M. Abparam, P. bekkep

Teopus djieKTpUYECTBA

MockBa
«Knura no TpeboBanuio»



YOK 53
BBK 22.3
M11

M. AGparam
M1l Teopus anexrpuuectBa / M. Abparam, P. bekkep — M.: Kuura no TpeGoBanwuro,

2017.-282c.

ISBN 978-5-458-26625-3

Kaunra seisercss mepeBomoM ¢ HEMEIKOro KHUTH AOparama Theorie der
Elektrizitdt" B mepepabotke bekkepa. OHa MOCBSIICHA H3I0KEHHIO OCHOB TCOPUH
JNIEKTPUYECTBA B BEKTOPHOM H3JIOKEHHH. B BBOTHOI TNIaBe 1aHBI OCHOBHBIE CBeE-
JieHHs 03 BEKTOPHOTo aHanmn3a. Jlaee HaeT N3oKeHUE TCOPUH IEKTPUICCKOrO
Y MarHUTHOTO MoJiel. B KoHIle KHUTH U3JI0’)KEHBI Hadalla MaKCBEJUIOBCKOM TEOpUU
JNIEKTPUYCCTRA.

ISBN 978-5-458-26625-3 © U3nanue Ha PyCCKOM si3bIKe, OOpMIICHUE
«YOYO Mediay, 2017

© HM3nanue Ha pycCKOM s3bIKe, OLU(POBKa,
«Kunura no TpeGosanuto», 2017



Ota KHUTA SBISETCS PENPUHTOM OPUTHHAJA, KOTOPBI MbI CO3[ai CHEIUATBLHO
nuist Bac, WCTIONB3ys 3allaTeHTOBAaHHBIC TEXHOJIOTHH MPOU3BOJICTBA PETPUHTHBIX
KHUT U TI€YaTH 1Mo TPeOOBAHUIO.

CHavana MBI OTCKaHHPOBAJIM KXyl CTPAHHUILy OpPHUTHHATA 3TOH PENKON KHUTH
Ha Ipo(heCCHOHANBEHOM 000PYIOBaHUH. 3aTeM C MIOMOIIBIO CIELHaNbHO pa3pabo-
TAHHBIX IIPOrPaMM MBI IIPOU3BEIIN OUMCTKY M300pa)KeHHs OT ISATEH, KIISIKC, Iepe-
TrHOO0B U HOMBITAINCH OTOENNTH W BEIPOBHSATH KaXIyl0 CTpaHMIly KHUTH. K coxa-
JICHUIO, HEKOTOPBIE CTPAHUIIBI HENIb3s BEPHYTh B H3HAYAIBHOE COCTOSHHE, U €CITU
nx OBUIO TPYIHO YMTATh B OpPUTHHAJIE, TO JaKe IPpH IU(POBOM pecTaBpaluyl HX
HEBO3MOXKHO YITyUIIHTh.

Pa3yMeeTc;{, ABTOMATU3HWPOBAaHHAA NpOrpaMMHast 06pa60T1<a PCOPUHTHBIX KHUT —
HE CaMO€ JTYYIIEC PEIICHUE 11 BOCCTaAHOBJICHUS TEKCTA B €T0 IIEPBO3JAHHOM BHUIEC,
OJIHAKO, Hallla HeJib — BEPHYTb YUTATC/IIO TOYHYIO KOIINIO KHHUI'U, KOTOpOfI MOXKET
OBITh HECKOJIEKO BEKOB.

IToaTOMy MBI IpEAyNpPEXIAEM O BOBMOXKHBIX MTOTPELIHOCTSIX BOCCTAHOBIIEHHOIO
PEIpUHTHOIO W3AaHus. B M31aHMM MOTYT OTCYTCTBOBAaTb OIHA WJIM HECKOIBKO
CTPAHMI] TEKCTA, MOT'YT BCTPETUTHCS HEBBIBOAUMBIE IIATHA M KIIKCHI, HAIIIMCH
Ha MOJISIX WIIM MOJUEPKUBAHUS B TEKCTE, HeUUTaeMble ()parMeHThI TEKCTa HIIH 3a-
ruObl crpanull. [Tokynars wim He MOKynaTh nogo0HbIe H3aHus — pemmars Bam, Mbl
JKE JIETacM BCE BO3MOXKHOE, YTOOBI PEAKNE U IICHHBIE KHUTH, €Il HEAABHO yTpa-
YECHHbIE U HECIIPABEUIMBO 3a0bIThIE, BHOBb CTAJIM IOCTYIHBIMU JUIsl BCEX YHTATe-
nen.

ﬁ(epvm KHmxHbIN PeneccaHc

www.samizday.ru/reprint






IIPEIVCIOBUE K BOCBMOMY M3IAHUIO.

B 1894 r. moasuaocs ,Beexenne B Teopmio MakcBeara“ Pemmag. Tepes
TecATh JeT BHILIO 3aHOBO Iepepadorammoe MakcoM AGparaMoM Bropoe
H3TAHAE, B KagecTBe IepBoro tToMa ero ,Teopmm saexrpmuecTBa“. C Tex
TMOp AJA WEIOT0 HOEOJNeHUA (H3HKOB ,AGparaM B Pemmin“ OBLI CaMEIM XOX0-
BEIM PYLOBOJCTBOM IPH WSYYEeHAX OCHOB TEODHH bJeKTPHYECTBA. Boapmoe
9@ea0 HSTAHUH, NOABHBIWXCA eme NpH xuEE Makca AGparama, cBmge-
TeJBCTBYET O TOM, EAK BHCOKO IeHHTCA ero KHHETd NMpPEerojaBaTe]AMH H yda-
IAMHACH.

B HOBOM HBEAHHE A CYUTAX cBoeff 00A33HHOCTHIO B OCHOBHOM COXPaHATH
OnpaBJaBUAi ce6d oOm@if IJIaH KHACH; HEKOTOPHE MeCTa OCTaJmch Oes
HaMeneHnd. OJHAEO BEYTPH OTIENBHHX IJAB A DElIH] HPORSBECTH CYIIe-
CTBeHHbIE 3MEHEHHd; IPH STOM A CTapaJcd CHIbHEe OTTEHHTh KOHKpeTHOe
¢usnIecroe comepEaHAe WO CPABHEHHI0O ¢ YHCTO (JOPMAJHLHEIMH YTBEDHIe-
HAAMHE TeopHH. J[n4 Golblmied HATAATHOCTH H3JOKEeRHA IHCIO PHCYHEOB
yBeJm4eHo (olee, IeM B IATH Pas.

Ilo cpaBHeEHI0O CO CTApPHIMH H3TAHEAMH 1o6aBieHH §§ 40 m 41, racaio-
Ipmecd DIEKTPOCTPHENME, a Takike §§ 74 Xo 76, Eacawouimeca TepMOIHHA-
MHKE SHeprud moad. Teopma ckmH-sddexra pasBmra nagee (§ 66), Teophma
BOJH BIOAH UPOBOJA PACIPOCTPAHEHA HA CAyIail KOHETHONO COMPOTHBIE-
HEA IpoBooB (§§ 69 m 70). K m3IOMeHN BeJHIHH MepeMeHHOTO TOKA IpH-
MeHeHa YIOTPeOHTeJbHAA B TeXBHEE BeKTOpHad jmarpamma. CoBeplIeHHO
BEIIYUIEHO H3IO0KEHHe DIeKTPHYECEEX TOKOB EAE IHEJINIECKOH CHCTEME.
ConepxaEze JBYX MOCIEXHUX IIAB HOCIEIHHX W3TAHAH ((eppoMATHATHEE
TeJa ¥ ABICHHA HHIYENME B IBEXYIIAXCA TelaX) 9YACThO NepeHeCeHO
B IPYI'He MecTa TEKCTa.

B BriGope epmEHAI Mep A Beelled0 NPHIEPHKHBAICA MOCIETHETO0 HBTAHAA
A6parama. Beony mpumenserca [ayecoBa CHCTeMa Mep, B KOTOPOii IIOTHOCTE
3HepPTHA B IYCTOTE PABHA
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I KOTOpad JIWBIeKTPHUECEYI0 HOCTOAHHYID H MATHATHYIO NPOHANAEMOCThL
IYCTOTH TOXaraer papuofi elmmmie. B BacToAmee BpeMA HEBO3MOKHO Y10-
BJETBOPUTH B BHGOPE CHCTEMH Mep TpPeGOBAHMAM OTHOBPEMEHHO 3JIEKTPO-
TeXHOKH ¥ (E3WEH, NOTOMY UTO ,3JEeETPOTeXHAIEeCKoe H ,(H3HUecKve“
MOENMaEHA Teoprd MakcBela PasiHdaloTCA HE TOJABKO 0603HATEHAAMH, HO
H mo cymecTBy. Ilpm sTOM TexHHYeckoe IOHEMaHHEe TOpPasfo TecHee NpH-
MEEAeT K IepBoHaJaJbHOE ¢opme Teopmm MaxkcBeana — Papages, dem
kK coBpeMeHHOH ¢usmke.



) IIpeducnosue

DJeLTPOTeXHHE CIHTaeT (I B mycrore) BekTops E m D Beamummamm,
PaSIHYBEIMHE IO CYLUIECTBY H HAXOIAIAMHCA B TAKOM Je COOTHOUIEHHH, KAk
pacTATHBAIIIEE YCHIMe H PacTaKeHHe B TeOpHH yupyrocrd. C sroi Toukm
3peHdd ABIAeTcH, EOHEYHO, COMHHTEJNBHEIM, EOTJAA B H3IOKEHHH OCHOBHHIX
TOJIOKEeHAH MHOXATENs ITPONOPUHOHAIBHOCTE & B COOTHOIEHHH D = eE
mojaraerca IJd 0e3BO3IYIIHOrO TPOCTPAHCTBA PABHHIM eIWHAIE, H KOIIA
61arogApA HTOMY HCKYCCTBEHHO TOCTHIAETCA ONHHAKOBOCTH B Pa3MEPHOCTH
Beanune D 7 E. HaoGopor, coBpemMerHad (HSHEA COBEPIIEHHO OTEAa33JAcCh
0T TOr0 IpHENEOFAJbHOTO pasnmuyma MexZy D m E, KoTopoe 6Hio TecHO
CBABAHO ¢ MeXaHWdYeckolt Teopmedl sdupa. OHA CIHTAET DIEKTPOMATHHTHOS
COCTOAHAE B JI0GO# TOYKe (e3BOBIYIIHONO IIPOCTPAHCTBA BIOJHE OMACAH-
HEIM 3aJaHAEM O LHOT O DJIEKTPHIECKOro BekTopa B M OXHOT O MATHHT-
uoro Bexropa B (mam H). CymecrBywiee B ['ayccoroii cucteMe Mep 9ncieH-
Hoe coBmajeEre E m D (B mycrore) pia (ESHKA ABJAAETCA He Pe3YIbTa-
TOM OPOHSBOJBEOTO ONpeXeJeHndd, a BHPAKEHHEM IeHCTBHTEABHOTO TOXTIe-
cTBa 00enx BeanunH. Hamporns, BBeleHHe OTJIHYHHIX OT eTHHHIL XHIJIEK-
TPUYECKOH IIOCTOAHHOM H MArHHTHOM IPOHANAEMOCTH B IYCTOTe eMy KameTcd
HCKYCCTBEHHBIM BEIYHCIATENBHEIM OPHEMOM B5JIEKTPOTeXHHEA, ¢ MOMOIIBIO
KOTOPOro IOCJeXHHH TPHBOXAT (HOPMYJIEL K BHAY, JIOOHOMY ZJIA ero MPak-
THYECKHX I[eJei.

B KoHue KHArE DOMeIleHa HATIATHAA CBOIEA IMABHHX (OPMYIL.

CunTamo CBOMM JFOIrOM CepieYHo moGaarofapnrs wexk. OpoBaHA 8a ero
HEYTOMAMYIO H I[eHHYI0 TOMOIIs OpE 06paGoTke KHHIH, a TAaEXKe 3a ITeHHE
KODPPEETYP.

Beparr, Pespaas 1930 r. P. Bexxep.

IIPEIUCIOBHE K JTEBATOMY W3TAHUIO.

JleBaToe H3gaHEe NOLOJHEHO coGpaHHeM HpEMepHO 100 3aja% ¢ peie-
HHaMu. B ocrambHOM, 33 HCKJIOUeHHeM HeGOJBIIAX IONPABOK H MCIpPABIE-
HEA OMeYaTok, OHO IPecTaBIdeT MepenedaTEy BOCEMOTO HBTAHHA. RaMmIoMy
YHTATEN0, KOTOPHIi JKeJaer XOpOWO OBJALETH OCHOBAMH TEOPHH HACKTPH-
d9ecTBA, peKOMeHIyeTcd BHEMAaTelbHAA HPOopPaGoTEa 3axad.

YroMmTenpusii TpyZ moxGopa m 06pabOTEM 3aJau mpOMSBeNeH IJaB-

HEIM 06pasoM mHEK. ODOBAHOM, KOTOPOMY & IHPHHOIIY IAYGOEYIO Graroxap-
HOCTS.

Bepaur, ®espaap 1932 r. P. Bexxep.



BBEJIEHUE.

Teopna 5JeKTPHYECEAX H MATHHTHHIX ABIEHAH OCHOBHIBAJACh JO BHCTY-
naeHna MakcBeJld Ha ITPeJCTaBIEHHH JIAJBHOIEHCTBHA MekAy TeJaMu,
HADJEKTPASOBAHEKIMY, HAMATHHIEHHHIMHM HJIH TAEHMH, IO KOTOPHIM TeKYT
9JeKTpHYecEHe TOKH. B 5TOM OTHOmIEHMM OTKJIOHAJHCH OT BOBSPEHHA BCEX
¢msEKOB TOJBKO BO3speEma Papazea. Ho Papagmeit He BIagenr Mare-
MATAYECKAM aHAJWBOM HACTONLKO, WTOOH JATh CBOHM I pelCTaBJICHHAM
ACYEPUHBANILYI0 @ CBOJOTHYIO 0T MPOoTHBOPedni opMy, KOTOPAA BOSBHI-
cuia OBl HX IO CTENEHH TEOPHH; BIPOUEM, ero UpeicTaBIeHHd 00 DIeKTPH-
YeCKHX ABJEHAAX H HX ONHCAHHe HMeJH Bce ke MaTeMaTHUeCKHH Xapak-
Tep, XOTA OH IPH STOM H He HOJH30BAJCA MATEMATHYECKHM ASHEOM (Op-
mya. Toasko MagcBedny yiaJoch 5T0, H OH cO3IAJ, obnerad muen Paparea
B CTPOro MaTeMaTHiecKHe (OPMHI, JueHHe, KOTOPOe B CAMOM OCHOBAHHH
CBOeM CVIIEeCTBEHHO OTJIHYAJOCH OT TEOPHH NaJpHONeHCTBEA, HPH Aadb-
HeillleM ke CBOeM PAa3BHTHH OTKJIOHAJOCH OT Hee Bce JaJslde.

OrxpeiTaa I'empuxa I'epriia padm ZoxasaTelbCcTBO TOro, 4TO JeiCTBH-
TeJFHO B JHIJEKTPHEE, B YACTHOCTH B (e3BOBIYIIHCM IPOCTPAHCTBE, IPO-
HCXOZAT DIEETPOMArHATHEIe mpoliecchl. C TeX mop OCHOBHBIE IpencTaBiIe-
HAA TeopuH Makceesja ORJIE IIPHHEATH BCeMH (H3MKAMH. LAKOBHL iKe Te
OpPHSHAEH, EOTOPHE OTIAYAIT MaKCBeJJIOBY TeOPHIO II0JA OT TEOPHH Tadb-
HOJeiicTBRA?

OCHOBHEIMH IOpejCcTaBIeHHAMH YieBEHA MagkcBeldaa MOKHO CIHTATH
caepyoIae:

1. IlpexcraBiaeHne, 4T0 3JAeKTPHYECKHe H MATHHTHEHE JeHCTBHA Tela
HA Jpyroe OTIeleBHOe OT HEro Tel0 OPOHCXOLAT IOCPEICTBOM IPOMERKY-
TOYHOr0 IIYCTOr0 HJH 3aI0AHEHHOr0 MaTepHeil IpocTpaHCTBA.

2. Uro MecTO HAXOXKTEHAA JeKTPHULCEOH (COOTBETCTBEHHO — MATHATHOH)
SHEepPrEH HYKHO HCEATH He TOJBKO B HA2JIeKTPH30BAEEHX, HAMAarHAYEHHEX
TeJax HJAH TeJNax, IO KOTOPHIM TEKYT DJIeKTPHYEeCKHe TOKH, HO TakEKe —
H B SHAQUATENBHO (0aplTell CTemeHH —B OKPYKAOIIEM IOJe.

3. Uro piexTpEUeCKHii TOK B HeBAMEHYTOH IeNH JOMOJHAETCA TOKOM
CMelleHHA B AHAJeKTPHKe N0 BAMEHYTOr0 IOTOKA, H 9YTO JTOT TOL CMelne-
HHA Tak ¥&e, KAk H TOK IPOBOXHMOCTH, COTPOBOKIAETCA COOTBETCTBEHHKM
MArHUTHEIM IOJeM.

4. Yro mOTOR MAarEATHOH WHAYENAH He AMeeT HHKAEAX HCTOYHHKOB,
T. €., IPYIEME CJ0BaMH, UTO HHITe He MOMKET NpPOABIATHCA ,HCTHHHOTO
MATHETHSMA.

5. UYTo CBETOBHE BOJHE CYTh HIEETPOMATHUTHHE BOJHEHL.

Cam MakcBena Jxal ypaBHEHHA WOJA MeH)y IPOYNM ¥ B TEpMHHAX
Te0PHH KBATeDHROHOB; OIHAKO, B OCHOBHOM OH IOJE3YyeTCA OOKYHEIME IPAMO-
YroabHHIME KOOpIuHATaMH. Ho mpm mocaeimeM cmocofe cBASH MemIy ¢Gop-



8 Baederue

MyJlaMn feraercA Goxee CXOKHOH. Borpmad HarJATHOCTS LOCTHIAETCA UPH
IpEMeHeHHN BeKTOPHOTO HCYHCICHHA. SATPYIHEHHA, CBASAHHEE C H3Yle-
HEeM BEETOPHOrO HCYHCIEHEA, ¢ HBOHITKOM YPABHOBENMBAOTCA TeMH
UPeEMYmecTBAMH, KOTOPEe IAeT 5TOT Meroj. OT0 ecTh Hei{CTBHTEIHHO
eIHHCTBEHHKH MeTOx, KOTOPHH € JerkocTsi0 HPHCIOCOGAAETCA KO BeeM
TpeGOBAHMAM BAZauH, EOLJA PeIb HIET O TOM, ITOGH TOTHO BHPABHTH
mpejcrapierns Papaged 0 MOTOKe CHX. MEr ¢TABEM I05TOMY TeOpHIO BeK-
TOpOB H BEKTOPHEIX IIoJedl Bo raaBy oroif kmmrd. JamHHI cmoco6 mpej-
CTABJIEHNA UPEMEHAETCA TelepPs NOYTH BCEMH HCCIENOBATENAMH, PaboTaio-
mEMA B 0G1aCTH DIeKTPONHHAMEKE. OTHM MeTOZOM, KOTOpPHI I0JeseH

Takme B MeXAHHEE TBEPIHIX Tel W B THADONAHAMHARe, ME BCIOAY OyAeM LOIb-
30BATHCA B CJAENYIOIIUX TIIaBax.



A. BERTOPBI 1 BEKTOPHBIE I10JIS.

I. BERTOPLI.

§ 1. Oupeneaenne BexkTopa. YpaBHeHAA (u3WKH ABALIOTCA B EOTeT-
HOM cdYeTe COOTHOIIEHHAMHE MeEIy HeNocpelcTBeHHO M3MepAeMHIMH BeIH-
gppayn. Vsumepesme INOKASHBAET, CEOJIbKO pa3 B HBMEPEHHOH BelddmHe
COIEeP:KHTCA Mepa, NIPHHATAA 33 eJHEANY. ExnEANy HBMepeHAd MOKHO
BHOpaTs OpOE3BONBHO. Ho MOKHO Takike cBecTu ee K paHee YCTaHOBJIEH-
HHM eJWHHANAM, ¢ KOTOPHIMH OHA CBASAHA HeKOTODHM ypaBHemmeM. Peire-
HEe BTOr0 YPaBHEHAA OTHOCHTEJHHO HOBOH eNMHAIH HABHBAIOT €€ pasMep-
HOCTHIO N0 OTHONIEHHI0 K OCTAJBHKM eJlmHEAuaM. Tak HassBaewmad aGco-
JNTHAA CACTEMAa Mep CTPOMTCA HA TPeX OCHOBHBIX eNWHHIAX: eIHHHIAX
IJHHH, MacCH W BpeMenH. Ho EakoBH GH HE GOHJIE eXWHHLB], IOJOMEH-
HHE B OCHOBY CHCTEMH, Bcerya o0e UACTH YPABHEHHA JOJUKHHL OHITH
PABEH He TOJABEO IO CBOEMY YHCJIEHHOMY BHAYEHHIO, HO H II0 Pasvep-
HOCTH. B caMoM feie, pasimume pasMmepHocTedi HMelo OH CleJCTBLeEM,
qT0 IpH H3MEHEHWH OCHOBHRIX eJWHAI HAPYIIHJOCH OH DPaBeHCTBO YHCIEH-
HEX 3HAYeHEH. 970 TpeGOBAaHEE WCHmONL3yeTcd B HpAKTAKE (H3AIECEOTO
BEIYVCICHAA KAk IepBad IPOBePEA MPABHJIBHOCTH YPABHEHHA.

Ilpocreiimme ¢H3EYeCEHe BeJHUAHE BIOJHE ONpefeidAnTcs UPH BH-
GpaEHOH eJIWHAUE MeDH IIOCPEACTBOM OFHOro umcla. OHE HABEIBAIOTCA
ckagspamu. TakoBH, HampuMep, Macca, TeMmeparypa, rpaxye Ileascma.

CymecTBYIOT OXHAKO BeJHUHHH, KOTOpDEHEe He IDHHANIEKAT E K1aCCY
cxaagpoB. Tak, JIJd yCTaHOBIeHHA KOHETHOTO NOJOKEHHA TOYKH, CIBH-
HYTOH H3 HEKOTOPOr0 HAYaJBHOTO IWOJOEHHA, HEOOXONMMO BHAHHE Tpex
gHCeJ,—CEAkKeM, TPeX IPAMOYroJhEHX EOODIMHAT II0 OTHONIEHAID K OCAM,
IPOBeJeHHHM depes HAYAIBHYI0 TOouky. Mo:kHO GBHLJIO 6K ¢ CaMOro Ha4ana
NPOHSBONHTH BHUHCICHHS CO CEKAJAPHAMH COCTABJIAKIIAMA CMENIeHHA, He
BBOZA (JOPMANBHO HOBHX BeJnunmH. Ho TakmM 06pasoM HeXp3d ObLIO OH,
BO-NeDBHX, BHPA3ATh BIOJHe NOHATHOe (DU3MUECKH EXWHCTBO CMelle-
HAA; BO-BTOPHX, K30paHHEM EOODIHHATHOH CHCTeMH C CaMOr0 HAYaJId
BHOCHTCA YYRIHH DIeMEHT, KOTODHH ¢ CaMbIM CMelleHHeM HHIero oburero
He mumeeT. 1103TOMY MEI BBejeM CMeI[eHAE KAk BeJHUYHHY HOBOTO pPOIa H
YCTAHOBEM JJA Hee NPaBHJIA BHYACJIeHEA. TOILKO B TOM Caydae, KOIId
Msl OoT (OPMYX IepeiizeM E oNpejeleHHI) UHCIEHNHX 3HAUeHHH, Oyier
HeO0X0IHMO BBOXLATH OUNPETENeHHYI0 KOOPIHHATHYO CHCIEMY.

Byren HassiBATE B€ K TO P & M H IPAMOJHHEHHKIE CMENIEHAA TOYeR, & PABHO
H Bce (H3HYECKUEe BEJHYHHE], COBOKYITHOCTH KOHX MOMkeT OHITH H306pakeHa
B BHJE COBOEYDHOCTH NDAMOJWHEHHHIX CMeNmeHHii, MOI00RO TOMY, KAk
8HAQYEHHA CKALIPA UPeJCTaBJIANTCA OTPESKAMH NpAMOH; IpH 5TOM BCe



10 Bexmopvl u sexmopuvie noas

BERTOPH YIOBIETBOPAIOT TeM ke MPABAJAM CIOKEHHA, Eak H H300pa-
JEAOIAEe AX CMEIIeHHA.

Co crpornmM IPESHAKOM TOTO, HABIAETCA IH BEJINYMHA BEKTOPOM, MBI

TosHaroMEMeA B § 3.

§ 2. Coo:kenne M BEIYHTaHHe BeKTOPoB. IIpE ompexeaennn BekTopa

CI0EeREe BEKTOPOB OBLIO CBEIeHO E CYMMHDOBAHHIO IPAMOJIHHeHHBIX cMe-

nienmii. PaceMoTpEM pgBa BekTopa A m B oxmmEakoBoro

I pora ® pasmepHOCTH. JlAA TOr0 9YTOGH HX CIONKATE,

mpeficTaBEM cee JIBHEYIIYIOCA TOYKY, HAXONAN[YIOCH

pHavade B moiaoxenmm 1 (pme. 1). Ilyers Toure mamo

B cmauana cmemerme (1, 2), K0TOpOe IO JJAHHE, HATIPaBJeE-

HHO ¥ 3HAKY OpejCcTaBlieT BeKTOp A; 3aTeM H3 LOJOXe-

2 EEA (2) OyCTH OHA IlepelBHIaeTCA HA DPaccToAHHe (2,3),

EOTOpOe 10 JJWHe, HAPABIeHWIO H 3HAKY IpercTaBlder

A BekTop B. Pesyaprar moxydaerca TOT e caMBli, d9TO

n npu cmemernn u3 (1) B (3). HemocpexcrBenHoe Ipamo-

1 JuHeiinoe cmemenne u3 (1) B (3) HaswBaeTca pPaBHO-

Prc.1. Cromenme L€HCTBYOI el HIH reOMeTPHICCKONR CYMMOHR

IByX BekTopoB. 000HX cmemeHEH (1, 2) u (2, 3). OHa mpexcTaBIdeT Bek-

Trop C, KOoTOpHH, COrIacHO onpezelesEld § 1, ABIAACH

paBHOjelicTBYOIIeii mam cymmoii BekTopoB A E B, Xoamenm OmTh 060-

BHaYeH
C=A-+B. )

Ecam mpomseectn cHavana cmeueEEe B (pme. 2), a 3areM cMeme-
HEe A, TO IBHEKYIAACA TOUKA oUMCHBAeT IyTh (143), EOTOpHIE BMecTe
< myreM (123) ob6pasyer mapaaireiorpaM. CieroBaTeibHO, PaBHOIEHCTBYIO-
mada cMemeHmid B m A, Tak Xe Eak H PaBHOJEHCTBYIOMAA cMemieHHi A
o B, mpepcraBaserca jpmaromaasio (13)

BTOr0 mapadaeaorpama (pme. 2). 2 B 3

Takum 06pasoM cloKeHHe BEKTOPOB CJe- a A

AyeT EKOMMYTATHBHOMY BaKOHY: A

reoMerprEYecrad cyMMa JIBYX = g

BEETOPOB e 3aBHCHT OT IOPATK]

CJaraeMuXx Pre. 2. Ciokesrne u BEITHTAHHS

BEKTOpOB.

A4+B=B-|A. (2)

SaE0H TWAPAJIENOrpaMa NPH CJIOKEHHNM, NPeICTABICHHBH Ha pme. 2,
XapakTepen IJA TeX BeJIHWYAH, KOTOPhie MH Ha3nBaeM BexrTopamm. Cyme-
CTBYIOT OJHAKO BeJHYHHK, KOTOPHe Takike HMET JJHHY, HalpaBleHHe X
SHAK, X KOTODHEe TeM He MeHee, B YCTAHOBIEHHOM 31ech CMEICJe, HEIb3d
PaccMaTPUBATH KaK BEKTOPS, Tak Kak HX CJOKeHHe ciaexyer ApYroMy
sarony. Tak, BHaupuMep, Kak HW3BeCTHO M3 EMHeMATHKH, (GeCKOHEYHO MAaJble
BPAIIEHRA TBEPIOH CHCTEMH BOKPYI HENOJBHXHONH TOUKH IpeiCTaBIA0TCA
BeK10paMu, MO0 CJIOXEHHe TAKHX BPAMEHHH MOBHHEYeTCA 3akOMYy Iapaiie-
JorpaMa; HA000pPOT, KOHeYHOe BpalleHHe BeJb3d PACCMATPHBATH KAK Bek-
TOp, HOTOMY 49TO CJHOXKeHHe BpameHuii coBepmaerca 06oJee CAOKHKEM
o6pazon. Kak yumr crarmka, cHIAH, ZelCTByoOmEe Ha MaTePHAIBEYIO TOUKY,
CIeNYT OPH CIOKEHHH 3aKOHY HapailelorpaMa. SHAYET, 9TH CHJH CYTH
BELTODHI.
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Ecam paccMoTpeTh cMemeHHA, AITHTHBHO CJIOKEHHEE H3 BEETOPOB A,
B u C (puc. 3), TO MOKHO Jerko yGeIUTsCI B TOM, 4T0 JJIA CJO i e-
HEAd BEKTOPOB COpPaBeNJHB ACCOUHATHBHNYE B3akK0XH

A-+B)+C=A+B+O0) ®)

Ha pme. 3 cyMMa Tpex BeKTOPOB MHOAYYagach IYTeM IOCTPOEHHA
YeTHPeXyroJbHAE], CTOPOHAMH KOTOPOr0 ABJIAITCA CJaraeMble BEeKTOPH K
AX CyMMa. AHAJOrHIHO HTOMY Jid HAXOKIEHAA CYMMEI 7% BEETOPOB IOb-
3yITCA BEETOPHHIM MHOTOYTOJHHHEOM, HMelONIAM % —1 CTOPOH, H3 Ko-
TOPHIX 7 CIOPOH — CJlaraeMble BEETODH, & ONHA CTOPOHA — HX CYMMA.

CmpammEBaeTca Temeph, Kakoe 3HAUEHHEe HYJKHO IPHNABATE € OM e TP H-
7ecEO0ff pasHOCTH JIBYX BekTopoB A m B?—PasHocTs XoakEA ompe-
Ieidrbcd TAEEM 006pasoM, UTOOH JAA BEKTOPOB, TAE ke, KAk M JJIA CEa-
JAPOB, EMEJO MEeCTO COOTHOIIEHHe

B—B=0. ()

CooTBeTcTBeHEO 3TOMY BekTopy—B JM0JKHO COOTBETCTBOBATE CcMelre-
HEe, EOTOPOe YHHUTOXaeT cMemeHde B, BosBpamas IBEKYIYIOCA TOURY
B HaYaJbHOe HOJOXeHHe—IPYIEMHE CJIOBA-
MHA, CMeuleHHe, DaBHOe IO JNJHHE H OIWHA-
KOBOe IO HANPABIEHEI CO cMemeHHeM B,
HO ofparHOe eMmy mo 3Haky. Ilom reomer-
puYeckoif pasHOCTEI0O BekTopoB A © B mo-
HEMAIOT TeOMeTPHUECEYI0 CYMMY BEETOPOB
A 1 —B, 7 COOTBETCTBEHHO OIPeENeITOT
BEIYATAHAC BEETOPOB CHEAVIOUAM  Ppe, 3. CrnokeHHe TPeX BEKTO-
o6pasoM: BH UeCTHh H3 BeEKTOpa A pOB.

BeKTOD B 3HAYHT CIOXKHETHL BEK-

TOPp A ¢ BeETOPOM, PABHKM 0O JJIHHe H ONHHAKOBHM 1m0
HAOPABIGHHI0O ¢ BEKTOpPOM B, HO HPOTEBOMNOJOKHLM eMy
mo 3HakKYy. B mapamresorpame pumc. 2 mraroEalp (13) DpercraBiger
reoMeTpuYecky0 cyuMMy A -+ B, nmaromaas (42) — reoMeTpHYIECEYi0 pas-
HOCTH A — B.

BuimeyrasaEHEE @IpaBmia CIOKEHAA H BEYATAHAA BEKTOPOB (op-
MAJBHO COTIACYIOTCA € SAKOHAMH OGHIHOH aareGph.

§ 3. Eju#nYHLle M OCHOBHEI® BELTODH, cocrapiadiomue. Ilox mp o-
H3BeJNeHHEeM A ckaaXpa &« Ha BEKTOD a

7 A+B+C

A=ca=aa (5)

TOHEMAIOT BEKTOD, NJHHA KOTOPOTO0 PABHA HNPOH3BEIEHHI0O IHCICHHOTO 3HA~
YeHMA CEAJAPA ¢ HA JNJIHHY BEKTOpa a

|A|=]a]-la]; (52)

HampaBJeHHe ero coBOajaeT ¢ BEKTOPOM a, W 3HAK OTHHAKOB C & HJIH eMY
OPOTHBOUO0JOMKEH, CMOTPA 110 TOMY, ABJIAETCA JH CEAIAD o IOJOMKHTEIb~
HBIM HJIA OTPHIATEJHHBIM.
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VMHOKeHEe BEKTOPOB HA CEAJAPH ClelyeT IpaBHIAM ajlre6pH cka-
JADHHIX BeINTHH; KOMMYTATHBHBIH 3aKOH HAXONHT ceGe BHpakeHme B (5).
JucTprOyTHBHHE 8aKOH TaE¥e COpaBelldB, T. e.

(¢+B)a=oca--Ba, a(a-}-b)=o0a-ab. (5b)

Bce BeKTOPH A OXWHAKOBOrO HANPABIEHHA MOKHO BHDASHTh dYepes
BeETOp § TOro e HANpaBIeHAA, HO JJIHHOH ‘paBHOH 1

A==|Als. (6)

3Xech mMeeT MeCTO HOJOKHTeJFHHH HAH OTPHLATeNbHHH 8HAK, B BaBUCH-
MOCTH OT TOTO, OTWHAKOBH JH A M § II0 3HAKY HJIH IPOTEBOMOJOMHH.

BexTop S, XAWEA KOTOPOr0 paBHA eJHHANE, HASKBAETCA € L HHH I-

HHM BEETOPOM. YCIOBEMCA UDHOHCHBATH JTJHHE BEKTOPA €ro pas-

MepHOcTh. Torza erHHAYHOMY BEeKTODPY S

(6) MH IOJEKHF IPUIATH PAaSMEPHOCTH OT-

BIEYEHHOr0 9YHCAd. EIHHAYHEM BeKTOPOM

po C )
S A, B, /f/y:

< o ; T -~ C S
) .
|4 A ' B
4
Puc. 4. CoeraBasomaa As or Punc. 5. Cocrapaaomas cymMmyu A-+B-LC
A 00 HaOpaBiIeHHDO S. 00 S paBHa CyMMe OTAENBHEIX COCTABIA0~

X,

MOJBSYIOTCA JAA TOr0, UYTOOH 3ajaTh HANpaBlIeHHme H BSHAE ONHOIO HIH
HECEOJBKAX IAPAJIeIbHKX BEKTOPOB.

Hyers Gyrer paE (pHe. 4) HEKOTODHIE MOCTOAHEHH eJHHMYHEHNI BEETOD &
H J000f BekTop a, o6pasyolngi ¢ § yrol . CocTaBiAwIel Bek-
TOPa @ MO HANPABJAEHHIO eJHEAYIHOIO0 BeETOPa S HAa3HBAKLT
BEJHIARY

a,=2a Ccos o, 7y

PABHYI JIJIHHe WPOEEUHE BeETOpPa & HA NPAMYI eIWHHYIHOTO BEKTODa S,
B3ATYI0 CO 3HAKOM IJIKC HIH MHHYC, CMOTPA IO TOMY, HANpPaBJIeHBl JH
IPOEKNNA M 8 B OTHY CTOPOHY HJH HET.

CocTaBrapmad BeKTOpPa €CTh CKAaJAAPDHAA BeJAHYHHA.
Ecan ITPOEKUHI0O BEKTOPa & HA OPAMYI0O eIHHHIYHOIO BEETODPa S xejaTelL-uno
0XapakTepH30OBATH B OTHOIICHHH €€ HAOPABICHHAA, TO HEOOGX0IEMO 00pa~
30BATh IPOH3BeNeHHE COCTABJAIOUEH BEKTOPA & IO 8 HA eIWHHIHHIH Bek-
T0p S. Bripakenne

|a]cose-s

JaeT OPOeKUHI0 B BHIE BeKTOpa.
Paccuorpum cymmy Ttpex BerropoB A, B, O

A+-B—+C.
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-

Kag ciexyer m3 § 5, cOCTABIAINAA €€ IO HANPABICHHI €JIAHHIHOIO
BexTOpPa S PaBHA

A,+B,4C,,

1. e. alreGpamieckolfl cyMMe cocTaBJAAOIIUX BekTOpoB A, B,C mo s. 9ror
pesyABTaT MOKHO 060061 ETE AaA J060T0 YHCIA BEKTOPOB H BHPASHTH
caeLyoImuy 06pasoM: coCcTABAANMAA FreOMeTPHICCEOR CYMMH
71060T0 THCIA BEKTOPOB N0 HANDPABIEHHKN eIHHHYHOIO
BpekTOpa paBHA aJrefGpamue-
CEO# cyMMe ©GOOTBEeTGTBYIo-
MAX COCTABIAKNIIHX OTJIeab-
HHX BEeKTOPOB.

Berrops Ja1060ro HaIpaBleHE X
J1060# NIHHH MOKHO XapaKTepH30BaTh /
EX COCTABIAOMAMA [0 HANPABIECHUIO /
NOCTOAHHKIX eJIHHAYHRIX BekTopoB. g
HTOT0 IOJB3YIOTCA TpeMA eIHHAYHEIMA
BEKTOpaMH, He JeXallEMA B OXHOH
mrockoerd. IlprMeM TpE BsamMHO mep-
NeHIHEYIADHHX eIHHHIHHX BeKTOpa i,
j, k sa ocmoBEme. Iycrs EHX Ha-
IpaBleHEA COBHAJAT C HaIpaBie- Ay
HEAME OCeffl IPAMOYFOJIBHOH CHCTEMEI
K0OpJIHHAT.

Rak #m3BeCTHO, CYL(ECTBYIOT IBe CH-
cTeMH oceik x, Yy, 2, KoTopsle Ha- Pme. 6. OprorowanbHEHe eARHET-
3HBAIOT: OJHY—IDAaBoH, a Ipyrymo — e BekTopH 1, J, k.
JeBoii. Bce mTpaBHe CHCTEMEl MOMKHO
IpEBECTHE E COBIAJEHHI0 IDPYr ¢ IpPYroM, PaBHO H Bce JeBHe, HO IPaBad
¢ neBoif coBmacTs He MoryT. OTpameHHeM B KOODPIEHATHOH WJAOCKOCTH,
KaE B 3epKaJe, IMOJYyYaloT M3 IPAaBOH CHCTeMSH JeBYID, H3 JeBOi—IpaByo.
OTpaseHHeM B HaJaJe KOOPIHHAT (IOBOPOTOM BCEX TPeX oceil B IPOTHUBO-
TDOJOXHYI0 CTOPOHY) H3 IPaBOH CHCTEMH TOXe HmOJydaeTcd JeBad, W Ha-
o6opor. Mm OyieM B JairHefimeM Bcerga IOJBB0BATHCA BHGPaHHOH
MakxkcBenaoM npaBoil cHcTeMOi.

Oma mpegcraBieHa Ha pue. 6. Ocm z, ¥y, ¢, KOTOPHE COBHAJAIT IPH
BTOM ¢ OCHOBHHIME BekTopaMm i, j, k, mIyT B Takoi mocaenoBaTe]lbHOCTH,
9TO0 BpAalleHHe OT OCH & K OCH %, COeIWHEHHOe C IOCTYNATeJbLHBIM IBH-
#eHHeM BIOJAL OCH 2, IPHBOTHT K BHHTY ¢ mpaBoif Hapeskod. llomomm-
TeJbENEe HALpPaBleHRA ocefl x, y, # B mpaBoil chcreMe EB06pamkawTCa
GoJBITEM, YKA3aTEJFHEIM H CPENHHM NaJBLAMH TPABOH DPYKH.

IIyeTs cOCTaBIAOIMEME BeKTOPA & IO HAUNPABJIEHAN OCHOBHHX Beks
TopoB i, j, k mim, kak rosopar, mo ocaM x, i, # GYLYT
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a, a, a,

Torxa TpOEKIHA BEKTOpPAa & Ha OCH OO JJHHe, HANPABJIEHHI0 H S8HAKY
JalTCA BHDAKEHHAMH:

a,i, aj ak
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Cromerne STHX 1PeX BEKTOPOB, KAk MOXKHO YCMOTpeTs H3 pHC. 6,
OPUBOJAT OGPATHO K caMOMY BekTopy a. OH, caegoBaTelbHO, paBeH

a=a,i+aj+ak (8)

ITyers xaHH JIHHA, HAUPaBIeHHE H 3HAK BeKTOPA a; TOMNA Cpasy
YPaBHEHEAMHA

a,—|a|cos (a, ), a,=|a|cos(a,y), a,=|a|cos(a,z) (Sa)

OIHO3HAYHO ONPeIeJAIOTCA ero COCTABIAIIIHE.

O6paTHO, eCIH JAHH TPH COCTABIAOIAX, TO OXHOSHAYHO Ompene-
agercA BeKTOpP A, Kak JHMAroHAJNb NPAMOYLOJBHOTO Iapatielemnmeja,
peépa KOTOpOro CyTh BEKTOPH a,1i, a,j, a k. Ero namma pasma

lal:l az2+ay2+a'22; (Sb)
ero HampaBleHHe H BHAE OIpexeJATcd KOCHHYCAMH, BEHIHCISAEMBIME
mo (8a).
3Hag TPH COCTAaBJAIIIAX HEKOTOPOr0 BEETOPA IO HANPABICHHId
OCHOBHHX BeKTOPOB i, j, k, MOXHO BEIYHCIETH €ro COCTABIANMYIO IO
HANpPaBIeHNH J1060T0 eIHHHYHOIO BEETOPA S, €CIH H3BECTHH YIJH, KO-
TOpsle 00pasyeT BEKTOD S ¢ OCHOBHEIME BekTopaMH. HyxHO Berkrop a
OpelcTaBATH COMIACHO (8) B BHEE CYMMEL TpeX BEKTOPOB, HAPAJJelbHHIX
BexTopaM i, j, k, B aare0pamueckH CIOKHTH COCTABIANINEE B3THX Tpex
CIaraeMEX BeKTOPOB II0 HANPaBIEeHHIO §; TAKHM 06pasoM HOXYYIaiOT

a,=a, cos (8, z)—-a, cos (s, y) -+-a, ¢os (8, 2). 9)

910 UWpaBHIO BHYHCIEEHA COCTABAANIEH mo M0G0H och aBagercd
XapakTePHHM CBOHCTBOM BeKTOpPOB. COriacEO eMy, EQKIOMY HANPABIEHHIO
OPOCTPAHCTBA COOTBETCTBYET HEKOTOPad CEAJADHAA BelHIAHA — HMEHHO,
COCTABIAOMAA BEKTOPA & MO 3ToMy HampaBieEmio. OBa BaBHCHT OXHO-
poxHO JftEeiiHO 0T HANPABIAONEX KOCHHYCOB. Kcmoarsyem 0oGpaTHO Ipa-
BHJIO cocTaBiaomux (9) xia obmel XapakTepHCTHEH BekTopa. Ecam
LaH BEKTOpP, TO BCAKOMY HANpaBIeHHIO B IPOCTPaHCTBe
COOTBeTCTBYeT HEKOTOpPAaA CEAJNAPHAA ,COCTABIANIAA
BekETOpa“, E0OTOpPadA 3aBHCHT JAHHEHHO-OXHOPOXHO OT CO-
CTABJIAAWIMHAX EeIHHHEYHEOrO0O BEETOPA, PACNOIOKEHHOIO
BROJH NAHHOrO HaNpaBIeHEA (T. e OT HANPABJIAOIMHAX KOCH-
HYCOB).

§ 4. BayTpennee mau cragaapuoe upomssepenme. llyers K — cnia,
IeffcTByomad Ea To4ky. ECIH V ecTh CEOPOCTh IBREYIedicd TOYEH, TO
pabora, xoTopylo coBepmaeT cuaa K B eImHHNY BpeMeHH, ecTh CEAJIAPHAA
BeJIHYNHA, 3HAYEHTE K010POoii JaeTca MpoHsBeeHAeM IIHHE Bekropos K u v a
KOcHHYC yriaa Mexjy BuME. Hanmmewm sTo mpomsseleHHe B BHJIE

Kv=|K]|:|v]|: cos(Kv) 10)

J HA30BEéM €ro CEaJAAPHENM HIH (mo I'paccMaEy) BEYTpPpEHHHM Opo-
E3BeeHFeM IBYX VEASAHHHX BEKTOPOB. IJT0 0003HaUeHHEe INepeHeceM Ha
ao6re BEKTOPH.



