX wF=w,. Eciau
ke E,(f) mepeMeHHO, HO IOYTH He MEHSIETCST HA NMPOTSKEHHH IIPOMe-
XKYTKOB BPeMEHH mopsiika 1/lo—w,|, To HHTErpas MouTH paBeH HYJIO,
TeM TOouHee, ueM MenneHuee meusiercsi E,. Jlis toro urobel uHTErpasn
6Ll 3aMeTHO OT/IMUeH OT HyJst, HeoOX0oAHUMO, 4To6sl E, (f) 3ameTHO Me-
HSJOCh HA JTIPOTAKEHHM TPOMEXYTKa BpeMeHM nopsiaka 1/je—l.

O6o3HauuM MOCpeiCTBOM Af MOPANOK BEJUUHHBEI MPOMEXKYTKA Bpe-
MeHH, B TeYyeHHe KOTOPOTO aMILIUTYAA BOJHB B JAHHOH TOUKE HPOCTPAH-
CTBa 3aMeTHO MeHseTcs. M3 npuBeleHHBIX coobpaKeHUH clenyer Te-
nepsb, uTo HauGosee OTAHUAIOUIHECS OT (¥, UACTOTHI, BXOJSILIHE B CIEK-
TpasIbHGe pasjoxkeHHe 3TOH BOJIHBI C 3aMETHBIMA HHTEHCHBHOCTSIMH,
ompenensiorcs H3 ycaoBHA 1/jo—wo|~Af. Ecau ofosHaunts nocpen-
cTBOM A® HHTEPBAT yactoT (BOKPYT CpefHeil YacToThl W) B CHEKTPab-
HOM Da3JioKeHHH, TO, C/AEJOBATENbHO, UMEeT MECTO COOTHOIEHUe

AwAi~1. (58,1)
Mbl BHAHUM, UYTO’ ﬂeﬁCTBHTEHbHO BOJHA TeM 60Jxee MOHOXPOMaTPl‘{Ha

(t. e. Aw TeM MeHbIne), yeM Gosibite Af, T. €. ueM MejlIeHHee MEHSIETCS B
KaxkI0H TOYKe NMPOCTPAHCTBA €e aMIJIHTYAA.
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CooTHoluenHus, anasioruunsle (58,1), Jerko BRIBECTH U JJI51 BOJIHOBOIO
Bektopa. Ilycte Ax, Ay, Az — NOpPSIKH BeIHUHH PACCTOAHUE BAOMDL
ocell X, Y, z, HA KOTODHIX 3aMETHO MEHSETCs! aMILITYAa BOJHLL. B jaH-
HEI MOMEHT BPEMEHH HOoJie BOJHBL KaK (PYHKUHS OT KOOPAHHAT HMeeT
BHJL

Eo (T) eik,,r’

rie ko— HEKoTopoe cpefHee 3HaUeHMe BOJHOBOrG BekTopa. CoBEpHIEHHO
anaJoruuHo BeiBoAy (58,1) MoxHO HaliTu HHTepBaa AK smaueHu#, nme-
IOIMXCSE B PasJOKEHHH paccMaTpuBaeMOll BOJHEI B HMHTErpas Pyphe:

Ak Ax~1, DAk, Ag~1, AkAz~1. (58,2)

PaccmoTpuM, B YaCTHOCTH, BOJHY, U3JYYaBHIYIOCS B TEUEHHE HEKo-
TOPOTO KOHEYHOro HHTepBasna BpeMmenu. OO603HAYUM TOCPeACTBOM Af
NOPSIZOK BEJHYMHBI 3TOrO HHTEpBaJa. AMIIHTYAA B JaHHOH TOYKE Mpo-
CTPAHCTBA BO BCSKOM CJIydyae 3aMeTHO M3MeHsieTcsl 3a BpeMmsi Af, B Teue-
HHe KOTOPOrO BOJIHA YyCIleeT IIEIHKOM NPOHTH 4epe3 3Ty Touky. Ha
ocHoBanuu coorHoweHus (58,1) MBI MOXKeM Telepb CKas3aTh, YTO «CTe-
neHb HEMOHOXPOMATHYHOCTH» TAaKOH BOJHBL A® BO BCAKOM Clayuae He
MOKeT OhITh MeHblIe, 4eM 1/Af (HO MOXKeT, KOHEYHO, ObITh H GO0JblIe):

1
Ao= 7 (58,3)
Ananoruyso, ecnd Ax, Ay, Az — nopsaxH BeJHUHHBI PasMepOB
BOJIHBl B MPOCTPAHCTBE, TO A/ WHTEPBAJIOB 3HAUEHHMH KOMIIOHEHT BOJI-
HOBOTO BEKTOPa, BXOJSIIUX B PasjoxKeHHE BOJHBI, HAXOIMM:

Moo, Abyzo-, ALzg. o (584)

H3 atux dopMy. caeayer, UTo eCIH Mbl HMeeM TTYYOK CBETa KOHEYHOH
HIMPHHBL, TO HANpaBJeHHe PAaCIpOCTPaHEHHs CBETa B TAKOM Mydke He
MOeT OBITh CTPOro nocrosiHHbiM. Hampapasisi ocb X Mo HanpapJIeHHIO
(cpenHemy) cBera B Iy4yKe, Mbl MOJyyaeM:

1 A
eyZEL/NA—y’ (58,5)
rie 0,— MopsiOK BENMYMHBI OTKJIOHEHMs! MyYKa OT CPEJHEro Hampas-
J€HHs B IVIOCKOCTH XYy, a A — JJIMHA BOJIHBL

C npyroii cropoHsl, opmyaa (58,5). faet oTBeT Ha BONMPOC.O NpeJeb-
HOH PE3KOCTH ONTHYECKHX M300paMKEeHHI. IMyuok csera, Bce ayun Ko-
TOPOTO COIJIaCHO reOMeTPHUECKOH ONTHKe AOMKHBI Gyt GbI nepeceybest
B OJIHO# TOYKe, B JIEHCTBHTENbHOCTH JaeT H300paxeHHe He B BHIE TOUKH,
a B BHJAE HEKOTOpPOro MsATHA. Jljist IHPHHBL A 3TOrO NATHA HMEEM COT-

Jaacho (58,5)
1 A

A~ g~ (58,6)
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rae 6 — yros pacTtBopa myuka. JTy (POpMyJy MOKHO NPHMEHUTh He
TOJBKO K H306paxKeHUI0, HO H K npeimery. VmeHHO, MOXHO yTBep-
JKAATh, YTO NPH HAGMIONEHNH UCKXOAAINErO U3 CBETAIIENCS TOUKH MyUuKa
CBETa 3Ty TOYKY Hesb3sl OTJHYHTh OT Tesa pasmepa A/0. CooTBeTCTBeH-
Ho sTOoMy ¢opmy.ia (58,6) ompenensieT NPEACIbHYIO pa3Pelauyo cuy
MHKpocKoma. MuHumajibHoe 3HaueHue A, jocruraiomeecss mpu O~1,
€CTb A, B TIOJIHOM COTIJTACHH C TEM, YTO MpeJiesibl TeOMETPHIECKOH ONTHKH
onpenesa gioTCA JIMHON BOJHEBI CBETA,

3agaua

HailTi nopsiioK BejqHYHHBI HAHMEHbIEH IIYPHHBI CBETOBOTO HYUYKa, NOJYUaiole-
rocsi OT NAapaJIeNbpHOrO NyUKa CBeTa Ha paccTostHuu [ oT puadparmsl.

Pemenue. O6o3nauuB pasmep oTsepcTust auadparmel yepes d, umeem u3 (58,5)
ISl yria OTKJIOHeHust Jyuell («yria pudpakuum») 3HauenHe ~A/d, OTKyZa UIHDHHA

A N —
nyuka nopsiaka d -- Fl' Hanmetibiiee 3HauenHe 5ToH BedHuHHN ~ V Al

§ 59. Mudpakuus

3akoHbI TeOMETPUUYECKOH ONTHKH CTPOTO TOUHHI JIHLIL B HACabHOM
ciyuae, KOTAAQ JUIMHY BOJHBL MOXKHO PaccMaTPUBaTh Kak GECKOHEUHO
manyio. HeMm XyxKe BBIIOJHEHO 3TO YC/I0BHE, TeM CHJIbHEe NpPOSIBASIOTCH
OTKJIOHEHHsI OT TEOMETPHYECKOH ONTHKH. S$IBJIeHHs, Habmaofarouiyecs
B pe3yJibTaTe 3THX OTKJOHEeHHH, HOCAT Ha3sBaHHe ABJeHHH Judpaxyuu.

sIBnenust nudpakuuH MOXKHO Hab/II04aTh, HANPHMED, €CIH HA NYTH
pacnpocTpaHeHHsi CBeTa ') HaXOUATCS IPEHSATCTBHSI — HENpO3pauyHble
TeJa (Oy/leM HasbBaThb MX IKpaxami) TPOH3BOJBHOH (OPMbl HJIM, Ha-
NpUMEp, eCM CBET IPOXOJHT UePe3 OTBEPCTHS B HENPO3PAYHLIX SKPaHaX.
EcJin 6bl 3aKOHB IeOMeTPHUECKOH ONTHKH CTPOTO BHIIOJHSJIHCH, TO 32
3KPaHaM ¥ HAXOMWIHCH Obl 00JIACTH mMexu, Pe3K0 OTTpaHHYeHHBle OT 06-
Jactef, Kyaa cBeT nonajaer. [Indpaxuus xe INPHBOXHT K TOMY, UYTO
BMECTO DEe3KOH IpPaHHLBl MeXAY CBETOM H TEHBIO IOJNYYaeTcsl AOBOJILHO
CJIOXKHAsI KAPTHHA pacrpefejeHHss MHTEHCHBHOCTH CBETA. IJTH fABJEHHS
nudpakuuu TeM CHJIbHEe BHIPAXKEHBI, YeM MeHblle pasMmepbl 3KPAaHOB U
oTBepCcTHii B HHX HJH 4yeM OoJblle AJHHA BOJHEIL.

3ajaua TCOPHH AHQPAKUMH 3aKJII0YACTCH B TOM, YTOOHI TIPH TaHHOM
pacnojioxkenuu M (opme Tel (M PACMOJOKEHHWH HCTOYHHKOB CBETa) -
OnpejieJIMThL pacnpefiesieHte cBeTa, T. €. 3JeKTPOMATHHTHOE [oJie BO BCEM
npoctpaHcTee. TouHoe paspellieHHe 3TOH 33aYH BO3MOXKHO TOJBKO IIy-
TeM pelICHHS BOJHOBOIO YPABHEHHS C COOTBETCTBYIOU[HMH I'PAHHYHBIMH
YCAOBHAMH Ha MOBEPXHOCTH TN, 3aBHCSAIUIMMH elle K TOMy e H OT
ONTHYECKHX CBOHCTB MatepHana. Takoe pelneHHe oGBIYHO MPEACTABJSIET
6o/buIHe MaTeMaTHYCCKHE TPYIHOCTH.

1) Mol 6yzeM rOBOPHTb AJIsl ONPele/IeHHOCTH O CBeTe; BCe HHKeC/elyiolee OTHO-
CHTCHl, KOHEYHO, K JIOObIM 3/eKTPOMATHHUTHLIM BOJIHAM.
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OnHaKo BO MHOFHX C/IYYasiX OKasblBaeTcs OCTATOUHLIM IIPHOMHAKEH-
HBIi MeTOJ pellleHHS 3ajaul O pacHpeie]eHHH cBeTa BOJIHM3H TPAHHIL
MeXJly CBETOM M TE€HBIO. ITOT MeTOA NPHMEHHM B CJIydasx c¢jaaboro or-
KJAOHEHHs] OT IeOMETPUUECKOll ONTHKH. Tem caMpIM MNpelriosaraercs,
BO-TIEPBbIX, YTQ BCE Pa3Mepbl BEJIHKH [0 CPABHEHHIO C JJIHHON BOJIHLI
(510 oTHOCHTCS KaK K pasMepaM 5KPaHOB WM OTBEPCTHH B HHUX, Tak
H K PacCTOSIHHSIM OT TeJ JO TOueK HCIYCKAaHHA H HaOMIoNeHHs CBeTa);

BO-BTODHIX, PACCMaTPHBAIOTCS JIHLUIL HEGObIIIHE OTKIIO-
P HeHHUs CcBeTa OT HaNpapJeHUS Jydel, olperessieMbiX
l R TeOMETPHYECKOHN ONTHKOH.

| PaccmoTpum Kakof-HHOYAB 3KpPaH C OTBEPCTHEM,
of yepes KOTOPOE IPOXOAHUT CBET OT JaHHBIX HCTOUHHKOB,

i Puc. 9 usofpaxaer 31oT 3KpaH B paspese (KHUpHasi

! JIMHUS); CBET HIET CJeBa HanpaBo. byiem o603Hauarh

7 NOCPEACTBOM # JIO0Yi0 M3 KOMIIOHeHT noss E uiau

H. Ilpu stom nox u wmbl GyxeM TOApPasyMeBaTh NoJje

KaK (PYHKUHIO TONBKO OT KOOPJMHAT, T. €. 03 MHOXKH-

Tesst e~ f9!) onpenessionero 3aBHCUMOCTL OT BPEMEHH,

Hamweit sagauelt siBiasieTca  onpejesieHHe HHTEHCHB-

HOCTH CBeTa, T. €. NoJsa # B Jio60od TouKe Habofe-

nus P 3a sxpanom. I1py npuGaHAKEHHOM PEIIEHHH 3TOH 3ajaud B CJay-

Yasix, KOrJla OTKJOHEHHS OT TeOMETPHYECKOH ONTHKH MaJjbl, MOXHO

CUNTATh, YTO B TOYKAaX OTBEPCTHS MOJe TAKOBO, KAKHM OHO OBLIO Obl
MpH OTCYTCTBHH BooOLIe KaKOro-iufo 3KpaHa.

JIpyruMu cjioBamMM, 3HaueHHs IIOJAS 3/eChb Te, KOTOphle CJAeAYIOT U3
FeOMETPHUECKOH ONTHKH. Bo BceX ke TOUKaX, HaXOASIHXCA Hemno-
CPEICTBEHHO 32 3KPAHOM, I0JIe MOXKHO MOJOXKHTbL paBHLIM Hymo, [Tpu
3TOM, OYEBHJHO, CBOHCTBA CaMOro 3KpaHa (MaTepHaJa, H3 KOTOPOTO OH
cllenaH) BooGuie He urpaior posH. OueBHAHO TakXKe, YTO B paccMarpH-
BaeMbIX C/ay4asix AN JHPPAKUMHM CYLWIECTBEHHA TOIbKO ¢opMa Kpas
OTBEpPCTHSI ¥ He CylIeCcTBeHHa (OpMa HeNpo3pauHoOro 5KpaHa.

IlpoBenem Kaxkywo-HHOYAb NOBEPXHOCTb, 3aKPBIBAIOLIYIO OTBEPCTHE
B 3KpaHe H OrPAHHUYEHHYIO €ro KpasiMH (paspe3 TaKoH IOBEpXHOCTH HA
puc. 9 n3obpaxkeH MyHKTUPOM). Ty NMOBEPXHOCTh Pa3obbeM HA YUaCTKH
¢ mJomaAeio df, Majgbie MO CpPaBHEHHIO C Da3MepaMH OTBEPCTHS, HO
6oJiblITHE 110 CPABHEHHIO C JAJIMHOH BOJIHBI cBeTa. MBI MOXKeM Toraa pac-
CMATPHBATE KaXKIbIfl M3 3THX YYaCTKOB, JO KOTOPBIX IOIILIA CBETOBAas
BOJIHA, TaK, KaK 6yTO OBl OH CaM JIeJIAeTCsT HCTOYHHKOM CBETOBOH BOJIHBI,
pacnpocTpaHsiomeics: BO BCe CTOPOHEL OT 3TOro yuyactka. Ilose B Touke
P wmpl 6yzeM paccMarpHUBaTBh Kak pe3ysbTaT HAJNOXKEHHS IOJeH, HCXOo-
JSIHX M3 BCEX YYaCTKOB df noBepxHOCTH, 3aKphiBamOLieil OTBEpCTHE
(tax HasblBaeMmblil npunyun [roteenca).

ITone, coszaBaeMoe yyacTkoM df B Touke P, NponopuHOHANBLHO 3Ha-
YEHHIO U TIOJNIsE B CAMOM yyacTke df (HamoMuHaeM, 4To 1oJie B df MblI npea-
nojaraeM TaKUM, KaKHM OHO 6bliI0 Gbl IPH OTCYTCTBUH 3KpaHa). Kpome
TOro, OHO NPONOPUHOHANBHO MPOEKUHH df, TJIomanH df Ha MI0CKOCTh,

Puc. 9.
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nepHneHHKYIAPHYIO K HaNpaBJeHHIO N Jyuya, NPHIIEAEro H3 MCTOY-
HuKa ceera B df. 1o cienyer u3 Toro, 4to Kakoil 6bt hopmoil HU o6Jaa-
Aaj yuactok df, yepes Hero GYAyT NPOXOAHTH OAMHAKOBBIE JIYUH, €CJH
TOJbKO €ro TpoeKius df, 6yreT HeH3MEHHO, a IOTOMY H €ro JeHCTBHE
Ha Tole B TouKe P OyJer OfUHAKOBBIM. .

Taxkum o6pasoM, nose, cosfaBaemoe B Touke P yuacTkom df, mpo-
noplHoHaNbHO  df,. Ilajee, HafO ellle yyeCTb M3MEHEHHE AMIIJIHTY/IbE
-1 (asbl BOJIHEI TIPH €e pacnpocTpaHeHHH OT df K Touxe P. 3aKOH 3TOTO
u3MeHeHHUs onpelensiercss Gopmyaoi (54,3). INosromy u df, Hano ymuo-

1.
KHTh ellle Ha ﬁeLkR (rne R ~— paccrosiine ot df 1o P, a k — abcomoTHas

BeJJMYHHa BOJIHOBOTO BEKTODA CBETa), M MbI HaXOIHM, YTO HCKOMOE
noJjie paBHO
eikR
au R dfll,

rle a eCTh HEeHU3BECTHAaA TIOKAa NMOCTCAHHAA. TTosHoe xe NoJie B TOYKe P,
ABJSOUIeEC Pe3yJILTATOM HAJOXKEHHs I0Jel, COo31aBaeMbix BeeMH df,
€CThb

esz

up=a \ ——df,, (59,1)

rjie UHTErpaJs paciupoCcTpaHeH 110 TIOBEPXHOCTH, OTPAHHYEHHOH KpaeM OT-
BEPCTHsI. DTOT HHTETPAJ B pACCMATPHUBAEMOM NPHOMMKEHUH He 3aBUCHT,
KOHEYHO, OT ¢opmel 370# noBepxxoctH. Popmynaa (59,1) npumennma,
OYEBHJHO, H K JAu(PAKUHK HE OT OTBEPCTHS HA HKpaHe, a OT 3KpaHa,
BOKPYI KOTODOTO CBET MOXKeT CBOGOJHO pacrnpocTpaHsiThcsa. B atom
c/lyyae MOBEPXHOCTL MHTerpuposaHusi B (09,1) npocrupaercs Bo Bce
CTOPOHBI OT Kpas 3KpaHa. .

Jsist onpenenetns NOCTOAHHOM @ PacCMOTPUM MJIOCKYIO BOJHY, pac-
NPOCTPAHSIOILYIOCS BJOJb OCH X; BOJTHOBBIE IIOBEPXHOCTH IapaJjijiesbHEL
nJIockocT yz. Ilycts u ecTb sHaueHue moJs B miockoctd yz. Toraa
B TOuKe P, KOTOpPYI0 MBI BhGepeM Ha OCH X, TIOJIE€ PABHO Up=ue'**.
C napyroil cTOpoHBI, ToJe B TOYKe P MOXKHO ONpeNeNHTh HCXOAS H3
dopmyasr (59,1}, BHIGpaB B KayecTBe MIOBEPXHOCTH HHTEIPHPOBAHUSA, HA-
HPHMep, TIOCKOCTh yz. IIpu 3TOM BBHAY MAajoCcTH yria AudpakuyH B
HHTErpaJje CYHUIeCTBEHHBI TOABKO TOYKH HJIOCKOCTH Yz, OIU3KHe K Ha-
yajy KOODJAMHAT, T. e. TOYKH, B KOTOPHIX y, 2K X (X — KoopauHara
TOUKH P).

Torzna

—VETE R S
" (59,1) JacT:
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rne 1 —ToCTOosiHHad (roJie B NJIOCKOCTH yz); B MHOKHTesde 1/R MOX-
HO noAoKUTb R & x = const. Crosimne 3nech HHTerpaJbl MOACTAHOB-

koit y==EV 2x/k npusoaATca K BHLY

+ ® . + > -+ o0 — ’
; I . . I 3
S e dt = S cos E2dE -+ i S sinE2dg = ]/—2—(1+t),
—_— —_x - .
inx 2450 o ik
H MBbl TloJlydaem: Up= aque'**——. C npyroft CTOpOHBI, up=ue’** u,
k

caenosatebHo, @ =g—. lloxcrapass sto B (59,1), naxogum okonya-

TC¢/JAbHOE pelleHHEe NOCTABJIGHHOH 3ajayH B BHje

p= | g el¥R df,, (59,2)

Tlpu seiBOge Qopmysnl (59,2) UCTOUHUMK CBeTa NPEANONATAJCH, IO
CYIIECTBY, TOUYEUHBIM, a4 CaMbifi CBET — CTPOr0 MOHOXPOMATHUYECKHM.
Cnyyail peaJbHOTO NPOTS’KEHHOTO HCTOYHHKA, HCIYCKAIOUIEro HeMOHO-
XpOMaTHUECKHUH CBeT, He HYKAAeTcsi, OJHAKO, B OCOOOM HCCJ/IeJOBAHHH.
Bceencraue noHOH HE3aBUCHMOCTH (HEKOrepPEHTHOCTH) CBETA, UCITyCKae-
MOTO pa3JHYHBIMH TOUKaMH HCTOYHMKA, ¥ HEKOTePEHTHOCTH PA3JIUYHBIX
CIIEKTPANbHBIX KOMIIOHEHT HCITyCKAaeMOTO CBETA CYMMapHBIH pe3yJ/bTaT
mbpakiuuyd CBOAHTCS NPOCTO K CyMMe DaclipefiesieHHH HHTEHCHBHOCTH,
[OVYAOMHXCA OT AHMDPAKIUHH KaKIOH H3 HE3aBHCHMBIX KOMIIOHEHT
caera.

Ipumenum dopmyay (59,2) nas pemeHns Bonpoca 06 H3MEHEHHH
thasel IPH NPOXOKAEHHM Jy4a d9epe3 TOUKY ero KacaHus C KayCTHKOH
(cM. xoHew § 54). BriGepeMm B KauecTBe MOBEPXHOCTH HHTETDHPOBAHHUSA
B (59,2) Kakywo-aH60 BOTHOBYIO NOBEPXHOCTb U OYAEM ONPEAESITh N0Jie
iy B TOUKe P, jiexkameli Ha HEKOTOPOM JNAHHOM Jiyde Ha PACCTOSHUH X
OT TOUKH ero mepeceueHUst ¢ BHIOPAHHOH BOJHOBOH MOBEPXHOCTHIO (3TY
TOUKY BHIOEPEM B KauecTBe Hauasna KoopAuHaT O, a B KauecTse MJOCKO-
CTH l/z — IJIOCKOCTb, KacaTeJbHYIO K BOJHOBO# MoBepXHOCTH B Touke O).
Ilpu unterpupoBanuu B (59,2) cyiecTBeH TONBKO HeGOJBIION YYacTOK
BOJIHOBOH NOBepXHOCTH BOJU3M ToukH O. Ecan mIOCKOCTH Xy W x2
BEIOPAHEI COBNAJIAIOUI MU C TVIaBHRIMHU IIJIOCKOCTSIMH KPUBH3HEI BOTHOBO#
NOBEPXHOCTH B TOuKe O, TO BOJNIN3M 5TOH TOUKH ypaBHEHHE MOBEPXHOCTH
€CThb

¥ 2
X “2R1+2R2’ ;
rge R, U R,—panuycel KpuBu3Hbl. PaccrosiHue x)e R 0T TOYKH

BOJIHOBOH MOBEPXHOCTH C KooppuHatamu X, y, z A0 ToukH P ¢
xoopauratamu x, 0, O ectn

R=V{x—XpP+y +2 zx+§<;1;——%l-) +% (—,1;*7;—2)
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Bxoab BOJHOBOH NOBEPXHOCTH NOJIE 1 MOXHO CUHTATH ITOCTOSHHBIM;
TO e KacaeTcst MHOKHTes 1/R. TIocKONbKY MEI HHTEpecyeMcst TOAbKO
p3MeHeHHeM (ashl BOJIHEI, TO KOI(PHUHEHT ONMYCKaeM W MHLIEM 1POCTO:

1 .
up~ 7§ R df, ~

_eikx +S°° eik’“i; (—i——,—%) dy - 350 e 2’2‘('}5_7?17> dz. (59,3)

HenTpel KpHBH3HBI BOTHOBOMH IOBEPXHOCTH JIEXKAT HA paccMaTpHBae-
MOM JIyYe B TOYKAX X=R; U X=R,, 3T0 H €CTb TOUKHU KACAHHUS JY4YOM
obenx xaycTek. Ilycre R:<<Rji. Ilpm x<CR, koapduuuents npu i
B IIOKasaTeJsiX MOJBIHTErPalbHBIX BBIPAXKEHHA B 000MX MHTerpasax
NOJIOXKHUTENbHEL, U KAXKABI U3 3THX HHTETPAJOB CONEPKHT MHOXKHMTENb
1+4-i. TlostomMy Ha yuyacTKe Jyda 1O KacaHUsd HEPBOH KayCTHKU UMEEM
up~e** Tlpu R,<<x<CR,, T. €. HA OTpe3Ke JAyua MexIy ABYMS TOU-
KaMH KacaHusl, MHTerpaJ 110 dy CONePIXKHT MHOXKHUTE b 14-i, a unTerpaJ
10 dz — MHOXHTe/Ib |—i, TaK YTO-HX IIPOH3BeJeHHE BOBCE HE COAEPIKHUT
i. TaxuM oGpasom HMeeM 31eCh: up~—Iiek*=eilkx—n/2) 1 e, npu npo-
XOXKICHUH JIyya BOJU3M NEPBOH KayCTHKH (pasa JNOTIOIHHTENBEHO MEHS -
ercd Ha —m/2. HakoHel, npH X>>R, UMeeM Up~—gih¥==plki=T)
T. €. IpH NPOXOXKIeHHH BOJM3H BTOPOH KayCcTHKH ¢asa eile pas me-
HsleTcst Ha —I/2,

3anaua

OnpenenuT pacnpeiesenne HHTEHCHBHOCTH CBETA BOIM3H TOUKH Kacanus Jiysa ¢
KayCTHKOM.

Pewmenne. [Ins pemenns 3agauu nojpsyemca Gopmyaoii (59,2), nponsBoas B Heit
HHTErPUPOBaHHE 1O KAaKOH-J1HGO BOJHO-

BOIl IOBEPXHOCTH, AOCTATOYHO YAa/eHHOM - 5

OT paccMaTPUBaeMO TOUKH KacaHus Jyyva
¢ kaycTukoii. Ha puc. 10 ab ec1b cevenue
5TOfi BOJIHOBOH 1OBepXHOCTH, a a'b’ —
ceyeHHe KayCTHKH; a'b’ ecTb 3BoaoTa
kpuBoft ab. Mzl HHTepecyemcs pacrnpe-
AeJIeHHeM HHTEHCHBHOCTH BOJIH3H TOYKH
O kacanug ayua QO c KaycTuKoi; AJu-
Ha D orpeska QO nyya npefnosaaraercst
LoctaTouHo Goswwioit. IlocpeacTsom x g
0603Ha4YHUM paccToside oT Toukd O BOJb l v/ g
HOpMaJdu K KayCTuke, npuyem OGylem 1@

CUNTaTh  NOJOXKUTENbHBIMU  3HAYeHHs

X ANs  TOuYeK, JieKallMX Ha HOpMaJu Puc. 10.

No- HANpaBJEHHI0O K UEHTPY KPUBHU3HHIL.

TloamuTerpanbhoe Beipaxenue B (59,2) ecTs dyHxuus or paccrosnus R or npo-
H3BOJILHON TOYKH Q' Ha BOJHOBOI NOBEPXHOCTH JO TOUKH P. Ilo uzBecTHOMY cBOicTBY
3BOJIIOTH CYMMa JJIHHBI OTpe3ka Q'0’ kacartesbHol B Touke O', i aunubl ayru OO0’ pasua
Aaune QO kacarenbHoli B Touke 0. Jlas Gau3kux ApYr K apyry Touek O n O’ umeem
00'=08p (p — panuyc xpupu3nL Kayctuky b Touxe 0). Iosromy ainna Q' 0'=D— 6p.
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i

Pacctoanue xe Q'O (no mpsiMoil) paBHO npubauKeHHo (yroa 0 mpeamonaraetcs ma-
JIbIM):

Q0~ Q0 +psin0=D—0p+psin@~D—>—.
Haxouen, paccrosune R=GQ'P pasio R Q'0—xsinb~ Q’'0—x0, . e.
RAs D— 10— p6%,
: 6
Moacrasass sto Beipaxkenue B (59,2), Haitnem:

tr -il:xe—@ 63 2 b
u,,NS e i dGzQScos (hx0+ g‘)m) d0
\ .
—_—n 0

(MelIeHHO MeHSIIHICA MHOXKHTeNb 1/D B nNOABIHTCIPANLHOM BBIPAXKEHHH He
CYIIECTBEH IO CPaBHEHHIO C 3KCHOHEHIHANBHBIM MHOXKHTEJEM, U Mbl CUHTAeM
ero mnocrosHubiM). BBogs HOBYIO IlepeMeHHYIO HHTeTpupoBaHusi E=(kp/2)1/3 6,

noJiyuum;
. 3 /‘5[’;2-
Up ~ @ (x V —-> ,
o

rae @ (/) ectb Tak HaspiBacMas QvHKuuMa iipul). Ilaa HHTEHCHBHOCTH [ ~ [up [?

Hamuawem:
2\ 1/6 3 /o2
[—24 (&) ® o2 (x l/%’i)
Y [

(0 BBIGOPE NMOCTOSHHOIO MHOXKHTENs CM. HHIKE).
Ilpu GoJIbIIMX NOJOMKHTEbHLIX 3HAYEHHSAX X HMeeM OTCIOd aCHMITOTHYECKYIO

dopmy.y
A ( 45872 / k‘3>
— X Lt ]
2V x P 5} p

T. @. HHTEUCHBHOCTb 3KCIIOHEHIHAlbHO YObiBaeT (o6sacTb «Teru»). [Ipu GoJbWHX
e no abCOoJIOTHON BEJHYUHE OTPULATE/]bHbIX 3HAUCHHAX X HMEeM:

24 12 (—xpp 2% n
I~ —— SNl [———T— ]/T+4:ly

I~

T. ¢. HHTCHCHBHOCTH 6bICTp0 OCUHJ/IJIMPYET; YCPEAHCHHOE MO 3THM OCUHJAALHUAM
€e 3HaucHWe paBHO

T= 2 '
V —x
1) Gyukuusa diipu @ (¢) onpemenserca dopmyolt
- .
1 . g
® () =—= | cos | 31E& |dE (1

Vi,

(eM. ToM 111, «KsanToBass mexanuka» § b). Ilpu GoabiuX rOJOMHTEJILHBIX 3HAUe-
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. OTcIofla BLISICHAETCS CMBICJ NOCTOSHHON A—OHa onpelessieT HHTEHCHBHOCTb BAAJIH
orT KayCTHKH, KOTopasi noJyyHJach Obi H3 TICOMETPHYECKOll ONTHKH 6e3 yuera
gpeHuit Audpakuuu.

Hawu6onsiee 3nauenne, pasHoe 0,949, ¢dynkuus O (¢) umeer npu {=-—1,02;
COOTBETCTBEHHO 3TOMY  HaHGOUIbLIAS ~ HHTEHCHBHOCTh  JOCTHAEeTCa npH
x (2R /p)113=—1,02, rae

2,034k Pp-1/8

(B caMolf e TOUKe Kacanust Jyda ¢ Kaycrukoli, x=0, nmeem /=0,89A4k13p-1/8,

tak Kak © (0)=0,629). Takum o6paszom, BGJIH3H KayCTHKH HHTEHCHBHOCTH NpO-
~1/3

nopuuonanena k13, 1. e. A”'P (h—aausa sosnw). Ilpn A~ 0 HHTEHCUBHOETD,

Kak u caegopaqo (cp. § 54), crpeMutcst Kk GECKOHEYHOCTH.

§ 60. Jindbpakuuss Ppeneas

Ecan nctouHuK cBera H Touka P, B KOTOPOH MbI HIEM HHTEHCHBHOCTD
cBeTd, HAaXO[sTCA HA KOHEUHOM DACCTOSHHH OTF 3KpaHa, To 1Jd Onpeje-
JIEHHS] HHTEHCHBHOCTH B TOUKe P UrpaeT poJib JHIUB HeGOoJbILOH yuacTox
BOMTHOBOH MOBEPXHOCTH, N0 KOTOPOH INPOHCXOAUT HUHTETPHPOBAHHE B
(59,2),— yuactok, sexalufi B61H3U NpsAMOH, COeIUHSIOUIe HCTOYHHK
¢ Touko# P. JlecTBUTENBHO, NOCKOILKY OTKJIOHEHHS OT FeOMETD HUECKOH
ONITUKY ¢/1a0bl, TO HHTEHCHBHOCTh CBeTa, IIPUXOAsALIero B P U3 pasjnu-
HBIX TOUEK BOJHOBOH NOBEPXHOCTH, OUeHb OBICTPO MAaAAeT IO Mepe yjia-
JEHHSI OT YKa3aHHO# mpsiMofi. J{udpakuHOHHbIE SBJAEHHSI, B KOTOPBIX
HTpailoT pPOJib JHLIb HEGOJIbIIHE YYACTKH BOJTHOBOI NOBEPXHOCTH, HOCAT
HasBauue dugpaxyuu Dpereas.

Paccmotpum audppakuuo Operenst oT Kagoro-uubynb skpana. baa-
roflaps YKa3aHHOMY CBOHCTBY NIDH 3TOM Hrpaer poJb (npH 3ajaHHOil
Touke P) TobKo HeGOJIbIIONH yuacToK Kpas skpaHa. Ho Ha gocratouno
MaJsblX YYacTKaxX Kpad 5KpaHa MOXKHO BCErJa CUKTATh NPSIMOSUHEAHEIM,
Huxe nox Kpaem skpaHa OyfeT DO3TOMY TOAPa3yMeBaThCA MMEHHO Ta-
KOH HeOGoJbUIOH NpAMONUHERHBIH YyYacTOK.

Huax ¢ ¢gynknua @ (f) IKcnoHeHnHaNALHO YObIBaeT NO aCHMITOTHYECKOMY 3aKOHY

1 2

Q) A 577 ©XP (_3 t3/2) . (2)

Ipu 6oabmwux 1o aGCoNIOTHON BeJMUMHE OTPHUATE/bHbIX 3HAYEHHAX ! QYHKUHA
@ (¢) ocunanupyer ¢ yGeBaiollefl aMIIHTYIOH No 3aKoHy
1 N 5, 1

(D(l)mmsm [3 (—1)3/a+~4—J . &)}

Gynxuua Diipu cBuzaHa ¢ ¢QyHKuuedn MakjoHaapaa (MoguduIHpoBaHHOM

bynkuuei ankeas) nopsaxa 1/3:

Dopmyna (2) COOTBETCTBYET aCHMOTOTHUYECKOMY BLIpamenuio ¢yukuuil K, ()i

T
Kv (l‘)N ?tE"t.
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BriGepem B KauecTBe IVIOCKOCTH XY IVIOCKOCTb, MPOXOASILYIO yepe3

HCTOUYHUK CBera Q (puc. 11) u yepes auHMO Kpas 3KpaHa. Ilepnexgu-

KYJIAPHYIO K Hell NIVIOCKOCTb XZ BLIOHPaeM TakK, uyToObl OHA TIpOLLIa ue-

pe3 TouKy Q HTOUKy Ha6io-

z nenuss P, B KOTOPOH Mkl

y HileM 3HaueHHe WHTEHCHB-

HoctH cBera. Haxkowel, Ha-

p  1alo KoopiuHar O Boibupaem

! Ha JHHHH Kpas 3KpaHa,

o TIOCTIe Uero NoJIokKeHHe Beex

a TpexX oceit BMOJHE omnpege-
JIEHO.

Paccrosinue oT HCTOUHHKA
cBera (} o Hauaja KOOPHHU-
Har nycrb Oyner D . x-ko-
OpAHHATY TOUKH Haémone-
Hus P oGosHaunmm Xak D,
a ee 2z-KOODJAMHATy, T. €.
paccTosiHMe JO IUIOCKOCTH Xy,— Kak d. CorsacHo reomerpHuecko
OIITHKE CBET MOT ObI TONACTh TONBKO B TOUKH, JeXKalllHe Hak IJIOCKOCTHIO
xy, 00JacTb e NOJ IJIOCKOCTBIO Xy ecTb 00JacTb, Ile COINIACHO
reoMeTpHueCcKoil onTHKe Oblia Obl TeHb (06JacTB TeoMeTpHUYecKoH
TEHH).

Mpl onpenenuM Tenmepb pacnpefieleHne HHT@HCHBHOCTH CBeTa 3a
5KpaHOM BOJIM3H TPAHMUILI TEOMETPHUECKOH TeHH, T. €. PH MaabX (Mo
cpasHenuio ¢ D, u D ) sHavenusx d. OTpHuaTeJIbHoe d O3Hayaer, uTo
Touka P HaXOJmTc;{ B 006/1aCTH T'eOMETPUUECKOH TeHH.

B kauecrBe MoBepXHOCTH WHTerpupopaHus B (59,2) BribepeM moJy-
IJIOCKOCTh, TIPOXOASILYIO Yepes JIMHHUIO Kpasl 9KPaHa NepHeHIHKYIapHO
K MJI0CKOCTH xy. KoopAuHATH! X M y TOUeK 3TOH IOBEPXHOCTH CBSI3aHBHI
JpYyr ¢ JPYroM COOTHOHIEHHEM X=y tg a (o — yrosa Mexay JuHHe#
Kpas 3KpaHa M OChIO y), a KOOpAHHATA 2 NoJoKuTeIbHA. [Tose BoHsL,
HCXOJAILEH H3 UCTOYHHKA Q, Ha PACCTOSIHUH R, OT HEro NPONOPLHOHA b-
HO MHOXHTeNMO €Xp (iR ). TloaTomy mosie u fia MOBEPXHOCTH HHTETPH-
poBaHHs nponopunonanbﬂo

Puc. 11.

u~explikV y+22+ (D, +ytga)].

B wunrerpane (59,2) ans R Hajo Tenephb NMOACTaBHTH

R=V @+ e—dy+(D,—yigayr.

B noapinTerpajbHOM BEIpaXKEHHUH MENJICHHO H3MEHSIOMIHECS MHOMKHTETH
HEe  CYIIECTBEHHbl [0 CPABHEHHIO C 3JKCIOHEHIHaJbHbIM. [lostomy
MBI MOXKeM CUHTaTh 1/R NoCTOSHHHM, a BMmecTo df, mnucath dy dz. Mut
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HAXOAMM TOTJA, UTO NoJe B Touke P

+ o ®

up~ § Sexp itV D, Fyigar + P+ 2+
+V (D,—ytgal+y* +(z—d)* ] dy dz. (60,1)

Kax MBI yXe FOBOpPHJIH, B TOUKY P MOMajaer CBET IJIaBHLIM 06pasoM
#3 TOUEK IIJIOCKOCTH HHTerpupoBanus, 6aus3kux K 0. Ilostomy B unre-
rpane (60,1) urpator poap Maisie (no cpasHeHuio ¢ D, 1 D,) sHauenus
y 1 z. MBI MOXeM Hanucarhb:

2 2 2
VD, Tytgar + 5 + 2 =~ D, + 55 yga,

2 2 ___d'2
VD, —yigay +y +(E—dP =~ Dp+y—se°——°;'£f———)——yfg a.

ToncraBum 310 B (60,1). [TockonsKy Hac MHTEpECYeT 110J€ TOILKO Kak
(YHKIUSA OT PaccTosiHus d, TO NOCTOsIHHbIH MHOXKHUTEb exp [ik (D ,+D )1

onycKaeM; HHTerpal o dy ToXe JaeT BbIpaXkKeHHe, He collepmamee d
KOTOPOE MBI TaKXKe ONMyCTHM. MBI HaxoxuM Torza:

o~ oxp [it (g2 gite—ar )| e
]

3ro BHIDaXKEHHE MOXHO HamucaTe U B TAKOM BHJIE:

[l
&2
p ~ eXp [zk—-—-——] Sexp ik 21000 Doy Dol 1y 60,2)
20,7 D,) T
. D, ' D,

HHTeHCHBHOCTD CBeTa ONpeNe/IfieTcs KBajpaToM IoJs, T. €. KBajpa-
TOM MOZYJS [Up]? TosToMy A/t HAXOXMIEHHS HHTEHCHBHOCTH CTOSIIHHI
nepej MHTErpaIoM MHOXKHTENb He CYMIECTBEH, TAK KaK NPH YMHOXKEHHH
Ha conpsiKeHHOe BEIpaxKeHue OH AaeT efuuuily. OueBHIHOH NOACTaHOB-
KOl HHTerpaj NpHBOLUTCH K BHAY

®

up~ § e dn, (60,3)
Tae ,
Y %)) ‘ )
w=d — 7 (60,4
‘/QDP(Dq+DP) (69,4)

Takum o6pasom, uHTeHcuBHOCTH I B Touke P paBHa
2

YT foranl <t |(conei) s (serd)] oo

-_IO
I=—
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rie
V7 —
C(2)= ]/ S cos 1]2dn, S(2)= % X sinn?dn
0

— TaK HasbiBaeMmble HHTerpajnt ®penesas. ®opmyaa (60,5) pemaer
NOCTABJMEHHYIO 3ajauy, onpejiesisis HHTEHCHBHOCTbL CBETA KaK QYHKLHIO
or d; [, ecTb HHTEHCHBHOCTBL B OCBelleHHOH 06/acTH B ToYkax, Jocra-
TOYHO YJIa/JeHHBIX OT Kpast TeHH, T. e. npu w>>1 (B npelene w— co
uMeem C (00)=S (00)=1/,).

O6nacTH reoMeTpPHYECKOH TEHH COOTBETCTBYIOT OTpHLATENbHBIE W.
Jlerko BbISICHHTb aCHMITOTHUECKHH BHR GyHKUHH [ (w) npu 60IBIIAX 10
abcoJIIOTHOH BEeJHUMHE OTPHUIATETbHBIX 3HAUeHNAX w. [ss sToro nocty-
OUM cIeAyIomuM o0pasoM. MHTerpupys mo yacTsiM, HMeeM:

o e o]
1 o 1 e AN
in? _—— w? ' _ in?z 2%
Se dn STeTC T 5‘6 ol
lw w |

Huterpupys B npaBoii 4acTH PaBeHCTBA ellle pa3s Mo YacTAM H MPOJO.I-
' ¥Kas 3TOT NPOIECC, MOJIYYUM Psif no creneHam 1/fwl:

<]

S e’ d) == ef@* <

||

|+4|w13 ) (60,6)

2L|w

Xorst 6eCKOHEUHBIH psJ TAKOrO BUAZ M He SIBJSETCS CXOASMUMCH, HO
BBHJAY TOTO, YTO MPY GOJBWHX |w| BeJHUYKMHA €r0 [0C/AEN0BATE/bHbIX
4JleHOB ObICTPO Majaer, yzKe MEePBLIH ero ujeH AdeT Xopollee rpeicras-
Jlerue crosliell creBa (yHKUHH HPH JOCTaTOYHO Gonbmux [w| (paabt
TAKOr0 DOJA HA3LIBAKTCH ACHMITOTHUECKHMH). Takum o6pasom, Ijis
uHtencusHocTd [ (w) (60,5) HONYYHM CAERYIOUIYI0 ACHMIITOTHYECKYIO
topmyny, NPUTOAHYIO [/ GOJBUIMX OTPHUUATE/AbHLIX 3HAUEHHH w:
1y N
1= 7 (60,7)
Mur BuauM, uTo B 00J1aCTH T€OMETPUYECKO TEHH, BIAJH OT €e Kpas Hi-
TEHCUBHOCTH CTPEMHTCSI K HYJIO 06paTHO ITPONOPLHOHAJIBHO KBallpaTy
PACCTOSIHUSI OT Kpasi TEHH.
PaccMoTpuM Teneps MOJOXKHTe/IbHBIE 3HAYEHHA W, T. €. 00JAaCTb Bbl-
e miaockoctd xy. Ilumem:

@ + o

Se“ﬁdn:S ein® dn \‘e”l’dn (l—i-t)l/_ Se”l dn.

- -

HpH JAOCTaTOUHO OOJIBHIHX @ MOXHO BOCHOJIB30BAThCS ACHMIOTOTH-
CUECKHM [IpeJcTaBJCHHEM CTOALEIo B npaBoﬁ 4YaCTH paBeHCTBa
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HHTErpaJsa, U Mpl OyIeM HMeThb:

e}

- -~ . ra 1 -
_Swe”' dn = (14-i) ],/7—]—2—[5(2‘ . (60,8)
[MoxctaBasis sT0 Beipaxenue B (60,5), noayuum:
~—— sin | @? ——
I=1| 1+ ;/HL—<EL> : (60,9)

Takum 00pasoM, B OCBelIEHHOH o6sacTH, BAaJH OT Kpasi TEHH, HHTEH-
CHBHOCTh HMEET HEOrDaHHUEHHBIl psAJ MaKCHMyMOB H MHHHMYMOB,
TaK uTo oTHowweHue I/, kKonebsiercs B 06e CTOPOHBI OT eAUHuIL. Pasmax
STUX KoJieGaHUH YMEHbIIAETCS ¢ POCTOM @ OGPAaTHO MPONOPLUHOHAILHO
PacCTOAHHIO OT KPasi FeOMeTPHUECKOH TE€HH, & MECTa MAKCHMYMOB H MH-
HHMYMOB NOCTENEHHO COIMXKAIoTes APYT C APYTOM.

Ilpu HeGonpmHMX w ¢QyHKuUA [(w) UMEET KayeCTBEHHO TOT Ke
xapakrtep (puc. 12). B o6;1acTH reomeTpHuecKoH T€HH HHTEHCHBHOCTb
crajaeT MOHOTOHHO MPH YylaleHHH OT TPaHMUbl TeHH (Ha caMoil ATOW

[eomempoy Debecgernnan obracart
w
Puc. 12.

rpauuue 1/I,=1/,). IIpH TONOKUTENBHBIX @ HHTEHCHBHOCTb HMEET
uepenyloudecs MAaKCHMYMbI H MUHMMyMbl. B nepBom, nauGosbiueM 3
makcumymoB, I/I,=1,37. '

§ 61. dudpakuus Ppaynrodepa

Oco6uiii uuTepec Jyist GU3HYECKHX TIPUMEHEHHH HMeIoT JHDpaKLHOH-
HbBle sIBJIEHHS, BO3HHKAWIHe MPH [aJeHHH HAa 3KpaHH IMIocKonapal-
JIeILHOTO Tmy4Ka Jyuefi. B pesy/brate Audpaxiyy MyyoK Tepsaer napasi-
JIQJILHOCTD H TOABJSETCS CBET, PaclpoCTPaHAIIUACS B HAIPABNAEHHUAX,
OTIMYHBIX OT TNepBoHauaibHOro. IlocrtaBum 3ajayy o6 onpefejeHHH
pacnpelie/ieHdsl 1O HANPABACHUSIM HHTEHCHBHOCTH Ju(ParHpOBaHHOIO
CBeTa .Ha GOJIBINHX PACCTOSHHAX MO3aJM 3KpaHa (Takas IOCTaHOBKA
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BONIpOCAa OTBedyaeT TaxK HasblBaeMod Ougpaxyuu Dpayneogpepa). Tlpu
5TOM MBI CHOBA OIPaHHUMBAaEMCs C/JIy4yaeM MAaJjbiX OTKJIOHEHHH OT reo-
METPHUYECKOH ONTHKH, T. €. NMpeAloJaraeM MajbiMU YIVIbE OTKJOHEHuUs
OT NEePBOHAYaJLHOTO HANpaBJeHHs Jyued (yribl AHPaKLHH).

ITocraBnennyo 3afavy MOXKHO OblNo OBl PelldTh, HCXOAS H3 oOLiel
dopmyasl (59,2), nmepexois B He#l K mpefeny GeCKOHEUHO YJaJeHHBIX
OT 9KPaHA MCTOYHHKA CBETA H TOUKH HaG/iofieHHsi. XapakTepHoOH oco-
GEHHOCTBIO PacCMATPHBAEMOrO CJydasi sIBASETCS IPH 5TOM TO 0OCTOA-
TEeJILCTBO, YTO B HHTErpase, OnpeflelsiolleM HHTEHCHBHOCTb AMbparu-
POBAHHOTO CBETa, CYIIECTBEHHA BCS BOJHOBAs NMOBEPXHOCTb, MO KOTO-
poll NPOH3BOAUTCA HMHTETPHPOBAHHE (B MPOTHBOHOJOMKHOCTH CAyYaio
audpaknuu Openensi, B KOTOPOM HIPATH POJb JHIIL YIACTKH BOJHOBOH
MOBEPXHOCTH BOGJIM3H Kpasi SKPaHOB)l).

Ilpowie, oxHako, paccMOTpeTh INOCTABJIEHHBIH BONIPOC 3aHOBO, He
npuberas K nomoun obmeld dopmynst (59,2).

OGosnaunm MOCPEICTBOM U, TO T0JIe NI03a/H IKPaHOB, KOTOpOe HMe-
Joch GBI OPH CTPOTOM COGIONEHNH reomeTpuuecKoil ontnku. OHO npej-
cTaBjiseT coGOH IIOCKYIO BOJIHY, B HOIEPEUHOM CEYeHHH KOTODPOH, Of-
HAKO, MMEIOTCH YUacTKH (OTBEYalOllHe «TeHH» HEMpO3pauHbiX SKPaHOB)
¢ paBHBIM HYJII0 nosieM. OGO3HAYHM [TOCPEACTBOM S Ty YACTh IVIOCKOCTH
TI0NepedHOro CeyeHtsl, Ha KOTOPOH MNOJIe U, OTJIHYHO OT HYJIf; TIOCKONBKY
Kax/1asA Takasi OJOCKOCTb SIBJISIETCS BOJHOBOH IOBE pXHOCTBLIO MJIOCKOM
BOJIHBI, TO t,=const BJIoAb Bcel maowiaau S.

B nelicTBHTENILHOCTH, OAHAKO, BOJIHA C OrpaHHYeHHOH IJIOWAABI0 NO-
NEPEYHOrO CeyeHHs HE MOXKeT OBITh CTPoro miaockoiél (cM. §58). B ee
MAPOCTPAHCTBEHHOE pasioxkerne Pypbe BXOAAT KOMMOHEHTHI € BOJIHO-
BBIMH BEKTOPAMH Pa3JIHUHbIX HAMPAaBJAEHHH, UTO U SABJASETCA HCTOUHHKOM
JHppaKLHH.

Pasnoxum none u, B IByXMepHHIH HHTErpaa Pypre Mo KOOPAUHATAM
Y, Z B IFIOCKOCTH nonepeQHoro ceueHHUst BOJIHHL. [l KOMIOHEHT Pypre
HMeeM:

Ug= SSS u.e-tardy dz, (61,1)

TIe ¢ — TOCTOsiHHEIE BEKTODBl B IIJIOCKOCTH y2; MHTETPHPOBAHHE NPOH3-
BOAUTCS (pAKTHUECKH JIMHIb NO TOH YacTH S IVIOCKOCTH Yz, Ha KOTOPOi

1) Kpurepuu audpaxunn O perenss u paysrodepa Jerko noJyduTs, BePHYBIIHC
K gopmyaie (60,2) u npHMeHHB ee, HaNPHEMepP, K IUEJNH IIHPUHH @ (BMECTO Kpast H30JiH-
POBaHHOTO 3Kpana). MaTerpupoBanue no dz B (60,2) XOMKHO NPOH3BOANTECH TPH 5TOM
B npefenax ot 0 no a. Hudpakuun Ppenens cooTBeTCTBYeT CHTYyauusi, KOTAa B 3K-
CTICHEHTE MOABIHTErPAJILHOTO BEPAXKEHHS CYIIECTBEH WIeH ¢ 22 i BepXHui npeies HH-
Terpana MOXeT ObiTh 3aMeHeH Ha . JI/Isg 3TOro AomKHO GhITh

ka? (51-4—[%)}1.

Hanpotus, eciii B 3T0M HePaBeHCTRE CTOHT ofpatHulii 353K, uneH ¢ 22 Moxer GuTb ony-
HIEH; STOMY COOTBETCTBYeT cayuail audpakuuu dpaysrodepa.
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U, oTyinuHo oT Hyss. Ecnu k ectb Bo/HOBOH BeKTOp majamiieil BOJAHbL,

‘70 KOMMOHEHTE TOJS Ugeld™ oTBeyaeT BOJIHOBOH Bekrop k'=k+-q. Ta-
kuM obpasoM, BekTop (q=k’'— Kk onpezenser H3MeHEHHE BOJIHOBOTO
BeKkTopa cpera npu Audpakuud. IlocKonbKy abconoTHeE 3HAYEHHS
k=Fk’=o/c, T0 Manbie yrapl nadpakuud 0,, 0, B MI0CKOCTAX Xy H X2,
CBA34HBL C COCTaB/SIOUIMMH BEKTOpPA ( COOTHOLUEHHAMH

w
qy:—a‘:—ey’ qz:_c_er (61,2)
[Ipn MaloOM OTKJOHEHHH OT TeOMETPHUYECKOH ONTHKU KOMIIOHEHTDH!
pAa3/10KeHHs IOJST U, MOXKHO CUHTATH COBMAJAIOLINMH C KOMIIOHEHTAMH
HCTHHHOTO NOJA JudparupoBaHHOTO CBeTa, Tak 4To ¢QopmyJaa (61,1)
peliaer MOCTABJEHHYIO 3afady.
Pacnpesfenenye HHTEHCHBHOCTH [H(parHpoBaHHOTO CBeTa OIpeje-
Jsgercs KBagpaToMm [uq|* Kak dyHKuueh sektopa ¢. KosmuuecrBeHHan
CBf13b C HHTEHCUBHOCTHIO MaJAI0UIEr0 CBeTa yCTaHaAB/NBaeTcs (GopMyIoH

dq,dq,
Sju?)dydz =§Sluq\2~(§’{;£)7 (61,3)

{cp. (49,8)). Orcioma BHAHO, YTO OTHOCHTENbHAsl HHTEHCHBHOCTL JH-
$paxunu B 37IEMEHT TelecHoro yria do=df, df, naercs BeaHUHHOI

|uql2‘d‘7,ydf7z* ® \2
ul (a7 \ 2me

Paccuorpum pudpaxuuo dpaynropepa or AByX 3KpaHoB, ABAAIO-
IIUXCA «IOMOJHUTEJNBHBIMAY IO OTHOLUEHHIO JAPYT K APYIY: INepBHIH
9KPAH HMeeT OTBEPCTHs TaM, TAe BTODOH Henpo3paueH, H HaobopoT.
O6o3naunm nocpeacTBoM u'V H 4 mose crera, AugparupoBaBUIero Ha
3TUX 3KpaHaX (IpHM OJAUHAKOBOM B OOOMX C/JyuasxX IaJalolleM CBeTe).
Mockoabky ul’ u ulY Bwpaxaiorcs unrterpanamu (61,1), B3ATHIME 1O
niouiaisiM OTBEPCTHH B 3KpaHaXx, a OTBEPCTHA B OOOHX 3KPaHAX JONOJ-
HSIIOT JPYT Apyra Jo LeJoH HJICCKOCTH, TO CyMMa uf,”‘f‘uﬁf) €CTh KOM-
noHenrta Dypre 1o, HONYUAIIETOCS MPH OTCYTCTBHH 3KPaHOB, T. e.
npocro najawoulero cera. Ho nanaromuii cBer mnpeacrapisier coGoi
CTPOro IVIOCKYIO BOJIHY C ONpeleseHHLIM HanpaBjaeHHeM pacnpocTpa-

HeHHs, NosToMy uy'--u$'=0 npHu BCAKOM OTIUYHOM OT HyJas q. Takum
1

ofpazom, mveeMm ul =—ul? WIH, AT COOTBETCTBYIOIIUX HHTEHCHB-

HoOCTef,

Uq
Uy

*do. (61,4)

=] up s mpn a0, o159

OTO 3HAUMT, YTO JONOJIHHTEJbHBIE 3KPaHbl JAIOT OAHHAKOBBIE pacrpe-
Nie/IeHHs] MHTEHCHBHOCTH AM(ParupoBaHHOrO CBeTa (TaK Ha3BIBAeMbIH
npunyun babune).

YnomsiHeM 3ech 00 ONHOM HHTEPECHOM CAeACTBHH NpUHUHKNA b abune,
Paccmorpum  kakoe-HuGynb uepHOe TeNO, T. €. TeNO, MOJHOCTHIO
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norJomawiee BeCh Najaoniii Ha Hero ceer. CoOrjlacHO reoMeTpHuecKoi
ONTHKE IIPH OCBELIEHHH TaKOoro Teja 3a HHM ofpasoBaJjach 6bl 061acth
reoMeTpPHUECKOl TeHH, MJIOUIALb CeueHHus KOTOopoi Oniia Obl paBHa IO~
ajiy CeueHHs TeJa B HANpaBJeHHH, NepneHJHKYJASAPHOM K HalpasJe-
HHUIO najeHus ceera. Hanuume nudpaxuuu npuBefer, oAHAKC, K uac-
THYHOMY OTKJIOHEHHIO CBeTa OT NepBOHauajbHOro HampapJaeHusa. B pe-
3yJbTaTe Ha GOJIBIIOM PACCTOSIHHH 1103a/1H Tejla TeHH He OyJeT, a Hapsaay
€O CBETOM, paCHpOCTPAHSAIOMIMMCSI B NEPBOHAYAJBHOM HANDABJIEHUH,
6yJeT TakXke W HEKOTOPOE KOJHYECTBO CBETAa, PACIPOCTPAHSIONIETOCH
nof HeOOJILUIMMH YIVIAMH K CBOEMY IePBOHAYaJAbHOMY HaNpPaBJAeHHIO.
Jlerko onpegenuTh HHTEHCHBHOCTbL 3TOr0, KaK TFOBOPSIT, PACCESHHOTO
ceera. Jlas sToro 3ameyaeM, uto corjacHo npuHuuny babuHe Kosiuuect-
BO CBETa, OTKJIOHHUBLIETOCsl BCJENCTBHe AudpakuUd HA paccMarpHBae-
MOM TeJIe, PABHO KOJHUYECTBY CBeTa, OTKJIOHSIOMIErocss NpH KHPpaKI UK
OT [IPOPE3aHHOr0 B HEMPO3pauyHOM 3KpaHe OTBepCTHs, opMa H ILIOIAb
KOTOPOTO COBNAZAT ¢ (opMOH H IJOIANbI0 HONEPEUHOIO CEYeHH:
teqa. Ho npu nudpparuuun ®payHrogepa oT OTBEPCTHS TNPOHCXOAHT
OTKJIOHEHHE BCero NpoXoAsLIerc yepe3 orBepcTHe cBeta. Orcioga cie-
JYeT, uTOo IOJHOEe KO/JHUYECTBO CBETa, pPAcCesiHHOTO Ha YEpHOM Tene,
PaBHO KOJIHUECTBY CBeTa, MaJalollero Ha ero HOBEPXHOCTb H IOIVOLa-
eMOro HM.

3agaun

1. Onpenenute audpakuuio Ppaynrodepa npH HOPMaJLHOM NAfEHHH MJIOCKOM
BOJIHBI Ha GeCKOHEUHYIO WieJib (IIMPHHH 2a) ¢ napajJiefpHEMH KPasMH, IPOPE3aHHYI0
B HelPO3PauHOM 3KpaHe.

Pemenne. BrifepeM miockocTs WIeNM B KaueCTBe NJOCKOCTH Y2 C OCHIO 2
B1OJb AJMHB Weid (puc. 13 npeacraBnser paspes skpana). Ilpn mHopmasbHOM

najleHMH CBeTa IIJIOCKOCTh HIeNH SBJAsSeTC OQHOH H3 BOJ-
[ 4 HOBHIX TOBEPXHOCTel, KOTOPYIO MBI BO3bMeM B KauecTBe IO-
BEePXHOCTH HHTerpuposanus B (61,1). BBuay GeckoHeuHocTH
JVIMHEL INEJTH CBeT OTKJOHSIETCS TOJBKO B IJIOCKOCTH XY
(uuterpan (61,1) oGpamaercs B Hyab NpH ¢,#0). Ilostomy
pasJioKeHue NoJA Uy AOJKHO IPCH3BOANTLCS JIHILb 10 KOOPAH-

" “"\""m Y wnarey:
\ a
L
\ _ gy .
5\\' uqzuOSe ‘9ydy=~q—“smqa.
v ;
! MrTencHBHOCT JH(parupoBaHHEOro CBeTa B HHTeppaJe
x yraoB dO ectp
Iy |ugPdg I, sin®kab
Puc. 13. dl—% P ﬁ_M—GT-de’

rle k=/c, a I— NoJHAas HHTEHCHBHOCTb CBeTa, MAajalOWero Ha MieVib.

dl/d8 rak Qynxuus yraa pudpakiuu HMeeT BHJ, M300paxeHHHI Ha puc. 14.
Tpu yBesuyeHuy 6 B Ty WX APYTYIO CTOPOHY 0T 0={0 MHTeHCHBHOCTb npoCeraeT psaj
MAaKCHMYMOB ¢ ObiCTpo YyObBalome#i BBICOTOH. MaKcuMyMBl pasjesieHbl B TOYKAx
O=nn/ka (n — Ueakle YACIa) MHHHMYMaMH, B KOTOPHIX MHTEHCHBHOCT» o6paumaeTcs

B HYJb. )
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2. To ke npu ANGpPaKLHUH OT PellleTKH — MJIOCKOTO 3KPaHa ¢ [POPe3aHHLIM B HeM
PAKOM OJMHAKOBBIX NapalIeIbHBIX menefl (UHPWHA MieJqH 24, MMPUHA Hempo3pay-

HOTO 3KPaHa MEXKAY COCeIHHMH LIeNaMu in? oo
9b, uncjo meneir N). St':rtv:z .

Pemenne. BrfepeM miocKocTb
pellleTKH B KauecTBe IUIOCKOCTH yz ¢
0ChIO 2, Napa/uiesbHOR weaaMm. [Iudpak-
HHUs CHOBA NPOHCXOAMT JHIIL B IJIGCKO-
CTH XY, U HUHTerpuposanue B (61,1) naet:

N1
—2i{Nqd
— ~oingd _, 1—¢
Uy =lq Z € =g |—_p—2iqd ’
n=4a0

rie d=a-+b, a u:, eCTb  pe3yanral
HHTErPUPOBAHUN WO OfHOH utend. Boc-
MOJIb30BABIIHCE Pe3yabTatamMu safaud 1,
HOJTYUHM:

_Joa [sin Ngd\? [singa\?

sin qd qa
1 sin Nk6d\ 2 sin%kab 48
" Nmak \ sink0d 02

({/y—noNHAsT MHTEHCHBHOCTH CBETA, NPO-
XOASAIIEero yepes BCe LUEJH).

[pu 60.1blIOM YHCJIE e e Puc. 14.
(N — o) 31y dopMyJy MOKHO HanH-
caTb B HHOM Buje. llpu 3Havenuax )
g=nn/d (n—uenoe uncao) d//dg umeeT MaKCHMyMbl; BGJH3H TAKOrO MAaKCHMyMa
(r. e. npu gd=nn-¢, & Man0)

_ singa\ 2 sinZNe
d1_10a< n ) NeE dq.
Ho nmpu N — o umeer mecto ¢opmysal)
. sin?Nx
MY el
Ioaromy BOIH3M KaWKIOTO MAKCHMyMa HMeeM:
_; a (singa)\?
ar=1,4 (——qa ) 5 (¢) de,

T. €. MAKCHMYMBI 06J/1aflaloT, B Mpefese, GECKOHEYHO MaJOf WHPHHON, a HOJHAA
HHTEHCHBHOCTb CBeT4 B 7-M MaKCHMyMe eCTb
d sin? (nna/d)

Jmey 4
% st n?

1) pu x#0 ¢yHKuua e JeBofl CTOpOHe PaBEHCTBA PaBHA HyJI0, & COMJIACHO
¢opmysam, H3BeCTHBIM U3 TeOPHH psloB Pypbe,

Orciona BuaHO, uyTO cBOjiCTBA 5TOH QYHKIHK NeHCTBHTENbHO COBTAZAIOT CO CBO-
crBamu §-QyHKIUK (CM. mpumedanne Ha cTp. 96).
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3. Onpenenuth pacnpejesieHse HKHTEHCHBHOCTH - 10 HANpPaBJeHHAM TpH And-
PaKL¥M CBeTa, NAJAOUlEr0 B HOPMAJbHOM HAaNpaBJeHHH Ha KDYIJoe OTBepCTHE
pazuyca a.

Pemenue. DBoeleM HOuAMBAPUUCCKHE KOODAMHATH 2, 7, ¢ C OCbW 2, HpO-
Xonsutefl dHepe3 IEHTP OTBEPCTHS NEPUEHAHKYJSAPHO K ero mjockocTd. OueBuano,
yTo AH(PaKUHd CHMMETPHYHA OTHOCHTENBHO OCH 2, TaK 4YTO BEKTOP ¢ HMeeT
JHIIb  PAINaNbHYI0 KOMIOHEHTY ¢,=¢==k0. OrcuuTeiBag yroa ¢ OT Hanpas-
JIeHHsT q ¥ HETerpupys B (61,1) mo nnockoCTH OTBepeTHs, HaXOLUM:

a 2n a
Uy =ty S S el CO8% 1 gy dr = 2mu, S Jolgryrgr,
) 0

rne Jo—dyukuus Beccens wynesoro nopspka. C nomoumbio wasectTHofl GopMyan

a

aQ
S 1o qr) rdr =213 (ag)
0

nMeeM OTcCiojal
2nuqa
uq = q() Jl (afI),

n corsacho (61,4) HAXOZMM OKOHYATEJLHO HUHTEHCHBHOCTb CBeTa, AWparupoBas-
Wero B 2JEeMEHT TEeJECHOTrO yrJa do:

I3 (akB)
" nG

rae IO—HOJ'IHZU{ HHTEHCHBHOCTbL CBETa, NajaiOlIEro Ha OTBEPCTHE,

dl =1 do,



rJTABA VII

NOJE ABH)KYUIHUXCSH 3APSAA0B

§ 62. 3amasppiBaomiue NOTEHLHAJBL

B rn. V Mmbr H3yuasu TOCTOSIHHOE TMoOJIe, CO34aBaeMO€ MOKOSIIHMHCS
sapsiiaMH, a B 1. VI — nepeMeHHOe moJsie, HO B OTCYTCTBHE 3apsiloB.
Teneps MBI 3aliMeMcsi H3VUGHHEM IME€PEMEHHBIX IOJEH TNpPH HaJHYUH
IPOU3BOJBHO ABHKYIIUXCA 3apAfOB.

BrisesieM ypaBHEHHS, ONpeNessIolue NOTeHIUAbl 110Ji8, CO3/aBae-
MOTO JBIZKYIIUMHUCS 3apsAiaMu. D10 YAOGHO CIEJNATh B UeTHIPEXMEPHOM
BHIE, TIOBTOPHB NMPON3BeJeHHEIH B KoHue § 46 BBIBOJ C TOH JHMUIL pas-
Hullefl, 4TO HANO HCMOJL30BaTh ypaBHenua Maxceenna (30,2)

OFi% 4n

—_— . Y

oxk — ¢!
C OTVIHYHOH OT HyJis npaBo#l uacTbio. Takas ke npaBas yacTb MOSABHTCS
M B ypaBHeHuu (46,8), u nocie HaNOXKeHHS Ha MOTEHUHANBl YCJIOBHS
Jlopenua

AL 1 op . _
‘-a—;cl—.—— ,T.e.-c—?[—f—dlv A-—O, (62,1)
MOy 4UM
pAl _ 4n :
ok oxk 0 (62,2)

310 U ecTb YpaBHeHHe, ONpefe/siollee NOTeHIHATE IPOH3BONBLHOTO
3M€KTPOMATHUTHOTO MMoJsl. B TpexMepHOM BHIE OHO 3aIUCHIBAETCS B
BHIe ABYX ypaBHEHHi — Insg A H AIs @:

1 92A 4,
M—Gom=—7h (62,3)
: 1 92
Ao—  SE = —4ap. (62,4)

N moCTOAHHOTO TOJIst OHH CBOAATCA K yKe H3BECTHBIM HaM ypaBHe-
HusaM (36,4) u (43,4), a 115 nepeMEHHOro NOJA (€3 3apSAA0B — K OAHO-
POMHBIM BO/JTHOBBHIM YPaBHEHHSM.
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Pemenne HeoJHOPOAHBIX JIMHEHHBIX YypaBHeHuit (62,3—4) moxer
6HITh TIPELCTABJIEHO, KAK H3BECTHO, B BHAE CYMMBI PelIEHHSA 3TUX 2Ke
ypaBHeHHil 6e3 NpaBOi YaCTH U 4acTHOTO HHTerpasja ypaBHeHHH ¢ mpa-
POl YacThio. JlJIsi HAXOXKAEHHS 3TOIO YAacTHOIO HHTErpasia pPasiesnM
BCe NIPOCTPAHCTBO Ha GECKOHEYHO-Ma/ble y4acTKH H ONMpeNeNHdM foJe,
CO37laBaeMoe 3apsJioM, HaXOASIIUMCH B OJHOM H3 TaKHX 3JEMEHTOB
ofibeMa. BcoseficTBHe JIMHEHHOCTH YpaBHEHHH HCTHHHOe nofe Oyher
PaBHO CyMMe ToJieH, CO3%aBaeMBIX BCEMH TaKHMH 3/JeMEHTAMH.

3apan de B 3ajaHHOM sjeMeHTe o0reMa siBJstercsi, BooOlle TOBOPS,
¢yukuueil or spemenu. Ecau BebpaTh Hauano KoopjAHHAT B paccma-
TPUBAeMOM 3JieMeHTe ofbeMa, TO MJIOTHOCTh 3apsna p=de (f) 6 (R), rae
R — paccrosane or Hayajga KoopAuMHar. Takum o06pasoM, HaiM Halo
PElUHTL ypaBHEHHE

1 3%
—RIRE —4mnde (¢) 6 (R). 7 (62,5)

Beszie, kpome Hauaja KoopauHaT, 8 (R)=0, u MBI HMEeM ypaBHEHHE

1 02
Ap—— 573 =0. (62,6)

OueBHIHO, YTO B paccMaTpHBaeMoM ciydae ¢ 00JaflaeT LEHTpaJbHOR
cHMMeTpHeH, T. €. ecTb QYHKIMS Toabko oT R. IToatomy, ecan Hanu-
caTe onepatop Jlamnaca B cepuueckux koopaunarax, 1o (62,6) npn-
ofpeTeT BHJ, .
B 1 0 o 1 9%
— L (R 20
_ R® R (R OR) zor=0

JI151 pelueHust 3TOTO ypaBHEHHUs c/leJaeM NMOACTAHOBKY ¢=7y (R,?)/R.

Torpa /14 § MBI HOJTYYHM:

1 2
%, 0%, 0

Ho 310 ecTh ypaBHeHHe IJIOCKHX BOJIH, PellieHHe KOTOPOTO HMEET BHJ
(cM. § 47):

x=f (t=%)+5 (t+2).

IlockonbKy MBI HIIEM TOJBKO HACTHBHIH HHTErpa’ ypaBHEHNH, TO JO-
CTaTOYHO B3ATb TOJbLKO OAHY U3 QyHKuui f; u f,. O6bIYHO GbIBaET y106-
HHIM BHIOHpaTh f,=0 (cM. 006 3ToM Huxke). Torja morTeHuHan ¢ pesfe,
KpoMe Hauaja KOODAHHAT, HMeeT BHI

(1)

\

g=—p". (62,7)
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OyHKIHSA ¢ B 5TOM PaBEHCTBe IIOKA NIPOM3BOJILHA; BhibepeM ee Te-
repb Tak, yrobbl NMOJNY4YHTL BEPHOE 3HaueHHe AJis NOTeHUHa a TaKxKe H
B HayaJse KoopAHHAT. {Haue rosops, Mbl JOMKHEI Noxo6pars y TaK, 4To-
6bl B HauaJsie KOODJUHAT yJAOBJETBOPAJIOCh ypaBHeHHue (62,5). ITo Jaerko
clieJ1aTh, 3aMETHB, 4TO NpH R-> 0 caM NOTEHLIHAJ CTPeMHTCs K GecKo-
HEYHOCTH, a IIOTOMY ero NPOH3BOAHBIE IO KOOPJAHHATAM PaCTyT ObICTpee,
yeM [POH3BOJHBIE 110 BPEMEHH, CJxe};LOBaTeJIbHQ, npu R— 0 B ypasHe-

1
Huu (62,5) MoxHO npene6peyb YJIEHOM C—,% N0 cpaBHeHHIo ¢ Ag.

Torza oHO nepexoiuT-B H3BECTHOe yiKe HaM ypasHeHue (36,9), npuso-
jasmee K 3akony Kysona. Takum o6pasom, B61M3M Havaita KOOpIAMHAT
¢opmyaa (62,7) no/mkHa mepexoauth B 3akoH Kysona, oTKyJza criejiyer,
yto % (f)=de(?), T. e.
de < Z—B—>
c

P= R

Otciona nerko nepedTH K pellleHHI0 ypaBreHusa (62,4) ans npous-
BOJILHOTC pacrpefiesieHls 3apsafoB p (x, y, 2, 1). Jas storo ZoctatouHo
Hanucats de=p dV (dV — saeMeHT 00BeMa) M TNPOHHTErPHPOBATH IO
BceMy npocTpaHcTBYy. K nolyueHHOMY TaKHM 00pasoM peLIeHHIO HeoA-
HOpojHoro ypaeHeHus (62,4) MoxHO mnpHOaBHTL ellle peELICHHE @
3TOrO Xe ypaBHeHus Ge3 npapoii yactu. Takum obpasom, obliee pere-
HHEe HMEeT BHJ

e /|
o, 0= zo (v, =2 )av +q, (62,8)
R=r—r', dV' =dx'dy dzZ’,

rae r=(x, y, 2), r'=(x', ¥, 2’); R ecTb paccrositHie oT 3J1eMenTa ofbeMa
dV 1o «ToukH HabJIofeHUs1», B KOTOPOH MBI HUIEM 3HAaYeHHe NOTeH1Haa,
Mui Oyziem nucath 3T0 BHIpaXKeHHE KOPOTKO B BHIE

o= [ LK 4V 1 g, (62,9)

rie WHIEKC I0KaskBaeT, UTO 3HAYEHHE P Halo 6paTth B MOMEHT BPeMEHH
t—R/c, a mrpux y dV onyiues.
AnanornyHeiM 06pa3soM HMeeM JAJA BEKTOPHOIO NOTeHLHaJja:

— l jt—Rfc v
A_TS_?_uw+m, (62,10)

rie A,— peurenne ypaBHeHus (62,3) Ge3 mpaBofi uacTH.

Bripaxenus (62,9—10) (6e3 @, 1 A,) Ha3bIBAOTCA 3a11a30616a10U{UMU
NOMeHYUaIaMU.

B ciyuae HenoABWAKHBIX 3apsfoB (T. €. He 3aBuCALled OT BpeMeHH
IJIOTHOCTH p) dopmyia (62,9) nepexoqHT B H3BECTHYIO yKe HaM GOpMyay
(36,8) mns moreHiMasa aJEKTPOCTATHYECKOTO rmofs; Qopmyna ke
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{(62,10) B ciiyyae CTallMOHAPHOTO ABIKEHHS 3apsJ0B TEPEXOAUT (ocie
ycpeaHeHust) B ¢opmyJay (43,5) I/ BEeKTOPHOro MOTeHLHa/ a NOCTOs -
HOrO MArHHTHOLO MOJIS.

Besnuuunsl ¢, H Ay B (62,9—10) onpenensiorcs Tak, 4TOOBl YAOBJIET-
BOPUTL YCJOBHAM 3aaa4yd. st 3ToT0, OUEBHAHO, OBLIO OBl JJIOCTATOYHO
33J1aTb HAYaJbHBIE YCJIOBUS, T. €, MOJe B HAYa/NbHBIH MOMEHT BpPeMeHH.
OxHAKO ¢ TaKHMH HadaJbHBIMH YCJIOBHSIMH OCHIMHO He ITPHXOLUTCSH
uUMeTh fena. BMecTo 3TOro 3a1aorcs yeJA0BHS Ha 60JBIIHX PACCTOSHUIX
OT CHCTeMEI 3apsI0B B TeueHye Bcero BpeMent. MimMenHno, 3anaercs nazaio-
iiee Ha CHCTeMy BHeniHee wasyuenvie. COOTBETCTBEHHO 5TOMY IoJie, BO3-
HHUKaIolllee B pe3ysbTaTe B3aHMOREACTBHS 3TOIO U3/JIYUEHUS C CHCTEMOTT,
MOZKET OTJIHYATELCH OT BHEUIHEro IOJISl TONBKO H3JyUeHHeM, HCXOASUIUM
OT cHcTeMsl. Takoe HCXOJsIIIee OT CHCTEMBI H3Jy4eHHe Ha 6oJbIIHX pac-
CTOSTHUAX JOMKHO HMETh BHI BOJHBI, PACHpOCTPaHSIONIEHCA 10 Ha-
NpaB/JIeHUIO OT CHCTEMEI, T. €. B HanpaBaeHHH Boapacraiomux R. Ho
3TOMY YCJIOBHIO YJOBJETBOPSIIOT HMEHHO 3ala3/biBaoiie OTeHHAMbI.
Taxum obpasom, nociaennue H306paxkalOT cofod 1oJe, HCXOASIIEe OT
CHCTeMBI, a Qo H Ay HaJIO0 OTOXKIECTBHTD C BHEIIHHM [10J1eM, JeHCTBYIOUIHM
Ha CcHUCTeMy.

§ 63. Morenuuanst Jluenapa — Buxepra

OnpefennM MOTeHIHAEI 10J15, CO3/1aBaeMOT0 OflHHM TOUEUHBLIM 3apg-
JIOM, COBEpIIAIIIUM 3aJIaHHOE JBHXEHHE 110 TPAEKTOPHH r=T, (f).

CortacHo ¢opMy/iamM 3anasiplBalOIIHX INOTEHLHANOB II0Jle B TOYKe
Habmofenust P (x, y, Z) B MOMEHT BPEMEHH [ ONpPENNsieTCS COCTOAHIEM
JIBIZKEHHSI 3apsiia B TPEIUIeCTBYIONIHH MOMEHT BpeMeHH f', AJd Ko-
TOPOrO BPeMSA PACIPOCTPAHEHHS CBETOBOTO CUTHAJA U3 TOUKH HAXOXKIe-
HUA 3apAla Io({') B TouKy HabmiofeHud P Kak pas coBlajaeT C pasHo-
ctbio ¢ — ¢'. Ilycts R (#)=r — r,(f) — pajguyc-BeKTOpP OT 3apsiia €
B TOUKY P; BMecTe C I, () oH siB/IsieTcsl 3alaHHOH (yHKIHeH BpeMeHH.
Toraa mMoMeHT ¢ onpefiensieTcst ypaBHEHHEM

- R0y, (63,1)

Jas xaxnoro sHaueHHA ¢ 5TO ypaBHeHHe HMeeT BCEro OAUH KOpeHb £’ 1),

1) D10 06CTOATELCTBO NOBONILHO OUEBHAHO €aMo MO cebe, HO B ero ClpaBeisiu-
BOCTH MOJKHO YOEIUTBCSA H HENOCPeACTBeHHO. g 3Toro BrIGepeM TOUKY HabaoneHus P
H MOMEHT HaO/oJeHus { B KadecTse Havasa O YeThIpexMepHOl CHCTeMBI KOODAHHAT H
nocTpouM ¢BeToBoil KorYc (§ 2) ¢ BepinHo# B 0. HimXuA4 noJIocTs 3TOro KOHyca, 0xBa-
ThBaowasa o6jgacTs aGCOMOTHO NpOIeAmero (N0 OTHOWEHHIO K cobutHIO 0), npei-
cTaBJIsieT co60if reoMeTpHUECKOe MECTO MEPOBHIX TOUEK, TAKHX; YTO NOCJAHHEIR U3 HHX
curaan gocrtarret Toukn O. TouxH ke, B KOTOPHIX 5Ta HIEPNOBEP XHOCTh Mepeceka-
eTCs MHPOBO#l JINHHell ABHXKeHHS 3apsiia, KaK pa3 H COOTBETCTBYIOT KOPHAM ypaBHe-
uua (63,1). Ho nockonbKy CKOpPOCTH HaCTHIBI BCEerjga MeHbIIE CKOPOCTH CBeTa, TO ee
MHPOBast IHHUA HMeeT Be3jie MeHbINHA HAKJOH K OCH BPeMeHH, YeM HaKJIOH CBETOBOro
Konyca. OTciofa u cliefyer, 4TO MHPOBAasi JIMHHS YacTHIE! MOXeET IePecedb HHKHION
NOIOCTL CBETOBOTO KOHYCa TOJBLKO B OJHOH TOUKe.
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B cucteme orcuera, B KOTOPOH B MOMEHT BpeMeHH ' uyacTHLA IHO-
KOHTCH, NoJie B TOYKe HAGMIOACHUA B MOMEHT { Jaercsl IPOCTO KYJo-
HOBCKHM IIOTEHUHAJIOM, T. €.

e

‘ =Ry

A=0. - (63,2)

BripaxkeHHsa J/is1 MOTEHUHAJOB B MPOH3BOJILHOH CHCTEME OTCUeTa MbI
MOJIYYUM Tellephb, HAIKMCaB TaKoH 4-BEKTOD, KOTOPLHI Obl IIPH CKOPOCTH
v=0 naean Ais ¢ H A 3Hauenus (63,2). 3ameuas, uto coriacuo (63,1)
¢ u3 (63,2) MOKHO HamucaTh TaKXKe U B BHJE

e

==y
HaXOJHM, 4TO MCKOMBIH 4-BEKTOp eCTh

Al e (63,3)

1)
Ryu*

rae ub— 4-cKopocTb 3apsana, a 4-sekrop Rk=[c(i—1'), r—r'], npuuem
x', Yy, 2, cBs3aHBI ApPYr € JPYroM cooTHoweHueM (63,1); nocieanee
MoXkeT OHITh 3alMCaHO B HHBapHMaHTHOM BHIE Kak

R,R% =0. (63,4)

Hepexozlﬂ Terepb CHOBA K TPEXMEPHBIM 0603Haq6HHHM, TI0JIYHEM A5
NOTEHUMAJ0B NoJaA, CO34aBaeMOI'0 MNPOU3BOJbHO ABHXYHIHUMCA TOUYEH-
HBIM 3apsajaoM, CJelyloniue BbhipaXeHHsd:

o="pvs A=y (63,5)
(+=%) (*—%)

rie R — paauyc-BeKTOp, MPOBEAEHHBIl H3 TOUKH HAXOXKAEHHA 3apsia B
TOUKY HabjwoaeHus P, u Bce BEJHYHHEI B NIPABLIX YacTAX PABEHCTB J0J-
HbI GHITH B3STHl B MOMEHT BPeMeHHd {', ompenessiouruics us (63,1).
Iortenunanr noas B Bufe (63,5) HasbBaOTCA nomeryuarany Jluenapa—
Buxepma.

JIast BLIUHCIEHHS HANpSXKEHHOCTEH 3JeKTPHUECKOTO H MariHTHOIO
nosied no QopmyJiam

E=——?———gradq>, H=r0ot A

Hajgo auddepeHuupoBaTh ¢ 4 A N0 KOOPJAMHATAM X, Y, 2 TOUKH H MO-
MeHTy ¢ HaGmiofeHusi. Mexny tem ¢opmyasl (63,5) BbIpaXkawoT noteH-
uvanel Kak QyHKUMH OT f | JHIb Yepe3 coorHoweHue (63,1) — kak
HesiBHEIe ()YHKUHH OT X, Y, 2, £. [lo3TOMy IJsi BBIYHCJTIEHHS HCKOMBIX
IPOHM3BOAHLIX HAJ0 Ipe/BapHTENLHO BBIUHCIHTH IIPOH3BOJHBIE OT I,
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ﬁutptbepeﬂuupysi cooTHomeHue R (1')=c({—1') no {, umeem:
OR ORI’ Rvot _ (1 az'>

ot oot Rot T\ o

(3Hauenue R/0¢" nonyuaercs quddepennnpopanueM ToxaecTBa R?=R?
" nioacTanoBKko# OR (¢')/0f = — v ({'); 3HAK MUHYC 31eCb CBSI3aH C TeM,
uto R ecTb paaMyc-BeKTOp OT 3apsiia e B Touky P, a He Ha060poOT).
Orciona

at 1

of . VR ' (63,6)

[P

Re

Ananoruuno, pudxpepeHuUHpysa TO K€ COOTHOIUEHUE O KOOPAHHATAM,
HalijeM:
' 1 ’ 1" /6R ’ R
gradt =——C—gi‘adR(t ):— = <b?gradt +—R—) s
OTKYy a4
R 1

(%)
C _———

4
C nomotpio 3THX (GopMyJa He NpeicTaBjseT TPyAa BbIUHCIHTH

nmonss E u H. Onyckass npomexKyTouHble BBIYHC/IEHUS, NMPHBEAEM IO-
JIYYaoWHKHCA pesyabrat:

v?

grad ¢’ = — (63,7)

-

E:e(R———ET (R—%R) +;_(?——f_k_v)3 [R[(R—XR)v]].63,8)

(4 ¢

1 .
H= 2 [RE]. (63,9)

3necy v=0v/0f’; Bce BeJHUHHBI B NpaBLIX CTOPOHAX PaBeHCTB Oepyrcst
B MOMeHT {’. MHTepecHO OTMeTHTb, YTO MarHHTHOE I0JIe OKa3hIBaercs
Be3fie MEePNEHIUKYASIPHBIM K 3JEKTPHUUECKOMY.

dnekrpuueckoe moje (63,8) cocTOMT M3 JABYX yacTel pas/HYHOTO
xapakTepa. [lepBblil ujieH 3aBHCUT TOJBKO OT CKOPOCTH YACTHUEI (HO He
OT €e YCKOpeHUs)) M HAa OOJbUIMX PACCTOSIHHAX MeHsleTcss Kak 1/R:2.
Btopo#i used 3aBUCHT OT yCKOpeHUs, & IpH 6oJbIIMX R MeHseTcsa Kak
1/R. Mpb! yBuzum Hizke (§ 66), uTo 3TOT NOCJAEIHUH U/IeH CBA3aH G H3AY-
YyaeMbIMH YaCTHUEH 3/€KTPOMATHHTHHIMH BOJIHAMH.

Uro kacaercss nepBoro 4jaeHa, To, 6yAy4Hd He3aBHCHMBIM OT YCKO-
PEHHs, OH JIOJI’KEH COOTBETCTBOBATL NOJIO, CO3/aBAaEMOMY PaBHOMEPHO
JBHXKYILIHMCA 3apsAfoM. [leHcTBHTeNbHO, NMpH NOCTOAHHOH CKOPOCTH
pa3HoCTh

R,,_% Rt,=R,»—-v(t—t').
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ecTb paccrosnne R; or sapsaga mo Touku naGmoleHHss B caMblii Mo-
MeHT HabuoneHus. JIerko TakxKe yOelUTbCs HeNocpeiCcTBEHHOH MHpo-
BEDKOH B TOM, YTO

1 e | _ P i
Rt'—TRt'V: ]/Ri_gz‘ [VR{]*=R; ]/ I_Z_ﬂ sin? 0y ,

rae 8;,—yroax mexay R; u v. B pesynbrare nepsmiil uleHd B (63,8)
OKa3biBaeTcsi COBIAJAIOIUM C BhlpaxKenuem (38,8).

3agaua

BripecTH nortenuuann Jlnenapa— Buxepra nyTtem nHTerpupoBanus B (QOpMy-
aax (62,9—10).
Pemeunne. Hanuwem ¢opmyay (62,8) B Buze

o, t)—”p(r T)a< t—,L—;—[r—r'})drdV’

(1 aHaJjoruyHo Aasi A (r, f)), BBeAs B Hee JIHIIHIOW O-QYHKLHIO H TeM CAMBIM HSw
GaBHBLIMCBH OT HeSIBHBIX aprymentoB B QyHknuu ©. Jas ToueuHoro sapsja, IABHe
Kyuierocss 1o 3ajaHHON TpPaekKTOPHH I=ry ({), UMeeMm:

p(r', ©)=ed [r'—r, ().
HopcTaBuB 3TO BhIpakeHHe H NpPOH3BeAs HHTerpHpomanye no dV’, noayuum:

dt 1
r,t:eS—-—————G[t—l —Ilr—ry(t ].
(p( ) lr__ro(,[)l +CI 0()'
I/IHTerpupOBaHne no dt NPOH3BOLUTCS C NOMOWIBIO (GOPMY I

§(t—1")
TFy

(rue ¢'—xopenb yparnenna F (¢’)=0) u npuBoaut K ¢opmyae (63,5).

8[F (V)]=

§ 64. CnexTpajabHoe pa3noXeHHe 3aMa3/bIBAlOIIHX ROTEBLKAICB

ITone, coanaBaemoe ABUKYIIMMHCS 3apsjaMH, MOXKHO Pas/oXKHUTh Ha
MOHOXPOMATHUYECKHe BOJHBL, llOTEHIMAIB OTAEABHOH MOHOXPOMATH-
YecKOH KOMIIOHEHTHI MOJS HMEIOT BHI @, e~ A, e~ IlioTHoCTH
3apsAla M TOKa CO3Jaioliefl MoJe CHCTeMbl TOXKE MOMKHO IOJABEPTHYTH
CHEeKTPATbHOMY pasjiokeHuwo. $SICHO, uTO 3a co3lauue OlpeneJeHHOM
MOHOXPOMATHYECKOH KOMMNOHEHTBl IOJS OTBETCTBEHHH COOTBeTCTBy}O-
LIHe KOMIIOHEHTH OT P H j.

g Toro uTobur BLIPA3UTH CIEKTPAJIbHbE KOMIOHEHTH 10151 Yepes
KOMIIOHEHTbI NJIOTHOCTE! 3apsifa H ToKa, moictasaseM B (62,9) BMecto
¢ H D COOTBETCTBEHHO @ ¢ '®! U p e ~ it My HaXoIuUM Torzaa:

. —iw (t—=R/c)
(Pu)e—mt — j Pu — av

Cokpawas Ha e~i! u BBOAs aOCOMIOTHYIO BEAHUHHY BOJHOBOIO
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BEKTOpa k= w/c, UMeeM:

kR
Qo= 0o V. (64,1)
AHaJjioruyHo, &I A, IONy4dM:
. eikR
Aw:j]wec—RdV. (64,2)

3amerum, uro dopMmyaa (64,1) npeacraBasier coGoit oGobiueHne
pewennsi ypaBHeHus Ilyaccona Ha Gosee ofuiee ypaBHeHHE BHUIA

A9, + ¢, = — 4np,, (64,3)

(monyyarouleecss M3 ypaBHeHus (62,4) npu p, @, 3aBHCSIIHX OT Bpe-
MEeHH IIOCPEJICTBOM MHOXHTENs! e~ 'of),
Ilpr pasnoxenun B HHTerpan ®ypoe komnoHenrta @Pypbe HI0T-

HOCTH 3apstja €CTb
+ o

= S pelot df,

-0

Iloxctasass 310 BbIpaxkeHue B (64,1), nmoayuum;
+ ©
T (64,4)

Snech Hano ele TepeHTH OT HENPEPHIBHOTO pacmpefefeHus MJIOTHOCTH
3apsiI0B K TOUCUHBIM 3apsifiaM, O IBUMKEHHH KOTOPHIX (paKTHYECKH HIeT
peub. Tak, eclH HMeeTcsl BCETO OIVH TOUYEUHHIH 3apsij, TO HOJaraeM:

p=eb[r—r, (9],

rje 1, (f) — pajnyc-BeKTOp 3apsiia, ABJIAIOUIMICA 3alaHHOH GyHKuMe
BpemeHHn. llogcraBass 3To BhipaeHue B (64,4) U NpoOU3BOASA HHTErpHu-
posaHue no dV (cBoisilieecss K 3aMeHe I Ha Ty (f)), MOTYUUM:

’ ®

1 .
o, =e 3‘ % memmR /e g, (64,5)

-

riae tenepb R (f) — paccrosiHue OT JBHKYINEHCSH YAaCTHLB! 10 TOYKH Ha-
Omofiennsa. AHaJOrMu4HbIM 00pasoM, AJs BEeKTOPHOTO MOTEHIHAJa II0-
JYYHM:

— g _E_)eim[t+R(f)/0] dt, (64,6)

rae V=r, (f) — CKOpPOCTb YaCTHLIHL.
®opmy.Jibl, aHanoruuHele (64,5—6), mMoryT ObITh HANHCAHBL H B CJHY-
yae, KOTAa CHEKTPAJbHOE pa3/okeHHe IUIOTHOCTeH 3apsifa U TOKa Co-
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JEpHKHAT JAUCKPETHBIH psif yacToT. Tak, NMpH nepHoaHYecKoM (C MepHOAOM
T=2n/w,) IBWKEHHH TOYEUHOTO 3apsjia CIEKTPaJbHOE Pa3/ICKEHHE
110JI51 COIePKHUT JIUIIb YACTOTHL BUAA 11® U COOTBETCTBYIOIIHE KOMIOHEH-
Thl BEKTOPHOIO IOTEHLHaJa

T

t
A=—x :e((t)) ¢ino, [14R (1)/c] i (64,7)

(¥ aHanoOrMYEoO 115 ¢,). B oéon cryuanx (64,6—7) koMnoHeHTH Pypre
onpenesieHbl B COOTBETCTRHH ¢ § 49.

3agaua

Pasnoxute nose paBHOMEPHO H NPSIMOJMHENHHO JBIDKYIIEroCcs 3apaja Ha
AJIOCKHE BOJIHEI.

Pemenue. [MocTynaem ananorsuso ToMy, Kak genanocbB § 51. Tlaotaocts
3apsja nuimeMm B Buie p=e (r—v?), rie v—cKopocTh uacTuubl. Bade komnonenty
®ypee ot ypaBHeHust [ p=— 4ne § (r—vf), Haxonum:

(O Qk=— dre-e~tOVRIY,

C 2pyroit CTOpOHEI, M3

Q= S (pk (24.‘
HMeeM:
1 0Py
(O @l =— Fox S TE N
TakuM oGpasom,
1 Py -
< 5R +k2(pk—4ne e~ HkWIE,

OTKyJa OKOHYaTeJbHO
e—i(kv)t

— v\
e (&Y
¢
Otciena BHIHO, WTO BOJNA C BOJHOBLIM BeKTopoM k oG.ajgaeT uacToToll = kv,
AHAJIOPHYHO HAXOJMM LIS BEKTOPHOTO NOTeHIHaJa:

Q) = 4me

4qe ve~iUV)!

A= 7y
=

c
Haxkoneu, 17 noJs HMeeM:
l(kV) _k+(kz‘2)v (kv) t
= — . _t v
Ey kg + Ay =i 4me kz_(l_(_z)ﬁ .
c
Hy=i [kAy] -,i*le kvl it
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§ 65. ®ynxups Jlarpanka ¢ TOYHOCTBIO O YIEHOB BTOPOTO MOPsaKa

B o0bluHOH KAacCHYECKOH MeXaHHKe CHCTeMY B3aHMOJEHCTBYIOHIHX
JPYr ¢ APYrOM YacTHL, MOXKHO OINHCHLIBATH C IOMOUIbIO GYHKIHMH Jla-
rpanxa, 3aBHCALIeH TOIHKO OT KOOPJAHHAT H CKOPOCTeH 3TUX YacTHIf
(B ORMH M TOT K€ MOMEHT BpeMeHH). BO3MOXKHOCTb 3TOrO B KOHEUHOM
yrore ofycjaos/eHa TeM, YTO B MEXaHHKE CKOPOCTb PacipOCTpaHEHH:H
B3auMOJIeHCTBHI npednosaraercss OGeCKOHEYHOH.

Mebt yxKe 3HaeM, uto 6saronapsl KOHEUHOH CKOPOCTH DacrpocTpa-
HEeHMs B3auMOJeficTBHI TONe Hal0 PacCMaTpPHBATHL KAK CAMOCTOATE/b-
HYIO CHCTeMY C COOCTBEHHBIMH «cTereHAMH CBOGOAb. [To3aToMy ec/iu Mt
HMeeM CHCTeMy B3alMOJeHCTBYIOIIHX dYactail (3apajoB), To IS ee
ONMHUCAHHUS Mbl JOJ/LKHBL paccMaTpuBaTh CHCTEMY, COCTOSIUIYIO U3 3THX
YyacTHI ¥ nosas. B cBA3H ¢ 3TUM NPH yueTe KOHEYHOH CKOPOCTH pac-
NIPOCTPAHEHHS B3aUMOAEHCTBUHA HEBO3MOXKHO CTPOToe OMMUCAHHUE CHCTEMbI
B3aUMOJIEHCTBYIOIMX YACTHL C IOMOIIbI0 (pyHKUHH JlarpaHka, 3aBu-
csiuledl TOJMBLKO OT KOOPJAHHAT U CKOPOCTeH YacTHIL H He cojepxalledl Hu-
KaKHX BEJINYMH, CB32HHBIX C COOCTBEHHBIMH «CTeNeHAMH CBOOOABIY OIS,

OxHaKo ec/d CKOPOCTH ¥ BCeX YacTHL MaJjbl 10 CPABHEHHIO CO CKO-
pOCTBIO CBeTa, TO CHCTEMY 3apsAA0B MOXKHO OIHCHIBATH HEKOTOPOH NMpH-
Gamxensol gpyHkuuel Jlarpamxa. Ilpu 3ToM oKasbiBaeTcss BO3MOXKHBIM
BBeCTH (DYHKIHMIO JlarpaHKa, OMHCHIBAIOULIYI0 CHCTeMY He TOJbKO INpPH
npeHeGpeKeHHH BCeMH cTemeHsMHU v/¢ (kjaaccuueckas dyHkuua Jla-
rpamxka), HO ¥ C TOYHOCTBIO N0 BEIHYHH Topsika. v?/c?. Tlocaennee o6-
CTOSAITEILCTBO CBSI3GHO C TeM, UTO H3/YYECHHe 3JEKTPOMATrHHUTHLIX BOJIH
JBHXKVIUIUMHCS 3apsiiaMi (M, TeM CaMblM, BO3HHWKHOBEHHE «CaMOCTO-
ATENLHOTO» 10J15) TOSIBJISIETCS JIHWIL B TPETheM NPHOIMIKEHHH IO v/c
(cm. Huxe, §67)1).

IlpenBapurenbHO 3aMeTHM, YTO B HYJeBOM NpHONMHAKEHHH, T. €.
NpPH TOJHOM NpeHeGpeXkeHUH 3alna3iblBaHHeM MOTeHUHAN0B, GyHKUUsS
Jlarpanka AJsl CHCTEMbI 3aPAN0B MMeeT BHJ

(0) — MqVa €g%h*
LO= 3 Tl 3 fet (65,1)
' a a=b

(cymMmupoBaHHe NMPOMU3BOAUTCA MO 3apsiaM, BXONSALUHM B COCTaB CHC-
TeMbl). BTopofi umeH ecTh NoTeHUHanbHAs 3HEPrus B3aHMONEHCTBH,
Kakoii oHa 6bl1a Gbl JJIs1 HEHNOABHMAKHBIX 3apALOB.

Jnd nonyueHHs CJAeAyIOWero NpHOJHKeHHS NOCTYIIHM C/eLyIoUHM
ofpazom. Pynxuug Jlarpamxka aas 3apaAa e,, HaXOAAIWIEroCH BO BHeLil-

HeM I10Jie, €CTh

La=—-mc2"/ 1| —2—ep+2Av, (65,2)

) B o0cobuix Cayyasgx TMOsiBNEeHHE H3JNYUYeHHS MOWKeT OTOABHTAThCS A0 IATOrO
npubIMKeHUs N0 U/C; B TAKOM cJiydae cymecTsyer GpyHKuus Jlarpamxa H ¢ TOUHOCTHIO -
L0 wieHos nopsaka (v/c)* (cm. 3apauy 2 K § 75).
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Boi6paB kako#-1u60 OTHH M3 3aPSAA0B CHCTEMBI, MBI ONPEASTHM IOTEH-
U HaJibl [0S, CO31aBAaEMOro BCEMH OCTAJbHBIMH 3apAjaMH B TOYKe, rie
HAXOAHTCA TNEPBLIH, H BHIPA3UM HX Yepe3 KOODAHHATHI U CKOPOCTH 3a-
pSLIOB, CO3JAIOILHX 3TO MoJje (KaK pa3 3TO MOXKHO CAeJaTh TOMbKO MpH-
6HXKEHHO: ¢ — C TOYHOCTBIO [0 YJEHOB IOpsiiKa v¥/c®, a A — 110
yJIeHOB Topsiaka v/c). [ToacraBisisi nosyueHHble TaKuM 06pa3oM BhIpa-
JKeHHS A5 noTeHuuanos B (65,2), Mel moiyuum ¢yHrumio Jlarpan:xka
JJ1S OJIHOTO M3 3apSA0B CHCTEMBl (IIPH AaHHOM JBHKEHHH OCTANbHBIX).
Orciona yxe 6e3 TpyAa MOXKHO HaliTH L 17151 Bcefl CHCTEMBI.

Bynem HCXOIHTD 13 BhIpaxeHu# /11 3aNa3ILIBAIONIHX TOTEHIIHAIO0B:

o= pz‘;?R/ch AL 5 - R/e 4

Ec/i CKOPOCTH BCex 3apsAA0B MaJbl 10 CPaBHEHHUIO CO CKOPOCTHIO CBeTa,
TO pacnpeieneHue 3apsi0B He yCNeBaeT CHJIbHO H3MEHHTBCS 332 Bpemd
R/c. TlosTomMy Mbl MOMXKEM pPassOXKHTb O/ R/ M j+—g/c B DAL TO cre-
meHsM R/c. Jlas ckaisipHOro MOTEHIMAJa HAaXOAUM, TaKUM 06pasoM,
€ TOUHOCTBIO 10 Y/IEHGB BTOPOrO MODSAKA:

R

(p Ge3 MHIEKCOB €CTb 0 B MOMEHT BPeMeHH #; 3HaKH AudiepeHIHPOBAHUS
Mo BpeMeHH MOTYT, OYeBHAHO, ObITh BBIHECEHBI H3-IIOJ 3HAKA HHTErpa-

naa). Ho S odV ecTb MOCTOAHHBIN NMOJHBIA 3apsii cHcreMmbl. [TosTomy
BTOPOH ujieH B NOJYYEHHOM BBIPA)KEHHH PaBeH HYJIO, TaK YTO

o= L+ 5 5 | RoaV. (65,3)

Awnanoruuno MoxHo nocrynutb ¢ A. Ho BelpaxkeHHne 15 BEKTOPHOTO
noTeHUHaTa yepe3 MJIOTHOCTb TOKa CONEpPXKHT yiKe camo 1o cebe l/c, a
NpH NoACTaHOBKe B (pyHKUHUIO JlarpaHxka yMHOXKaercs eie pas Ha l/c.
[Tockoabky Mel uilieM ¢pyHKIHIO JIaTpaHKa TOMbKO C TOYHOCTBLIO JIO YJIe-
HOB BTOPOrO NOPSAKA, TO B PA3/JIOKEHHH A JOCTAaTOYHO OrPaHHYHTHCA
TOJbLKO TNEepPBbIM UJIEHOM, T. €.

1 Cpv
A:FS-EdV (65,4)

(MBI TOACTaBH/IH j==pV).
[pennoaoxuM CHayasa, YTO MOJIe CO3JAETCA BCErO OAHHM TOUEYHBIM
3apsagom e. Torga umeém us (65,3—4): .

e 2R ev
R +2(,‘- 0% A:(,Wv (6515)

rae R — paccTosinhe OT 3apsja.
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BriGepem BmMecTO ¢ H A Apyrue noreHuHanss ¢’ u A’, T. €. IPOH3Be-
JenM Kamiﬁposoquoe npeoGpasopanue (cM. § 18):

1 6f ’
=05 A'=A+gradf,
npuueM B KauectBe [ BrifepeM (PYHKIHIO
_ e R
[=73 ot *

Torza mpl noayuum 1):
=7, A=mto V5.

a
Jina BeluncieHus A’ 3aMeTHM, UTO V%?: aTVR' Onepanust v

o3Hayaer 3fech AH¢xpepeHLHPOBAHHE IO KOOPAMHATAM TOUKH HabJjioje-
HHUSA, B KOTOpo# wumiercs: 3HaueHue A’. [Tosromy rpaimedt VR paseH
€1 MHHYIHOMY BEKTODY M, HampaBJeHHOMY OT 3apsja € K Touke HalJaio-
JleHHd, TaK YTO

r__ & 4 ¢
A= cR+2cn'

HJanee mnumem:

Tou\R) R R’

Ho nponssoasas — R mpu 3aJlaHHOH TOuKe Haémonennﬂ €CTh CKOPOCTh
V 3apana, a NPOH3BOAHYIO R JIEFKO  ONpeNeJIHTh, AudpepeHunpys
TOXAECTBO R*=R?, T. e. Hanucas

RR=RR= —Ry,

ﬁ*a(n)._n RR

Takum o0pasom,

- —v-+n(nv)
n= 7 .
INoxactaBassa 310 B BeIpaxkeHHe AJaA A’, HaXOJAHM OKOHUATeNbHO:
’ e y __e[v4-(vn)n] .
=7, Al=—— - (65,6)

Ecau none co3faercss He OJHHM, a HECKOJBKHMH 3apSiiaMH, TO Hajo,
OUEBHJHO, NPOCYMMHPOBATb 3TH BBIPAXKEHUS 110 BCEM 3apsjaM.
MoncraBasia ux 3arem B (65,2), HafineM ¢ynkumio Jlarpanxka L,
3apafa e, (IpM 3aJaHHOM IBH:KEHWM BCeX OCTaJbHBIX 3apsuos). [lpu
3TOM HYKHO IepBbl uwieH B (65,2) Toxe pasoXHTh IO CTENeHIM v,/c,

1) Drtu noTeHUMANB! YKe He YAOBJAETBOpPsIOT ycnobuio Jlopenna (62,1), a notomy
H. ypaBHeHusM (62,3—4).
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OCTaBJAAS 4JIeHB JO BTOpPOro nopsifka. TakuM oGpasom, Mbl HaXOAHM:

m.ue 1 myvt )
L,= ‘12"+ 22 e, Z 202; Ras [VaVe 4 (Vangy) (Ven,s)]

(cyMMHpOBaHHE NPOU3BOAMTCS [O BCEM 3apsjaM, 3a HCKJIIOUEHHEM e,;
n,,— €IHHUYHBIH BEKTOD B HANIPaBJEHHH MeXIY €, U e,).

Otciona yxe He TIpencTasisfer TpyZa HalTH ¢yHKuumo JlarpaHxa
15 Bcell cucreMmbl. Jlerko coofpasHTb, YTO 5Ta (YHKUHA paBHAa He
cymme L, 1S BeeX 3apajoB, a HMeeT BHJ

L= 2 Ua E av“_ 2 o + 2 2092‘118; [Vavb_l' (Vanab) (Vb“ab)]'
(65,7)

JleficTBUTENbHO, IJid KAXIOro M3 3apAN0B HPH 3aJaHHOM JIBHKEHHH
BCEX OCTAJbHBEIX 3Ta QYHKHHS L mepeXoiuT B NPHBEIEHHYIO BhILE L,.
Bripaxenue (65,7) ectb uckoMmas ¢pyHKuus Jlarpanxa CHCTEMHI 3apAI0B
C TOUHOCTBLIO O uneHoB Broporo nopsanka (C. G. Darwin, 1922).

Haxkonen, onpenenum eme ¢yHKuuo I'aMuibTOHA cHCTeMbI 3apsilioB
B TOM 3Ke TIPHOIMIKEeHUH. JT0 MOXKHO OBLIO GBI Cle/IaTh o OOIUM Mpa-
BHJIAM HaxoxneHus %7 mo L; ofHAKO IPOIle TOCTYNHTb CJeLYIOUHM
of6pazom. Bropoil u ueTBepThIl ujeHH! B (65,7) mpeacTaBasioT coboil
Manyo monpaBky K L@ (65,1). C npyrofi CTOpOHBI, H3 MEXaHHKH
U3BECTHO, UTO HPH HeOOJbIIOM H3MeHeHHH L H F7 Manable no0aBKH
K HHUM paBHBl II0 BeJHYMHE H IIPOTHBOMNOJOXKHHEL [I0 3HAKY (MpHYeM
U3MeHeHHe /. paccMmaTpHBaercs NPH 3alaHHBIX KOODAHHATAX H CKOPO-
CTAX, a H3MeHeHHe F7 — INpH 3aJaHHBIX KOODAMHATaX H HMIYJbCaX;
o, 1 § 40).

ITosToMy MBI MOXKeM c¢pasy HamucaTb FZ, BHIUTS H3

P A Pa_ + Z afp
2mg Rap
a a>b

T K€ BTOPOH W YeTBepTHI ujeHbl U3 (65,7), IpeABapUTENLHO 3aMEHHB
B HHX CKOPOCTH Ha HMIYJbCH C ITOMOUIBIO COOTHOLIEHHH NEepBOro npu-
Oamkenus v,=p,/m,. Takum oGpasom,

4
= 2 2352:— ot

Z st e [PuPs + (Pafls) (i) - (65,8)

a>b
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3anaun
1. Onpeneauts (¢ TOYHOCTBIO 0 YJIEHOB BTOPOTO NOPAAKA) LEHTP HHEDUHH CHC-

TeMbl B3aHMOJEHCTBYIOHIHX YaCTHIL.
Pemenne. HaubGonee npocTo 3agaya pemaercsi ¢ NOMOUbI0 GOPMYJInI

g@?ara—{—SWrdV
Z 8ot S W av

R:

(cp. (14,6)), rne &,— KuHeTHUeCcKas SHEPTHs YACTHIM (BKJIIOUAs €€ SHEPTHIO NOKOs),
a W — nJjoTHOCTL SHEPIUH CO3/IaBACMOTO HACTHUANMH MO Tocroabky &4 conepxar
GoMbLIne BENHUHHBL M,4c2, TO /15 TONYUeHHS CAAYIOUEro NpHOIDKeHHs J0CTaTOuRO
yuecTs B &, u W Nulup wieHb, He colep:KallHe ¢, T. €. HEPEAsSTHBHCTCKYIO KHHeTHYe-
CKYIO 3HePrui0 YacTHIL M 3HEprHIo 3JeKTpocTaTHYeckoro nojs. Mmeem:

1 -1
7 o 2. — 2 —
E Wrdl ———BH‘S‘E rdV_SnS(V(P) rdV=

1 ¢ L e ¢ 1 :

pHTerpaj no GeCKOHEUHO YAasieHHOH NMOBEPXHOCTH HCue3aeT; BTOPOH HRTerpaJ Takike
npeoGpasyeTcss B NOBePXHOCTHBHIN H TOXKe HCYe3aeT, 4 B TPEThEM NOACTaBIsgeM A¢=
=-—4mp N nogaydaem:

1 1
S Wr dV:g S oor dV:—Q— Zeacpara,
a

rie ¢ ,— DOTEHIHAN, CO3/aBaeMblil B TOYKE I, BCEMH 3apsiiaMH, 3a NCKJIOUEHMEM €4 ).
OxoHYaTeJbHO HAXOLUM:

1
-g{;ra macz+2p,; 2 Rab

(cysmmupoBanHe 1o BceM b, kpoMme b==a), rae
€4l
8= (et T

— NOJIHASl SHEPFUsl CHCTEMBI. TaKPlM o6pa3oM, B paccMaTpHBaeMOM NPHGJIHKEHUH
KOOPJAMHATHI UEHTPA HHEPIHH AeHCTBUTEILHO MOTYT OHITh BBIPaXeHh! Yepe3 BeJIHUHHEL,
OTHOCALIHECA TOJBKO K CAMHM YacTHLAM.

2. Hanucate ¢yukumio [aMHIBTOHA BO BTOPOM NpPHOJHIKEHHMH AJsI CHCTEMBI H3
ABYX YacTHIL, HCKJIOYHB H3 Hee ABHKEHHe CHCTeMHl KaK LeJoTo.

Pewmenue. BuGupaem cucreMy oTCueTa, B KOTOPOIl cyMMa MMOYJLCOB ofenx
4acTHl paBHa Hy/o. Hamucas uMmyJncel KaK NPOM3BOAHEIC OT NeHCTEBHS, HMeeM:

oS |, dS
o P1+Pz=a—rl+—a‘r‘;~0-

QOrciofa BHAHO, YTO B pacCMaTPHBAEMOIl CHCTeMe OTCueTa jeficTBHe sBAseTCH (PyHKIMeR
PasHOCTH T=Tr,—I; PafHYC-BEKTOPOB 00eux uwacTHU. [loaToMy umeen Py,—=—p1=0p,
rae p=d0S/dr ecTb HMNYJbC OTHOCHTENLHOrO JABHMXKEHMS YACTHI.

$ynkuusa I'amuabTOHA paBHA

L B 4 /1 ;
%z%(ﬁl—}_;‘l_z) e_le—z—8%< R >+2melni2c2r[pz+(pm2]'

1) Hckimoverne coGCTBEHHOIO NOJsSI YaCTHL COOTBETCTBYET YNOMSAHYTCH B npume-
yaHHu Ha cTp. 121 «nepeHopMupoOBKe» Macc.




FTAABA IX

U3AYUYEHHUE JEKTPOMATHHUTHBIX BOJIH

§ 66. Iose cucrems! 3apa10B HA JAJNEKHX PACCTOSHHAX

Paccuvorpum mose, co3jaBaeMoe CHCTEMOH ABHAKYUIUXCA 3aPAN0OB Ha
paccTosaHiAX, 601bIUIHX MO CPABHEHUIO ¢ ee COOCTBEHHLIMH pasMepamH.
BriGepenm Hauano xoopauHar O rae-aubo BHYTPH CHCTEMBI 3aps/OB.
Panuyc-sekrop u3 O B TouKy Hab/JIOAeHHS Noas P 0003HAUKMM MoCped-
ctBoM Ry, a eIuHHYHLIA BEXTOp B 3TOM HanpaBJeHUH — uepe3 n, Pa-
JIMyC-BEKTOP JeMeHTa 3apsifa de=pdV nyctb Gyler r, a pajuyc-Bek-
TOp OT de B TouKy P ofosHauuM kak R; oueBuano, uto R=R,—r.
Ha Gonbwux paccToAHHAX OT CHCTEMBE R >>r U NPHO/IHKEHHO HMeeM:

R=|Ry—r|=R,— nr.

[MoacraBum 310 B dopmyant (62,9—10) nad 3amasieiBaiOMHX NOTEH-
rHafoB. B 3nameHarene MoABIHTErPAaIbHBIX BbIPAXKEHHH MOXKHO IpeHe-
6peusb rn N0 cpaBHeHHIO ¢ R,. B aprymenre xke f — R/c 31oro npene-
OpekeHusi, BooGille TOBOPS, CHE1aTh HeJb3sl; BO3MOXHOCTh TaKOTO
npeHebpeXXeHHUsl OINpejensieTcsi 34eCb He OTHOCHTEJbHOH BeJHUHHOMH
Ry/c u ri/e, a TeM, HACKOJBKO MEHSIOTCSI CaMM O M j 3a BpeMms rn/c.
YuuTBIBas, YTO NMPH HHTETPHPOBAHHMHU R, SIBJISETCA NMOCTOSHHOH H IO-
TOMY MOXET OBbITh BBbIHECEHO 3a 3HAK HHTerpana, Haxoium /s NOoTeH-
LHAJOB MO/ HA GOJILLIOM PACCTOSTHHH OT CHCTEMEI 3aPsAJ0B CaAelyIouue
BBIpaXKeHHA:

0= | 0o Re,ma, (66,1)
1 .
A:mﬁ’,t_gc_u?dv. . (66,2)

Ha nocrarouno 6GosibUiMX PAcCTOAHUSAX OT CHUCTEMBI MOJE B MAJbIX
y4yacTKax IFPOCTPAHCTBA MOMKHO PacCMaTPHBAaTh KaK IVIOCKYIO BOJHY.
JLnst aToro Hajo, yToGHl PACCTOSIHHA ObLIH BEHKH He TOJNBKO MO Cpas-
HEHHUIO C pa3MepaM¥ CUCTEMBI, HO U 110 CPABHEHHIO C LIHHOH H3/JIyYaeMbiX
CHCTEMOH 3JIeKTPOMArHUTHBIX BOJH. O6 3T0i 00/1aCTH NOMA FOBOPST KaK
O 60AHO80Il 30HE W3Jy4YEHHH.
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B nuockoit BosiHe noaist E u H cBsisaHbL APYT ¢ APYroM COOTHOWEHHEM
(47,4) E=I[Hnl. Iockonbky H=rot A, To A5 NOJHOIO ONpeneaeHHs
noJs B BOJHOBOH 30HE JOCTATOYHO BBIYHCIHTH TOJEKO BEKTODPHHIH I10-

Tennuat. B miockoifi Boime umeem H=[Anl /¢ (cp. (47,3)), rae Touxa
naj 6yKBoi osnauaer nuddeperunposanue no spemenu *). Taknum obpa-
som, 3Hasg A, Halizem H u E mo dopmynam 2):
| 1 .
H=— [An], E=—[[An]n]. (66,3)

c

OTMeTHM, UTO NOJE HA JAJEeKHX PAcCTOSHHSIX OKA3bIBAETCS 06patHO
APONOPLHOHANEHLIM [IEPBON CTEIIeHH PAacCTOSHUSI R, OT H3Jyuaiomiei
cucreMbl. Crellyer Tak:Ke 3aMeTUThb, YTO BPeMst [ BXOTUT B BhIPAMKEH Hsl
(66,1—3) Be3ne B xomOGunauuu { — Ro/c ¢ paccrosinueM R,.

Jas u3yueHHs, CO34aBaeMOro OJHHM IIPOH3BOJIBHO JBHIKYLIUMCSH
TOUEYHBIM 3apsA10M, OblBaeT YAOGHO II0JIb30BAThCA NOTEHLHasaMu JIne-
Hapa — Buxepra. Ha ganekux pacCTOSHHUSIX MOXKHO 3aMeHHTb B (op-
myje (63,5) nepemeHHBIHi paAvyc-BeKTOpP R 1OCTOAHHOH BeHMHMHON
Ry, a B ycaoBun (63,1), omperensiomeM £, HaIO MOJOKHTE R=
=R,—ren (1, (f) — paauyc-BeKTOp 3apsna). Taxkum o6Gpasom %),
ev (t')

A= 2O (66,4)
: nv (¢H\.? ’
cRy (1—— P )
Flie ¢’ onpejessiercs U3 paBeHCTBA
t—Lr, (tyn=t -2, (66,5)

HanyuaeMbie CHCTEMOH 3JIEKTPOMATHUTHEIE BOJNHBI YHOCST € co6oli
enpenenennyio suepruto. Ilotox snepruu naercsi Bextopom IloiinTuara,
pPaBHBIM B IIOCKOH BOJIHE

H?

S:-CZ&ﬂ.

MurtencusHoCcTe d/ H3JyYeHHS B 3JEMEHT TeJIECHOro yria do onpene-
JAIT KaK KOJHYECTBO 3HEPrHH, NPOTEKAWOmMell B €IHHHIY BpeMeHH
uepe3 a/1eMeHT df=Rido mapoBodi MOBEPXHOCTH C LEHTPOM B Hauaje

1) 31y dopMyay Jerko IPOBepHTh B JAHHOM CJYUuae TaKKe H HEeNmoCpPeACTBeHHBIM

BRIYHCJCHHEM POTOpa BhpaxeHHus (66,2), npuueM wienn ¢ 1/R}y JOMKHbI GmiTh OT-
SpoLUeHb! TI0 CPABHEHHIO ¢ WieHOM ~ 1/R,.

2) dopmyaa E=-—A/c (cM. (47,3)) 3xecb HeNPHMEHNMA, TaK KaK NOTeHUHANR @, A
He YAOBJAETBOPSIOT TeM JAOMOJHHTENBHEIM YCJAOBHSAM, KOTOpHE OBUIM HAJOMeHH Ha
uux B §47.

3) B dopmyde (63,8) 115 3JEKTPHUECKOIO [IOJIST PAcCMaTPHBAEMOMY NPHGMMKEHKIO
COOTBETCTBYET NpeHeGPeKeHNe EPBHIM WISHOM 110 CPaBHEHHIO CO BTOPEIM.

-
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KOOPAMHAT H C paguycoM R,. DTO XOJMYECTBO PABHO IJIOTHOCTH MO-
TOKa SHEPTHH S, NMOMHOXKEHHOH Ha df, T. e.

. H2
- dl =c4- Rdo. (66,6)

[TockoseKy nojsie H o6paTHO TIPOMOPUHOHANRHO Ry, TO MBI BUIHM, UTO
KOJIUYECTBO 3HEPIHH, H3J1yyaeMOH CHCTEMOH B €IHHHILy BPEMEHHU B 3Jje-
MEHT TeJsieCHOro yria do, OAYHAKOBO /ISl BCeX PacCTOSHUH (npH Ofu-
HAKOBBLIX /sl HUX 3HAueHHsAX pasHocTH [ — Ry/c). Tak, pasymeercs, u
JIOJIKHO OBITh, TIOCKOJBLKY HM3JydaeMasi CHCTEMOH SHeprus pacipocrpa-
HsETCHA B OKPY2KAIOLIEM IIPOCTPAHCTBE CO CKOPOCTHIO ¢, HHTJE He HaKO-
" IASCh M HE ucuesas.

BeiBesieM (opMyJaBl AT CHEKTPAJBbHOIO Pa3JoXKeHHs H3Jyyae-
MBIX CHCTEMOH BOJIH. OHH MOTYT OBITH TOJYUYEHbI HEHOCPEACTBEHHO U3
dopmyan § 64. Tloacrasnas B (64,2) R=R,—rn (IpHueM B 3HaMeHAaTeJse
NOABIHTErPAILHOTO BBHIPAMKEHHUS MOXKHO OTPAHHUUTBCA IOJCTAHOBKOH
R=R,), nonyuum Ans KoMmnoHeHTHI Dypbe BEKTOPHOTO IMOTEHIHaJa:

) tkR, . .

w

(rme k==kn). Komnonenrst H, u E,, onpezrensitores no gopmysaawm (66,3).
[Moxcrapnsa B nux Bvecto H, E, A cooTBeTcTBEHHO H e-iwt, E_ e/t
A e~ ot g coxpamias 3ateM Ha e~ ‘@! mosyumuMm:

H,=i[kA,],  E,=-[k[AK]]. (66,8)

ToBops 0 crieKTpaabLHOM pacnpeieleHUH HHTEHCHBHOCTH U3 YUEHH,
HEeOOXOIUMO pas/iuuaTth pasfoxKeHHsA B uHrerpan ¥ paa Pypse. C pas-
JoxeHHeM B uHTerpast ®ypbe MPUXOJUTCA HMETh IeJ0 IS H3JyUeHHS,
CONPOBOKAAIOIIETO CTONKHOBEHHS 3apsizKeHHbIX yactul. IIpn stom npen-
CTaBJ/IsieT UHTEpPeC IOJHOe KOJHYEeCTBO SHEpPTHH, HU3JYyUeHHOH 3a BpeMs
CTOJIKHOBEHHUS (M COOTBETCTBEHHO NOTEPSHHOH CTAJKHBAIOIMIAMHCH 4Ya-
crunami). I[1ycrh déne €CTh SHEPTHSA, H3JIyUeHHAas B 371eMeHT TeJeCHOIC
yria do B Buje BOJH ¢ yacToTamM# B MHTepBaje dw. CoryacHo obuieii
dopmyiie (49,8) nosis MOTHOrO U3JAYUEHHs, NPHXOIAIIASACS HA HHTEPBAJ
yactor dw/2r, mojyyaercs W3 oGbIYHOIO BHIPAXKEHHA AJIA HHTEHCHBHO-
CTH 3aMEHOH KBajpaTd NHOJd Ha KBajpaT MOAYJSA ero KOMIIOHEHTH!
dypbe U ofHOBpeMeHHHIM yMHOXKenueM Ha 2. Ilostomy HmeeM BMecTo
(66,6):

c do ,
dé:nm:‘z‘?t‘ H, | R%dOﬁ. (66,9)
Ecau 3apsAAbl CoBepUIaloT MepuojUYeCKoe ABHXKEHHE, TO NIoJE€ U3JYy-

YeHHs AOJMKHO ObTh pasioxkeHo B paj Pypbe. CornacHo obueit dop-
myJie (49,4) HHTEHCHBHOCTb OT/€/IbHOH KOMIIOHEHTHI Pa3/IOKeHUs B PAX
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®ypre nojyuaercsi U3 OOBIYHOTO BHIPAXKEHHUS il MHTEHCHBHOCTH 3a-
MEHOH T10J151 Ha ero KoMHoHeHTy ®ypbe H OAHOBpEMEHHBIM YMHOXKEHHEM
Ha 2. Takum o6pa3oM, HHTEHCHBHOCTbh HW3JyYeHHs] C HACTOTOH @=HW,
‘B 3/JeMEHT TeJleCHOro yria do paBHa

) dl,=--|H,|* R} do. (66,10)

Hakonen, BemmuiieM GopMyJisl, OIpenessionide KOMIoHeHTH Oypre
[OJIA H3JYYeHHS HENOCPEeACTBEHHO N0 33JaHHOMY ABHXKEHHIO H3JIydaio-
wux 3apsgos. Ilpu pasnoxenun B uuterpan Pypre nmeem:

w0
jo= | jeterdt.
-

Ioacrapass 310 B (66,7) H mepexofs 3ateM OT HEIPEpPHIBHOTO pac-
npeje/ieHUs TOKOB K TOYCUHOMY 3apsAly, ABHKYIIEMYCS MO TPaeKTOPHH
To="ro(f) (cp. § 64), moayuum:
kR, T
cRy

[Mockonbry v=dr,/dt, To v di=dr,, 1 31y dOpMyJy MOMKHO HamMCaTh
TaKXKe M B BHIE KOHTYDHOTO WHTErpaja, B3ATOrO BJOJb TPAEKTOPHH
3apsna:

A,— f ev (1) ¢ 10 =kre (0] g (66,11)

-

: kR, [
A, =e £ _° je‘ (0f—kro) dy, . (66,12)
¢R, .
Koumnorenra @ypbe MarHWTHOrO noJs corjachHo (66,8) umeer Bujg
Y
umzeﬂcfk—j ¢l @=kro) [ndr,]. (66,13)
¢

Eciu 3apsifi coBepllaeT II€PHOAHYECKOE NBHXKEHHE MO 3aMKHYTOMH
TPAaeKTOpHH, TO ToJe pasjaraercsi B psax Pypve. KomnoneHthi pasJo-
JKeHHA TNoJydalorca 3ameHoH B ¢opmysaax (66,11—13) wmrerpuposa-
HYS 1O BCeMy BPeMeHH yCpeAHeHHeM o nephHoRly T ABMKeHHA (CM.
onpezneaenns B § 49). Tak, nas xkomMnonenTst @ypbe MarHUTHOrO NOJiA
€ 4acToToll @=nw,=2nn/T nMeeM:

T

;. ,ikR
2ntine** o jei (n0g1 =K1y (1)) [nv (t)] dl =

H,=e=amg,
0

iR
26_2_;;%_01 et (novt=kro) [n dr,]. (66,14)

Bo BTOpOM HHTerpaje HHTErPHPOBRHHE NPOH3BOAUTCA IO 3aAMKHYTOH
op6HTe YAaCTHLBL.
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3apaua

TMonyunTh YeTHpeXMEPHOE BHIPAXEHHE IV CHEKTPAALHONO PA3JOMEHHS H3Jy-
YaeMOro 4-MMITyJIbCa NMPH ABHXKEHHHM 3apsifia 1O 3aZaHHOA TPAeKTODHH.
Pemenwne. IMoncraBus (66,8) B (66,9) m yunTeBaf, 4T0 B CHJAY YCJOBHS
Jlopenna (62,1) kg, =kA,, Haxogum: i
c do ¢ do
460 —5— (| Ay P—| KAy [}) REdo 5 == 2 (| Au '~ @u |Y) R do 5= =

c i* dw -
= —% szluJA(LnRz do —QF .

[Ipencrasus 4-noteHunan A;, B Buie, aHajoruuysoMm (66,12), moayuum:

d@‘)jnm = ’Z:’:; A do dk,

rae %! ofosnauaer 4-BeKTOp
yi= S exp (— ikxb) dod,

B KOTOPOM MHTeTDHPOBaHHe MpPOU3BOJMTCA BROJb MHPOBOH JHHHH YACTHIH.
Hakonelu, mepexoist K uerbipeXMepHbBIM OOO3HAUYeHHAM (B TOM YHCJE K 3/IEMEHTY
4-o6beMa B k-mpoctpancrse, cp. (10,1a)), moayumm AJs u3jaydaemoro 4-uMmyJibca
ClAefylomee BhIpaXkeHHe:

ekt

T YYES (R k™) dik.

dPi=—

§ 67. AunoabHoe H3JyueHHe

BpemeneM rn/c B NOJbIHTErpaJbHBIX BHIPAXKEHHSIX 3aM1a3/IbIBAOMHX
norenupanoe (66,1—2) moxHO nmpenebpeub, €CJIH 3a 3TO BpeMsi pac-
npenesieHye 3apsaioB Mano MeHseTcs. Jlerko HaliTH yCJIOBHS OCYIILeCTB-
Jenusi atoro TpeGopaHus. Ilycts 7' 03HayaeT NeopsJOK BeJHUHHBL Bpe-
MEHH, B TEYEHHE KOTOPOrO pacnpeje/eHne 3apsjloB B CHCTEME MEHSETCs
3amMeTHBIM obpasom. Manyuenue stofl cucremsl Gyjler, oueBHAHO, o0sa-
nath nepuogoM nopsika T (r. e. uactorolt nopsinka 1/7). O6osHauum
Jajee NOCPENCTBOM a MOPSJAOK BEJNHUYHHBI pPa3MepoB cHcTeMbl. Torza
BpeMs rn/c~a/c. [1ns Toro yToOHl 32 3TO BpeMsl pacnpejesieHHe 3apsifioB .
B CHCTEMe He YCIeJNo 3HAYHTEJNbHO H3MEHUTHCS, HeOGXOLMMO, UTOOHI
a/c<ZT. Ho ¢T ectb He UTO MHOE, KaK JJIHHA BOJIHBL A H3jyueHus. Ta-
KHM 06pasoM, ycioBue a<<cT MOXKHO HamucaTb B BHAE

a<lh, o (67,))

T. €. Pa3Mepsl CHCTeMbl JO/DKHBI ObIThb Majibl IO CPABHEHHIO C AJHHON
U3Jy4aeMOH BOJIHHI.

3ameruM, uto yciaoBue (67,1) MoxkHO mosnyuute H u3 (66,7). B mo-
JBIHTErPANIBHOM BLHIPaXKEeHHM r Hpoferaer 3HayeHHs B HHTEPBase IO-
pAJika pasMepoB CHCTEMBI, TaK KaK BHe CHCTeMsI j paBHo HyJI0. [TosTomy
noKasareab ikr mam, u MM MOXHO npeneGpeyb A1 TeX BOJH, Y KOTOPBIX
ka<€1, uto skBuBanentHo (67,1).
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310 ycnoBHe MOXKHO HanHCaTh elle H B JPYroM BHAE, 3aMETHB, 4TO
T~alv, TaK 4T0 A~cCalv, €Clii U €CTb NOPAJOK BETMYHHBI CKOPOCTH
sapsagoB. M3 a<€A Haxonum TorAa:

vLe, (67,2)

T. €. CKOPOCTH 3apsiJ0B JOJIKHBI OBITh MaJbl MO CPaBHEHHIO CO CKOPO-
CTBIO CBeTA.

ByzeM npeanosnaratk, YTo 3TO YCJIOBYE BBIIOJHEHO, U 3aiiMeMcs H3y-
YeHHeM H3/JyYeHHS HA PACCTOSHUAX OT H3JAyYaollell CHCTEMBI, GOTBLIHX
MO CpPaBHEHHIO C JJIMHOH BOJHBL (4 CJIeoBaTeJbHO, BO BCAKOM CiIydae
60JBbIINX IO CPAaBHEHHIO ¢ pa3mepaMu cucreMsbl). Kak 6buTo yKa3aHo B
§ 66, Ha TaKHX pacCTOSIHHUSIX I0JIe MOXKHO PacCMaTpHBaTh KaK (JIOCKYIO
BOJIHY, H ITOTOMY /151 ONPEAETeHHUS MO/ JOCTATOYHO BBIUHCAUTD TOABKO
BEKTOPHBIH MOTEHIIHAJ.

Bextopusiit notenuuana (66,2) umeer tenepb BHE

1 .
A= 5‘ i v, (67,3)

rae speMs {'={-—R,/c U yxXe He 3aBHCHT OT NepeMeHHLIX HHTeI'DH-
poBanug. IloacraBnss j= pv, nepenucoiBaeM (67,3) B BuIe

A=ﬁ%(2ev),

rJe CyMMMpOBaHHE IPOM3BOJIUTCSI IO BCEM 3apsiiaM CHCTEMBbl; IJifl
KpaTKOCTH Mbl OyJeM OMyCKaTb HHAEKC !’ —Bce BeJHYHHBI B NPABLIX
CTOpPOHAX paBeHCTB Oepyrcsi B MOMeHT BpemeHHu ¢'. Ho

' Zev:‘%Zer=ﬂ,

rie d—aumosbHBIE MOMeHT cucTeMbl. TakuMm oGpa3oM,

l .
C nomouibio ¢opmya (66,3) HaxonuMm, 4TO MalHHTHGE 1OJe PaBHO
1 .-
H= -C_ZT?: {dl’l] y (67,5)
a 3JIeKTpHUeCKoe IoJje
1 .
E= PRy [{dn] n]. (67,6)

OtmetuM, YTO B PaCCMaTPHBAEMOM OPHOAMNKEHHH H3JAYHEHHe onpe-
Nessiercs BTOPO#l HPOU3BONHON OT AMUIOJNBHOIO MOMeHTa cucreMil. Takoe
H3JY4EHHE Ha3bIBAETCS OUNOAGHBIM.

[ockonbky d=Y) er, 1o d= Dev. Takum o6pasoM, 3apsifbl MOryT
H3Jy4aTh TONBKO, €CJAH OHH JBHXKYTCA C yckopeHHeM. Papnomepso
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JBHKYLINECH 3apsibl He H3AYYatoT. DTO CIeLYyeT, BIPOYEM, H HENOCPea-
CTBEHHO M3 NPHHLHIA OTHOCHTE/NBHOCTH, TaK KaK pPaBHOMEPHO JBUXKY-
WHiAcA 3apAA MOXKHO pacCMaTpPUBaTh B TAKOH HHEpPLMAJLHOH CHCTEME,
rlie OH IOKOMTCS, a NOKOSIIHECH 3apsfbl HE H3JYyaioT.

Toxcrasnsg (67,5) B (66,6), NOJYyYHM HHTEHCHBHOCTb JHIIOJIBLHOTO
H3JTyUYEHHUA:

daz . )
= sin? 0 do, (67,7)

4rc

dl = L [dn]* do —

478

rie O — yros mexay Bektopamu d U n. ATO €CTh KOJIHYECTBO SHEPTHH,
H3JyuaeMOH cHCTeMOH B €IMHHILy BPEMEHH B 3JEMeHT TeJeCHOrOo yria
do; OTMETHM, 4TO YIVIOBOE paclipefleJIeHHe H3Jy4eHHs JaeTcs MHOXHTe-
JeM sin%0.
IloacraBus do=2mn sin 0 d6 u urTerpupys no do or 0 Ko =, nomyuuM
HOJIHOe H3/YyueHue:
2

= . (67,8)

ECJ]I/I HMEeT(CsaA BCEro oJUH ,I[BH}KYHLI/II'/’ICH BO BHEUIHEM ntoJsie 3apai, TO
d=er u d=ew, rie w — yckopeHue 3apsiia. Takum o6pasoM, IOJHOE
H3JTydeHMe ABHMAKYHIErocsl 3apsiia
2e2w?
] = —30—3— . (67,9)
OTMeTHM, YTO 3aMKHYTas CHCTeMa, COCTOSIASl M3 YACTHL, Y KOTO-

PHIX OTHOLIEHHE 3apsifioB K Macce OJIMHAKOBO, HE MOXKET H3JyuaTb
(nunossHO). JleficTBUTENbHO, IJIS TAKOH CHCTEMBl JUIOJLHBEIA MOMEHT

.d=Z€T= ZTi—mrzconsthr,

rie const ecTb ofmHaKoBoe M/ BCeX HYacTHIl OTHOIIEHHe 3apaja K
macce. Ho ¥ mr=R>)m, rine R — pajuyc-BeKTOp HEHTPAa HMHEPLUHH
CHCTeMBbl (HaOMHHaeM, YTO BCE CKOPOCTH U<X(C, TaK UYTO IIPUMEHHMa
HepeJISITHBHCTCKasA MeXxanuka). Ilostomy d npornopunoHaibHO ycKope-
HHIO LIEHTPA HHEPLHUH, T. €. PABHO HYJIO, TAK KaK LEeHTP HHepLUH ABH-
XKeTCsl PaBHOMEpHO.

Haxonen, BbmumeMm (opMyJabl JJIs1 CNEKTPAAbHOTO pasIokKeHHs
MHTEHCHBHOCTH AHIO/BLHOTO H3/1yyenns. [/s H3IyueHust, CONpoBOXKato-
WEero CTOJKHOBeHHe, BBOZUM KOJHYeCTBO d&,, SHEPTHH, H3JIy4YEHHOI
3a BCe BpeMs CTOJKHOBEHHS B BHJe BOJH C YacTOTaMH B HHTepBaje
dw/2n (cp. § 66). Ono nonyuurcs 3amenoi B (67,8) sexropa d ero kom-
nonentoit Pypre d, H ONHOBPEMEHHBEIM YMHOXEHHeM Ha 2:

4 - di
A6y = |4, P 55 -
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To onpegenenuio KomnoHeHTsl Pypbe, HMeeM:

3

awe‘iu)t _ _5722_ (dme"'“”) - mzdme-iwt'
orkyaa d, =—ad,. TakuM o6pa3soM, HOdyyaeM:
48, =32 1d, |2 &, (67,10)

; Hpﬂ epuoaAnYeCKOM ABMIKEHHH HAaCTHU, aHaJOrHYHbIM 06p330M
‘Haliaem HHTEHCHBHOCTI: H3JYUYCHHS C YacTOTOU ®=ne, B BUIAC

i

4
Inz.—“ggg’—idnlz- | (67,11)

3axaum

1. Onpexenmb H3JIyyeHHe Aunoss d, BpalaloUWerocsi B OAHOH TIOCKOCTH C MO-
CTOSIHHOH YIVIOBOH CkopocThio 2271).
Pemenne. Bpibupas naockOCTe BPALIEHHS B KauyecTBe ILTOCKOCTH Xy, HMeeM:

d=d, cos Qt, d,~=dy sin Q1.

BBuny MOHOXPOMATHYHOCTH 3THX QYHKUHH H3NyueHUe TOke MOHoxpomaTuqu c 4a-
crotolit ®=«. Ilo dopmyne (67,7) HaiimeMm AN YIVIOBOTO pacnpefe/eHHsl CPEAHErO
{00 mepHony BpAUIEHHA) H3JYUCHHA:

—  die
] =205 2
d yr (14 cos? 9) do,
rfe O — yro.1 MexIy HampaBJIEHHEM N M3JYuYeHHsi ¥ ocblo 2. [ToHOe M3Myuenwme

243Q4
33

T=

Tonspusauna H3AYYeHHs onpelensieTcs HanpansJenneMm Bektopa [dn]=w?[nd].
Tpoewupys ero Ha HanpapJeHHs B NJIOCKOCTH NZ W NePNEHAUKYJSIPHO K Hell, HalileMm,
4YTO H3JyyeHue MOJISIPHIOBAHO IO 3JVIMNCY € OTHOWIEHHEM JJIMH NoJsyocefi, paBHBM
n,=cos ¥; B YaCTHOCTH, H3JyYeHHe B HAIPaBJICHHH OCH Z NMOJAPU3OBAHO IO KPYry.

2. Onpepenuts YIJIOBO® pacrpefiesieHHe H3Ny4enus ABHxKylelics Kak uenoe (co
CKOpOCTBIO V) CHCTeMOH 3aps/I0B, €C/TH H3BECTHO PACNpPEleNeHHE B CHCTeMe OTCHeTa, B
KOTOPO# CHCTeMa KaK IIeJIoe IOKOUTCS.

Pewenwue. Ilycts

=Ff (cos 0, @) do’, do'=d(co$ 0) do’

| eCTb HHTEHCHBHOCTh H3/TYUEHHS B CHCTEME OTCueTa K', ceasauHoi ¢ ABHXYIeHCs Cuc-
temoil 3apsioB (87, @° — yranl cepuuecKHX KOODAMHAT C IOJMSPHOH OCBIO BAOb
Hanpap/eHus JABHKeHHS cucTeMbl). Maiayuaemas B Teuerne BpeMeHH df B HEOABHIKHOM
(naboparopHoii) cucteme oTcuera K smeprus dg caasana ¢ HsnyueHueM SHeprun dg’

1) Cioga OTHOCHTCA H3JYy4YeHHE OGNANAIOMIHX AHNONLHBLIM MOMEHTOM DOTATOpa H
CUMMETPHYHOro BOJINKa. B mepBom cayuae pojb d Hrpaer HOAHBIH AUTOALHELR MOMEHT
poTatopa, a BO BTOPOM C/Iy4ae — NPOEKUHsI IUNOJbHOrO MOMEHTA BOJYKA HAa MJIO-
CKOCTb, NePNeHAUKYSPHYIO K OCH €T0 IIPelecCHH (T. e. HanpaBJxenmo TIOJIHOTO MOMEHTA
BpalleHus).
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g cucreme K’ ¢opmynoi npeoGpasoBaHus

14
_ d§—Vdp 1——cosB

d' =0 4 —
V? i 2
V-5 YL

(AMIYJIBC H3J1yuYeHHsl, pacnpocTPaHsIolerocs B 3aJaHHOM HaNPaBJeHHM, CBA3AH €
ero sHeprueil coorHoweHueM |dP|=d&/c). Tlonspurie yrao 0, 0’ Hanpasjenusa naay-
wenua B cuctemax K u K' cBsasannt Qopmynavu (5,6) (asumyTm ¢=¢'). Haxoneu,

BpeMenH df’ B cucteMe K’ cootBetcTyer Bpems di=dt’/ ¥V 1—V?/c? B cucrene K. B pe-
3yJbTaTe XS HHTeHCHBHOCTH d/=d&/dt B cucreme K Hafijem:

Z
<1——V->2 cosﬂ——‘—/—

c* c
~f ., @ |do.
(1-—Lcos@>J I—Lcose
c c

dl =

Tak, nas QUMOJs, ABHKYILErocs B HanpaBieHHH cBoel ocu, f=const.sin® €',
H C NOMOILBIO MOJY4YeHHOH (OPMYJLI HAXOLHM:

dl =const

§ 68. JlunoabHoe H3Ay4YeHHe NPH CTONKHOBEHHSIX

- B 3anauax o6 u3JydYeHHH [PH CTOJKHOBEHHSX (€r0 HA3BIBAIOT rMop-
MOBHBIM U3AYHEHUeM) PEIKO NPEJACTABJASET HHTEpeC H3JyyeHHe, Comlpo-
BOXKJIAK0Ilee CTOTKHOBEHHE JABYX YaCTHIl, ABHXKYIIHXCS IO ONpeleJeH-
HeIM TpaekTopuaM. OGBMHO HPUXOAHTCS PAcCMAaTpUBaTh paccesiHHe
HEJIOTo TMy4YKa NapajsiebHo- IBHKYIIUXCA YacTHL, W 3ajaya COCTOHT B
onpeJieJIEHHH NOJHOTO M3/JYYEeHHs], OTHECEHHOTO K €JHHHIE NJIOTHOCTH
NOTOKA 4YacCTHIL. '

Ecan nioTHOCTh NOTOKA YacTHL B NyukKe paBHA efuHHIE (T. e.
B eJ[MHHILy BpeMeHH 4Yepe3 €AHHUIY MJIOLAAH CeUeHHs NyyKa NPOXOAUT
OJlHAa UYacTHIA), TO YHC/IO YaCTHIl B NyUKe, HMEIOIHUX «IpHLEeJbHOEe
paccrosiHHe» MexAay P H p--dp, paBHo 2mpdp (MIOMaAb KoOJbLA,
OTPAaHHYEHHOTO OKPYKHOCTAMH pajuycoB o H p--dp). Ilostomy
HCKOMO€ TOJIHOE H3JIyUeHHE TNOJYYHTCA YMHOMXEHHeM MOJHOro H3Jay-
YeHHs A& ONHOH yacTHUBl (¢ 3aJaHHBIM 3HAUCHHEM NPHLEJBHOrO pac-
crosinus) Ha 2np dp ¥ uHTerpupoBanueM 1o dp ot 0 fo co. Onpegesen-
Hasg TakuM oOPa3oM BeJHUHMHA MMeeT Pa3MEPHOCTh NPOH3BEJeHHA 3Hep-
THH Ha TJiolafb. Mbl Oylem Ha3bIBaTh ee APPexmusHoim U3AYHeHUeM
H O6yzem of03HayaTh MOCPEACTBOM %1): '

e

%= A&-2mp dp. (68,1)
0

1) OtHoweHHe % X SHePrHH H3JyYaloUiell CHCTEMBI HA3HIBAIOT CEUECHHEM NOTEPH
SHEPTMH Ha H3JyueHUe.
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AnajornuapiM 06pasoM MOXHO ONpefejuTb 3pheKTHBHOE H3JyyYeHHe
B ONpeleseHHBIH 3/JeMEHT do TeJeCHOTo YIJIa, B ONPEAE/JeHHOM HHTep-
Bajie d® YyacToT H T. IL Y.

Brisenem o6iyio (hopMyty, onpeensiomyio YIJoBoe pacnpeieieHHe
W3JyYeHUs IPH PACCESIHHH NMy4YKa YacTHL B HEHTPaabHO-CHMMETPHY-
HOM TOJjie, TIpeAroJaras H3JyueHHe IHUIIONbLHEIM.

HHTeHCHBHOCTD H3Jy4YeHHs (B KaX/Ibli MOMEHT BpeMeHH) OTAeIbHOMH
yacruieit onpenensercsa gopmyaoit (67,7), B Koropoil d ecTs JHIONBHEL i
MOMEHT 4YaCTHUHR OTHOCHTEJBHO paccenBamomero ueHrtpa ). Ilpexae
BCEro ycpefHsieM 3TO BEIpa)KeHHe IO BCeM HampapJeHHAM BeKropa d B
TLUIOCKOCTH TIOnepeyHoro ceuenust nyuka. [lockombky [dnl?=d?— (nd)?,

TO YCPeIHEHHIO NOIEXKHT JHIIb BeanurHa (nd)2. B cuiy HenTpanbHOi
CHMMETDHH PACCEHBAIOUIETO NOJS H NapajiieslbHOCTH NMajaiomero nydka
YaCTHIY paccesiHue (a2 BMeCTe C HUM M H3JyueHue) obJajaeT aKCHasb-
HOIl CHMMeTpuell OTHOCHTENLHO OCH, Tpoxosieii yepe3 ueHTp. BriGepem
3Ty OCh B Kadectse OCH x. M3 coobpaxKeHHHA CHMMETPHE OYEBHIHO, 4TO
nepBble CTENEeHH d d, TmpH ycpeaHeHHH AAIOT HyJb, a NMOCKOJBKY dy
ycpeiHeHueM He sanamBaeTc;{ TO

dyd,=d.d,=0.
Cpenrne e 3HA4YeHHS OT a; U d? paBHHI Ipyr Apyry, Tak 4To
G=d= =5 (&—&).
Hmes Bce 310 B BHAY, Ge3 Tpyaa HaiimeM:
[an]2=—;—(32 —[—3,%) —{--%— (&2——3d3) cos? 9,

rie 6—yroa Mex1y HampaBJeHHMEM N U3IYyYyeHHS H OCBIO X.

~ Muterpupysi MHTEHCHBHOCTL IO BPEMEHH H IIO BCEM NPHLEILHHIM
paccTosiHHUAM, TIOJIYYHM CJelylollee OKOHYaTelbHOE BLIpaXkeHue, onpe-
Jenqoliee s¢PpeKTHBHOE H3JyYeHHE B 3aBHCHMOCTH OT HAalpaBJeHHs:

d 3 20—1
e = o (A +B ﬁ?——) . (68,2)

rjpe

1

=§§ f de dt 2np dp, B=~3-5 ? (d2—3d%) dt 2npdp.  (68,3)
§ 2 A

1) Ecsn uHTerpHpyeMoe BhpaxeHHe 3aBHCHT OT yria, IO KOTOPHIM PACIONOKeHa
NPOEKUMs RHINONLHOTO MOMEHTA YacTHIL B IVIOCKOCTH NONEPEYHOro CYGHHS NOTOKa,
TO OHO AO/DKHO OHITH TIPEJBAPHTENBLHO YCPeZHEHO N0 BCeM HANPABJICHHUSM B TOMH IJIO-
CKOCTH M JIHIIbL 3aTeM YMHOXEHO Ha 27p dp M NPOUHTErPHPOBAHO.

2) daxragecku OGHUHO peys HAET O AUNONLHOM MOMEHTE ABYX 9aCTHIl — pacceH-
BaeMOil W pacceHBAIIEll — OTHOCHTENLHO HX OOIlero UEHTPA. MHEPUUH.
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Bropoil ujieH B (68,2) manucan B TakoM Buie, 4TOGH JaBaTh HYJb NpPH
yCpeAHeHHH 10 BCeM HanpaB/eHHsM, TaK UTO IOMHOe 3(xpeKTHBHOE
‘uanyuenne x=A/c*. O6GpariM BHHMaHHE Ha TO, YTO YIVIOBOE pacmpe-
Jie/IeHHe H3JYUeHHs CHMMETPHYHO OTHOCHTENBHO IITOCKOCTH, IIPOXO-
Asmed 4epe3 pacceMBAOUIHA IEHTP NEPHEHAHKY/IAPHO K YUKy —
poipaxenue (68,2) ne menserca mpu 3ameHe 6 ma n—0. 3ro cBoiicTBO
cnenuGHYHO IJis AMIOJILHOTO H3JIyUYEHHS M Tepsercd NpH nepexofie K
GoJiee BHICOKHM NPHONMKEHHSIM 1O  U/C.

HIHTEeHCHBHOCTE TOPMO3HOIG H3/yUeHHS] MOMKHO pasle/iuTh Ha JBe
YaCTH: MHTEHCHBHOCTb H3J1yueHHs, MOJISIPH30BAHHOIO B INIOCKOCTH HC-
nyCKaHHusd, NPOXOAsIed uepe3 oCb X M HampaBleHHe n (HAa30BEM ee
NJIOCKOCTBIO XYy), H HHTEHCHBHOCTb M3JIYUEHHs, II0JIsiPH30OBAHHOIO B
NepiueHIUKY/ISPHOR IUIOCKOCTH X2Z.

BekTop 3/eKTpHYECKOTO NOJS HMEET HampaBJeHHE BeKTOpa

[n[nd]] =n(nd)—d

(cMm. (67,6)). KomnonenTa 31oro BeKTopa B HampaBJeHMH, NePIeHAHKY-
JASPHOM K IJIOCKOCTH Xy, ecTb—d;, @ IPOEKIHA Ha IVIOCKOCTb Xy PaBHa
Isin 8-d,— cos 8-d,| (nocnennior0 yaoGHee ONpeneuTh NO PaBHOM efl
2-KOMIIOHEHTEe MATHHTHOTO TOJIsi, HMeomero HanpasjieHue [dnl).

Boseonst E B KBajpar H ycpeAHss IO BCeM HanpaBleHHAM BEKTopa
d B miocRocTH yz, MBI NpeXJe BCEro BHIMM, UTO IPOH3BEAEHHE NPOECK-
HHf HoJisl HAa NJOCKOCTh Xy “H NMEePNEHAMKYJSPHO K Hell ofpaiaercs
B HYJb. DTO 3HAUHT, YTO MHTEHCHBHOCTbL JEHCTBHTEJILHO MOXeET GbITh
NpeCTaBjJeHa B BHJAE CYMMbI JBYX HE3aBHCHMBIX dacTell: HHTEHCHB-
HoCTeH U3Jy4eHus, [IONsIPH30BAHHOIO B ABYX B3aHMHO NePIEHIHKY.1ap-
HBEIX ITOCKOCTSIX.

HWHTencuBHOCTHL H3JYUCHHA C ICKTPHYECKHM BEKTODOM, NEpreHH-
KyJAsAPpHBIM K IIJIOCKOCTH XYy, OIPEACJASETCs CPEJHUM KBaJpaToM .OT

. l . . -
d§=—2-(d2—d§). Has coorBercTByIOmEeH uactd 30¢(eKTHBHOIO H3-
JyueHHus MOJY4YHM BhIpakeHue

(d2—d2) dt 2np dp. (68,4)

t do
iy = 4mc?

0| —
Sy g
éﬁ/js

OrMeTHM, YTO 3TA YacTh M3JyUYe€HHs OKa3bIBaeTCsl M30TPOMHOH IO Ha-
npaBneHusM. BBINHCHIBATH Boipa)keHHe A 5((PEeKTUBHOrO H3JyueHHUs
C HamnpaBJeHHEM 3JIEKTPHYECKOro IOJSA B IIIOCKOCTH Xy HeT Heobxe-
ZUMOCTH, TdK KaK OYE€BHIHO, YTO

duik - dul = dy,.

AxajtornuHeIM 00pa30M MOXKHO IOYYHTh BHIPAXKEHHE JJIS1 YIJIOBOTO
pacnpesenenns peKTHBHOrO H3JAYYEHHs B ONpPEACACHHOM HHTEpBaje
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qacToT:

o=y [A(0) +B(0)22E=L] 82, (68,5)

" TAe

Aw=2" Sd 2npdp, B (0)=-2- S (d2—3d%,) 2npdp.  (68,6)

§ 69. Topmo3xoe H3ayHeHHE MaJblX 4HacToT

PaccMOTpHM HHM3KOYaCTOTHBIH «XBOCT® CHEKTPANBLHOTO pacipenene-
HHfl TOPMO3HOTO H3JyueHHs: 06/1acTh YACTOT, MAJBLIX NO CPaBHEHHIOC
Toéi yacrotoit (0GO3HAYHM €€ @), B 00JaCTH KOTOPOH COCpefoToueHa
OCHOBHASl 4YaCTh H3JIyUYeHHA:

(O] < Wy. (69,1)

ITpu sToM MBI He GyAeM NpeAnosarars CKOPOCTH CTaJKHBAOLUIUXCHA Ya-
CTHLl MJBIMH IO CPABHEHHIO CO CKOPOCTBIO CBETa, KAK 3TO JEAaJ0Ch
B mpeAblaylieM naparpade; ciexyiompe HHxe GOpMYJIbl CPaBEJTHBbI
NpH TPOU3BOJBHLIX CKOPOCTAX. B HepensiTHBHCTCKOM ciiydae wy~1/t,
rje T — NOPAJAOK BETHUHHBL NPOJOKHTETLHOCTH CTOJNKHOBEHHS; B
YJALTPAPENATUBHCTCKOM CJydae @, NPONOPLHOHAJNbHA KBaapaTy 3Hep-
MY u3Jayyaoliedl yacTHub! (CM. HHxke § 77).
B unterpane

= °§ Helot d¢

nojie u3snyueHusi H 3aMeTHO OT/IHUHO OT HYJA TOJNBKO B TEUeHHE Mpo-
MexXyTKa BpemeHH nopsinka 1/w,. ITosTomy npu coGmionenuu ycioBus
(69,1) MBI MOXKeM CUHMTATh, YTO MOJ HHTerpasoM wi<<1l, Tak YTO MOKHO
sameHuTh e/®! equHUUe; TorHa

-

> -3

H,= { Har

w
-0

INoacrasasnsa cioga H = [An] /¢ U TIPOU3BOAS HHTErpHPOBaHHE MO Bpe-
MeHH, MOJyYHM:

H,= cl [(A,—A,)n], - (69.2)

rae A, — A,— H3MeHeHHe BeKTOPHOro NMOTEHLHAIa NMOJIs, CO34aBaeMOro
CTAJKHBAIOWHUMHCH YAaCTHIAMH, 332 BpeMs CTOJKHOBEHHUA.
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[ToiHoe W3/yuyeHue (C yacToTOH ®) 3a BpeMs CTOJKHOBEHHSI TOJY-
yATCA NOACTaHOBKOI (69,2) B (66,9):

&m0 — R0 [(A,—A,) n]* do da. (69,3)

40.rn2

J1/15 BeKTOPHOIO NOTEHLHAJa MOXKHO BOCHOMb30BAThCS €T BhIpaXKeH HeM
B doprie JIuenapa — Buxepra (66,4), 1 Mbl HoayduM:

S0 = 1r {Ze< en] [l \1 dodo,  (69,4)

l—-C-nv2 l—-——nvl/)

rje V; H V;— CKOPOCTH UYacTHILI A0 4 NOCJe paccesiHHs, a cymma Ge-
percs mo oGeuM CTajaKuBaiowuMcs uacTHiaM. O6paTHM BHUMaHHe Ha
70, uTO KO3hduUeHT NpH d® OKa3bIBAETCH He 3aBHCSLUIHM OT YaCTOTHI.
HpyrumMu cjoBamu, NpH Majdbx yactotax (yciaosue (69,1)) cmekrpans-
HOE pacmpelesieHue U3JyYeHHsI He 3aBHCHUT OT YacToTl, T. €. d&,, /d®
CTPEMHUTCS K MOCTOAHHOMY Tipefeny mpu o— 0 1),

Ec/H CKOpPOCTH CTa/IKMBAIOMIMXCH YaCTHIL MaJbl 10 CPAaBHEHHIO CO
CKOpOCThIO cBera, To (69,4) mepexoaur B

A6 o= iz (T elva—vi, n])* dodo. (69,5)

A1o BbIPAXKEHHE COOTBETCTBYET AHMOJBHOMY H3JYYEHHIO, BEKTODPHbIH
NoTeHIHa/A KOToporo fAaercs ¢opmynaon (67,4).

HHTepecHstil cnyyail npUMEeHeHHA TTONyYeHHBIX GOPMYJI NIPeACTaBIIA-
eT H3JydYeHHe, BO3HHKAIOLIee NMPH HCIYCKAaHUH HOBOH 3apsKeHHOH ya-
CTHUB!I (Hampumep, npH Beuiete f-yactuusl u3 sigpa). [Ipu stom npouecc
HaJ0 paccMaTpuBaTh KaK MTHOBEHHOE H3MEHEHHe CKODOCTH YaCTHLIbI —
OT HyJS [0 €e 3a/]JaHHOrO 3HaYeHHs (BBUAY CHMMeTpHH dopmyJsl (69,5)
TI0 OTHOILIEHHIO K [ePecTaHOBKe V; H Vp BO3HHKAIOIlee B 3TOM Ipolecce
H3JyueHHe COBIIAJaeT C H3JYyYeHHEM, KOTOpOe CONpOBOXAajJo Obl 06-
paTHBI TIpoliecc — MTHOBEHHYIO OCTAaHOBKY 4yactuusl). CymiecTBeHHO,
YTO IOCKOJBKY «BpeMf» JaHHOro mpouecca t—0, To ycrosuio (69,1)
dakTHUeCKH YIOBJAETBOPSIOT BCe BOOGIIE 4acTOTH ).

1) MnTerpupys 0O NPHLEABHBIM PACCTOSTHHSAM, MOMKHO NOJYYHTH aHAJOTHYHBIHR
pesyabTar ana 3hGeKTHBHOIO H3JyueHHst IPH paccesHHM nydka ugactHu. Hapo,
OJHAKO, uMeTb B BHAY, UTO 3TOT pe3y/bTaT HecnpaeefyuB Ana sddexTusHOro
H3JyYeHHUs NPH KYJOHOBOM B3aHMOZEHCTBHH CTaJIKMBAIOIIHXCS YACTHILB CBA3SH C TeM,
4T0 HHTerpaj 1no dp OKa3bBaeTCsl PacXOAAIHMcH (JorapupMuuecKH) npu 6oJib-
mux p. Ml yBHAMM B clefy:olieM naparpade, 9To B 3TOM ciIyyae {xbeKTHBHOe H3JY-
YeHHe NPH MaJBIX YacTOTaX 3aBHCHT JOrapHQMHYECKH OT 4YaCTOTH, a He OCTaeTcA
TOCTOSIHHBIM .

2) TIpumMeHHMOCTb dopmys, onuaxo, orpam{tera KBAHTOBBIM YCJIOBHEM MaJIOCTH
fio no CPaBHeHHIO C NOJHOH KHHeTHueCKOil 3Heprueil 4acTHIHL.
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OnpezeanTs CHeKTpajJbHOE pachpefiesieHHe [OJHOIO H3JydYeHHs, BO3HHMKa-
IOLIETO NPH HCTIYCKAHHK 3apsDKeHHOH dacTHUibl, ABMKYHIEHCS cO CKOPOCTHIO ©.

Pemenne. Coraacho dopmyse (69,4) (B xoTopoll noaaraeM v,=v, v;=0),
HMEEM:

e2y? sin% 6

k)
d§y=dw yprs - o 2n sin 6.d6.
I——cos0
i c

BpluHc/IeHHe WHTEerpaja NMPHBOJUT K pesyJbrary 1):

_e? ctvu
dé;‘”—_ﬁ (?l — 2) do, n
Ilpu v <€ c 3ta dopmyJa mepexoiuT B
2e2y?
d6w= 3ne? do,

YTe MOXHO NOJYYHTh H HemocpeAcTBeHuo u3 (69,5).

§ 70. Uanyyenne NpH KYJOHOBOM B3aMMOAEHCTBHH

B stom maparpage Mul BeIBeleM JJISl CIIPABOUHBIX IiejeH psan ¢op-
MYJI, OTHOCAIIMXCA K JNHUIIOJBbHOMY H3JYYEHHIO CHCTeMB! M3 JBYX 3aps-
JKEeHHBIX YacTHIl; IPEANIoaaraercst, YTo CKOPOCTH YacTHIL MaJbl 110 CpaB-
HEeHHIO €O CKODPOCTBIO CBera.

PapHoMepHOe JBHXKECHME CHCTEMBI KAaK 1e710ro (T. €. JBIXKEHHEe ee
LeHTPa WUHEPLUH) He NpPEACTaBJIAer MHTEPeca, TAK KAK He NPHBOLHT K
H3J1yY€HHIO; TI03TOMY MBI JOJKHEI PacCMAaTPHBATh TOJLKO OTHOCHTENb-
Hoe JBHXKeHHe yacTHL. BriGepem Hayajo KOODAHHAT B HEHTPE HHEPLHH.
Torna AMOOJNBHEIY MOMEHT CHCTeMEl d==é;F;-1-e4;r, HalulieTcs B BHIE

eyMy— eym e e
d=bTe—tmMm (&6 __ &
my + 1, = my My r (76,1)
rpe HHAEKCHI 1 u 2 orhocatcs K ofeum HacTugaM, F=r,—r, €CTh
mym
PaluyC-BeKTOp MeXKIy HUMH, ap= Tn--l__i:;——HpI/IBeILEHHaH Mmacca.
; 1

Haunewm ¢ H3JydeHus, CONPOROKRAAIOMETO HIHITHUECKOE JBHKEHHE
IBYX NpUTATHBalOmMuXcH no sakoHy Kynona wactun. Kak wusBecTHO
u3 MexaHMKH (cM. I § 15), sto IBHKeHHe MOXKeT GHITH OMHCAHO KakK

1) Xorss ycaosue (69,1) BBHAY «MTHOBEHHOCTH® IIPOLECCA BHINEJHSETCS, Kax
yke OblI0 YK43aHO, AS BCEX 9acTOT, HO NMOJYYHTh HOJIHOE H3JYueHHe 3HEePriH ny- -
TeM *HHTerpupoBaHHsl BHpa:xeHusi (1) mo d@ Henb3s,— HHTErpajJ pPacXOZUTCH HPU
GobiuX vactorax. IIOMEMO HapylleHHst YCJIOBHA. KJAaCCHYHOCTH NpH GoJbluHx ua-
CTOTaX, B AAHHOM CJyuae MPHUMHA PACXOXHMOCTH JIEKHT H B HCKOPDEKTHOCTH Cameil
NOCTAHOBKA KJKACCHYECKOH 3a;1aqﬂ, B xompou uacTHIA uMeeT B Ha‘{aJIbeIH MOMeHT
GeckoHeuHOe YCKODEHMe. - . -, .« .. . . FER N
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JABHXKE€HHE YaCTHLBI € Maccoi b 1O 3JIHIOCY, ypaBHEHHE KOTOpOro B
noJAPHBIX KOOpIAHHATaX HUMEET BHA

1+4+ecosgp= —(1_—82), (70,2)

rje GoJbuIas NOJNYyOoCh @ U 3KCUEHTPUCHTET € pPaBHBI

=gy o=} 1-21EIE, (70,3)

31ech & ecTb mMoJHAS 3HEPTHA uacTul (6e3 sHepruu nokos!), orpuua-

TebHAs NPH (PHHUTHOM ABHKeHHH; M=pr*¢ — MOMEHT KOJHYeCTBa
JBIXKEHHS; 0. — MOCTOsIHHAsA 3akoHa Kysona:

o= |ee,].

3aBHCHMOCTh KOODAHHAT OT BPeMEHH MOXKeT ObITh 3amucaHa B BHIE
napaMeTpHuYeCKUX ypPaBHEHHH

r=a(l—ecost), t= ]/“TT(E—ssinE,). (70,4)

OnHoMy TMOMHOMY OBOPOTY MO 3JAMHOCY COOTBETCTBYET M3MEHeHHe Na-
pamerpa E or Hyss A0 27; NEpHOA ABHKEHHUSI pPaBeH

T=2n]/”a3.
(¢4

Onpegeaum KoMnoHeHTs Pyppe JunoasHOro MomMeHTa. Beuay nepuo-
IMYHOCTH ABIKEHHNS Peub HIET O pa3soxkenud B paj Pypoe. [Tockoabky
JUMONBHEI MOMEHT MPONOPUHOHAJEH PafHyc-BeKTOPY I, TO 3ajaua
CBOAMTCS K BBIYHCJEHHIO KOMIIOHEHT Pypbe OT KOOPAHHAT X==r COS @
H y=rsin¢. 3aBUCHMOCTb X H ¥ OT BpeMeHH onpejesisieTcs napameTpu-
YeCKUMH YDaBHEHHSAMHU

x=a(cosE—e), y:al/l—ezsing, o, =§—esing. (70,5)

3necs BBeieHa uacTOTa
@, =20 l/_“_ _e|ep
0 T pnad wl/z

Bmecro kommoneHT ®Dypre or KOOpAMHAT YHOGHee BLIYHCAATH
KomnoHeHTHl Pypbe OT cKopocTeif, BOCHOJIbL30OBABIINCH TEM, HTO

Ky = — LOHX,, Y, =— (0yny,. FMeem:
. T
K, = X 5‘ e"“’o’”‘)'c dt,
" —iwgn (oon o

Ho kdt:dx::—-—asin&d&; nepéxoxﬂ ©T HHTETPUPOBaHUA 1O df K
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MHTETPHPOBaHHIO MO df, uMeeM, TaKMM 06pasoM:

x ____Seln(ﬁ BsinE)SIrlgdg
AHasnorHuHBEIM 06pa3oM HaXOXUM:
25 . V_ 2n
iaV1i—g . iay 1—e? i
Yp= ‘;m j‘ ein (E—¢ sin 3] cosS gdg._._ m____j ein (E—¢ sin 13) dg
] ‘ 0

(Ipu mepexofe OT HEPBOro HHTErpaja KO BTOPOMY B NOABIHTErpaJib-

1 1
HOM BBID2XKEHWH NHIIEM COSE=|cosE—— )+ ;
OT MepBOrO 4JeHa Gepercsi W HPHTOM TOXJeCTBEHHO obOpamiaerca B
HyJb). Hakonen, Bocnosbayemcst u3BecTHOH ¢opmyJioii Teopud (PyHK-

uuii Beccens

TOrla HUHTErpaJ

14 .
—;Rge" t-xsintigt — L ( cos (nE—xsin&)dE= 7, (x), (70,6)
0

LOlyy

roe J,(x)—¢yukuua Deccenss uenouHcaeHHoro mnopsiika n. B pe-
3yJbTaTe OKOHYATEJbHO TOJyuyaeM CJHelyIOllue BhipaxKeHHS JJi HCKO-
MbIX KOMIOHeHT ®ypbe:

tw =2 05 (1), = LY IZE (e (70,7)
(llITpHX y (pyHKmm Becceﬂﬂ 06osHauaer Au(depeHLHPOBaHHE N0 €e
apryMesry).

Bripaskenue 1 HHTEHCHBHOCTH MOHOXPOMATHUECKHX KOMIIOHEHT
H3JyueHHs noJyyaeTcss MOACTAHOBKOH X, H y, B GopMyay

43ne 2
1= e (B2 )’ (e 3 )

(cM. (67,11)). BuipasHB npH 3TOM @ H @, Uepe3 XapakKTepHCTHKH
9acTHL, TMOJYYHM OKOHYaTeJbLHO: 3

1= (2 —a )| v ~Jime)]. - (70,8)

BhinuiueM, B YacTHOCTH, aCHMITOTHUeCKYI0 GOpPMYJY I/f HHTEH-
CHBHOCTA OYEHb BLICOKMX TapMOHHK (GOJIbLIKE 1) NPH IABHXEHHH IO
Gmuskoil K mapaGose opGute (¢ Gausko K 1). Jlis 3TOro HCHoJib3yem
aCHMIITOTHYECKYIO opMyTy

nm= e (2o [(f)0—a], @0

n>1, 1— \<,
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- rae @ —dyHruus ipu (onpeneseHHass B IpuMeuaHid Ha cTp. 196)1).
Tloxcranoeka B-(70,8) naeT'

A

+(z) o [(5)"a=e]}. (0,10

SroT pe3yJsibTaT MOXeT ObITh BhIpa)eH Takxke d uepe3 pyHkuuu Mak-
poHanbaa K.

64 n2&* ey \? s I'n 2 2 ['n 3
I,= 92 3a? (m1 m_z K1/3 —3—'(1—“82) /’] +Kz/’ _3-(1 &) 2
(HyKHble /15 3TOrO (hOpMYJIbl IPHBEJEHBl B IPHMEUaHUH Ha CTp. 260).
PaccmoTpuM Jlanee CTOMKHOBEHME JABYX MDHTATHBAIOMIUXCS 3apsi-
JKEeHHBIX yacTHL. VX OTHOCHTeNbHOE ABHXKEHHE ONHCHIBATCH KaK JABH-
KeHHe YaCTHIBI ¢ Maccodl w Mo runepGoJe
: a(e?—1)

I+ecosp=—7>—, (70,11)
rxe
@ _ 2EM?
a:.QES, £ — l/l+ e (70,12)

(trenepp & > 0). 3aBHCHMOCTL r OT BPEMeHM OIpefeasieTcs Napamer-
PUUYECKHUMH YpaBHEHHAMH

r=aechi—1), t=1 Eesnt_g), (70,13)

rae napamerp & mpoberaer 3HauyeHHs OT — oo A0 -+ oo. [lis koop-
JUHAT X, Yy HMeeM:

x=a({e—chg), y=al e—1shE (70,14)

1) [Ipu n> 1 B nurerpane

I
J, (ng) = —I—S s[n{E—esin§)] dE

T

OCHOBHYIO POJIb MTPalOT Majble § (MPH He MAJbIX § NOALIHTErpajibHOE BHIpaMKeHUe
GuicTpo ocuuanHpyet). COOTBETCTBEHHO 3ITOMY pasjaraeM apryMeHT KOCHHYyca 1o

‘ cTeneHsam &
cos [n<1—2-e %)]dg;

C yueToM OHICTPOH CXOAUMOCTH HHTErpaJsia, BePXHHH Ipeflesl 3aMEHEH HA 0] wjen
¢ &% moskeH ObiTb CcOXpaHeH BBHAY HAJHYHS B WIieHe NepBOr® nopsnka Manoro
Koapduuuenta 1 —e ~ (1—e?)/2. Tonayuennsiii HHTErpaN OYeBHJIHOH MOACTAHOBKOM
upusogutcsa K Bugy (70,9).

1
Ja (ns):;

Ol 8
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Buiuncsenne xomnonent ®ypbe (peub HJET TelePb O Pas3jiOKeHHH
B HHTerpan ®Pypbe) INPOH3BOAUTCH B TOUHOCTH AHAJIOTHMYHO NpPeXbl-
aymemy caydawo. B pesysnwrtate nosyuaem:

o="o HY (ive),  yo=— EIJ%?—] HY (ive),  (10,15)

rie H(i{,)—-(pyﬂxunﬂ Faukenst 1-ro poxa paHra iv M BBefileHO 0603Ha-
yeHHe _
(O] o

’VZWZE (70,16)

(v,—OTHOCHTE/IbHASL CKOPOCTh YacTHI Ha OECKOHEYHOCTH; 3SHEPrHs
& =wuvi/2)1). Ilpn BBIYACHEHHH HCNCJbL30BaHa H3BeCTHas ¢opMyJaa

Seﬂ‘é s EdE == (H P (ix). (70,17)

IToacrasass (70,15) B dopmyay
4t 5 \2 o d
a6 =" (B —2) (| xl +u ) o

my

(em. (67,10)), momyqum:

m 202 -
d8u="trgr (o) (LW (o)l —F [HE (v0)* | do.
] (70,18)

Bonbummii HHTepec npepctaBisieT «3bdeKTHBHOE H3NyueHHE» NpH
pacceﬂ}mn HYyYKa HapajueIbHO JBUXYINHXcA dacTul (cM. § 68). las
€ro BHIUKCIEHUS yMHOXaeM d&, Ha 2mpdp H MHTErpPHPYEM IO BCEM P
oT HyJs J0 GeckeHeuHocrH. VIHTerpuposanue mo dp 3aMeHsieM HHTe-
rpupoBanueM- 1o de (B mpefenax oT 1 1o o), BOCIOJbL30BaBLIHCh
TeM, uro 2npdp=2na’e de; TO COOTHOLIEHHe NOJyuaercs U3 ONpele-
aenuit (70,12), B KoTOpLIX MOMEHT M M 3Heprusi & CBSI3aHH C NpH-
HEJbHBIM PacCTOSHUEM P W CKOPOCTHIO U, NMOCPEACTBOM

2
U
M = ppv,, «?:”20.
[Mosnyuatouuiics HHTErpaJ Gepercs ¢ MOMOMIBIO (OPMY.JIBL

[2+(“ Qzﬂ 4 (2z,2;),

1) Hanomsn, uto dyskuus H{L) (ive) uncro muuma, a ee nponasognan H{l) (ive)
BEWIECTBERHA,
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rae Z,(2)—moboe peurenie ypaBhenusi Beccens mopsaka p'). Hmes

B m/my, yto TpH & —» 0o Qynkuua Famkens HY) (ive) obpamaercs
B HyJb, NOJYYUM B pesyJbTaTe Cjenyiomyio (opmyJy:

4n2 o3 m(el ez) IH‘”(W)IH(” (iv)do.  (70,19)

du, =
“® 3c3uud

my

PaccmoTpum 0coGo mpejebHbIe Cyyad MaJgblX M OOJBIIMX 4acToT.
B wuHTerpaJe

{ eve-sh g = in H,, (iv), (70,20)

-0

ompeensiomeM ¢yHkiuio ['aHKesas, CyIeCTBEHHa TOJNBKO Ta 00JacTb
3HaUYeHHH# IepeMeHHOH MHTerpHPOBAHHA §, B KOTOPOH 3KCIIOHEHTa
HMEeT TIOPSNOK BeJHuMHbI egunMubl. [IpH masmix wacrotax (v<£1)
CyllecTBeHH2 mo3ToMy obJacte Gosbidx E. Ho mpu Gospuux § umeeM
sh§>E. Takum o6pasoM, npuOIHAKEHHO

o]
HY (W ?lt_ S e-1vshEdE — HD (iv).
- @®

AnanoruudbiM oOpasom HaijeMm, uTO
HY (iv) =~ HE (iv).

Bocrosib30BaBILNCh, HAKOHEN, H3BECTHBIM H3 TeOPHH QyHKuME Beccens
NpUGIMKEHHBIM BbIpaXKeHHeM (IPH MaJblX X)

IHP® (ix) ~ In W

(v=¢€C, rne C—nocrosirHaa Odiinepa; y=1,781...), noayuum cie-
Ayolee BoipakeHHe JAn18 3(peKTHBHOTO H3JIYyUeHHUs IPH MaJjblX 4a-
CTOTax:

162 3 3
e =35 (22— 12.)21n(2””°)dm npr 0 <KE2.  (70,21)

3upc® \my; my TR

OHO 3aBHCHT OT 4aCTOTHI JIOrapH(MHYECKH.
Ipu Goasunux yacrorax (v> 1) B unterpade (70,20) cyuiecTBeHHH,
Hanporus, Masble §. COOTBETCTBEHHO 3TOMY pa3/laraeM SKCIIOHEHTY

1) d1a dopMysa ABIAETCA HEMOCPERCTBEHHBHIM CJAEACTBHEM ypasHenust Beccens

z"+ z +(1——) —o.
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TOABIHTEr paJbHOI'O BbIpazKeHH S MO CTEHEHAM E H HMeeM HpHéJIH)KEHHO:

o

HY (iv) & —~ S exp (.J%’ga) dg = —-2—; Re §exp (—%’E"‘)dE :

Dror UHTerpaj mNOACTaHOBKOH ivE/6= m npuBoautca K I-QyHKimwy,
H B pesyJbTaTe Nojydaercs

(1) ~ E /s ( 1 )
()~ — 7 ()" (5)-
AnanoruussM 06paSOM HaigeM:

i o (470 (2).

HakoHell, BOCIIOJIb30BaBIIHCh H3BECTHOR (popmynoﬂ teopuu I'-dpyHKuui

T ()T (1—x) ="

sinnx ?

nosyuuM s 3pGeKTHBHOTO H3JYyYeHHS NpH OGOJBIIHMX 4acTOTax:

16nex? ( ey

_ et e ”UO I
= 7y m) do npn o320 (70,22)

my

T. e. BBIpaxkeHHe, He 3aBHCsIIee OT YACTOTH.
IlepefiieM Tenepb K TOPMO3HOMY H3JIyU4eHHIO MpH CTOJKHOBEHHH

JBYX OTTaJKHBAOMHUXCH MO 3akoHY -U = a/r (o > 0) uacruu. Jsuxe-

Hye MpPOHCXOAUT IO rHmep6oie

a(e2—1)
r

—I'+ecosp= ; (70,23)

x=a(erch®), y=aVe—TshE, t=) E@eshttt) (70,29)

(@ u e—us (70,12)). Bce BluHC/IeHHs ISl 3TOTO Cyuast Hemocpes-
CTBEHHO NPHBOZSTCA K NPOU3BENECHHBHIM BHIllle, TAK YTO ‘HET HEOGXO-
JUUMOCTH IPOM3BOJHTb HX 3aHOBO. [leficTBHTENbHO, MHTErpaJ

x, =5 oveshtigh g at
(O]

-

IS KoMmoHeHTs! Pypbe KOOPJAMHATHI X MNOACTAHOBKOH E — im—§
NPUBOUTCA K TaKOMY XK€ HHTErpajy JJisl Caydas IPHUTSIKEHHs, yM-
HOXKEHHOMY Ha e~ ™; TO Ke caMoe HMeeT MecTO AJT Y.

Takum o6pa3oM, BEIpaKeHHsS AJs KOMIOHEHT ®Pypoe X,,, Y, B CIy-
yae OTTAJKHBAHHA OTJHYAIOTCS OT COOTBETCTBYIOMIMX BBIpAXKEHHH IJIst
clydass TpPUTSKEHHs MHOXKHTeNAMH e~™. B dopMmynax xe ajis wus-
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JAydeHHs NMOABATCA, CJef0BaTeIbHO, JHIIHHE MHOXUTEH e~ 2™, B yacr-
HOCTH, JJISi MasbX YacTOT noJydaercs npexHsas ¢opmyaa (70,21)
(tak kak npuv<Z1:e-?W x 1). Jlna Goapmnx yacror addekTHBHOE
H3Jy4YeHHe HMeeT BHJ

[6na? (e e, \? 2nwo
dn, = ——— —1——2) exp [ — )d(o ope o> ”—. 70,25
© Vel Kmx ms P nol P ( )

Ono yﬁbIBaeT SKCIIOHEHUHAJNBHO C YBCJIHYCHHEM YacCTOTHI.

3apaum

1. OnpenennTs NOJAHYIO CPEJHIOI0 HHTEHCHBHOCTD H3/YUeHHs! NPU IR THYECKOM
JIBJKEHHH JBYX NPHTATHBAEIOKXCA 3apAlOB.

Pemenne. C Boipaxennem (70,1) ajs IMMONLHOTO MOMEHTa HMeeM AJISl TOJIHOM
HHTEHCHBHOCTH M3JYUeHHS:

e e\ 20t e e\l
33 \my, my 33 \my my) rt’
npuueM MBI BOCNOJB30BANHCH YDaBHeHWeM ABHKeHust Wr=—ar/r?. KoopauHaty r

BbIpaXKaem uyepes @ CONIACHO ypaBHeHMIo opOutel (70,2), a mHTerpupoBanHe IO Bpe-
MeHH ¢ TNOMOUIbIO paBeHcTBA di=ur’d@/M 3ameHseM HHTErpHpPOBAaHHEM NO YLy @
(ot 0 no 2n). B pesyanTare HAXOAMM AJIS CpPefHell HHTEHCUBHOCTH:

3’,,#:&@__6_2)2 n2a? || (3721(81M2>_

M: po?

2. Onpenennts monHoe H3NMyueHHe A TPH CTOJKHOBEHHHM JABYX 3apsUKeHHBIX
4acTHIL.

Pewenue. B cayuae HpHTﬂ}KeHHﬂ TpaekTopuell sBasercs runepbona (70,11),
a B cayuyae orranxkuBanus — (70,23). Acumntorst runepGosnbl 06pasyloT ¢ ee OChbIO
yTOa @y, OnpeiessieMblii u3 4 C0os ¢Pp==1/€, a yros OTKJOHEeHHs YacTHUlL (B CHCTeMEe KOOP-
AHHAT, B KOTOPOfi 1EHTP HHEPIUH NOKOUTCH) ecTh Y= [t — 2¢,|. Buiuncnenue npous-
BOJHTCA TaK Ke, KaK B 3anade 1 (auterpan no d¢ GepeTcs B npejesiaXx Mexay —@p
H Q). B pesysnbTaTe Haxoaum B caydae npUTSKEHUS:

Aég:”3vg tgg% [(JH-X) (1+3tg9%>+6tg —2'(—} (e_l_fﬁ—)z,

3cda my My

B cjayudae OTTAJKHBAHUSA:
*l‘_"o s X AN A VAN
AL = tg [(n %) <1+3tg > 6tg 2] <m1 m2> .

B o6oux caywasix nog y NOHHMAeTcst NOJIOKUTEJBHBIA yroJ, onpefeisieMbli W3
COOTHOUIEHUS

v
ctg 5 ”a"p

Hpu 50GoBOM CTONKHOBEHUMH OTTaJKHBAIOWUXCA 3aPANOB HEPexo K npeieny p-» 0,

A—> T Jaer:
_ 8udu} (_‘?_1._12_)2
Ag T 45c3q \ My Ma) "t
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3. Onpegennts nosHoe >(peKTHBHOE H3NyYeHUE NPH PAcCeAHHH MOTOKA YACTHIL
B KYJOHOBOM 10J1€ OTTaJKHBAHHS.
" Pewenune, Mckomast Be/MYHHA eCTh

® ' . ® - ® 1
202 [ e e
-0 0 —-»

HuTterpuposanne no BpeMeHH 3aMeHsieM HHTErpHpoBanHeM IO dr BAOAL TPaeKTOPHH
3apsna, Hanucas df=dr/v,, TAe paguainbHas CKOPOCTb U,==r BhIpaxaeTcs yepe3 7 IO
¢dopmye

x
91/33

_ M 2 9200 2(1
vp= [6 m—u(f)] e T

WHTterpupoBanue no dr npou3BofuTcs B npefieax OT GeCKOHEUHOCTH A0 OsniKakiuero
K LEHTPY PacCTOSHHS ro="ry (P) (TOUKa, B KoTOpO# v,~0), H 3aTeM OT 7, CHOBa K Gecko-
HeUHOCTH; 3TO CBOAMTCH K YABOSHHOMY HHTerpajy oT 7y B0 oo. Briuncienune asoiinoro
HHTerpana yjzo6HO NPOH3BOJANTH, NEPEeMEHHB INOPSIOK UHTErPHPOBAHMS — CHadaja
noe dp, a sareM no dr. B pesyasTaTe moayumm:

8x quo( 1 e )2

n=
9 3

4. OnpefenuTs yriioBoe pacnpefieieHHe IIOJHOTO H3JNydYeHHS TPH mpoJsere
OJHOro 3apsiia MHMO JPYTrOro, ecjli CKOPOCTb HACTOJBLKO BeJHKa (XOTA H Masla no
CPaBHEHHIO CO CKOPOCTbIQ CBETa), 4TO OTKJIOHEHHe OT NPSIMOJIHHeHHOCTH IBHUKEHHS
MOXHO CYHTATh MAJBIM.

PemeHnue. Yron oTKIOHeHUS MaJ, eCJH KHHeTHYecKasl SHeprus u02/2 BeJIHKa
0 CPABHEHHIO C HOTEHUIHMANbLHON 3PHEPrHel, MOPSIOK BEJHYMHBI KOTOPOH eCTh a/p
(ue® > o/p). BoifepeM MJIOCKOCTh ABHXKEHMS B KauecTBe MJOCKOCTH XY C HAYajoM
KOODAHHAT B HEHTPe MHEPLHH H C OChIO X BAOJb HampasjieHHs ckopocTH. B nepsom
NPUGTHKEHHH TPACKTOPHA eCTh npsMas x=vuf, y=p. B cleayomem npubnumeHay
YPaBHeHHA ABUKEHHUS AAOT.

- o x __ovt - oy _ap
W= r¥E W=~

npuyeM

Vx“ry2 Vortoe.

C nomousio gopmynut {67,7) umeem:

4ned my

2 a P - - e
dgn_do e (;—‘1——’3—) S [+ g2 —(xny+on,)?] dt,

-®

rie n—ejHHHYHBIA BeKTOp B HanpasJeHud do. Bripaxas nogsiuterpajbHoe BhIPa-
WeHne uepes { M ITPOH3BOEA HHTErPHPOBAHHE, nonquu:

. o? ey
16 = (o) (i)
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§ 71. KsaapynoabHoe H MarHHTHO-KIIOJbLHOE H3Jy4YeHHS
. Ll

PaccmorpuM Teneph M3siyuyeHHe, OGYCJIOBJEHHOE CIEAYIOMMMH uJe-
HAMH Da3JIOKEHHUsS: BEKTOPHOTO MOTEHIMaja MO CTeleHsM OTHOHIeHHSA
a/A pa3aMepoB CHCTEMHI K [jIHHE BOJHEI, TIO-HpeXHeMy npefnosararolie-
rocsl MaiuiM. XOTsl 3TH YIEHBI, BOOGIIE TOBOPS!, Majbl IO CPABHEHHIO C
NEPBEIM (JUNONBLHEIM), OHH CYIIECTBEHHBI B TEX €Ay4asiX, KOTAa UNo/b-
HBIfi MOMEHT CHCTEMbI PaBeH HyJIIO, TaK UTO AHNOJLHOE H3/JyYeHHe BOOO-
Ilé OTCYTCTBYET.

Pasaaras B (66,2)

1 r.
A :mj ]t’+rn/ch

TNIOABIHTErpaJbHOE BBHIpAKEeHHE IIO CTEHEHAM rm/c u COXpaHsf TEHEPh
ABa NEpBBLIX 4/leHa, HaXOAHM:

I C, | .
A= (ivdV + o iy,
IMoacraBass cioga j=pv H NepeXofsi K TOUESUHBIM 3apsifiaM, TIOJ YHHiM:
1 1 0
A:mZev+§R—o-a—t-Zev(rn). (71,1)

3necy U HIKe (KaK H B § 67) Ml /i1 KPaTKOCTH ONyCKaeM HHJEKC
¢’ y Bcex BeJHUHH B NPaBOH CTOPOHE paBeHCTBA.
Bo BTOpOM CJ1araeMoM IHIIEeM:

1

a 1 '
v(rn)— r(nr)+ 5 v(nr)—— r(nv)— 5 57 T (@r)+ 5 [[rv]n].
Mu maxopgum Torza Ajsi A BBIpakeHHe
. d 1 o T
A=m+2cﬂkoﬁza(“r)+c—_[mn]’ ) (71»2)
rae d— ZHIOABHEI MOMEHT CHCTEMB, a Wt= —Ze [rv]—ee MarHHuT-

Huil MoMeHT. s jpanbpHefiulero npeobpasoBaHUs 3aMeTHM, YTO K A
'MOXKHO npub6aBUTh, He H3MeHsI IOJsl, JOOOH. BEKTOp, NPONOpPILLHO-
HaJibHBIA n,— B <uay dopmya (66,3) E-u H npu stoM He u3Mme-
HATCS. HoaTomy BMeCTO (71 ,2} ¢ Tem Ke npaBOM MOXHO HarmcaTb:

-l- GCQR atz Ze [3r (nr) — nr?] + [mn]

Ho crosiuiee nog, sﬁaKOM 02/0t* BhIpaXKeHHE eCTh _Iipousse;(e‘ﬁué, nD,.,
BEKTOPA n Ha TEH30DP KBa[pyNOJLHOrO MOMEHTa D“BZZ e (3x,x3—08,4r7)
(cm. § 41). Beons Bextop D ¢ xomnonedramu D, =D g1, HaxopuM
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OKOHYATEeJLHOE BbIpdaXKE€HHe IJIs1 BEKTODHOrO IMOTEHHaJda:

d | e 1 -
3uas A, Mpl MoxeM Temepb omnpefnenuts noisg H u E ¢ nomouibio
00K X cpopmy.n (66 3):

H =7 | Ldn] + ‘[iin]&+[[ft'tn] o},

(71,4)
E = e { [{dn] n] 4 ([Br] ] -+ ] }.

HurtencusHocTs d/ H3nyueHHs: B TelecHHIH yroa do ompenessiercs
corsiacHo (66,6). Mbl ompelenuM 3fech TMOJHOE H3AYUYEHHUE, T. €. IHEP-
THIO, U3/Y4aeMyI0 CHCTEMOH B €{HHHIY BPEMEHH 110 BCEM HAIPABICHHAM.
Jas sroro yepensum d/ no BceM HanpaB/eHHSM N; TOJNHOe H3TyueHHe
PaBHO 3TOMY cpelHeMy, YMHOXeHHOMY Ha 4m. Ilpu ycpeanenuu kpag-
paTta MarHHTHOTO NOJIsE BCe B3aHMHEIE IPOH3BEeHHS IePBOTO, BTOPOTO H
Tperbero wieHos B H ucuesaror, TaK yTo OCTAIOTCH TOJBKO CPEfHHE KBak-
paTel Kaxaoro u3 Hux. HecroxkHbie BhIUHCICHHS 1) NAIOT B pe3yJbraTe

2 e 1 wee 2 .
1:—3?‘124_1'80? ;B+§c‘§m2- (71,5)

Takum 06pasoM, noaHOE H3AYYEHHE COCTOUT H3 TPeX He3aBHCHMBIX yac-
TeH; OHU HA3bIBAIOTCS] COOTBETCTBEHHO OUMNOAbNbIM, KBAOPYNOALHLIM U
MOASHUMHO-0UNOAbHOIM H3TYUCHUSIMH.
OTMmeTHM, YTO MarHHTHO-AHIOJbHOE H3MyueHHe (aKTHUECKH BO MHO-
THX Clyyasix OTCYTCTBYeT. Tak, OHO OTCYTCTBYET y CHCTeMbl, B KOTOPOH
OTHOLIeHHe 3apsiila K Macce y BCeX JBHXKYIUIHXCS YACTHL, OJUHAKOBO
i (B 3TOM Csiyyae OTCYTCTBYET H JAHWINOJbHOE H3JyueHHe, KaK yxKe GbLIO
ormeyeHo B § 67). JelicTBUTEIbHO, Y TAKOH CHCTEMBl MATHUTHBIH MOMEHT
NpoNoplLHoHadeH MeXaHMYeCKOMy MOMEHTY ummyJasca (cM. §44), u

1) YkamxeM ynoGHbl#l ClOco6 ycpeiHeHHs: MPOM3BeZeHHiH KOMIIOHEHT eXHHHYHOro

Bektopa. TeH3op n, ng, GYAy4H CHMMETPUYHBIM, MOMET BHIPAXKATBCH TOILKO uepe3
€JMHUYHBIA TEH30D 6,3. YuureiBas Takxke, YTO ero cJel paBeH 1, umeeM:

1
Ay nB=-3— Gus.
Cpeuﬂee K€ 3HAUeHHe INPOU3BEAECHUA UYCTLIPEX KOMIIOHEHT DABHO

—_— 1
ng g n'f n8='1_5 (543518—%%75@8-5‘5@5@7)-

IMpaean CTOPOHA COCTABJIAETCH M3 eAHHMUHMIX TeH30DOB Kak TeH30DP 4eTBEPTOro paH-
ra, CHMMeTPHYHBIH 1O BCeM MHAeKcaM; OOUIHI KO3hODHIUMEHT ONPenessieTca 3aTeM my-
TeM CBEPTBIBAHHA [O JBYM [apaM MHAGKCOB, KOTOPOe HO/UKHO Jate B pesyisTare 1.
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OTOMY, B CHJy 3aKOHa cOXpaHeHHs nocieasero, m=0. ITo To# e
npHuMHe (CM. 3ajauy K § 44) MATHUTHO-IHIIOJILHOE H3/TyUeHHe OTCYTCTBY-
"eT y BCSIKOH CHCTeMbl, CoCTOsIleH BCEro M3 JBYX YacTHIl (Yero, oJHaKo,
HEJb3sd CKas3aTh O JUIOJbHOM H3Jy4YeHHH).

~3apaudm

1. Briuncaute nosnoe sdbekTHBHOE H3AyUeHUe NIPH PACCesSTHHH NOTOKA 3apsiKeH-
HBIX YACTHI{ OJHHAKOBBLIMHM C HHMH YaCTHIAMH.

Peurenue. JunoasHoe (a2 Takxke MarHUTHO-AMIOJNbLHOE) H3JYuYeHHE NMPH CTOJ-
KHOBEHHH OSMHAKOBBIX YaCTHH OTCYTCTBYET, TAK YTO HAJO BBLIYUC/AUTH KBAaAPYNOJIbHOE
n3nyyenye. TeH30p KBaJPYHMOJNHHOIO MOMEHTA CHCTEMBI W3 [IBYX ONUHAKOBHIX YACTHIL
(oTHOCHTEJIbHO HX OOlero LeHTpa HWHepIWH) PaseH

e
— 2
Dag —7 (3xux‘3—r 613),

" rjie X,— KOMIOHEHTHl Pafuyc-BeKTopa I MexkAy uactunamu. Ilocae TpexkpaTHoro aud-
deperunposanns D g BEIpakaeM NepBYI0, BIOPYK H TPETBIO NPOW3BOAHEIE N0 BPeMeHH
OT KOOPJMHAT X, YePe3 OTHOCHTEJbHYIO CKOPOCTb YACTHIL U, COIVIACHO

mo  e%x, m

Xo = U4, an:7xa: PERE o Xe T €

o Val = 3X,Up
rd 1

Tiie U,== VI/r — pajKalbHas KOMIOHeHTa CKOPOCTH (BTOpOe PABEHCTEO €CTh YPaBHEHHe
JBHYKEHHs 3apsiiad, a TpeTbe noaydaerca AuddepeHUNPOBaHHEM BTOPOro). Buuncienune
NPUBOAUT K CJELYIOUIEMY BBIPAXKEHHIO AJIsI HHTCHCHBHOCTH:
) 1 oo 2¢6 1
= = —— (v 1?2
8005 Dab = Yoz 7 (V4 115)

2 2y. .
(v2=v,+vw), U B U, BbIPaXaeM 4Yepe3 7 ¢ NOMOLIbIO PABEHCTB
4¢3 0V

=% ® r

2

v

HnTerpupoBanue Mo BpeMeHM 3aMeHseM MHTErpHUpOBaHHEM 1O dr nojobHO TOMY, Kak
370 OBIIO cesiaHo B 3ajaue 3 X § 70, T. e. Hanucas

dr dr

v — .2 4.2
r '/-v2~pzv§ ‘E_Z
TR T mr

B mBoiinom muTterpajie (mo dr u dp) TpoW3BOAMM CHayaJa MHTEerpHpoBaHHe 1o dp, a
3areM no dr. B pesysbTaTe BHUHCJACHHE NOJY4YaeTcs CACAYIOUWMHA Pe3yJanTaT:

__4n ey
T 9 mcd’

2. Haiita caay oTaauM, AeHCTBYIOIYIO HA H3JYHAIOMYI0 CHCTEMY 4acTHL, COBEp-
MAMHX CTallHOHAPHOe (UHHTHOE JIBHIKEHHE.
_ Pewenne. Uckomas cuna F BrUHCIsieTCs KaK NMOTePS MMIYJLCA CHCTEMOH B
eJMHNLY BPEMEHM, T. €. KaK NOTOK HMIYJIbCa, YHOCHMOrO HCIYCKaeMLIMM CHCTEMOH
SJIeKTPOMArHHTHLEIMH BOJIHAMM:

- Fa=—~‘¢‘0a3dfe=—50aanaR3d°;

HHTErPHPOBAHME NPOM3BOAUTCH 1O chepHUECcKOH nosepxﬂocin GombLioro paguyca Ry.
Teusop -Hanpsukenni faetca gopmydoi (33,3), amoas Eu H Gepem ua.(71,4). Bpupy
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-

NONePEeYHOCTH 3THX noJieit HHTerpang CBOANTCA K

1 2
_— 2
F= ™ S2H nRgdo.

Ycpennenne 1o HanmpapJeHHAM N IPOH3BOAUTCA C NTOMOMUIBIO HOPMYJI, IPHBEICHHBIX B
npuUMeyaHHH Ha CTp. 244 (nponasenemm JKe HeyeTHOTO UMC/Ia KOMIOHEHT n 06pamaiorcs
B Hy/Zs). B pesyaprtate noayuum 1):

1 1 e e 9 e
Fo=—"qrm {1_50— Doypdg+3 1d m]“} .

§ 72. MNoae H3ayueHHs] HA OJH3KHX PACCTOSHHAX

@opMyJibl ARNOABHOTO M3JAyUeHHS Obl/IH BHIBEEHBI HAMH IJS MO
Ha PacCTOAHUAX, OOMBIINX N0 CPAaBHEHHIO C JUIHHOH BOJIHHI (H TeM GoJiee
TI0 CPaBHEHHIO C pa3MepaMH H3Jyuaiollell cHcteMbl). B aToMm naparpage
MBL GYJIEM To-NIpeKHEMY CUHTATh, UTO AJHHA BOJIHBI BEJIHKA 1O CpaBHe-
HUI0 ¢ pasMepaMH CHUCTeMBI, HO GyAeM paccMaTpHBarh I0Je Ha paccTo-
AHUAX, XOTS U OOJIbIIHX IO CPABHEHHIO C IIOCAEIHHMH, HO CPABHHMBIMU
¢ JJIUHOH BOJIHBL.

Qopmyna (67,4) nis BeKTopHoro NoTeHI HaAa

A= 070 d (72,1)

HO-NIPEKHEMY OCTaeTcsl B CHJIe, TAK KAK JJs ee BHIBOJA ObLIO HCIOJL-
30BaHO JIWIIb, YTO R, BEIHKO IO CPAaBHEHMIO C pa3sMepamMH CHCTEMBI.
OjHako 1noJe Helb3s1 pPaCCMaTPHBATh Tenepb, AaXe B HeOObIINX y4acT-
KaXx, KaK ILIOCKY10 BOJIHY. [Toatomy dopmyant (67,5) u (67,6) nist syieKt-
PHUECKOTO H MAarHHTHOIO NoJiell yiKe HEeNPHUMEHHUMBI, U IJIsl HX BBIUKC-
JieHHs Halo ONpPENeNTh NPEIBAapHTENbHO KaK A, Tak H (.

Qopmyay A5 CKaASAPHOTO NOTEHIHANA MOXKHO MOJYUUTH H3 BhIPaA-
XMeHHA A A HENoCPeACTBEHHO C MOMOLWbI0 obuero ycaosus (62,1)

div A+l"—“’_o,

HAJIOXKeHHOTO Ha noreHuuasnsl, [lojcrasiss B Hero (72,1) u uHTerpu-
pysi mo BpeMmeHH, Hafigem:
d

q)=——d1vﬁ;- (72,2)

TlocTOfIHHYI0 MHTErpHpPOoBaHHA (MPOHU3BOMBLHYIO (PYHKIHIO KOOPAMHAT)
Mbl HE HHIIeM, TAK KaK Hac HHTepecyeT TOJBKO MepemeHHasd YacTb No-

1) Ormerum, uto 3Ta cHfa — GoJlee BLICOKOTO MOpAAKa mo l/c, yeM JopeHuenst
cuint Tpeunst (§ 75). MHocnegnue He paioT BKJIaja B CYMMAapHYIO CHJIY OTAAuH: CymMma
cua (75,5), mefCTBYIOHIAX HA HACTHLEL JJIEKTPHYSCKH ﬂeurpanbmﬁ CHCTEMBI, paBHa
Hym
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renuyana. Hanomanwm, uro B opmyae (72,2), kak u B (72,1), sHauenne
d nomxHO GpaThCcs B MOMEHT BpeMeHH !'={— R,/c?). -

Tenepn yxe He MpeicTaBjsieT TPYJa BBIMMCAHTHL 3JAEKTPHUECKOE H
marHuTHoe rnoJie. [lo o6bruHEIM dopmytaM, cBsiswiBaomuMm E u H ¢ no-
TEHIHAJIaMH, HaXORHMM:

H=—"rot % (72,3)

Ro
. 1 d
E :grad div 'R——"'c—zﬁo— (72,4)

Bripaxkenue aas E MOXKHO mepemucaTh B JPYIOM BHIE, 3aMETHB, YTO
d; /Ry, Kaxk M Bcsikas ¢YHKLMSA KOODAHHAT H BPeMEHH BHIA

wl (=)

YAOBJECTBOPAET BOJIHOBOMY YPaBHCHHIO
Led_,
2 02 Ry T Ry'

Bocnosib30BaBINMCh TakxXke H3BeCTHOH dopmynodh

rot rot a= grad diva— Aa,
HalijieM, 4TO

E =rot rot - R (72,5)
0 .

Honyqenﬂme ¢GopMyJIBl ONpeeNIAOT MoJie Ha PacCTOSTHUAX, CPABHH-
MBIX C AJMHOH BoJHBL. Bo Bcex aTHX dopmysax Hesb3si, pasyMeercs,
BuiHOCUTh 1/R, M3-noi 3HakKa AH(GEpeHUHPOBaHHS 110 KOODAHHATAM,
TaK KaK OTHOLIEHHEe UJIeHOB, cofepxamMx 1/Ri, K unxeHam ¢ 1/R,
KaK pa3 NOpSAKa BeNHUYHHBl A/R,.

Haxonen, HanuiueMm ¢opMyJbl Ajs ¢ypbe-KOMNOHEeHT noas. s
onpenenenns H, mnoacrasiasiem B dopmyay (72,3) BMecto H u d ux
MOHOXPOMATHUECKHEe COCTaBJfAIOMIHE, T. €. COOTBETCTBeHHO H e~ it
n de-%t, Hajpo, ofHako, NOMHHTb, YTO BEJHUMHEI B NIPABOH CTOPOHE
paBeHCTB (72,1—05) Gepyrcsi B MOMEHT BpemeHH §'={—R/c. Hoamuy
Mbl JIOJI2KHBEI TIOJICTABHTh Jifl d BEIDaXKeHHe

d e~io (-RJ/0) — d _g-iot+ikR,,

1) NHoraa BoAsT TaK HasuBaeMmuiii BexTop [epma, ompejensieMuili Kak

el dl(i R
Z— Rod(‘ C).

Torga
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[poussoas MOACTAHOBKY M COKpaiasi Ha e !, Halimem:

. kR, . ¢ikR,
H,= —ikrot <d"’_RT) =ik [dmv _1-5;—] ,
Wiy, npoussens AudpepeHUUpPOBaAHHE,
— gk L\ iw,
H,= ik [d,n] < = > oikR,, (72,6)

rie n—eJXHHHYHBIH BEeKTOp B HamnpasJjeHHH R,.
AnanoruunbiM obpasom u3 (72,4) naiigem:

eihR, eihR,

WM, mpousBexs AudxpepeHIHpoBaHHe,

_ Rtk 1N i, _ R 3k | 3\ Lixm,
Eu=d, (Gt g ) €0t n (0d,) (— g ) e

Ha paccrosiHusix, OGOJbIUHX MO CPaBHEHHIO C JUIHHOH BOJIHBI
(kR,>1), B dopmynax (72,5—6) moxHO mnpeHeOpeyb H/EHAMH
¢ 1/R? u 1/R%, u Mbl BO3BpailaeMcst K IIOJIO «BOJIHOBOH 30HbI»:

B2 . , k2 "
E, =7 [0 [d,n]] e, H,—— g [d,n] ei*Re
Ha paccrostHUsiX »Ke, MaJIbIX 10 CPABHEHHIO C JJIMHOH BOJIHHI (kR, <€ 1),
npexeGperaem uieHamu ¢ 1/R, u 1/R? u nonaraem e’*R. =~ 1; Toraa

E, = — {3n(d,n)—d,},
R}

YTO COOTBETCTBYET CTATHYECKOMY JHINOJbHOMY JIEKTPHYECKOMY IOJIO
(§ 40); MaruutHOe foJie B STOM HPHONHKEHHMH, €CTECTBEHHO, OTCYT-
CTBYeT.

3amgauu

1. OnpesenuTs [OTEHLUHMAJH! MOJA KBAaJAPYNOJBLHOTO H MATHHTHO-ZHIONBHOIO
u3JydyeHNit Ha OJHU3KHX PacCTOSHUSAX.

Pemenwue. Ilpeanonaras, BAf KPaTKOCTH, YTO.ZMOOJLHOE H3JyueHHe BOOOLIe
OTCYTCTBYeT, uMeeM (CP. BBIYMCJEHHS, NPOH3BeJeHHble B § 71):

__L . dv ~ 1 jt—R,,/c
A== frz_mc7~—7 V)=~

Flie Pas/IoNKeHHe MOALIHTErPAJILHOTO BLIPAKeHH T IPOU3BOUTCS 110 CTENCHAM r== R,—R.
B npoTHBOMOJIOKHOCTE TOMY, 9UTO MBI flesianid B § 71, MHoxuTtesab 1/ Ry Hesin3s BbiHO-
CHTb Teleph H3-NOJ 3HaKa auddepeHrupoBanus. BLHOCHM NOCHeAHHE H3-TI0J 3HAKa

RN

-
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HHTErpasia u mnependcoieaeM ¢GopMyay B TeHsopm.lx 0603HAYCHHAX!

i Yyl
: a)qi 4V

(XB 0603HaYal0T KOMNOHEHTH! paguyc-BeKTopa Rg). Ilepexons or uuterpasna k cymme
N0 3apsijaM, HaXOJUM:

Ag=——

4 __L_a__(Zev,xB)t,
*7 ¢ 0X3 Ry '

Tem ke crioco6omM, 4To U B § 71, 3T0 BHpameHHe pasensercs Ha KBaAPYNOJIbLHYIO U Mar-
HHTHO-JUNONBHYIO 4acTH. COOTBeTCTBYIOIIHE CKAJSIPHBIE MOTEHIHAJE! BBIYUCAAIOTCH
no BEKTOPHOMY MOTeHUHaNy MOAOOHO TOMY, KaK 3TO CAeMaHO B TeKcTe, B pesyssTare
nosyuaeM A KBAAPYTIOJAbHOrG H3JMYUYEHHS:

H JIE MArHHTHO-AHHOJBbHOTO I/[3.le'~{eHHﬂ2

A=rot — Ro , =0

(sce Bem{qubr B MPABLIX C'ropouax paBeHcTBa GepyTcs, KakK OOBIYHO, B MOMEHT Bpe-
MeHH ' =1t — Ry/c).
Hanpﬂmeﬁﬂocm MO/t MArHHTHO-AHIONLHOTO usnyqeﬂua:

1
E= p rotR0 H=rot rotRo
Cpasuusas ¢ (72,3), (72,4), vl Bugum, uto H u E B MarHuTHo-AMNOJBLHOM CJyyae
BbIPaXAloTCA uepe3s M TaK Ke, Kak cooTBeTCTBeHHO E u —H Bhipaxaiotca uepe3 d B
3JIeKTPHUECKOM JHMOJBHOM CJIyyae.
CrekTtpajibHple KOMIOHEHTHl MOTEHIHANM0B KBaAPYNOJbLHOIO H3/MYUEHHS:

A‘m)_ p@ 9 _ kR w—Llp > elhR
6 ~ab 0X3 Ry’ 6 0‘5 OX GXB Ry’
Buipaxkenust A/f NOAS Mbl He BLIMHCHBAEM 31€Ch BBHAY MX T'DOMO3JKOCTH.
2. HaiiTH CKOpOCTb NMOTEDPH MOMEHTA UMOYJbCA CHCTEMOH 3apsloB HPH AUMOJb-
HOM H3/IyYeHHH €0 3JAeKTPOMarHHTHHIX BOJH. :
Pewenne. Cornacko (32,9) nJIOTHOCTh INOTOKA MOMEHTA 3/€KTPOMArHHMT-
HOTO 1O/ HKATCS NPOCTPAHCTBEHHHIMH KOMIOHEHTamMu 4-TeH30pa KTRI— kTl
INepexoas k TpexMepHblM OGO3HAUEHHSIM, BBONHM TPeXMePHBIl BeKTOD MOMEHTa

1
€ KOMIMOHEHTaMH -é_ eaB,{M&(; MJOTHOCTb €ro MOTOKAa AA€TCH TpPeXMEpPHBIM TEH30pOM

1 ,
T Capy (¥40y5— %;0g8) = CagyX30ys,

Tfe O3 = = T8 —TpexMepHuiil MaKCBEJJIOBCKHI TEH30p Hanpmxexmu (a Bce HHAEKCH
MUILEM BHH3Y COOTBETCTBEHHO TPEXMEPHHIM 0GO3HaueHHsM). ITOJHBIK MOMeHT, Te-
pstieMblil cCHCTEMOl! B eIMHYIY BPEMEHH, paBeH NOTOKY MOMEHTA HOJIl H3/yYeHHA Yepe3
ChepudecKyio TOBEPXHOCTh paiuyca Ry:

aM
—_— —‘Fszf eaﬁyxa@rans‘ df,
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rae df =Rj do, a n—elunuunLil BeKTOp B Hanpasiaesnn R,. C Tensopom Oo5 H3
(33,3) moayunm:

m_ R j{[nE] (nE)-F[nH] (nH)} do. M)

Ipumenss a1y dopMyny K noso H3nyueHHs Ha GOJIBIIMX PACCTOSIHHAX OT CHCTe-
MBI, HEJb3S, OFHAKO, OTPAHMUHTLCH WIeHaMH ~1/Ry: B aTom npubiamxennn nE=
=nH=0, Tak u4TO0 MOImIHTErpa/NbHOE BHIpaxKeHHe o6GpalllaeTcsi B HYJb. OTH WieHn
(naBaemule (67,5-—6)) IOCTATOMHBI JIMIIEL JUI BhUHCJAeHHs: MHoxuTenelt [nE| u [nH];

NPOLOAbIHE Ke KoMnosenTs noaeil nE u nH BoanukawoT ot utenor ~1/R3 (8 pesyns-

TaTe NOABIHTErpaibHOE BripakeHue B (1) cTaHOBUTCSH ~1/Ro, U paccrosnue R, Kak
H CJIENOBaJIO0, BHNajaeT W3 OTBeTa). B munospHOM npuGianXeHHH LJIMHA BOJHH AS>a,
W HaJO Pasjuyath WIEHH, cOIepikaiue (no cpaBHeHHO ¢ (67,5—6)) JHmHMA MHOXKH-
Teb ~MA/ Ry nin ~a/ Ry; BOCTATOUHO OCTABHTB JIHIIL NepBhe.|IMEHHO 9TH WieHE MOKHO
FOJIyquTb u3 (72,3) u (72,5); BhUKC/EHHE ¢ TOYHOCTBIO 1O BTOPOro NOpsijka 1o 1/R,
npaer 1):

2

En= R nd, Hn=0, (2)
IToacrasus (2) u (67,6) B (1), noayuum:
dM 1 oo

Hakowen, Hanucas nojbmTerpalibHOE BhpaXKeHHe B BHJC- eawnﬁd ngdy ¥ ycpeEnvs
N0 HanpaBJeHHAM N, HaiJeM OKOHYaTeJbHO:
dMm
— = ——— [dd].
dt 363

OtMeTuM, 4YTO M JHHEHHOro ocuminsaTopa (d=d,cos @f ¢ BelieCTBEHHOH
aMnauTygoit dy) Belpaxkenue (3) ofpamiaeTcd B HyJdb: [IOTepH MOMEHTa Npu  K3Jy-
YCHHR He NPOHCXOAMWT.

§ 73. Hanyuenne OBICTPO ABHXYHIErocs 3apsia

Pacemorpum Tenepb 3apSKEHHYI0 YaCTHUY, ABHXYIIYIOCS CO CKo-
POCTBIO HE Majlofl O CPABHEHHIO CO CKODOCTBIO CBeTa.

®opmyanl § 67, BLIBEIEHHHIE B NPENRNONOXKEHHH v <Lc, Hemp HMe-
HHUMBI K 5TOMY CJIy4alo HeNOCPeACTBEHHO. MEI MOXKeM, OJHaKo, pacema-
TPHBATh Y4CTHIY B TOH CACTEME OTCUETA, B KOTOPOH OHA B aHHEIH MOMEHT
NOKOHUTCS; B 3TOH CHCTEME OTCUeTa YNOMSHYThle (OPMYJIEI, OUEBHIHO,
npHMeHUME! (o6paliaeM BHHMAaHHME HA TO, YTO 3TO BO3MOXKHO CJeJaTth
JHIIb B C/ydyae OXHOH NBMXKYIIEHACA YaCTHIB; A HECKOJbKHX UacTHL
HE CyllecTByeT, BooOlie roOBODs, CHCTEMBI OTCYeTa, B KOTOpOH Ol Bee
OHH OJIHOBPEMEHHO HOKOMJINCEH).

1) OrnuHOe OT HYJIs 3HaveHHe Hn nonyuunnocs Gul JIWb NPH yqere 4/IeHOB' BIC-
mero :nopsaxa no a/Ry.
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TakuM 006pa3oM, B YKa3aHHOH CHCTeMe OTCYeTa YaCTHLA H3/Iyyaer
B TeueHHe BpPeMeHH df 3Hepruio

A6 =25 w2 at (73,1)

(cornacHo dopmyse (67,9)), rie w — yCKOPeHHe YaCTHIHI B 3TOH ke
cucteme. TlosHBIR Ke H3JyuaeMblH €10 MMIYJLC B PacCMaTpHBaEMOi
CHCTEME OTCYeTa paBeH HYJIo _

dP=0. . (73,2)

HeficTBUTENBHO, M3JIyueHHe HMIYJbca ONpeleseTcd KaK HHTerpai or
IJIOTHOCTH IIOTOK2 HMIYJIbCA B II0JIe H3JYUeHHS IO 3aMKHYTOH MOBepX-
HOCTH, OXBaTeIBalowel yactuny. Ho B CHTy CBOACTB CHMMETPHHE AHMOJb-
HOTO H3/IyYEHHS HMITYJLCHl, YHOCHMbIE B NPOTHBONOJOXKHBIX Hampae-
JieHUsIX, OAMHAKOBHl HO BeJIHYHHE H [IPOTHBOIOJOKHEI O HAIPaBIECHHIO;
[03TOMY YKAa3aHHBIH HHTErpas o0pamaeTcs TOXKIECTBEHHO B HYJIb.

Jss nepexona K mMpoH3BOJILHOH CHCTeMe OTCUeTa mepenuieM ¢op-
myasl (73,1) u (73,2) B ueTsipexMepHOM BHZAe. JIerko BHIETb, YTO «H3-
Jydenue 4-ummyancas dP?Y fomxHO OHITH 3allHCaHO Kak

; 2¢% duk duy 22 duk dup
N . i__ 22 Br 2Be i
dpP B¢ ds ds dx 3 ds ds Y ds. (73,3)

HeficTBUTENIBHO, B CHCTEME OTCYETAa, B KOTOPOH uYacTHLA IIOKOHTCH,
NPOCTPAHCTBEHHbIE KOMIIOHEHTHl 4-CKOPOCTH #¢ paBHBL HyJIO, a
du* duk
ds ds
IAIOTCST B HYyJb, a BpeMeHHas JaeT paBeHCTBO (73,1).

ITonnoe uanyuenue 4-uMnyJbca 3a BpeMsl NpoJieTa 4acCTHLB uyepes
}x?amxoe 3JACKTPOMAarHUTHOE TNoJe PaBHO HHTErpasy or BEIpAXKEHH
(73,3), T. e.

w? R
— 7> TI03TOMY INPOCTPAHCTBEHHblE KOMIOHeHTH dP’ oGpa-

2e? (* duF duy s

i &
AP = 3¢ ) ds ds

(73,4)

[lepenuurem 5Ty ¢opMysay B APYIrOM BHie, BBHIDasHB 4-yCKOpeHHe
du'/ds uepes TeH3Op BHEIUHEro 3JeKTPOMArHHTHOrO NOJS C MOMOIIBIO
ypaBHeHUH JABHXeHHA (23,4):

Mgl mosmyuum Torja
. Det
API—— 2 S (Fottt) (FFmu,)dxt, (73,5)

Bpemennas koMmnoHeHtra ypaBHenus (73,4) mau (73,5) naer mose
Hoe u3nyuyenue sneprun A&. IloxacraBiass nna  ueTHpexMepHBIX
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BE€JHUHH HX BbipaKeHHS Yyepes TpexXMepHbIC BE&JIHUYHHBI, NOJYyYHM:

8
_ Ly

e

s dt (73,6)

(%)
-®

(W= V—YyCKODEHHe YaCTHUEI), HJH, 4epe3 BHEIIHHE 3/eKTPHueCKoe

H Mar"HuTHoe INoJida:

202
A ==
& 3c3

r 1 :
94 '{E‘F‘C"[VH]} —CT(E")2

T 3m2c? v? ‘

AS=\1dt, I (73,7)

-0

BripaeHUs Uit NOJTHOIO H3/YYeHHS] HMIYJbCA OTJIHYAIOTCS JIHIIHUM
MHOXHTEJIEM V TOJ, 3HAKOM HHTerpaja.

3 dopmyast (73,7) BUAHO, YTO IPH CKOPOCTSIX, GAU3KHUX K CKOPOCTH
cBeTa, NMOJHOE H3JyYeHHE SHEPTHH B e[HHHILY BPEMEHH 3aBHCHT OT CKO-
pOCTH B OCHOBHOM Kak (1—uv?/c?)~%, T. e. NIpONOPIHOHAJBLHO KBaapary
IHEPruH JBHXYyLleHcsa uwacTHUbl. HcKioueHHe NpeNCTaB/sieT TOJNbKO
IBHXKEHHE B 31€KTPUUECKOM IOJie Mapasjie]bHO HANpPaBJIeHHIO MOJs.
B stoM ciyuae MHOKHTEND (1—0%/c?), cTosmui B 3HAMEHATEN e, COKpa-
ILaeTCs C TAKUM JKe MHOXKHTeJIEM B UHC/IHTE/Ie, U U3JyUeHHE OKA3LIBAETCS
He 32BHCSINUM OF SHEPTHH YACTHLHL

Haxowen, octaHoBUMCsI Ha Bolipoce 00 yIJIOBOM pacnpelesieHHH W3-
JyyeHHsi OblcTpo ABHKYylLIeHcs uactuupl. Jlis pelleHHs 3ToH 3ajauu
YR0OHO BOCIIOJIL30BAThCS JTHEHAP-BHXEPTOBCKHM BhIPAKEHHEM IS 110JI51
(63,8-—9). Ha GonbliHX paccCTOSIHUAX MbI JO/KHBEI COXPAHHTL B HeM
TOILKO UieH ¢ Gojiee HH3KOH creneHbio 1/R (BTopo#i uneH B ¢opmyae
(63,8)). Brons enuHMuHBIA BEKTOP N B HanpasjeHHH u3aydyeHus (R=
=nR), noayuuM Gpopmy/Isl

E—-¢ [n K"—HWH , H=[nE], ‘ (73,8)

rjle BCE BEJIUUHHBI B TIPaBBIX CTOPOHAX PaBEHCTB OepyTCS B 3aMa3bl-
BaIOLIM# MOMEHT BpeMeHu t'={—R/c.
WHreHcuBHOCTL H3yYeHHs B TelecHHH yroa do paeHa dl =

= ﬁEszdo- PackpeuiBasi kBagpar E£2, Hafgem:

. o
e | 2(nw) (vw) we (17 >("w)2 do. (73,9)

41 =55 B (BN Ly (O Sy PN
| - P A c M
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Ecnu e MBI XOTHM ONpENe/HTh YIJIOBOe pacipefe/ieHHe MOJHOTO

M3JyYeHH 3a BCce BpeMs ABHKEHHS 3apsja, TO Hajlo IPOUHTErPHPOBATh

. KHTEHCHBHOCTD 1O BpeMeHH. I1pu 3TOM clleflyeT NOMHHTb, YTO MHTErpH-
pyemoe BhipaxkeHHe ABJseTcA (yHKUHEH {'; HO3TOMY Hajo mMHCATh

ot ’ nv ’
dt =2 at =< —7) dt (73,10)

(cm. (63,6)), 1mociie Yero HHTErpHPOBAHHE MPOUIBOAUTCH HEMOCPEICTBEH-
#o no d#’. Takum o6pasoM, HMeeM cJlelyIomee BhipaxKeHHe AJI5 MOJTHOTO
H3JyYeHHsI B 3JieMEHT TeJlecHoro yr.ia do:

A o
d6a— Edo\ ] 2w (vw) w? (“c? ) (nw)?

N

7/

dt’. (73,11)

Kak BunHo u3 (73,9), yrnoBoe pacnpefiesieHHe H3/yueHHs B 00LieM
clyuyae JOBOJMBHO CJIOKHO. B yJIbTpapensiTHBHCTCKOM  cJyuae
(1—v/c<£ 1) oHO oOGnamaer XapaKTepHOH OCOGEHHOCTHIO, CBSI3aHHON C
Ha/IHYMEeM BBICOKHX CTereHell pasHocTH 1 — vn/c B 3HaMeHaTel1sX pas-
JIHYHBIX YJIEHOB 3TOr0 BbipaxkeHusi. IMEHHO, HHTEHCHBHOCTb BEJHKA B
y3KOM HHTepBaje YrjoB, B KOTOPOM Maja pasHocTh 1| — vn/c. OGo-
3HAUYUB NocpeNcTBOM O Masblif yroa MeXAy n U vV, HMeeM:

v v, 0%,
l—?cosezl—-c——i—?,

3Ta pasHocTe mana (~1—uv/c) npu 8~} 1—v/c unu, uto To xe,

0~ ]/1—'2—2. (73,12)

Taxkum o6pa3oM, yabTpapeNsiTHBHCTCKAA YaCTHLA H3AYYaeT B OCHOBHOM
B HaNpaBJeHHH CBOETO ABHKEHHMA B HHTepBasJ yrios (73,12) Boxpyr
HampasJ/IeHHs CKOPOCTH. A

YKaxkeM Takxke, YTO NPH IIPOH3BOJBHBIX CKODOCTH H YCKODEHHH
YaCTHURI BCErJa MMEIOTCA TaKHe JiBa HANpaB/eHHs, B KOTOPbIX HHTEH-
CHBHOCTb H3JIy4eHHs o6paifaercsi B HyJb. JTO Te HampaBJeHHs!, B KO-
TOPHIX BEKTOP h — V/¢ mapaJsiesieH BEeKTOPY W H motomy node (73,8)
obpaiaercss B HyJb (CM. TaKXe 3afayy 2 B KOHUe maparpada).

Hakonen, Bbinuuem 6osiee npoctbie GopMyJibi, B KOTOPble NePeXodHT
(73,9) B AByX 4acTHBIX CJAyuYasx.

Ecnu cKopocTh M yCKOpEeHHe Y4acTHLB NapalljebHbl, TO

e [wn]

=)
4
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H HHTEHCUBHOCTH
dl = w? sin? 0

3 -
4 o (l—-%cosﬁ)b

Ona, ecTecTBEHHO, CHMMETPHUYHA BOKPYT COBMECTHOI'G HANPABJEHHA V i
w 1 ofpailaercs B HyJb B HanpasieHHaX no (0=0) u nporus (B=m)
CKOPOCTH. B yJjibTpapesiaTHBHCTCKOM CJy4Yae HHT€HCHBHOCTh KaK (PyHK-
1us oT 0 MMeer pe3KHH JBOIHOA MakCHMyM B obaacTH (73,12) ¢ «mpo-
BajioM» Jio Hyas npu 0=0.

Ec/u e cKopocTb H YCKOpPeHHe B3aHMHO NepPIeHIAHKYJSAPHLI, TO U3
(73,9) nmeem:

do. (73,13)

02
: _— 2 2
2w 1 (1 = )sm 6 cos? ¢

3 FA 3
e (1—1 cos 9) (1-——U—c059>
c ¢

rie 6 — no-npekHeMy YroJ MeXAY N H V, a ¢ — a3HMYTabHEIL Yrod
BEKTOPA N ¢ MIOCKOCThIO, NPOXOAsAliel yepes v H wW. 3Ta HHTEHCHBHOCTD
CHMMETDHYHA JIKIIb OTHOCHTENBHO MJIOCKOCTH VW H 00pamiaeTcst B HYJb
B JABYX HanpaBleHHAX B 3TOH INIOCKOCTH, o0pasyliomux yroa 6=
=arccos (v/c) CO CKOPOCTBIO.

dl = do, (73,14)

3apgaun

1. OnpegennTs NOJHOE H3NYuYeHHe PEASTHBHCTCKON HYACTHIBI C 3apsjioM ey,
npoJsieTawllell Ha NPHLEJBHOM PacCTOSTHUM O B KYJIOHOBOM IIOJIe HETOJBHIKHOIO IeH-
Tpa (MOTeHLHAN Q=¢,/r).

Pemennue. Hpn npoJieTe Yepes HoJie PeJdATHBUCTCKAs YacTUia IIOYTH He OTKJO-
puerca 1), Tlostomy B (73,7) MOXKHO CYHTATL CKODOCTE V [OCTOSIHHOH, COOTBETCTBEHHO

yeMy I1OJe B TOUKE HaXOXKACHHS YaCTHILI

- (pz+vztz)3/2 ?

npuuem x=vf, y==p. [lponssessz B (73,7} HHTerpupoBaEHE no
BpeMeHH, NOJYYHM:

1
I
i
t
1
{
1
1
3
]
1
]
; AS = mef ek 4c?— o? o
! T 12m?c3p 2 —uv*
!
| 2. OnpenenuTs HanpabJeHus, B _KOTOpEIX oGpamaeTcsx B HyJab
HHTEHCHBHOCTN M3JYYeHHS JABHAYIIEHCH UYaCTHILL-

Pewenne. M3 reomerpaueckoro noctpoenuss (pwe. 15) ma-
Puc. 15. XOXHUM, HUTO HCKOMBIE HANpPABJIEHHS M JIeKaT B MJOCKOCTH, IIPOXO-

Lsaweli Yepe3 Vv H. W, H 06pasyloT ¢ HampaBieHHeM W, yrea X,

1) Ilpu v ~ ¢ OTKJIOHEHHE HA 3aMeTHHI YrOJl MOKET HMeTh MECTO JHIL NpH TpH-
LEJLHBIX PacCTOAHHAX P ~ €2/mc?, KoTopbie BooGie He AOYCKaIOT KIACCHUECKOrO pac-
cMOTpeHHd.
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onpezxenmomuﬁca #3 COOTHOLICHUSA
. U .
sin Y = ? sin o,

rie 0 — YroJ Mexjay vV H w.
3. OnpegesquTs MHTEHCHBHOCTb W3JIYUEHHS 3apsuKeHHOH 4acTHUed, CTalfHOHApHO
ABIKYIIEHCA B NOJe UMPKYJAAPHO-TOJAPH3OBAHHOH IUIOCKOR 3JEKTPOMATHUTHOR
BOJIHEI. .
Pemenne. CornacHo pesyspTataMm 3ajauu 3 § 48 yactuia ABHKETCS N0 OKPYX-
HOCTH, NIPHYEM ee CKOPOCTb B KaXK/BIH MOMEHT BPeMeHH napajenbHa nojio H u nep-
nenauxkyasapHa notio E. Ee KuHeTHueckas sHeprus

—— =V PP mT=cy
=

(o6o3HaYCHUA H3 yKasaHHoﬁ sagaun). Ilo ¢opmyJsie (73,7) HAXOAUM HHTCHCHBHOCTS
H3AYYeHHS:

2t B 2B T (e,

"-3m2031__2'4_ T 3m2c3 + mcw '

4. To e B noJe JHHEHHO MOJSPU3OBAHHOH BOJIHBI.

Peuwenue. Coryiacao pesynpTataM 3agaud 2 § 48 ABMKeHHe NPOHCXOLHT B IJIO-
CKOCTH XY, NPOXOAfiell yepe3 HampapJieHHe PACIPOCTPAHEHHST BOJHBI (OCh X) M Ha-
npasaenue noas E (ocw y); none H nanparneno no ocu z (npuuem H Z=Ey). o (73,7)

Ha XOAHM:
1 ”")2
2e1E? C

T 3m2c8 1 v?

ycpem{eﬂue 10 MePHOAY ABHXKEHHS, 3aJaBaeMOro noJyuyeHHbIM. B yKasam{oﬁ 3a-
javye mapamMeTpHUYeCKHM Hpeﬂc’l‘aBJleHHeM, IIPUBOJUT K pPe3yJ/bTary

—  e2E, eEy \?
= m203[+8(mcm>J'

§ 74. MarHuTo-TOpMO3HOE H3JAYyueHHE

PaccmoTpuM H3sydeHne 3apsifa, ABHKYIIErocs € IPOH3BONBHON CKO-
POCTBIO 1O OKPY?KHOCTH B IIOCTOSTHHOM ORHOPOJHOM MarHHTHOM MoOJe;
TaKoe H3JIyyeHHe HA3LIBAIOT MACHUMO-MOPMOSHBIM.

Pajuyc opOuUTBl + M LHK/IHYECKAs] YacTOTA ABUMKEHHS Oy BBIpaXKa-
I0TCS1 Yyepe3 HAUPSAIKEHHOCTh nous H u cxopocTh yactuubl v GopMynamMu

(cu, § 21)
’ Ay
op=t="0y/ 1-2. (74,1)
eH l/l—— . N - . N
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Tonnass MHTEHCHBHOCTbL M3/y4YeHHS MO BCEeM HaNpPaBJEHHSM Ompe-
Jenstercs no dopmyae (73,7), B kotopoii Hafo nosoKuTh E=0 n
H | v

et H2p?

—_—r
3m?2ch (1——05-)
c

Mel BuaMM, YTO TOJHAS HHTEHCHBHOCThL MPONOPUMOHAJBHA KBajpary
HMITYJibCA YaCTHLEL.
Ecsin e MBI HHTEpPecyemCsi YIVIOBBIM paclpele/eHHeM H3JIydYeHHs,
To Hago BoCIoJb30Bathesi ¢opmynoit (73,11). Murepec npencrasiaster
HHTEHCHBHOCTb, YCPeXHeHHAas mo nepuony ApHxkeHus. COOTBETCTBEHHO
aToMy GyZleM HHTerpupoBath B (73,11) 1o BpeMeHH obpalieHus 4acTHLL
N0  OKPYXHOCTH H pasjelMM pe3yJbTaT Ha BEIHYMHY MepHOZa
T =2n/wy. ’
BriGepem m1ocKOCTb OpOUTHEL B KadeCTBe MJIOCKOCTH XYy (HA4asao Ko-
OpJHHAT — B 1lieHTPe OKPY>KHOCTH), & IVIOCKOCTH yZ MPOBOJAHUM udepes
HanpagsJ/eHue uzayuenusi k (puc. 16). MarnurHoe
z K noje OyJeT HaIpaBleHO B OTPHLATEIbHOM Ha-
npaBjeHdn ocH 2 (usobpaxkeHHOe Ha pHc. 16
HanpasJieHUe ABMKEHUS YacTHIBI OTBEUALT MOJO-
JKuTeNLHOMY 3apany e). [lycrts, nanee, 6 — yroa
"~ §MEKIY HalpaBJIeHHeM H3/TYUeHHUS k u oceio y,
v a Q= — yrol MeXly paiuyc-BeKTOPOM

1= (74,2)

z ; yacTHUEI M ochlo x. Torma xocuHyc yria
H MeXJy HanpasjJeHHeM Kk M CKODOCTBIO V paBeH
Puc. 16. cos 0 cos @ (BEKTOP V JIEXKHT B ILIOCKOCTH XY H

B KaXKIbli MOMEHT BpeMEHH MepIeHIUKYyaAsipeH
K PajuMyc-BeKTOPY YACTHIBI). ¥YCKOpEHHe YAaCTHILI W BhIpaxaem uepes
nosiie H ¥ cKOpocThb v COTJIACHO ypaBHeHHIO ABIXKeHUA (cM. (21,1)):

w——~ ‘/1-——— vH].

ITocne mpocToro BHIYHCIEHHS NOMYUHM:
I
1—2\sinz 0 4 (2 0 ?
( - sin? 6 4 —C——cos coscp)
v \ &
(l—-? cos 6 cos (p)
0
(uHTerpHPOBaHHE 1O BPEMEHH 3aMEHEHO HHTEerpHpOBaHMeM NO d¢p =

= oy dt). Ilponecc HHTerpHPOBAHUs 3JIEMEHTAPEH, XOTH BHIKJIALKH
JIOBOJIbHO TPOMO3ZIKH. B pesynbrare nogyuaercs ciaepyiouias ¢opmyJa:

v2 .
e NC o et

d1=doi‘i2ﬁ(1——”f)

8n2m?2c® c?

do (74,3)
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OTHOUeHHe HHTEHCHBHOCTEH M3/TyueHHs mox yrioM 0=m/2 (nep-
NeHIHKYJAAPHO K IJIOCKOCTH OpOHTHE)) M moj yrioM 0= 0 (B mjocko-
cTH OpOMTHI) paBHO

(d/jdo), 35
@ljdo) gy~ g (1__>5/z

(74,5)

ITpr v— 0 3To OTHOWEHHe CTpeMuTcH K 1/2, HO HPH CKOPOCTAX, GJH3-
- KHX K CKODOCTH CBETa, OHO CTAHOBUTCS OYeHb GOJbIIAM. MBI BepHeMCs
ellle K 3TOMY BOTIPOCY HHIKE.

Hanee, paccMoTpuM crieKTpasibHOe pacnpenedenue Haayuenus. Ilo-
CKOJIbKY JBIKEHHe 3apsjia MEPHOIUYHO, TO Pedb HAET O DasOXKeHHH
B psi CDypbe Boiuncaenue yro6HO HAyaTh ¢ BEKTODHOTO NOTEHIIHAJA.
Jast sroit kKommnonerntsl Oypre umeeM dopmyay (cp. (66,12))

ikR,
A, =e ek éexp{ (wynt —kr)} dr,

e MHTErPUPOBAHYE IIPOU3BOANTCS BIOJIb TPAEKTOPHH YACTHIbL (OKPY K-
HOCTH). [{/ist KOODHHMHAT 4aCTHIB HMEEM X==r CO0S Wyl, y=r sin wyl.
B kayecTBe mnepeMeHHOH HHTETPUPOBAHHUSL BEHIOMpAEM VYroad @= yl.
3ameuas, 4TO

kr = kr cosGsincp:%cosesinq)

(k=nw/c=nv/cr), HaxoAuUM AJ1s1 KOMIIOHEHTH Pypre x- cocrammomen
BEKTOPHOT'O HOTEHLHasa
2n

v
. in w——cos@sinw) N
A= — e’kRoge ( ¢ sin ¢ dg.
0

2ncRy

C TakuM HHTErpajJoM HaM TNPHXOAMIOCH YKe uMerh Jeqo B § 70. On
BHIpAXkaeTCst Yepe3 MPOU3BOAHYIO OT GyHKuUuH Beccess:

iev . [ nv
A= — 5 €FRJ, [ —cosB ), (74,6)
* cR, c
AnagorsuneM 006pa3oM BhluHCIseTcss Ay,

A ehRoJ (GCB coS 6) . (74,7)

e
¥ Ry cos B
Komnonenra ke BHoJb OCH 2, OYEBUJHO, BOOOLIC OTCYTCTBYET.
Ilo dopmynam § 66 umeeM s MHTEHCHBHOCTH H3JydYeHHS C ua-
CTOTOH ® = n®y B 3JeMeHT TejecHoro yrJa do:

dl, =5 |H,[*Rido=+

ZA[kA,] R} do.
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3ameyad, 41O
| [AK] |2 = A%k? - A2k? sin? 0,

U noncrasasag Bolpaxkenus (74,6—7), moayuuM JJ% HHTEHCHBHOCTH
usayueHud ciepyviowmyvio gopmyay (G. A. Schott, 1912):

el <1—-C”~) [tgze.J;L(’—;E”cose)Jr;J;? (”{ cos 8)_]0!0-’ (74,8)

T 2actm?

s onpeneneHuss MOJHOH HHTEHCUBHOCTH H3JYyYeHHA C YacCTOTOMH
=10, 00 BCeM HAaNpaBJeHHAM 3TO BBHIPAXKCHHE NOKHO ObITh NPOHH-
TerpHPOBAHO N0 BeeM yriam. MHTerpupoBaHue, OXHAKO, HE MOMKET ObITh
riponsseieHo B KoHeuHom BuAe. [locpencrsom psana npeoBpasoBaHHH,
HCIIOMB3VIOUIHX HEKOTOpLIE COOTHOHIEHHS Teopud (yukuuil Beccend,
HCKOMBI HHTerpan MOxKeT ObITb NPHBEAEH K CJAeAYHONleMy BHAY:

dl,

2@4}12

9 N , 5 v/
I (1—5) nﬁée’;n(ggf’)—m(l—%)§J2n(2n§)d§ L (74.9)

CZ

Paccmorpum Gostee noapoSHO yAbTPAPensaTHBHCTCKUE c1ydait, Koraa
CKOPOCTb JIBHXKEHHS 4acTHUBI 6/1H3Ka K CKOPOCTH CBETa.

IlosnokuB B uncsurene Gopmy sl (74,2) v=c, HafileM, 4TO NOJHaA
HHTEHCHBHOCTb MATHHTO-TOPMO3HOTO H3JYUeHHS B yJbTpPapensiTUBHUCT-
CKOM cjy4Yae NPONOPIUOHAJNBHA KBAJApPaTy 3HEPTHH UYacTHUB &:

2etH? 2
I <©° > . (74,10)

T 3m2cd \ mc?

Y0802 pacnpeleseHHe U3JyUeHHs B 3TOM CIydyae KpaiiHe aHu3o-
TponHo. OHo CoCcpeAaoTCueHO B OCHOBHOM BOJH3H MJIOCKOCTH OPOGUTHI.
Yraosvio mupuny A0, B KOTOpo#H 3aK/aioueHa OCHOBHAS YacTh H3Jyye-

v » v?
HUf, JerKo OlleHUThL U3 ycaoBus 1— oz cos? O~1— = . OueBuaHO, YTO

Ae~1/1—§§:i’g- - (74,11)

(3TOT pe3ysabTaT HAXOAHTCA, KOHEUHO, B COOTBETCTBHH C PacCMOTpEH-
HBIM B [IpejslayiieM naparpade yrJIoBbIM pacnpesfeeHueM MTHOBEHHOH
HHTEHCHUBHOCTH, cM. (73,12) 1)).

CriennuueckuM XapakrepoMm 00/alaeT B YJbTPaPeISITHBHCTCKOM
clydyae Takxke H COeKTpaJbHOe pacnpeleienue usnyuenus (/1. A. Ap-
yumosuy u M. . lHomepanuyx, 1945).

Mzl yBHANM HHZKE, YTO B 3TOM CJyyae OCHOBHYIO POJIb B M3/YYEeHHH
UTPaIOT YacTOTHl C OYeHL OOJBIHMH 7. B cBA3H ¢ 3THM MOXKHO BOC-
HoJb30BaThCAd acCHMITOTHYecKofl dopmyaoi (70,9), corsiacHo KoTopoH

1) He cmewnBats, ogHako, yron 0 m sToMm maparpade ¢ yriaoM 0 mexiynuv
B §73! - :
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HMEEM:

Jon (2nE) =~ V— CD[n2/3(1 —&?)]. - (74,12)
IToxcraBus B (74,9), noayuuM ciaeayomyie GopMyay Il CIEKTPajbHOTO
-pacnpejienents H3JAydeHHs npu OOJbIIHX 3HAYEHHAX #Y):

2t mety _u
In=mr s VU | =0 () gcp (du |, (74,13)
2/3 me?\ 2
= (%)

Ilpu u— 0 BHIpa)keHHE B KBaAPATHHIX CKOOKAX CTPEMHTCS K IOCTO-
auHomy mnpefeay @ (0)=—0,4587 ...2). Ilostomy npu u<<1 nmeem:

etli? 2 3
1,=0,52 5% (?> s, l<n<<%> . (74,14)

IMpu #>>1 MOXHO BOCHO/IB30BATHCA H3BECTHHIM ACHMIITOTHYECKHM
BhIpakenueM GyHKun DApu (cM. npHMeyaHue Ha crp. 196) U noay4uTs:

A H2n? fmer 52 2 me? \ 3 S \?
= (%) =5 ()] > (%)

T. €. HHTeHCHBHOCTL SKCIIOHEHIIHAJILHO NajaeT NMPH OYeHb OOJIBIIUX 7.
CnekTpajbHOe paclpeleneHyue HMEET, CJeJ0BaTeNbHO, MaKCHMYM
npu n~(&/mc?)?, u OCHOBHaH 4acTb H3JAYUYeHHs COCPeJOTOYeHa B 001aCTH

qacToT . . (6)3_21_1(6)2
~ gy (L) =T (&N (74,16)

mc? me \ mc?

OTH YacTOTHI OYEHb BEIHKH O CPABHEHHIO C PACCTOSTHHEM ©y MEXAY
ABYMsI COCEXHHMH M3 HHX. [IpYTHMH CJOBaMH, CREKTD H3JYYEHHS CO-
CTOHT M3 OYEHb GOMBIIOTO YHCAA GIHM3KO PACIOJOXKEHHBIX JHHHIL, T. €.
yIMeeT KBa3HHeNpephIBHBIH Xxapakrep. Bmecto ¢yHKUMH pacnpeieseHHs
I, MOXXKHO 103TOMY BBECTH pacrpeleseHHe No HeNPEPHIBHOMY PAJy uac-

TOT W=nwgy, HANHUcaB
: do
di=1I,dn=1,2.

)1

1) [Ipn noAcTaHOBKe OMMH H3 IpeNeJoB HHTerpasia (n/°) sameneH, ¢ TpeGyemoi
TOYHOCTBIO, HA GECKOHEYHOCTb, H Be3jle, Ile BO3MOXKHO, IOJIOXeHO v=¢. XOTs B HH-
TerpaJie B (74,9) durypupyor Taxxe u He 61u3kue K | 3HaueHus &, TeM He MeHee HC-
nosb3opanne GopMyJbl (74,12) HonmycTHMO, NOCKOJNBKY MHTerpaj GRICTPO CXOAHTCS
Ha HHXKHeM Tipelielie.

2) Cornacuo onpeziesieNHio GYHKUMH IHPH HMeeM:

L (esin® ! 3O D ()
q)’ 0 = e—— -——d _———_— _'!/3 i —_ — ‘———*—'—3
(0) ‘ Vn§§51n3 3 Vﬂ-3‘/’Sx sin x dx oV -
0 .

o
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JlAs Yuc/leHHBIX pacueToB yA0OHO BHIPA3UTh 3TO paCHpejeseHHe
uepes ¢yukuun Makgonansia K, 1). Ilyrem nec1oxHbIX 1peobpasoBa-
HUA opmysbl (74,13) oHo. Mo:keT OBITh NPEJCTAaBJICHO B BHAC

2n mc? W,

dr—do Y IO (0 PR <t [ Kn@ds (741D
3

rae ofosHaueHo
& >2. (74,18)

e ™ Ome \ mc?

Ha puc. 17 usobpaxen rpadux dynxuun F (§).
Hakouell, HecKosibKO 3aMeyaHuil 0 cayyae, KOT/Ia 4acTHUA BUKETCA
He N0 NJIOCKOfl KPYropoil op6me a TIO BUHTOBOM TPAeKTODUH, T. .
HMEEeT [POAOJBHYIO (110
}t <) OTHOIIEHHIO K HOJI0) CKO-
42+ pocts vy =v cosy (y —
yron wmexay H n v).
Yacrora BpawaTeaLHOTO
\ JBHXKEHUST JAeTCsl TOII ke

\\ ¢dopmyJioht (74,1), Ho Bek-
TOP V OITUCHIBAET HE KPYT,

\ a TIOBEPXHOCTh KOHYca
¢ ocbio paoas H u yriom
Z J 4 & 2y npu sepwmne. Ilonnas
HHTEHCHBHOCTb ~ H3Jyue-

Puc. 17, HHs  (moHHMaeMmas Kak
MOJHAS TOTEPSi 3HEPTHHU

yactuuelt B 1c) 6yier omnuarbest ot (74,2) samenoit H na H | = H sin y.
B yinTpapefsiTHBUCTCKOM CJIyYae H3JIYYeHHe CKOHUEHTPHPOBAHO B
HanpagsjeHusix BOJH3H 0OpasyIolUX «KoHyca ckopocrei». CoekTpab-
HOE pacripejiesieHyue U IOJAHAA WHTEHCHBHOCTL ([IOHUMAEMble B TOM K€
cMpice)  moayuaiorcs u3 (74,17) u (74,10) samenolt H— H | . Ecan xe
peub HAeT 06 UHTEHCHBHOCTH, HabJI04aeMOl B YKa3aHHLIX Hanpa,Jie-
HUSAX yJaJeHHBIM HeNOJBMKHBEIM HaO/ofaTeneM, TO B ¢OPMYyJbl Hajo

45

| IS I

N
~

1) Ces3p Qynxuns diipu ¢ PyuKiuei Kl/a Aaetcst hopMyJaol (4) B IpuMeyaHuH
Ha cTp. 196. Ilpn panpHelmux Npeo6pa3s0oBAHHSIX HCNONL3YIOTCS PeKypPPeHTHEBIE COOT-
HOIIeHHA

Kv-'l () — K41 (x):_27v K,, QK’V () =—Ky—1 () — K, +1 (%),

npuuem K_, (x)= K, (x). B gactrocTH, Jerko Haiitu, 4TO

, 9
o ()=— V3 o/s <_t3/2>
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BBECTH MHOXHTe/b, YUHTHIBAOUIMH oflee npubIiKeHHe WIH yiate-
HHe H3Jiyuaress (ABHKYINEHCS 10 KPYXKKY UYacTHILI) OT HaG/IofaTess.
D710T MHOXHTE/b JaeTcs oTHoweHHeM dt/dt,,q, rie dt,,.— HHTepBaJ Bpe-
MeHH MEXIYy MOCTyIVIeHHeM K HaGJIIONaTeNI0 CHTHANOB, HCIYCKAEMbIX
HCTOUHHKOM ¢ HHTepBasioM df. OueBHAHO, UTO

dt, = dt (1—%0” cosﬁ),

rae ¥ — yroa Mexay HanpasieHusiMd k u H (mociennee npuusrto 3a
NOJIOXKHMTENLHOE HamnpasJeHHe CKOPOCTH U,). B yJabTpapensitusucr-
CKOM cJlyuae, Korja HampasiaeHHe k 6JIM3KO K HanpaB/eHUIO V, HMEEM
¥y, Tak 410

dt - Un _1N 1
m-(l———cos;g) ~ g (74,19)

3apaun

1. OnpenennTs 3aKOH M3MeHEHHA SHEPTHH CO BpeMeHeM A1 3apsha, ABHIKYIe-
rocsi IO Kpyrosoil op6HTe B NMOCTOSTHHOM OJHOPOJHOM MAarHHTHOM ToJie H Tepsiollero
SHEDPTHIO NyTeM H3JAyUeHHs.

Pemenne. CorvacHo (74,2) uMeeM /ISl NMOTEDH SHEPTHH B €AMHHUY BPEMEHH:

_ 4§ _ 262

Ut~ amig (67— me)

(& -—2ueprus gactuuur). OTclofa HaXORHM:
2e4H?
%:cth (3 35 t—{—const)

C ysesyuenueM ¢ 3HepTHA MOHOTOHHO NajaeT, NPHOAMKAsCh K 3HAUeHHIO &= mc?
(mosMHas OCTAHOBKA YACTHIB) ACHMOTOTHYECKH HPH f—> 0.

2. Hafitu acuMnToTHuecKyo GOpMYJy IJisi CNeKTPAJNLHOTO paclpefeneHus H3ay-
YeHHs ¢ GOJILLIHMH 3HAYeHUSIMH A JUIS1 YaCTHLE!, ABHKYIIEACS M0 OKPYKHOCTH CO CKO-
POCThIO, He GJNH3KOH K CKOPOCTH CBeTa.

Pemenne. Vcnonssyem msBecTHyo dopmyay Teopml ¢ynkuuit beccens:

1 g V1-¢€ "
Vann (1—e)/s |1+ Y 1—e2 ’
CHpaBefJIUBYIO LIPH n(1+32)3/1'> 1. C ee nomompbio HaxonuM M3 (74,9):

Pk Vr?( 02>“/‘ e Vitwe 2
n=———— | 1—

- Tm2cd & ‘ '
2Vnmc l—l—l/l——'

3ra dopmyaa npumennma npn n (1—o?/c?)/2>1; ecan x Tomy ke 1—u?/c Mano, To
dopmyna mepexomur B (74,15).
. Haiitn nonspusalio MarHUTO-TOPMOSHOTO H3/AYUeHHs.

Iy (ne) =
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Pewenne. daexrpuyeckoe mode E, BHUHCISETCS MO BeKTOPHOMY NOTEHLHATY
A, (74,6—7) no dopmyJe

E, = [[kA,] k] = — - Kk (kA,) -+ i£A,.

[Tycts €, €,— eIMHHYHEIE BEKTOPH B IVIOCKOCTH, NEPIeHAHKYAsspHOR K K, npHuem
€, TIApasIeieH OCH X, a €, JIEXKHUT B INIOCKOCTH Yz (MxX KomunoHeHTHl: ¢;==(1, 0, 0), e,=
=(0, sin 8, —cos 0)); BeKTOpHI €,, €,, k 06pasyioT npaByio TpoiKy. Torja saekTpuye-
ckoe mnoJie OyjeT:
E,=ikAy, e1-1-iksin04,, e,
HJIH, ONYCTHUB HEeCyUIeCTBeHHbie OOMMe MHOXKHTeJH:
v nv nv
: Encn?J,', (—é—cos 6) e;-tg0J, (7

cos 6) ie,.

Bosna saauntavecku noaspusoaxa (cm. § 48).
B y/bTpapessaTHBHCTCKOM cayuae Ins1 GOJbWIHX 7 B MaJblX yriaoB 8 ¢yHk-
wme J, w J; Bepaxawtes uepes Ky, u K, , npudeM B HX apryMeHTtax no-

Jdaraem

L 0B g (N e
1 CzcosBNI 024—6_(6)—{—0.

B pesyaerare nomy!mM‘:
n . n ne?\ 2 R
E,=eKs,, (.3_1p3>+ze261<,/3(§¢3)’ P== l/<’_é°—> +02,

Tlpn 0=0 sinunTHYecKas MNOJAPH3ALHA BLIPOKAAETCA B JHHEHHYI0 BIOJb €.

2 3 ~ V iire—%
Npu Gomvwnx 8 (|8]>mc*/&, nb>1) nmeem Ky (0) =K,/ (x) = V n/2xe—~
B NOJIspH3auns crpeMuTcs K kpyrosoii: E, voe; 4 ie,; MHTEHCHBHOCTH H3JyyeHHS,
OIHAKO, CTRHOBHTCH IIDH STOM SKCIOHEHHHANbHO Majofi. B mpomexyTtounoi obaa-
CTH yTJIOB Majasi OCb 3JIJIHIICA JIEXKHT BIOJb €y, a GoabIuas—BIOJb €. Hanpasse-

HHE BPAlEHHsl 3aBHCHT OT sHaka yrsaa 0 (0 > 0, ecau Hanpasienust H u k sexar
N0 pa3Hble CTOPOHBI OT IIJIOCKOCTH OPGHTH, KaK H300paxkeHo Ha puc. 16).

§ 75. Topmoxenue nényqeﬂuem

B § 65 6bu10 mokasaHo, UTO passiokKeHHe TOTEHLHAJIOB M0/ CHCTe-
MbI 3apSII0B B DAL 0 CTENEeHSIM U/¢ IPUBOJAHT BO BTOPOM IPHOJIHIKEHHH
K ¢yHKiuuH Jlarpanxa, BIOJHE ONPelesIomed (B 3TOM NPHO/IHKEHHH)
JBMKeHHe 3apsjoB. [IpousBeneM Teneph pasioXKeHHe MOJA 1O UYJICHOB
foJsiee BBICOKOTO MOPSAKa H BBIACHHM, K KaKuM 3(peKTaM HPUBOJAT ITH
YJIeHB.

B pasioxeHuH cKajsipPHOro IOTEHLHaaa

1
= S?pt—R/c av
wileH TPETbero nopsjaka mo l/c pasen

(9(3):———91SRzpdV. (75’1)
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ITo TeM XKe NpHYMHAM, 4TO M IPH BbiBoZe (65,3), B PA3JIOKEHUH BEK-
TOPHOTO TIOTEHIIHaJa MBI JOJDKHBI B3ATh TOJIBKO 4JIeH BTOPOro NopsiiKa
-mo l/e, T. e.

1o,
AV =—ggljav. (75,2)

IMpousBenem npeo6pasoBaHHe MOTEHLHAJOB!

19 ’
o =9—~L,  A=Afguadf,

BHIOpPaB (GYHKIMIO [ TaKHM 06Pa30M, YTOGH! CKa/IsIPHBIA HCTEHIHA )
o6paTuiCsa B HYJb:

1 2
f=—gmar | RodV. -
Torja HOBBIi BeKTOPHBIH NOTeHIHal GYyAeT paBeH

, 1 0 (. 1 o
A(z’z——c—z-gl;S]dV——gﬁﬁngzpde

12 (.
=T &0 ldV 3c20tZSRdV

Ilepexonsl 34ech OT UHTETPAJIOB K CYMMaM IO OTJIENBHEIM 3apsjiaM,
o . 1
JIJIS1 IEPBOTO CJIaTaeMOTro B IPABOH 4aCTH MOJYUHM Bblpameﬂue——TZev.

Bo Bropom ciaraemom muiemM R =R,—r, r1e R, i r uMeloT oOkI4HbIA

cMeIca (cM. § 66); TOrAa R=—r=—v, u BTOpoe caraemMoe NpHHH-
1
MaeT BUA 7 2 ev. Takum o6pasom,
2 .
AP = — 2 ev. (75,3)

. CoorBercTByloliee 5TOMY NOTEHLUHaAy MarHUTHOE IIOJIE PABHO HYJIO
(H=rot A’® = 0), nockoabky A’‘® He COleP3KHT SIBHEIM 06Pa30oM KOOP-

AMHAT. DJIEKTPHYECKOE XKe IoJe, E=—A’'®/c, paBHO
2 .

rae d — AMNOJAbHBIA MOMEHT CHCTEMBL.

Takum 06pasoM, WieHs! TPEThero NOpsiiKa B PA3/IOKEHHH 10/ ApH-
BOJAT K TOSIBJAEHHIO JOMOJHHTENBHEIX NeHCTBYIOMIMX HA 3apSAbl CHJ, He
cofepxamuxcs B ¢GyHKuum Jlarpammxka (65,7); 9TH CHJBI 3aBHCAT OT
NPOM3BOJHEIX N0 BpeMeHH OT YCKOPEHHs 3apsl0B.

PaccMorpum cucremy 3apsifioB, COBEpIIAIOIIMX CTAIlHOHAPHOE JBH-
XKeHue ') W BHIYHCJAHM CPeIHIOI paboTy, MPOHU3BOAUMYIO moJdeM (75,4)

: 1) Tounee,— npmxeEHe, KOTOpoe OBLIO GbI CTAHOHAPHBIM NpPH NpeHebpeReHnH
H3JIyueHHeM, NPUBOASLIMM K NOCTEREHHOMY SaTYX2HHIO IBHXKEHHS.
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sa enuHuLy BpemenM. Ha kaxnwiil 3apsaj e aefictByer cuna f=e¢E, 1. e.

f=24d, (75,5)

T3

B enununy BpeMeHM 3Ta CHJa NPOU3BOAWT paboTy, paBHYIO fv; nosHxas
pabota, COBepIIEHHAsi HAJ BCEMH 3apsilaMH, PaBHa CyMMe IO 3apsijam:

Efv_——d Zev_33"'a 3 = 4 (dd)y—

Ilpu ycpenHeHHH IO BpeMeHH MepBBIH YJeH HCUe3aeT, TaK YTO CPepHss
paboTa oka3blBaeTcs paBHOH

va=_.$ 2, (75,6)

Ho crosiee crnpaBa BeipaxKeHHe ecTh He UTO MHOE, Kak (B3sToe ¢ 06-
paTHBIM 3HAKOM) CpejHee H3/JyyeHHe SHEPIMH CHCTeMOH 3a eQHHHIly
ppemenn (cM. (67,8)). Takum oOpa3om, BOSHHKAIOUIHE B TPETHEM IIPH-
GaKenun cHabl (75,5) onuckBalOT o6paTHOe JEHCTBHE H3JYYEHHs Ha
3apaapl. OTH CHIBI HOCAT HA3BAHHE MOPMONCEHUS UBAYUEHUEM WIH A0-
PEHUeBbIX (UL MPEHUA.

OnHoBpeMeHHO C moTepell SHePTHH B M3Jyvalolllell CHCTeMe 3aps/IoB
IIPOUCXOJUT TaK¥Ke H [10TEPST MOMEHTA HMITYJ1bCA. Y MEHbILEHHE MOMEHTA
HMIYJIbCa B €IHHHLY BpeMmeHH, dM/df, Jerko BBIYUCIHTH C IOMOIIBIO
BhIpaXKeHMH A1 cwi TopMoXeHHs. [luddeperuupys moment M =
= rp] no spemenn, uveem M= Y[rpl, Tak xax Z[rp]—Zm[vv]_
[IpousBonHyio O BPeMeHH OT HMIYJIbCa YacTHULL 3aMeHsieM AeHCTBYIO-.
el Ha Hee cHsOH TpeHuA (75,5) H HaXOLHM:

M= [rf] = Ye[rd] = o [dd].

Hac uurepecyer cpeinHee 1o BpPeMEHH 3HaYeHHE IOTEPH MOMEHTa HM-
nyJbCa NPH CTAI{HOHAPHOM IBHKEHHH, MOAOGHO TOMY KaK Bbillle HAac
HHTepecoBaja CpejHsisi notepsi sHepruu. Hanucas '

e d .e T}
[dd] = 2 [dd] — [dd]
U 3ameuyasi, UTO TOJIHas MPOM3BOJHAS IO BPeMEHH (MepBhId W/IeH) IpH

yCpeAHEeHHH Hcye3aer, HaHJeM OKOHYATeJbHO CJielylollee BhIpakeHHe
ISl cpefHel NOTePH MOMEHTA HMIYJbCa H3JAY4alolleHd CHCTeMOH !):

am 2 i
=13z [dd]. (75,7)

1) B coraacuy ¢ pesy.spTaToM (3), NOJNyueHHHM B 3ajaue 2 § 72,
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TOpMO}KeHI/Ie H3JI'yueHHeM HMeeT MEeCTO U NPH HAJHYHUH OJHOro IABH-
XKyllerocsi BO BHEIUHEM noJjie 3apsaia. Omno paBHO

=20V (75,8)

JIist OfHOHM uYacTHUbI MOXKHO BCerjia BHIOPATh TAKYIO CHCTEMY OTCUETa,
B KOTODOU OHA B JIaHHBIH MOMEHT BpeMeHH HOKoHTCcA. Eciau BHUYHCIATH
B TaKOIl cHcTeMe JaJibHeHIIne ueHBl PasjoxKeHHsl CO31aBaeMOro 3apsi-
JIOM TIOJISI, TO JIETKO YGeIMTBCS B TOM, YTO NpPH CTPEMJEHHH K HYJIO
pazunyc-Bekropa R or sapsia k Touke HaGMONEHHS BCE 3TH WieHB! 06pa-
maroTcs B HyJdb. Takum obpasoM, B cjyyae ORHOro 3apsiia gopmy.na
(75,8) siBjigeTcsl TOUHBIM BBID2:KEHHEM [IJ/isi 00paTHOTO AefCTBHA H3AYy-
yeHHsi B TOH CHCTEME OTCYETa, B KOTOPOH 3apsii MOKOUTCH.

Hano, onHako, uMeTh B BHAY, UTO OMHCAHHE AEHCTBUS 3apsja «ca-
MOro Ha celsty C IIOMOIIbIO CHJIBI TOPMOMKEHHsI BOOOIie He SIB/IsSercs
BIIOJIHE yIOB/JETBOPHTEIbHBIM H COAEPAKHT B cefe NMPOTHBOPeUHs. ¥ pas-
HeHUe IBHKEHHS 3apsija B OTCYTCTBHE BHELIHEro MOJs, Ha KOTOPbIHA
JIeHCTBYET TOMbKO cuia (75,8), MMeeT BUL

N __2@2 .
myv “gc‘gv.

10 ypaBHEHHEe HMEET, KpoMe TPHBHAJBHOTO pelneHHst v=cornst, emre

peilieHHe, B KOTOPOM YCKOPEHHE V NPONOPUHOHATBHO exp (3mc?t/2e?),
T. e, HEOTPAHUUYEHHO BO3PACTaeT CO BpeMeHeM. JTO 3HAUMT, HaAmpHmep,
4TO 3apsijl, NpoleAIni Yepe3 Kakoe-HUOYAb 110J1e, MO BEIXOJE U3 I0JI4
nonzkeH Obl1 Obl HEOTPAHHUYEHHO «CaMOYCKOPATHCS», AGCYPAHOCTD 3TOIO
pesyJsbTaTa CBHAETEIbCTBYeT 00 OrpaHHYEHHOH NpUMeHHMocTH dop-
MmyJsl (75,8). ;

MozxeT BO3HUKHYTB BOIIPOC O TOM, KAKHM 06pa30M 2/IeKTPOAUHAMHUKA,
YIOBJIETBOPSIONIAS 3aKOHY COXPAHEHHUs SHEPTHH, MOXKeT IIpUBecTH K ad-
CypAHOMY pe3y/bTaTy, B KOTOPOM CBOGOAHAS YACTHLIA HEOTPAHHYCHHO
YBETHYMBAET CBOIO 3HEPTHI0. KOpHHU 3Tof TpyJNHOCTH HaxoAATCH, B Jefi-
CTBHTEJLHOCTH, B yIOMMHaBIelicst paHee (§ 37) GeCKOHEUHOH 3J1eKTpo-
MarHHTHOHl «COOCTBEHHOH Macce» 3jeMeHTapHbX uactHu. Korga el
[IHIIEM B YpaBHEHHsIX JBHKEHHS KOHEUHYIO Maccy 3apsijid, TO Mbl 3THM,
HO CYILeCTBY, IPHUIHCHIBAEM €My (POPMaJbHO OECKOHEUHYIO XKe OTPH-
HaTeNbHYIO «COOGCTBEHHYIO Maccy» HeJIeKTPOMATHUTHOIO INPOHCXOXKJe-.
HHsA, KOTOpas BMeCTe C 3JeKTPOMarHHTHOH Maccofl npuBoiuja Obl K
KOHeyHOH Macce yacTHUbl. IToCKOJIBKY, OAHAKO, BBIYHTAHHE ORHON H3
Apyrofi 1Byx GeCKOHeuHOCTeH He SIBJISIETCSI BIIOJIHE KOPPEKTHOH MaTe-
‘MaTHYeCKOH omepaiuell, TO 3TO U IPUBOAHT K PsAAY AaNbHEHIIHX TPYA-
HOCTe#l, B TOM YHCJE H K YKA3aHHOH 3/eCh.

B cucreme koOpAMHAT, B KOTOPOH CKODOCTb YACTHLBI Maja, ypas-
HeHHe JBHXKEHUS C yUeTOM TODMOMKEHHS H3JYy4YeHHEM HMeeT BUI

. . e . 262 ..
mv =¢E + - [vH] +35V. (75,9)
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Ilo wu3noXeHHBIM COOOpa’kKeHHUsIM, 3TO ypaBHeHHe NPHUMEHHMO TOJbKO
TIOCTOMBKY, MIOCKOJbKY CHJIa TOPMOXKEHHsI MaJjla [0 CPABHEHHIO C CHJIOH,
JedcTByIOUIeH HA 3apsif CO CTOPOHEI BHELIHETO I10Js.

Jns BeIsICHEHHS1 (HU3HMUECKOTO CMBICJZ 3TOTO YCJAOBHS IOCTYNHM
cleaylolum o6pasom. B crcreme orcuera, B KOTOPO# 3apsill B JdHHbIA
MOMEHT [OKOHUTCSI, BTOpAasi IPOU3BOJHAS OT CKOPOCTH 110 BDEMEHH paBHa,
NpPH OpeHeOPeREHHH CHJIOH TOPMOMKEHHS:

[ e M

Bo Bropom usese mnoAcTaBjisieM (OrpaHHYHBAsACh TOH K€ TOYHOCTHIO)
v=¢E/m u noayuaem:

e g e
:WE—}_mzc[EH]'
COOTBETCTBEHIO 3TOMY CHJIA TOPMOMKeHHs OyIeT COCTOSTh H3 JBYX
YJICHOB:

f= o Bt o [EH). (75,10)

3mc3

Ecau o ecrh yactoTa ABHKeHusi, To E mponopunonainie oE u, cae-
3,

o [ 0] o
ACBaTe/bHO, NEPBbIH 4WIEH NOpAAKa BEJHUHHBI oy E; BTOPOH Ke —

el
nopsAfKa o EH. Tlostomy ycJoBHE MaJIOCTH CHJ TOPMOXKEHHs 110

CPaBHEHMIO ¢ JeHCTBYIOUIEH Ha 3apsii BHellHel cunoil eE paer, Bo-mnep-
BBIX:

eZ
m—c§w<<l’

WJIM, BBOISl LJIMHY. BOJIHBI A~¢/®:

A 2 (75,11)

mcz"

Takum obpasom, ¢opmyna (75,8) A TOpPMOKEHUS H3JTyYeHHeM
NpUMEHHMa TOJBLKO B TOM CJyuae, eciH JJHMHA Najamomled Ha 3apsj
BOJIHBI BEJTMKA 110 CDABHEHHMIO C «PajHyCcOM» 3apsijia e®/mc?. Mul BHAUM,
YTO PacCTOSIHHMS NOPHJKa €¥/mc* ONATb OKA3HBAIOTCS TOH rpaHHuef,
3@ KOTOPOH 3/IeKTPOAMHAMHKA PHXONUT B NPOTHBOPEYHe cama ¢ coGoi
(em. § 37).

Bo-BTOpBIX, CPAaBHHBAsA BTOPOH UeH B CHJIE TOPMOXEHHS C CHJION
e/, Haxo@HM yc/IOBHe

H 2 (75,12)

(unu c/oy>>e/me?, rne wy=eH/mc). Takum o6pa3oM, HeOGXOXHMO
TaKXKe, YToOH CaMmo noje He ObIO COHMIKOM Benuko. Ilons ~m2ct/e?
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TOKE fIBJSIIOTCSI TPaHUIEeH, 32 KOTOPOH K/accHuecKas 3JeKTPOAHHAMUKA
NPHBOXHMT K BHYTPEHHHM NPOTHBOpeuHsaM. M 3nech Hajo uMeTb B BHAY,
yTO B JAEHCTBUTENBHOCTH VIEKTPOLUHAMHKA CTAHOBHTCS HeNpHMEHHMOH,
BCJEACTBHE KBAHTOBHIX 3(h(}eKToB, yxKe MPH 3HAYUTENHHO MEHbUIHX
noasx ).

HanmomHUM BOo H36ekaHHE HeNOpPAa3yMEHHH, UTO J1MHA BOJHBI B
(75,11) u Benmunna noJs B (75,12) orHocATCA K TOH CHCTeMe OTCyeTa,
B KOTOPOH YacTHL@A B JAaHHBI MOMEHT NOKOHUTCS.

3apgauu

1. Onpefenuts BpeMs, B TEYCHHE KOTOPOro JBa NPUTArHBAIOLIMXCS 3apsfa,
COBEPLIAMOUIMX 3/AJHNTHYECKOE JIBMHXKEHHe (CO CKOPOCTbIO, MaJofl B CPABHEHHH CO
CKOPOCTbLIO CBeTa) H TEePAIOHE SHEPTHUIO BCJEACTBHE M3JYUEHHs, «ynagyT» APYr Ha
Jipyra.

Pewmenue. [lpeanosaras OTHOCHTE/IBHYIO MOTEPIO SHEPTHH 3a OAHH 0GOPOT
-MaJjoft, MbI MOXKeM MOJOXKHTb NPOH3BOAHYIO [0 BpEMEHH OT 3HEPrHH paBHOH
cpefHell MHTEHCHBHOCTH H3,yueHus (ompefesneHHo#d B 3afaue 1 § 70):

dU1_elé) ‘"‘/m““as(el _ﬁ)z(g_ﬂM), (1)

3c3M my  my po?

rie a=/|eje,|. Hapany c sHepruef, uyacTHilpl TepSIOT MOMEHT KOJHYECTBA JBH-
wennsi. [lorepsa Momenra B eauuuuy BpeMenu aaetcst dopmyJofi (75,7); noacrassiss

B Hee BblpaxeHne (70,1) mas d u sameuas, uyro pr=—oar/rd u M=y [rv],

HAXOLHM
dM 2a ( 1 6 )2i

U T3\ m my) TP

D10 BhIpaXKEHHE YCPeIHSEM N0 HEPHOLY JBHKeHHS. Y UHThIBast MEeAJEHHOCTh H3Me-
HeHHst M, B npaBofl CTOPOHe paBeHCTBA JOCTATOYHO YCPEeAHHTb JHIb r—3; 3To
cpellHee 3HAYEHHE BBIYHCASETCST TOYHO TaK, KaK BBIUMCJSJIOCH B 3ajgade 1 § 70
cpepHee 3nadenue oT r—%. B pesynbTaTe HaxoauM AJA cpefHed NOTEDH MOMEHTA
B eJHHHUIY BPEeMCHH CJCLVIOUlee BhIPAXKeHHe:

-

daM__ 2e(2u| D ( e )2 @

dt : 3c3M?

(sHak cpennero, kak u B (1), onyckaem). Pasgeans (1) ua (2), nosyuum nudpepen-
UHaAbHOE ypPaBHEHHE

HHTEerpupyst KOTopoe, Haiiaem:
_ ha? [ &l :
1= (1= )+ . @

1y fipu noasx ~ mic*/fe, 7. e. korna ke y~mc?. Sror mpejen B fic/e?=137 pas
MeHblile npefesa, yCTaHaBiIuBaeMoro ycaosueM (75,12).
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TlocTostHast HHTErPHPOBAHHS BLIGpaHA TAaKHM oGpasoM, UTOGH npH M = M, Cbuie
5:Cﬁo’ rie My'n &,—HauanbHble 3HAYEHHS] MOMEHTa H SHEPTHH UYacTHI.

«[lagenmo» wactu Apyr Ha apyra cootsetctByer M — 0. M3 (3) Busnno,
4TO TIPH 3TOM, Kak M CJIeIoBajo, & —>— 0.

3aMeTnM, uTOo nOpoH3BeieHHe |& | M? crpemurcs K po?/2 u us GopmyJs
(70,3) BHAHO, 4YTO B3KCHEHTPHCHTET &-— 0, T. €. HO Mepc COJHMIKEHHS YacTHIL
opOuTa NPUGJIHKAETCT K OKPYKHOCTH. HonCTaBJm;{ (3) B (2), onpenensieM npous-
BoAHYI df/dM, BhpaxkeHHyi0 Kak ¢yHKUus OT M, mocie wero MHTerpPHPOBaHHE
no dM B npegenax ot M, Zo HyJssi RaeT BpeMA NafieHHA:

o= it () (VR )

2. Hafitu ¢yukuuio Jlarpanka cucteMBl M3 JBYX OIMHAKOBBIX 3apSKCHHBIX
YACTHL[ ¢ TOYHOCTBIO [0 WYJIEHOB ueTBeproro nopsamkal) (. A. Cmopodunckud
u B. H. Toaybenkos, 1956).

Pewenne. BouncaeHHsT yAOGHO .NPOU3BOIMTbL MO CXe€Me, HECKOJbKO OTJHY-
HOfl OT ucrosb3oBantoli B § 65. McxoauM u3 BeIpaxeHds Iias GyHxuuH Jlarpanxa
YACTHI, BMECTe C CO3AaBaeMbIM HM I10JEeM

—
L= S{ (E2— H2)—|——;A p(p}dV Zmaczl/ —=.

Hanncas 3zech
1 0A
2 2__ _
E H_E< — V(p) H rot A

M Npou3BeAd HHTerpHpoBaHue IO HacCTHM, NOJIYy YHM:
S(E2 2V =
o I d Lr(L,
== § (Bo+IAH)} di—g S‘ EAde?—g ‘?]A——p(p> av.

Iaa cuctemel, He uaayyawmoiefi NUMOJMbHO, HHTErpajg N0 GeCKOHEUHO YIajeHHOMH
TIOBEPXHOCTH He JIaeT BKJAaja B ujeHnl nopsAaka l/ct. Uaen xe ¢ mosaHofl npous-
BOJIHOI MO BpeMeHU BooGiue MoxKeT ObIThb onyuled H3 QyHkKnuu Jlarpanxa. Taxum
06pa3oM, HCKOMEBIE Y/IeHBl YeTBEPTOro NMOPSAAKA B (QYHKLHH Jlarpa}m(a coflepKaTtcs

B BHIpaXeHHd
1 1, 2 s va
L:-E-S(-C—]A—p(p)dV— - myc? ——-

Tlpomo/mkas pasnokenue, npousBofuBlueecss B § 65, wafizem usensl yetsep-
TOTO NOPAfKa B NoTeHIHatax Toas (¢ # A/c), cosgaBaeMoro szapsjgom | B Touke
HaXOXAeHHs 3apsna 2:

w

e O'R3

0 Q=g T 2 AL @)= o (RY).

1) Cm. npumeuanue Ha c1p. 216. Usennl Tperbero mnopsizka u3 QYHKUUK
Jlarpamka BHIIAZAlOT aBTOMATHYECKH: YICHBI COOTBETCTBYIOLIErO NOPSIKa B CO3/a-
BaeMOM HacCTHIIAMH MOJIe ONPENeJsIOTCS TNPOH3BOAHON IO BPEMEHH OT JHINOJLHOTO
momenta (cM. (75,3)), KOTOpEIE B JaHHOM exyuae COXpaHsSETCS.
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'TIpeoGpasopanueM (18,3) ¢ coorsercTBylomell (yHKUHedl f MOXKHO HPHBECTH 3TH
NOTEHUHAAL K 3KBHBAJEHTHOMY BHAY:

T@=0, A @=25 [T (Rv) o5 2 (VRS 0
P1 —% c 1 _2 e 1 IQF(V )
(zaddepenuupoBanns 0/0f NPOH3BOAATCH NpPH @QHKCHPOBAHHOM NOJOXKEHHH TOUKH
paGIofieHNda, T. €. TOuKH 2; AupDepeHUHPOBAHHA V IPOU3BOAATCA 0O KOOPAUHA-
TaM TOYKH HaGJIOACHMS).

Uiensl 4-ro mopsigka B ¢yHRuuu Jlarpamxa JaloTcs Tellepb BhIpaxeHueM 1),

LW =2 [Ay () Vg +Aq (1) vo] g (of -+ 08) @

Mpousseas B (1) yacte auddepeHnHpoBanuit, NpescTaBuM Ay (2) B BHIe

1 e JF | _i N
- A, (2)—‘8?W' Fyi= o [3Rv, —Rn (nv,)]

(rae n—eJMHUUHBIY BEKTOP B HanpaBJeHMH OT ToukH | k Touke 2). Ilepex
RaJIbHEHIINM BBIUHCIEHHEM YHOGHO Cpa3y HCKJAKUHTL H3 L™ ujens!, cojepixa-
uMe MPOH3BOJHBIE OT CKOpOCTeHl O BPEMEHH BBl [EPBOTO MOPSAKa; JAJISI 3TOro
3amedaeM, 4TO

1 e oF e d .
ry A (@) V2:@ Vo a—tl:8—64 {—d—t (voFy) — (v, V) (voF) — F1vy } ,
rie :
d £ 0 |
ar (v,f 1):§—t (voF )+ (va ¥) (voFy)

eCTb NoJHasi NpoH3BoAHAY [0 BpeMeHd (AHddepeHuNDOBaHHe IO OGOHM KOHIAM
BekTopa R!) H MOoXKer OuniTob onymeHa u3 (Qynxuuu Jlarpawka. YckopeHus: ke
HCKJIIOUAIOTCH M3 TNOJYYAIOUIETOCH BHIPAMKEHHs C INOMOUIbIO yDaBHCHHH JBHIKEHUS
nepBoro npubiuKenus: mvy=—e>n/R?, mv,=e?n/R? Tlocjie n0BOILHO AIHH-
HOro BHIYHCJCHHS NOJNy4YaeTcs OKOHYATe/bHO:

ez

8ciR

L@ —

{[-— 0] 0F +2 (Vva)>—3 (nvy)? (v,) - (vy)? v + (nvy)2 of 1+
ol —of 3 (v 3 (nv2>21+7n2*%}+%nc7 ©F +od),

W3 cuMMETPHE 1O OTHOWEHUIO K ABYM OXHHAKOBBIM YACTHLAM 3apaHee OUeBHIHO,
410 B CHCTEGME OTCYeTa, B KOTOPOl NMOKOUTCH HX LUCHTD UHEPLHH, OYIeT V; =-— Vi,

Torga wiensl YerBeproro mopsaaxa B (yHKUHE Jlarpamxa

2 1 2 R ¢t 8
L0 =g { J5 =320 214 g 13 ()=o) +—,,l—§,;}+2%,

TAe V=Vy— V.

1) 3uech onyuiensl GeCKOHEYHbIE UYJEHB, CBS3aHHHE C JefCTBHEM HA YACTHIIB!
MX CcOOCTBEHHHIX HoJeil. JTa omepamus COOTBETCTBYET «TePEHODMHPOBKE» Macc
BXoAswmux B Qynkuuio Jlarpauxa (cp. npumeyanme Ha crp. 121), : ’
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§ 76. TopmoxeHHe H3JyYeHHEM B DPeNSTHBHCTCKOM cly4ae

BbIBe,lIEM PeJIsATHBHCTCKOE BbIpaK€HHE N1 TOPMOKCHHUA H3JdydYeHHeM
(m1s onHoro 3apsiia), OPUMEHHMOE M IIPH JBHKEHHH CO CKODOCTAMH
nopsifika CKOPOCTH cBeTa. Jra cmia Gyner Tenepb 4-BeKTopoMm gé, Ko-
TOpPBIM Hax0o AONOJHHUTDH ypaBHeHHe JABUZKEHUA 3apfma, HanHuCaHnHoe B
YeTHIPEXMEPHOM BHIE: |

dut

- me 7 == Fiku, + g, (76,1)

JLns onpesieNleHns g¢ 3aMETHM, UTO IPH v<< ¢ €0 TPH NPOCTPAHCTBEH-
Hble KOMIIOHEHTBI JOJIKHBI IIePeHTH B KOMIIOHEHTHI Bektopa f/c (75,8).
2e2 d2ut 0
BT H,
OJHAKO, He YIOBJETBOPSIET TOXKAECTBY giu,=0, KOTOPOE HMEeT MeCTo
JJIST KOMIOHEHT BCSKOro 4-ekropa cuabl. s TOro 4yToGe! YAOBJIET-
BOPUTH 5TOMY YCJOBHIO, HaJ0 NpHOABUTh K HANHCAHHOMY BbIPaXKEHHIO
HEKOTOPBIH JOMOJHUTENBHBIHA 4-BEKTOP, COCTABAEHHBIH U3 4-CKOPCCTH 1f
H ee MPOH3BOAHEIX. TpH MPOCTPAaHCTBEHHBIE KOMIOHEHTH 3TOFO BEKTODa
JOJIKHEL 06palmarecsl B npefiesibHOM cayuyae v=0 B HyJIb Tax, YTOOGHI
He H3MEHHTb NPABHJILHOTO 3HaueHHa f, KOoTopoe yxKe JaeTcs BhIpaike-
22 d?ul
HHEM —=— —o.
MBIl JIOTIOJIHHTENBHEIA WieH No/okeH uMeTh Buj au’. Ckalasip o Hano
BLIOpATh TaK, YTOGH YIOBJETBOPUTL COOTHOINEHHIO giu;=0. B pesynb-
TaTe HAXOAHM:

Jlerko BHJETh, MTO 3TUM CBOHCTBOM 00J1aJlaeT 4-BEKTOP

3TuM cBOHCTBOM 06JajaeT 4-BeKTop uf, H MOTOMY HCKO-
y

23 [ g2yl ;g d?u
? ik k
g'== (ds? uuk ) . (76,2)

IlonyueHHYIO POPMYJY MOXKHO nepermcaTb B IPYTOM BHJE, BHIPa3HB
COIVIaCHO ypaBHEHHSAM JABHMKEHHs IIPOHU3BOAHBIE du‘/ds® uepes TeH30p
JeACTBYIOIIET0 Ha YaCTHLY BHEIIHEIro 3JI€KTPOMarHUTHOIO MoJsi:

ul d2ut OF'® e

e pirg, Uy, —= iTLu u'4-—— F*F,u,

ds mc? ds2  mc? axt 204
Ilpu mozpcraHOBKe HaJ0 HMETh B BHAY, YTO NPOH3BEIEHHE aHTHCHMMe-
TPHUHOTO 10 HHIEKCAM i, k TeH30pa OF*/0x' Ha CHUMMETPHYHBII TEH30D
u;u, naet Hyab. Hraxk, -

. 93 QFik
= 3};30‘:‘7%# — 5F" wtt* -+ 5 205 i (F ) (F*™u ) ui. (76,3)

Hnrerpan ot 4-cuibl g°, B3ATHIA MO0 MHPOBOH JIHHHH JABHMKEHHUS 3a-
psla, MpoJeTaIomerc yepes 3ajlaHHoe 1oJle, JO/KEH COBNacTh (¢ obpat-
HbIM 3HAKOM) C TIOJIHBIM H3JIyyeHHeM 3sapsioM 4-umnyibca AP’ (mo-
JOGHO TOMY Kak cpejHee 3HaueHHe paboTH cHJb § B HEPEeIATHBHCTCKOM
c/y4yae COBNajaeT ¢ HHTEHCHBHOCTBIO JHIIOJBHOIO H3JIYUYeHHS — CM.
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(75,6)). Jlerko yGenuthbesi B TOM, YTO 3TO AeHCTBHTENILHO TaK. [lepBbrit
usieH B (76,2) npu HHTErpPHPOBAHUH o6palIaeTcsi B HYJb, NOCKOJIBKY Ha
6eCKOHEYHOCTH YacTHLIA He HMeeT YCKOpeHHs, T. e. du'/ds=0. Bropoii
y/JieH HHTETPHpYeM IO YacTsM H IoJyyaem:

du 2e2 duy duk
. i _ | Fadiiad — i Wheied. Beindl
Sgldx Su dst ds= T3 ) ds ds ds,

YTO B TOYHOCTH COBMajgaer c (73,4).

Korna ckopoctb yacTuubsl NpuOImKaeTCs K CKOPOCTH CBeTa, B Ipo-
CTP2HCTBEHHBIX KOMIMOHEHTaX 4-Bekropa (76,3) HaubGosiee GbICTPO BO3pa-
CTaeT 4acTh, NPOMCXOAAMIAS OT YJIeHa, COLEPIKAIIEro TPOHHBIE POU3-
pefleHus1 KomnouedT 4-ckopoctd. CoxpaHsisi MO3TOMY JIHIIb 3TOT UJEH

B (76,3) u yuuteiBas cBsisb (9,18) MeX]ly TIPOCTPAHCTBEHHBIMH KOMITO-
HeHTa i 4-BeKkTopa g' U Tpexmepﬂou cuiol f, HaxoAUM A1 noc:JIe:LHeH

f=+mr 371‘64 (Fklul) ( kmum) n,

rie n — eAHHUYHLIT BexTOp B HampaBienuu v. CrefoBaTesqbHO, B 3TOM
ciyuae cuia [ HanpasjieHA OPOTHB HAmpaBJeHHS CKOPOCTH YaCTHIH;
BBIGHpAs II0C/je]lHee B KaueCTBe OCH X H PacKphIBas uUeThHIpEXMepHbie
BBIDAXEHUS, HOJYyUHM:

2et (Ey‘—Hz)Z'I‘(E +Hy)2
fx:'_3mzc4 : >

c2

(76,4)

(Be3le, 3a HCK/IIOUEHHeM 3HAMeHaTeNs, NOJOXKeHO v=c). Mbl BuiHM,
uTO I YJbTPapessiTUBUCTCKOA YacTHIBI CHJIA TOPMQXKEHHA IIPONOp-
L{HOHA/IbHA KBA/JparTy ee SHEpPruH.

OOpatiM BHUMaHie Ha CJaeAyiolilee HHTepecHoe OOCTOATEJNbCTEO.
B npeaninyinem naparpage ObLIO NOKa3aHO, YTO IMOJYYeHHbIE BhIpa-
JKEHHS JJI TOPMOMKEHHS H3JyUYeHHeM HNPHMEHHMBl JHIIb B TaKHX
HOJISIX, BEJHYHHA KOTOPHIX B CHCTEME TOKOS 4dacTHin (cHcreMa Ko)
Maja no cpaBHeHuio ¢ m*c*/ed. Ilyctb F ecTb NOPSIIOK BETHUMHBI BHEIN-
Hero noJisi B CHCTeMe oTyera K, B KOTOPOH 4acTHIA JBUAKETCH CO CKOPO-

crbio v. Toraa B cucrenme K, oJIe AMeeT MOPSL0K BeJTHYHHE F /l/ —uv?/c?
(em.” hopmyabt npeoBpasosanus B § 24). [Tostomy F Z0/KHO yAOB/IETBO-
PATH YCIOBHIO

I3

m2ct }/1 —-T
(4

Mexny TeM, OTHOUIEHHe CHJBI TOpMoxkeHHA (76,4) K BHeWHeH cuie
(~eF) no nopsaAKy BeJHYHHBI €CThb

e’F

v\’
m2ct (1 -——C'-Z—')

— <L 1. (76,5)
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W MBl BHIHM, UTO cob/iofieHHe yciaoBusa (76,5) He NpPENATCTBYET TOMY,
4YTO CHUJA TOPMOXKEHHsI MOXKeT 0KasaThCs (MpH JOCTATOUHO GOJbIIOH
SHEPTHH YacCTHIB) GOJIbLIOA 1O CPaBHEHHIO ¢ OOBIUHOH JIOpPEeHHEBOH
cusoi, NefcTBYIOed Ha 3apsaA B aJeKTpoMarHutHoM node !). Takum
o6pasoMm, WA YJAbBTPAPENATHBHCTCKOH YaCTHIBI MOKET HMeTb MeCTo
ciyyaf, KOTAa TOPMOXKEHHE U3JyueHHEeM SBJSETCS OCHOBHOH JeHCTBYIO-
mel Ha Hee CHJOM.

B sTOM CIyuae moTtepio SHePruM (KUHETHUeCKOH) uacTHueld Ha enu-
HHIE JJIHHBI €€ [YTH MOXKHO CYHTAaTh PAaBHOH OAHOH TOJBKO CHJIE TOP-
MOKEHHS f,; HMes B BUAY, UTO NOCJIeAHSs HPONOPIHOHAAbHA KBaAPATy
SHEepPTHH YacTHUbI, HAMMIIEM:

déjmm _ . 2
—-—_d}:-w k (X) éaxnﬂa

rae TocpelIcTBOM & (x) o0O3HAUEH 3aBHUCSMIAA OT KOOPAMHATH X K03¢-
(uiHeHT, BBIpaXKalouMica cornacHo (76,4) uepes HomepeyHele KOMIIO-
Henthl nosst. MHTErpUpys 310 AnddepeHnnanbioe ypaBHeHRe, HalgeM:

1 1 ¢
m = g{; + -'S;k (X) dx,

rne &, o6o3HauaeT HAUaAbHYIO 3HEPIHIO YacTHUBI (JHEPTHA INIpH
x—= —o00). B uacTHOCTH, KOHeUHasi SHepPrus yactuusl &, (mocse npose-
Ta YaCTHLUBI Yepe3 HoJje) onpelesasercs QopMysaon

1 1 + o .
'a:gs—o—}— —Smk (X) dx.

Msbt BuIMM, YTO TpH &, — 0© KOHeuHas 3HEprus &, CTPeMurcs K Io-
CTOSIHHOMY, He 3aBHCAIlleMYy OT &, npefeny (M. f. [lomepanuyk,
1939). Orciona ciaenyer, 4YTO mocjie TIpoJieTa 4yepe3 II0Je BHEPTHA
YACTHILI HE MOXKET INPEBHIIATb 3HAYEHHSA &y,  ONPENEISAEMOro
PaBeHCTBOM

1 ~——a
éaxp'

ig?ok (x)dx

1) ToguepKHeM, 9TO 3TOT Pe3YJbTAT, Pa3yMeeTCsl, HH B KAKOH CTeNeHH He MpOTH-
BOPEUHT NMPOU3BEJEHHOMY BHILIE BEIBOAY PEJNATHBHCTCKOrO BHIpaMKeHHS jJisl 4-CHJbl g,

. € i
NpeANoJaraBIieMy ee «MasoCThy IO CPaBHEHHUIO C 4-CHJIOR - Fik uy. HoctaTouHo co-

GMIONEHHS YCNOBHS MaJOCTH KOMIOHEHT OJHOTO 4-BEKTODA [0 CPABHEHHMIO C APYTHM
XOTs Gbl B OLHOH CHCTEMe OTCUETa; B CHJIY PeISITHBHCTCKOH MHBAPUAHTHOCTH TONYHAIO-
H[MECH HA OCHOBAHHMH TAKOrO IPERNOJNOMKeHHS 4YeThIpexMepHbe GOpMyasl 6YAyT aB-
TOMaTHYECKH CHPaBelJIMBbl H BO BCSKON ADPYrofl CHCTeMe OTCYETa.
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HJIM, TOICTaBJAS BBIpAXKEHHE IJ7si & (x),

A= () S (B —H B+ dx. (166)

3anauu

1. OnpenenuTs NpeAeNbHYIO 3HEPTHIO, KOTOPOH MOKeT 06sajaTh yacTHIA rOCHe
[posieTa yepe3 MOJie MarHUTHOTO Ounoss NI, BeKTop M § HAanpaB/cHHe ABHKEHHs
Jexar B ORHOH IJIOCKOCTH.

Peumenue. BubupaeMm miockocTh, IPOXOASILYIO depe3 BEKTOP MY U HAnpaBieHHe
. JBMKEHH, B KauecTBe IVIOCKOCTH X2, NPHYEM YacTHia JBHKETCH [apajiiesbHO OCH X
pa paccTossHuM P ot nee. L IeHCTBYIOUINX HA YAaCTHLY HOMNEPEYHBIX KOMIIOHEHT 110/
MarH{THOTO JMIOJNS umeeM (cM. (44,4)):

H y=0,
(3mtr) z—m,r? m
— J— 1 2 2
— 7 {3(p cos ¢+xsin @) p—(p>+x2) cos ¢}

Hz 5 T L2
rz (0*+x%)

(p—yroa mexmy M H ocpio z). Iloacrasniasa e (76,6) ¥ MpOH3BOAS MHTETPHPO-
BaHHUe, HOJIy‘{PIMZ

1 ma2a 22 2
E:m <W> (15426 cos? g).

2. Hampcats TpexmepHOe BBIpaXKeHHe IR CHJB TOPMOMKEHHS B peaATH-
BHCTCKOM cJjiyyae. .

Pemenune. BruuHcasss mnpocTpancTBeHHble KOMIOHeHTH 4-Bektopa (76,3),
TIOJTy YHM:

f— 32:;3 (1—§;>—l/l{(%+(vv)> E—]——lc— [v <%+(VV)> H] }+
taas {{EHH-iC [H[RY] |+ E (6B) | —
2¢4 f :

_mv]<E+—i—[vH]> —CI_T(EV)'Z}.

§ 77. CnexkTpanbHoe pas3noxeHHe H3JTyYeHHS
B yabTpapeqsiTUBHCTCKOM ciaydae

Brune (§ 73) 6bl10 MOKa3aHO, UTO H3JAYYEHHE YJbTPaApENsTHBHUCT-
CKOHl uacTHIbl HANpaB/eHO B OCHOBHOM BIIEpe]l, BJOJb CKOPOCTH ua-
CTHIBI: OHO TNOYTH LEAHKOM 3aKJ/JIIOUEHO B MAJOM HHTEpBa/le YIJIOB

0~y g

BOKpYT HampasJieHHs V.
LSl BBIYMCHIEHHS CNEKTPAJbHOTO PasjOMkKeHHs H3NTYYCHHs CyLIecT-
BeHHO B3aHMOOTHOIIIEHNE MeXK1y BeJHUHHOH 3TOro HHTEPBAJIA H OJHBIM
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YIJIOM OTKJIOHEHHS o YacTHLBI HPH HpoJeTe depes BHEIIHEE 3JEKTpPo-
MarHHTHOE ToJe.

Yroa o. moxeT GRITh OLleHeH caefyolum oopasom. [lonepeunoe (K Ha-
NpaBJ/CHHIO JBIKEHHA) H3MEHEHHE HMIYJbCa YACTHIMI MOPSAKA BeIH-
YHHBI [IPOU3BEJEHHA IIONMEpPeuHOH CHJBI eF ') Ha BpeMms MPOJIETa Yepes
noje i~a/vaalc (The a — paccTosiHue, HA KOTOPOM MOJE 33aMETHO OT-
JHYHO OT HyJss1). OTHolleH¥e 3TOH BEJIHYHHBI K HMITYJbCY

mu me

p=—r7 ~ l/l_i
. ¢

H ONPEACJUT NOPAAOK BeJHUYHHBI MaJjaoro yrJjaa o.

<
Y| i

p—
~.
—

|

U

Paspenus ero nwa A6, nafizem:
eFa

nic?

o ,

B~ . (77,1)

O6pariM BHEMAaHHE HA TO, YTO TO OTHOIIEHHE He 3aBUCHT OT CKOPOCTH

YaCTHLBI H LEJTHKOM ONpeje/seTcst CBOHCTBAMH CaMOTO BHEIUHEro MOJIs.
[Ipennonoxum cHayajna, uto

eFa>>mc?, (77,2)

T. €. MOJHBIA Yrod OTK/JOHEHHs! YacTHIHl BeIHK MO CpaBHEHH:O ¢ Af.
Torpa Mbl MOKeM YTBepKAaTh, UTO H3JyUeHHE B 3aJaHHOM HaIpasJe-
HUH NPOHCXONHT B OCHOBHOM C TOTO YYacTKa TPAeKTOPHH, Ha KOTOPOM
CKOPOCTb YaCTHIBl IIOYTH HapaJijielbHa 3TOMY HanpasJeHHIO (ofpasyer
C HUM yroJ B nutepsane A0) W AJIHHA 3TOr0 yyacrka Maja mo Cpas-
HeHHIo ¢ a. Ha Takom yuacTke mose F MOXKHO CUHTATH IOCTOSTHHBIM H
HOCKOJBbKY MaJIblil yUaCTOK KPHBOH MOXKHO PacCMaTpPHBATh KaK OTPe30K
OKPYXHOCTH, TO MBI MOXEM IIDUMEHHTH pe3yJbTaThl, IOJAYYeHHhe B
§ 74 118 M3ayUeHHS NPH PABHOMEPHOM JBHKEHHH O OKPYXKHOCTH (3a- -
MeHHB ITpH atom M Ha F). B uacTHOCTH, MOXHO yTBepKAaTh, UTO OCHOB-
Hasg 4acTb HM3JIyuyeHHA Oyner cocpeforoyeHa B 06/1aCTH 9acTOT

O ~ ——i,— (77,3)

mc(l—?)

(em. (74,16)). .

) Ecau Buifpate OCh X BRO/L HANpABJICHHS JBHKEHHs vacTHisl, To (eF)? ectn
o e M
CYMMa KBaJpaTOB y- H Z-COCTaBJIAIOUWHX JIOPEHUEBOH CHJIBI eE—{—T (vH], B kotopoit

MOXKHO IpPH 3TOM NOJOXHTH ¥V=C: .
= (Ey—Hz)?"l‘(Ez +Hy)2-
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B 06paTHOM mpejesbHOM cliyuae
eFa<€ mc? (77,4)

OMHBIA Yo/l OTKJIOHEHHS YacTHLBI Mad 1o cpaBHenuio ¢ AO. B stom
caydae BCe M3JyYeHHEe NPOHCXOJUT B OCHOBHOM B OIHH y3KHH HHTEpBaJ
yraoB AO BOKpyr HanpaBleHHs JABHMKEHHs, ONpPEIEIsisiCh IPH 3TOM
pceli TpaeKTOpHeH uwacTHIHL. :
JIns1 BBIYHC/EHHsT CINEKTPaJdbHOTO pas3JjoKeHHsS HHTEHCHBHOCTH B

3TOM CJy4Yae yIOGHO HCXOIMTh M3 BHIPDAXKEHHS MJs MOJST B BOJHOBOH
soHe H31yuyeHus B ¢opme JInenapa — Buxepra (73,8). BrlunciuM KOM-
noneHTy Pypbe

o
E,— § Bevrat.

-

F (0]

Bripa:keHue B OpaBoil CTopoHe GopMyJbl (73,8) ecTh GyHKIMA 3anas3ibl-
BaIOUIerc MOMEHTA BpeMeHH {', Olpelesfollerocss M3 YCJIOBHA ['=
={ — R (¢)/c. Ha Goabmux paccTOSHHMSX OT YaCTHLBI, ABHKYLIEHCH
C MHOYTH MOCTOAHHOH CKOPOCTBIO V, HMeEeM:

vy Re 1 0 . Ry 1,
Vmit—2+—nr ()~ ——--—nvt

(r=r(f) & vi—paauyc-BeKTop 4YacTHLEI), HJH
’ nv) R
—1 (1—-0-)T—°.

c

PluterpupoBanye mo df samensieM MHTEpHPOBAaHHEM NO df’, HOJOXKHMB

dt = ( —l‘l’> dt’,

4
H MoJyyaeM:

Bom s — e T o[ (n—2)wen] = (%),

[ 3 2
TR

Cxopocts v paccmarpuBaercsi 3jiech Be3jle KaK NOCTOSIHHAs BeJIHYHHA;
nepeMeNHBIM SIBAsieTCs JHIIL ycKopeHHe W (¢'). Bpens oGozHaueHHe

o = m( ——E}) (77,5)

"M COOTBETCTBYIOLLYIO 3TOH yacToTe KoMNoHeHTY Pypbe yCKOpenHs, Ha-
Tmwmem E, B BHIE

e~ (2) [n[(o—8)we]]
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.

Hakownen, cornacHo (66,9), HaxonUM OKOHUYATENBHO AJIS SHEPTHUH, H3JY-
YEHHOH B TeJeCHbIN yron do c uvacrotoii B do:

o= )| o[ (= 2w ]

Ouenky mopsiika BeJHYHHBL 4acTOT, B 0GJacTH KOTOPBIX COCPEo-
TOUWEHA OCHOBHafd 4acTh HU3Jay4eHHst B ciaydae (77,4), JIerKo clenars,
3aMeTHURB, YTO KOMHOOHeHTa Pypbe W,y 3aMETHO OTJHYHA OT HYJS JIMIb,
ecqiH BpeMs l/®’ HJH, uTO TO XKe,

1
[{_©

L)
OyZneT TOro ke NopgjKa, UTo U BpeMd a4/t ~ d/c, B TeUeHHe KOTOPOTro
3aMeTHHIM 00pa3oM MeHsieTcsl yCKopeHHe uacTuipl. [losroMy Haxomum:

2 d
do5>. (77,6

/—f—-- (77,7)
. \1___

34aBUCHMOCTh 3THX UaCTOT OT HEPruM Takad xe, kKak u B (77,3), HO
KO3(pHUILUeHT HHOH.

B npoussenenuom (mas ofoux cayyaer (77,2) u (77,4)) uccrenopa-
HUU [OAPAa3yMeBasoch, UTO NIOJAHAS IOTepsl 3HEPrHH yacTulledl Ipu ee
TIPOXOXKAEHHH Yepe3 I1o/ie OTHOCHTETbHO Magta. IlokaxkeM Terneps, 4TO K
NePBOMY M3 PACCMOTPEHHBIX C/1yUaeB IPHBOLHTCH TaKKE BOMPOC 06 u3-
Jy4eHHH YJIbTPAPeIATHBHCTCKOH UacTHled, NOJHAS NOTePs IHEPTHH
KOTOPOJi CPaBHHMA C €¢ MePBOHAYAIBHOM SHeprueil.

ITorepro sHeprun uacruuefi B HoJe MOXKHO ONpeNeNHTh KaK paboTy
CHJIBI JIOpeHLeBa TpeHusi. PaGora cuinl (76,4) HAa nyTd ~a €CTh, IO
HOPSIKY BeJHUUHBL,
etlg

v\ *
2
m2ct (1__6'_2>
Jas Toro uro6bl OHA OKasaJjach CpPaBHUMOH C HOJHOI 3Hepruel ua-
CTHLBL mc2/l/1—v2/c2, 1oJie JOJIKHO CYIIEeCTBOBATH Ha PaCCTOSIHHAX

m3c8 1 - v
@~ T

Ho Torma apTomMatHyecku cobmonaercst yciaosue (77,2):

aeF ~ — z CG ]/1-——>m02

[OCKOJIBKY ToJie F BO BCSIKOM CJlydae JAO/KHO YAOBJIETBOPSThL YCJIOBHIO
(76,5), 6e3 xotoporo Boofuie He MOXKeT NPHMEHSATHCS OObIUHASA 37€KTPO-
JAMHaMHKA.

af ~
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3anauu

1. OupesenuTs CrieKTpasipHOE paclpejesieHyne AOMHOH (10 BCeM HAnpaBJieHHsIM)
HMHTEHCHBHOCTH H3JydYeHHst nmpH ycaoBuu (77,2).

Pemenue. HanydeHHe ¢ KaXKIOro 3JeMeHTa AJHHB! TPaeKTOPHH OHpeﬂeJ[HeTCﬂ
q)opmynon (74,13), B KOTOpO#l Halo 3aMeHHUTb /I HA 3HaueHHe F NomepevyHOH CHJIH B
-JaHHOH TOYKe #, KpOoMe TOro, Haio HepefiTH.OT AHCKPETHOTO CIeKTpa 4acToT K Herpe-
pHIBHOMY . DTOT MEPeX0f OCYUIECTBAseTCs (OPMaNbHBIM YMHOXKEHUEM Ha df ¥ 3aMeHO

Indnzlnj—gdwz do
HHTerpupys 3aTeM HHTEGHCHBHOCTB 1O BCeMY BpeMEHHM, HaiiieM CIeKTpajpHOe pacrnpe-
JeJieHile TOJHOrO H3JYUeHHs B CJAeAYIOUeM BHje:

232w<1—-3:> 2 O () . | “ '
—\ /{1 2W 1 Cpwa
neanl e LCE

- . u
rae @ (u) — byHKUHA DHPH OT apryMeHTa

mee ’1 v2\ 2/3
=\ >J '

ToakinTerpajbHoe BEIPAaXkeHHe 3aBHCHT OT NepeMeHHOH HHTEI'PHPOBAHHS f HESBHBIM
ofpasom uepes BeqHuHHY 4 (F, a C HUM H U4, MEHSIOTCH BJOJAb TPAEKTOPHH YACTHILLL
NPH 33]aHHOM JBHIKEHHH 5TO H3MCHEHHE MOXKHO PAcCMaTPHBATh KaK 3aBHCHMOCTH OT
BpeMeHH).

2. OnpefesiuTs CNeKTpaJsHOE pacnpejesenne MOJMHOH (O BCEM HANPABJACHHAM)
H3JYUeHHOH 3HePTHH NPHU yeaoBun (77,4).

Pewenne. Mves B BHY, Y4TO OCHOBHYIO POJTb HIPaeT U3JyUueHHe MO/, MAJIBIMH yT-
JaM¥ K HanpaBJIeHUIO IBHKEHUS, MHIIEM:

[g— v v i 92- Ng ._vz 2
® -o)<1—7cos6>~m<l— c+2>~2 <1 F—[—G)'

Hurerpuposanue Bepaxenus (77,6) no yraam do=sin 0 d6 dpasb dfde savensem
HHTerpupoBaHueM 1o d@ do’/®. IIpH packpHTHH KBajgpaTa ABOHHOIO BEKTODHOIO mpo-
uspegenua B (77,6) caefyeT uMeTb B BHAY, YTO B YJbTPAaPeJIATHBHCTCKOM CAyyae npo-
IOJbHASL COCTABJISIIOMWIAsT YCKOPEHHs Masa M0 CPAaBHEHHIO ¢ NOnepeyHoll (B OTHOLIEHHH
1—t?/c?) u B JaHHOM CJydae C HOCTATOYHOH CTENeHbI0 TOYHOCTH MOKHO CUMTATH W H V
B3aHMHO NEepHNeHAUKYJSIDHBIMH. B pesysbTate mosnydmM Ajisi CneKTPadLHOTO pacripe-
JeJleHusl TIOJHOTO K3JIYYEHHS CIeRyolnyo dopmyay:

o
2o do IW |2 02 W (v
() (1 v?
2\ TE,

§ 78. Pacceanne CBOGOJHBIMH 3apsilaMU

dfw=—4do

Ecan Ha cucreMy 3apsiioB najfaer 3J€KTPOMATHHTHAS BOJIHA, TO
0] ee BIMSHUEM 3aPs/bl NPUXOAAT B JBHKEHHE. DT0 JBHXKEHHE B CBOIO
ouepelb CONPOBOXKIAETCS H3JydeHHEM BO BCE€ CTOPOHBI; IPOHUCXOAUT
paccesrue TNepBOHAYANBHOR BOJIHBIL.

Paccesinne yno6HO XapaKTepH30BaTb OTHOLIEHHEM KOJHYeCTBa SHep-
THH, uCcmyCcKaeMoi pacceHBalolmed CHCTEMOH B JAaHHOM HalpaBJEHHH B
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eIHHHIY BPeMeHH K MJIOTHOCTH TMOTOKA 3HEPrHH NAJAIOIIEr0 Ha CHCTe-
My H3/yYeHHsi. DTO OTHONIEHHE HMeeT PasMepHOCTb ILIOMIAMH H Has3pl-
BaeTCA IPPexmusHbim ceueruem (KU IPOCTO CEHEHULM) PACCESHUA.

Ilycrs dl ects 5HEprus, H3MyuaeMas CHCTEMOH B TeJIECHBIH yToJ do
(8 1 ¢) npu majeHHH Ha Hee BojHbl ¢ BexTopoM [lofintunra S. Torna
ceqeHHe paccesiHusi (B TesecHbI#i yros do) paBHO

do = (78,1)

o] &

(uepra Hajz OyKBOH o3HAuaeT ycpejpHeHue no BpemeHH). Murterpan
OT d0 1O BCeM HaNpABJEeHHSIM eCTh IIOJHOe CeYeHHe PAacCesiHUs.

PaccMorpum paccesinne, IPOH3BOAHMOE CIHHM HENOJBHKHBIM CBO-
6oaHBIM 3apsaioM. IlycTs Ha 3TOT 3apsd majaeT IIocKasg MOHOXPOMa-
THYecKasl JIHHeHHO MoJsipu3oBaHHas BoJHA. Ee siekrpuueckoe mnose
MOXKHO HalHucaTb B BHJE

E=E, cos (kr—ot+a).

Bynem npexmosaraTh, 4TO CKOpoCTb, npHoGpeTaeMasl 3apsiioM Iojx
neficTBHEM TOJIs Mafamllell BOAHB, Mala MO CPABHEHHIO CO CKOPOCThO
CBeTa, YTO NPAKTHYECKH BCErAa BHIMOJHAETCS. TOrja MOMKHO CUMTATh,

Y o €
YyTO CHJia, ACHCTBYIOINAs Ha 3apsax, paBHA eE, a cuioi FIVH] €o CcTo-

POHBL MArHHUTHOTO TMOJsI MOXKHO npeHefpeub. B 3ToM caydae MOXKHO
TaKe rnpeHebpeyb BJIHSHHEM CMeELleHHSA 3apsja HPH ero KoJjeGaHHAX
noj BAusHUeM noasi. Ecan 3apan coBepiuder KoseGaHHsSI OKOJIO HAyasa
KOODAHHAT, TO MOXKHO TOT[la CUHTaTh, YTO Ha HEro Bce BpeMs JeACTByeT
TO 1oJie, KOTOpOEe HMeeTcsi B Hayase KOOpAHHAT, T. e.

E = E, cos (wf — o).
[MockonbKy ypaBHEHHs ABHXKEHHS 3apsiga IJacsaT
mr = eE,
a ero AunosbHbll MomeHT d=er, TO

. e'Z
~ZE (78,2)

JIJ1s1 BBIUHC/IEH ST PACCESTHHOT® U3y YEeHHs BOCTIONb3yeMcs GopMy.T0i
(67,7) nna AUMNOJBLHOTO H3/Jy4YeHHdA; Mbl HMeeM NpaBo CIeJaTh 3TO, MO-
- CKOJIbKY TpHOGpeTaeMas 3apsijioM CKOPOCTh NPEAIoJaraercss Masod.
3ameTuM TaKxKe, UTO YACTOTA H3JTy4aeMOH 3apAZOM (T. €. PacCesiHHOI HM)
BOJIHBI DaBHA, OUYEBHIHO, YACTOTe MAajamouiefl BOJIHEL

Tloncrasisia (78,2) B (67,7), Haxoxum:

dl = [En'][*do, : (78,3)

4nm203
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e n’ —eIHHHYHBEIH BEKTOD B HampasJeHuH paccesHus. C apyroi
eropousl, BekTop IlofiHTuHra najalomeil BOJIHEI paBeH

L
S=q-E%
Orciofa HaxOJHUM CeueHHe pacCesiHHst B TeJeCHHH yroa do:
2 2,
do= (%) sin? @ do, (78,4)

rae 6 — yron MexJy HanpapJeHHEM pPacCesHHS H HalpaBJeHHeM 3JIeK-
rpuueckoro mosst E najaroweit BosHbl. Mpl BHIHM, YTO CeueHHe pac-
cesHHst CBOOONHBIM 3apsJoOM HE 3aBHCHT OT YacTOTHI.

OnpenesnM nosnHoe ceveHue ¢. g sToro BuOepeM HanpasaeHue E
B KauecTBe MOMSIPHOH ocH; TorAa do=sin 040de u, unterpupys no do
or 0 7o 7t 1 o do ot 0 g0 27, HAXOAUM:

o= F () (78,5)

(rak HasbiBaeMmas gopmyaa Tomcona).

HakoHnel, Beiuucaum Judpepeniinanbioe ceyense do B C1yuae, Korja
najarmwiiasi BoJHa He OJAsiPH30BaHa (eCcTeCTBEHHHIH cBet). s 3Toro Mul
IOJIKHBEL yepeduuTh (78,4) no BceM HanpapJeHUsiM BekTopa E B mioc-
KOCTH, MEPHEHJHKYJSPHON K HalpapJeHHIO PacnpoCTPaHEHHs Hasaio-
mell BOJIHBLI (HAaNpaBJeHHIO BOJHOBOTO BekTopa k). OGosHauus uepes e
eIMHHYHBIH BEeKTOp B HampasjJeHuH E, numem:

SiP0=1—(nel=1—nyng oL
Ycpennenue ocyuiectpasiercst GopMy.oii )

etp=7 (b—25e) (78,6)

H Jaer

-7 1 k)2 1
sin?@=-{1+ (n 2) ==— (1 4-cos? ),
2 I3 2
Ire & —yroa Mexny HanpaBJeHHAMH Najawolied M paccessHHOH BOJIH
(yroa paccesinusi). TaxuM 06pa3oM, HCKOMOe CeUeHHe paccesHUs Hemno-

ASPU30BAHHON BOJNHEI CBOGOIHBIM 3apsijiOM:
1/ e\
d0=?(£c—§> (1 cos? 9). (78,7)

Hanunuue paccesiHust NPHBOAHT K NOSIBJIEHHIO HEKOTOPOH CHJIBL, AeHCT-
Rylomiel Ha pacCeHBAWILYI uacTHLY. B 3TOM Jerko yGeauThcsi U3

_‘) JelicTBHTENBHO, €,e3 €CTb CHMMETPHUUHBIA TEH30p C paBHbIM 1 cJelloM, A3IOMuH
BYas npu yMHOXKEHHH HA %, BBHAY NEPHeHAHKYASPHOCTH € H K. DTHM YCJOBHAM H
YloBneTpopsier HanucanHOe BHIPAXKEHME.
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caenylomux coobpaxkennii. [1ajaromas Ha yacTHILY BOJIHA TePSIeT B Cpej-

HeM B, elHHHUIlY BpeMenn sHepruio cWo, rne W — cpenussi miorhocrs
3HEPTHH, a 0 — TOJIHOE ceueHne paccesiius. [JoCKONBKY UMNYJBC Noss
paBeH ero SHeprHH, JeJeHHOH HAa CKOPOCTb CBETa, TO HaJaiolias BOJIHA

TepsieT TIPH 3TOM HMITYJbC, paBHeii no BennunHe Wo. C apyro#i cropo-
HBI, B CHCTEME OTCUeTa, B KOTOPOH 3apsijl COBEpUIAET JHIIbL MAJBIE KOJe-
Ganusi oji BAusinueM cu/ibl eE, U ero cKopocTb v MosToMy Masa, mnoJ-
HbIH TIOTOK HMOYJLCA B PAcCEesIHHON BOJHE PaBeH, C TOYHOCTBLIO Jo
4JICHOB BHICINErO MOPsKA No v/c, Hymo (8 § 73 6buio yKasaHo, 4To B
cucTeMe oTcyera, B KoTopoll v=0 , H3/JyyeHHs] HMIOYJbCA YACTHIEH He
nipoucxoxur). ITostomy Bech TepsieMblil NajaoLiell BOJHOR HMIYJIBC «II0-
raomaercsy pacceuparomedl uactuuel. Cpexnssa JefcTByiolias Ha ua-

cTuny CI/IJIH? paBHa cpeﬂ,Heﬁ BCJIHUHMHE TIOIVIOLLAEMOI'0 B €AUHHILY Bpe-
MEHH HMIlyJibCa, T. €. 4

T=o0Wn (78,8)

(N — eIMHUUHBIH BEKTOp B HANpapBJeHHH PACIPOCTPAHEHHst majaloulef
BoJsiHBl). OTMETHM, UTO CPELHSIsT CHJIA OKa3BIBAETCSI BEJMUHHOH BTOPOTO
Nnopsi/ika MO OTHOLIEHHIO K IIOJIO MAJawlied BOJHBI, B TO BPeMsS Kak
«MTHOBEHHast» cHJja (IviaBHas yacTh KoTopoll ectb eE) — mepeoro no-
pAAKa IO OTHOUIEHHIO K IIOJIO.

Dopmyay (78,8) MOKHO NOJIYYHTh UM HEINOCPEJACTBEHHO, YCPeIHsA

cuiy TopmoxkerHs (75,10). Tlepswiii unen, nponopunonansusiéi E, npn
yCpeaHeHHH obpalaeTcss B HyJAb (KaK H cpelHee 3HAa4eHHe OCHOBHOH
cusnnl e¢E). Bropo#i e uneH paer:

= 2t —=, 8n/ e \2 E2
f:mEz":?(aﬁ) g™
uto BeHAY (78,5) coBmagaer c (78,8).

Janaumu

1. OnpegennTs cedeHHe DPACCESHHST IJANUNTHYECKH ITOJSPH30BAHHOH BOJIHEL
cBOGOIHBIM 3apS/IOM.

Pewenue. Iosne Bosubt uMeer BuaA E=A cos (wf--a)-+ B sin (of4a), rae A
B — p3apMHO mepreHAMKYJISIPHble BEKTOPH (cM. § 48). AHAJOrHYHO BBIBOLY, Npoje-
JIAHHOMY B TeKCTe, HaXOJUM:

2 2 A 12 B 12

2. Onpenenuts ceueHHe paccesHHs JHHENHO NOJSPH30BAHHOM BOJHBI 3apsJIOM,
copepliaomiuM (O BJAUSAHHEM HEKOTOPOH YNPYroi CuJ/bl) Majble XoseGaHHs (Tak
Ha3pIBAEMBIM OCIHJLISITOPOM).

Pemenue. ¥YpaBHeHMe JABHXKEHHS 3apsja B [aJalolWlell HA Hero BOJHE
E=E, cos (0f}0a) ectsb

r —[—-m%r:% E, cos (ot +a),
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rle ©p—4Yacrora ero cBoGOAHBIX KoJebanmil. Jns BHHYMKICHHBIX KoJeGaHHi
HMeeM OTCIOAA:
__eEq cos (0! +a)
m (05— o?)
Onpeneqsist otciofa d, HaxomuM:

2 2 4
do = (6—2) _20)__ sin? 8 do
me (0 —w?)?

(0—yron mexay E u n').

3. OnpellennTp TNOJHOE CedeHHe PACCESTHHsI CBeTa JIeKTDHYCCKHM JIMTIONEM, Npef-
CTABJSIOMEM cO60fl B MEXaHNUYEeCKOM OTHOIIEHHH portarop. YacToTa BOJHEHL (@ DPeAno-
saraeTcst GOJIBIION MO CPABHEHHIO C YacTOTOH 2, cBOGOAHOrO BpalleHHs POTATOpA.

Pewenne. Ilpu ycroBun o3>, coOCTBEHHBIM BpallleHHeM pOTATOPa MOXKHO
npereGpeub H pacCMaTPHBATH TOJLKO BEIHYKJCHHOE BDalleHHe O BJMAHAEM MOMEHTA
cua [dE], AeHiCTBYIOLIEro HA HETO CO CTOPOHLI PACCEHBAEMOH BOJHBI. YpaBHeHHe 3TOTO

memkenns: JQ@=[dE], rie J — MOMeHT HHeDUHH pOTaTOpa, a & — YrA0Bas CKOPOCTH
ppawmeHnsi. Vsmenenne ke BeKTOpa IHMIIOJNBHOTO MOMEHTA TPH ero BpalleHuu Ge3

M3MEHEHUA a6COMOTHON BeJHUHHB JaeTcs Q)opmynou d=[Qd]. Us sTux 1Byx ypas-
HeHHH HaxofuMm (omyckast 4ieH, KBaJADATHUHBLIA [0 MaJoi BeJanddHe L):

i :ij ([dE] d] :% {Ed>— (Ed) d}.

Tlpeanonaras Bce opueHTALMY AMIONA B NPOCTPAHCTBE PABHOBEPOSITHEIMH M ye-
pelHas d? MO HAM, NOJNYYMM B Pe3YJbTaTe NOJHOE CEUCHHE B BHIE
_ 16mdt
9cijz-

4. OnpenenuTs CTeneHp AeNOJIAPH3ALHH PACCeTHHOTO CBeTa NPH PAacCesHHH ec-
TECTBEHHOTO CBeTa CBOGOJAHEIM 3apsIOM.

Pewenue. U3 coobpaxenuil CHMMETPHH OYEBH/IHO, YTO [iBe HEKOrePeHTHbIE NOJIs-
pH30BAHHEIE KOMIIOHEHTHI paccesiHHOTO cBeTa (eM. § 50) 6y YT NOJASPH30BaHH JIMHEHHO:
OIHa B IJIOCKOCTH paccesHusi (IJIOCKOCThb, NPOXOAsAIIas Yepe3 Najawollyil ¥ paccesid-
Hbll J1yuHd), a Apyras — MNepHeHAHKYASPHO K 3Toi NJocKocTH. MHTeHCUBHOCTH 3THX
KOMITOHEHT ONpeJeJISIIOTCSl COCTABJAIMIUMH T0JIs1 Nafalowell BOAHBI B [WIOCKOCTH pac-
cestuust (E ) u neprengukynspuo k neft (E ) u, cornacuo (78,3), nponopuxonasbHsl

2 2
cootsercTento [E(n'P=E cos® & n [El n'P’=E, (8 — yron paccesnus). Ilo-
e oy
CKOJIbKY AJISi eCTeCTBEHHOTO Majaioulero cseta £ =E |, To CTeNeHb JeNOJsAPH3ALHY
{cM. ompenenenne (50,9))
p=cos? ¢
5. Onpefesuts uacToTy (®') cBeTa, paccesHHOTO JABHKYIIUMCH 3apSIioM.
Pemenne. B cucreme KoOpAHHAT, Ife 3apsii TIOKOMTCS, UACTOTA CBETA NpH pac-

CesTHHH He MeHsercs (0=w’). B muBapuantHoil Qopme 5T0 COOTHOIICHHE MOXKHO Ha-
NHCaTh B BHUAE

kiu ku

rme ul— 4-ckopocts sapmua. Otciona 6e3 Tpyda moayduaeM:

' (l——v—-cos 6’):0) (1--icose) ,
c 4
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rie 0'n 8’ — yrawl, cocraBssemble majalouiedl W paccestHHON BOJIHOM ¢ HANpa BIEHHeM
JABHMIKeHHsl (v -— CKOpPOCTb 3apsija).

6. OnpefenuTs YIJIOBOE pACnpefesieHHe DACCEsHHS JHHEHHO IOJIsPH30BAHHOIY
BOJIHBI 32PSJI0M, ABHXKYIIHMCH C IPOH3BOJBHON CKOPOCTBIO U B HANPABJIEHHH pacnpo-
CTPaHeHHs BOJIHEL -

Pewenne. CKOPOCTh YacTHIE V mepresfxkynspHa x noisaM E u H najawuei
BOJIHLI, @ [OTOMY MepHeHAHKYJAdIpHAa U K NMPHOGPeTaeMOMY uYacTHIeH YCKODeHHIO W.
HnrencuBHOCTL paccesiHus onpefensieTcs: dopmyaoit (73,14), B KOTOPOii ycKopeHye w
HaJo BeIpa3uTh uyepes nosis E u H cornacHo gopmyne, nonyueHHON B 3ajave k § 17,
PasjesuB uHTeHcHBHOCTs d/ Ha BekTtop [lofiHTHHra napjaiomell BOJHBI, HalJeM cJje-
Lylolllee BBIpaKeHHe JUIST CEUeHHS pacCesHust:

(2 (-5) ()

2
me (l—%)— sin 0 .cos q>>

2 2
y [(l'—% sin 0 cos cp> — (l —-C%>cos2 6] do,

rzie ternepr O W ¢ — NOMAPHLIR Yo M a3UMYT HANpasieHus n’ OTHOCHTENBHO CHCTEMB
KOODJIMKAT € OChIO Z BIOJbL Hanpab/eHHs E u oceio x Bioss v (cos(n’, E)=cos 0,
cos (n’, v)=sin 0 cos ¢).

7. Onpepenuts ABHKEHHE 3apsa TOA BINAHHEM cpefHell cuabl, JAeficTBYIOULEH
Ha HEro co CTOPOHBI PACCEHBAEMOI UM BOJIHEL

Peuwrenne. Cuna (78,8), a noromy u CKOPOCTE paccmannBaeuoro JBHXKEHHS
HanpasJieHH! BIOJb PACIPOCTPAHeHHA najamoteil BosHe (0ch X). Bo BenoMoraTessHoil
cucTeMe or1cueTa Ky, B KOTOPOI 3apsi MOKOWTCA (HANOMHHAEM, YTO peub HAET O ABH-
JKEHHH, YCpeJHeHHOM TO MepHOAY MaJguXx KoseGaHuil), AedcTBYIOUlasi Ha Hero cujaa

paBHa oW, a npuoGperaemMoe UM TNOJ BJAHSHHEM 3TOH CHJLl YCKODEHHE

w, =-—W/
0 m 0

(MHIEKC HYAb OTHOCUTCA K BesMuMHAM B cucteme oTcuera Ko). IlpeoGpasoBanue xe K
HCXOHON cucTeme orcueta K (B KOTOPOH 3apsl ABHKETCS CO CKOPOCTBIO U) OCYLIECT-
BJsteTcst GopMyJIOl, MOJMY4YeHHOH B 3ajaue K § 7, u dopmysiol (47,7) H paet:

v

d ] 1 dv WGI

c
(E UZZ /s —d_tz—l.f—t— v °
Vi-% (1-5) e

Wo | 7 2=7
e T I
¢ ] —— 1——=

c c

YeM M onpefiensieTcsd B HESIBHOM BHJAE CKOPOCTb U =dx/df Kak QYHKUHS BpEeMeHH
(nocTosiHHAs HHTerpupoBaHHs Bei6paHa Tak, yTo v =0 npu {=0

8. OrnpegenuTth ceueHHe pacCesHus JHHEHHO IIOJISIPU30OBAHHOM BOJIHBI OCIHJI-
JATOPOM, C yUETOM TOPMOMKEHHS H3JydYeHHeM.

Pemwenne. YpaBHeHNe JBHXKEHHS 3apsja B najamoulefl BoJiHe NHILEM B BHIE

ol e & E piwt y 28
r—{—mor—m Eqge w+3mc3r.
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" B cn/ie TOPMOXEHHS MOXHO NOACTABHTL TPHOJMKEHHO [= — @gl; TOTAA NOJYYHM:
. . e
r - yr4-oor =— E.e-ivt,

22 9
e V=175 ®p . OTCiofa HAXOIHM:

e p—iwt
m 02— — loy

CeyeHue paccesHua:
- 6_8;1 2 2 [OLd

T3 \mer ) (0 —o?)foy? ]

§ 79. Paccegnne BOJH ¢ MajbIMH 4acTOTaMH

Paccesnue 3/1eKTPOMATHUTHBIX BOJIH CHCTEMOH 3apsJi0B OTJIHYALTCS
OT paccestHus OTHUM (HEMOJBMKHBIM) 3apAJOM NPEKAE BCEro TeM, YTo
61arofapsa HaJUYUI COOCTBEHHOTO JIBHKEHHS 3apANOB B CHCTeMe ua-
CTOTa PACCESIHHOTO H3JIyUeHHs] MOXKET OBITh OTTHYHON OT 4aCTOTH Mafa-
toutei BosiHBL. FIMEHHO, B ClIeKTpasibHOe pasJoikeHHe pacCestHHOTO U3Jy-
YyeHHs BXOISIT HAPSIAY C YACTOTO @ Najalcliell BOMHBI TaKKe H YaCTOThE
®’, OTJIHYAIOIHECS OT @ Ha oGy H3 COGCTBEHHEIX YaCTOT JBHIKEHHA
paccenBatwolell cucTeMbl. PaccesiHue ¢ M3MEHEHHEM YacTOThI Ha3bIBAIOT
Hekozepenmubim (AU KOMOUHQUUOHHBIM) B IPOTHBOIIOJIOXKHOCTB KO-
2epeHmHoMYy paccessHUIO 6e3 M3MEHeHHA YacTOTEL.

[Ipenmnosaras noJse najaiouieit BOJHbL CJIa0bIM, MBI MOXEM IIPEJCTa-
BUTH IUIOTHOCTb TOKA B BHAE j=]j,Tj’, THe j,— IJIOTHOCTb - TOKA B
OTCYTCTBHE BHEIIHEro I0Js, a j'— H3MeHeHHe TOKa [0J BJAHAHHEM
najatwuieil BosiHbl. COOTBETCTBEHHO 5TOMY BEKTODHBIH NMOTEHLHAN (M ApPY-
rue BEJMUHHBLI) NOJIST CHCTEMBI TOke GyaerT umeTh Buy A=A,+4-A’, rie
A, 1 A’ onpenensitoTcsi TOUKaMH j, M j’; DOTeHUHAT A’ onHCbIBaeT pac-
CesIHHYIO CHCTEMOH BOJIHY.

PaccmoTpuM paccesinue BOJHBI, YaCTOTa ® KOTOPOH MaJa No cpaBHe-
HUIO CO BCEeMH COGCTBEHHBIMH 4YacTOTaMH cucTeMbl. Paccesanue 6yner
COCTOSITh KaK H3 KOTePEeHTHOH, TaK H M3 HEKOrepPeHTHON 4acTH, HO Mbl

.OyleM paccMaTpHBaTh 3JeChb TOJbKO KOrepeHTHOe paccesHHe.

J1s BoIuHC/IEHHS MO/ PAcCesiHHOH BOJIHEI, NPH AOCTATOUHO MaJoH
4aCToTe M, BCEr[la MOXKHO IT0JIb30BATHCSI TEM PA3JIOKEHHEM 3aHa3/(bIBaIO-
IHX NOTeHIIUAJI0B, KoTopoe OblI0 npousBeeHo B §§ 67 u 71, naxe ecau
CKODOCTH YacTHIl B CHCTEME H He MaJbl MO CPABHEHHIO CO CKODOCTBHIO
cBera. [eficTBUTENBHO, /I 3aKOHHOCTH YKa3aHHOTO pa3/IoKeHHS HH-
Terpana

’ 1 o7
A=z (o o Y (79,1)

- HeOGXOJUMO JIHIIb, YTOGE BpeMs ri’/c~a/c 6bUIO MAJIO N0 CPABHEHHIO
€0 BpemeHeM ~ l/®; mpu jocratouHo manbix o (o <€c/a) aTo ycnosme
- BBIMOJIHSIETC HE3aBHCHMO OT BEJHYMHBLI CKOPOCTEH yacTHL B CUCTeMe.
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HepBbIe YJIEHBl pPasJOKe€HHA HaroT.
’ 1 kTN ) ’
W = g ([ + [fe] ],

rie d’, m’— yacTH AUMOJBLHOTO M MATHUTHOTO MOMEHTOB CHCTEMBI, KOTO-
phle CO3Ja0TCsl NAJAIOIUM Ha CHCTEMY paccerBaeMBIM H3JYUeHHeM.
Caenyiomue 4jieHbl PasjioXKeHHs! COAep:KaT MPOH3BOAHBIE 110 BPEMEHH
6osiee BEICOKOTO NOPSAJ[KA, YUEM BTOPOFO, H MbI HX OIYCKAeM,

Kommorenra Hi, chnexTpasbHOrO pasJoKeHHs MOJs pacCesHHORN
BOJIHBL C 4acTOTOH, DPaBHOH YacTOTe NaJAollero H3AyYeHHA, OHpe-
JeNUTCs 3TOH Ke (QOpMYJoif, B KOTOPOH HaX0 BMECTO BCEX BEJHYHH
NOJACTABUTL HX KOMIOHEHTH ®@ypbe: dy= —o2d;,, m,= —02m,,.
Torna nmosmyuaem:

HQ:@%{[“'%] + [n"[myn’]]}. (79,2)

Crenyionive uieHbl Pa3I0KeHHs MOJSA Jadu Obl BEJHUHHLI, MPOIOPIIHG-
HaJibHble Gosiee BLICOKOMH CTemeHHM Majol yacToTel. Eciu ckopocTH Bcex
HaCTHLL, B cHCTeMe Mauibl (v<£c¢), To B (79,1) MOKHO npeHeOpeub BTOPHIM
YJIEHOM NO CPaBHEHHIO € HEPBBIM, [IOCKOABKY MATFHHTHBIH MOMEHT
comepxHuT oTHoweHue v/c. Torxa
Hg==§%;m2thM. (79,3)
Ecnu nonmHelit 3apsil CHCTEMB! paBeH HyJo, To npu o~ 0 d’, 1 my,
CTPEeMSTCA K NOCTOSIHHBIM IIpefesiaMm (ecyiu Obl cymMma 3apsnoB Obiia oOT-
JHYHA OT HYJd, TO IpU ®==0, T. €. B IOCTOSIHHOM TI0JIe, CHCTeMa HayaJa
Obl ABHTaThCS Kak uHesoe). [Tosromy npu Manbix o (0<€v/a) MOXKHO CUH-
tare d’', ¥ m, He 3ABHCALIMMH OT YacTOTHl, TAK YTO MOJE PACCESHHON
BOJIHBI MPOIOPIHMOHANBHO KBaApaTy 4acToThl. MHTEHCHBHOCTH XKe ee,
¢JIeJIOBaTe/IbHO, TIPONOPLHOHAIbHA ®*. Takum o6pa3om, PH paccessHHH
BOJH C MaJIOf 4acTOTOH CeuyeHHe KOTE€PEHTHOro paccesHHs NPOIOPIH-
OHAaJIbHO YETBEPTOH CTENEHH YAaCTOThl MAaJalouiero H3JyueHHsd 1),

§ 80. Paccesinde BOJH C GOJBIIHMH 4YacTOTaMM

PaccmoTpum Tenieps paccesHHe BOJH CHCTEMOH 3apsiloB B 00paTHOM
cjiyuae, KOTJa 4acTOTa ( BOJIHBI BeJIMKA O CPABHEHHUIO C OCHOBHBIMH COG-
CTBEHHBIMH YACTOTAMM CHCTeMHI. [loc/enHue HMEIOT NOPSIOK BeJHUHHbL
®y~0/a, TaK YTO ® JOJIKHO YIOBJETBOPATH YCJIOBHIO

OS> 0~ = . (80,1)

1) Brot peaysbTaT GAaKTHUECKH CIIPABEAJMB JJIf PaccesiHus CBETa He TOJLKO Hel-
TpaJbHBEIMH aTOMaMmy, HO H HOHamH. DBuaaropaps 6GoJbIuoil Macce $Apa paccesiHHeM,
NPONCKOASAINM OT BUKEHH S HOHA KaK 1IeJI0r0, MOXHO npeHebpets.
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KpoMe Toro, Mel GyleM NPeAIonararh, YTo CKOPOCTH 3aPAIO0B B CHCTEME
manbl (vZc).

CorsacHo ycqosuio (80,1) nmepuox IBIKEHHS 3apfi08 B CHCTEME
BeJIHK TI0 CPAaBHEHMIO C NepHOAOM BOJHBL IloaTomy B TeueHHe mpome-
}KyTKOB BpEeMEHH II0psAAKa NePHOo/ia BOJHBI ABH2KEHHE 3apAA0B B CHCTEME
MOZKHO CUHTATh PaBHOMEPHBIM. JTO 3HAUUT, UTO IIPH PACCMOTPEHUU Pac-
ceAHHA KOPOTKHX BOJIH MOKHO HE YUHTBIBATH B3aI/IMOlIe':ICTBPIH 3apAx0B
B CHCTEMe JIPYT € APYILOM, T. €. UX MOMKHO CUHTaTb CBOOGOLHBIMH.

Taxum o6pason, npH BbIUMCJIEHHH CKOPOCTH V', IpHOGperaemod
3apsAaA0oM B TI0Ji€ H&ILEIIOHIE}!SI BOJIHBI, MBI MO2KE€M pacCMaTpHUBaTb Ka}KILbIPUI
3apsii CHCTEMBI B OTJI€/ILHOCTH U MHCATH AJ1s1 HEFO YDABHCHHE NBHKEHHSA
B BHJE

dv’

m._m.._.

o = eE =¢Eef (@1=kn,

rie k=wn/c — BoHOBOl BekTOp Najatouiefl BoJIHBL Paguyc-sexkrop
sapsila sipisiercd, KOHeuHo, MYHKIHell BpemeHH. B moxasarene aKcno-
HEHLHa/JbHOTO MHOKHTES C IPaBOH CTOPOHEL 3TOTO YPaBHEH A CKOPOCTh
H3MEHeHHsl TIEPBOTO uJieHa CO BpeMeHeM BEJIHKA [0 CPABHEMHIO CO CKO-
POCTBIO H3MEHEHHSI BTOPOro (mepBas paBHA ®, a BTopas — IMOPAAKA
kuv~vw/c<€ w). TlosToMy npH HHTETPHPOBAHHH YpaBHeHHH ABHKEHHS
MOXKHO CUHTATh B IIPABOH HX YacTH I MOCTOSIHHbIM, Torza

V= — 2 E e @i-kn) (80,2)

twm

st BeKTOpHOTO NOTeHIIHA a paccesiMHOH BOJIHEL (Ha GOJIBIUIHX PaceTosi-
HUSIX OT CHCTeMBbI) MMeeM corsacuo (79,1):

r | '
A ——C—R—;Z(ev )t—%'-W—T;

c

,

rge cymma Oepercs mo BceM 3apsiiaM cucremsl. [lojcraBiass croma
(80,2), maxommm:
) R,
¢ ! _m<t_7> e i
_ — — ptar
A e E, E —e~tar, | (80,3)

icR o

rie q=k'— k ecTs pasHOCTb MeXJ1y BOJHOBHIM BEKTOPOM pPaccesiHHOH
k'=on’/c 1 BoaHOBEIM BekTOpoM K=wn/c nanawileit BoaH Y. 3Ha-
uenue cymmbl B (80,3) Do/KHO GpaTbesi B MOMEHT BpeMeHH I ={—R,/c,
TaK KaK U3MCHEHHEM I 3a BPeMsi rn’/c MOXHO npeHeGpeus BBUAY Opel-
nojiaraemMoil MajsOCTH CKOPOCTEH YacTHI[ (HHAEKC ¢, KakK OObIYHO, NJIs

. 1) Crporo ropops, BonHoBo#H BexTop k’=@'n’/c, rie uacTora ®’ paccesHHOl BOJ-
’
HBI MOXKeT OTJHUATLCH OT ®. P43HOCTBI0 ©'—® ~ ®( MOXHO, OAHAKO, NpeHeOpedn B
PaccmaTpuBaeMoM cJydae OGOJBIIMX YACTOT.
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KPaTKOCTH onyckaeMm). AGcosioTHasi BeIHUHHA BEKTOPA  paBHa

o . O
g=2—_sin4, (80,4)
rne U — yroa paccesHus.

Ilpu paccesiHu Ha atome (Mau MosekyJse) B cymme B (80,3) moxHO
npeHebpeyb UYJIeHAMH, COOTBETCTBYIOMIMMH sipaM, BBHAY O6o0Jbluo#
BEJMYMHBL HX MAacC II0 CPaBHEHHIO ¢ MaccaMy aJeKTpoHoB. Huke Mbi
GyneM HMeTb B BHAY HMEHHO 3TOT CJydaH, COOTBETCTBEHHO deMy
BLIHECEM MHOXKMTENb €2/m 3a 3HaK CYyMMBI, MOHHMAsl B HeM IIOJ e H m
3apsij H Maccy JIeKTpOHa.

Has monas H' paccesnHON BOMHBI HAXOAMM corsacHo (66,3):

E.n —i® <t-——>
H = [COR‘ EN -iar, (80,5)
0
[ToToK 3HEPrHH B 3JEMEHT TeJECHOTO yIila B HalpaBJeHHH n’' paBeH

* do.

—iqr

l I R:do =5

8nc3m

PasgenuB 310 Ha NoTok sHeprun ¢|E.|*/8n nmanaiomell BoAHE H BBOIA

yroa 6 Mexny HampasJenueM noist E napatouelr BosHEI M Hanpas-

JleHueM paccesiHus, HAXO/HM OKOHYATEJIbHO CeUEHHe PAacCesius B BUIE
e? \2

do = ( Ze ;qu sin? 8do. (80,6)

mc*

Yepra 0G03HAYAET YCPEIHEHHE 110 BPEMEHH, T. €. YCPEAHEHHE 110 ABH-
JKEHHIO 3apsJIOB B CHCTEME; OHO IPOHM3BONHUTCS BBHIY TOTO, YTO pac-
cesiHue Hab/ofaeTcss B IPOMEKYTKH BpeMeHH, GOJIbIIME 1T0 CPABHEHHIO
¢ IEPHOJOM JABHXKEHHs 3apsAJOB B CHCTEME..

Jlns mauHEL BOJIHBEL Najarolierc HajaydyeHus u3 ycioBus (80,1) cie-
nyet HepaBeHCTBO A << ac/v. UTo e KacaeTcst OTHOCHTEIbHON BeJHYHHH
A ¥ @, To BO3MOXKHBI 06a HpeleJbHbIX ciayyas AS>a u A <a. B oboux
3THX cayuasx obmas ¢opmyna (80,6) sHAUHTENBHO yHpoIIaeTcs.

[Ipu A >a B Bepaxenun (80,6) qr<l, TIOCKOJIBKY g~1/A, r~a.
3amMeHsist COOTBETCTBEHHO 5TOMY €f9T enuHUUEH, HMeeM:

do—Z? (m—ecz-)z sin? 0 do, (80,7)

T. €. paccesgHHe NPONOPIHOHAJBLHO KBAAPaTy uucaa Z 3JeKTPOHOB B
aTome. :

Ilepeitnem K cayuaio A<Za. B xBagpare cymmul B (80,6) napsany ¢
PaBHBIMH €JMHHMIE KBaJpaTaMH MOAY./S KAaXAOro M3 YJICHOB MMEIOTCS
NpOU3BENICHHS BHAA elalr—ry), Hpn YCpeIHEeHHH MO ABHKEHHIO 3apsJoB, -
T. €. N0 HX B3aHMHBIM pAacCHOJIOKEHHSIM B CHCTEME, DAa3HOCTH r—T,
npoGeraior 3HaueHHs B HHTepBajze nopsiika a. I[lockodabky g~ 1/,
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A<Z @, TO SKCTIOHEHIHAJIbHBL MHOXKHTEJIb €/4("—T2) SIB/eTCS B 3TOM HHTep-
paJie OLICTPO OCUMJLINDYIOUWIeH hyHKUUeHA, U ero cpeqHee sHaueHHE OG-
pawaercs B Hyab. Takum oGpasom, npu A << a ceyeHHe paccessHHA PaBHO

do=7 (mi;)z sin?0do, (80,8)

T. e. NPOMOPLHOHATLHO NEePBOH CTENEeHH aTOMHOTO HoMepa. 3aMeTHM,
yTO 3Ta hopMyJ/ia HENDUMEHHMA NPH MaJbIX YIVIax paccesiHust - (O~2MA/a),
TaK KaK B 3TOM ciayuae g~U/A~ l/a U TOKasaTesib qr HEBeNHK IIO
CPaBHEHHIO C eIMHHIICH.

Iaa omnpeneneHuss CEUeHHs KOTEPEHTHOTO PaCCesHHS MBI JOJMKHBI
BBIAEJAUTh TY YaCTh IIOJs PAacCesiHHOH BOJIHBI, KOTOpasg HMeeT 4a-
cTory ®. Bripaxkenue (80,5) niA no/as 3aBUCHT OT BpEMEHH uepes
MHOXKHTEIb e~ ! §, Kpome TOro, OT BPEMEHH 3aBHCHT TaKke CyM-

Ma Ze‘iqf. Sra nocnefHAs 3aBUCHMOCTL H IIPHBOAHT K TOMY, UYTO
B HOJIe pacCesiHHOH BOJHBEI COZEPKATCH Hapsly C UacToTOH ® elle M
apyrue (xoTs u O4u3KHe K Hell) vactoTel. Ta wacte no.asi, xortopas
obsanaer yacToTod @ (T. €. 3aBUCUT OT BPEMEHH TOJbKO ITOCPEACTBOM
MHOXKHUTENsT e~ ®!)| [OoJYUHTCs, OUEBHAHO, €C/H YCPEIHHUTD 110 BPEMEHH
CyMMY Ee‘iqf. CoOTBETCTBEHHO 3TOMY BBIpaKE€HHE IJIs CEUeHHS KO-
TePeHTHOro paccesiHus do,,, OTIHYAETCs OT NOJHOIO ceueHHsl do  TeM,
UTO BMECTO CPEAHEro 3HaueHHs KBajpaTa MOAYJsS CYMMbl B HeM CTOHT
KBaZpaT MOAYJs CpelHero 3HAUeHHs CYMMbI:

do, . = (;_;)z 3 e=aar [ sinfdo. (80,9)

IMosie3Ho 3aMETHTh, UTO 3T0 CpejHee 3HAUEHHE CYMMBL €CTh (C TOUHO-
CTbIO 10 KoaduuueHTa) He YTO HHOe, KaK IPOCTPAHCTBEHHAs KOMIIO-
HeHTa Pypbe OT cpeiHero pacnpefeseHHs 0 (r) IIOTHOCTH 3J€KTPH-
YECKOro 3apsaia B aToMe:

e ye-iar :Sp(r)e“'qr dV =pq. (80,10)
IIpu 2>>a Mbl MoKeM CHOBa 3aMEHHTb e~ ‘4" eJMHHILEH, TaK 4TO
2 2,
oy, — 22 (é%z) sin? 8 do. (80,11)

CpasuuBas 310 ¢ nmojubiM ceyenueMm (80,7), Mbl BHAHM, uTO do, . =do,
T. €. BCce PAcCesHHE SIBJSIETCS KOIepPeHTHBIM.

Ecau e A<€a, 1o npu ycpeanenuu B (80,9) Bce usieHsl cyMmbl (Kak
CcpejHue 3HAYEHHs ObICTPO OCUMWLIMPYIOWHUX (YHKUMHA BPEeMEHH) HC-
yesalT, TaK 4ro do,,.=0. Takum o6pasom, B 3TOM cjyyae paccesHde
HEeJHKOM HEKOTE€PEHTHO.



Fr1TABA X

YACTHLA B I'PABUTALLMOHHOM MOJIE

§ 81. I'papuTanHOHHOE TOJNE B HEPENSITHBUCTCKOH MeXaHHKe

T'pasumayuorree noss (WIM TONS mA2omenus) 001aalnT CIeryio-
IIAM OCHOBHBIM CBOHCTBOM: BCE TeJa BHE 3aBHCHMOCTH OT MX MACCHI
JBHXKYTCA B HHUX (IPH 3aJaHHBIX HAYaJbHHIX YCJIOBHSIX) OJHHAKOBBLIM

o06pasom.
Hanpumep, 3akoHBI CBOOOJHOIO IAaJEHHUsl B IOJIE€ TATOTEHHS 3eMJIH
ONMHAKOBL LISt BCEX TeJ, KaKod Obl Maccoll oHu HM objajalu, — Bee

OHHU MPHOOPETAIoT OLHO U TO XKe YCKOpeHHe.

10 CBOHCTBO IPABUTALIMOHHEIX NIOJIEH 1aeT BO3MOXKHOCTh YCTaHOBHTb
CYINECTBEHHYIO AHAJIOTHIO MeXIY NBHKEHHeM Ted B TpaBHTALHOHHOM
noJe U JABHMKEHHEM TeJ, He HAXOJAMUXCS B KAKOM-THOO BHEIUHEM MoJie,
HO paccMaTpUBaeMbIX C TOYKH 3DEHUS] HEHHEepPUHAJbHOH CHCTEMbI OT-
cuera, [leficTBuTeNBHO, B HHEpIMANLHOH CHCTEME OTCUYeTa CBOOOJHOE
IBIKEHUE BCEX TNl MPOUCKOIUT NPAMONHHENHO U DABHOMEPHO, H €CJIH,
CKaxeM, B HAYaJbHBII MOMEHT BpPEMeHH HX CKOPOCTH OBITH OJHHAKO-
BbIMH, TO OHH OyJAyT OAHMHAKOBEIMH Bce BpeMsi. OQUEBHAHO, IO3TOMY,
YTO eC/IH pacCMaTPUBATH 3TO ABHKEHHE B 33aHHOH HEHHepUHaTbHOH
CHCTEME, TO M OTHOCHTEJBbHO Hee Bce Tesa OYAYT ABUTATBRCSI OJHHAKO-
BBIM 00pazoM.

Taxum ob6pazoM, CBOHACTBA JBHXKeHHsS B HEUHEPLHATLHOH CHCTEME
oTCcYera TakHe e, Kak B HHepIHaJbHOH CHCTEME IIPH HAJIHYHH TPABHTA-
HOHHOTO MoJA. JIpYyruMH C0BaMH, HEHHEpPIHAJILHAS CHCTEMA OTCYera
SKBUBAJEHTHA HEKOTOPOMY TPABHTALHOHHOMY MOJIO. 3TO 06CTOSATENb-
CTBO HA3LIBAIOT NPUHYUNOM IKBUBAACHMHOCTY.

Paccmorpum, Hanpumep, ABHXKeHHe B DaBHOMEPHO YCKOPEHHOMH CHC-
teme orcyera. CBOGOZHO ABMKYIIKECS B HEH Teja JMo0oA maccol GyayT,
OoueBHIHO, 00/137aTh OTHOCHTEIbHO 3TOH CHCTEMBl OJHHAKOBLIM ITOCTO-
SIHHBIM YCKOPEHWEM, DaBHBIM H NPOTHBOIOJOXHBLIM YCKOPEHHIO camoil
CHCTeMBI OTcueTa. TaKuM ke SBJISIeTCSA JBHKEHHE B OXHOPOLHOM IIOCTO-
STHHOM I'DaBHTaHHOHHOM II0Jie, HalpHMep B IoJIe TSroTeHHs 3eMJI4 (B He-
GOMbIINX YYACTKAX ero, TJe MNoJjie MOXKHO PaccMaTPHUBAThL KAK ONHOPOA-
Hoe). TakuM o6pazoM, paBHOMEpPHO YCKOPeHHasi CHCTeMa OTCuera 3KBH-
BaJleHTHA TIOCTOSIHHOMY OJHODOJHOMY BHEUIHEMY MOJ0. B Takom xe
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cMBbICJle HEPaBHOMEDHO YCKOpeHHas, NOCTYNaTeJbHO JABHKYyLIasics
cHCTEMA OTCUeTa SKBHMBAJIEHTHA OLHOPOZHOMY, HO II€PEMEHHOMY
rpaBHTALHOHHOMY IOJIIO.

- OfIHAKO MOJIsl, KOTODBIM SKBHUBAJIEHTHBl HEHHEePHHATbHBIE CHCTEMBI
OTCUETa, BCE 2Ke He BIIOJITHE TOXAECTBEHHE] C «<HCTHHHBIMH» TPaBHTAIIHOH-
HBIMH TIOJISIMH, CYLIECTBYIOIIHUMH H B HHEPUHAJBHEIX CHCTeMax. Mexny
HHUMH HUMEETCS CYLIECTBEHHOE OTJHUHE B OTHOUIEHHH HX CBOHCTB Ha Ge-
cKOHeUHOCTH. Ha GeckoHeYHOM pacCTOSIHHM OT CO3JAIOIHX MOJe Tel
«MCTHHHOE» TPaBUTALIMOHHOE M0JIe BCeraa cTpeMuTcst K HyJo. Iloas xe,
KOTOPBIM 5KBHBAaJEHTHB HEHHEPLHANbHbIE CHCTEMBI OTCUeTa, Ha GeCKo-
HEYHOCTH, HAamPOTHB, HEOTPAHHYEHHO BO3PACTalOT, H/IM, B KpaiHeM
cJyuae, OCTAIOTCA KOHEUHLIMH MO BeJHunHe. TaK, BO3HHKAMOUIHE BO
BpallAOIIEHACA CHCTeMe OTCUeTa LEHTPOOeXKHBIE CHUIbl HEOrPaHHYEHHO
pacTyT NPH YAAJEHHH OT OCH BPALIEHH:A; HONE, KOTOPOMY 3KBHBAJEHTHA
YCKOPEHHO MpPSAMOJHHCHHO JABIKYHIAACH CHCTEMAa OTCYeTa, OAHHAKOBO
BO BCeM HPOCTPAHCTBE, B TOM UHCJ/Ie H Ha GECKOHEUHOCTH.

[ossi, KOTOPEIM 3KBUBAJIEHTHR! HEHHEPIHAJAbHLIE CHCTEMBI OTCUETa,
HCUE3al0T, KaK TOJIbKO MBI TepeijeM K HHeplHanabHON cucreme. B mpo-
THBOIOJIOXKHOCTL 3TOMY, «HCTHHHBIE» TPABUTALLMOHHEIE N0JS (CYLIECTBY-
jollHe M B HHEpIHANbHOH CHCTEMe OTCuUeTa) HEBO3MOMKHO HCKIIOUHTH
HHKAaKHUM BLIGOPOM CHCTeMbl OTCHETa. DTO BHAHO yiKe€ H3 YKA3aHHOIO
BLIIE DA3JHUYHST MEXJy YCJIOBHSIMH Ha (GeCKOHEUHOCTH B «HCTHHHBIX»
IPABHTALIMOHHBIX N0JSX H B IOJSIX, KOTOPHIM SKBUBAJIEHTHBI HEHHEp-
IHaJbHbIE CHCTEMEI; IIOCKOJBKY TIOC/eAHNe HA GECKOHEUHOCTH K HYJIO
He CTPeMATCs, TO SICHO, UTO HHKaKHM BHIGOPOM CHCTEMBI OTCUETa Helb3sl
HCKJIIOUHTDL «HCTHHHEBIe» HoJd, ofpamaomueca Ha O6GeCKOHEYHOCTH B
HYJb. '

EnnHcTBeHHOE, Yero MOKHO JOCTHUBL HajJeKalliM BEIGOPOM CHCTEMSI
OTCYE€Ta, 3TO —HUCKJIIOYEHHs TPABUTALHOHHOIO II0JISI B JAHHOM Yy4acT-
Keé NpOoCTpaHCTBa, AOCTaTOYHO MaJjoM AJsI TOTO, YTOObI B HEM MOXKHO
OblI0 CuMTaTh NOJIE OJHOPOIHBIM. DTO MOMKHO ClesnaTh myTeM BhIGopa
YCKOpEHHO JABMXKYILEHCS CHCTEMbl, YCKOpPeHUe KOTOpoil Grlio 66l PaBHO
TOMY YCKOPEHHIO, KOTOpOe npHobperaeT yacTHila, NOMellleHHad B pac-
CMaTPHBAEMOM Yy4acTKe IO0JS. ‘

. JlBmxeHHe yacTHIBI B TPABHTAIlHONHOM MOJ€ ONpefessieTcs B Hepe-
JATHBHCTCKOH MexaHuke (yHkuueidl Jlarpan:ka, umeromei (B HHepIH-
albHOH CHCTEMe OTCueTa) BHA

L=%’f—mcp, ‘ (81,1)

Tle ¢ — HeKoTOpas (YHKUHsA KOOPAMHAT H BpeMeHH, XapakTepH-
3ywouas noJe ¥ HasLiBaeMas 2paBUMQUYUOHHbIM  NOMEHYUAIoM ).

1) Huxe HaMm He NPHpercsa GOJIbIIE NOJL30BATHCH 3JEKTPOMATHHTHBIM NOTEHIH-
:-a7I0M @, TaK uTo 0603HaYeHHe TPABHTALMOHHOrO NOTeHIHANIA TOH &Ke OYKBOH He MOXKeT
‘HPHBeCTH K HEROPA3SyMEHHIO. :
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CoOoTBETCTBEHHO YPaBHEHHs! JABHXKEHUS YaCTHIB! IJ1acAT
v=—grad . (81,2

Oun He coflep:kaT Macchl WIH KAKOH-JIHG0 JIPYrofl MOCTOSHHOH, Xapak-
TePHUsylolle#t CBOHCTRBA YACTHIIBL, YTO ABJISAETCA BBIPAXKEHHEM OCHOBHOTO
CBOHCTBA TPaBUTANHOHHBIX TOJed.

§ 82. I'paBMTalHOHHOE NOJE B PEAATHBHCTCKON MeXaHHKe

OcHoBHOe CBOMCTBO TI'PaBHTAILMOHHBIX TOJel,— YTO BCe Tejia JBH-
JKYTCS B HHX OZMHAKOBHIM 00Pa30M,— OCTaeTCS B CHJIE U B PeAATHBHCT-
ckoil mexanuke, OcTaercs, CJeIOBATEIBHO, H AHAJNOIUST MEXAY I'DaBH-
TALMOHHBIME TIOJISIMH 4 HEHHEPIHAJIBLHBIMH cCHCTeMaMH oTcyeta. [lostomy
€CTeCTBEHHO NMPH H3Y4YeHUU CBOHCTB I'PABUTALMOHHEIX TOJEH B PesdaTH-
BUCTCKOH MEXaHHKE TOXK€ HCXOJIHUTb H3 3TOH aHaJIOTHH.

B nHepuuansHOH cHCTeMe OTCUETa B J€KAPTOBOH cHCTEME KOOpJHHAT
HHTEpBAJ ds onpenensiercss GopmyJsoH

dst=cd*— dx*—dy*—dz".

Ipu nepexone k Jw0Gofi APYroil HHepLUHANBHON CHCTEMe oTcyera (T. e.
npH npeo6pasopaHuu JIopeHIla) MHTEPBAJ, KAK MBI 3HAeM, COXDAHHAET
TOT e caMbld BHI. OfHAKO, eCJH MBI nepei’meM K HeuHepUHaAbHOH CHC-
TEMe OTCYeTa, To ds? yxKe He GyleT CyMMOH KBajparos zxmpcpepeﬂunanog
Y4eTHIPEX KOOPIHHAT. A

Tak, npu nepexone x paBHOMEpHO Bpalaioniedcss cucreMe Koop-
JUHAT

x=x"cos Qi—y'sin Q, y=x’sin Qt+y cosQt, z=2

(Q — yruoBasi ckOpOCTh BpalleHHs, HaNpaBJeHHas BAOIL OCH 2) HH-
TepBa/a npuobpeTaeT BHA

ds?=[c2—Q2 (x"24-y'?)] dﬁ —dx?—dy’ —
—dz*+2Qy dx’ di—2Qx’ dy’ dt.

Ilo kakomy G 3aKOHY HU NpeoOpa30BHIBANOCH BPeMs, 3TO BhIPAKEHHE
He MoxeT ObITh NpPHBEAEHO K CyMMe KBajpaToB AH{phepeHInasoB
yeThIpeX KOOPAMHAT. ’

Takum o6pa3oM, B HEHHEPHHAJbHOH CHCTeME OTCHETa KBajapar HH-
TepBaJa SIBJSETCH HEKOTOPOH KBajapaTwuHO# ¢opmoii ofinero BHAa OT
IupdepeHIHaloB KOOPAHHAT, T. €. HMEeT BUJ

ds?= g, dx' dx*, (82,1)

Tlle g;x— HeKoTophle ¢YHKUHUH NPOCTPAHCTBEHHBIX KOOPAMHAT x!, x?%,
X% ¥ BpeMeHHOH KoopiuHaTsl x°. UeThipexmepHas cHCTEMAa KOODAHHAT
X%, x!, x%, x® gBuasiercs, TakuM obpa3soMm, PH NOAL30OBAHHH HEHHEpIIH-
‘aNbHBIMH  CHCTEMAMM * OTCHUETAa KPHBOJHHeHHOH. Beauuusnl g
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onpene/ss Bce CBOCTBA T€OMETPUH B KaXKIol JaHHOH KPHBOJHHEHHO
cHCTEME KOOPAHMHAT, YCTAHABJIUBAIOT, KaK TOBODPAT, MEMPUKY NPOCTPAH-
CTBA-BPEMEHH.

BeJquuHHbl g;; MOMKHO, OUEBHIHO, BCEIlAd CUMTAaTh CHMMETPHUHEIMH
10 HHIEKCAM i Uk (g;n=gr;), NOCKOJDLKY OHH ONPEIEAIOTCA H3 CHM-
meTpuuHOi dopybl (82,1), Kyna g;x M gp; BXOAAT MOMHOXKEHHBIMH Ha
OXHO M TO Xe NpomusseleHue dx‘dx®. B obmewm ciyuae umeercsi, cieno-
paTeqbHO, Bcero 10 pas/iHuHBIX BETUYHH g;,— YeTHIPE € OJHHAKOBBIMH
# 4.3/2=6 c pa3auuHBIMH uHIexcamu. B uHepnuagpHOil cucTeme o7-
cueTa NpHY NOJb30BAHNH AEKAPTOBBIMU MPOCTPAHCTBEHHBIMH KOODIHHA-
TaMH xV%3=X, Yy, 2 U BpeMeHeM X°=c{ BEJWYUHEl g;;, PaBHLI

Goo=1, g11:g22:g33:_1:'gih:0 npu 5=k, (82,2)

CucteMy Koop;mf{ar (4eTEIpeXMEPHYIO) C ITHMH 3HAUEHHSIMH £;; Mbl
Gy/eM HasbiBaTb 2Q.4U1ee60L.

B npeapinyuweM naparpadge OblIO NOKa3aHo, YTO HeHHeplUHAJTbHbLE

" cHCTEMBbI OTCYET2 SKBHBAJIEHTHEl HEKOTOPBIM CHJIOBBIM HOISAM. Mbl BUANM
" Tenepb, YTO B PEJASTHBHCTCKOA MEXaHHKE 3TH I0JIsI ONpelessoTcs Be-
JIHYHHAMH Q.

To xe caMoe OTHOCHTCA U K ¢HCTHHHBIMY TPABHTALLHOHHLIM MGJSIM.

Bcsikoe rpaBUTAIMOHHOE MOJIe IBJASETCS] HEe YeM HHBIM, KaK H3MeHeHHeM
* METPHKH HPOCTPAHCTBa-BPEMEHH, COOTBETCTBEHHO YeMY OHO Ompejessi-
eTCsl BeJIMUUHAMH g;p. JTO BaxkHeHlee OOCTOHTE/NLCTBO O3HAUYEET, UTO
‘TEOMETPHYECKHEe CBOHCTBa NPOCTPAHCTBA-BPEMEHH (€ro MeTpHKaA) onpe-
¢ penstoresl GU3MUECKHMH SBIEHUSMH, a He ABJISIIOTCS HEH3MEHHBIMH CBOJ-
+ CTBAMH HPOCTPAHCTBA M BPEMEHH.

Teopus rpaBUTALMOHHBIX HOJIEH, TOCTPOEHHAS HA OCHOBE TEOPHUH OT-
HOCHTEJILHOCTH, HOCHT HAa3BaHHWE oOujell meopuu OmMHOCUMEAbHOCMIL.
Ona 6b1a co3nana DAHmTEAHOM (H OKOHYATENbHO CHOPMYIHPOBAHA KM
B 1916 r.) u siBasercs, noxaJjyH, caMoll KpacHBOH H3 CYHIECTBYIOUIUX

- pu3HueCcKHX TeopHui. 3ameyaresibHO, 4TO OHa ObLI1a NOCTPOeHA DiH-
¢ IITEHHOM YHCTO ACGAYKTHUBHBLIM NMYTEM M JIHIIb B JaabHeleM Obi1a I0J-
TBepIK/IeHa aCTPOHOMHUECKUMH HaOJIOAEHHSIMH.
. Kax 4 B Hepe/nATHBUCTCKOH MEXaHHKE, MEXKAY HCTHHHBIMUY rpasn—
. TALHOHHBIMH TTOJAMH W MOJSIMHE, KOTODLIM 3KBHBAJICHTHL HEHHEPIUAT b-
“Hble CHCTEeMBI OTCYeTa, HMeeTcsl KopeHHoe oriuvme, [Ipn nepexone x
- HeHHepIMAaJbHOH CHCTeMe oTcueTa KBajparuuHas Qopma HMeeT BHJT
“(82,1), T. e. BeTHUMHBI g;p MOJYUYAIOTC H3 HX TAJHIEEBBIX 3HAUEHHH
- (82,2) npeoGpasoBanueM KOOPAHHAT, a OTOMY OGpaTHBIM IpeobpasoBa-
HHeM MOTYT GLITh CHOBA IPUBEJEHEl BO BCEM IIPOCTPAHCTRE K raju/ieeBbIM
3HayenusM. To, UTO TakoH BHA g;p SBJSETCH JUlL BeCbMa ClelHab-
HEIM, BHJHO y2Ke M3 TOTO, 4TO IPeobpa3oBaHHEM BCEro -IHIb YeThIpeX
koopauHaT Hesb3s, B 0OLIEM c.nyqae NPHBECTH JIECATD BENHIHH gip K
Hanepes safaHHOMY BHAY.

HerunHEoOe TPaBHTALHOHHOE MOJIE HE MOMKET OBITh HCKJIOUEHO HHU-
Kakum mpeoGpasoBanieM KOOpAHHAT. [IPYyruMH CTOBAMH, NIPH HAJHUUH
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I'PABHTALLHOHHOIO 0/l MPOCTPAHCTBO-BPEMS TAKOBO, YTO OMpeAe/Isio-
LIHe ero MEeTPHKY BeJMUYHHBI g;; HUKAKHM NpeofpasoBaHueM KOOpAHHAT
He MOTYT OBbITb NPHBEJEHH BO BCEM IIPOCTPAHCTBE K HX Ta/HJeEeBy
BHAY. Takoe NIpOCTpPaHCTBO-BPeMsi HA3LIBAKOT KpPusbiM B OTJIHUYHE OT
NnA0CK020, B KOTOPOM YKa3aHHOE NpHBEAEHHE BO3MOMKHO.

Hapnexamum npeobGpasoBanyeM KOOPAHHAT MOXKHO, OJHAKO, IMpH-
BECTH g;; K FajIMyieeBOMYy BUAY B J11000# OTAEABHOH TOUKe HerajdjeeBa
NPOCTPAHCTBA-BPEMEHH: 3TO CBOAHTCA K IIPHBEAEHHIO K JHATOHAJILHOMY
BUAY KBaIpaTHYHOH (OpMBI C IOCTOSIHHBIMH KoadduuueHtamu (3xHaye-
HUS g;, B AaHHOH Touke). Takyw cucTeMy KOOpAWHAT Mbl OyAeM Hasbl-
BaTb eaauaeesoil AJst JAHHOH TOUKH !).

3ametum, uTO, OYJyus NPHBEJEHHOH B JAHHOH TOUKE K JAHAroHa/lb-
HOMY BHUJY, MaTpHlla BeJHUYHH g;; HMeeT OJHO IIOJIOKHUTEJbHOE H TPH
OTpHUMATEAbHBIX TVIABHBIX 3HAUEHUS] (COBOKYIIHOCTb 3THX 3HAKOB Ha3bl-
BAIOT cueramypotl Matpuusl). OTcrona cjefyer, B YaCTHOCTH, UTO Onpeje-
JIMTENb g, COCTaBJEHHBIH M3 BeJIHUYMH g;p, B PeaTbHOM IIPOCTpPAHCTBE-
BpeMEHH BCerja OTpHLaTeleH:

g<0. (82,3)

UameHeHHe METPUKH TNPOCTPAHCTBA-BPEMEHH O3HAYaeT TakKXe H
HU3MEHEeHHe YHCTO NPOCTPAHCTBEHHOH MeTpHKH. [anuieeBbiM g;, B 170-
CKOM MPOCTPAHCTBE-BPEMEHH COOTBETCTBYET €BKJIMAOBA T€OMeTPHsA INpo-
cTpaHcTBA. B rpaBUTAIMOHHOM 2Ke IOJIe TeOMeTPHsI MPOCTPAHCTBA CTa-
HOBHUTCS HEEBKJHJOBOK. DTO OTHOCHTCA KaK K KHCTHHHBIM» IPaBHTALHOH -
HBIM NOJISIM, B KOTOPHIX HPOCTPAHCTBO-BPEMSA (HCKPHBJEHO», TAK H K I10-
JISIM, BO3HHKAWOUIHM JIHIIb OT HEMHEPUHATHHOCTH CHCTEMbI OTCYeTa H
COXDaHSIOIHM IIPOCTPAHCTBO-BpEMST TIIOCKHM.

Bomnpoc o npocTpaHCTBEHHOH IeOMETPHH B I'PABHTALLHOHHOM HOJIE
6yner paccmoTpeH Gosiee mopo6uo B § 84. 31ech ke nose3Ho NPUBECTH
HpPOCTOE paccykKAeHUe, HarJIAAHO HLTIOCTPHPYIOllee HEU30eKHOCTh BO3-
HHKHOBEHHS] HEEeBKJUIOBOCTH NPOCTPAHCTBA NpPH MEPeXole K HeuHep-
UHAMBHOH CcHcTeMe oTcueta. PaccMOTPHUM [IBe CHCTEMBI OTCYeTa, M3 -
KOTopbix oAHa (K) uHepuHaibpHa, a gpyras (K') paBHOMepHO Bpalaercs
OTHOCHTEeJNBbHO K BOXKpPYT obuieil ocu z. OKDYXHOCTb B IJIOCKOCTH XY
cHcreMbl K (C IeHTPOM B Hauajle KOOPJAHHAT) MOXKET PACCMaTPHUBATLCA H
KaK OKPYKHOCTB B MJIOCKOCTH X'y’ cucreMbl K’ VaMepsst ITHHY OKpYXK-
HOCTH H ee’lHaMeTp MacluTaGHO JIHHeHKOH B cucreme K, Mbl MOJyuHM
3HAUYEHUS, OTHOLIEHHE KOTOPHIX PABHO 7, B COOTBETCTBHH C €BKAHAOBO-
CTBIO [eOMETPHH B HHEPIIHAJbHOH cucreMe orcueta. [lycth Tenepp H3-
MepeHHe NPOU3BOJMTCS HEMOJBHAKHBIM OTHOCHTeJNBbHO K’ MaciTaboM.

1) Bo usbexkaHnue Heopa3yMeHnil yKaxeM, OJHAKO, yiKe ceHdac, 4To BeiGOpP TAaKOi
CHCTEMEI KOOPJHMHAT He O3HauyaeT elfe HCKIIOYeHHs PaBHTALHOHHOTO TNOJS B CO-
OTBETCTBYIOIEM GeCKOHEeYHO MajioM 3sJeMeHTe 4-o0pema. Takoe = uckaoueHHe,
TOXEe BCerja BO3MOXKHOe B CHJY npnﬂuﬂna 3KBHBAJIEHTHOCTH, O3Ha4aeT HeuTo G0/ib-
wee (cM. § 87).
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Ha6imonast 3a TUM IIPOLIECCOM M3 CHCTEMBL K, Mbl HAHeM, 4To MaciuTad,
NPHJIOKEHHEIH BJIOJB OKPYXKHOCTH, TNpeTeplieBaeT JIOPEHLUEBO COKPa-
nleHHe, 8 PaRHaJibHO NPHJIOKEHHBIH Maciitab ne meHsiercsi. ScHO mos-
TOMY, UTO OTHOIICHHE JUIMHEI OKDYZKHOCTH K €€ IMaMeTpy, MoyueHHoe
B pe3y/bTaTe TAKOIO M3MEPEHHs, OKamercs Gosblue .

B ofuem ciaydae IPOHU3BOJBHOTO IEPEMEHHOrO TPAaBUTAIHOHHOTO
poJisi MeTPHKa MNPOCTPAaHCTBA He TOIbKO HEEBKAHUAOBA, HO ellle U Me-
gseTcsl CO BpeMeHeM. DTO 3HAUUT, YTO MEHSIOTCS CO BPEMEHEM COOTHO-
[EHUS MEKAY Pas3/IHuiHBIMA FreOMeTPHYECKHUMH PacCTOHUAMH. B pesyab-
TaTe B3aNMHOE pacno/ioKeHe BHECEHHbIX B 110Jie «IIPOGHBIX YaCTHIY HH B
KAKOH cHCTeMe KOOPJAHHAT HE MOXKeT OCTaBaThesl HemsMeHHbIM'). Tak,
eC/IM YaCTHIB! PACIIONOMKEHB! BJOJAb KAKOH-MHO0 OKPYKHOCTH U BJAOJb
ee JIHAMETPA, TO IOCKOJbKY OTHOLIEHHE AJHHB OKPYXKHOCTH K JIJIHHE
JIHaMETpa He PABHO T U MEHSIETCS CO BpeMeHeM, SICHO, UTO eC/IH PaccTost-
HHSI YACTHI[ BOJb JHAMETPA OCTAIOTCS HEHSMEHHBLIMH, TO JOJIKHBI H3Me-
HATBCST PACCTOSIHUA BROJb OKPYAKHOCTH, H Haobopot. Takum obpasom, B
ofiell TeOpHH OTHOCHTENbHOCTH, BOOOLIE FOBOPSI, HEBO3MOMKHA B3aMM-
Hasl HEMOABHXKHOCTb CHCTEMBHL Tesl. :

3710 06CTOATENBCTBO CYLIECTBEHHO MEHSIET CAMO MOHATHE CHCTEMBI OT-
cueTa B o6uIeil TEOPHU OTHOCHTEIBHOCTH 110 CPABHEHHIO C TEM CMBICJIOM,
KOTOPBIH OHO HMEJO B Clielua/JbHOH TeopuH. B nocienHe#d moJ cucre-
MO OTCYeTa MOHHUMaJach COBOKYITHOCTh MOKOSIIUXCSA APYT OTHOCHTENb-
HO JIpyTa, HeH3MEHHEIM 06pa3oM B3aUMHO PaclioNoKeHHLIX Tea. [IpH Ha-
_ JIWUHH M€PEMEHHOIO I'DABHTALHOHHOTO MOJS TAKUX CHCTEM TeJ He Cy-
IEeCTBYET H JIJIsl TOUHOTO ONpe/ieleHNs TIOM0XKEeHHs YACTHIB! B IPOCTPaH-
cTBe HeOGXOAHMO, CTPOTO FOBOpPSI, HMETh COBOKYIHOCTh OECKOHEUHOTO
‘UHC/Ja TeJs, 3amoJHSIONIMX BCE MPOCTPAHCTBO, HaloA00HE HEKOTOpPOMH
«cpenwi». Takast cUCTeMa Tesl BMECTe CO CBSI3AHHBIMH C KAXJABIM U3 HHX
NPOU3BOJNLHEIM 00pa3oM HAYLIMUMH YacaMH W SIBJISIETCH CHCTEMOH OT-
cuera B oOuIeii TEOPUH OTHOCHTEJbHOCTH.

B cBs131 ¢ POH3BOJIBHOCTBIO BEIGOPA CUCTEMBI OTCUETA 3aKOHBI NPH-
POIBI JOJKHBI 3AMTHCHIBATECA B OOLEH TEOPHH OTHOCHTEJLHOCTH B BHJE,
(hopMasILHO TPUTOAHOM B JIIOOOH uYeThIpeXMEpPHOH cHCTeMe KOOpJHHAT
(B1H, Kax roBOPAT, B KOBAPUAHMHOM BHIE). IT0 06CTOSITENbCTBO, O1-
HaKo, pasyMeercst He oO3HadaeT (U3HYECKOH SKBUBAJEHTHOCTH BCEX
ITHX CHCTeM OTCYeTa (MOJOGHOH (DU3HYECKOH SKBUBAIEHTHOCTH BCEX
MHEPLHANBHBEIX CHCTeM OTCUETa B CIELHAJBHOM Teoppm) Hanporus,
KOHKPeTHHI BUJ GU3UUECKUX SIBJIEHUH, B TOM YHCJIe CBOHCTBA ABHXKEHHS
TeJI, BO BCEX CHCTEMAax OTCUeTa CTAHOBHUTCS Pas3aHUHBIM.

1} Crporo rosops, UHCIO 4acTHI AOMKHO Gbith Gosblie ueThipex. [TockoabKy u3
BCAKHX LIECTH OTPe3KOB MOXHO NOCTPOHTH YETHIPEXTPAaHHHK, TO JO/IKHBIM ONpefese-
HHEM CHCTEMEHI OTCUeTa BCEria MOMXHO HOGHTBLCS TOTO, YTOGHI CHCTEMA YeThIPeX UaCTHIL
06pasoBriBasia B Hell HeM3MEHHBIA UeTHIPeXrPaHHHK. TeM Gosee, MOKHO ONPeAETUTh
BaaHMnyo HENOJBMKHOCTb B CHCTEMax TPex WJIH ABYX YacTHIL.
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§ 83. KpusoauHeiinble KOOPAMHATHI

IlockoabKY NpH H3YUEHHH TDABUTALHOHHBIX TOJEH NPHXOLUTCH
paccMarpuBaTh fIBJIEHHSI B MPOH3BOJBHBIX CHCTEMAaxX OTCUETA, TO BO3-
HHKaeT HeoOGXOAMMOCTb Pa3BHTh YETBIPEXMEPHVIO IeoMeTPHIO B dopwme,
NPUroAHOH B MPOH3BOJLHBIX KOOPAHHATAX. DTOMY IOCBSUIEHH §§ 83,
85, 86.

Paccmorpum npeoSpaszoBanye 04HON CHCTEMBI KOOpﬂI/IHaT x° xt, x2, 3
B Apyryio x'°, x't, x'2, x's:

xi=fi(x'0, x'1, x'2, x'3),

rae f'— Hekoropbie ¢yHkuuu. IIpu npeoGpasoBaHdM KOOPAMHAT HX
un@@epeﬂunanm npeo6pa3yforca COrJIacHO dopmyaam
l

dx! = 5= dx'*, (83,1)

Koumpasapuanmueim 4-6eKmopom Ha3HIBAETCA BCAKAsT COBOKYI-
HOCTH YeThIpeX BesquuuH A, KOTOpble NPH NPeoGpa30BAHHH KOOPAHHAT
npeodpasviotess Kak MX AudbepeHnHa b

Al axl Alk. (83’2)

ax’k

[TycTs @ — HekoTOpHIA cKasp. [IpousBoxusle 0¢/0x npu npeobpa-
30BaHHK KOOPAMHAT Npeobpasyiorcst coryiacHo (opmyJam
Op __ Op Ox'% (83,3)

dxt  ox'k oxl’

orauunbiM ot dopmya (83,2). Kosapuanmmuoim 4-g8ekmopom HasbIBaeTcs
BCAKasl COBOKYIHOCTb YeTHIPEX BeIHUHH A;, KOTOpHE NpH TpeoGpaso-
BaHUH KOOPAMHAT MpeoOpasyloTCs KakK IIPOH3BOJHBIE OT CKaJspa:

A, =% 4 (83,4)

AnanoruyHeiM o6pasoM ompefiedisiioTcsl 4-TeH30Pbl PA3JHYHBIX DPan-
ros. Tak, KoHTpaBapuaHTHHM 4-reH3opoM 2-ro panra A’ paswiBaercs
COBOKYIIHOCTH 16 BeTHUHH, MpeoGpa3yioluXcs KaK IPOU3BENEHHS ABY X
KOHTPaBapHAHTHBIX BEKTOPOB, T. €. MO 3aKOHY _

; oxt oxk
A== —_ Q'im_ (83,5)

ox't dx'm

.KosapuauTtHpifl TeHsop 2-ro pasra A;, npeoGpasyercsl 10 3aKOHY

. Ox’tgy'm
iR 5T ok Cms (83,6)
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a cmewanHbl 4-tensop A’ — mno dopmynam
i Oxl ox'm
A 2 =5 o Alme (83,7)
JlauHble OTpeleaeHHsT ABJASIOTCA e€CTeCTBEHHBIM o0obuieHHeM onpe-
peneHnil 4-BeKTOPOB H 4-TEH30POB B rajujeeBblX KoopiuHarax (§ 6),
COTJIACHO KOTOPHIM Iu(depenHiuassi dx’ TOXE COCTABJAAIOT KOHTpaBa-
pHAHTHBIN, a NPOM3BOAHbIE O¢/0x’— KoBapHaHTHHIHA 4-BexkTop ).
[IpaBusa o6pasoBaHusl 4-TeH30pOB IyTeM NEPEMHOXKEHHS HJH YIIPO-
[meHHs MMPOU3BeleHUH APYrux 4-TeH30pOB OCTAIOTCH B KPUBOJHHEHHBIX
KOOPJMHATAX TEMH 2Ke, YTO U B rajiujeeBblX KOODAHHATAX. Jlerko, Ha-
npumMep, yOeIuThCS B TOM, YTO B CHUJy 3aKOHOB NpeoOpasoBanus (83,2)
u (83,4) ckansipHOe TIpou3BefeHHe JABYX 4-BeKTOpoB A‘B; NeficTBUTEIbHO
HHBAPHAHTHO: '
R 1 ‘m ‘m
AR, =22 %" qup: " gup . 4B,
Ox't oxt ox't

Onpenesenue efuHHYHOTO 4-TeHsopa Of mpu repexole K KPHBOJH-
HeHHEIM KOODAHMHATAM He MEHseTcs: ero KOMIOHeHTH cHoBa 6 =0 npu
i==k, a npu i=£k paBuul 1. Ecau A%— 4-gektop, TO NpPH YMHOXKEHHU

na 6/ Mbl MOTyyHM: ‘
ARG, = A,

T. €. CHOBA 4-BEKTOp; 5THM H JOKA3BIBAeTCsi, uTo O} SBJISETCS TEH30POM.
Keajpar snementa AJIMHBI B KPHBOJIMHEHHBIX KOODAHHATaX €CThb
KpajpaTnyHass ¢opma AuddepeHuuanos dx’:
*

ds*=g,,dx*dx*, (83,8)

rie g;,— (GYHKUMH KOODJHHAT; g;, CHMMETPHYHBI [0 HHJEKcaM i H k:
8ir= &xri- . (83,9)

Ilockonbky mnpousBefieHHe (yIpOIIEHHOE) g;; HAa KOHTPAaBapHAHT-
HBIf TeH30p dx’dx® ecTb CKaNsAp, TO g;; COCTAB/SIOT KOBAPHAHTHBI TeH-
30P; OH HAa3bIBACTCH MEMPUHECKUM MEH30POM.

JIBa Tteusopa A;, u B wasniBaoTcsi 06paTHBIMH APYT APYTY, €c/n

B wacThocTH, KOHTpaBapHaHTHBIM METPHUECKHM TeH30pOM g’ Hasbisa-
€TCA TeH30D, oOpaTHBIA T€H30DY Zix, T. €.

gagh =0 (83,10)

1) Ho B To BpeMs Kak B raJuJieepoii CHCTeMe CAMH KOODAMHATHL x¥ (@ He TOMBLKO HX
anddepenunae) Toxe COCTABJIAKT 4-BEKTOP, B KPHBOJHMHEHHBIX KOOPAMHATaX 3TO,
pasymeercs, . He HMeeT MecCTa.
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Onna u Ta e BeKTOpHas (U3HMyecKas BeJHUHHA MOXeT ObITb npej-
CTaB/ieHa KaK B KOHTPa-, TaK M B KOBADHAHTHHIX KoMmmoHeHTax. Oue-
BHAHO, 9YTO €JHHCTBEHHBLIMH BeJHYHHAMH, KOTOPhHIE MOTYT OIpe-
JeJSTh CBA3h MEXAY TeMH H JPYyTHMH, ABJSIOTCA KOMIIOHEHTHI METpH-
gecKoro Tensopa. Takas cBsisb Jaercsi ¢opMyJamMH

Al=gitA, A= g, A" (83,11)

B ranunieeBoif cHCTeMe KOOPZHHAT METPHYECKHH TEH30p HMEET KOM-
TIOHEHTHI:

. (83,12)

0 0

, 0 0
(0) — ik(0)

8ir g 1 0

0 1

0
1
0
0

SO O -~

ITpu stom dopmyasi (83,11) nator u3BectHyw cB3p A°=A4,, AV'¥3=

__Alv2’3
Cka3aHHOe OTHOCHTCS M K TeH3opaM. [lepexol Mexay pasiuuHbIMH

¢opMaMH OJHOTO ¥ TOro xe (U3HYECKOro TEeH30pa COBepluaercd ¢
TIOMOIIbIO METPHUYECKOTO TeH30pa no Qopmysam

Aik = g”AIkr Atk = g”gkmAlm

H T I

B §6 Oww1 onpezeneH (B ranau/ieeBod cHcTeMe KoopmmaT) coBep-
IIEHHO aHTncnmmeTquHbm eMHUYHBIH NCEBJIOTEH30D ekt=_ TIpeo6pa-
3yeM ero K Npou3BOJIbHON KPHBOJIHHEHHOH CHCTeMe KOOPAHHAT, MPHYeM
oBosHauuM ero Temnepb uepes E”. OfosHaueHue ke e*™ coxpaHum
IJIs1 BeJMYMH, ONpEeAe/eHHBIX MO-NpeXHeMYy N0 3HaueHHIo e"¥¥=1 (uan
ep12a=—1). . .

Ilyctb x'— ranu/eeBsl, a X'— INPOU3BOJIbHBIE KPHUBOJIHHEHHbBIE KO-
opauHartel. CorziacHo oOIHM INpaBHJaM INpeo6pa3oBaHHS TEH30pOB,
nMeeM:

- HJIH
Eikim — J‘etklm,

rae J — ompexenuTesb, COCTaBJIEHHbIH H3 NPOH3BOAHBIX Ox'/dx'P, T. e.
HE YTO HHOe, KaK SIKOGHAH Npeo6pa3oBaHHUst OT FaH/IEEBBIX KOOPAUHAT

1) Besge, rie npd NpoBeIeHHH aHAJOTHH MBI HOJAB3YEMCA FaNMJCEBOR CHCTEMOR
KOOPJHHAT, HaJI0 UIMeTb B BHAY, YTO TAKYIO CHUCTEMY MOXHO BLIGPATh TOJHLKO B T/IOCKOM
4-npoctpanctee. B ciyuae ke kpuBoro 4-npoctpaHcTBa Hajo 6blI0 Ghl TOBOPHTH O
cHCTeMe KOODJAMHAT, rajujeeBofl B JaHHOM - GeCKOHEUHO MaJiOM 3JeMeHTe 4-06bema,
KOTOPYIO BCEria MOXKHO BbIGpaTh. Bce BHIBOAH OT 3TOr0 YTOUHEHHA He MEHSIOTCA.
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K KPHBOJHHCHAHbLIM:
d(x°, x1, x2, x3)
o (x'0, x"1, x2 x3)°

J =
DT10T AKOOMAH MOXKHO BLIDA3HTb uYepe3 ONpeJAeNHTe]b METPHYECKOro
TeH3opa g, (B cHcreme xf). Hasi aroro nuimem dopmyay npeoGpasosa-
HHSI METPHYECKOro TeH3opa:
i oxt dxk ol m(0)
ox't ax'm°
H NPHPABHHBAEM OIpPENeUTE]H, COCTABJEHHbIE H3 BETHYHH, CTOSIUIHX

B 06€HX CTOPOHAX 3TOro papeHcTBa. Onpefennresns 06paTHOrO TeH30pa
lg*|=1/g. Onpenenurens ke [gi»® |=—1. Ilosromy umeem 1/g=
=—J?% oTKyna J=1/y —g.

Takum o0pa3oM, B KPHBOJUHEHHLIX KOOPAUHATAX AHTHCHMMETpHY-
HBIJ €MHHUYHLIA TeH30p 4-ro paHra JoJikeH ObITh onpefiefeH Kak

Eikim 1 —plklm, (83'13)
—£
OHYCKaHHe HUHACKCOB Y 3TOr'0 TCH30pa OCYLECTBAACTCH ¢ HNOMOUBIO
¢hopMy Bl
epmtgipgkrglsgmt = —8Cim»

TaK 49TO €ro KoBapHaHTHbleé KOMIIOHEHTDLI
Eiklm = V_geik!m' (83, 14)

B ranuseeBoil cucreMe KOOpAHMHAT X' MHTErpaj OT CKaasipa Io
dQ’ =dx'°dx'tdx'*dx’® Toxe ecTb cKaJjfp, T.e. ajieMeHT df)’ Bener
ceOst IpH HHTerpHpoBaHUH Kak ckKaisp (§ 6). Ilpn npeoGpasoBanuu
K KPUBOJIMHEHHBIM KOODAHHATAM X' 3/IeMeHT HHTerpHpoBaHHA dQ’
IepexojHT B ‘

dQ’a-}dQ:l/v——ng.

Takum o6pa3oM, B KpHBOJIHHEHHBIX KOOPAMHATAX NPH HHTErPHPOBAHUH
no 4-o6beMy BefeT ce6s KaK HHBAapHAaHT npouspeleHne ) —gdQY).

1) Ecan (p——-cxa.'mp, To Benuunsy YV —g @, AAIOULYIO TIPH HHTErPHPOBAHHH
no df? WHBADHAHT, HHOTHA HAa3bIBAIOT CKAAAPHOL NAGMHOCM6W. AHANOTHYHO ro-

BOPST O sexmopwoti W mensoprod naomwuocmax V —g Al YV —gAik wu.t. a.
OTu Be/MUHHBI JAIOT BEKTOP MJIM TEH30D. MPHM YMHOXMEHHH Ha.9JeMeHT 4-o0beMa dQ

(auTerpan xe SA‘ ¥ =gdQ no. koHeuHoii 06JacTH, BOOGIIE FOBODS, HE MOXeT

OLITb BEeKTODOM, TaK Kak 3axom>x npeoGpasosanns BekTopa Al B pasﬂmx TOUKAX
00/acTH pa3/iMuHbL), '
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Bce ckazaHHoe B KoHLE § 6 OTHOCHTEJBHO -37€MEHTQB MHTErPHpO-
BaHHS N0 T'HICPNIOBEPXHOCTH, NOBEPXHOCTH H JUHHH OCTAeTCA B CHJE
W B KDHBOJHHEHHBIX KOODJAMHATAX, C TeM TOJLKO OTJIMYHEM, UTO
HECKOJILKO MEHAETCS OnpejieieHue 1yaabHbIX TEH30POB. DJIEeMeHT «III0-
I&AKH» TUNEPIOBEPXHOCTH, NOCTPOEHHBLIH Ha TpeX GeCKOHeUHO MajbixX
CMEIICHKAX, €CTh KOHTPABapHAHTHBIA aHTHCHMMETDHUHLIH TeHsop dS#;
JyalbHBI €My  BEKTOp MOJyyaeTcsi HPH yMHOXKEHHH Ha TEH30p

V—geiklm, T. €. paBeH
YV "gdS,= — e, dStm ) g (83,15)
{ 6 Cikim™

Ananoruuto, ecan df* ecrb sjeMeHT TOBePXHOCTH (IABYXMepHOI),
TIOCTPOEHHBIA Ha ABYX GECKOHEYHO MasblX CMelleHHsX, TO AyaJbHbBIH
eMy TeH30p onpefejasiercs Kak')

szdf?kZ%V:E Cipim A" (83,16)

Mer ocrasasieM 3fiech ofosnauenust dS; 1 df* 5, KaK U npexne, CooT-

1

1
BETCTBEHHO VISl - gy ASH™ W 5 €15, dft™ (a He JIst MX npousBesie-

nuit Ha J —g); npaBmna (6,14—19) 115 npeoGpasoBaHus PasqHUHBIX
HHTErpajoB APYT B APYTa OCTAIOTCS TOTAA TEMH 2K€ CaMbiMH, HOCKOIbKY
UX BBIBOJX HMeeT (pOpMaJEHBIH XapakTep, He CBSI3aHHHIH C TEH30DHEIMH
CBOHCTBaMH COOTBETCTBYIOIIHMX BeJHUHH. M3 HHX Ham B ocoGeHHOCTH
NOHANOOHTCS MPaBHIO TpeoOpa3oBaHHs MHTErpasa Mo THIEPNoBepX-
HOCTH B HHTerpaj 1o 4-o6wemy (Teopema r aycca) OCYLIECTBAAIOUIErOCH
3aMeHOH

dSl. —do 2. (83,17)
(}xl .

§ 84. PaccrosHus M NpOMEXYTKH BPeMeHH

Mp1 y:ke roBopuJiH, 4TO B OOlieH TeOpHH OTHOCHTENLHOCTH BHIGOD
CHCTeMBI OTCYUeTa HUYeM He OrPaHHUYEH; TPeMsi POCTPAHCTBEHHBIMH KO-
opauMHAaTamu X', x2, x® MOTYT §IBSITbCS J1IOOBlE BENMUMHBI, ONpPENe/Isiio-
UiMe pacno/oXKeHue Tes B INPOCTPAHCTBE, @ BpEeMEHHAs KOOpAWHAaTa x°

1) Tlonpasymesaetcsi, 4To amementsi dSE™ u df*® noctpoensr ne Geckowneuno ma-
anM cmetiennam dxf, dx'f, dx"' TakuM ke 06pa3oM, KAK OHM GbUIH OTpElENeHsl B
§ 6, KaKkoB 6bl HH GObT PEOMETPHUECKHE CMBICH KoOpAHHaT xi. Torma ocraerca B cHae
W UpexHUE GOPMANBHEE CMEICT 3JementoB dS;, dfi,. B uacTHOCTH, no-npemHeMy
dSy=dxtdx*dx*=dV. Mel'coxpanuM B Ja/bHeilleM NpexHee oGosnauenue dV gas npo-
n3pefieHusl AudpepeHUHasos TPeX MNPOCTPAHCTBEHHHLIX KOODAMHAT; HANO0, ORHAKO,
MOMHHTH, UTO 3JIEMEHT TIeOMeTPHUECKOro NPOCTPAHCTREHHOrO ofbeMa JaeTcs B KPH-
BOJIMHEHHbIX KOODIMHATAX He camuMm dV, a npousBeleHueM ]/y dV, rne y — omnpege-
JIHTeJIb NPOCTPAHCTBEHHOrO METPHUECKOTO TeH3opa (KoTopelil GyjeT onpelened B clle-
AymwoleM - naparpade). R
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MOXKET ONpeJeNIAThCA NPOU3BOJLHO HAYIIHME yacaMH. BosHukaer Bo-
IPOC O TOM, KAKUM 00Pa30M MO 3HAUEHHSIM BEJHYHH X°, X1, X2, X3 MOKHO
ONPE/Ie/INTh MCTHHHLIC PAaCCTOAHHS M NPOMENKYTKH BPEMEHH.

OnpenenuM cHayaja CBA3b HCTHHHOIO BPEMEHH, KOTOPOe Mbl Gynem
HHXKe 0003HayaTh IIOCPEACTBOM T, C KoopAauHaroi x°. Has storo pac-
CMOTPHM JBa OeCKOHEYHO 6/IH3KHX COOBITHS, NPOUCXOAALUIHX B OLHOMN
1 TOH ke TouKe NpocTpaHcTBa. Torna uuTepBad ds? MEXIY STHMH ABYMS
COOBITHSIMH €CTb HE YTO HHOe, KaK ¢dT, Tae dt — NPOMEKYTOK BPEMEHH
(ucTHHHOTO) MexXAy oboumH coGuitusiMd. [lonarast dx'=dx*=dx*=0
B o0lieM BLIPAXEHHH ds®=gdx'dx®, HaxonuM, CJelOBaTe]bHO,

ds*=c*dr?*=g,,(dx")?,
OTKyJa

dv =V g, dx, (84,1)

HJIU JJ151 BpeMeHU MexKAy JIOOBIMH ABYMS COORITHSMU B OJHOK H TOH XKe
TOYKE HPOCTPAHCTBA

T=— g V g dx®. , (84,2)

OTH COOTHOMIEHUS H ONPEAeSIIOT HPOMEXKYTKH UCTHHHOTO BPEMEHH
(UM, Kak TOBOPAT, COOCMBEHHO20 epemeru IJa JaHHOH TOUKH IPOCT-
PAHCTBA) N0 H3MEHEHHIO KOOPAHHATH x°. 3aMETHM TaK:Ke, UTO BEJTHYHHA
g0, KaK BHIHO H3 MPHUBEAECHHBIX (GOpMYJ, NOJOKHUTENbHA:

goo =>0. (84.3)

Heo6Xx0Q1MO NOAYEPKHYTh PasHULY MEXKIY CMBICAOM yciaosus (84,3)
H CMBIC/IOM YCJOBUSL 00 onpeflefeHHOH CHrHatype (3HaKax IVIaBHBIX
3HaueHwui) teHsopa g, (§ 82). Tensop g;r, He yIOBJETBOPSAIOUHH BTO-
pOMYy H3 STHX YCJIOBHH, BOOOLIE He MOMKET COOTBETCTBOBATb KaKOMy
661 TO HH OBLIO PealbHOMY TDaBHTALMOHHOMY IOMIO, T. €. MeTPHKe
peabHOro HpocTpaHcTBa-BpeMelu. Heprimosnnenue xe ycaosusa (84,3)
03Haya/sio Gbl JHLIb, YTO COOTBETCTBYIOIIAs CHCTEMA OTCYETAa HE MOXKET
ObITh OCYIIECTBJEHA peajbHbHIMM TeTaMH; €CJAH YCJIOBHE O IJIaBHBIX
3HAYEHHSIX IIPH ITOM BHIIOJHSAETCS, TO HAaJEXKAIHMM peobpa3oBaHHEM
KOODAHHAT MOXKHO JMOOHTBCA TOro, 4TO g,, CTaHeT MOJOXHTE/]bHBIM
(mpumep mMoAoGHOH cucTeMb! mpencras/asieT cofoil Bpawjawiasics cucre-
Ma KoopAmHat — cM. § 89).
~ OmnpenenuM Tenepb 5/eMeHT dl NPOCTPAHCTBEHHOrO PAaCCTOAHHA.
‘B crneunanbHoil TeODHH OTHOCHTEJBHOCTH MOXKHO onpefensaTtbh dl kak
WHTEpPBa/Jd MeXKAY AByMs GeCKOHeyHO OJH3KHMH COOBITHSIMH, MPOHCXO-
JAUIHMH B OIHH H TOT Ke MOMEHT BpemeHH. B ofuell TeopHH OTHOCH-
TEABHOCTH 3TOTO, BOOGILE FOBOPs, YKe HeNb3sd CAeAarb, T. €. Hesb3s
onpenenuts di, npocro nosoxup dx®=0 B ds. 10 CBA3AHO € TEM, 4TO B
rpaBUTANMOHHOM IoJie cOGCTBEHHOE BPeMsl B Pa3HBIX TOYKAX NPOCTPAH-
CTBa pa3/iHYHHIM 0Gpa3oM CBfi3aHO C KOOPJHHATOR X°.
* Jnas onpenenenus d! noctynuam Tenepb CJeAyiOIHM oGpasoM.
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Ilycte ¥3 HEKOTOpOIH TOYKH B mpocTpaHCTBA (C KOOPAHHATAMH
x*+dx%) oTnpaBisieTcsi CBETOBOH CUTHAJ B 6eCKOHEYHO OJIH3KYIO K Hel
Touky A (c KoopaMHATamMu X%), a 3areM cpasy o6parHO IO TOMY XKe
nytu. Heob6xonumoe 17151 3T0T0 BpeMst (OTCUHTHIBAEMOE B ONHOH M TOH ke
Touke B), yMHOXKEHHOE Ha ¢, eCTh, OYEBHAHO, YIBOEHHOE DAacCTOSHHUE
MeXIy O0eHMH TOUKAMH.

HanumeM uHTepBat, BbIENHB IPOCTPAHCTBEHHBIE H BPEMEHHYIO
KOOPJHHATHI:

ds* =g, dx* dxf - 2g, . dx°dx* - g,, (dx°)?, (84,4)
r7ie, Kak OOBIYHO, 1O JBAXABI [OBTOPSIIOMIMMCS TpPeyecKHM HHAeKcaM
noxpasyMeBaeTcss CyMMMpoBaHuWe mo 3HauenuaM 1, 2, 3. Murepsan
MeXLY COGRITHAMH, ABAAIOUIMMHCT YXOJOM M NPHXOJIOM CHI'HAJNa H3 Of-
Hofl TOYUKH B ADYTYlO, paBeH HyJ/0. Pewas ypabheHHe ds*=( oTHOCH-
TeJbHO dx°, Ha#JeM ABAa KOPHSI:

1 =
dx*w =§(;; (—g()adxa'_]/(guagog'_ga@goo) dx® dxf’),

(84,5)

1 3
de® @ = = (—gy, A%* + V (0,8oy— 8ugfuo) d5° A7),

OTBEYAIOUIUX PACIPOCTPAHEHHIO CHI'HANA B ABYX HANPaBJICHHAX MEXKLY
A u B. Eci x° eCcTe MOMEHT IPUOHITHS CUTHAJIA B A, TO MOMEHTHI €TI0
OTHpaBieHHsT U3 B W o6paTHOro BO3BpalieHHs

; 20:gz0@ B B OYIYT COOTBETCTBEHHO x°+dx°W m x°-]-dx*®,

/"' Ha cxemaTuyeckom puc. 18 cuonidkle npsMple—

o MHPOBBIE JIHHHHW, COOTBETCTBYIOUIHE 3aIaHHBIM

R SN KOOpAHHATaM X* U Xx°+dx*, a NyHKTHpP — MH-

Tz%dz®?  popele MUHMM CUrHaMOB 1). SIcHO, YTO NOJHBIN

IIPOMEKYTOK «BPEMEHH» MEXKAY OTIIPaBJEeHHEM

A 8 Y BO3BpAllleHKeM CHTHAJA B TY XK€ TOUKY paBeH
Puc.18.

dx® @ —dx® W = ;7) V (gOagOg—gaGgOO) dx* dx?.

CooTBeTCTBYIOUMH IPOMEKYTOK HCTHHHOrO BpeMeHH IOJydaeTcs
orciona cornacHo (84,1) ymHoxenueM Ha V g../c, a paccrosmue di
MexJy o0eMMH TOYKaMH—ellile YMHOXKeHHeM Ha ¢/2. B -pesysbrare
HAXOJ[UM:

2 __ [ ng(ngB " 8
dl _( Gap) ™ )dx dx®,

ATo M eCTb HCKOMOE BbipaKeHHe, ONpeNesIonee paccTosHUe
yepe3 3JEMEHTH IPOCTPAHCTBEHHBIX KoopauHar. Ilepenmmem ero

1} Ha puc. 18 npefnonoxero, uro dx*® > 0, dx®® < 0, aro, ogHako, HeoGR3aTEIH-
HO! dx®® ¥ dx®® MOryT OKasaTbCsi U OJiHOTO 3HaKa. ToT ¢axT, YTO B TaKOM Cilyuae
spavenne x° (A) B MOMeHT NpPHXOZia cHrHaia B A MorJyio Gbl OKa3aThCs MEHBUINM 3Ha-
yenus x° (B) B MOMeHT ero BRIXOAA B3 B, He 3akmouaer B ceGe HUKaKOro IPOTHBOPEUH,
NIOCKOJIBKY XOJ YacoB B Pa3JIMYHBIX TOUKax NMPOCTPAHCTBA He NpeAnoJiaraercss KaKnM-
J160 cnocoGoM CHHXPOHH3OBaHHBIM. .
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B BHIAEC
dl? =vy,adx=dx?, (84,6)
rae
Zoa8
— gt (84,7)

ecTb TPeXMEePHBIH METPHYECKHE TeH30p, OnpeiessioiHi METPHKY, T. €.
reoMeTpHuecKHe CBoicTBa npocrpaucrBa. CooTHomeHusmMu (84,7) ycra-
HABJIMBAETCA CBA3b MCKAY METPUKOH peasbHOro NPOCTPAHCTBA U MeT-
PHUKOH YeTHIPEXMEPHOrO0 NPOCTPAHCTBA-BPEMEHHU ).

Heo6x01HM0, 01HaKO, MOMHHUTB, UYTO g, 3aBHCAT, BOOOIE roBops,
OT X°, TaK YTO U NPOCTPAHCTBeHHAs MeTpHKa (84,6) MeHsieTcs1 Co Bpeme-
uem. Ilo sTOft mpuYMHE He HMeeT cMbICja HHTEIPHpoOBaTh dl — TaKoi
pHTerpa’ 3aBuces Gbl OT TOrO, MO KAKOH MHPOBOH JHHUH MEXAY ABYyMs
3aJaHHbIMH TPOCTPAHCTBEHHBIMM TOUYKaMM OH Opasca. Takum obpa-
30M, B OOLIEH TEOPHH OTHOCHTEJIBLHOCTH TepsieT, BOOOIIe FOBOPS, CMBIC/
noHsiTHE 00 ONpele/eHHOM PacCTOSIHUM MEXKAY TeJaMM, OCTalolieecsl B
cuJe Julib B 6eCKOHeYuHo MasjoM. ENUHCTBEHHBEIM CayuaeM, KorAa pac-
CTOsIHHE MOXeT ObiThb ONpefe/ieH0 H B KOHEYHRIX 06/acTaX IpoCT-
paHCTBa, SIBJASAIOTCA TAKHe CHCTEMBI OTCYETa, B KOTOPHIX g, He 3aBHCAT

OT BpPeMeHH, H MOTOMY HHTErpaJj Sdl BJA0JIb IPOCTPAHCTBEHHOH KPUBOH

HMeeT ompefeseHHbIA CMBICI.

ITonesno 3amMeTHTD, YTO TEH30P — Y, 4 SABJISETCS TEH30POM, OOPATHBIM
KOHTPAaBapHAHTHOMY TpeXMEpPHOMY Teﬂsopy g°8. JelicTBuTeNIbHO, pac-
NHCAB B KOMIIOHEHTAaX paBeHCTBO gifgy, =6, umeem:

ga@ggy +ga0go*{ = 6{.",
g8 + 8800 =0, (84,8)
8%850 1880 = 1.
Onpeuemzia g*° U3 BTOPOro paBEHCTBA H NOACTAaBHB B MepBoe, IO-
JAYyYHUM:
_gaSYBT:_,_ 6%»

1) Ksapparuunas dopma (84,6) nosmkua GulTh CyIECTBEHHO IIOJIOXKHTENLHOH.
Jas storo ee KoahdHUHEHTH ROMAKHBI, KaK H3BeCTHO, YHOBJETBOPATb YCJOBHAM

Yu Yiz Vis
Y >0, Va1 ¥ ’>0, Y21 Vez Vas| > 0.
2L rz2 Y31 Vsz Va3 '
Buipakas y;p uepe3 g, JIerKo HaiifleM, YTO STH YCJOBHS NPHHHMAIOT BHE

&oo o1 Koz

Eoo Bor| < 9, 8o &1 &1z >0, g<0.

&10 11

820 821 822

Arum ycnosuaM BMecte ¢ yegosreM (84,3) JOJ/KHB! YHOBJIETBOPATH KOMIIOHEHTHI
MeTPHYEeCKOTO TEH30pa BO BCAKOA CHCTEME OTCYeTa, KOTOpas MOXET ObTh ocy-
MeCTBJIeHa C NOMOLIBIO PeaNbHBIX TeJ, ] .
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4TO M TPe6OoBajJOoCh 0KA3aTh. ITOT PE3yJbTaT MOKHO cmbopmynupoaam
HHaue, CKasas, YTO BEJHMUHMHBI — g% COCTaBJAIOT KOHTPABAPHAHTHBI
TPEeXMepHBIH MeTPHUeCKHH TeH30p; OTBevawinuii Merpuke (84,6):

= —g, | (84,9)

VYKaxkeM TakKiKe, UTO ONpENETHTeJNN g H Y, COCTaBJEHHBIE COOTBET-
CTBEHHO H3 BE/UUHH g3 H V,; CBA3AHBI APYT C APYTOM IPOCTHIM COOT-

HOUleHHEM:
—g=gu 7 (84,10)

B psage panpHeHmHX NpHMeHeHHH HaMm OyleT YAOGHBIM BBOAHTD
TpeXMepHBEIl BEKTOD g, KOBADHAHTHBlE KOMIIOHEHTBI KOTOPOIO ompeje-
JSIIOTCH  KaK

go=—2, (84,11)

Lo
PaccmatpuBas g Kak BEKTOP B IIPOCTpPaHCTBE ¢ MeTPHKoil (84,6), mu
JOMKHBE  ONpPENeJNHTh €ro KOHTPaBapHAHTHbIE KOMIOHEHTHl Kak
g‘*:y“pga. C nomomgsio (84,9) m BTOporo us papencTB (84,8) Jerxo

BHJIETb, UTO _
g =1"g,= —g" (84,12)

OrsmetiiM Takke GOpMyay : .
1

00 _
g - Zoo gag ’ (84,13)

ClelyIOULYI0 H3 TpeThero u3 paseHcTB (84,8).

Ilepefizem Teneps K onpejesieHHI0 NOHATHSA ONLHOBPEMEHHOCTH B 00-
el TEOPUH OTHOCHTEJNLHOCTU. J[pyrumu cjoBaMH, BBISCHUM BONPOC O
BO3MOXKHOCTH CHHXPOHH3AIHH YacoB, HaXOAAIMUXCS B PA3HHIX TOUKAX
NPOCTPAHCTBA, T. €. NPHBEICHHsA B COOTBETCTBHE APYT C APYTOM NOKa-
3aHuil STHX YacoB.

Taxas cuHXpoHH3auusl AojkHa OHIThH, OYEBHAHO, ocymeCTBJera c
MOMOLIBI0 O6MEHA CBETOBBIMU CHI'HAJaMH MeXIy ofeumu Toukamu. Pac-
CMOTPHMM CHOBa TIPOLECC PAaClIPOCTPAHEHHS] CUTHAIOB. MEXAY JABYMs
6eckoHeyHo Giu3kuMu ToukamMH A W B, n3o0paxkeHHBBIA Ha puc. 18.
OnHoBpeMEHHBIM C MOMEHTOM x° B TOUKke A clejiyer cuuTaTh NOKasaHue
yacoB B TOYKe B, 7nexallee nmocepeiyiHe MeXKAY MOMEHTaMH OTipaBJjie-
HHs ¥ 0OPaTHOro NPHOHITHSI CUTHAJMA B 3TY TOUYKY, T. €. MOMEHT

. 1
xo+ Axo:xo_!__é_ (dxo(Z)_*_dxo(l))'
[Toncrasnsis ciona (84,5), HaXOAMM Pa3HOCTb 3HAYEHHI «BpEMEHU» x°
Insi JIBYX ORHOBPEMEHHBIX COGLITHII, nponcxo;mm.nx B GECKOHEYHO
6/U3KMX TOYKAX, B Buje

Ax® = __é_’%%i()ﬁi = gdx*. ' (84,14)
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D710 COOTHOLIEHHE JaeT BO3MOXKHOCTH CHHXPOHH30BAaThb 4achl B JOO0M
6eckoHeuHO MmajaoM obbeme mpocrpaHcrBa. Ilpofomkasi nogobHyio cHH-
XPOHH3ALHIO H3 TOUKH A JaJblile, MOXKHO CHHXDOHH30BaTh 4achl, T. €.
" onmpelesHTh OJXHOBPEMEHHOCTb COOBITHH BIOMb JI0OOH He3aMKHYTOH
JIHHHH ). -

CuHXPOHH3AHHUA e 4acoB BAOJb 3aMKHYTOTO KOHTYPa OKa3hlBaeTcsd,
Boo0lie TOBOPSA, HeBO3MOKHOM. JleficTRUTeNBHO, 060/ BAOIG KOHTYPA
H BEPHYBLINCH B HCXOJHYIO TOUKY, Mbl NOTYYHIH Obl 1A Ax® oTyIHyHOe
oT HyJs 3HayeHHe. TeM Gosee 0Ka3blBaeTCsl HEBO3MOXKHOH OJHO3HAYHAsA
CHHXPOHH3an¥s YacoB BO BCeM mpocTpancTBe. Mckiouenne coctaBiasiior
JIHIIb TAKHEe CHUCTEeMBI OTCYeTa, B KOTOPHIX BCe KOMIOHEHTHI g,, PABHHI
HYJIIO 2).

Crenyer nonuepkHYTb, YTO HEBO3MOMKHOCTb CHHXDOHHM3alMH BCeX
YaCOB SIBJISIETCS CBOHCTBOM HMEHHO INPOH3BOJILHOH CHCTEMBI OTCHETa, a
He MPOCTPAHCTBA-BpeMEHH KaK TakKoBoro. B /io60M rpaBUTAIIHOHHOM
noJie Bceria MOXHO BHIOpaTh (M Zaxke GeCUHCIeHHBIM YHC/JIOM CIIOCOGOB)
CHCTEMY OTCYeTa TakHM 00pa3oM, YToObl 0OpaTUTh TPH BETHYHHHI g,
TOXKIECTBEHHO B HY./Ib H, TEM CaMbIM, CI€/1aTh BO3MOXKHOM IOJHYIO CHH-
XpoHusaumo yacoB (cMm. § 97).

YxKe B CnenuajsbHOf TEOPHH OTHOCHTEIBHOCTH TeueHue HCTHHHOTO

. BpPEMEHYU DPa3HYHO A5 ABHKYIIHXCHA JPYT OTHOCHUTENHHO APYTa UacoB.
B ofuieii »xe TeOpUM OTHOCHUTEJNbHOCTH HCTHHHOE BpeMs TeueT pasjand-
HbIM 00Pa30M U B Pa3HbIX TOYKAX NPOCTPAHCTBA B OXHOH H TOH XKe CHCTe-
Me OTCyera. DTO 3HAYUT, YTO HHTEPBAJ COOCTBEHHOrO BPeMEHH MeXKAY
JBYMS COOBITHSIMH, NPOUCXOASLIUMY B HEKOTOPOH TOUKE NMPOCTPAHCTBA,
M HHTEpBAJ BpPEMEHH MEXIY OAHOBPEMEHHBIMH C HHMH COOBLITHAMH B
Ipyro#l ToYKe IIPOCTPAHCTBA, BOOOLIE TOBOPS, OTJNYHLI APYT OT Apyra.

§ 85. KosapuaHTHOe nu(biilepeﬂunposaﬂue

B ranuneesnix koopauHarax?) auddepenuHans dA; sexropa A;
00pa3yioT BeKTOp, a npoussoanble 0A,/0x* OT KOMIOHEHT BEKTOpa NG
KoopAuHaTaM oOpasyroT TéH3op. B KpUBOJHHEHHBIX Ke KOOPAMHATAX
3TO He uMeer MecTa; dA; He ecTb BeKTOp, a 0A ;/0x* He ecTb TeH30p. 310
'CBSI3aHO ¢ TeM, YyTo dA, eCTh Pa3HOCTb BEKTOPOB, HAXOASAIIMXCS B pas-
" HbIX (6eCKOHEYHO GJIM3KHX) TOYKAaX IIPOCTPAHCTBA; B Da3HbIX Ke
TOYKAX APOCTPAHCTBA BEKTOPBI MpeoOpasyloTCst pa3jHyHO, TaK. KakK

1) Ymuoxus pasenctso (84,14) Ha gy u mepeHeca o0a ujeHa B OIHY CTOPOHY,
MOKHO NpeACTaBHUTh YCJIOBHE CHHXPOHH3AIHMH B BuJe dxy=g,;dx'=0: nomxen GuTsb pa-
BeH HY/IO «KOBapHaHTHui AuddepeHunan» dx, MexAy ABYMst GecKOHeuHO GIM3KHMH
OAHOBpeMeHHLIMH - COOHITHSAMH. .

2) Ciopa e &/efiyeT IPUUHCIHTD CAY9aH, KOTAA Zg, MOTYT ObiTh OGPAlleHE B HYJE
NpPOCTHIM NpeoGpasoBaHMeM BPeMEHHOH KOODAHHATHI, He 3aTParHBaiolluM BuGopa cHc-
TeMbl OGLEKTOB, CIYXKAWHX A ONpefesieHHsi NPOCTPAHCTBEHHLIX KOODAHHAT.

%) BooGue Bcergd, KOrAa BeNHYHHW g NMOCTOSHHB.
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KoahduuuenTsl B ¢dopmyaax npeobpasoBanus (83,2), (83,4) siBasiiores
(pyHKIUAMH KOODJAHHAT.

B ckasaHHOM Jlerko yGeluTbCsl H HemocpeACTBeHHO. I 5TOro BHI-
BeJleM ¢GopMyJIBl IpeobpasoBanus Auddepenunanos dA; B KpHBOIHHEN-
HBIX KoOpJAHHaTaX. KoBapHaHTHBIN BeKTOp NPeoGPasyeTcs COIJacHO
tdopmyaam

ox'k

A= ——Ai;

Eoooxd
NO3TOMY
dxt.

dA, — axdek+Akd oxk axdek+Ak—

oxt xiox!

Takum o6pasoM, dA; npeoGpasyercsl BOBCe He KaK BeKTOp (TO ke
OTHOCHTCSI, KOHeUHO, M K Ju(depennnanaM KOHTpaBaPHAHTHBIX
‘R

2
BekTOpoB). Tonbko B cayuae, ecJu BTOpHie IPOH3BOAHBIE

6xl ’

T. €. ecsil X'® SBASIOTCA JMHeHHBIMH (QYHKUHAMH OT X%, (GopMysnt
npeoOpa30BaHUA HMEIOT BHJ

dA, =22 %A,

T. €. dA,; npeobpasyercst Kak BEKTOP.

Mui 3aiimeMcsi Termephb onpefesieHHeM TEeH30pa, KOTOPHIE HrpaeTr B
KPHBOJHHEHHBIX KOODAHHATaX pONbL Teusopa 0A,/0x* B ramuieeBsix
KoopauHatax. J[pyruMu CJI0BaMH, Mbl JOJDKHEL npeo6pasoBaTb 0A ;/0x*
OT TajiJeeBBX KOODAMHAT K KPHBOJHHEHHBIM.

JList Toro utoBbl MOJIYUHTE B KPHBOJHHENHBIX KOODAMHATaX Hudipe-
PEeHIHaM BEKTOpAa, SIBJIAIOLIHHCS BEKTOPOM, Halo, YTOOB 06a BHIYHTae-
MBIX OJMH H3 IPYTOro BeKTOPa HaXOAHM/IHCL B OJHOH TOUKE MPOCTPAHCT-
Ba. JpyruMu cloBaMH, HafO0 KaKHM-TO 0Opa3oM «IepeHecTH» OAUH H3
nBvX OeckKOHeyHO GJIM3KHX BEKTODOB B TOUKY, Ileé HAXONHTCHA BTOPOH,
II0CJIE YEro ONpeJe/HTh Pa3HOCTL OOOHX BEKTOPOB, OTHOCSIIINXCS Tenepb
K OIHOK M TOH e Touke mpocrpaHcTea. Cama omepanusi nepeHoca
IoJKHA OBITh NIPH 3TOM ONpeliesieHa TakHUM o6pa3oM, yTobsl B rajuiee-
BBIX KOOPJAMHATaX yKasaHHAas PA3HOCTb COBNAjaja ¢ oObIUHBIM AHdxbe-
penunanom dA4 ;. ITockoabky dA; ecTb mpOCTO Pa3HOCTb KOMIIOHEHT ABYX
GecKOHeYHO OJIH3KHX BEKTOPOB, TO 3TO 3HAYHT, YTO B PE3y./bTare oIne-
pauuH fmepeHoca NPH NOJb30BAHHH TajJHIeeBHIMH KOODAHHATAMEH KOM-
NOHEHTHl BEKTOPA He JOJ/KHBEI H3MensiThcsl. Ho rakoil mepenoc ecrb He
YTO MHOe, KaK MepeHoC BeKTopa napasiiensHo camomy cebe. [lpu napaa-
ACABHOM NEPEHoce BEKTOPA €r0 KOMIIOHEHThI B Ta/IHJIeeBEIX KOOPAHHATAX
He MEHSIIOTCS; eCJIH 2XKe N0Jb30BaThCs KPHBOJMHEHHBIMH KOODIHHATAMH,
TO NPH TAKOM NepeHoce KOMMOHEHTHl BEKTOpa, BooOLle roBopsi, H3Me-
usircd. IlosToMy B KpHBOJMHEHHBIX KOOPAMHATAX PA3HOCTb KOMIOHEHT
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o6o1X BEKTOPOB NOCJE NMEPEHECEHHS] ONHOTO H3 HHX B TOUKY, IZe Ha-
XOIHTCA BTOPOH, He OyJAeT COBNAJaTh C KX PasHOCTHIO IO IIepeHoca
(1. e. ¢ nudpdeperunanom dA;).

TaxuM oOpa3oM, IIPH CpaBHEHUH ABYX GECKOHEUHO GIH3KHX BEKTO-
POB MBI JIO/KHBI OJIHH H3 HHX MOJABEPTHYTh Napa/yie/IbHOMY NEPeHOCY B
TOUKY, e HaXOIHTCs BTOPOH. PaccMOTPHM KakKOH-HUGYIb KOHTpaBa- |
PHaHTHBIA BEKTOP; €CJAH ero 3HAaueHHe B TOUKE C KOOPAHWHATAMH X'
ectb AY, To B cocenneii Touke xi-dx’ ou papen A'4-dA’. Bekrop A!
noaBeprHeM GECKOHEUHO MasJoMy MNapauieJbHOMY IepeHocy B TOUKY
xi+dx’; ero usmeneune mpu 3ToM 06o3Hauum rnocpexctsoM 647 Torxa
pasHocTe DA’ Mexay OGOMMH BEKTOPAMH, HAXOAANIMMHCH Telepb B
OIHOH TOYKe, paBHa

DAl =d Al —B8 AL (85,1)

Hamenenne §A! KOMIOHEHT BEKTOpPA MPH GECKOHEUHO MAJIOM Mapai-
JIeILHOM TIEPEHOCE 3aBHCHT OT BEJTHUHHBI CAMHX KOMIOHEHT, IPHYEM 3Ta
3aBHCHMOCTH JIOIIKHA, OYeBHAHO, GbITh AHHEHHOH. DTO cjaeayeT Heno-
CPeICTBEHHO H3 TOTO, YTO CyMMa JBYX BEKTOPOB HOJ/IKHA NPeoGpa3oBbl-
. BaTbCsl IO TOMY XKe 3aKOHY, 4TO M KakJbld u3 Hux. Takum obpasom,
8AY umeer BUJ

8Al= T} Akdxt, (85,2)

rie TI'%; — HekoTOpble (PYHKUHH KOOPAHHAT, BHI KOTOPLIX 3aBHCHT,
KOHEUYHO, OT BHIOOpA CHCTEMBI KOODAHHAT; B TaJHJEeBOH CHCTEME BCe

Yxe orciofa BHIHO, YTO BenHYuHB I'%; He o6pasyloT TeHsopa, Tak
KaK TeH30p, DABHLIA HYJIIO B OXHOH CHCTEME KOODIHHAT, PaBeH HYJIO
U BO BCAKOH Apyrofi. B MCKpHBJIEHHOM NpPOCTPAHCTBE HeJb3s, KOHeu-
HO, HHKaKMM BHIGOPOM KOODAHHAT 06paTuTh Bce I'}; Besse B HyJIb. Mox-
HO, OJIHAKO, BHIGpPATh TaKyi0 CHCTeMy KOOpAHMHAT, B KoTopoil I, o6-
pamaioorcs B HyJdb B JAaHHOM 0eCKOHEUHO MaJIOM y4acTKe (CM. KOHer
sToro naparpada) ). Bennunnst ', HocsiT HasBakue cumsoros Kpucmog-
thean. Mp GyneM HIXKe NOJb30BaThCA Takxke M BeauuumHamu I ., 2)
onpefeiieMbIMA  CJEAYIOUIHM 00pasoM:

I‘i,kl :gimrﬁ' ' (85)3)
O6parHo: .
fd :gi'”I‘m,kz. (85,4)

1) ViMeHHO TaKYIO CHCTEMY KOODAMHAT HaJO MMEThb B BHJY BO BCeX PacCyXKIAeHUAX,
TAE Mbi JUISl KPATKOCTH FOBOPHM MPOCTO O TAJIHJIEEBON CHCTEME; TeM CaMbiM BCE NOKa-
3aTeJILCTBA CTAHOBATCSA OTHocsxmuMncx He TOJBKO K IJIOCKOMY, HO H K KPHBOMY
4-npocTpaHCTBY.

%) Bmecto o6oaHaquun I"kl Y nHor,u,a nom;syxorcx 0f03HAYEHHAMH. COOTBET-

CTRBeHHO {k’} u [¥1.
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Jlerko cBsi3aThb M H3MEHEHHe KOMIIOHEHT KOBapHaHTHOIO BEKTOpa
IIpH MapajieNbHOM IepeHoce ¢ cumBosiamu Kpucrodpoensa. Jas sroro
3aMeTHM, YTO IIPH MapaJJjiesJbHOM IlepeHOoce CKaJsipbi, OYEBHIHO, He
MeHsA©TCs. B uacTHocTH, He MeHsieTcst NPH NapaieLHOM HepeHoce
CKa/ApHOe MPOH3BEICHHE JBYX BEKTOPOB. )

HyCTbA ¥ B — HeKOTOpHIi KOBapUAHTHBIA M HEKOTOPHIH KOHTpa-
BapuaHTHbli Bextophl. Torma us 8(A4;B)=0 umeem:

Bi§A;, = — A 8B =T} B*Adx!,
U4, MeHss o0O3HaueHHe HHJEKCOB,
| " BisA,=T"%A,Bldx!".
Orciofia HMeeM BBUIY NPOM3BOJBHOCTH Bi:
8A; =THA,dx*, (85,5)

YeM H onpenesaercsd U3MEeHeHHe KOBAPHAHTHOIO BEKTOpa NpH HapaJ-
JICJIbHOM  IIepeHocCe.

- Tloacrasass (85, 25 H dA':—d t B (85,1), umeem:
. dAL , :
DA :(——{—F;@,Ak) dx. (85,6)
dxt

AuaJjoruuxo HaxoluM AJsd KOBapUuaHTHOI'O0 BeEKTOpa:

DA,:( L —ThA >dx’. (85,7)

BuipaxeHus, cTosiHe B CKoOKax B (85,6—7) sABAAIOTCA TeH30paMH,
TAK KaK YMHOXKEHHble Ha BeKTop dx’ OHH JaloT CHOBA BekTop. OueBuz-
HO, UTO OHH H SIBJISIIOTCS TeMH TEH30PaMH, KOTOPHIe OCYLIECTBJISIOT
HCKOMOe 0000IIeH e TIOHATHS IIPOU3BOXHOM OT BEKTOpa Ha KPHBOJIHHEH-
HElE KOOPIHMHATHL. DTH TEH30pH HOCST HA3BAHHE KOBAPDUAHMHNbLIX NpO-
U3600HbIX COOTBETCTBEHHO BeKTOpoB Af u A;. Mul Gynem o6o3Hayath HX
nocpencreom Al u A;p. Takum 06pa30M,

DA'= Al dx!, DA,— Ay dx!, (85,8)
a CaMH KOBapHaHTHbIe IIPONU3BOJHBIE:
. Al X '
Aty =24 4 ruar, (85,9)
oxt
04;
Ay =5x—tt — I‘,’-‘,Ak. : . (85,10)

B rasmuneeBnix KoopauHatax I%, =0 M KOBapHaHTHHE MPOHU3BOIHbLIC
Iepexoaar B oOBIUHBIE.

Jlerko onpene/uTh TaKXKe KOBADHAHTHYIO MPOH3BOAHYIO OT TEH30pa.
JIas 3Toro Hafo ONpEee/INTh H3MEHeHHe TeH30pa NPH GECKOHeYHO Ma/IoM
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napanﬂeﬂbHOM nepeHoce. paCCMOTpHM HanpHMep,Kakoli-HHGYAb KOHTpa-
.BapHAHTHHIH TEH30D, ABJAAIOIMMACA NPOU3BeleHHEM IBYX KOHTPaBa-
puaHTHEIX BekTopoB A‘B*. Ilpu napaelbHOM nepeHoce HMeen:

8 (A'B*)= A'6B* + B¥§Ai= — AT}, B'dx™— B*T%, Aldx™.
B cuny JHHEHOCTH 3TOTO MpeoGpa30BaHHs OHO JOKHO HMETh MECTO
u aJs moboro TeHsopa A:
AR = —(A™TE, - A™FT%,)) dXl. (85,11)
TlogcTaBasisi 3T0 B ’
DA* = dA% —§ A%k = A%, dx?,
HaXOJIHM KOBADHAHTHYIO NPOM3BOAHYI0 TeHzopa A B Buje
A, :‘14—k+rt JAmk Tk, Aim, (85,12)

COBepLHEHHO aHaJOrHYHO HaXOoAHUM KOBapHaHTHBLIC HPOHU3BOAHBIE
CMCILIAHHOI'O H KOBAPHAHTHOI'O TCH30POB B BUE

R (?Al'
A?e‘,l = —é—l—'——r A[ +leA (85,13)
At = ";‘;k A, —TnA, . (85,14)

AnanoruunbiM o6pasoM MOXKHO ONpeNedTb KOBapHAHTHVIO Hpo-
H3BOIHYIO TeH3opa Jioboro paura. Ilpu aroMm nosyuaercs caexyiouiee
NpaBHJIO KOBAPHAHTHOTO JuddpepeHIUPOBaHHs: YTOO NOJYUHTb KOBA-
PHaHTHYIO TpPOH3BOAHYIO TeH3opa A mo x‘, K oOmYHON TPOU3BOA-
HoMt 0A/0x' ma KaxIbli KOBapHaHTHHIH wmHIekc i (A;) Hago mpn-
GaButh wgen—TI§A%, a Ha Kakiblii KOHTPaBADUAHTHBII HHIEKC
i(A) Hano anGame wren --T%A%.

MoXHO JierKo yOeuThcsl B TOM, 4TO KOBAPHAHTHAS NPOM3BOJHASA
OT NPON3BeeHHs HAXOUTCA TI0 TEM 2Ke NIPaBHIaM, 4To U o0bYHasl Ipo-
H3BOJHAA OT NnpousBefeHusi. [IpH 5TOM KOBapHAHTHYIO NPOH3BOAHYIO OT
CKanisipa ¢ Hajo NMOHHMATh KaK OOBIUHYIO NPOU3BOAHYIO, T. €. KaK KO-
BapHAHTHBIA BEKTOP Qp=0¢/dx*, B COIVIACHHU C TeM, UTO IJsi CKalsIPOB
0¢=0 u noromy D¢=d¢. Hanpumep, KOBapHAHTHAS NPOH3BOAHAS
npouspesenus A;B, paBHa -

(AiBh);l:Ai;lBk‘l‘Ain;l-
HNonuumasi y KOBAPHAHTHHIX NPOH3BORHBIX HHAEKC, yKa3bIBAIOWHIT

RuddepeHnupoBanye, Mbl I0JYYHM TaK Ha3blBaeMble KOHTPaBapHAHTHbIE
npouspogunie. Taxk, .

Aft=ghA;,, A k= ghl Af, |
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Joxaxkem, 4to cumBoutsl Kpucroddenst I'h, cHMMETPHUHBL O HHXKHHM
uHfekcaM. [lOCKOJIbKY KOBapuaHTHAas MPOH3BOAHAS Bekropa A,
€CTb TeH30p, TO H pasHocTb A;p—Ap:; ectb Ten3op. Ilycts BekTOp A,
ecTb IpajueHT ckaasipa, T. e. A;=09/dx!. IlockonbKy

0A; Pp 04,

- - 3

doxk oxiox®  oxt

TO € NOMOLLBIO BeipaxeHus (85,10) nmeem:

At i—As = (Th—T}) 25
B ranuneepoil cucTene KOOPAMHAT KOBAPHAHTHBIE IPOH3BOJHBIE NIPEBPa-
mawTcsi B OOBIUHLIE, A IIOTOMY JIeBas 4acTb HANHCAHHOIO DaBEHCTBA
obpamaerca B HyJab. Ho mnockonbky Ag;— Ai, €CTb TeH30p, TO,
Oylyuu paBHBIM HYJI0 B OAHOH CHCTeMe, OH JOJIKeH ObITh paseH HyJI0
B JoGoii cucreme koopauHat. Orciona HaXOAHUM, UTO

Ty = I (85,15)
OueBupHO, 4YTO H _
Tiwr =T (85,16)

B ofmem cayuae mmeerca Bcero 40 pasauuHeIX BegHuMH 'y, — aas
KaXJAoro H3 4eThIpeX 3HAUeHHH umjaexca i uMeercst 10 pasauunblx nap
3HAYEeHHH HHIEKCOB k u [ (CuuTas maphl, NOJAYUalOMHeCs NMePecTaHOBKON
k W | onuHAKOBBEIMH).

B 3akmwouenue storo naparpada mnpusefem ¢Gopmy.asl npeoGpaso-
BAaHHS OT OJHOH CHCTEMbl KOODAMHAT K APYroi L cumBosoB Kpucrod-
tesa. 3tu GopMyaBl MOKHO NIOJYUUTh, CPABHUBAs 3aKOHBI npeoGpaso-
BaHUsA OGEHX CTOPOH PaBEHCTB, ONpelesiolux JoGYI0 H3 KOBapHaHT-
HBIX NIPOH3BOAHBIX, M TpeOys, uToGBbl 3TH 3aKOHBl A O0EHX CTOPOH
6bl1u oamHakoBul. ITpocToe BRIUHCJIEHHE NPHBOAHT K (opmyne

oxi 9x'n Jx'P 02x'm  Jxi
T, —=I'm . 85,17
M= 00 G oxk oxt | oxkoxt ox'm ( )

M3 s10it. bopMyJbl BHIHO, 4TO BesHuHHBI I', BenyT ceGsi Kak TEH30DPHI
JIMIIB [0 OTHOLUEHHIO. K THHEHHBIM npeo0pa3oBaHUsM KOOPAHHAT (KOTAa
ncyesaer Bropofi usmeH B (85,17)).

‘®opmyna (85,17) nosBossieT Jerko J0KasaTh CAEJaHHOE BbIE YT-
Bep2KJleHHe O BO3MOXKHOCTH TaKOTrO BHIOOPA CHCTEMBI KOODJIHHAT, IPH
koropom Bce I'f; o6pamatorcst B HyJb B J11060 Hanepes 3afaHHOI TOYKe
(Takyio CHCTeMYy HAa3bIBAIOT JOKAAbHO-UHEPYUAAGHOL HWIH AOKOAbHO-
2eolesuneckoid, cM.- § 87)1).

1) MOXHO N0Ka3aTh TAKKeE, 4TO HaJTexalluM BLIGOPOM CHCTEMbI KOODIHHAT MOX-
HO 06PaTUTH B HYJb BCe '}y He TOMBKO B JAHHOM TOYKe, HO H BAOJb 3aAaHHOH MHPOBOI
JHHHH (10Ka3aTeJbCTBO 3TOr0 yTBep:KieHys MoxHO Haith B KHure: I1, K. Paumes-
¢k uii, PimaHoBa reoMerpus M TeH30pHwll aHaaH3, «Hayka», 1964, § 91).
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JleHcTBATENbHO, NTyCTh 3aflaHHAas TOUKA BbiGpaHa B KauecTBe HayaJia
KOOPAMHAT M BenyuHH I'f; umeloT B Helt NepBOHAYATLHO (B KoopjiHHa-
Tax x?) suauenus (I'})o. IlpousBenem BGIH3M 3TOf TOuKH mpeoBpaso-
paHue

p X (T 2R (85,18)

Torzaa

(2 20y i,

Oxkox! dx'm

# corqaacHo (85,17) Bce TI';} ofpamaiorcs B HYJb.
3ameTuM, uyTO AJsl mpeobpasoanHs (85,18)

dx't ;
=&,
0xk 0
[OTOMY OHO He MeHSeT 3HaueHHH JI0GOTO TeH3opa (B TOM UHC/AE TeH-
30pa g,;) B 3aJlaHHOll ToyKe, TaK yTO ofpauieHne cumBosoB Kpuctodde-

Js1 B HYJib MOXKET OHITh OCYILIECTBJIEHO OZHOBPEMEHHO C IIPHBeJeHUEM
g;, K TajuieeBy BHLY.

§ 86. Cesasb cuMBosioB Kpucrodienss ¢ meTpHUECKHM TEH30POM

JloxkaxkeM, 4TO KOBapHAaHTHAS MPOW3BOIHASI OT METPUUECKOFO TEH-
3opa g;, paBHa Hy/o. lis sToro sameruM, 4To Aas Bektopa DA,
KaK H JJI5 BCAKOIO BEKTOPA, JOJIKHO MMETh MECTO COOTHOLIEHHE

DA[ = g[kDAk-
C npyroi#t croponnl, A;=g;,A*, u noromy
DA; =D (g;zA*) = gi,DA* + A*Dgy.

Cpasuusasi ¢ DA; = g;,DA¥, nveeM B BUIy MPOH3BOJILHOCTH BekTOpa A':

Dg;,= 0.
ITostomy u KOBapHaHTHasi NPOH3BOAHAS
Gir;1 = 0. ~ (86,1)

Takum o6pasoM, npu KoBapHauTHOM AH(DPEPEHUHPOBAHHH g;, HANO
PaccmaTpuBaTh KaK HOCTOSIHHEIE, -

PaBeHCTBOM gir;; =0 MOXKHO BOCHOJIB30BAaThCs JAJISl TOrO, YTOGHI
' BHIpasuth cuMBoabl Kpucroddenss I'f, uepes MeTpuUYecKHH TeH30p g4-
-~ las sroro manmumeMm corsnacso obmemy onpeznenenuio (85,14):

, v o
. ik =

az — Gl Tt — &l H = g'k ~Teu —Tim =0.
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Takum 006pa3oMm, NPOHU3BOAHBIE OT g;, BHIPAXKAIOTCS Yepe3 CHMBOJILI
Kpucropdens ). Hanuwem 5TH npousBopHble, INEpPeCTaB/sfs HHAEKCHI
i, k, L

0g; 0g ) 0, )
ﬁff:Fk,iz—}-Fi,kt, %8 Ty 4T —2B2—= _Tpp~—Thn
ox Oxk v Ox?

Bssap noaycymmy sTHX paBeHcTB, HaxoauM (momHst, 4TO Iy pr=T 4):

oY (0gip | Ogn  Ogm '
Pt,kl ) (W“{*W 3‘;) . (86,2)

Orciona umeeM 1751 CUMBOJIOB Iy = gy, st
; 1 0, [¢) [7)
= 5 gtm ( gmk__l_ Emi gkl) . (86,3)

oxt Oxk oxm

Oty GopMyJIbl H JAIOT HCKOMbIE BhIpaXKeHH cHMBOJIOB Kpuctohdens
yepe3 MeTPHYECKHH TEeH30D.

BriBeieM Tose3HOe U151 JaJbHeHIIero BeipakeH e JJIsl YIPOLUIEHHOTo
cumBoaa Kpucroddens T'iy;. s storo ompenenum nudxpepenunan dg
omnpejieNIuTeNIsl g, COCTaB/AEGHHOTO U3 KOMIIOHEHT TeH30pa g;,; dg MOKHO
NOJNYYUTh, B3AB AU(depeHran oT Kax10id KOMIOHEHTHl TeH30pa g;, H
YMHOXKHB ee Ha CBOH-KO3(HLUMEHT B Olpeje/uTese, T. €. Ha COOTBET-
crByiomuit MuHOp. C ApYTrod CTOPOHK!, KOMNOHEHTH TeH30pa g'%, oGpat-
HOTO TEH30DY g, PAaBHBI, KakK H3BECTHO, MHHODAaM ONpeJeauTe/]1s H3
BEeJIHUHH g;,, JeJACHHBIM Ha 3TOT onpefenurensb. [TosToMy MuHopst onpe-
nenutensi g paBubl ggi®. Takum ob6pasom,

dg=gg*dg,,= —ggusdg™ (86,4)
(IOCKONBKY g8 = 6i= 4, 10 g*dg;,= — g, dg’®).
Hs (86,3) umeem:
i 1 im(08me | O8mi__ 08w\
w=78 (dx" v+6xk 6x”’>'

Mensia MecTaMu UHJEKCHl /M H [ B TPeTbeM H NEPBOM 4jieHaX B CKOO-
KaX, BHAHM, 4YTo 00a 5TH 4ieHa B3aHMHO COKpAINATCHA, TaK 4TO

4 .__1_ im O8im
F/zi_ 2 g‘m Axk ’
uJaH coryacio (86,4)
; 1 og _olny—g ,
To=tgow = ag - 86D

1) BuiGop Jloxa.nbno-reonesmecxou CHCTEMbl KOOPAHHAT O3HAYaeT MNO3TOMY oG-
pallieHye B Hy/b B ZaHHO TOUKe BCEX UEPBHIX INPOM3BOZHLIX OTKOMIOHEHT MeTpHue-
CKOro TeH30pa.
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TTosie3HO 3aMeTHTb TaKiKe BbipaXKeHue 1Jisl BeJauunnn g% Ik, Mmeem:

gHTY, — 1 ghigim <agmk +0g1m agkl> — ghlgim ( Ogme 1 ‘2&:1) )
2

oxt oxm dxt 2 gxm

C nomowpio (86,4) 3170 MOXKHO Npeolpa3oBaTb K BIUAY

e { ) 1 —:— ! :
.. gTh= — a2V 2t (86,6)
- X

. TIpu pa3iHYHBIX BBIYHCAECHHAX ﬁblaaer NOJIe3HBIM HMETb B BHRY, .
* yro MPOHU3BOAHBIE OT KOHTPaBAPHAHTHOrO TeH30pa g* cBsizaHwl C Npo-
' M3BOJHEIMH OT g, COOTHOIIEHUSIMH

- aglk agl
83 F '—glkwrln‘ (86,7)
(mostyuarouiuMucs TpH  puddepeHUMpOBAHHH paBeHCTBa g;,8'% = &f).

- HakoHel, ykaxeM, 4TO NpPOH3BOHBIE OT g% ToxKe MOryT OBITB BHI-
. paXkeHbl yepe3 BeqWuHHH! I%,. Vmenno, u3 toxaecrsa g, =0 Hemno-
~ CPeJICTBEHHO CJIeAyeT, 4TO
: doik . . :

= g™ —Thg™. o (868)

Oxt

C nomoupio NOTyYeHHbIX (POPMYJ MOMKHO NPUBECTH K YAOGHOMY

BHJY BhipaxeHue Aj;, sBasiouieecss 0G00IIEHHEM IHBEPreHIHI BeKTOpa
Ha KpHUBOJIMHeliHKe KoopauHatel. BocnospsoBaBuuck (86,5), umeem:

i 0A! . ,0ln YV —g
A;t —W—l— lLA a l + A T
- HTH OKOHYaTeAbHO
" Y 1 (Y —g4) _
A= = = . (86,9)

~AHanorHYHOe BBIpAXKEHHE MOXKHO IOJYYUTH H JJIS JHBEpreHIHH
aHTHCHMMeTpHUHOro Tensopa A*. M3 (85,12) nmeenm:

Aik> 6Ai’"

R

+F Amk_}_l“ kAlm

Ho nockonpky A™* = ——Ak”‘, TO
i kAmk: _I‘i Akm:

nOIlCTaBJlHH BeIpaxenue (86,5) mas I%, Haxomum, CJIeI0BaTeNbHO:

a1 (V= gA”‘) "
== ' (86,10)
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ITyctb Temepb A;,—CHMMETPHYHBIA TEH30D; ONpPENENHM BbIpaKe-
nne A}, A9 €ro CMeIIAHHBIX KOMIOHeHT. Mmeew:

ky o
A,k_—_+r Tt LAY =g o

—g oxk
IMocnenunit unen sgech pabeH

1 <0gu +‘2é1k_t_‘lgie> AH
oxk * oxt  oxt

‘B cuay cuMmmerpuH TeHszopa A npa usneHa B cxo6Kax B3aHMHO
COKpAIAlOTCs, U OCTAaeTcst

v 1 o(V=z4b) 1 ogu ‘
Ai'k: -:__E = 2 axl Akl (86,11)

04; 0A .
B 1exapTOBHIX KOOpPAMHATAX a—;—-—a—f €CTb aHTHCHMMETPHYHBIH
X

TeH3op. B KpuBOJHHEAHBIX KOOD/MHATaX 3TOT TEH30p €CTh Ai p— Apie
OnHako ¢ noMoubio Bpra)KeHI/IH IS Az, ¥ BBULY TOTO, YTO I‘k, =T%,
uMeeM:

04; 04
Al k‘—Ak i =_——l__"Ck

Oxk axt

(86,12)

HaxkoHel, npeo6pa3yeM K KpPHUBOJHMHEHHHIM KOOpDAHHATAM CYMMY

62

a—j—{; BTOPHIX NPOU3BOJAHBIX OT HEKOTOporo ckajispa ¢. OueBugno,
X;0% )

yTO B KPHBOJIMHEHHBIX KOOPAMHATAX 3Ta CyMma mnepefizer B @;. Ho
¢,;=0p/0x*, TaK Kak KoBapHaHTHoe auppepennupoBaHue ckazaspa
cBOAMTCH K OObluHOMY nugpdepeHnuposanuio. IlogHuMas uHaekc i,
uMeeM:

E— glk dxk

M ¢ nomoupio opmyanl (86,9) Haxomum:

N 1 0 i ) 0
o :—f'_:g'éF<V—ggtk a—;) . (86,13)

TNonesHo samerutn, uyro Teopema laycca (83,17) pnsa npeoGpaso-

BaHMs HHTErpaja OT BEKTOpPA IO THIEPNOBEPXHOCTH B HHTErpaJ Io
4-06peMy Moxer ObITb HanucaHa BeHAY (86,9) kak

§ Aty "gas, :S‘Af,-VZngsz. (86,14)



§ 87] IBHKEHHE YACTHLLI B TPABHTAIHOHHOM NOJIE 313
"§ 87. JiBHKeHHe YaCTHULI B FPABHTALHORHOM II0J1€

JBHKeHHe CBOOOAHOIR MaTepHaJbHOH YacTHUBI B CIIEHHAJLHOH Teo-
PHH OTHOCHTEJTLHOCTH OMpefe/sieTcss NPHHUHIOM HaHMeHBIIero AeHcT-
BHS:

88 =—mod S ds=0, (87,1)

COTJIACHO KOTOPOMY 4YacTHLA JBHIKETCA TAK, UYTO €e MHMpOoBas JIMHUA
ABJSETCA 3KCTPeMabHOH MeXAY JABYMsi 3aJaHHBIMH MHPOBLIMH TOUY-
KaMH, T. €. B JaHHOM cJy4ae npsiMoil (B OOBIYHOM TPEXMEDHOM IPOCT-
PaHCTBE 5TOMY COOTBETCTBYET NPSIMOJHHEHHOe paBHOMEPHOE IBHKEHHE).

JIBH:KEeHHEe YaCTHUB! B TPABUTAIHOHHOM IOJe JOJIXKHO ONPeJeIsiThCA
NPUHUUIIOM HauMeHbIero JAeHcTBMA B Tolt ke dopme (87,1), Tak Kak
rpaBUTALHOHHOE MOJie ABJISEeTCS He YyeM HHBIM, KaK H3MEeHEeHHeM MeT-
PHKHM TNIPOCTPAHCTBA-BPEMEHH, MPOSIBJSIONINMCS TOJBKO B H3MEHEHHH
BoipaxkeHus ds uepes dx’. Takum ofpa3oM, B IpaBHTAIIHOHHOM IOJIEe Ya-
CTHUA ABUAKETCS TAK, YTO ee MHPOBas TOUKa NepeMellaeTcs 10 3KCTpe-
MaJIbHOH, HJIH, KaK I'OBOPSIT, MO 2e00e3uteckoli IMHUM B 4-pocTpaHCTBe
x°, x', x%, x*; IOCKOJNDbKY, ORHAKO, IIPH HAJHUYUH IPABHTALHOHHOTO M0
DPOCTPAHCTBO-BPEMSI HerajiujieeBo,  TO 3Ta  JHHHA He «IpAMas», a
peajbHOe NPOCTPAHCTBEHHOE JBHXKEHHE YacTHLH — He DAaBHOMEPHO H
He TIPSIMOJIHHEHHO.

BwmecTo TOTO 9TOOHI CHOBA HCXOJHTHL HEMNOCPEACTBEHHO H3 NPHUHIMIA
HaUMeHbIero feficTBUA (CM. 3aJauy K 3TOMYy naparpagy), npore HaATH
YpaBHEHHus IBHKEHHSl YACTHILI B I'PaBHTALMOHHOM II0JI€ IyTeM COOT-
BeTCTBYIOLIEro o6obuieHnsi AH(pepeHUHaNbHBIX YPaBHeHHHA CBOGOL-
HOTO JBHKEHHS YacTHUbl B CNELHAJbHOH TEOPUH OTHOCHTEIBLHOCTH,
T. €. B rajujeeBod 4-cHCTemMe KOODIAHHAT. DTH ypaBHEHHs IJIACAT
dut/ds=0, uau uHave du’=0, roe u‘=dx'/ds ectb 4-ckopoctb. QueBuI-
HO, YTO B KPHBOJIMHEHHBLIX KOODAMHATAX 3TO ypaBHeHue ofGobiaeTcst B

Dui=0. - (87,2)
N3 Breipaxenns (85,6) pas KOBapHaHTHOTO xuddepennnasa BeKTOpa

nmeeM:
du! + T ukdxt = 0.

PQSILCJII/IB 3TO yDAacHeHHE Ha dS, HAaXOAHM:

d2xt dxk dx! »
s); + 21%W=0- (87,3)

10 U eCcTb MCKOMblE YPaBHEHHS ABHXKeHHs. Mbl BHIHM, YTO JBUXKe-
HHE YAaCTHIBl B TPABHTAIIHOHHOM MOJIe ONpeensiercs BeauuuHamu I'k,.
Ipoussoanas d’x’/ds* ectb 4-ycxopenne yacTHiwl. [Tosromy mel Moxem
Has3parh BEJIHUHHY — mI‘k,u"u‘ «4-cujtof»; NeHCTBYIOLEH Ha YacTHLy
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B I'PaBUTALLHOHHOM noJsie. TeH30p g, urpaeT IpH 3TOM POJb «IIOTEHIHA-
JIOB» T'PABHTALLHOHHOI'O IOJIST — €r0 NPOH3BOJHBIE ONpPENe/sIOT «Ha-
npsXeHHocTb» nois I'Z7).

B- § 85 6buio mokasaHo, YTO COOTBETCTBYIOMIMM BBLIGOPOM CHCTEMBI
KOODAMHAT BCErjaa MOXHO o6paTuTh Bee I'iyy B HYJIb B J1I0GOH 3alaHHOM
TOYKE MPOCTPAHCTBA-BpeMeHH. MBI BUAHM Teneps, 4TO BHIOOD TaKoH Jjo-
KaJbHO-MHEPLHANBHOH CHCTEMbl OTCUETAa 03HaudeT HCKJIOUCHHe IpaBil-
TAlHOHHOTO II0JIS B JAHHOM OECKOHEUHO MajoM 3JeMeHTe NPOCTpaH-
CTBa-BPEMEHH, @ BO3MOXKHOCTb TAKOI'0 BEIGOpA €CTL BhHIpaXkeHHe MPHHUH-
na 5KBUBAJEHTHOCTH B PEISTHBHCTCKOH TEOPHH TSATOTEHHA 2).

4-umMnyJabC YACTHILI B [PABUTALHOHHOM I[I0J€ ONpenenasercs IIo-
npexHeMy Kak

pl=mcut, (87,4)
a ero kKBajapaTr paBeH ‘
pipt=mxt. (87,5)

IMoncrasuB ciona —0S/dx’ BMecTo p,, Haliiem ypaBHeHue [aMuab-
ToHa — $IKo6H 151 yacTHObl B T'PAaBUTALHOHHOM HOJE:

A
= —m?*=0. : (87,6)
Jns pacnpocTpaHeHUsi CBETOBOTO CHTHA/Ta YpPaBHEHHE Teojie3nye-
cKoll ninHuM B opme (87,3) HenpHMEHHMO, TaK KaK BIOJIb MHPOBOH J1H-
HHH DaclpocTpaHeHHsI CBETOBOro Jyua HHTepBad ds=0 M BCe UJeHH B
ypaBHenuu (87,3) ofpautaiorcst B OeckoHeuHocTb. [l npuianus
YPaBHEHHSAM JBHXKEHHA B 5TOM CJyuae HYKHOTO BHAA BOCHOJb3YyeMcsl
TeM, YTO HaNpaBJjeHHe PpacIpoCTPAaHeHHUsl Jyua CBeTa B IeoMeTpuue-
CKOH ONTHKe onpejesasieTcsi BOTHOBBIM BEKTOPOM, KacaTeJlbHBIM K Jyuy.
MBI MOKEM HMOITOMY HAMMCATh YETHIPEXMEPHBIH BOTHOBOH BEKTOP B BHIE
f =dx!/d\, tae M eCTh HEKOTOPBLA MapaMeTp, MEHSIOUIHICS BJOJb Jyya.
B crennanbHol TEOPHH OTHOCHTENBHOCTH NMPH PacnpocTpPaHEHHH CBeTa
B NyCTOTE BOJHOBOH BEKTOP He MEHsercsl BJOJb Jjyuya, T.e.dki=0

1) OrMetnM TaKiKe BUA YPABHEHHsI ABHIKeHHs, BHIPAKEHHOTO uepe3 KOBapHaHTHbIE
KomMTIOHeHTH 4-yckopennsi. M3 ycaosust Du;=0 naxonum:
du,-

— Ty, jukut =0,
ds kil

TIpu noacranoske ciofa I', ;; n3 (86,2) nBa uneHa COKpaAIOTCA U OCTaeTCs

' Gy 1 98w ey
ds 2 oxt

2) B npumeuaHnu Ha cTp. 308 Ghia Takke YNOMAHYTA BO3MOXKHOCTh BHGOpA cHC-

TeMbl OTCUETa, «HHepUHAJNILHONH BJOJbL 3a4aHHOH MHPOBOH JIMHHH». B uyacTHOCTH, ecau

TaKoll JMHMEH SBJIAETCA KOOPIAMHATHASA JHHHMA BpeMeHU (BXOJB KoTopoil x!, x2, k3=

-—-COIlSt), TO TeM CaMbIM I'paBUTAalMOHHOE TIOJe 6y11€T HCKJIOYCHO B 3aaHHOM SJIEMeHTe
NPOCTPAHCTBEHHOTO obbvema Ha NPOTAXKEHHUH BCEro BPEMEHH.

=0. (87,3a)
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(cm. § 53). B rpaBuTaiuHOHHOM N0JIE 3TO ypaBHeHue nepexonut B Dk/==0,
K L 87,7)

(u3 3THX e ypaBHEHHH onpeleNuTCHs H mapamerp A)Y).
Ksangpat BoJHOBOro 4-BeKTOpa paBeH Hyaw0 (cM. § 48):

kki=0. . (87,8)

[Moacrasnsisi ciona op/dx* Bmecto k; (1[; — 3HKOHAJ), HAXOAHM ypaBHe-
HHe 3HKOHajJa B IPABUTAIHOHHOM [OJE:

w2 N _q (87,9)

Ox! oxk

B npefie/bHOM C/1yUae MaJbIX CKOPOCTeH pPeITHBHCTCKHE yPaBHEHHsl
JBHKEHHS YaCTHLBI B TPAaBHTAllHOHHOM IIOJIE ZOJIAHBI NepefiTd B COOT-
BeTCTBYIOIIME HeDeJsTHBHCTCKHe ypaBHeHHd. IIpH 3ToM Hamo HMmeTh
B BHAY, YTO U3 NPEAMNOIOKEHHS O MaJOCTH CKOPOCTeH BLITCKAeT TaKXke
yCJIOBHE, UTO CAMO T'PaBHTALHOHHOE MoJe AOJ/KHO ObITh C1abblM; B NPO-
THBHOM Cllyyae HaXoJsIuasicd B HeM uacTHUa npHobpena Obl GO/bIIYIO
CKOPOCTb.

BrisicHuM, KaK CBSI3aH B 3TOM IPEEBHOM Cllyyae MeTpHUeCKHH TeH-
30D g;; C HEPEJIATHBUCTCKUM NOTEHIHAJOM ¢ T'DABHTALHOHHOIO IIOJS.

B HepensiTHBHCTCKOH MeXaHHKe JABHXKEHHe YacTHIb B IPaBUTALHOH-
HOM moJie onpenensercst ¢pyHkuuei Jlarpanxa (81,1). Mol Hanumewm ee
Telepb B BHIE

L=—me*+ " —me, ' (87,10)

npuGaBUB MOCTOSHHYIO — mc? %); DT0 HANO CAeNaTh A8 TOro, UToOh!
HepessiTHBHCTCKas ¢yHKuus Jlarpan:xa B oTcyTcTBHE noad L=—mc*-+
~-muv?/2 Gb1a B TOYHOCTH TOH, B KOTOPYIO NEPEXOAHT COOTBETCTBYIOMASA

peJIATHBHCTCKAs Q)yHKumx L———mczl/ 1—v?/c* B npexene npu v/c— 0.
HepensatuBucrckoe neficTBHe S JAJA 4YacTHUB B I‘paBHTauHOHHOM
noJsie, CJAEROBATENbHO, HMEET BHI

§={ Ldt= —me S(c~——+ ‘P)dt

CpaBHuBast 3TO C BEIPaXKEHHEM S=—mcS ds, MBI BHAHM, 4TO B paccmar-
puBaeMOM IpeJEIbHOM CiIydae

ds= (c—%—l——?—) dt,

1) TeogesnueckHe, BLOJAb KOTOPHX ds==0, HA3LBAOT HYJIEBHIMH HJIH H30TPONHAIMH.
2) [loTeHUHAn ¢ ONpefieseH, pasyMeeTcs, JHUIL C TOYHOCTHIO N0 IPOHIBOJIBLHOM
ajuTHBHON NOCTOSHHOH. M mozpasymeBaeM Besfie ecTeCTBEHHHIH BHRIGOP SToi no-
CTOSHHOM, NPH KOTOPOM MOTeHIHaJ o6pamaerca B HYAb BAAJH OT Ted, CO3JA0MAX foJe.
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BosBoast B KBajpar u onyéxaﬂ YJIeHbt, O6paIAOLIHECs NPH ¢— co B
HYJib, HAXOIMM: .
ds?=(c*+-2¢) di*—dr?, (87,11)

rae MBI Y4IH, 4TO vdi=dr.
TakuM 06pa3oM, KOMIIOHEHTA Gy METPHYECKOrO TEH30Pa B Npejeib-
HOM cJIyyae paBHa

2
Zo=14+7F. (87,12)

"Uro Kacaercsi oCTalbHBIX KOMIOHeHT, TO u3 (87,11) ciexosano 6wl,
uto g,,=0,5 &,,=0. B aeficTBuTenbHOCTH, OXHAKO, NMONPABKH K HUM,
Booblite rosopﬂ TOrO 2Ke MOPSAKa BEJHUYMHE, UTO H TONpPAaBKa B Gy
(cM. 06 3TOM moxpoGHee B § 106). Heno3MoxHOCTS onpeieseHus] 3THX
HONPABOK MPHBEJAEHHBIM BHIIIE CHOCOGOM CBSI3aHa ¢ TeM, YTO IIONPaBKa
B g,; HMEIOasi TOT Xe TOPANOK BeJHYMHDBI, YTO M TOMNPaBKa B Lo,
npueesia 6pf B GyHKIHH JlarpaHxka K uieHam Gollee BHICOKOFO nopsjaxa
MAJIOCTH (BCJIEACTBHE TOTO, YTO B BbIPAXEHHH 151 dS® KOMIOHEHTHI g,5
He YMHOXKAIOTCH Ha ¢, KaK 3TO MUMeeT MeCTO LIS Loo).

3apgaua

BriecTn y pasHenne nrxenus (87,3) ns npunnuna sauMenbliero geficreus (87,1).
Pewmenne, HMwmeem:

8ds? == 2ds6ds = & (g;pdxidxk) =dxidxk 'a_agjzi Oxl 4 2g;,dxidBxk.
x

TlosTomy

. 1 dxf dx® dg;y  dxl ddxk .
68_"””_§{2 ds ds aléx T8ir g5 s ds=

[ 1 dxf dx® Ogyp d dx?
= —me Oxt —— [ gip = ) 8xk 3 ds
m S{ 2 ds ds gyt T ds (g’k ds
(Npu WMHTErpPUPOBAHUM N0 4YAaCTAM YYTEHO, YTo HA npejenax Ox*=0). Bo Bropom
yjieHe MOJ HHTErpaNoM 3aMeHHM HHAeKc k ungekcom /. Torla HaXORZHM, NpHPaBHH~

Bas HyJIO KO3(XpHUHEHT NIPH NpOM3BOJIBHOA Bapualmu Ox’:

1 dg dg du? 0g;
ik_‘k__.._ ik Y5ik O uiyk Bl
5 E, (giud)= uly EW, —&i ds wu dxk 0.

3ameuasi, yTO TpeTHil UJNEH MOXKHO HANHCATb B BHJE
r (08i1 +0gkz ’
. »
axk ' ot
u BpoAA cumBoabl Kpueroddens T'y;p cornacuo (86,2), momyuaem:
dui .
&5 + Ty itk =0,

Y pasnenne (87,3) noayuaercss orTciofa NogusaTHeM HEJekca I,
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§ 88. MNocTosinHoe rpaBHTaUMOHHOE moJie

I'paBHTALHOHHOE 110JIe HAa3bIBAIOT NOCIMOAHHbIM, €CJTA MOXKHO BEIGPATh
TaKyl0 CHCTEMYy OTCYeTa, B KOTOPOH BCe KOMIIOHEHTHI 'METPHYECKOTO
TEH30Pa HE 3aBUCAT OT BPEMEHHOH KOODJAHHATH X°; IIOC/AEIHIO Ha3hi-
BAIOT B TAKOM CJAYYae MUPOSLIM BPEMEHEM.

BriGop MHPOBOTO BpeMeHHU He BIOJIHE ojHO3HaueH. Tak, npu nobas-
JeHHH K x° NPOH3BONBHON (DYHKUHH NPOCTPAHCTBEHHBIX KOOPAMHAT BCE
8., TIO-TIPEXKHEeMY He OYAyT COAepKaTh X% 3TO NpecOpasoBanHe COOTBET-
CTBYeT IIPOH3BOJBLHOCTH BHIOOpA Hauaja OTCUeTa BPEMEHH B KayKAoH
TOUKe TIpocTpaHcTBa ). Kpome Toro, pasymeercs, MUpOBOe BpeMs IOIly-
CKaeT YMHOXeHNe Ha IIPOU3BOJbHYIO NOCTORHHYIO, T. €. NPOH3BOJIbHLIH
BLIGOP E€IHHHIBLI ero U3MepeHus,

Crporo roops, MOCTOSHHBIM MOXET OBITh JIHIIb NOJE, CO3/1aBaeMoe
OJIHHM TeJoM. B cHcTeMe HECKONBKHMX Tel HX B3aHMHOE T'PABHTAL{HOH-
HOe TIPHTSKEeHHe [IPUBOANT K BOSHHKHOBEHHIO ABMKEHHS, B pe3yJ/bTare
Yero CO3JaBaeMOe UMH TOJIE€ HE MOXKET ObIThb IIOCTOSIHHBIM.

Ecau co3paoliiee moJie TeNo HENMOJBUKHO (B CUCTEMe OTCUeTa, B KO-
TOPOH g,, He 3aBUCAT OT x°), TO oOa HanpaBjeHHs BPEMEHH 3KBUBA-
JeHTHEL. [Ipu no/mxHOM BRIGOpE Hauasa OTcUeTa BPEMEHH BO BCEX TOUKAX
HPOCTPAHCTBA, HHTEPBAT dS B 3TOM C/yuae He JOKEH MEHATbCA TPH
H3MEeHEHHH 3HaKa x°, a OTOMY BCe KOMIOHEHTHI g,, METPHYECKOTO TeH-
30pa JO/DKHBI GbITh TOXAECTBEHHO PaBHLIMH HymMo. TakHe NOCTOsHHbIE
IrpaBUTAlHOHHBIE 1O MBI OylleM HashiBaTb CMAMUHECKUMU.

HenoaBuKHOCTL TeNa, ONHAKO, He fABJAsAETCH 00SI3aTENbHBIM YCJ/10-
BHUEM IIOCTOSIHCTBA CO3ZaBaeMoro UM noasi. Tak, 6yaeT HOCTOSIHHBIM
TaKxXe U I10Jie PABHOMEPHO BPAIIAOErocss BOKPYT CBOeH OCH aKCHAMIb-
Ho-cHMMeTpHUHOro Tesja. Ho B aTOoM ciyyae o6a HanpaB/aeHHS Bpe-
MEHH yXKe OTHIOAL HE DABHOUEHHBl — IPH H3MEHEHHH 3HaKa BpeMeHH
MeHsIeTCSl 3HAK YIVIOBOH CKOpPOCTH BpameHus. ITosroMy B Takux mno-
CTOSIHHBIX TPaBHTAIIMOHHBIX NOJASAX (KOTOpHlE MBI OyjieM HasblBaTh Cma-
UUOHAPHBbIMU) KOMIIOHEHTHI g,, METPUYECKOrO TeH30pa, Booblle rosops,
OTJIMYHBL OT HYJIS.

CMBIC/T MEPOBOTO BpeMeHH B TIOCTOSTHHOM I'PaBHTALlHOHHOM HOJIE 3a-
KJAIOYaeTcsd B TOM, 4TO €ro IIPOMEXKYTOK MEXKAY AByMsA COOBITHAMH B

1) Jlerko BHAETb, YTO TPH 3TOM HPEOGPA3OBAHHH HPOCTPAHCTBEHHAS METpHKA,
KaK u ciiefoBasio, He MeHsercs. [leficTBuTe/IbHO, NPH 3aMeHe

2 — O F (o, 2, 29)
¢ nponssosbHoll dyHKumeit f(xl, x2, x3) KOMIOHEHTH g, 3aMEHAIOTCH COIIACHO
8a3 — Gapt Qoo a3+ 80a [p+8Gog fras
Zoa — 8oa +g00 fsau 8oo —> oo»

rhe f,, ==0f/0x*. Ilpu stom, oueBunHo, TpexmepHbii TeHsop (84,7) me MeI{HET;:ﬁ;

.
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HEKOTOPOH TOYKE NPOCTPAHCTBA COBHALAET € €I'¢ NPOMEKYTKOM MEXIy
JIIOOBIMH IPYTUMH ABYMS COOBITHSIMH B JII0GOH APYrofl TOUKe npocTpaH-
CTBA, COOTBETCTBEHHO OJHOBPEMEHHLIMH (B BLIACHEHHOM B § 84 cMbicse)
¢ nepBoii napod cobbiTui. Ho oIMHAKOBEIM NPOMEXYTKaM MHPOBOLO
BPEMEHH X° COOTBETCTBYIOT B Pa3HLIX TOUKaX NPOCTPAHCTBA PAa3JHUHLIE
NPOMEXYTKH COOCTBEHHOTO BpemeHu T. CBA3b (84,1) MEKAY HHUMH MOXKHO
Hanucath TENEpb B BHJE

T= 5V 2, BECAY

NPUMEHUMOM K JIIOOBIM KOHEUHBIM NPOMEXKYTKAM.

B cnab6om rpapHTallHOHHOM IOJ€ MOXKHO BOCHOJAb3CBATLCH IIPH-
Os1KeHHBIM BRIpaxkenueM (87,12); npu stom (88,1) xaer, ¢ To# xe Tou-
HOCTBIO!

ng(y+%>. | (@2)

TakuM 06pa3oM, COGCTBEHHOE BpeMsl TEUET TeM MelJeHHee, YyeM MeHblie
TPABUTALUOHHBIA MOTEHIUHAT B JAHHOU TOUKE MPOCTPAHCTBA, T. €. YeM
Gosblie ero abCoMIOTHAs BesqHuHHa (HHXKe, B § 99 Oyner nokasano, yto
IOTEHIIHAJA ¢ OTpHuaTeseH). EciH H3 ABYX ONMHAKOBBIX 44COB OAHU
HaXOJMJIHCh HEKGTOPOE BpEMS B FPABUTALHOHHOM TIOJIE, TO HOCJEe 3TOTro
yacel, ObIBUIME B IIOJIe, OKaXKYTCSl OTCTaBIUIHMH.

Kak yxe 6blJI0 YKa3aHO, B CTATHYECKOM I'PABUTALIHOHHOM II0JI€ KOM-
FIOHEHTHI g,, MeTPHYECKOT0 TeH30Pa paBHHl HyJ0. COIvIacHO pe3yabTaTam
§ 84 310 3HAYUHT, YTO B TAKOM IOJIE BO3MOXKHA CHHXDOHH3ALHA YacoB
BO BCEeM ITIPOCTPAHCTBe.

3aMeTHM Takxke, YTO JJIs1 3JeMEHTa IPOCTPAHCTBEHHOIO paccros-
HHA B CTAaTHUECKOM HOJie HMEeM HpPOCTO:

di* = —g, dwd?. - (88,3)

B craunonapHoMm mofe g,, OTTHUHEL OT HYJS H CHHXPOHH3AIUA Ya-
COB BO BCEM IIPOCTPAHCTBE HeBO3MOXKHA. ITocKo/bKY g7 He 3aBHCAT OT
x°, 1o c¢opmyay (84,14) nns pasHOCTH 3HAYEHHI MHDOBOTO BpeMEHU
JIBYX OJHOBPCMEHHBIX COOBITHH, NPOHCXONSIIMX B PasHBIX TOUKax
NPOCTPAHCTBA, MOXKHO Hamucarb B BHIE

Av= — [ B2 (88.4)
&oo

IIPUMEHHAMOM AJISt JIIOOBIX JIBYX TOYEK HA JIMHHH, BAOJb KOTOPOH Ipous-
BOJIMTCS CHHXDOHM3a1us 4acoB. [IpH CHHXDOHH3ALMH e BAOJL 3aMK-
HYTOTO KOHTYPa pasHOCTb 3HAUEHHH MHPOBOIO BpEMeHH, KoTopas
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ob6HapyKHIach Okl MO BO3BPAUIEHHH B HCXOIHYIO TOUKY, PaBHa HHTer-
pany
L4
Avr— — @ B (88,5)
Loo
B35STOMY IO 3TOMY 3aMKHYTOMYy KOHTYpY1Y).
" PaccMOTPHUM paclpocTPaHeHue Jydyel cBeTa B MOCTOSHHOM I'DABHTA~
yuoHHOM moJe. Mpl Buzean B § 53, yTo yacToTa cBeTa paBHAa NMpPOHU3-
‘_ BOJAHOH OT 3HKOHAja Y NO BpeMeHH {(c oOpaTHmM 3Hakom). Yacrora,
H3MEPEHHas B MHPOBOM BpeMeHH x%c, II09TOMY paBHa ®o=—c p/0x°.
[lockoaAbKY ypaBHeHHe 3iiKoHana (87,9) B MOCTOSTHHOM TlONIe HE COMEep-
'JKHT X° SIBHO, TO 4aCTOTa &, OCTAETCHA IIOCTOSTHHOH NpPH pacrnpocrpane-
HHH Jyua cBera. Yactora XKe, H3MepeHHas B COOCTBEHHOM BPEMEHH,
paBHa ©=—0Y/0T; OHa pa3/iMyHa B PAa3HBIX TOYKaXx npocrpaHCTBa.
B cuny coorHoweHus

oy _ oY 6x° _0p
ot 0% 9t 0x0 Vgoo

»

HMeeM:
0=—0_, (88,6)
V €50
B csaboM rpaBUTallHOHHOM T0JI€ TIOJydaeM OTCIOfA NPHOJIHKEHHO:
0=0, (1 —;’;2) . (88,7)

Mul BHAMM, YTO YacTOTA CBETAa BO3pACTaeT C YBeJHUYEHHEM a0COMIOTHOMH
‘BEJIMUMHBI TIOTEHIMAa/da IDABUTALHOHHOLO IOJSA, T. €. DPH NPHOIHKE-
HHYM K CO3JaIOUIUM TI0Je TejaaMm; HaobopOoT, NPH yAaJeHHH JyYa OT S3THX
TeJ YacToTa CBeTa yMeHbinaercs. Eciu yd cBeTa, HCMYIEHHLIA B TOUKE,
IJie rpaBUTAllHOHHBI TIOTEHIIHAN PABeH ¢, UMeeT (B 3TOH TOUKE) 4acTo-
TY ®, TO, NPHIASl B TOUKY C NOTEHLHANOM @z, OH GYAeT HMETb YacTOTy
(H3MepeHHYI0 B COOCTBEHHOM BpeMEHM B 3TOH TOUKe), PaBHYIO

e (1-%) o (1458
& : v

JluneHuaTelfl CreKTP, “HCNYCKAEMblil KaKHMH-1100 aToMaMH, HaXo-
_Aamumucst, Hanpumep, Ha ConHue, BBIMVISAHT TaM TOYHO TaK XKe, Kak
'BRIMIAAMT Ha 3emie CHEKTP, HCNYCKAaeMbli HaXOAALIMMHCH Ha Held

1) Hurerpan {88,5) TOXAECTBEHHO PaBeH HYJIO, eC/H CYyMMa g, odx™/gog sABaseTca
. .TonupiM gudrpepenn nanoM Kakoi-1u6o GyHKuHH NPOCTPAHCTBEHHEIX KODIHMHAT. Taxou
¢ cxyuaft, ognaKo, 03Haual 6b! NPOCTO, YTO Mil HMeeM B JACHCTBUTENLHOCTH fe/lo CO CTa- .
7 THYECKHM IoJ/IeM H peo6pasoBatueM BUAA x°— x°+f(x") BCE g0 MOTYT GHTh OGpalieHu
8 HyJb,
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TakuMu e atomamp. Ecanxe na 3emne nabGmionaercs CHeKTp, HCnyc-
KaeMblil atomamy, HaxoasmuMAcs Ha CosHue, TO, KaK CIeAyeT U3 Bhile-
H3JI0XKEHHOTO, €r0 JHHUH OKAaXKYTCs CMELEHHBIME 11O CPABHEHHIO ¢ JIH-
HHSAMH TaKOTO e CHeKTpa, ucnyckaemoro Ha 3emse. MiMenno, kaxnaas
JIHHHS € yacToToll o OyJeT cMellieHa Ha UHTepBad Aw, onpelesasemMblii U3

(hopMyJIBL . :
Ao=32"% 4 (88,8)

c2

rje @i H @ — NOTEeHNYAaJBl TPABUTAIIHOHHOIO MOJs COOTBETCTBEH-
HO B MeCTe MCIyCKaHHs W B Mecre HamofieHHs cnekrpa. Ecaum na
3emse HabaOaeTCs CHEKTP, UCIycKaemblit Ha CoJlHile WU 3BE314X, TO
lpr| > @] u u3 (88,8) caenyer, uto Aw<<0, T.e. cMelleHHE TPOHC-
XOJIUT B CTOPOHY MeHBIHMX yacToT. OmHcaHHOE fBJIEHHE HA3HIBAIOT
KPACHBIM CMELUEHUEM.

[TponcxokzeHue 3TOTO SIBJEHHS] MOXKHO YSCHHTL cefe HeNoCpejcT-
BEHHO HAa OCHOBAHMH CKA3aHHOTO BHIlE O MHPOBOM BpeMeHH. B cuay
II0CTOSAHCTBA T10J151 TPOMEXKYTOK MHPOBOTO BPEMEHH, B TEUEHHE KOTOPOro
HeKOTOpoe Kojie0aHHWEe B CBETOBOH BOJIHE PAClPOCTPAHHTCA H3 - OHHOMH
3aJ@HHOI TOYKH NPOCTPAHCTBA B APYIylo, He 3aBHCHT OT x°. ITosTomy
Yxc/I0 KoneGaHHH, IPOHCXOSMIUX B €NHHIY MHPOBOTrO BpeMeHH, GyeT
OJIMHAKOBBEIM BO BCEX TOUKAX BAOJb Jyuya. Ho OLHH H TOT 3Ke IPOMERYTOK
MHPOBOIO BPEMEHH COOTBETCTBYET TeM GOJbLIeMy MPOMEXKYTKY CO6CT-
BEHHOI'O BPEMEHH, UeM JaJiblie Mbl HAXOAHUMCS OT CO3JA0LIUX 110J1€ TeJ.
CrepoBaTe/bHO, 4acToTa, T. €. YHCJIO KoaeGaHHil B elHHHUY coGcCr-
BEHHOTO BpeMeHH, OyIeT majaTb NPH yJa/JeHHH CBeTa OT 3THX Macc.

[Tpu ABHKEHWH YACTHLLI B NIOCTOSIHHOM TOJIE COXPAHSETCsl ee 3Hep-
THsl, OnpejesieMasl Kak HpousBogHas (—cdS/0x°) or meACTBHs 10O
MHPOBOMY BPEMEHH; 3TO CJIEAYET, HANPUMEP, U3 TOro, 4Ta X° HE BXO-
IWT ABHO B ypasHeHHe [amuibToHa — §lko6u. OnpejesieHHAast TAKUM
o6pa3oM 3Heprusi €cTh BpeMEHHAasi KOMIIOHEHTA KOBAPUAHTHOIO
4-BeKTOpPAa HMIYJbCA pr=mcup=mcgy;u’. B crarnueckom mone
ds?=gy, (dx%)* — dl*, U MBIl HMeeM JJsi 3HEPTrHH, KOTOpylo 0003Ha-
YUM 3A€Ch NOCPEACTBOM &

ety X o dx®
60 mcgoo ds me=gyo VW *

BBeJIeM CKOpOCTb YAaCTHILBI:
dl cdl

TR T FEI—=

dt Vgoo dx®

H3MEPEHHYIO B CcOOCTBEHHOM BpeMeHHu, T. €. HaﬁJl}OlIaTe.HEM, Haxons-
muMca B JAaHHOM MeECTe. Toma ME! l'IOJIy'-lI/IM AJIsl SHEPruu:

& = me? ¥V gy, ) (88,9)

U2
l/‘—.;?
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D10 ecTh Ta BeJHYHHA, KOTOPAsl OCTAETCS NOCTOSIHHOH NPH JBHXEHUH
YACTHILIBL. ‘
Jlerko noxasarb, 4to BelpaxeHue (88,9) st sHEprHH ocTaeTCs B CHJIEC
H B CTAllMOHAPHOM TOJie, €C/IH TONBKO CKOPOCTH U M3MepsTb B coGCT-
BEHHOM BPEeMEHH, ONpeje/ieHHOM IO YacaM, CHHXPOHH30BAHHLIM BJOJb
TPAEKTOPHH YACTHLBL. Ec/M YacTHIA BHIXOAHT HX TOUKH A B MOMEHT
MHPOBOIO BpeMeHH Xx° U IIPHXOANT B GeCKOHEYHO OJH3KYI0 TOuKy B
B MOMEHT x°4-dx° TO 1/ OIpeleseHHs] CKOPOCTH Haio B3sTb Teleph
He NPOMeRYTOK BpeMmeHu (x°+-dx%)—x°=dx®, a pasHOCTb MeXAy x°—+dx°
&o o
¥ MOMEHTOM x°— —~ dx*, KOTODBIii OAHOBpPEMEHEH B Touke B MoMeHTy x°
0
B Touke A:
& &
(x° -+ dx*)— <x° —_— dx“) =dx® ==
&oo g

00

dxe.

YMHOXKUB ero Ha / g,,/c, IOJYdUM COOTBETCTBYIOIHH HHTepBa COBCT-
BEHHOTO BPEMEHH, TaK YTO CKOPOCTb

_ cdx®
UV @r—gan (88,10)
TIe Mbl BBeJu 0603HayeHUs
g()a
8= —a’ h"goo (88’11)

JUIsi TPEXMEpPHOTO BekTopa g (ymoMMHaBulerocss yxe B § 84) u auas
TPEXMEPHOTO CKa/lfgpa g, KoBapHaHTHbE KOMIOHEHTHI CKOPOCTH V

KaK TPEXMEPHOro BEKTOPAa B IPOCTPAHCTBE C METPHKOH Yag U COOT-
BETCTBEHHO KBaJpaT 3TOTO BeKTOpa HAJ0 IOHHMATh Kak?l)
U= Yagt?, U =0,0% (88,12)

3ameruM, 4YTO INIPH TAKOM OINpeJeJeHHH HHTepBasl ds BhIpa)kaercd
uyepe3 CKOpPOCTb (GopMyJioH, aHaJorM4HOH OObYHOH (opMmy.e:

ds? = g, (dx°) - 2, dx°dx" -+ g pdx*dx =
= h(d —gdxP—dP = h(d'—g.dey (1—%) . (88,13)

1) B pasbHeiilieM MBI HeOJHOKpaTHO OyAeM BBONMTh B DacCMOTpeHHe, Hapsaly
¢ 4-pekTopaMu M 4-rTeH30paMH, TaKkKe H TPeXMeDHble BEKTOPHl M TeH30PHI, ONpejie-
JieHHbie B HPOCTPAHCTBE C MeTPHKOH Vag; TAKOBEIMH SIBJISIOTCH, B YaCTHOCTH, BBe-
IeHHBe yiKe BeKTOpH g H v. B To BpeMa Kak B mepBoM ciyuae TeH30pHBIE oOfie-
‘pauuu (B TOM YHCJIe NOJHSTHE H ONyCKaHHe MHJIEKCOB) IIPOH3BOJATCS C NOMOILLIO
METPHUECKOTO TeH30pa g;p, BO BTOPOM CJyude— ¢ TOMOULBIO TeH30pa Y,s. Bo u3-
GexxaHHe MOFYIDHX BO3HHKHYTb B CBSI3H C 3THM HeJopasyMeHHH Mhl GyneM oGosHa-
9aTh TpeXMepHELIC BeJHYHHH C IIOMOINbLIO CHMBOJIOB, Heé HCIIOJb3YEMHIX JJI 0603Ha-
YeHMS YeThIpeXMepHEIX BeJIHYHH.
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KommonenTsl 4-ckopoctd u’= dx‘/ds ‘paBHbl
' 1 g.v"
u(l —_—

0
T m————ee—— u0= .._._+ .
= ' - - v? ]/-__(_’E_
c]/-l—gg— Vi l/l—c_‘e' c 1 =

DHeprus xe

(88,14)

Eo= Mg tti = me*h (u'—g,u%)

H nocse noAcTaHoBkU (88,14) mpuoGperaer Bup (88,9).

B mpenmenbHoM cayyae c¢aaGoro rpaBHTALHOHHOTO NMOJA H MaJbix
cKopocTelt, MoAcTaBAAsl g, = 1 +2¢/c*> B (88,9), moayyum mpu-
O/IHKEHHO:

é’ozmcz—[—ﬂgi—l—m@; (88,19)

Ije 1@ —NoTeHIHaJbHAA HEPTHsl YAaCTHULBI B IPaBUTALHOHHOM II0J€,
YTO HAXOQHUTCS B COOTBETCTBHH ¢ (ynKuuell Jlarpamxka (87,10).

3apgaun

1. Onpenenuts cuny, pmefiCTBYIOUIYI0 HA YacTHIly B TNOCTOSIHHOM TpaBHTa-
LIHOHHOM ToJIe.

Pewenne, A9 HyNHBIX HAM KOMNOHEHT I% HAXOZHM CJCAYIOUHE Bbi-
paeHHs: : .
' 1
—
%, = 5 >,

h . 1 . :
=7 (h—ef)—ga™ M
h . . 1 .
=25+ (g (87 —e) + & (e —d)] +5 qogh™ -

B 5THX BHIpaMeHHAX BCe TEH3ODHbie fAeficTBHs (KoBapHaHTHHE AubdeperiHpo-
BAHHS, NONBEM ¥ ONYCKaHHe HHIEKCOB) NPOM3BOLATCS B TPEXMEPHOM NPOCTPAHCTBE
c Me'rpnxon Ve Hall TPEXMEPHLIM BEKTOPOM g% H TPEXMEPHLIM CKaJApOM h (88,11);
7”(311 ecTb TpexMepHilit cumBos Kpucroddens, COCTaBMCHHEIA M3 KOMIOHEHT TeH-
30pa V.5 TaK, Kak l‘k, COCTABJISIETCA U3 KOMINOHEHT g;p; NPH BHIYHC/EHHH HCIOJb-
30BaHsl GopmyJiel (84,9—12).
Toacrasus (1) B ypaBHeHHe ABHMKEHHS
du®
adadi 0y 0,8 8
o To (12— 2T op 4% I‘ﬁyuu‘t

W UCHOJb3ys BeIpaenHs (88,14) A1 KOMIOHEHT 4-CKOPOCTH, nocje npoc‘rux npe-
" o0pasoBanuii DOJNYYHM:

¢ - e VE(gh—g)? My ot

T N B ¢
ds 2 v? 2 2 v?
Vg 2(-5) (%) e(-F)




§ 88] NOCTOSHHOE T'PABHTAUMOHHOE TNONE 323

Heficraylomas Ha yacTuily cuna f ecTe npoussofHas oT ee HMIOYJbCa P No
(CHMBXPOHH30BaHHOMY) COGCTBEHHOMY BPEMEHH, ONpefeneHHas C HOMOIIBIO TPeXMep-
HOTO KOoBapnauTHoro auddepenumana:

. v? Dp°l .l/ v d mo* o«  muby’
eV -5 Y 154 l/—v-r“ﬁv =
l——
[

c2
U3 (2) umeeMm nostomy (A yRoGCTBa ONyCKAaeM HHIEKC Vix):
e %23 0ga)
== ViV (-2
- | 2
UM B OOGBLIYHBIX TPEXMEPHHIX BEXTOPHHX oGo3HaueHusx 1)

f=7—m—62; {— gradlnV a+V'h [-:.L rot g] } . 3
1=
Cz

OrMeTsM, 4YTO ecaH TeJlo Henozmmmxo To peiicTBylomasi Ha Hero cuaa (nep-
BHI uJieH B (3)) BMeeT moTenuuan. IIpH MasieX CKOPOCTAX ABHXKeHHS BTODOfi ujeH

1) B TpexMepHHIX KPHBOJMHENHBHIX KOOPIHHATAX €JAMHHYHBI] AHTHCUMMETPHU-
HBIT TeH30p onpejeasieTcs Kak

1
’fla;37 V Y €agys ﬂ“ﬁ7= V-—{,

e*fr,

Toie €;55== €123 = 1, a npH nepecTaHoBKe By X HHIACKCOB MEHSIOT 3HaK (cp. (83,13—14)).
CooTeeTcTBeHHO 3TOMy BekTop c= [ab], onpejesieHHBHi Kak BeKTOp, AYaJbHbIi
AHTHCHMMETPHUHOMY TeH30py cﬁ.{=a@b.‘—a7bg, HMeEeT KOMIOHEHTRI

— — 1
=V VeuBT=V 7 eymabct, c*=— erbicy, = —— eBrayc,.
2 afy L V 1 VY B

O6paruo:
- . 1
Cag=V Veupy¢, F=—=eicy.
g V‘ 1
s
B uacTtHoCTH, TOt @ Hajo NOHHMATb B 9TOM Ke CMBIC/IE KaK BEKTOp, AyaJbHbII
02y oa
TEH3OPY dgiq— dalp= 0—;—6—;% , TaK 4TO ero KOHTpaBapHaHTHHIC KOMIIOHEHTHI

(rot a)° 1 o <6a.t aaa)
ot a) —= ————¢" ———— ],
2V v \oid  oxt

¥Yrnomsnem Taxkxe B 3TOH CBA3H, 4TO Tpexmepnax IIMBEPreHLHsT BeKTOpa

diva=—— (Vya“)

V‘ ~ 0x3
(ep. (86 9).

Bo usbexanue Henopaaymeuuu NpU CPaBHEHHH C dopmyaMu, uacro npave-
HAEMBIMH - 1J51 TPEXMCPHEIX BEKTOPHHX onepalufii B OPTOrQHaJbHBIX KPHBOJMHCI-
HBIX KOODJMHATax (CM., HanpHMep, «DNEKTPOIMHAMHKA CIVIOWHHIX Cpei», NpHJo-
JKeHHe), YKaXeM, YTo B 3THX (opMyiaxX MoJi KOMIOHEHTaMH BEKTOPA NOAPA3YyMEBaKOTCS

sejuunnnl ¥V gn AL(=V AAY), Vg A% Vs A%
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B (3) umeeT BHI mcC V h[vrot g], aHasnornunsiii cune KopHosmca, Kotopast BO3-
HHKJa 6bl (IpH OTCYTCTBHH NOJISI) B CHCTeMe KOODAMHAT, Bpallaloumiedcs ¢ yrJjoBoi
CKOPOCTBIO

Q:—.g— VY hrotg.

2. Buisectn npuumun Pepma mas pacnpocTpaHeHus Jydeffi B IMOCTOAHHOM
rpaBUTAIlUOHHOM IOJIe..
Pemenune, Hpmumn ®epma (cm. § 53) raacut:

5 S kydx* =0,

[fie HHTErpas GepeTcs BROJL JIYYa, 8 MOALIHTErPAJbHOE BHIPANKEHHE JOJKHO ObITh
BLIPAJKEHO Yepe3 NOCTOSHHYIO BJOJb Jyda YacToTy ®, M AuddepeHunalbl KOOPAH:
Hat. 3ameuasi, 4T0 Ry = — OP/0x9 =wy/c, MHIEM:

o
-—ci): kg =gk’ = Gook® +goak* =h (R* —g.k%).

TMogcTassie 3T0 B COOTHOWEHHe kK —g; kikk =0, HanucaHHOe B BHfe
h (R0 — gok*)2 — 7y, k"k* =0,
0J1y UHM!

1 f0,)\2 b
7(?) —ya@k»k‘“:O.

YuuTslBasi TakHe, UTO BeKTOp k% JOJuKeH UMeTh HAlpaB/JeHHe BEKTOpa dx¥, Haxo-
UM OTCIOna;
Wy -dx®

cVr dl’
rae dl (84,6) ects 3JeMeHT NPOCTPAHCTBEHHOTO pPaccTOSHMA BROJb Jyua. YTo6bI
fOJIYYUTH BbIpaXKeHHe LJisi R, nHleM:

. ,
ko= golk; =gk, + g*Pky=— g* > — By,

pt =

OTKYyAa
Vag dxB
- 8120 g8) =
ka Yaﬁ(k+c gﬁ) <V-hdl+ga).
Hakonen, ymHoxas Ha dx®, moayuuM npuHuun Pepma B BHAE (NOCTOSHHEIN MHO-

HUTENb (y/C OMyCKaeM)
] (Fes) =

B craruveckoMm noJse umMeeM IIpoCTO!:

dl
6 S ==
Vh
OopamaeM BHUMaHue Ha TO, YTO B T'PDABHTAIIHOHHOM MoJe Jy4Y pacnpocTpaHsieTcs

He 10 KpaTuajiefl JIHHHH B NPOCTPAHCTBE, TaK KaK MOCJEAHSA onpeue.nmact» 6b1
ypasHenneM 65 dl=0
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§ 89. Bpamenue '

Oco6bIM CJIyYaeM CTallHOHAPHBIX I'PaBHTAIMOHHLIX ToJell ABJAAETCH
noJie, BO3HHKAIOLlee NMPH Nepexofe K PABHOMEPHO Bpaulalomeidcs CH-
cTeMe orcueta.

Hast onpeneneHuss uHTepBasa ds NMPOH3BeleM INpeoGpasoBaHHE OT
HeNOJBHKHOH (MHEPLHAJIBHOH) CHCTEMBI K PAaBHOMEPHO Bpatiarmoleics.
B HenoABMXKHOH cucTeMe KOODAMHAT r', @', 2’, ¢ (MBI IOJIb3yeMcs LM-
JIHHAPHYECKHMH NPOCTPAHCTBEHHBLIMH KOODAMHATAMH) MHTEPBAN HMEET
BHJ, :

ds*=cdt*—dr'2*—r'?de’ *—dz'2. (89,1)

Bo Bpamaromeiicst cucreMe UHJIHHAPHYECKHE KOOPIAHHATHL IYCTh GYAYT
r, ¢, z. Ecnu och BparieHust COBHAlaeT C OCAMH Z U 2, TO HMeeM 7’ =7,
2=z, ¢'=¢+Q¢, rie Q — yrjoBasi cKopocTb Bpaumenus. [Toxcrasmass
B (89,1), HaxoxMM MCKOMOE BBIpaxKeHHe JJIs HHTEPBA/NA BO Bpaiamouiei-
¢S CHCTEME OTCueTa:

ds?=(c2—Q2r?) d2—2Qr*d¢ dt—dz*—ridp*—dr2. (89,2)

Heo6x011MO OTMETUTh, UTO Bpatlaomeicsi CHCTEMOH OTCYETa MOXKHO
NI0JIL30BAThCA TOJBKO 10 PAaCCTOsIHHH, paBHbIX ¢/Q. JleficTBuTenbHO, H3
(89,2) BugHO, uTO MpH 7 >>c/Q BeIUUHHA gy, CTAHOBUTCS OTPULATE b~
HOl1, uTO HejomycTumo. HemprMeHHMocTh Bpauaroieiicss CHCTEMbI OT-
cuera Ha GOJBIIMX PACCTOSTHHSIX CBSI3aHA C TeM, YTO CKOPOCTb Bpallle-
HMst cllesiajack Obl Ha HAX OOJIbLIEH CKOPOCTH CBeTa, H NOTOMYy Takas
CHCTEMa He MOXKeT ObITh OCYIIECTBJIEHA PeaNbHbIMH TeJaMH.

Kak 4 BO BCIKOM CTaLlMOHAPHOM IoJie, Ha BpaLAIoUIeMCs TeJse Yackl
He MOryT GBITh OAHO3HAYHO CHHXPOHH30BAaHHI BO BCEX ToukaX. Ilpous-
BOJs1 CUHXPOHH3AIHIO BJIOJb HEKOTODOH 3aMKHYTOH JIMHHH, MBI IOJY-
YHM, BO3BPATSCH B HCXOJAHYIO TOUKY, BpeMs, OTJIHUAIOLIeecss OT Iep-
BOHAYaJbHOrO Ha BeanudHy (cM. (88,5))

1 55% r L Qride
00 erz
CZ

WJH, Tipennogaras, uro Qr/c<€1 (1. e. cKOpPOCTb BpAIIEHUs Mala no
CpaBHEHHIO CO CKOPOCTBIO CBeTa),

At=2(rdp=+2s, (89,3)

rie S— nJomajb NTPOeKIHH KOHTYPa Ha IVIOCKOCTD, NEPIEHAUKYISPHYIO
K OCH BpalleHHs (3HAK-HWJIM — HMEET MeCTe COOTBeTCTBEHHO NpH 06-
XOfe KOHTypa 10 HJH IIPOTHB HANpaBJeHHs BpalleHHS).
IpeanosoxuM, YTO N0 HEKOTOPOMY 3aMKHYTOMY KOHTYPY pacnpo-
CTpaHsiercsl JIyd cBeTd. BBIUMCIMM C TOYHOCTBIO ZI0 W/IEHOB NOPsAKa
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v/c BpeMs {, KOTOPOE NPOXONMT MEXKIY OTIpPABIEHHEM Jyya CBeTa H BO3-
BpallieHHeM €ro B HCXOXHYIO TOYKY. CKopOCTh CBeTa, 10 ONpPEAE/ICHHIO,
BCerZa PaBHa ¢, eC/IH BPeMsl CHHXPOHH3YeTCs BIOMb RaHHO# 3aMKHYTOH
JHHHH H B KaxJOH TOUKe Mojb3yemcsi coGCTBeHHbIM BpeMeHeM. [lo-
CKOJIbKY PasHHUA MEXAY COGCTBEHHBIM H MHDOBBIM BPEMEHEM — INOPSAA-
Ka v%/c?, TO MPH BBIYHCIEHUH HCKOMOIO IPOMEXKYTKa BpeMeHH ! C TOu-
HOCTHIO JO BEJHYHH NOPSIIKA v/c 3TOH pa3HHuedl MOXKHO NpeHeOpeub.
[Tostomy unmeem:

t=L
[+

ND
U B

+ =S,

rae L—pnuHa KoHTypa. COOTBETCTBEHHO 3TOMY CKOPOCTh CBeTa, H3-
MepeHHas KaK OTHONIeHHe L/¢, OKasbiBaeTcsl paBEOMH

cx20> (89,4)

Aty dopmyny, Kak u ¢opmyay Aaa mepsoro npubamkenus sddexra
Jommniepa, MOXHO JIETKO BbIBECTH H YHCTO KJACCHYECKUM MyTEM.

3apgaua
OnpefestTh 5JEMEHT NPOCTPAHCTBEHHOTO  PacCTOAHHS BO Bpalgawueiics

CHCTEeME KOOPAWHAT.
Pewenue. C nomounio (84,6 —7) naxomum:

AP =dr?-dpe 4 20

yem onpefesseTcss TPOCTPAHCTBEHHAA TEOMETPMS BO Bpallalomeiicd CHCTeMe
orcyeta. OTMETHM, 4TO OTHOIIGHHE JJIMHBL OKDYXXHOCTH B IUIOCKOCTH 2= const
(c LEeHTPOM Ha OCH BPAIUEHHS) K ee pazmycy 7 paBHO

2,2
]/l__Qr

§90. VYpaBHeHHS 3JIEKTPOJMHAMHKHM NMPH HANHYHHA
FPAaBHTALMOHHOrO NOJS

> 2m.

VYpaBueHHs 51EKTPOMarHUTHOTO NOJISA CHEIHAJbHOR TEOPHH OTHOCH-
TeJLHOCTH JIETKO OGOOIUHTE TaK, YTOOB OHH OBLTH MPUMEHHMEI B JII0G0H
yeTbipeXMepHOfi KPHBOJIMHEHHOH CHCTeMe KOODJAHHAT, T. €. B cryqae
HAJMHYHS TPAaBHTALHOHHOTO MOJIA.

Teﬂsop 3JICKTPOMATrHHTHOrO IOJIsE B crenHaNbHOR TCOPHH OTHO-

04, 0A;
CUTEJILHOCTH onpefenssics Kak Fy E = o o OqeBnpHO, 4TO Te-

nepb OH J0/KeH ObiTh COOTBETCTBEHHO Ofipefieied Kak F i, = Ap.t —A 4.



§ 90] SNEKTPOIMHAMUKA B TPABHTAIIHOHHOM MOME azr

Ho B cuay (86,12)
0A dA
Fik':Ak;i‘"Ai;k ='ax‘lk—"'a£-, (90,1)
TaK uTo CBA3b F;, ¢ moTeHnuasoM A; He MeHseTcs. Bcnencmne 3TOro
neppas napa ypaBHeHuu Maxkcsesia (26 5)

OF a a

TOMXKE COXpaHsieT CBOH BHAY).

Jnas Toro utoObl HAamHCATh BTOPYIO Napy ypasHeHuih Makcsenia,
H3JO TIPENBAPHTENLHO ONpPEJAEIUTh B KPUBOMHMHEHHBIX KOOpAHHATAX
4-BeKTOD TOKa. JTO MBI C/Ie1a€M aHAJOTHYHO TOMY, KaK MHl NOCTyNajH
B § 28. IlpocTpaHcTBEHHBIH 3JeMeHT 06beMa, HOCTPOGHHOTO Ha 3JIEMEH-

TaX TNPOCTPAHCTBEHHEIX KoopAuHAT dx, dx?, dx®, ecrtp VvdV, rue
Y — onpeleluTeJ]b NPOCTPAHCTBEHHOIO METPHYECKOro TeHsopa (84,7),
a dV=dx*dx*dx* (cMm. npumedanue Ha c1p. 298). Bpenem miotHocThb
3apsAJ0B P COINIACHO ONpefeNeHuio de= pV vdV, rme de — sapsn, na-
XoJslHAiics B s1eMenTe o6bema V pdV. YMHOKHB 310 PaBeHCTBO ¢ 06eHX
CTOpPOH Ha dx’, umeem:
de dxi = pdx' Y §dxt dx? dx® = —P— V “gdQ %
| dx
(MBI HCrOsib30BasH  GopMyny — g=vge (84,10)). IIpoussenenne
V' —gdQ ectb uHBapHaHTHBI 37eMeHT 4-00beMa, TaK 4To 4-BEKTOp ToKa
onpefiensaeTcss BhIpaXKeHHEM
o _Pe dig
! Vgoo ax® (%0.3)
(Be.nuqnﬂbl dx‘/dx® — CKOPOCTH H3MEHEHMsI KOOPIMHAT CO «BPEMEHEeM»
X° — caMH He COCTaBJsAKT 4-pekropa!). KomnoHenta j° 4-seKTopa ToKa,
yMHOXeHHas Ha V @o/c, €CcTh MPOCTPAHCTBEHHAS ILIOTHOCTb 3apPSOB.
Jloist TOUeUHEIX 3apANOB IVIOTHOCTh p BBIPAXKACTCH CyMMO#t 8-¢pyHKk-
nuit avanoruuso gopmyae (28,1). Ilpu 3tom, OJIHAKO, HAN0 yTOUHWUTh
onpeesieHHe 3THX QYHKUHH B Clydae KPHBOJHHEHHBIX KOOPAHHAT. Mul
6yaeM noHHMartb 8 (r) mo-npexHeMy Kak npousBesnieHHe § (x1) 6 (x2)6 (x°)
BHE 3aBHCHMOCTH OT TeOMeTPHUECKOro CMEICHa Koopausar xt, x?, x5;

TOTi@a paBeH eHHHUe HHTerpat no dV (a e mo V}dV);S 6(r)dvV=1.

1) Jlerko BHAeTb, uTO 3TO YPaBHEHHEe MOXKET OLITb 3anHCAaHO TaKXKe M B BHJAE

FigsoFFrisg+ Frri=0,
OTKYA2 oueBMlHa €ro xosapuam}mcm,
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C rtakuM onpeneneHneM O-pyHKUHHA NJIOTHOCTH 3aps0B

p-——Ea: =8 (1),

a 4-BeKTOp TOKa

" e,c dxt
if= LS (r—r,) 5« (90,4
5,;‘ V—e o dx? )
CoxpaHeHue 3apsijia BbIpaxaeTCs YPaBHEHHeM HelPepLIBHOCTH, KOTO-
poe oraudaercd oT (29,4) Juwb 3aMeHOH OOBIYHBIX [TPOU3BOAHBIX
KOBAapHAHTHBIMHU.
; i 0 — .
flo=——— (V —g i) =0 90.5
fa=g= g V—gi)- (90,5)
(ucrnosin3oBana dopmyna (86,9)).
AunanornunbM o6pa3oM obofumiaeTcsi BTOpasi Mapa ypaBHEHHi
Maxkcsenna (30,2); 3aMeHAst B HHX OObIYHBle NPOM3BOAHBIE KOBAPH-
AHTHBIMH, HAaXOJHM:

; 1 0 — An .,
Fitp=srmon (V—gF®)=—"2j" (90,6)

(ucnonb3oBana dopmyna (86,10)).

HaxkoHen, ypaBHeHUA JABHXKEHHS 3apsIKeHHOH YacTWUbl B T'paBH-
TAUMOHHOM H 3/IeKTPOMATHHTHOM TOJSIX IOJNYYalOTCS 3aMEHOH B
(23,4) 4-yckopenus du'/ds na Du'/ds:

Dul

dul ‘ .
me S =me (Fus"l" Fk,ukul) = z; Fity, (90,7)

3apgaua

Hamncats ypaBrenuss Makcsessia B 3aJaHHOM rpaBHTAIHOHHOM MNOJe B TpeX-
meproil gopme (B TPeXMEPHOM NpPOCTPAHCTBE C MEeTDHKON 7Y,g), BBelAst 3-BeKTOpHI
E, D u autHcumMveTpuunsie 3-TeH30phl By u H,g corsacHo onpefeseHuam

Eu=FOﬁ1 Bagi:Faﬁy

— A M)

D*=—V go Fo2, HwB=V g, F8.

Pemenne. BpeleHHpe yXasaHHLIM 06Da3oM BeJHYHHHI He HE3ABHCHMBI.
PackpsiBast paBeHCTBa

Fou=goanF'™, FB=gilginp,,

BBEAS MPH 3TOM TPEXMEDHHIH METDHUECKHI TEH3OD YP,g=— Gz -+Ng:Qs (g ¥ h—n3
(88,11)) u Bocnosn3opaswuck dopmynamu (84,9) u (%4,12), ngnylmlaza

B v
D= = + &g Bﬁ:—%—‘ + g’ —gEP. @

V'
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Bsezem Bextopet B, H, nyanshbe TensopaM B,g u H,g, cOriacHo onpejeseHHIo

1 _—
Bi=— 1By, Hy=—+ V Ve HM @

1
2V'y
(cp. npumeuanue Ha cTp. 323; SHAK MHHYC BBEeleH JJI TOrO, YTOGH B TaJHJIEEBBIX

KoopAunarax Bektopel H u B coBmaganmu ¢ o6biuHOH HaNpsIKEHHOCTHIO MATHHTHOIO
noas). Torma (2) MoxHO 3anucaTh B BHIE

D——=+[Hg]. B= ~—HEE] @)
Vh Vh

Bsons onpenenenna (1) B (90,2), moyyuM ypaBHEHHS!
0B,z 0Byy 0By

Bt =0,
ax¥ oxB ' Ox
0B.g | OE, OE;
; ox0 | 9xF Ox*
HiH, Tepelfst K AyaJdbHHM BeJnunHaMm (3):
divB=0, rotE=——_ 2 (V78) ®)

V'_ ot

(x®=cf; onpenesnenne omnepauuit rot ¥ div—B npuMevanuu Ha ctp, 323). Amua-
JiorudipiM o6pasoM u3 (90,6) HaxofuM ypaBHeHHS :

1
1 0 ﬁ
-VTB_?(VYHO(B) V—

WM B TPEXMepHBIX BEKTODHHIX 0GO3HAUEHUSX:

(VYD) =—tmp 22,

div D=4np, rot H=

1 a V-— 4r
— = D)+ —s, 6
Ty (VD) + = ®)
rfie S—BeKTOp C KOMIIOHeHTaMu $*=pdx*/df.
BoinuineM i NOJMHOTBL TakK¥ke M ypaBHeHHe HenpepriBHocTH (90,5) B Tpex-
MepHOi ¢dopme:

1 a —
—_——— V- divs=0, 7
e (Vvoe)+ ()
OépaTuM BHHMaHHe HA aHaJOTHIO (KOHEYHO, YHCTO (OPMajbHYI) ypaBHeHHMi

(5), (6) c ypaBHeHuama MakcBessia A JIEKTPOMArHHTHOTO IIOJIA B MaTepHaJb-
HBIX cpefaXx. B wuwacTHOCcTH, B CTaTHYECKOM IDaBHTAUHOHHOM [OJle B WJIeHaXx

C TIPOH3BOZHEIMH IO BPEMEHH BLIIAJAET V-f a caasp (4) csogurca Kk D=E/ ViT

B=H/ Vﬁ_ MoXHO CKa3aTb, 9TO B OTHOLIEHHH CBOEro BO3JEHCTBHS HAa 3/IEKTpO-
MarHeTHOE lOJIeé CTaTHYeCKOEe IPABHTAIHOHHOE IoJie HIPaeT poJib Cpelbl C 3JeKT-

pHYeckoil W MarCHMTHOH npoHHEaeMocTsMY e=p =1/ A.



Fra1ABA XI

YPABHEHHSI TPABUTALLHOHHOIO 10JIA

§ 91. Tensop xpHBU3HBI

BepHeMcsi cHOBa K NOHATHIO O NapallielbHOM TEpEHOCe BeKTopa.
Kak 6vlio yxasaso B § 85, B obiem ciayyae KpHBOro 4-npocrpancrsa
GecKOHeYHO MaJbiil MapasljiebHBIA NepeHoc BEeKTOpa ONpenessieTcs Kak
TiepeHoc, NP KOTOPOM KOMIIOHEHTHI BEKTOPA HE MEHSIIOTCA B CHCTEMe
KOOPIHHAT, FATHIEEBOH B JJaHHOM OECKOHEUHO MaJIOM 3JIeMeHTe 00beMa.

Ecin x'=x(s) ecTb mapaMeTpuyeckoe ypaBHeHHe HEKOTOPOii Kpu-
BOIl (s — JUIMHA JlyTH, OTCHHTLIBAEMAs OT HEKOTOPOH TOYKH), TO BEKTOP
u'=dx’/ds ecTb eIMHHYHBIA BEKTOD, KacarelbHbli K KpuBOHA. Ecan
paccmMaTpHBaeMasi KpHBast IBJISIETCA TeOIe3HYeCKol, To BAo/Ib Hee Du'=
=0. 3To 3HAYHT, YTO €CJH BEKTOpP u’ MOABEPTHYThb napajiiebHoMy
NIepeHoCy M3 TOUKH X’ Ha reojie3uueckoil JHHUM B TOUKY x‘-dx! Ha Toii
JKe JIMHHH, TO OH COBNAJET C BEKTOPOM u’-du’, KacaTeJbHBIM K JIMHHH
B Touke x'+-dx!. TakuM 06pa3oM, NPH NEPEABHKEHHH BAONb TeOAesH-
YecKOH JIMHHM BEKTOP KacareJdbHOH NepeHOCHTCS MapajsiefbHo ca-
MoMmy cebe.

C npyroft CTOpOHHI, TPH NAapaNIeNLHOM MEPEHOCe IBYX BEKTOPOB
«yroJi» MEXIy HHMH OCT3eTCs, OYEBHIHO, HeH3MeHHBIM. [lo3TOMy M
MOJKEM CKa3aTh, YTO NPH NApaJlie/lbHOM NepeHoce JIo6Ooro BeKTopa
BIIOJIb KaKOH-NRGO reojie3HYecKoli JIMHHH YTosl MEeXKAY 3THM BEKTOPOM H
KacareJbHOfi K JIMHHHM OCTaeTcs Heu3MeHHBIM. JIpyrumu cjoBaMu, npu
NapajieibHOM TEepeHoce BEKTOpa ero COCTAaBJSIONHe 0 Teoje3Hye-
CKHM JIHHHAM BO BCEX TOUKAaX NYTH JOJKHBI OBITh HEH3MEHHBIMH.

Becbma cymiecTBeHHO, YTO B KPHBOM IIPOCTPAaHCTBE NApasiefibHbIH
nepeHoc BEKTOpPa U3 OLHOM 33J2HHON TOUKH B APYFYIO JaeT pasHbie pe-
3yJbTaThl, €CJAH OH COBepiiaeTcs no pasHbiM nytaMm. B uacrHocrH,
OTCIOKA CJeAyeT, YTO €CH HEePEHOCHTb BEKTOP MapaelbHO CaMOMYy
cefe 1O HEKOTOPOMY 3aMKHYTOMY KOHTYPY, TO OH, BO3BPATHBILHUCH
B NEPBOHAYAJILHYIO TOYKY, He COBNAjZer C caMuM coboil.

Jlasi Toro yToGHl YSICHATH 3TO, PACCMOTPHM ABYXMEPHOE HCKPHBJIEH-
HOe NpPOCTPAHCTBO, T. €. Kakylo-HHOYAb - KpHBYIO moBepxHocTh. Ha
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puc. 19 H3o0paKeH KyCOK TaKOi NOBePXHOCTH, OrpaHHYEHHBIA TpeMsa
reofiesuyeckuMH JauHuAMH. Ilogsepraem BekTop 1 mapaiseqbHOMy Ie-
peHocy BIOJIb KOHTYpa, 06pa3oBaHHOTO 3THMM JuHHAMH. [Ipu nepensu-
JKEHHH BJIOJb JHHUH AB BekTOop 1, COXPaHsAsA Bce BPeMsl OJHHAKOBBIA
yroJi ¢ sToll JiHHHeH, mepefifer B Bektop 2. Ilpu nepensmxenuH BOJDb
BC oH Takum xe o6pasom nepeiiner B 3. Hakoneu, npu nsuxkeHuu us
C B A Bronw xpuBod CA, coxpaHsist MOCTOSAHHBIHA YroJ ¢ 3TCH KPHBOH,
paccMaTpHBaeMblH BEKTOp mnepefieT B
1’, He coBmajammui ¢ sekTopoMm 1. I
BriBenem obmyto dopmyay, ompe- .
JIeNSIONLYI0 H3MeHeH e BEeKTOpa NpH ma-
pajjie/LHOM TIepeHoCe BIOJAb  Gecko-
HEYHO MaJior0 3aMKHYTOrO KOHTYpa.
Sto usmenenne AA, MOXKHO 3aNHCATL B

BUlC ﬁﬁAk, rae uHTerpan Oepercs no !
aaHHomy Koutypy. Ilonctaeisis Bmecto 4§~
0A, suipaxkenue (85,5), umeem:

AAk:: ﬁri,A‘dxl; (91’1) pHC. 19.'.

CTOSAIHH MO HHTETPAJOM BeKTOp A; MeHsleTcs Mo Mepe ero mepeHoca
BAO/MbL KOHTypa.

Jlnsi panpHeiiiero npeoOpa3oBaHHs 3TOrO HHTErpaja HeoGXOJHMO
3aMeTHTb C/efylolee. 3HaueHHs] BeKTopa A; B TOUKAaX BHYTPH KOHTYypa
HEOJHO3HAYHBl — OHH 3aBHCHAT .OT IIYTH, IO KOTOPOMY MBI TPUXOLHM
B JaHHYIO TOUKY. MBI yBHAHM, OfHAaKO, H3 MOJYUaeMOro Hile pe3yJb-
TaTa, YTO Ta HeOXHO3HAYHOCTb — BTOPOTO NOpsiAKa MasocTH. [loatomy
C JOCTaTOYHOH AJS NpeoOpPa3OBAHHA TOUYHOCTHIO JI0 BEJIHYHH [E€PBOTO
NOpHAAKA MOXKHO CYHMTaTh KOMIIOHEHTHI BeKTOpa A; B TOYKax BHYTPH
GecKOHEYHO MaJIOTO KOHTYPa OJHO3HAYHO ONPENEsIIOWHMHCS HX 3Ha-
YeHHsIMM Ha caMOM KoHType no dopmynam O04,=T%A,dx*, 1. e. mo
IIPOU3BOAHEIM

L =ry4,, (91,2)

oxt

Ilpumensst tenepp K uurterpany (91,1) teopemy Crokca (6,19) u
YUHTHIBasi, YTO TJOWAAb OrHOaeMOH pPacCMaTpUBAeMBIM KOHTYPOM IO-
BepPXHOCTH eCTh OECKOHEUHO Manasi BenuuuHa Af'”, nosyuum:

AA, = 1 [O(FimA,')__a(rilAi)] Afim =

oxt oxm

|

-1 [orkn, ars, ; 0A;  n A
= A.— AT, =8 T, = | Afim,
2 [ oxt ! X" i+ oxt B oxm f
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IToacrasnss ciona 3Ha4eHHs1 NPOU3BOAHEIX U3 (91,2), HAXOAHM OKOH-
yarensHo:

1 .
Ady=5 RiunAA[™, (91,3)
rie Riy,,—TeH3op 4-ro paHra:
' 0Thn T} i Tn ;
lelm ZTA:—*-—;’”L _}' Fnlrkm’_rnmrgz . (91,4)

Tensopuuit xapakrep RY%;, BugeH u3 toro, yto B (91,3) ciieBa crour
BEKTOP — pasHocTb AA; sHaueHHil BEKTOpa B OLHOH U TOH e TouKe.
Tensop Ry, Ha3HIBACTCS MEH30pOM KPUBU3HBL WM mern3opos Pumana.
Jlerko mnosiyyuTh aHAJTOTHYHYIO (POPMYJY AN KOHTPABapHAHTHOTO
BeKTopa Ak, Jlisi 3TOro 3amMeTHM, YTO IIOCKOJNLKY IPH MapasienbHOM
nepeHoce CKajapel He MeHslorcsi, To A(A%Bp)=0, rae B, — moboi
KoBapuanTHeIi BekTop. C momompio (91,3) umeeM orcioza:

A (A*By) = APAB, + ByAA* = & A*B Rl A" ByAA* =
= Bk<AAk+—;— A"R"l-,mAf”") —0,

WJIH, BBHAY [POHM3BOJIBHOCTH BeKTOpa B!
AAF= — L RE,, AIAfI™, (91,5)

Ecnu gBaxael KoBapHaHTHO npoAxddepeHLHpoBaTs BekTop A; no
x* v no x*, To pesyapTaT 3aBucHur, Booblle IOBOPsl, OT nopsiaka Audde-
pPEHUMPOBAHKS, B TNPOTHBOIONOXKHOCTL TOMY, 4YTO HMEET MECTO /ISt
OOBIUHBIX NPOUSBOAHLIX. OKasbiBaeTcsl, 4To pasHocTs Ay py —~— Annn
OTPEelesIIETCH TEM K€ TEH30POM KPUBH3HBI, KOTODHIH MBI BBEJH BBHILLE.
Hmenno, umeer Mecto Qopmysia :

Ai;k;l"“Ai;l;szmRmikl, (9],6)

KOTOpYIO JIETKO INPOBEPHTL HEMOCPENCTBEHHLIM BHIUMCJACHHEM B JIOKA-
JLHO-TEOJIE3UYECKON CHCTeMe KOOpAMHAT. AHAJOTHYHO, AJMA KOHTpa-
BapHAHTHOTO BeKTopa'l)

'Ai;k;l—Ai; e =—A"R 4. (91,7

Haxkonen, Jerko nONy4Yurh aHanoryyHole GOpMyqabl A BTOPBIX
HPOU3BOAHLIX OT TEH30POB (9TO Npollie BCETo cleaTh, pacCMaTpuBasi, Ha-
npumep, Tensop Buga A; By ¥ noab3ysce npu 3toM dopmynamu (91,6—7);
NoJyyeHHbIe TaKUM 00pa3oM (opMyJsl B CHIY HX JHHEHHOCTH HMEIOT

1) ®opmyay (91,7) MOKHO NMOAYURTH TaK¥Ke M HemocpeldcTBeHHO H3 (91,6) nyTem
NOSHATHA MHIEKCA [ H MCTOJAL30BAHUs CBOACTB CHMMETDHH TeH3opa Rizy, (§ 92).
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mecto Aas Joboro Tensopa A,). Tak,
Aik;l;m_Aik;m;lz Aianklm+ AnkRnilm' (91’8)

OueBHHO, YTO B IIJIOCKOM 4-IPOCTPAHCTBE TeH30p KPHBH3HBI PaBeH
Hy10. [leficTBHTENILHO, B IIFIOCKOM NPOCTPAHCTBE MOMKHO BHIGPATh KOOD-
JUHAThi, B KOTOPHIX Besge Bce I'i,=0, a noromy u R';,=0. B cuny
TEH30DHOrO XapakTepa R, 3TM BEJUUYMHH PABHBl TOIAA HYJIO H
B J060H APYrofl cucTeMe KOODAHHAT. D10 COOTBETCTBYET TOMY, YTO
B IUIOCKOM INPOCTPAHCTBE NapaslyiesibHBIE HEPEHOC BeKTopa H3 OJHOM
TOYKH B APYTYIO €CTh OJHO3HAUHASA Onepanusd, a NpH 06Xoie 3aMKHY-
TOTO KOHTYpa BEKTOD HE MeHseTcs.

Hmeer mecto W obpatHast Teopema: eciu Riy,,=0, To 4-npocTpau-
cTBO IWIocKoe. [eficTBHTeNBHO, BO BCAKOM IPOCTPAHCTBE MOXKHO BbI-
6paTh CHCTEMY KOOpDAMHAT, Ta/JiljieeBy B JJaHHOM OeCKOHEUHO MaJjioM
yuactge. Ilpu Ri,,=0 napajseibHbI NepeHOC ecTb ONHO3HAUHAs
onepauus, ¥, NepeHocs: TAKMM 00pa3oM rajusieeBy CHCTeMy M3 JAaHHOTO
MaJIOTO yYacTKa BO BCE OCTasbHBIE, MOXKHO NOCTPOHTH TaJIHJIeeBy CH-
CTeMy BO BCeM IPOCTPAHCTBE, YeM M JOKA3hIBAETCA CHEJAHHOE YTBEDHK-
ZieHHe.

Taxkum ofpasom, paBeHCTBO HJIH HEPaBEeHCTBO HYJIIO TEH30pa KpH-
BH3HBI SBJISIETCS KPHUTEPHEM, TO3BOJIAIOIIHAM OINPENe/IHTh, SIBJSETCA
J 4-npoCTpaHCTBO IIOCKHM HJIH HMCKDHBJICHHEBIM.

3aMeTHM, UTO XOTs B KPHBOM NPOCTPAHCTBE M MOXKHO BEIGPATH
JIOKaNbHO-reofle3uYecKylo (I NaHHOH TOYKH) CHCTEMy KOOpAMHAT,
HO TIpH 3TOM TEeH30p KPHBH3HE B 9TOofl Touke He ofpalaercs B
HYJb (TaK KaK NPOM3BOAHbIE OT 'y, He 06pamamTcsi B HY/JAb BMECTE
¢ camumu Iy ).

3agava

Onpenenuts OTHOCHTENBbHOE 4-YCKOPEHHE IBYX YacTHI[, ABHKYIIHXCS N0 Gecko-
HEYHO OJHM3KHM TOJIe3HYCCKHM MHDOBBIM JIHHHSM.

Pemenne,. paCCMOTpHM ceMeHCTBO reolleauyeCKHX JIP[HHH, OTJIHUYAEMBIX 3Ha‘-le-
HHAMH HEKOTOPOTO IapaMeTpa ¥; ADYTHMH CJIOBAMH, KOODJAMHATH MHPOBOH TOUKH Bbi-
pamaiorcst B Bije QYHKIHH x'=xi(s,0), Taknx, 9T0 NpH KakzoM v=const 3T0 ecTb
YpaBHeHHe reofe3nyeckoll (IpHYeM S — JUIMH