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I'raea 15

BEKTOPHBIN IOTEHIHAJ

§ 1. Cuant, deticmsyruyue Ha nemaro
C MOKOM; SHEPLUSL DUNOAA

B ppepmaymell riape MH H3ydYaiy MarHETHOE
none, cO3JaBaeMOe MAJeHBKOH NpPAMOYTOJbLHOH
netieid, Mo Koropoii redeT TOK. Mm Hamam, 9TO
5TO NOJe JAUNOJIA ¢ JUNONBHHM MOMEHTOM,
PABHBIM

n=1I4, (15.1)

tne I — cuna ToKa, a A — miomamp IeTHH.
MoMeHT HampamsieH [0 HOPMAIH K IUIOCKOCTH
HETIM, TAK YTO MOKHO OHCATH U TAK:

w=1IAn,

rne n — eNNHHYHHE BEKTOD HOPMaJM K MJIO-
maan 4.

Ileram ¢ roxoM, wiam MATHUTHLIE AUIONH, HE
TONBKO CO37AI0T MATHUTHHE NOJNA, HO M CaMH
NOABEPraloTCHd HeHCTBHIO CHJIBI, HONAB B MarHHT-
HOe m{ole APYyrux tokoB. PaccmMorpmMm choepsa
CHJI, MEHCTBYWUINEe HA HOPAMOYTOJBHYI UETIIO
B omHOpOZHOM MarHuTHOM uose. llycrb ochb z
HampaBieHa IO HOJ0, & OCh ¥ JEKHAT B IIOCKOCTH
neriam, o0pasylomeidl ¢ MIOCKOCTHIO ZTY yroa O
(pur. 15.1). Torma MarHHIHEI MOMEHT NeTaH,
6yiyunm HODMalbHEM K €e IUIOCKOCTH, o0paszyer
¢ MATHUTHHIM I10JieM TO:Ke yroa 0.

Paz TOKM HAa OPOTHBONOJOKHHX CTOPOHAX
HeTIM TEKYT B HPOTHBONONOMKHEE CTOPOHH, TO
H CHJHI, JeiCTByIIIHe Ha HUX, TOKe HAIPABICHH
BPO3b, & CyMMapHas CHJIa PaBHA HYJIK (B OJHO-
pomaom wone). Ho Gnaromaps cmiaam, peiicrsyio-
muM Ha CTOPOHH, o0osmademmste mHa ¢ur. 15.1
muppamn / m 2, BO3HHKAaeT BpamareJbEHH
MOMEHT, CTPEMAIHUACA BPAIIATh NETIAH BOKPYT
oca y. Beanumna stux cun F; u F, rakosa:

F,=F,=1IBb.

§ 1. Canm, -

neiicTByIonae
HA HETII0 ¢ TOKOM;
SHEpruA NHIOAA

§ 2. Mexaunueckas

H 3JIeKTPHYEecKas
sHeprum

§ 3. Oueprua

HOCTOAHHBIX TOROB

§4.B mm A?

§ 5. BexropHbrit

MOTEHINAT
U KBaHTOBasA
MexXaHHKa

§ 6. Yro meruAHO

B CTaTHKe, HO
J0KHO B XWHAMH-
Ke?



Que 15.1. IIpamoyzosvnas nemas
¢ mokom I ¢ 0dHopodnom noae B,
HANPABAEHHOM 1O OCU Z.

Hetiemeyrowuili Ha Hee epawjamessnuiil

Momenm pagen T=U X B, e0e maznumnuil
Mmomenm U= Iab,

x nmedo papHO

asin0,
TaK 9TO BPAMaTeJIbHHNA MOMEHT
T=1I1abB sin 0,
IIH, NOCKOJBKY Jab—MarHWTHHI MOMEHT HeTiIH,
T=pBsin0.
Bpamarensanilt MOMeHT MosKeT OHTH 3aIHCAH M BEKTOPHO:
T=pnxB. (15.2)

To, uro spamarenbHelli MoMeHT fgaercs ypasHerumeM (15.2), Mm
[OKasaJy MOKa TONBKO A AOBOMBHO 9wacTHOrO caydas. Ho pe-
3yJabTaT, KaK MH YBUJUM, BePEH A MAaJeHBKHUX mereab Ji060i
¢opmet. ITonesno HanmoMEXTH, 9TO W IJIA BPAMATEIHLHOTO MOMEHTA,
IeHCTBYIONET0 HA DIEKTPUYECKUN JTUIOAH, MBI IOJYYHIH COOTHO-
ieHEre nogo0HOTO ke poja:

t=pXE.

Cefiuac mac WHTEpecyeT MeXaHWYecKas SHEPTHs Hamell meriad,
IO KOTOPOH TeueT TOK. Pas ecTh MOMEHT BpameHHS, TO SHODPTH:,
€CTECTBEHHO, 3aBMCAT OT OpHeHTANmH merau. lIpmANND BEpTyasb-
HOI ke paboTH yTBePHIAET, YTO MOMEHT BPAIEHHWS — 3TO CKO-
pPOCTH M3MEHEHWA DHEPIMH ¢ YIJIO0M, TaK UTO MO;KHO HAOHCATH

dU = —1do.

HopcraBasiat = -+ pB sin 0 muATerpEpys, MH BIpaBe OPUHATH 3a
SHEPIHUI0 BHpPa/KeHHE

= — B cos 0 + Heroropas nocrossnas. (15.3)

(3max MEHyC cTOMT TOTOMY, WTO TIeTNIsl CTPEMHTCH Pa3BEPHYTH
CBOH MOMEHT IO IOJI0; SHepIHA HEKE BCero Torga, Korjga U u B
MapaNIeIbHH.)
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ITo mpuummaM, 0 KOTOPHIX ME HIOTOBOPUM TIO3;Ke, 9TA DHEPTHA
Me ecmb MONHAs DHEPrHA IeTiH ¢ TOKOM. (Msl, k mpumepy, He
yulE JHEPTHH, WAymieill Ha ODopanep:raHue ToKa B merme.) llo-
sToMy MH Oygmem HaszmBats ee U, .., 94106H He 3a0HTB, 4r0 9TO
ammp dacts sEeprum. W, KpoMe TOro, MOCTOAHHYI0 HHTETPHEDPO-
BaHuA B (15.J) MH BupaBe NPMAAThH PaBHOK HYJIO, Bce pPaBHO
BeIb KaKWe-TO Apyrhme BHE DHePTHM MH He ywid. Tak 9ro Mu
IepenumeM ypaBHEHHE TaK:

Uyex= —p-B. (15.4)
OmATh WmOMy9un0ch COOTBETCTBHE € DIEKTPHIECKUM [UIOIeM, e
OrL10 U= —p-E. (15.5)

Tonpro B (15.5) smexTpuuecKas dHePTUA — K BOPABAY 3HEPrusd,
a U, B (15.4) — me macroamasn suaeprus. Ho Bce paBHO ee modcHo
NPAMEHATH IA paciera cWwil MO0 TPUHNHUNY BUPTYATBHOH paboThL
Hago ronpko mpegmomarars, 910 TOK B metiie (Wil o Kpalinell Mepe
MAaTHHTHHI MOMEHT [} OCTaeTCs HeW3MEeHHBIM IIPH HOBOpOTE.

Ilna pameit npAMOyTroABHON HEeTIH MOKHO mOKasaTh, 410 U .
cooTBeTCTBYeT Tark:ke pabore, 3aTpaumBaeMoil HA TO, YTOOEI BHECTH
neriio B moxe. llonnas cuna, geficreyiomas Ha IeTI0, paBHA HYJIIO
JWIMb B OGHOPONHOM IIONe, & B HEOTHOPOMHOM BCe PABHO OCMAHYMCS,
KAKNe-TO CHJIH, AeHcTByIOI{We Ha TOKOBYI0 meriio. DHocsa meTiro
B TIOJie, MHl BHEYKEEHH OyeM IPOHECTH ee depe3 MecTa, Ijie moue
HEOTHOPOHO, W TaM Oymer saTpadema pabora. byjgem cumTaTh
JJIA YOPOIIeHHs, 9TO INETIi0 BHOCAT B IOle TaK, 9TO ee MOMEHT
HampaBJeH BAOJIb moidA. (A B KOHIE, yiKe B Toje, ee MOKHO IOBep-
HyTh KaK HAMI0.)

Boobpasure, 4T0 ME XOTHM JBHrATh IETII0 B HANPABICHUH Z,
T. e. B Ty 001acTh, Ijie moje CHiIbHee, M UTO HeTIsS OPHEHTHPOBAHA
TaK, Kak moxasago Ha ¢ur. 15.2. Mm ormpaBmMcsa OrTyAa, THE

B

Que. 152, IIemaro nponocam uepes noae B (noneper
Heeo) 6 HanpagaeHuu .



Tone PaBHO HYNO, M 6y/ieM MATErpHPOBATH CHIY IO PACCTOAHEIO IO
Mepe TOro, KaK meTAs BXOJUT B HOJe.

PaccumraeM cHagana pafory mepeHoca KajKAoH CTODOHH MO
OTJeAbHOCTH, A 3ATEM BCE CAOKEM (BMECTO TOTO, 9TO0H CKIAJHBATE
cRIu 70 mHTerpuposanus). Cunml, feiicTsyomue Ha cTopoHH 3 1 4,
HAIpABIEHH NONEPEK ABMKEHMs, TaK ITO HA BTH cTOPOHH pabora
ge Tpatures, Cuna, AeficTByiomas Ha cTOPOHY Z, HAOpaBJIeHa MmO Z
u papHa [bB(x); wro6m ys3HATH BCHO paboTy IpPOTUR JeHCTBHA
MATHATHEIX CHJI, HY»KHO NPOMHTETPHPOBATH 3TO BHpa:eHHe IO I
OT HeKOTOpOro 3HAYEHHWA Z, T IojJe PaBHO HYJIO, CKa/keM, OT

T = —o00 10 TEIEPCIIEECI0 NOJOHEeHUA Iy
X, X3
Wy=—{ Fydz=—1Ib { B(z)dz. (15.6)

Hopo6u0 3TOMY, M pabGora IPOTHB CHI, AeHCTBYIONINX Ha CTOPOHY I,
paBHa

Wy=—{ Fidz=1b | B(z)dz. (15.7)

-0

Urobm BHUUCAUTh KAayKOHN HHETEIPAd, Hago 3HATH, Kak B(z)
sapmeut or z. Ho Bejb cropoHa [ mpH [BIKeHHH PAMKH Pacro-
JojKeHA BCe BpeMs HapajiesibHO CTOPOHE £ HAa ONHOM M TOM JKe
paccToAHMU OT Hee, TAK IT0 B ee HHTErpajd BXOJRHUT NOYTH BCHA
pabora, 3aTpaueHHaA Ha mepememenue cToponnl 2. Cymma (15.6) u
(15.7) Ha camoMm fene paBHAa

W= —befB(z) dz. (15.8)

Xy

Ho, monas B o6nacrs, rme B Ha obemx cropomax I u 2 mourn oju-
HAKOBO, MBI HMeeM IPaBO 3alUCaTh MHTETPAI B BHJE

{ B(z)dz = (2, —2,) B=aB,

Xy

e B — none B OeHTpe IeTIH. Besn Bnosemmas Mexammueckas
9HEPIrHd OKashBaeTCH paBHOfI

Usex =W = —IabB = —pB. (15.9)

Jd10 cornacyercs ¢ BEIpaskeHHMeM aas sEeprunm (15.4), BEHGpaENBIM
HaAMH HpeKIe.

HonewHo, Tor ;Ke BHBOJ IOXYIMICA GH, ecn® GH MH 0 HWHTe-
I'PUPOBAHUA CIOKUIN BCe CHIH, AeficTByiomue HAa meriwo. Ecnu Ol
ME 06o3naumiam gepes B, moue y cropoHn /, a uepes B, — mone
Y CTOpOHH 2, TO BCS CHMiA, IEHCTBYOIAA B HAIPABJIEANH X, OKa3a-
Jace Ob paBHOI

Fy=1b(B,—B,).



Ecanm metns «yskaa», T. e. ecam B, u B, He OueHb pasamyaiorTCs
MexxAy coboif, To Mo;kHO OBlO OB HAIHCATH

8B 0B
BZ=B1+£A‘Z=B1_}_5_—{a
Taxr uTo cmna Gma 6H pasHA
B

Besi pabora, npomsBeeHBAN GHEWHUML CUNAMHU HAJK TeTjied, pas-
HAnxach OH

— S Fy dx——]abg dz— —IabB,

a sro onath —WwB. Ho Temepsr HaM cTaHOBHTCA MOHATHO, MOYEMY
nojyJaercd, UTO cudd, HeACTBYWIAs HA HeOOJLIIYID TOKOBYIO
IeT/ii0, NPOHNOPIUOHAAbHA OPOU3BOAHON MATHUTHOrO MOJA, KAK
5T0 CJEMOBANO OKUIATH W3

Pz = — AUyex = —A (— p-B). (15.11)

Jpyroit mam pesyabrTaT COCTOUT B CHENYIONEM. X OTb B He HCKII0-
9eHo, 4TO He BCe BUAH HHepruu pomurk B dpopmyny U ., = —pn-B
(BeAB 9TO IPOCTO HEKOTOPASA MMUTALMS SHEPTHH), €10 BCE IKEe MOKHO
TOJAb30BATHCHA, UPUMEHAA NPUHIMO BUPTYAIbHOH paboTsl, 4TOOLI
Y3HaTh, KaKUe CWJIbl AefcTBYIOT HA HIeTAM ¢ NOCTOAHHHIM TOKOM.

§ 2. Mexanuneckan v sasexmpureckas sHepeun

Tenepp MBI X0TUM MOsiCHUTH, nodemy sueprus U .., 0 Koropoil
TOBOPHIOCh B IIpejpHAymeM mnaparpage, He HacTosuias pHEpIusd,
CBSI3aHHAsA ¢ NOCTOAHHEKIMA TOKAMM, [10UeMy y Hee HeT HpAMOM
CBA3H ¢ NOTHON amepruei Beeit Beenennoii. IIpaspa, Mp moguepk-
HYJIH, 9T0 €l0 MOKHO TIOJAb30BATHCA KAK dHeprueil, KOTHA BHIYHC-
Jisielib CHUAB W3 UPHHENWOA BUPTYAJbHOH pabort, npu ycaosuu,
9T0 TOK B uerie (U Bce npodue Toku) He MeHsercA. Ilocmorpum
Teneps, MOYeMy sKe BCe TaK BHIXOJHT.

IlpegcrasuMm, 910 merna Ha ¢ur. 15.2 gBieTCA B HANpPABIEHHIT
-+, a ochb z mpuMeM 3a HanpapsieHue B. JieKTPOHH IPOBOTUMOCTH
Ha cropome & OyAyT MCUBITHBATL HEHCTBHE CHUJIH, TOTKaOmed MX
BIONH NPOBOAA, B Haupapiaenanu y. Ho B pesynbrare UX JBHAKEHNA
IO WPOBOAY TeUeT JICKTPUUECKHUI TOK UM HMMeeTcs COCTABJIAIOLIAA
CKODOCTH ¥, B TOM @ HampaBjieHHH, B KOTOPOM [IEHCTByeT cuia.
HooroMy HAZT KasK/HIM DIEKTPOHOM KaAYI0 CeKYHAY Oy/ier mponsBo-
nurbes paGora F, Uy, THe U, — KOMIOHEHTa CKOPOCTH DJIEKTPOHa,
HalpaBlIeHHAs Bnom, ‘mposopa. ITy pa60Ty, COBEPMIAeMYI0 HAT
DIIEKTPOHAMY, MH Ha30BeM adekmpuueckoll. OKaseBaeTcH, UTO
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KOI7]a MeTA NBEKETCS B 00ROPoJHOM DONE, TO MONHAA JIEKTpHIe-
cxas paora paBEHAa HYJIIO, IOTOMY 9YTO HA OAHOA 4YacTH HETIH
paGora monoxHMTENBHAs, a Ha JApPyroii — paBHaA et oTpHIA-
renpEasA. Ho mpm ABM:KEHHMI KOHTYpa B HEOLZHOPOJRHOM IOIE DTO HE
TaK — TOI& OCMAemcA KAaKOW-TO YHCTHE H30RTOK OgHOH padoT
Hap Apyroi. Boobme-1o ara pabora CTPEMHTCA H3MEHHTEH IIOTOR
3JEKTPOHOB, HO €CIH OH HOJIIePKABAETCA HEU3MEHHBIM, TO DHEPTUL
DOTIOMIAETCsT WM BHCBOOO)KZaeTcss B Oarapelike WiIH B JpyroMm
HCTOYHUKE, COXPAHAIINEM TOK IOCTOAHHEM. BOT uUMeHHO 2Ta
SHEepPrusA W He YUMTHBAAACh, Korfga MH BRIuCLAIA Uyex B (15.9),
OOTOMY 9TO B HAIUW PAaCIeTH BXOJMWIL TOAbKO MEXAHHIECKHE CHJH,
JeficTByoNIme HA IPOBOJ.

Bu Moxere mOZyMaTh: HO cHiIa, JefiCTBYOIIAd HA SJAEKTPOHHI,
3aBUCHT OT TOTO, HACKOIBRO 6bcmpo ABWKETCA TMPOBOM; OHITH MO-
ser, ecan OB MPOBOJ, ABUTANCA JOCTATOYHO MEIJIEHHO, DTOM BIIEKT-
pudeckoil smeprueit Mo;kHO OblIo 61 BoOGImEe mpemeGpeus. [Heiicr-
BUTEIBHO, CKOPOCMb, ¢ KAKOH BRICBOOOKA6TCH SIeKTpHYECKAs DHEP-
rud, TPOHOPIHOHATIBHA CKOPOCTH IPOBOMA, HO BCE e IOJHAs
BHITEJIEHHAS 9HEPTUA HPONOPHUOHANBHA K TOMY jKe eHie H 8DeMeHl,
B TeYEHHE KOTOPOTO HPOMABIAAACH 9Ta CKOPOCTh. B mrTore momHas
BHJIeNEHHAA dJeKTPHYecKas dHePIusA OPOHOPHUOHANBHA NPOHU3BE-
OeHHWI0 CKOpOCTH Ha BpeMsd, a 9TO0 KAK Pas M €cTh IPOHIEeHHOE
paccrosHme. HaimoMy DpoiijleHHOMY B IONe PACCTOAHMI) OTBEJAeT
3aIaHH0E, W OPHUTOM OJHO K TO jKe, KOANMIECTBO DIEKTPHYECKON
paboThL.

BosbmeM rycOK IpoOBOJ2a eTUHATHON JJIMHE, 00 KOTOPOMY TEYeT
tox I. IIpoBoj mBW:KeTCA HmepHEHIUKYISIPHO caMoMy cebe M Mmar-
HUTHOMY TOII0 B €O CKOPOCTBIO Upy04,,. Dilaronaps mammumio ToKa
caMu dneKTpoHH obnasalor ckopocTsio Apefifa vz, BAOMD
uposopa. HoMimoHeHTa MATHHTHOH CHJIH, [eHCTBYIOMIEH HA Kasyk/[JhIi
JACKTPOH B HampaBienww ppeiida, PaBHA q, Uppop., B. 3HauwmT,
CKOpPOCTh, ¢ KAKOH IPOM3BOAWTCA dAeKTpHIecKass pabora, pasHa
Fogpens = (9Vnposon B) Unpenye  ECAE  HA  efuAMOe  JUTHHH
nposona mmeercA [N DPOBOIAIINAX 3NEKTPOHOB, TO BCA BEJHYUHA
DJEKTPUYECKO PaGoTH, NIPOU3BOAUMOR B CEKYHIY, TaKOBa:

dau

QIEKTP

i = NQevnpono,qunpeﬁtp-

Ho Ng,vpes, PaBEO TORy I B mpoBoOje, Tar 4T0

dU,

BJIEKTP

di =1vnp0B0nB-

M wockonbpky TOK WommepsimBaeTcss HEM3MEHHEIM, TO CHJIH,
AeHCTBYIOMAe HA JJIEKTPOHEL IPOBOAMMOCTH, HE YCKOPAT WuX;
IEKTPHUECKAA DSHEPTHsA HEPEXOJUT He K DIEKTPOHAM, 4 K TOMY
HCTOYHAKY, KOTOPHH COXpaHAeT CHIYy TOKa HOCTOSHHOH.
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Ho 3amernte, 9ro cmia, meiicrByiomas Ba nposod, paBHa ID;
8HAYHT, [Bv 45, — 9T0 Meranuueckas paboma, BHIONHIEMas
Haj, OpoBofioM B emmEuny Bpemend, dU../dt = IBv,,,,,.
Orcoofa MH 3aKI09aeM, 4TO MEXaHHYECKasaA paboTa mepeMelneHus
NpPOBOfla B TOYHOCTH PaBHA DIASKTPUIECKOH pabore, mMpoOM3BOXEMOIA
HAJ MCTOYHHKOM TOKA, TAK 4TO 9HEPTUs IETIH OCMAemcs nOCmoLH-
HOU! '

ITO0 He CIyJafHOCTB. ITO CJEJCTBHE 3aKOHA, ¢ KOTOPHM MH
y:xe sHaxkomsl. [lomHas cmaa, jeficTByOmAas HA KaKAWHA M3 3aps-
JOB B IPOBOjE, PaBHA

F=q(E+vXB).
Cropocrb, ¢ KoTOpOiT mpoussoamTca pabora, paBHA
v.-F=¢q[v-E+v.(vXB). (15.12)

Ecnu 3meRTpu7ecKOro Mo HeT, TO OCTAeTCA TOIBKO BTOPOE CIara-
emoe, a OHO Bcerjga pasao Hymwo. I1osike MBI yBHIAM, 4TO UsMEHEHUE
MAaTHUTHHX TOJCH cO3aer dIeKTPUYECKHe NO0Jid, TaK YTo HAIIK pac-
CY;KICHNs OPUMEHUMSl JNUOb K IPOBONAM B IOCTOSHHHKX MAarHUT-
HHX IIOJIAX.

Ho Torma moueMmy ke UpPHWHANMI BHPTYAaJIbLHOA paboTH Aaer
npasuapapii oreer? [loromy, 9T0 nOka MH He YUHTHBAIE ROAKYHO
sHeprui0 Bceeaennoii. M He BRI0OUANW B PaCCMOTpPEHIE SHEPTHIO
TeX TOKOB, KOTOPHE c030giom MATHMTHOE HoJie, ¢ CaMoro Hadana
OPHCYTCTBYIOIEE B HAMAX PACCYKICHHAX.

Ho npencrasum cebe monmywo cucremy, Hanogobme m306pasKeH-
moit Ha ¢ur. 15.3,a, rHe mernsa ¢ ToxoM / BABHraercsi B MarHHTHOE
none B,, cosgamHoe ToKOM I, B karymke. Tok I,, Texymumii mo
meTae, Toxke OymeT co3maBaTh KAaKoe-TO MArHUTHOe moie B,
6am3 rRarymku. Ecnm merna asmwercsa, To mone B, mamensercs.
B caemymolieil riaBe ME YBHAHNM, 9TO HW3MEHSIOINEeCH MarHHTHOe
mome cosgaer mone E, m 3T0 mome MAEHCTBUTENLHO HATHET
ReicTBOBATh HA 3aPAME B KATYIIKE. JTY 9HEPIMI0 MH O00S3aHE
BKIOYATH B HAII CBOAHHII 6agaHc dHEprdi.

Mui, KOHEeYHO, MOIVIE OH MOKOMIATh I'OBOPHTH 00 5TOM HOBOM
BKJAJe B DHEPTHI [0 clieqyomeil IiaBsl, HO YiKe ceiidac MOMKHO

L _ I
B, B, =
— —
. KD] : 2(TST
Iy DNeman ‘Bf_ I %__
a R ]2 5 Iz

Due 15.3. Buuucienue snepeuu MaAseHbKOU Nemau @ MAZHUMHOM NOLE.
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OEHATH ero, eciad HPAMEHATH Coo0pa)keHHA HPUHIWLA OTHOCH-
teapHoCTH. [IpubamKaeM oeTio K HOMOABWKHEON KAaTyIIKe I 3HAEM,
9T0 DJEKTPHYECKAA DHEPrHA HeTIH B TOYHOCTA PaBHA M LIPOTHBO-
TOJO0KHA 10 3HAKY TMPOM3BEfleHHOH MexaHmuecKoil paGore. Wnaue
rosops,

Unex+U aexrp (HETAR) = 0.

Teneppb OpefIONOKEM, 9TO MH CMOTPEM Ha NPOHUCXOJIATIEE C APYToi
TOYKH 3peHEs: GymeM cumtarh, 4TO HeTddA HOKOMTCH, a KaTymKa
npubnmiaerca K Heil. Torma xarymka gsmxercs B moiae, CO3MaH-
oM merieii. Te ke paccys/leHNS DPHEBEIYT K BHPAKEHHIO

U yex + Uanemp (varymzu) = 0.

Mexagnueckas dHeprusi B O0OUX ciydaAxXx OJHA W TA JKe — OHA
onpefielAeTCA TOJIBKO CHIOH, melicTByiomell Mexay ABYMS KOHTY-
pammu.

Croxkenme [BYX ypasHeHHA gaer

2U yex + Usnexrp (nernn) + Usnexrp (Rarymxm) = 0.

Moamas sHeprus Beeii cHCTEME PABHA, KOHEYHO, CYMME ABYX BJIEKT-
pHYECKUX 3HEPrmil W B3ATO# 0Juk pas MeXaHWYECKOH SHEPTHH.
B wurore smxopmur

U yonn = Uanemp (wetam) Uanem'p (varymuun) + Usex = — U ex.

(15.13)

ITonmas omeprua Bceil cmcTeMn — 3T0 Ha camoM fgene U, .,
co swakom munyc. Ecim HaM HyXHa, CKajKeM, HOIHAsA 9HEPruUs
MarHMTHOTO AWIONS, TO CAeXyeT HHCATh

UHOJIH: -+ H'B-

1 ronsko Torma, Korma MH noTpebyem, 9ro0H BCE TOKM OCTABAJUCH
HOCTOAHHNMHU, MOJKHO NCHOAH30BATh JIUIIb OFHY W3 FacTeil 9HepTHH
U,.x (BCETOa DABHYI0 HMCTHHHOH SHEPTEA €O BHAKOM MHHYC) s
BHUMCIEHUA MeXaHWYeCKHX cmia. B 6Gomee o6mmx 3agavax HaHo
coBmI0IaTh 0CTOPOKHEOCTD, YTOOK He 3a0HTh HE OTHOIl U3 DHePTHIA.

Cxopnoe moioskeHme HaOmOJAnoch W B dIeKTpocraTHxe. Mu
NMOKasalW TaM, 4TO YHEPruA KomgeHcaropa pasHa Q%2C. Korma
MH NpPHUMEHAeM IPHUHINI BAPTYaldbHO! paboTsl, 4TOOKH HalTw cHIy,
HAeHCTBYIONIYI0 MEKIY OOKIafgKaMH KOHEEHCATOPA, TO W3MEHEHHe
sweprmu pasHO (%2, ymmomennmomy Ha usMenernue B 1/C, T. e.

02 1 Q2 AC
AU=% A (F>=‘__2_Z,T. (15.14)

A Temeph NpexmONIOKHM, YTO HaM Hapgo Oeuio OH mOmCYHMTATD
pabory, sarpasmsaemyio Ha cOmwKeRme ABYX LPOBOXHHKOB, HO
OpH APYTOM YCIOBHH — 4TO HANPS:KEHHe MEKAY HEMH OCTAETCH
nocrogHEEM. Torma mpasENBHY0 BeIMYIEHY CHIH MH MOTAH OH

12



HONYYATH W3 DPWALUIA BAPTYalibBOH# paGoTH, ecin 6u moctynmnn
HEMHCI0 NCKyCCTBeHEEM obpasom. Pas Q = CV, 1o monmas smep-
rua paBaa Y, CV® Ho ecnim Om MH BBeIm YCIOBHYI0 SHEpIHUIO,
pasayio —Y,CV?, T0 npmaoun BuUpTyanabHOW paGoTH MOMHO
010 OH DPUMEHHTH [IA TOJYYeHHS CHJ, OONarag W3MeHEeHHe
9TOH YCIOBHOH oHeprud paBHEIM MexaHmueckod pabore (210
OpH  YCIOBUHM, YTO HAOpsKeRHe V c4uTaeTcA TNOCTOAHBRIM).

Torma
AU yox = A (_‘lg—’;)= ~Zac, (15.15)

a 9TO TO Ke caMmoe, 9TO HAaOWcamo B ypasHenud (15.14). Mm mony-
dJaeM TpaBUIbAHIT oTBer, Xora mpedebperaem paboroil, KoTOpYIO
BIEKTPUYECKAA CHCTEMa TPATHT HA OOCTOAHHOE NOJJepKaHW® Ha-
npssxkernAa. W sfeck omATh aneKTpUYecKas 9HEPTHS POBHO BIBOSO
Gonbie MeXaHWYECKOH m mMeeT OOpaTHHIA 3HAK.

Urak, ecnum ME BefieM pacdeT NCKYCCTBeHHO, npeHebperas Tem
$aKTOM, UTO HCTOYHHMK NMOTEHIHAAa AOJIKEH TpaTUTh paboTy Ha TO,
q9To0K HADpAKEeHHe OCTABANOCH HEM3MEHHHM, TO BCe DaBHO MM
OPHXONHM K NPABHIBHOMY pe3yJlhTary. JT0 B TOYHOCTH COOTBET-
CTBYeT MOJOKEHHI 6] B MarHUTOCTATHKE.

§ 3. Bunepeua nocmoanHuIX MOKOS

3mas, aro U, = —U,.,, ucnonbayem sror ¢akt, 9T0GH
HAHTA MCTHHHYIO SHEPTHI0 HOCTOAHHHX TOKOB B MAFHUTHHIX NOJNAX.
Hagars MoxHO ¢ mcTHERO# sHeprud HeGOonbIOH TOKOBOI HeTebKN.

Ob6ozmavan U npocro uepes U, mammmem
U=n-B. (15.16)

XoTA 3Ty PHEPTHI0 MBl OONCYMTANM TOJBKO [Jf INIOCKON DPAMO-
YyLOJNBHOW TETIH, BCE 9TO BEPHO U JJIA INIOCKOH NEeTelbK: HpOM3-
BOJNBHON (OPMEL.

OHEeprul0 KOHTYDA HPOU3BOJBHON YOPME MOMKHO HA#TH, ODpem-
crapus cebe, UTo OH cocToMT U3 HeGOMIBIMX TOKOBHX mereib. Cra-
meM, nmeercs nposog B ¢opme merau I' (pur. 15.4). Harsnem na
3Ty HEeTII0 HOBEPXHOCTH S, a HA HeHl HAMETHM MHOMKECTBO TeTeliek,
KQRIYI0 U3 KOTOPBIX MOMKHO CUYUTATh HiOcKod. Ecau sacrasurs
tok I nmpryjamposarh mo kKaxcdoii mereabKe, TO B WMTOTE BLHIAAET
TO e caMoe, Kax ecam OB TOx mes TonbKO no metie I', m6o Toku Ha
BCeX BHYTPEHHUX JWHUAX B3aUMHO yHmYroykarcd. Cmcrema He-
Oonpmmux TOKOB (QuamuecKd He Oymer OTIMYMMA OT HCXOXHOIO
KOHTypa, W DHepPrusa JoMKHA OHTH TOH e, T. 6. HOKHA OHTH
paBHA CyMMe 3Hepruil Bcex HeTeJieK.

Ecam wromams raskgoil meteabkd Aa, TO ee SHEPrdA paBHA
IAaB,, roe B, — xomnonenta B, nopmansaasn k Aa. Ilonnas snep-

rus pasma U— ZIBnAa.

noxy
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I floepxrocms S

D ue 15.4. Gnepsuio 604bwoil nemanw 6 MAZHUMHOM
noAe MONCHO CUUMAMb CYMMOU oHepeul MALeHLEUL
nemedacek.,

B mpepene, xorga mernm craHOBATCH 0ECKOHEYHO MAJIBIMH, CyMMa
OpeBpamaeTca B HHTETPANX, X

U=1I{B.da=1{Bnda, (15.17)

rgfe n — eAWHUYHAA HOPMaJab K da.
Ecau mur momosxum B = VXA, 10 TOBepXHOCTHHI WHTErpad
MOKHO OyfieT cBA3aTh ¢ KOHRTYpHEM (o teopeme CroKca):

1§ (VxA)nda=1§A.ds, (15.18)
S r

rae ds — nuHeliHwii saemenTt Baoab I'. Mrak, M moayumiu 3HEp-
T KOHTYpPA IPOM3BOJBHON (HOpPMEL:

U=1§A-ds. (15.19)

KoHTYD

B srom Brpaskenmu A o6ozHayaer, KOHEYHO, BEKTOPHHIAX IOTEH-
IHaJ, BO3HOKAIMHAI HM3-3a TOKOB (OTIAMYHHX or TOKAa / B mmpo-
Bofie), KOTOpHEe cosgaior moie B 6ams mposopa.

Hamnee, nwloe pacmpenelneHEne TOCTOSHHEX TOKOB MOMKHO
CUHTATh COCTOAIIMM U3 HUTEH, HOYMHUX BIOAb TeX JUHUM, 0O KOTO-
puiM Tever ToK. Husa mo6oli mapsl TAKMX KOHTYPOB SHEPIHA [AeTcs
supaskesneM (15.19), rne wnrTerpa; B3sT BOKPYr OIHOTO M3 KOH-
TYPOB, a4 BEKTOPHHIH noteHuan A co3gan apyrum xourypom. Iox-
Hasi SHEPTUA MOXYYAETCHA CILOKeHNeM BCeX TAaKUX map. Ecam BMecTo
TOTO, 4TOOH ClIeJUTh 3a mApaMH, MH IOIHOCTHI0 HPOCYMMEpPYeM
0O BCeM HUTAM, TO KJKAYI0 DHEPTHWIO MH 3acuuTaeM ABAKALL (Ta-
KO sxe spdert ME HaOIIOHAIA B dIAEKTPOCTATHKE), X NOXHYIO DHEp-
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THIO MOXHO 6yp;e'r upeacTraBuTh B BAOE
10, p
U=753-AdV. (15.20)

9ro COOTBETCTBYET NOJIYIEHHOMY IJIA BJIeKTI)OCTaTPI'IGCKOﬁ SHepruu
BBRIDAKCHUIO

1
U= 75‘ oo dV. (15.21)

3HaguT, MH MOMKEM CYHMTaTh A, eciHm YrOXHO, CBOEr0 Pofga IOTed-
nuagbHON 9HEpTHel TOKOB B MarmmTocraThKe. K coanenmio, 3To
TpeCTaBICHNe HE 0YeHDb IOME3HO, MOTOMY YTO OHO TONUTCSA TOJBKO
BIA craTHdecKmx moqeii. B melficrBumresnsHOCTH, ecam moas Co
BpeMeHeM MeHsoTcsa, HE Boipaykerme (15.20), HE BHpasKeHHe
(15.21) He maT TpaBHILHOH BEIWYHHH SHEDPIHM.

§ 4. B uau A?

B sToM maparpade mam xoTemock Ot obcyauTh Takoil BOmpOC:
9TO TAKOe BOKTOPHHIN NOTEHIWAJ — HPOCTO IOJE3HOe IS pacde-
TOB mpucnocobienue (Tak B DIEKTPOANHAMHUKE TOJE36H CKAJAPHBIA
MOTEHIIMAJ) WIH 7Ke OH Kak moje Bruoxue «peajemy? Vim ke «peansb-
HO» INMb MATHUTHOE I10jIe, TAK KAK TOJBKO OHO OTBETCTBEHHO 3a
CILY, AefiCTBYIOINYI0 Ha ABIKYIYIOCH dacTHIy?

IInsa Havasa HYsKHO CKa3aTh, 9TO BHPayKEHHE «PEAJbHOE IIOJE»
peaiabHOTO CMEHCJIa HE HMeer. Bo-mepBeIX, BHW BpAj Ju BOoOOmE
[oJaraere, 4T0 MaTHATHOE MOJIE XOTh B KAKOH-TO CTEMEHHM «peajib-
HO», HOTOMY 4TO M caMa MAes IO — BEUIh OBOJBHO OTBICUYCHHASA.
Bu He MoskeTe mpOTAHYTh PYRY H HONyLATh 3TO MATHHTHOE IOJE,
Kpome Toro, sesrmumHa MarHATHOr'O LOJs TOMke HEe OYeHbL OUpefe-
JeRHa; BHOOPOM DHOAXoAAnieldl HOABWKHOM CHCTEMH KOODHHHAT
MOJKHO, K TPHMEpYy, KoOurbcd, 4TOOH MATHUTHOE I0jIe B JaHHOK
TOYKe BOOOINEe HPOMAIo.

Tlog «peanbHBEIMY mONEM MH TMOHEMAEM 37leCh BOT 4TO: PeaJbHOe
moje — 3TO MaTeMaTHYecKasd (YHKIUA, KOTOpasg HCHOIL3yeTcA
HaMm, dTOOH m30eKaTh mpefcTaBieHdsA O JanbHOfeicTBum. Ecam
B TouKe P mMeercd 3apssKeHHas YaCcTHIA, TO HA Hee OKA3KBAIOT
BINAHAe IPYTHUe 3apPANsl, PACHONO;KEHHEE HA KaKOM-TO yAaJleHHH
or P. Opgun mpmeM, KOTOPHWM MOKHO ONHWCATH B3amMofeiicTme,—
9T0 TOBOPWUTH, YTO HPOYHE 3aPATH CO3[AIT KAKHME-TO (yCIOBHH
(kaxue — He mMeeT 3HaueHHsa) B oxpecrtHocTH P. Eciau MH 3HaeM
3TH ycuaoBHA (MHE UX ONWCHIBAEM, 3afaBafd DIEKTPHUECKOe M Mar-
HHTHOE TOJIA), TO MOKEM TOAHOCTBI0 ONpPeJIeIuTh MOBEfleHne IacTH-
e, EEMano He 3a0TAch Mocie O TOM, YT MMEHHO CO3LANO DTH
ycuoBu.

WexMn cioBaMu, ecim GH OTH IIPOYUE 3apAAH KaKEM-TO o0pa-
80M M3MeHHJIHCh, a YCIOBUA B P, OUACHIBAEMB® BJIECKTPAISCKEM U
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MaTHUTHHIM TOJEM B TOUKe P, ocrannch G5 mpeXHAMH, TO JBHKEHAE
sapsaja To:Ke He waMeHHI0oCch 6n. «Peasnproe» mone rorga ecrs coBo-
KYIHOCThH YACEN, 3alaHHHX TaK, 9T0 TO, YTO HPOUCXOTUT B HEKOMO-
poii mouke, 3aBECHT TOJIBKO OT WHCEN 6 3Moil mouke U HaM OOIBING
HE HYKHO 3HATH, 9TO OPOUCX OTUT B APyrux Mecrax. ViMenno ¢ TakHX
MO3WOUA MH U XOTUM BHIACHATH, SIBISETCA JM BEKTOPHHIM IOTEH-
LHAJ «PEATbHBIMY TIOJIEM.

Bac Mosxer yumuTh TOT PaKT, 9TO BEKTOPHHIT DOTEHIHAJI OIpPE-
JlenseTcsi He €IMHCTBEHHHNM 00pa3oM, 4TO ero MOKHO H3MEHHTH,
706aBUE K HeMy rpafguent Ji060ro cKajsipa, a CHiabl, AefcTByiomnue
Ha d9acTuUH, He uameHsTcd. OfHAKO 9TO HE uUMeeT HUYero oOmEro
€ BOOPOCOM peajibHOCTH B TOM CMEICIE, O KOTOPOM MHI TOBOPHJIH.
H unpumepy, MarHWTHOE HOJIe KAK-TO MEHAETCH HPM M3MEHEHMH
OTHOCHTeIbHOTO IBWKeHUst (paBHO Kak 1 E mam A). Ho mac mn-
CKONbKO He Oyfer 3a60THTH, UTO NOAE MOXNCHO WM3MEHATh TAKHM
obpasom. Haum 510 Ge3pasiaudHo; 370 HAKAK HE CBHA3aHO C BONPOCOM
0 TOM, [IGHCTBHTEABHO NN BEKTOPHHI MOTEHI[NAI—«PEATbHOE»
moJjie, HPUTOTHOE Ui ONMCAHWA MATHATHHX 5¢dexToB, WIH KO
5T0 TMPOCTO YNOOHKIH MaTeMATHYECKHUI HpHEM.

Mu gomuHH ellle coeiaTh KOe-KAKHE 3aMEeTaHUA O HOJe3HOCTH
BEeKTOPHOTO uoteHnuaga A. Muo Bmgenm, 910 UM MOKHO I0Jb30-
parhcl B (OPMAJBHOI TpoIeAype pacueTa MATHUTHHX HoXei
3aJaHHEIX TOKOB, B TOYHOCTH KaK (¢ MOKeT MPHMEHATHCH IS OTH-
CKaHMA DIEKTPUIECKNX Toaeii. B saerTpocTaTuke ME BUENN, 9TO @
JIAaBAIOCH CKANAPHHIM HHTErpajioM

) 9
¢ ()= WOS Bay,, (15.22)
W3 sroro ¢ Me mosxydanm TP cocrapiaAomux E mpum nomomu tpex

mudepennmposanuii. OOugHO 310 OHLIO Jerde, 9eM BEYHCIATH
TpU HATETpata B BEKTOPHON dopmyre

E(l) = (2@eugy, (15.23)

r12

Bo-mepsrx, ux Tpu, a BO-BTOPHX, KWKAHI U3 HEX Boolme-to
HeMHOTO mocaokuee, weM (15.22).

B MarmmTocraTHKe HpeumMylilecTBa He Tak scHE. VHrerpanm mis
A yxe cam mo cebe BeRTopHmﬁ:

A=
T. @. 3lech HANHWCAHH TPHW HHTETpala. Hpome TOr0, BHIYACASAA PO~
Top A juaa moxaydenmst B, Hajo B3ATH meCTh IPOM3BOSHEIX W pac-
crapurh ux momapro. Cpasy He sCHO, IpOIMe IM 3TO, 9eM HpAMOe

BHYUCICHUE S J (@) Xey Xeu av,. (15.25)

lute c?

B (1)—4:!8 c2
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B npocTeix 3aa7ax BEKTOPHHM IOTEHUHANIOM 9acTo GrBaer
DO0Jb30BATHCA TPYAHEEe, W BOT 0 KaKoi mpmymne. [Ipemmonoxmm,
Hac EHTepecyeT MarauTHoe noje B B oxHON TONBKO TOUKE, a 3a7ada
obnagaer KaKoi-To KpacuBoil cumMerpmeit. CrajkeM, HaM HYKHO
3HATh NOJie B TOYKE HAa OCH KOJBIEBOTO TOKa. Bememcrsme cummer-
pun mETETpad B (15.25) HErKO BOZBMETCA W BH cpasy moayuure B.
Eecan 6n, oqHaK0, MBI HAYa X ¢ A, TO OPHAOUIOCH OH BHYHCIATH B
13 npouseodnwx A, a Jus 5T0r0 Hamo Ono OH 3HaTh A BO Bcex
TOYKAX no cocedcmsy ¢ TOH, KOTOpass Hac UHTEpecyer. BoabmAas Ke
9acTh WX HE JIEKUT Ha OCH CHMMOTPHUH, MHTErpal A A yCIom-
Hsercsa. B sajade ¢ KONBIOM, HampuMep, HPUOLIOCH OB UMETh JeJa0
¢ IIMOTHYeCKUMHE HHTerpajsamu. B nmomobumx samauax A, pasy-
MeeTcst, He NUpuHOocHT OOoNbLmONH mONb3H. Bo MHOMHX CIO/KHHIX
samagax, GeccmopHo, jerve paGoratb ¢ A, HO B ofmem TpyaHO
O6bto O JIORA3EIBATEH, 9TO DTH TEXHHYECKHE OOIerdyeHusa CTOAT
TOro, 4ro0H Ha9aTh MBYYAThH €Hle OMHO BEKTOPHOE IOIe.

Msr BBeam A 1mortomy, 9T0 OHO Odelicmsumesbro MMeeT 00JLINOG
¢usmgeckoe 3Hagenue. OHO HE OPOCTO CBA3AHO C YHEPTUAMU TOKOB
(B uem mpt yOepuauch B mociegaeM naparpade), 0HO — «peaJbHOE»
¢usnuecKoe moJae B TOM CMEICIE, O KOTOPOM MBI I'OBOPUJIH BHIIIE.
B wiaccmueckoil MexaHHMKe CWiy, AeHCTBYIOIIYIO Ha YacTUHY,
O9eBUIHO, MO;KHO 3aIMCATH B BHJE

F=gq(E-+vxB), (15.26)

TaKk 9TO, KAK TOJBKO 3aJaHH CHIbl, TBIVKEHHE OKA3HBACTCH MOJ-
HOCTBIO ompenenenauM. B nwoboit obmacru, rue B = 0, xota 6m A
n He OO0 paBHO HylI0 (HaIpuUMep, BHE COJGHOUMA), BamAHHe A
HH B 1eM He cKasbiBaercs. [[0dToMy M0JIroe BpeMs CUMTANOCH, UTO
A — ne «peansmoe» mome. ORa3EBAETCA, OLHAKO, UTO B KBAHTOBOM
MeXaHHKe CYIIeCTBYIOT ABJEHUS, CBUICTEILCTBYIOIHE O TOM, YTO
none A Ha caMOM [elie BIOJHE «peajbHOe» ImoJie, B TOM CMBICHE,
B RAKOM MEI ONPEMIEIHIHN 3TO ¢10BO. B caegyioniem maparpade Mu
HOKAaKeM, 9TO BCEe 9TO BHAUWT.

§ 5. Bexmopnuiit nomenuuan
U K6ANMOBAA NEXAHUKG

Horga mMul or kilaccudeckoil MeXaHUKH TepeXoJuM K KBaHTOBOI,
TO HAIIH NPEACTABICHNA O Ba;KHOCTH TeX WK HHHX DOHATHA BO
muoTOM MeHsAIoTcA. (Hoe-Kakue W3 3THX DOHATHH MH y)Ke paccMar-
puBanu paHbme.) B dacTHOCTH, MOCTemEeHHO cXOAUT HA HET WOHJ-
THe CWJIH, a4 IOHATHA SHEPrAU M HMOyJabca OpHoGpeTannT mepBo-
CTENEHHYI0 BAJKAOCTH., DMECTO NBIGKEHHA YacTHI[, KAK BH IIOM-
HHTe, PeYsb Temeph NaeT y:ke 00 aMOIUTYZAxX BePOATHOCTEH, KOTO-
phe MEeHSIOTCA B IPOCTPAHCTBE M BpeMeHN. B 5Tu aMIIuTyIs BXOKAT
IJIMHK BOJH, CBASaHHHe C WMOYJILCaMH, U YaCTOTH, CBA3HBae-
Mble ¢ dHeprusAMu. MoyiscH M sHEpPrud oupefensanT codoii pasw
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Cmenxa

7.

Due. 15.5. HumepPepenyuonnaii oneim ¢ siekmpoHamy,

BONTHOBHX ()VHKNUA ¥ OO 3TO0M-T0 HOpHUNHE OHH BAXKHHW i
KBaHTOBOH MexaHUKH. BMecTo CHIIE pedb Temeph UAET O TOM, KAKHAM
ofpa3oM B3awMojielicTBMe MeHAET [JIMHY BOJHH. Ilpencrapienue
0 CHIIe CTAHOBUTCHA YiKe BTOPOCTEHEeHHLIM, €CiE BOOOWmE O HeM eme
cTouT rosopurh. Jlaske Korma, K mpUMepy, YIOMHHAIOT O SIHePHEIX
CHJIaX, TO HA CAMOM [iejie, KAk IIPABWIO0, PaboraioT Bce ke ¢ dHep-
TUAMY B3amMofefcTsUA OBYX HYHKJIOHOB, a He ¢ CHJIOH HX B3aMMO-
medcreusa. Huwromy me mpuxomur B romosy auddepeHIMPOBATH
BHEPIHI0, IT00H IOCMOTPETh, KaKoBa cuia. B srom maparpade Mu
XOTHM pAacCKasaTh, KAK BO3HUKAKT B KBAHTOBOM MeXaHUKEe BEK-
TOPHHU U cranfApHHil noTeHnuadn. OKa3HBaeTcd, YTO HMEHHO
H3-32 TOPO0, 970 B KBAHTOBOI MeXaHHWKE IJIaBHYI0 POJIb HIPAIT
HMOyJbC ¥ 9HEPTAsA, CaMbIi NpPAMOM IyTh BEEJEHHS B KBAHTOBOE
OICaHWe BIeKTPOMATHUTHHX 9@PeKrToB — caexars dTO ¢ IIO-
MOIIBI0 A T .

Hapo cmepsa crmerka HamomHWTH, Kak JeHCTByeT KBaHTOBas
MexanEuka. Mu cHOBa BepHeMcs K OHWCAHHOMY B BHHO. 3, ra. 37,
B0OO6DaKaeMOMY ONHTY, B KOTOPOM 9JI€KTPOHH HCIBITHBAIA TuPpaK-
nuw Ha ipyx measax. Ha ¢ur. 15.5 moxasano To jxe ycTpoiicTBO.
JMeKTpoHH (Bce OHU 00Mafal0T NPAMEPHO OAMHAKOBON dHeprueir)
MOKWMAAI0T WCTOYHUK K ABUKYTCA K CTEHKE ¢ ABYMs Y3KHMH MeJIAMHE.
3a cTeHKOH HAXOJUTCA ¢3aMMTHHI BAX — IOTIOTHTENE ¢ MOABIK-
HEIM JETeKTOpOM. IJTOT JEeTeKTOp HpeIHAa3HaYeH A W3MepeHHs
gacrorel /, ¢ KOTOPOR DIEKTPOHH IMONAJaloT B He0OMBMOR yIacTOK
OOIJIOTUTENsl Ha PACCTOAHHHM & OT ocH cummerpumu. Yacrora ara
NpONOPOUOHAJABLHA BEPOATHOCTH TOIO, UTO OTHENABHEIA BJIeKTPOH,
BHIJIETOBIIAA M3 WCTOYHUKA, MOCTHIHET SHTOTO0 Y9acTKa «Bajan.
BepoarrocTs ofmamaer pacmpegeleHmeM CJIOKHOTO BHAa (OHO
mOKa3aHO HAa pHCYHKe), Koropoe obbscHserca umATepdepeHIimer
ABYX aMIummTy[, YO OfHOH or wampoil menu. WETepdepeHmma
JBYX aMmojuTyR B3aBHCHT OT WX pasHocrd ¢as. VIHEME croBamn,
worga amonmETym® pasEm  Cef® m Cuei®:, pasmocts ¢as
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6=0,~—®d, onpeneaser nATepPepeHINOHEYI0 KapruHy [cM. BRIN. 3,
ra. 29, ypasrenue (29.12)]. Ecau paccrosiHEe oT meseil 1o 9KpaHa
pasHo L, a pasHOCTH ANHH HMyTeil 3M€KTPOHOB, IPOXONAMAX depe3
ABe menuW, paBEa ¢ (KaK mOKaszaHO Ha ¢urype), To pasHocTb ¢as
JABYX BOJH Jaercs OTHOIIEHZEM

8= (15.27)

a
X
Kax ofmuE0, MB momaraeM K = A/2m, THe A — JJIHHA BOJIHE,
OTBeYAKmMAsA IPOCTPAHCTBEHHOMY M3MEHEHUIO aMINIUTY/B BEpPOAT-
poctH. Jida mpoCTOTRL paccMOTPHM MUIMb Te 3HAYeHHA %, KOTO-
pee MHOTO Menbine L; Torma Mo;xpo Gyher HPHHATH

a=—

s=22, (15.28)

hl& s
e

Horma x pasHOo myao, To m O paBHO HyII0] BOJHK HAXOIATCH
B dase, a BepOATHOCTH UMeeT MaKcumyM. Horma 6 pasHO 1, BOXHH
OKasHBAawTCA B mpormBodase, wmHTEPHEPHPYsS [ECTPYKTUBHO, U
BEPOATHOCTh [OCTHTaeT MHHEMYMa. lak sieKTpoHHasd WHTEHCHB-
HOCTH NOJyYaeT BOJHOOOpa3HBIN BUI.

Teneps Mbi x0TUM cHOPMYITUPOBATH TOT 3aKOH, KOTOPHIM B KRaH-~
TOBOII MeXaHAKe 3aMeHsierca 3aKoH cuau F = gv X B. 9ror 3axon
Oymer ompegeasTs coGolf mOBegeHMe KBAHTOBOMEXAHWIECKHX dHa-
CTHUI] B 3JE6KTPOMATHHTHOM mojie. Paz Bce mpoucXofsaiee ompese-
AfgeTcd aMIUINTY[AaM#u, TO B3aKOH JOJKeH Oymer OOBACEUTH, KaK
CKASHBAETCA HA AMIUINTYNAaX BJIMAHUIE MAaTHUTHOIO HOJH; ¢ YCKO-
PeHEAMHE e YacTHU ME GoJblle HHKAKOTO Jieiia OMeTh He GymeM.
3aKoH 3TOT COCTOMT B ciegyiomeMm: gasy, ¢ Kakoil aMmiuTyja jo-
CTUTAET JEeTeKTOpPa, JBHUTAfCh N0 KAKOH-TO TPAeKTOpHH, HpPHUCYT-
CTBME MATHHTHOT'O TOJsI MEHsAET Ha BEJUYNHY, PABHYI HHTETPALY
OT BEKTOPHOTO MOTEHI{HATA BJOIb 9TOH TPAGKTOPUH, YMHOKEHHOMY
HA OTHONICHWE 3apAna dactunil K unocrosHHOH Ilmamra. To ecrn

Wsmenenme ¢asel mop BAHSHHEM q
MArEUTHOTO WONA S A.ds. (15.29)
TpaeK-
TOpHA

Eecnu 6m MarEuTHOrO 1MOJis He OO0, To Habnomanach OH KaKas-TO
onpegeneHsas ¢aza npubutusa. Ecam e rie-To DOABAAETCA Mar-
HATHO® ToJe, TO (aza IpubHITHA BO3pACTaeT HA BeJIHINHY HHTE-
rpara B (15.29).

XoTsa A HAIIKX TENEpeIMEHX PACCY/KAEHHI B 3TOM HeT HE0O-
XOMMOCTH, 3aMeTHM BCE Ke, 910 BIUAHNE IIEKTPOCTATAIECKOrO
HOAA TOKe BHIpaskaercd B U3MEHEHHHM (assl, PABHOM MHETETPAIY
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no epeMeHu OT CKAJIAPHOr0 HOTEHHWANA @ CO BHAKOM MUHYC:

Hsmenerne dasul mop BamsaameM __ __ ¢ dt
9JEKTPHAYECKOr0 oA 3 ¢ at.

JTH Ba BHPA)KEHNsA CUPABEJIUBH JIHMb A CTATAUECKUX
ponelt, HO, O0BEJHHEMB HX, ME [OJyYHM NPABWIBHEI pesylbTar
ansa a100ro, CTaTHYeCKOTO0 WM JUHAMAYECKOrO, JJIEKTpOMAr-
HATHOTO mons. VIMeHHO 3TOT BakoHm m 3aMenser cobod gopmyay
F= ¢ (E + v X B). Mu ceiivac, ogmraxo, 6yJgeM roBopHTh TOIBKO
0 CTATHYECKOM MATHHTHOM HOIe.

Honomxum, 970 OOKT ¢ ABYMS WEJAMA HPOBOARTCH B MATHUTHOM
vose. Mu xormm y3HaTh, ¢ Kawkoi (azoil JocTAraloT sKpaHa JBe
BOJHE, IYTH KOTOPHX HpOJerano7T uepes fAse pasgne meam. Mx
mHTepeperLEa OUpeJeaseT T0 MECTO, Te OKAyKeTCA MAKCHMYM
sepositHocTH. Paay Boamsl, Gerymeit no Tpaexropum (1), MH Haso-
peM @D,, a uwepes O, (B = 0) ofosnazum dasy, Korga MarHUTHOIO
nonsa ger. Torga nocie Brmovenus noag dasa focTUraer BeINYBHL

(1)1=(D1(B=O)+%SA~ds. (15.30)
€3]
Amanormuno, ¢asa masa Tpaekropum (2) pasHa

@, =®, (B =0) +%SA-ds. (15.31)
2) '
WaTtepdepennus BoiH B JeTEKTOpE 3aBUCAT OT pasHOCTH (as

8=, (B=0)—®, (B=O)+%S A-ds—-%SA-ds. (15.32)
(48] (2)

Pasnocts gas B orcyTeTBue moaa Mu obozraanm & (B = 0); 810 Ta
camMas PasHOCTh, KOTOPYI Ml mojcuuraind B ypasHenmu (15.28).
Kpome Toro, Ma1 3aMedaeM, 9T0 U3 ABYX UATETPATIOB MOMKHO CeiaTh
opuH, ngymuii Boepex mo oyrtH (1), a Hasag — mo myra (2); sror
saMKEYTHHE nyTh Oyger obosmagarbea (1—2). Tak yro nomywaercs

8§=8(B=0) +-.7:i_ $ A.ds. (15.33)

(1~2)

I10 ypaBHeHHE co00IMaeT HaMm, Kak Ioj AeHcTBAEM MarHUTHOTO
oA M3MEHAETCA NBILKEHNe DJIEKTPOHA; ¢ eT0 MOMOIBI0 MEI MO-
HieM HaiiTH HOBHE IOJOKeHHA MaKCHMyMOB M MHEUMYMOB HMHTeH-
CHBHOCTH.

IIpemxne weMm cpenath 970, MH XOTHM, OIHAKO, HOCTABUTH OXMH
#mHTepecHNIl ¥ Ba)KHHI Bonpoc. Bu momaure, uto B BEKTOP-IOTEH-
nEanbHOl PYBKIAM ecTh HeKOTODPHY mpoussoi. J{Be pasHLe Bek-
TOp-HOTEHUVAadbBEse (pyEKkuEa A u A’, orinmvanimpecs Ha Tpa-
ZuesT VY HEKOTOpo# cxanspHOfl QyHKDUHM, DNPEACTaBAAOT OLHO
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H TO }Ke MaTHHTHOE monte (I0TOMY UTO POTOD TPajReHTa paBeH HYJII).
O mo3TOMY TPHBONAT K ORHON M TOH jKe KJIAaCCHYeCKOH cumie
gv X B. Ecam B xBaHTOBOII MexaHHKe Bce 3PQeKIH 3aBHACAT OT
BEKTOPHOTO HOTEHIHANA, TO KAKAsL U3 MEOTUX BO3MOKHHX A-QyHK-
nui OpasBUIbHA?

OrBer cocrouT B TOM, 9T0 B KBAHTOBOH MeXaHWKE HPOLOIKAeT
CYIIeCTBOBAThL TOT ke npomssox B A. Ecnm B ypasmenuu (15.33)
Mol 3amenmmM A ma A’ = A 4 V4, To0 mHTerpam or A mpe-
BpPATHTCA B

PA ds=FA-ds+ G Vy-ds.

(1-2) (1-2) (1~2)

Unrterpan or yv Buuucasgerca no samknymomy oyru (1-2); mo
HHTETPAJI OT KacaTeJbHOH COCTABIAANIMEH TrpajueHTa OO 3aMKHY-
TOMY OYTH Bcerfia paseH Hyaw (mo teopeme Ctoxca). [losromy kak
A, Tak ® A’ TIpPUBOAAT K OGHUM U TeM ke pasmocTsam das u K ofi-
HAM U TeM jKe KBAaHTOBOMEXaHWueCKHM dpderTam HHTEPPEpEHIINHA,
M B xnaccuueckoii, u B KBAHTOBOE TEOPUH BaKEH TOJIBKO POTOP A;
nobas pyHRnuA A, y KOTOpoi poTOp TaKOoil, KAK HAN0, HIPHBOXAT
K HpaBHIbHOI TeopHH.

Tor ;e BHBOJ CTAHOBHTCS OYEBHIHLIM, €CIAW MH HCIOIb3YyeM
pesynbrarel, npusefennsie B 1. 14, § 1. Tam Mo mokasanm, wro
KOHTYDHEIl HETETpajJ 0T A IO 3aMKHYTOMY LYTH paBeH HoTory B
Jepes KOHTYp, B AAHHOM cjiydYae MOTORY Meskny myramua (1) m(2).
VYpasnenne (15.33) Moxm0, eciin MBI XOTHM, 3a0UCATH B BHUJE

8§=086(B=0) -{——%— [moror B memay (1) w (2)1, (15.34)

I7ie moj mOTOKOM B, Kak 00HIYHO, HOAPAsyMeBaeTcs IOBEPXHOCT-
HEIf HMHTerpajg oT HOpMaJbHOH cocraBasomeir B. Peayasrar
8aBHCHUT TONBKO OT B, T. €. TOXBKO OT poTopa A.

Ho pas pesyabrar MO;RHO BHpa)Kath n wepe3 B u gepes A, 10
MOKET COBHATHCA BIETATIEHWE, 9TO B y[ep:KHUBaeT CBOM MO3UIAR
«peasbHOro» MONs, a A BCE ellle BHEIIAAT HCKYCCTBEHHHM 00paso-
panmeM. Ho ompemenenne «peaisHOTO» MOIA, KOTOPOE Mbl BHAYAJIE
UPEIO;KUIN, OCHOBHIBATOCH HA HMAEe O TOM, UTO «PEarbHOE» IMONe
He cMOIIo OH JelicTBOBATHL HAa YACTHHY Ha paccrosmuu. Mu ke
OGepeMca TpHBeCTH HpUMEP, B Kotopom B pasno Hyaw (miu mo
Kpaiimell Mepe CKOAb YrofHO MAIOMYy 9HCIy) B aioboMm Mecre, rae
YaCTHIH MOUYT OKa3aThCH, TAK UYTO HEBO3MOKHO NPEICTABHUTH
cebe, uro B nenocpedcmsenno melicTRyeT Ha HEX.

Bu mommwuTe, 9TO ecau MMeercs JJAWHHEI COJIEHOWJ, IO KOTO-
POMY TeUeT BIEKTPHYECKUIT TOK, To moie B cymecrsyer BEHyTpH
Hero, a CHapy/kM HOJs HET, TOTIAa KaK MHOKECTBO BEKTOPOB A
OUpRyaupyeT cHapy:ku conegonpa (dur. 15.6). Ecam Mu cosmagum
TaKWe YCAOBHA, UTO DNEKTPOHH GYNYT OPOXORUTH TOJIBKO 6HEe COJe~
Homzaa (TOXBKO TaM, rae ecTh A), T0, coriacHO ypapuenmio (15.33),
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coJegouy OyJer Bce jKe BIMATH HA WX IBwWkeHHe. 1o kaaccmueckuy
JKe BO33DeHNAM 3TO HeBo3MO;KHo. Ilo kIaccumgeckmm mpepcrasie-
HESM cuia 3aBucuT Toabxo or B, Urobw ysHath, Tever am mo coie-
HOMAY TOK, YacTHIA AOJKHA HNPOATH CKBO3b HEro. A KBaHTOBAA
MeXaHEKQ YTBePIKIAET, YTO HAJMINe MATHHTHOIO HMOIA B coOle-
HOIe MOJKHO YCTAHOBMTEH, IPOCTO 0601ida ero, Haxke He mpubad-
sKasfch K HeMY BILIOTHYIO! ,
Ipencrasbre, 910 MBH HOMECTHIN OYeHb JNIMHHKIA COIEHOM, Ma-
JIOTO maMeTpa IPAMO TYT K€ 3a CTEHKON MERAY ABYMA IMedaMu
(¢ur. 15.7). Huamerp comemompma joieH OHTh HAMHOTO MEHBIIO
paccTosiHEA d MexAY meaaMu. B atux obcroarenserBax gudpariua
9JEKTPOHOB HA HIEAV He MPVBEAET X 3aMETHEIM BEPOATHOCTAM TOTO,
YTO BAERTPOHE MPOCKOJABLIAYT THe-10 Oxms comenoupa. Hax sxe Bce
5TO MOBJUAET HA HAIl WHTEP(EPEHIMOHHHN HKCIIePUMEHT?
CpaBHEUM JBa cayuas: KOrJa TOK IO COJCHOMAY HET M KOTHA
Tora Her. Ecnm Toka mer, To Her Hu B mu A, u moxygaercs mepro-
HagaJlbHAS KADPTHHA DJEKTPOHHHX WHTEHCWBHOCTEH BHOJAB LOTIO-

' 1
Hemoyruk S i
[ hefzs 1 == % 2}
\\‘s‘.\\\‘#‘/ ,(Z
Conexoud
Nunuy nonn B

TV

Quz 157. Maznumuce note cnocobro eiusmv HA OsUNCEHUE Saek-
mporos, dagce Kozda ono cywecmeyem moavko @ obaacmu, ede eepoam-
HOCMb 00HAPYH UMD HAEKMPOH npeHebpexcumo maid.
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TATeNnsa. EcId Mi BRAYEM TOK Y CO3JANAM BHYTPHE COJNEHOHAA
maraurHOe mose B, 1o cHapysum moasmrea mone A. Bosmmkaer
cOBHI B pasHocTd (a3, NPOUOPHMOHANBHHIE HUPKYJIANAA A BHE
COJIEHOMJA, A HTO 03HATAET, 9YTO KapTHHA MAKCHUMYMOB M MHHHMY-
MOB CcIBEHETCH Ha Apyroe Mecro. [eficrsurensHO, pas moroxk B
MEKAY MO0HMH IBYyMS OYTAMEH HOCTOSHEH, TO TOYHO TaK iKe HO-
cTosigHA W mupkyaanuAa A. Iua mo6oi Toukm npuburns dasa Me-
HAETCS ONWHAKOBO; ®TO COOTBETCTBYET TOMY, 4TO BCH KapTHHA
CABHraeTcs IO Z HA HNOCTOSHHYI0 BEIWINHY, CKAKEM, HA I,. 9Ty
BeIMYNEY Z, JNeTKO moAcunTarb. MakcHMalbHAfg WHTCHCHBHOCTH
BOBHHKAeT TaM, Ijie pasHocTs ¢a3 ABYX BOJH paBHa Hyio. Ilox-
craBuasas BMecto O saipamenue (15.32) win (15.33), a BMecro 8 (B=0)
Bupasxenme (15.28), monyuaem

L q =
z,= ——d—?xﬁ’ 55 A.ds, (15.35)
(1-2)
nim

Zy== —-~Ld— K%[no'rox B mexny, (1) u (2)]. (15.36)

Kaprusa npm HAAWIHH CONEHOUGA OyMIeT BRIMIALETh TaK*, Kak
mokasaro Ha ¢ur. 15.7, Ilo wpaiimeii Mepe Tak npemcKasHBaeT
KBAHTOBasA MeXAaHUKA.

Hepgapro Grur mpomenaH TOYHO TAKOH ;e OHOKT. JTO YpPe3BH-
qaiino cAOKHEA ommr. [[n1uMHA BOJHBL 3JIEKTPOHOB KpailHe Mada,
no3roMy npufop HKosskeH OHTh MEHHATIOPHEM, HHAYe WHTEpepeH-
nuy ge 3aMeTunrs. llenn fomKHH j1esKaTh BIVIOTHYIO APYT K APYTY,
2 9TO 03HAYAET, 910 Hy;KeH HeoOHuaiino ToHKMII conenoun. Orasm-
BaeTcd, YTO NPA HEKOTOPHX 00CTOATENHCTBAX KPHUCTALIEL rKeaesa
BEHIPACTAI0OT B BH[AS OYEHb [IMHHHX M MAKPOCKONUIECKH TOHKMX
Hureii. Ecam arm sxenesHue HATH HAMATHATHTH, OHE o6pasyor
MalneHbKHi COJIEHOH), y KOTOPOTO HET CHADPYRM MaTHHTHOTO
noia (OHO OpPOABIAETCA TOIBKO HA KoHumax)., Tak Bor, ORI
npofejaH OOHT N[O UHTePQEepEeHIUH B3AEKTPOHOB C KeJe3HOH
HUTHIO, TOMEIEHHOH MexAy [BYMsA INedsAMH, H IpegCcKasanHoe
CMEINeHne eKTPOHHONR KaPTUHA TOATBE PAAJIOCH.

A Torma mnose A B HameM CMEICIe yiKe «peajbHO», BH MokeTe
Bospasutrb: «Ho Begp TaM ecTh MarEmTHOoe moiae». Ja, ects, HO
BCIOMHUTE HANTY HCXOTHYIO UACI0 — «PealbHO» TOABKO TaKoe Ioie,
KOTOpOe, YTOOH Ompemeianth ¢000il ABM/KEeHHe 9YaCTHIE, TOIKHO
6uithp 3amaHo 6 mom mecme, Toe oHa Haxopmres. llose B B mmTHm
neficrsyer Ha paccrOsiHEA. Eciam MB He XOTHM, ITOOH €ro BIHAHUE
BEITJIAZIENIO KaK JeficTBMe HA PACCTOSHHM, MH JO/NKEHE TO0JIB30-
BaThCA BEKTOPHEM IIOTEHIEAIIOM.

* Eeam mose B BHXOMAT M3 NMIOCKOCTE PHCYHKA, TO HOTOK, B COOTBET-
CTBHH C €I0 OIpefeinenueM, OGYZeT OTPUIATENBHRM, A Z;— HOJOKUTEIbLHEIM.
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Jdra mpobnemMa mMeeT uMHTepecHylo mcropmo. Teopms, koropyw
MK A310:K7IR, ORIIa M3BECTHA C CAMOI'0 BO3HHKHOBEHHA KBaHTOBOMH
mexanukn, ¢ 1926 r. Cam ¢akr, uTo BeKTOPHHII NOTEHUHEAM IOAB-
JAETCA B BOJHOBOM YDAaBHEHWY KBAHTOBOH MeXaHMKH (TaKk Ha3H-
paemoM ypasHennu Ulpepumrepa), Gull 0ueBUEH ¢ TOTO MOMEHTA,
Kak oHO Opio Hanumcamo., B ToM, uro OoH He MOjKker GHTH 3aMEHEH
MArHEMTHHRIM TojgeM, yGe:Kpanucs Bce, KTO ORITAJCA 9TO NPOREIATh;
IpYyT 3a ApyroM Bce yOERMANHCH, YTO MPOCTOrO HYTH MNJIA DTOTO
HE CYIWECTByer. JT0O SICHO ¥ W3 BAMeEro OpuMepa, KOrja dJerRTpoH
ABuKeTed no obiactu, I7ie HET HUKAKOrO NOis, W TeM He MeHee
monsepraerca Bosuelictsmio. Ho, mOCKOABKY B KiaccHdecKoil
MexaHuKe A, DO-BHANMOMY, HE HMEJT0 HENOCPEHCTBOHHOr0, BAMKHOTO
3HAYeHUs U, iafiee, I3-3a TOrO0, 9T0 eT0 MOKHO OHLIO MEHATH K06aB-
IeHWeM TpajHeHTa, JIOAH ellle W eule pa3 MOBTOPSIH, 9TO BEKTOD-
HEI moTeHnuan He o0iaafjaerT HpPAMHIM PHUSUIECKEM CMEICIAOM, 9TO
JaKe B KBAHTOROH MeXaHUWKe «npapaMuy 00iafarT TOAbKO IEKT-
pHuecKHe W MaTHHTHBIe mond. Horja ornsasiBaembcsa Hasafm, Ka-
JKeTCA CTPAHHHIM, 9T0 HHKTO He DogyMman obcyauTs 9TOT ONBIT
Boorh 1o 1956 r., korga Bom u Aponos BumepBele TPeAIOKUIY €T0
H CleJal: BeCh BONpPOC KPUCTANALHO fCHHIM, BDce aT0 Begp Bcerna
NOAPa3yMeBasLoch, HO HUKTO He ofpaman Ha 510 srHuManus. U muo-
rue OBUIM IPOCTO HMOTPACEHHl, KOTIA BCILIEIL #TOT BOmpoc. Bor 1o
9TOH-TO IPUYMHE KOE-KTO U CYe] HYMHHM I0CTARUTHL OOHT n ybe-
JIATHCSA, YTO BCE 9TO MmeflcrBMTENBHO TaX, XOTA KBaHTOBAasA MeXa-
HHKa, B KOTOPYIO BCe ME BepUM BOT y;Ke CKOJBKO JieT, JaBaJja
BIIOJIHE HEJBYCMHICIGHHHI OTBET. SaHATHO, 4TO0 IOJ0o0HHE Bemu
MOTYT TPUALATE JeT OBITH HA BAAY V BCEX, HO H3-3& OmpefeleHHBIX
IpexpaccyqKkoB OTHOCHTEABHO TOI'0, YTO CYH[ECTBEHHO, a YTO HeT,
MOT'yT BCEMH HTHOPHPOBATHCH.

Ceifyac MH XOTHM HEMHOI0 HPOAOMKUTH Ham aHamxus. Mar
IPOAEMOHCTPHPYEM CBA3b MEKIY KBAHTOBOMEXAHNIECKOH 1 Kiaaccu-
geckoli dopMynamn, 4To0H NOKA3aTh, IOYEMY OKA3BIBALTCH, UTC
OpM MaKpPOCKONUYECKOM B3IIsfe Ha BEINW BCce BHRIIVIAJUT TaK, KaK
OyRro gacThubl YUPABIAAITCA CUI0H, paBHOH HOpPOUM3BEJCHHIO gV
Ha porop A. Urolsl moayduTh KIaCCHIECKYI0 MEXAHUKY U3 KBAHTO-
BOIl, HaM HYJKHO paccMOTperb CJAydYaW, KOrjfa Bce [JIMHN BOJH
MajJH [0 CPAaBHOHWIO C PACCTOSHWSME, HAa KOTOPHX 3aMETHO Me-
HAIOTCA BHENIHUE ycaosua (Hampmmep, mous). Mer He Oymem
THATHCA 3a OOLIHOCTHIO HOKA3aTEIBCTRA, & TOABKO HOKa)KeM BCe
Ha OYeHb mpocroM nmpumepe. O6paTUMCA CHOBA K TOMY jKe OHBITY
co meaamu. Ho temepsb pMecTo Toro, 4ro0s BTHCKEBATBH BCE Mar-
HUTHOE TO0JE B Y3KUU IPOMEKYTOR MERIY WeNsMH, IPeACTABUM
cefe Takoe MATHHTHOE HOJE, KOTOPOE PACKUHYIOCH MO3aiu Ieneil
muEpoKoi noaocoi (dur. 15.8). BospMeMm wmpeanusmpoBaEHEIA CIy-
waif, KOrja B y3KOH moJoce MHPHHOHK w, MAOro MeHbmeid L, mar-
HUTHOE 1OJe OJHOPOXHO. (ITO JETrKO YCTPOMTb, HAAO TOABKO HO-
JlaJbilie OTHECTH HOTIOTHTENb.) UT00H mofcamTaTh CABUL IO dase,
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HCmOoyHUK

mllud

7,
7.
Due 15.8. Cosue unmepepenyuonnol Eapmurnsl
U3-30 HAAUYUA NOAOCKU MAZHUMHOZO NOASR.

MHL TOJKHEL B2ATH [[Ba METerpana or A BHoab ABYX Tpaexropmit (1)
u (2). Kak MBI BHfead, OHE pasimdaioTCA MPOCTO Ha MOTOK B memxay
arumMn myrsamu. B Hamem npubamenun morox paseH Bwd. Pas-
HocTh a3 i JBYX myTeil MOITOMY paBHA

6=6(B=0)—|——hq- Buwd. (15.37)

Mut zamewaeM, 9TO B OPUHATOM IpubiuwkeHwn cIBUT Pas He 3aBH-
cur or yraa. Tar 49ro omarb-traxu 3PdeKT CBOAATCA K CABUTY
Bceill KapTuHHE BBepxX Ha Beamduny Az. W3 dopmynam (15.28)

Ar="Rps LR 15— 5(B=0).

llogcraBaaa 6—& (B = 0) us (15.37), nmonyaaem

Ax:L?&%Bw. (15.38)
Taroil cABUT PaBHOIGHEH TOMY, 9YTO BCe TPACKTOPHME OTKJIOHAITCH
Ha HeGombmoil yroa o (cm. gur. 15.8), pasHuil

a=22= %—qu. (15.39)

ITo mnaccuuecKEM BO33PEHUAM MBI TOKE JOJGKHEL OBLIH OKU-
ZTaTh, 4TO Y3KAasd HOJIOCKA MATHUTHOTO HOJS OTKJIOHUT BCE TPAEKTO-
PHME Ha KaKOH-TO ManembKuii yrom, cramem o’ (¢pur. 15.9,a). Korpa
2JIEKTPOHE MPOXOJAT 4epes MATHUTHOE II0Jie, OHH HOABEPTAITCH
RelcTBUI0 HOHmepednoil cuael gv X B B tedenwe Bpemend w/v.
WaMenenre mX momepewHOro MMIYJILCA IMPOCTO PABHO €My CAMOMY,
TAK 9TO

Ap.— quB. (15.40)

o=

pa ]



Due. 15.9. OmraoHenue uacmuybl
u3-3@ nporodcdenus €€ Hepes Mmaz-
HUMHOE noae.

e

X i rosa B Yraosoe OTKJIOHEHNE
(ur.15.9,6) paBHO OTHOMEHUIO
BTOr0 MOMEPEYHOI'0 MMIyJbCa
K IOAHOMY WMOYyibcy p. Mu
w moJyIaeM

a o' =8P 9B (45 41)
p P

Jror  pesyabrar MOKHO
, CPaBHENTD ¢  YypaBHEHHEM
o (15.39), B KOTOPOM Ta sxe Bean-
/Kjﬂoﬂepe'm 9UHA BHYHCAAIACH KBAHTOBO-
p mexanmgecku. Ho csasn mesmny
KJACCHYeCKOX H KBAHTOBOH
0 MEeXaHHUKO# B TOM U COCTOHT,
q9TQ YaCTHLIE C HMIYJIBCOM P
CTAaBHTCA B COOTBETCTBHE KBAHTOBaA AaMIUIUTYAA, M3MEHAIOMASNCH
Kak BONHA JWHON X = fi/p. B COOTBETCTBUE ¢ DTUM ypaBHEHHEM &
4 o OKasHBAWTCA HACHTHYHEIME; W KIACCHIECKHe M KBAHTOBHIE

BHKJIAJKN IPUBOAAT K OfHOMY M TOMY jKe.

W3 sToro amanusa ME BUAHEM, KaK MOAYTAeTCH, 910 BEKTOPHKI
NOTCHI[HAJ, KOTOPHI B KBAHTOBOU MeXaHHKe HOABIAETCA B ABHOM
BUJE, BHI3HIBAET KIACCHIECKYI0 CHIY, 3aBHCANULYI0O TOIBKO OT €ro
HOpousBONHEX. B KBaHTOBO{ MeXaHWKe CYMECTBEHHA TONBKO HH-
Te pePeHITA MKy COCeIHIMY My TSAMH; B Heil Bcera OKaskBaeTcs,
470 3QPEKT 3aBUCHT TOABKO OT TOTO, KAK CWIbHO noite A meHsemes
OT TOYKK K TOUKe, a 3HAUWT, TOJABLKO OT NPOM3BOAHHX A, a He 0T
gero camoro. Hecmorpa ma aro, sekropuHil noreEnuan A (Hapsagy
¢ CONPOBOKAAIIINM ero CKAIAPHEM HOTeHIMAIOM (), HO-BHIH-
MOMY, HpHBOXUT K Gojee mpAMOMY ONUCAHMI) QH3UICCKUX IIPOLEC-
coB. Uem ray0ixe MBI NPORMKAEM B KBAHTOBYI) TEODHUIO, TEM fCHEE
H ppospavHeii HaM 3TO craHOBHTCH. B 00ineil reopnnm — KBaHTOBOI
BJIEKTPOIUHAMUKE — B CHCTeMe ypaBHeHHI, 3aMeHAIHuX coboil
ypaBHeHus MaxcBenna, BEKTOpHHE W CRAIAAPHHE NOTEHINATIH YiKe
cumraTcs QynmaMeHRTaabHEME BejauamHaMu. Bexropsr E u B
DOCTEIIeHHO MCIe3al0T M3 COBPEMEHHO 3amucH QU3HYeCKHX 3aKO-
HOB: HX BHTECHANT A u ¢.
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§ 6. TYmo ucmunmo 8 cmamuxe, 1o
AQNHCHO 8 Duramuxe?

Hame ncciemopanme craTWdeckux modedl GAusmTcA K KOROY.
B o70ii raBe MBl OnacHO GAM3KO HOTOLLIY K TAKOMY HYHKTY, KOIJa
yiKe cleqyeT HOAYMHBATE O TOM, UTO CIYIHTCH, €CIH MOIS HAYHAYT
MEHATBCA €O BpemeHeM. TOJIKyA O MarHHTHOH SHEPTHH, HaM eiBa
yaainoch mabe;arh 9TOTO, /la H TO LHOTOMY, YTO MH HPHUKDPEIIHCH
PeNATHBUCTCKEME cooOpaskeHmAMu. [lajke IpH 9TOM HAlIa TpaK-
TOBKA MpoGjeMbl YHEPIUH BHIIAMENA HECKOJBKO UCKYCCTBEHHO W,
OORAIYH, Jajke TAMHCTBEHHO, HOTOMY 4TO Mbl HTHODHPOBARH TOT
daKrT, Y70 ABWKYIUeCH KaTYIIKE TOJKHE Ha CaMOM Jielle cO3NaBaTh
MeHSWpKeca Hoas. Temeps caMoe BpeMsa HEpeHTH K U3YYCHUIO
moiieil, MEHAIOIIUXCA BO BPEMEHH, K TOMY, UTO COCTABISET IIPEMeT
aseKTpongmHaMuKy., Mer mpozenaeM a1o B caexyiommeii riaase. Onaako
OPEeKEe ciefyer NOTIePKHYTh HEKOTOPHIE MOMEHTEL.

XoTa MW ¥ HAYATA 3TOT KYPC € TOTO, ITO IMPECTABUIH IOJHHIE
T TOYHHE ypaBHEHUA JIEeKTPOMATHETH3MA, MH CPasy ;ke IPUHAIACH
W3yJaTh KakwWe-TO BHIPE3AHHHE KYCKHM, IIOTOMY 9TO TaK OHRAO0
aerue. BoabmuM npemMyInecTBOM SIBIASETCS BO3MOMKHOCTE HAYATH
¢ IPOCTOH TEOpPHH CTATHYECKHX mojeil M JHIIL [OTOM HepeilTH
K Gosee cio;kHO#A TeopWHU, BRIAUAIIEH gwHammueckwne noisn. Hpnm
9TOM IPUXONHUTCA ¢ CAMOT'0 HAYAJNa yYATH MEHBINEe HOBOTO MaTepH-
ajia M OCTaeTCsA BPEeMs NOTPEHWPOBATH MO3TH, IOPASMATH CBOM yM-
CTBEHHBIE MYCKYJH, NpEXAe dYeM TPHCTYNIHTH K 3agavyaM
moTpynHee.

Ho B rakom mpoiiecce KpoeTcsi ofHA ONACHOCTh — IIOKA MH HE
VCIHIIANA BeCh PACCKa3 IEJMKOM, B HAC MOKET YKOPEHUTHCHA U
BHIATH ce0s 3a HOAHYIO Ta HENONXHAS MCTUHA, KOTOPYIO M yCIEIH
YCBOHUTH; B TFOJIOBE BCe HEPEmyTaeTCA: TO, 9TO BEPHO BCErja, U TO,
9T0 CHPABENIUBO TONBKO BpemeHamu. Ilosromy B Tabm. 15.1 mu
JlaeM CBOOKY BakHeHmmX GOpMysa, KOTOPHX MH Kacaluch, OTHeN AN
B HeH Te, 9TO BEepHH B 00IeM ciydvae, OT TeX, KOTOpHeE cobiio-
JATCA TOALKO B CTATHKE, HO JIOJKHE B JWHAMHKE. JTa CBOJKA CO-
HepyKUT HaMeK! Ha TO, KY/Aa MH COGCTBEHHO ¢ BAMHU IYTh JIEPHKHAM;
u3yYasd JUHAMHKY, MH JOKHE OyJeM BeTalbHO PAa3BUTH TO, YTO
NOKa OPUXOIAIOCH ONACHBATH 0e3 JOKA3aTeabCTBA.

ITosxanyii, 35ech CTOWT CIEAATH HECKONBKO 3aMeYaHWH IO TOBO-
nay camoi rabmunn. Ilpesxae Bcero e JosuKHK 06paTHTh BEIMaHUE,
9T0 ypPaBHEHHS, C KOTOPHX MH HAYAJIA, 5TO NPASUIbHbE YPABHEHHS,
B 9TOM MecTe MBI Bac He BomuM B sabay:xpmenme. Dopmyra pmus
BIEKTPOMATHHTHON cHIH (gacTo wmMemyeMmoil cuqol Jopenya)
F = ¢q (E4+v X B) ramsse npasuserna. OmuGodeH TOIABKO 3aKOH
Kynoma; om romurcsa TONbKO AAA cTaTHRM. UeTHpe ypaBHeHH:
Maxcpenna paa E u B toxe npaBmabHEL. Y paBHeHHWA, NPUHATLIE
HAMO B CTaTHKe, OIMAGOYHE, HOTOMY 9TO MEI BHODPOCHIU W3 HUX
BCEe WIeHH ¢ HPOU3BOAHHMHA IO BpPEMEHU.
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(1,¢)
o

Due 15.10. Homenyuasvt 6 moure
(1) & momenm t noayuaiomcs cym-
Mupoganuem ¢kiados om Kaxndozo
SAEMENMA UCMOYHUKG NOAR 6 MeKY-
wjeil mouke (2) npu ycaoeuu, umo
moKu u 3apadel 8 smoil mouke Gepym-
ci g Goaee panHee spema t—ri /c.

3axon Taycca V.E = p/e, ocraercsa, no porop E B obmem
cnydae He pasen Hynwo. 3gauur, E Hexwnss Bcerja npHpaBHHUBATH
K TpajueHTy cKaxsipa — AIeKTPOCTATHIECKOro mHoTeHuuana. Mu
YBHIMM, UTO CKAJSPHEI MOTEHIHAN BCE 3Ke 0CTReTCA, HO 3TO YiKe
BEJIMYHHA, KOTOpas MEeHsSeTCA BO BPEMEHN M JOMKHA ynoTpebiaaTees
JJIf1 TOJTHOTO ONMCAHUA YIEKTPHAIECKOIO MOJA TOALKO BMECTE C BEK-
TOpPHHM noreHuuanoM. HoHeYHO, ypaBHERUA, YHPABIAIUIINE STUM
HOBHIM CRAJADHEIM TOTEHIHWAI0M, TAK/Ke OKA3KBAITCA HOBHMI.

MEI BHEYKIEGHE TAKYKEe PACHPOCTUTHCH ¢ TIPEJCTaBICHAEM O TOM,
aro E B nposopnukax pasHo Hyno. Korma nonsa mMeHsiores, 3apsaan
B NpPOBOJHWKAX, BOOOIIE FOBOPS, HE YCHEBAIOT NEPECTPamBATHCA
Tak, 4To0K Hojde Bce BpeMsa oOpamanoch B Hyib., OHU TPHXOTAT
B IBIMKEHEINE, HO HUKOTMA He HocTUraiT pasHosecusa. Eguncraenmoe
ofmiee yTBRep:KIeHNe TAKOBO: BJIEKTPUIECKHE MOJA CO3TAIOT TOKH
B npopogHEKax. MTak, B mepeMEHHHX NOIAX NPOBOSHHKH He
A6A)0mca DKBUMOTEHIHMANHHNMA NoBepxHocTsiMu., OTcofia TaKKe
clelyeT, UTO NpEHCTaBlIeHHe O eMKOCTH HeAb3d CeJaTh yHUBEp-
CaJBHHM,

Paz mMarmuTHHX 3apAnoB He OHBaer, aAuBepreHnua B scezda
pasra mymawo. Tax gro B moxbo Bcerma mpupaBHuBath V X A.
(Buxogur, uto measercs He sce!) Ho B remepupyercs He TonBKO
tokamu; V X B mpomopruoHajibHO IVIOTHOCTH TOKA RAIOC HOBOE
cnaraemoe JE/9t. dto o3Hadgaer, 9T0 A CBA3AHO ¢ TOKAMH HOBEIM
ypasrerneM. OHO cBaAszano u ¢ ¢. Ecnm Met mus cofcTBeHHOTO
ymoGerBa BocmonmbayeMmes ceobopgoit BeGopa V -A, 1O ypaBHeHHUs
nasa A m @ Mo:kHO Gyer samncaTs Tak, YT0 OHH HPHOGPETYT MPOCTOi
m wm3gmANit Buzx. IlosroMy Ml BRABAraeM tpeGosanue, 9TOOH
¢®V -A 6mno pasEO —0¢/0t, W Torga aufdepeHIEANILHNE ypaBHE-
HAS Iis8 A HIM JJA @ OKA3HBAKTCH TAKAMH, Kak B Tabamume.

IMorenumanst A 1 @ Bce ellle MO;KHO BHPA3UTh B BUJe HATETPATOB
OT TOKOB W 3aPANOB, HO 3TO YiKe He me ke camble MHTEeTPAIH, ITO
OuuIn B cTaTHKe. YAHBUTEAbHEE BCETO, OHAKO, TO, 970 NPABAIBHEIR
BOJ] MATETPAJIOB MOXO HA IPE;RHMI, CTaTHYeCKHH, HO ¢ OZHAM
@eGonpmuM BUJOH3MEHEHHEM, HMEIOIHAM ACHHHE (QusHIeCKHE
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Tabauya 15.1

CBO KA BAKHEUIINX ®OPMVYIJI

He Bcerga BepHo (a TONBKO
B CTAaTHKE)

BepHO BCerga

F=¢(E--vxB)(cuaa Jlopenia)

1 qugs con Fr
F= - (saxon Kymona) —V.E :83 (saxom Taycca)
0
- B
VXE=0 - —+VXE=—-—(3akor ®@apa-
at nes)
A
E=—Vg¢ E=—Vo—onr
4 p (2 01" 1
E(1)= 4%05' . v,

Hdasn  nposoguuros E=0,
¢ mocrostano, Q= CV

B niporonuute E co3gaeT ToxuU

-+V.B=0 (#er MarsurHsix
3aPAT10B)
i ) j ,0E
c“Vx‘B:i—0 (saxon Ammepa), ”CZVXB=a+§
1 J@)xep
B()= S\ 2 v
) stocZS 3, Vs
: P o L@ p
Vig=— — asHerne Ilyac- v? =
¢ € (yp cona) I TE €,
u u
J . 192A
VA= ——, 2 =
BN ViA— e a1z g,c%’
HPU YCI0BHIL UDH YCIOBHH
V-A=0 cW-A—]—gP_:
at
1 ¢e@ v Sp 2, 1 .
1, 1) = dV
¢ (1) = Tne, ™ dVs, o1, )= Ine, 25
n n
_ 1 @) . S] 2, t")
A= dregc?) 1y v Al )= 4m5 c? Vs
ity
=112
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1 1 e,
U=?S opdV -+ ?SJ-AdP

=215 (eE-E4-£,? BB >dV

CTpenkoit (_,) 0TMEYeHbl YPaBHeHNA MaKCBeJ1a VI [YCTOro IIPOCTPAHCTRA,



cvuca. Horma Mu GepeM mHTETpalkl, 9TOOH MONYYUTH MOTCHITAAIH
B HEKOTOPOI TouKe, craykeM B Togke (I) mHa dur. 15.10, To Mu 06a-
3aHBl HCIONB30BATh 3HAYEHNUA jHU P B TouKe (&) @ 6oace parree epems
t' = t—ry,/c. Rak m caemoBamo omujarh, BIAssHUE TOYKH (2)
Ha Touxy (/) pACHPOCTPAHAETCA €O CKOPOCTBIO €. JT0 HeGOaBImOR
BHJOM3MEHEHUE MHO3BOJSAET OTHCKMBATH IOJNA M3MEHHIOIIUXCH
TOKOB U 3apAJ0B, HOTOMY YTO, KaK TOIXBKO MH y3HaeM A u @, TO
B noayuwaerca, kak m pausime, Kar V X A, a E=—-V¢p—0A/ot.

Haxounen, sl BuguTe U3 Tabauubl, 9T0 HEKOTOPHIE BHIBOISI, IO~
Jy4YeHHHI® B CTAaTHKE (HAIIpPHMep, BHIBOL O TOM, 4TO ILIOTHOCTD
SHEpPIUH B HIEKTPHYECKOM LoJe paBHA &,E%2), ocranTes copases-
AUBHMM W B piekrpogumHamuike. He Hamo oOMambiBaTh ceds u gy-
MaTh, 9TO BCE 3TO ecrectBeHHO. llpaswiabHOCTL Mi0O0H (opMmynst,
BHIBEICHHON B CTaTHYECKOM Clydae, TOMIKHA B AWHAMUKE JOKA3bI-
BaThCA CHBHOBa. HampmMep, MBI 3HaeM, 410 00BeMHBLI MHTErpai
OT ¢ TORe JAET IEKTPOCTaTHIecKylo sHeprmw. Ho aT10 Bepuo
MoAbKo B cTatuKe.

B cpoe ppemsa MH geTanbHO pazbepeM Bee 5TH BOIPOCH; TOKA ke
IOJE3HO Jep:KaTh B YMe BTY CBOJKY, 9yToOH 3HATh, 4T6 HE TpEX U
mo3a0kITh, a 9Td CiIefyeT CUMTATh CHPABEIIMBHIM BCET/IA.



I'naea 16

NHAYINPOBAHHBLIE TOKH

§ 1. Momopst w zenepamoput

OTkpEITHE TECHOH CBA3K MEKAY SNEKTPUYECT-
BOM U MAaTHeTH3MoM, mpoucmemmee B 1820 r.,
ObLIO MOMCTHHE BOJHYIONUM COOKITHEM — Belb
OO TOFO OHW CUHTAJIMCH COBEPHIEHHO HE3aBHCH-
mpivu. CHagajga OTHPHUIM, UT0 TOKH B IIPOBOJAX
€03/1aI0T MATHUTHEE IO, 4 3aTeM B TOM Ke oLy
o0HApyRMWIK, 9T0 Ha HPOBOjA B MATHUTHOM IOJe
JefCTBYIOT CHTHL.

Bonuenne 6mu10 BEI3BAHO TEM, 9TO BO3HUKAIO-
My MeXaHWIECKYI0 CHIAY MORHO HCIIOIb30BATH
B MallWHe A BHIOOJHEHWS KaKoi-T1o paboTs.
Cpasy ke HmocJae HTOT0 3aMEeYaTeNbHOIO OTKPHITHIA
AIOM HAYQIH KOHCTPYHPOBATH BJIEKTPOMOTOPHL,
zacTaBuB paboraTh Ha ceba CHIH, JeiCTBYIOINue
HA muposoja ¢ ToxoM. [lpmmmmn yerpoiicrsa
DIIERTPOMOTOPA  CXEMATHYECKH moKaszaH  Ha
¢ur. 16.1. Ilocrosimmmii maraur (06HYHO B HEM
UMEeeTCA HECKOJBKO vYacTeil M3 MATKOro jKejesa)
co3jiaeT MArHUTHOEe OOJe BHYTPH JBYX HIeNeH.
Homen =wammoir wenum upepcrasaser coboil ce-
BeDHHIH WIM IOKHBIH DOMIOCH, KaK HOKA3aHO
Ha cxeme., Ilpsimoyrompmas paMKa H3 MeTHOI
MPOBOIOKY HOMEINAeTCA TaK, YTO OJHON M3 CBOHUX
CTOPOH OHa MHOmAKAET B KKAYI0 MmMeab. Horpga
0o paMKke OPOXOIAUT TOK, TO B 00eHMX MEasX OH
WAeT B HPOTUBOMOJO/KHHX HANPABICHWAX, TaK
9T0 CHIIBL OKA3HBAKTCA HAIpPABIeHHHMH IPOTUBO-
IOMOKHO W CO3Tal0T B PaMKe BpalaTedbHEI
MOMEHT BOKpPYI' m3o0pakeHHO# HA cXeMe OCH.
Ecim pavra sarkpemieHa HA OCH Tak, 4T0 OHA
MO;KeT BpamaThbCsa, TO ee MOKHO IOJCOeIUHHUTH
K TNKUBAM MM IecTepeHKaM W 34CTABHTH LIPOHU3-
BOAUTH MOJE3HYI0 pabory.

Ty :me wume0 MOKHO HCIOAB30BATH U HPH
 KOHCTPYUPOBAHUA YyBCTBUTENBHBHIX IPHEOOpPOB

§ 1. Moropsr n
reHepaTophb

§ 2. Tpaucdopmaropnt
H MHAYKTHBHOCTH

§ 3. Cnupi,
meiicTByIOIHE
Ha HHAYIHpPyeMble
TORH

§ 4. daerrporexnHuKa

A



@ue. 16.1. Cremamuueckoe
u306 paxcenue npocmoz20 3iek-
mpoMaAzHUMN020 MOMOPa,

um

O1A aneKTpHuecKnXx uaMepeHmii. Tax wro memenmemmo mocime orT-
KDBITHA 3aKO0Ha CHJI TOYHOCTD 3JEKTPHUYECKUX U3MEPeHHil HAMHOI'O
Bospocaa. IIpesxzme Bcero BpamiaTelIbHBI MOMEHT TaKOTO MOTOpa
MokeT OvITh BHAYHTENBHO YBEIHYEH [JAs HAHHOTO TOKA, eCIH
3aCTaBHTH €T0 NPOXOJUTH IO HECKOIBKUM BHTKAM, a HE HO OLHOMY.
Kpome rToro, paMKky MOKHO yCcTAHOBHTH Tak, 4ro0h OHa Bpalia-
Jach IOJ JieficTBHEM OYeHb Majoro MOMEHTa, YKPENHB €e och B
THIATEIBHO CIeJAHHEIX NOANIMIHNKAX, Au00 DoJgBeHmMBasg ee
Ha ToHYalimell HpoBOJOKe WMiaM KBapmewoii mutu. Torma maske
UpesBEIAiiHO cHAOHH TOK 3aCTABHT KATYHIKY IOBePHYThCA, M JJIA
MaJIBIX YIJI0B BeJIHYHHA IOBOPOTAa Oymer mpomopruoHajbHA TOKY.
Yron moBopoTa MOKHO H3MEPWTH, IPUKIEUB K PAMKE CTPENKY UIH
(mas oueHb TOHRHX HNPHOOPOB) MPHKPENUR MAJIEHHKOE 3EPKANBIEG
K paMKe H OTM€Yasi CHBUT ero m3o0paykenmsa Ha mKame. Taxkume
rnpubopsl HASHIBAIOT TajbBapoMerpaMu. BoabTMerpst u aMmmep-
MeTpBl paboTaloT IO TOMY ke MPUHIUIY.

Te ;xe upen moryr 6bITh HpuMeHeHH B G0XbIIOM Macmrabe s
CO3/laHUs MOIHEIX MOTOPOB, MNPOH3BOAAIIAX MEXAaHUYECKYIO pa-
Gory. PaMKy MOKHO 3aCTaBUTh BPAmaThCA MHOTO, MHOTIO pas, €ciu
¢ MOMONIBI0 YKPEIJMIeHHKX HA OCH KOHTAKTOB Kajkable mMOA-060opora
MEHATHh HaOpaBjJeHme TOKA B Heil Ha  NOPOTHBOIOIOKHOE.
Torma MoMeRT cumiw OyHmer Bcerga HANpAaBIE€H B OJHY HTY JKe
cropony. ManenbKkue MOTOPYUEKHN MOCTOSHHOIO TOKA HMMEHHO TaK
u ycrpoern. B Moropax Goabmux pasMepoB IOCTOAHHOTO WIH ne-
PEMEHHOTO TOKA HOCTOSHHEIE MATHWTH YacTO 3aMEHAKT 3JEKTPO-
MarHATAMY, H TUTAIOTCSA OHE OT NCTOYHUKA dJIeKTPHIECKOll SHE PIAM.
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Oco3HaB, 9T0 DSIEKTPHYECKNII TOK POKEAaeT MarHUTHOE IOJe,
MHOTHE Cpa3y ke MPeNOJOKHIM, YTO TaK WIH HHAYe MATHUTH
JOMKHH TOKE C€O03[aBarb dieKTpHueckme mousd. s nposepkm
9TOr0 TPEANOJO;KEHNA OHIE HOCTABIEHE PA3IHTIHEE DKCIEPHMEH-
tit. Hampumep, pacmomaranm [gBa OpOBOJa NAPANIEILHO JPYT
APYIY B HO ORHOMY M3 HEX IPOHYCKAJIM TOK, HHTAACH 00HAPYIKUTE
TOK B pyroM mposofie. Melcib 3akao0Yaiach B TOM, YT0 MarHUTHOE
IoJIe CMOKET KAaK-TO IPOTAIUTH DIEKTPOHH BAOJb BTOPOrO LpPO-
BOAA IO 3aKOHY, KOTODPHI# AOMKEH QOpPMYJIUPOBATECA KAK-TO TaK:
«OJJHHAKOBOE CTPEMHUTCA JABUraThCA ONUMHAKOBHM ob6pasom». Ho,
DpONycKas HO OGHOMY HPOBONY caMblil GONBHION TOK M HCIOJB3YS
CaMH# YyBCTBHTENBHHI TaabBaHOMETD, OOHAPY;KHTH TOK BO BTO-
POM OpOBOMEe He yAakoch., Boapmue MarHUTH TOKE HE [JABAJK
HAKRaKoro »@Qexra B pacuojO;ReHHHIX NO6IH30CTH HIPOBOAAX.
Haxomern, B 1840 r. Mapageil oTkpHA CyUIECTBEHHYIO 0CO0EHHOCTD,
KOTOPYIO paHblle YOYCKANU M3 BHAY,— 2MeKTpluecKme dPpderTs
BO3HHKAIOT TOXLKO TOIMA, KOTAA 4YTO-HUOYADL uaMmensemcs. Ecaun
B ONHOM W3 ABYX NPOBOJOK TOR MeHAemcA, TO B APYTOH ToKe HABO-
JIATCA TOK, HJIH 7K€ eCAl MarHutT Jsuscernca BOIM3N 31eKTPUIECKOrO
KOHTYpPA, TO TaM BO3HHKAeT TOK. Mnl TOROpUM Telephb, UTO TOKH
B 3THEX clydYaAaXx uHlyyupyromcs. B 9T0M W COCTOANO sIBIEHWE HH-
ayknuu, orkpuroe Mapaseem. OHO mpeobpasmiao JOBOJBHO CKYY-
HYI0 00JIACTh CTATUYECKUX IOJeH B YBICGKATEAbHYI0 AUHAMUIECKYIO
06iacTh, B KOTOPOH HPOHCXORUT OTPOMHOE UHCIO YAHBHTENBHHEIX
sABNeHuil. JTa IiIaBa IIOCBHIIEHA KAaYeCTBEHHOMY OIMCAHUI) HEKO-
TOPHX #3 HuX. Kak MH yBUAWM, MOKHO [I0BONLHO OHCTPO HOIACTh
B OYEHHb CJHO;KHHE CUTyalHMH, TPYIHO NOTRAIOIIMEcCH HofpoGHOMY
KonuuecTseHHOMY amaamsy. Ho »sro Hesaykuo. Hama rrasmas
3ajlava B 9TOH IJIaBe — CHA4aJIa HOBHAKOMHUTH BaC ¢ KPYroM OTHOCH-
muxcsA cofa spieHnmi, ToaredbHHN aHAIU3 MH DPOgEIaeM
HEMHOTO IO3Ke.

W3 roro, 9410 MH yike 3HAEM, HaM JETKO HOHATH KOE-YTO O Mar-
HUTHOH WHEYKNWH, TO, 9Yr0 He OKJO0 H3BeCTHO BO BPEMEHa
Dapages. Mu smaeM 0 cymecTBOBaHWE JeHCTBYIOIIGH Ha ABHMAY-
muiics sapany cwiae v X B, Koropas npomopuuoHAmbHA €r0 CKO-
pocTH B MaTHUTHOM 1ojie. IlycTh y Hac ecTh HPOBONOKA, KOTOpAs
asmKercs BOnmsm maramra (¢ur. 16.2), u mycTh MH 1I0JCOCTMHAIN
KOHIIHL TPOBOJOKM K TaJbBaHOMETPY. HOI7ta mpoBoIoKa HpOXOgUT
HafA IHOJIOCOM MATHHTA, CTPEJKa TaXbBAHOMETPA CHBUIaeTCA.

Maraur cosgaeT BepTHKAJIbHOE MATHUTHOE IOJX€, M, KOTAA MK
ABHTaeM TMPOBOJIOKY IOMEPEK IOJsf, 3JIEKTPOHH B IPOBOIOKE
9yBCTBYIOT CHIY, HARPAsieHHYI 660K, T.e. NePHEeHAMKYIADPHO
NOJ10 W HaupasjeHAwo AsmKenns. CHra TOAKaeT 3JeKTPOHHE BIOJE
nposonorku. Ho modemy e npm 5TOM NPHEXOIHUT B ABIKEHHE CTPEJI-
Ka TajJbBaHOMETPA, KOTOPHIA pACHONOKEH TaK JaleKo OT 3ToH
cunu? Jla moroMy, 4ro 3€KTPOHH, HCHHTHBAIIIMe MATHUTHYIO
CHIy, HAYMHAIOT ABUraThCA M TOMKAOT (33 CUET IEKTPUIECKOrO
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OTTRNIKUBAHAA) [pyTHe BJIEKTPORH, HAXOIAMHECA 4yTh AAJbIIe
0 DIPOBOJIOKE, & Té B CBOW OYEpefb OTTATKHUBAIOT elne Gosee yma-
JleHHBle HJIEKTPOHBL ¥ TaR fajiee Ha Ooxblioe paccrogrue. Jlwbo-
OHITHASA IOTYHA.

Jdro rar ynusmio 'aycca m Bebepa, mocrpomsmiero BuepBhie
TaJIbBAHOMETD, UTO OHH HOMBITAIUCH OHPEeJHTh, KAaK AaJeKo pac-
HPOCTPAHAITCA CHAK N0 npoBoiore. OHU OPOTAHYIH IPOBOIOKY
HOmeper BCETO TOPONa, W OfuH ee Kouen layce mpucoemuuma K Oa-
rapee (Garapeu OBIM H3BECTHE pamHbile remeparopos), a BebGep
Habotan, KaK CJIBUTAETCA CTPeaKa raxbeanomerpa. U ogm o6mapy-
JRILIE cioco0 mepeaBaTh CUTHAIE HA GOJBIIOE PACCTOSHUE — 3TO .
Onuto popenne temerpagal Pasymeercst, sjech HeT OpAMOr0 OTHO-
MeHusa K MHIYKIMHA, 3[ech pPedb muia O clocobe mepefavd TOKa II0
TMpPOBONOKE, O TOM, [AeHCTBUTENBHO U TOK IPOJBHTAETCA 3a CYeT
WHIYKIUYA WIH HeT.

IIpepmonoxuM Teneph, UTO B YCTAHOBKe, H300DasKeHHOHM Ha
¢ur. 16.2, ME TIPOBONOKY OCTAaBIAEM B IIOKOE, a ABATaeM MAarHHT.
W cmosa mabawopaem sddext Ha ranssamomerpe. Dapapeir eme
oBRapYMmI, UTO J(BIJKEHUE MATHHTA II0J NPOBOJIOKOH# (ONHH Cmo-
c00) BHI3BIBAeT TaKoil ke dPeKT, Kak H JBWKEHHE IDOBOIOKH
Hayg marmuToM (mpyroii cmoco6). Ho korga mrmmkerca MarHHMT, TO
Ha DIEKTPOHHI IPOBOJIOKH y:Ke Goxblie He JeiicTByer cmia v X B.
310 W ectb TO HOBOE ABIeHEe, Koropoe otrpsr Vapamei. Ceromasa
MH MOKeM TONBITATHCA MOHATH €ro ¢ IOMOIIbI0 IPUHIUUIA OTHOCH-
TEABHOCTH.

Mz yiRe mOHAMM, 9TO MATHUTHOE T0Je MATHATA BO3HUKAET 3a
CueT ero BHYTpemHHX TOKOB. IloaroMy MBI OjKHgaeM HOABIEHUA
Takoro ke odderra, ecam BMecTo marmmta Ha ¢ur. 16.2 Baars
KaTyIIKy U3 IPOBONOKY, IO KOTOPOH TedeT ToK. Hcaum gBUrath mpo-
BOE MHMO KaTYIIKHA, TO TrajbBaHOMETp OOHAapy:KHT TOK, paBHO,
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Kaxk M B TOM Cly4ae, KOIJla KaTylIKa JABIGKETCA MEMO mposojpa. Ho
cylHecTsyer u emle 6ojee yquBHTENIbHAs BEIlb: eCIU MEHATH Mar-
HATHOE HOJe KaTYMIKH He 3¢ CYem ee [BY;KEHUS, a 3 CIeT U3MeHe-
HIM @ Heli moka, TO TaJbBaHOMETDP CHOBA HOKA)KET Hauuyme dPgex-
ra. Hampmmep, ecnm pacmono:uUTh HTPOBOIOYHYIO HETII0 PATOM
¢ karymroi (¢ur. 16.3), npuaem o6e OHM BEUOABIKHEI, W BRIKIIO-
9ATE TOK, TO 4Yepes TalbBAHOMETDP HPOHAET MMOyIbC TOKa. Ecum
JKe CHOBA BKJIIOYATH TOK B KATyIOKe, TO CTPENKa ralbBaHOMETpa
KaYHEeTCA B HPOTHBOMOJOKHYI0 CTOPOHY.

Besirmii pas, Korma depes raabBaHOMETP B YCTAHOBKE, IOKA3AaH-
goit Ha ¢ur. 16.2 mru 16.3, TPOXOHUT TOK, B HPOBOXE B KAKOM-TO
OfHOM HAUOPABACHWH BO3BHUKAET PE3yNHTATHBHOE [aBIeHWE Ha
SJAeKTPOHB. B pasHEIX MecTax >SAEKTPOHH MOIYT TOJIKHYTbCA
B pasHHE CTOPOHEI, HO B OJHOM HAaIPABIEHUH HAIOP OKRA3HBAETCA
6ouapiiie, 9eM B OpYroM. YUHUTHBATE HYKHO TOIbKO [gaBjeHue
BJIEKTPOHOB, UPOCYMMHPOBAHHOE BJOJNb Bcedr menu. Mu Hasw-
BAaeM 9TOT Pe3yJbTHPYOUIMA HAIOp 3JIEKTPOHOB ateKmpodeudicy-
weti cuaoll (cokpamesHEO 3. 4. ¢.) Hemm. bosee toumo a. 1. c.
ompejeiseTcA KaK TAHTeHIHAJTbHAA CUIA, NPUXOAAMAAcH Ha ONWH
3apaN, NPOMHTerPHPOBAHHAA 1O JIMHE TPOBOAA, BROJL BCeil
gemu. OTrprrme (Dapajied IEINKOM COCTOMIO B TOM, UTO 3. X. C.
B IIPOBOJE MO;KHO CO3AaTh TpeMs cuoocobaMm: IBHIas OpPOBOX,
ABUTAs MAarHUT BOOM3H TPOBOA WM MEHAA TOK B COCEJHEM
OPOBOJE. :

O6paTnMca cHOBAa K XIPOCTOMY Hpuéopy, m300pa;KeHHOMY HA
¢ur. 16.1, Tonpko Teneps He 6yaeM IPOmycKaTh TOR Yepes MPOBO-
A0Ky, uro6H MpuAaTh €ii Bpamenne, a GyaeM KpyTUTh PaMKy ¢ IoO-
MOIIBIO BHOIIHEIH CHIB, HAUPUMED PYKOH MM C HOMOUIHI BOLAHOTO
roneca. [lpu Bpamenun paMKH ee IPOBOJA ABIKYTCA B MATHUTHOM

Duez, 16.3. Kamywka ¢ mo-
Kom 6036yacdaem mok & Opy-
20l mamywke, ecau nepsaa
Eamywka nepemenyaemcs uiu
€cau mok 6 netl Menaemes.
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mojie, H MH OOHADY)KMBAaeM B HEOHM PaMKH 3. 4. ¢. Morop npespa-
THICA B FeHEPaTop.

MupynuposanHas 5. I. ¢. BO3HHKAET B KaTyHIKe TeHeparopa 3a
cUer ee JBWKEHHA. Benwdwmna 9. I. ¢. JaeTCA IPOCTHIM IPABUIOM,
orkputiiM (Papameem. (Cefiftac MH TpPOCTO choOpMyampyeM 5TO
mpaBWIO, a HECKOJHKO HO3fHee pasdbepem ero moxpo6Ho.) Ilpa-
BWJIO TAKOE: €CJAM MATHUTHBIA HOTOK, HPOXO[ANMI depes MeTIio
(3TOT MOTOK ecTh HOPMaJXbHAA cocTaBaAwmas B, nponaTerpuposan-
Has 0O IUIOMAAHW HeTaH), MeHAEeTCSA CO BpeMeHeM, TO 3. . C. paBHa
CKOpOCTH M3MeHeHuA norora. Mel 6ygeM B manbHelmeM Ha3HBATh
9TO «HpPaBWIOM HOTOKa». B Bugure, Wro, Korga Karymka Ha
¢our. 16.1 Bpamaercs, DOTOK Yepes Hee W3MeHserca. Bragare, cka-
JKeM, TMOTOK WHET B OfHY CTODOHY, a4 KOIJa KarTyImKa IOBepHeTCS
ma 180°, ToT ke DOTOK HMAET CKBO3bH KAaTYMKY HO-Apyromy. KEcun
HEIPEPHIBHO BPAIHaTh KATYMIKY, HOTOK CHAYaka OyAer Noodo;Ku-
TEJbHHM, 3aT€éM OTPHUHATENBHHIM, NMOTOM ONSATH IIOJOKUTEIN bHLM
n 1. 1. CKopocTh WMB3MEHEHHUsi ILIOTOKA JIOMIKHA TOMKE MEHATHCA.
CiiefoBaTedbHO, B KATYHIKE BO3HHKAET IEPEMeHHAs 3. . ¢. Ecan
OPHCOE/IMHATh ABA KOHIA KAaTYIIKM K BHEINHUM NPOBOJAM depes
CKROML3ANINE KOHTAKTBI, KOTOPHE HA3HBAIOTCA KOHTAKTHEIME
KoapraMu (mpocTo, UTOGH HPOBOJA HE NEPEKPYIHBAIUCH), MH
mony4yaeM TeHEpPaTop NEePeMEeHHOTO TOKa.

A MO/KHO ¢ TOMOIIBIO CROJB3AUHX KOHTAKTOB YCTPOMTh H TAK,
q100H uepes KaKgble M0J-000p0Ta COEXMHEHWE MEKAY KOHIaMu
KaTyIUKAd ¥ BHEMIHUMH TPOBONAMH CTAHOBHJIOCH MPOTHEOMOJ K-
HEIM, TaK 9T0 KOTAA 9. . ¢. MBMEHUT CBOH BHAK, TO M COCHAWHEHNE
CTaHeT MPOTHBOIMOAOKHEIM. Torga MMIyIbCH 3. . ¢. 6yAyT Bceraa
TONKATh TOK B OJHOM HAUPABJEHUHM BJOJL BHeimHed menu. Mu
HOJy4YacM TaK HA3LIBAEMBIN TeHEPaTOp MOCTOSHHOTO TOKA.

[Tpubop, usobpasxenusiii Ha ¢ur. 16.1, moxer 6uTH AHMGO MO-
TopoM, nubo remeparopoM. CBsa3h MEKAY MOTOPAMH U TeHEPaToO-
paMHu XOpOIIO NEMOHCTPHPYETCS C IHOMOINBI0 JBYX OXMHAKOBHEIX
«MOTOPOBY TTOCTOAHHOTO TOKA ¢ MOCTOSHHKIME MATHUTAMH, KATYIIKH
KOTOPBIX COEUHEHH [BYMS MeAHHIMU HpoBogamu. Ecaum pydry opn-
HOI'O U3 (MOTOPOB» IIOBOPAYMBATE MEXAHWYECKH, OH CTAHOBHTCH
TeHepaTopoM M IPUBOJUT B [BIGKEHNE BTOPOH Kak Morop. Ecmnu e
OOBOPAYMBATHE PYYKY BTOPOTO, TO EHEPATOPOM YK€ CTAHOBMTCS
oH, a mepBHi paGoraer kaxk morop. Mrak, 3fech MH BcTpedaeMmcs
¢ NHTEPeCHHM TIPAMEePOM HOBOIO POJia 9KBHBAJEHTHOCTH B HPUPOJE:
MOTOp W TeHepaTOp SKBUBAJNEHTHH. HolHuecTBeHHAS SKBMBAJIEHT-
HOCTh HA CaMOM Jiejie He coBceM caydaiiHa. OHa ¢BA3aHA ¢ 3aKOHOM
COXpaHEeHUS DHEPIUH.

Hdpyroii mpumep ycrpoiicrBa, KoTopoe Mo;keT paGorarh aumbo
I CO3MAaHHA 9. A. ¢., AubO BOCOIpHHEMATH JeiicTBEe 3. 4. C.,
mpefcTaBaser cofoil HmpHeMHAS YacTh OOWYHOTO Teledona, T. e.
«cayxopom. Ileppomaganvusii Tenedon Benna cocrosn ms msyx
TAKHEX «CAYXOQOHOB», COEMHEHHHX ABYMA [JIUHHKHMH IPOBOIAMH.
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Tocmoanwxsid maznum

OcHOBHOIH NPEHIUD 5TOTO YeTPOlicTRA MOKAa3aH Ha dur. 16.4. Ilo-
CTOAHHEIH MATHHT CO3Ja€T MarHHTHOE TOJe B ABYX cepAevyHIKAX
U3 MATKOTO jKeJe3a W B TOHKOM JKeJNe3HOM AMCKe — MeMOpane,
KOTOpas NPUBOAUTCA B IBIEHHE BBYKOBHIM JaBieHmeM. llpu fpm-
’KeHUH MeMOpPaHa W3MEHAET BeIMYMHY MAaTCHHTHOTO IONS B cepueu-
auKkax. (iefoBaTeqbHo, HOTOK 9epes KAaTyNIKY HPOBOTOKH, HAMO-
TARHOH BOKPYT OJHOTO N3 CepHEYHHEKOB, H3MEHAETCH, KOTHA 3Ry~
KoBast BOJHA momajaer Ha MemOpany. Torga B KaTylike BO3HEKaeT
. . ¢. Ecanm KOENE KaTyIKE OpHCOEAWHEHH K LEmH, B Heil
yCTaHABAMBAETCA TOK, KOTOPHE mpepcrasiser coboit saeKTpH-
Yeckoe u300pasKeHHme B3BYKA.

Ecnu xomnu xarymxm ma ¢ur. 16.4 mpucoesuants JABYMA OpO-
BOJAMHA K IPYTOMY TAKOMY 5K yCTPOHCTBY, TO IO BTOPOH KAaTyHIKe
noTeYeT MEHAIOIMACA TOK. JTOT TOK CO3JACT MEHAIOWEecA MATHHT-
HOe [OJie [ 33CTABAT MEHATHCA W CHJIY NPHTSKEHHA KeJe3HO
MemGpann. OHa HadmeT ApoKATh W TOPOXAT 3BYKOBHE BOJIHE,
mogobHLe TeM, KOTOPHe Koxefann mepsyo memGpany. C mOMOMbIO
MaJeHEKHX KYCOUKOB jKeiesa U MeJ¥ 9eJOBEYeCKHH rosoc mepe-
JaeTcA mo upoBogam!

(IIpuemEnKE B COBPEMEHHNX AOMAMANX Teqe(OHAX MOXOKHE HA
TOJIBKO 9TO ONMCAHHEIA, a8 BOT MePENAaTINKH HCHONB3YIOTCH YiKe
VIy9mIesHse, YT00KH HOXyInrs OGOABIIYI0 MOLHOCTH. DTO MUK poO-
$orm ¢ yrompmoit MeMOpaHOi», B KOTOPHX 3BYKOBOE DaBIEHUO
H3MCHAGT BJIEKTpUYecKHH TOK oT Garapei.)

§ 2. Tpancgopmamopvt u wHIyrmusnocmu .

OnEa ms mawmbonee HHTEPECHKIX CTOPOH OTKpHITHil Dapagea
BAKII0IAETCH COBCEM HE B TOM, YTO . [I. C. BOBHHKAET B JIBIKymeics
KaTymKe, 3T0 MH MOKEM MLOHATH ¢ TIOMOIbI0 MATHHTHOH CHJIEL
gv X B, 'maBHOe — B TOM, 4TO M3MEHECEHE TOKA B OfiHOI KaTymKke
cosfaer 9. JI. ¢. BO BTOpoi karymke. M yx coBcem ymmpurensmo,
9TO BeAMIHHA 3. A. C., HaBEJCHHOH BO BTOPOH KaTymike, HKaercd
TeM 3Ke CaMBIM (HPABHIIOM HOTOKA»: 3. Jj. C. PaBHA CKOPOCTH H3Me-
HeHHs MATHHTHOrO IOTOKA CKBO3b Kagyuky. Bospmem, mampmmep,
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npe Karymrn (pur. 16.5), Kayrgas m3 KOTOPHX HAMOTAHA HA OTHET b~
HYIO CTOIOKY KeJIe3HHX ITACTHHOK (¢ MX IIOMOIIBI0 MOJKHO CO3/aTh
Gonee CAIBPHEIE MarEuTHHE nois). Ilpmcoeguaum remephr ogHy W3
KaTymeK — KaTylIKy ¢ — K TeHepaTopy HepeMeHHOTo Toxa. He-
OpepHBHEO MEHAINUIACA TOK CO03/[aeT HEOPEPHBHO MEHSIOHICECH
marguTHOe moie. Tawoe M3MEHAMNIEECA MATHUTHOE IIOJE IeHEpH-
pyer mepeMeHHYI 9. /. c. BO BTOPOH KaTymke — Karymke b.
Jra 5. {. ¢., HampuMep, cuoco0HA 3aCTaBUTH TOPETh 3JEeKTpPHUe-
CKYI0 JIaMIIOYKY.

B rarymgke b 5. 1. ¢. MEHAeTCA € 4ACTOTOH, KOHEYHO, PaBHOI
gacToTe mepsoro remeparopa. Ho Tor B Rarymke b Momer GHTH
Gosple UAW MEHDBIIE TOKA B Karymike a. TOK B KaTymie b 3aBHCHT
OT MHAYUUPOBAHHOH B HEH 9. 1. C. U OT COOPOTWBIEHWA W HHIYK-
THUBHOCTH OCTAIbHOH dYacTH ee Iemd. IJra B. K. C. MOMKET OHTH
MEHBIIe 9. Ji. C. TeHepaTopa, €CiHd, CKaykeM, HW3MEHeHWe MOTOKa
mano. Wam me 5. 1. ¢c. B Karymke b MOKeT OKazaThCcs MHOTO
GoxnpIme 5. . ¢. TeHepaTopa, €CAH HA KATymKy b HaBATH MHOTO
BUTKOB, 160 B BTOM €IydYae B [{aHHOM MarHUTHOM IIOJIe IOTOK vepes
ratymry 6ymer Gonbme. (MoxHo, ecim xorure, cKasarb 06 sToM
HHAaYe — B KAKEOM BUTHE 3. [. €. OfHA U Ta jKe, U IMOCKOJbKY IO~
HAg 9. 1. C. PaBHA CyMMe 3. JI. C. OTJEeJLHHX BUTKOB, TO Goibimoe
9ECA0 BUTKOB B COBOKYIHOCTH €037aeT OONBHIVIO 3. H. C.)

Taxas xombunauma AByx Karymer (o0wdHO ¢ HabopoMm :xemes-
HHX NJAaCTUHOK, NOBHINAKIMUX MATCHATHOE II0jie) Ha3HBAETCS
mpancgopmamopor. O MOzKeT «TpanchOpMEPOBATEY OJHY 3. [. C.
(Ha3EIBaeMyI0 elle «HANPIAKEHUEM») B ApyTYIo.

IPpderTH HENYKIUA BOSHAKAIOT A B OTHON OTASNBHONR KaTyIIKe.
Hanpumep, B ycranosxe, hs’oﬁpameﬁﬂon pa ¢ur. 16.5, mensio-
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mu@iicA TOTOK IIPOXORAT HE TOABKO ¥epes Karyiiky &, Koropas
BUKHTCAET JIAMIIOYKY, HO W Yepes KaTymry a. MeHAwmuiica TOK
B KaTyIHKe @ CO3/[aeT MeHAINeecd MarHUTHOE MOJe BHYTPH Hee
caMoii, I IOTOK JTOTO MOJS HEHPEPHBHO M3MEHAETCHA, TaK UYTO
B KaTYOKe @ HOJYYaeTcA camourdyyuposanHnas 3. I. .

J. n. c., fmeiicTByOINas HA TOK, BO3HHKAET TOTHA, KOTAA ero
co0cTBReHHOe MAaTrHWTHOE TOJE pacrerT, WM B OOmEM ciydae, eciln
ero cobcTseHHOE TIONIe W3MEHAETCH KaKmM yropHo obpasoM. ITOT
sdpderr HasHBaETCA CamounOyKyuel.

Korma MBI BREJH «IPABUIO MOTOKA», YTEEP:KAAI0OUIEE, 9TO 3. M. C.
paBHA CKOPOCTH N3MEHEHHA IOTOKA, MH He ONpeJessaiIln Hampasie-
gue 3. 1. ¢. CymecTByer npocroe Ipasuwio (HA3HBAEMOS MPABWIOM
Jlenna) pus onpefeneHNs HAOPAaBIEHHUA D. . C.: 9. [I. .C. CIMPEMUMCA
npenamcmeoeams BCAKOMY W3MEHEHWI0 moToKa. lmade romops,
HaIpaBieHNe HaBeIeHHOH 3. . ¢. BCerfa TaxKoe, YTO, eCAH OH TOK
momleJl B HAUDABJAGHWH 3. . C., OH co3fan O morox moxsa B,
OpemATCTBYIOMU u3MeHeHWIO mons B, cosmamomero ary 3. A. c.
IMpasmaom JleHna MORHO II0JAb30BATHCS, YTOOK HafiTh HaOpaBieHHe
3. 1. ¢. B reHeparope, mokasaEaoM Ha ¢ur. 16.1, unm B oOMoTHe
tparcdhopmaropa (dpur. 16.3).

B uacTHOCTH, €CIH TOK B OTHeNbHOH Karymke (mid B Ji060M
OpoBOAe) MEHAETCS, BOSHHKAET «o0paTHAsA» d. f. ¢. B Iemd. Jra
5. 1. ¢. fleficTByeT HA BapAfmH, TeKyue B KaTymike a ua ¢ur. 16.5,
HpenATCTBYA M3MEHEeHNI0 MATHUTHOTO HOMAA, ¥ HOITOMY HAIpaBlIeHa
TaK, 9T00H NpPenATCTEOBATH H3MeHeHmI0 Toxka. OuHa cTpeMmTCH
COXPAHHATH TOK HOCTOSHHKIM; 9. Ji. C. IPOTHBOMOIOKHA TORY, KOT/A
TOK YBeIWYMBAETCs, W HAOPABIEHA IO TOKY, KOIXa OH yMeHb-
maerca. llpm caMOMHZYRUUE TOK obxajaer «uHeprueily, TOTOMY
410 BPGEKTH MHIYKIHUN CTPEeMATCA COXPAHMTH IOTOR MOCTOSHHEIM
TOYHO TAK K€, KAk MEXaHWYECKasdA WHEPIHUS CTPeMHUTCS COXPAHUTH
CKOpOCTh Tejla HEeM3MEHHOM.

Jlio6oit Goxbpmoi saexrpoMarHuT o0dazaer OOMBMON caMOMH-
aykumeit. Ilycrp, Hampumep, K KaTymke G6oabmioro 3ieKTpoMar-
HuTa npucoenuHena Garapea (¢ur. 16.6) m mycrs ycramoBmioch
G6oxpmoe marEnTHOE moae. (Tok mocTmraeT MOCTOAHHON BEIMIMHEL,

Beiknwoyamens

Due, 16.6. Braiouenue sack-
mpomMacHUmMa 8 Yyenbv,
Jlamnoura omxrpuieaem  npoxod
MoKy € MOMEHM OMKAIOUEHUR, (
npenamemeya 80FHUKHOGEHUIO i
cauwrom Goavwotl a.0.c, HA KO-

MAKMOX GiKAIOUAMIEAR,

D Namnouxa
:@ +0

Eamapeﬂ_j
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ompepesieMoii HanpsKeHNeM Oatapem M COOPOTHBIEHUEM HPOBOJA

rarymru.) Ho Temepr nmpenmosnoyxum, 9r0 MH HOBITAEMCA OTCOEH-
" HETH Garapelo, pa3oOMKHYB BHEKIWYaTens. Ecam 6H MBI Ha caMom
Jeje pasopBald LeNb, TOK OKCTPO YMEHBIIHJACA OW [0 HyId H
B HpoIecce YMeHBIICHAA c037ax OH OTPpOMHYIO 3. 1. ¢. B Goabmun-
CTBE CAYIaeB TAKOH 9. JI. C. OKA3KIBAETCA BIOJHE [OCTATOYHO, ITOOH
o0pasoBasack BOABTOBA [Ayra MeKAY PA3OMKHYTHMI KOHTAKTaAMU
BHIKJIIOUateas. Bosumkamoiee OonbiHoe HAIpPSKEHHEe MOTI0 OH
HAaHEeCTH Bpej KaTyIiKe, fa ¥ BaM, eclIH O UMEHHO BH pas-
MuKanu BHKI0uarens! Ilo sTuM npuaunaam daeKTpOMaraEuTE 00BIY-
HO BKJIKYAIOT B lieDb IPEMEPHO TAK, Kak HNOKa3aHo Ha ¢ur. 16.6.
Horga mepexniowareib pasoMKHYT, TOK He MeHsAeTcs OHICTPO, &
IPOJOJI/KAET Tedh Yepe3 JaMOy, OCTaBASCH HMOCTOSHHBIM 3a CYET
5. I. C. OT CAMOMHJYKIIMH KaTYIIKH,

§ 3. Cuant, deiicmeyrowjue
Ha UNIYyyUpyensle Mmoxu

Bst, BeposiTHO, HAGMI0ANU BeIUKONCUHYI0 HEMOHCTPAAK Tpa-
puna Jlemma ¢ moMompi0 mpucmocobieHns, W300payKEHHOTO HA
¢ur. 16.7. Iro saeKTPOMATHAT TOYHO TAKOH ’Ke, KAK KaTyHIKA @
wa ¢ur. 16.5. Ha ogHoMm KoHIe 16KTPOMATHHTA MOMENIAETCA AJTH0-
MHHHEBOE Koib1o. Ecam ¢ moMompio NepeRIindaTens MOACOe/H-
HUTH KATYIIKY K T€HePaTOpy IEePEeMEeHHOr0 TOKA, TO KOABIO B3Je-
taeT B Bo3AyXx. Cuny, KOHeYHO, TOPOMTAIT TOKHM, UHAYIHPyeMule
B Koapme. Tor ¢akT, 970 KOABIO OTIETACT HPOYB, MOKABHIBALT, YTO
TOKM B HEM HPENSATCTBYIOT M3MEHEHHIO HOJS, HPOXOAAMIETO uepes
ronbro. Horpma y marmurta ceBepHHE MONIOC HAXOAWUTCA CBEPXY,
HHAYIAPOBAHHEIH TOK B KOJbIE CO3AAeT BHU3Y CEBEPHHII MHOIC.
Hombpo ® Karymka OTTANKMBAIOTCS TOYHO TAK jKe, Kak [Ba
MarHHUTA, NPUJIOMEHHbE oMHAKOBHME Hodocamu. Eciam B Kombie
cleIaTh TOHKHH paspes mo pajgaycy, cuia ucdesaer — ylGequresib-

F
MTposodatee xomsyo
Menesroni
cepleurux
4~ Que. 16.7. - IIposodauyee
Kamyuwwa K zmHepamopy ~ KOABYO CUALHO OMMAAKUGAEM-

I
i

_ | TiepemenH0zd 8 HALKMPOMACHUMOM, K020a
! ToKa 6 HeM MEHACMCA MOK,

Nlepexmovamens
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Que. 16.8. Jaekmpomasrum e6ausy udeasvho nposoda-
well naockocmu.

HOe HOKazaTeJIbCTBO TOTO, 4TO OHA MAeHCTBUTEIHbHO 00yClIoBIEHA
TOKAMY B KOJbIE.

Ecau BMecto Kombma y Kpas SJIeKTPOMATHUTA HOMECTHTH AJlio-
MUHHEBHI WM MeJHBIIT JHCK, TO W OH OTTAJKHBAETCH; HHIYIHPO-
BaHHBIE TOKM IIUPKYJAUPYIOT B MaTepuajie JUCKa M CHOBA BRIBHIBAIOT
OTTANTKUBAHUE.

Wurepecuwii apdpexT, B 0CHOBE MOXOKHE HA OPEABIAYIIH, BO3-
HHUKAeT ¢ JHCTOM HIeaJbHOTO mpoBoguHuka. B «umeambHOM mposoa-
HHUKE» TOK COBCEM He BeTpevaeT comporuBienus. IlosToMy Bo3HUK-
IIKe B HeM TOKH MOI'yT Tedpb He mepecrapad. Daxkruaecku rasetiwas
3. 1. ¢. cozmana Grl cKOJb yIOmHO GOMBINO TOK, & 3T0 HA CAMOM JleJie
03HAvaeT, 9TO B HeM BooOlIe He MoskeT OBTH 3. J. ¢. Jl00as moneIT-
Ka €037aTh MArHUTHHI IOTOK, NpPOXOAAINHAH CKBO3b TaKoi AmCT,
BHI30BET TOKM, 00pasywollue NPOTHBODOJOKHO  HANpABICHHHE
noas B — Bce co cKoab yTogHO MAaJiEIMH 3. A. C., TAK 9T0 HAKAKOIO
moroka He Oyjer.

Ecam x mucry upeanbHOTO IPOBONHUKA MEL IOfHECEM DIIEK-
TPOMAaruuT, T0 OPU BKIYSHNH TOKA B MATHHTE B JMCTe BO3HAKAIOT
TOKHM (HABHIBA€MEIe BHXPEBHMM TOKAMH), M HEKAKOH MATBATHBIE
DOTOK He mpoiimer. Jlmuum mons G6yAayTr mMeTh BHJ, NOKa3aHHEIH
Ha ¢ur. 16.8. To e camoe mpomsoiifieT, €CIM K HAEAJbHOMY HpO-
BONHUKY DOJHECTH WNOCTOSHHEH wMarHuT. llockonbky BuUXpepHe
TOKRW CO3[AI0T IPOTHBOIMONOKHEKNE IOJS, MATHATH OT IPOBOJHUKA
oTTanKmBawTcA. 1l03TOMY OKAsHBAeTCA BO3MOKHEIM MOJABECHTH
NOCTOAHHHA MATHAT B BO3AyXe HAJ JUCTOM HWHEANbHOTG HPOBOL-
HHUKA, M3TOTOBIEHHOT0 B ¢opme Tapenkn (Pur. 16.9). Marmmr 6yner
IOAIeP;KABATHCA B BO3AyXe 3a ¢9eT OTTANKHBAHUA MHIAYNHPOBaH-
HEIX BHXPEBHX TOKOB B HieaabnoM mnposofumke. IIpm oOmgHHX
TeMOepaTypax Hgea’ibHHX IPOBOJHEKOB HE CYMIECTBYeT, HO KO-
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Que, 16.9. Maenumnas naaouka
OMMAAEUBLEMCS GUTPESHLMIL MOKAMU
u nogucaem Had wawel us ceepr~
npoeodnuka.

TOpHE MaTephajH UPH AOCTATOYHO HASKAX TeMOEpaTypax CTaHO-
. BATCA HeaNbHHIMA HPOBOKHUKaMu, Tar, OpM TemoepaTrype HIKe
3,8° K 0m0BO CTAHOBHTCA HICANLHHM NPOBOJHUKOM; TOrHa OHO
HA3HBAETCA CBEPXIPOBOLHUKOM.

Ecam upopojEWK, moKasaHHHH ma ¢mur. 16.8, me BmONHE uUIe-
aNbHHE, TO BOSHUKHET HEKOTOPOe CONPOTHBICENE TEYSHHIO BHXPE-
BHIX TOKOB. Toru GyqyT mOCTeIEHHO 3aMAPaTh, © MATHUT MEJIEHHO
onycrmrcA. B HemmeanbHOM NIPOBOTHHKE, YTOOH TedYh jlanbine,
BHXPEBHM TOKaM HeoOXOiMMa HEKOTOpas 9. [. C., a JUIs BOBHUK-
HOBEHHA 3. . C. IOTOK [OJKEH HempepHBHO MeHAThcA. Ilorox
MATHATHOTO MOJIA IOCTEIeHHO HPOHHKAET B IPOBOJHUK.

B 0o6ruHOM DpOBONHAKE HMEIOTCH HE TOJBKO CHJIEI OTTAJNKHBA-
HUS 3a CYET BHXPEBHX TOKOB, HO MOTYyT OHTH M GOROBEE CHIEL.
Hanpmmep, ecnu Mel TepemBUTraeM MAarHNT HaJ HPOBOJAIEH
HNOBEPXHOCTHIO, BUXPEBHE TOKH CO3MAI0T TOPMOBAMY CHIY, IIO-
TOMy 9TO HMHAYINUAPOBAHHLIE TOKH LPEHOATCTBYIOT H3MEHEHW MO~
tToka. Taxwe CHIN TPOIOPIMOHANIBHEL CKODOCTH U IOXO0/KM HA CWIIKI
BA3KOCTH.

Itz aderTtrr Xopomo mabmiofaiorca Ha mpubope, m3obparken-~
goM ma ¢ur. 16.10. KsasparHas MegHas NIacTHHKA YKpeILTeHA
Ha KOHUe crep;KkHsa, o6pasysa mastaur. Ilracrurka kagaerca msap
¥ BIIEpE] ME;KAY HMOJI0CAMH DJIEKTPpOMAarHuTa. HOTa Maraar BRI~
qaeTcsd, [OBWKEHHe MAaATHHKA HEO;KHAAHHO mperpamaerca. Hax
TONBKO MeTaJUIMdecKasd IUIACTHHKA NONafaeT B 3a30p MAaTHHUTA,
B Hell HATYOAPYETCH TOK, KOTOPHI CTPEMHTCA HOMENIATH U3MEHE-
HUI0 DOTOKA depes miaactuHky. Ecam 6n minacrmHKa Ghuia mMieatb-
HEIM TPOBOTHWKOM, TOKH OmIM O CTONB BEJIUKH, 9TO OHM CHOBA
BHITONKHYIH OH INIAaCTHHKY M OHA OTCKOYmia Om Hazapm. B megmoit
Ae IJACTHHEKE MMEeTCS HEKOTOPO® CONDOTHBICHHE, WMO3TOMY TOKH
CHAYAJKA B3aCTABIHIOT INIACTHHKY IIOYTH HaMePTBO B3acCTHTH, KOTZA
OHa HaY@HAET BXOOUTH B Mojie. 3aTeM, IO Mepe TOT0 KaK TOKA 3aMH-
paioT, IWIACTHHKA ITPOJI0/DKACT MEAJeHHO IBATATHCH B MATHATHOM
none M OCTAHABJIMBAETCA COBCEM.

CxemMa BHXpEBHX TOKOB B MeJHOM MafiTHHKE MOSCHAETCA
¢ur. 16.11. Cana u pacmosoxeHEEe TOKOB BECbMa UyBCTBHUTEILHH
k dopme nunacrmErd. Ecnm, ckasxeM, BMeCTO MeNHOH MNIaCTHHKE
B3ATH IPYIYIO, B KOTOPO# mMeeTcHa pAA y3KuxX meneit (¢ur. 16.12),
70 5PeKTH BIXPEBHX TOKOB CHIbHO yMeHbmarcd. MaaTaux mpo-
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Que. 16.10. Topmoxmenue masm-
HUKG YKaawedem Ha Ccuas, 603HU-
rawowue 64a200aps euzrpesm mo-
xam.

XOQUT CKBO3b MATHHTHOE IIO-
jJe nump ¢ HEOOJBIIOH TOp-
mo3zamei cumioi. [Ipmumma B
TOM, 9TO TOKH B KayKIoil da-
CTH IUTACTHHKH BO36y:RIamor-
¢ MeHBIINMEM IO BeJIHYHHE
O0TOKaMu H, CJeH0BaTeAbHO,
3¢ PEeKTH CONPOTURIEHUS KayK-
[OH MeTIN OKA3KIBAIOTCA 00Ib-

mumvu. YeM MeHBIIE TOKH, TEM

MeHbIIe ¥ TOopMOykeHue. Bss-
KUA XapaKTep CHIH NPOABHT-
csn eme Gonmee HATIAANHO, €CIHH

=
5

Bamapes

Boixmouamens

MeJHYI0 ILIACTHHKY TOMECTHTH MEKIY IIONI0CAMH MarHHTa M 3a-
TeM ormycTHTh ee. IltacTunka He magaer, OHA HPOCTO MEJUIEHHO
omyckaercs. Buxpesre TOKH OKA3HBAKT CHJABHOE COINPOTHBICHUS
OBIDKEHWIO, TOYb-B-TOYb KaK BABKOE CONPOTUBJIEHHE Mefa.

Ecam Mu He GypeM NIpoTackHBATH HPOBOJHMK MEMO MATHHTA,
a mompofyeM Bpamarh €ro B MArHUTHOM II0Jie, TO B HEM B Pe3yib-
rate Tex j;xe dPexTOB BOZHEKHET TOpMOzsmmiA Momenr. W maobo-

poT, ecau BpAWATh MAarHHT,
MEHSA MECTAMH ero ToJica,
BOIMBA NpPOBORANIEH NIOCKO-
CTH UAM KOJBIA, TO KOIBIO
moBepHETCA  B3a MArHHOTOM,
TOKHM B KOABIE CO3JAATYT MO-
MEHT, CTpeMAIIALcS NOBePHYTh
KOJbIO BMECTe ¢ MATHUTOM.

Qus. 16.11. Buzpeswe moru @
. MeOHOM MasmHuKe,




Quz. 16.12. Ifpexmn om euz-
DEERT  MOKOS CUALHO  CRUIMA-
wmeK, e€CAU -6 nAaCmuHKe npo-
pesamb weau,

Tone, BecbMa moxokee HA IOJe BpamanINeroca MaTHATA
MOKHO CO37laTh ¢ IOMOMEI0 ycrpoicrBa u3 karymex (¢pmr. 16.13).
Mm Gepewm skenesHblil TOp (T. e. jKeJe3HOe KONBIO B Buje Oybamka)
1 HaMaTHBAaeM Ha Hero IMecTh KaTymek. HampasuB TOK Tak, Kax
noxasaHo Ha ¢ur. 16.13, a, uepes o6morku I u 4, MH moxyvaM
MaTHHTHOE IOI¢ B HALPABJEHHHN, YKA3aHHOM CTpelaramMu. Ecam Mu
Temeph TEeperalouMM TOK Ha o6MoTKE 2 W §, TO MATHHTHOE IOIE
Oymer mampasieno y:ke mo-upyromy (¢pumr. 16.13, 6). IIpomommasn
TaK MeACTBOBATH, MBI MOJyUaeM IIOCIEOBATEIbLHOCTh HOJel, m30-
OpaskeHHHX HA OCTAJLHHX YaCTAX Hamero pucyHKa. Eciau mponece
OpPOBONHTH INIABHO, TO MOJYIATCH (BpAllaiolleecsy MArHKTHOE
nozne. IlofcoeAMAMB KATYHIKA K CceTH TpeX(paszHOTO TOKa (a oHA
JaeT WMEHHO TAKYH0 IOCIE[OBATEAbHOCTH TOKOB), MEI JIETKO IONY-
gnM TpefyeMyl0 ImOCIeq0BATEIbHOCTh TOKOB. «Ipexdasuuil Tox».
CO3[laeTCA TeHEePATOPOM, HMCHOAb3ylomimM mpuHmun ¢ur. 16.1, sa
TeM HCKIKYEHNEeM, YTO HA OCH CHMMETDHYHO YKDEIIAIOTCA mpu
paMKH, T. e. Kaxgasa mom yraom 120° k cocenmeil. Korma pamkm
BpamMaIOTCA KaK efMHOe INexce, 9. X. ¢. MAKCUMAIGLHA B OXHOH
paMKe, s3aTe€M B IPYrod U T. K. B IPABAIBHOA IIOCIENOBATOABHOCTH.
Tpexdasanil TOK AMeeT MHOr0 mpaKTHUECKUX mpeumymects. Onro
M3 HHX B3aKJI0YaeTcA B BO3MOKHOCTE NONY4YHTH BpaIalonieecd
MarEnTHOe Hoxe. Moment, meficTByomuil HA TPOBOIHUK CO CTOPOHE
TAKOTO BPAMAIOMIEr0Cs IIOJIA, JIETKO 00HADY/KABAETCA HA MeTaJliIH-
9eCKOM KONbIe, HOCTaBICHHOM Ha H30MHPYIOIEH HOACTaBKe IpAMO
Hax TopoM (dur. 16.14). Bpamawmeeca mone BHSHBaeT BPaIeBHE
KOJbIAa BOKPYI BePTHKAJBHOH ocH. 3[iech BHLHH Te K€ OCHOBHHE
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Duea, 16,13, Cosdanue gpaujaowezocs MA2ZHUMHO0 NOAR.

9JeMEHTE, KOTOpHE EMeioTcd B OOMBIIAX OPOMBINUIEHHHX Tpex-
J$asHHX WHAYKIUOHHHX MOTODAaXxX.

Jpyrofi THD HEZYKIUOHHOIO MOTOpa HmOKasaH Ha ¢ur. 16.15.
910 ycerpoilcTBO HEHPHUTOJHO JiIsl HPAKTHIECKHMX BHCOK0d(PerTHB-
HHX MOTOPOB, HO WIIIOCTPAPYET OCHOBHOH HpHENIHN. JIeKTpOMar-
BaT M, COCTOAIMA M3 NAYKH HPOKATAHHHX KEJIE3HHX JHUCTOB,
Ha KOTOPYI0 HABHTA COUPANbHAsT 0OMOTKA, MHTAETCA OT TeEepaTopa
nepeMeHHOro TOKAa. MaruuT cosgaer mepeMeHHHH HOTOK moisa B
CKBO3b AJIOMUHHEBHI NHCK. Ecin UMEIOTCA TOIXBKO 9TH B KOMIO~
HeHTH {cM. ¢ur. 16.15, a), y Hac eme ver MoTopa. B pucke umerorca
BHXPEBHE TOKM, HO OHH CHMMETDHYHH M MOMEHTA HE BO3HUKAET.
([lmck Oymer HeMHOTO HarpeBaThCA 3a CYET TOKOB HHIYKIAH.)

QDue, 16.14. C nomowwrw spausa-
wyezoca noan (Pue. 16.13) moxcno
npudame Koabyy u3 nposcdrura
6PAWAIOWULE MOMEHIN.




Anomutiessi?
Quer Anomunuaeas
nigacmuHa
K uemounuxy Ilnunumlumn I
nepenﬂ_lﬂg'tl:aw \ nepeueHHaa'g ]
W Tm%;zmm a MoHH i ,

moxa

Que. 16.15. Ipocmoii npumep UHOYKYLOHHOZ0 MOMODA
€ 30MEHEHHbLM NOAIOCOM.,

Ecam reneps MH 2aKpoeM TOJIBKO OHY MOAOBUHY MATHATHOTO IIO-
qi0ca alOMUHEAEBON miaactmHKoil (¢ur. 16.15, 6), To mauck HawHeT
Bpamarbca H MH noxyauM Mmorop. Ieifictsue ero cpazamo ¢ deyms
appeKTaMI BEXPEBHX TOKOB. BO-IEpBEIX, BEXpPEBHE TOKHM B aji0-
MHUHWEBOH NIacTHHKE OPEISTCTBYIT H3MEHeHWI0 HOTOKA CKBO3b
Hee, II09TOMY MArHHTHOE LIOJA€ HaJ, MIACTHHKOH BCETHA OTCTAeT OT
0oJMs HAaf HENOKPHTOH YacThi0 MONIOCA. JTOT TAK HABHBAGMEIH
ap(PeKT «3aTeHEHHOTO IOJI0CA» CO3[aeT I0Je, KOTOPOE B «3aTEHEH-
HOI» 00s1acTH MEHAETCH COBCEM TAK jKe, KAK M B (HE3aTEHEHHOID»,
38 MCKIIOYEeHNEM IOCTOSAHHOTO 3ama3[EIBAHUA BO BpeMeHH. JPHeKT
B IeJIOM Takoi, Kak Oyaro mmeercsa BaBoe 0ojee y3KHH MarHHT,
TMOCTOSHHO NEPeBUTAINKICA 13 He3aTeHeHHOH 06/1acTH B 3aTeHEH-
Hyo. Bo-Bropmx, MeHAIOmMHEecH mois B3aUMOJENCTBYIOT € BHXpe-
BHIMH TOKAMH [HCKA, CO3JaBas B HEM MOMEHT CHIIEHL,

§ 4. Suexmpomexnura

Korga ®apapeit smepBeie omyOauEoBajg CBOE 3aMedaTeldbHOE
OTKPHITHE O TOM, YT0 W3MEHEHHE MATHUTHOI'0 HOTOKA CO3JAET 3. . C.,
€r0 CHpOCUIH (KaK CIpPAaMIABAOT, BOPOIEM, BCAKOTO, KTO OTKPHI-
BaeT KaKuWe-TO HOBHe sBiaeHms): «Hakasa or atoro moansa?» Bems
Bce, 4T0 OH 06HAapy:;xuia, OO OYeHb CTPAHHHM — B IPOBOJE BO3-
HEKAJ KPOINEeYHHI TOK, KOTJA OH JBHraJ IPOBOJ BO3JEe MarHWUTA.
Karas e Mosxer 66T OT 9TOTO «monb3ay? Mapageit orserun: «Ha-
Kaa MoeT OHTH MOIB3a OT HOBOPOMKAEHHOTO?»

A Temepb BCHOMHHTE O T€X IPOMAJHKIX NPAKTHIECKHUX HpHMe-
HeHUAX, K KOTOPHIM IIPUBENIO €r0 OTKpHTHe. Bee, 4TO MHE OmHUCEH-
BaJlH,— OTHIO[b He WTPYIIKH; 3TO MPUMepH, BEIOpaHHEE 10 60ab-
meil YacTH TakK, YTO0H mpeNCTABATH MPUANUI TOH HIN MHOA HPaK-
rHueckoil Mamunn. Hanpumep, Bpamaroomeecs K0JBII0 BO Bpamlao-
meMcst NoJie — HHAYKIHOHHEA Morop. Cymectsyer, KOHEYHO,
WM3BECTHAJ PASHMAIA MEAY KONBIOM M HPAKTHIECKH UCIOIb3yeMEIM
MHIYKIWOHHNM MOTOPOM. ¥ KOJIbIA MOMEHT 09€Hb MaJl; HPOTAHUTE
PYKY M BH MOMKeTe OCTAaHOBHTH ero. B xopomem Mmorope Zerannm
JOMA<HEEl ORITH JIyY9lle OPUTHAHKE: MAUTHUTHO® HOJe He JOKHO Tak
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mMefpo «PACTPATHBATHCA» B BO3AyXe. DBo-mepBHX, ¢ NOMOINEI0
seJiesa IOJe KOHIEHTpupyeTcA. Mu He ToBOpHAW O TOM, Ka¥ 3TO
JeNaeT ejie30, O OHO cIOCOOHO YBEJIWYUTH MATHATHOE NOJIE B Jie-
CATKE W THCAIA Pa3 IO CPaBHEHWIO C IIOJeM OfHOH Menmoi Ka-
TymKku. Bo-BTOpHX, 3a30pH MeKLY 9JacTAMH jKelesa JedanTcd
HeOOJBIINMHI; ¢ 9TOH HEJNBI0 Kexe30 Jake BCTDAMBAEICA BHYTPb
Bpamalmerocs Kojbula. CiroBoM, BCe HAIPaBIEHO HA TO, ITOOH
MONYYATh HAHGONBINEE CHIN M MaKCUMAJIbHYIO 5$¢eKTHBHOCTD,
T. . IPeBPATUTH BJIEKTPHYECKYI0 MONIHOCTH B MEXaHWYECKYIO,
M TAaKoe «KOJLIO0» ys/ke HeIb3ss OymeT yaepskaTh DPYKOI.

3apgaua yMeHBIIEHUA 3a30POB M YCTAHOBJIGHHE CAMOTO IPAKTHI-
HOr'0 pexmma paGoTH ectb Heao uMoceneproil Hayku. OHa Tpebyer
Cephe3HOTO M3yYeHHsA NpolieM KOHCTPYHMPOBAHWA, XOTH HUKAKHX
HOBEIX NIPMHIHIIOR NOJYYeHNA cuian He cymecrsyer. Ho or ocHos-
AKX OPWHINIOB JI0 IPAKTHIECKOTO W YKOHOMHYHOTO IIPOSKTHPOBA-
HAA — JOATHHA nyTh. VI MMEHHO TmiarTenrsHAs WHREHEPHO-KOHCT-
PYKTOpCKas pabora c¢henana BOSMOKHEM TaKylo TPaRIHO3HYIO
Belllb, Kak rugpocragnus boyapmep Ilam m Bce, 4ro ¢ Heil cBA3aHO.

Uro Ttaroe Boynmep [lam? OrpomEas pera, meperopo;keHHas
6eronnoit crenoit. Ho w10 a10 3a crenal UsornyTas B BEfie UAeIbHO
OJIABHON KPYUBOH, TINATEIBHO PACCINTAHHAA TaK, 9T00H KaK MOKHO
Membme Oeroma cpepmmpaio Hamop pexu. CreHa yrodmaercs
KEE3Y, 00pasys ayfiecHyio PopMy, KOTOpOi J00yoTced XyN0HEAKH,
HO KOTOPYIO CIOCOOHBI ONEHATH TOJIBKO HHMKEHEPH, IOTOMY 4TO
OHO MOHUMAKT, HACKOABKO 3T0 Xopomo. QHE 3HAIOT, 9TO0 yTOJIIE-
HHE OIpeNe]saeTcaA TeM, KaK PacreT [aBJeHEE BOAH Ha riaybmae.
Ho M1 orBiermmch OT DIEKTPHIECTBA.

3areM Bopa pexu safmpaercda B OTPOMHYI0 TPyGy. YiKe caMo mo
cefe aro saMeuaTeabHOE mHEmKeHepHOO coopy:xeHme. Ilo TpyGe Bopa
nepegaeTcA K (BOIAHOMY KOJECY» — OTUpOMHOH Typ6HHe — u 8a-
cTaBisieT KojJeco Bpamarhcs. (Eme ofHO mocTE:KeHMe TEeXHUKMU.)
Ho zawem xpyrar xomeca? OHE HpmcOefWHEHH K HEBEPOSTHO
3a0yTAHHON MEMIAHWHE W3 jKeje3a M Mefu (TaM Bce DEPeKPyIeHo
n nepemnereHo). Bee coopyskenme COCTOHT W3 ABYX dYacTell — omgHA
KPYTHTCSA, a [Apyrad — cTOMT. DBce 5T0 CIOKHOe COOPYIKEHH®
CHeAAaHO W3 HeMHOTHX MAaTePHAJNOB, TIAaBHHM 00pasoM H3 JKejesa
¥ MexW, a Takke E3 OyMaru W IeijaaKa, CIy:RamEX HA30IsAuygei.
Bpamawmeeca gymnosmme. [emeparop. Orxypma-to ma3 sroro Me-
cHBa jKele3a W MedW BHJIE3aeT HECKOJIbKO MEAHHX KOHUOB. llio-
THRa, Typ6HRA, Keneso, Melb — BCE COOpPAaHO BMecTe AJA TOTO,
9T00H HA STHX MEIHHX IOJ0CKaX MOABHIOCH HEUTO 0COGEHHOE —
5. I. ¢. 3aTeM MeJHEE MONOCH HPOXOofiaT He6onbmoOd UyTh ® 3a-
KPY4YHBAaIOTCA HECKOALKO pa3 BOKPYI JpYToro KYyCKa jkexesa,
o6pasys rpamcdopmaTop; Ha 3TOM UX paboTa KOHYAETCH.

Ho Boxkpyr aTOro sxe Kycka menesa 0GBEBaeTCA emme ONHH Mef-
BEHA Kabeab, KOTOPHII He COGNWHAETCA HEHOCPENCTBEHHO ¢ I0JIO~
CaM{, ODpHMESNEME OT I[eHepaTopa; OH HPOXORHT HO0IHM30CTH
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or momo¢c W sabupaer mx 9. A. ¢. Tpamcdopmarop mpeBpamaer
9HOPIHI0, KOTOpPaA HMMela CPABHATENHLHO HUBKOe HAOPA)KeHUE,
peobxogumoe s - ofderTHBHOA paboTH redHepaTopa, B OY€HB
BHICOKOE HampsyKeHHAEe, KOTOpOe Jydlie BCero MOTXONAT Ut
SKOHOMHYHOU Nepejayl IEKTPOIHePIUH 0 TUHEKM KabemaM.

1 Bce gonasHO OHTH HCKIIIUTEIHHO 3QPEKTHBHEM — He MOKET
OnTh HWYETO AAIIHET0, HAKAKEX morepb. [louemy? Uepes Bce atu
yCTpoOiicTBa HpOTEKAaeT BCA SIEKTPHYECKAs 9HEPTHS, KOTopas Hc-
noabsyerca B crpase. Ecnam mpomajer Bcero o@H WIH [{Ba NPO-
HeHTa SHEPIHH — HOfyMalite, KaK MHOro aro cocrasur. Ecim
B TpaHchopMaTOope OCTAETCA TOABKO OfUH IPONEHT 9HEPTHH, TO
OHA JOJKHA KyHa-TO JeBaTbcs. Eenm Ov, Hanpmmep, OHa BHIENA-
nach B BHME TeIJIa — BCE YCTPOHCTBO pacmiasmioch O

W3 Boyapmep [loM BHIXOIAT BO BCeX HANPABIEGHUAX HECKOIBKO
MIO:KUE MEJHHX CTep;KHeH — JIMHHHX, OYeHb JINHHHX CrepkHel
TONDIMHOA, NOKANYH, ¢ BANNY PYKY ¥ JJIAHOA B COTHH MWIb. Y 3KUe
MEJIHHE N0POrW, HECYIIHe dHEPTHI0 THIAaHTCKOH pexru. 3areM 5TH
HOPOTH pA3BETBIAIICA... TPAHCPOPMATOPOB CTAHOBHTCA €IMe
Goxpme... HHOIMA OHH HONXOAT K OOABNINM TeHepaTopaM, mepe-
BOAANYM TOK B APyrde (OpMEL... AHOTYA K MANIMHAM, BRIIOJIHAIO-
UM BQKHKE OpPOMHIOLIeHHHe paborel... K HOBEM TpamcdopMa-
TOpaM... 3aTeM BCEe HOBHI€ M HOBHE PA3BETBIECHWS W OTBETBIAEHHA...
DOKA, HAKOHEI, PeKa He PAaCIpefeluTcsi MO0 BCOMY TIOpPOAY; OHA
KPYTHT MOTOpPHI, CO3J4a€T TEWJI0, CBET, H3TOTOBISET NPHUGOPHL.
Yyno posjenus TOPSAIEro OTHA U3 XONOMHOH BOAH HA PaCCTOAHHUH
Gonee 600 Mas — M Bee 910 Gaaronaps ocoGEM 06pa3oM coGpaHHHM
KYCOYKaM jkenesa w Mend. Bonbmime MOTOPH A mpoKara crand
¥ KDOIIEYHHE MOTOPUMKE miasi OGopmamunn. THCAIM MalieHBKAX
KOJIECHKOB, KPYTAWMXCH 1m0y ReilcTBHeM Oonbmoro Koaeca B boya-
gep am. Ocranosute Gonbmoe Koieco, I Bce OCTATBHEE KOJECHKH
3aMpPyT; OTHU TOTYXHYT.

Ho a1oro mamo. Te e Apaenns, ROTOPLe HOMOTAIOT B3ATH FpaH-
OMO3HYI0 MOIIL PeKH W pacHpejelUTh ee mo Bcell OKpyre, mOKa
B KOHIE KOHHOB HECKOINBKO Kameab PEeKH 3aKpyTAT OOpMAaImMmHY,
CHOBA IPHEXOJAT HA MOMOILb IPH CO3/JAHAA HCKIIOIUTEIBHO TOEKMX
opuGopoB... JyIA ONpefeeHdus HEeYyNOBAMO cIabHX TOKOB... Aad
nepefads roj0COB, My3HKU U n300pasKeHuit. .. A BHIMCINTeNbHEIX
MalluH... [ aBTOMATHYECKHX MAaIIFH tbamacmqecxoﬁ TOYHOCTH.

Bce 210 B0O3MOMKHO HOTOMY, YTO THIATENHHO HPORXYMAHO YCTPOH-
CTBO M3 Me[d U xeje3a — 5PPeKTHBHO CO3/]aHH MATHUTHEIE IOJA. ..
yKejIe3HEEe OJOKH JuaMeTpoM B 2. MeTpa, Bpamianiuecs ¢ 3a30pOM
B 2 MHJUIEMETPA... PACCUYMTAHN NpPAaBHABLHO LPONOPIHH MejH,
9T00H HOIYYATH ONTEMAIBHYIO 3YEeKTHBHOCTD. .. BHIIyMaRH CTPaH-
EHe (OPMEH, KOTOPHE BCE CIy:KaT CBOHM IedsM, TaK jKe Kak fopMa
IOTHHEL.

Ecim apxeomor Gynymero xorga-EmOyap packomaer Boynnep
JlaM, oH, BepoATHO, BOCXMTHTCA KPACOTOH ee JMHHMA. A HccaefoBa-
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TeIb — TPRKJAaHNH KaKoi-TO BeIMKOW muBmiamsanmm Dbyxymero,
110CMOTPEB Ha IeHepPaTOpH M TpaHcHODPMATODPH, CKAXKeT: «3aMeThTe,
KAK KpacwBH QopMul nakgoi mexesamoil pgeranu. Ilogymaiirte,
CKOJIBKO MEICAH BIOKEHO B KaRIHIH KycOYeK Memumy.

3mech DpOABIAETCH COYETAHH® MOTYUIECTBA TeXHHKH M TIEA-
TeJHHOTO pacuera. B TreHepaTtope OCYIIECTBIAETCA TO, 9TO HHUTRE
Gosee B npumpone He Berpedaercd. IIpaBia, cHIIK HMHTYKIMHA TOAB-
JANTCA U B Apyrux cay4asx. HecomuenHo, rie-ro sorpyr Comnna
H 3Be3q AelicTByT 9(PeKTH DIEKTPOMATHUTHOM MEAYKIuH. Bos-
MO;KHO (XOTA M He HaBepHOe), YTO MAaTHHUTHOE Ioje 3eMIAX HOAmep-
JKMBAETCHA KAKHM-TO THTAHTCKUM AHAJIOIOM 3JIeKTPAYECKOrO TeHe-
paropa, Koropui paboraer HA TOKAX, NUPKYIUPYOINX B HEJpax
demnn. Ho murge Her Takoro cogeTaHust ABHKYMUXCH Jacrel, KOTO-
pHe Moram OH HOPOKIATH DYIEKTPHICCKYID SHEPIHi0, KaK 3TO
jleraeTci B TeHepaTope,— HENPEPHIBHO M OYeHb JKOHOMHIHO.

Bu, B03MO03xHO, AyMaere, 9T0 KOHCTPYHEPOBAHUE DIEKTPHIECCKHAX
TeHepPATOPOB yKe He MPeJCcTaBIAeT MATEpPeca, IT0 BTO yiKe MepTBas
HayKa, Belib BCe OHA AAaBHO co3faHK. llouTm coBepmeHHEe TeHe-
PaToOpH WIH MOTODPH MOKHO BBATH IPOCTO ¢ monkd. Ho paske ecin
611 970 ORLIIO M TAK, HY)KHO BOCXHIIATHCA YYAECHOH 3aKOHIEHEOCTDIO
pemennsa mpobneMn. OFHAKO 0CTanoCh HEMAA0 W HEpemeHHHX
sagag. W maxe reEepaTopH ¥ MOTOPHL CTAHOBATCH CHOBA TPOOIeMOoii.
BosmoxHO, 9T0 CKOpPO A pemieHHs NpobieMs pacnopefeieHHs
DJIEKTPUYECKOH SHEPTHHM MOHAXOOMTCH WCIIONB3OBATH B 001acTh
HA3KHEX TEMIEPATYP H CBePXIPOBONHEKOB. ByMyT €O3[aHbH HOBHE
OUTUMAJbHEIC YCTAHOBKH C YI€TOM PAJUKATBLHO HOBHX (AKTOPOB.
BosmosxmO0, sHeprergueckue cetd Oyaymero 6yoyT MalXo IOXOKHA
Ha CerojHAMHYe.

Wrax, But BUAATE, 9T0 IPH M3yYeEMH 3aKOHOB HHAYKIOHWE MOKBO
3ansAThCA OECYMCIEHHEIM MHOKECTBOM OPHIOKEHHE W mpobieM.
KorcTpyHmpoBaBme 9IeKTPHYECKMX MAmuH caMo 00 cebe Mojker
craTh 3afjaueli Beeil yxmamm. Mu He OymeM CIMMIKOM yrayOasaTbCs
B BTOT BOHOPOC, HO MH [OJKHH OCO3HATH TO, WTO OTKPHTHE 3aKOHA
HEJYKIAE HEO;KUAAHHO CBA3AJI0 TEOPHI0 ¢ OTPOMHEM YACIOM IpPaK-
THyecKux mnpuMenenmii. O6sacTp sTa OpUHANIEKUT HWHKEHEPAM
¥ TeM y4YeHHM NPHKIANHON HayKH, KOTODHE 3aHAMANTCH NETalb-
HOIi paspaboTKoil pasnmuHKX HpuiIoKkeHnid. (PU3HKa JaeT UM JHUIMb
OCHOBY -— OCHOBHHE BaKOHH, He 3aBUCANLNE OT TOr0, K UeMY OHH
npuamensiorca. (Cosgadde 5TOil OCHOBH el JajleKo He 3aKOHYEHO,
HOTOMY YTO HPEJCTOUT eIe noapo0HO PpaccMOTPeTh CBOECTBA yKejes3a
u menz. HeMmoro mos;ke MH yBUAuM, 9T0 (U3HKA MOKET KOE~UTO
CKaszaTh W O HHX.)

CospemenHasi. dieKrTpoTexHHKA GepeT CBOe HAYAJIO C OTKPHTHI
Dapagies. Becmoneannii HOBOPOKAGHHHI IpeBpaTmicAa B IyJ0-
6oraTupa m maMeHEN 06aMK Jemand TaK, KaKk ero ropgwi orem me
Mmor. cefe . B HpeICTABHTH. .



I'nas a 17

3AKOHBlI NHAYRIONN

§ 1. Pusura uHOyrEYUU

§ 1. Onzuka

MHAYKI{UA

§ 2. Wckmovenus

M3 (JrpaB:iaa
HOTOKa&»

B mpepgmpymeit rmase MH ommcanm MHOKeCTBO§ 3. Y cropenme

ABAEHWH, KOTODHE UOKAaBANH, YT0 dPPeKrTH
HHIYKOUW BechbMa CIOKHH H mMHTepecHH. Ceifdac
MH XOTHM OOCYZUTH OCHOBHHE BAKOHH, YIPAaB-
agiomue dTIMu aderramu. Mu yixe ompepessin
5. . ¢. B OPOBOJAIEH HeNU Kak IOJIHYI CHIY,

JacTHIb! B
MHIYIRPOBAHHOM
DIEKTPIICCKOM
Hode; Herarpoi

JeficTBYOIyl0 Ha 3apAAH, OpocyMMEpoBaHHYW § 4. Hapapoxc

1o Bcel axmHe nenu. Bosee TOYHO, BTO TAHTeH-

nHaibHAA KOMOOHEHTA CHIIE HAa eJUHMYHEI 3apafg, § 5. lerzeparop

IpOMHTeTPHPOBAHHAS L0 BCEMY UPOBONY BHONB
menu. CrnexoBaTeNbHO, 5TA BeJIHIMHA PABHA MOJ-

HnepeMeHHoro Tok:

moii pabote, copepimaeMoil HaJ efUHWYHHM 3apA-§ 6. Bzammuan

IOM, Korja oH o0XoguT OIMH pa3 BOKDYT NEUwH.
Mul fanm TapKe (OPABWIO HOTOKA», KOTOPOe

RHYKIAA

yTBEp;KIAeT, 9TO 3. /. ¢. PaBHA cEopocTE msMe-§ 7. Camomumyrmus

HeHMAd MArHUTHOTO IIOTOKa CHKBO3b TaKYI0 Ienb

nposoguukos. Jlarafite mocmorpmM, Moxem iau§ 8. Magykrmsaocts

MH HOHATH, HO4YeMy 92T0 TaK. llpempme Bcero
paccMOTpHM crydall, KOTAA IIOTOK MOHSeTCH W3-3a
TOr0, 9TO UENb ABUWKETCS B HOCTOSTHHOM 1OJe.

Ha ¢ur. 17.1 noxasana mpocras HPOBOIOTHAA
merTns, pasMepw KoTopoit Moryr MemAaTthea. Ilernsa
COCTOHT M3 JBYX dacTeii — menomgsmkaoin U-06-
pasHoil gacth (@) ¥ mOEBWKHOH mepemuuxm (b),
KOTOpasA MOKET CKOIb3UTh BHOADL ABYyX mied U.
Ienp Bcerga 3aMKHyTa, HO ILUIOIANL €€ MOMKET
MeHAThCA. llpeAnmomoxmM, 9T0 MH mOMemaeM
BTy DOeTII0 B ONHOPOIHOe MATHHATHO® IIOJe TaK,
910 II0CKOCTh U OKa3HBaeTCd NEPUEHTMKYIIAp-
noit momio. CormacHo mpaBuiIy, OpY [ABUKEHAHW
HepeMEYKYM B HeTMe AOJKHA BOZHUKATE 3. J. C.,
NPONOPUMOHANBHAS CKOPOCTH H3MEHEHHS LOTOKA
CKBO3b HeTII0. Jra 3. A.c¢. Oylder NOPOKAATH
B merae TOK. MH IpeAmomokuM, 9T0 CONPOTABIE-
HHEe IPOBOJAOKH [OCTATOIHO BEAHKO, TaK 1UTO
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. . . . . \ " . ° B
*Munuu nona B
Que, 17.1. B pamre hnasodumca 2.0.c., ecal nomok

MEHSEMCS 80 CHem USMEHEHUA naowadu pamku npu
nepesmeweRul nepembiukEu b,

TOKE MaJds. TOrja MarEMTHHM IDOJ€M OT BTOTO TOKA MORHO Tpe-
Hebpeys.

IMorox uwepes mernio paBen wLB, modTOMY «OPABHIO IOTOKA»
pamo Gul mus ». h. ¢. (ee oGosHaguM gepes &)

&= —ng—iL— = —wBv,

Ifi¢ U — CKOPOCTH CMEIEeHHs HepPeMbIIKH.

Hawum caeoBano 65 TOHAMATh STOT PeSYIBTAT M CAPYTOH TOUKHE
BpeHHs, OTHpPABIAACH OT MATHETHOH cmIH V X B, meiicreylomeit
Ha 3apAiE B ABWKyleiica mepexaagude. ITh 3apsasl OyAyT qyB-
CTBOBATH CHIY, KAcaTelpbHYyl0 K IIPOBOJOKe U paBHyl vB mis
epmETYBOro sapaga. OHa mocrosgHHA BAOAb [JIMHE W HEPEMBIYKH
I paBHA HYJI0 B OCTAIbHEIX MeCTaX, IO9TOMY WMHTerpal paBeH

= —uwvB,

Y70 B TOYHOCTH COBHAJAET G PEesyiAbTATOM, MOTYUEHHHM W3 CKO-
pocTH H3MEeHeHHA IIOTOKA.

IlpmBenennoe /10Ka3aTelbCTBO MOKHO PACIPOCTPARHATL HA JIO-
Goit caydait, KOIZla MarHMTHOE IOJN€ NOCTOAHHO ¥ IPOBOZA JIBH-
smyTes. MosxkHO B ofmem BHEe J0KasaTh, 4TO AnA J000id uend,
9aCTH KOTOPOH ABWKYTCA B HOCTOAHHOM MAarHMTHOM HOJE, 3. [. C.
paBHA IPOM3BONHON IOTOKA IO BPeMEHH HE3aBUCHMO OT (OPMEI
[ENn.

Hy a gro mpoumsolifer, ecnu netisa Gyfer HEmOABIWKHA, a Mar-
puTHOe mosie maMeruTeA? Ha aror Bompoc MH He MOKEM OTBETHTb
¢ momompi0 Tex jxe aprymenToB. (apameil OTKpPHJ (ZOCTaBHB
ONHT), YTO (IPABWIO IOTOKA» OCTA@TCA CHPABEIWBHM HE3ABUCH-
MO OT TOTO, HOY4eMy MEHfeTCH MIOTOK.

Cma, feficTBymImas HAa dJIEKTPHUECKHe B3apsafH, B obmem
cayuae gaerca gopuynoit F = g (E v X B); HOBHX 0c00HX «CHI
8a cueT WM3MEHEHHS MAarHATHOTO HONAY» He cymecrsyer. JioGme

»
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CUIH, JelcTByONWe HA HOKOAUIMECH 3apAAN B HEHNORBMKHON
OpOBOJOKe, Bo3HHKaloT 3a cyer E. Habawpenus dapapes npu-
BEJIA K OTKDHTHIO HOBOTO 3aKOHA O CBH3H DJIEKTPHYECKOr0 K
MArgMTHOTO mojxei#: B 06gactd, I7e MATHHTHOE IOJe MEHAeTcA CO
BpeMeHeM, TeHepUpYITCH dieKTpudeckne noiad. VIMeHHO 910 aeK-
TPHYECKOE 110JIe H FOHUT BJIEKTPOHH 110 IPOBOJIOKE, W, TaKAM oGpa-
80M, OHO-TO H OTBETCTBEHHO 3a INOABJEHUE 3. . C. B HCIONBEK-
HOH Hemy, KOTJa MACHUTHHH [OTOK W3MEHSETCH.

O6umit 3aKOH [JIA BHEKTPUIECKOrO ITOIA, CBABAHHOTO ¢ W3Me-
HANIUMCA MAaTHUTHREIM II0JI€M, TaKoM:

0B
VXE= ——. (17.1)
ot

Mu masoBem ero sakomom Qapagesn. Om Gmn orrpmr Dapajeem,
HO BHEpBHEe B gufdepeHnmannpHOl ¢opme saumcan Makcpensom
B KA49eCTBE ONHOTO M3 ero ypapHemmid. JlaBaiiTe mocMoTpmM, Kak
W3 HTOr0 ypPaBHEHHA OOJYyYaercsA «IPaBUIO HOTOKa» JJA Ieneil.

Ucnoarsysa reopemy Croxca, 9T0T 3aKOH MOYKHO 3a0UCATH B MH-
TerpaibHoil Qopme

0B

\(ﬁEdSzS(VXE)-nda:— % ndd, (17.2)
T S S

rae, Kak obmuno, I' — DpowsBonbRas BaMRHyTas Kpusas, a S —
n106asg mOBepXHOCTL, OTpaHMYEHHAA 3TOH Kpupoil. Bemomumm, 910
saech I' — ar1o mamemamuueckas Kpupas, 3a)AKCEPOBAHHAA B L PO-
crpancrse, a S — PuUKCHpoOBaHHAA HOBEPXHOCTH. Torma mpomssog-
HYI0 0O BpPeMEHU MOXHO BHWHECTH 3a 3HAK WHTEIpaja:

SfE-ds= —%‘QB-nda

a . .
= — 5 (NOTOK epes S). (17.3)

Ilpumensa ato cooTHOmenme K Kpusoll I', koropas mpmer spoms
HenodeuscHol el OPOBOJHUKOB, MH HONydYaeM CHOBA IPABHIO
noroxa». Umrerpan cmesa — 1o 3. A. ¢.,a B IPaBOil dacTH ¢ 06-
PATHHIM BHAKOM CTOMT CKOPOCTh M3MEHEHMA HOTOKA, IPOXOHNAIMEro
pHyTpE Komtypa. Hrak, coorHomerme (17.1), mpumeHeHHO® K He-
HOBI/KHOMY KOHTYPY, SKBHBAJEHTHO «IPABHJIY NOTOKA).

Taxam 06pa3oM, «IPaBHIO NOTOKA» COTIACHO KOTOPOMY 9. [. C.
B KOHTYpe paBHA B3ATOH ¢ 0OpaTHHEM 3HAKOM CKODOCTH, C KOTOPOit
MeHAeTCH MarHHTHHIA NHOTOK dYepes KOBTYp, IPHAMEHHEMO, KOrjga
LIOTOK MEHSAETCA 8a CYOT H3MEHEeHHsS NOJAA WIM KOTHA ABHIKETCH
KOHTYD (MMH KOTHA HpOHCXONHT H TO, H fgpyroe). llse Bo3aMomk-
HOCTH —{KOHTYp [BWSKETCA» WIHM IOJe MeHAeTCA» — Hepasiu-
urMH B GOpPMyJIHEPOBKe mpaBmia. TeM He meHee i 00BscHEHHA
npaBWia B 9THX ABYX CIydYafAX ME HOJIH30BANHECH HBYMA COBEp-
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IEeHHO PasHHME 3aKkoHaMm: v X B mna «gmxymeroca xoTypan
BV X E= —B/8t gusa «MEeHAOMEI0ocA IOXA».

Mu ne 3maem B ¢u3MKe HH OJHOTO APYIOro TaKOI0 IpUMepa,
xorpga OW mpocToif M ToumHI 00Ul 3aKom TpeGoBad MIA CBOETO
HACTOAMEr0 IOHAMAHAA aHAJIMSA B TEPMUHAX 08y PASHHLL AGACHUL.,
O6raHO cronb KpacmBoe 0000NIEHEe OKa3HIBAGTCA HMCX OfIAINUM
¥3 eJ[HHOTO riiy0oKoro ocHopomoxaramomero npuanuna. Ho B sroM
cnyvae Kaxoro-imGo ocobo raybokoro mpwHNHOA He BHAHO. Mul
JIOMKHE BOCOPUHAMATH (IPABWIO» KaK COBMECTHHI 8QQeKT fByX
COBEPIICHHO pAaBIAYHKX ABICHHIA,

Ha «upaBmiao noToxKa» MH JOMKHH DOCMOTDETH ClefyIoIiuM
ofpazoM. Boofme rosopsa, cuina Ha eIHHOYHLIA 3apa; pasHA
F/g=E -+ v X B. B apwaynuxca OpoBOJHAKAX CHJIa BOSHAKAET 32
caer v. Kpome Toro, sosmmraer moune E, ecnm rmge-nubo memsercs
MarguTHOe moje. 1M 3PQEKTH HE3ABUCHME, HO 3. . C. BOKPYT
IIPOBOJIOYHOH HEeTAW BCETTla PABHA CKOPOCTH U3MEHEHNA MAaTHUTHOTO
IOTOKA CKBO3b HETIIIO.

§ 2. Herxatouenus uz «npasuan nomoxa»

31ecb MBI TPUBEAEM HECKOMBKG IPHMEPOB, 9ACTHIHO H3BECTHHIX
Mapagen, KOTOPHE MOKA3HBAIOT, KAK BaKHO SACHO HOHUMATh Dai-
HOIY MexIy AByMa sPdexrtaMu, OTBETCTBEHHHIMM 34 BOBHHKHOBE-
HHME HaBeJeHHOH 2. A. ¢. Hamu npuMepn BEKI0OYalT Te cAydan,
KOTJia (OPaBHIO HOTOKAY» HEOPUMEHUMO Jub0 MOTOMY, 4T0 BOoOOmE
HURAKUX HPOBOLOB HeT, AUO0 WOTOMY, 49T0 nNymb, N30MpaeMeil
MHAYOAPOBAHHEIMA TOKAaMH, DPOXOJAT BHYTPH o0beMa HpPOEROA-
HUKA.

Brauane cienaem Ba;KHOe 3aMedaHUe: T 9aCTh 3. . C., KOTOpAfd
BO3EMHKAET 3a cuet moxas B, He cBasama ¢ cyniecTBoBaHAeM Qusmge-
ckoii nposonoxn (B oraugue or gacta v X B). [lone E mosker cyme-
CTBOBATH B IyCTOM HPOCTPAHCTBE, W KOHTYPHHI MATETpajl OT Hero

MazHum
() N
S
Q
Meduori duck 7

[anveanomemp

Due 17.2. Ilpu sepawenuu ducka caazaemoe VvXB nopox-
daem a.d.c., HO ROMOK CK808b Yenv HE MEHIEMCR,
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Medrvie naacmuixiy,

Que. 17.3, IIpu nosopome
nAGCMUKOK 6 0dnopodnom mas-
HUMHOM NoAe NOMOK MONCEM
CUAbHO MeHamdCR, HO 8.0.c. He
e03HuKaem,

Tanveanomemp

mo n1060i Boo6paskaeMoil TMHUM B NPOCTPAHCTBE €CTH CKOPOCTH U3~
MeHeHHA HoToka B wepes sry nwmmmro. (3amerbre, YTO 9TO COBCEM
Hemoxo;ke Ha noje E, cosmaBaeMoe cTaTWIeCKHMU 3apAJaMM, Tak
KaR B 3JEKTPOCTATHKE KOHTYpHHE wHrerpan or E mo saMxmyTOR
meryie BCErja paBeH HYIIO0.)

Temeps onmmeM caydail, KOTKA IOTOK 4dYepe3 KOHTYP He
MeHseTCs, a 9. M. ¢. TeM He meHee cymectsyer. Ha ¢ur. 17.2 noxa-
3aH OPOBOAAMMUI AMCK, MOMEMeHANI B MATHUTHO® JI0JNe ¥ KOTODHI
MO;KeT BpAm[aThesa HA HenopBWyKHOM ocu. ONEH KOHTAKT OHPHUAEIaH
K OCH, a [[PyTo# TpeTcsa o BHEMHUN Kpai gucka. llenmsp 3aMuIKaeTcs
dgepe3 ranpBanoMeTp. Horja numck Bpamaercd, «<KOHTYD» (B CMEICIE
MecTa B IPOCTPAHCTBE, IZe TEKYT TOKHW) BCETJIa OCTAETCA TeM jKe
cameiMm. Ho wacTh «koHTypa» IpOXOAHT B JHCKe, B JABIGKYIIEMCS
Marepnase. XoTA HOTOK II0 KOHTYDPY IOCTOSHEH, 3. A. C. BCe JKe
€CTh, B 3TOM MOJKHO yOemuThCA IO OTKJIOHEHWI0 TajJbBaHOMETpA.
flcHo, uTO 37MECH mEepex HaMH caydail, Korfa 3a cgeT ¢umaH v XB
B ABHJRYIIEMCA JMCKE BOZHUKAET 9. [. C., KOTOpas He MOKeT OHTH
PaBHA M3MEHEHMIO IOTOKA.

B wauectBe ofGparHOro mpmMepa MH ceiidac paccMOTPUM He-
CKOJTBKRO HeOOHYHEIA cydail, KOIZla IOTOK depe3 «KOHTYD» (CHOBA
B CMEICJIE TOrO MecTa, TIe TeKyT TOKM) H3MEHsAeTcs, a 3. [. C.
omcymcmsyem. IlpefcrasuM cebGe /iBe MeTaqnMYecKue IIACTHHEL
€O ClIerKa M30THYTHMEU Kpasmu (fur. 17.3), momemeHHEE B OXHO-
POflHOE MArHMTHOE mOJie, NePHeHAMKYIAPHOe WX IIockocTd. Hask-
Jad IIACTHHA OPHCOeJUHEHA K OFHOMY W3 HOJIOCOB TIajJbBaHO-
MeTpa, Kak nokaszamo Ha ¢urype. Ilnacrmem o6pasyior KomrakT
B OfHOU Todke P, Tak 4ro memb 3aMKHyTAa. Ecam Temeps NOBEPHYTH
TOJacTUHK Ha He0O0abmIOH yrod, TOYKA KOHTAKTA CHBHEETCA B P,
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Ecnn Mm Boo6pasuM, 9T0 «eIb» 3aMKHYTA BHYTDH IVIACTHH IO
OyEKTUPHOH JHHHA, TO IO Mepe IOBOPOTA INIACTHHE B3aJ M BIe-
pell MaTHUTHHIT IOTOK Yepe3 BTOT KOHTYD M3MeHAeTcHa Ha 60IbIIyio
peamuuAay. Ho mosopor MosKeT OPOH3OHTH OT He3HAYMTEJIBHOTO
JBHKEHHASA, Tora Vv X B o4eHb Majio ¥ 3. . ¢. IPAKTHIECKH OTCYT-
cTByeT. B aTOM cayuae «upasmmo moroxay Geccmipmo. OHO cmpa-
BeNINBO JHMb [JIA KOHTYPOB, MaMepudatl KOTOPHX OCTAETCS
HemsMeHHEM. Horna MartepHal KOHTypa MeHseTcd, NPHXOIHTCA
ofpamarbcsi CHOBA K OCHOBHHIM 3aroHaM. IIpasu.bhoe usmueckoe
CO/Iep/KaHme BCErja JaeTcs [BYMA OCHOBHHIMHE BaKOHAMMU;

F=q¢(E4-vXxB),
0B

.

§ 3. YVerxopernue vacmuyst 6 uHOYyUUPOSaAHHOM
IANCKMPUUECKOM Noae; Gemampon

M yme ropopumm, 4TO 3. . C., COBJLaHHAS WM3MEHAONIAMCH
MarHUTHHIM HOJIEM, MOKET CYIIeCTBOBATh [IaKe B OTCYTCTRUE
TIPOBOJHUKOB; T. €. MATHATHAS MHIYKIWS BO3MOKHA 0e3 mPOBOJIOB.
Mu moskeM npepfcrasaTh cebe 3. . €. BAOIb IPOU3BOJLHON MaTe-
MaTH9ecKoii Kpuso# B mpoctpaHcrBe. OHa ompenensiercsi Kak
TaHTeHIUWANLHAA KOoMOoOHeHTa E, nmpomHTerpmpoBamHasA BHONb
Kkpusoit. 3akon (Mapajes raachr, YTO BTOT KOHTYPHHIH WHTErpA
PaBeH CKOPOCTHM M3MEHEHWs MAaTHATHOTO IOTOKA Yepe3 3aMKHYTYIO
xpusyw l[coormomerme (17.3)].

B xagectse mpumepa [eficTBHSA TAKOTO MHIYIIMPOBAHHOTO 31EKT-
PUYECKOTO HOJIA MH ceHf9ac pacCMOTPUM /IBIDKEHUE dJIeKTPOHA B H3-
MeBsomeMcsa MarguTaoM noje. Ilpegcrasmm cebe maramrroe moue,
KOTOPOEe BCIOAYy HA ILIOCKOCTM HANDABJIEHO MO BEPTHKANHU
(¢mr. 17.4). MarmurHO® mONE CO3/AETCHA DIEKTPOMATHUTOM, HO
JeTaj”m Hac sfech MHATEepecoBaTh He Oyxayr. B maimem mpumepe Mul
OpPeJOOiO/KAM, 9TO MAPHUTHOE MO0JEe CHMMETPHYHO OTHOCHTOIBHO

PR

Bud chory Bud caepxy

D ue. 17.4. Daekmpon ycrkopaemces 8 AKCUAALHO-CUMMEN PULHOM
MAZHUMHOM NOAE, 3A6UCAUEM OM EDEMEHU.
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HEKOH OCH, T. €. HANPSKeHHOCTh MATHATHOTO HOJIA 3aBUCHT TOJABKO
OT PaccTOAHHA A0 ocH. MarHHTHOe IOJIe MEHAETCSA TaK:Ke CO BpeMe-
pem. IlpepcraBuM Temeps, 9TO 9/6KTPOH B HTOM HOJE JBEIKETCH IO
KPYTOBOH TPaeKTOpHH IOCTOAHHOTO pajuyca ¢ IEHTPOM Ha OcH
nona. (Ilosxe MH yBEIuUM, KaK MOKHO CO3/{aTh TAKOe NBIKEHUE.)
Mensomeecs MarEATHOe IIOJNE CO37aeT dJIeKTpmueckoe moxae E,
KacaresibHOe K opOmre 3JIEeKTpPOHA, KOTOpOe OyfAer OBHraTh ero 1o
OKpyHOCTH. DBcrnemcreme cHMMeETpEM 3TO DIeKTpHUECKOe OIS
BCIOJY HA OKPY}KHOCTH OPHHHAMAeT OfHY U Ty ke Beamauny. Ecam
opbmTa 9IeKTPOHA MMeeT pajuyc r, TO KOHTYpHEIA muaTerpan or E
mo opbuTe paBeH CKOPOCTH M3MEHEHWS MArHWTHOTO MOTOKA depes
OKpykHocTh. HoHTYpHHI mHTerpan or E pasem mpocro BeamamHe
L, ymHOMeHHOH Ha NIHHY OKpysskHOCTH 2nr. MarmmrHHA HOTOK,
Boobme ropops, maerca uHTerpamoM. Oosmaumv depes B, —
CpefiHee MarHUTHOE IOJie BHYTPH OKPYIKHOCTH; TOT/[a TIOTOK paBeH
9TOMY CpeJHEMY MArHATHOMY MOOMI0, YMHOKEHHOMY Ha HJIOMIAAb
kpyra. Mel moayaum (OTBJIEKasAch OT 3HAKA)

d
2nrE = — (Bepnr?).

HOGKOJIBI(y Mbl UpeI_{HOJ[O}HPI.TIPI, qTO r— BeJWUYHWHA HOCTOAHHAS,
10 £ pnpomoplHoHANbHO NpPOM3BOJHON IO BPEMEHW OT CpERHero
nonAa:
r dB
e 9B 17.4
ST Ta (17.4)
dnextpoH Oymer 9yBCTROBATH »nerTpmuecKylo cuny gE m Gyner e
yCI(OpHTbCH. HOMHH, qT0 Ha OCHOBAHHWHA TOYHOTIO peJIHTHBHCTCROI‘O
ypaBHeHm{ IBIKEHUA CROpOCTb N3MCHCHUA I/IMI]yJIbca HpOHOpHHO-
HaJlbHA CHIe, HIMeeM

_.4ap
gE=5-. (17.5)

* Hua npussaToii HaMu KPYTroBOH OpOHMTH DJIEKTPUIECKAS CHIA,
JeiicTByromaa Ha BJeKTPOH, Bcerja HampaBleHA L0 JBUKEHHIO,
II09TOMY TOJNHBIA HMIyJabc OyIeT pacrtH ¢O CKOPOCILIO, J{aBaeMoil
paBeHcTBOM (17.5). Kombummpysa (17.5) m (17.4), MO}KHO cBA3ATL
CKOpPOCTh M3MCHEHUA HMHYJIbCA ¢ H3MEHEeHWeM CpPeJHero MarHuT-
HOT'O HOJA: '

dp _qr dBcD (17.6)

dt 2 di °

WEeterpupysa mo t, monydaeM ciefyoHiee BHPAKEHHE AJIA HM-
OYyJAbCa 3JIEKTPOHA: '

P =po+‘L2’- AB¢,p, (17.7)

THe po — HMOYJABC, ¢ KOTOPHIM JIeKTPOH HAYHHAET JBATAThCA,
a AB , — nocnenywomee usmenesme B, PaGora Gemampona —
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MAIHHE, YCKOPAOMEH 3/eKTPOHN K0 GONBINUX DHEPTHIl, OCHOBAHA
AMEHHO HA 3TOH Hjee.

Yro6u moHNTH, Kak paboraer-GeTaTpoH, HEOOXOTUMO HPEACTAB-
JATH cefe IPUHNMI ABHKEHHMS DIEKTPOHA IO OKpy:kHOCcTH. B ru. 11
(Bum. 1) Mu ysxe obcympany sTorT npuHIEn. Ecim na opbure snekr-
PoHa €O3KaTh MargUTHOe Hosie B, BOZHHKHET NOmepeYyHAd CHJA
gv X B, roropas mpu coorBercTBy0IMEeM Bribope B Mosker s3actasuTh
BAEKTPOH JBUTATHCA MO OpefIoNoKeHnoit opbure. B GeraTpome ata
momepevHas CHia BHSKBAET [BIKEHHE HIEKTPOHA MO KPYTOROH
opbure mOCTOAHHOTO paguyca. MBI MOKeM ONpENeNauTh, KaAKUM
ROKHO OBITh MarHUTHOE TMOJe Ha opOuTe, ONATH ¢ IOMONI[BIO pe-
JSATABUCTCKOTO YPABHEOHNUSA NBIKEHNS, HO HA BTOT Pas I MOTeped-
HOit KoMnmoHeHTH cunsi. B 6erarpone (cm. ¢ur. 17.4) mone B mep-
HeHJUKYJIAPHO V, I03TOMY IOHepeuHas cuia paBHA quB. Takum
06pasoM, CiIa paBHA CKOPOCTH MBMEHEHHsS TONEPEdHOHl KOMUOo-
HEHTH HMIYyJIbCa p;: '

qvB = —~ . (17.8)
Horga wacruma ABIGKETCA N0 OKPYHCHOCMU, CKOPOCTh M3MEHEHUs
TIOTMePEYHOr0 UMITYIbCA PABHA BEJIUTHHE MOTHOTO MMIYIbCA, YMHO-
MEHHON Ha ® — YTIOBYI0 CKOPOCTH Bpallenus (COIIACHO apry-
MeHnTaMm, npupegesasM B 1. 11, Bum. 1):

dpt ‘
= = op, (17.9)
The, IOCKOJLKY [BHKeHHEe KPyrosoe,
o=2. (17.10)

r

Ilonarag MaTHUTHYIO CUTY PABHOII MOIEDeYHOMY YCKOPEHHIO, HMeeM

v

qvBops =P » (17.11)

rae B, — Tone TmpW pajmyce, paBHOM T.

B mpusegenHoM B fAefictBme GeTaTpoHe MMIYJIBC DJIEKTPOHA,
cormacno supawenuo (17.7), pacrer mpomopnumonanvuo B, u
uTO0Bl 9JEKTPOH HPOJONIKAI JEBUTAThCA MO COOCTBEHHOH OKpyHi-
poctd, paseHcTso (17.11) HomkHO HO-UpeKHEMY BHIOIHATHCA
BMECT® ¢ POCTOM HMHOyJNbca dJexTpoHa. Benwumma B, momxHa
pacTH OPOHOpPUHOHAJABbHO mMuyabey p. Cpasmmsas (17.41) ¢ (17.7),
ONpefensaodM p, ME BHEUM, 9TO JOMKHO BBRIIOITHATHCH CIENYIO-
Hiee COOTHOIIEHWe MexAy DBy, — CpefHEM MATHUTHHM IIOJeM
énympu OPOUTE pajuyca r W MAaTHHTHHM moieM B, Ha opbure:

ABop =2AB ps. (17.12)

Jna npasunsHO# paborir Gerarpoma HyHO, YTOOH CcpejHee Mar-
HATHO® Hmojie BEYTPH OPOUTH POCIO B ZBa pasa GHCTpee MATHETHOTO
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monsa Ha camoil opbGmre. Ilpm arux yciosmax ¢ pocroM sHepram
9acTHIB!, yBeAHMYHBaIOIMelicd 3a c4eT MHAYNHPOBAHHOIO SJIEKTDH-
9eCKOro moJsA, MAaTHUTHOE IoNe Ha OpOHTe pacTeT Kak pPas cO CKO-
pOCTHI0, HYKHOH [JA yAEP/KAHAA JACTHIH HA OKPY;KHOCTH.

Berarpor HcmonbsyeTcs [iA PasrOHA HIEKTPOHOB A0 DHEPTHI
B JIeCATKE WIH Jajke B COTHH MUJIIHMOHOB 3JEKTPOHBOALT, OJHAKO
00 pAAy HPHYUH JIA YCKOPEHHA 3IEKTPOHOB XO dHepruii, MHOTO
6OIbIMINX HECKOABKHUX COT MEJLIMOHOB DJIEKTPOHBONBT, 9TA MAHINHA
CTAHOBHTCS HeBHTOAHOH. OHHA U3 9THX NPUIHH — TPYAHOCTH
EOCTH;HEHHUS HA IPaKTHKe TpeOyeMoi BHICOKON BEINYHHK CpPEJHErO
MATHATHOTO HOJS BHYTPH OPOHTH, a BTOpPAas — HECHPABENJIHBOCTH
¢opmyant (17.6) gus odenb OGONBINMX 9HEPrHil, TAK KaK B Heil He
YUUTHBAETCA IOTEPA SPHEPIHH YaCTUHEH 3a CUeT U3JIYYeHHsI aJIeKTPO-
MaTHUTHOI 9HEepIuH (TaK Ha3KHBAGMOE CHHXPOTPOHHOE U3NyUeHHE,
cM. ria. 34, pun. 3). Ilo sTmM mpuumHAM yCKOpeHUE BIEKTPOHOB
70 caMHX (OJbIIAX 9HEPTHH — [0 MHOTUX MILIHAPAOB 3JIEKTPOH-
BOIBT — COBEPIAETCA HOCPEACTBOM MAIIMHEL /IPYTOTO POja, HABK-
BaeMoOil CUHIPOMPOHOM.

§ 4. Iapadoxc

Temeps M Xoreau OH NpPeMIOMUTL BaM HeKUH Kayymuiics
napagore. [lapagokc BozaMKaer Toria, Korga IPH OZHOM cmocobe
paccy;KIeHuil moiydaeTcs OXWH OTBET, a LPH APYroM cmocobe —
cOBCeM ApPyroil, TaK YTO MH OCTAeMCS B HeBeJeHHMH, 9TO j;ie cobcr-
BEHHO J0JKHO OHTH HA caMOM Jene. Pasymeercs, B Qusuke HUKOrAa
ge GHBaeT HACTOAUIAX OAPALOKCOB, LOTOMY 9TO CYIIECTBYET TOJbLKO
OMH NPABMABHEI OTBeT; IO KpailHeit Mepe MBI BepHUM, 4TO HPHPOLA
HOCTYNAeT TOMABKO €IMHCTBEHHEIM €IHOCOO0OM (M HMMEHHO BTOT CIO-
¢00, Koreuno, npasusbrbili). Hloaromy B Pusnre mapagoke — Bcero
JUIOIL IyTAHUTA B HameM coOcrBeHHOM moHEMAHN. VTak, Bor Ham
mapajoke.

IlpepcrasmM, 910 ME KOHCTpyupyem mpmbop (dur. 17.5),
B KOTOPOM HMeeTCSi TOHKHH XpPYIJIHH INIAcTMACCOBHIL AWCK, YK-
pensieHHRil KORIeHTPAYECKH HA OCH ¢ XOPOIIHMHU HOJUUANHUKAMH,
TaK 9TO OH cOBepmeHHo cBobopmo Bpamiaerca. Ha xucrke umeercs
KaTyllKa W3 TPOBOIOKH — KODOTKHH CONCHOMA, KOHLIEHTPHYHEIA
O OTHOINEHHI0 K OCH BpameHus. Uepes 9TOT CONCHOU[ HPOXONUT
mocTogHHANI ToK / 0T ManmeBEbKOH Garapen, TaKk:Ke YKPelIeHHON Ha
ancke. BOamsu xpas IUCKA NO OKPY/KHEOCTH HA PABHOM PAaCCTOAHWN
pasMemieHH MajieHbPKUE MeTalnmdecKue MIApHKU, H30JHDOBAHHEIE
JIPYT OT Apyra ¥ OT COJIEHOMA MIACTMACCOBEIM MATEPHAIOM JHCKA.
Kaauit m3 9THX NpPOBOJAMMX INAPUKOB 3apsKeH OAUWHAKOBEIM
sapagom (. Bceda xaprumEa cranmoHapHA, W ANCK HEDOABH;KeH.
Ilpennoaomem, aro cayvdaiiHO, 4 MOJKET W HAMEPEHHO, TOK B coJe-
HOMJe MPEeKpaTHICA, HO, pasymeercsa, 6e3 Kakoro-1ubo BMemaresnb-
crea uspHe. lloka depes coaemomg mea Tok, 6ojee mam MeHee
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3apsikeHHble

MEmannuyecKue
Que. 17.5. Hoeepremes au Juck, wapuKy .

ecaw mor I npexpamumca?

Karmyura
s npososioKY

mapalaeabHO OCH ZWCKA TNPOXOAM MarHHUTHh morok. llocxe Toro
KaK TOK IIpepBalicA, IIOTOK HTOT JON:;KeH YMeHbOIUTLCA [0 HYJA.
HosToMmy momssHO BOZHEKATH HALYIIEPOBAHHOE 3IEKTPUISCKOE O,
Koropoe Oyfer HMEPKYIHUPOBATH IO OKPY/KHOCTAM C IEHTPOM HA
OCH OWcKa. 3apsiKeHHEE NIAPURY HA mepudepmu mucka 6ygyT Bee
HCIHTHEBATH JAefCTBHe 3/IeKTPATIECKOTO MO, KaCaTeIbHOTO K BHEII-
Hell OKPY;KHOCTH AHCKA. JTA BIEKTPUIECKAA CHIA HAIPABIEHA s
BCEX BapANOB OEMHAKOBO W, CIETOBATENBHO, BH3ORBET Y MUCKA Bpa-
matomuil momenr. M3 srux coobpaskeHHil MOMHO OKUAATH, 9TO,
Korga TOK B COJeHOHWpe MCIe3Her, MUCK HavHeT Bpamarbed. Ecaum
HAM H3BECTHEL MOMOHT MHEDI[HH JWCKA, TOK B COJICHOUJE U 3apAx
HIAPHEKOB, TO MOKHO BHUYUCIWTH pPe3yNbTHPYIMY0 YIIOBYIO
CKOPOCTh.

Ho momuO0 paccyxgarb u mo-gpyromy. Mcnoabsys 3akoH cOX-
paHeHHs MOMEHTA KOJAMYecTBA [BIKEHHMsi, MBl Morium Onl ckasarh,
YT0 MOMEHT AWCKA CO BCOMH ero MPHCTPOIKaMH BHadJalle PABEH
HYJIIO0, I09TOMY MOMGHT BCEH CHCTEMHl [OIKEH OCTaBaThCSA HYyJe-
BeiM. HuKaKoro BpaleHus OpH OCTAHOBKE TOKA GHTH He JOJKHO.
Kaxoe w3 pmoxrasarenncrs mpasmiabro? llopepHerca nm auck mim
mer? Mel mpejiaraeM BaM HOZyMATh HAaJl STHM BOIIPOCOM.

Xorexoch GH mpegocTepedd Bac, YTO OPABWILHEIL OTBET He 3a-
BUCHAT OT BCSKHUX HECYIIECTBEHHHX (aKTOPOB, TAKUX, KAK HECUM-
MeTpHYHOe WonoykeHue Oarapeu, Hampumep. B camom pgeme, BH
MoyKeTe IIpefcTaBuTh cebe, CKasKeM, TaKONl WHAEalNBHEH cayuaii:
COJICHOWT C/IeTAH M3 CBePXIPOBOMSAIIEH TPOBONOKH, Yepe3 KOTOPYIo
npoxogdr TOK. Ilocie TOro Kak [MHUCK THIATEIBHO YCTAHOBICH
HENOJBIFKHEIM, TEMIEpPAaTypy CONEHOMA MGIIEHHO HAYMHAOT
nopHmaTh. Horga remmeparypa npm;oqp}gf TMOCTUTHET IIePeXo/-
HOTO 3HAUEHUA Me}RJ{y CBEPXHPOBOIUMOCTHI0 H HOPMAJIbLHOA npoBO-
AMMOCTHIO, TOK B COJIGHOMe 06paTHTCA B HYIb BCJIEACTBEE COIPO-
THBJEHUS DPOBONOKW. IloTOK, KaK W paHbHIe, ymageT [0 HYyJIA
M BOKPYT OCH BOBHHUKHET dieKrpudeckoe noixe. Mu xorenu Gn TaKsxe
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opegocTepedb BAC, 4TO pelleHde He HPOCTOe, HO 9TO ¥ He o0MaH.
Korma Bm pasfeperecb B 9TOM, BH OORapyKHTe BAKHHU 3aKOH
BIEKTPOMATHETH3MA.

§ 5. Tenepamop nepemeniozo mora

B ocrasureiicst 9acTu 3TOH INIaBEL MEL IPUMEHUM I PHHIIHITE, H3-
aoxkennnie B § 1 mua amanmsa paga ABieHWd, 00CY)REaBIIAXCH
B ri. 16. Crmavasa MB! paccMOTpHEM U0ZpoOHO TeHepaToOp LepeMeH-
goro toxa. Taroil regeparop B OCHOBHOM COCTOMT M3 HPOBOJOYHON
KaTyINIK{, BPAMIAOIENca B OQHOPOAHOM MAarHUTHOM mojie. Tor ke
camplif pesyibraT MO;KeT GHITH TOCTHTHYT ¢ IOMONIBI0 HEMOJBHIK-
HOIl KAaTYNIKA B MATHETHOM IO, HAIpaBIeHUe KOTOPOTO Bpamaer-
¢s no coocoby, onucaHHOMY B mpexuaymiei rmase. Mu paccMorpnm
auimb mepeuiii caygaid. ITycts mmeerca kpyrias Rarymka u3 Hpo-
BOJIOKH, KOTOpas MOKET BpPAIMaThesd BOKPYr OCH, LPOXOgsAmei
BAOJL OTHOrO m3 ee guamerpoB. W mycrs ara Karymka moMeriesa
B MarHUTHOE IOJE, HePUeHAUKYIAApHOe och ppamenns (¢ur. 17.6).
Hpepcrasam cebe, uTo 06a KOHINA KATYIIKHW BHIBEJEHH HAa BHEUIHIOK
[enb ¢ HOMONIBI0 KAKUX-HUOYIb CKOABBAIINX KOBTAKTOB.

Buaromaps BpaumieEMI0 KaTymKH MarHUTHHE DOTOK dYepe3 Hee
6ymer Memstbea. IlosToMy B Ilenmm KaTymKHM HOABHTCA 3. . C.
Ilyers & — nnomagph KaTymeH, a 0 — yroa Meay MarHATHEIM
moJieM H HOPMalbio K IutockocTw Karymikm®, Torma moror wepes
Karymiky paBeH

BS cos 6. (17.13)

Ecam xarymKa Bpamaercs ¢ DOCTOAHHOH YTI0B30H CKOPOCTHIO
®, T0 0 menserca co spememeM Kaxk of. Torga o. 4. c. & B Ka-
TYIIKE paBHA

é" —_ _—dit {oToK) = _Ed_t (BS cO0s (Dt),

n
& = BSo sin of. (17.14)

Ecnanm Ml BHBemeM mposoja M3 regepaTopa Ha HEKOTODOe pac-
CTOAHUE OT Bpamialineiics KaTyuIKH, B MECTO, I7leé MATHUTHOE IoJie
paBHO HyXRI0 HIH X0TA 0N He MeHsercA CO BpeMeHeM, To porop oT E
B 3Tolt obaacte Oymer paBeH HYJI0, W MH CMOKEM OIPENENNTH
9JIEKTPWYECKHA HmoTeHHMuaJ. B camoM fele, eclidm TOK He yXOOUT
¥M3 refeparopa, TO PasHOCTb NOTEHLHEANOBV MeXAy JABYMA LPOBO-
mamu Gyner pasHa ®. J, ¢. Bpamawonmeiica KaTymKH, T. €.

V =BSo sin ot =V sin ot.

* Mu nomkayemcs ceiiuac GyxBsoit A nas 0003HAUGHHS BEKTOPHOrO HO-
TeHNHEAIa, HO3TOMY NAOmAAL MH HpejnounATaeM o003HAYATH Yepe3 S.
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QDuez. 17.6. Kamywka us npososoku,
spawawupaics 6 00HOPOIHOM Mae-
HUMHOM noae,— OCHO8HAR udes ze-
Hepamopa nepemMeHHoz0 MmokKa.

Hazpysra

PaszmocTs moreHnmuanoB B mpoBojax MeHserca Kak sinwf. Taxas
MEHAWINASCA PABHOCThL NOTEHINATOB HASHBACTCA NePEMEHHIM
HanpajicerueMm.

ITockonbry MeKAY HIpOBOJAMH WMEETCH 3IEKTPHYECKOEe IoJe,
OHH [OJKHBL OBITH DJIEKTPUYCCKH 3apskeHH. SICHO, 4TO 3. 1. C.
TeHepaTopa BHITATKUBACT JUIIHUE B3apsjsl B MOpPOBOJa, IOKA HX
3JIEKTPUIECKOe I0JI¢ He CTAHOBWTCS MOCTATOYHO CHJILHEIM, 4TOOH
B TOYHOCTH YPaBHOBECHTH cuiy HHAyKiuu. Ecam mocmorpers Ha
reHepaTop €co CTOPOHBI, TO MOKa:KeTcsd, Oy/T0 [BA IPOBOJLA BIEKTPO-
CTATHYECKHM BapssKeHHl [0 DPa3HOCTH NOTEHUHMATIOB V, a 3apsbl
Kak OB MEHAIOTCS CO BPEMEHEM, CO3JaBad IePEMEeHHYH pasHOCTb
IOTEeHIaNoB. KCcTh 1 elme ofHO OTAWYHNE OT TOrO, 4TO HabAI0/IaeTcA
B clydae piaeKTpocratuid. Eeau mpucoequauTh regeparop K BHEII-
Hell [enu, IO KOTOPOH MOKeT HPOXOJNTH TOK, Mbl OOHADYKHM,
49TO 5. [. ¢. He IO3BOJHET LPOBOJAM pPaspsKaThCA, a HPOOKAeT
DOJUMTHBATE MX 3apAJaMH, KOFga U3 HUX yXOJUT TOK, CTPEMACH
COXPAaHHATH Ha IPOBOJAX OfHY M TY ke PasHOCTh MOTeHIMai0B. Ecan
reHepaTtop MOJAKJIMYEH K IeNH, IIOJIHOE CONPOTHBJIEHUE KOTOpOR
paBso R, TOK B Ienwm Oymer mpoIOpPUUOHANEH 2. [. ¢. TeHEpaTOpa
n  obparso uponoprumonanen R. Ilockoawbry 5. . c. cuHycou-
JAJBHO HM3MeHAeTCHA CO BpeMeHeM, TO U TOK JeJaeTr TO ;Ke caMmoe.
Bosauraer nepeMeHHHH TOR

I = —g— = % sin of.
Cxema raroil uenu upueegena Ha ¢ur. 17.7.

Mur MosKeM TakKe 3aMeTHTE, 94TO 3. [. C. OUpeleaseT KOAW-
9ecTBO 9HEPIUM, HocTaBiAeMoe TreHeparopoM. Haxpauit 3apay
B HPOBOJe HOMXYIaeT B €JUHUNY BPEMEHH dHeprmio, pasayi F .v,
rne F — cmna, peificTByomas Ha 3apsaf, a V — ero CKOpPOCTb.
lIycrs Temeps KonmuecTBO ABWKYIUXCA 3apAKOB HA eLUHUIE
AAWHE IPOBOJA DABHO 7; TOTHA MOINHOCTH, BEIEIAOINAACA B djie-
MeHTe " ds mpoBofa, PaBHA ' ' ‘

F.vnds.
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—,I Que 17.7. Ifenv ¢ eenepamoponm
lenepamo nepeMenK0z0 MOKA U COnpOmuste-
TIEPeMENHOZ0 R wuen.

moxa

I= i— = %"— sinwt

B nposoze ¢ckopocTh v Beerga HAIpaBieHa BIOJAH dS, TAK YTO MOI(-

HOCTb MO;KHO HepemucaTh B BHAE
nvF .ds.

Ilonuas MomuOCTH, BHIEAsIEMas BO BCell memu, €cTh MHTETPAN OT
9TOTO BHPAKEHHWA IO BCeil meTie:

MommocTs =‘¢ nvF . ds. (17.15)

Bcoomuanu Teneps, uTo gnu — 910 TOK [ M 9T0 9. 1. ¢. ompemensercHd
Kak umurerpaa or F/q mo mceil memu. Mm momyuaeM

Momguocth, gaBaeman remeparopor =&/ . (17.16)

Korpma B KaTymie reHeparopa mMeercs TOK, Ha Hee HeIpPeMeHHO
feiicTByI0T MeXaHHYeCKue Cuas. B caMoMm fere, MEL 3HaeM, 4TO Bpa-
MAIUA MOMEHT, JeHCTBYIOWMH HA KATYUIKy, OPOLNOPIHOHAJIEH
ee MarHOTHOMY MOMEHTY, HAODKeHHOCTH MAarHUTHOrOo mons B
M CHHYCY yIia MEeRAY HuMu. MarBuTHEH MOMEHT eCTh TOK KaTyIIKM,
YMHOKEHHBHI Ha ee wiomane. [losTroMy Bpamapomuii MOMEHT paBeH

v=IS5Bsin6. (17.47)

Cropocrb, ¢ KOTOPOH JOMKHA COBEepHIATHCH MeXaEmYeckasa pabora,
gro0H MOfNeP;KUBATh BpalleHAe KATYMKH, eCTh YyIJI0Bas CKOPOCTh
®, YMHO}ReHHAsS Ha Bpallalomuii MOMEHT CHJBL:

B — ot=0ISBsine. (17.18)
CpasauBas 5710 BHpaykenme ¢ (17.14), ME BHpEHM, 9TO 3aTparh
MexaHWYecKoll paboTHl B €IMHULY BpeMeHH, TpebyeMue [is Bpa-
HeRUsI KaTyMKA OPOTUB MATHUTHHX CHX, B TOYHOCTH PaBHH &1 —
SJIeKTPUIECKOM SHEPTUM, HOCTABIAEMOR 3. . ¢. TeHeparopa B eju-
HEIy Bpemeny. Bea Mexammueckas SHeprus, pacxofyeMas B TeHe-
parope, HOABIACTCA B BHE DIEKTPUYECKOH SHEPIMH B HEIH.

B kauecrse Apyroro mpmmepa TOKOB H CHWJI, O0YCIOBIEHHWX
WHAYUAPOBAHHOH 9. H. C., OPOAHAIU3MPYEM, UTO >Ke IIPOHCXOMUT
B yCTaHOBKe, moxasammoi Ha ¢umr. 17.1. Umerorca U-obpasmas
OPOBOJIOKA M CKOJB3AINAA NEePeMEIKa, PACHOJOKCHHHE B OJHO-
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pORHOM MarHHTHOM HOJIe, HEPHeHIAKYIAPHOM INIOCKOCTH IapaJ-
JeNBHKX OPOBONOK., Temeph NIpeAmomo;KHMM, 4YTO «fHO» U (nemas
gacth $ur. 17.1) creramo 3 TPoBOAOKE ¢ OONBIIAM CONPOTHRBIIE-
HHAEM, TOTIa KaK JBe GOKOBHE HIPOBOJOKM CHeJaHH H3 XOPOIIEro
OPOBOJHUKA BPOZie MeJH — B DTOM cjaydae HaM He Hamo Oecmo-
KOUTHCA 00 M3MEHEHWW CONPOTHBIEHUSA DU UPH [BEKEHHH IIe-
pexnagman., Hax m pambme, 3. A. ¢, IeOn paBHa

&= —vBuw. (17.19)

Tor B menu MpomopIUOHANEH ITOH 3. A. ¢. M 00PATHO TPONMOPIKO-
HaJleH CONPOTHBIEHHI IIENN:

& »Bw
I=%= v, (17.20)

Bararogaps aToMy TOKY Ha mepeMeuKy Oyaer JHeifCTBOBATH Mar-
HUTHAA CANA, IPONOPIHOHATBHAA [IINHE HEPeMBIYKH, TOKY B HeH
U MarHuTHOMY IOJIO:

F=Blw. (17.21)
HMopcrapnsaa I uz (17.20), momydaeM mins CHIH
B2w?
F=—Z3"0. (17.22)

Mu BupuM, YTO CHJa OPOMOPUIOHAILHA CKOPOCTHA IIéPeMElieHN S
mepembiuku. Hampasnenwe cMiabl, Kar JeTKO IOHATH, OPOTHEO-
OONOAHO cKopoctH, Takas «IpOOOPUUOHAIBHAS CKOPOCTHY CHIA,
MOXO0MAaA HA CUIY BABKOCTH, HOJYJYAeTcs BCAKHUHA pa3, KOTHA jiBH-
AYIIHeCH NPOBOAHAKHA CO3AIT MHAYIAPOBAHHAE TOKW B MATHET-
HOM moje. BHXpeBhie TOKE, O KOTOPHX MHE TOBODHIE B OpeIbify-
el TaaBe, IPUBOIAT TaKde K CUiaM, AeHCTBYIONUM HA LPOBO[-
HUKK U TPOHOPUMOHAIBHEIM CKOPOCTH IIPOBONHHUKA, XOTH TARUE
ciyuad B oOmeM jaor Gojgee CIOKHHEE pPaCHPEJeNeHUs TOKOB,
KOTOpHEI¢ TPYAHO AHAIM3APOBATH.

Ilpn KOHCTPYHpPOBAHHM MEXaHUIECKHX CHCTEM dYacTo OLIBaer
YIO6HO pacHoiaraTh TOPMOBANIMME CHJIaMH, IPOIOPIMOHAJN bHEMHA
cKopocTH. Buxpesme TOokE paloT ofuE #3 Hambomxee yHOoOHKIX
¢nocoG0B HOJIYYEHNA TAKHX 3aBECANINX OT CKOPOCTH CHII.

IIpumep nmpumenenus MOFOOHHX CHI MOKHO HaiiT® B OOBHTHOM
NOMAIIHEM CUeTUMKe — BaTTMeTpe. laM HMeercs TOHKWH aTioMu-
HUEBHI JUCK, BPAUIAIONIHACca MKy HOJII0CAME HOCTOFHHOTO Mar-
HATA. JTOT AMCK TPUBOJUTCS B [BWKEHWE MAICHLKHM DJIEKTDO-
MOTOPOM, BPAMAIOIWA MOMEHT KOTOPOTO NPOHOPIMORANEH MOII-
HOCcTH, MOTpPebIseMoii B BIEKTPOCeTH KBapTHpH. BuXpeBre ToRm
B JHMCKe BHSHBAOT CIY CONPOTHBIEHUs, IPOIOPIHOHAILHYIO
cropoctm. CliegoBaTeNbHO, CKOPOCTH JAMCKA YCTAHABIHBACTCA
IpONopIUOHAALHON ckopocTy norpebienns snexTposrepruun. C mo-
MONIbI0 CYETYMKA, HPHCOSWHEHHOTO K BPANIAUIEMYyCS NIHCKY,
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mOJCYMTHBaETCH 9Ucao oboporos pucka. Tax onpegenserca moxmas
norpebneHHas SHEPIHUA, T. €. YUCIO HECHOAb3OBAHHKX BATT-4acosB.

Cornacao ¢opmyne (17.22), cmna Or MEAYIUPOBAHHEIX TOKOB,
T. €. BCAKAs CHJIA OT BMXPEBHX TOKOB, OOparHO NpPONOpIHO-
HaxbHa comporupienmio. Cuiaa reM 60mbINe, eM JyUme 3JEKTPO-
mpoBOTHOCTL MartepHuasa. Ilpwmumba, pasyMmeercsa, sakjougaercs
B TOM, 9TO IIPH MAaJIOM COIPOTUBJIEHUH 3. A. €. cozjaer GOabIIHA
TOK, a 60abmime TOKH AT 00JAbINe MeXaHUYEeCKHE CHIIHL.

N3 pamux gopMyn MEL MO:KeM YBUJETh, KAK MeXaHUYECKas
9HepIHA NPeBPANAeTCH B DIEKTPHUIECKY 0 9Heprui0. Kak m pansine,
JNeKTpAYECKAS SHEPIUs, BhAedseMas B CONPOTHBICHUN UENd, €CTh
mpoussenenne &1. Pafora Begununy BpeMeHu, copepurageMad HPH
JIBIIKEOHUH HeperIaiiibl, 6CTh NPOU3BeIeHNe CHAbl, FeilcTByomeil
Ha HepeKjiajuay, Ha ee CKOpocTh. MCmoab3ysa A CUJIB BEIPAKE-
gue (17.21), moxygaem pabory B eJUHHMIy BpeMeHU:

dW  »2B%?

dr T TR
Mut Bupgum, 9TO OHa [eiicTBUTENBHO paBHA HpoussefeHnn &,
Koropoe Mu monywaem u3 (17.19) u (17.20). Crora Mexaumgeckasn
pabora 10ABAsETCA B BHAE BIEKTPUIECKOl DHEPIHH.

§ 6. Beaumnas unoyruyus

Temeps HaMm HYKHO PACCMOTpPeTHs cIydail, KOrja mpOBOIOYHEE
KaTyIIKH HEHOABH;KHEI, 4 MEHAITCSA MarHutHhHe moas. Onucebas
o0paszoBafie MATHUTHOTO IO TOKAMH, MBL PACCMATPUBAIY TOABKO
ciydail TOCTOAHHHEIX TOKOB. HO ecam TOKU MEHAOTCA MeJJTeHHO,
MarHATHOE HO0JIe B KaKABIH MOMEHT OyJeT IpHMEPHO TAaKOe jHe, KaK
MarHHUTHOE TONe MOCTOAHHOTO ToKa. Mu OyaeM cd4Mrath B 3TOM
naparpaje, 9T0 TOKHM BCETAA MEHAKTCA [OCTATOYHO MEIJIEHHO, R
MO;KHO CKas3ath, YTO 9TO yTBep:;iJeHHe CHPAaBeJJIHBO.

Ha ¢ur. 17.8 nmokazaHo ycTpolicTBO M3 ABYX KaTyHieR, ¢ Io-
MOIIBI0 KOTOPOTO MOKHO IPOJEMOHCTPMPOBATE OCHOBHHE 3(eKTH,
orsercTBenHne 3a pabory rtpascdopmaropa. Harymxa I cocronr
F3 IPOBOMANEH MpPOBOJIOKH, CBUTOH B BHje JIWHHOI'O COJCHOMJA.
Bokpyr a10if KaTyIIKY ¥ M30IMPOBAHBEO OT Hee HABMTA KaTyIIKa Z,
€ocTOAIaA W3 HECKOJNBKMX BHUTKOB IPOBOJOKHM. Ecam remepp mo
Karymike J ODpONMye¢THTh TOK, TO, KaK MEl 3HaeM, BHYTPU Hee HO-
ABHTCA MaTHATHOE MojJe. JTO MATHHTHOE IIOJNe IPOXOMNUT TaKKe
c¢kBO3b KaTymKy 2. Horza Tor B xarymke J MenseTcs, MarHUTHERE
HOTOK TORe OyHer MeHATRCH, M B RATYIIKe 2 NOABUTCA HMHAYLXHEPO-
BaHHAs 3.J.Cc. Ty MEAYHAPOBAHAYIO 3.K.C. MH ceif7ac U BHYHCINUM.

B ra. 13, § 5 (Bem. 5) ME BEIEsH, 9TO MATHHTHOE JI0JI¢ BHYTPH

IJIMHHOTO COJIeHOMAA OJAHOPOXHO M PABHO
B‘—'—l—ALIl o - (1723)

- 8002 { ?
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rge N, — uncio ButkoB B Karymke I, I, — Tox B nmeii, a [ — ee
pauga. IlycTh momepeyHoe cedeHMe Kartymku I pasHo S, TOTAa
woTok noiAa B paBsen ero peamumee, yMEOKeHHOI Ha S, Ecnu B Ka-
rymKke 2 uMeercsi N, BUTKOB, TO IOTOK IPOXOAUT IO KaTymKe [NV,
paa. IlostoMy 9. 1. ¢. B KarymKe Z faeTcd BHpasKeHHEM

§,=—N,SZ. (17.24)

Ennscreernas Mensaoomascs co BpeMeneM Bexmumua B (17.23)
ecrb I,. Hosromy s. . c. maercA BEHpasKeHHEM
NN,Sd
&, = — ilaS dly (17.25)

. 8o dt

Mu BEAEM, 9TO 3. . C. B KATyIIKe £ NPONOPIMOHATBHA CKOPOCTH

u3MeHEeHUS TOKA B Karymie /. KoHcTaHTa IpOmOpHMOHAIBHOCTH —

00 CYNMECTBY TeOMETpHUECKUE PaKTOp HBYX KaTyIIeK, HA3HBASTCHA

KoapPuUEeHTOM 63aumHoll undykyuy u obozuadaerca o6ngHO My, .
Torga (17.25) sanmcmBaercA yske B BHJE

632:9)1'210;—?. (17.26)

IIpeguonoxumM Temeps, YTO HaM HY:KHO ORIO OH mpomycTHTH
TOK Uepes KaTYIIKy 2 U HAC MHTEPECYeT, 9eMy paBHA 3. 1. C. B Ka-
rymrke . Mu Brumcnmau 6K MaTHHTHOE IOJe, KOTODPOE HOBCIOAY
nponopuroransae ToKy /.. IJorok ckBo3p KaTymky I saBucen Oul
or reoMerpud, HO 6w 6n mpomopnumonaieH Tory I,. Iloaromy

Kamyuira 2

Due. 17.8. Tor ¢ xamyure 1 coa-
daem maenumnoe noase, npoxodiuee 2
uepes xamywry 2.
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QDue. 17.9. Jwbwe dee vamywru
obaadarom esaummnoit undyryueld
M, nponopyuonaavnol uHme-
epasy om dsy «dsy «(1/reg).

5. 1. ¢. B Karymre / cHoBa Omua Gsl mpomopuumomanbua df,/df.
Mb MoOeM 3a0HECATH

T (17.27)

Buruncaenne M, G610 Gb1 TpyAHee, WeM Te BEIYUCICHHA, KOTO-
phie Mbl mpogexany s My, Mot me Gyaem cefivac um 3aEEMATHCH,
MOTOMY 9TO QRAJbIIe B STOH IJaBe MH MORameM, aro Wy, 06:a-
3aTenbHO paBHO NViyy.

IMockonbry moNe 41060l KATYMIKA TPOOOPIIOHAILHO TEKYIEMY
B Hell TOKy, TAKOH@ ke pesyabraT moayumica O ®m s d00HX
ABYX KaTyliek us npoBodoku. Berpaskenma (17.26) m (17.27) mpu-
obpenu 6p oquHAKOBYIO PopMy, H TOabKO mocrosamure Wiy, u My,
Grtn On ppyrue. VIx smavenus Gynyr sasucerh or opMBl KaTy-
NIeK ¥ UX OTHOCUTEIBHOTO IO OMKEeHMUS.

IMpegnonomuM, HaM HY:;KHO Halitm KRoaddunMenHT B3auUMHONL MH-
AVKIOUA MEKAY ABYMS IPOM3BONHHHMHA KAaTyMIKaMH, HATIpUMep
noxasagEnMA Ba ¢ur. 17.9. Mer 3HaeM, 910 00INee BHpaskeHne s
3. 8. ¢. B Karymke ] MOKHO 3amMCATh TaK:

d
& =— 7 S)B-nda,
(1

rie B — marmurHOe TMose, a mHTerpa’a Oepercd MO TMOBEPXHOCTH,
orpannuennoit kourypom I. B ra. 14, § 1 (sun. 5) mMu sugenu, aTo
MOBEPXHOCTHEI mMHTErpan orT B MOMHO ¢BECTH K KOHTYPHOMY WH-
Terpaay 0T BeKTOPHOTO WMOTeHHWaka. B mHamem ciydae

SB-nda=5§A-dSp
(1) (1)

rae A — BeKTOpPHHI moTeHnuad, a ds, — saeMenT uenn 7. Komryp-
HEii uHTerpa; Oepercs BJOIXb KOHTypa I, MOITOMY 3. I. C. B 9TOH
KaTylIKe MO;KeT OHTh 3aUucaHa B BHJE

& =— %SﬁA-dsl. (17.28)
(1)

Teneps DpeAmONOKEM, YTO BEKTOPHHI woreHnMan uenm 1
BOZHEKAET 3a cYeT TOKOB B Hemu 2. Torma ero MOKHO 3ammcaTh
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KaK KOHTYPHHI HHTErpaj mo KOHTypy Ienum Z:

= f (17.29)

4meyc? Fig
(2)

roe I, — tox B menm &, a ry, — PAcCCTOAHHE OT DiIeMeHTa Lend
ds, K Touke Ha KOHType I, B KOTOPOIl MH BHUICIAeM BEKTOPHEIH
norermuan (cM. gur. 17.9). Komburupys (17.28) u (17.29), mosxHO
BHIPA3UTh 3. . ¢. B Iennm J Kax Jj[BOﬁHOﬁ KOHTYPHHIH HHTErpal.:

_ Iyds,
61 =— émoczdtd \95\ 1 ds,

D sTOM BEIpaskeHUN Bce METETPATEH GepyTcsa MO HeNOABAKHLM KOH-
rypam. EnuaCTBeHHON NepeMeHHOH BeiHINHOIl sBasercsa TOR [,,
KOTODHI He 3aBHCHT OT IePeMeHHLIX Mmrerpuposanms. Iloatomy
ero MOKHO BEIHECTH 3a 3HAK HHTerpana. 1lorga . I. ¢. MOKHO
3amHcaTh Kak

dl.
1=y, _—d: ’
rpe roaddmnuent M, pasen
. 1 dSz-dS]_
My, ——lmgoczsﬁf T (17.30)

(1) (2)

WUs sroro marerpama ouesmpgmo, aro Wi;, 3aBUCHT TOABKO OT Teo-
MeTpHME Iemell; OH 3aBUCHT OT HEKOTOPOTO CpefHero paccTOAHHA
MEKOY ABYMS DensMu, OpUYeM B cpefiee ¢ HANOONBHNIAM BeCOM
RXOMAT NADPAIIEIbHEE OTPEe3KH NPOBOJHHKOB MBYX KarylIek.
Hamy ¢opmyiy Mo:HO MCIONB30BATh His BHYHCACHUA KodPPm-
IMHeHTa B3AUMHON MHAYKIUA Jd00HIX ABYX Iemeil IpPOM3BOJLHOLI
popmul. Kpome Toro, oma mokasmpaer, uro mHTerpanm s Vi,
TosIecTBEH ¢ uATerpasom Mt W,,. Taxmm 06pasom, Mbl TOKA3ATH,
yro ofa KodPuumenTa OfMHAKOBEL. [[as cUCTEME! TOIBKO € ABYMA
rarymramu Kodgduuments N, , m Wi, 7acrto 06o3HATAIOT CHMBOIOM
Wi Ges 3HATKOB MW HABHBAIOT LPOCTO KOIPHUYUEHMOM 63AUMHOU
undyryuL:

Mm,, =M, = M.

§ 7. Caroundyruyus

IMpu ofcysmuenny HHIYIUPOBAHHBX 3. f. C. B ABYX KaTyMKAaX
Ha ¢ur. 17.8 m 17.9 Mu paccMoTpesu AWIb CAydall, KOrja TOK
upoxoputr nubo B ool Karymke, nu6o B Apyroi. Ecam Toku mme-
W0TCA OJHOBPEMEHHO B 00eMX KAaTyLIKaX, TO MATHHUTHHA IOTOK,
IPOHABHBAWNIIAN KayKIyl0 KaTylUIKy, Oymer HPeACTaBiATh CyMMY
ABYX HOTOKOB, CYMIECTBYWINHX M IO OTHEABHOCTH, HOCKOABKY K
MATHATHHIM HOJIAM IPEMEHHM IIPUHIMII cyoepmosunuu. IlosTomy
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——
@ u e 17.10. Ilenv ¢ ucmounukom
< Hanpaxcenus U UHOYEMUGHOCMbIO
QL (a) u anmaocuunaes el Meranude-
' ckan cucmema (6).
a
v
-
F
e m
v Z 5 4

9. 1. ¢. B Kajkgoid wrarymre OymeT HpOmOpHMOHAJBHA HE TOJLKO
H3MEHEeHHIO TOKAa B JPYroil Karyilxe, HO U H3MEHOHWIO TOKA B HEH
camoii. Taxkmm o0paszom, moNHYO 3. A. ¢. B Karymie 2 cilefyer sa-
nmcarh B BHUAe *

dl dI 1
@‘732" 21 d[l‘*‘ﬂﬁzzd_;' (17.31)
Amanorugno, 9, . ¢. B Karymre [ Oyger sasmcerh HE TONDLKO

OT M3MEHAWINETOCA TOKA B KATYIOKe &, HO M OT M3MEHSIOINErocs
TOKA B HEHl caMoii:

& =M, L am, s (17.32)

12 g 11 gy

Koospduuuentor Wi,, w Pi,; Bcerna orpunarensan. OGHIHO MUMIYT
My=—2, Myp=—9,, (17.33)

e ¥, U ¥, HasHBawOT KodpPUNHMEHTAMH camourdykyuu ABYX
RaTymeR (Wi WHAYKTHBHOCTSIMH).

Homeuno, 9. g. ¢. camomppyxumm Oyaer CyHIeCTBOBATh Jame
maA opHoil kKarymkm. Jlobas xarymka cama mo cebe obmapaer
KODPPUIHEHTOM CaMOMHLYKUuUM &, 1 ee d. 1. ¢. Gyxer Hpomopiuo-
HAJIbHA CKROPOCTH M3MeHEeHHMS TOKa B Karymire. OBGRYHO cuuralior,
UTO 3. 7. C. M TOK OJHOH KaTyIIKE IOJIOKHUTEJBHH, €cJW OHHM Ha-
OpaBICHK OHHAKOBO. lIpu 3TOM yCmoBHN IS 017@IbHOE KATYIIKH
MOYKHO HANMCATD

§=—o4. (17.34)

——

* 3mak Mhyan My, B (17.31) 1 (17.32) 3aBrcuT oT Hpon3BoIa B BHIGODe
[OJIOKUTeALHOTO HAIPABJEGHAS TOKOB B 00eMX KATymIKax.
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3HaK MUHYC YKasbBaeT HA TO, 4TO 3. . ¢. HPOTHBOAEICTRyeT
H3MEHEHUIO TOKA, €e YacTO HA3HIRAIT «OOPATHOH 3. JI. C.».

Hockoarsky mobas warymia obmnajaer caMOWHIYKIHWEH, HPOTH-
BOJEMCTBYIOMEH N3MEHEHHIO TOKA, TOR B Karyllke 001a1aer cBOEro
poga muepuwmei. IleficTBuTeaAbHO, €CAH MB XOTHM H3MEHHUTH TOK
B KAaTyIOIKe, MBI JIOJKHBl IPEONOJErb 3Ty MHEPHHIO, NPUCOe[UHAA
KaTymMKy K KaKOMYy-TO BHEIIHEMY WCTOYHHKY, Hampumep Garapee
nnu regeparopy (dur. 17.10, a). B raxoi nenz tox [ cesszad ¢ Ha-
npspKerueM 9° COOTHONMEHMEeM

p—g . (17.35)

Jro coorHomernue nmeer popmy ypasuedusa Apmwrenusa Huorona
JJisA 9acTHOH B ogHoMm maMepenuu. IlosTomy MBI MOskeM HCCHemo-
BaTh €ro HO OPHHIOUIY «OJMHAKOBHIE YPABHEHHS WMEIOT OJUHAKO-
BHe pemeHmsa». Taxum o0pasoM, €cau HOCTABUTH B COOTBETCTBHE
HaIpspxeHne 9° or BHEMHEr0 MCTOYHUKA NPHIO0KEHHON BHENIHER
cmine F, a Tok I B Karymke CKOPOCTH U YaCTHIE, TO Kodpdument

MHAYKIUHN KaTYIKE & Gyaer cOOTBETCTBOBATH Macce /m YacTHIH *
(pur. 17.10, 6).

Tab6auya 17.1 ™ COIIOCTABIAEMBIE BEJIWYNHEL

Yacruna Hartymka

F (cuna) 9? (pasHoCTh LOTEHIHAIOB)
v (CKOPOCTH) I (tox)
z (cMeIleHHme) q (sapsan)

dv dl
F=m 7 9o = L I
my (BMIYILC) L1
-ziz—mv2 (KEHETAYECKAA DHEPTHA) —12—$12 (MarENTHAA SHOPIUA)

§ 8. Huoyrmusnocmov v HazHUIMHAL IHEPUL

TMpopnosmxan agaIOTHI0 TPEEIYILEro naparpadga, MB OTMETHAR
B Tabja®Ile, 9T0 B COOTBETCTBHH € MEXAHHUECKUM HMMIYJIbLCOM
p=mv (CKOPOCTb UBMEHEHUSA KOTOPOTO0 PABHA HPUIOKEHHOH cuie)
JIOJ;HA CYHIECTBOBATH aHAJOTHYHAA BejWdmHa, pasHaa. %I, cro-
POCTh M3MeHeHWsA Kortopoil 7°. Pazymeercs, Mu He MMeeM Ipasa
rOBOpHTH, uT0 ¥/ — 5T0 HACTOAINUI MMIyNbC LENH; HA CAMOM
Jiee 3TO BOBCE He Tak. Beg menb MosKeT OHITh HEIOABUKHA M BOOO-
me He mMeTh MMIyiabca. lIpocto F/ aHaJOIrMIHO UMIOYABCY MU

* Kcratd, 970 me eduncmeennwii CIOCOG YCTAHOBIEHHA COOTBETCTBHA
MKy MEXaHWYECKVMM M 3JIeKTPHYeCKAMHA BeJIMIHHAMHE.
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B CMEHIcle YHOBIETBODEHHS AHAJOTUYHKM ypaBHeHHAM. To0uHO
TAK K¢ KUHETHYECKON HHepTHH Y,mu? 3neCh COOTBETCTBYET AHAIO-
rmuHas senmaumba Y, %1% Ho 3gech mHac jxfier ciopupus. Benrmauma
Y, ZI* — neficTBUTEABHO eCTh DHEPIUA K B 3IeKTPUIECKOM ClIydae.
Tax momydaerca mOTOMy, uto pabora, coBepIlaeMas B eNUHUILY
BpeMend HaX HHAYKTUBHOCTBIO, paBHA 9°],a B MeXaHHIECKOH CHCTe-
me ona pamEa Fv — coormercreyoimeit Benmaune. Ilosromy B cuy-
Yae 9HEPI'MH BeNMYHWHH HE TOALKO COOTBETCTBYIOT APYT APYTY B
MATeMAaTHYeCKOM CMHICJie, HO HMEIOT elle W OfUHAKOBOe (uamue-
CKOe BHAYeHHE.

Mu Mosxem mpocaenuts 810 Goxee monpobuo. B (17.16) mu mam-
M, 9T0 BJAeKTpHMUecKaA pabora B eIMHHIY BPEMEHE 3a cdeT CHI
HAYKL MM €CTh HNpPOM3BEREHHE 3. [. C. M TOKA:

dw
Ft-*=é".[.

TMopcrasnag BMecto & ee Bmpaskenne 4epes toxu us (17.34),

nmeeM
aw

dl .
Sr=—2I % (17.35)

dt*

Unrterpmpyda »sto ypaBHeHWE, HAXOJUM, 4TO SHEPrHA, KOTOpasd
rpebyercsi OT BHEIIHEI'0 WCTOYHWKA, YrTo0E UPEOmoIers 3. A. C.
CAMOMBAYKIUA ¥ CO3FATL TOK * (470 JOJ/KHO PaBHATHCA HAKOM-
Jeddoir smeprum U), paBHA

—W=U =79, (17.37)

ITosromy smeprusi, HAKOILUIEHHAA B MHIYKTUBHOCTH, pasHA 1/, ZT12
ITpumennas Te ke paccy:RAeHUA K mape KaTymieK, m3obpaskeH-

HetX Ha ¢umr. 17.8 mam 17.9, M MosKeM TOKa3aTh, YTO MOJHASL

BIEKTPHUUECKAad DHEPIHUA CHCTEMEH JaeTcA BHPA;KEHHEM

U=t @i+ 5 Zli— ML, (17.38)

B camowm neste, Hauunag ¢ toka /=0 B ofenx KarymKax, MO;KHO BHa-
wajge BraoIuTs Tok I, B karymee I, ocrasaag I,=0. Cosepmen-
mas pabora kak pas pasHa /,.%,/5. Ho renmeps, Brmovas I,, Mu
cosepuiaeM He Tonbko pabory 1/,.Z,I; nporus 8. g. ¢. B memm 2,
HO eine 1 moGaBoynoe KoxmdecTBo paGorsr —IMI,I,, KoTopas ecTh
uHTeTpaa or 3. A. c. M(dl,/dt) B menu I, yMHOKEHHBIA Ha Temepb
yme nocmoannuil Tok Iy B sT0ll memu.

* Mu npepeGperaeM BCeM¥ TeIJIOBBIMI HOTepPSME SHEPTAM B COMPOTHB-
JeHMM KaTYWKO. IT@ HOTepH TPeGyT HKONONHWTENBLHHX 3aTPAT 9YHEPIHH
MCTOYHUKA, HO HE MEHSIT SHEPTHWH, KOTODAs TPATHTCA HA HHIYKTHBHOCTb.
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ITycrs Teneps HaM HY}KHO HAfiTH CHIY MeRAY J06HME IBYMSA
KaTymKaMmu, 0o KoropaiM uayT Toxu I, u I,. Ilpespae Bcero M mMor-
an OH MCHOIb30BAaTh NPYHIMI BHPTYaJabHO{ paGoTH, B3AB Bapu-
anmo or aHepruu (17.38). My J0MKEH IOMEUTE, KOHETIHO, YTO IIPH
W3MEHEHWH OTHOCHTEIBHOIO HOJOMKEHHS KaTylleR eQWHCTBEeHHOIX
MeHAIONIEHCA BeIMINHON ABIAeTcA KOdQQUIueHT B3ANMHEOR HATYK-~
mum V. Torga M mormm OB 3aOmcaTh ypaBHEHHEe BHPTyadbHOIL
paboTH B BUIE

—FAz =AU =—1,1,AMt (mempaBmisHO).

dro ypapHeHme Omu00YHO, IOTOMY 4TO, KaK MBI BUJEIU DaHLIIe,
B HETO BKIIOYEHO TOJILKO M3MEHeHIe DHEPIHH [ABYX KarTyliex # HO
EKJIOYCHA HEPTHsA MCTOYHUKOB, KOTOPHE MOAED/KUBAIOT IOCTOSH~
HEeIME 3HadeHHA TOKOB [, u I,. Mu moHmMaeMm Temepb, UTO 9TH
HCTOYHOKE JLOJKHBL DOCTABIATH SHEPIMIO AJA KOMHOEHCAIMHM HHIY-~
HUPOBAHHHX 3. [l. ¢. B KarylmKaX BO BpeMs UX ABWKeHus. Ecan
MEl XOTHM LIPAaBIIBHO IPUMEHATH MPWHINI BHPTYaIbHOH paboTm,
TO JOMKHH BKJIIOYATH I 9TH 3Eeprun. Ho M Bupennm, 9410 MOAHO
clellaTh W KOPOUe — HCHOMB30BATH IPUHIHWO BHPTYaXbHOH pabo-
THI, TIOMHS, 9TO IOJHAA SHEPTHUA — 5TO B3ATAA ¢ OOPATHEIM 3HAKOM
ouepraa U,,., (T0 970 MH HA3HBaeM «MEXaHWIECKOH sHeprumein).
[Mosromy cmay MoxHO sammcath B BHJE

_FAz =AU, =—AU. (17.39)

Torp;a CHIa MEHKIYy HKaTymHKaMH [JaeTcd BBIDAKCEHHEM
FAz =— II,AM.

Bocnonpsyemesa supaskenuem (17.38) miaa sHEpPrUM CHCTEMBI M3
ABYX KaTymeK, 9ro0n IOKasarth, KaKoe WHTEPeCHOe HepaBeHCTBO
CYIECTBYET MeKAy BaauMHON wummykumeir I m rosdduruen-
TaMH CAaMOHMHAYRuWN %, u %, aByX rarymek. flcHo, 4T0 pHeprusa
IBYX KaTyHIGK MOIKHA OHTH mMOMO:KuTeNbHOE. Fenm M HaunEaeM
¢ HYJIEBHIX TOKOB B 00eHMX KaTylIKaX W YBeJIMIXBAEM 3TH TOKH [0
HEKOTOPHIX 3HAYEHUH, TO TEM CAMEM MHE yBeIWIHBAeM JHEePIHI0
Beeil cucreMsl. B OpOTHBHOM ciiydae TOKH CaMOHPOW3BOJIBHO BO3-
pacTyr m OygyT OTHaBaTh DHEPIHI0 OCTAJIBHOMY MHDPY — Bellh
neseposarHaa!l Janee, name supaskenue fnsg sneprun (17.38) MmoxmO
¢ TARUM jRe YCHEXOM 3samucaTh B ciaefylomell dopue;

U=79, (11—%1 12>2+% (32—%{) I (17.40)

910 mpocro anrebpandeckoe npeobpazopanne. ITa BeIMIMHA KO-~
Ha OHTH Bcerga MOmOKUTeIbHAa Hpu 00X sHauemmax [, u [,.
B uwacrrOCTH, OHa momKHA GHTH WOJNOKHUTENBHA, KOrja [, BApPYD
upumer  0coboe BHATEHUE:
£,
L=z 1o (17.41)
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Ho npu taxom smauenum I, nepsoe ciaaraemoe B (17.40) pasHo ny-
an. Ecam sEeprusa nonoKuTeNbHA, TO IOCAEHEE claraeMoe B
(17.40) gonmuo OuTh Goabme Hyas. Mu nmoxyzaem TpeGoBanme, 4T0

2,9, >Me.

Takam o6pazoM, MB JOKasaau oOmee COOTHONIEHHE, YTO BEIMIMHA
pzammMHOM wmEAyRuunun W a106mHX ABYX Karymer o00a3aTenbHO
MEHbIIIE WU PABHA TEOMETPHIECKOMY CPeJHEMY [BYX Koadpunmen-
Tos camomunyknmu (cam WV mosxer OHTH MOJNGKATENEH WX OTPH-
yareireH B 3aBucuMocTd OT BHbopa smaros giasa Toxom [, m I,):

M| <V 2.2, (17.42)

Coornomenne Mme;ray Ui m woodpdumuentaMum caMOMHIYKIAH
O0BYHO 3aOHCHBAIOT B BUJE

M=kV 2, %,. (17.43)

Mocroaruyio & masmsaior kosgduyuenmon cessu. Ecam Goabvmas
9acTh MOTORA OT ONHOH KATYMIKM HPOXORMT Yepes APYryo Ka-
TYMKY, 70 K03(duImenT cBg3U 6IM30K K eqUHNIE; MH TOBODHUM,
970 KATYIIKH (CHJIBHO CBA3aHBY. HKCIM KaTymKH 3HAYATENHHO
VAQIEHH [pPyr OT Apyra MW jKe BCE YCTPOEHO TaK, UYTO B3aWMHOE
TPOHHKHOBEHHE HMX HOTOKOB OYEeHbL Majo, KosdpduuumeHT CBAZM
craHOBUTCH OJAMBOK K Hyn0, 8 Ko3QPUIMeHT B3aUMHON MHIYKLUD
O0YEHb MAaji.

Oas - BHYuCIeHVWA B3aMMHOH WHAYKOUA [ABYX KATYLIEK MH
mana popmyay (17.30), koropas mpencrasiaser coboil [BOMHOR KOH-
TYpHHH muTerpaix no ofeuMm mensM. M mornm 6n momyMmarb, 49TO
ta ke ¢opMyaa DpHMeHHMa ¥ A BHBOJA Ko3(PuUIueHTa CAMOUH-
OYKOUE ONHON KATYMIKH, ecid 00a KOHTYpPHBIX WHTETPHPOBAHUA
OPOBOAUTH IO OTHON M TOH e Rarymre. OZHAKO 3TO HE TAK, HOTO-
My UTO IpH WHTETPHPOBAHUY HO ABYM KaTylHKaM 3HAMEHATENL 7'y,
[OJ] BHAKOM HHTETpajia CTPeMUTCSI K HYJII0, KOTrJa ABa DIeMEeHTa
IUIAHBL HAXOZATCH B ONHOH Touke. Hoodduiuedt camMOMHIyKuuM,
TmoxydaeMmslil u3 3Toit hopmynH, oxkasmBaerca GeckomeunmMm. Ilpo-
HCXORUT 3TO MOTOMY, 9T0 QOpMyda Hama -—— npubimuedHas, #H
copaBefuBa OHA TOJBKO IJIA TOMEPEYHHIX CEYEHWH IPOBOJOB B
00enx 1ensax, MaJHX 10 CPABHEHHMIO C PACCTOAHMEM OT ONHON lienu
no apyroit. flcHo, 9r0 5TO HPHOAMKEHNE [IA OTAENbHOH KaTyHmIKH
pe rommres. Ha camoM fgeme oxaswiBaeTcs, 9TO MHAYKTUBHOCTH OT-
DeNBHON KATYIIKH CTPEMHUTCA JOoTaprPMHUYecKn K OeCKOHEUHOCTH,
KOIjja [uaMeTp ee MPOBOJOKY CTAHOBHTCA BCE MEHBIIE W MEHbIIE.

SHAaYuT, MH JOJFKHBL IOWCKATh APYTOHl Cmoco0 BHIYACIECHUS
roagduuenta CaMOMHIYKIMEK ofmHON Karymku. [Ipu srom Haxo
Y4ecTh pacopejel]eHNe TOKOB BHYTPH NPOBOAHUKA, IIOTOMY YTO €ro
pasMeps — BaykHLIA napamerp. Ho MBI He 6ymeM c4mTarh HOJHYIO
MHAYKTUBHOCTH, 4 COCUMTAEM JUIMb TY €€ 4acTh, KOTOpPasA CBA3AHA
€ pacnososceruem MPOBOFHUKOB, W He OyJeM YUYHATHBATH HacTh,
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¢BAISAHHAYIO ¢ pacupegeaenmem ToxoB. Iomamyit, camuii mpocroi
cu0co0 HANTH TAKYIH HHAYKTHBHOCTb — 3TO MCIOJNb30BATh MATHMT-
Hylo sHeprmio. Pamee, B . 45, § 3, MH Bamum BrEpaskenue I
MarHATHOH OSHEDPrUHM pacHpefieleHUA CTANHOHAPHHX TOKOB!

1 .
U=3 X j-AdV. (17.44)

Ecna mspectHO pacnpefeieH#e MIOTHOCTH TOKA j, TO MOH{HO BHi-
4MCINTh BEKTODHHI moreHmwan A, a 3aTeM, OIEHHB WHTErpal
(17.44), nmonyunre sHeprmio. Jta SHEPIHs PaBHA MATHUTHOH DdHEp-
rua camomuanykuum, YV, Z 12 Ilpupasnusasa ux, noayzaem Gopmymay
[ HHAYKTHBHOCTH:

leizgj-AdV. (17.45)

Ms1, KOHEUHO, OKUAEM, YTO HAYKTUBHOCTD €CTh YHCI0, 3aBUCALIGE
TOJIBKO OT TeOMeTPHUHK IenH, a He or Toka [ B nenu. Qopmyna (17.45)
ReMCTBUTENHPHO TNPHBORHT K TAKOMY Pe3ylbTaTy, IOTOMY YT10 HMH-
Terpaj B Heil HPONOPIMOHAJEH KBAJpaTy TOKAa — TOK BXOZUT OFMH
pas oT j u eme pa3 or BeKTOpHOrOo moreHnmana A. Wmrerpa, ne-
jgenHblit Ha I%, saBUCHT OT reOMETPHHU Ienu, HO He OT Tokra I.

Bopaskenuio (17.44) nna sHepruym pacupefieleHASA TOKOB MOKHO
OpHIaTh COBCEM APYryio Qopmy, mHorma Oosee ynoOHYIO fist Bbi-
auciaenuii. Kpome Toro, Kak MBl YyBHAMM 1O033ke, HMEHHO 3Ta Popma
BaJKHA, IOTOMY 4YTO OHA cOpaBemjiuBa B Gonee oOmeMm ciaydae.
B ¢dopmyne (17.44) u A u j moskuo csasars ¢ B, mostomy MOmKHO
HAJIeSITHCSI, 9TO DHEPTUA BHPABHMTCA Yepes MATHATHOE HOJNE —
TOYHO TAK K€, KaK HaM YHajJ0Ch CBS#3aTh JJIEKTPOCTATHIECKYIO
DHEPTHI0 ¢ HJIEKTPHYeCKHMM woseM. HadHeM ¢ mojcTaHOBKH
£,c®V X B BMecto j. 3aMeHUTH A MBI He MOKEM C TOI jKe JIEerKOCThIO,
moTOMY uTO Henb3ss obpaturh B==V X A, urobu Brpasurb A gepes
B. MomHa0 TORABKO 3apucaTh

U= 80” (VxB)-AdV. (17.46)

JI06onrTHO, YTO HPH HEKOTOPHX OI‘paHH‘IeHI/IHX 3TOT WMHTErpail
MOKHO LIPEBPATHUTH B

_—_%SB-(V xA)dV. (17.47)

UroOH yBUEETh 9T0, BHINUNIEM OOIPOOHO THIWIHHIN MHOMKHUTEND.
Mpegnonoskmm, aro mMu s3sgau muoxkarenb (VX B),A4,, sxopamui
B mATerpan (17.46). BuouceiBas moaHOCTHI0 KOMHOHEHTH, HOXYy-

qaeMm
8By [9B

(aMeroTcs, KOHEUHO, eMIe [{Ba MATETpalia TOro ke copra). Ilpounte-
TpEpyeM Telepb DEPBHIl MHOKHUTENH HO &, HHTETPAPYA IO JACTAM,
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oB 04
y z
,S‘T.’t Azdx——ByAz—j‘By%dx.

Tenepb TpeANONOKAM, ITO HAIIA CHCTeMA (AMEA B BUJY MCTOYHHKH
H mONsi) — KOHEYHAs, TAK YT0, KOTHA MK YXOJUM Ha Goabliyme pac-
CTOSHUS, BCe HOJNA CTPEeMATCA K Hyno. Torma npu neTerpupoBaEdy
110 BceMy IPOCTPAHCTBY NOJICTaHOBKA B, A, Ba mpejierax mETErpaIa
JiaetT Hylab. Y HAC OCTAETCA TOJBKO B (0A /6x); »TO, OYEBWIHO,
ectb "acts ot B (VXA), m, smaumr, or B- (V><A) Ecnu B8 BH-
nummTe oCTANbHEE IATH MHO}KUTENeH, TO ysupure, aro (17.47)
Ha camoM meje skBmBasientHo (17.46).

A rtemepp Mu Momem sameHHTh (VXA) ma B m moxyumts

2
=% S B.BdV. (17.48)

Mu pHIpasmiId 9HEPTUIO B MAarHUTOCTATHIECKOM CJIydae TOJBKO
Yepes MaTHUTHOe mojie. BipaskeHme TecHO cBsizaHO ¢ (HOpPMYJIOH,
KOTOPYI0 MH HANIAK IS BI€KTPOCTATAYECKOH DHEPTUH!

=% S E-EdV. (17.49)

9t gBe »HeprermuecKwe (OPMYNH BHCJEHH HOTOMY, YTO
wHOTAa mMH ynobHee moab3oBaThbed. OOmYHO ecTh W Goiee BasKHASM
OpUYMHA: OKA3KBAETCA, 4TO [UisI AWHaMmaecKnx noxein (xorma E
u B menmsiorcs co mpemenem) ofa Bapamenus (17.48) u (17.49)
0CTAIOTCA CHPABEIMBHME, TOTAa KAK Apyr@e AaHHBE Hamu ¢op-
MYJH i1 DIIEKTPUYECKON W MATHATHON SHEPrHil IepecTarT OHTH
BEDHEIMA —— OHH FONATCA JIHIME A CTATHYECKUX MOMEi.

Ecninm mam m3BeCcTHO MarHWTHOE Io0je B OgHON KATYIIKH, ME
MOKeM Ha#dTH KOS(QUIumeHT CAaMOMHIYKI AN, NpPHPABHUBAA BHPa-
skenme s sHepruu (17.48) m 1/, .Z12. TlocmorpmM, 910 TWOIXYIUTCS
B pesynbraTte HIS HATYKTHBHOCTH MJIMHHOrO comeRompa. Pambmie
MH BUIEJHW, UTO MATHUTHOE MOJe B coleHouage oxmopomuo u B
CHADYKH PABHO HyJI0. Benwanmma mons sayTpu.pasHa B=nl/g?,
I n — YHCI0 BETKOB HA CIWHAUIY AJIMHK HAMOTKHW, a | — TOK.
Ecam paguyc warymed r, a giuaa ee L (Mu cumraeM, 410 L OUeHD
BenmKa, 9ro0u MOKHO OmuIo mpeHedpeup KpaeBmMH 3fdexTamu,
1. e. L >>r), To BEyTperHnit o6vem paBer nr’L. CiaemoBaTenbHO,
MarHATHAs DHEPrEA paBHA

U="- 8"0 B2.(06peM) = 2m‘ L,

‘gro paBHO 1/, 1%, Wim

—2 L (17.50)

£oc?



raaea 18

YPABHEHUSA MAKCBEJJIA

§ 1. Ypasnenus Maxrcéeara

B sroii riaBe MEl BepHEMCA K IONHON cucTeMe
u3 veThpex ypamHeHuii MakcBenma, KoTOpEE M
OPEHAIN KAaK OTHPaBHOH OYHKT B ri. 1 (BMI. ).
Jo cux mop MEr m3ywanu ypasEenns Makcsemana ne-
OONBIMUMH YaCTAMH, KYCOYKAMH; T€IepPh mopa y:xe
IpubaBUTH MOCIEIHION TaCTh H COEIUHATH UX BCe
poequno. Torga Mu OyfeM EMeTh MOJHOE M TOYHOE
oNMcaHWe BHIEKTPOMATHWTHHX 1oiael, KOTOPHe
MOTYT HM3MEHATHCSA €O BPEMEHEM IHPOM3BOJLHEIM
oOpasom. Bee crazammoe B 5T0il riase, eciim fake
0HO u OyjgeT UPOTUBOPETUTh IEMY-TO CKAZAHHOMY
paHee, IPaBUIbHO, a TO, YTO FOBOPHIOCH paHee
B YTHMX CJAydJasX, HEBEPHO, LOTOMY 4YTO Bce
BHICKA3aHAOR paHee MPWMEHSI0Ch K TAKHM 9act-
HEIM CITYdasiM, KaK, CKayKeM, CIydad IMOCTOSHHOIO
TOKA WiIH PUKCHPOBAHHHIX 3apAfoB. X OTA BCAKHIL
pas, KOT/[a MBI 3aMUCHBAJIH yPaBHEHHE, MH BeChMa
CTapaTeibHO YKA3HBAAU OTPAHMYEHU:A, JEIKO 1O-
3a0bITh BCE 9TH OTOBOPKE H CIMIOKOM XODOIIO
3ayuurs ommbounsie ypasseHus. Temepb M Mo-
JKEeM UBJIOKUTH BCI0 UCTHHY, 663 BCAKUX OTpaHU-
gepmii (mnum moytu 6e3 HUX).

Bce ypasHenus Maxcsensra 3amucaHH B
taba. 18.1 kak caosecHO, TAK I B MAaTeMATHIECKAX
cumposax. Tor ¢axr, 910 CIOBa SKBHBAJEHTHH
ypaBHEHHAM, JlojzkeH OHTH ceiftac BaM yyxe 3Ha-
KOM — BBl [JOJIKHEI YMETh HePeBOTUTH OfHY $opMmy
B JIpyryio @I o0paruo.

IMepsoe ypasmenme — mueeprernumsa E pasra
INTOTHOCTH 3apsifia, [eleHHOH HA &y,— IPABMIBHO
Beerma. 3axoH [aycca cOopaBefamB Bcerjga Kak
B JUHAMUIECKHX, TAK X B CTATHIECKUX HOJAX.
Iloror E uepes nobyro 3aMKHYTYI0 HOBEPXHOCTH
OpPONOpIUOHATEH 3aKIYSHHOMY BHYTPH 3apARY.
Tperbe ypasHeHume — coOTBETCTBYOIMI oOIIAit

§ 1. ¥pasuenun
Maxcesenna

§ 2. Yro pgaer
ao0anka

§ 3. Bee ¢ waaccu-
Yeckoil (PH3HKC

§ 4. llepegpuram-
meeca modae

§ 5. Cropocin cBera

§ 6. Peuienne
YpaBHen i
Maxcpemiag
TOTEHIIHAIDI
H BOIHOBOE
ypaBHenue
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Tabauya 18.1 ®  HITACCHYECHKAA OU3NKA

Vpasrenuss Maxcsemra

LvE=2 (Tlotok E uepe3 saMKEYTYyl0 NOBEpPX-
£y HOCTB) = (3apsn BHYTPHM Hee)/g,
OB
II. VXE = —a (Murerpan ot E no 3aMKHYTOMY KOH-
Typy):—-;- (Toror B CKBO3b
KOHTYD) t
HI. V.B=0 (ITotok B uepes 2aMKEYTYI0 LOBEPX-
HOCTh) =0
2 j ,0E 2
Iv. CVXB=8—+6—t , ¢ (Upterpas or B mo KomTypy) =
0

(Tox = xomTYpe) /ey —:—(HOTOK E
CKBO3b KOHTYD) ¢

Coxpanenne zapsma
(cmenyer ma I u IV)

. ap (IloTok 3apsfa 9epe3 BaAMKBYTYIO HO-
Vi=—5% © BePXHOCTD) = —; (3apsn payTpE
!_, Hee) L

3aKoH cmiILl
F=q(E+vxB)

JakoH nBHeHNA

mv
(3aker HrioToHa, wcmpasieH-

4 (p)=F, rne p ———
di ’ Vi—2/a HHi DEmmreimom)

IpaBuTanms

mymsy
o
;

= —G

3aKOH JJA MAarHUTHHX oJeii. [ToCKoIbKy MATHUTHHIX 3aPAIOB HET,
norok B wepes mio6yro 3aMKHYTyI0 LIOBEDXHOCTb BCEr[]a paBeH
uyao. Bropoe ypaBuenme VX E=-—0B/dt — aro 3axon Qapages,
u obcy:xpganca OH B HOCTEAHHX ABYX rxasaXx. OH Toske BepeH B
obmem caygae. Ho mocieqnee ypaBHEHEME COEEp:KUT HEUYTO HOBOE.
Panbme MH BCTpPeHAIHCh TOABKO C WACTBIO ero, KOTopas TOTUTCH
JAS TOGTOSIHHKX TOKOB. B 3TOM ciydae MH TOBOPHIH, 9TO POTOP
B pasem j/e,?, HO mpaBmibHOe ofmee ypaBHEHHE MMEET HOBELIA
ujeH, KoTophii Own orkprT Makceemmom.

Ho mossaenma pabGoril MakcBeiia M3BeCTHHE 3aKOHH 3ieK-
TPHYECTBA ¥ MardeTm3Ma OBLIM TAKMMHE jKe, KaKk Te, YTO MH H3y-
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gamu B ra. 3—14 (swm. 5) ® ra. 15-17. B wacruoctm, ypas-
HeHMe Uil MATHUTHOTO I10JsA HOCTOSHHKX TOKOB ObUIO M3BECTHO
TOJABKO B BUie )

VxB:g-OJ;—g. (18.1)

MaxcBenn Havam ¢ paccMOTPEHNA BTHX H3BECTHHX 3aKOHOB M BEHI-
paswi uX B Buje AaddepennuajbHMX YPABHEHHH, TaK e KK MEI
mocrynmin 3peck. (Xorda cumsox V eme He ORI OpUgyMaH, BIep-
BHE, B OCHOBHOM Omaromapsa Maxcseany, craja OYeBHJHOH Bas-
HOCTh TAKUX KOMOMHALME NpPOMBBOXHBIX, KOTOPHE MH CErORHA
HABKHBAEM POTOPOM W [uBepreHuueii.) MaxcBeaa Torga 3aMeTHI,
uro B ypaBHermu (18.1) ecrs meuro crpamnoe. Ecam B3sATh JuBep-
TeHIUIO OT TOTO yPABHEHUs, TO JeBas CTOPOHA 06paTHTCA B HYNb,
IIOTOMY 4TO AMBEPIeHIlWA pOTOpA BCETAA paBHA Hymo. Taxmm 06-
pasoM, 310 ypanHeHue Tpedyer, 9TO0L JUBepreHnuA j TaKixe OHIA
pasuna Hymo. Ho ecnu puseprennus j pasHa HyX0, TO HOJHHHE TOK
gepe3 J00Y0 BaMEHYTYI0 TOBEPXHOCTH TOMKE DPAaBEH HYIIO.
IHoxuwl TOoKR Wepes 3aMKHYTYIO IHOBePXHOCTH PaBeH YMEHbIIe-
HWIO 3apsifa BHYTpH 910l mosepxHocru. OH HaBepHAKAa He MOKeT
OBITH BCEIJia paBeH HyJI0, TAK KAK Mbl 3HAEM, 9TO 3aPANEL MOTYT
mepeMemaThesa W3 OXHOTO Mecta B [ApyToe. Y paBHEHME

. ap
Vij=—3 (18.2)
(aKTHIeCKH ecTh HAIlle OUpefeNeHue j. JT0 ypaBHEHHE BEHIPAKAET
caMblii QyHZAMEHTAJIbLHNMH 3aKOH — COXPAHEHHE 3JIeKTPUIECKOTO
sapaga: mo0off MOTOK 3apAfa AOMIKEH HOCTYIAaTh H3 KAKOIO-TO
3amaca. MakcBes saMeTmil 3Ty TPYEHOCTH W, uTo0bl M30exKaTh ee,
npemiomun gobasurs OE/0t B mpasyio wacts ypasmenms (18.1);
TOrjia OH W momygma ypapuenue IV B taba. 18.1:

3 — 4 0B
CVXB_30+3t'

Bo Bpemena Maxcpenaa eije He UPUBHKIHM MBICIUTH B TEPMU-
Hax abcrTpakTHBIX mHomed. Makceeqsn ofcympan CBOM HMued ¢ IO~
MOMIBI0 MOJEJIHN, B KOTOPOH BAKyyM Obu1 momoGeH ynpyromy Teny.
OH mHTafics TawKe 00BACHUTL CMBICH CBOETO HOBOTO ypaBHEHUs C
OMOIIbI0 MeXaundeckoi momeru. Teopus Makcsenna npuramanach
09eHb HEOXOTHO, BO-TIGPBHIX, U3-32 MOJENH, &, BO-BTOPLIX, MOTOMY,
4TO0 BHaYaJe He ORUIO BKCHepUMSHTANBHOTO mopreepsxmenus. Ceii-
ga¢ MEl JIyYIle HOHVMAeM, 4TO [eJA0 B caMUX YpPABHEHHAX, a HE
B MOJENIN, ¢ IIOMOMIb}) KOTOPOW OHU OHUIM moaydeHsl. MH MOMeM
TOJNBKO BajaTh BONPOC, IPABWIBHEL JIM DTH YPABHEHWs AIH OHH
ommuGogast. Orser gaer skcmepuMent. VM ypasmenma Maxcsemma
ObUIM HONTBEDIKHEHH B 0ecCUETHHX HSKCOEPAMEHTaX. KECIH MbI
OTOpPOCUM BCE CTPOHUTENLHEIE Jeca, KOTOPHMH Hoab3oBaicad Mak-
CBeJJI, ITOOH HOCTPOMTH ypaBHEHWS, MEH HPUAEM K 3aKIOYCHHI0,
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9TO IPeKpacHOe 3MaHHe, co3TaHHOe MaKCBeNIOM, MEp/RHUTCA CaMo
no ceGe. OH cBem BOEZWHO BCe BAaKOHH JIEKTPHYECTBA M MarHe-
TH3MA W CO3HAJI 3AKOHUYCHHYIO M NPEKPACHYI0 TEOPHIO.

IlaBajfite mokaskeM, 9r0 JO0ABOYHHIH YIEH WMEET TOT CAMELL
BHUJ, KOTOpHi Tpebyercs, 4ro6H mpeoporers obnapymenayio Max-
CBEJJIOM TPYAHOCTHh. Baas musepremnmio ero ypasmerua (IV B
ra6a. 18.1), MBI JJOJKHEK DONYTIATH, ITO [UBEPTEHINA IPABOH 9acTU
paBHA HYIO!

j i}
V-EJ;—J—V-;:O. (18.3)

Bo mropom ciaraeMoM MO;KHO HepPECTaBUTH TOPAXOK AnddepeH-
HUpPOBAHNA 10 KOOPAUHATAM M BPEMEHH, TaK YTO yPABHCHUE MOJKET
OHTH IEepenucaEe B BHIE

V.j4 €2 V-E=0. (18.4)

Ho, cornacao nepsomy uz ypasuennii Marceseana, gmseprennus E
pasHa p/e, lIlomcraBnas sro pasencrso B (18.4), M ODpugeM K
ypasaermio (18.2), xoropoe, Kak ME 3HaeM, mpasuibHo. W mHa-
obopor, ecom ME npuauMaeM ypasHenna Marcseasa (a Mer mpm-
HUMAaeM HX HOTOMY, 9TO HUKTO HHKOTJA He 00HADY:KUI DKCHEePH-
MeHTa, KOTOpHH ompoBepr Ob UX), MH FOJKHHE HPHATH K BHBOAY,
qT0 3apA] BCerja COXPAHMAETCH.

3axonn (u3NKM He JAarT OTBera ma pompoc: «Uro cayumres,
ecJHM 3aps] BHE3ANHO BOIHUKHET B DTON TOouKe, Karme Oymyr upu
9T0M diIeKTpoMarHuTHEE dPderTr?». OTBET [aTh HEAB3A, MOTOMY
4T0 HAWM YPABHEHUA YTBEPKZAIOT, 9TO TAKOLO HEe IPOHCXOMAT.
Femm 6w ato cayuusocy, mam nomamoOunuch OB HOBHE BAKOHE, HO
MH HE MOKeM cKasarb, Kakavm 6u oHE Omum. Ham mHe mpumxo-
Jmioch HabmiomaTs, Kak BegeT cebs mMup 6e3 coXpaHeHWs 3apsfa.
CormacHo HamIEM ypABHEHHAM, €CJIU BH BHE3AIHO IIOMECTHTE 3a-
pPAR B HEKOTOPOH TOYKE, BH JOJ;KHE HPHHECTH €T0 Tyda OTKYHA-TO
eme. B TakoM ciayuae MB MOKEM TOBOPUTH O TOM, TG IPOM3OILIO.

Korma mu noGasmaw HOBHIA WieH B ypasHeHHe A poropa E,
MH O0BADPY/RWIK, 9TO UM ONWCHIBAETCHA NEJKIT HOBHIL Kiace ABIe-
Haii. Mul yBmamM rtamxme, 9ro HeGoabmaa pmobasxa Maxcsemna
K ypapHermio 1ag VXB mMmeer garexo upgymue mocuencrsus. Mur
3aTPOHEM JIWIIG HEKOTOPHE W3 HUX B DTOH Iuame.

§ 2. Ymo daem do6asra

B xadecrse Hamero nepsoro mIpuMepa paccMoTpuM, 4rTd mpo-
HCXOgUT ¢0 cPepHIeCKr CHMMETPUIHHM DAfHAIBHEM pPacHpeneine-
HneM Toka. IpencrapuM cebe ManeHLRYIO chepy ¢ HAHECCHHHIM Ha
HeHl pajuoaKTABHEIM BEMECTBOM. IJTO PANHOAKTHBHOE BEHIECTBO
UCOyCKaeT HAPYKY 3apssneHnbie TacTuisl. (ME MOeM DpefcTaBpHTH
TalyKe OOMBIION KYCOK jKeje ¢ MaleHBKWM OTBEPCTHEM B IICHTPE,
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@ ya. 18.1. Kaxoso MagHum-
Hoe noae cepudeckKu cum-
MemPpuLH020 MoKa?

B KOTOpOE ¢ MOMOMBI0O MUPHIA BIPHCKUBAIOTCH KaRME-TO BAPANH
H ¥W3 KOTOPOTO 3apAJH MelJeHHo mpocauunsatores.) B mobom ciyzae
MEL Meau OBl TOK, KOTOPHIH MOBCIOJly HaImpaBJeH OO pajuycy Ha-
pyky. Dynem camrarp, 9ro BexuYuHA €r0 OfWHAKOBA BO BCEX Ha-
TMPaBIeHUIX,

[ycrs nmonmmii sapsam BHYTpH cdepsl TPOM3BONBHOIO Pajmyca
r ectb Q(r). Ecam mrorHOCTh pafMaibHOr0 TOKA IPH TAKOM K
pamuyce pasHa j(r), to ypasmenume (18.2) tpeGyer, urobm Q
YMEHBIIANOCh CO CKOPOCTHIO

a—Qa—t(—r—)z—lmrzj . (18.5)

CopocuM TeHmepsr O MArHUTHOM DOJe, CO3RAaBAEMOM TOKAMH B
stoM cayuae. Ilpenmonmomum, mMer HagepTmiIM KaKyo-To meriao I'
Ha cepe paguyca r (pur. 18.1). CkBO3b meTHIO0 IPOXOJUT KaKOH-TO
TOK, IODTOMY MOKHO O;KHJATh, YTO MATHHUTHOE IOJIE IUPKYIAPYET
B HanpasieHWM, YKasaHHOM Ha QHrype.

1 cpasy BO3HEKaer sarpynmenme. Har momer mome B mmers
Karoe-1o ocoboe Hampammemme Ha cgepe? Ilpm pmpyroMm BmGope
persim I' MEL OH 3aKII0OUWIN, YTO €e HAmpaBjieHHe IPAMO IPOTHBO-
HONOKHO yRA3aHHOMY. IlosToMy 6osmoscna au Kakasg-aubo nmp-
Kynanusa B BOKpyr roxon?

Hac cmacawor ypasmenusa Maxcsenna. [{uprynsanua B zasucnt
He TOJBKO OT MONHOTO MOKA, MPOXOAAMEro ckBo3b merao I', HO r
OT CKOpPOCTH M3MEHEHHs CO BpeMeHeM 1eKMPUNECK020 NOMOKL Yepes
gee. Jlommuo OHTH Tak, yTOGH HTH [BE 9aCTH KaK Pa3 IOTamlalNch.
TlocMoTpEM, TONYIaeTcA JU 3TO.

DIIeKTpUYECKOS HOJe Ha PAcCTOSSHWA r MOKHO OHTH PaBHO
Q(r)/4me,r?, moxa, KAk MH IPENHONOKUIM, 3apAf pacIpefieeH
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envMerprgro. Ilone pajmanbeo, W CKOPOCTD €ro M3MEHEHHA TOTAA
paBHA

oE_ 1 00 (18.6)

8—t=4m-0r26_tq'
Cpasnusas aro ¢ (18.5), ME BupguMm, 910 1A 11060T0 PACCTOSHHAL

GE J

i (18.7)
B ypasnennu I'V (ra6ia. 18.1) 06a arena or HcTOYHUKA MOTAMAIOTCA
u porop B pasen Bcerga mymro. MarHurHOTO mois B HamleM IpH- -
Mepe Her.

B kagectse BTOpOTO Halero mpmMepa PaccMOTPHM MArHATHOE
[oJie HPOBOJIA, MCIOJAHB3YEMOr0 A 3aPANKY IIOCKOI'0 KOHIEHCATO-
pa (pur. 18.2). Ecnu sapsg ( ma miactuHax cO BpeMeHeM H3Me-
HrercH (HO HE CAMIMKOM GHCTPO), TOR B mposojax pased d(Q/dt.
Msr ommpaeM, 9T0 9TOT TOK CO37ACT MATHWTHOE IIOJE, KOTOpPOe
OKpysKaer mposoa. Koregno, Tox B6amsu mpoBoZa XOJKEH CO3fa-
BaTh O0OHYHOe MArHWUTHOE [OJ€, OHO He MO;KeT 3aBUCETH OT TOTO,
rie HWueT TOK.

Ilpepnonosxum, mer BeiGpanu newao I'y B BHAe OKpPY/RHOCTH ¢
pamycoMm r (dur. 18.2, a). KonrypHHE HHTErpasi OT MATHETHOIO
noas Gyner paseH Tory [, menemmOoMy Ha £qc2. Mb mmeem

, |
2arB = . (18.8)

Bce 310 Mut monyumiad GH [T IOCTOAHHOTO TOKA, HO Pe3yib-
TaT He H3MEHHUTCH, ecil ydecrh mobaexy Makceemma, moToMy 910
IJIST TUIOCKOH TOBEPXHOCTH S BHYTPH OKPYKHOCTU DIEKTPHIECKOTO
noiA Her (cuurasd, 4YTO NPOBOX OYEHH XOPOIHMH NPOBOIHUK).
ITosepxmocTrer muTerpax or OE/0t paser mymo.

IIpegnonoxuM, ogHAKO, 9TO TENEPb MBI MENJACHHO IPOJBHUIaeM
kpusyio I'; puns. Mu Gynem monywars Becerga ToT e caMbiil pesyiib-
TaT 0 T€X IOp, IOKA He HapHCyeM KPUBYIO BPOBEHD C IIACTUHAMU

K r
OHITIYp éKonypI; —/3,
7 N T
} r \ i ’
N /
B \\ S; //
. b
K{ll_mypl',’ \\J":il.': g ot pn o Sz
e <
B === B ®B
i
a v { 6

Duz 18.2. Macnumnoe nose 664u3u 3aPAJNCALMOZO KOHOCHCAMOPA.
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roupaeHcatopa. Torma Tox I Gymer cTpeMuThed K Hynwo. McyesHer
JIY IPM 3TOM MarHUTHOE mose? 1o Ob110 661 0ueHE crpanuo. Jlapaiite
HOTAANAM, YTO ropopur ypasHerme Maxcpenna pgns rpusod [,
KROTOpas upexpcraBiager cobodl OKpY/KHOCTH pajgmyca r, IJOCKOCTH
KOTOPOI IPOXOJUT Me;KAY MIACTHHAME KoHfeHcaropa (dur, 18.2, 6).
Hourypamit marerpax or B sorpyr I ects 2nrB. On gommen 6HTH
paBeH HPOM3BONHON mo BpeMeny moToKa E, mpoxopsmero ckBo3b
NIOCKYI0 HOBePXHOCTH Kpyra S,. IT0T IOTOK E, Kak Mpl 3HaeM
u3 3akoHa [aycca, nomxeH OpiTh paBeH Ipomspemenuio 1/&, Ha

sapag Q Ha omHOH M3 maacTHH KoHmeHcaropa. Mm umeem
2arB =2 Q—). (18.9)

dt \ gy

310 oueHs xopomro. Pesynabrar TOT xe, uTo M manuia B (18.8).
VATerpuponsanue 1Mo MeHAWNIEMYCHA SJeKTPHIECKOMY HOAKD [aeT
TO yKe MaTHHTHOE II0Jie, 9TO M WHTerPHPOBAHUE IO TOKY B HPOBOJE.
Homeuno, rax pas 06 a3tom u ropoput ypapaenue Makcsenxa. Jlerko
BHJIETH, ITO TAK MONKHO OHITH BCETAA, eCAH OPHUMEHHTH HAIH Pac-
CYMKIeHHA K JBYM mOBepXHOCTAM S; U S, OrDaHUICHH KM OFIHOI
# 10 ke okpymHOocThIO ') Ha dur. 18.2, 6. Cksosp S, mpoxomut

rox I, HO HeT BaeKTpmIECKOro moroka. CKBo3h S; Her TOKA, HO
ecTh JJIEKTPUYECKMH WOTOK, MEHAMImiicst €O cKopocTeio I/ &,
To ke moime B monyumres, ecim Mbi mpumeHum ypapuenme IV
(rabx. 18.1) K rampoll moBepxBOCTH.

N3 mamero obcympenusa moGasru, Bpepennoii MaxcseasioM, y
BAac MOTJIO CIOKMTBCA BIEYATIeHHE, UTO OHA j00aBiageT HeMHOIO ~—
OpPOCTO MONIpPABJSAeT YPABHEHWUA B COTJIACHM C TeM, UTO MBl YiKe
ORUTATH. OTO BEPHO, MOKAa MBI paccMaTpusaeM ypasHeHue 1V cano
no ceGe, HU9ero 0co0eHHO HOBOro He HoAmistercsa. CiroBa camo no
cebe, OfHAKO, BechbMa BaykHul. HeGoabmioe w3MeHeHue, BBeJeHHOE
Maxcaesom B ypasuenume 1V 6 couemaruu ¢ Opyeumu ypasHeBHAMH,
Ha caMOM Qejle flaeT MHOI'0 HOBOro M BaskHoro. Ho mpesxpe vem
BaHATHCH DTMM BONPOCOM, HOroBopuM mojpobuee o taba. 18.1.

§ 3. Bce o naaccuuecroii guzure

B Tabn. 18.1 ceengeno Bce, 9ro 3Hana QyHAaMeHTAILHAA KAQC-
cuieckas (QU3NKaA, T. e. Ta QuUamWRA, KoTopasd Opula H3BECTHA JO
1905 r. B ognoii sToit Tabauue ecth Bce. C mOMOMIBbI0 BTHX ypaBHe-
HUI MOKHO TOHSATH BCE JOCTUKEHUS KIACCHICCKON (M3mKH.

Ipesxpe Bcero Mm mMeeM ypasmeHuss Makcépenna, sanncanmble
KaK B pacIIUpeHHOM BHjE, TAK U B KOPOTKOH MarteMaTHIecKoi fop-
Me.. 3aTeM ecTh COXpaHeHWe 3apala, KOTOpGe JasKe 3aUMCAHO B
cKODKaX, IOTOMY 9TO cOXpaHeHHe 3apAfa MOKHO BHBECTH N3
EMeloImuXcA HOMHHX ypapHenmit Maxcsemna. Tax wro s rabamie
EMeloTcd flake Hebompmue wsammKu. Jambiie MH 3a0ECAIKN 3aKOH
OAA cuInl, DOCKOJBKY BCe MMEIOIIMECS DIEKTPHYECKHe M MATHHT-
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HEIE DOJST HWYEro He TOBOPAT HAM JO TeX IOp, MOKA MH He 3HaeMm,
Kak OHHU felicreyrorT Ha 3apsapgel. Opmaxo, suas E u B, Ma momem
HAWTH CHIY, NeHCTBYOINYI Ha O0BEKT ¢ 3apsAfoM ¢, KOTOPHI IBU-
JkeTcs €O CKopocthio V. Haxomenm, mMeromasfcs cmiaa HHYEro He
TOBOPHUT HAaM, IOKA MH He 3HaeM, UT0 TPOMCXONUT, KOTIJga CHIa
YCKOpSAET 4T0-TO; HaM HeoGXOMUMO 3HATH BAKOH ABWKEHHA, KOTO-
PHA TOBOPHUT, WTO CHia pPaBHA CKOPOCTH HBMEHEHWS WMIYJbeA.
(Ilommure? O6 3ToM roBopmiaoch B Hadame Kypcea.) Mul maske BRIIO-
iy 3GeRTH TeOPHH OTHOCUTENBHOCTH, 3alMCaB MMIYJIBLC B BUE
p = myv/V 1 — v¥c.

Ho ecium mpl meficTBETENBHO XOTHM 38KOHYEHHOCTHM, HAM CJI€.
nyer noGapurh emie OfMH 3aKOH — 3aKOH TAroTeHHA HeloToma,
M MK TOCTABHIHE €ro B KOHIE.

Urax, B opnoit neGoapuioi Tabaune Met cobpaiu sce QyHIaMeH-
TAJIbHHE 34KOHH KIACCHYECKON (UBHKH, Jaske XBaTWIO MecTa
BHIECATh WX CJIOBAMHI U €Ij¢ ¢ HEKOTOPHM WMBIHMIKOM. JTO BEIH-
KEl mMoMmeHT. Mp moropwau Gonbmylo Brcory. Me Ha sepmmue
K-2* MH mOYTH TOATOTOBJCHH IOKOPHUTb Temepb JBepect, T. €.
KBaHTOBYI0O MEXaHUKY.

B ocHoBHOM MH DHTaXWCh HAYIUTHCHA MOHUMATDH BTH YPABHEHMS,
A Teneps, Korjga Mu coOpaim WX BOEIMHO, MH cobupaeMcsi paso-
OpaThes, uTd 03HAUAIOT 9TW yPABHEHMWs, 9T0 HOBOTO CKa)KYT OHH O
TOM, 9€T0 MH eie He HOEaau. MH MHOT0 HOTPYAMANCH, 9TO0H
BcrapabKaThes K 0TOH TOUKe. JT0 mOTpe6oBATO GOABIINX yCUIH,
a Temepb MH cobmpaeMcs HAYaTh UPUATHOE MYTEHUIECTBHE — CHYCK
¢ TOpHl B JOJAMHY, TAM MH YBHIMM BCe, YeTO MBI JTOCTHIJH.

8§ 4. Ilepedsucarougeeca noae

A Teneps o HOBHX ciefcTsusax. OHE BOBEHKAOT U3 CONOCTABIE-
HuA Bcex ypasHemmii Makcpenmsna. CHauama pmaBaiiTe mocMoTpuM,
970 Tpom3omIo G B ocoGenHO mpocToM caydae. Ilpepmomoskum,
YTO H3MEHAETCA TOJIBKO Oj(HAa KOOpAHMHATA Yy BCeX BEJWYMH, T. €.
paccMOTpHM 3aKadyy OFHOTO H3MepeHns.

Crnyuail sror nokasad ua ¢ur. 18.3. Ilepex BaMm 3apsxeBHH
amcT, mOMeIleHHEI Ha mwiockocty yz. CHadana OH HeEHNOJBUKeH,
a 3aTeM MTHOBEHHO mpumoGperaer CKOPOCTh U B HAUOPABICHHUM Y
¥ IBIKETCSH C 3TOI MOcTOAHHON cKopocThio. Bac Moiker 6ecnokonTs
NPHCYTCTBHE TAKOTO «GECKOHETHOT0» YCKOPEHUSI, HO (pakTHUeCKH
5TO He UMeeT 3HAYCHWA, LPOCTO LIpefcTasbre cebe, UTO CKOPOCTH
JOoCTUTraeT 3HA4eHHA U OoueHb Omicrpo. MTak, MH BHe3amHO mONY-
gaeM nopepxXHocTHHiE TOK J (J — TOK Ha CIWEUNY IIWpPUHH B
z-panpapiaenun). Yrobw ynpoctuThs npobieMy, OPeImoaosKUM, YTo
WMeeTCA eIe HeMOIBIKHLI JIWCT, 32 PAKeHHEIH TP OTHB OO 03KHO 1

* K-2— BTOpas IO BHCOTe BepIIMHA MHDa B CeBepO-3aNajHEIX OTPOrax
I'mManaes, masmBaemux Kapaxkopym,— ITpusm. ped.
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Due. 18.3. Beckoneunas 3apaAscernas RAOCKEOCMbL HeoxcU-
danno npugodumces 6 nocmynamesvnoe OgudceHUE.

BosHuxraiom MmazHumHoe U atekmpPurecKoe noaf, PACnNPoCMPaAHAIo-
WUECA 0M NAOCKOCTU € NOCMOAHHOU CHOPOCTNYIO,

HaJIO}KeHHHI Ha INIOCKOCTH Yz, TAK 970 BIEKTpocTaTHYecKue -
¢exTer orcyrcrByioT. llpencrasum cefe Tamse (xora ma Qurype
Mbl IIOKA3ajd JAHUOIL TO, 9TO HPOMCXOAWT B KOHEYHOH obxacrm),
970 JIMCT OPOCTHpPAeTca 710 OECKOHEYHOCTH B HANPABICHUAX Y
u —+z. [pyrmmu cinoBamm, 3mech MH @EMEeM CAydYail, KOTHa TOKa
HET, a 3aTeM BHE3ANHO IOABIAETCS ONHOPOAHHIU JHUCT ¢ TOKOM.
Yro ke mpomsoiimer?

M= sHaeM, 9T0, KOT[A MMEETCH JIUCT ¢ TOKOM B HOJNOKHTEIbHOM
y-HANpaBIEHUYW, BO3HUKHET MArHWTHOE TOJ€, HAHPABICHHOE B
OTPHUIIATeABHOM Z-HAmpaBieHUE Tpu £ >0 U B HOZOKUTEABHOM
z-gampapieaun npu z << 0. Mut mornu 6w Haiitm Beauumay B,
MCIONB3YSA TOT (PAKT, 4TO KOHTYPHHIA MHTErpai OT MaTHATHOTO
nosst Oymer paseH TORY Ha &,c%. Mt monyamuum 651, ato B = J/2¢,c?
(mockonbry Tok [ B IOMOce MupMHOK w paseH Jw, a KOHTYPHRIA
unrerpain or B ects 2Bw).

Tak Mu oupefenseM nosie BOAW3M JmCTA AIA MAJAX SHAYCHHAU
Z, HO, TOCKOIBKY MHl CIMTAaEM JUCT OECKOHEUHBIM, XOTENOCHh OBl
TMOJYYUTh ¢ HOMOINBIO TEX jKe PpACCY;KJeHul MarHWTHOE Ioie
nogansme (mas Gonbmux sHawenuin x). OpHako 970 03Hauaxo O,
9T0 B MOMEHT, KOI]a ME BKII0YA€M TOK, MATHUTHOE II0JIe BHE3AMHO
WM3MEHAETCS MOBCIORY OT HYIA f0 KoHedHol Beamaussl. Ho norogare!
Tlpu BHesamHOM W3MEHEHHM MATHUTHOTO MOJS BOBHUKAKT OTPOM-
HEE praexkTpmaeckue addertr. (Hak Gl OHO HU MEHALOCH, DIEKTDH-
geckme dPgerTs Bo3HAKHYT.) Tak uro B peayibrate KEWKEHUS 3a-
PAKEHHOTO JIMCTA C€O37aeTcA MeHANeecs MaTHHTHOe NojIe ™,

83



BupE
” H]
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CIIeJ0BATENBHO, [IOJI;KHB BO3HHKHYTH 3JIeKTPHYEcKue HPPentrr.
Ecnu anexrpuyeckne noas o6pazosanuch, OHH OMKEN HAYHHATHCH
¢ HYJsi W MEHATHCSA K KAKOMY-TO 3HaUeHWI0. BosHuKHeT Hexas
npoussofHaa OE/0t, koropasa Gyjer BHOCHTH BKJIAJ BMECTE C TOKOM
J B cosmanme MarmurHOro monn. Tak pasHHe ypaBHeHMA B3alen-
JAAITCA APYT & ApyTa, M MH JOMKHH HOOETATHCA HAliTH pemienus
OaA BCeX molell cpasy.

PaccvarpuBas ypasrenns Makcseldia IOpO3Hb, HETETKO Cpasy
nony4urs pemerwne. I[loaroMy cHagama MBI cOOOMINM BaM OTBET, & BaTeM
y3Ke OPOBePUM, elICTBUTEI BHO JI¥ OHO YIOBIETBOPSCT Yy PaBHEHM SIM.
Omeem: Ilone B, K0oTOpoe ME BEIYHCIMIN, HA CAMOM fejie CO3NaeTCH
opaMo BOJIHBH JiucTa ¢ TOKOM (AaA MadwXx x). Tax u ZomKHO GHITD,
WOTOMY YTO 6CJAM MEl IIPOBEJIEM KPOINEYHYI0 IETII0 BOKPYT JHCTA,
TO B Heil He OyjieT MecTa [iIA IPOX OK/ACHHA DIASKTPHYECKOTO IIOTCKA.
Ho mome B momanbme (mms Gonrbmmx ) CHavada pPaBHO HYJIO.
OHO B TeUeHMe HEKOTOPOro BPEMEHH OCTAaeTCS HYJIEeBHIM, A 3ateM
BHE3AHHO BKI7Taerca. Hopowe rosops, MBI BRIKYaeM TOK U He-
Me[JIeHHO BOJH3U HEro BKJIOYAETCA MATHATHOE TONEe ¢ IOCTOSH-
HeM 3HaveHEmeM B; sarem priaiowemnoe mose B pacmpocrpamsercs
or obnacti mcrouRuKa. Yepes HEKOTOPOe BpeMs MOABAAETCA ONHO-
POHOE MAarHETHOE HOJe BCIOAY, BUIOTH 10 HEKOTOPOI'O 3HAYCHMS I,
a 3a HUM OHO paBHO Hymo. BeaepcTBme cmMMmerpmm oHO pachpo-
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Due 18.5. To sice, wmo na gue. 18.3 (6ud ceepry).

CTPAHAETCHA KAK B MONOKHUTENLHOM, TAK M B OTPHLATEIBHOM Z-Ha-
EpaBlIeHUM.

Hoxe E pexaer To sxe camoe. Jlo momenra t=0 (korna Me BRIKO-
gaeM TOK) molie WOBCIO/ly PAaBHO HYNIo. 3aTeM, CHYCTA Bpemsa I,
kak E, tak u B nocroaman BWwiors Mo paccrosHus x = vt, a 3a
BmM paBHH Hymo. Ilons mpogsuraiorcsa pmepef, noxgobHO mpUAHB-
HOH BOJHE, mpHIeM QPOHT HX OBMIKETCH C IIOCTOSHHOH CROPOCTHIO,
KOTODaA OKA3HBAETCSA PABHON ¢, HO MOKA MBI OyIeM Ha3HBATH €€ V.
Nzobpamenne sapucumoctr Benuumunt E niou B ot  (kak onm ka-
JKYTCSA B MOMEHT ¢) moxasaHo ma ¢ur. 18.4, ¢. Ecau cHoBa mocmor-
perb Ha ¢ur. 18.3 B MOMeHT {, TO MH yBHAUM, 9TO 061aCTh MEHAY
r = - vl «3aHATA» HOJAMH, HO OHH €IIe HE HZOCTHUTIN O00JacTH
3a Heil. Mu cHOBa HOEYePKMBAEM — MBI IpEAIOIATaeM, 4ro JHUCT
3apskeH, a ciefoBareabHo, nonsa E u B npocrupamores Geckoredano
JaldeKo B y- W z-HampawmeHusnX. (Msr me mosxem msobpasurs Gec-
KOHEUYHHIH JHCT, MOITOMY ME HOKA3BIBAEM JIMIIH TO, 9TO MPOUCXO-
JUT B KOHEYHOH ofgactd.)

Tenmeps MH X0THM HPOAHANH3UPOBATH KOJIHYECTBEHHO TO, YTO
npoucxogur. Urobm cpexars 310, PACCMOTPHUM [IBA IOMEPEUHHIX
paspesa: BAJ| CBepPXY, ecilli CMOTPeTh BHU3 B oAb ocu ¥ (pur. 18.5),
2 BT cOOKY, ecad cMoTpeTh Hasaf BRoab ocu z (fur. 18.6). Haumem
¢ puga cboxy. Mul BuguM 3apsKeHHELT JIHCT, ABURYIIAIACA BREPX;
MarBUTHOE TIOJIe HAUpaBJIEHO BHYTPH CTPAHMIE [JIA +2Z W OT CTpa-
HAOH JIA —, a AJeKTPHYECKOe IOJie HATUPAaB/IeHO BHU3 BCIOAY,
BILIOTH A0 & = - vi.

ITocmorpuM, cormacyroTcs ad Takhe moJis ¢ ypapHeHmsaMu Mak-
csesia. CHagana mapucyeM OfHY W3 TeX [ETeAb, KOTOPHIMM MH
NOJNB30BANNACH IS BHYHCIGHHSA KOHTYPHOrO HHTErpasa, CKayKeM
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Quez. 18.6. To se, wmo na pue. 18.8 (eud céory).

upamoyronbaurk I', Ha ¢ur. 18.6. Samersre, 4T0 OFHA CTOPOHA
IpAMOYTOJbHIKA OPOXOIUT B objiacTd, TIe ecTh moisd, a Apyrad —
B obaactu, [0 ROTOPOIl nois ewme He pomuin. Yepes Ty LETAO
OPOXOAUT KAKOH-TO MATHUTHHIM noTOK. KEcam om maMeHdercH,
JOMKHA MOSBHUTHCH 3. M. C. BAOADb mernu. Ecam BoaHoBOH ¢poHT
OBUWKETCSA, MBI OyaeM WMeTh MEHMIONMHCs MATBHTHHIA IIOTOK,
OOCKOABKY IOBEPXHOCTH, BHYTPM KOTOPOH cymecrsyer moie B,
HEUPEPHIBHO YBeNHIUBAETCA €O cKopocTho v. Iloror smytpm Iy
pasen npomsBenenno B ma Ty gacte mosepxmocr:m BEyTpH Iy,
rge ecth MarauTHOe moje. CKOpoCTh MaMeHeHHs MOTOKA (HOCKONb-
Ry BenuumHa B mocrogHHA) paBHA BeJIWYUMHE IOJIA, YMHOMKEHHOI
H2 CKOpPOCTh M3MeHeHHNA mnopepxHOCcTH. CKOpPOCTH HM3MeHEHHs MO~
BepxHOCTH Halitm nerko. Ecinm mupmBa npamoyronbHumKa I
pasHa L, TO HOBepXHOCTH, B KOTOpoii B cymecrByer, MeHAeTCHA
Kaxk LvAt 3a orpesox spemenu At (cm. ¢ur. 18.6). Cropocrb mame-
HeHNsI noToKa Torga pasaa BLv. Ilo sakony Qapajes oHa JOIKHA
OsTH paBHA KOETypHOMY mHTerpany or E sokpyr I'y, KoropHii ecTh
npocro EL. Mo noxyuaeM paBeHCTBO

E =vB. (18.10)
Taxam obpasom, ecnu orHomenue E ® B paBHO v, TO paccMaTpn-
BaeMHEe HaMM moast OyayT ymosierBopATh ypasHeHHio Dapajes.

Ho »10 He egmHCTBEHHOE ypaBHeHHe; Y HAC €CTh €MIE OfHO,
ceasmBamee E u B: ~

2 —d OB
chB_Eo—l—at . (18.11)
YroOs mpEMEHUTH 5TO ypasHEHHe, IOCMOTPHM HA BHJ CBEDXY,

u3obpayxennsii ma ¢ur. 18.5. Mur ye BUmENH, 9T0 3TO yPABHEHUE
maer HaM 3HaueHme B BOumsm s3apsmennoro amera. Kpome Toro,
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s m000it meTIM, HapMCOBAHHON BHE JIKCTA, HO MO33JU BOJHOBOIO
¢porTa, HeT HE poropa B, Hu j mam MeHsomeroca mousa E, rar
4T0 YPABHOHHAE TaM COPaBeauBo. A Temeph NOCMOTPHM, HTO
OpomcxoaurT B memie I[';, Koropas mepecekaer BOXHOBOH ¢poHT,
Kak mokaszaHo Ha ¢ur. 18.5. 3gecs HeT TOKOB, IMO3TOMY ypPaBHEHHE
(18.11) morkHO BamucaTb B EHTErpaibHON (opme TaK!

d
c2r\qﬁ‘B-ds=% S‘ E-nda. (18.12)

Bayrpu I'y

Rourypumit materpan or B ecrp mpoero mpoussefenue B ma L.
Cropocrs maMerenus motoka E BosHMKaer T10abKO Omarogaps
HpOABHralOmeMycs BoamosoMy ¢poury. ObGmacrs BHyTpum I'y, Tme
E me pasmo Hyio, yBeamuusaerca ¢o ckopocrbio vL., llpasaa cTo-
pona (18.12) rorma pasma vLE. Ypasneame ato mpumobperaeT BHJ

¢*B = Ev. (18.13)

Mst umeem pemenne, xKorga noxs B u E nocrosnEH 3a $poH-
TOM, OpudeM 00a HAUpaBJIEHH 0N HPAMHEIMEY YIAaMd K HAIpasie-
HHI0, B KOTOPOM [BMKeTCH QPOHT, W IOX NPAMEIMH yIiaMu JZpyr
R apyry. Ypasuenns Makceemina ompepensior orHomernne £ K

(18.10) u (18.13) momyzaem

E=vB u E=§B.

Ho ogrny munyrry! Mol maman déa pasnwbiz BHpasKeHAA AJIA OTHO-
menus E/B. Momer n1u taxoe mnoje, Kak Mbl ONNCHBAaeM, Jei-
CTBUTENLHO CyiecrsoBars! VMeercs JMmb OfHA CKOPOCTH U, JId
KOTOpOl ofa ypaBHeHHA MOTYyT OKITH CIpPaBEIHBE, a HKMEHHO
v = ¢. BounnoBo# $ppoHT J0NKEH HepeBUIraThCsA €O CHKOPOCTHIO C.
Bor npumep, Korxa saexTpudecKoe RO3MYIIEHHE OT TOKA PaCHpO-
CTpaHAETCH G OIPEJeJeHHOM KOHETHOH CKOpOCTBIO C,

A Temepp COPOCHM, 9TO HPOHM3OHET, €CaM MH BHE3AIHO OCTa-
HOBHM BapsUKeHHHN IUCT, HOCAe TOT0 KaK OH ABUTAJCA B TEICHUO
KOpoTKOTO BpeMend I'? YBUAeTh, 9r0d CAYIATCA, MOKHO ¢ HOMOINBIO
IpUHIANA CyHepno3unuu. ¥ Hac 0T TOK, PABHHI HYJIIO, a 3aTEM
€ro BHE3AMHO BKIAYAIU. M 3HaeM pelleHHe A 9TOr0 CIAYYAs.
Teneps Mul cobupaemest [06aBuTH mPyroil papm moueii. Msr GepeM
Ipyroii sapsyKeHHHH JIHCT W BHE3ANHO HAIAHAEM €ro JBUTaTh
B HOPOTUBOHOJOKHOM HANPABIEHUH € TOH ;KE CKOPOCTHIO, TOJABKO
coycrs BpeMa I’ mocae madana ABUKEHHA TepBOTo jaucra. [loxnmit
TOK OT ABYX JIHCTOB BMeCTe CHAYA/IA PABEH HYJII0, HOTOM OH BHKIIO-
qaeTcs B TedeHne BpemeHnm I, 3areM BHRIIYAeTcsa CHOBA, IOTOMY
qr0 0o0a TOKA moramamTcAa. Tak M TOXydYaeM LTPAMOYTroJbHEIT
CEMOYIbC» TOKA.

Hopuit oTpanaTenbHEA TOK ¢O3aeT TaKKe e MOJMA, KaKk | Io-
JO;KUTENBHBIH, HO ¢ OOpAaTHHMH 3HAKAaMH M, pasyMeercs, ¢ 3amas-
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nuBanueM 8o apemenn 7. Boanosoit ¢gport no-npexuemy nsmxerca
€O CKOpOCTHI0 ¢. B MOMeHT BpemeHH ! OH JOCTHraeT PacCTOSHUA
z= 4 c(t — T) (cm. pur. 18.4, 6). Urar, MH HMeeM [iBa «KyCKa»
HoJisl, MepeMeInaloluXxcsa co CKopocThio ¢ (cM. ¢ur. 18.4, a | 6).
Coegnnennasie oA OyAyT TakUMM, KaK moxkasamo ma ¢mr. 18.4, 6.
Jas x >>ct mons paBHHE HYJIO, MekAy £ =c (t — T) m z=ct
OHH DOCTOSHHBH (CO 3HAYCHUAMHE, KOTOPhIe Mkl HALLIHA BHIIE), W 1A
< cft— T) oun CHORAa paBHH HYIIO.

Hopoue ropopsa, MB mojayvyaeM MajJeHbKHH KyCOUEK HOJA TOT-
muaoi ¢, KOoTODHI MOKUHYJ 3aps;KREHHBIH JHCT U IIePEIBHATAETCA
gepe3 Bce mpocTpaHCTBO caMm mo cebe. Ilonsa «oropsanmen»; oHM
pacmpocTpansaioTcs ¢cBo6OIHO B npocTpancTse ¥ 6onbine He CBA3AHM!
KakmM-70 obpasoM ¢ mcrounmkoM. Hyroarka mnpesparmmacs B
6aboury!

Hakx sxe 9T COBOKYITHOCTH JEKTPHYECKOTO W MAarHUTHOIO MOJeH
MOFYT COXpaHATh caMu ceba? Omeem: 3a cuer coueranms 9PPerToR
uz saxoHa Dapapes VXE=-—0B/dt u nororo wrena, mobasieH-
soro Maxcseanom 2V X B=JE/dt. Onm He MOTyT He COXpausutTh
cebs. Ilpemmonoykum, uro marmutHOe nojie mcuesno Ouwi. Torpa
MOSABMJIOCH ORl MeHFAIONIEECs MarHUTHOE MOjie, KOTOPOE CO3[aBaso
0ol -onexrprueckoe moge. Ecau 6wl 5T0 BIeKTpUYECKOE MOJ€ HOMK-
TAJOCh HCIEBHYTH, TO H3MEHAIOMEECH DIEKTPUYECKOe MONEG CO3/EAN0
Ou1 MaraEuTHOE mose cHoBa. CiemoBarenbHO, 38 CUET HENPEPHIBHOIO
B3aHMOJeHCTBUA — HEPEeKaYWBAaHMUSA Tyga WM OOpPaTHO OT OHHOIO
HoAs K JEPYyroMy — OHM JMOMKHEL cOXpaHAThest Beuno. OHm He
moryt wmcuesHyTh *. OHH COXpaHAIOTCHA, BOBICYCHHHIO B oOmmil
TaHel[ — OJHO IOJIe CO3/aeT Apyroe, a BTOpOE CO3NAeT MepBoe,—
pacupocTpaHssich BCe JaJblle W [JalbIle B NPOCTpPAaHCTBE.

§ 5. Cropoemob ceema

Y Hac ecthb BOJIHA, KOTOPAsi yXORWUT OT MaTepPUAIBHOTO HCTOY-
HEKA M BIKETCA CO CKOPOCTHIO ¢ (3TO cKOpocTh csera). Bepremca
HEMHOT0 Hazaj. McTopuuecku ne OhLI0 WaBECTHO, YTO KO3(PuUImenT
¢ B ypasHennax Maxcseana TOT jke, 4TO M CKOPOCTH pacmpoctpa-
HOHHA cBera. JT0 GBUIA TPOCTO KOHCTAHTA B ypaBHeHEAX. Mu Ha-
BBAJIM €8 ¢ ¢ CaMOr0 HAYaja, TAK KAK 3HAJAM, Yrd B KOHHE KOHIOB
JOMKHEO monydnaThesa. Mbl He mymaem, 9o Ghuro OW pasyMHee cHa-
9ajia 3aCTABHTh BAC BHIYYATH (OPMYJIH ¢ PASHHIMU KOHCTAHTAMM,
a saTeM BepHYThCs OBpAaTHO M MOICTABUTH € IOBCIOAY, I[e OHO
MOMEHO cToATh. G TOYKM 3PEHUA IACKTPHISCTBA W MarHeTH3MA,

* Jro He coBceM Takr. ITonsa MOryr OHTBH «IOTJIOMEHBI, €CJHH MOMANYT B
06sacTh, B KOTOPOH €CThH 3aPAAK. ITO BHAYAT, UTO IE-TO MOFYT GHITH CO3MAHKI
ApyTrHe 0oJis, KOTOPhe HAJNOKATCA HA OTH IOJA H (OTAacAT) HX B peaynmaTe
AeCTpYKTusHOK maTeppepeHuun (cM. ra. 31, Bum. 3).
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OJHAKO, MH OPAMO HaYWHaeM ¢ JIBYX KOHCTAaHT €, H 02, KOTODBHIE
OOABAAITCA B YPABHCHHAX 3JEKTPOCTATHKHA MW MATHUTOCTATHKH:

V.E=£ (18.14)

€y

E - 3
VxB=_l5. — (18.15)

Ecnm B3aTh m1060€ NPOU3EOALHOe ONpeJesIeHNe eNHANNL 3apAja,
MOYKHO SKCI@PUMEHTAJIbHO OIPEJeIUTh DOCTOAHAY &y, BXOIANYIO
B ypasuenme (18.14), craskem, m3MepAA CHAY MEKALY AByMA He-
HONBI;KABIME e[MHUYHEIMA 3apsiAaMu 1o saxody HKynoma. Mu
NOJKHE TaKyke ONPEISAHTh DKCIePHMEHTAMBHO HOCTOAHHYIO E£yC7,
KoTopaa moseiasAerca B ypasmeruu (18.15), 9ro MomHO cuemars,
CRaKeM, U3MEPUB CHIY MeRy AByMA eAnHmIHmMEH Toxkamu. (Exm-
HUYHEIA TOK O3HauaeT eIWHWUHHIL sapax B cexyngy.) OTHomeHune
BTHX IBYX SKCOEPUMEHTAJBHEX NOCTOSHHBIX €CTh ¢? — Kak pas
Opyras «dIeKTPOMATHUTHAA NOCTOSTHHASMY.

3amernM Temepb, UTO MOCTOsiHHAS €2 nonyqaetrca OlHA M Ta jKe
HRe34BUCHMO OT TOT'O, KaKoBa BhOpaHHAs Hama efWHUIA 3apAAA.
Ecnu mut smbepeM «3apam» B ABa pasa 0oabme (CKayKeM, YABOEH-
HHE 3apfAj OpPOTOHA), TO B HameH «eJAHUNE» 3apAAa &, KOKHA
YMeHLIMAUTHCA B WeTHpe pasa. KHorma MH OponyckaeM JIBa TaKUX
«eMHUYHEIX» TOKA IO [ABYM IPOBOJAM, B Ka:KaoM mpoBoje Oyner
B /iBa pasza OOXbIIe «3apAgoOB» B CEKYHAY, TaK 9TO CHJIB MEMIY
AByMs mpoBofamu OymnyT B uersipe pasa OGombme. Ilocrosirnas
£,c% MOMKHA yMeHbHINTHCA B derhipe pasa. Ho ormourenme 4%/ g
HE MEHSIeTCA.

CrnegoBaTeqbHO, HENOCPEACTBEHHO M3 BKCOEPUMEHTOR ¢ 3apAja-
MH ¥ TOXAMH Mbl HAXOJHMM YHCIO ¢, KOTOPOE OKa3BBAaeTCA PABHHIM
KBaJIpaTy CKOPOCTH pACHPOCTPAHEHUS 3ITEKTPOMATHHTHHX BO3-
Oyxpennit. s cratudeckux usmepenuii (HBMEPAS CHIB MERAY JBYMA
eMHUYHHIMA 3apAJAME M MEKAY IBYMA eJUHWIHKHMH TOKAMH)
Ml HaxommM, gro ¢=3,00-10% m/cex. Horma Maxcsenn muepsHe
Hpofenax 5T0 BEUUCICHHE CO CBOMMHM YPAaBHEHHAMH, OH CKasad,
9TO COBOKYINHOCTH HJIEKTPUYECKOTO M MArHUTHOTO mojieil Oymer
pPacupoCTpaHATLCH ¢ 3TOX cKopocTblo. OH OTMeTHS TaKiKe TamH-
CTBEHHOE COBIAJ€HWE — 9TA CKOPOCTH OHTa PABHA CKOPOCTH CRETa.
«Mer emBa au MoxceM m30ekaTh 3aRIIOYEHUA,— cKaszam Max-
CBEJJi,— WTO CBET — 9TO IONEPeTHOe BOAHOOOpA3HOE [BIIKEHNE
TOM Ke caMoi cpenm, KOTOpaH BHI3HIBACT DACKTPUIECKHUE M MATHHT-
HHE ABISHUA»,

Tax Maxcsenn cosepmmi ofHO U3 BeAHRUX 0006menuir pusnku!
Mo nero 6rut cBer, 6b1T0 daeKkTpUUECTBO U GhLT MarHeTH3M. [Ipmaem
IBa MOCTEIHUX SBNEHEA Owyinm 00BefAMHEHH 3KCIePUMEHTaIbHBIMHU
paboramun @apagmest, Ipcrega u Amnepa. Ilorom BHezamHO cBeT
He crax ymxe OGoabime «ueM-TO emie», a OB  BIEKTPHYECTBOM
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E MAarHeTH3MOM B HOBOH ¢opme, HeGONBIIIMH KyCKaMH SIEKTPH-
9eCKOT0 M MATHHTHOT'O HoJeli, KOTOPHE pacupoCTPaHAIOTCH B HpPO-
CTPAHCTBE CAMOCTOATENHHO.

Mu ofpamjanu Balme BHEMaHMe Ha HEKOTOPHE YePTH HTOTO 0CO-
60TO penieHHusd, KOTOPHE, ONHAKO, CHPABEIHUBH A L0600 BIEK-
TPOMATHHTHOI BOJTHEI: MATHUTHOE TOJIe NePIeHANKYNAPHO HAUPAB-
JeHHI NBIDKEHWSA (QPOHTA BOJHE; DHIEKTPHIECKOE IOJNe TaKKe
NepHOeHANRYAAPHO HANPABICHHUIO ABIKEHUT (POHTA BONHH; M ABA
sexropa E m B mepmempurynapau apyr gpyry. lauee, senmamaa
9JIEKTpUYecKoTo mond £ pasHA MPOM3BENeHUIO ¢ HA BEIMYMHY Mar-
HUTHOTO Hojid B. J1u Tpu darTa — 9r0 004 MOJIA HOLEPEeTHH HA-
OpaBJIeHUI0 pacHpocrpaHenusa, 9ro B mepmemguuyaspao E n
uro E=cB — BepHH B000IIe 7151 N1060MH DAEKTPOMATEUTHON BOJIHE.
Ham wacrHuil caywafi — xopoummii mpumep, OH HOKa3LBAaeT BCO
OCHOBHEI® CBOWCTBA BIEKTPOMATHUTHHX BOJH.

§ 6. Pewenue ypasnenuit Marcseara; nomenuuast
U 60AHO060€ YpasHeHUue

Teneps cromno 6H 3aHATHCA HEMHOTO MaTeMATHKON; Mbl 3amu-
nieM ypasuenns Makcsenna B Gosee npocroii opme. Bri, momanyit,
coTTeTe, YTO MKl YCAOMHACM MX, HO €CIM BH HabepeTech TepHeHus,
TO BHe3amHO o0Hapy;kuTe HX GONBINYH HpOCTOTY. XOTA BH YIKe
BIOJTHE MPHBHKIY K KadaoMy M3 ypasHenu# MakcBenna, umeercs
BCE K€ MHOTO 9acTed, KOTOpPHE CTOMT COeIMHHTH BoeAmHo. Bor
KaK pas 3THUM MH & 3aliMeMcd.

Haunem ¢ V-B=0 — npocrefimero u3 ypasmenuii. Mo 3naem,
4TO OHO mOApasyMmesaer, aT0 B — ecth porop wero-to. Iloaromy,

€CJIn BB 3anucaan
B=VxA, (18.16)

TO cuMTaliTe, UTO y;Ke pEmIM OJIHO W3 ypaBHeHH:r Maxcpemna.
(Mesxny mpoumm, 3aMerbre, 9T0 OHO OCTAeTCA BEPHO [UI APYTOro
pexropa A’, ectu A'=A-Vy, rae P — m1060e craxapHOe moKe,
IOTOMY 9TO POTOp Y — Hyib H B — mo-mpeskHEMY TO ke camoe.
Mz rosopunm o6 sToM pambime.)

Temeps pasGepem saxom @apages VX E=-—0B/dtf, noromy
4TO OH He CONeP/KUT HUKAKNX TOKOB Wi 3apsmoB. Hcam Mu 3a-
nmmem B xak VXA u npopuddepeHnupyeM oo £, TO CMOKEM mepe-
oucarp 3akoH Dapages B dopme

bij
VXE=— 5 VXA.

Hocronpky MEH MO:keM mu(pdepeHIIPOBaTh cHAYana JIu60 1O Bpe-
MeHH, 1160 MO KOOpAUHATAM, TO MOKHO HAHOHCATh 9TO YPaBHCHKE
TaK;Ke B BHmE

2% (E-;-%‘}) =0. (18.17)
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Mu BuamM, aro E-4-0A/0t — sto BerTOp, pPOTOpP KOTOpOrO panen
pynio. IlosromMy rTakoil BerkTOp €crTh rpagHMeHT uero-to. Horma Mul
3aHAMAJIKCH DIEKTPOCTATHKO, y Hac O6nto VX E=0, u MB Torma
pemmnn, uro E — camo rpagmenr gero-ro. Ilyere sto rpamment
or —¢ (MEEYyC s Texnnmueckux ymnoGers). To se camoe crenaem u
misn E4-0A/0t; M momaraem

E+%—_ ve. (18.18)

Mu mcnmonssyeM To jke 0003HaUeHHE @, TAK YTO B DIEKTPOCTATHIE-
CKOM caydae, KOIJla HHYTO He MEHsAeTcs cO BpemeneM u JA/0t
ncuesaer, E Gyger mammm crapum —vy¢. Urax, saxon Qapanes
MO;KHO HpejcTaBuUTh B dopme

——vp_24 (18.19)

Mu y:re pemmad fBa U3 ypapHenuit Makcsenma W HANLIH, 9TO
A OUHCAHHA 3neKTpoMarHUTHHX moxeii E m B Hy:HE weTHpe
NOTeHIUAJIbHbEe QYHKINK: CKaXsAPHHIN DOTeHIHAN (¢ ¥ BEKTOPHHH
mMOTeHNHAT A, KOTOPHIl, pasymeercst, IpefcTaBIsAeT TPH PYHKINH.

Hrar, A oupepensger gacrs E, tax ke rax m B. Yro xe mpo-
u3olier, Korga Mel 3ameHnM A Ha A'=A--V4? B obmem, E pomx-~
HO OHLTO GBI HUBMEHUTHCS, €CJIM He IPUHATH 0COOHIX Mep. Mul MoKeM,
O{HAKO, [IONYCIUTH, YT0 A u3MeHsercda Tak, 4To0H He BIMATH Ha
poasa E u B (r. e. He MeHaAs pusukn), ecim GymeM BceTfa H3MEHATh
A um @ enmecrne mo mpapmiaaM

A =ALVY, ¢ =g, (18.20)
Torga ru B, au E, nonyuenusie w3 ypaeunenus (18.19), me mens-
TOTCH.

Pampme wmu ppibupamun  V-A=0, uro06H Kak-T0O YIPOCTHTH
ypaBsHeHUS craTHku. Temeps MH He co0mpaeMcda TaKk MOCTYNATH;
MH XOTHM ¢fenath gpyroi subop. Ho nogosgmure HeMHOrO, npesxae
9eM MBI CKQ)KeM, KakKoil 8To BHGOp, MOTOMY 4TO IIO3[HEE CTAHET
ACHO, noxemy BoOOGHmE HemaerTcA BHOOP.

Ceifiuac MBL BepHEMCA K JIBYM 0CTABUINMCA ypasHeEnaM Marcsena~
J1a, KOTODHIE CBS;KYT HMOTEHIHAJH W HCTOUHMKE p ®H j. Paz Mm
MOKEM ONpEefeNuTs A W (¢ M3 TOKOB M 3aPALOB, TO MOKHO BCETHA
nonyunts E u B uz ypasuennii (18.46) n (18.19) 1 mu 6ygem umets
apyryo $opmy ypasmenmit Mancpemaa.

Haunem ¢ wmopcramoskm ypasmemus (18.19) B V:-E=p/eg;

oA _ b

-
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2T0 MOKHO 3auucaTh e]ie B BHJE

0 P
—Vip—2V.A=FL .
V2 a:VA e (18.21)
Takoso mepBoe ypasHeHHe, CBA3EBaOIiee ¢ M A ¢ MCTOTHHKAMH.
Hamie nocnennee ypasrenue 6yaer camsM TpysHEM. Mur HadaeM
¢ TOr0, YTO mepemuuieM dYeTBeproe ypasHeHme Makcpeaia:
OE ]
cV XB W -—-—e—o ’
a sateM BHpasmM B m E gepes moTeHNmMANE, HCOOJIbL3YH YPaB-
mepns (18.16) u (18.19):
E) dA\  j
2 —_—  — —_— | =
€2V X (V X A) m( Vo at) L
Ileppuit wied MoKHO IepeHmCcaTh, HCHOJAL3YS aiareGpamdecKoe
TomxgecTBO VX (VX A)=V(V-A)—V2A; MH moayduaem

2V2A 42V (V. A)+ 2 V- TA_ 8.22
—VALEV (VA +5 Votga =3,  (18.22)

He ouenp-ro omo mpocroe!

K cuacTeio, Temeph MBI MO#eM HCIIOAL30BaTH HAOIY CcBOOOmY

B nponssonbHoM BHOope pueeprennum A. Cefigac mut cobumpaemesn

ciexarhb Takoil Bu6op, yroOw ypaBHEHHA OuA A U guA ¢ pasje-

JUAUCH, HO UMENH OJHY W Ty 3Ke ¢opMy. Mu MoeM cmenars 9To,

pibupas *

PR VA=— L0 (18.23)
c2 at

Korma ME moctynaeMm Tag, TO BTOpOe W TPeThe cAaraeMbie B ypas-

mennu (18.22) moramaioTcA, M OHO CTAHOBUTCSA MHOTO IHPOIIE:

1 0°A j

VA— 00 =—

E LT gt

(18.24)
1 mame ypapmenne (18.21) gnst ¢ npumammaer raxyw e QGopmy:

1 % [
2 ——- ¥ ____ B
Vip— e. (18.25)
Haxue kpacusme ypasnenusa! OHE ReAWKOZENHE HPEKIE BCETO
HOTOMY, YTO XOPOWIO PABACAWIACH — ¢ MJIOTHOCTHI0 3aPAKA CTOMT
¢, a ¢ rorom crout A. Jlamee, X0raA JeBas CTOPOHA BHIJIAAUT He-
MHOTO HeJjerno — jaminacuan BMecte ¢ (0/0t)%, Korna Mul packpoem
ee, TO ODHApYIRHEM
P Pg  Po_ 1P p :
W+@_2+ il USSR (18.26)

3z 2 a2 -1

* Bubop  3HadeHEs V-A HasmBaeTcA  «BHGOpPOM  KAXEOPOBKID,
Vsmenenne A 3a cuer fobapnenns V1 Ha3eBaeTCs (KaJuGpPOBOIHEIM Hpeolpa-
sosaunem». BrGop (18.23) HasuBaioT «xaxudpoBxoit JlopeHmay.
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JTO0 ypaBREeHWe WMeeT UpPHATHYK CHMMETDHIO IO Z, Y, Z, i; 37ech
(—1/c* my:mHO, KOHEUHO, MOTOMY, 9TO BPeMsA M KOODJHMHATH pas-
" IM9AIOTCA; y HHUX pasHbhe eUHHIH.

¥Ypasaenun Maxcsenna npusean Hac K HOBOTO THIA YPaBHEHUTO
TS TMOTEHIWANOB ¢ W A, HO ¢ OTHOH H TOH jKe MaTeMaTHYeCKOi
dopmoit s Bcex wersipex ¢ymkumi @, 4,, Ay u A, Pa3z mu
HAYIWIHCH pellaTh 3TH ypaBHeHHs, TO MO;keM Hmojgydurs B u E
u3 VXE n —Vg—0dA/dt. Mu npuxogum K SpyToi ¢opme aIerTpo-
MarHHTHHX 3aKOHOB, B TOYHOCTH JKBUBAJEHTHOH ypaBHEHUAM
Maxcrenna; ¢ HUMH BO MHOTHX CAy9adX o0pam@arscsa IOPa3fo
mpome.

@axTudecKn M y:Ke pemmajiy ypaBHeHMe, BeChbMa IOXOjKee Ha
(18.26). Horga Mum uwaywanm 3BYK B rir. 47 (BHI., 4), M HMeIH
ypasHeHHe B (opme

g 1 O

9z T o

W BHAENW, 9YTO OHO ONMCHIBAET PACHPOCTPAHEHWE BOJH B I-Hampas-
JeHUN €O CKOpOCTRIO ¢. Ypashenue (18.26) sto cooTmeTcTByIOIIEe
BOJHOBOE ypaBHeHHWe [yia Tpex usmepermit. IlosTomy B obmacru,
rae Goanlme HeT 3apsagOB M TOKOB, DEUICHHE HTHX ypPaBHEHUWH He
o3Hadaer, 4t0 ¢ u A — Hynu. (XoTs Ha caMOM Jlele HYJIeRoe pe-
LIeHNe ecTh ONHO W3 BO3MOKAMX pemenuil.) Vmeiorcs pernenms,
mpefcTaBIANlHe HEKOTOPYI0 COBOKYHOHOCTH ¢ B A, KOTOpHE Me-
HAIOTCSL CO BpeMEHeM, HO BCEIAa [BWKYTCA o cKopocTbio c. llona
TepefBHTalOTCA RIepel uepes cpBobofHOE WPOCTPAHCTBO, KAK B
HADIeM NIpUMEpe B Hadaje IJaBHL.

C mombiM wieHoM, AcGasienasM Maxcsennom B ypapuenue [V,
MH CMOTJIH B3aIHCATh IIOJIEBHE ypaBHEHWsT B TepMAHAX A #H @
B ¢opme, KOTOPAA MPOCTA U CPAZY K€ MO3BOJNAET BHIABATH CYNIECT-
BOBAHHE DBIEKTPOMATHATHHX BOJH. i MHOTMX NIpaKTHIECKUX
nexeir eme 6Gymer ynoOHO HCHOAbL30BATH NEpPBOHAYAIbHHE ypap-
nenusa B Tepmurax E m B. Ho oru — no 1y cropouy rops, Ha Ko-
TOPYI0 MH Yy:xe Bcrapabranmes. Temepb MBI MoMKeM HOCMOTpPETH
BOKpyr. DBce Oymer smrasjers mHade — Hac OKEAAIOT HOBHE,
IpeKpacHbe mei3ai.



I'aase a 19

NPUHIATT HAUMEHBLIIELO
JENCTBYA *

Horga s yumica B mxone, mam yaurens -
suru, no dammiuu Bagep, ofgEakms sassan mens
K cebe mocie ypoxa u ckazan: «Y rebs BHE Takoii,
Kak Oynro Tebe BCe CTPAWIHO HANOENO; LOCKY-
maii-ka 06 oxHO#l mHTEpecHOH Bermmm». U om pac-
CKa3aj MHE HEeUTO, 9T0 MHE HOKAa3al0Ch IOWCTHHE
saxBareiBaiomuM. [laske ceiffzac, X0t ¢ Tex mop
opomia yske yiiMa BpeMeHH, B3TO DPOJOIRAeT
MeHs yBiaexars. W Becakuii paz, xorma S semomu-
HAl0 O CKA3aHHOM, A BHOBh HPAHAMAIOChL 3a pa-
6ory. U ma sror pas, roroBAch K JgeKmum, s
moiiMan ce6a HAa TOM, UT0 BHOBb AHATHBUDYIO
Bce TOo e camoe. M, BMecTo Toro wrobm rorto-
BUThCA K JEKIWH, A B3AICA 3a PEIIEHHe HOBOII
sasaan. Ilpemmer, 0 KoropoM s roBopio,— 510
RPpURQUR HauMeHbUiezo Jelicmeus.

* JTa JeRNUA HEKAK He CBABAHA CO BCEM OCTAJLEEIM.
Ora mpoumTama AMIND MU TOr0, YTOGH OTBIEUBCA OT
OCHOBHOIT TeMEl W HEMHOI'O nepemoxHyTh. (Ilepesox mHam-
nuceil, cieJaHHKX Ha JOCKe, upuseied OKOJO PHCYHKOB,
non crTpenkamu,— [Ipus. ped.)
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-"Bor uto ckasax MBe Ttorma Mot yumrens Bapep: «Ilycrts,
K TpaMepy, v Te0sA uMeeTcd 4acTUAIA B TOJE TsKECTH; DTA YACTHIIA,
BHIHEIA OTHY[a-TO, CBOGONHO [IBIDKETCH KYJAa-TO B JPYTYI0 TOUKY.
TH mopbpocun ee, crayeM, KBepxy,
a OHaA B3JTerexa, a OOTOM yHaja.

ECE—————

UucmurHoe

adeco @ deusicenue ® TOH

OT mcxopmHEOro Mecra K KOHEY-
HOMY OHa TIpOILIa 3a KaKoe-To
Bpemsa. llompobyit remeps Kakoe-TO
npyroe pgsmxenme. Ilyers piusa Toro,
4TOOR! MepeiiTH «OTCIA CIOJaY», OHA
IOBHTAJAch yike HE TaK, KaK DaHb-
e, a BOT TaK:

———se———

sooGpadcaemoe

adect @ Geuoicerue

@ mam

HO BCe PABHO OUYTWJIACh HA HY}KHOM
MeCTe B TOT ;K€ CaMblii MOMEHT Bpe-
MEHH, YTO M paHBIIe».

«/l BoT,— mpogomran yunTenb,— eciau TH IOJCYMTAEMD KIHe-
THYECKYI0 SHEPTUIO B RajsHBIl MOMEHT BPEMEHH HA IIyTH YacTHUIIH,
BEUTEINH I3 Hee NOTEHIUAXBHY DSHEPTHI0 W UPOWHTEIPHPYEIIb
Pa3sHOCTb IO BCEMY TOMY BPEMEHH, KOT/[a IPOMCXOAMIO JIBEKEHNE,
TO YBUAMIOB, 9T0 YHCAO, KOTOPO® NOJYIHTCA, Gymer Ooablue,
9eM TpH WCTHHHOM JBHYKEHNH YaCTHIIH.

WNasmu cmopamu, saxomsr HeoToma MomEO0 cHOpMyIHpOBaTh
He B Buae F=ma, a BoT Kak: cCpeHAA KUHETHUECKAS DHEPIUA MUHYC
CPefiHAA HOTEHI[MAJAbHAS DHEPIUsA MOCTUTAET CBOErO CaMOI0 Hau-
MeHbUIeT0 3HAYeHMss HA TOoH TpaeKTOpHHU, HmO KOTOPOH mpejamer
HBATAETCA B JefiCTBUTEIBLHOCTH OT OJHOTO MECTa K JAPYroMy.

Honpobyio moscErTs Tebe 3TO YyTh UOHATHEE.

Ecnu B3saTH mome THATOTEHWS M 0003HAYUTL TPAeKTOPHMIO dHac-
rann z(t), roe * — BEIcoTa Haj 3eMieil (ofofimeMca mOKa OfHUM
U3MEpEeHUeM; IYCTh TPAGKTOPUS TPOJeraeT TOIBKO BBEPX W BHH3,
a He B CTOPOHHI), TO KWHeTHYecKad dmeprus Oymer Y m(dx/dt)?, a
NOTEHIHAILHAA SHePIHUA B MPOW3BOJILHKI MOMEHT BpeMeHu Oyper
paBHA mgz.

Temepp A ANA KAKOTO-TO MOMEHTA [BISKEHNA IO TPAaEKTODHH
6epy pasHOCTE KMHETHIECKON M MOTEHNUANBHOM DHEPTHiA 1 MATErpU-
Py 1o BcoMy BpeMeHH oT Hadaja Ao kouna. Ilycrs 3 Hasanpnmi
MOMEHT BpPeMeHH ¢, ABWKeHHe HATaJI0Ch HA KaKOM-To BHCOTE, & KOH~
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9ua0ch B MOMEHT f, HA ApYy-
Toil ompemeneHHON BHICOTE.

ese————

Torna wmmrerpam pasen

:52‘ [% m (‘%)2— mgx} dt.

1

Ucrunnoe gpwskenue cosep-
maercsa OO0 HeKOTOPOH Kpm-
BOIf (KaK QYHKIUA BPeMeHH
OHA sBIsAETCA Napabosoi)
U OPHBOIUT K KAKOMY-TO
ompefeNeHHOMY 3HAYCHHIO
uarerpajia. Ho moxao nped-
cmasumd  cebe  KaKoe-TO-
Ipyroe HNBIKEHWE: CHEpBa
pesxkuil mOEBEM, a IOTOM
Kague-10 HPUIYAIAUBHE KO-
nebannd.

Gecmrn———

MoskHO DOpmcumTaTL Ppas-
HOCTh OOTeHIIUAJbHOA U KH-
HeTHYCCKON dHeprmil Ha TaKoM HyTH... AW Ha Jao000M apyrom.
W camoe mnopasuredbHOE — 9TO HACTOANMA WYTh BTO TOT, HO
KOTOPOMY BTOT WHTErpal HAMMEeHLHIWH.
Hapaii nmposepum sro. [{nsa magama pasbepem rakoil cuydwaii:
y ¢BOGOAHOH wWacTHUH BOBCE HeT MOTeHUHANbHOH smeprum. Torpma
NPaBUIO TOBOPHUT, 9TO NPH TEPeXofe OT OfHOH TOUKM K Apyroi
3a 3aJaHHOE BPEMA HHTETPAN OT KHHETHUECKOH BHEPTHWH XOIKEeH
0KAa3aThCH HAWMEHLIIMM. A 3TO 3HAYHT, ITO JACTHLA 06s3aHA [HBH-
rarvbcsi pasHomepno. (I aTo mpaBuabHO, MH ke ¢ Toboil sHaeMm,
9TO CKOPOCTH B TAKOM [BI/KEHHN IIOCTOSIHHA.) A 1oYeMy paBHO-
mepno? Pasbepemca B srom. Ecau 6 6ruto mmade, 1o BpeMeHaMu
CKOpOCTH YacTHLBl IpeBbicHaa OH cpefHIo0, a BpemeHamH ObLTa
GH HMIDKe ee, a CPeJHAA CKOpOCTh OmMa OB OJWHAKOBOI, MOTOMY
qT0 YacTHIEe HALo OBIIO OH MONTH «OTCHMNA CIOJa» 38 YCAOBIEHHOE
spema. Hampumep, ecan tebe HY;KHO MODACTD M3 JIOMY B IIKOJY
Ha cpoeii MAIIHMHE 3a ONpeJereHHOe BPEMA, TO CHETATH 3TO MOMKHO
N0-PasHOMY: TH MOKEIIb CIePBA I'HATh, KAK CyMacIie/inii, a B KOH-
Iie IPUTOPMO3UTH, HIN €XaTh C OfMHAKOBOH CKOPOCTHIO, WIH CHA-
Jasa MOKeIIh [jaske OTIPABUTHCA B 00pPAaTHYIO CTOPOHY, & YK IOTOM
HDOBepHYTH K MIKOTE, H T. K. B0 Bcex caydyasx cpegHas CKOpPOCTH,
KOHEYRO, ZOHKHA OHTH OJHOH M TOH jKe — YacTHOE OT JEJeHHuf
pACCTOSHEA OT [OMA [0 MKOJH Ha Bpemda. Ho m mpm fammoi cpen-
Hell CKOPOCTH TH HMHOTJA ABHIAICA CIMmMKOM GHcTpo, a WHOTAA
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gepecuyp MeIIEHHO. A cpelHUN Kéadpam Uero-1o, 4To OTRIOHAETCS
OT cpegHerco, Kak HM3BecTHO, Bcerga Ooablue kBagpaTa cpejHero,
3HAYUT, WMHTETPAN OT KWHETHYECKOH DHeprum HpH KojehHaHHAX
CKOPOCTH ABMKeHNA Beerna Oyaer Goubine, Heikean NpA ABIKEHUH
¢ HOCTOAHHOA CcKOpocThlo. TH BHAUIMB, 9TO HHTErpa AOCTHTHET
MUHUMYMAa, KOTa CKOPOCTh GyeT TOCTOAHHOI (1PH OTCY TCTBHU CHI).
[[paBuabHLIA TYTH TAKOB.
————ermssmmel
3fecr @ cua rem @ Mam
IIpenmer ke, wmopbpomen-
HHI B DoOJe THMKECTH BBEpX,
cueppa HOMHUMaercss OHCTPO,
a moroM Bce Memnennee. IIpo-
HCXOJUT 3TO MOTOMY, 970 OH
obmagaer ¥ HOTEHLMATBLHONA
sHepruel, a HauMeHbIIero 3Ha-
Yenud JOMKHA JOCTUTATH pas-
HOCMb MERAY KUHEeTAIeCKOil
M NOTEHUHAJNBHOH SHEPIUAMH..
Pas morennmmanbHas sHeprmA BO3pacTaer Mo Mepe HoibeMa,
TO MEHBLINAA pA3HOCMb TONYIUTCH, €CIH KAk MOKHO OpiCT-
pee JOCTHYh TeX BEICOT, THE ;
TIOTeHNUANbHAS PHePTHA BelH-
ra. Torma, BHYTS M3 KUHETH-
YeCKOH SHEePTHH HTOT BHICOKMII
goreHnHam, MH ~ poGeemca
yMeHbIDEHUs cpegHero. Tak
9T0 BHITOfHEe TaKoi IyTb,
KOTOPHI HJeT BBEPX M IOCTAB-~
aseT HOOPHH OTpHUATEN bHHIT
KVCOK 3a CYeT MOTEeHIINAJAbHOR
DHEepruu.

[

Goazwe + %. 3. @ Ooavwe —~n, o,

Ho, ¢ npyroil cTopoHH, HEIb35A HA NBUTATHCS CAMIMEKOM GHCTPO,
HY TOJHATHCA CIHMIKOM BHCOKO, IIOTOMY 9T0 Ha 3710 motpebyercs
wepecuyyp MHOIO KuHermgeckoli pmeprumu. Hago pBmrarnes gocra-
TOYHO OHCTPO, UTO0H HOAHATHCS W CHOYCTHTHCA 33 OIPEleIeHHOEe
BpeMA, HMeoIleecd B TBOeM pacmopsmkeHumH. Tak 4ro He ciegyer
CTApaThbcA B3IETETH CHMIIKOM BHICOKO, a IPOCTO HAag0 JOCTHYL
KaKOro-TO Pa3syMHOTO ypoBHA. B mrore OKasmBaercs, 94TO penieHne
€CTh CBOETO pOJla PABHOBECHE MEKLY >KelaHHeM pasgoORTB Kak
MO:kHO 0OJbIIEe IOTERIUANLHON DHEPIHWM M >KeJaHHeM KaK MOKHO
CIUibHEH yMEHBIOIUTh KOJHYECTBO KUHETHYECKOHA SHEPrHH — 3TO
cTpeMiieEHe JOOMTHCA MAKCHMAIbHOIO YMEHbBINEHHA pasHOCTH KH-
EETHYeCKOR M NOTeBNHANbHOH JHEpPruin.
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Bor 1 Bce, ur0 CcKazaJd MHE MOl yumTenh, MOTOMY YTO OH OHLI
0YeHb XOPOIIMil yIuTeab W 3HAJ, KOIFa mopa ocranoBuThCH. CaM s,
VYBE, He Takos. MHe TpYMHO OCTaHOBUTHCA BOBpeMA. M moaromy
BMECTO TOTO, WTOGH IPOCTO pas;kedh B BAC HHTEPEC CBOMM pac-
CKa30M, f X049y 3amyrarb Bac, X049y, 4TOOH BaM cTalo TOMIHO OT
CIOKHOCTH ;RU3HM,— IMONPoOyI0 [OKA3aTh TO, O UYeM Sl pacckasal.
Marematudeckas 3afaga, KOTOPYH MHE OymeMm pemarhb, O4YeHb
TpyaHa ® cBoeobpasHa. MMeercs HeKoTOopas BeIWYWHA S, HA3BH-
Baemaa Oelicmeuem. OHa paBHA KUHETHICCKOH DHEPTHH MEAHYC
MOTeHIUAJIbHAA, HPOMHTETPHPOBAHHAA IO BPEMEHU:

1y
,U,eﬁcmne=S=S (1. 8.—m. ».)dt.
ty

He sabygbre, uro B 1. 3. ¥ K. 3.— 0Ge ¢ynxnuu spemenu. lus
A1060T0 HOBOTO MBICIHMOIO- HYyTH 3TO [eifiCTBUE MPHHAMAET CBOE
onpenenennoe sHadeHme, Maremarnueckasa sagada COCTOHUT B TOM,
qT00bl OHpeNeNurh, A KAKOH KPUBOH 3TO UHCIO MEHBINE, 4eM
A [PYTHX.

Bur craskere: «O, 970 mpocTo 0GHYHEI mpuMep HA MAKCHMYM H
muruMym. Hapo moxcamrars jieficrsue, nmpoguddepeHIEpOBATL €T0
¥ HAHTH MEHEMYMD.

Ho woromure. O6nigno y mac Gnsaer GYHKUHA KaKOH-TO mmepe-
MEHHOH ¥ Hy;KHO HAWTH 3HAYEHUE nepeMeHHol, TP KOTOPOM GyHE-
U CTAHOBHUTCS HAWMeHbIeil mnm mauboxabureli. CraskeM, AMeeTcs
CTepyKeHb, HArpeThii mocpeguue. Ilo Hemy pacTexaercA Temiao H
B KQKIOM TOUKE CTEP:KHS YCTAHABIMBAETCA CBOA TeMieparypa.
Hymuo maiite Togky, rme oma Beine Bcero. Ho y mac peun myuer
copceM 00 wmHOM — Eamcdomy nymu € npocmpaucmee OTBEYAET
CBOE 9HCI0, ¥ MPeHoIaraercst HaliTu TOT nymb, AN KOTOPOTO 3TO
9ECH0 MUHAMANLHO. JTO COBCeM Apyras o0HacTb MaTeMaTHKM.
Jro He Oo0HYHOe HCUYWCIEHNE, a GapuUayUOHHOoe (TaK ero HasH-
BAIOT).

B sroif obmactHm MaTeMaTHMKW UWMeeTCSs MHOTO CBOHX 3afad.
CraskeM, OKpPYKHOCTH OORIYHO OHDPERENAIT KAK TeOMEeTPHYECKOoe
MECTO TOYeK, PACCTOSAHUA KOTOPHX OT JAHHOH TOYKH OJMHAKOBH,
HO OKDPYKHOCTH MOKHO ONDPENEIWTH W HHAYE: TO Ta M3 KPHUBHX
darrold daumbl, KOTOpPAs orpaHmumBaer cob6ow HaumGONBMIYI HIO-
manb. Jlo6asg gpyrasg KpEBas TAKOTO jKe NePAMETPa OrPaHAIABAET
II0MaAh MEHBIIYI0, YeM OKPYKHOCTh. Tak 9TO €ciId NOCTABHTH
3a7auy: HaliTM® KDPHBYI0 NAHHOTO IEPHMETPA, OrPAHNYHBAIOIIYIO
HamOOABIIYI0 WIOMA/b, TO Hepex HaMH Oyner 3ajja¥a M3 BapHALHOH-
HOTO WCYACIAEHWS, a4 HE U3 TOT0 MCYMCICHUS, K KOTOPOMY BH HpH-
BHKJIH.

Hrax, MEt X0THM B3ATH HHTETPAI 0O OYTH, NPOHIEHAOMY TEO0M.
Crenaem sto Tak. Bee geno B ToM, 9ToGH BooGpasuts cebe, aTo Cy-
mecTByeT HCTHHHHIH IyTh W 4T0 J100af gpyrag KpuBasg, KOTOPYIO
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MHB @IpoBe[eM,— He HaCTOH]lH/Ifl noyTh, TaK 4YTO €CJAH NOACYHTATH
A Hee JleﬁCTBHe, TO HOJYy9IUTCA YUCHO, IPEeBRIIIAIOIIEe TO, KOTO-
poe Mhl IOJAy4YuM JIA ﬂeﬁCTBI/IH, COOTBETCTBYIOUIET0 HACTOA~
meMy nmyTtH.

e ———

eepHuLll @ 1HesepHbLU
nyme nymo

Wrax,sanaga: gaiitn ucrun-
mHIl myrh. I'ne on mpeomeraer?
Ommr u3 cuocobuB, KOHETHO,
MOT OB COCTOATH B TOM, 9TOOHL
TOLCYNTATD AeHCTRMe [yiA MU~
JIMOHOB M MUWIJIHMOHOB TiyTeH
HOTOM HOCMOTPETE, IIPU KAKOM
UyTA 95TO JeicTBUe HANMEHb-
mee. Bor Tor nyrs, mpu xoropom peficTsme MUHHMAJbHO, H Oy-
6T HACTOSIIUM.

Tawroit cmoco6 pmoame BosmMokeH. OFHAKO MOMKHO c/enarh
npome. Ecim wmmeerca BenuumHa, obgagaomad  MUHUMYMOM
(u3 oOOHYHEIX QyHKNMI, CKa)KeM, TeMIepaTypa), TO OXHO H3
CBOHCTB MHHMMYMa COCTOUT B TOM, 9TO IPH yJAJeHHH OT HEro Ha
PACCTOSHEUE Nepeozo TOPAJKA MAXOCTH (QYHRIHMA OTKIOHAET-
¢ 0T MHUHEMAJIBHOTO CBOETO B3HAYEHWA TONBKO Ha BEJMIUHY
émopoeo mopAgka. A B moO0oM ApyroM Mecre KDHBOH C/BUT Ha
MaJI0€ PACCTOAHWE W3MeHAer sHaveHWEe QYHKIEN TOKe Ha BeJH-
YUHY OEePBOI'0 HOpATNKA MAalo-
cru. Ho B munmmyme merxme
YXONH B CTOPOHY B MNEPBOM
upubIKeHny He NPUBOAAT K
U3MEeHEeHUI0 (PyHKI[IH.

m——

‘memnepamypa @ MUHUMYM @
paccmonnue

9T0-TO CBOICTBO ME U CO-
OmpaeMcs MCHOJIBL30BATH NI
pacdeTa HACTOAIMETO MYTHU.
Ecnu myres mpaBunbBHEIH, TO KpHBafd, 4YyTh-4yTh OTINYHAS OT
Hero, He MPUBEJeT B HepBOM HpHOMIDKeHUNM K M3MEHEHWI0 B BeNH-
uyHe Jelictaus. Bce m3MeHeHHA, ecal 970 OB AeHCTBHTENBHO
MEHEMYM, BOSHHKHYT TOIBLKO BO BTOPOM HpHOiIKEHHL.

JTo Jerxo moxasark. Ecau npm KaKOM-TO OTKIOHEHHH OT KPH-
BO BOBHHKAIOT M3MEHEHHA B NEPBOM HOPALKe, TO 9TH MBMEHEHUA
B IefiCTBHA npOnopyuoHasbibs orkiaonenuno, OHN, IO BCEH BepoOAT-
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HOCTH, yBEJIHYAT AeHCTBUe; nHade 310 He Onn 6n muaumyM. Ho pas
M3MEHEHHUS RPONOPYUOHAAbHL OTKJIOHEHW), TO HEepPEeMeHa B3HAKa
OTKJIOHGHHUSI YMEHBINIAT Jelicteme. BrXommr, 910 mpm OTKIOHEeHUH
B OJHY CTODOHY JleficTBHEe BO3pacTaer, a HpPH OTKIOHGHHH B 00par-
HyI0 cTopoHY — y0mBaer. ExuncreeEHas BO3MOKHOCTH TOT'O, UTO-
6 370 JeficTBHTENHHO OB MUHHMYM,— 3T0 YTOOH B IEPBOM IIpH-
OAMReHNH HUKAKHMX W3MEHeHW He NPOMCXORUWI0 W H3MCHeHU
OplTl G5l MPONOPIMOHANBHK KBAaAPATY OTHJIOHEHHH OT HACTOANIETO
OyTH.

Wrax, Msl mofigeM mo caepyiomemy mytu: oDO3HAYMM uepes
2(t) (¢ wepToil BHU3Y) MCTHHHBIA OYTh — TOT, KOTOPHIH MK XOTAM
T Haiitu. BospMeMm HeroOTOpHIT
opobupiii myTs 2(f), oramUaw-
WRIIcA 0T HCKOMOTO HA HEOONb-
NIYH BEJINYAHY, KOTOPYIO MH
oGozraunM 1().

GererE———

Wgesa cocromr B TOM, 4TO
€CIU MBI MOACYUTAEM [AeHCTBUE
S Ha myrs xz(t), 10 pasHOCTH
Me:RAy d1uM S W TeMm jelict-
BHUEM, KOTOPOE MEI BHIYACIWIH
ana oyt x(l) (Aas MpocToTH
ono Oynmer obozmaweno S), mau pasunocts Memay S m S, HomKHA
OniTh B mepsoM mpubamkenmm 1o 1, HyiaeM. OHH MOTyT oOTaAH-
9aThCA BO BTOPOM MOpPALKE, HO B MEDPBOM DasHOCTh 00s3aHA
GBITH HYJIEM.

" s10 momuno cobawomarnes mna jawoboit v. Bopouem, me co-
BeeM Ans awboit. Merox tpebyer npwEHMATL BO BHEMAaHUE TOJIBKO
Te WyTH, KOTOPHEe BCe HAYMHAIOTCA U KOHYAIOTCA B ONHOU M TOi 3Ke
mape TOUEK, T. €. BCAKHI myTh JOKeH HAYWHATBHCSA B OHOpelesieH-
HOIl TOYKe B MOMeHT f{; M KOHYATHCA B JPYrod OIpefeaeHHOR TOIKE
B MOMEHT f,. Jru TOYKM u MoMeHTH (uKcumpyiorcsa. Tak uro
Hama QyHKOUA 1 {OTKIOHeHUE) MOJKHA OHTH paBHA HYTIO
Ha obomx xommax: n(¢)=0 m n(f)=0. llpm srom ycnopmn
Hama MaTeMaTHYeCKas 3ajada CraHOBUTCA MOJHOCTBIO Ompe-
METEHHOI.

Ecam 6m Bm me 3Hanu qupPepeHNHanbHOIO UCIACACHUS, B
Moran Onl mpomenarb TAKYiO M@ BeHIb AJA OTHICKAHHA MUIHEMYMA
o6BYHOH ¢yarupn f(z). B Gu 3agyMatnch Hag TeM, 916 CaAyuATC,
ecau B3ATH f(x) m npubaBuTE K £ MAJYI0 BEIWIWHY A, M JOKA3H-
Baxd 0w, 9TO HONpaBKA K f(x) B mepBOM HOpAfAKe @m0 A IJOIK-
Ha B MuHMMyMe ObiTh paBpma Hyao. Bm O mopcrasmim z-+h
BMECTO Z W PpasnioKWIA Om f(x-+h) ¢ TOTROCTHIO HO WEPBOH CTe-
OeHd h. . ., CJIOBOM, LOSTOpWIH OH BCe TO, 9T0 MK HAMEpEHH
crenarh ¢ 1. :
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Mrak, maed Hama BaKI0YaeTcs B TOM, 9TO. ME HOJCTaBJIsAEM
z(t)=z(t)+n(¢) 8 dopmyay mans pgeiicTBEA

=[5 (&)~ s

rie gepes V(r) o6osnavena notennuanbHass dHeprusa. [Ipoussoymasn
dr/dt — 3710, ecTecTBEHHO, HPOM3BORHAA OT Z(!) IIOC HPOH3BOJ-

HaA ot n(f), TaKk 4TO ANA AeHCTBHA S MOAYYal0 TAKOe BHIpajkeHHe;

s=[a 5+ v e sn]

Teneps aro Hy;kEO pacnucarth mojeranbmeil. Ias wBapparuu-
HOTO ¢JIaTaeMOro A MOIYyTy

(e ()
dit dt dt dt

Ho nocroitre-ra! Bens Mue He Hy;KHO 3a00TUTHCA 0 NOPAJIKAX BHIITIE
mepsoro. fI mory y6parh BCe cjaraembie, B KOTOPHX €cTh N°
BHICIIHE CTeNeHu, W CCHINATh UX B ANMK MO/ HA3BAHEEM «BTOPOHd #
pricmue wopsaaxm». M3 aroro BepameHUd TyHga IOOAJET TOABKO

OJHA BTOpAas CTEeMeHb, HO M3 4ero-to APyroro MOryT BOHTH U BhIC-
mue. Urak, yacrs, c343aHHAA ¢ KUHETHIECKOH JHepruei, Takoa:

dx de d
% <3t:) +m d—;d—?-—]- (BTopo#t m BECIIHNE MOPSIAKHA)-

Ilanpime HaM HyskeR moteHnuain V B Togxkax z-+1. f cumraw n
Manoi m mory pasaoskuth V(z) 8 pang Teitnopa. Ilpubamkenno ato
6yner V(x); B ciaemyomeM npmOamxeHnn (MU3-3a TOr0, 4TO B3JiECh

crosT OORYHBEIE TMPOM3BOHBIE) HONpABKa paBHA 1, YMHO;REHHOM
HAa CKOPOCTh WBMEHEHUsd V 1o OTHOWIEHUMIO K T W T. [.:

Vie+m=VE@+1V' @+5 vV @+... .

Ilna sxomomun Mecta A ofosmawmn vepes V' mpoussomguyio V mo z.
Cnaraemoe ¢ 12 m Bce, CTOANIMe 3a HAM, TONAJa0T B Kareropuio
«BTOPOIl W Beicmme mopsaaxkuy. M o Hux Ooxnbine Hegero Gecmo-
KOMTECH. O6bequaaM BCe, 9TO OCTAIOCH:

s= ([ () v mi -

—yV’ () + (Bropoit m Bsicmme. nopﬂmm)] dt.
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Ecnu MB Temeph BHUMATENBHO B3TIAHEM Ha 3TO, TO YBHAUM, 9TO
7Ba NepBHX HANMCAHHHIX 3[16Ch WIEHA OTBEYAIT TOMY AedcTBmIO S,

KOTOpoOe f HamHCaJd Ont oA HCKOMOIr'0O MCTUHHOIO OyTH Z. A X009y

COCPef0TOURTH Ballle BHUMAHNE Ha M3MEHEHHN S, T. €. HA PA3HOCTH
Messgy S u TeM §, KOTOpoe moiydunoch OH ANA MCTHHHOTO IYTH.
I1y pasEoCTh MK Oy[eM 3amMCHBATH Kak 05 U Ha30BeM ee Bapua-
nueit S. Or6pachBas «<BTOPOH B BECITNE HOPAAKAY, ToaydaeM pisa 05

ty

az dn ,

6S_S[mﬁd—t—nV (z)|d.
ty

Temepp samaua BEIMAAUT TaK. BoT mepefo MHO# HEKOTODHI

uHTerpast. fI He 3HAW elfe, KAKOBO 970 X, HO A TBEPAO 3HAI0, 4TO,

KAaKyH 1 S HI BO3bMY, 9TOT HHIErpall HOMKeH OHTH paBeH HyJIo.
«Hy ur0o m,— mogyMaere BH,~— €IWHCTBEHHAS BO3MOKHOCTH LI
9TOr0 — 5T0 YTOGH MHOMHTEnb Ipu 1 6611 paseH Hydo». IHo rak
OBITH ¢ OEPBHIM claraeMeM, Ifie ecth dn/di? Bm crasere: «Ecanm )
obpaiiaercsa B HU4TO, TO U ee UPOM3BOJHAA TAKOE K€ HHYTO; BHA-
yur, Koaddunuent npu dv/dt gommen toe OmIb Bymem». Hy saro
HE COBCEM BEpHO. 3TO He COBCEM BEPHO IIOTOMY, ITO MEKAY OTHJIO-
HEHHMEM 1) B €TI0 IPOM3BOJHON MMEETCsA CBsA3b; OHM HE MOJHOCTLIO
HE3aBUCHUMEL, HOTOMY 4T0 1(f) mom;xHO OHTH HyJeM W npu £, 4
upu f,.

Ilpu pemenuu Bcex 3afad BAPHAUUOHHOTO HCYHCIEHHS BCETTA
TONb3YIOTCA OZHEM ¥ TE€M jKke o0IuM DpUHIHOOM. BEI uyTh ciBu-
raere TO, 4TO XOTATE BapbupoBarh (mogo0HO TOMY, KaK 3TO creia-
Iy MH, 706aBisAs 1), Opocaere BIIVIAJ HA WIEHH IOPBOTO MOPAIKA,
samem paccraBisgeTe Bce Tak, 9TOOH HONYUWICS MHTETPAd B TAKOM
Bume: «CEBHUr (1)), YMHOMEHHBIA HA 9TO HOJYIUTCA», HO YTOOH B
HeM He OBJIO HUKAKMX HPOM3BONHHX OT 1} (HuKakmx dn/dt). He-
OpeMeHHO HY;KHO TaK BCe HpeodpasoBaTh, 9T00K OCTAIOCH «HEUTOY,
ymHOeHHoe Ha 1. Celiwac BH mofiMeTe, 0TYEro 8TO TAK BAMKHO.
(CymwecrByior opMynsl, KOTOPHE MOACKAKYT BaM, KAK B HEKOTODHIX
cIydasX MOMKHO 8TO mpofjenarh 0e3 Kakumx-amubo BHKJIANOK; HO
OHH He Tak Yk 00mu, 9ro0H CTOMJIO 3ay4MBATh HX; JIYUIIe BCETO
MPONEJARBATH BHIKIAJKM TaK, KaK 3TO fejdaeM MH.)

Hax me a mory nepegenars wien dvn/dt, 4To6s B HeM MOABAIOCH
1n? fI mory moburhkes aToro, wHTErpEpyA mo dactsam. OKasmiBaercs,
9T0 B BAPUALHOHHOM WMCYUCIEHWK Bech YOKYC B TOM M COCTOMT,
4971065 pacuncaTh Bapuanuio S W 3aTeM HPOMHTETPEPOBATH HO Yac-
TAM Tak, 9T00H OpoOW3BOZHEE OT 1) mcdesad. Bo Bcex sajauax,
B KOTODHX HOABIAIOTCS HPOMBBOJHEIC, IPOJEIHBACTCA TaKOH jKe
doxyc.

IMpunomuure oOHmMH OpPHHUWN MHTECPUPOBAHUA II0 UACTAM.
Ecam y Bac ectp mpomaBonbHAas (QyHRIEA f, yMHO;EeHHAs Ha
dv/dt u npomHTerpEpoBaEHAA mO {, 10 BH DPACOHCHIBaeTe IIPOM3-
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BOIHYIO 0T 1fti

d df dn
g =ngz+f 5.
B mETepecyiomeM Bac HHTErpaie CTOHT KAk pas IOCIeLHee ciara-

eMoe, Tak 4YTO
d d
(it =nf—{n .

B mameit fopuyae mas 8S 3a ¢ymrnuio f OpHEAMaeTcsa npous-
BefeHHe m HA da/dt; mosroMy A moaydaw Fas 05 BrpakeHue

65 =mi tS d <m Z_j‘i) n(t)dt——‘th’ (@) 0 (2) dt.
t

B nepsuil wien MOMKHH OBITH HOACTABJIEHS IPEJEIbl WHTEIPUPO-
BaHus I, B fy. Torga st moaydy moj MHTErpajIoM wWieH oT MHTerpH-
POBAHEA [0 YaCTAM H NOCTIERHWI WieH, ocrasmuiica mpH upeocd-
Pa3sOBAHWYM HEW3MCHHEIM.

A Temepb mpomcxomuT TO, 4TO OBIBAET BCET/iAa,— LHPOHHTETPH-
poBaHHAA dYacTh UcYesaeT. (A eciam He mcuesaer, TO HY:KHO mepe-
$opMyIUpOBATh NPHUHIUI, [OPABMB YCIOBHs, o6eCHeUMBAIOIINE
raxoe meuesHopenme!) Mui yie repopmam, 9T0 1) Ha KOHIAX OYTH
momxHa OHTH papHa Hya. Benb B 4eM cocTomT HAaul DPUHIULE?
B ToM, uro melicTBMe MUHUMAXBHO OPH YCJIOBHUM, UTO BapbUpyeMast
KpHBas HAa9YMHAETCHA M KOHYIaeTcs B W30paHHEX TOYKAX. JTO 3HA-
anr, 910 N(f;)=0 u n(¢,)=0. IlosToMy mpomHTErpHPOBAHHEI YiIeH
nosyuaerca pasHEM Hyao. Mo cobupaeM BoegWHO OCTAJIbHEE
WIEHH W IMIIEM

«SS:S[ m v (x)]n(t) dt.

Bapmanus S remeps mpuobpena Taxoil BHI, KAaKO# MH XoTennm eif
Opugarb: 9T0-T0 CTOMT B CKoOKax (obosmaguM ero F), m Bce 5To

YMHOKEHO H2 1)(f) I OpOMHTEIPHPOBAHO OT iy 1O i,.
Y Hac BHINTO, 9TO MHTEIPaJ OT KAKOI'0-TO BHIPA;KEHHUA, YMHO-

KenHoro ga (), Bcerga paseH HYIIIG:
{Fyn@yde=0

Crour Kakad-T0 QyHKIUA OT £; YMHOKAIO ee HA 1)({) U HATErpAPYIO
ee oT Hagada [o korna. W kakopa Ok HY OHLIA 1), 51 MONYIA0 HYIh,
910 o3Hadaer, aro Qymrnus F(f) pasEa mymrwo. B o6mem-To aTo
OYEeBHAHO, HO A Ha BCAKWIL ¢IyTail MOKaKy BaM OJUH M3 CIOCOOOB
LOKa3aTeabCTBA.,
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Ilycrs B kadectse 1(f) 1 BRIOEPY HEUTO, YTO PABHO HYIIO BCIOAY,
HIpY BCEX I, KPOMe OHOTO, sapamee BHOpammoro smadenus !, Omo
ocTraercs HyJeM, IIOKa A He
mouxy mo aroro i,

A mr————

3aTeM OHO MOICKAKHBAeT Ha
MTHOBEHIE M cpasy ke oca-
suBaer Hasaz. Eciau pu Gepere
MHTErpajx or 3TOH 71, YMHO-
JKEHHOA Ha KaKyl-T0 (yHK-
uuio F, 10 eguECTBEeHRHOE MECTO,
B KOTOPOM BB IOJIYVTHTE UTO-TO
HeHYJEBOoe,— BTO TaM, Iae 1)
IOACKAKUBANO; W Y BAaC IOJIY-
quTCa 3HadeHme F B 5TOM MecTe Ha WHTerpan mo crauky. Cam no
cefe WHTETpajJ IO CKAa4Ky HE pPaBeH HYJI0, HO NOCAe YMHOKEHHUS
Ha F oH jj0/KeR gaTh Hydb. 3HAUUT, YERUUA B TOM MecTe, Ijie Oblx
CRAYOK, JI0JKHa ORasaThed Hynem. Ho Beas cragox Mo:xHO OBLIO
crenarh B q060M MecTe; 3HAUHT, F HOIGKHA OHTH HyJieM BCIOAY.

Met BuguM, 4TO0 ecnu Halll HHTETPAX PaBeH HYMI0 NPH Kakod
YrogHO 1, To Koa(puuuenT npm 1 JOTKEH OOPATHTHCA B HyJb.
Hurerpan peficteast pocTMraeT MEHAMYMa HA TOM OYTH, KOTOPHI
Dyser yHOBIETBOPATE TAKOMY CIOMKHOMY JHPPepeHnuaibaOMY
YPABHEHUIO: :

[—m Ty (f)] =0.

Ha camom fene oHO He TaK YK CIOKHO, BH €T0 YK€ BCTpEYain
gpesxpe. dro npocro F=ma. Ilepswuii yirer — 310 Macca, yMmHO-
JKEeHHAfd Ha YCKOPEHWe; BTOPOH — 3TO IPOM3BOZHASA OT IOTEH-
OWajibHOA DJHEpPrum, T.e. CHUAA.

Mrax, mu moxkasanu (mo Kpaiigedl Mepe i KOHCepPBATHBHON
CHCTEMEL), 9TO UPMHNIWI HAWMEHbUIETO AeHCTBUA HNPUBONWUT K Ipa-
BIWTGHOMY OTBETY; OH' yTBEP:KJAaer, 9TO HyTh, 00mafalommi MuHm-
MYMOM JeHCTRUS, — BTO NYTh, YIOBIETBOPSIOMUI 3akony Heorona.

Hy:xuo cpemars eme ogao sameuanme. fl me Jokasan, 9To 3TO
murumym. Momxer GuTE, 3T0 MakcumyM. Ha caMoMm jgerne 910 M He
0053aTeAbHO AOMKEH OHTHh MHHUMYM. 3[ech BCe TAK 3Ke, Kaw
B (OPUHIUIE Kpardaiimero BpeMeHu», KOTOPHI Mul obcy:xpand,
uaydaa ontuky. Tam Toke MH cmepBa TOBOPWIHM O «KpariaimieM»
spemenn. OfHAKO BHACHHIOCH, 94T0 OLIBAIOT IOMOMKEHUS, B KOTO-
PHX 5TO BpeMA He 06A3aTENBHO «KpaTdaiimeey. DyagaMeATAIBHLIH
OPMHIMI 3aKII09a6TCs B TOM, 9T00H A JA100HX omkaoHeHUl nep-
6020 nopadka OT ONTHUECKOTO WYTH UsMCHeHUs BO BPEMEHH Oruin
OHl paBHE HYJI0O; 31ech Ta ke camas mcropus. Ilox «<MUEEMyMOM»
MEHI Ha caMOM [iesie o/ pasyMeBaeM, YTO B IEPBOM IOPAJKE MaJd0OCTH
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M3MEHEHHA BeJNIUHN S NP OTKIOHEHUAX OT HYTH JOKHHL GHITH
pasusl Hyio. U sro me of6a3aTelbHO «MHHHMYMY.

Teneps s xouy mepeiiTu K HekoTOpEM 0Go6menuam. B mepsyio
04epeb BCIO 9Ty MCTOPMIO MOKHO OELIO OH mpopenars H B Tpex
usmepenunx. Bmecro mpoctoro ¥ s Torga mMenx OH Z, y W Z Kak
¢ymarunm ¢, U peiicteme BHIIANENO OH mocio;kHee. 1lpu Tpexmep-
HOM JIBIGKCHHUY BH JOJKHE MCIOJH30BATH HOIHYI0 KHHETHIECKYIO
sHeprmio: {(m/2), ymMHO;KeHHOe HA KBajpar Bcell ckopoctu. Mmaue

g (8]

Hpome Toro, moreEnmanbHas sHeprus Temeph sBiIAETcA PyHKImEH
Z, y 1 z. A uro MokHO cKaszarb 0 mytm? llyrh ecTh HeKoOTOpas
KpuBas o0Iero BUJa B IPOCTPAHCTRE; €e HE TAK JETKO HAYEPTHTD,
HO HMpes ocTaeTcA mpexmeir. A kak oberoumr nerno ¢ 17 Yro x,
¥ 1] uMeeT TPU KOMUOHEHTH. llyTh MO}kHO casHrarh u mo , M 4o ¥,
H IO z, WA BO BCeX TpeX HAUPABICHHAX OTHOBpeMeHHO. Tak uro
rerepb BeKTOp. OT BTOFO0 CHIBHEIX YCHAO/KHEHHI He MONYyYaeTcH.
Pas mynio gomkHe OHTH PABHEL AWIIL BAPUAIUH Nepeo2o nopadka,
TO MO(HO IPOBECTH PACUeT MOCHAE[OBATEJHHO C TPEMS CHBHIAMM.
CoepBa MOKHO CABHHYTH 1] TOJHKO B HANpaBJIeHNW L ¥ CKa3aTh,
aro xKoadunmenr gomken obparuthesa B Hynb, llomyamres oxHO
ypaBaerze. IloToM MEl cHBUHEM 1 B HAIPaBIEHUM y W HOTYIAM
BTOpOE. 3aTeM CIBWHEM B HANPABJIEHUU Z WM TOJIYINM TpeThe.
Moskno BCE, eciu yTOOHO, HPOREIaTs B APYroM mopsamxe. Hax Oul
TO HE OBUIO, BO3HEKAET Tpoiika ypapHennii. Ho senp saxonm Hroro-
HA — 9T0 TOKE TPH YDABHEHHS B TPeX H3MEPEHHAX, HO ONHOMY
A KaRgod KoMmmomeHTs. BaM mpepmocrasisercs camuMm yOequTh-
¢, YTO BTO BCe JAEHCIBYeT W B TpeX m3Mepenusax (paborwl 3uech
He Tak MHOro). MeKEy OpoumM, MOMKHO B3ATh KAKYH YTOZHO
CHCTEMY KOOPAWHAT, MOAAPHYI, M00yi0, ¥ cpasy MOJIYIUTh 3aKO-
An HpoToRa npmMenwrenbHO K 9T0fl cucTeMe, paccMaTpuBas, 9t
MOJNYIHUTCA, KOIA HPOHU30iIAeT CABUL 1] BAOJIb PAaAMyca Wil U0 yIay,

1 7. I
Meropg Moszer GbiTh 0000IIEH M Ha MPOM3BOILHOE YKCIO YACTHIL.
Ecam, ckameM, y Bac €CTh JBe YaCTHI[H U MEKIY HUMM JEHCTBYIOT
KaKWe-TO CHJIE M WMEeTCs B3aUMHASA MOTEHNWMANBHAHA DHEPTHA, TO
BH TPOCTO CKJIATHBAETEe MX KUHETHIECKHE DHEPTHH U BHYHMTAETE
M3 CYMMEl TOTEHOUAJBHYIO SHEPIUI0 B3amMONeHcTBEA. A 4ro BH
papsupyere? Ilyta o6eur gacrun. Torma mius gpyx 9acTulu, ABUHY-
I¥XCA B TPeX U3MepeHHWAX, BOBHHKAET MIECTh ypaBHeHWA. Bnl Mo-
JHeTe BAPBUPOBATH NOJIOKeHWe dYactduusl 1 B HampaBieHw:m =,
B HAOpABJIEHWY § W B HAOPABJICHHU 2, H TO 3KE CaMoe IPOJeliaTb
¢ "JacTHhei 2, Tak 4TO cymecTByer mecTs ypasHeHmd. U Tak u
nomkHo OwTh. Tpm ypaBHeHHS ompemeNAlT YyCKOpeHme JacThisl 1
gepes CHIy, AEHCTBYIOMY HA Hee, a TPH APYTAX — YCKOPEHHe
gacTEIE 2 m3-3a Cmill, gelicrByomeir ma Hee. Cuemyiite Bcerga
105
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TEeM JKe HpaBMIaM MI'DH, ¥ BH moaxydure 3axon Herorona miua mpo-
H3BONIBHOTO YHCHA YACTHN,.

A craszan, wro M1l noxyumm 3akoH Hriortoma. 3to me coscem
BEPHO, OTOMY 4TO B 3aK0H IHp0TOHA BXOAAT M HEKOHCEPBATHBHEE
cwihl, HampuMmep TpeEue. HbioToR yrBepman, aro ma pasHO BedA-
rkoit F. Ilpmanun ke HaumMeHbmIero neiiCTBUA cupaBefInp TOJABKO
JUISL EOHCEeDEAMUSHHE CHCTEM, TAKUX, TIE BCEe CUJBl MOTYT OHTbH
[NOJYyYeHK W3 moTeHImansHOH ¢gyarnuma. Ho Begs BH 3Haere, 9T0
HAa MHKDPOCKONHMYECKOM YPOBHE, T. €. HAa caMoM TiayOmHHOM (usud-
YEeCKOM YPOBHe, HEeKOHCEDBATHBHHX CHI He cymectyer. Hexom-
CepBATUBHEC CHIH (TaKue, KaK TPEHUE) MOABISIOTCH TOIBKO OF
TOr0, 9T0 MHE TpeHeOperaeM MHUKPOCKONHYCCKUMH CIOKHEIME d()-
feKTaMA: MPOCTO CAMMIKOM MHOIO YAaCTHIl OPUXOAUTCA aHAJIH3H-
poBars. Dyndamenmasbrbie sRe B3aKOHHE Mo2ym OBITH BHPaKEHH
B BUp OPWHIHWIA HAUMEHBIIET0o JeicTBuUs.

[Mossonbre mepeiitu &k pmanbHeiimuMm ofobuwernmaM. [lomoykum,
Hac maTepecyer, ard Gymer, KOrjga JacTUlia ABHKETCH PEeNsATHBUCT-
ckz. IToka MH He MOAYIWIN NMPABHUIBHOTO PEISTHBUCTCKOrO ypaB-
HeHNA [pmsxenns; F=ma BepHO TOJIDKO B HEPEISTUBACTCKUX [BHU-
sxeHNAX. Beraer Bonpoc: cymecTByer Jd B PedsITHBUCTCKOM CIydae
COOTBETCTBYIOIIW NPHENUN HauMmeHpmero meficrsua? [a, cy-
mecreyer. (DopMyna B peIATHBUCTCKOM CiIydae TaKOBa:

f, ¢,
S=——m0c2§]/1——zi§—dt—q§[cp(x, y, 2, t)—v-A(z, y, 2, t)]dt.
N iy

Tlepsasg wacrs mmTerpana pmeficTBUSA — 3TO OPOM3BENEHHE MAacCCH
NOKOsL M, Ha ¢ W HA WHTETpaj; OT QyHKIuE ckopoct: } 1—uv¥c?.
3arem BMecTO TOro, 9ro0Hl BHYHATATH HOTEHIMANBHYIO DHEPruUmp,
MEl MMEeM WHTeTPadbl OT CKAJAPHOTO mOTEHI[HANA ¢ H OT BEKTOp-
HOTO moTeHnuana A, yMHO;KeHHOrO Ha v. HoHeuHo, 37lech NPUHATH
BO BHUMANHE TOJBKO BIEKTPOMATHUTHHE cunkl. Bee anmexrpuueckme
¥ MATHHUTHHIE TOAA BEIpaskeHH B repMuEax ¢ u A. Taxas QyHruns
JeficTBAA JaeT MOJHYI0 TEOPHIO PEIATHBUCTCKOIO NBIJKEHHA OT-
JeJAbHOH YacTHOHE B DIAEKTPOMATHUTHOM NIOIe.

Komeurno, B JOUKHE DOHMMATH, 9TO BCIOAY, THe A HAOHCAT V,
OpejRile 9eM JIedaTh BREIKJIAJKU, CIeNyeT HOACTaABUTHL dr/di BMecTo
v, nr. 1. Kpome roro, ram, TAe g nucan OpocTo %, ¥, 2, BH TOIIKHLL
npencrasaTh cebe Touku B Moment £: z(1), y(f), z(¢). Cobcreenno,
TONBKO MOCHE TAKAX HOACTAHOBOK M 3aMeH V y Bac HOXydHTes gop-
MyJta JUIA JIeHCTBUA pendTHBHCTCKOM vacTHnu. 1lycrs cambie yme-
JAple W3 Bac IONBITAIOTCS HOKasarh, YTO dTa (opMyna s fei-
CTBHA JIeHCTBUTEABHO HaeT NPABHIDHEE YDABHEHHA IBIKEHEA
Teopun OorHOocUTenbHOCTH. llo3BONBTE NWMIIL NHOCOBETOBATH A
Bagama orbpocars A, T. ¢. 00oliTHCh MOKa 63 MAarHUTHHIX TOJEH.
Torpa BH gomxen 6yzere HOJAYy9ATH KOMIOHEHTH ypaBHEHHA [BH-
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sxerdA  dp/di=—qyp, TRe, Kak BH, BepOATHO, IOMHHTe,
p=mv/V 1—v¥c.

Braiounts B paccmoTpeHue BeKTODHHE HOTeHHUAN A HAMHOrO
TpyaHee. Bapuamum rorma craHoBgTcA HecpaBHEHHO (ojiee CIIOK-
sumu. Ho B Konne cuna okaseiBaeTcss PaBHOM TOMY, UeMy CIEXYeT:
q(E-+vXB). Ho nosaGaBbrech ¢ 9THM CaMH.

Mnue xoremoch Om mONUEpPKHYTH, 9TO B 00MeM cayuae (K npu-
Mepy, B PENATHBHCTCKOH (PopMyne) HOJ HMHTETpajJoM B HelicTBHH
yiKe He CTOHT PasHOCTh KUHETHYEeCKON ¥ HOTeHI[HANbLHOM 3Hepruii.
9T0 TOAWIOCH TOJNBKO B HEPEIATHBUCTCKOM HIpubnmxenuu. Ha-

opuMep, YieH m(,czl/’_l—zﬂ/cZ — 5TO HE TO, 9TO HA3HBAIOT KMHE-
TH9ecKoll sHeprueil. Bompoc o ToM, KakAM FOIKEO OHTH melicTBHE
JUIsT OPOM3BOJIBHOTO YACTHOTO CAYdasi, MOKeT OHThH DemleH mocne
HEKOTOPOTo Ymcaa mpob m ommboK, JTO 3afada TOrO 3Ke THHA, YTO
U OHpefie/ieHNe, KAKOBH [OIKHH OHTh YPABHEHWS [BIKEHUS.
Bm npocro mommEH mourpath ¢ M3BECTHHIME BaM YpaBHEHWSAMU
¥ IOCMOTpPETh, MO;KHO JIX HX HAUWCATH B BHUje OIPUHNNIA HAAMEHb-
mero JedcTBUA.

Eme opmOo 3aMeuanme n0 mOBOAY TEPMHUHOJIOTHE. 1y QyHKIHIO,
KOTOPYI0 MHTErpUPYIOT IO BpeMeHH, ITOOH HOIYUHTH fFelicTeue S,
HAZHBAKT La2Pandcuakom F .10 PyHKIAL, 3aBUCAMAA TOIBKO OT
CKOPOCTEd ¥ MONO;KeHHMA dacTurn, Tak 4To DPMHNAN HaWMEHBIIEIo
JefiCTBHA 3alUCHBaeTcsd TakKe B BHTE

t;

S= S 0(2 (CL‘I-, Ui) dt,

L

Tle WOJ Z; M U; MOAPa3yMeBalOTCA BCe KOMIOHEHTH KOODAWHAT W
cropocteid. Eciu BH Korga-HEOYAB YCIEIMHATE, Y70 KTO-TO TOBOPHT
0 WiarpaHsKUame», 3HaiTe, IT0 Pe9b HALT O QYHKIWHA, IPAMEHAEMO
st nonygenus S. JLiA peqrsATEBUCTCKOTO JABIJKEHHA B DIEKTPO-
MarEATHOM HOIe

2
Z=—me Y 1—5—q(p+v-A).

Hpome TOr0, s JOMKEH OTMETHTH, UTO CAMKEE JOTONIHE® U Ile-
JAHTHYHGIE JTI0AA He HazsBaloT S feiicTeueM. Ero mMenyior «nepsoit
ruaseOil yrknueil N'amunbronay. Ho garath meRIuo0 0 «upuammmne
HauMeHbmell mepBod riaaBHOH QyHKOEA I'aMMIbTOHAY GRIO CBHIIG
moux cmia. fl massam aro «geiictemem». Ha x Tomy ke Bce Goabmie
7m Goubine JIOfeH Ha3HBAIOT 3TO «ueiicrsmem». Bupure nm, meropm-
gecky JelicTereM OHLI0 Ha3BaHO HEYTO APYTOE, HE CTONHL MONE3HOS
Jnd HAyKH, HO A AyMaio, YTO pasyMHee M3MEHWTh OIpejeleHne.
Teneps W BH HaYHETe WMMEHOBATH HOBYI0 QYHRIMIO AelicrsmeM,
a BCKODe | Bce BOOOIIe CTAHYT HA3HBATEL €6 STEM IPOCTHM HMEHEM.

Temeps s X09y coo0mETSH- BaM [0 MOBOAY Hame# TeMH Ko0e-410,
mMOX03Kee HA Te PACCYKIeHH, KOTOPHE A Bel 10 HOBOZY NPUHNMIA

107




Kpargaitmiero BpeMenu. CymmecrByer pasHHL[a B CAMOM CYIIeCTBe
3aKOHA, YTBEPKIAIOIIEr0, 9T0 HEKOTOPHI HMHTETPas, B3ATHE OT
OHHOM TOYKH JHO [PYrod, MMeeT MHHHUMYM,— 33aKOHA, KOTOPHIA
coobmaer maM 910-TO0 000 BCEM HYTH Cpasy, M 3aKOHA, KOTOPHLl
rOBOPUT, UT0 KOIfia BHl IBUTA€TeCh, T0, 3HATAT, €CTh CHJd, IPUBO-
aamas ¥ yckopeumio. Bropoil nogxox TOKIAKHBAET BAM O KasKILOM
pameM miare, OH IPOCHE;RWBAET Ball MYTh IAAbL 32 TANLIO, a mEp-
Bl BEHITaeT Ccpasy Kakoe-To obmige yTBepxAenue o000 BceM mpoii-
AenHoOM nyTH. TOAKYsS O cBeTe, MK TOBODHIAK O CBA3M 3THX JBYX
nogxogos. Temeps st x0Ty 00BsiCHUTH BaM, 0T9er0 JOJKHEL cynie-
creoBath guddepeHIMANTBHEE 3AKOHK, €CIH UMEETCA TAKOH mpwH-
Qun — NPUHEIAN HauMeHsimero pmeiicrsusa. IlpuumHa BOT B UeM:
paccMOTpUM J[IeHCTBUTEIbHO HPOHJEHHHI B HpPOCTPAaHCTBE W Bpe-
mend nytb. Har m opesspe, obojfimeMcsa ofHUM H3MEpPEHWEM, TAK
910 MO;KHO Oyzer HadepTHTh rpadur BaBucuMocTH z of {. Bpoxp
HCTHHHOTO myTtH S Jocruraer
munamyma. Ioxommm, 410 y Hac
€cTh HTOT OYyTh M 9TO OH HpO-
XOIHUT Yepe3 HeKOTOPYI0 TOUKY a
LIPOCTPAHCTBA M BPeMeHHU U wepes
IPYTYIO COCEAHIONN TOURY b.

Gem——————

Teneps, eciu Bech mHTErpan or
t; no t, pocTur MHHEMYyMa, He0l-
XOfmMO, 9T00H HMHTETPaJl BROIL
MaJieHbKOI'0 y49acTodKa OT a [0 b
royke Obur MuruManbEEIM. He moser ORITH, 9T06H WacTh OT @ HO b
XOTh YyTOYKy HpeBocxommia MuduMmym. VHade BH Moram 6H mo-
JIBHTATh TyRa-clofa KPUBYI0 HA 5TOM yYACTOYKEe W CHHBUTH HEMHOI'O
3HAYEHHE BCEr0 HMHTErpAA.
SHaunr, g0bas YacTh OYTH TORE NONKHA aBaTh MHHEMYM.

VI 370 copaBe[uUBO IS KAKUX-YIOAHO MAJEHLKUX MOJEK IyTH.
INosromy TOT NmpumALMIm, 4r0 Bech OMyTh AOJJKEH [AaBAaTh MUHEMYM,
MOKHO copMyaupoBaTh, CKa3aB, YTO OECKOHEYHO Majas JIOIbKa
OyTA — 9TO TO/KE TAKAsg KPUBAA, Ha KOTOpPO gelicTBME MHAMMAIb-
Ho. 11 ecoid ME BO3BMEM HOCTATOYHO KOPOTHHUA OTPE3OK TYTH —-
MEKY O9eHbL OAU3KMMU APYyT K IPYyry TOIKaMd @ u b,— r0 yxe
HEBAKHO, KAk MeHAeTCH MOTEHIHAJI OT TOYKM K TOYKe RIAJHU
OT 3TOr0 MecTa, MOTOMY 9YTO, HPOXOAS BeCh BAll KODPOTEH KM OT-
pes3ouer, BHl TOYTH HEe CXOgATe ¢ MecTa. EAmHCTBeHHOE, 9TO0 BaM
HY;KHO YIUTHBATH,— BTO H3MeHeHHe IEePBOT0 HOPATKA MAaXOCTH
B moreruuayie. OTBeT MOMKET 3aBUCETE TOIBKO OT HPOHU3BONHON 1MO-
TEHIWAJA, a4 He OT IOTEHIHAJIa B APYTuX Mecrax. Taw, yreep:jme-
HUE O CBOHCTBE BCEro UYTH B LEIOM CTAHOBUTCHA YTBEP:KIGHHEM
0 TOM, 9TO NPOHCXONHT HA KOPOTKOM ydYacTKe OyTH, T. €. AR{-"
depernumanbaniM yreepkgenneM. M ara puddeperpmanbvras gop-
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MyJIUDOBKA BRJIIYAET HNPOUBBOJHKEE OT HOTEHIWAJA, T.€, CHIY
B maHHOil Touke. TakoBo KauecTBeHHOe OOBACHEHHME CBAIM MEIKIY
3aKOHOM B IeyioM u fuddepeHIHANBHNM 3aKOHOM.

Horma Mm ropopuau o cBeTe, TO OGCY;KIajM TaKKe BOIPOC:
Kak BCce-TaKH YacTHOA HAXOOHT HpaBUaAbHHE nyrs? C muddepen-
HUaIbHOH TOYKH 3PEHHMA JTO IOHATH Jerko. B kampanii MoMeHT
9acTHIA HCORTHBAET YCKODEHHE M 3HAET TOJBKO TO, 4TO €d mono-
JKeHO [enath B 910 MruoseHue. Ho Bce BaMim WHCTHHKTH npHInH
H CIefCTBUI BCTAOT HA JNHIOK, KOLJA BBl CHALINIMTE, YTO TACTHIA
«pemaery, Kawroi eil Bubparh myTh, CTPEMACH K MHHHMYMY Jeii-
CTBHs. ¥Y;K He «OGHIOXMBAET» ¥ OHA COCeJHNe HyTH, NPUKHIHIBAL,
K YeMy OHHU OPUBEIYyT -~ K 00JbLOieMYy HIH K MEHBUIEMY IeHCTBHIO?
Horma MsI Ha myTH cBera CTABHIW DKpPAH TaK, 9T00H (OTOHH He
MOTIIM HepenpoboBATh BCe UYTH, MH BHISICHWIH, 9TO OHH He MOTYT
pemnTh, KaKUM OyTeM HATH, W NOJYYWIN ABJICHAE HAPpaKIAM.

Ho Bepro am sro u gna mexammsu? Ilpaspa am, uro gactuna
HE IIPOCTO (HAeT BePHBIM HmyTeM», a IepecMaTpiBaeT Bce NPyTHS
MBEICHEMEIe TpaekTopuu? Y urto ecim, craBA mperpags Ha €e LIMyTH,
Mbl HE JIaJUM eil 3alJIANLBATD BLEPE/, TO MBI MOJYyINM HEKHUil ama-
nor spiaenna pudppaxmum? Camoe UyAecHOE BO BCEM 3TOM — TO,
410 BCe medcTBHTENBbHO oOcToMmT TaK. VMIMEHHO 3TO yTBEp:KEAIOT
3aKOHHI KBAHTOBOH Mexanuku. Tak ¥T0 HAIl UPUHITKI HAMMEHBIHETO
peiictBUA chopMynupoBaH He MOMHOCTHI0. OH COCTOMT HE B TOM,
4yTo yacTurna u3bmpaer myTh HAMMEHBIIETO MEMCTBUA, a B TOM, UTO
OHa «IyeT» BCe cOcejHWe IyTH M BHOUpaeT TOT, BIOIb KOTOPOrO
neificTBMe MUHMMAJBHO, I cHOCOD dTOro BHOOpA CXOHEH ¢ TeM, Ka-
KuM cBeT oTOmpaer Kpardaiimee Bpems. Bu mommmre, ¥T0 cm0C00,
KaKuM CBeT OTOMpAaeT Kpardaiiliee BpeMs, TAKOB: €CIW cBeT moijer
oo myTd, TpebyiomeMy Apyroro BpeMeHH, TO HPHIET OH C APYroi
¢asoif. A monxEas aMmwIuUTyga B HEKOTOPOI TO4KE €CTh CyMMa
BRIAMOB AMIUINTYJ [iA BCeX MIYTed, OO KOTOPHM CBET MO:KeT
ee moctuus. Bee re myrm, y xoTopeix $asH pesko pasamiantcsd,
HI9ero mocie ciro;xerusa e ganoT. Ho ecnm Bam ymanocs maiite Belo
mociHe0BATEABHOCTh WyTeH, (Ga3H KOTOPHIX IOYTH OJMHAKOBHI,
TO MeIK7e BRIAMBL COMKATCA, M B TOYKE NPHOHTHA IONHAA aMILIA-
Tyga HOJYYHT 3aMeTHOEe 3HAYeHWe. DaskHeilmuM myrteM cTaHOBATCH
TOT, BO3JI® KOTOPOTO MMEeTCS MHOMKECTBO OAMBKMX myTeil, JAlomux
ty ke ¢azy.

B toumocT: TO ke mpOWMCXOJUT M B KBAHTOBON MeXaHuWKe. 3a-
KOHYEHHAs KBAHTOBasg MeXaHHKA (HepelATHBUCTCKAan U mpemebpe-
raioigad CIHHOM dI6KTpoHA) paboraer Tak: BEPOATHOCTH TOTO, YTO
gacruiia, BEIAOA w3 Toukm I B MOMeHT f,, JJOCTHTHET TOYKH & B
MOMeHT f,, PaBHA KBafgpary aMmraryasl BeposarHoctu. Ilommasn
AMILTATYRA MOjKeT OHTH 3amHCcaHa B BUOe CYMMH aMIUIATYR AJis
BCeX BO3MOKHEIX HyTell — s moboro myrn npuburaa. [is imo-
Goro z(tf), KoTopoe MOTI0 6H BO3HEKHYTH AAA X060H MHCIEMO
B0OOOpayKaeMOd TPAeKTOPHH, HY;KHO HOLCIYUTATH AMIUIATYAY. 3aTeM
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UX BCe HY/KHO CHOKUTH. UTO Ke MBI NpPUMEM 34 aMOJIUTYAy Be-
posaTHocTH HeKoroporo myrwu? Ham murerpan peficrsus rosopur
HaM, Kakoii ofssama OHTH aMINIETYZA OTHEJIHHOTO NYTH. AMIIH-
Tyla IpONOPIHOHAJIbHA ¢St roe § — zeiicTEMe Ha 9TOM HYyTH.
9710 3HAYUT, UTO ecIW MH HpefcraruM (asy AMEIAMTYAL B BHAC
KOMILTeKCHOTO 9hCia, TO Pasopwit yrox Gyner paeen S/h. Heiicrame
S mMeer pasMepHOCTH SHEPTHE Ha BpeMs, H y mocrosuHoil Ilnanka
pasMepHOCTh TaKas jKe. JTO IOCTOAHHAA, KOTODAs OIpefenser,
KOIla HY;KHA KBAHTOBAas MeXaHWKA.

" sor ®ak Bee 370 cpabGarmeaer. Ilyers gasa seex myrelt meiicr-
Bue S 6yzer BechbMa GONBLIIMM IO CpaBHEHHIO ¢ wuciaoM fi. Ilycrs
KAaKOM-TO myTh HpHMBEJI K HEKOTOpOH mBemuwdnHe amuautTyrns. Dasza
PAZOM OPOIOMKEHHOTO MOYyTH OKAKETCsI COBEPIIEHHO APYTOif,
DOTOMY 4TO IpH OTPOMHOM S Ja)ke He3HAYUTEIbHLIE H3MEHEHEHA S
pesxo meHsior dasy (Bemb fi upesBHUANNO Mazo). SHAUMT, PAAOM
Je;Kalue OyTH NPHA CAOKeHUuN 00BIYHO TacAT CBOU BRaafAsl. U1 Toxb-
KO B OfHOI 06iacTy 9TO HE Tak — B TOH, TJe M OyTb M €r0 cocef—
ofa B mepBoM mpubIWKeHHmE 061aga0T OFHOL U TOH ke (asoil
(wiu, TOuHee, MOYTH OFHUM M TEM jKe JeHeTBUEeM, MEHAIOIUMCA
B mpegenax 7). ToABKO TaKWe WYTH W OPHHEMAKTCH B pacuer.
A B mpelenBHOM ciydae, KOTfa mOCTOAHHas Iliamka /i crpemmrcs
K HyI0, OpaBANbHEE KBAHTOBOMEXAHUYECKHE BaKOHH MOKHO
TOJHITOMRATE, CKasaB: «3abyxbre 000 BCeX 9THX AMOAATYHaX Be-
posarHOocTell. Yacruna m BOpAMB [BIKETCSA WO 0COGOMYy WIyTH —
WMEHHO [0 TOMY, IO KOTOpoMy S B UepBOM TPUOIM/KEHUE He Me-
Hgerca». Takosa cBA3b MeKy ODPUHIUIOM HANMEHBINETO HgelicTBus
¥ KBaATOBOH Mexanmkoil. To 06CTOATENBCTBO, YTO TAKHEM CIOCOGOM
MOKHO c(HOpMYyIHpPOBATH KBAHTOBYIO MEXAHHMKY, ORLIO OTKPHTO
B 1942 r. yueHHKOM TOrO j;Ke caMoro yumrens, Mmucrepa Baguepa,
0 KOTOpOM A BaM pacckasmsan. [Ilepsomauancro KBaHTOBAA MeXa-
HuKa OBIA cOpMYyJMpOBaHA HPHE IOMONM AuddepeHNUATLHOrO
ypasuenus ana ammiutyns (Ipemgmnarep), a Takme mpum momomu:
HEeKO0TOpOit Marpuunoit maremarukd {[eitzenbepr).]

Tenmepb s xo4y mOTOAKOBATH O ZPYIHX OPHHNUNAX MHHMMYyMa
R Qusuke. EcTs 0ueHF MHOTO WHTEPECHHX NPUHUWIOR TAKOTO POXA.
51 pe 6yny uX Bee mepeINCIsATh, & HA30BY €IMle TOAbKO ofuH. ITozke,
KoOrga MulL mobepeMcs [0 OZHOTO (QHUBWIECKOr0 ABNEGHUA, A KO-
TOPOTO CyIIeCTBYeT HPEeBOCXOJHHI NPWHINI MUHUMyMa, s pac-
CKayKy BaM 0 HeM. A ceifigac s X09y IOKasaTh, 4T0 Heo0A3aTeAbHO
ONMCHIBATE IEKTPOCTATHRY upum noMmomu puddepeHNuansbHEOro
YPaBHEHUS AAA OIS, MOKHO BMeCTO 9TOr0 morpeGosaTrh, 4ToOH
HEKOTOpPBIH HWHTErpajd o0najgaj MaKCHUMyMOM WM MUHUMYMOM.
Jasa mauana BosbMeM crywail, ROTJla IZIOTHOCTH 3apPAAOB M3BECTHA
J0BCIONY, 2 HY/KHO HailTy moreHmWan @ B io6oii Touke mpocTpaH-

crtBa. Bul yie szmaeTe, 9TO OTBET JOMKEH OHTBL TAKOIL:
[
Vip=——

80.
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Jpyroii cocod yTBEep:KEATH TO Ke caMoe 3aKIIOTAeTCHA B CIEHYI0-
meM: Hago BHYMcauTh wuHTerpag U¥*

=% (vor dV—S ppdV;

aT0 oOBemMHHI nHTerpas. OE GepercsA DO BceMy HPOCTPAaHCTBY.
ITpu npasurbHOM pacmpefieleHHAN MOTeHIHANA Q(Z, ¥, 2) 9TO BHPA-
JKeHHe JOCTHTaeT MHHHMYyMa.

Mu mo:xem morasars, 9T0 00a DTH yTBEDKIEHWS OTHOCUTEIBHO
JIEKTPOCTATUKY SKBHBaJeHTHH. Ilpeamomoskmm, 4ro Mu BHOpanm
mpou3BONBHYI PyHKITI ¢. ME X0TUM mOKa3aTh, 9TO KOTJa B Ka-
9ecTBe (p MBI BO3bMEM OPABWIbHOP 3HAUCHWe HOTeHIMANA ¢ IUIIOC

Majioe OTKJOHeHWe f, TO B NEPBOM HOPAAKE MAJOCTH H3MEeHEHNe
B U* Gymer pasHO Hym0. Tak 910 Mu mmmeM

P=9+/;
8[1eCh (p-—3TO TO, YTO MH HIIEeM; HO MH OpOBapBUpPyeM ¢, ITOGH

yYBAJIETh, KAKMM OH [JO0JeH OHThH fJisd Toro, uroOu Bapmamus U*
okaszalach HEPBOTO mopsjxa Majoctu. B mepBoM wieme U* mam
HYKHO HAOHCATH

(VO)2=(v9)*+2ve- vf-(vf)2.

EpuncrBennsit 4jeH mepBOoro TOPANKA, KOTOPHIH Gymer me-
HATHCH, TAKOB! 9
ve-vi.

Bo sropom umene U* mopsHTEerpaibHOe BHPAKEHAE IIPHMET BH[
0P =p9 -+ pf; '

H3MCHAIMAACA YacTh 3[€Ch PaBHA pf OcTaBasas TOJbKO MEH A0~
myeca 9JeHH, NOJYy4Y¥M WHTerpall

AU* = (e,ve-v/—pf)dV.

JHanbme, PYKOBOACTBYSCh HAMEM CTAPHM 00DIAM TPABHIOM,
MBl JO/DRHEL O9HCTHTH MHTETPAJ] OT BCEX HPOH3BOZAHHX 1o f. Ilo-
cMOTpHM, 9YTO 5T0 3a mOpomsBojune. CralspHOe mpom3BejeHHe
PaBHo opof dpof o9 of

9z 0z T oy oy " oz 9z °
9T0 HY}KHO HPOMHTEIpUPOBATH WO z, ¥ u mo z. W 3gechk mampama-
BaeTcA TOT ke Qoryc: yToOH mabasuThesa ot 4f/0x, MK DpouHTErpH-

pyeM Imo x o gacTAM. JTo mpuBeAer K HoGasouHoMy muddepermn-
POBAHUIO @ IO Z. JTO Ta ;K OCHOBHAA HIEd, ¢ HOMOIIBI0 KOTODOIl

MH m36aBHIECH OT NPOM3BOAHKIX 1O f. ME moab3yeMcs paBeHCTBOM

(R o= R/t da.
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[IpounrerpupopanHbii 41eH paBeH HYNO, TaK KaKk MH cydTaeM f
pPaBHEIM HyJi0 Ha OecKOHeyHocTH. (ITO0 oTsesaer ofpamieHmio 1
B HYJb TpHu £, u {,. Tax 9r0o Ham npuHNED Oolee TOYHO GOpMyTH-
pyercsi caegyomuM obpazom: U#* jma mpaBMABHOrO ¢ MeHBIIE,
ueM MaA Jd060r0 APYyroro gz, y, z), 001afalomero TeME ke 3Ha-
YepmaMu Ha OecKOHEYHOCTH.) 3aTeM MH HpPOJeNdaeM TO KE C Y
1 ¢ z. Ham marerpan AU* obparurest B

AU#* = g(—eov2c£~p)fdv.

Yrobn pra Bapmanus OHTa paBHA HYJIO OpH A060M OpPOU3BOIB-
HOM [, Ko3(¢HuueHT OpH f Roisken OHTHL paseH HyJIWO. JHAYHT,
2p = — £
Vig = 2’

Mun BepHyaHch K HaImleMy CTapoMy YPaBHEHHMIO. JHAYUT, Halle
«MHAAMAIBHOEY Tpe[IoskeHne BepHo. Ero Moxno 0606murs, ecau
CJIeTKA M3MEHNTH BHEKJaAKu. BepEeMcs Hazajg M HPOUHTEIpPUpPYeEM
0 9acTAM, He¢ PACHMCHBAasA Bce DOKOMIOHeHTHO. Haumem ¢ ToOroO,

uTO HANHIOEM CJIeAYIOIee PaBeHCTBO:

v-(fve)=vf-ve +/Vi¢.

Mpoxnddepenuupopar aeByw wacrb, A MOTY IOKaszaTh, 4TO OHA
B TOYHOCTH pPABHA OpaBoii. 910 ypaBHEHHE NHOAXOLHT A TOTO,
4TOGH DPOBECTH WMHTEIPAPOBaHMe IO 9acTsAM. B mamem mmrerpane
AU* wmu sameHseM V¢ - yf Ba —fV2Q-+v -(fy@) u 3arem mHTerpH-
_ pyewm 370 mo o6bemy. UneH ¢ muBeprenyme mocie MHTETPHPOBAHTS
1o o0beMy 3aMeHAEeTCA MHTeTPAJOM IO NOBEPXHOCTH:

fv- Uve)aV = vg-nda.

A TOCKONBKY MBI HMHTETPHpYeM HO BCEMY HPOCTPAHCTBY, TO IO~
BEPXHOCTb B 9TOM MHTErpajie JEKAT Ha OeCKOHEUHOCTH. 3HAUHT,
f=0, v MH mojiysaeM NOpe;KAWHA peayibrar.

" TonbKo Temeph MK HAYWHAEM HOHEMATH, KaK pemiaTh 3aladi,
B KOTODHIX MEL He 3Haem, e pacmoioykeHH Bce sapazpsl. Ilycrs
MHE HMeeM IPOBOJHUKY, HA KOTOPHX KaK-TO PACIpENeeHhl 3apsa/H.
Ecanm morteHnumansl HA BCEX NPOBOJHHKAX 3a@UKCHPOBAHK, TO HAII
DPHHIUN MHHEMyMa Bce ellle paspemaercs UpuMeHsTh. WHterpm-
posanme B U* MH IpOBeAeM TOABKO IO o6acTy, AeKameil cHapyu
Beex mpopogamkos. Ho pas MEL He MO)KeM Ha OPOBONHMKAX MEHATD
¢, T0 Ha ©X nosepxHocTd f=0, U NMOBEPXHOCTHHA WHTErpan

g fve-nda
To;e paseH myno. Ocraomeeca o66eMHOe RATETPAPOBAHNS
AU*= S (—gg V3 —p) fdV
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HY)KHO NpPOAEHHBATH TOJbKO B HNPOMEKYTKAX MeXKAY MOPOBOJ-
HuramMu. VI MBI, KoHeuHO, cHOBA HoJydaem ypapHeHHe I[lyaccoma
[Y
V29= e

Mu, cramo Owrh, mMOKaszaay, YTO HAI [EPBOHATAIBHHI WHTETDAJ
U* pocturaer MUHUMyMa WM TOTHA, KOLJIa OH BEIYUCISAETCA B HPO-
CTPAaHCTBE Me;KIY TPOBONHWKAME, Ka[HH U3 KOTOPHX HAXOTATCH
np# PUKCUPOBAEHOM HOTeHHHAJe [8T0 3HATHT, YTO KasKAad mpob-
Has QyHRIUA @, Y, z) HOMKHA PABHATHCA 38MaHHOMY HOTEHIUANY
npoROFHMKA, KOTAA (z, Y, Z) — TOYKM MOBEPXHOCTH HPOBOAHUKA].

CyImiecTByeT MHTEPECCHBIH TaCTHBIN cayTail, KOTA 3apsijsl pac-
I10J103KEHBI TOJIBKO HAa mpoBoguHmKax. Torpa

U* =3 {(ve)rdV

M Hall OPUHNUI MUHUMyMa TOROPHMT HaM, 49TO B cilydae, KOrfga
V KaKZOTO OPOBOJHMUKA €CTh CBOH 3apaHee 3aJaHHEIL IOTeBIHAJ,
TNOTeHNHANbl B LOPOMEKYTKAaX MERITY HHMH HPHUTOHAIOTCA Tax,
gro uHTerpan U* oxasmBaercd KaKk MOKHO MeHbIle. A 19To 2T10
sa umErerpan? Yinen y@ — 9TO IEKTPHUUECKOe IIOJE. SHAYHMT,
mHTETpaX — JTO dIeKTpocTarmdeckass sHeprus. lIpasmiabuoe mone
M €CTh TO E€IWHCTBEHHOE, KOTOPOEe U3 BCceX Ioieil, mosydaeMbix
Kax IpafHeHT HOTEeHIMANa, OTIUIAeTCA HauMEeHbIIed nojanoil sHep-
rHem.

A xorex 651 BOCHONB30BATECS HTUM PE3YIbTATOM, YTOOH pemuTsh
Kakyio-Ha0y/ b YacTHYIO 3a/[a4y W NOKa3aTh BaM, UTO BCE ITH BEUH
MMSIOT PEATIBHOE MPAKTHIECKOe 3HA-
yenue. [IpefnonoRuM, 9T0 51 B3AN
JBa IPOBOJHHKA B ¢opMe IAIUH-
JAPHYECKOT0 KOHAEHcAaTopa.

ETT—— >

VYV BHyTpeHHEro HpOBOLHUKA HOTEH-
nuaJa paseH, cKaskem, V, a y BHein-
nero — myaw. Ilyers pamumyc BHYT-
peHHero MpoBOJHUKA Oy/eT paBeH a,
a puemmero — b. Temeps MH MO;xeM
O PeTONOKATE, UTO paclpefiefeHue
TOTeHLHNANO0B MEKITY HUMH — si06oe.
Ho ecaim MB BO3BMEM npasuibHOc SHAUYEHNWE @ H BHIHCIHEM

(80/2)S(V£Q)2dv y TO JIOJ3KHA TMOJYIHTHCS SHEPrua cucreMu Y/,CV2,

Tax 470 ¢ HOMOIBI0 HAIIET'0 IPAHIUNA MO;KHEO HOJCYATATh M eMKOCTh
C. Ecim ske MH BO3bMeM HelDaBHJIBHOE pacrpe/ie]eHne MOTeHIHala
¥ DOMHITAEMCHA ITHM METONOM IPHKHAYTH EMKOCTH KOHHEHCATOpa,
TO mpHjieM K depecdyp 0onbmoMy 3HAYEHHI0 €MKOCTH HpH QHKCH-
posagHoM V. Jlo6Gofi mpegnmomaraeMhii mOTEHNHMAX ¢, He TOYHO
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COBUAMAOMUEA ¢ WCTHHHKM €ro 3HauYeHNeM, NpHBeJeT W K Hesep-
goii senmaune C, 6oapmeil, yem Hy:xH0. Ho ecnim mepepro BrGpan-
HEII TOTEHOUAN (¢ ABISETCA ellle TpyOsM mpubImKeHHeM, TO eM-
KocTh C HOJYYATCA yiKe ¢ XOpOolleil TOYHOCTHIO, LIOTOMY dYTO IIO-
rpewisocts B C — BeIMYMHA BTOPOTO IOPAAKA OO CPABHEHWIO C
TMOTPEIMHOCTEI0 B (.

IpegmonoxuM, 970 MHe HeH3BECTHA €MKOCTD HUIMHIPHICCKOTO
romrgencaropa. Torma, 9ro06h ysHaTh €e, I MOTY BOCHOJb30BAThCA
sruM upuEnmonoM. fI mpocto Oyny MCOEITHIBATE B KAdecTBE IIOTEH-
nuaja pasEre QYHKIUA ¢ 0 TeX IOp, IMoKa He no0block HAWHM3-
mero snavenus C. [lomyceruMm, x mpumepy, 910 s BHOpaa mores-
IMaJ, OTBeYAloMWi mocTOAHHOMY momio. (Br, Komeuno, sHaere,
970 Ha caMOM Jeje IOJXe 37eCh He IOCTOSHHO; OHO MEeHAEeTCA Kax
1/r.) Ecau mone mocTOAHHO, TO HTO O3HAYAET, UTO HOTEHIHAAJ JIH-
HeliHO BaBHCHT OT paccrTosHusA. Urobp HampameHWe HA TPOBOJ-
HukaX OLI0 KaKUM HY/MHO, QYHKIMA ¢ TOMKHA WMETh BUJ

o=V (1—;=2).

Ira Qyaxnus pasHa V mpu r=a, Hyno npu r=>s, a MeKAy HUMA
mMeeTcAa NOCTOSHHEN HawmoH, pasHuil —V/(b—a). 3Hagnr, 9robnt
oupegenuts uATerpax U®*, Hamo TOIBPKO NOMHOMKATH KBajpar
HTOro I'pagMeHTa HAa &,/2 W LPOMHTETPHPOBAThL IO BCeMy 00BeMy.
Ilporegem aToT pacder jas MWINHPA eUHAIHON MJIVHB. JIEeMEHT
ofnema upu papuyce r pasen 2nrdr. llposoms marterpuposanue,
A HAXOKYy, 4T0 MOdA Hepsas mpoba Jaer TAKyH0 eMKOCTH:

v 2nrdr.

1 rur =2
5 CV? (uepsan mpoba) = 2 | ~— s

Ry >

HHTGI‘paJI 3ech OPOCTO paBeH

nV? (Z—i—;).

Tak A moayuaio GOpMyIy fAias eMKOCTHM, KOTOpadg XOTA W Hempa-
BWJIBHA, HO MBIAETCA KAKHM-TO LPHOIMKEHHEM:

C _ bta
2ne, 2(b—a) "

Konmeuno, oRa oTIMTaerca or npaBmiIbHOro orsera C=2mn¢e,/In (b/a),
HO B 0o0meM-TO OHA He Tak y;k miuoxa. Jlasaiite mompobyeM cpas-
HATH €e ¢ DPaBWIBHEIM OTBETOM /I HECKOJIBKUX 3BaUeHmil b/a.
Bruuncienaie MHOX 49HCIA OpPHBEIEHH B caegyiomeid rtabmmme.
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b Cucrmmoe c nepB. npuba.
@ 27e, PETH
2 1,4423 1,500
4 0,721 0,833
10 0,434 0,612
100 0,267 0,51
1,5 2,4662 2,50
1,4 10,492070 10,500000

Iasie xorga b/a=2 (a 9TO HPUBOAUT yike K JOBOIBHO (OIbIIMM
OTIANYHAM MEKAY HOCTOSHHEIM ¥ JUHOHHBIM IIOJEM), A Bce ele
IOJydYal JOBOABHO cHOcHOe Hmpubamxenme. OTBeT, KOHEYHO, KaK
1 ORULAIOCH, TyTh 3asemeH. Ho ecam Tomkywo mposomouxy mo-
MECTHTh BHYTPH GONBIIOTO IUINHApA, TO BCE BHIVIANHT yiKe Io-
pasmo xys;ke. Torma mone M3MeHAETCA OYEHD CHIBHO M 3aMEHA €ro
HOCTOAHHBIM IOeM HE K TeMy XopomiemMy He OpuBojur. llpu
b/a=100 Mu sasbumaem orser mourm BaBoe. das mManwmix &/a nono-
JKEHNe BHDIAMUT HaMmHOTo aydme. B mpormpomono:xaoM mpepeine,
KOT/[a HPOME/RYTOR MEMRAY IPOBOJHUKAME HE OYeHb IHUPOK (CKa-
sweMm, mpu b/a=1,1), mOCTOAHHOE IOJE OKA3HBAETCA BechbMa
xopomuM npubawKeHneM, OHO Haer 3Havenue ( ¢ TOYHOCTLIO O
JeCATHX IPOIEHTA.

A Temepn f paccKasky BaM, KaK YCOBEPIICHCTBOBATH 3TOT pac-
uer. (OTBeT NIA UWIMHIpPA BaM, PAa3yMEeTCst, UasecmeH, HO TOT Ke
cocob TONATCA W IS HEKOTOPHX ApYTuX HEOOHIHHX $OpM KOH-
IeHCATOPOB, A KOTOPHIX LPAaBUIBHBIN OTBET BaM MOJKET OHTL U
me mssecred.) CaegyromuM maroM Oyaer mnombpiCKaHWe JIydmiero
npubIuKeHus i HeW3BECTHOTO HAM MCTHHHOTO IOTeHHHAJa .
CrayieM, MOXHO WCOHITATL KOHCTAHTY WG SKCIOHEHTY @ U T. .
Ho xax BH y3HaeTe, UTO y Bac HOAYYWJIOCH Ay4dllee NpUOIHKenne,
ecad BH He sHaere mcTHHHOTO @ Omsgem: Ilopcunraiite C; wem oHO
HImKe, TeM K uctaHe Oamuxe. [lasaiite mposepum ary mpueio. Ilycrn
noTeHnuan Oymer He NUHEHHHM, a, CKajKeM, KBafpAaTHYHHIM IO 7,
a IeKTPUYeCKOoe HOJMe He IOCTOAHHEM, a nuneiinnM. Camas o6waa
KBagpardgHast Qopma, roropas obpamaerca 3 ¢=0 mpu r=>b u
B @=V upu r=a, rtakosa:

o=V [1 + a<2:2> — (1-+a) (2:2)2] ,
Ijie ¢ — MOCTOSHHEOE TMCI0. ITa GOPMysIa UyTh CAOKHee TpeKHei.

B mee Bxopur m xBagparuuHsil wien, u ampednui. 3 Hee odens
JIerK0 moxygurh moje. OHO PABHO LPOCTO

aV {r—a)V
p—a T2+ ) e -

__do_
E=—%-
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Teneps 570 Hy;KHO BO3BECTM B KBaJPaT W IPOWBTETPHPOBATH IO
o6semy. Ho nmorogure mmayrtry. Uro sxe mue npmuarth 3a o? 3a ¢
A Mory npuHATH napaboay, Ho Kakyw? Bor uro g cpemaw: mop-
CYHTAI0 €MKOCTh NPH npousgoavrom o. fl monywy

c a b [a? 20 1 1

R — [7 (F+ 3 1)+‘6* “2+3]'
9T0 BHIVIAMAT MaJOCTh 3amyTaBHO, HO TAK YA BBRIXOJHT HOCHe
WHTeIPDAPOBAHMA KBajpara moisg. Temeps g MOTy BHIOHpaTh cebe a.
f 3malo, 910 HCTHHA Je;KUT HHKE, Ye€M BCce, UTO A cOOMpaCh BH-
ypcaurb. Yro 6B 5 HE HOCTaBHI BMECTO ¢, OTBET BCE PABHO MOJY-
gurest cammkoMm Oonbmum. Ho ecau. s mpomoiy cBoio urpy ¢ o
¥ nocrapaioch Ao0HTHCA HAUHUBIIETO BO3MO;KHOTO 3Hawenusa C,
TO 3710 HaMHUBMee 3HaueHHe Oyjaer Oawxe X mpanpe, deM awboe
npyroe smauenne. CiegoBaresibHo, MHE Temepb Hago mogobparb o
rak, urobwr sHaweHwe C JocTHINIO cBoero munmMyMa. O6pamasces
K obsuHOMy pmudepeHIEANPHOMY WCYUCIEHUIO, S YOKAANCH,
gyro muamMyMm C Oymer torpa, Korga a=—2b/(b-+a). Ilopcrasasas
310 3HageHHe B QOpPMyNay, A LOJAYYA0 A HaUMEHbmiell eMKOCTH

€ B4dabta?
2ng,  3(b2—a?)

I npuemnyn, 916 gaer sra ¢gopmyna aas C mpm pasnIHIHBIX
sHageRuAX b/a. Itm wucna i wassaa C (wpagparnunse). [Ipusomy
rabuuny, B KOTepoil cpasHupaoTced C (kpajgparugnse) ¢ € (Mcrun-
HBIMU).

b CHCTHHHOE! CKBanpaTﬂqnoe
o e, PETN
2 1,4423 1,444
4 0,721 0,733
10 0,434 0,475
100 0,267 0,346
1,5 2,4662 2,4667
1,1 10, 492070 10, 492065

Hanpuwmep, rorma ormomenme pagmycos paBeo 2 : 1, g moay-
9aw 1,444, 910 oueHb Xopomee HmpuGIWKeHHE K NPABHIBHOMY
orsery, 1,4423. Haxe npu Gonsmux b/a npubamxenme ocraercs
HOBONIFHO XOPOIIMM — OHO HAMHOTO JyYmié HePBOro NpuIMmKeRns.
Omo ocraercs cHocHuM (saBoimenme Tonbko Ha 10%) mawe
npu b/a=10 : 1.Bonpmoe pacxo:xpenue HacTyIAeT TOABKO IPH OT-
Homernun 100 : 1. fI momywaro C pasmmm 0,346 Bmecro 0,267.
C mpyroit cropoRE, A1 OTHOWEHHA pagmycos 1,5 comamesme mpe-
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Bocxofguoe, a npu b/a=1,1 orser moxywaerca 10,492065 Bmecto
noxoxkennoro 10,492070. Tam, rpe cnemgyer omupaTh XOpomero
OTBETa, OH OKAa3HBAETCH OYeHh M OYeHH XOPOIIHM.

f1 npusen Bce 1M mpuMepH, BO-NEPBHX, YTOGH TPOLEMOHCTPH-
poBarTh TEOPETHYECKYI LEHHOCTh HPHHIMOA MHHHMAJILHOTO Jei-
CTBMA H BOOOIIE BCAKMX HPUHIUIOB MUHUMYMa, H, BO-BTODHX,
9T00H MOKAa3aTh BAM WX IPAKTHYECKYIO MOJIE3HOCTH, a BOBCE HE
_AJIA TOTO, YTOOK HOJCYUTATE EMKOCTh, KOTOPYI0 MEL M TaK REIUKO-
aenHo zuaeMm. [lasg soboit fpyroit ¢opMEl BH MOKeTe HCnpoboBaTh
npubImKeHHOe H0Je ¢ HECKOIbKUME HEM3BECTHHME TapaMeTpaMu
(Hauomobme @) M NOOTHATH UX IOJ MMHUMYM. BH moayumre mpe-
BOCXOJHEIE UHCIEHHHE pDe3yJIbTaThl B 3ajadaX, KOTOpHE APYyruM
cnocoboM He pemaloTes.

HoGaseaenue, coeaanmoe nocae aexuu

Mue He XBaTWio BpPeMEHM Ha JIeKIMHM, 9TO0H CKasaTh eme 06
OfHOIl BemM (BCerjga Befb IOTOBUIIBCH pacckasaTh OoiEbille, gem
ycmepaenib). W g x0uy cuenars aro ceiivac. 1 yixe ynoMuseaa o tom,
4TO, TOTOBACH K 3TOU JIEKI[WH, 3aWHTEePECOBalJIcA OJHOH 3ajadveii.
Mre xouercs BaMm pacckasarb, 916 910 3a 3agaqa. f samermi, urto
GoxbIag 4acTh NPUHIMIOB MUHAMYMa, 0 KOTOPHIX ILIA Pe4b, B TOM
MM WHOH (opMe BEITEKaeT W3 DPUHIMIA HAMMEHBINEro NeHCTBHA
MeXaHuKHN ¥ dinexrpopuEamuxy. Ho cymecrsyer ele kiacc npuH-
nuooB, orryna He Beirekawoumx. Bor mpumep. Ecau cgemars rak,
4TO0H TOKH HPOTEKANM Yepe3 MAacCy BeleCTBA, YAOBIETBOPAOILETO
sakony Oma, TO TOKM pacHpelexsiTCsi B 9TOd Macce Tak, 4TOOH
CKOPOCTDb, C KaKoil TeHepupyeTcA B Hell Temno, Obia HaUMEHBINEH.
Mosxmo rak:ke cKa3aTh WMHaUe (eCAM TeMmmepaTrypa MONAepKUBATCH
MOCTOAHHON): 4TO CKOPOCTH BHIAEIEHHS DHHEPIMH MUHUMAJIBHA.
ITOT UPHHINHUN, COIJIACHO KRIACCUYECKON Teopuu, BHUONTHAETCS
HajKe B PACHpENeJHHM CKOpOcTell AIGKTPOHOB BHYTPH MeTalia,
10 KOTOPOMY TeueT TOK. PacmpejesieHue CKOpocreil He COBCEM paB-
nopecno [cm. ra. 40 (swim. 4), ypasmenue (40.6)], noromy uro omm
Me[JIeHHO apeiligpywr B cropoHs. Hopoe pacupefenenme MOMKHO
HAHTH M3 TOr0 ONPHHNAIA, 9TO OHO IPH NAHHOM TOKe KOJGKHO OHITH
TAKOBO, YT0 pPa3BHBAINAACA B CERYHAY 3a CUeT CTOIKHOBEHWIT
SHTPOMUA YMEHBIIUTCA HACTOIBKO, HACKOIBKO 3TO BO3IMOMKHO.
Bupouem, npaBmibHOe ONWCAHHE IOBEHEGHMsE BIEKTPOHOB [OKHO
OHTb KBAHTOBOMEXAHMYECKMM. Tax BOT B UeM COCTOMT BOLPOC:
JOJKEH JH DTOT CaMHIl NPUANAT MUAEAMYMAa Pa3suBareica sHTpo-
o#E coGII0aThCA M TOrHA, KOTA IONO;KeHNe Bemeil OnmcHBaeTcs
.KBaHTOBOH Mexaumieoii? Iloxa MHe He yZXamoch 3TO BHACHUT.

Bonpoc »r1or mHTepecen, KoHeuHo, m cam 1o cebe. Ilo-
noGHre TMpEANUWNE BO30y;KmaloT BooGpaskeHWe, M BCeTHa CTOMT
nonpo6oBaTh BHACHATH, HacKoabko oHE obmu. Ho Mue neobzo-
dumo 370 3paTh W Ho Gojee HpAKTHIEeCKOH mpuimHe. BMecte o
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HECKOJIbKAME KOJIeraMu s omyGauKoBal pabory, B KOTOPOH ¢ mo-
MOUI[HI0 KBAHTOBOH MEXAaHWKHN MH HPHMEPHO PACCUMTAIM BIAEKTDH-
YeCKOe CONpOTUBJIEHNE, HNCIHTEBAEMO® 3JEKTPOHOM, NpodEparo-
IMAMCS CKBO3b WMOHHHIN Kpueramm, nomobumit NaCl. [Cratea 06
aTom Omma mamewarama B Physical Review, 127, 1004 (1962) u
massiBaerca «[logBmkHOCTh ME[IEHHHIX DJIEKTPOHOB B HOMAPHBIX
kpucrammax».] Ho ecnu Gu cymecTBoBal OpHHOWN MAHEMYMa, MH
MoTam OH BOCHONB30BATHCH UM, 4YTOOH CHelaTh pesyabrar Ha- .
MHOTO 60jiee TOYHKIM, AHATOTHYHO TOMY KAK OPWHLWIO MEHEMYMA
€MKOCTH KOHJEHCATOpa HO3BOJWI HAM JODUTHCA CTONB BHICOKOIL
TOTHOCTH sl eMKOCTH, XOTA 00 DIEKTPHAYECKOM HOJNe HAlld cBeje-
HA OBIM BecbMa HETOYHEIMIL.



Tanasa 20

PEIIEHNA YPABHEHHIII MAKCBEJJIA § 1. Boanwr B nmycrom
B IIYCTOM IIPOCTPAHCTBE HPOCTPAHCTBE;

HAQCKUE BOJHDI

-~

§ 2. Tpexmepssie
. BOXMDI
§ 1. Boanst 6 nycmomn npocmpancmee;
NAOCKUE 6OAHDBL 8 3. Haywioe
2O0OpaKen e
B ra. 18 mer goctaram TOro, 4T0 ypaBHEHHA
Maxecpenna mossmnmch B momHoM Bupe. Bce, aro ¢ 4, Cdreprmecnne

€CTh B KAACCHYOCKOH TEOPHH OSICKTPHICCKMX H BOTE
MATHUTHHX I0JIell, BHTEKAeT U3 YeTHPEX ypanHe-
B Ffeminopunse: va, 47
{oun. 4} «3nyw,
L. VOE:E%' 1.V ><E=-'-g—?- , Boauoroe
j . OE (20.1) VPABHENHEY §
III. V.-B=0, IV, C2V><B=é— ek pda. 28 {(wour. 3)
0 «NICRTpOMATIINT -
Korga MBI cBend Bce 3TH ypaBHEHHA BOEIHHO, HOS  HBAYUEHHEH

ME 00HApPY;KAIYU HOBOE BHAMEHATEIBHOE ABIEHHUC:
[oaA, CO3MABAEMEIO ABIKYIMMUCS 3aPAAMHA, MO-
TyT HOKWHYTH HCTOYHHEK ¥ OTHPABUTHCH OYTEIIECT-
BOBATh B mpocTpadcTee. M paccMOTpeny 9aCTHEIA
ciydail, KOTKa BHE3AIHO BKIKYaeTCH Iexasd 6ecko-
megHad mWIockocrs. [locae Toro kax B TedeHue Bpe-
MeHH [TIei TOK, BO3HHKAIT ONHOPOIHELE DIEKTPH-~
YecKHe W MATHUTHHE MO, HPOCTHPAIOIIHECs OT
mirockoctd Ha cf. [IpegmonomxuM, 9T0 IO NIOCKOCTH
Y2 Te9eT TOK B HANPABJEHHN -} C HOBEPXHOCTHOR
WIoTHOCTHIO J. JieKTpHIecKoe moie Oymer HMeTb
TOJNBKO [-KOMIIOHEHTY, a MATHHUTHOE — TOIBKO
Z-KOMIOHEHTy. Beawdmna wommoneHTt mousi Oymer

pasHa
J
2egc

E,=cB,=—

(20.2)

ISl MONOKHATEIBHHX z, Mempmux ct. na Géap-
MUX ¥ MOAS PAaBHH HyJw0. PagHBe N0 BeIWUYMHE
[OJIA HPOCTHPAIOTCA HA TO 3KE PACCTOSHHE OT
IIOCKOCTY B HAUDPABIGHWH OTPULATEIBHHIX V.
Ha ¢ur. 20.1 norasam rpadur 2aBECHMOCTH Be-
JMYAHH D0jei oT £ B MomedT ¢, C TeueHEEM BpEMEHNT i19
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QDua 20.1. 3agucumocmv saeEmpu-
Yeck0e0 U MAZHUMHOZ0 noael om %
yepes t cex nocae mozo, kak Obviaa
BKAICYCHE 3APANECHHAR TNAOCKOCMb.

-gt ct 4

«BOITHOBOH GPOHTY B ¢! PAaCcHpPOCTPAHAETCA BOJAb & C HOCTOAHHOM
CKOPOCTBIO C.

Temeps mpecrasuM cefe TAKY0 HOCTEAOBATENbHOCTh COORITHIA.
Ha mrEoBeEme MHl BRJIIOUAEGM TOK eJUHAYHOH CHIH, a 3aTeM BHe-
3a0HO YBEJIHYUBAEM €r0 CHIY BTpOe ¥ IOANEP/KUBAEM €ro Ha DTOM
yposre. Kax sxe 6yayT Temepb BHIIAACTD NOAA? ITO MOKHO Y3HATD
rakuM obGpasom. Bo-mepmBiX, HAZ0 mpeACTABUTD TOK ¢ eJUAMIHON
cmioii, Briaouennnit npu (=0 um Goabme He mMeHspnmuiica. Torga
HGIA TPW TMOMOKUTEIBHHX & OyAyT MMeTh BUA, HpPeCTaBICHHBIA
ma ¢ur. 20.2, a. 3arem Hafo 3ajarh cefe BONPOC, ITO MPOM3OHENET,
€CILT B MOMEHT {; BKJIIOTATH IOCTOAHHKI TOK CHION B JIBe MHUNE?

B sroM cayuae mosiA cTaEyT BABOE 0OlbHIe, 4eM Ipe;Rje, HO
OTOHIYyT MO Z TOAbKO HAa mpoMmesryTok c(t—t;) (¢pur. 20.2, 6).
CxnajerBas 97TH gBa pemierus (0 OPHHIUIY CyTIePIO3HIAN), MBI I10-
JayuaeM, 9T0 CyMMa MCTOYHHKOB — 3TO TOK CHIOH B OiHY eAMHUILY
¢ MOMeHTa HyJIb [0 MOMEHTa {, M TOK B TPU eIMHHIH B Gomee mos/-
HEWe MOMEHTH. B MOMeHT { IOJIA MEHAIOTCA BJOND T TAK, KAK HOKa-
sano ma ¢ur. 20.2, s.

Bospmem Temepn Gosee caokEylo 3agauy. Pacemorpmm TOK,
UMeBHINHA CHaYasa CHJY B OJHY €IMHWIY, & 3aTeM HOCTUIIIHA CHJIbL
B TPU eQMHUIB U BhLIKJIOUeHHHH. HaxoBH OyayT moif OT TAKOTO
toka? Pemenme Moxctio mosyduTh TOYHO TaK 3Ke, KAK M paHblle,

E
2
1
0 F
a [ T
E
2
, 3
0 t-1, z
£ 5 oft=t,) Qua, 20.2. Saermpuueckoe noae
3 RAOCKOCIMU C MOKOM.
a — 08Ha eOuUNHUYAQ TMORA 6KAWUCHA 8 MO-
2r menm t=0; 6—0e euHUYW MOKG 6KAI0-
ueHBL 8 MOMENT™ {=1,; 8 — CYNnepnosuUYuUa
1} aub.
0
e(t-t;) ct @
a
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Due 20.3. Ecau cura ucmounuka moka menaemca mak, Kak @ pucyure (a),
mo ¢ Momenm i saeKmpuiccroe nose kak @Gynryus om x npuobpemaem Opy-
2ol eud (6).

T. €. CRIQJBBAsg pPEmEHNs TpeX paszuuXx sagad. Cmepsa maiimem
HOA S WOCTOAHHOIO TOKA eIUEUYHON CHIH (9Ty 3ajavy MH yike pe-
manm). IloroM ysHaeMm moss or Towa mBoiiHO#I cumuel. Y, HarkoHel,
BO3bMEM peIlleHHe [is1 IO0Med TOKOB ¢ CHIION B MUHYC TPH eIMHUILL.
Crnomup Bce TPH DeIIEHUs, MEL IOMYIAM TOK CHIOK B OHY eUHULY
or {=0 Ko Kaxoro-ro Goliee MO3[HEr0 MOMEHTA, CKaykeM, 10 {,
3aTeM TOK CHAOH B TPH eIMHHIEI 4O MOMEHTA f,, 4 MOTOM TOK, PaB-
HBIA HYJIO, T.e. BHEKJIOUeHHH. I'paduk sapmcumocTH TOKa OT
BpeMeREu nokasad Ha ¢ur. 20.3, a. Craageisas Tpm pemenus
A DIeKTPUIECKOro IO, MH BMANMM, UTO €r0 MAMEeHEeHHUS ¢ pac-
CTOAHNEM & B MaHHKI MOMeHT ! NOXOOHE u300paKeHHBIM HA
¢ur. 20.3, 6. Iloe B TownoCcTH OTOGpaskaer coGoit Tok. Pacmpe-
JleJieHre IO0JA B MPOCTPAHCTRBE €CTh TOYHOE OTPaKeHHe M3MeHeHUH
TOKA €O BPEMEHEM, HO TOIBKO HAPUCOBAHHOE 3af0M Hamepen.
Ilo mepe Toro xax HpPOXOMT BpeMs, BCSA KapTHHA MepeMelIaeTcs
HAapy;Ky €O CKOPOCTBIO ¢, TAK 9YTO ILOJNYYAeTCA IOMTHK nojeil,
KOTODPHI JBIIKETCA K IONOMHTEIbHRM £ W XpamnHT B cebe
BCI0O MCTODHIO IepemeH ToKa. Ecaum 6w ME HaXOguIKCh Ife-TO HA
PACCTOAHNHA MHOTHX KINIOMETPOB, ME MOIVIHM OHl JIMIML IO H3MeHe-
HHIO 3JIEKTPUYECKOro MM MaTHHTHOTO Hojia Gezomubouno paccka-
3aTh, KaK MEHICSI TOK B MCTOYHHEKE.
dameThTe TaKKe, 9TO JasKe HOCJIE TOTO, KAK BCA NCATENLHOCTh

B HWCTOYHHMKE HPEKPATHIACH W BCE 3apssl MCYE3IU, a TOKH COINAU
Ha HeT, Hall JOMTHK IIOJell IpOJOIKaeT CBOE LYTelecTBHe epes
mpoctpaHeTso. llomygaercs pacupeneneHne dieRTpUYECKHX B Mar-
HUTHHX I0Jeil, KOTOpoe CyMeCTBYeT HE3aBUCHMO OT TOKOB M 3a-
PAXOB. OTO ¥ ecTh TOT HOBHIT d(erT, KOTOPHIL CleAyeT U3 MOTHOIT
cucreMHl ypapHeHuii MaxcBemna. Mu Mokem, ecau By:HO, Ipej-
CTAaBHUTh TOJLKO UYTO MpOJENaHHHH AHAIU3 B CTPOT0 MaTeMaTHue-
croil ¢opMme, HammcaB, 4TO DIEKTPHYECKOE WOJE B HAHHOM MeECTe
W B FaHHOe BPeMsA NPONOPIMOHAIBHO TOKY B HCTOYHWKE, HO HE
B mo e BpeMd, a B Oomee pannuil mepmop [i—(z/c)l. Moxno
HaNImcaThb
J(t—=z/c)

28 °

E,(t)y=— (20.3)
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Bac ymumBut, ecam A CRajky, 9T0 MEHL yyKe BHIBOJIIM 3TO ypaB-
HEeHHE paHbhie (¢ JPYIoil TOUKMU 3PeHNA), KOTJa IOBOPMIH O TEOPUH
noxasareqsi mpeiomieHnda. Torga Ham HyKHO OHIO HpeJcIaBHTDL
cefe, KaKme IONA CO3MACT CIOM KOJIeOMIOMUXCA NUnoNel B TOHKOM
IIGCKOM JMAIOKTPHUKE, 6CIH NUIONY IPHEBOAATCA B ABI/KEHNE DIEK-
TPHYECKEM I[OJEM MANAIMEH 2JIeKTPOMATHHTHOR BONHEL. 3amaia
Halla COCTOANA B pacuere KOMOMHHPOBAHHOIO MOJNA HAYAIBHON
BOJIHE H BOIH, H3IyY9aeMHX KOIe0noIquMucs jaumomsMu. Kak ske
MH CMOTJIH TOTJA PACCIUTATH HONA, CO3HAABAEMEIE [BYKYITHMHACH
sapsAnamu, He sHag ypasHeHmi Maxcsemna? Mm rtorma wpmEAIM
B KauecTBe mcxopmoli (6e3 BEBOZRA) opMmyay N roxeil HaTyde-
HHS, CO3MaBaeMbX Ha OONBIIMX PACCTOAHMIX OT YCKOPHEMOTO TO-
geqnoro sapaga. Ecan Bu s3aragsere B ru. 31 (srm. 3), To ysupwmre,
uro mapaskenue (31.10) — sro raw pas mame smpamenue (20.3),
KOTOpPOE MHEl TOIBKO 9YT0 Hamucanw. XOTs OPEyKHWE HAIl BEIBOJ,
OTHOCWJICA TOABKO K GOJBIINM PACCTOSHUAM OT MCTOTHHKA, TEIEPh
MBL BHJEM, 9TO TOT jK€ PEe3yJbTaT BepeH W BOINZU HCTOYHUKA.

Ceifuac MEL XOTHM B3LJHAHYTH B 00ImeM BHAE HA IOBEACHHE DICK-
TPUYECKUX ¥ MATHATHEIX Hojell B OyCTOM IPOCTPAHCTBE BIAJEKe
OT HCTOYHHUKOB, T. €. OF TOKOB # 3apsgos. OueHb OAMBKO OT HUX
(rax Gmm3KO, YTO MCTOYHHKHE 34 BpeMsa B3auasABIBAHNA Lepemayy
HE YCIOEBAKT CUILHO WM3MEHHTHCSA) MOASA OYeHDL IIOXOMKH HA 7€,
KOTOPHIe MOJYYMAMCH ¥ HAC B BIEKTPOCTATHKE MIM MATHUTOCTATH-
ke. Ho ecam mepeiitn & TakuM G0ablInM PacCTOAHEAM, 4TO 3amas-
[BHBaHUe CTAHET 3aMETHRIM, TO HPHUPOIA HOJeH MOKeT PafuRAIbLHO
OTIMIATHCA OT TeX PemieHdidl, KOTopsle Mpl Hamau. Korma mons
SHAYHTENBHO YAAMAIOTCA OTO BCeX MCTOYHWKOB, OHH HAYUHAKOT
B HEKOTOPOM CMhIcie InpmoGperarh cBON COOCTBEHHHI XapawTep.
Tak 970 MH BOpaBe HPUCTYOATH K O0CYKIEHMIO IOBOAEHUSN IOl
B ofmactd, Ifle HeT HU TOKOB, HHU B3apAfOB.

IIpenmonoxmyM, 9TO HAC WHTEpECYET POR Honeil, KOTOPHE MOTYT
cyImecTBoBaTh B obijacrAX, I'ie M O W j papHH Hymio. B ra. 18
ME Bujienu, 4r0 (pumsury ypaBHeHud MarCBeJNJIa MOKHO TaKiKe
BHPAa3uTh Ha sI3HKe AuQPepeHINaILHEX ypaBHEeHAH i CHAIAp-
HOTO U BEKTOPHOIO HOTEHIMAJIOB:

1 92

V2 - 6t;P = ___;: , (20.4)
1 9%A j

'V2A_?0—tg— = —_-s_:c—é s (20.5)

Ecam p m j paBEm Hyxi0, TO 9TH YPaBHEHHA YLPOIAIOTC:

1 52
Vip—— 52 =0, (20.6)
viA— 74—, (20.7)
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Crano O6uiTh, B IYCTOM IIPOCTPAHCTBE M CKAJAPHBIN TOTEHIHUAN ¢,
¥ KOKZAsd KOMIIOHEHTa BEKTOPHOTO IOTeHLHANa A yIOBIETBOPAIOT
OJHOMY W TOMY ke MaTeMatudeckoMy ypapueruwo. Ilyers 6ykBoil
(mem) mpt 0GosHauMIM M100yI0 M3 YeTHPeX Beawymd @, A,, A, A,
TOrfla HaM HY;KHO H3y4nth oOINUe pemeHus ypaBHeHnﬂ

yrp— L 28, (20.8)
P TER
Ero masuBaloT TpexMepHHM BOJIHOBHM YpPaBHeHHEM — Tpexmep-
HEIM HOTOMY, 9T0 (YHRITHA P MOKeT B OOLIeM cIydae 3aBUCETH OT
Y 4 z B caeilyeT YYHTHBATH M3MEHEHHS WO Ka;KTOM M3 JTUX
KOOpAWHAT. 3T0 CT&_HOBHTCH ACHBIM, €CJU MBIl BHIOHNMEM ABHO Tpﬂ
ayena omeparopa Jlammaca:
92 02 92 1 42
s ri A L) (20.9)

0z Vo 02T &2 et
B mycrom mpocrpaHCTBE NIEKTPHUECKHEe W MATHUTHHE monsa E
u B ro:xe yIOBIETBOPAIT BOJHOBOMY ypaBHeHU0. Tak, HOCKOIBRY
B=V XA, mudpdepernuanbroe ypapaenue itiast B MoxxHO DONy4HTD,
B3AB porop or ypasHenuws (20.7). Paz mamnacmam — 510 CRaIP-
HELl omepaTop, TO MOPANOK OHepAlWil BHYMCIEHHWS NamiacuaHa u
poOTOpa MO}KHO HEePeCTaBAATH!

VX (V2A)=v2(V xA)= V2B,
Touno rar ke MOKHO HGpGCTaBJIHTB ¥ BHuucieHue rot m 0/0t:
2 2
V% 1 92A 1 °B

T T

2 6t2 (V A) =

W3 proro MH moxyuaeMm caegyloniee quddepeHINaTbHOE YPABHEHHC

s B:
1 2B

(20.10)
TeM camBIM BHACHAETCH, YTO KOMIIOHEHTa MAaTrHHTHOTO moig D
VIOBIETBOPAET TPEXMEPHOMY BOJXHOBOMY ypasmHeruwo. Ilomo6mo
aToMy, u3 toro ¢arra, uro E=—Vo—dA/dt, caenyer, uro anex-
rpugeckoe moie E B mycroM mpocTpaHCTBE YIOBIETBOPSIET TpeX-
MEepHOMY BOJIHOBOMY YPaBHEHUIO

1 8°E
2 a2

V2E— =0. (20.11)

Bcee mamm dreKTpOMAarHATHHE HOAA MOAYAHSOTCA OTHOMY M
romy sxe ypasHeHHIO (20.8). MosxHO eme cnpocuTh: KAKOBO caMoe
obmee pemenne storo ypapHenua® OZHAKO HpeKAe, UeM pemaTh
STOT TPYAHHIH BOOpPOC, CHAYaja IOCMOTDHM, YTO MOKHO CKasaTh
B 06IIeM clyZae O TeX PeMeHHAX, B KOTOPHX IO ¥ ¥ [0 Z HAYETO
He meHseTcA. (Bcerga cHagana Gepurech 3a OPOCTHE CIyIaH, ITOOH
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OBUTO BUIHO, Yero CiefyeT O;KHAATh, a YK IOTOM MOKeTe Iepexo-
AUTh K caygaam nocxoxkueir.) Ilpegmonoxum, ato BetmamEa nmoneit
3aBHCUT TOJIBKO OT X, TAK 4TO IO ¥ ¥ N0 2z MOIA He MEHAMCA.
MEui, ciaefioBaTelIbHO, OHATH PACCMATPHBAEM NJIOCKHEe BOJHH K
JOJKHEL O’KUJIATh, YTO HOJIYYaTCA Te jKe Pe3yiabTaThi, YTO H B IIpe-
nupyieir rrase. U MBI feficTBUTENBHO MOMYYHM B TOYHOCTH T€ JKE
cample oTBeTH. Bl Mosrere cumpocurs: «Ho 3agem cmoma nemath
TO Ke caMoe?» ITO BAIKHO, BO-HEPBHIX, MOTOMY, 9TO MH HE J0OKa3a-
au, 9T0 HallleHARE HAMH BOJHE OpPefCTaBIfioT coboli camoe obGuiee
penieHue 718 IIOCKUX BONH, W, BO-BTOPHX, MOTOMY 4TO HAINK HOJA
NpOM3OILIN OT HCTOUHMKA T0Xa ocoboro pmpa. Ceiwac Mbl XoTenm
Onl BBIACHHTD TAKOH BOHDOC: KAKOB caMHil OGINMIT BRI OZHOMEp-
HO BOJHBI B mycTOoM mpoctpaHcrse?! Mu me ysmaem aroro, ecam
fyneM paccMaTpuBaTh TOT WJIM MHOH WMCTOYHHK 0co60oro BHA,
HaM Hy;HA O6npmasa obmuocrs. Hpome Toro, ma sror pas Mu 6y-
neM paborarb He ¢ MHTErpajJbHON opmoil ypasmenmit, a ¢ mudde-
peunuansHoil. XOTA HWTOr OJUHAKOB, 35T0 NpPEeKpacHHl caydait
DOYOPaKHATECA B BRIRJIAJKAX W yOegurncss B TOM, 4TO HE HMeer
SHAUGHUSI, KAKAM IyTeM MITH. BB XOMKHBL yMeTh [elficTBOBATh
A106KM OyTeM, HOTOMY YT0, HATKHYBHNINCH HA TPYOHYIO 3amady,
BH dYacro o6Hapy;KmBaeTe, 9r0 TOAUTCHA JHIIL OJUH M3 MHOTHX
cnocofon pacuera.

Mosxao Os1o 6B HPAMO PacCMOTPETH PELIeHHE BOJIHOBOTO ypaB-
HeHAA A KRaKoH-HMOYIh W3 DIEKTPOMArHUTHHX Beiamuua. Bmecro
9TOr0 ME HAYHEM IIPAMO ¢ Hadaka, ¢ ypapHenuii Makcpeana ans
WyCTOTO HPOCTPAHCTRA, W BH yOenurech B MX TECHOM CBASH € DIEK-
TPOMATHUTHHIMU BOJiHAMH. Tak 94r0 MEl OTHpaBlIAEMCHA OT ypaBHE-
guii (20.1), mosrarast, YTo B HUX TOKHU ¥ 3apAAH paBHH Hymnwo. Onu
obpamarorca B

I. V.E=0,

B
. VxE=-22, 20.12)
1. V.B=0,

gl_‘]

IV. VxB=

Paconmem mepBoe ypaBHenne HOKOMHOHEHTHO:
0E, OE, OE
_ %8s OBy %%
V-E=~+50+5-- (20.13)

oz

MH npejmoncKmAR, 9T0 MO y U Z HOje He MeHSAeTCs, TaK 49ro JBa
OOCJeNHNX WIeHa paBHH Hyno. Torga, cormacuo (20.13),

%Es . (20.14)

P

PemenneM ero gsisercs MOCTOSHHOE B mpocrpaHctBe K, (koMmo-
HEHTA DIEKTPHYECKOro MOAA B HanpapieHun z). Barnamys Ha ypas-
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merue 1V B (20.12) u mosaras, aro B roke He M3MEHAETCA BIOJB
Y ¥ z, BH yOegurech, yr0 E, OCTOAHHO M BO BpeMmeHH. TaxuMm mo-
JIEM MOJKET OKa3aThCH NOCTOAHHOE I0Je 0T KAKOr0-TO 3aPsKeHHOTO
KOHIEHCATOpPA BAAJIU OT aToro Kompmencaropa. Hac ceitwac me sa-
HUMAIOT TaKNe HEHHTEPECHH¢ CTAaTHUYECKHE HOJs; Mbl MHTEpecyeM-
¢ JUIMb JUHAMUYCCKYM W3MEHTUBHIMUH HOXAMEH. A jua dunamuue-
ckur mojeir K_,=0.

Hrag, Mol mpmiun® K BajKHOMY pe3yJabTary 0 TOM, 410 UpH
pacopocTpaHeHWH HJIOCKHX BOJH B NpPOW3BOJBHOM HAOpaBJIeHAN
saekmpuieckoe noae OO0ANCHO PACROAA2AMBCA NONEPER HANPABACHUA
ceoez0 pacnpocmparenus. HOHEIHO, y HETO €lfe 0CTAETCH BO3MOM~
HOCTH KAKMM-TO CJHOKHEIM 00pa3oM M3MEHATHCS IO KOODAUHATE I.

Ilonepeunoe mone E Mo:xH0 Beerga pasOmWrh Ha /jBé KOMIOHEH-
TH, cRaKeM Ha y u 2. Tax uro cnavana pasbepeM caydall Hanu4us
Y 9MeKTPUIECKOTO HOJA TOABKO OFHOH IOMEPEYHOH KOMIIOHEHTHI.
Jlus magana BO3bBMEM JJIEKTPHYECKOE I110Je, HAIpaBIeHHOE WO Y,
T. €. ¢ HyJZeBOH z-KoMuoHeHTou. flcHo, uro, pemuB 3Ty 3afady,
MBI BCETHA CMOKeM pasofpars M TOT cayd"ali, KOrga BIeKTPHIecKoe
moie BCIONy Hampasieno mo z. OOulee pellleHme MOMHEO BCErJa
UpeJcTaBUTh B BUAS CYNePHO3MIHE ABYX TAKAX TOjiei.

Haxwuvmu nppoctsiMu cranm Tenepb Hamm ypasHeHus! Temepb
e[MHCTBOHHAA HEHYJNEBas KOMIOHEHTA BIEGKTPHIECKOTO MONS —
o10 K, ¥ Bce mpomsBojHbe (KpOMe HPOU3BOJHEIX IO ) TOXE Pas-
un Bya10. Ocratku ypapHenmid Makcpemia BHITALAT 4pesBRIALHO
mpocro.

Pacemorpum Tenieps nropoe ma ypasuenmit Mawcseana {1. e. [I
n3 (20.12)]. Pacnucap wommomentn rot E, momydaem

9E, OE
9B 9E,
(VXE), =, —5 =0,
_O0E, OB,
(VXE)y =5 —57 =0,
oFE oE oF
. y__ X __ Y.
(VXE), = ox oy~ oz °

spech z-wommomenra V X E pasHa Hynio, DOTOMY 4TO PaBHH HYJIIO
IpPOM3BOOHEE N0 J M 2; Y-KOMIOHEHTA TO/Ke PaBHA HYIO: IIePBHIl
9IeH IIOTOMY, YTO BCE LPOM3BOJHEE II0 Z PABHHI HYII0, a BTOPOH
noromy, 910 F,=0. EnuncrseHHas He paBHAA HYJ 0 KOMIIOHEHTA
rot E — a70 z-rommonenta, ona pasma 0K /dz. llonaras, uro tpu
xomMooHeHTH! VXE paBEH  COOTBETCTBYIOIMM  KOMIOHEHTaM
—0dB/dt, MH 3aKaIw9YacM, 4TO

3B, B,
- =0, - =0, (20.15)
B, oE, ‘
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INNockoapKy BpeMeHHEIC IPON3BOJHLIEC KAK Z-KOMIIOHEHTH MATHUT-
HOrO TOJf, TAK U y-KOMIOHEHTH MATHHTHOIO MOJS PABHE HYJH,
10 00e 5TH KOMOOHEHTHl CYTh MOHPOCTY IOCTOSHHHE IOJS 1 OTBE-
4al0T HalAeHHHIM pPAaHbIIe MATHUTOCTATHMYECKMM pelreHusaM. Bems
KTO-TO MOT OCTABHTL HOCTOAHHHI MarHUT BO3Je TOr0 MecTa,
e pacupocTpaHAwTed BoaHbl. Mu 0ygeM HTHOPHPOBATE BTH HO-
CTOAHHBIE moNA W momoymMm B, m B, pasmEME Hymo.

Rerarn, o paBeHCcTBE HYTIO .’L‘—KOMHOHGHT monsa B Mmt jqommen
Obltu OH 3aKJITOYATH U IO APyTroit mpugune. llockonbKy AUBepPreH-
uua B pasma mymwo (mo rtperbemy ypapmHeHuio Marcsenxa), TO
MiI, mpuberasg Opd PaAcCMOTPEHMA BIEKTPHTIECKOIO HOJIA K TeM jKe
HOBOfIaM, 4TO W BHINE, KOMKHB Obiny O HpHWiTH K BREIBOZY, 91O
OpOfoNbHAA KOMIIOHEHTA MATHHUTHOT'O IOJSA HE MOJKET M3MEHSTHCA
BIONDB Z. A pas Mbl TAKMMH OFHOPONHHIMHU LONAMH B HAINKHX BOJI-
HOBHX pelmeHwsAX -npeHedperaeM, To HaM Caef0Bano OH HOIOKETH
B, pasmmuM Hyno. B miockux 3neKTpOMATHHTHHIX BoiHaX noxe B,
pasHO Kak u noiae E, momxmao OHTh HAOpapieHo MOIEePER Hampas-
JeHUsA DPacHpOCTpaHeHNsI CAMHX BOJH.

Pasencrso (20.16) gaer mam pgo0aBOYHOE yTBEPIKJEHHE O TOM,
9TO0 eCciAM HJAEKTPUIECKOe NO0Je WMMeeT TONBKO Y-KOMIIOHEHTY, TO
MarguTHOE MOJIe HMMEeeT TONBKO Z-KOMIOHeHTy. JHaumr, E m B
nepnerdukyaapry Apyr apyry. Vmenso s1o m mabioganock B TOR
BOJHE 0c060ro THma, KOTOPYIO ME YiKe DPaCcCMOTPeNH.

Teneps MH TOTOBH HCIOOAB30BATH INOCHENHES U3 YpPaBHEHHN
Maxcsenna mis mycrtoro mpocrtparcrsa [1. e, IV us (20.12)]. Pac-
OUCHBAA HOKOMIOHEHTHO, HMEeM

oB oB oF
2 —p2 P a2 Y X
(VxB), = dy A PR TR
zan 26Bz aEy
c? (VXB)yZC a—z——c W=W’ (2017)
0B 0B oE
2 2 Y e TX_ T2
3 (VxB),=c?—-—c¢ =

Ws mecTn mpowspopHHX oT KoMHoHeHT B Tonnko 0B,/0r me
paBua Hymo. Tak 9ro Tpm ypaBHEHHA IPOSTO AAIOT

9B, 0E,

—2 2,
%z = o

(20.18)

Wror Bceil Haimeil feATelbHOCTE COCTOMT B TOM, 9TO OTIHYHE
OT HyJd TOIBKO HO OFHOU KOMIOHEHTE BIEKTPHYECKOT0 M MATHHT-
HOT0 mOoNeH W BTH KOMOOHEHTH OOf3aHEL yMOBIETBOPATH ypAaBHE-
nusam (20.16) = (20.48). Otm mBa ypaBHERHS MOKHO 00BEIWHATH
B Of{HO, €CJIM IepBoe 13 HuX npopuddepernuposarTs 110 £, 8 BTOpoe—
0o f; Torga TesHe CTOPOHH ypaBHEHHH COBIAaAyT (C TOYHOCTHIO [0
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muoRuTeTA ¢7). M Mu o6mapy:kusaem, gro E, moguuHseTcs ypas-

HEHWIO
PE, 1 E,
dx? c? g1

=0. (20.19)
Mut y:e Berpedanm 310 JuddepeRIUaIBHOE ypaBHEHHE, KOITa
M3ydYadad pacmpocTpaHeHue 3BYKa. JTO BOJIHOBOE ypaBHEHWE LA
O/IHOMEPHHX BOJH,

3ameTnTe, YTO B TPONECCE BHBOMA ME IOXYIWAW Goablue,
uem cogepxnTea 8 (20.11). Ypasueaus Maxcseana panm HaM uH-
dopManmio W © TOM, UTO Y BIEKTPOMATHUTHEIX BOJIH €CTh TONDBKO
KOMOOHEHTH HOJ S, PACIOJOKeHHbE WO IPAMBM YIJIOM K Hanpas-
JIEHWI0 PACHPOCTPaHEHHS BOJH.

BenmomMauM BCe, 970 HAM HW3BECTHO O PEMIEHAAX OJHOMEPHOTO
BONMHOBOTO ypaBHeEHA. Ecim Kakas-To BenwdwHA 1 YIOBIETBO-
psAeT OfHOMEPHOMY BONHOBOMY YPABHEHHUIO

o 1 o

i e 2 (20.20)
TO ONHNM W3 BO3MOMKHHX pemIeHH#l sBisgerca dyHRUuMA | (z, f),
UMeoIIasg BUT

P(z, t)=f(z—ct), (20.21)

1. e. QynKmUa 0dHol-eOuncmeennoli nepemennol (z—ct). Dynaruma
f(z—ct) npencrasaser coboil wrecTkoe» 0G6pa3oBanye BROAEL OCH Z,
KOTOpOe [BU/KETCsI IO HAUPABICHUIO K HOJOKATENBLHHIM Z €O CKO-
poctbio ¢ (¢ur. 20.4). Tak, ecan MakcuMyM QyHRIUHA f TIPUXOTUTCA
Ha HyJeBoe 3HadeHue aprymenrta, To mpm =0 MakcHMyM 1 oKa-
snpaercsa opu £=0. B Goxee mosgEMi MoMeHT, cKaskeM mpu =10,
marcumyM P oraskercda B Touke r=10 ¢. Horma Bpems nsmwsxercs,
MaKCHMYM TOKe IBIKETCA B CTOPOHY BO3PACTAHMUSA X CO CKOPOCTBIO C.

Iopoit ymoGHee camrath, YTO peNnIeHNe OJHOMEPHOTO BOJHO-
BOTO ypasHemus spjisieTcs PyHEnmed or (f—x/c). Oppaxo B cym-
HOCTH 5TO OJIHO U TO 3Ke, IIOTOMY 9ro jiobas pyrnua or ({—z/c)—
5T0 Tarke QyHRIEA OT (Z—ct):

F (t_.-j_) —F (—’”—C’) = (z—ct).

[

IToxrasreM, uro f(zx—ct) AelicTBHTEILHO eCTh PEIEeHne BOTHOBOTO
ypaBrenus. [lockoibKy f BaBUCHT JUIIb OT OFHOH IepeMeHHOH —
nepemenHoit (r—ct), T0 ME Oyjaem uepes f' o6o3HavaTh TPOM3BOA-
Hy10 f IO 5TOH mepeMeHHOH, a uepe3 f'— BTOpPYI0 IPOH3BOAHYIO.

f -—ot—i

Que. 20.4. Dynryua flz—ct)
npedcmagasem HeusMeHHBWE <KOH-
myp», Osuaywuiica 6 Hanpasienul
803pACMAKUR T €O CKODOCIMBIO C»




Huaddepeanupya (20.21) no z, moayduaem

A
= I’ (x—ct),
IOTOMY YTO IpPOM3BOAHAA OT (x—ci) mo x paBHA efunuine. Bropas
npousBoAHas P DO X paBHA

02 "
=" (@—ct). (20.22)
A npomsBopunle P mo ! paroor

o =1 ) (=) (20.23)
%2—}2): -+ c?f" (x—ct). '

Mu yGesxgaemesi, 910 1P HEHCTBUTENBHO YAOBIETBOPAET OfHOMEp-
HOMY BOJHOBOMY yPaBHEHWIO.

Bu megoymenaere: «OTKyHa 3Ke BH B3siM, 9TO penIeHHEM BOJ-
HOBOTO ypaBHeHUs sBasierc f(x-—ct)? Mue s1a mponepxa sagaum
9HCaOM COBCEM He Hpasutesa. Her au npamozo myrn orsickars pe-
menue?» Xopomo, BOT BaM OPAMOH nyTh: 3HaTh pemenue. MosHo,
KCHEYHO, «iCIeds» WO Beceli Hayke DNpAMBE MaTeMaTHYECKHE
apryMmentsl, TeM Goxee, UTO MH 3HaeM, RaKAM JOJKHO CHTH peimie-
HWe, HO ¢ TAKEM OPOCTHM, KaK y Hac, yPaBHEHHNEM UIrpa HE CTOHUT
csed. Co BpemeHeM BH caMu fiofifietre JO TOTO, YTO, KaK TOJBKO
yeupure ypasnenme (20.20), tyr sxe 6ymere mpencrasasrth cebe
flx—ct)=19 B xrauvecree pemenma. (Ilogo6HO TOMY, Kak ceifiuac
mpu BUje WHTErpaia or x?dxr y Bac Cpasy BCILIKIBAeT OTBeT I3/3.)
~ Ha camoMm jene BH JOJKHB TpPEJCTaBiATh cebe HEMHOKKO
Gosbme. Pemienmem sABjJsgercA He TOABKO niobaa QyHKnua or
(x—ct), no m pyuxuus or (z-+ct). 1z-3a T0ro 9T0 B BOAHOBOM ypas-
HEHHH ¢ BCTPEYAETCA TOJNBKO B BHje ¢*, HBMEHEHNE 3HAKA ¢ HHYETO
pe mensAer. U fielicTBUTeN bHO, camoe 06ujee penieEHe OHOMEPHOTO
BONHOBOTO YPaBHEHUA — 3TO CyMMa ABYX HPOU3BONBHEX GYHRUBI,
opHoil or aprymenra (z—ct), a Apyroi or (z--ci):

Ye=f(x—ct)+g (x+cl). (20.24)
IlepBoe caaraemoe maer BOJHY, ABIMKYIYOCA IO HaIpaBIEHUIO
K HOJOKUTENbHHEM &, BTOpOe — HPOH3BOABHYIO BOiHY, Oeryimyio

K orpmunareabHuM z. OOmee pelmeHHe NoOnydaercs Hajao;KeHHeM
ABYX TaKUX BOJIH, CYMECTBYIOIIUX OJHOBPEMEBHO,

Cnegyromuii 3abaBEHI BOmpOC pemuTe camA. BosbmeM (yHE-
numio P B BHIE
Y = cos kz cos ket
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9ra ¢ymrnua me mMmeer BmAA f(z—ct) mam g(z--ct). Ho npawmoit
pojcranoBkoil B (20.20) merko ybemmThesA, 4TO OHA Y/OBIETBOPSET
BOJHOBOMY ypaBHeHmio. Ho Kak ke MH TOTZA cMeeM IOBODHTD,
aro obmee pemenne mmeer Buy (20.24)?

IIpuMeBsaa 9TH BHBOJH O pelleHHH BONHOBOTO yDaBHEHHA K
y-KOMIOHeHTe d1eKTpmyeckoro mons E, me sarmiodaem, uro E
MOJKET MEHATHCA OO % HPOU3BOABHHM o6pasoM. Bcesawroe moxe,
KOTOpOe CYHIeCTBYeT B CAMOM Jiejie, MOJKHO BCEITa PACCMATPHBATH
Kak cyMMy AByX Kaptue. OfHa BONHA IIHBET YePe3 MPOCTPAHCTBO
B KAaKOM-TO HAOPABJIGHHH CO CKOPOCTBIO €, NpUYEM CBA3AHHOE
¢ Hel0 MAarHNTHOe NOJe HePOeHAMKYIAPHO K HIEKTPUUECKOMY;
opyras BoiHA 0Ge;KUT B HPOTHBONONOKHOM HAIIPABJGHHUHK € TOU 6
cxopocThio. Takwe BOJHE OTBEYAIOT XOPONIO HAM H3BECTHBIM DJIEK-
TPOMAarHHTHHIM BOJIEAaM —— CBETY, PaAMOBOJHAM, HHOPAKPACHOMY
H3JYI€HNI0, yIbTpagmoleTy, PEHTIeHOBCKUM JydaM X T. I. Mnl
yiKe HM3ydaJdm odYeHb mOApoGHO manydeHHe cBera. Tak Kak Bce,
YeMy MH TOTAA HaYYWINMChH, IPAMEHHEMO K JI00HM 3IeKTPOMATHAT-
HBIM BOJHAM, TO TeHepb HeT HY;KNH paccMaTpHBATH HOAPO6HO
MOBEIeHNe® BTAX BOIH.

[omxanyii, crour numb cHEAATh HECKOJNBLKO 3aMEIaHUA O MO~
pHM3aNUA DTEKTPOMATHATHHX BOJNH. PaHbime MH pemuid paccMoOT-
persk UYACTHHH clydail 9IEKTPHIECKOTO0 OIS € ONHOM TOIBKO
y-KOMIOHeHToil. MMeercsi, KOHEYHO, M [PYroe PeLIeHHe I BOJH,
ferymuXx B HADABJICHAH --X HIW —Z, T. €. pelieHue, NPH KOTOPOM
DIEKTPHYECKoe moie 00JajaeT ONHOM nuWinb z-KoMmmomHeHToll. Tar
Kak ypasHenms Maxcpenna nuneitnni, ofimee peuieHue Ajis OHO-
MEPHBIX BOJH, PACIPOCTPAHAIONUXCA B HAPABIEHNY &, €CTh CYyMMA
sond E, m ponn E,. OOliee pemenue cyMMUPYETCA CIEXYIOMAME
dopMynamu:

E=(0, E, E),

E,=f(x—ct)+g(x+ct), :
Eﬁ:F(m—ct)—}—G (z+-ct), (20.25)
B =(0, B,, B,

eB,— @—ct)—¢g (@+ct),
¢B,= —F (z—ct)+ G (z +ct).

Y 1nopoOHEX 5JeKTPOMATHUTHRIX BOJH HampaBieHume pexkropa E
He HEM3MEeHHO: OHO KaK-TO HPOMBBOJBHO CMEINAeTCA [0 COUpPaiu
B miockoct# yz. Ho B kammoi TouKke MaTHHTHOE II0Je BCerfia mep-
DeHAUKYAAPHO K DIEKTPAYECKOMY W K HAOpABIEHHI0 pacupocrpa-
'HeHHU.

Ecam uprucyTerByOT TONBKO BOJHE, OeryIli@e B OGHOM HaOpaB-
NeHEM (CKAyKeM, B HOJO/KUTENbHOM HAOPABJICHUM Z), TO HMEEeTcs
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HpOCTOe UPABWIO, TOBOPSAIEe 00 OTHOCUTENbHON OPHEHTALHA DIEK-
TPAYECKOr0 ¥ MAarENTHOrO noieii. [Ipapmno cocrour B TOM, 4TO BEK-
ropHoe mpomsBefenme EXB (koropoe, Kak uW3BeCTHO, SABIAETCH
BeRTopoM, momepedHEM H K E, u ®¥ B) ykasusaer mampasiernwne,
Kypa Oexur BonHa. Ecim E cosmemars ¢ B  mpasmm mo-
BOPOTOM, TO BEKTOp IIOBOpPOTa HOKA3HBAeT HANPABIEHNE BEKTOPa
cxkopocrn BonmHHL. ([lozsxe Mmmi yBmmum, d9ro sexrop EXB mMmeer
0COOHI (Um3MIeCKUA CMBICI: BTO BEKTOD, ONMCHBAKINUWE TeueHUe
SHEDPTHA B HJIEKTPOMATHHTHOM MOJE.)

§ 2. Tpexmeproie 6oartot

A remepsr obpaTHMcg K TpeXMepHHM BoxHAM. MH yme 3HaeM,
910 Bextop E yhoBmerBopAer BONHOBOMY ypaBHeHH0. K ToMy ie
BRIBOLY JeTKO IPHATH, OTHPABAAACH HPAMO OT ypapHeHmir Mak-
csemna. Ilpegmososum, 4TO MH WCXORMM W3 ypaBHEHNA

VXE= ‘g}]}'
n Gepem porop or ofemx uacrteii:
VX (VXE)= —2 (VxB). (20.26)

Bu mommmTe, uro porop or poropa M000ro BeKTOpa MOKeT
ObITH 3amHCAH B BH/E CYMMEL JBYX 4JI€HOB, OJHH M3 KOTOPHX
COTEPIKNT JWBEPreHiiiio, a ApYyroi — jJamJacuan:

VX (VXE)=V(V.E)—V2E,

Ho B mycrom npocrpauncree guBeprennus E pasHa Hy o0, Tark 49T0
0CTaeTcsa TONBKO YIeH ¢ JamiacuanoM. [lanee, u3 4eTBepToro ypas-
nenus Maxcseana B mycroM npocrparcree [em. (20.12)] mponssorn-
Hag mo spemenu or ¢?(VXB) pasma sropoit npoussognoi E mo f:

17} 9°E
37 (V XB) =@ s
Torga (20.26) oGpamaerca B
VeE— 1 ZE
—_ CT b_t—z— »

JT0 m ecTh TpeXMepHOe BONHOBOe ypapmeHHS. PacumcasHoe BO
BCeli Kpace, OHO BHIIATAT TaK:

PE | PE PE_ 1 PE_ (20.27)

922 Gy 92T 2ok
Kax e mam maiitm ofmee pemenme storo ypasHenma? Orser
TAKOB: BCE pEIMIEHNsS TPEXMEPHOTO BOJHOBOIO YPABHEHHS MOTYT
OHTEH IpefcTABIEHH B BUAE CYNePHO3NUNHE y:Ke HalieHHHX HaMu
ONHOMEPHHX pemeHmi. Mu Doxyunnnm ypaBEeHEHE IJad BOIH, Ge-
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ryliuX B HATPABJEHHH ¥, MPEAUOJOMNE, ITO HOJNe He 3aBHCAT OT
y ¥ z. Homedno, nMeloTcs M JpyTHe pelleHAA, B KOTOPHX HOJA He
3aBHCAT OT & B 2Z,— 3TO BOJHH, HAYNIUEe B HANPABICHHH Y. JaTeMm
CYIIECTBYIOT PeIIeHHsA, He 3aBUCAIINE OT £ U YJ; OHU UPEJCTABISIIOT
BOJHE, ABIGKyI(HecA B HampapiaeHw# z. Mam B obmem caydgae,
HOCKONBKY MHl 3amMcajd HAallH ypaBHEHWsA B BEKTOpHOH (dopme,
TpeXMepHOe BOJHOBOE YPABHEHWE MO;KET HMEeTh PelleHMsd, KOTOPHe
ABIAIOTCA MIOCKAMH BONHAMM, OCTYI[HME, BOODINE rOBOPA, B JHO-
6om mampaBienun. Kpome toro, pas ypaBHEHEA JIHHEHHE, TO
OJJHOBPEMEHHO MOKeT pPacupoCTPaHATHCA CKOJIBKO YIOZHO MIOC-
KHX BOJH, GeTyIMuX B KAaKMX-yrojHO HampasieHHAX. Takmum o0f-
pasoM, caMoe oblmee pemIeHKE TPEXMEPHOTO BOJIHOBOIO ypaBHEHHS
SABNAETCA CYHNepIo3uuuell BCeX BHIOB INIOCKUX BOJH, Gerymux Bo
BCeX BO3MOKHEX HAIPaBICHUAX.

Honmrafitecy npepcrasurh cebe, Kak BHTIAAAT cefidac anewT-
pUUecKue ¥ MATHHTHHE IONf B Hameil ayauropum. IIpesie scero
371ech MMeeTCH NOCTOSAHOe MATHITHOE IoJie; OHO BOBHUKIO OT TOKOB
BHYTPH Hamell 3eMim, 0T MOCTOSHHOTO 36MHOTO MaTHeTH3Ma. 3a-
TeM 3[eCh HMEITCA KaKWe-TO HepPeryJifApHbe, IMOYTH CTaTHIECKHe
paerTpuYeckue nois. OHU CKOpeil Beero Cos3TAHEL DIeRTPUUECKIMIE
BapAgaMe, TOABIAOIMMICA U3-34 TOTO, 9TO KTO-TO €P3aeT HA CBOEM
cTylie WIN TPETCS PYKaBaMU O CTOX (CIOBOM, B pPE3yJbTare Tpe-
gus). Kpome toro, smech ecrh elle W Apyrue MATHUTHHIE HOJSA, Bbi-
3BAHHEIE TEPEMEHHHME TOKAME B 3JIeKTPOHPOBOAKE,— HOXsA, KO-
TOpHEIEe MeHATCA ¢ yacrorodl B 50 2y B raxT ¢ paGoroii remeparopa
HA ropojckoil anertpocrannmnu. Ho eme Gonbmuii marepec upen-
CTABIAIOT DJIEKTPHISCKNE W MATHUTHBIC IIOJAS, MEHAIUECH OH-
crpee. K mpuMmepy, TaM, I7le cBeT IafaeT M3 OKHA, OCBEN[AA CTEHH
M 10J, EMeITCs Hebonbmue KoixeOaHUA DIEKTPHIECKOTO M MAar-
HUTHOI'O mojell, mepememarmueca 3a cexkyuny ma 300 000 xm.
IIo romHaTe eme pacmpocTpaHAITCA WHYPAKPACHEE BOJHEHI, HIYy-
Iye OT BAOIMX FOPHYMX [ONOB K XOJOTHOM Jocke ¢ dopmymamu. Ja!l
Mzt eme nosaGrunm 06 yabrpaguoneToBOM cBeTe, 0 PEHTITEHOBCKMX
Ay9aX ® O PafHOBONHAX, KOTOPHE MPOHOCATCH MO KOMHATE.

Yepes KOMHATY CKONBBAT HIEKTPOMATHATHHE BOIHEL, KOTOPHE
HecyT B cefe J3Ka30BYI0 MY3HKY. IIpOHOCATCA W BOJHBI, MOXYJH-
POBaHHHIE CEpHell MMUYJIbLCOB, HPENCTABIAKINNX KAPTHHH COORI-
THil, KOTOPHE IPOUCXOJAT ceigac B IPYyTrUX MecTaxX cBeTa, AN Kap-
TUHH BOOGpaIKAeMHEX SBICHUN, MPOHCXONAMMIX UPH PACTBOPEHNN
BOOOParKaeMoro acompuHa B BooOpaskaeMex sxeayakax. YroOwl
yOeANTHCA B PEATbHOCTH STHX BOJH, HOCTATOTHO HPOCTO BRIOYATH
SIeKTPOHHYI0 ammaparypy, KOTOpas IpeBpamlaeT dTH BOJHH B
H300pasKkeHAs W 3BYKH.

Ecanm MH 3aliMeMcd JaibHeHmHUM amaiam3oM eme Oosee caabHx
KoneCaHmH, TO 3aMeTMM MexbYailmue SJIEKTPOMATHUTHEE BOJHH,
OpuOieune B HAITY KOMHATY ¢ OTPOMHEIX paccTosHuil. B meit cyme-

, CTByIOT Mejdbuaiimme KoneGaHHA dIEKTPHIECKOTO IonA, rpebEm
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KOTOPHX OTCTOAT APYT OT ApyTra HpuMepHo ua Pyr, a HCTOYHHK HX
YAQJIEH OTCIOla HA MHJIHOHB MWib. OTH BOJHK [EpPEeFaloTCA Ha
Semno ¢ Me:rOnaHeTHOH cTamnmmu Mapmmep II, roropas kax pas
mpoxoaur ceitdac rae-7o mamo Benepu. Ee curaann HecyT cBOOKY
Bcell Toil mAGoOpMANAE, KOTOPYIO ef yJainoCh YXBATHTh y MIARHETH
(vndopManum, IONTYIeHHOH OT dJIEKTPOMATHATHEIX BOJH, JOIIe UINX
or Benepm K cranmmu).

" ecrb spmech ele exBa 3aMerHbIe Kojie0aHUs DJIEKTPUIECKHX H
MATHHUTHRIX [OjIeil OT BOIH, BO3HHKIIHX B MAAJTHAPAAX CBETOBHX
JieT OTCI0/a, B TAJIAKTHKAX , HAXOAAIMUXCA B yAaJeHHeHINNX yrOoJKaAX
Bcenennoit. B toM, 4ro 310 JeficrBuTenbHO Tak, yOeHWIHCH, «3a-
OOJIHMB KOMHATY IIPOBOJIOKOHY, T. €. COOpYAWE AHTEHHK BeIHINHOM
¢ a1y KomHary. Tak ObLIM 3aMedYeHH pafHOBOJHK, JOMIEANIAE 0
HAC U3 MecT, HAaXOJAIMAXCA 34 IpefesaMil KOCATAeMOCTH KpYyIHeH-
WUX ONTUYeCKHUX TeldeckouoB. Hcerarm, gaske std onTHYecKue Tese-
CKOMOBL BCErO NHMIIb IPOCTHE COOUpATeNH /I8 KTPOMAaTHATHHX BOAH. A
TO, 4TO MHl HA3HBaeM 3Be3JaMH, JUIIH 3AKIICHAA — BaKII0Te-
HUs, BHIBeJEeHHHE W3 eJUHCTBEHHON (QM3MYeCKOd peanbHOCTH, KO-
TOPYIO MBI 10 CHX IIOP OT HUX HOJYYaJiH, U3 TIHIATeJbHOr0 H3yIeHUs
OeCKOHEYHO CHOKHHX BOJHOBHIX [BIKEHWH OJIEKTPAYECKHX U
MArEWTHEIX TIOJeH, MOCTUTAIOMUX J3eMiIn.

B ayauropum mMmewTcsa, KOHEYHO, eiie AAPYTHe Pa3HHe Noid —
0T MOJIHi, BCIULIXUBAIINX TAe-TO BATCKe OTCIOfA, OT 3aPAyKREeHHBX
YacCTHIl B KOCMHYeCKUX JIy9aX B TOT MOMEHT, KOTAA OHH HPOHOCATCH
CKBO3b KOMHATY, 1 elle nojas u eme... [Ipeacrasasiere, Karas CIOM-
Haf WITYKa BCE 3TH 3JEKTpHYECKNE HOJIS B NPOCTPAHCTBE BOKPYT
nHac! 11 Bce oHU HMOAYUMHAIOTCA TPEXMEPHOMY BOJHOBOMY yPABHEHHIO.

§ 3. Hayunoe 6oob6paicernue

{1 mpocun Bac mpemcraBuTh cebe DISKTPHISCKNE W MATHWTHEO
nosusa. Yro BH 01 HTOTO cHedaimn? 3HAETe JIM BEl, KAK B3TO HYKHO
creaats? U kak 4 cam mpeacrasisawn cebe sieKTpUYecKoe U MATHHT-
noe monsa? Uro a4 ma camom deqe upm sToM BmKy? Yro tpebyerca
0T Hay4YHOro Boobparkenua? OTImgaeTca JH OHO YeM-TO OT HONBEITKH
npeicTaBuTL ce6e KoMHATY, MOJHYI0 HeBugmmux amremos? Her,
3TO He IIOXO0Ke HA TAKYI IMOUKTKY.

Y106M mONYyIuTHh IpefcTaBieHHAe 00 JJIeKTPOMATHHTHOM HOJE,
tpebyerca Gomee BHcOKaa crenenb, BooOpakenmsa. Ilowemy? [la
IOTOMY 9TO A TOT0, 94TOGH HEBHAWMEIE AHTENH CTAIRM JOCTYIHE
TOHMMAHNI, MHE HYKHO TOIbKO 4ymb-4ymb H3MEHUTH UX CBOIi-
c¢TBAa — A Jellal0 UX CleTKa BHAWMEIMH, M TOTJIa A YK€ MOTY YBH-
Ietb B OpMY HX KPEUIBEB, ¥ HX Teiaa, ¥ NX HuMOHn. Hak Toxpko MHE
yaanoch mpegcraBUTh cefe BAAMMOTO aHreida, TO HEOOXOAMMas JJis
panpHedimero afcrpaxkuusa (COCTOSUIAA B TOM, 4roOH IOYTH HEBH-
JUMHIX QHTEJOB TNpeAcTaBHTh ce0e COBEPIIeHHO HEBUXMMEIMNU)
OKAZhIBAETCA CPABHHTEIBHO JNEIKUM JEJIOM.
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Bu MokeTe moke ckasarh: «IIpodeccop, maiite mue, noskamyii-
cra, NpuOIMKEeHHOe ONMCAHWE DIEKTPOMATHUTHEIX BOJH, NYCTh
Haske cleTKa HeTOYHOe, HO TaKoe, 9TOOH A CMOr yBHAEeTh HX TakK,
Kak A MOTY YBHIETHb IOYTH HeBHUAHMMEIX aHrenos. VI g Bmmomsmenio
3Ty KapTHHY 10 HYKHOI abcrpaKkummy.

VBH, A He MOry 3TOTO cfiesaTh JiA Bac. fl mpocto me 3HAI0 KakK.
Y MeHsA HeT KapTHHHI 9TOr0 3JeKTPOMATHUTHOIO IOJAs, KOTOpas
6nuta 66 X0Th B Kakoi-To cTemenu TouHoH. fl ysmam o6 smexrpo-
MarHUTHOM 110ji¢ TaBHEIM-NABHO, 20 JIeT TOMY Hasaj, KOTrga S 6T
HA BameM MecTe, ¥ y MeHsA Ha 2D jer OO/Iblie ONKTA pasMBIIIeHnH
06 »sTHX KogebnpIuXcAd BOoAHAX. Horma A HaYMHAI0O ONUCHIBATH
MarTHHTHOe Tojie, ABHKYINeecs depes IPOCTPAHCTBO, TO FOBOPIO O
nonsix E m B, menano pykaMu BONHECTHE ABUMKEHUSA I BE MOKeTe
pogyMaTh, 4ro s cmoco0eH MX BUAeTh. A Ha caMoOM Jele, 4ro s
Opd 9TOM BILKY? BWKY KaKuMe-TO CMyTHBIE, TYMAHHEIE, BOJTHHCTHS
JAWHHU, Ha BUX taM ¥ cAM Hagnmcauo E w B, a y gpyrux amamit
HMeEIOTCA CIOBHO KaKHe-TO CTPENKH, TO 37iech, TO TaM HA HHUX €CTh
CTPEJaKHM, KOTOPHE HCUe3AI0T, efBa B HUX Brasgummbses. Horga s
PACCKA3HBAI0 O MOXAX, OPOHOCAIIMXCHA CKBO3b IPOCTPAHCTBO, B
MO€li T0J0Be KAaTacTpOPUHYEeCKM HEePEeHyTHBAIOTCA CHMBOJEI, HYM-
HEIE JUIA OOUCAHUA O00BEKTOB, M caMu 0OBCKTH. fl He B cOCTOAHHM
Jarh KapTHRY, XoTsa O NpWONH3MTENBHO HOXO0MKY0 HAa HACTOA-
H{Me BONHHL. Tak 910, €CIHN BH CTAJKNBAETECH C TAKUMM K€ 3aTPYA-
HEHUSAMM OPH HONHTKAX NPEJCTABUTH Ioje, HE Tepaaiitech, Heao
oOrIuHOE,

Hama mayka npegbsBiser BooOpaskeHmI0 HeMbCauMbie Tpe6o-
panna. CreneHb BOOOpayKeENd, KOTOpPas Teneps Tpebyerca B HayKe,
HECPABHEHHO HPEBOCXOOUT TO, 4TO TpeGoBaIOChH IJIA HEKOTOPHIX
npe;xpux ungeil. Hupemuwe mpem HaMHOro TpyxHee BOOOpA3UTH
cebe. IlpaBpga, MB HCHOONB3yeM MJisi 3TOTO MHOKECTBO CPENCTR.
B xog myckaloTca MaTeMaTUYeCKUe YPABHEHUA W HpaBUiIa, PHCYIOT-
¢A pasamyHble KaprHHKu. Bor ceflgac s ACHO OCO3HAI0, YTO Beerja,
KOTfHa s 3aBORY Peub 00 9JeKTPOMArHWTHOM DOJe B MPOCTPAHCTBE,
faxTUIeCKU Tepes MOUM B30POM BCTAaeT CBOGIO pPoja CYIEPIO3H-
LM BCeX TeX JuarpaMM HA BTy TeMY, KOTOPHE f KOTAa-1u00 BUIHI-
sai. fI Be BooGpaskaio cebe MAIEHbRAX MYYKOB JUHUNE TOJIA, CHYIO-
OMX Tyja W CI0Jla; OHM He HPABATCA MHe HOTOMY, 4TO eciau Obl A
JIBMTaJCA C MHOU CROPOCTHIO, T0 oHM Onl mcuesnu. f me Bcerma By
H DJIeKTpUYECKWe, ¥ MArHHTHBE HOJM, HOTOMY 4YTO BpeMEHAMHA
MHE Ka;KeTCs, 9T0 TOpasio npasuibaee Oba OB KapTHHA, BRIOYAO~
masA BeKTOPHHI WM CHAJAPHHI LTOTEHIUaNbl, 00 mociaegHHe, HO-
manyil, uMeroT 6onpmui GusATeCKUA CMBICT, 4eM Kojdebaans momeii.

BriTh MO:KET, BH CUATAETE, 9TO OCTAETCSA CNWHCTBEHHASN HANEHK-~
JAa Ha MaTeMATHYIeCKyIo ToURy speHus. Ho 4ro raroe maremarmuec-
Rag rouka sperma? C MareMaTHYeCKOH TOYKM BPEHHA B RUKAOM
Mecre HPOCTPAHCTBA CYHIECTBYET BEKTOD 3JIEKTPHYECKOr0 mOisi |
BEKTOpP MarHUTHOTO IOJA, T. €. ¢ KayK[OH TOYKOH CBABAHH HIECTH
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yucea., CnocoGHH A# BH BOOOpa3mTh MECTh UMCEd, CBA3AHHLIX C
KayKIoil TOuKOH mpocrpaHCTBA? JTO CHMINKOM TPYAHO. A MOMere
BEL BO0OPasHTh X01A OH OJHO YHCIO, CBABAHHOE ¢ KAMKIOH TOTKOL
mpocrparcra? fl amaso He Mory! fI cmocoGerm cebe mpemcraBETH
TaKyi0 BeHlb, KaK TeMIepaTypa B Ka)kjo# Touke mpoct parcrsa. Ho
3T0, NO-BUAUMOMY, BOOOINE BEIIb IPeACTABAMA: UMEET CA TeNI0Ta i
XO0I0J[, MeHAIONecs OT Mecra K Mmecry. Ho, wectHoe citoBO, A He
cnoco0eH mpefcTaBUTh cebe uuci0 B KayRIOM TOUKe.

Mosxer 6HTH, IOITOMY CTOMT HOCTABUTH BONPOC TAK: HEJb3A
I OpPEfCTaBHTh ITEKTPHIECKOE HOde B BHIEe 96ro-T0 CXOFHOIO ¢
TeMOepaTypoii, cKajKeM, HOXOKEro Ha CMENIeHHA KyCKa CTYRHA?
Crnauana BooOpasum cebe, 970 MUp HANOJHEH TOHKOI CTYIEHHCTOR
Maccoli, a mOAs NPEICTABAAT €000 KAKME-TO MCKPUBIEHUS
(crarkeM, pacTsyReHNUS WIN MOBOPOTHL) 9TOH Macch. BoT T0rma MOKHO
6b110 Gpl cefe MBICIEHHO BOOOpPasuTh Toje. A IOCHE TOTO, KaK Mhl
«yBUJEIN», HA 9TO OHO IIOXOKE, ME MOKEM OTBJIEYHCA OT CTYLHA.
WuMenno 8T0 MHOTME M HOHTJIHCH JAedaTh ZOBOABHO HOJT0e BPEMA.
Magcsena, Avnep, Papaneii n gpyrue mpoGoBain TAKUM CHOCOGOM
noaATh dxexrpomarHerusm. (llopofi oHm HaswBanm abGcTparTHERI
cryferb «dupom».) Ho orasamoch, 9r0 mODHTKE BOOOpasuTh
BIEKTPOMATHUTHOE IIOJNe HOHOoOHHM 00pazoM Ha caMOM feie mpe-
OATCYBYOT mporpeccy. H cosamenwio, Hamu cmocoOHocrn ¥ a6-
CTPAKOMAM, K HPUMEHEHUIO OpAGOpPOB A o0HAPYIKEHUA MONA, K
¥MCOOJNb30BAHNI0O MaTeMaTHYeCKUX CHMBOJOB 1 €I0 ONMCAHWUS 1
7. A. orpagmueHHsl. OIHAKO HOJs B W3BECTHOM CMHICIE — BeMb
BIIOJLHE pealbHas, u00, 3aKOHTNE BO3HI) ¢ MaTeMAaTHYECKUMHU ypaB-
HEHHAMH (BCe PABHO, ¢ WILTICTPAUAME IIK 603, ¢ 4epTeKaMu MIH
06e3 HEUX, UHTASCh OPENCTABUTH MOJNie BbABEe WIHM He Jenas TaKHX
MONBITOK), Mbl BCE K€ MOKEM CO3HaTh HPHOOpPHl, KOTOPHE MOHMA0T
CHTHAJIEL C KOCMIIeCKOH paKeTH wiM 00HAPY:KAT B MAWLIMApPHe CBe-
TOBHIX JIET OT HAC TANIAKTUKY, H TOMY mOAo0HOe.

Boopoc o BooOpaskeHnH B HayKe HATANKHBACTCA 3a9acCTyi0 Ha
HeNOHUMAaHNe Y J0fel Jpyrux cuenuainbHOCTe. OHE NPHEUMAIOTCS
MCOBITHBATH Halie BoOOpaykeHme claefyoIEM crocoboM. OHu
roopar: «Bor mepe BaMu u300paKeHH HECKOABKO JII0[eH B HEKO-
ropoit cmryanun. Kax BeI mpejcraBidere, 9T0 ¢ HAMHA ceiiqac cIy-
ynrca? Ecanm su orserure: «He mory cebe mpegcraBuTs», OHE MO-
ryT cuecTh Bac 3a 4eloBeKa co caabuM BooOpaskermeM. OHHE upo-
INIANAT IPH 3TOM TOT (aKT, 9TO BCe, 9T0 Jonyckaemes BOOOPAKATD B
HayRe, HLOMHHO CO2AACOSbIGAIMbL CO 8CeM NPOYUM, YMO HAM U38e-
CMHO: 9TO DIEKTPUIECKUE IIOIA W BONHE, 0 KOTOPHX MHE TOBOPHM,
5TO HE IIPOCTO YHAAYHEE MEICIW, KOTOPHE ME BH3HEBaeM B cebe,
€CNHU HaM JTOP0 X0UeTcs, a Haed, KOTOpHe 0OS3aHH COTJIACOBRH-
BaThCA CO BCEMH WSBECTHWMH 3aKoHamMd (usukm. Hegomycrmmo
BCepbe3 Boobpaxkars cebe TO, YT0 OUEBHAHHM 00pPasoM IPOTHBO-
PpeduT U3BECTHHIM 3aKOHAM mpupons. Tax uro mam pox BooGpaske-
HuA — BecbMa Tpyzras urpa. Hago mmers gocraToumo BooGpa-
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;Kenus, 4TOOH [yMaTh O YeM-TO HUKOL/AA HpPEsKAe He BHICHHOM,
HHKOTJa Hpesxye He cabluagHOM. B TO jxe Bpemsa mpuxopurcsa, Tak
CKa3aTh, HA/eBATh HA MEICIM CMHDHTEIBHYI0 py0allky, orpaHnYu-
BaTh WX YCJIOBUAMHE, BHTEKAONUMYU U3 HANMAX 3HAHUI O TOM, Ka-
KOMy OyTH Ha caMmoM fiesie ciexyer mpupona. llpobaema cosgammsa
4ero-ro, 9TO SABIAETCS COBEPIIEHHO HOBEIM U B TO jKe BpeMA CO-
TJacyercsa cO BCEM, YTO MH BHAEJH paHbNIe,— IpobGiema YpesBhi-
qajiHo TpyAHAA.

Ho pas y:x samaa 06 3170M peds, S X094y OCTAHOBUTHCA HA TOM,
B COCTOSHNM IH MH cebe IpefcraBUTh Kpacomy, KOTOPYI0 MBI HE
MOKeM 6udemdb. 9TO HHTEpECHBI BoOmpoc. Korma MH TIAguM Ha
pazyry, oHa HaM KaskeTcd mpekpacHoii. Hamgmit, ysunas ee, BOCK-
ankper: «O papyral». (Cmorpmre, kKax HayIHO A HOIXOKY K BO-
upocy. fI ocTeperalock HMEHOBAThL YTO-TO BOCXUTUTEIBHHM, IOKA
HeT SKCIEePHMEHTanbHOTO cnocoba ompemenutb 310.) Hy, a rar Mot
OTIUCHBAIY OB pagyry, ecan Op GHAU crensME? A Bexb MH ciensl,
Korga usMepAeM KoapduIHeHT OTpa;KeHUS MHEPPAKPACHBIX Nydei
OT XJIOPHCTOT'0 HATPHA MJIM KOTJA TOBOPHM O YacTOTe BOXH, HpH-
WE[MIWX OT HEKOTOPOH HEBUIMMON riasy ranmaktuxu, Torga Msl
yeptaM IrpaduK, pucyeM puarpammy. K mpumepy, Aius pagyru mo-
no0meM rpaguroM Griira 66 BaBHCHMOCTH WHTEHCHBHOCTH H3IXyUC-
HWSA OT [IMHG BOJHH, H3MEPEHHAA CHEKTPOPOTOMETPOM IIOH BCe-
BOBMOKHEIMM yIJIaMu K ropu3oHTy. BooGIme rosops, mopoOHbie
n3MepeHusa MOMKHH OHIE OH OPHBOXUTH K [OBOJBHO IIOJOTHM
kpusuM. W BOT B ofmH IpekpacHEH AeHb KTO-TO OGHApY:;KMI OHI,
4TO UPH KAKOH-TO ONpeJielIeHHOI MOToxe, 0N HeKOTOPHMH yIiaMn
K FOPH3OHTY CIEKTD MHTEHCHBHOCTA KaK (YHKOUA [JIHHB BOJHEL
Hagaa ce0s BeCTH CTPAHHO — y HEro HOABHWICA DUK. Ecam 6u yroxa
HAKJIOHA NpAGOPA YyTh-UyTh UBMEHUICH, MAKCHMYM IHEKA MEeperes
Onl OT OJ{HOH AJIMHH BOJHH K gpyroii. I1 Bor wepes HeroTOpOE BpeMs
B QUBMYIECKOM JKYypHAJe [ CIeNHX HOABWiIach O TeXHUYECKad
cTaThsa moj, HaszBaEWeM «[IHTeHCHBHOCTH HMB3NYy9eHHsA Kar (PyHKIMA
yria Opd HEKOTOPHX MeTeoyCIOBHAX». B aroii crarbe Ghir On
rpagur THOA, DoKasaHHOro Ha ¢ur. 20.5. «ABrop 3amerma,— ro-
BOpHiIoCh OH, OHTH MOKET, B CTATHE,— UTO IOJK OOIBIIMME yIiaMu
OCHOBHAS YacTh pajHalud OPUXOZWTCA HA [NJAVHHHE BOJHH, A
110} MEHBIIHMI MAKCHMYM WM3IYYeHHSI CMEIIAaeTcH K KOPOTKEM
sonnam». (Hy, a Mu 61 ckasanu, aro mox yriom 40° ceer mpemmy-
IECTBEHHO B€NEHHH, a MOX yriaoM 42° -—— KpacHHH.)

Ho maxopnre nu Bm rpadus, mpusenenasit ma ¢ur. 20.5, Boc-
xurrTenbERM? B HeM Begp comepsRuTca CcyiecTBeHHO 6oinbIle Pas-
JIHMYHHX feTajieil, 9eM MH B COCTOSHWM NOCTHYEL, KOTZA BHAHNM pa-
RyTy: HAIIK I71a3a He MOTYT CXBATHUTH HOMOIAHHEYI0 YOopMY CEKTpa.
A Bor riasaM pajgyra Bce jKe KayKeTCA BOCXHTHTEJNBHOH. XBaraer
am y Bac BooOpaskeHHsI, 4T00H B CHEKTPAIbHHX KDUBHX YBHUAETH
BCI0 Ty Kpacory, KOTOPY0 MHI BHOHUM, CMOTpA Ha pamyry?
Y mensa — Her.
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D u 2. 20.5. Basucumocms unmern-
CUBHOCIMU  SACKMPOMAZHUMHOLE
€04K om DAURBL 8OAHR NOJ Mpema
yeaamu (omcuumueaemMumu  OmM
HanpasieruR, NPOMUBONOAO K HO-
20 nanpasacrnuio na Coanye).
Jocmynno Habawdenurw auws ¢ onpe-
DencHHBLX  METMEOPOAOZURECKUX  YCAO-
BUARX,

Hrmencuarocms

Anauna gonxsl

Ho npexcrasum cebe, uto y meHA mmeercsa Tpaduk B3aBHCH-
MOCTH K0dQUMIINenTa OTpAMKeHHA KPHCTANIO0B XJOPHETOrO HAaTpAA
OT JIIAHG BOJHH B MHPpaxpacHOM ydJacTKe cHeKTpa @ OT yriaa.
1 mory BooGpasurs cebe, KaK 9T0 IPEJCTABMIOCH OK MOMM IjlazaMm,
obinanait onu cnocoGHOCTHIO BUALTH B MHGpakpacHoM caere. JLomkuo
OBITD, 3T0 ORI 6B KAKOH-TO APKUI, HACHINEHHEIA «3eJeHH IBETY, Ha
KOTODPHI HaxmajpBanuch OHl OTpPajkeHHS OT HOBEPXHOCTEH «Me-
TATHYeCKU-KPACHEIX» TOHOB. JTO BHINAfeno OH IOHCTHHE Bejlwu-
KOJIeIIHO, HO A HE 3HAI0, CIIOCOBeH JIM 5, B3TIAHYB Ha rpaPuk Ko3gh-
¢unmenta orpakenuss NaCl, cHATHII Ha KakoM-TO mpubope, CKa-
3aTh, 9TO OH CTOJb K€ IPENECTeH.

Ho, ¢ gpyroit cropons, XOTE ME H He MO;KEM BH/ETh KpPacoTy
TeX WIH AHHX YACTHHX H3MEDPEHHI, MEl Moxcem yTBEPKIAThb, YTO
mocTuraeM cBoeoOpasHylo KpacoTy YypaBHEHWH, ONNCHBAIOIHAX
BceoOmue usmyecknme szakomn. Hampumep, B BOTHOBOM ypaBHe-
Hum (20.9) odeHp Kpacusa Ta MPABHMABHOCTH, ¢ KAKOH B HEM pacmo-
JIOMKEHH T, i, z 1 t. VI aTa mpmATHAS CUMMETpUA NOALIEHAA X, Y, 2, |
HaMeKaeT Ha Ty BeJWYECTBEHHYIO Kpacory, KOTOpas TAaWTCA B
9eTHPeX PAaBHOSHAYHHX KOOPIUHATAX, B BO3MOKHOCTH TOTO, 4TO Y
OPOCTPAHCTBA €CTh 9eTHpeXMepHas CHMMETPHs, B BO3MOMKHOCTH
IPOAHANU3UPOBATL €€ H Pa3BHTHh CUHGHUANBHYI0 TEOPHIO OTHOCH-
TeabHOCTH. TaK 4TO CcymiecTByer eme WHTEIeKTyalbHAA KpacoTa,
accomunpyeMass ¢ yYpaBHCHUAMH.

§ 4. Chepuuecrue 6onrwe

Mt Bugenu, 910 CyIECTBYIOT PEIIEHHA BOIHOBOIO ypPaBHEHN,
OTBe4alolie IJOCKHM BOJHAM, W 4TO N0asd diIeKTpOMAarHWUTHAA
BOIHA MO;keT OFITH ONWCAHA KAK CYIEPIO3HIUA MHOI'MX INIOCKAX
BonH. B ompemememmmix cayuasx, OfHaKo, yqo0Hee ONHCHBATH
BOJIHOBOE IION€ B JPyroi MareMarHZecKoil gopme. I xotea 6u ceit-
gac pazobparb Teopui0 cPepHIeCKHX BONH — BOJH, KOTOPHE COOT-
BeTCTBYIOT CepHYECKHM HOBEPXHOCTAM, DACXOMAINUMCA M3 HEKO-
roporo nenrpa. Horga s 6pocaere KaMeHb B IPy[, TO IO BOXHOH
rnaga uobexur psAGb B BAMe KPYTOBHX BOXH — 9TO JByMepHEIE
Boaus. Cepruueckne BOMTHBE MOXOKH HA HHUX, TOJIBKO PACHPOCTPa-
HAIOTCSI OHU BO BCeX TPeX H3MepeHuAX.

[Ipexxze wem HavaTh OnHcanue chepHYECKNX-BOIH, HEMHOTO 3aii-
Memesn maremarukolf. Ilycrs mmeerca QpyHKIAA, 3aBHCAMAA TOXBKO
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OT PaflalbHOTO PACCTOSHAA 7 TOYKN OT Havajia KOOPAWHAT, MHEIMI
ciopamu, cdepudeckn cummerpmuHan ¢ymxumss. O0ozHauuM ee
P(r), TAe DOJ r HOApPasyMeBaeTCs
r=Vz L2+ 2,

T. e. paccToAHMe OT Hadana Koopamaar. Urobw yaHaTh, Kakue PyHK-
nuu P(r) yHOBAETBOPAWT BOAHOBOMY YPAaBHEHHMIO, HaM IOHAJ0-
OurcA BEpajkeHme A nanaacwana . 3HAYHT, HAM HY:KHO HaikTd
CYMMY BTOPHIX DPOM3BONHHX % W0 Z, IO y H [0 z. Uepes {’(r) Mu
0003HaUMM TIePBYI0 TPOM3BOIHYIO ) 1O I, a yepes P"(r) — BTOpyO.

CHauana HaligeM npoussoname mo z. llepsas mpomssogmasn
paBHa

RO v (g

Bropas upomssopgmas mo z paBma

m=v (&) +v (%)

Yacrawe IIPOU3BOJAHEIE ¥ IO £ MOMHO HOJYYHUTL H3

or __ % or_1(y,_ 2
6z~ r’ 8z r )

TaKk 4TO BTOpas nponsaonnaﬂ P MO0 r OPUHUMAET BHUJR

62 " 2 7
=ty (1-5) v (20.28)
Touno rax sxe u
62
=5 S (1 — —> v, (20.29)
o2 2 ., ’
i g +7(1—§2)¢. (20.30)

Jlammacnan paseH cyMme 3TUX TPeX Ipou3BoxHEX. Becmommuas,
q10 2% py%+22=r?, moaygaem

V() =" (1) + 2" (). (20.31)

Yacro Ompaer ypaobmee 3anucHBATh YPABHOHHe B Clefylomei
dopme:

vy = — -5 (ry). (20.32)

Hpopenars nudpdepeanupopanne, yrasanmoe B (20.32), Bu yGenn-
Tech, 9TO IpaBas 4YacTh 3fech Ta ke, 4To M B (20.31).

Ecow mut xoTEM paccmarpusath cepEIeCKE CHMMETPHTHEE O A,
KOTOpHE MOTYT PACHPOCTPaHATHCA KaK cdepHieckue BOIHE, TO BE-
JAUYMHG, ONACHBAKIEe II0iA, NOKHH OHTH PyHKnUed kak r,
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rak u . Ilpegmomo;kuMm, 4T0 HAM HY:KHO 3HATh, KaKme (QyHKOUH
\(r, t) AsaaTCA pemeHPIHMH TPEXMEDPHOTO BOJHOBOTO ypaBHe-

HAS
v (r, t)— 0t21p(7', t)=0. (20.33)

Mockonsky P(r, ) saBHCHT OT UPOCTPAHCTBEHHEIX KOOPAHHAT
TOJBKO 9epe3 I, TO B KayecTBe JamiacuaHa MOKHO HCIIOIB30BATh
pupaskeane (20.32). Ho pas rtourocTH, HMOCKOAbLKY 1 BaBHCHT
TAKKe ¥ OT ¢, Hy;KHO qupdepeHTNpOBAHEe HO 7 3AIMCHBATEH B BHJE
9acTHOR npomanonnoﬁ. Boxrosoe ypaBHeHue ofpataercs B

r (77'2( ’lp) 62 0t2'lp O

Ero n mpegcrour mam pemarb. OHO BHIVIAAUT CIOMKHEe, 4eM B
ciuyvae miaockux sosH. Ho 3amMerste, 9T0 eciii YMHOMKUTDH 3TO ypaB-
HEAWe Ha 7, TO MOIYIUTCA

- T () — 5 )= (20.34)

JT0 ypaBHeHWe TOBOPHT HAM, 3TO PYHKIUSA mp yOOBIETBOpAET
OITHOMEPHOMY BOJIHOBOMY YpaBHEHWI0 1o mepemeHHOi r. Mcemonsn-
3yA 9aCTO MOAYEPKUBABINAACA HaMK OOINA OPUHIAN, YTO Y OFNHHX
¥ TeX jKe YPaBHOHWH W pemieHHs OJHHM W T€ ;Ke, MH IPHUXOLHM K
BHBOJY, UT0 ecad r oxaskerca yHKOHeHd OZHOTO TOIXbKO (r—ct),
TO OHO ABHUTCA pemenueM ypapmenua (20.34). Urax, Mmu obmapy:xm-
BaeM, 9T0 chepHIeCKUe BOJIHE OOA3aHH MMETh BHJ

rp(r, t)=f(r—ct).
Vam, kax ME BEGeaN paHbIe, MOJKHO B PABHOH CTEMEHH CIHTATh
r{ umeromum Gopmy

rip=f(t-———:—).

Jens Ba r, HaXo@UM, 9TO XApPAKTEpPH3YIOIMAsA IOJIe BEINUAHA )
(sem 651 oHa HH Oxla) EMeeT BUK

p=L0=r (20.35)
Taxasa QyHKRIEA mpefcrapiager cpepudecKyld BoiaHy o0mero Buja,
PACIPOCTPAHANYIOCA OT HAYaja KOOPAWHAT €O CKOPOCTHIO C.
Ecim ma mmayry sabuts o6 r B BHaMeHaTejge, TO AMILIMTYZA
BONHH Kak (YHKIUA PACCTOAHHA OT HAYaJa KOOPAHMHAT B KAyKJIHIA
JIAHHH{ MoMeHT ol0mapaer ompefeneHEO# ¢opmoi, KoTopas pac-
HPOCTPAHAETCS €O CKOPOCTHIO ¢, OXHAKO r B 3HaMeHATeJNe TOBODHUT
HaM, 970 II0 MEpe TOro, KaK BOJHA PACEPOCTPAHAETCHA, €8 aMIIUTY-
ma yOuBaer mpomopmmoHanbsHO 1/r. VIHMME caosaMu, B OTIHIHE
OT INIOCKOU BOJHH, aMIUIUTYZa KOTODOH ocTaercs HDPH IBH;KEBHHU
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#(t-r/c)
T

2
~ s
~_ I T
tl v=c ~ ~ % f N
=¢ . - —_— r
0 tzﬂ 0 2\(\
5 7 g t7 t, 1
be——c(t,~t,) ——=i 5

a
Que 20.6. Cpepuneckan goana Y=f(t—rjcy/r.

a — saeucumocms P om r npu t=1, U Ma He eoaHa & 604ee NOIOHUL MOMenm epemeru iy}
6 — zasucumocms b om t nPU r=r; U MA JHee CAMAR 0AHA HA PACCNOAHUU Ty,

BCe BpEeMs ONHOW W TOil yKe, aMIIATYRA cpepuuecKod BOMHH Oec-
npepsiBHO cnagaer (gur. 20.6). Iror axT rerko mOHATH W3 LIPO-
CTHX (PU3NYECKHX COOOpasKeHHH.

Mper 3raeM, 970 IIOTHOCTH SHEPTHA B BOJHE 3aBHCHT OT KBagparta
aMIIuTyOH Boamul. Ifo mepe Toro kawk BomHa pasberaercda, ee
DHEPTHA PACINIBIBAETCH HA BCe OONBLIYI0 H GOABIIYI0 IIOMAjh,
MpONOPIUOHAIBHYI0 KBaApaTy paguyca Bonasl. Eciau monraa sHep-
U COXPAHAGTCA, IUIOTHOCTH OHEPIHH AOMKHA YOHBATE Kax
1/r2, a amoauryna — Kak 1/r. lloaTomy dopmyna (20.35) past cpepn-
9eCKOH BOJHH BIOJHe «pasyMHAa».

Mur urmopupoBanrs Apyroe BO3MOMKHOE pelleHHEe OJHOMEPHOTO

BOJHOBOI'0 ypaBHCHUA
ro—g(t+—)
nia
p=ElErio)

9o To:xe cepuueckas BOAHA, HO Oerymas eHympsb, OT GONBMAX 7
K HaYaly KOODAHMHAT.

TeM caMHM MH jelaeM HEKOTODOe CHEIHANBHOE NPERIOJIORe-
gre. Mm yreepsspaem (Ges waroro-amGo JOKA3aTeNIBCTBA), YTO
BOJIHKI, CO3AaBaeMhe MCTOIHAKOM, BCerga Geryr TOIBKO Om HEro.
HMockonbKky MH 3HaeM, 9TO BOJAHE BHI3HBAITCHA ABWKEHIEM 3aps-
TOB, MH HacTpamBaeMcs HA TO, 9TO BONHE Geryr or 3apsamos. Buuio
GR /TOBOJILHO CTPAHHO NPENCTABIATH, 9TO IPEKAe HeM 3apainl
GHUIM TPUBEOHE B ABWKEHWe, cepHuecKas BONHA YiKe BHILIA W3
GecroHeYHOCTH U HPHOHIA K 3apAaM Kak pas B TOT MOMEHT, KOT/a
OHN HAYaJIW INeBelnThea. TaKoe peleHre BO3MOKHO, HO ONHT HO-
KasuBaeT, 970, KOrJa 3apAfH YCKODHAIOTCH, BOIHH pacOopocTpa-
HAWOTCSA 0M 3apANOB, a He K HEM. XOThb ypaBHeEHA Maxcpemna
IpexocTaBaAnT o6erM BOTHAM PaBHHE BO3MOMKHOCTH, ME TpHBIE-
KaeM do6asouHulli akm, OCHOBAHHHIEA HA OUHTE, ITO «PU3HIECKUM
CMEICTOM» 0061afaeT TOABKO DPACXOAAMASCA BOJHA.
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Hy:xmo, ogHAKO, 3aMETHTH, UTO H3 3TOro f0oGaBOIHOro mpen-
LOJIOKEeHNs BEITEKAeT MHTEPECHOe CIEJCTBHE: MH TeépAeM IpH 3TOM
CHMMETDHI0 OTHOCHTEJBHO BPEMEHH, KOTOPasg €CTh y ypaBHEHMI
Maxcsenra. Rak ncxogane ypapuenusa nia E u B, Tag u surerao-
Mmuecs: U3 BUX BONHOBHE YPABHEHUA U H3MEHEHUH 3HAKA [ HE Me-
HAIOTCA. JTH YPABHEHHA YTBEDIKAAIOT, 4TO JAH00OMY pelmerno, Ko-
TOpOE 0TBeYaeT BOJAHE, Oerymell B OXHY CTOPOHY, OTBEYAET CTOID e
TIpaBUIbHOE pemieEMe AJA BOJHE, Oerymeil B o0patHyio cropomy.
W yrrepixmad, 970 MBL HaMepeHK (paTh B pacuer TOJIBKO pPacxofs-
muecs cepuuecKue BONHL, MBI JETa6M TeM CAMBIM Ba;KHOE IOMON-
HATeNbHOe mpepmonokerre. (OueHD THATEIBHO H3ydaJach TaKas
5JeKTPOIHHAMUKA, B KOTOPOI 06xofArcsa Ges 9TOTO JOMONHHUTENb=
HOrO Tpefuoao:KenBns. Hak sT0 HE yAMBUTENBHO, HO BO MHOTHX
ofcroaTenbcTBAX OHA He npusodum K Qusnuecku abCcypaHuM pe-
syabraTaM. Opraxo ofCy:HeHHe STHX Hiell Temepb YBIEKIO Ok
HAac uepectyp B cropoHy. MHE moroopmM o6 srom moppobmee B
ra. 28.)

Hysxpo ynomsmyTh eme 06 ogHOoM BaykHOM ¢arrte. B mamem
pelnennn Ana pacxogameitcs soans (20.35) pynrunmsa ¢ B Hagame Ko-
opamEaT GecKoHeYHA. JTO Kak-10 Heo6nwHO. Mu 0w npepmoznu
KMeTh TaKHde BOJHOBHE POUICHHA, KOTOPHE ragkd nosciogy. Hame
pemenne GU3MIECKU OTHOCHTCH K TAROH CHTyaL#H, KOIZa B HAYAIE
KOODIIMHAT PACHOIAraercs WCTOYHWK. JHAYMT, MEl HEUASHHO Ce-
Jan® ofHy ommOKy: Hama ¢opmyra (20.35) He sBIAETCA pelieHEeM
cBoGogEOr0 BOMHOBOTO YypasHeHuA (20.33) nosciody; ypasmeHume
(20.33) ¢ myneM B mpaBoOil 9acTH PeIIEHO NMOBCIOLY, KPOMe Hadaja
koopaunar. Omubka BKpalach OTTOr0, UTO HEKOTOpHE AeHCTBHA
OPE BHEOJE ypaBHEHEUA UpH r=( «He3aKOHHE.

IMokameM, 9TO Ty e cCaMyio OMHEOKY JErKO CHENIATh U B DIEKT-
pocraruke. Jlomycrmm, 9T0 HaM HY/KHO DelINTh ypaBHEHHEe JJIEK-
TPOCTATHYECKOTO HOTEHIHANIAa B IyCcTOM MHpocTpaHcTse v2@=0.
Jlanmacra® paseH Hyqi0, MOTOMY 9TO MH IPEANOJOKMIIN, 9TO HH-
Kakmx s3apsagos murge Her. Ho kax ofcromr memo co cdepmueckm
CHMMETPUYHHM PeleHUeM YDaBHEHHA, T. e. ¢ QyHKIHUeH ¢, 3aBu-
camel ronbko or r? Ucnonssys pnsa aannacmana gopmyay (20.32),
noaydaem

1 a2

— 57 (re)=0.
VMHOKEB 9TO BHpaskeHE¥Me HA 7, IPUXONUM K y/Ke HHTEI'DUPOBaB-
nieMycs ypaBHEHHEIO

a2
7 (re)=0.

I ponaTerpaposas OAHH pa3 IO r, MH YBH[EM, 9To IepBas HIpo-
H3BOJIHAA I'Q paBHA MOCTOAHHOM, KOTOPYI0 MH 0003HAYNM Uepes a:

d
d—,(r(P):“-
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Ewe pas mpomnrerpmpoBaB, MH NONY9HM AasA 1@ PopMmyny
rg=ar-+b,

rae b—nppyras mocrospHas dAurerpupoBanusa. Mrak, mMm oGHa-
PY/KUIH, UTO pemieHHe A 3IEKTPOCTATHYECKOTO IOTEHNHAJIA B
TIYCTOM NPOCTpPaHCTBe AMeeT BHJ

b
p=a-+4—.

Yro-10 37ech ABHO HE TaK. MEI xe 3HAeM peinenue AIA DIeKTPO-
CTATUYECKOTO0 MOTeHNUANA B 00jacTd, e HeT JIeKTPUISCKHX 34-
PSJOB: HOTEHLHAT BCIOJY HOCTOAHEH. JTO COOTBETCTBYET NMEPBOMY
crnaraemomy B pemennu. Ho mmeercsa eme u BTOpOi wied, mojcka-
3RIBAIONINI HAM, UTO B MOTEHNHAJ JACT BKIAK HEUTO, MCHAIECECH
rark 1/r. MM 3maeM, OJHAKO, YTO HOFOOHNI IOTEHIHAT COOTBET-
CTByeT TOUEWHOMY 3apsfy B Havane KoopguHar. Crano GHTL, X0Th
MBI M J[YMAJXH, 9T0 HANUIH PeINeRue ANA NOTeHIWANa B MyCcTOM Hpo-
CTPAaHCTBe, Hanle peuieEne PaKTHICCKH AaeT HAM TAKKe moje TO-
YeYHOT0 MCTOYHHKA B Hadaje KOOpAMHAT. BH 3aMedaere CXONCTBO
MEKIY TeM, 94TO ceildyac NPOM3OINLIO, W TeM, YTO DPOM3OHLIO TOTIA,
KOrJla MKl WCKaau cPepHuecKu CHMMETPUTHOE PENIeHHe BOJTHOBOTO
ypasaeana? Ecau On B Hagame KoopauHaT neficTBUTENbHO HE ORLIO
HI 3apAHOB, HA TOKOB, TO He BO3HUKIU OH U cPephuecKE pacxomd-
uecs Bonusl. Chepaueckiie BOJHH JOJKHE BHHBATLCA HCTOYHA-
KaM# B Hadajie KoopauHAT. B ciaemyoiueil riase Mbl ECCAeqyeM
CBABH MEKIY U3AyTaeMEIMM IeKTPOMATHUTHHME BOIHAMA A BH3H-
BAIOINME MX TOKAMH W HADDKEHUAMH.



Tnaséa 21

PEIMEHNA YPABHEHNII MAKRCBEJJIA §1.Cger m 9-"91‘;90-
C TOKAMU U 3APAJAMMH MATHHTHBIE BOJMHL|

§ 2. Cepuueckne Boa-
Hbl OT TOYEYHOroD
HCTOMHHKA

§ 1. Ceéem u saexmponasHummnsle 604HL
§ 3. Obmiee pewenue

B mpepmgymueit riiase MB BHIENAH, 9TO CpefH YpaBHeHUid
pemernuil ypaBmermii Makcsenna ecrs diaerTpoO- Maxreseara
maraurHbie BonHsl. CBery, pajuo, peHTreHOBCKHM
Jydam H T. [. OTBEUAIOT sjieKTpoMarautasie Boansl, § 4. Iloas xonemo-
OTIHYAI0MHECA TOAbKO AMHHON Boamn. MH yixe HIEroes IOt
Oopo6HO W3ydYanu pasIUYHEe SBAEHHs, CBA3AH-

Hhie CO ¢BeTOM. B 5TO# rmaBe Mbl XotmM cBa3arh § 9. Ilorennnanst peu-

ofa Bompoca u mOoKasarh, 4T0 ypaBHeHHA Mak- JKYIHEroest 3apa-

cBeJla [efCTBUTENHHO MOTJH CIYKUTH OCHOBOM ma; ofmee peine-

JJiA M3y49eHHA CBOHCTR CBeTA. Hue JIbeHapa n
Hame maydenme cBera MB Hadali® ¢ TOTG, 4TO Buxepra

BHIIACAIHM yDABHEHHE A BJIeKTPUIeCKOTrO IO,
cO3/laBaeMOr0 3apAmoM, KoTopwit Mmor kak-ro § 6. Hlorennuamn

OpOW3BONBHO ABHTATBCA. ¥ PABHEHHE HMEIO BHJ 3apaja,
ABIGRYLIErocsa
_q &, 0 d (6 1 a ¢ IMIOCTOAHHOIA
T datgy [r’2 T @ ( 77 )b e ) (21.1) CKOPOETLIO;

¢B—e, xXE $hopmyna Jlopenna

Iosmopumsp: ra. 28
(b, 3) «3nexr-
POMAarHHTHOE
H3IyYeHue» ;
ri. 31 (sein. 3)
«Hak posmmsacr
MOKa3aTedb
TIPETOMIACHHAA» |
ri. 34 (spm. 3)
«Penarusncrerne
ABIEHUA
B H3TYYEHHN)»

{[em. roi. 28 (Bmm. 3), Bepamennme (28.3)]*.
Ecam sapapm pBuiKercs NPOH3BONBHHM 00pa-
30M, TO BIEKTPHIECKOE I0Ne, KOTOPOe CYyIIecTByer
B HEKOTODOH TOYKE, B HACIMOAWUL MOMeHm 3a-
BHUCAT TOJBKO OT NOJOKEHHUA W JBIKEHUS 3apsfia
B 6osee panruli MOMEHT BPEMEHH, OTCTAIONMHXL Ha
HHTEpBAT, HEOOXORHMEBIH [If TOro, 4T00BI CBET,
ABUIAsICh CO CKOPOCTBIO ¢, IPOILEN paccrosnue r’
or 3apAfa Ko TOYKM mnoias. VHEEME croBamum,
€cId BaM HY)KHO 3HATH JACKTPHIECKOe MMode B
roake (/) B MOMEHT f, BH J[OIKHEl TOJCIYATATH
nonosenue (') sapsAfa U ero ABH/KEHNE B MOMEHT
(t—r'/c) [rge r’ — paccrosnme mo Tourm (I)] us
monoxerua sapaga (2’) B Momert (t—r'/c).

* C obparErM 3maroMm. CM. paabme.— D pum. ped.
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o (1)

Que 21.1. Ioas ¢ moure (1) \
& momenm I sasucam om mozo @7
noaoxcenus (2' ), komopoe3apad 4  fonomertie

sanuman & momenm (t—r'jc).  emomenm
t-rje

[onoxerue
6 momenm.t

Ntpnxn 3mech HAaNOMHHAKT BaM, 4TO I’ — BTO TaK HA3HBAEMOE
«3amasjriBamllee paccrosHme» or Touku (2') K Toure (I), a BOBCe
He TeHepeIlHee PacCTOAHHe MeXJy TOYKOH (2) — mojoxenmeM 3a-
pAga B MOMeHT f — m Touxoi moms (I) (pmr. 21.1). 3amernte,
4T0 ceid9ac MO-WHOMY ONIpefiensieTcs HanpasieHue eTUHUYHOTO BEK-
Topae,. B ra. 28 u 34 (sEm. 3) ME ycnaBausanuch, 910 r (4, CTAIO
OHITB, €,) OyIeT mOKa3HEBATh Ha HMCTOYHAK. Temepsb sie MH ciaefyeM
oOpefiesIeHNI0, MCIONB3yeMOMy B (GOpMyNHpOBKe 3akoHa IyJoHa,
IO KOTOPOMY I HampasieHo om 3apsafa [s touxre (£)] x rouxe (7)
nonsi. EnmACTBeRHOE OTINUEe B TOM, YTO HOBOE I (H €,) IPOTHBO-
IO OKHO CTAPOMY.

Mz Bupeny Tamike, 9TO €CIM CKOPOCTH 3apsfa U BCETHAA MHOTO
MeHBIIE ¢ ¥ eCJIH PacCcMaTPUBAIOTCA TOTBKO TOYKH, CHILHO YHAJleH-
HEIe OT 3apsAfa, Tak 410 B (21.1) cymecTBeHHO JMITL HOCIEIHEE
caaraeMmoe, TO IOJA MOKHO TaK}Ke BalHCATh B BHJE

’

r
E— q UPOEKIMA YCKOPEHAR 3apAAa B MOMEHT {——— 21.1)
= T a7 .
4neo¢*r’ | ma manpasiemme, momepegHoe K r'
n

cB=e,-XE.

Paccmorpum Gonee fietaibHO, UYTO MaeT IONHOE YPABHEHHS
(21.1). Bextop e, — 5T0 e WHUYHHI BEKTOpP, HANPABIEHHHA OT
«3anasausapomei» Toaxu (2') ® roure (I). Torga mepsoe ciaraeMmoe
HaeT TO, Uero ciaeqosano OH OREIATH, €cAd OH 3apsif B CBOEM
«3ama3fbBAIOMEM? NOJOKEHAN CO3HABAJA KYJIOHOBO HOJIE,— 3TO
MO;RKHO HA3BaTh «3aHA3IHBAIONIMM KYJIOHOBHM ITOAEM». OIEKTpH-
geckoe moje o0paTHO HPOHOPHMOHAMLEO KBAajApaTy pPacCTOAHEA U
HANPaBJEHO O/ «3ama3sfHBAIIEroy MOJO;KeHHA 3apdga (T. e. mo
BEKTODY €).

Ho 510 roabko mepsoe ciaraemoe. Ocranbape HAIOMAHAKT HAM,
YTO 3aKOHH BJIGKTPHYECTBA He yTBEP:KEAIOT, UTO BCE IOJIA, OCTa-
Bafich, KaK ¥ OBUIM, CTATHYECKEMHU, HAYNHAIOT OPOCTO 3alA3/KIBATH
(a Taroe yTBEpIK/IEHNE LOPOH MPAXOMUTCA COHMAaTh). K «3amasiu-
BaOMEeMy KYJIOHOBY IOJIO» HaJo /00aBUTH ABa APYTHX CAATaeMEIX.
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Bropoe roBopHT, 9TO K 3amasgHBAOMEMy KYJIOHOBY HOMI HaRo
cfleaTh (HONPABKY», PABHYI0 Ghlcmpome usMeHeHus 3ala3fhBal0-
miero KyJOHOBA HOJXA, YMHO)KEHHOH Ha I'/¢, T. e. Ha caMO . 3amAa3/E-
BaHUE. JTOT MHOKETENb KaK OH CTPEMHTCA CKOMIOEHCHpOBATH 3a-
nasjHBaHAe B HepBOM. Jéa NEPBHX CJIaraeMhiX COOTBETCTBYIOT BH-
YHCHEHUIO «3aNA3JEIBAIONIET0 KyJAOHOBA HOJASA) ¥ 3aTEM JKCTpAIo-
AsuME ero B Oynyimee, Ha BpeMaA r'/c, T. e. kak pas kK momenmy 1!
JxeTpamonsnus JHHEHHA, KaK ecid O M NPeInoNO/KHIH, YTO
«3ama3IHBAIOIIEe KYJTOHOBO I10je» 6yNer mo-upe;KaeMy I3MeHAThCA
€O CKOPOCTBIO, PACCYUTAHHON /A 3apajga B Touke (2'). Eciau mone
MeHgeTcA MeLieHHo, 3(PeKT samasgMBaHEA NHOYTH HOJHOCTHIO
CBOJIUTCA HAa HET NONPABOYHKM clIaraeMeM, ¥ o6a ciraraeMHX BMec-
T€ TIPUBOJIAT K BEJIMYUHEE DIEKTPHYECKOrO MOJIA, OYeHb OIHM3KOR K
«MTHOBEEHOMY KYJOHOBY HOJIO» 3apAfa, HaXONAINETOCA B TO4-
ke (2).

Haxonen, B ¢opmyne (21.1) umeercsa eme Tperbe caaraemMoe —
BTOpas NPOHU3BOJHAS ENHHMIHOTO BEKTOpA €. Vsydas sBieHme
cBera, MH IO CYMECTBY HCIOIB30BAMH TOT QAKT, YTO BIAJH OT 3a-
pAfa jBa NEPBHIX CJaraeMHX yOHBaoT Kak oOparHsii Keajpar
paccTosHEA W Ha OOJBIIMX PACCTOAHHAX OKASHBAIOTCA CIHIIKOM
cn1a0KHMME 10 CPAaBHEHHWIO ¢ TPeTBhHEM, Koropoe yOmBaer Raxk 1/r.
IlosToMy MEI COCPEZOTOYMJIM Hallle BHUMAHWE Ha IOCJAeqHeM cJia-
TaeMOM M HOKa3aau, 970 0HO (OHOATL-TAKE HA GOJBIIMX PacCTOA-
HUAX) OPONOPHEOHAJIBHO KOMIOHEHTe YCKOpEHHH '3apsAja, Iome-
peunoil K auauy sperusd. (Hpome Toro, mo9TH BCIOAY paHee Mhl pac-
CMaTpHBAIM TOIALKO CAy9Yal, KOIJla 8apAAH ABUTAIKECH HEDEAATH-
pucrcku., Peasrupmcrckue 3QQEKTR pacCMATPHBANHUCH TOJABKO B
ra. 34, sum. 3.)

Teneps Hymmo Tonpo6oBaTh CBA3ATH OTH ABE BeliH. ¥ HAC €CTh
ypasnesusa Marcsenna u ects dopmyna (24.1) gus mons Toweunoro
sapAfa. EcrecTBeHHO CHPOCHThH, SKBHBAJEHTHH 1@ oHu? Ecam mu
cmoxem Bupectn (21.1) ms ypasmEenmii Makcsenma, TO Jeiicrsa-
TeALHO HOoHMeM CBA3h CBETA € IEKTPOMArHeTHsMOM. BEIBox ee m
ecTh IJaBHAf Ielb 9TOH TJIaBHL.

BrigcHsAercA, TTO TOJHOIO BEIBOZA ME CHEIATH HE IIOKeM —
gepecuyp CIOKHBIE MaTeMaTHYeCKye HRETAll He IO3BONAT HaM
phiiTH ¢ moas 6og 6es moreph. Ho Bce ke MH momoiieM X Ieanm go-
€cTaTogHO OJW3KO, TAK UYTO BH JEeIKO OoiMeTe, Kak MOKeT OHITH
ycTaHOBJeHa WHTepecyoIiasd Hac cBaA3b. MH omycruM aums Hexo-
TOpHE MaTemMaTMdecKme peraimd. MareMartmKa 8TOH INIaBH MOKeT
DOKAa3aThcAd HEKOTOPHM M3 BAC NOBOIBHO CIOMKHOM, H, BO3MOMKHO,
BaM [aske CTAHET CKYYHO CleJuTh BHEMATeJIbHO 3a BmBojoM. Ho
MK BCe jKe cIuTaeM, YTO OYEHL BAJKHO CBA3ATH TO, 9TO BH YU
panbime, ¢ TeM, 970 BH HM3ydUaeTe ceiidac, WM IO KpaiiHed mepe
HpPOJEMOHCTPAPOBATb, KaK 9Ta CBA3L MOKeT OHTH yCTAaHOBIEHA.
Ecau Bu He 3a0hd Ipeskuade iasH, To obpataTe BAIMAaHUE HA TO,
9T0 BCAKHH pas, KaK MH OPUHUMANN HEKOTOpOe BHICKA3HBAHHUE 3a
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HCXOEHYIO TOUKY o0cysunenud, Mu 3a60T1uB0 00BbACHANT, ABAAETCH
JH 8TO BHCKAa3HBaHHEe HOBHIM (JIONYIMEHHEM», T. €. OTPAKAET IH
OHO OCHOBHOI 3aKOH NPHPOJK WM K6 €r0 MOYKHO B KOHEUYHOM CIETe
BHIBECTH H3 KAKHX-TO APYruX 3akoHoB. Jyx stux nexnmit ¢Os-
BHIBaeT Bac OOCYHHTH CBASH MEKAY CBETOM M ypapHeHmaMu Mak-
ceenna. Moxer Gurp, BaM Oyler Koe-rie W TPYAHO — C 3TUM YR
HAYET0 HE MOAENaemb: APYTroro NyTH HE CYIECTRYET.

§ 2. Chepuuecrue 6oanst 0om moueurHozo
UCMOUHUK R

B ra. 18 Mm ycramoBmid, 9r0 ypaBHeRHA MakcBenia MOKHO
pemaTs DOICTAHOBKOM

=—Vo— A (21.2)

B=VxA, (21.3)

1 6ch_~ )
VO~ = %, (21.4)
4
1 8%A j ’
VZA—CTan:: —_— 80‘)6‘2 (21.5)
H, Kpome TOTO0, YCIOBHIO
1 4
VAA=——5 2%, (21.6)

Haitnem teneps pemenue ypaprenui (21.4) u (24.5). Jassroro
HAJ0 YMETh pellaTh ypaBHEHUe

1 92
Vi — S =, (21.7)

rle BeanunHa S (KOTOpAas HA3HBaeTcA ACTOYHUKOM) uaBectHa. fcHo,
yro A ypasuenus (21.4) s coorBeTcTByeT O/ £y, a P—3TO @, a ANA
ypasaerus (21.5) s coorsercrsyer j./eqc?, ecnim P — aro A, W
t. &. Ho mac mHTEpecyeT YMCTO MAaTeMaTHYeCKAas 3afada PEHIeHNsA
(21.7) GesorHOCHTENBHO K TOMY, KAaKOB (PM3HMUECKHI CMEICT Y H §.

Tawu, rie p # j paBHH HYJII0 (3TO MECTO HA3HBAETCA (LYCTOTOM»),
taM noteanuaiasl @ ¥ 4 u nons E u B yroBrersopAIOT TpeXMepHOMY
BOJNHOBOMY ypaBHEHWI0 0e3s HCTOYHHKOB; MareMaTHuecKas opMa
BTOT0 ypaBHEHHA TaKoBa:

1 9%
Vi — — 5 =0 (21.8)
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B rn. 20 M mmgenn, 9TO pemenus TOTO yPaBHEHHA MOIYT mpel-
CTABIATH BOJIHH PA3HHX COPTOB: IVIOCKHe BOJNHH, Oerymue B
z-Hanpasiennn P=f({—z/c); miocKkue BOJHH, Oerymue BIOIL Y
WIM BIONL Z MIH B J000M JpyroM HaIOpaBleHHM; cheprIecKHE
BOJTHH BHJA

P (2,g,2,0) = =T, 21.9)

(Pemenua MO;KHO 3aMHCATH WHAYE — HAIPHEMED B BHAE IUIWHADPH-
YeCKMX BOIH, pasberawmuxca OT OCH.)

Mgt Torma samerwnd, uro ¢uamueckun dopmyna (21.9) ormo-
CHUTCs He COBCEM K HYCTOTE: B HAaYane KOOPAUWHAT JOJKHH OHITh
KaKMe-TO 3apAfs, WHAYE DACXORAMASACA BONHA He LOJNYYHIAACHh
6ul. Waeimu cmosamu, ¢gopmyna (21.9) ecrp pemenme ypasHeEHA
(21.8) Bcomy, KpoMe HENOCPE[CTBEHHOH OKPECTHOCTH TOUKH
r=0, e (21.9) opeacrasasner coboii pemenne IOJHOTO YpaBHEHAA
(21.7), B mpaBoil 4acTH KOTOPOTrO CTOAT MCTOUHWKA. JlaBaiite Te-
Iephb MOCMOTPWM, ITO 3TO 3a ypaBHEHHE, T.€. KAKOT0 Poja MCTOU-
nuKk § B ypasmenmu (21.7) momken BEB3BaTh BONEY Tmma (21.9).

Ipepmonokum, aro uMmeerca cdepuaeckas poara (21.9) m mo-
TIAREM, BO YTO OHA OpeBpamiaercda OpH odeHb Maaux r. Torna
samasnpBaEmeM —r/c B f({—r/c) MokHEO upeneGpedb, X HOCKOIb-
Ry QyHRUUA f nonasHAA, | OUpeBpaIjaeTcd B

p=L0 o). (21.10)

WUrax, i B TOIROCTH HOXO0Ke HA KYJTOHOBO IOJE 3apAfa, PACHONO-
JKEHHOTO0 B Hagase KoopauEaT. Mul 3HaeM, uro jna Hebosbmoro
CI'yCTHA 3apAjga, OTPAaRMYeHHOro OYeHb Manoil obmacThio Gams Ha-
Yajla KOODZHHAT ¥ WMMEIOIero mIOTHOCTE P,

J4ne
¢=,¥_,

rae Q=SpdV . Taroii moTeHIMAN ¢ YXOBIETBOPAET YPABEEHMUIO

Vip=—-=.

)

Crnemya TeMm jxe pacueraM, MBI [ODKHH Oblim OH CKasaTh, 4TO
P m3 peipakenns (21.10) ymosiersopser ypasHEHHIO

VA =—s (r—20), 2110
rme s cBaAsaHo ¢ f dopmynoi
Y
=%
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npa
S = S‘ sdv.

EnumcTeenHas pasmmna B TOM, 970 B 00meM cayuae s, a, CTamo
6nTh, I S MOKET OxasarbcA QYHKIHeH BpeMeHd.

Ilanee owemb BakHO TO, uTO ecaum . yaosaersopaer (21.11)
OpE MaiHX r, TO OHO yjgosiuerBopsier Takske um (21.7). Ilo mepe
npubauKeEMs K HadYany KOOD/WHAT BaBHCHMOCTL Y OT 7 THOA
1/r OpUBORMT K TOMY, 9TO UPOCTPAHCTBEHHHE LNPOM3BOJHHE CTa-
HOBATCA 0UeHDH OONLIIMMH. A NPOM3BOJHLIE MO BPEMEHH OCTAIOTCH
Temu jke. [JT0 npocro mpomssopmme f(f) mo mpemenu.] Tax gro,
KOTHA I CTpeMmTIcs K HYJI0, MHO;kuTedeM 0%/012 B ypasHeHUR
(21.7) mo cpaBmeHuIO ¢ Y2 MokHO penebpeus, u (21.7) cranopuresa
SKBUBAJIEHTHHIM ypasHeRmo (21.11).

TogpiTosRUBAsT, MOKHO CKa3aTh, 4TO €caM QYHKIUA MCTOUHMKA
s(t) ms ypasuerusa (21.7) cocpegoroueHa B HaJage KOOpIHWHAT K
ee ofmas BermYwHA paBHA

S(t):-Ss(t) av, (21.12)
TO pemenne ypasuenmsg (21.7) mmeer Bmpg
P (22,8) = g T (21.13)

Brnusiame ciaraemoro ¢ 62y/0t% B (21.7) cxaspiBaercsa IUING HA NOSB-~
JeHNW 3aUa3feBaHuig ({—r/c) B HOTeHUHANe KYJOHOBA TRAMA.

§ 3. Odwgee pewmenue ypasnenuii Marceeara

My pamum pemenme ypashenusa (21.7) mis «ToueuaHOro» mCTOY-
gura. Temeps BcTaer HOBHIL Bonmpoc: KaKkos BHI pemieHuss mid pac-
cpeforogenHoro nerognuka? Hy, a1o pemmurs merxo; scARui uerog-
HEK s(Z, Y, Z, {) MOKHO CUHTATH COCTOAUIMM M3 CYMME MHOTHX
«TOYETHEIX» HCTOYHHKOB, DACHOJO;KEHHEIX HOOTUHOTKE B KAMKIOM
snemente o6bema dV m mMepomux cuay sz, y, 2, £)dV. Hockonbry
(21.7) aumeiimo, cyMMapHOe IoJe HpefcTaBiser ¢co0oil cymeprnosu-
M0 HOJed OT BCEX TAKHUX JIEMEHTOB HCTOYHHKA.

Ncnonpays pesynprath mpepsaymero maparpada [em. (21.13)1,
MBI IIOJY9HM, 9TO B MOMeHT ¢ moxe d{ B Touke (%, lJq, z;) lunm,
Kopoge, B Touke (I)], cosmamaemoe sjeMenToM mcTogHUKA sdV B
TO4Ke (L5, Ya, Z,) lmam, xKopoue, B Touke (2)], Bhpakaerca gopmy-
J0#

s (2,t—rya/c)dVy
4ATIr 1

rae ry, — paccroaaue ot (2) go (I). Ciaoxenme BKIaZOB OT BCEX
4acTell MCTOYHHKA 0O3HAYaer, KOHEYHO, MHTETPHpPOBaHEe® 0O BCei
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obmacra, rae s54=0, Tak 9T0 ME EMeeM

s (2,t —rya/c)
1p(1,t)=§ 2ol ay, (21.14)
Nuage rosops, mone B Touxe (I) B MOMeHT BpeMeHH ! mpeacraBisAer
coboit cymMMy Bcex c(epUIECKUAX BOJH, HCIYCKACMBIX B MOMEHT
l—r;,/c BCEMHU 3ieMEHTAME MCTOYHUKA, PACHOJOKEHHOTO B TOYKE
(2). Buipamxenme (21.14) ABiserca penieHneM HAIIEro BOIHOBOTO
VpaBHEHAA Niast J1060# CHCTEeME HCTOTHHKOB.

Temepp MH BHIHM, KaK mojaydarh o0mee pelieHue ypaBHEHHIA
Maxcsenna. Ecam nogpasyMeBarb mof {) cKajspHHIE IOTEHIHAN @,
TO QYHKIUs MCTOYHHKA § MPEBPATIAETCH B O/ €,. A MOKHO CIHTATh,
970 P [peicTaBisaeT OJHY M3 TPeX KOMIOHEHT BEKTOPHOI'0 HOTEH-
nmaia A; TOrZa § 03HAYaeT COOTBETCTBYIOUIYIO KOMIOHEHTY
i/ e4c®. Cramo ObiTH, eciAH BO BCEX TOYKAX M3BECTHA ILIOTHOCTH
3apsaos p(z, ¥y, %, t) ¥ MIOTHOCTH TOKa j(z, ¥, 2, 1), TO pemeHHsA
ypasrenuid (21.4) u (21.5) MOKHO BRIONCATH HEME[IEHHO!:

2,0 — .

q)(i,t)=5%£ﬂ dv,, (21.15)
. J (2,0 —rg/c)

A(i,t)_‘s'—lm—socg—r‘;- av,. (21.16)

Hons E m B ponywarca puddepennuposanmeM OOTEHLHANOB
[menonssyiores sapasmenma (21.2) u (21.3)]. Keratr, Moo mpo-
BEpUTH AABHO, 970 ¢ u A, mogxydennsie m3 (21.49) m (21.16), nei-
CTBUTEABHO yHOBJeTBOpAIOT pasencrBy (21.6).

Mspi pemuiau ypasmerusi Maxceenna. B aobmx obcrositens-
CTBaX, €CIHU TOJHKO 3aJAHH TOKHA M BAPAAL, M3 ITHX HMHTETPaJoB
MO}KHO OUpefeNuTh IMOTEHIMANH, a 3areM, npoguddepeAnnposan
ux, nonyauth moad. Tem caMuiM ¢ Teopueit MakcBeaia IOKOHTEHO.,
W 510 no3soaser HaM Takyke 3aMKHYTh KpyT U BePHYTbCA K Haimed
TEOPUH CBETA, MOTOMY 9TO AOCTATOYHO TOJIBKO MONCINTATH IIIEK-
TPHYECKOE -10JIe [BIGKYIMIErocA 3apsga, u4ToOk CBA3aTh BCe DTO ¢
Hammeil npe;kHel Teopmeit ceera. Bee, uTo mam ocraerca caenath,—
9TO B3STH ABWKYIMUACH 3apsf, BHYKCIANTH U3 3THX HHTETPAIOB €ro
norennuan u sareM us — Vo—0dA/dt, pudpdepennupys, Haiitm E.
Mu gommuEw moayaurh ¢popmyny (21.1). Paborm mpmaercss mpome-
JaTh MHOTO, HO IPWHIAN SICEH.

Nrak, Mel FOmIu 0 IEHTPA BAEKTPOMATHHTHOH BcedeHHOH. ¥
Hac B PYKaX IOJHAA TEOPHs IEKTPHIECTBA, MArHETH3MA M CBETa,
NIOJHOE ONMCAHZE HOJIeil, CO3MaBAEMHX JIBIWKYIIUMUCA 3apsAjaMa, A
MHOTo€, MEOTO€ fpyroe. Bce coopysxenue, Bo3gsurayroe Maxcsed-
J0M, BO Beell €TI0 MOJHOTE, KPace W MOIH cefiuac mepes Hamu. JTo,
HoMKaIyH, OXHO M3 BeIngalimiux ceepmennit pasurm. 1 urobH HanoMm-
HATH O €r0 BaKHOCTH, MH HepenncuBaeM Bce OPMYIH BMecre H
00BOIMM UX KPACHBOH DPaMKOIL.
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Ypasnenun Marceeaaa:

VE=F* V.B=0,

gy’
B i , OE
VXE = —— WP —d | 98
T VX B 80+8t.
H ux pewenus:
dA
— __ Vp__%92
E ¢ — 5
B=VxA,

wmnzgﬁﬁ:mgdm’

dnegr,,

Amﬂzgﬂﬁ:mﬂdv.

2
4rienc?ry,

§ 4. IToasn noaebaroujezoca dunoas

Mu nmoka eute He nposein obemanHOro BHBoga popmyan (21.1)
IJIs DIEKTPUYeCKOro IONs ABMMKYIIETOCA TOYeuHOTo 3apama. Hase
3HAA TO, UTO MHE yKe 3HaeM, BTOT BHIBOJ, BCe DABHO HPOREIaTh He-
aerxo. Haum me ymauxoch ofmHapymurs gopmynn (21.1) murme, nu
B KAKNX KHIGKKaX M cTAThAX (KpOME HEePBHX BEIODYCKOB HTHX JICK-
numii) *. 910 CBHAETENBCTBYET O TOM, 410 BHBOX ee He mpocr. (Hloas
ABIKYINEroca 3apsfa 3aNUCHBAJIKCh HEOLHOKPATHO W B APYyTHX
BMJIaX, KOTOPHE BCe, KOHEYHO, SKBMBajieHTHH.) Mbl orpammumMecs
TMOITOMY 3/ieCh TEM, 9T0 [IPOCTO IIOKa;KeM Ha HEeCKOJABKHX IpUAe-
pax, uro (21.15) m (21.16) npuBonAT K TeM jie pesyibraTaM, 4TO
u (21.1). IlepBrM fesioM MBI IOKa;KeM, 9TO UPH TOM EJUHCTBEHHOM
VCIOBUM, 4TO [BIGKEHUE 3apPSUKeHHOH JaCTHIB ABIAETCH Hepess-
ruBucTCKMM, (21.1) mpEBOmUT K UpaBUALHOH BejquumHe noJjeif.
(¥Vsxe opror wacTHHI caydail moxprisaer 90% Bcero roro, urto Gmao
CKa3aHO O SBJCHUHU CBETA.)

PaccMOTPEM TaKyo CHTYaIHI0, KOI[a HMeeTcsl CTyCTOK saps-
OB, KarmM-TO 00pa3oM nepeMeINaioluiica B nebonrmioi obma-
cTu; TpeGyercs HAWTH cO3faBaeMEle MM TIJe-TO BJajeKe OT 3TOro

* (Mopmyna Osuta BuBefeHa P. Qeiirmanom B 1950 I'. 0 MPAEBOJATCA HHOI-
Jia B JeKUuAX Kak yAo0Hsii cmocol pacyera CEHXPOTPOHHOTO HBJAYICHHA.
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MecTa moasi. MoskHO MOCTAaBUTH BOOPOC W MHAYE: M HAimeM Iroie
Ha HPOH3BONBHOM PACCTOSHUHT OT TOUETHOTO 3aPAAa, KOTOPHH moaTH
mesaMeTHO KoaebGmercsa Beepx u BHM3. [lockonbky cmer oB6muHO
HCOYCKAIOT TaKue HedTpajbHEE Tejia, KaK aroMbl, TO M Oyaem
cumTarb, YTO Ham KoaeGuomuiics 3apsi ¢ pacmonoieH BOIU3H
HEIOABH;KHOTO, PABHOTO IO BeJIWYUHE, HO MPOTHBOMOIOMKHOTO IO
sHaKy sapsaga. Ecau paccrosEme Me:s[y HeHTpaMu 3apAJ0B pas-
HO d, TO Y 3apsAm0OB IOSBMTCH AUNONBHEI MOMeHT p=qd, KoTophil
mu Gymem cumrath ¢ymruumeir mpemend. Ciemyer ORHEIATh, UTO
poOAK30CTH OT 3apALOB 3amasAHBAHAEM IOAA MOKHO OyjmeT mpene-
6peun; saexTpHuecKoe moje OyHer B TOYHOCTH TAKHM jKe, KaK H TO,
KOTOpOe MOJyJajioch paHblle A JAEKTPOCTATHIECKOTOo AUIONA
[HO0, KoHeuHo, ¢ MrHOBEHHHIM AMOONLHEEM MoMmenToM p(f)]. Onmako
npu G0ABIIOM YAAJCHEH B GOpMyle /A HOJIA JOMMKHO MOSBHTHCH
700apouHOe ciaraeMoe, KoTopoe MeHserca Kak 1/r m saBHCHT OT
TOr0, KAKOBO YCKODEHHE 3apANAa B HAUPABJIEHNH, HOOEPETHOM K
ayay spenuss. IlocMoTpuM, mOXyYHTCA AR Y HAC 3TOT PE3YJIbTAT.

HauneM ¢ sramcienns BeKTOPHOTO MOTEHIMANA A IpH ITOMOILA
(2.16). ITycrp nmotrOCTHL 3apAfoB B crycrie ecth p(r, Y, 2) I BECh
OH JIBMKETCSA BCe BpeMs co cxopoctbio v, Torga IIOTHOCTH TOKA
iz, y, z) paBHA Vvp(z, Y, 2). YH06HO cHCTeMy KOOPAHMHAT PacHoao-
HUTh TaK, 9T00H och z ObLIAa HampaBleHA HO V; TOTA TeoMeTpHus
Hawell sagagu m3o0paswurest TaK, Kak DOKasaHo Ha ¢ur., 21.2.
Hac umrepecyer mnrerpaa

j(2’t_r 2/0)
S L&), gy, (21.17)

Ecam pasmepsl sapsja-crycria Ha CaMOM fede HAMHOTO MeHb-
me, 494eM Iy, TO Iy, B 3HAMEHATEJEC MO)KHO IIOJOKHTH DPaBHBIM 7
(paccTOAHMIO OT EHTpA CryCTKA) M BEHECTH 7 33 BHAK HHTErpajia.
Kpome T0ro, MH CcOOHpaeMcs HONOKATh M B THCIHATENE Iyp=T,
XOTA 9TO U HE COBCEM BepHO. A HeBepHO 3TO IOTOMY, YTO HA CaMOM
Hele, CKa)KeM, IoJaraeTcsa 6parh j B BepXHeil 9acTH CTYCTHKA COBCEM

z

a)
Ay

UT Y Duz 21.2. Homenyuaart 6 moure
p(z, y, ) (1) daromes unmeepasamu om naom-
i nocmu aapada p.
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He B TOT MOMEHT, KOT/la B HIIKHEH, & HeMHOTO B pyroe spemsa. ITo-
aarasi ryp,=r B j(t—r,,/c), MH BHYHCIsSEM NIOTHOCTH TOKa s
BCET0 CIyCTKA B OOHO M TO Ke Bpems (t—r/c). 910 npubnmxenne
TONHUTCA JIWIb TOTHA, KOLJA CKOPOCTh U 3apsAfa MHOTO MEHBI® C.
Mmu, cramo OnTh, BefieM pacueT B HEPEIATABHCTCKOM CIydae.
ITocme 3amenn j ma pv materpax (21.17) mpespamaercsa B

égvp (2,15———:—) av,.

Pas cropocrh Bcex 3apsAfoB B CryCcTKe OflHA W Ta ke, TOT HHTE-
rpas mpocTO paBeH v/r, yMHO:ReHHOMY Ha obmmit sapan q. Ho gv —
5TO KakK pas Op/0t (cKopocTs U3MEHEHHUsI AUIOIBHOTO MOMEHTA),
TOJIBKO HAafO0 ee, KOHEYHO, OUpejielsaTh B 0Ooiee paHHee BpeMsa

(t—r/c). 3aunmeM 5Ty BeIUYHHY TaK: i)(t-—r/c). HNrax, Mu moxy-
YaeM I BEKTOPHOIO HOTEHIUATA

A )=—L, Rl=r/9 (21.18)

4rie o c? r

Met ysHANH, 9TO TOK B MEHSAIONIEMCSI JHTONE CO3JAaeT BeKTOPHELH
norerruax B fopMe cpepmueCKMX BOJH, MCTOYHUK KOTOPHX 00ua-
maer cunoil p/hmecl.

Teneps m3 B=V XA Moxuo moayuurs maraurtroe moie. llo-
CKOJIBKY P HAIPABIEH IO OCH Z, ¥ A eCTh TOIBKO Z-KOMIOHEHTA; B
pOTOPE OCTAIOTCA TOJNBKO IBE HEHYJEBHE NMPOU3BOJHEE. JHAUMT,
B,=0A4,/0y mu By=—0A,/0z. llornapum cuepra Ha B,:

B =1 0 pl=rio), (21.19)

* T 5y T dme,® 8y r

Yro6a mpopmpdepennupoBaTh, BemoMumM, uro r=) 2% -Fy?+ 23,
TAK 9TO

1 - r\ a /1 1 1 4 - r
Bo=gmg? (1= %) a7 (v) T memr oy P (£—7)- (21:20

Ho mn momnum, uro 0r/0y=y/r; 3HaYUT, MEPBOE CIAaTAEMOE FACT

1 yp(t—=r/e)

T et r3 ’ (21.21)
aro yOrBaer Kak 1/r%, T. e. KaK moJie CTATHICCKOTO HuOoisA (10TOMY
9T0 B JAHAOM HANPaBJEHHH §/T IOCTOSHHO).

Bropoe caaraemoe B (21.20) npmBommT K HOBOMY 9(0(eKTy.
Ecnw nposecrtm B mem npuddepeHImpoBanme, TO MOTYYHUTCH

1 y r 9

T Iney? ot P t—=) (21.22)

rfle p — IPOCTO BTOpad MpoM3BofHAs p no ¢. Bor ato-T0 moayuarwo-

meecss or gafPepeHOMPOBAHUA UHCIMTENS claraeMoe ¥ OTBET-
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CTBEHHO 33 HaaydYeHue. Bo-mepsux, OHO OmmCHBaer moae, y6mBaio-
njee Ha pPacCTOAHWA Kak 1/r, BO-BTODHX, 3aBHCHT OT YCKODEHUA
sapaga. Temeps BaM BOKHO OHTH SICHO, KAk MH coGHMpaeMcs mo-
ayunth Gopmyay tama (21.1'), onuCcHBALINYI0 CBETOBOE H3TYICHHEE.

flBnenwme 370 HACTONBKO MATEPECHO N BAYKHO, YTO CTOUT HEMHOI'O
noppobuee pazo6paThcs B TOM, OTKy/Ja Gepercs »TO «pagAamBoOH-
Hoe» crmaraemoe. Mul Haummanu ¢ Bupaskenus (21.18), sapmesanmiero
oT r Kak 1/r u TeM caMpIM IOX0;Ker0o Ha KYJOHOB MOTEHIMAN (ecau
e o0pamaTh BHMMAHWA HA 3aNas3JHBAONMHANA MHOKATEND B YHCIN-
tene). Ilouemy ke KOrma Mml, ;Kenas HOJYydYMTh moie, amPdepesn-
IMPYEM U0 OPOCTPAHCTBEHHHKIM KOODIWHATAM, TO He IOJAydaeM
mpocro monA suaa 1/r? (komeuno, ¢ cooTBeTCTBYIONEH BpeMeHHOH
3a/iePrKoit)?

A sor nouemy. llpeacrasere, 910 punons mpumeefeH B Koseba-
TeJHHOE IBWAKEHNEe BBepX W BHH3. Torpa

P =D, =P, sSin of,

- A = 1 wpycoso(t—r/c)
27 lmeyc? r :

Ecan maveprurs rpaduk sapucuMmocTdn A, 0T r B KasKAbH HamHnii
MOMEHT, TO HOJYYHTCA KPHBasA, nokaszamHasd Ha ur. 21.3. Ammiu-
Tyja B mmKax yOmBaer rak 1/r, HO, KpoMe TOro, eme HMeTCH
OpOCTPAHCTBEHHEE KONeO0aHWs, KOTOPHE orpaHmYeHH ormbaiomeit
Baja 1/r. IlpocrpaEcTBeHHEe TpPOW3BONHHE B (OpMyJe HOpPOHOp-
LIUOHANBHK Hakiony kpusoil. Us ¢ur. 21.3 sugno, 9o BeTpevaoTes
HaMEOTO Oonee KPyThHle HAKIOHH, UeM HAaKJIOH camoii Kpmsoii 1/r.
Ouerunno, 4r0 Ipu JAaHHOU YacTOTe HAKIOHK B NHKAX HPOHOPLHO-
HaJLHH AMILTUTY/e BONHH, MeHsomelcsa kar 1/r. Tem caMuiM 06psac-
HfeTCHA CTeNeHb CIAJAHWA PAJHAUMOHHOIO CJIAraeMoro ¢ paccTosi-
HUeM.

Bce ato monydaercs oTTOTrO, UTO 6peMeHHble BADUATIAE B WCTO9-
HUKe OPeBPAL[AITCA B NPOCMPAKCMEeHble BADAALAM, KOT/A BOJHE

A,

\ i/r
\ \'/
\
\\\
[ - —— e
o ANV ey
\/ v""'\- "
—— Due2 21.8. Basucumocmov se-
P Auduntt A om r @ momenm i
4 048 cepuuneckoil eoanbt om
/ Koaebanujezocs Ounoas.
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HAUMAAIT pas3beraThCa B CTOPOHHE, MaTHATHHE K€ IOJS 38BUCAT
OT NPOCIMPAHCMEeHHHT TPONU3BOJHHX NOTERIIHAJNA.

Teneps BO3BpaTHMCA Ha3a[ X 3aKOHYAM HAIIHM PAcIeTH MATHHT-
poro mons. Masa B, mm moayamnu (21.21) u (21.22). Ilosromy

_ 1 yp(t—rle) _ yp(t—r/c) ,
B =tz [—- - — . (21.1%)
C ODOMOMIBI0 TOYHO TAKHUX K€ BHKJIAOOK MLI npureM K
_ [ xpt—ri) | xp(t—r/e)
By T daieyc? l: r3 + cr? ] -

" Bce 53T0 MOKHO OOGBEIUHATH B OJHY KPAcHBYIO BeKTOpHYIO (fop-
Myay:

Bt [P+Crple-rexr (21.23)

hngc? rs

A temepb Barnannte Ha Hee. Ilpesxnme Bcero ma Gonbmux ygase-

HUAX (KOrJA 7 BEJMKO) cjlefyeT OPHHMMATL B pacder TOJNBKO P.
Hanpasneame B pgaerca BexTOpOoM PXF, HepOeHIUKYIADHHM M
K papEycy I, u K yckopenmio (¢pur. 21.4). Bee cxomures ¢ Tem, urto
monydunochk 6n ms Qopmyan (21.17).

Teneps mocMorpute (K TOMY MEI He IPHMBHEKIN) HA TO, YTO LpO-
AcxoguT HoGAH30CTH OT 3apAfa. B ri. 14, § 7 (sun. 5) mul BrBenn
sakon Bmo m Capapa Asa MArHMTHOTO HIOJHA djeMeHTa Toxka. Mu
HAIOLTA, 9TO 3i1eMeRT Toxa jdV OpHBHOCHT B MaTHHTHOE IOJE cie-
IyIOMuil BRIAT: .

1 jxr
dB = Y dav. (21.24)
eyt T
Bu Bugmre, uro s1a (opMyna ¢ BHAY OYeHb HOXO)Ka Ha HEPBOE
ciaraemoe B (21.23), ecnHm TOABKO BCIOMHUTBH, 9TO P — 3TO TOK.
Ho passuma Bce sxe ectb. B (21.23) Tox Bajo momcuuTHBAaTH B
moment ({—r/c), a B (21.24) sroro mer. Ha camom peine, opmaxo,
(21.24) naa ManwIx r Bee ellie TOAMTCS, MOTOMY 9TO 6MOpoe cliarae-
moe B (21.23) crpemmTcA YHMYTOKHTH dPQPeRT 3amasguBaHUA N3
HepBOTO ciaraeMoro. Baecme o0a OHH NDUBOZAT IPU MAnXkX 7
K pesyabraTy, odemb Onmskomy K (21.24).

B
®

E

Duz. 21.4. Hoaa vaayuenus Bu E
Koaeb awezoca dunoad.

(2)
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B stom MommO yGenuThea caegyomum obpaszom. Korma r Mand,
(t—r/c) e ouens ornugaercs or I, m B (21.23) crobxu MOHO pas-
aoxarh B pAR Tofinopa. Ilepsuit unen pasnomxenus gaer

p(t—f)=PO—FpO+u 78

n B TOM K@ HOpAZKe Io r/c

p(t—2)= B0

EcIm WX CI0MUTb, WIEHH ¢ P YHHITORATCA M CIEBA OCTAHETCH
Hesanasdviealouyuli TOR p, T. e. p(t) mroc wiens mopagka (r/c)? m
pame [Haopmmep, 1/,(r/c)?Pl. 3rm wienun mpu mocTaToOYHO MATIHX 7
(ManEIX HACTOAXBKO, 4TO 3& BPEMS 7/¢ TOK P 3aMETHO He MEHAETCA)
OyAyT OYeHH MalHI.

Craxo 681156, (21.23) TpEBOAKT K mOJNAM, OYeHb LIOXOKHEM Ha Te,
KOTODHE [aeT TeOpHs ¢ MTHOBEHHHM JelicTsHeM, ropasgo Goiee mo-
XO;KMM HA HEX, 9eM HA LOJS TEOPWH ¢ MTHOBEHHHIM JlefiCTBHEM H C
samepKol; spPeKTH 3aleP/KKA MEPBOr0 MOPAAKA KOMIEHCHPYIOT-
¢ BropeiM wienoM, Crarugeckume GopMyJsl O9eHH TOUYHH, HaMHOFQ
Gosee TouHH, YeM BaM MO0 On mokasarbca. HoHeuHO, KOMIeHCa-
OUA YyBCTBYETCA TOJNbKO BOmW3H Or sapsama. Haa pmamexux rogex
HTH IODPABKHE y:Ke HUYEr0 HE COACAIOT, IOTOMY 970 BpeMeHHOe 3a-
nasfkBaH#e OPUBOJUT K O9eHb GonbmuM 3¢deKTaM I B KOHETHOM
cgere K BayKHOMY wiedy 1/r — x apexry ManyueHHA,

IMepen ramu Bee eme cTORT 3aja4a pacuera 3IeKTPUIECKOrO OIS
1 [OKasaTeNbCTBa TOrO, 9To OHO comapaer ¢ (21.1°). Ilpasma, yxe
1yBCTBYETCH, YTO HA OOJBOIMX PACCTOSHUAX OTBET HOJYIUTCA
TaKko#, Kar Hajgo. Mul sHaeM, 9TO BAaJHW OT MCTOYHHKOB, IZie BO3-
HUKAET pACNPOCTPAHAWINAACA BONHA, E mepmempukyaspaEo k B
(mxr), kark Ha ¢ur. 21.4, u aro cB=E. 3naqur, E nponopouonais-

HO YCKODEHHI0 P, Kak U Ipefckasmsaixock gopmyimoit (21.17).
Yro6H DONYIATH HIEKTPAICCKOE OJE HA BCeX BO3MOKHEIX Pac-
CTOSHUAX, HY)KHO HAfiTH 3IEKTpOCTATHYecKHi morteHnman. Horma
MH HOOCIMTHIBAJIW WHTETPAJd TOKOB s A, jxejas HOJAYIHTh
(21.18), To cmenanm mpubnweRwe: Mb HpeHEOPerIH Maa03aMer-
HHM H3MEHEHHeM r B WieHe ¢ samasgoiBagmeM. Ilind saerrpocrarm-
4eCKOr0 MOTeHI[AAA 9TOTO [eJaTh HeAb3s, HIOTOMY 4TO TOrJa y HAC
nonyuminoch 0wl 1/r, yMHOMKeHEHOe HA WHTETPAJI OT HIAOTHOCTH 3a-
paga, T. e. Ha KoHcraaty. Taxoe mpmbnmxeHme uepecdyp rpy0o.
Hapmo ofparmrhea k sBecmum mopsgkaM. U1 BMecro Toro, aTobH my-
TATBCA B THX NPAMEX pacyerax BHCINX OpubImsxeHM, MOMKHO
OOCTYONTh HHAYE — ONPEHEIUTh CKANAPHHIL MOTOHI[HAT U3 PaBeH-
crBa (21.6), mcmonnsysa yme HalifeHHOe 3HAUEHHEe BEKTOPHOTO mO-
TeEnuasna. Jlusepremuma A B 5TOM ciyuae mpocto paBHa 04,/9z,
HOCKOABKY A, 1 A, TOX[IECTBEHHO PABHH HYIIIO. Huddepernupys
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TOTHO TaK Ke, KaK 3TO /JelaJOoCh BREIIE OPH BLIYNCIECHAN B, nony-

qJaeMm .
VA [i (=2 ) ()45 (i=-2)] -
1 [_ zp (t—r/c) _ zp (t—r/c) ] .

T hnegc? r3 cr?

Ninm B BextopEbx 0Go3HAUEHHAX

V.A=—=— 1 [l;'i-("/c)i‘;]t-r/c-r.

4ne c? r8

N3 pasemecrpa (21.6) moxywaercs ypaBHeHHE RiIf @:

o9 ___ 1 [p+(/eple-rper
ot 4me, r3

Narerpmposanue mo ¢ mpocto y6upaer Hamo BCeMH p IO ORHOM
TOUKe:

1 [p4-(re)p Ji=ricer
rof) = AL I, 21.25
(P( 4 ) 4nie, r3 ( )
(ITocTosrAAas MATErpUPOBAHUSA OTBEYANA OH HEKOMY HAJIOMKEHHOMY
CTaTUYECKOMY IOJI0, KOTOpPOe, KOHEIHO, MOJKET CYMEeCTBOBaTh, HO
ME[ CYUTAEM, 9TO y BHOPamHOro HaMd KOaeOaoIerocs JAmoas cra-
THYOCKOTO TOJSA HET.)
Tenmepb MH MO)KEM U3
——Vp—22
LT
Halita snexrputeckoe moxe E. Iocne yromurenbHmX (X0TH W IpA-
MHX) BHKJIAJOK [IpH 5TOM HYKHO HOMHHTB, 4T0 p(t—7/c) M ero
UPOM3BOJHEE IO BPEMEHH 3aBHCAT OT Z, Y K Z depes 3ama3JHBAHMS
r/el mu monywaem

E(r’t)=—4T:—0r3[ 3(p r)r cﬂ{_ B(t—%)Xr}Xr],
21.26
e ( )

p¥ = (t__)+_ (t———;). (21.27)

9TO BHIIALNT [OBOIBHO CIOKHO, HO HETEPUPETHPYETCH IPOCTO.
Bextop p* — 310 AWOONLHEI MOMEHT ¢ 3ama3fHBAaHEEM H C (HO-
HOpaBKoil» Ha 3amasgeBaHpe, TAK 4T0 gBa wieHa ¢ p* 8 (21.26) opnm
MAJIHX 7 JaI0T IPOCTO CTATHIECKOE IMOoJe AUIOJA [CM 1. 6 (BHim. 5),

upaxkerne (6.14)]. Horga r senmio, To wieH ¢ p mpeoGrazaer Haj
OCTANILHEIME, W 9JeKTPHYeCKoe IOoJe HPONOPIMOHATHR0 YCKOPEEHIO
3apAf0B B HANUDABICHMHM ILONEDEK F W CAMO HAMPABIEHO BJOIb

bigleloyinignid p H& IIOCKOCTh, HEPHEHANKRYJIAPHYIO K I.
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3TOT pesyaAbTAT COTJAACYeTCA C TeM, UTO MK mHOXydmrd Ol,
npumensaa ¢opmyay (21.1°). Homeuno, sta dopmyna — Gonee o6-
Mas; OHA TOAMTCS AAA AGOTO NBWKEHWS, a HE TOJILKO AJIA MAJo-
3aMETHHIX J[BWKEHWH, IS KOTOPHIX 3aUasfblBaHUe 7r/c B Impegenax
BCEr0 HCTOYHMKA MOKHO CYNTarh HOCTOAHHHM [raw (21.26)].
Bo BeaxoM cayuae, Teneph ME YRPEOHIM ¢TOA0aMU Bce Halle mpesi-
Hee MBJI0/KEeHME CBOMCTB CBETA, 38 MCKINYEHHEM JUMIb HEKOTOPHX
BOMIPOCOB U3 TI. 34 (BHI. 3), KOTOPHE CBABAHK C MOCHEIHEI YACTHIO
purpasrenns (21.26). Ms1 MOskeM Tenepp NEPeHTH K MONYIEHAIO OIS
GHICTPONBWKYIUXCA 3aPANOB. 9TO HPHBEJET HAC K PEIATHBHCT-
ckuM sdPexram [ra. 34 (smm. 3)].

§ 5. ITomenyuaavt d6uncyuiezocs 3apada; oduiee peuwenue
JAvenapa w Buxepma

B npeapigymeM paparpade MH HOIUTH HA YHPOUEHHE OPU BH-
gWcHeHNM WMHTErpaia Aas A, paccMaTpHBas TOIbKO HeGoabmme
cxopoctn. Ho mpw 5T0M MH IIIIN TAKHM Iy TeM, KOTOPHIM JI€I'KO MOYKHO
npmiiti U K HOBhIM BEBofaM. Iloaromy cefiwac Ml saHOBO Hmpexnpu-
MeM pacueT MOTEeHIMAJOB TOUEYHOTO 3apAjd, ABIKYLIErOCs yike,
KaK eMy 3aXouercd (Jajke ¢ peJATHBHCICKOH cropocthio). Hak
TOABKO MH HOJYYHUM 3TOT PE3yabTaT, ¥ HAC B PYKAX OKaKYyTCA
5JCKTPOMATHUTHEE CBOMCTBA JJIeKTPUYECKUX 3apANOB BO BCeil mX
moxnore. Hame ¢gopmyay (21.1°) moskno Gymer rorma Jerko momy-
9uTh, B3AB TOJIBKO HYMKHHe mnpoms3BofEne. J mHam pacckas
ypaacTcs, HaKOHeI, gosecTd 10 Komma. Wrak, samacurecs Tepme-
auem!

IMonpoGyeM moacaurarh B TOYKe (T, Yy, Z;) CKAJAAPHHI 1O-
rernuan @(1), cosgaBaeMHE moveuntlM 3aPSAOM (BpOJIE DIEKTPO-
pa), gBEmxymuMcA Jio6mv, kakmMm yrogao ofpazom. Ilom «roweu-
HEIM) 3apAMOM HOAPA3yMeBaercA OUeHb MAJeHOLKHH 3apmKeHHHT
mapuK, TAKO# MaJeHbKHUH, KaK TOJbLKO MO;KHO cebe IpefcraBuTh,
¢ mioTHOCTRIO Bapafga p(r, ¥, z). [loteAnuman ¢ Momuo malith u3
(21.15):

o (1,t)= 4;80 {e Gi=rel9 gy, (21.28)

Ha meppuill B3rasyg kamercsa (I IOYTH BCe TaK W IOAYMAIOT), 4TO
OTBET COCTOMT B TOM, UTO HHTEI'PAJN OT 0 HO TAKOMY (TOUETHOMY)
3apAAy paBeH mpocTo obmeMy 3apAmy ¢, T. €. 49TO

1 g
¢(1,t)= —‘Rgo—r_'l; (reBepHO).

Yepes r' 3fiech 0603BaYCH PafEyCc-BEKTOP OT 3apsafga B Touke (2)
K TOUKe (]) H3MepeHHHI B 6ojee paHHee BpeMs (t—rm/c) dra
dopmyna ommbouna.
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D ua. 21.5. «Toueunwii» sapad a
{ paccmampueaemunii Kax He6oasb- R /chvévalﬂ»mpnﬂ

woe  pacnpedescnue  3apados r /
e gopme Kyba), dsuxcyuwuiics Tia (N

a 11
€0 cKopocmbio v k mouke (1). ,L // \‘

—a-

4]

ITpasmnpHbIL OTBET TaKoii:

@ (L) = e = Ty (21.29)

1—v,./c
s e

rae U, — KOMIOHEHTA CKODPOCTH 3apsAja, NapaiiensHas r,,,
T. e, HanpasieHHasg K touke (/). Ceitwac s 0o0BACHIO, HOYEMYy BTO
tTak. YT100H Jerde GHIIO CIENUTEL 33 MOMME HOBONAMH, A CHOEPBA
OpoBey pacdeT [ «T09eYHOTO» 3apaAma B (fopmMe HeOONBHIOrO
3apAKEeHHOr0 KyOwWKa, KOTOpHil asmmercAa K Touxke (/) co cKo-
pocteio v (dur. 21.5). Cropoma xyGa Gymer a, 210 YHCIO HOYCTh
Oyaer MHOTO MeHbINE Iy, [paccTosHmA oT meHTpa 3apAma A0 TOY-
kn (1)].

Yro6m onemmrs BeamamHy materpana (21.28), Mm BepmEeMcA K
OCHOBHOMY OIPEeNeHMIO: 3alUOIeM €r0 B BUAE CYMME

AV ,
»e — (21.30)
i

rme r; — paccrosaue or Tourd (I) K i-My snemeHTy o6nema AV,
a p;— IIOTHOCTh 3apAna B AV; B moment ¢;=(t—r;/c). Ilockoabry
Bce r;>>a, ynobuo Oynmer BeiGparh Bce AV; B BHIEe TOHKHUX IPAMO-
yTONBHBIX JIOMTUKOB, TEPHeHAAKYJIAPHBIX K ry, (pur. 21.6).

IMpepuonomumM, 970 MH HAYaJdH ¢ TOrO, YTO B3AIM SIEMEHTH
obbema AV, HEKOTOPOR TONMMHH W, MHEOrO MeHbIeH a.

OTrmenpHble 3JeMeHTH 00beMa OymyT BHIVIALETHh TaK, KAaK IO-
rkaszano Ha ¢ur. 21.7, a. Mx mapumcosamo ropasgo Goiasme, gem
HY/RHO, 9TO0K 3aKPHTH BECh 3aPs. A caM 3apAJ He nOkKasaH, W IO
BeChMa CyIIeCTBEHHOHl mpmuuHe. I'le ero HYKHO HApUCOBAThH?
Beas maa waskporo aiementa obbema AV, mago OpaTh p B CBOHM
moment t,=(t—r;/c). Ho pas sapsap Osuscemcsa, T0 048 Kaxdozo
saemenma o6vema AV; on oxasxcemca 8 Opyzom mecme!

Haunem, crameMm, ¢ siemeAra oOsema I Ha ¢ur. 21.7, a,
BpifpagHoOro Tak, uTobH B MOMeHT (¢,==(!{—r,/c) «3agAAA»

Vi
/ n )
Due. 21.6. Saemenm obvema AV,
ucnoavayemuili  Oan  evuUCACHUA
nomeHYua08. e
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Que 21.7. Humespuposanue p(t—r'/c)dV dasn
deuacyuecoca sapada.

rpaHb 3apajga mpmmiack wa AV, (¢ur. 21.7, 6). Torga, Berumenas
P2AV,, HYKHO B3ATH HOJOMKEHHE 3aPAAA B HECKOIBLKO 60Jee mo3j-
Hee BpeMs y=(f — r,/c) M BapaAx K 5TOMY BPEMEHHW CMECTHTCA B HO-
no;Keune, moxasannoe Ha ¢ur. 21.7, ¢. Tax e Gymer ¢ AV 4, AV,
i T. 1. Bor Temeph MOKHO HONCYATHBATH CYyMMY.

Tonmuna kaskmoro AV, pasma w, a o6bem wa?. [MosTomMy wam-
Aul sneMeHT o0beMa, HAKIAJHBAONUACA HA pacHpeielieHme 3a-
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pAna, cogep:kut B cebe 3apaAf walp, rHe O — INIOTHOCTH 3apAna
BEYTpH Ky6a (MEH cumraem ee OogHOpOXHOMH). Horma paccrosmme or
sapsfa 10 Touknm (I) BeNHKO, TO MOKHO BCE I'; B BHAMEHATEJNAX TO-
JIOKATH PABHKMH HEKOTOPOMY CpEXHEMY 3HAYEHHUIO, CKayKeM,
B3ATOMY ¢ y49eTOM 3anasibBaHUA INONOKEeHHI0 r’ IeHTpa KyOa.
Cymma (21.30) mpespamaerca B

N

Z pwa?
r?

i=1

rge AV y—rtoT mocnegmmii smement AV;, KoTOpH# eme Haria-
ARBaeTCA Ha pacupefeneHme 3apsagoB (em. ¢mr. 21.7, 9). Cymma

TeM CaMBIM PaBHA
N o _ et (L‘@)

r r a
Ho pa®—mupocto obmmit sapsag ¢, a Nw—panuna b, mokasasEasn
ga ¢ur. 21.7, 9. Ilomywaercs

9 (li). (21.31)

¢= 4dmegr’ \ a

A uemy e pasHO b? IT0 gamnHa Kyba 3apAOB, yBeJMUCHHAS
Ha paccrogHNe, TWPOiJleAHOe 3apALOM 3a BpeMs oT t; = (L —r/c)
no ty=(t—ry/c). 9ro paccrosHHUe, TpOiileHHOe 3apAAOM 3a

BpeMAa
p ry—rn b

[+ [

At=tN—t1=

A TOCKONBKY CKOPOCTH 3apsAda paBHA », TO OPOHJEHHOE pac-
crosEne paBHO vAf=vb/c. Ho miamHa b-—camo sTO paccrosHHe
WG a:

b=a+%h
OTcoga
b . a
T A—@/e)"

31ech, KOHEYHO, HOT ¥ TOAPAa3yMeBaeTCsA CKOPOCTH B «3amasIkl-
paromniiy MoMment t' = (t—r'/c); dTO MOKHO yKasarh, 3amucaB

[1—w/cl,,,; Torua ypasmenuwe (21.23) mas moTeAnmata UpUAA-

MaeT BHJ 7 1

P (1’ t) = 4negr’ [1—(@/¢)]zan )

910 coraacyercs ¢ TeM, Iro Owuro mpepmomoxeno B (21.29). Ilos-
BWJICA IONPABOYHHI MHOKETEAb, OH MOABWICA IOTOMY, ITO B TO
BpeMs, KaK HANIl WHTErpaj «IPOHOCHUTCA HaJ 3apANOM», caM 3apsaf
memxered.. Korna sapap ppmmerca K Touwe (/), ero BKIAL B WH-
Terpax ypenmamsaerca B b/a pas. IlosTomy mpaBmabHOE 3HAYEHUS
mHTerpaja paBHO ¢/r’, ymHOMeHHOMY Ha b/a,T.e.ma 1/[1—v/cl,,,.
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Ecnzm ckopocrs 3apsAfa HanmpasieHa He K Touxe HaGmionenus (7),
TO JIETKO BHZETH, 9TO BajKHA TONBKO COCMABAAIUAA €TO CKOPOCTH
B HanmpasiaeHEH K TouKe (/). Eciau 0G0osHAYATE Ty COCTABISIOMYIO
CKOPOCTH 9€pe3 U,, TO NONPABOYHHIH MEOKHETEIH 3ANAIIETCA B BH/IE
1/11—v/cl,,,. Kpome Toro, mpopenammEwnit HaME aHAAH3 B PABHOI
creneAd OPOXONHUT JJis pacipefeiends sapfama .wo6oid dopmu (aTo
He obssaTenpHO JommeH Ourb Ky6)., Hawomen, mocKkoabKy «pas-
Mep» @ 3apsAga He BOMeJ] B OKOHYATENbHHE HTOT, TO TOT e Pe3yiib-
TaT MOAYIUTCA, €CHH 3aPAJ CTAHETCA [0 MOOHX pasMepor, BIUIOTH
1o rourH. QGmuit pe3yabTaT COCTOHT B TOM, YTO CKAAAPHHIHA HOTEH-
n¥aj TOYeTHOr0 3aPAAA, ABMKYIMIET0CH ¢ IPOU3BOIBHON CKOPOCTHIO,

paBen
(21.32)

. q
% (t) = dueyr’ [ —(2,/¢))san

ato ypaBHenue 49acTO NMINYT B 9KBHUBAJICHTHOM BHJeE:

o1, t)= ‘ ©(21.33)

4ngy [r—(v-r/¢)laan

re T — BEKTOP, COeNUHHAKIMA 3apAxg ¢ Tod rouykod (), B Koro-
poil BETHCIAETCA MOTEHIHAJ ¢, 4 BCE BEJHINHH B CKOOKAX HAZO
BHYMCIATL B «3aNa3fbIBAOIIANY MOMEHT BpemeH: i =(t—r'/c).

To se camoe HoxyJaeTca ¥ Torga, Korga mo (21.16) seaucaanr
A nas togeumoro sapsaa. IlmoraocTs TOKA paBHA PV, 4 WATErpaj or
p — TOT jKe, 9T0 M B (. BeKTOpHHE mOoTEeHIMaN paBeH

A, 1) 9y (21.34)

= hne [r—(V1/)gan

ToteRnmansl TOUEYHOTO 3apfAfa B 970 ¢opme Owunm BIEpBHE
noayuens Jibenapom u Buxeprom. X rak m HasHBAa0OT: ROMEHYUALL
Jvenapa — Buxepma.

Yrobs 3aMKHYTH Kpyr H BepHyThCI K Popmyie (21.1), tenmeps
AyKHO TONBKO mojcuurtars E u B u3 a1ux moresnmanos (npu nomo-
mu B=VXA n E=—Vp—0§A/0t). Teneps ocraercst onna apudme-
Tuxa. BupogeM, apudMernra aTa JOBOILHO 3a0yTaHHA, TAK ITO MEL
ge OymeM NIpPHEBOAUTHL 3[ech jeranu cdera. llpmmerca unosepurs
MEE Ha CII0BO, 910 opmyiaa (21.1) sKBEBaNIeHTHA BEHBEJeHHHM HAMH
norennuanaM JlbeHapa — Buxepra *,

* Ecam y Bac JOCTATOYHO BpEMeHH U BaM He ;kaab OyMarm, TO NOHMTAM-
Tech HPOLENATH TO CaMOCTOATENbHO. BOT BaM NapOYKa COBETOB: BO-HEPBHX,
He 3abmBajiTe, YTO NpPOUBBOAHEE r’ JIOBOJABHO 3aIyTAHHH, Befb OHH CYTh
dyarmuu or ¢! Bo-Bropmx, He mmTaiiTecs ewsecrnu Gopmyay (21.1); ayume
npogenaiiTe B Heil BCe nuddepeRnupoBaHEA W 3aT€M CONOCTaBBTE TO, MTO Y Bac
HONYYHTCA, ¢ BHpajKeHmeM Iaa E, moJyueHBHM H3 noteHnuanos (21.33) n
(21.34). '
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§ 6. ITomenyuaase 8apada, 06UICYULELOCA € NOCTNOAHH O
cropocmvio; popuyaa Jdopenya

ITpumennM Terephb noreninans JIrerapa — Buxepra k caygaio
sapsAja, ABWKYHIETOCH IO IPAMOM ¢ HOCTOAHHOH CKOPOCTHIO, d
BHIUMCIMM TON€ 2TOr0 3apsna. 1lozke MH IOBTOPHUM 5TOT BHBOJ,
HCHONB3YS yKe NPUHOHND OTHOCHTEJNBHOCTH. M 3HaeM BeamuyHBY
OOTEHIHANOB B TOH CHCTEMe, B KOTOpOil 3apsAg morourca. Korga
3apAl OBUKETCH, TO BCE IMOJIYYAETCS HPOCTHM PEeNSTHBHCTCKHEM
apeobpasosanueM OT ofHON cHmcTemn K fApyroii. Ho teopus ormo-
CHTEIBHOCTH BEJeT CBOE HAYaJN0 OT TeOPHH BJIEKTPUIeCTBA H MarHe-
tuzma. Qopmyan npeobpasosannii Jloperna [em. ra. 15 (sum. 2)]—
9T0 OTKPHTHHA, CielaHHHEe JIOpeHIleM IpH WCCAe[OBAHMU ypaBHe-
H¥iT 9JeKTpHYecTBa M MarHerusMa. M nis roro wrobs rol mOHUMANH,
OTKY/la BCE IONLIO, A X049y NOKa3arTh BaM, 410 ypasuenmsa Max-
cBesyia JeHCTBHTEAbHO TIPHBOAAT K HpeoOpasoBanmsm Jlopenua.
f1 waumy ¢ BHYMCAeHUMs WOTCHIHANA PABHOMEPHO ABMKYINErOCH
3apsAjga NPAMO U3 IEKTPOJUHAMUKY, A3 ypasHeruil Maxcsenna. Mur
y:Ke mOKasal®, 4ro ypaBHeHHss MaKcBeila HPHBOAAT K TOTEH-
nuanxy, mnoxydeRmoMy B upegmpyiieMm nmaparpage. Crano 6witb,
HONB3YACH DTUMU NOTEHIMATAMH, MH HCIOAb3YyeM TeM CAMEIM TeO-
puto Maxcseana.

ITycrs umeercs 3apsaf, ABWKYIIHNACA BAOIDb OCH X CO CKOPOCTHIO
v (pur. 21.8). Hac mmrepecyfor moremnuans B Touke P(r, y, 2).
Ecam =0 — MoMeHT, B KOTOPHH 3apAX IPOXOAHUT depe3 HAYAIO
KOOPJIMHAT, TO B MOMEHT { 3apAJ OKa;KeTCA B TOYKe r=1Ul, y=z=0.
A paM HY:XHO 3HATH €r0 HONOJKEHHe ¢ YUeTOM 3ama3[HBaHAMA,
T. €. HOJIOKEHMe B MOMEHT

t=t—"_, (21.35)
rae r’'—paccroarme oT 3apAaa a0 ToIkm P B avor sanasdwearo-

wuii momenm. B aro Gomee parnee Bpems L’ sapsag Oxa B z =wvt’,
TaK 9TO

r'=V(z—ut")? 4 y*+ 2% (21.36)

Yrob6m mHaliTu r’ mium t’, aTO ypaBHCHHe HAJLO COHOCTABHTH C
(21.35). UckmouuM cuepsa r’, pemuns (21.35) ormocurensso 1’
n nopcrasus B (21.36). BosBmcms satem o0e wuacTi B KBajgpar,
HOJTY IUM

2(t—t)2 = (z—wt')2 4 y? 422,
T. e. KBaJpaTHOe ypaBHeHue OTHOcHTeAbHO t'. Packpus ckoOkm
M PacHoJIOKHAB WIeHH N0 cTemeHAM t', mOXyduM

(Wr—e?) t'* —2 (xv—c2t)t’ + a2+ y? + 22 —(ct)? =0.
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Ay

P(z,y,2)
«3anaadvisaroiyees ¥
nosioMieHue
(8 momenm
t'et

«Teneperee > noxmmeﬁue
(8 momenm t) v

Due. 21.8. Onpedesenue nomenyuasa ¢ moure P sapada,
Osuxcywee0ca pasromMepHo 6804s ocu Z.

Orcrona natizem

(1-5) =1L V @—vty+ (1—%) @ +2 - (21.37)

Yrobul moxyunts r’, Hago »TO i’ MOJCTABHTH B
r'=c(t—t).

Tenepp Mu yse MosxeM HaliTnm ¢ u3 BHpakeEma (21.33),
IIMEeIOmEero BHJ

q 1
¢ (z, ¥, 2, t)=ﬁm (21.38)

(BBHAY TOrO, 4T0 ¥ HOCTOAHHO). )
Cocrapnsammas v B Hampaeieanu r’' pasRa v (z—uwt')/r’, Tar
uro v.r’ mpocro pasEo v(z—vt’), a Bech 3HaMeHaTeJh paBeH

c(t—t)—Z (@—vt)=c [t—'g—(i—Z—:) t'].

IopcraBussa (1—wv?/c?) ¢’ w3 (21.37), momydaem

- ; :
q’(«Z, Y, 2 1) 4riey .l/(x_vt)2+(1_z_:) (y% + 2?)

910 ypasHenEe CTaHOBHTCA Oojiee MOHATHHIM, €CIH HEPENACATH
ero B BHje

Q@ ¥ 2 B)=pl ! o (21.39)

Ve (F= 8 e
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BexrTopHHi DoTeHIMAanT A — 3TO TAKOe ke BHPAa)KeHHe, HO ¢ JIO-
GaBOYHEIM MHOKHTEIEM V/c2;

A=c%(p._

B supaskenun (21.39) co Bceil sicHOCTBIO IpexcTaer mepej BaMu
Havalno mpeoOpasosanmit Jlopeana. Ecnm Gu 3apsg maxomgmicsa B
HadaJge KOODIWHAT B CBOEHl COGCTBEHHONl CHCTEME NOKOH, TO ero
IIOTeHIIAANA uMeJ Onl BHJ

-1 1
(P (.l', y’ Z) - 43‘[80 [12+y2+22]1/3 .
A MEH cMOTPEM Ha Hero U3 JBIKYINEHCA CHCTeME! KOOPIAUMHAT, M HAM
KaKeTcA, YTO KOODAWHATHL clefyer HpeoGpasoBaTh ¢ IOMOLIBIO
dopmyn

r—vl
L —r
V1—/ct
y—Yy,
Z—2Z,

dro obmraHOe mpeobpasosamme Jlopemma. Jlopeni[ BbIBEX ero TeM
JKe CcAMBIM ¢cHocOo00M, KAaKUM HOJb30BAJANCH W MEL

Ho wro MokHO craszath 0 mobasounom muomumrene 1/} 1—uv¥/c?,
KOTOpHH mosiBmiIca nepep, Apobsio B (21.39)? I xpoMe TorO, KaK
MOABIAETCA BEKTOPHbIA MOTEHIHAN A, €clIH OH B CHCTEME MOKOM
9JacTHIK HWOBCIONY paBeH Hyaio? MH BCRope HORaskeM, 9T0 A m ¢
emecme COCTaBIAIT HYETHPEXBEKTOP, NOJKOOHO WMMOYIBCY P H

nonuo# sHeprum U wacrmum. JfoGasxa 1/)/ 1—v¥/c? B (21.39)—sT10
TOT CAMHIl MHOKHTEIb, KOTOPHI HOSBIAETCS BCEIfia, KOIMA Iipe-
00pasynT KOMIOHEHTH YETHPEXBEKTOPA, TAK e KAK IUIOTHOCTH
sapsga p mpeobpasyercsa B p/} 1—uv%c?. Cobereenno ms dopmyn
(21.4) = (21.5) nourum ogeBUAHO, 9T0 A ¥ (p CYTh ROMIOHEHTH OJHOIO
9eTHPEeXBEKTOPa, moToMy 4T0 B mi. 13 (Bpi. 5) yme OwIo moKa-
3aHO, 9TO j U P — KOMEOHEHTH YeTHPEXBEKTOpa.

IMosgaee mMu Gomee mogpo0mO pasGepeM OTHOCHTENBHOCTH B
BIIEKTPOAMHAMAKE; 3716Ch MK XOTEIH TOJIBKO HOKAa3aTh, KAK ©CTEeCT-
BeEHO ypapmeHusa MaxcBenna mpmeBopsaT K mpeoGpasoBanusaMm Jlo-
perria. ITosromy me Ham0 YAWBAATHCA, Y3HAB, 4YTO B3aKOHH
BJIEKTPUIECTBA M MATHETHBMA YK€ BIOOJHEe HPUTONHH M JJIA TEOPHH
oTHOCHMTEeNbHOCTH JitEmreiina. 11X He HymHO gake Kak-To 0co00
HOATOHATH, KaK 5T0 NPUXOJHIOCH Jeaarh ¢ HBIOTOHOBOH MEXaHH-
ROi1.
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Taaoa QR

IENN INEPEMEHHOI'O TOKA

§ 1. Hunedarco

B ocHoBHOM HAIUM yCHJIMA LPH YTEHUW HTHX
aexuymii 6pIMM  HampaBiaeHH Ha TO, 9robH Imo-
Jy9dTh HOJHEE ypapHeHma Maxcsemsra. B mpeani-
AyIEX [IBYX [IjlaBaX MH OOCYZuIN CIefCTBUA
9TAX ypaBHeHAWii. BegcHMWIOCH, 9TO0 OHH COMEPKAT
00BACHEEANE BCOX CTATWIECKUX ABJCGHHH, KOTODHE
Mbl M3Yy9ajJ¥ PAaHbIOE, W SIBIEHUN dNEKTPOMATHHT-
HBIX BOJH U CBeTa — BOIPOCa, MOAPOOHO M3ydas-
nIerocsi B CaMOM HadaJjie Hamero Kypca. Y pas-
geana Maxceemma JaloT B TO ® APYyroe, CMOTpH
o TOMYy, F/e 3TH [OAA BHYMUCIANTCA: mob/u-
B0CTH OT TOKOB W 3apAMOB WM Ke BJAJM OT HHX.
Ectb u npomeskyrounas obnacth, HO O Hell HAIETO
HHTEPECHOT0 CKa3aTh HEJIb3fA; TaM HUKAKHX 0CO-
ObX ABJNEHWH He IIPOMCXOXHT.

Ho B siexrpoMarmermsMe oCTaercsa ele He-
CKOJBKO - BOIIPOCOB, KOTOpPhieé CTOHT OCBETHTh.
Hapmo 6yger oScyaurh BOIPOC CBA3UM OTHOCHTEN h-
HOCTH M ypasHenmii MakcBesaja, T. €. BHISCHHTH,
4Té mpOHMBOHjeT, ecim HAa ypasHeHus Makcsenia
IOCMOTpETh U3 ABIKYINEHCS CHCTeMH KOOpIMHAT.
Basken eme ¥ Bompoc O COXpaHeHHMM DHeprud
B 9JeKTPOMarHATHHX cucremMax. Hpome Toro,
cymecryer ofmupHasg o06aacTb SIeKTPOMATHHT-
HEIX CBOHCTB MaTepmajoB; [0 CHX HOP MH pac-
CMATPHUBANM TOJIBKO BIEKTPOMATHHTHHE LOJNA B
IyCTOM NPOCTPAHCTBE, €CJAH HE CYUTATH H3yUeHHA
cBoiicYB AWaaexTpuKoB. [a u npu usyuseHnn cseta
BCe eIle OCTABaJOCh HECKOJBKO BOOPOCOB, KOTOPEIE
xoreiaoch O paccMOTpeTh ele pas ¢ TOUYKH 3pe-
HHUsl YpaBHEHHH IIoJd.

B gacrocTH, Hamo OW eme pa3 BEPHYThCA K
BOIPOCY O IIOKasaTejge mpesnomienms (ocobenHo
y WIOTHHX Belllects). HakoHen, MHTEPECHH #AB-
JICHNA, CBA3AHHEIE ¢ BOJHAMY, 3aRJIOYEHHHMHA
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BHYTPH OIpaBWYeHHON obaactm mpocrpanctBa. Mel KpaTtko kocHy-
JUch 9TOU MpobieMH, KOTHa M3yJald 3BYKOBHe BoaHH. Ho ypas-
neHns MaxcBeana To;ke OPHBOXAT K peMIeHHAM, KOTOPHE Hpe.-
CTABJIAIOT BOJHBL BIEKTPHYECKAX W MATHUTHHEIX TOjei, 3aMKHYyTHE
B HekoTopoM of6weme. B opmHOH m3 Docieyoommx ITaB MBL pac-
CMOTPUM 5TOT BONPOC, MMEIOUIHIl BAKHEE TEXHHYECKHE OpHMEHEe-
pusi. U urobm momofite K HeMmMy, MBl HAYHEM ¢ TOTO, YTO H3JOFKAM
cBOIICTBA DIEKTPUIECKHUX Ileliedl mpym HU3KUX JactroraXx. Ilocie sToro
MBI CMOJKEM CPABHHTH TAKHE CHCTeMH, KOIJa K ypaBaeHmsaM Max-
CBEJJIA NPUMEHHMO HOYTH CTATAYECKOe HPMOIM:KeHUe, U CHCTeMb,
B KOTOPHX IPeoOxafaoT BHCOKOYACTOTHRE d$PerTH.

Wrax, cEM30iigeM ¢ BeIUMYECTBEHHKX U TPYIHOKOCTYNHEX BHICOT
MOCJAEHNX HeCKOABKHX I1aB B o0paTis ¢8O B30 HA CPABHUTENLHO
HU3MEHHYIO 3afady — 3afady o smexrtpuuecRux nenax., Bopouem,
MbL yOEAWMCS B TOM, ¥TO Ja;Ke CTOJbh MHUPCKUE 13 OKasHBAIOTCH
BECHMA 3aHYTAHHRIME, €CIH B HAX BHHKHYTH JOCTATOYHO IIy6OKO.

B ra. 23 m 25 (Bun. 2) Ml yike o0cy:kgain HEKOTOPHE CBOHCTBA
9JeKTpHUdIecKUx nemell (KoHTypos). Temeps ME DOBTOPHM JacTh M3-
NOKEeHHOTO TaM MaTepuaia, Ho Gonee mofpoOdHO. ME mo-mpe:kHeMYy
OyjaeM MMeTh JeJd0 ¢ JHHeHHHMY CHCTeMAMN ¥ ¢ HAOPMKEHWAMH U
TOKAMH, KOTOPHE MEHSIOTCA CHAYCOHTAJIBHO; IMODTOMY MBl MOIKEM
DpefCTaBUib BCEe HAPSKEHAS W TOKW B BHIE KOMIUIEKCHHIX 9MCEJ,
I0Jib3yACh DKCIOHOHIHAAbLHHME 0003HAYCHUAMY, BBEJICHHHIMU B
ra. 22 (swmun. 2). Tar, MeHsomeecs BO BpeMeHU HampsKeHUe
V(t) Oyger 3auHCHBaTbCA B BHIE

V(t)=Vet, 22.1)
rae V — xommiexcuoe wmciao, He saBmesmee ot f. Ilpm sToM, Ko-
HEYHO, NOAPA3yMEeBaercs, YTO HACTOAIee NepeMeHHOe IO BPeMeHH
panpsxenne V(1) mpemcraBiusgerca delicmeumeabHoll Yacmbio KoMi-
nexcHOd (YHKOWE B UpPaBOd YacTH ypaBHEHHA.

Hopo6urm sxe o6pasoM U Bce APyTHe MEHAMUECA BO BPeMeHH
BeAMYMHE OyAyT CUMTATHCA H3MEHSIOIMUMHACH CHHYCOUZAIBHO C
TOH ke gacroroir ®. Mm Oymem mucath

I=7€imt (TOR)v
6’:6’5@1@1 (3- A. c-)1 (22.2)

E = Eeiot (anexTpmdeckoe mnoue)

A T. I.
Bonbmeit uwacthio Mm Oyjgem OHCATh yPaBHEHHA, LOIBIYACH
o6osaagenmamu V, I, &, ... (smecro V, I, &, ...), nomus npm stom,

9T0 OHM M3MEHAIOTCS CO BpEMEHeM BCerja Tak, Kak B (22.2).

- B mpemuux HAmMEX paccymAeHHAAX 00 DIEGKTPHIECKUX LEmsAX
MH IIOJIaTAJH, 9TO TAKHEe Beli, KAaK WHIYKTHBHOCTH, EMKOCTh H CO-
nporasieane, BaMm sHaxoMu. Ceiidac MH HeMHOro nogpobmee
o6bACEAM, YT6 DOHUMAIT NOA STAMH WACATU3APOBAHHHMHA Bjic-
MenraMd cxeM. HauneM ¢ HBIYKTHBHOCTH.
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Que, 22.1. Hnoyrmuenocme,

/

Tb

VE{yKTHBHEOCTE — 9TO HABUTAS B HECKOJIBKO PAOB IPOBOJOKA
B fopMe KaTymKM, ABA KOHIA KOTOPOIi BHIBEIEHH K 3a;KEMaM Ha
HEKOTOPOM paccTosHuY of Karymiu (Pur. 22.1). IIpegmonoxem, 910
MarHEHTHOE IOJie, CO3[laBaeMOe TOKaMH B KaTylIKe, He OYeHb pac-
OpoCTpaHaeTCsA HA BCe IPOCTPAHCTBO U He BOsfeHcTByeT Ha JpyTue
gacrn nenu. OOn9HO 3TOrO0 ;MOOMBAOTCH, IPUAAB Kartymke gopmy
JIeENIKY WIH HaMOTAaB €e HA HOAXOAAMUN ;KeJe3HHH cepreTHHK
(370 c;KEMaeT MATHHUTHOE IIOJie); MORHO eIlle HOMEeCTHTh KaTyIIKy
BHYTPH METAIIUYSCKOHl KOpPOOOYKH: CXeMATHUECKH 3TO MOKA3aHO
ma ¢ur. 22.1. B xoboM caygae mpefmonaaraercs, 4T0 BO BHEIIHEN
06acTy y 3%KMMOB ¢ M b MATHHTHHM IIOJEM MOKHO npenebpeds.
Kpome Toro, Met 6y[ieM CINTaTh, 9TO DAEKTPHIECKOE CONPOTUBICHNAS |
IPOBOJOB B RATYIIKE MO/KHO He yIHTHBarh. Il HaKOHeI, mosarawr,
9T0 MOKHO IpeHeOPeds U DIEKTPHYECKUM 3aPAJOM, BO3HAKAOIAM
HA HOBEPXHOCTH IPOBOJA, KOTZA CO3MAIOTCA DIEKTPWIECKUe HOJIA.

C ygeroMm Bcex arHX npnéamkeHmH W BOZHHKAeT T0, UTO HA3H-
BarT «upeanbuoiy magyKrusHocrbio. (Ilos;ke ME BepHeMcst K 5TOMY
IYHKTY H TOTOBOPHM O TOM, 976 OHBaeT B PEaNibHHX HHAYKTHB-
rHocrax.) llpo ureanpHYI0 MEOYKTHBHOCTE TOBOPAT, YTO HANPAKEHUE
Ha ee sayxmMax pasHO L(dI/dt). Ilouemy? Horga wepes mEmyKTHB-
HOCTh HJAET TOK, TO BEHYTPH KATYIIKM CO3JaeTcs MATHHTHOe IOJe,
OPONOpIMOHANbHOE cHiIe ToKa, Ecaum ToX BO BpeMeHM MeHseTCH,
TO MeHsgeTcss W MarmutHOoe moxe. Boobmie rosops, porop E pasen
—dB/dt; MoHO CRa3aTh W DO-IPYroOMy: KOETYPHEIA uHTErpax ot E
mo no6oMy 3aMKHyTOMy OyTH paseH (¢ MHHycoM) GhicTpOTE Hame-
HeHus moroxka B gepes koraryp. llpepcrasbre Temeps cebe caegyio-
muil Oyrh: HAYMHAETCA OH HA B&jKUMe ¢ W TSHETCHA BIOJIDb KATYIIKH
{ocTaBasch Bce BpeMA BHYTPH NIPOBOJa) K 3ayxmMmy b; 3areM BO3-
Bpamaercsa OT 3ayKUMa b R @ 0O BO3ZYXY B HPOCTPAHCTBE BHE Ka-
rymku. Houryprmit umaterpanl or E no stoMy saMKHEyTOMYy OyTH
MO;KHO 3aIMCATH B BHUJE CYMMH [[BYX dacTei:

E-ds= f E.ds+ §E.ds. (22.3)
b

a
IIo npoBoRy CHapyHa
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Kax Mu yRe BHACHIIN paHbIle, BEYTPH HAEAIHHOTO HPOBOJHUKA
SJIeKTPUYECKHUX moiell cymecrsoBarh He Momer. (Mamnefimue moss
pH3BaJn GOH Oeckomeuno Gonbmume Toru.) llosromy maTerpam or
3KEMA ¢ To b wepes KaTymKy paBeH Hyaio. Bech BKRuaj B KOH-
TypHH#A HHETerpax or E mpmxouTcA Ha OyTh CHADY:KM HHIYKTHB-
HOCTH, OF 3;KMMa b K BUKAMY 4. A TaK Kak OHJIO mpeAmoIoKeHo,
4TO B HPOCTPAHCTBE BHE «(KOpOOKW» HeT HUKAKUX MAaTHUTHHX Nojei,
TO 3Ta 9aCTh MHTErPAaJa He 3aBHCUT OT BHOOpa IyTH. 3HATAT, MOKHO
OHpEIeUTH MOHATHE HOTEHHHAana 000MX 3a:KMMOB. PazHocTh aTHX
JIBYX IOTEHUKAJIOB M €CTh TO, YTO HABHBAT HampsykeHHneM V
TAK 9TO

?

=-_aE-d=-~ .ds.
bS S fE S

IMonurE UATETpAN IO KOHTYPY — 9TO TO, 4TO MH PaHbINE HA3H-
Baad 3. f. ¢. §. OH, €CrecTBEHHO, PaBeH CKOPOCTH H3MEHEHUI
MarEHTHOTO I0JA B Karymke. MH y:ke 3HaeM, 970 3Ta 3. J. €. paBHA
(co smakoM Mmmyc) OHCTpOTe W3MEHEHWs TOKA, TAK 4TO

dl
Ve —&=1%,

rue L — upgyrtusnocrs karymud. Ilockomsry dl/dt=iwl, 10 Mu
e V=ioLl. (22.4)

Tot cmoco0, KOTOPHM MH OOMCANH MHEAIBHYI0 HHIYKTUBHOCTH,
WLIIOCTPUPYeT 00Ul MOEXOM K APYLUM HACAIBHHM SIeMeHTaM
mend — OOHYHO HX HAZHEBAIOT «COCPEIOTOYCHHBIMEY 9IEMEHTAMH.
CpoiicTBa 2leMEeHTAa IOJHOCTBIO ONHCHIBAIOTCS HA S3HKE TOKOB K
HaIpsUKEHWH, BOSHMKAKIUX Ha ero sa;xmMax, llpubermys k moa-
XONAMUM OPHOIMKEHUAM, MOKHEO UTHOPHPOBATH OTPOMHYI0 CIOK-
HOCTBL TeX Holiell, KOTOpHe BO3HUKAWT BHYTPH ob®mexra. To, duro
OpPOUCXONUT BHYTPH, OTHEIAETCH OT TOTO, 4TO MPOKCXOLUT CHA-
PYKHA. ‘

Jlns Bcex 9ieMEHTOB IeIE MH HAaMepeHH ceifftac HaliTi coor-
pomenus, nogo6Gaue gopmyne (22.4). B melt manps:xenme mponep-
LMOHAJBHO CHIE TOKA ¢ KOHCTAHTOHR HPONOPUHHOHAJIBHOCTH, KOTO-
pas, BooOIie TOROPsI, €CTh KOMINIEKCHOE YUCAO0. TOT KOMINIeKCHHIH
K03(PHIUEHT TPONOPIUOHATBHOCTY HAZKHBACTCH UMNeOaHCOM, H €TO
npuBHEKIE 0603Ha9aTh Yepes z (He claefyer myTaTh ¢ KOOPIHAATOH z).
B o0meM ciygae 910 GyHKIUA TacTOTH @. Cramo OHTH, HIH Kak-
HOT0 COCPEXOTOYCHHOTO PJIOMEHTA MH HANUIEM
v_Jv

T=7=% (22.5)
Jna HEAYKTABHOCTH MH HMeeM
2z (napyxrasmocrn) = 2= iwL. (22.6)
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PaceMoTpuM ¢ 3T0f TOYKHE 3peHHA eMKocth *. OHa cocromt u3
HBYX OPOBOAAMMX IIacTHH (0OKIANOK), OT KOTOPHIX K HY}KHEIM 3a-
JRAMAM OTXORAT ABa mposoga. IlnacTursr Moryr OsiTh M060i Popmet
¥ 9acTO OTAEAAITCHA APYT OT EPyra KaKHM-EEOYAb JHIIEKTPHKOM.
910 cxemarmueckm maobpaseno Ha ¢mr. 22.2. Mu cHoBa memaem
HECKOJIbKO YIPOMAIOMAX Ipeamnonokednit. Mu camraeMm, 4ro mia-
CTHHBl W IPOBOfA — HUeaNbHHE OPOBOAHUKN, & M3OJANUA MEMAY
WIAacTHHAMHA TOKe HIeaJbHA, TAK 4TO Yepe3 Hee HHUKAKHE 3apAab
¢ INIACTHHHL Ha IJIACTWHY IepedTH He MOTYT. 3aTeM MEl mPeRmoaa-
raeM, YTO IPOBOJNHHKHM HAXOAATCS OAM3KO APYT OT Apyra, HO 3aTO
BHAYMTENLHO VIAJICHH OTO BCEX OCTAJIBHHX IPOBOJHHKORB, TAK 9TO
BCO NIHHMHA NOJA, BHIIA W3 ONHOH IJIACTHHE, HeNpPeMeHHO OKaH-
umBaTCA Ha Apyroii. U rorga 3apAgH Ha mIacTWHAX BCeTHa PAaBHH
¥ TPOTMBONOJOMHE APyl APYry, OpHYIeM IO BeJHIWHEe HAMHOTO
NPeBOCXOJAT BeINMUMHY 3apsafa Ha HOBEePXHOCTH mposofos. U ma-
KOHEI, Mbl CIMTaeM, 9TO NOOAM3OCTH OT KOHJEHCATOPA MATHUTHBIX
noned Her.

Paccmorpum Temepb KORTYpHHE naTerpan of E Broas samrmy-
TOM TIeTiaH, KOTOpAA HAYMHAETCA HA KIeMMe ¢, HPOXOJUT BHYTPH
IPOBOJA 10 Bep¥Hell o0KIaIKA KOH/IEHCATOPA, NePeCKAKUBAET IIPO-
MEYTOR MEMKIY [UIACTHHAME, IPOXONUT ¢ HIDKHEH OOKIaIKM HA
KIeMMy & U BO3BpPAINAETCHA K KIEMMe ¢ IO NPOCTPAHCTBY CHAPYKH -
KOHIeHCcATOpA. Pa3 MATHMTHOrO HOJA HET, KOHTYPHHH HMHTErpaa
or E 1o aromy saMxuyTOMYy YyTH paBeH Hyi0. lHTErpa; MOKHO pas-
6urh HA TpU wacTH:

ods — E.d E.d C Bds. (22
$ E.ds { s+ s+ bg 5. (22.7)

Bnoas Memny .
nPOBOAOB INTACTAHAME CHapyRA

* Hoe-KTO0 TOBODHT, 9TO npedmems. Mbl 00A3aHH HA3HBATH CJIOBAMH
(KATYMIKa» B (KOHAEHCATOP», & HMX ce0iicmsea — COOTBETCTBEHHO (HHLYKTHB-
HOCTB» B ¢eMKOCTHY. Ho s DpeAnounTao NOAL30BATLCH CIOBAMH, KAKAE CILITLY
B JafopaTopnd, Ide DOYTH BCerfa H Hpo PU3NIECKY0 KATYIIKY, X IPO ee CaMo-
MBAYKOUIO L roBOpAT (MHEYKTHBHOCTH». TOYHO TaK ;Ke IPENIIOYATAIOT rOBO<
PATH «€MKOCTD», (COEPOTHBJIEHHEY, XOTA TACTO MOKHO YCJBIMIATE H CIOBO (KOH~
JeHCaTOp».
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Harerpan soab IpoBOAOB PABEH HYJIO, HOTOMY ¥TO BHYTPH HAEAT b~
HHX IDPOBOMHAKOB 3JIEKTPHYECKOro mojisa He Ompaer. MHTerpan or
3KEMA b 10 a CHAPYKH KOREHCATOPA PaBeH PA3HOCTH HOTEHIHAI OB
MEKIY KIeMMaM# CO 3HAKOM MHHYC. A NOCKOJIBKY MH CIHTaeM,
910 OOKIAfKHU KaK-TO M30JAMPOBAHH OT IPOYEro MHpa, TO OOHIMiL
3apAR ABYX OOKIAfOK [0ja:KeH OHITH PaBeH HYJII0; M eCIH Ha BepX-
Heil o6raangke ecth sapan Q, To HAa HWKHel uMmeercs sapam —Q.
Pambine Mu yike BUgeld, 9TO €CIH 3aPAILE IBYX NPOBOIHAKOB PaB-
HH H OporABOmONO:kHB, - Q m — @, TO pasHOCTH NOTEHINAO0B
mesray ummu ecth Q/C, rue C - eMKOCTh 3THX NpoBOgHMKOB. W3
(22.7) caemyer, 970 PasHOCTH MOTEHIUAIOB MEKIY 3aKEMaMu a u b
paBHA pa3HOCTHM NOTEHHIHATOB MexOy obknagkamm. Iloaromy

Q
V———-‘—C—.

JneRTpHICCKHil TOX [, BTeKAOIUA B KOHACHCATOP Y6pes KIeMMY a
(n Dorupmarommit ero wepes kiuemmy b), pasen d(Q/dt — Gumcrporte
H3MCHEHHS 2JIGKTPHIECKOro 3apsAfa Ha o0kiIajxax. 3anHucHBadg
dV/dt B pupe ioV, MOIKHO CBA3HL MEKIY TOKOM ¥ HANDAKEHHeM AJIA
KOHJIEHCATOpA [IaTh B CIEEYIONEM BHAE:

oV = é ,
nin
I

Torga uMHeNaHC z KOHASHCATODPA paBeR

Z (ROHpeHCATOPA) = 2, = fzﬁ . (22.9)

Tperuit smeMeHT, KOTOPHIA HY/KHO PACCMOTPETH,— DTO COLPO-
rusnesne. Ho, mockoxbky MH mOKa eme He paccMaTPUBAIHM BIIEK-
TPHIECKNX CBONCTE PEaJbHHX BEINECTB, MK HEe TOTOBH 00CY:KAaTh
TO, 9TO TBOPUTCS BRYTPH peanbroro uposogauxa. Ilpmgercst mpocro
OpHHAATH KAk (aKT, 970 BHYTPH DealbHRX BEIECTB MOTYT Cymle-
CTBOBATH JIEKTPUYECKEE MOJA, YTO ITH MOMSA HOPOKIANT MMOTOK
9IIEKTPMIECKOT0 3apsjaa (T. . TOK) H 9TO 3TOT TOK MPOIOPIUOHAJEH
HHTETPAJy 3JEKTPUYECKOIO IMOJIA OT OfHOTO KOHIA IIPOBOJHUKA O
Apyroro. 3aTeM HAJ0 OPENCTABATH cefe HiealbHOe CONPOTHRICHUE,
ceJaHHOE TaK, Kak moxasano ma ¢ur. 22.3. [Isa nporoga, KOTopsle
MH CYATAEM HACAIHHHMNA HPOBOJHUKAME, TARYTCA OT KIeMM a # b
K JAByM KOHIAM OGpycka, cAenaEHOro W3 Marepmalia, OKasHpalo-
mero compormBirerue ToKy. Cnegys Hamei oObiymoil mwHAWEM pac-
CY:K[eHIit, IPAXOMUM K BEIBOAY, YTO PA3HOCTh HOTEHIWANOB MEKAY
SQKAMAMP @ ¥ b paBHA KOHTYDPHOMY WHTETPAJLy OT BHENIHEro aJeK-
TPAYECKOTO MOAA, DAaBHOMY TaKKe KOHTYPHOMY NHTETpajiy OT
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QDue, 223. ConpomusacHue.

A ——
- b
| |7
BJEKTPAYECKOTO IOJS IO NYTH, mpoxomsmeMmy depes Gpycox. Or-
ciofia cregyer, 9T0 TOK [ 9epe3 CONpPOTHBIEHWE LPONOPLHOHAJEH
panpsKeHEnio V Ha 3aKEMAax:
Vv

I=+,

rie R masmBaerca comporuBienmeM. Ilosme mm yGegmmces, d9rto
cBA3b Me;KAY cmioil Toka J m HaupsurerzmeM V [iA peadbHBIX MpO-
ROJAIUX MATEPHAJIOB TOJABKO NPHOIMAKEHHO MOMKHO CYUMTATh M-
neidHot, Mu yGegmMcs Take, 4TO CYATATH 9Ty OPUOCIIKEHHYIO
NPOMOPIHOHATBHOCTE HE 8ABHCAMIEH OT 9aCTOTH M3MEHEHUI TOKAa |
HAOPAKEHNA MOKHO JHIIH TOTAA, KOITIA YACTOTA HE CIIUOIKOM BHICO-
ka. Y Torma s nepeMeHHKX TOKOB HANpPKeHNE HA 3a:KUMAX OKa-
awpaerca B (ase ¢ TOKOM, a 9TO BHAYMT, YTO CONPOTHBJICHHE —
9NCHO0 eHCTBHTENBLHOE:

z=z,=R. (22.10)

PesynpraTsl HANAX PACCYKAEHUHA O TPeX COCPEOTOYCHHHIX dJie-
MEHTAaX Iend — HHAYKTHBHOCTH, 6MKOCTH, CONPOTHBIEHUH — II0-
neitoens ¢ur. 22.4. Ia sT0M pHCyHKe, Kak H HAa HpefHAYINHAX,
HANPSKEARe OTMEYEHO CTPEIKOM, HAIPABICHHONR OT OfHON KIeMMH
K apyroii. Ecim HampsskeHHe (IONOKHTENBHO», T. €. €CIHE HA
KJEeMMe @ TOTeHIHAJ 6blue, 9eM Ha Kiemme b, TO cTpeaKa yKash-
BaeT HAMPABICHUe «NAJeHUA HATDKEHHUAN.

Xord MH ceifgac IoBOPUM O IePEMEHHKX TOKAaX, KOHEYHO, MOMKHO
BRJIIOYUTE CIOJA M OCOOHIT ciyuail memel MOCTOAHHOTO TOKA, €CHE

a
Il \V L 'IC R Quz. 22.4. Hoeasonvie cocpedo-
moucHHbiE daeMenmn yenu (naccue-
f/ noe ),
=V 1
z 1 iwl —-iw C R
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pepeiiTH K mpefeay, KOT/[a 9acT0Ta ® CTPEMHTCA K HYJIIO. Ipm myxe-
BOiL 9AaCTOTE, T. €. IPH MOCTOSEHOM TOKE, HMIeJaHC HEAYKTUBHOCTH
CTPEMUTCA K HYJIO; MesRy KIeMMaMi HacTyIaeT KOPOTKOe 3aMBIKa-
gue. ViMmeganc ske eMKOCTH IPH NOCTOSHEOM TOKe CTPeMUTCA K Bec-
KOHETHOCTH; Ielh MeKAy KIeMMAMH pasMikaercs. Ilpwaumatsh B
pacueT mp¥ HOCTOSHHHX TOKAaX HYKHO TOMBKO 0GHYHHE COTPOTHB-
JAeHES: OHW HE BABWCAT OT YaCTOTHL.

B ommcaEHHX [0 CHX IOp dJIeMeHTax IeoH TOK U Hanps:xeHue
GHAYM TPOHOPIUOHAIBHE IPYT APYTY. Ecau ogHO paBHO HYIIO, TO
# Apyroe pasHO Hymo. OGEITHO MH MEICTEM Ha TAKOM ASHKE: IPH-
JIO}REHHOe HAIPFKEHNE (OTBETCTBEHHO» 33 TOK MM TOK (CO3AACT»
HaIpsy/KeHNe HA KIeMMax. JIeMeHT CIOBHO B HEKOTODOM CMHICTIe
«OTBEYAeT» HA (IPWIO/KeHAEEeY BHEINIHNE YCHIOBHA. Ilo sroit mpmaI-
He TAKHE IeMeHTH Ha3HBAIOTCA NACCUEHEMY. TeM CAMBIM MX MOKHO
IPOTHBOIIOCTABNTh AKTHBHEIM IEMEHTAM, TAKHM, KAk TeHEePATOPH,
KOTOpHIe M PACCMOTPHM B CISHYIOIeM naparpade I KOTOpHeE Ipes-
CTABIAIOT COOOH UCMoYHUKU KojJe0aHHid TOKOB WK HanpssKeHH:d B

Hend.

§ 2. I'enepamopdt

TTorosopmM Temepb 06 akmueHoM dIEMEHTe UMM, MCTOTHHRE I
TOKOB ¥ HAIPS/KEHUI B Heil, T. €. 0 geHepamope.

[Iycrs y HAC UMEETCA KATYIIKa, Hamopo0ue KaTyMRA CAMOMH-
KM@, HO TOJBKO BATKOB y Hee HEMHOTO M Ha MarHUTHOE TIOJIe
ee cOBCTBEHHOTO TOKA MOKHO BHAMAHUA HE obpamars. dTa KaTyi-
xa, OJHAKO, HAXONUTCHA B MEPEMEHHOM MATHUTHOM TOIE, nojo6HEOM
TOMY, KaKO€ CO3[aeTCs BPAMAIIMHIMEA maranToM (dur. 22.5). (Mbt
ysKe BUJeNH pagee, IO TAK0e BPAMAIOMEECH MaTHHUTHOE IIOJI8 MO:K-
1O TAKIKE CO3TATH C TTOMOIIBI0 MOAXOAATIEH COBOKYNHOCTH RATyIeK
¢ TIepeMeRHEIMU’ TOKaM1.) CreaeM CHOBA HECKOJBKO yHPOMAIOMUX
[omyennii. ITO Bee Te ke NOMYIEHM A, ROTOPHE MEH menand, TOBO-
ps 06 MHAYKTHBHOCTH. B uacTHOCTH, MAl IPEATONIATacM, YT0 MEHAI-
meecs MATHHTHOE 10Ze OTPAaHHICHO JHIID peGospmoi 00IaCThIO

1L .

\

v
Que. 22.5. Ienepamop, cocmos-
Wil U3 3aKEPEnAerKOl KAMYWKRY U
6pANAIOUIEL0CE MASHUTNIOE0 TLOAR.

)
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OoR

Due. 22.6. Obosnauenus
udeaavnozo eenepamopa.

b

TIOGIMB0CTA OT KATYIIKHA ¥ 34 IpefiellaMu TeHeparopa, B MPOCTPaE-
CTBE MEKLYy KJIeMMaMH, OHO He UYYBCTBYeTcA.

IlopTopsas omATh B TOYHOCTH TOT ;K€ AHAJAM3, YTO W JJIA HHAYK-
THBHOCTH, PACCMOTPHUM KOHTYDHHI mMHTerpax or E Boab 3aMKHY-
TOIl IeTIH, KOTOpas HAYMHAETCS Ha 3aKEMe @, NPOXONUT IO Ka-
TYIIKe [0 3a)KUMa b W BO3BpamaeTcs K Haualy HO HPOCTPAHCTBY
me;Eny saxmMmamMu. CHOBa 3aKiI0YaeM, 9TO pasHOCTH IOTEHITUAJIOBR
MEKAY 3a;kuMaMu @ u b paBHa BceMy HHTerpaay or E sgoms meraum:

V=——55E-ds.

IJTOT KOHTYPHHI UHTErpaJ PaseH 3.71.C. B e, M MO3TOMY PasHOCTh
NOTeHNHAaJT0B V Me;KIy BHBOJAMH TeHEPATOPA TOKe PABHA CKOPOCTH
H3MEeHEHUS MATHATHOIO IOTOKA CKBO3b KaTyIIKY:

V=—&=2 (morox) (22.11)

Ilpeanonaraerca faxee, 9T0 y MACATHHOIO TeHEPATOPA MATHHTHHIR
IOTOK Yepe3 KaTYIIKY OHmpefeisercAd BHENIHAMHA YCIOBMAMY (TaKkm-
MH, KaK YIVIOBas CKOPOCTH BPAIMIAIIIETOCA MATHUTHOTO WOMA) U
9T0 Ha HeT0 HUKAK He BIHAIOT TOKH, TeKyI[#He 4Yepe3 IreHeparop.
Taxum o6pasom, remeparop (1o KpailHell Mepe paccMaTpHBaeMHIif
HaMH UdeatbHblil) — BTO He EMOEfaHC. Pa3zHOCTh MOTEHIHAIOB Ha
ero 3uKUMAX ONpPeAeNafAeTCS NPOM3BOJNBHO 3a/aBaeMoil 3.7.c.
&(t). Taxoli mgeanpHKA TeHEpPATOP IPEACTABAAIOT CHMBOJIOM, IO~
KasagHHM Ha Qur. 22.6. Manesbkas cTpelka gaeT HanpaBJIeHHE IO~
noxuTenbHol 8.7.c. Iloxoxurenbnas 3.1.c. B reHepaTope, uaobpa-
senHoM Ha fur. 22.6, cosnaer Haupskerne V=@ ¢ Gonee sricoxum
TNOTeHI[HAJIOM HA 3a)KHMe 4.

Mo:xHO cieiaTs TeHEpPaTOp u no-Apyromy. Bayrpm or 6yger yer-
POEH COBEpHIEHHO MHA9e, HO CHAPY:KM, Ha 3a)KUMax, OH HOYEM HE
Oymer orIM9aTHCA OT TOABKO 4TO ommcamHOro. IlpescrasuM Karym-
KY,KOTOpas BPAINaeTCA B Henod6u oM MAaTEETHOM noxe (pur.22.7).
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Mu mzo6pasminm MATHHTHYIO LDAJO9KY, 9TOOW MOKA3aTh HAIHIAE
MArHATHOTO HOJIS, HO €r0 MOYXHO, KOHEYHO, 3aMEeHHTD JI00KM ApYy-
THM MCTOYHEKOM HOCTOAHHOIO MAIHHTHOIO IOJs, CKaMeM K00aBod-
HO! KaTymMKO#, M0 KOTOPOH TeyeT HOCTOAHHEIA Tok. Hak moxasaHo
Ha PHCYHKEe, BpallaliasgcHd Karyiika CBA3aHA ¢ BHEIUHAM MHDOM
CKOJIb3AINAMY KOATAKTAMHA, Mnu «koabiammy. Hac onsts maTEpecy-
8T PA3HOCTH MOTEHIHATIOB, KOTOPAsA MOABIACTCA MEKAY KJIeMMaMH @
1 b, T. e. MHTErPAJ OT DIERTPHYECKOr0 MOJA MexAy a u b mo myru
CHAPY/KHU TeHepaTopa.

Teneps B 970l CHCTEME YiKe HET M3MEHAINXCA MATHUTHHEIX I10-
neil M Ha WEePBHIA B3NN KayKeTes yAUBHTEIbHEM, OTKY/la HA 3a:iM-
Max remeparopa Oeperca Hampssxenue. [lelCTBUTENBHO, BEb HUT/E
7K€ BHYTPH TEHEparopa HeT HUKaKHX JJIeKTpHiIecKux moned. M,
Kak OOHYHO, OPeAmOAATraeM I HAIIUX HEaIbHBIX 3JIeMEeHTOB, YTO
BHYTPH HUX IPOBOJA CAeJMaHBl U3 HIeAJHHO HPOBOAAINCT0 MaTepua-
Jla; a, KaK ysKe HeOJMHOKPATHO HMOBTOPSJIOCH, DIEKTPHYECKOe MO
BHYTPH WIeajJbHOr0 OpOBOAHMKAa pasHo Hyilo. Ho ato me scerma
BEPHO. JTO HEBEPHO TOTKA, KOTHA IPOBOJHNK [BIGKETCA B MATHUTHOM
none. IIpasmnpHOe yTBEP:KICHHE TAKOBO: 00WIas cuad, NEHCTBYIO-
Ia# Ha NPOH3BONBHKE 3apAX BHYTPA HWHEATbHOTO NPOBOAHUKA.
nomkHa 6mTH paBHA HyJ 0. WHave B neM BO3HHK O GecKOHEYHBIN
TOK CBOGOMHEIX 3apAA0B. Tak 4T0 Haj0 OpaTh CyMMY DIIeKTpPHIECKO-
ro moas E m BeKTOpPHOTO mpoU3BeJeHHA CKOPOCTH IPOBOJHUKA V
Ha MaraEuTHOe moie B; 9To ecTh monHasa cmiaa, AeHcTByOOIad HA eJu-
HU9HLIA 3apAN, U BOT OHA-TO BCerJa paBHA HYJIO:

F=E4vXB=0 (s upeansuom nposonnnxe). (22.12)

A mame npexcHee yTBeP)KJAGHUE 0 TOM, 9TO BHYTPH UACANBHHX IIPO-
BOJHUKOB DIEKTPHYECKHUX IHojell He ObIBaeT, BEPHO JHINb TOTAA,
KOT[a CKOpOCTb IIPOBOJHHKA V PAaBHA HYJNI0; B IIPOTHRHOM CAyIae
cupaBegnuBo Brpaskende (22.12).

Bepuemcsa Kk HameMmy reHepaTopy, IOKasaHHOMY Ha ¢umr. 22.7.
Teneps Mbl BHAWM, 9TO KOHTYpPHBIH METErpajg OT BAEKTPUIECKOTO

L 7/
Dua. 22.7. I'enepamop,
CoCmoAWUll U3 KAMyuwru,

a

N \\

' v

epawaiowetica 8 nenodeudic- /
b

HOM MAZHUMHOM noae, s

D
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noxns E mempy samxumamu ¢ u b mo npoBogsiuM ITyTAM TeHEpaTo-
pa gosxeH ORITH paBeH KOHTYPHOMY HHTerpaxy or vXB mo Tomy
e MyTH;

b b
{ Eds=— { (vxB).ds. (22.13)
Bﬁyqrpn BH;’I‘])PI
OpOBONHHKA HpOBOIHAKA

OnBako mo-mpe;xHEMy OCTaeTCs BePHHIM, 9TO KOHTYPHEIA MHTErpas
or E mo saMrEyTO/ merie, BKIIOWAS BO3BpAlIEHHE OT 3a;KEMA b
K a BHE 'eHeparopa, JoJsxeH OHTh paBeH HYII0, IOTOMY 9TO MEHAIO-
nimecs MarHUTHHE HDOJA OTCYTCTBYIOT. Tak 9T0 mepBHEI MHTErpai B
(22.13) mo-npe;kHeMy paBeH V — Haups:xeHuo Ha 3askuMax. Oxa-
3HBaeTCA, YTO HATETPAJ B mpasoil uactad (22.13) npocro pasen Gucr-
poTe H3MEHEHHSA HOTOKA Yepes KaTyMKYy, a 3HAYMT, IO IPABHIY HO-
TOKa, paBeH 3./.c. KaTrymkd. W omarts monygaerca, uro pasmocTh
HOTEHIIMAJIOB MEKIY 3a;KMMAaMH paBHA 9.1.C. IENH B COLNACHH ¢
ypasaenneM (22.11). Taxr uro Bce paBHO, Kakoit y Hac remeparop:
MeHsAeTCA JA B HeM MATHAUTHOE II0Jie BO3Je 3aKPeIIeHHON KaTyIIkH,
BEPTUTCHA JIX B 33aKPEINICEHOM MaTHUTHOM II0JI¢ KATYIIKA ,~— BHEIIHHAE
cBOlicTBA remeparopoB ofEW u Te jxe. Ha rmemmax Bcerga cymecrt-
ByeT HampssxeHme V, KoTopoe He 3aBMCHT OT TOKA B IeIld, 4 OIIpefie-
AAETCA TOABKO YCIOBUAME BHYTPH TeHEPaTopa, GOPMUDYEMEIMHE 110
HaIleMy TpOM3BOINY.

[TockonbKy MEL IHTaeMCA HOHATH pPaGoTy reHepaTopa, OCHOBH-
BajACh Ha ypaBHeHMAX MakcBensaa, MOskeT BO3HHKHYTH BOIpOC 00
OOHYHOM XHMUYECKOM dJieMeHTe, 0 GaTapeiike Aja KapMaRHOTO ¢o-.
HapHKa. JTO TO;KE TEeHEePaTop, T. €. ACTOYHAK HANpHAKEeHHS, XOTA 1
IpUMEHAETCA OH TOIBKO B IINAX HOCTOAHHOrO Toka. IIpome Bcero
pasofpaThcA B 9aeMenTe, m300pazkeHHOM Ha Pur. 22.8. [Ipencrasbre
ABEe METAJIIMYeCKHe IJIACTHHKY, NOTPY/KeHHEe B KaKOM-T0 XAMTIe-
ckmit pacteop. Ilycrs pacreop cogep:xmr B cefe moJOKUTEedbHBIE

# oTpunaTeJbHEE HOHK. Me

1 OPeJNoNoKEM  eIme, YTO
- MOHH OJHOTO C€OpTa, CKa-
- JKeM OTPHIATEAbHEE, MHOTO
MaccHBHEE MOHOB, MMEIOIHX

Quea 228, Xumuuecruil
Dy aaemenm,
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HPOTHBOLNONOKHYI0 MOJAPHOCTE, TAK UTO UX JBIKEHUE B PAcTBOpE
(mmp¢ysma) nponcxonur HAMHOTO MefneHHee. Hakomen, moxo:rmm,
9T0 TeM HWIH HHHM CH0cO00M yRalnoch AOOHMTHCA H3MEHEHHS KOH-
IeHTpandl PacTEOpPa OT MeCTa K MeCTy, TaK YTO YUCI0 HOHOB 06emx
ODONAPHOCTEH, CKajkeM y H¥KHEH INIaCTHHKH, CTAHOBATCS HAMHOTO
Gosbie KOHIEHTPANWM MOHOB y BepXHedl miacrmaru. Baaromaps
Gonpmell TOEBI;KHOCTH TOJOKUTENHHEIE MOHE Jerde IPOHAKHYT B
o0yacTs HU3KAX KOHNEHTpannif, Tak 910 OyaeT HaGa0AaTHCA JSTKHil
A30ETOR LOMO)KETENILHKX 3apANOB, MOCTHTAIIMMX BepXHeld miac-
tuakd. OHa 3aPATHTCA LOJOKUTENLHO, 4 HIKHAA Oyzer obmanaTh
n30HTKOM OTpHIaTeNbHOro 3apaxa. Ilo Mepe Toro Kak Bce Goin-
me u Gouabme 3apaAAo0B AHQGQYYHIAPYET K BepXHEH HIACTHHKE, IO-
TeHIHAX ee OyJeT pacTu, HOKA BOZHEKAOIIEe MEAY IIIACTHHKAMHA
9J1eKTPHYECKO® LOJe He CO3JACT CHIY, ACHCTBYIOIIYI0 HA HOHH,
Koropas KOMOEHCEpPYeT NX H30HTOIHYI0 HOEBIKHOCTH. [IBa amex-
Tpofa OHICTPO NOCTHIAT PAa3HOCTH HOTEHUHWAAOB, XapaKTepHOH
JUIA BHYTPEHHETO0 YCTPOACTBA BTOTO BJIEMEHTA.

Paccy:xpgas Tax e, KaK 9TO MH [eJajiH, KOrja ropopmim o
HleaIbHOM KOBJeHcaTope, Mu ybemmmcs, 9ro, ecim Her H30HTHa
oudPysun HOHOB KAKOTO-THGO 3HAKA, PA3HOCTH MOTEHIWAIOB MeIK-
Iy 3a{EMaMu ¢ u b pasHa OPoCcTO KOHTYPHOMY HHTETPANY OT IEKT-
PHYECKOTO MOIA MY BIeKTpogamu. HoHeuHo, MeKIY KOHNEHCA-
TOPOM ¥ TAKEM XHMHUIECKEM DIIEMEHTOM €CTh CYIeCTBeHHAS PasHM:
na. Ecim Ha MrHOBeHme BaKOPOTHTH BHIBOIBL KOHIEHCATOPA, OH
pPaspAINTCS W PA3HOCTH MOTEHIWAJNGB MEKIY BEBOJAMH YiKe HE
Oyner. B cayuae ke XEMHYECKOTO BIIEMEHTA TOK C Ba)KUMOB MO;KHO
CHUMATH HEHPEDHBHO, HUKAK HE M3MEHAS OPH HTOM 3.74.C., UOKa,
KOHEYHO, peaKTHBH B dieMeHTe He mapacxopyiorcs. MasecrHo, aro
B peaJbHOM HJIEMEHTe PasSHOCTH HOTEHIMAJNO0B HA 3ayKAMax yOkBaer
o Mepe BO3pacTaHHA CHAMaeMOro ¢ Hero Toka. He mpm Hamei
WAeANH3ANEHE 8aJadyd Jerko cefe mpegcTaBUTh, 4TO y HAC €CTh
WAEaNbHLI DIEMEHT, B KOTOPOM HAUpPAMKEHHEe HA BIEKTPORAX He
BaBHCHUT OT CHJIH TOKa. TOrja peajibHEIH 2JIeMEHT MOKHO paccMa-
TPUBATH KAK HAeaNbHHIH, COeJUHEHHHH IOCHKeZOBATENBHO C COHPO-
THRJIEHAEM,

§ 3. Cemu udearvroix anemenmos;
npasuara Rupxzoga

Hax mu Bmpenn B mpensymeM naparpage, 04eHb OPOCTO ONE-
CHBATh BNEANBHHE DIeMeHTH CcXeM, I'OBOPA NHMb O TOM, 9T0 mpo-
MCXOHUT BHE ?jeMenTa. TOR W HaIpssKeHue CBA3aHH JuHeiHO. Ho
OY€HH CJIOKHO OIUCATHL BCE TO, UTO HA CAMOM [leje NPOMCXONUT
BHYTDH 9JIeMeHTa, ¥ BechMa TPYAHO IPH 9TOM HOAB30BATHCA ABKIKOM
ypaseenmit Makceenna. IIpegcTaBbre, 9TO BAM HY;KHO TOYHO ONH-
caTh 3JIeKTPHYECKHE W MATHHUTHEE IO0JA BHYTPH paJAOIpAEMHNKA,
COCTOAIEr0 U3 COTeH CONpOTHBIEBHI, eMKOCTel H CaMOMHAYKH M.

175



Que 229. Cymma nadenuil nanpaxenus
6004b 4106020 SAMEHYMO20 NYMU PAGHE HYIIO.

Bsino 66 menocHABLHENM Ne10M OpoaHa-
AUSHPOBATH TAKYI0 MEIIAHWHY, LOJb-
ayAch ypasHeHHAMH Mawxcseana. Ho,
Jenas MHOKeCTBO OpuONIsKeHHWd, Ko-
TOpHE MEI ornucax# B § 2, m mepeBops
CyIIeCTBEHHEIE 9epTH pealbHHX dile-
MEHTOB CXe€M Ha SASHK HIeaju3anni,
MOKHO IIPOAHANU3UPOBATH dJIEKTpUIE-
CKYIO Ilenb CPaBHETENLHO npocro. Ceii-
9ac MH HOKaKEM, KaK 3TO JenaercH.

I[Iycrs wmMeerca medb, KOTOpas co-
CTOHT M3 TeHepaTopa ¥ HECKOIBKEAX
MMOEJAHCOB, CBA3AHHKEX MeXIy co0oil Tar, Kak TOKAa3aHO Ha
¢gur. 22.9. Cornmacno pammm npubim;KeHHAM, B 00MACTAX MEmMIy
OTHEIbHEMHE 3JeMeHTaMy Ienu Marautaoro nousa uner. Ilosromy mi-
rerpax ot E Bronp aio6oil KpmBoil, KOTOpasA He IPOXORUT HA gepes
OJIME M3 dIEeMeHTOB, paseH Hyaw. Paccmorpuym kpusylo I', mokasan-
Hy0 mTpuxoM Ha ¢mr. 22.9, Koropasg O00GXOAMT WO IEUH KPYIOM.
Horrypawi urrerpan or E B1oab sT0il KpRBOH COCTONT U3 HECKOI b-
KUX dvacrtefi. Kaxjas wacTs — 3TO HHTErpajl OT OJHOTIO 3a)KHMa
DJEMEHTa LeHM 0 ciexyomero. Mu HazBaim 3TOT KOHTYPHHE HH-
TerpaJl najfieHAeM HATPsKEHUs HA 3jeMeHTe Iend. Torpga sech KoH-
TYPEHI WHTErpajJ paBeH DPOCTO CyMMe HafieHMi HaNmpAKeHHA Ha
BCEX 5J1eMEHTAX IENH HOPO3HE:

$Eds=3V,.

A TOCROIBPKY KOHTYDHBEI HHTETPAJ paBeH HYJIIO, TO HOJIYYaerTcH,
YTO CyMMa pPa3sHOCTEH MOTEHIMANOB BIOJIb BCETO 3AMKHYTOIO KOH-

Typa Hend paBHA HYIIO:
V,=0. (22.14)

Bproan

06010

KOHTYpa .
IJTOT pesyabTaT cIeAyer W3 ONHOrO M3 ypaBmeHHil Makceeana, yr-
BeP;RAAOIEro, 9T0 B 001acTh, Ifie HeT MATHATHHX HOX€H, KPABOIH-
HeiigHit mATerpax or E mo saMKHYTOMY KOHTYpY paBeH HY.I0.

Tenepsr paccmorpum ppyryio uens ($pur. 22.10). Topusonrans-

HaA JBHUA, COeJURAOMAA BHBOTH 4, b, ¢ 4 d, HapHCOBAHA JJA TOrO,
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9T00H NOKa3aTh, 9T0 3TH BRIBOJIK BCE CBABAHAE Me;KIY ¢060it uim gto
OHI COEZWHAITCA NPOBOJAMM ¢ HHYTOMHHKIM COHpOTHBIeHHeM. Bo
BCAKOM CAy9Yae TaKoM 4epTe;k O3HAYaeT, 4TO BCE BHIBOAH &, b, ¢, d
HAXOAATCA HOX OfHUM IOTEHIHMAJIOM, a BHBOIH ¢, f, g M b — rome
o ogauMm. Torga nagename HanpssxeEus V Ha n000M U3 geTHIpex
9JIE€MEHTOB OUHAKOBOE.

Ho opna m3 mammx ugeanmsaiuii COCTOANA B TOM, 4TO HA BH-
BOJAX HMIENAHCOB COCPEHOTOYMBAIOTCA IIPEHEOPEKHMO MANKC
KojamgecTsa aiaexTpraectsa. llpenmonoskumM Teneps, 9TO U BIEKTPH-
YeCKUM 3apAmoM, HAKAILIUBaeMbIM Ha COIWMHUTENBHEIX NPOBOMAX,
TO}ke MO}KHO Inpemebpedn. Torga coxpaHeHHe 3apsaga Tpebyer,
97008 71000H 3apAj, MOKUHYBIIMI OfUH H3 SIEMEHTOB I¢HH, He-
MejJleHEO BXOJMA B KaKo#-nmubo ppyroit sxeMment uenn. Wian, 910 10
sRe caMoe, gToOH anrebpamyeckas cyMMa TOKOB, BXONANIUX B JIIO-
6yio m3 Toyer coeguneHmst, Oputa paBHA HyAo. 1lom TOUKO coemu-
HEHUS MH LIOHAMaeM 06y COBOKYNHOCTL BHBOJOB, TakUX, KaK
a, b, ¢, d, KoropEe coefUHEHH APYr ¢ ApyroM. Tawaa cOBOKym-
HOCTh COCJUHEHHHX MEKAYy co000i BHBOTOB OOHYHO Ha3HBaerca
«y3nom». CoxpaHenme sapsga, crano Owrb, Tpebyer, 9ro0u B nenn,
nokasaggoit Ha ¢ur. 22.10, 6rno

I,—I,—I,—1I,=0. (22.15)

CyMMa TOKOB, BXOQALIEX B y3el, COCTOAINMA H3 9eTHPeX BHIBOXOD
e, [, g h, TO3Ke JoiKHEA OHTH paBHA HYJNIO:

I AT, I+ 1,=0. (22.16)

flcno, uro aTo 70 we camoe ypasHeHme, uro u (22.15). O6a om
ypasHeHEA He HezapucuMul. Obmee IPaBHIO [NIACHT, 9TO CYMMA MO-

K06, emekanowur 8 4000l yses, 06a3ana Ovlmb pasHa HY0:
2 Do I,=0. (22.17)

yaen

Hame npesknee sakmouerne 0 TOM, 9TO CyMMa HaJeHWil Hamps-
KeHUIl BROJB 3aMKHYTOrO KOHTYPA pPaBHA HYJIO, JOMKHO BHINOJ]-
HATBCA A KOKLOTO KOHTYpa caokHOH menu. Touno tax me mam
pe3yabTaT, 9TO CyMMa CHJI TOKOB, BTCKAIOMMUX B y3€J, PaBHA HYNIO,
TOMXKE JIONKeH BHIOJHATbCA JiiaA d000ro ysna. 1d gBa ypapBHeHHs

a b c d
/ {1, i i Hy
v @ % 22 23
Que. 22.10. Cymma moxros, exo-
Oawux 6 awboii yses, pagna Hnyawo, .
' iz, 12 s e
. o f g ~h
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Quez 22.11. Anaaua yenu
¢ nomowpio npasusa Hupzeofa.

M3BECTHE 110 HABBAHUEM npa-
éus Hupzeogpa. C ux moMompbio
MOKHO HAUTH CHJIH TOKOB W
HAIpAKeHUA B KaKoit yrogao
LEeNd.

PacemorpmM, mampmMep,
nens mocaoykHee (pur. 22.11).
Kark onpemenuTh TOKE W Ha-
npamenus B meil? Ilpamoit myrs pemieEma TaxoB. Paccmorpum
Ka/KEHil 13 YeTHpeX BCOOMOraTelbHHX KOHTYypoB nenu. (Craxem,
OJIMH KOHTYp IIPOXOJHUT uepes KiIeMMH a, b, e, d m o6paTHO K a.)
Jlas Kammoro 8aMKHYTOro KOHTYypa HAINHIIeM ypaBHEHHE HepBOTo
npasmna Kmpxrodpa — cymMma pageHMil HaopsDKeHHS BAOID BCA-
KOr0 KOHTYpa paBHa Hyado. Hy)KHO NIOMHEHTH, UTO NajeHuUe
HANPSKEHNA CYUTAETCA IONO/KUTENBHEM, €CiIW HampaBieHHe 06-
XOfa coenadaem ¢ HANPABICHWEM TOKA, ¥ OTPUIATEIHHEIM, €CJIH Ha-
nipaBieHue 00X0[a NDOMUEONOLONCHO HATPABAEHWIO TOKA; M HANO
ellle DOMHUTD, UTO HaICHNe HANPAKEHUA HA T€HEPATOPe PABHO 0Mm-
puyamesbHoMy SHAYCHWIO 5.7.C. B BTOM HampasieHuu. Tak 910 gjs
KoHTypa abeda momywaercs

230y + 25l 5+ 2,0 s — &, =0.

ITpmnaras Te sXe mpaBWia K OCTANBHEIM KOHTypaM, HOJYYHM elie
TPW CXONHHX ypaBHEHUA.

Ilocne aT0TO HY;XHO HAUMCATH YPAaBHEHAA [JIA TOKOB B KaKIOM
yane uenn. Hampumep, cxmajguBas Bce TOKH B y3ue b, moiydvaem

I,—I,—1,=0.
Amnanormumo, B yBile ¢ ypaBHeHHe I TOKOB IPHHEUMAET BHJ
I,—1,41,—1;=0. -

B n3o6paskennoii cxeMe Takux ypaBHeHHH Jias TOKOB uaATh. OKa-
SHBAETCH, OMHAKO, UTO J110G0e M3 DTHX YPABHEHUA MOKHO BHBECTH
H3 OCTAJIBHHX YeTHPEX, M03TOMY HE3aBHCHMHX ypaBHEHUA TOIBKO
uersipe. IlToro B HameM pacHOpsKeHHH BOCEMBb HE3aBHCHMEIX JU-
HEeHHHX ypaBHeHUii: uyeTHpe i HaIPAKEHUH, 9eTHpe [Is1 TOKOB.
Wz HEX MOMKHO HOAYYUTH BOCEMb HE3ABHCHMHX TOKOB. A ecund
CTaHYT U3BECTHH TOKM, TO ompelennTcsa H Bea 1enb. llagennme ma-
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OpS/KEeHNsA Ha A1000M DieMeHTe Aaercs TOKOM Uepes HTOT 2eMeHT,
VMHOKEHHEIM Ha ero mmnejaHc (a A MCTOYHMKOB HANDAKEHHA
oHE BOOOIIE H3BECTHH 3apaHee).

Mu BHEENN, 9TO ONHO M3 YPABHEHMI [JIf TOKA 3aBHCUT OT OC-
ranbHHX. Boobme-to ypapHeHWE I HAODAKEHUA TOMKE MOHIHO
Hamucath Goabmme, Yem Hy;kHO. XoTA B cxeme ¢ur. 22.11 u pac-
CMATPHBAJNACH TOJNBKO YeTBEPKA CAMHX MAJeHBKHUX KOHTYDOB, HO
HUYEro He CTOHMJIO B3ATH APYIrHMe KOHTYPH M BHIOMCATL IIA HUX
ypasHeHUA miaA nanpsmxernii. MoyxHO ORIO B3ATH, CKaskeM, MyTh
abcfeda. Vnm cpenats o6xox no mytm abcfehgda. Bul Bummre, uro
KOHTYpPOB — MHOKeCTBO. M, aHanmsupys CIOKHEE CXeMH, HAIEro
He CTOHUT IOJYIHTH CIUMIKOM MHOTO ypasHenuit, Ho xors ecTh mpa-
BHJIA, KOTOPHE IMOJCKA3HBAIT, KAK HAAO MOCTYNATh, YTOGH BHILIO
HanMeHbIlee KOJXMIECTBO ypaBHEHMiT, oOLYHO M Tak GhBaeT cpasy
TNOHATHO, KaK BHIONCATh HY/KHOE YHMCIO OPOCTOHINNX ypaBHEHHUI.
Kpome TOro, OBHO-IBa JUINHUX ypABHEHUA Bpefa HE LPHHOCAT.
K HesepHOMY OTBETY OHU He IPHBEXYT, Pa3Be TOJIHKO HEMHOIO 3aIy-
TAIOT BHIKJAAIKH.

B rm. 25 (Bwm. 2) mMel mOKasaum, 9TO, €CIM JIBA MMIEJaHCA Z,
U 2, COCTMHEHH n0CAe008aMmeAbHO, OHI DKBHBAJEHTHH OJWHOYHOMY
HMUEJAHCY Z;, PABHOMY

Z,=2, - 25. (22.18)

HKpome Toro, G510 TOKA3aHO, YT, KOIYA ABA MMOEJAHCA COBUHEHH
napasieibro, OHH DKBHBANEHTHH OZWHOYHOMY WMHENAHCY 2
paBHOMY

p’

1 2125
7 — _ . 92.19

P =W+ () 5t % (22.19)
ECHI/I BRI Tenepb orrfagerech Hasapn, TO yBHHHTe, qTO0, BRHIBOLA 2TH
pe3yJII)TaTBI, HaA caMoM I[e.ﬂe BEI IIOJIB3OBaAJHCH HpaBHJIaMH HﬂpX‘
roda. YacTo MOMKHO IPOAHATUZUPOBAT CIOKHYIO CXEMY, HOBTOPHO

23

@D ua. 22.12. Ilenv, Komopylo moxc- v
HO RPOAHAAUBUDOGAMb € NOMOUBIO z 2 2
nociedosamesvHRE U napassesv- 81 6 7 8
HOT Kombunayuit,
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o g -\_LJ Due 22.13. Iensv, komo-
Pyl Heab3s npOGHAAUSU-

posams ¢ nOMOUHIO NO-
c1edo6amesbHO U napas-
% Pn Zy Vz 23 ‘IS——(I,+Iz) ACABHBT EOMOUHAYLLL,
d € f

npuMeHssA GOPMYJIH [JId IOCIe0BATEIHLHOr0 H HAPANIeIBHOTO UM-
nepafcoB. CrajkeM, TAKUM CHOCOGOM MOKHO ITPOAHANHM3MPOBAThH
cxeMy, IOKaszaHHYI0 Ba ¢ur. 22.12. Mmuegancst z, M zZ; MOMKHO
3aMEHNUTH X NapajiyieJbHEIM YKBABANEHTOM, TO }K€ MOKHO CAeNATh
¢ MMIOEJAHCAMH 24 U 5. 3aTeM UMOENAHC Z, MOFKHO CKOMOEHUPOBATD
¢ NApajJielbHEIM DKBUBAJIEHTOM Zg H Z, IO NPaBWIY MOCIefOBa-
TeJBHOI'0 COEIMHEHMs MMIEAHCOB. |aK IOCTEIEHHO MOMKHO CBECTH
BCIO CXeMy K I'eHepaTopy, MOCAe/l0BATEIBHO COBJUHEHHOMY C OHAM
nmnenascoM Z. W rorma Tok wepes remeparop mpocTo paseH &/Z.
A jeiicTBys B o0paTHOM LHOpAMKe, MOKHO HAHTH TOKA B KaykIOM
uMmesamnce.

Onnaxo GHBAIOT COBCEM HPOCTHIE CXEMEI, KOTOPHE DTHM METONOM
He upoamanusupyemb., Hanmpumep, cxema ¢umr. 22.13. Urobu
OpOaHAIH3UPOBATH Ty I€Hb, HAA0 PACHHCATH yPaBHEHHUA JIA TO-
KOB M HaupsyxkeHHI no mpasuiaam Hupxroda. Lasaifire mpopenaem
510. MMeercsa TONBKO OJHO ypaBHEHHE I TOKOB:

11+12+18=0’

13=“(11‘|‘12)-

BuKklIagkm MOKBEO COKOHOMHTH, €CJIH BTOT DPe3yJbTaT cpasy ke
HOACTABUTH B YDPABHeHAA [Ja Hampsmenmii. B sToif cxeme Taxux
ypaBReHOiT fBa:

—& 1z, —112,=0 m  E,—U;+1,)23—1y2,=0.

OTKyza

Ha gBa ypaBHeAMA NPUXOAHUTCA [Ba HeM3BeCTHHX Toka. Pemas
ux, moaydaeM [, a I,

_ 2985 — (221 23) &1
]1 T 25 (2 23) + 2223 (22'20)
u .
[, = _afatunb (22.21)

2 21 (zp+23) + 2025

A Tperumil TOK mONydYaeTcs KaK CyMMa HEpPBHX [IBYX.
Bor eme npmMmep 1emy, KOTOPYH OO DpaBWIaM MAPAJLIENb-
HHX ¥ HOCIEJOBATEJLHHX NWMOENAHCOB pPACCYMTHBATE HEJIb3d
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Due. 22.14. Mocmuxosas crema.

(pmr. 22.14). Taxyo cxemy Ha-
3RBAIOT «MocTuR». OHA BCTpe-
gaeTcad BO MHOrMX upubopax,
H3MepAIIHKX UMIeRaHcil. B
TAKHX cXeMax oOWYHO WHHTe- b
PecyTCa TaKUM BOUIPOCOM: >
KaK JOMKHE COOTHOCHTBCH PasiIHYHbBEe MMIELAHCH, Y4TOOH TOK 9e-
pes mMmesianc 2z, Ob1 paBen Hymaio? Bam mpemocrasasercs mparo
HAUTH Té yCAOBUA, IPH KOTOPHX 3TO JeiflCTBUTENBHO TaK.

§ 4. 9xsusasenmnvie Konwmypu

IMosoxum, MH DOLKIIOIMIR reHepaTop & ® uemm, B KOTopoil
eCTh MHOKECTBO CAOKHHX IepeIIeTeHUil UMIeIaHCcOoB (cXeMaThde-
cKM 3TO TIOKazaHo Ha dur. 22.15, a). Bee ypaBEeHusa, BHTEKa0IHE
u3 npasua Kupxroda, muneiian, # 103TOMy, BHYUCIMB U3 HEX TOK [
9epes reHepaTOPH, MB NOJYyYdM Bearuuny J, OpomopumoHaIBHYIO
&. MoxHO HamucaTh
&

I= ,
Zadd

TJie Teneph Z,,.— STO HEKOTOPOe KOMIIEKCHOe 9UCIO, aarebpange-
ckas QyHKUHA Bcex djiementoB nend. (Ecam B nmenm Her HEMKakmx

TeHepaTopoB, KpoMe ymOMSHYTOTO, TO B Y
¢gopmyie He 6ymer foGasouHoil wacTH, He —
sapucameir or &.) Ho nomyumsmeeca /
ypaBHeHHe — 3TO KaK pas TO, KOTOpoe , @ ¥ ’{,";Z‘;"
By)kE0 OO OH Hammcarh HIA CXeMbl vs 2
¢ur. 22.15, 6. 1 noxyna nac unTEpEcyer \

bl = |

Dua, 22.15. JIwbas cemv naccusnnzr sremenmos
o

¢ J6yma eueodamu srsusasenmua sPPermusromy
umnedancy.

181



Que 2216, Jiwbyw cemv ¢ Osyms evsodamu
MOJNCHO 3AMEHUMb 2EHEPAMOPOM, NOCAeB0osamesbHO
COCOUHEHHBM ¢ UMNEDANCOM,

a
TOJNBKO TO, 9TO IPOMCXONHUT CAe64 OT 3a-
KUMOB ¢ ® b, 10 Tex mnop ofe cxemnt
¢ur. 22.15 skeusasenmuu. N mostomy
5 MOKHO cpmerarh ofmiee yrsep:xuenue,

970 4100Yyi0 Oenb NACCHBHHX DJIOMEHTOR
¢ [BYMs BHBOJAMH MOKHO 3aMEHHTH
OfHMM-e[MHCTBEHREM HUMICHAHCOM  Z,4,
He M3MEHWB B OCTAJbHOH dacTm Iemu HuU
TOKOB, HE HaIpmKeHHil. YTBep:Kienmne
5TO, €CTeCTBEHHO, BCEr0 JHUIIb MEJIKOe 3aMeIaHhe O TOM, UTO
caepyer ms upasmi Hupxroda, a B KOHEYHOM cHUeTe — H3 JH-
peiiHocTd ypaBHenuil Maxcpenna.

Ngeto a1y MosxHO 00061UTMTh HA CXEMH, B KOTOPHE BXOJAT KaK
reHepaTopH, TaK W mMoegaHcH. llpexcrasbre, 9T0 MBI INIARUM HA
BTy CXEMY «C TOYKH SPEHHA» OTHOTO M3 MMIOeJaHCOB, KOTOPHH MH
o6oznpaunm z, (Pur. 22.16, a). Ecin 66 pemmurs ypaBHeHHe AJAs TO-
Ka, MHE OH YBUICIAH, 9TO HAUpsKeHHe V, MEKAY SaKHMaM¥ au b
ecTh jguHeliRaa ¢yHKnusa /, KOTOpYyH MOMHO 3alHCaTh B BHJO

V,=A—BI, (22.22)

3nech A m B 3aBHcAT OT reHEpPATOPOB I HMIEJAHCOB B IENH ClIeBa
ot 3a;kuMoB. Hanpumep, B cxeme, noxasanuoit Ha ¢ur. 22.13, Mu
paxoguM V,=1I,z,. 910 MOEHO mepemmcarh [mcmoabaya (22.20)]
B BHJE

Vi=[(Fs) 6—6 ] -2 4 (22.23)

Torfa monHOE peleHHe MH HOAyJaeM, KOMOHHEDysS 9TO ypas-
HeHHe ¢ ypaBHeHMEM [jifA uMOegaHca 2, T. €. ¢ Vy=1,z;, mnu
B ofmem caywae xomGmampysa (22.22) ¢

V,=1,:,.

Ecam MH paccMoTpEM Teneph caydail, Korja z, DOZKII0YAETCH K
npocToii. IeOM M3 HOCAeHO0BATEJIbHO COEJUHEHHHX IeHepaTopa H
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umnenanca (cM. ¢ur. 22.15, 6), TO ypaBHeHHE, COOTBETCTBYIOINEO
(22.22), npumer Buf

V,= élam" Inzaqnb’

uTo copmasaer ¢ (22.22), eciu OPUBATD oy =4 1 2,4, =B. 3naumt,
eCJIE HAC MHTePecyeT UMb TO, 9T0 IPOMCX OXHUT HANPAaso OT BRIBOLOB
a 1 b, To DpOUBBOIABHYI0 cxeMy Qur. 22.16 MOKHO Bcerma 3aMeHHTH
SKBUBAJEHTHHM COUYETAHHEM IeHEPAaTOpa, IOCIEeJO0BATEIbHO COeJH-
HEHHOTO ¢ HMIEJAHCOM.

§ 5. Inepeua

\

Mu Bmpenu, 910 fAd CO3AHUA B MHAYKTHBHOCTH TOKa [ Hajo
H3 BHeIIHel nenu focraButh 9Eeprmio U =1/,L7%. Horga Tok cmagaer
IO HYJd, dTa 3HEPTHA YBORUTCA OOPATHO BO BHENIHIOMW IeNb.

B mpeanpHON MHIYKTHBHOCTH M@XaHU3MA IIOTEPh 9HEPTHH HET.
Horpga epes mHAYKTHBHOCTH TEUYET NEPEMEHHHI TOK, SJHEPTHA Hepe-
TeKaeT TO TyAA, T0 CIOJA — OT MBAYKTUBHOCTA K OCTANLHOH dHacTh
neny u o0paTHO, HO cpedHAsL CKROPOCTH, C KAKO# 9HEPIHU mepefaercsa
B Ilenb, paBHA Hya0. M rosopmm, 4T0 HHAYKTHBHOCTH — Heduc-
cunamueHiii 3NeMenT, B Hell He pacTpauuBaetcd (He «JUCCHOUPYETH)
dIeKTPUYECKAsE DHEPTH.

To9HO TaK sKe BO3BpAIaeTCHd BO BHEIIHION Ielh U DHePTUs KOH-
mencaropa U=1/,CV?% rorga o paspsxaerca. Horga os cromr B
[eNH NePeMeHHOr0 TOKA, TO YHEPIHA TeIeT TO B HETO, TO U3 HETO, HO
TOJTHHI IOTOK DHEPIHUY 34 KMOHIN UK paseH Hyno, Upeanbusri
KOHZIGHCATODP — TOKEe HEeJUCCHOATHBHEHIA DIEMEHT.

Mu zmaem, 9T0 8. . ¢.— 3T0 mcTOUHMK sHeprmm. Horma tox [
TedeT B HAMPABIEHAH 3.]1.C., TO JHEPTUA IOCTABIACTCA BO BHEIIHION
nenb ¢o ckopoctbio dU/dt=&1. Ecnn snekrpudecTBo FOHAT RPOMUE
9.1.c. (c IOMOIBI APYyTHEX TE€HEPATOPOB), TO 3. . C. HOIVIOMAET
DHEPLHUI0 ¢O CKOpocTho &1 ; mockonbry I orpunarensuo, 1o u dU/dt
OTPHLATENBHO.

Ecam regeparop HOAKNIOUEH K CONPOTHBAEHNI0 /, TO TOK depes
conporupaenne pasen I =¢&/R. Jueprus, nocrapiaseMas LefepaTo-
poM c0 ckopocThio &I, mOrNoOm@aeTcss cOmpoTUBIeHAEM. JTa SHEp-
THsI TPATHTCA HA HATPEB CONPOTHUBIEHHA M JUif DIEKTPHYECKOR
DHEPTHY NenH PaKTHUeCKN yixe morepsiHa. Mu rosopum, 4ro anexr-
pHUecKas DHEPTHA paccemBaercs, duccunupyem B COIPOTHBICHAM,
Cxopocts, ¢ Kakoil oma paccempaetcd, pasna dU/dt=RI>.

B memm mepeMeHHOTO TOKa CPefHAA CKOPOCTh HOTePh SHEPIHH
B COIPOTURJIEHAN — 9T0 cpefHee sHavenue RJ/? 3a uuki. Ilockonbky

I=I¢“" (aro, coGcreemno, osHawaer, uro I MeHAeTca Kak
cos ot), To cpenaee suadenne /2 3a nuka pasno |/|%/2, moromy gro
TOK B MaKcEMyMe — 970 |/|, a cpefjHee 8HaUenme c0s® w? paBHO !/,.
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QDue. 22.17. JMwboi umnedarnc

R sneusasenmen  nocaedosamenvromy
cOeDuHERUI0 HUCMO20 conpomus.ae-
HUR U YUCMOZ0 PEARMAHCA.

™
I

iX

1

A 4TO MOKHO CKAazaTh O IIOTEPAX DHEPIUH, KOTAA TEHEepaTop
mOAKNI0YeH K npoussoabHomy umnenancy z? ([log «morepsammy mui,
KOHEYHO, HOHMMAaeM IIpeBpalieHne SICKTPHUYECKON SHEPTHH B Tell-
aosyw.) Besikuit uMnenanc z momer OmHTH pasbur Ha HefCTBUTENb-
HYI0O M MHEMYIO 9aCiu, T. €.

z=R+iX, (22.24)

rae R 1 X — ugncna geitcrsurensusie. C TOUKY 3peHHS SKBHBANCHT-
HBEX CXeM MOMHO C¢Ka3aTbh, 4TO BCAKWHM HMMIOEHAHC JKBHBAJICHTEH
CONMPOTHBICHHIO, IIOCIEHOBATEIHHO COEJHHEHHOMY € YHCTO MHH-
MHIM EMIEJAHCOM, HA3bIBAGMBIM peakmancom (Pur. 22.17).

Mu ysxe Bupenu pambine, 9To J00as menb, CoAep;Kalman TONbKO
L a C, obnagaer uMuegancoM, BEPa KAeMBIM THCTO MHUMEM YHCIOM.
A pas B nw0bom m3 L u C B cpegHeM HHKaKHX morepb me OhIBaer,
TO M B 9HCTOM peaKTaHce, B KOTOpPOM mMewrcs Tonbko L m C, no-
Teph sHepruH He OniBaer. MoytHo mOKa3arh, 9T0 3TO JOMMHO ORITH
BEPHO /I BCAKOTO peaxTaHca.

Ecnm remepatop ¢ 3. 0. c. & NOACOCAUHEH K HMIENAHCY 2
(eM. ¢ur. 22.17), T0 ero 5. 7. ¢. HomxHA OBITH CBA3aHA ¢ TOKOM [ u3
reHEePaToOPa COOTHOIIEHHUEM

&=1(R+iX). (22.25)

Yrobu HaiiTH, C KAKOil cpefHedl CKOPOCTHIO HOABONUTCH SHEPTHA,
Hy:;xH0 ycpenauts npoussenenne &/. Ho temeps caemyer GHTH oc-
rTopoanM. Omepupys ¢ TAKHEMH NPOU3BENEHHSAME, HAJ0 HMMEThH
JlelI0 TOABKO ¢ fieficTBuTebHEIMU BenuauHamn & (¢) m 1(¢). (Hetict-
BHTeJbHEIE YaCTH KOMIUIEKCHHX (GyHKIWA M300paKaioT HacTOAI(Ne
PusudecKre BEIMIMHE TONBKO TOTAA, KOTHA YDPABHEHMS AUHELHb;
ceilyac jKke peub HAET O nPousdsedenuls, a 3T0, HECOMHEHHO, BEIIb
HeauHeiinaA.)

Hycrs ME HAYaNW OTCYATHBATE [ TAK, 9T0 aMmuiAaTyaa I oxasa-
Hach MEACTBATENHHNM YHCAOM, CKaykeM [,; TOIa MCTHHHO® H3Me-
sesue ] Bo BpemeHH fpaerca dopMmynon

I =1,cos wt.
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Bxopsamasn B ypaBreune (22.25) 3.4.c.— 3T0 JeHCTBUTEAbHAA YACTh
oT
Ie“ (R+ iX),
HIIH
&=1,R coswt—1I,X sin ot. (22.26)

HBa cinaraemerx s (22.26) mpepgcTaBiaA0T majeHue HANPTKEHHR
Ha R 7 X (cm. dmr. 22.17). Mu sujgaM, 910 majieHHe HAUPAMKEHUS
Ha COOPOTHRIEHMYU HAXORMTICA ¢ (fase ¢ TOKOM, TOTAa KaK HajfileHne
HaIPMKEHAS Ha YHUCTO PEAaKTHBHOH 4YacThm HAXOJHUTCA € TOKOM
8 npomueoghase.

Cpednas ckopocmv morepsb smeprum <P) ,, Texymei or reme-
paropa, ecTh HHTeIpaj oT mporssefenud &/ 3a ogwH LUK, JeleH-
HH Ha mepuox I'; MAKMHA CAOBaMY,

T T T
<P>cp=—:,l—r5‘ é’[dt:-%g I: R cos? mtdtm%j‘ I X cos ot sin wtdt.
0 0 )]

Ileppuiit maTerpan pasen Y,/3R, a Bropoii paser myaw. Crano
OniTh, cpelHAA mOTeps SHEPrHA B mMnejance z=R-iX zasucAr
JAWIIb OT JedCTBUTENbHON uacTh z W papHa I31/2. 910 cormacyerca
¢ HANIMM OPE;KHMM BHBOJOM O HOTEpPAX JHEPIUH B CONPOTHBIE-~
Hud. B peaxrupHOil 4acTH noTeph dHepruu He ORIBaeT.

§ 6. Jecmruurnas cemo

A Temeps MEI pACCMOTPHM MHTEpPECHEHINYIO Helb, KOTOPYIO MOMK-
HO BHPAKATH Yepe3 MapaieJbHHE H HOCIeJ0BATEJHHHE COIETA-
nusa. HauneM ¢ nenu, nsobpakennoit ga ¢ur. 22.18, a. Cpasy suano,
4T0 HMIIEJAHC MeRIY 3KAMaMu ¢ U b IIpocTo paBeH z,+z,. Bosbmem
Temeps uensb morpynaee (pur. 22.18, 6). Ee MoHO mpoaHAIH3EPO-
BaTh ¢ ODoMOmbI0 npasun Hupxropa, mo merpynmo oGoiTHCH u
DoCAe/i0BaTeJbHEME | IIa PAJLIeAbHKME KoMOuHanuama. [[sa uMue-
BAHCA Ha TNPABOM KOHNE MOKHO B3aMEHATH OFHUM 2,2, 24
(cm. ¢ur. 22.18,6). Torga apa mMIefaHCA Z, H Z, MOJKHO Bame-
HATHh NX OHKBUBAJCHTHHM TAapaJJeJbHHM  HMIEJAHCOM 24
(Ppur. 22.18, 2). V1 HaroHeL, 3, U 2, PKBUBAJECHTHH OJHOMY MMIeEaH-
cy 25 (pur. 22.18, 9).

A Temeph MOMKHO HMOCTAaBATH 3a0aBHHI BOIpPOC: 9TO NPOH30H-
JleT, ecHIN K Iemd, moxasammoil Ha ¢ur. 22.18, 6, Geckoneurno mon-
KI09aTh BCe HOBHI¢ W HOBHE 3BeHbs (IITPEXOBasg JIMHAA HA
dur. 22.19, a)? Momuo nu pemurs 3agagy o Taxo# GecKoReTHON He-
un? IIpegcrasbre, 310 coscem He Tpyxuo.IIpeske Bcero Mo 3amedaem,
910 TaKkas OecKOHeUHAs Iemb He MEHSETCH, eCIM HOBOE 3BEHO HOJ-
KI9IATL K «OepefHeMy» KOHIy. Benb ecim x OecKOHeUHOH Ienm
nobGasaAerca OJHO 3BEHO, OHA OCTAGTCA BCe TOH e OeCKOHETHOM
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1 .1 5, 1 = "
Z—ZZ.'-Z& 25. 2’+24

Dua 2218, Iffexmusnsii umnedanc aecmruys,

nenbo. [lycts mul 0003HaYmAN EMIETAHC MEKAY 3a:KMMaMid @ H b
f6ecKOHEYHOH LenH Yepes z,; TOTAA AMOEe]HC BCETO TOrO0, 4TO CHpaBa
OT 3a/KUMOB € | d, TOJKe PaBeH z,. IloaToMy ecaim cMorpersb ¢ mepen-
HErQ KOHIA, TO BCA Ienb HpejCcTaBIAETCA B BHIE, MOKA3AHHOM HA
¢ur. 22.19, 6. 3amenaa gBa mapaniTeNbHHX HMOENAHCA Z, U 2
OJIHVIM ¥ CKJIAJHBAs €ro ¢ Z;, CPa3y ke HoIydaeM MMOEJaHC BCero
COYeTAHUS

23%¢

2342 "

Ho s1or mMuepafc To;ke paBeH z,. Iloxywaerca ypansnenme

1 .
E=nt M) W0 F=aT

— 29Z¢
2= zl+zz+zo )
Haitgem ms Hero z,:
, o
Zy= —%‘— + l/-—f+ ZyZq 4 (22.27)
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Que. 22.19. Iffexmusnui umnedanc Geckoneurnoli aecmuuys.

Taxmm 06pa3oM, MH HAIIM pelIende [iud MMIEJAHCA GECKOHEeTHOM
JIECTHUIB TOBTOPAIOMMXCA HAPAIEABHHX H MOCACHOBATEIHHEX
MMIEJAHCOB, I/Imnenanc Zo HA3HBAGTCHA TAPAKMEDUCTRUNECKUM UMNe~
dancom Takoi GecKOHeUHON mend.

PaccmoTpam Temeph 4acTHEIN npuMep, KOTa MOCAEN0BATEIbHHIT
3JIEMEHT — BCErJa MHAYKTHBHOCTH L, a IOYHTOBOH B3JeMeHT —
emrocTb C (¢ur. 22.20, a). B sroM ciyuae mMmemanc Geckomewroit
CeTH HOJIYYaeTcs, eclid HOXOKHTD 2, =iwL u z,=1/i0C. 3amersTe,
910 MepBoe ciaaraemoe z,/2 B (22.27) paBHO mpOCTO MOJIOBHHE MMIIE-
Aamca mepsoro synemenTa. EcrecrBemHee Gunno GH moaTOMYy (WIH HO
KpaiiHell Mepe HIpomie) pUCOBATHh HANTYy GECKOHETYHYIO CeTh Tak, KaK
noxasano Ha §ur. 22.20, 6. I'nsjis ma GecKOHEYHYIO CETh M3 3aKUMA
a’, MBl OBl YBEEAJH XapaKTePHCTHYECKHN HMOEJAHC

L 212
Zy= ]/?—“—’4—. (22.28)

CMmoTps mo ToMy, KaKOBa YacToTa &, HAGIIOMAIOTCA B HATEpEC-
HHX ciydad. Ecnu o? mensme 4/LC, To BTOpOe craraeMoe mox Kop-
HEM MEeHDbINe NepBOro, W WMOEJAHC Z, CTAHET JeiiCTBHTEIbHHM gHC-
aom. Ecnu sxe @? 6oxbme 4/LC, 10 IMIeqaHce z, CTAHET YHCTO MHM-
MBIM THCIOM H €T0 MOKHO BaINCATH B BHIE

wll? L

=Y T

Pamnme Mu CRa3aay, 94TO Ilellb, COCTaBJIE€HHAA M3 OJHUX TONBKO
MHEMBIX UMICIAHCOB, TAKHAX, KAK HHAYKTUBHOCTHA ¥ €EMKOCTH, 6yl[e’l‘
HMOTH YHUCTO MHMMEIA nMIezaHC. Ho raxn me TOTA& BRIXOAMUT, 49TO

L L L L
T me T —o

. L L L,
b TTT

Quz. 22.20. Jecmuuya L—C, . L2 L/2 L/2 L/2
usobpascennas Osyma oKeu- e XN AN TN
SaseHMHBLMU crOcOGamU,
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B TOH HENH, KOTOPYIO MH ceiluac paccMaTpHBaeM (a B Heil €CTh TOJIb-

ko onaa L u C), aMOeflanc Ipy 9acTorax HEKe V4LC T peacTaBIA-
eT coboil guctoe conporueicHue? A BHCOKAX 9acTOT UMOEHAHC
YUCTO MHHUMEII, B MOMHOM COTJIacuyl ¢ HANIEM LPEKHAM YTBEDIKIE-
pueM. [T HU3KUX jKe 9aCTOT UMIEJAHC ~— THCTOE CONPOTHBICHHS
¥ H03TOMY moraomaer suepruw. Ho kak Mosker neub, 10go6HO co-
I POTHBJIEHUI0, HEOPEPKHBHEO MOTJOIATh PHEPTHIO, ECJIN OHA COCTaB-
JleHa TOIABKO U3 WHOYKTUBHOCTEH W eMKocTeil? OTBET COCTOHT B TOM,
YTO 9THX eMKOCTeH W CAaMOMHAYKIMIA OecKOHeYHOe MHOFKECTBO, W
TOJIy9aeTcsH, 4T0, KOPJa MCTOYHUK COENMHEH ¢ NeNbio, OH ofa3an
cuepsa CHAOIUTH HHEPTHEHd NEPBYI0 MHAYKTHBHOCTH U €MKOCTb, 3a-
TeM BTOPYIO, Tperbio W T. k. B ueusx momoObuoro poxa suHeprus
HCOPEPHBHO M ¢ IMOCTOSHHON CKODPOCTHIO OTCAcHBaeTcs W3 resepa-
topa ® 6e30CTAaHOBOYHO TEYET B Ienb. JHEPrUA 3aiacaercsi B WH-
AYKRTABHOCTAX ¥ €MKOCTAX BAOJNH 1ICIH.

JTa mpes MOACKA3KBAET WHTEPECHYI MHECIb 0 TOM, 9T0 dakru-
gecKM mpoumcxonur BHyrpu menum. Caefiyer OKHIATh, 9TO €CJIU K
nepeqHeMy KOHIY HeOW HOJAKIIOYATH UCTOYHHK, TO JeHCTBHE HTOTO
MCTOYHAKA HAYHET PACHPOCTPAHATLCA BIOIb IO IIeNH K GecKOREYHO-
my Komny. Pacmpocrpanesne BosH BIOML AWHUU OYEeHBH TMOXO3Ke HA
W3AY9YeHHEe OT aHTEHHBI, KOTOpas OTOUpaeT SHEPIHIO OT MHUTAOTEro
ee MCTOYHAKA; TOTHEE, MOKHO OMEAATH, UTO TAKOE PACHPOCTPaHe-
HUe NPOWCXONUT, KOTJA MMuIeJaHc jpeficTBUTENeH, T. €. KOrja ®

menpme ) 4/LC. Ho Korna mMneaHC 9MCTO MHMMMIA, T. e. npn ©,
66avmux }/ 4/LC, 1o Tarkoro pacnpocTpaHenus o;KUNATH HE CAELYeT.

§ 7. Puavmput

B npepnipymem maparpade Me BHAENH, 9T0 GeCKOHCUHAS JecT-
uudAas cerb (cM. ¢ur. 22.20) HempepHBHO WOIJIOINAET BHEPTHIO,
©CJIH 5T 9HEPTHA NOABOLATCS ¢ YACTOTOH, KOTOpad HIKE HEKOTOPOI 0

KPUTAYECKOr0 3HAUYEHRHs V'4/LC, nasmsaemoro 2paHuMHOl yacmo-
moil ®y. ¥ HAC BO3HHKIA MHCIB, 9TO 9TOT 3PJeKT MOKHO MOHATH,
OCHOBHIBAACH HA TPEJCTAaBIEHNN O HeHPEPHBHOM IEPEHOCE SHEPTHU
saonp nuann. C Apyroit cTOpOHK, Ha BHCOKHX YacTOTax (HPH © >>0,)
HEeIPEPHBHOI0 NOIJOINEHMS 9HEPIWH He OHBaeT; TOTHA Cieiyer
OKHJIaTh, 9TO TOKU, BHAHNMO, HE CMOIYT IPOHUKHYTHY JAAJEKO
ppoias quaud, IlorasanuM, BepHH JIN 5TH OPEJCTABICHUA,

Hyers nepenumit KoHEN JIeCTHUIE COSMHEH € KAKUM-TO TeHe-
pATOpOM NEPEeMEHHOT0 TOKa, W Ha¢ MHTePecyeT, KAaK BEIMIAIAT
HANIpSUKEHME, CKaskeM, B 704-M 3BeHe nectHEnH. [lockoabky cern
GecxonedHa, OIpN 1epexose OT OJHOTO 3B€HA K JPYTOMY IPOHCXOLUT
BCETJia OHO W TO 3Ke; TAK YTO MOKHO IPOCTO LOCMOTPETh, 4TO CIY-~
9aeTcsa, KOTHa MH IepexoiMM OT n-ro 3seHa k (n-+1)-my. Toku 7,
W Haupsykeama V, MW onpefenuM TaK, KaK 1IOKa3aHO Ha

¢ur. 22.21,a.
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D ue. 22.21. Haxoxcdenue akmopa pacnpocmpaHenus AeCMHUYLL,

Hanps:xesne V,,; MoxHO monyauts u3 V,, ecIH BCIOMHHUTH,
970 OCTATOK JIECTHULHI (32 n-M 3BEHOM) BCEr[[a MOKHO 3aMEHUTDH ee
XapaKTepUCTHIECKNM MMIIETAHCOM Z,; M TOTAA AOCTATOYHO HPOAHA-
IM3UPOBATH TONBKO cxeMy ¢ur. 22.21, 6. Mu mpesrzme Bcero same-
yaeM, 4TO Kajkgoe V,, IOCKOIBKY 9TO HANPsUKEHHe HA 3a)KEMaX
COIIPOTUBJICHUS 24, JOMKHO 6HTH paBHO ] ,z,. KpoMe Toro, pasHocTh
mesuny V, m V,, pasHa mpocro /,z,:

— - %1
Vn—Vn+l - Inzl = Vn Z .

Ilonyaaercn ormomeHHe

Vi1 _ 7 - Zo—21
- - ’
Va 29 Zp

KOTOpOe MOMSHO Ha3BaTh Jaxmopom pacnpocmparerus LIt OMHOro
3BeHA JIGCTHAIW, oGosHavuM ero o. lasa BCeX 3BeHbEB

a=2""% (22.29)

Z
U HaOpsieHWe 3a n-M 3BEHOM DPaBHO
n
V,=a"s. (22.30)

Temepb HUTEro HE CTOMT HAUTH HAUpAKeHWe 3a 754-M SBEHOM;
OHO MPOCTO PABHO IPOMSBENEHUI0 & HAa 754-10 CTENEHb O.

Kak sruraaaur o gng aecrauaus L—C mna ¢pur. 22.20, a? B3asas z,
m3 ypaBuenusa (22.27) n z;=iol, ooayumm

L/C)—(®2L2]4)~—i (oL/2
o= VO @ L5 —i (0L/2) (22.31)

VLICY—(&L2/4) + i (wL/2)
Ecnu wacrora Ha BXOfe HUW)KE TPAHMTIHON YaCTOTH w,=V 4/EC,
TO KOpEHb — WHCJIO AefiCTBUTENhHOR, X MOTYJIY KOMIIEKCHEIX TUCE/I
B UHCIHTeNle W 3HAMEHATeNe OfuHAKOBHL. . llosToMy 3Hademrme o
0 MOIYJII PABEO eJWHUIE; MOKHO HANHUCATh

—3

a 970 03HAYAET, YTO BeJHYMHA (MOJY/b) HANPSKEHHSA B KaK/[0M
8BEHE OfHA M Ta jKe; MeHseTcd TOAbKO fasza. OHA MeHAETCA HA YHCIO

189



0; 0RO Ha caMOM JieIe OTPUIATENBHO 1 DPeJicTaBasgeT CO00M «3amep:x-
Ky» HaNpsKeHWA 110 Mepe TOro, KaK HociejiHee MPOXOAAT IO COTH.
A A 49acTOT BHIMIE TPAHWIHON JACTOTH ®, Jydile BHHECTH B
QHcanTeNe K 3HaMeHaTene (22.31) MEOKHTEND | M epenucaTh ero B

P V (@35 —(L/C)—(oL/2)
= . (22.32)

V (@5 —(Z/C) + (oL/2)
Temeps ¢axTop pacupocTpameHEs O — TUCIO OJelicmeumenbioe,
HIPUTOM MeHbluee eQuHUYb., ITO 03HATAET, UTO HAPAKEeHNe B HEKO-
TOPOM 3BeHe Bcerga MEHbIIe HAUpPsA/KeHHSA B IPEJHAyIeM 3BEHE;
MHOMHTENb OPONOPIHAOHAILHOCTE paBeH ¢. lIpn gacTorax BHIIE
HanmpsyKeHue OHCTPO cmajaer oo Mepe ABIKeHUs BROAb cetH. Hpm-
Basg MOTYJAA O Kak (yHKIIMK 9aCTOTH HOX0/KA HA TpadmK, DpUBEJeH-

HEIA HAa ¢umr. 22.22.

Mu BuguM, 9T0 mMOBEEHNE O KAK BHIIE, TAK I HIIKE ©, COIAACY-
eTCA ¢ HANIEM IPeJCTABICHHEM O TOM, 4TO CeTh Iepejaer dHEPruio
Opu <0, A 33JCPKUBACT €€ UPH ® >>®y. 1'0BOpAT, YTO CETh HPO-
OyCKaeT» HUBKHE 9aCTOTH M «010pacHBaery, HIH «OTYHIBIPOBHBA~
erT», BHCOKEE. BcsAxad ceTh, yCTpOeHHAasA Tak, YTOOH ee XapaKre-
PUCTHKE MEHSJIUCH YKA3aHHHIM 00pasoM, HasHBaeTCH «HHIBTPOMY.
Mu npoaranusupoBant «puABTP HE3KOTO HPONXYCKAHMUAY, MM KHA3~
KHUX 9acTOT.

Bac momker yaquBuTh — K yeMy Bce 9T0 00cysgeHre GeCKOHeTHHX
CeTell, ecJd Ha caMOM Jiejie OHH HeBo3MOsKHE? Ho Bea XHTPOCTD B TOM
¥ 3aKII0YaeTCH, UTO TE K XAPAKTEePHCTAKU BH OOHApy;KHTe H B
KOHEYHOH ceTH, eCIH 3aKIIYHTE ee HMUCJTAHCOM, COBIATAIIMM ¢
XapAKTePHCTHIECKIM MMIENaHCOM Z,. IlpaxkTmieckm, roHeuHO, He-
BO3MO;KHO TOYHO BOCHDOH3BECTH XapaKTepHCTHIECKH MMHEJamnc
HECKONBKAME IPOCTHIME djeMenTamd, Takumm, Kak R, L m C. Ho
B HEKOTOPOI IOI0CEe 9ACTOT HEPEAKO 3TOT0 MOMKHO JOOUTLCSA B X0pO-
meM OpubamueRuH. ITEM CHOCO00OM MOMKHO CHeJAaTh KOHETHYIO
QUIBTPYOINYI0 CETh CO CBOWCTBAMM, 0YeHD OJHBKMMHE K TeM, KOTO-
prie mposBiasiorTca B GeckomewmoMm ¢miabrpe. CraskeM, JeCcTHHDA
L—C bymer Bo MmEOTOM BectH ceba Tax, Kak GHIIO ommcaHO, €CId
Ha KOHIle ee IOMeNeHO gucToe conpormeienme R=)/7/C.

A ecim B pameii aectamne L—C MH nomedseM Mecramu L
u C, 4robu momydmnach jJecTHANA, MOKa3aEHaA Ha ¢ur. 22.23,a,

o
!

Que 22.22. ®axmop pacnpocmpa~
Henus 00H020 36eHA ACCTMHUYH.,

v e - —




c c c C
{ ] [ -
I 1 i
@Due 2223, Bucoxouacmomwunii
gusvmp (a) u ezo parmop pacrpo- @ L L L L
cmparenus kak gyuryus I/o (6).
a
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1
|
|
I
!
0 1/w, l/w
é

TO HOAYIATCA PUABTP, KOTOPHHA DPOMyCKaeT 6ucoKue IaCTOTH U
orbpacuisaer Huskme. [lonp3yAch yiie DOAYICHENMA pe3yAbTaTaM,
JETKO IIOHATH, IT0 TUPOUCXOXUT B 3TOH cetw. Bu y:xe, mapepno, sa-
MeTHJIN, 9TO BCeraa, Korxa L samenserca sa C m maobopoT, To B i®
saMmeHsieTcss HAa 1/io @ maobopor. 3madmr, Bee, ITO MPOMCXOMUN O
pasbine ¢ ®, reneps 6ymet mpoucxonuts ¢ 1/®. B wacrrocrn, moxHO
y3HaTh, KAK MEHAETCA O C 9acTOTO#, B3AR ¢umr. 22.22 u moscioay
BMecTo » Hammeas 1/w (¢pmr. 22.23,6).

Y onmcaHHEKX UABTPOB BHICOKHX W HUBKWX YACTOT €CTH MHOTO-
9HCHeHnEBe TeXAnaecKne npmiokennsa. @unbrp L—C BU3KEX gacToT
YacTO HCHONB3YEeTCA KaK «CTIRABANIMUEY QUIBTp B HEOAX 110-
cTosiEHOro TokKa. Ecaum HAM HY)KHO HOJIYYUTH HOCTOSHHHEIN TOK OT
ACTOYHHAKA IIe PEMEHHOT0 TOKA , ME BKII0YAaeM BHIPAMATENb, KOTOPHIT
[003BOAHET TeYh TOKY TOIBKO B OOHY CTOPOHy. V3 BEIOpSAMETEN T
BHXOIHT OYJIbCHPYIOTMA TOK, IpadHK KOTOPOTO BHITIAAWT Kaw
$yurnua V(¢), norasagmas Ha ¢ur. 22.24. IlocromHcTBO TaKOrO
TOKA — BUKYAHIIHOE: OH IMAaTaeTcd BBEPX W BHES, a HAM HYKeH MO-
CTOAHHHI TOR, YACTeHLKAI, TaeHbKAN, Kak oT 6aTapen akKyMy s~
TOPOB. DTOTO MOKHO NOOWUTHCHA, BRIAOUMB QHUIBTD HU3KAX 4acTOT
MEKIY BHIPAMATEN6M U HATPY3KOil.

W3 ra. 50 (Bum. 4) ME yiKe 3HaeM, YTO BPeMeHHAS QYHRIUA HA
¢ur. 22.24 moier GrTH mpeJcTaBIeHA B BU/e HATOKEBHA HOCTOAHHO~

v(t)

@ usz 2224, Hanpaxenue na eu-
zode 8ce80.4K06020° GUNPAMUMEAR. ,

191



ro HaOpPAKeHHUA Ha CUAYCHYIO BOJHY IIIOC CHHYCHYI0 BOTHY 6onbmeit
9acTOTH NG eme 6olee BHCOKOYACTOTHYI0 CHHYCOHAY H T. .,
1. . KaK pag Pypoe. Ecam pam ¢unprp — IAHEHHNEA (T. €. eoun,
Kax Mel mpepmosiarand, [ @ C mpu W3MeHEHWHA TOKOR WM HAPAMKe-
Auil He MEHAIOTCA), TO TO, YTO BHIXOJHT M3 YUIbTPA, NPENCTABIALT
c000ii TojKe HANOKEHNe BHXO0B OT KaKJ0M KOMIOHEHTH Ha BXOJe.
Ecam yerponts Tak, 9T06H I'paHHYHAA 9aCTOTA W, HAMeEro PUiIbTpa
6na 3HaUHTENBHO HIJKEe HauWEm3meld @3 wacror ¢ymrmmum V(?),
TO NOCTOAHHBIE TOK (y Koroporo o=0) npekpacso mpoiier gepes
PunbTp,a aMoIUTyga mepeoif rapMoHEKH 6y/eT KpelIKo cpe3ana; uy,
a aMINIATYQW BHICIIMX TaPMOHUK — TeM (oiee. 3HAYUT, HA BBHIXOJE
MOYKHO TONYYATh KARYI0 YrOJHO IIIafKoCTh, CMOTPA WO TOMY, Ha
CKOJBKO 3BeHLEB QUIBTpa y Bac XBATHT JIeHET,

BricokouacToTERE (HIBTD HYMKeH TOIJa, Korjaa Heo0XommuMo
cpesaTh HEKOTOpHE HU3KWe dacTorh. Hampumep, B rpaMModoHEOM
YCHIATEN1e BHCOKOYACTOTHRI QUABTP MOMHO MCIOJNB30BATE, YTOOH
My3HIKa HE HCKayKajach: OH 3a[[epsKUT HE3KOTYACTOTHOE TPOMEIX AHNE
MOTODYHKA ¥ JUCKA.

MosEoO eme jenath W «mON0CCOBHEY UILTPH, OoTOpacHBaloIIme
YacTOTH HEKe HEKOTOPOI 9aCTOTH , M YACTOTH BHIIE HOKOTOPOMH
ApYroil uyacroTH ©, (Oonbmeill ©,;), HO 3aT0 HPONYCKAIOMUe BCE
94aCTOTH OT @4 [0 . JTO MOKHO CAEJIATH NPOCTO, COBMECTHR BHICO-
KOYaCTOTHHA W HE3KOYACTOTHHIH (HIBTPH, HO OOKYHO fexaior
JeCTHMYHYIO CXeMy, B KOTOpOil mMMIefaHCH 2z, W 3, MMeloT Goxee
COKHEIH BET — OHHE caMH¥ cyTh Kombuaanuu L u C. Y Taxoro noiao-
coBOr0 QUIBTpPA HOCTOSHHAS PacHPOCTP4HEHUA MOJKET BHITJAAUETH
tak, Kak Ha ¢ur. 22.25,a. Ero MO}KHO HCIOJIB30BATH, CKaMKEM, ITO-
651 OTHEIATH CUTHAJK, KOTOpPHEe 3aHEMAT TOJbKO HEKOTOPHI HH-
TepBajd 4acToT, HAIPHEMep Kasxjbil M3 KaHAJIOB TenepORHOH CBA3H B
BHICOK0YACTOTHOM TeaedoHHOM Kabeine HIM MOTYJIMPOBAHHYIO Hecy-
MyI0 9acToTy OpH pajmomepenadue.

B rx. 25 (BHn. 2) MBI BHEENH, 9T0 TaK08 (QUILTPOBAHHE MOMKHO
NpOM3BOATSH €1e, MCIONb3Ys N3bHpaTeabBOCTh 0OHYHOHE pesoRaHCc-

P
a |
. 4 [
. [
[ 17
R
i Lol
5 I /1\ ! @ u e 22.25. Hoaocosoii fuasmp
I \. (a) u npocmoli  pesonancHui
| : ] duavmp (6).
'~ .
Lt 1
w, W, (7]
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goit KpmBoOit (maA cpasEeHmsa OHa npmBefeHa Ha ¢ur. 22.25,6).
Ho pesonaHcHHil ¢uabrp AiA HEKOTOPHX Hekeil MOIXOAWUT Xyske,
9eM OJI0COBOM. Br momuuTe (910 OBLIO B TI. 48, BHII. 4), KOorja He-
cylias 9acToTa ©, MOJYJIHPOBAHA CHTHANBHONY 9acTOTOH @, TO
o0muii CUTHAN cONePKUT HE TOABKO HECYIIYi0, HO U fBe 6oxoBLIe
9acTOTH O, +0; 1 0, —o, B pesomarcEOM ¢umibTpe 5TH GOKOBHE
HDOJOCH BCETHA KaK-TO 0cTabAAIOTCA, U YeM BEIIEe CHTHAJIHHAA 9ac-
TOTA, TEM, KaK BEJHO M3 pUCYHKa, Oonpnre 510 ocnabiaenue. [Toato-
My «OTKJIHK Ha 9acTOTY» 3/lech HeBasKHHIH. Brrcmme MysuKampame
TOHH B BOBce He mpoxofatr. Ho ecnn B3aTh Honocosoit dunbrp, yer-
pPOEHHHII TaK, UYT0 MUPHHA ®,— ¥, 0 KpaiHeHl Mepe BABOe GONBNIO
HaMBHCHIEH CHTHAJIBHOR JacTOTH, TO OTKIHK Ha wacToTy Gymer mis
HHETEPECYIONINX HAC CHIHAJIOB IIOCKHUM.

Eme oxmo samewarme o mecrumapom ¢uabrpe: decramna L—C
na ¢mr. 22.20 — 370 TaKKe HPAOAMKEHHOR IpefcTaBieHEe nepefa-
fomeit nmEnn (Pupepa). Ecaw umeercs AMARLIE IpOBOIHAK, PACio-
J0KEeHHE DapajineabHO XPYyroMy HPOBOJHUKY (CKaykeM, IPOBOJH,
TOMeIeHHNH B KOaKCHAIbHOM Kafesne MIW HOJBEIIEHHHI HaJ 3eM-
Jeii), TO MeIy HUMHA CYMECTBYeT KAKafg-TO eMKOCTh M HOKOTOpad
HHIYKTHBHOCTH (M3-33 MATHUTHOTO mOXA MekAy Humn). Ecnum mpen-
CTABUTh 3Ty JHMHHI COCTABIEHHOH m3 HeGoapmux ygactkoB Al, To
RKIHHE yY7acTOK IOXOK Ha OFHO 3BeHO JecTHHEIH L — C ¢ mocaego-
BATEJbHON WBAYKTHBHOCTHIO AL m myHTHpylomei emrocrsio AC.
JToaTOoMY MBI BOpaBe OPHEMEHATDH 3KECH HAIIM Pe3YAbTATH I Jie-
crauyaoro ¢pumsTpa. Ilepeiins k npepeny npu Al— 0, M momyIEM
Xopolnee ONHCaHWe Iepejaolell JuWHUH. 3aMeTsTe, 4TO, Korjga Al
CTAaHOBHTICH Bce MeHPBIIe WM MeHbmne, yMeHbmatorcd u AL u AC, HO
OHH YMEHBIIAIOTCSA B OAHON M TOM jKe IPONOpPIUM, TAK YTO OTHOM e-
aue AL/AC me mapaer. [losromy, nepeiinsg B ypasmenun (22.28) r
npefiexy upu AL u AC, crpeMfnmxcA K HYJI0, MH yBHAUM, 9TO
XapaKTePHCTHUCCKUl HMMIEJaHC Z, — DTO UHCTOE CONPOTHBIIEHHE,
peamamHa Kotoporo pasHa )/ AL/AC. Otmomenme AL/AC momno
sapgucath Takke B BEHme Ly/C,, tme Ly u Cy— HHIYKTHBHOCTH B
€MKOCTh €AWHUIE JAWHE JIHHWA; TOTHA ’

I,
Zy== . 22.33
=V'Z (22.33)
3amersTe eme, uro, Korga AL m AC cTpeMATCH K HyI0, TpaBAY-

Hag uacrora w,=}/ 4/LC yxogur B GecKoHeUHOCTH. ¥ HeaTbHOI
nepeflaloniell JWHUYM HET TPAHHIHON YACTOTHL.

§ 8. Apyeue sremenmot yenu

Jlo cux mop MH OHpeJenHAK TOJIbKO HeaNbHEE HMICJaHCH Ile-
0A — MHAYKTUBHOCTH, EMKOCTH ¥ CONPOTHBJICHHAR, 4 TAKIKE HIEANb-
ARl TeEepaTop HAOPsUKeHus. Temeps ME XOTHM IOKa3aTh, 9T0 Apy-
I'He 9JEMEHTH, TAKHEe, KaK B3AMMOMBIYKIHA, HJIH TPAH3IHCTODH,

7 W 3254 ‘ T 193
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<L Que. 22.26. 9xsusasenm-
—0 HAA CTEeMA §3AUMHOU UHIYK-

1, '
- G Y.
=
= e
=
C —
\ AN PAfAOTAMITE, MOMKHO
OIMCATH, MOMb3YACH TEMH
\ ’Ke OCHOBHEIME BJIeMeH-
a rama. Ilycrs mmetoresa

OBe KATYMIKM, H XYyCTh

- (30 cmexamo HAPOYHO

HAN Rak-EROyInbp KHade)

IIOTOK OT OJHOH W3 KaTy-

L, HIeK mepecexaer Apyryio

(¢pmur. 22.26,a). Torma

BO3HUKAET B3a¥IMHAA WH-

gyknna M pByx Ka-

TymeK, TaKk YT0, KOTHA

@ TOK B OJHOH KaTymKe

MeHAeTCH, B APYTroi rege-

) pApyeTcA HAIpsKEHHe.

Mosxuo nm B Hammx sx-

BEBQJICHTHHX KOHTYypax yuecrs Taxoit sdpderr? Mommo, mocrymus

cieayomuM obpasom. Mul Bufenu, 4ro HaBeMeHHAs B KaKkmoi u3

ABYX B3aMMOJEHCTBYIOMUX KATYIIEK 5. . C. MOKeT GHTHh mpej-
CTaBleHA B BHJE CYMMH JBYX dacTeil:

& =—L by (22.34)
et

Tleproe cmaraemMoe BO3EWKAeT M3 CAMOHBAYKIAH KATYIIKH, a
BTOPOE — M3 €e B3AWMOMHNYKIMH ¢ Apyroii rarymwoil. Ilepen
BTOPHIM CJATaeMEM MOKET CTOATH ILUIIOC HMIM MHUHYC, CMOTDS IO
TOMY, KaK NOTOK OT OJHON KaTyINKW HpOHUBHERaeT Bropyw. Hemas
Te 31e NpuONMKeHns, KAk I TOr7a, KOIAA ME ONUCHBAIY HIealbHYI0
HETYKTHBHOCTb, MBI MO;KEM CKasarhb, YTO PA3HOCTh HOTEHI[HAJOB HA
3KEMAX Kakmoil KATYIIKE pasHA 9. 7. ¢. Karymku. M torga oba
ypasuerus (22.34) cosnagyr ¢ TeMH, KOTOPHEe MOJYIHIUCH OH M3
menn $ur. 22.26, 6, ecam OuI 5. 1. ¢. B KAyKIOM U3 IBYX HaTepUYCHHRX
KOHTYPOB 3aBHCEJAa OT TOK4 B IPOTHBONOIOKHOM KOHTYP6 CIefyio-

muM o0pasoMm:
P &, = & ioMI, & =ioMI,. (22.35)
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SHAUAT, MOKHO mpej- lc D

CTaBHTH JeficTBHe caMOHMH-
AYKI¥H HOPMAIbHHM 06pa-

30M, a JleiicTBUE B3AVMHOIL
AHAYKOUXA B3aMEHHTh BCIO-
MOraTeIbHHM  MjealbHEM
TeHEePATOPOM HANPKEHHH.
Haxo, xomeumo, mmers eme
YDAaBHEHHE, CBA3KBAIOIEE &
3Ty 9. A. C. C TOKOM B Ka- b
KOH~-TO APYTOil 9acTH Iemm; L
HO, TOCKOJIBKY BOTO ypasB- ¢
HEHWe JHMHeHHO, MEl HPOCTO

AobaBiaseM K HamHM ypaBHEHHAM IeOW €INe OJHO JIWHeHHOe
YPaBHEHHWe, ¥ BCe HANIA Ope;KHUE BHBOJK HACIET 9KBUBAJEHTHHIX
cXeM U TOMY LHON0GHOTO BCE PABHO OCTAIOTCA IIPABMIBHHIMA.

Kpome BzammmOli MBIyKOME, MOKHO eme TOBOPHTH M O B3a-
UMHOA eMKocTH. [lo cuX mop, roBOPA 0 KOHAEHCATOPAX, MH BCEFAa
OPE/ICTaBIANM, 9TO Y HAX TOJNBKO IO J(BA dIEKTPOJa, HO BO MHO-
TUX Cay9asax (CKameM, B PagMoJaMIax) MOTYT OHTb H L0 He-
CKOIBKY DJIEKTPOZOB, PACHONOMEHHHX BILIOTHYI0 APYr K APYTY.
Ecrzm Ba ommE W3 HEX IOMECTHTH DIEKTPHYeCKMII 3apsfi, TO ero
9JIERTPHIECKOE IOJIe HABEJET 3aPSIH HA BCEX OCTAILHHX JIEKTPOJAX
U HOBIMAET HA MX MmOTeHN®Wan. B xawecrse mpmmepa paccMorpmm
pacuonoxenme weThpex maactumr (Pur. 22.27, a). Ilpepcrasum,
9TO STH 9€THe NIACTHHH COSAHHAOTCA ¢ BHENIHEI 1embio IpOBOJa-
mi 4, B, C m D. Tax Bor, n0ka H§c MATEPECYIOT TOLBKO IEKTPO-
crarmieckne d(QeKTs, SKBHBAIEHTHYI0 CXEMY TAKOTO PACIIONOKe-
HUA 97I€KTPOJI0B MOKHO CIHTATH TAKOH, Kak Ha ¢ur. 22.27,6. dxexT-
POCTaTHIECKOe B3aUMONIEHCTBHE DIEKTPOXOB (BCAKOrO CO BCAKEM)
9KBHBAJEHTHO @MKOCTH MEKRY 9TOl Lapoii dIeKTpOfOB.

U, maxomen, mocMoTpEM, Kak HYJKHO NpECTABIATH B LEMAX
NEepPeMeHHOr0 TOKa TAaKMe CIOKHEE yCTPOHCTBA, KaK TPAH3HCTOPKL
unm paguonamnu. Hago cravana noggepkayTh, 9T0 5TH yeTpOifcTBA
9acTo IEUCTBYIOT TaK, WIO CBA3b MEKAY TOKaMH W HANDSIKeHHAME
OTHIO/Ib He AMHelHA. B 310X cayyasx 9acTs CAeTaHHNX HAMA PaHb-
Ime yTBepKHEHMWII, a HMeHHO Te, KOTOPHE BABUCAT OT JWHEHHOCTH
YPaBHeHHH, e€CTeCTBEHHO, mepecTalT OWTH mpasmibEHME. Ho Bo
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o AHod

Duz. 22.28, Huskotacmomnas
SKOUGALCHMHAA CTEMA GAKYYM-
o020 mpuoda.

Cemxa
O

Kaaa

MHOTHX TPHJOKEHUAX paboune XapakTepHCTHKM B JOCTATOYHON
Mepe JMHEHHH — TAK 9TO ¥ TPAHBHUCTOPH W JAMIE MOMXHO CYATATH
nmpeitauMu yerpoiicreamu. Ilog sTum mofpasymesaerca, 4ro mepe-
MEHHHE TOKM, CKajkeM B AaHOAHOH Hem# pagWONaMOBL, NPIMO
DPONOPIHOHAILHE PAa3HOCTH TOTEHIHAJIOB Ha APYTHX 3JIEKTPOOAx,
HaOpEMEp HOTeHIIWAJa CeTKH W aHojHoro moreHnmana. Horpa sxe
TaKme JHHeHHE COOTHOIIEeHNs CyecTBYIOT, TO K yCTpOoHcTBAM MO~
HO NPUMEHATH MpeAcTaBiedue 00 SKBHBaJEHTHHX CXeMaX.

Kak u B caydae B3amMHOI WMHAYRIHH, 3TO ONHACAHUE JOJKHO
BEJ0YaTh B ce0sa J0OABOYHHE IeHePATOPH HAUDKEHNsA, KOTOPHIe
ONMCHBAIOT BANAHWE HAODSKEHWHA WIAK TOKOB B ONHOH Jacrd yCT-
pOMCTRA HA TOKH MY HANPSAKEHUA B Apyroi ero dactu. K npamepy,
AHONHHI KOHTYP TPHOHA, KAk IIPABWIO, MOYKHO IPEICTABATEH COMPO-
THBIEHUEM, MOCIEIOBATENLHO COCAMHEHHKM C HAealbHEIM FeHepa-
TOPOM HANPAKEHHs, Y KOTOPOTO CUAa UCTOYHUKA NPONOPINOHAJI bHA
HANpsUKeHUO Ba cerke. Ilomydnres SKBUBAMEHTRHIE KOHTYp, HM30-
Opascennsiit Ha ¢ur. 22.28 *, [TogoOurM jxe 00pasoM KOHTYpP KOJ-
JEKTOpa TPAaH3UCTOPA yA0GHO IpefCTaBIATE B BUAE CONPOTUBICHUSA,
IOCHEHOBATEIHFHO COSTHHEHHOI'O ¢ MIeaJbHHM TeHepaTopoM Hamps-
JKeHUsI, CHJIAa HMCTOYHMKA KOTOPOTO HPOMOPIMOHANBHA CHIE TOKA,
TERYIeTo OT dMHUTTEpa K Oase TpaH3UCTOpA. JKBUBAJIEHTHHU KOH-
TYyp TOrAa mOXOM Ha uBoOpaykensnid Ha ¢ur. 22.29. o Tex mop
TOKA YpaBHEHHS, ONUCHBAKOMNE UX TeHCTBHE, OCTAIOTCA JINMHENHEI-
MH, MBI EMeeM IOJIHOe NPaBO MOJAb30BATHCA TAKUM IPEHCTABIEHUAEM
JUISl JaMOo IIH TpaHsucTopoB. U Ttorpma, Jajke ecam OHH BXOZAT B
CILOYKHYIO CeTh, BCE PABHO Hame o0mee BaKia0IeHAEe 00 YKBUBAICHT-
HOM OpPefCTaBIeHNHN JI000r0 MpOU3BOJIBHOTO COSNUHEHHS SIEMEH-
TOB OCTaeTCsA BEPHEHIM.

Houryp Tpamsucropa M pafimoIaMOH HMeeT OJHY 3aMEYaTesb-
HYIO CHOCOOHOCTH, KOTOPOIH JMINEHH KOHTYPH, BKIIYAINEe OJHA
AMOeaHCH: JeficTRHTeNbHAS JAcTh dPPEKTHBHOIO MMIENAHCA 2,44
MO}KEeT ¢rTaTh OTpHIareabHOl. MK BHenm, 9T0 HAeACTBHETeNBLHAA

* 9Ta SKBUBAJICHTHASA CXEMa TONATCA TOABKO JJIA HH3KHX YAaCTOT. Ha
BHCOKOM 9acCTOTe SKBHBAJICEHTHAA CXeMa YCIO)KHACTCA, B Hee HAA0 BHRIANYATH
paannqnme, TaK Ha3HBaeMble «HAPasHTMIECKUE», eMKOCTH H HHAYKTHBHOCTH.
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Imummep Koanexmop

basa 8
8 =xlp

Due. 22.29. Huskovacmomnasa sKkeueasenmiuas
cxema mpar3ucmopa.

9acTh Z IPe/ICTABIAET noTepn sHepran. Ho BaskHas XapaKTepACTa-
Ka TPAaH3ECTOPOB W pafHOIaMII COCTOMT B TOM, YTO OHH CHabKamT
KoHTYp sEepruedd. (Komeuno, oHm ee He «supabaTeBanT); oHE Ge-
PYT SHEpPrHI0 y IeNH HOCTOAHHOrO TOKA, y HMCTOYHEKA TOKA, H
IPEBPAINAIOT e B DPHEPTHID mepeMeEHOTo ToKa.) Cramo 6uith, mosAB-
JIAETCA BO3MOMKHOCTH HOIYIHTh KOHTYD ¢ OTPHLATENIBHHM COLpPO-
THBIeHNEM. TaKoil KOHTYD MMeeT MHTeDECHOE CBOECTBO: €CHE MOM-
KJIIOYATHh er0 K HMIOeJaHCy € MOMOHATEIbHOH ReHCTBHTEIBHON Ya-
CTBIO, T. €. K HOJIOKHTEABHOMY COIPOTHBIEHUIO, W YCTPOHTH BCE
TaK, 9r00H cyMMa IBYX AeACTBHTENBHEIX JacTeil OOPATAIACH B HYIb,
TO B 9T0M 00BeMHEHHOM KOHTYpE paccesHus smeprud me Gymer. A
pa3 Her mOTeph PHEPTHH, TO Ni00oe NepeMeHnoe HATPSIKeHUe, CTOMUT
€T0 OJHAKIH BRIYATH, HAKOTIA Ooablle He UcYesHeT. ITO OCHOB-
Has mAed paboTH OCHWNATOPA KW TeHEPATOPa CATHANOB, KOTOPHHE
MO;KHO HMCHONB30BATh B KAYECTBO MCTOYHUKA NEPEMEHHOTC TOKA
KaKoO#i YrOmHO JaCTOTH.



Tnasa 23

[IOJIBIE PE3OHATOPBI

§ 1. Peaavrovie saemnenmol yenu

Ecnu moemorpers Ha n100y10 Tenb, COCTOSIMIYIO
H3 HAeaJbHRIX WMUENAaHCOB H TeHEpPATOpPOB, CO
CTOPOHH KakoH-HMOyAs Mapel KieMM, TO HpH
HaEHOH YacToTe OHa OYHeT SKBUBANEHTHA TeHEpPa-
TOpy &, HOCIELOBATENLHO COCIUHCGHHOMY ¢ HMIE-
nagcoM z. Fcaw ODpUaoKHTh K 9TUM KiIeMMaM Ha-
npsxenne V W BHUMCIUTh, M3 YPAaBHEHWH CHIY
TOKA, TO MEKIY TOKOM U HAUPSREHHEM NONKHA
noayYdThCH JuHEHHAA B3aBUCAMOCTH. IlOCKOIBKY
BCE ypasHeHWs NWHEWHE, TOo #u I [OIIKHO 3aBH-
cerb or V JIUHEHAHRO W TOABLKO JHHEHHO. A camoe
obmee JauHEHHOE BHpaKEHUWE MOMKHO 3aOACATH
B BuUIE

I=L@—g). (23.1)

Boo6ime-10 1 z 1 & MOT'YyT RaK-TO O4eHB CIOKHO 3a-
BHCETEL OT 9acToTH . OgHaro coorHomernne (23.1)
—- BTO TO COOTHONIEAWE, KOTOPOE MOJYIMIOoCch OH,
ecnu OB 33 KJIEMMAMH HaXOWICHA MPOCTO reHepa-
1T0p &(®), TOCAETOBATENbHO COCLWHEHHKH ¢ HM-
meyaEcoM z(w).

MoskHO mocTaBUTE M OOpaTHHI BONPOC: MMeeT-
cA KAaK0e-TO JIeKTPOMATrHUTHOE YCTPOHCTBO ¢
ABYyMA WOI0caMH (BHBOZAMH) ¥ HaM H3BECTHA
cessp Mexxpy / m V, 7. e. m3BectHH & M 2z Kak
(YHRIMY 9aCTOTH; MOKHO JIM BCETIA HANTH TAKYl0
KOMOWHAIIMIO MeaNbHHX DJIEMEHTOB, KOTOpAa 1acT
DKBWBAJNEHTHHN BHyTpeHHWH mMoemanc z? Orser
Ha BTO TaKoB: AiA aw000il pasyMmHOit, T. e. gusu-
YeCKH OCMEICIeHHOH (yHKIuH z(w), ZefiCTBATENBHO
B03MONCHO ROCIPOUMD ¢ 10008 CTeNeHbI0 TOYHOCTH
MOfeNh ¢ HOMOIbI0 KOHTYpA, COCTABIEHHOTO W3
KOHETHOTO UWCIA WIEalNbHEIX DIeMeHTOB. M He
cobupaeMcs u3ysars ofmyn 3ajgady, & TOABKO
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§ 1. Peansusbie
3NEeMEeHTHl HemH

§ 2. Konpencarop
Ha JOABUIAX
JacToTax

§ 3. Pesonancaan
HOIOCTD

§ 4. Codcerrennnie
KoJletannsa
HONOCTH

§ 5. lTomoctTn
0 Pe3oHAHCHSIE
KOHTYPbI

ITosmopuns; ri., ?
(8. 2)
«Pesonane»
ra. 49 (soim. 4)
«CoGerBerusie
Koxedauma .



Duz. 28.1. Breueasenmnas crema
Peaavio20 CORPOMUBAEHUSA,

IOCMOTPHM, OCHOBHBAfACh HA (U3UTECKHX COOOpaykeR;mAx, dUero
MORHO OKMIATh B OTJENLHHX CIydasax.

VizBecTHO, 9TO TOK, IPOTEKANIIHI 9€pe3 PEATBEOE COMPOTUBIEC-
HEE, cO3[aeT MaTHUTHOe IoJe. 3HAUUT, Ka;KL0€ PeaibHOe COIMpOTHB-
JTeHNe ROKHO 00Mafath M HEKOTOPOl MHAYKTHBHOCTHEM. llaixee,
€CIM K COOpPOTUBJICHWIO TPUIO/KeHa HeKOTOPAs PasHOCTh HoTeHIaA-
JIOB, TO HA €r0 KOHIAX MOGKHH BOZHHKHYTH BapAfl, CO3TAOIIHe
HyJKHHE dmexrpuueckme noisd. [Ipm masMeHeHWN HanpsyKeHEmA Hpo-
TOPIEOHANBEO MEHACTCA ¥ 3aPAJ, TAK UTO ¥ COUPOTHBICHHS HMeeT-
¢A U Karas-1o eMKocTh. Ciefiyer o;su/iath, 970 SKBUBAJIEHTHAL CX€~
Ma peaJbHOI'0 CONPOTHUBIEHUA [AONKHA HMETH TAKOM BHJ, KaK Ha
¢ur. 23.1. Ecau compormBieHue Xopomee, TO €r0 TaK HA3HBAGMEE
«mapasuTHUECKHe 3aemMeHTHY L m C MajH, TaK 9TO NpPA TeX HacTo-
Tax, AAA KOTOPHX OHO OpefHasHauYeHo, wL MmEOTo memsme R, a
1/0C — mmoro Goapme R. IlosToMy «mapasUTHUECKEME» 2ieMeH-
TaMH MO;KHO npeHeOpeus, Horja jxe wacrora HOBHOIAETCH, TO HE
HCKJII09EHO0, YTO 3HAYCHHE THX 9IeMEHTOB BO3DPACTET M COIPOTHUB-
JIeHUe CTAHET MOXOMHUM Ha PE30HAHCHHI KOHTYP.

PeanpHas MHENYKTHBHOCTH TaK;Ke HE COBLOAJAeT ¢ HIGANLHOM,
UMOefanc Koropoil paseH (0L. ¥V pealbHOH HPOBONIOYHOR KaTyIIKA
OnBaeT KaKoe-TO CONPOTUBIEHNE, ¥ MPH HABKUX 9acTOTaX OHA (ak-
THYECKH JKBUBAJCHTHA HHIYKTHBHOCTH, HOCIEZOBATEIBHO COENH-
HEHHOI ¢ compoTusienueM (¢ur. 23.2,a). B moskere nogymars, a10

Due. 23.2. Breusasenmnan crema
peaavroli undyEmusnocmu Ha Ma-
AWT UACMOMAZ,

199



Due, 23.3. Brsusasenmuan cxema peaavnoil
uHOYEmMusHOCMU KA 60AbWUL YACMOMAT.

B pealpHOH KaTyIIKe CONPOTHBIEHUE
M HUHIYKTHBHOCTH 0066e0unenb, 49TO
T CONPOTURJIGHNE PACIPENeIeHO BLOJb
BCETO TPOBONA H IEPEMEINaHO C ero
MHAYKTHBHOCTHIO. Moxer OHTH, Halo
HOAb30BATHCA KOHTYPOM, CMaXHBAIO-
muM cKopee Ha ¢ur. 23.2,6, rge mo-

g 8 CJIE0BATENBHO PACCTABICHO HECKOIBKO

mantensknx R m L? Opmako ofmuil
MMIEIAHC TAKOr0 KOHTypa mpocTo pasen XR-I-ZieL, a ato T0 ke
camoe, 9ro maerT Golee mpocrad jAarpaMsa, HM300pajkeHHas Ha
dur. 23.2, a.

Horga sge wacrora mOBHMIAETCHA, TO YK€ HEJb3A MPEJCTABIATD
PeANbHYI0 KAaTYIIKY B BHAe¢ MHAYKTUBHOCTH IUIIOC CONPOTHBIIEHNE.
Hauunator urpars pois 3apsAas, KOTOPEE BOBHAKAIOT HA IIPOBOJAAX,
g106K co3gaTh Hanpsurenuwe. [emo BRrusaamt tak, Kak OyATO MENK-
Iy BATKAMH TPOBOAA HAHHU3AHH MAJEHHKUE KOHFEHCATODIHKH
(¢pmr. 23.3, a). MokHo moupofoBarh TpUOIMKEHHO IPEACTABUTH
peajibHyl0 KaTymIKy B BHie cxemel ¢ur. 23.3,6. Ha muskmx ua-
CcTOTAX 9Ty CXeMy OdYeHb XOpOomo MMATHpyeT Oojiee IpOCTas
(¢pur. 23.3, 6); 910 OHATH TOT e PE3OHAHCHHN KOHTYD, KOTOPHI Aa-
BaJ HaM BHICOKOYACTOTHYIO MOJieib comporupienusa. Oxuaxo s 6o-
lee BHICOKHX YacToT Oosiee CAOKHEIA KOHTYp ¢dur. 23.3, 6 mogxonuar
ayame. Tak 9ro 4eM TOYHee BH XOTHTe NPEJCTABATH MCTHHHBL
HMOeJaHc peasbHON PU3NIECKON MATYKTHBHOCTH, TeM OoNbIIe HAZO
B3ATh MJIEANbHHX SJIEMEHTOB IS HOCTPOEHHA MCKYCCTBEHHOH MO-
Tenn. ’

ITocmorpum Temeph mMOBHUMATENBHEE HA TO, 9TO IPOMCXOJHT B
peanbHoll Rarymke. VIMmeZaHC WHIYKTHBHOCTH WM3MEHSETCH KAaK
oL, 3HaYAT, OH HA HABKHMX T4CTOTAX 00pAIaeTCHA B HYIb — (3aMBI- -
KaeTcs HAKOPOTKO», M MH 3aMedaeM TOJIHKO CONPOTHBICHHE IIPOBO-
ma. Ecam gwacrora Haumbaer pacth, 10 @L BcKope cranosaTeH 6071b-
me R 1 KaTymka BRINIAZUT HOYTH KAK MACATbHAS WHAYKTABHOCTD.
A ecii HOZHATHCA IO IaCTOTE €IIe BHIIE, TO HAYHYT UrPaTh POIb U
emroctr. Ux nmvmenasc nponopnuonaier 1/oC; oH Belink HA HASKAX
gacrorax. Ha gocraTouso HA3KHX 9acTOTAX KOHJEHCATOP BEITVIANKAT
KaK «pas3pHB B IeOu», M €CIH ero ¢ YeM-HAGyqb 3a1a pajuIeqnTh, TO
TOK 4epes Hero He moiiger. Ho Ha BHCOKAX 9acT0TaX TOK OpEfNOTH-
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TaeT Tedb Uepe3 eMKOCTE MEKAY BATKAaMH, a HO Yepe3 HHIYKTHB-
BOCTL. OTTOro-10 TOK B KaTYIIKe HPHTAeT ¢ OXHOr0 BUTKA Ha ApY-
roif, BOBCe He NOMHIIUIAS KPYTHATH UETAI0 33 TETIeH TaM, Tfie eMmy
OpUXONHUTCA HPEOHoNeBaTh 3. . ¢. XOTh HaM, Mo;ieT OHTh, U Tome-
A0cb 68, 9TOOK TOK HIeJ IO BHTKAM KAaTYOIKH, HO CaM-TO OH BHIOH-
paeT myTh HojieTde, NePeXofs Ha HOPOry HaAMMEHbBIIEr0 MMIELAHCA.

Ecnm sro 6puto 6n my»HO, TO Takod afdert MoxHO GHIO
0B Ha3sBaTh (BHCOKOYACTOTHHIM GapbhepoM» Ui 4eM-HEHOYAb B 9TOM
pone. lloxoyxme pemu mpoUCXOfAT U B APYTIUX HayKax. B aspoguma-
MHIKE, CKa/KeM, eCIH BH 3aXOTHTe 3aCTABUTHh YTO-TO TBHTATHCA ObI-
CTpee 3BYKa, a JBWKEHHE PACCIUTAHO HA Majible CKOPOCTH, TO ¥ Bac
HO9ero He BHEIifler. ITO He 3HAYUT, YTO BO3HEK KAKOH-TO HEMPOXO-
AUMBIH «0apbep»; MPOCTO HAKO M3MEHHTH KoECTpyKumI. ToarHo TaK
JKe Halla KaTylKa, KOTOPYIO HePBOHAYAIBHO CKOHCTPYHPOBAZY KaK
¢MHAYKTHBHOCTLY, HA OYEHb BEICOKHX 9acTOTaxX paGoraer He Kak
MHIYKTHBHOCTE, a KaK 410-T0 jpyroe. s 6onrpmux gacror Hauo
uz300peTary y;ke HOBOE YCTPOHCTBO.

§ 2. Kondencamop Ha 6010mUL UACTOMAKL

A remeps ofcyauM moapoGree moBeleHUe KOHNEHCATOpPA — T€O0-
MeTPUIECKH HEaIbHOT0 KOHAEHCATOPA,— KOI/la YaCTOTA CTAHOBHTCS
BCE BEIIE M BEme, MK mpocaequm 3a msMeHenuem ero csoiicts. (Mu
NPEANOWIH PACCMATPUBATH KOHICHCATOP, & HE MHIYKTUBHOCTH, MO-
TOMY UTO reOMETPHA Haph OOKJIAagO0K MHOTO UpOINe TeOMeTpHH Ka-
rymiu.) Urax, sor korgerncarop (pur. 23.4, a), cocToHT OH H3 ABYX
napajLIebHEX KPYTOBHX OOKJIANOK, COCAHHEHHHX ¢ BHEIIHUM Te-
HEpaTopoM mapoil nporogos. Ecam 3apAgnTs KOHZEHCATOD HOCTO-
AHHBIM TOKOM, TO Ha OfHOH U3 00KJIAMOK HOABUTCH I10JOKUTE] bHEIH
3apA[, HA IPYroii — OTPHIATENHHEN, a MEKEY oOKIagKamu Oymer
OAHOPOJHOE HIEKTPHYECKOE ILOJe.

a flosepxrocme 8
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Duz. 23.4. Faekmpuneckoe u Ma2HUMHIE NOAZ Mexcdy
o6raadkamu xondencamopa.
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TIpencrasuM Temeps, 9T0 BMECTO HOCTOSHHOTO TOKA K O0KIagKaM
HOPUIOKEHO IepeMeHROe HaupsKeHue HE3Koil gacToTH. (Ilocne mm
VBHMM, Kakasg 9acTOTa «HA3Kas», a Kakasa «seicorasy.) Kompenca-
TOp, CK&)KeM, COefMHEH ¢ HUBKOYacTOTHHM remeparopoM. Horpaa
HAOP/AKEHAE MEHASTCA, TO ¢ BepXHell OOKIafKH IOJOMKMTENbHEIA
sapay y0upaercs ¥ OPHKIAJKBaercs OTPHIATENbEHE. B MoMmeHT,
KOIJla 9T0 HPOMCXOAMT, DIEKTPUIECKOe NOjie WCIe3aer, a IOTOM
BOCCTAHABJIMBAGTCH, HO YKe B 00PATHYIO CTOPOHY. 3apsaf MeLIeHHO
mwiemercd TyIa-clofia, W IMojie IMOCIIeBaeT 3a HuM. B Kamani MOMEHT
DICKTPHYECKOE Yoie OfEopoaHuo (¢ur. 23.4, 6); ecTh, mpaBha, He-
Goxrpmime Kpaesue a@QeKTH, HO MH BaMepeHH UME npeHeOpeds. Be-
IVYUHAY DIEKTPAYECKOTO LOJNA MOMKHO 3aIUcaTh B BUfE

— iwt

rae E,— mocrosHHO. E=Epe™, (23.2)

Ho ocramercs au 9T0 cOpaBelumBHEM, KOIjJa 9acToTa BO3pacrer?
Her, moTomMy 9ro npu gBWKEHNH IEKTPHYECKOTO OIS BBEPX U BEA3
gepe3 NPOU3BOJBHYI0 Heriio I'; IpPOXOZWT MOTOK DIEeKTPHIECKOro
moast (dur. 23.4,a). A, Kax BaM U3BECTHO, M3MEHSIOMIEECH DIEKT-
pugecKoe moxe cosgaer MarguTaoe. CoracHo OZHOMY ¥3 ypaBHeHHAMN
Maxcseasa, npu HAJIWYAA W3MEHSIOMETOCA DIEKTPHUECKOTO HOJA
(kar B HameM ciaydae) o6513aH CyIecTBOBATS ¥ KPUBOIHHEeHHKY WA~
Terpajy OT MATHHTHOro moasA. MHTerpas or MarEWTHOrO HOJA WO
3aMKHYTOMY KpYry, YMHO;KeHHHI Ha ¢?, paBeH CKOPOCTH H3MeHe-
HHA BO BpeMeHHM dJIEKTPHYeCKOro MOTOKA depe3 HOBePXHOCTh BHYTPH
Kpyra (ecim HET HHKAaKAX TOKOB):

a
. o . . .3
czlfB ds=2 f E-nda (23.3)

Bryrpn I'

Wrar, cCKOIBKO e 3mech BTOTO MATHETHOTO HOJiA? ITO y3HATH He-
tpynHEO. BozsMem B Ravectse merau I'; Kpyr paguyca r. s cummer-
PHH SICHO, UTO MATHETHOE 10Je MAeT TaK, KAK DOKA3aHO Ha PHCYH-
ke. Torga maTerpan or B pasen 2arB. A TOCKOIBKY dIE€KTPHIECKOE
nojie OJHOPOJHO, TO MOTOK €r0 paBeH npocro E, yMHOKEHHOMY HA
nr?, Ha WIOMAKbh Kpyra:

¢®B-2nr = %E-nrz. (23.4)

HpOHBBOI{HaH E 1wo BpeME€HI B HalleM IEePpeMEHHOM II0Jieé paBHa
szoe 3Ha‘IPIT, B HameM KOHJAEHCaTOpe MarHvWTHOe IoJji¢ paBHO

B=1E e, (23.5)

WanMn cropaMm, MArHETHOE TOJe TOKe KOJe6IeTcs, a ero Bennyd-
Ha HPOOOPHHOHAJhHA ® W T

K raromy s¢derty sro mpusener? Korma cymecrsyer Marmmr-
HOe HoJe, KOTOpOe MEHAETCSH, TO BOBHMKHEYT HABEJCHHHE DICKTPH-
9YecKWMe HOJNA, W fAeficTBHEe KOHACHCATOPA CTAHET CleTKa MOXOe Ha
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EHIYKTABEOCTE. [10 Mepe pocTa YacTOTH MATHATHOE HOJIE yCHIMBA-
€TCA: OHO HPOMOPUMOHAJNBHO CKOpocTH m3MeHemusa E, 1. e. o. M-
nejfaHc KoHAeHcaropa Goabme He Oyxer mpocro pasen 1/inC.

Bynem yBeaumumpare 4YacTOTY H INOCMOTPAM HOBEMMATENE-
Hee, 9TO mpoucxogdr. Y HAC €CTh MAarHATHOE TOJNE€, KOTOPOe Ijie-
ImeTcs TO Tyha, To ciofa. Ho Torga m siexTpudeckoe moe He MOKeT,
KaK MHE paHblle Mpeuoiaraii, ocTaThesa ofHopopuanM! Ecnu umeer-
cff M3MEeHAmeecs MATHUTHOR TIONe, T0 no 3aKkony Qapages gommed
CyINecTBOBATh M KOHTYDHHIH WHTErpad OT SIEKTPAYECKOrO HOJS.
Tax 410 ecnu cymecrsyer 3aMeTHoe MarHATHOE IONe (a4 TaK | ObI-
BaeT HA BHICOKHX 4ACTOTAX), TO HIEKTPHILCKOO MOIEe He MOKeT GBITh
Ha BCeX pACCTOSHUAX OT IEHTpa ox@HAKOBHM. OHO JOMKHO Tak
MEHATBCA ¢ I, YTOOH KPUBOMKHEHHHIA WHTErPall OT HEro0 MOTr OHTH
PaBeH W3MEHSIOIIEMYCA HOTOKY MATHUTHOIG IOJA.

ITocmorpmM, cMOkeM NE ME OpecTaBHTh cefe NIPaBUILHOO
3JIeKTPMYECKOE HOJe. ITO MOMKHO CHeNaTh, IOACYUTAB (IONPABKY»
K TOMy, 9T0 OBLIO HA HH3KAX 9acTOTaX,— K OTHOPOJHOMY HOJIO.
O6o3maunm moie mpy HUBKAX dacTorax wepes K., u mycrs oHO mo-
npexEeMy pasHo E,¢“!, a mpasmibHOe Hojde 3amumeM B BH/O

E=E,+E,,

rae E,— nmompaska m3-3a maMeHeHHsa MarautHoro nonas. Ilpn mobux
® MH OyjeM sajaBaTh II0JI€ B IEHTPE KOHIEHCATOpPA B BUIE Eoe’“’t
(tem camuim onpeneass ), Tak 970 B menTpe NOIpABKuW He Oyger:
E,=0 opn r=0.

Yrobn maiite E,, MO}KHO MCIOIB30BATH HATEIPANBLHYIO dopMy

saxoHa Qapapes )
-¢‘E'ds=_5[ (uotor B).
r

Warerpanu Gepyrca mpocTo, ecild BHYUECIATH WX BAOAL JIMHAN
I',, mokasamnoii ma ¢ur. 23.4,6 w ugymeii cnepsa Io ocH, 3aTeM
o pafiuycy BAOXDL BePXHeH 00KIaJKM 10 PACCTOSHEA 7', HOTOM Bep-
THKAJAbHO BHA3 Ha HIGKHEIOW O0KIafKy B 00pATHO K OCH 110 paguycy.
Konryprmit marerpan or E; BHoAb 9TO# KPHBOH, KOHEIHO, PaBeH
HyJI0; 3HAYAT, B MHTErpajd JaeT BKIAX Toabko E,, m mHTerpan
paser mpocro —E,(r)h, tme h — 3a3op MemxAy OoOKIasKaMA.
(Mn1 camraeM E moXo;xuMTeNbHEIM, KOTTa OHO HaNpPaBIEHO BBEpX.)
970 paBHO CKOPOCTH HM3MEHEHHs MOTOKa B, KOTODHI momydures,
€ciu BHIYMCIATH HHTErPAJ IO 3AIITPUXO0BAHHON miIomann S BHyTpH
I, (pur. 23.4,6). Ilorok wepes BepTUKAIBHYIO MONOCY IMUPUHOH dr
pasen B(r)hdr, a cymMmapHRH IIOTOR

kB () dr.
Ilonarag — 3/0t oT moTOKa DPABHHIM KOHTYPHOMY WHTErpairy oT
E,, noxygyaeM
w T E, ()= { B dr. (23.6)
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@ ue. 23.5. Saexmpuuecroe no-
ae mexcdy o06Kaadxamu xonden-
€camopa HG GHCOKUT HACMOmAZ.
Kpaeevimu spexmamu npenebpezau,

i | -
0 oJo r
3aMeTsTe, 4T0 A BHIAJO: WOJA HE 3aBACAT OT BeJMYHHLI 3a30pPa
MEKIY OOKJIamKaMu.
Mcnoawsys nus B (r) ¢opmyay (23.5), moaygaem

d ior? fot
E2 (r) = b—t- m Eoe .
JuddepenumpoBanue mo BpeMeHHM [AacT HaM IPOCTO €MIe OfMH
MHOHKATENIb (0!
o?r? (]
E2 (r):—-ZEZ—Eoe B (23.7)
Hak m oxmpmanoch, HapefieEHOE HOJ€ CTPEMHTCH CBECTH Ha Hem '
WepPBOHAYANBHO® 9JeKTPHYecKoe mode. McenpasiesHoe moe
E=EFE,+4+ E, rorra paeHO
1 w?r? iot
E=E1—|—E2=(1——Z—c—2—)Eoe : (23.8)
dieRTpUIECKOE TONE B KOHAEHCATOpe OoNbmie y;Ke HE OTHOPOX-
HO; OHO mMeeT mapabonmueckyio ¢opMmy (IITpHXOBas JIWHHA Ha
¢ur. 23.5). Bu BugmTe, 4T0 HANI MPOCTEHBKHH KOHIEHCATOD Yiie
€JIeTKA yCIAOAKHACTCA.

Hamn pesynbraTH MOMKHO HCHOOIB30BATH AIA TOTO, YTOGH mOA-
CYMTATh HMMIESAHC KOHZEHcaropa HA OO0JNBMIMX YacTOTaX. JHAA
3JIEKTPHIECKOe MOJie, MOKHO MOJCIATATh 3apay 00KIaf oK M Y3HATS,
KakK TOK Yepe3 KOHIEHCATOP 3aBUCHT OT 9acroTH . Ho sra zamaza
Hac cefivac me murepecyer. Hac Oonbpme mATEpecyer Apyroe: urd
CTAHETCA, ecI” Yacrora Oyfer MpOFOKATh HOBHMATHCA, 976 IpO-
maoiiner Ba eme Goxsmmx wacroraX? Ho passe Mu y:ae He KOHIEIH
pam pacuer? Her, moroMy 4ro pa3 MH HCHPAaBHIH DIEKTPAYECKOO
mojue, T0, 3HAYMAT, MATHHTHOE IONE€, KOTOPOe MLl PaHBINE IONCUH-
TajH, GONLMe ye He rogurcd. IIpubamKeHRHO MATHHTHOe HOJe
(23.5) npaBmIbHO, HO TOXBKO B nepBoM npubammenun. OGosHagnM
ero By, a (23.5) nepenmmem B BHAE »

B, =% B, (23.9)
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BenmomunmTe, 4T0 310 mONE mosABMIOCK OT M3Menedusn E,. A npasuan-
HOe MATHHTHOe Iole OyAeT CO3[aBaThCA M3MEHCHHEM CYMMAapHOIO
saeKTpuueckoro noisa E,+-E,. Eciu Mmarauraoe moie mpefcTaBUTh
B Buge B=2DB,-+B,, T0 BTOpOE CcIaraeMoe — 310 npocTo Jo6aBoUHOe
noite, coamapaemoe monem E,. Urobu y3mars B,, Hago MOBTOPHTH
BCE T€ JKe PACCY;KICHHA, KOTOPHE IPUBOJAINCH, KOIAA HOSCIHTH~
Basqd B: korrypaniit maTerpaa or B, BRoxb Kpusoii I'; pasen cxo-
pocta uameneHua moroka K, wepes I'j. Omares momyumrea To xe
ypapuenue (23.4), Ho B B Hem HaJ0 3aMenHTh Ha B,, a £ — Ha
Ey:
¢®B,-2nr = 5% (wotox [, wepes T')).

Hockounsry E, ¢ pagmycoM MeHSeTCA, TO i MOTyIeHHA €ro moTo-
Ka HaJ0 WHTErPHPOBATH N[O KPYroBOH mosepxmoctu sayrpm I'y.
Bepsa B kagzecrBe anemenra miomanu 2nrdr, HanMImeM 3TOT HHTErPa
B BUIE

S E, (r)-2nrdr.
0

SHaunt, B, (r) BHpaswWTCA TaK:

1 9
By(r) =y m S E,(r)rdr. (23.10)
logcrasansn coma E,(r) ms (23.7), uonydaem wmaterpana or ridr,
KOTOpHI paBeH, odesmpHO, r%/4. Hama mompaBxa x MarHETHOMY

TOJMI0 ORAIKETCA PABHOM
in3r3 iwt
B2 (r)=—1—60-4—E0e . (2311)
Ho mu enie ve xomumnu! Pas maranraoe noxne B BoBce He Takoe,
KaK MBI CIIEPBA JyMAaJH, TO MHl, 3HAYAT, HEBEPHO MOACYATHBAIN F,.
Hapo nafitu eme nonpasky K £, BE3EIBaeMyIio f06aBOYHEM MaTHHUT~
HBIM 10jieM B,. 9Ty 100aBOYHYI0 HOINPABKY K 3AEKTPUYECKOMY HO-
mio HazoseM E,. OHa cBA3aHa ¢ MATHHTHEIM IojeM B, Tax ixe, Kar
E, 6una cBsizana ¢ By, Mo:xHO onATh IPUGETHYTH K TOMY e CaMOMy
coormomennio (23.6), usMeHWB B HEM TONBKO WHEKCHL:

E, () =%S32 (r) dr. - (23.12)

Toxcrasaas cofa Ham HoBHI pesyabrar (23.11), nonryuaem HOBYIO
nOnpaBKY K BIEeKTPHIECKOMY LOJIIO:

Ey(r) =+ o Ejé®t. (23.13)
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Ecam Temepsr Hame XBaskAH HCIPABIEHHOe MOje 33NACATH B BHJO
E=E,+E,+E,; T0O MH DOIy4EM

E=E " [1 — (“—’5)2+§—2f—4ﬁ (“’7’)‘] (23.14)

HsMeHEeEWO BNEKTPEIECKOTO MO ¢ PARHYCOM MPOUCXONUT yrKe He
1o mapabone, kar 6bu1o Ha ¢ur. 23.5; Ha GonpmMEX pagEycax sHade-
HEe IOJs JeAT IyThH BHme Kpueoi (E,+E,).

Mn poxa eme He momam Fo KoEma. Hosoe saexrpmuecxoe
Ti0JIe BEI30BET HOBYIO MONPAaBKY K MATHUTHOMY ITIOJI0, 4 3AHOBO IOJ-
IpaBIeHHOe MATHUTHOE I0Jieé BEI3OBET HeoGXOAUMOCTh fajbHelmeit
IONPABKA K BIEKTPHIeCKOMY ¥ T. /. U T. I. Ho vy mac yixe ectb Bce
HyxHHe ¢opmyan. usa B, moxH0 ucnonbzosats (23.10), namenus
magexcs npr B u E ¢ 2 go 3.

Ouepeppas mMOmpaBKa K DJIEKTPUICCKOMY IOJI0 PABHR

1 or\8 it
E4=-—-m (7> Eoelw.

C 370l CTENEHBI0 TOYHOCTH BCE JIEKTPHUECKOE MOJe Jaercs, CTalo
OulTe, $opMynOi

= nm 1=l (3 4 (2] —ohe ()" ]
(23.15)

Ifie YUCIeHEHe K03 UIMeHTH HATUCAHE B TAKOM BHJAE, YTO CTaHO-
BHTCA ACHO, KaK IPONOJIKHUTH PAL.

OxorgaTe/bHO TOAYIAETCA, TTO DIEKTPHICCKOE IIOJIE MEKAY 06-
RIafKaMu KOHJeHcaTopa Ha a060# YacTore JaeTcsA MPOM3BeXEHUEM
E ¢! ma 6eckoEEUHEIE PAN, KOTOPHIl CONED/RUT TOMBKO MEpeMeH-
Byl or/c. MoykHO, ecnim MH 3aXOTHM, ONpEJEeNNTh CHEIHATBEYIO
dyarnmo, 0603aauEB ee uepes J,(z), kKar GeCKOHEYHHA pAX B CKOO-
Rrax dopmyns (23.15):

7, (x);i—ﬁz— (%)ﬁrﬁ (-;)4—(—31)—2 (g)“+ .. (23.16)

Toraa meroMoe pemenue ecTs mpoussefienne £ ¢! ga oty dyrxmuio
npm z=wr/c

E=E“'J, ( "%) @7

Mu ofosEaumnm mamy cuequaxbHylo ¢yHEKMU0 wepes J, mo-
TOMY, 4TO, €CTeCTBEHHO, HE MH IIepBHIC ¢ BaMH 3aHANKCH 3amageir
ronebanmii B munungpe. Oyarnua 37a moApAnach KaBEHM-ZABHO,
H ee y)Ke IPUBHKNE 00o3Hauarh J,. OHa Bcera BOSHHKAET, KOTHA
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BHL pemaere 3ajavy O BOAHAX, 001aJa0IIAX IMINHADHICCKOH CHM-
metpueii. DyHruna J, 00 OTHOMEHNIO K LWIKHAPUICCKAM BOIHAM —
5TO TO ’{e, 9T0 KOCHHYC IT0 OTHOIIEHHWIO K HPAMOJUHEHHEM BOJHAM.
Uraxk, aro ouens pasxaas Gpyuruusa. 1 usobperena ona ouens gaBHO.
3aTeM ¢ Hew cBa3zax csoe uMA Martemarmk Becceas. Wmmerc myas
03HAUaer, 4T0 Becceap m300per Hmeaylo Kydy PasHHX (QyHKIW, a
Hama — caMas mepBas W3 HEX.

Hpyrwe ¢yuwnum Beccens — J,, J, ® T. 4.— orHOCATCA K
OUIHHAPAYECKUM BOJHAM, CHIA KOTOPHX MEHseTcA IpH ofxome
BOKPYI' OCH LUIWHAPA.

IlonnocTeio cKOpPpPEKTHPOBARHOE DIEKTPUIECKOE HOIe MesRIY 00-
KJIaJikaMd HAIlero KPYrOBOTO KOHAEHCATOPA, /aBaeMoe $OpMyIoR
(23.17), wusobpaskemo ma ¢umr. 23.5 cmmommpoil awmeEmedi. [las we
096Hp OOJBHIMX YaCTOT HAMEr0 BTOPOro IPUOIMMEOHHA BIOTHE
xsaraer. Tperve npubamkenrne GEI0 OH elme JTy4me — HACTONBKO
XOpOMIO, IT0 €CJH r0 HAYePTHTh, TO BH OK HO 3aMETHIN PasHUIE
MeRIY HUM ¥ cILiomHol quaueil. B cuexgyromem maparpade Bu yBH-
JFTe, ONHAKO, 9YTO MOKET HOHAMOOUTHCA W BeCh A, ITOOH momyum-
JI0Ch aKKypaTHOe ONHMCAHNe mOJAA Ha GOIpOIMX pajuycax HIW Ha
GonpImKX wacTOTaX.

§ 3. PezonancrHas noaocmo

MMocMorpuu Teneps, 910 FacT HAmle PelleHue AJAA dIeKTPAISCKO-
I0 mOMA MeKAYy OORIagKaMH KOHJEHCATOPA, €CIM IPOROIKAaTh
YBEIWYMBATh 9ACTOTY Bee BEIme U Bame. [Ipu Goapmux ® mapaMerp
T=wmr/c Toe CTAHOBHTCA GONBIIEM, ¥ IePBHE HECKOIBKO CIarae-
MHIX psaga gas J, or x Gscrpo Bospacralor. JTO 03HAYAeT, UTO Ia-
paGona, KOTOpYO MH Hadeprund Ha ¢ur. 23.5, Ha GOIBMEX TacTo-
Tax marubaercs KHE3Y Kpyde.

B camom feme, oHA BHITTARUT TaK, Kak OyATO 1OJe HA BEHICOKOM
YacTOTE BCE BPEMS CTAapaercs o0paTHTbesi B HYJIb Ie-TO IpH ¢/,
IpUMEPHO PaBHOM mojosuHE ¢. JlapaliTe IOCMOTPHM, [edCTBATENb-
HO Ju QYHKIUA J, DPOXOQUT Iepe3 HyIb X CTAHOBHTCA OTPUIIATENIb-
Boil. Cmeppa ucouTaeM £=2!

Jo2)=1—1+41—2=0,22.

9To eme He HYIb; HO HOmpofyeM 4mcao moGonbine, cKasked T=2,9.
IogcraHoBKa maer

J, (2,5)=1—1,56+0,61—0,09=—0,04.

B rouke z=2,5 ¢pynaxmua J, yxe nepemina gepes Hynb. Pesyabrath
npu =2 u npu £=2,5 BHIAAAAT TaK, Kax 6yaro J, mpomuta uepes
HyJIbL Ha ONHON nATOH myrt: or 2,5 mo 2. Iloaromy majgoe mposeputrh
ancno 2,4:

Jo (2,4) =1—1,44+ 0,52 —0,08 = 0,00.

207



JD (z)

Quz. 23.6. Oyuryus DBecceas
Jo(2)-

05}

C TouHOCTBIO [0 ABYX SHAKOB HOC]e 3aUATOM NONYYMICA HYIS.
Ecnu paccugrhBarth TOYHee (MIH, HOCKONBKY PyERmuEA J, H3BECT-
HA, €CIH PasLICKATh OTBET B KHIKKe), T0 O0Hapy;kmTca, uTo J,4
npoxofur Yepes Hyab npd £=2,405. Mu nposenu pacaer coGcTBeH-
HOPYYHO, YTOGK IOKa3aTh BAM, 4TO BH TOKe CIHOCOOHEI OTHKPHIBATH
nojio6HKe Bem®, a He 3aMMCTBOBATh MX W3 KHHT.

A eca¥ yiK BRI HOCMOTPeNH 0po J o B KHIKKE, TO AHTEPECHO BHAC~
HATH, KAK OHA HMAeT HpH 0OJXBMHX 3HAYCHHAX ¥; OHA HANOMU-
Baer kpusyo Ha ¢ur. 23.6. Korma x Bospacraer, J 4(x) xoneGuercs
OT HOJOMHUTENbHHX BHAYeHU# K OTpPHUATEIBHEM m o0paTHO, HoO-
CTeNEeHHO YMEHBIIAdA pasMax KojebGamuii.

MHu nosyuniv HATEPECEEH Pe3yAbTaT: eClM JOCTATOYHO YBEeIN-
9HTH YACTOTY, TO BIMEKTPHYECKNE HOJXA B NEHTPe KOHASHCATOpa M
y ero Kpasa MOTyT OBITH HANPABJIEHH B IIPOTHBOLOJ O;KHEIE CTOPOHHL.
HanprMep, nycrb @ Tak BEIKHKO, YT0 T==07/¢ Ha BHEITHEM KPal0 KOH-
feHcaTopa paBHO 4; Torma Ha ¢ur. 23.6 Kpawo KoEeHCaTOpa OTBe-
waer aGenucca £=4. 310 03HadUaeT, IT0 HAl KOHFEHCATOp paboraer
upn gacrote w=4c/a. VI Ha Kpaio OOKIAfOK BIEKTPHIECKOE HOME
6yner TOBONEHO BEAWKO, HO HANIPABIEHO He Ty/a, Ky/Aa MOKHO GRLIO
OMUIATH, 4 B 00paTHYIO CTOPOHY. JTa Y/KacHag Bemlb MOKET Tpo-
H30HTH ¢ KOHEeHcaTOopoM Ha Goapmux gacrorax. Ilpm mepexome K
o%eHb GONBIIUM TACTOTAM DICKTPHIECKOE IOJN6 IO MEPe yAAJCHHA
OT MEeHTpa KOHACHCATOPA MHOTO Pa3 MEHAEeT CBOe HAUDPABICHHUE,
HKpowme Toro, mMeercs €Ile CBASAHHOS ¢ DTHMH dJEKTPAYCCKUMH 1I0-
aamu Maramrroe wome. He yauemrTenpHO, UTO HAIN KOHAEHCATOD
TpH BHCOKHX YACTOTAX Yyke He HANOMHHAET HMIEAIBLHOH E€MKO-
cru. Mokmo jpame sagymarbcs Haj TeM, HA YTO HOXOMK OH CHb-
Hee: Ha eMKOCTh WIHM Ha WHAYKTHBHOCTH. Hamo x Tomy sme mop-
9ePKHYTH, YT0 Ha KPASAX KOHAEHCATOPA HPOUCXOOAT H Goiee caoiHEe
sdperTn, xoropumMu Mei mpeHebperam. Hampmmep, ram mpoumc-
XOJIHT eIle U3 1y9eHHe BOIH 32 KpasA KOBAGHCATOPA, TaK IT0 HaCTOHA-
mye IOJA KyHa CIOKHee TeX, KOTOPHe MH paccumran®. Bupouem,
MH He OyZeM ceflyac 3aHEMATBHCH DTEMHE ddderramMu.

Moo Grmo 6m, xOHeYHO, IOMPOGOBATH TPENCTABETH cefe
Ias KOHZEHCATOpPA 9KBHBAJIEHTHYIO Ilellb, HO, BepOATHO, Oyamer
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Slusuu noas B
« ;— =3 C-Ia a3 — —

Duz. 23.7. Daexmpunecroe u mazrum- o0 © ® e
KOe noas 8 3aKpumoll yusundpuieckoi b Jt
Sauxe, ) © ® ® ©

4—-++++:\+

X
SMuruy nona B

Ayqme, eCIE MH IPOCTO HpHMeEM,

|TO TOT KOHJEHCATOD, KOTOPHI o
MH CKOBECTPYHDOBAJH JJIA HUZKO- 5
YaCTOTHHX Hoieil, foapme He ro-

ZUTCA, KOTHA YACTOTHL CJIHIMKOM

peaarn. W CIE MH XOTHM H3y- el
9HTh, Kak JefdcTBYeT TaKkoil 00beKT cBy
HA BHCORHUX 9aCTOTaX, HAM HY;RHO 1oF
OCTAaBETh T6 NPHONIKEHHS K
ypasrerusM MaxkcBeita, KoTophie 8
MHI JieTand, W3yJas [enH, H Bep-
HYThCA K OJIHOH CHCTEME ypaBHe-

BHOH, DOXHOCTHI0 OIHCHBAIONIEH

nons B mpocrpaHCTBe. BMecto TOoro wrofm mammmysmposarhk ©
M/IeaN MNP ORRHHKIME 3]€MEHTaMHU I[eNIN, Ha/[0 OIePHPOBATE ¢ Peaih-
HEIMA NPOBONHUKAMH, C TAKUMH, KaKHE OHH €CTb HA caMoM JeJe,
YIMTHBAA BCE MOJIA B IPOCTPaHCTBE MesxAy Humu. Hampumep, ecan
HaM HY;KeH Pe30HARCHH KOHTYD Ha BHICOKHE JaCTOTH, TO Ke HY/KHO
HBHITATBCA €T0 CKOHCTPYMPOBATH C IOMOMIBI0 OHOH KATYMKH H
MIOCKOTO KOHJZOHCATOPA.

Mu yxe ymomamynu, 970 MIOCKHE KOHIEHCATOD, KOTOPKIL ME
paccMarTpUBaIH, HOX 0K, ¢ ORHON CTOPOHH, HAa eMKOCTD, a ¢ APYT 0l —
Ha WHAYRTHBHOCTh. OT BIEKTPHYIECKOTO MONA BOZHMKAIOT 3apsibl
HA HOBEPXHOCTAX O0KIAaZOK, a OT MarHATHOrO — oGpaTHHE 5.1.cC.
He momer nu okasarThes, 4T0 Depex HAMH YKe TOTOBHI pesonaHc-
meiit KoHTYp? Oxasmmaercs, ma. Ilpegcrasbre, wro ME BHGpanm
TAKYIO 9ACTOTY, IPA KOTOPOH KapPTHHA BIEKTPUUCCKOTO OIS AKAET
HO HYJNA HA KaKOM-TO DACCTOAHWE OT Kpas AHCKAa; WHAYE TOBOPS,
MBIl BHOpan® oa/c Gombmmm, wem 2,405. Berogy Ha oxpyskmoCTH,
IEHTP KOTOPOH JEKAT HA OCH OOKIAJIOK, BiIeKTpHYecKoe moxe o6-
paTwuTeA B Hynb. Bo3bMeM KycoK jecTH M BEIpe;KeM IOMOCKY TaKoit
MUPHBEK, ITOOK OHa KaK pa3 HOMECTHIACh MEIY IJOCKHMHE 00-
KJIaJlKaMH KOHJEHCATOpa. 3aTeM M30THeM ee B JopMe MUIHEADA Ta-
KOTO pajmyca, Ha KOTOPOM O3JeKTPHIECKOe IONEe PABHO HYIIO.
Pa3 raM HeET 5JEKTPHIECKOTO OJsA, TO IO BCTABJICHHOMY B KOHIEH-
caTop NUAMHADPY HUKAKHX TOKOB He IIOTeYeT,  HH 3JCKTPHYeCKIe,
HA MarHATHHE OOAA He maMeHATCA. Mu, ctano OHTb, cMorid
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3aKOPOTUTH APYT Ha Apyra o0KIANKHE KOBAEHCATODA, HEIETO HE W3-
MeHuB B HeM. U mocmorpure, 9TO HOJYYMJIOCH: BHIIIA HACTOAIIAA
manuygprIeckas GaHKAa ¢ SAEKTPHIECKMM H MATHUTHHM IOJAMHI
BHYTpH, IpFYeM HHMKAK He CcBAsaHHAA ¢ BHemHEM MupoM. Iloxs
BHYTDH He HBMEHATCH, IajKe eCJIH 0TPe3aTh BRICTYIAoIIue Kpad 06-
KAaoOK ¥ IPOBOJAA, Begymue K KompgeHcaTopy. OcraHeTcA TOTBKO
saxpuTad GaHKA C DAEKTPUIECKUM W MATHHTHHM IOIAME BHYTpH
nee (dur. 23,7,a). Onexrpudeckue mnoas KomeOIIOTCS TO BIEpPE,
TO Ha3aj ¢ 9acToToll ®, KoTopas, He 3abnBaiiTe, ompegenmaa co6ow0
puamerp Gamkm. Ammauryga roaeGmromerocsa moas E menserca ¢
paccTosgHmeM OT OcH OaHKH Tak, Kak DOKasaHo Ha ¢ur. 23.7,6.
HKpusas sra — npocro mepsas gyra ¢pyExmum DBeccens Hymemoro
nopsagka. B OaHKe ecTh eme M KPyrosBoe MaTrEATHO® IOie, KOTOPOE
Koze6J1eTCA BO BpeMeHHd co casurom mo gase Ha 90° oTHOCHTENHHO
BJIEKTPUIECKOTO TOJA.

MaranTHoe 1OJE MOMKHO TOM:€ PasidOMuTh B PAL H m300pasuth
Ha rpadmre, KaK 510 cgenamo ma dur. 23.7,6.

Ho rax e aTo monyuaercs, 9T0 BHyTpH OAaHKE MOIYT CyHMIECTRO-
BaThb 9JIEKTPUUSCKEE U MATHUTHEIE [0J, He COeTUHCHHLIE ¢ BHeITHUM
mapom? OTTOro, 4T0 DAEKTPUIECKOe M MATHATHOE HOJIA caMu celds
oonpep:xasanT: uamenenue E cospaer B, a msmenmenume B cospmaer
E,— Bce B cornacuu ¢ ypasmemmamu Maxcsenna. MarEuTHOe mose
OTBETCTBEHHO 34 HHEYKTHBHOCTB, DIEKTPHIECKOE — 32 E€MKOCTh;
BMECTe OHHU CO3JAl0T HE4TO, MOXOee Ha Pe30HAHCHHH KOHTYp. 3a-
MeTbTe, UTO ONMCAHHHIE HAMHU YCAOBUSI BOSHHKAIOT JUIMB TOLAA,
Korpia pagmyc Gamku B Tounoctd pased 2,405 ¢/o. B 6anre saman-
HOTO pagmyca KoneGIionuecs dieKTPAEIECKOe B MATHATHOE WO 0y-
AVT TOAfePRUBATH APYT Apyra (OHUCAHHKEM CIOCO00M) AMMIbL IIPH
aTOH ompefenennoil gacrore. Urtak, nuinagpudeckas Oamka paguy-
ca r pesoHupyem UDPH TACTOTe

0 =2,405 = . (23.18)

Mu ckasanm, aT0 ecam GaHKA COBEDIIEHHO BAKPHTA, TO MOJIH
IPONOKAIOT KomebaTheA TAK ke, KaK ¥ paHbme. JTO He COBCEM
TaK. 910 OBIO OH Tak, ecam G cTeHKEM GaHKEW GHIM HEeaJbHBIMM
nposopgEEKaMu. B peansnoii 6amke, ogHAKO, KoxeGIOMuUecs TOKH,
TORYINZe MO CTeHKAM, MOTYT W3-3a COHPOTHBJIEHHS MarepHaia Te-
paATh sHepruo. Honebamus noineit nocrenenHo sampyr. Us ¢ur. 23.7
SICHO, 9TO TaM HOKHHL CyIIECTBOBATHL CHILHHE TOKH, CBA3aHHEE ¢
SIeKTPHUYECKAMA W MATHUTHBIME IOJSAMHE BHYTpH momoctu. Ms-sa
TOr0, YTO BEPTHKANLHOE IEKTPHIECKOE IIONE BHE3aOHO HCUS3aeT
Ha BePXHEM U HIKEEM TOpIax 0aHKH, Y HEero BO3HAKAET TAM CHIL-
Hasd NWBEepPTeRINd; SHAYMUT, HA BHYTPeHHEH moBepXmocTH OaHKH
JOJKHB TOSABIATHCS TONMOKMTENBHNE ¥ OTPUNATEIBHEE 3aPAIE
(¢mr. 23.7, a). Korna smexkTpudecKoe mose MeHAET HAmpaBJICHHUE Ha
obparnoe, JOJKHE MEHATH 3HAK X BapPALH, TaK 4TO MEAIY BEPXHHEM
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Duz 23.8. Hodxawuenue
Pe8oHancrOl nosocmu. BxodHaa
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¥ HWKHEM TOpIaMA GamKE QOM:KeH Tedh nepeMenuuii Tox. On Gymer
Teub 10 00KOBOH mOBepxHOCTH 0amKH, KAk NOKA33HO HA PHUCYHKe.
To, uro mo Goxam GaHKE JOMKHH Tedh TOKH, MOKHO NOHATH €ImIe,
paccMOTpeB TO, YTO IPOMCXOAUT B MAaTHUTHOM mone. Kpuead Ha
¢ur. 23.7, 6 coobmaer maM, 9T0 MATHUTHOE IOJe HAa Kpaiw OaHKH
BHE3aIHO o0pamaercsi B Hydb, Taxoe BHE3ANHOO HM3MEHEHWE Mar-
HHATHOTO MO MOJKET NPOU30ATH TUINb OT TOTO, YTO OO CTEHKE TedeT
TOK, JTOT TOK KaK pas M co3[aeT NepeMEeHHEe DIeKTPUIeCKHe 3aps-
JIEL HA BepXHeH M HwKHell oOkmazrax GaHRH,

Bac MojxeT yAMBETEH Hamie OTKPHTHe — OOHApPY;KEHHEE TOKOB Ha
60KOBHIX CTOpPOHAX 0aHKH. A KaK jKe ¢ HalMM OPEKHUM yTBEpIKe-
HUEM, 9TO HWYero He M3MEHHUTCS, eci¥ B objacTu, rje dieKTpHYe-
CKOE TOJie PABHO HYJ, HOCTABHTH 9TU 60KOBHe creEKN? Benomanm-
Te, ONHAKO, 4TO, KOIfla MH BOEpPBHE BCTABJIAAH B KOHJEHCATOP
9T GOKOBHE CTEHKH, BEPXHAA U HIKHAA OOKIAafKH BHCTYIATH
33 HHX, TAK 9TO MATHWTHHE HOJif OKASHBAJIUCH ¥ CHAPYKU Halleil
Gankum. Y TOXBKO KO M5 OTPE3alll BHCTYNAKNHE 34 Kpasd 6aHKH
9acTy KOHJEeHCATOpa, HA BHyTperHell dacTu GOKOBHX CTEHOK MOABH-
JMCh KAKME-TO TOKH.

X oTh BIeKTPUYOCKHG ¥ MATHWTHHIE TOJAS B aGCOMIOTHO 3aKpH-
TOH GaHKe W3-3a IOTEPh SHEPIMH NOCTENEHHO WCYO3HYT, MOMKHO
cenarh Tag, aTolu aroro He Osuno. Jas sroro Hajo mpoBepreTh B
fanKe cOOKY AHPOYKY A HOHEMHOKKY OR0aBIATH 9HEPIHIO, YTOOH
BO3MemAaTh morepd. Hajo B3ATH HPOBONOUKY, HIPOCYHYTh €@ Uepes
JHpPOYKY B GaHKe H IPUNAATh ee K BHYTPeHHEl YacTH CTeHKH, YTOGH
noyumrach nerasa (pur, 23.8). Ecam mopcoegnauTh 3TY TPOBOIOY-
Ky K HCTOYHHKY BHCOKOYACTOTHOTO MEPEMEHHOTO TOKA, TO 3TOT TOK
6ynmer cmabxarh DHeprueil SIE6KTPUIECKOe M MATHATHOE HONA HO-
JAOCTE W HOTIep/KEBaTh KodaeOaHAsA. ITO HpPoH30iHeT, KOHEUHO,

ihapamop
" paduo-
Quz. 23.9. Yempoiicmeo g zlagg‘a’g;f: 1
O0as Habaodenus pesoHanca emexmop
¢ nosocmu. @ youaumens
A
Nlosiocm
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JUOL B TOM cly4ae, eCiH 9acTOTA HMCTOUYHNKA HYHEpPTHH COBHAZET ¢
pe3oHaHCHOI gYacrorofi Gamku. Ecinm dacrora y HCTOYHEKa He Ta,
TO DJIEKTPHIECKHE W MATHHTHHE NONA PE3OHHPOBATH He OyAyT H
1o B GaHke oRaKRYTCA cnabeHLRUMY,

Pesonarcnoe mosenenne jierxo HabIOIATE, €CAH B Gamke npo-
Ienarb APYTYIO AHPKY W IpOAeTh B Hee Apyrywo merio (¢ur. 23.8).
Vizmennionmieecss MArHWTHOE OOJe, TPOXOAAIee dYepes 3Ty BTO-
pyw unewmiw, Oyger TeHep¥poBars B Heid 9. [A. C. HHAYKIHWH.
Ecnn Temepp sTy meTao coequEUTH ¢ BHEHIHAM W3MEDPHTEIbHBIM
KOHTYPOM, TO TOKH B HeM OyIyT UPOMOPINOHATHFHAIMI HAIIPAKEHHO-
¢t moaeil B moaocru. 1lpencraspre Teneps, YTO BXORHASA IETIA Ha-
el WOMOCTH cOCAWHEHA ¢ PagWOYacTOTHHIM CHIHAJ-TEeHepaTOpOM
(pmr. 23.9). Curman-reHepaTop COCTOUT M3 HCTOYHHKA HEPCMeH-
HOI'0 TOKA, 9ACTOTY KOTOPOTO MO;KHO MEHATH, MOBOPAUMBAA PYUKY
Ha mamean remeparopa. CoeflmHEEM 3aTeM BHXOJHYIO IETIH0 HOJOCTH
€ «IEeTeKTOpOM» — NprOOpOM, H3MEPAIGAM TOK OT BHXONHOU mer-
ad. OTcueTsl Ha €T0 NIKAJe TPOHOPIUMOHANLHE 3TOMY TOKy. Ecau
3aTeM M3MepHTH TOK HA BHIXOfe Kak (YHKOWIO 9acTOTH CHTHAJ-Te-
HepaTopa, TO HOAYIUTCH KpHBAs, HOXOKAA Ha H300DAIKeHHYIO Ha
¢ur. 23.10. Tox Ha BEIXOJe HeBENHMK HA BCEX YacTOTaX, KPOME TeX,
KOTOpHeE OIW3KE K ®,— pe3sOHaHCHOH dacroTe moxocrn. Pezonanc-
Hasg KpABas OYeHb HOXOKA HA Ty, O KOTOPOH IOBOPHIOCH B IT. 23
(BEm. 2). OgEaKo MHUpPEHA pPE30HAHCA MEHbINE, HE;KeIXM OORYHO IO-
iygaeTcs B pe30HAHCHHX KOHTYpPaX, COCTaBISHHHX W3 HHAYKTHBHO-
cTeit u emxocreii; wHaue rosops, Q (HOGPOTHOCTH) MOJOCTH OUCHD
BEICOKA. 3a9acTyio BeTpedarred gaxe  mopsara 100 000 u Brime,
0cO0eHHO €CNW BHYTPEHHEE CTEHKH INOXOCTH CHeJIaHH H3 OYeHb
X0pOmo IPOBOASMEr0 MaTepHaja, Hanpumep m3 cepebpa.

§ 4. Cobemeennvie woaebanua noasocmu |

IlpeamonosxumM, 9T0 MBI IHTAEMCA NPOBEPHATH CBOIO TEOPHIO U Je-
naeM M3MepeHmsa ¢ HacroAmed Gamxoil. Mu Gepem GamRy B dopme
DUIHHAPA AEaMerpoM 7,5 cm @ BHcotol okono 6,3 cx. K meit npn-
HeIHBAIOTCSA BXONHAS W BuXxogHas meriu (cm. ¢ur. 23.8). Ecau
PACCIUTATH ORAJAEMYIO [JIA 9TOH OaHKE Pe3OHAHCHYIO 9acTOTY WO
dopmyne (23.18), 1o monyumrea f,=w,/2n=3010 Mzy. Mu Gepem
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cATHAN-remepatop ¢ zacroroit oxono 3000 Mey u maumnaeM ciaerka
€e BAPHUPOBATH, IOKA EE MOABJASETCA PE30HAHC; MH 3aMedaen, ITO
HamOONBMAA TOK HA BHIXOf¢ BO3HMKAET, CKayKeM, HpPH YacToTe
3050 May. Ito ouenb GaAM3KO K HpeACKAa3aHHOH Pe3OHAHCRON Yac-
TOTE, HO JI0 KOHIA He coBuafaer. MoKHO IpUBECTA HECKOIBKO MHC-
JIEMHX OpHauE pacXoykpenns. Momker GHTb, pe3sOHAHCHAS 4acTora
HEMHOTO H3MEHUJIACH, IOTOMY 9TO MH IIPOPE3aJih HECKOJBKO JLPOK,
4T00N BCTABHUTH COCLUHUTENbHLEC TETAH. Ho 9TO BPAX NH: ALIPKE
KOKAH GhiTH OH Ciierka MOHU3UTh PE3OHAHCHYI0 IaCTOTY, TAK 4TO
OpAYZHA He B 3ToM. Torma, Momer OwThb, B KaTUOPOBKE YACTOTH
CHTHAJ-TeHepaTopa JomynieHa HeGoabmas ommOKa MIHA U3MEpPEHUS
AUaMeTpa IOJOCTH HeJOCTaTOYHO TouRK. Bo BcAKOM ciayuae, coria-~
CHe JOBOIBHO XOpoImee.

Ho ropaspgo Baxksaee 10, 416 upousoiimer, KOTIA 9acTOTa HATETO
CHTHaJN-TeHepaTopa y:Re 3HaYmTenbHO yhammresa or 3000 Mey.
Torpa mur moayunmM Taroit pesyibrar, kak Ha ¢ar. 23.11. Ecau pa-
9aTh CHABHEE MEHSATH 9aCTOTY, TO HMONYYATCH, IT0, KPOME OKUAAB~
merocst pesonanca oams 3000 Mey, nmeerca eme Apyroil pesoHAHC
posne 3300 M2y u rpermii Bozae 3820 Mey. UYro osmavaoT 3TH KO-
6asounsie pesoranck? Pasragxy pgaer ¢ur. 23.6. Tam mu mpepnono-
RWIH, ITO HA Kpail GaHKM OPUXONUTCA NepBHil Hyab Gyrrnun Bec-
censi. Ho Begp He MCKIOYEHO, 9T0 Kpaio 0aHKH OTBETaeT BTOPOH
HyJb pyHKnEn Beccens, Tak 4TO B MpOMEKyTHe OT eHTpa 6aBKd 10
ee Kpasg TPOMCXONAT ONHO MONHOe KOIeGanwe BIeKTPEIeCKOro Nojs
(¢ur. 23.12, @). Taxoi tan Konebammit mojsell BHOXHE HLOLYCTHM, U
€CTeCTBeHHO OUATh, Y70 GaHKA HAYHET PE3OHHPOBATH HAa TAKOH
gacrore. Ho samerbre: BTOpoi Hyns Ppymxuma Beccens nabaogaer-
¢ upn x=>5,52 (¢pur. 23.12,6), r. e, Gomee uem BABOE FANbINE, YeM
TNepBHiA AyJab. 3HAYAT, Pe3OHAHCHAA JacTOTa KosNeOaHmii aTOro THIA
npesumana 6u 6000 Meay. Ee, 6e3 coMHenus, MOKHO 3aMETHTH,
HO 3TO He 00BAcHAeT HaMm pesoHanca mpz 3300 Mey.

Bce meno B TOM, 94TO B CBOEM aHANW3€ IOBENEHHs Pe30HAHCHOU
TOJIOCTH ME PACCMOTpENH JHUINb OJHO BOSMOKHOE TeOMeTPHIECKOe
pacnosoeHne SIeKTPHYeCKHX ¥ MAarHATHHX moneidl. Mu cumrasm,

3050
3300
3820

Tox Ho eb1x0de

3000 3500 2000
wf2m, Moy

Quez. 23.11. Habawdaemsle pesonancruie iacmoms

yusundpuneckoll nosocmu.
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E Qua. 23.12. Foaee evicokouacmommuuiil
-]~ 1" mun roaebanuil,
b
B
a 4YTO BJIEKTpHYECKOe ToJe BepTU-
KaJIbHO, 4 MarHUTHOE PacHoJdOKeHo
E TOPHU30HTANbEEMEM Kpyramda. Ho
Eg MHCIEMH ¥ jpyrme moas. Ot Bux

TpebyeTcd aums, 4TO0KH OHH yIOBIe-
TBOPSIM ypasHeHMAM MaxcBeana u
970K 2IeKTpUIecKoe Moe BXOJUuI0
B CTEHKH HOJ UPAMBIM YIJAOM K HAM.
Mu B3snE cnydail, KOrqa Bepx U HA3
0aHKH OIOCKHe, HO BCe He OYeHb OH
W3MEHHIOCh, eCAH OH Bepx U HH3
F Oniu m3orayThMa, [la u BooGuge, oT-
Rryzna BaHKe «3HATHY, THIO ¥ Hee Bepx,
rie aus, a rie 6oxa? U pmeficrsurenbHo, MOMKHO MOKA3aTh, 4TO CyHIE-
cTByeT TAKOH Tmn Kosedamuil mosedl BEyTpH OaHKH, IPH KOTOPOM
DAEKTPHIECKOE IoJie uueT 0O0lee WIM MEHEe BIOIb €e JHaMerpa
(dur. 23.13).

1 me Tar y;& TPYAHO MOHATH, I0UeMYy COOCTBEHHAS JACTOTA KO-
neGaHuil 3TOTO THOA HE OyHeT CUIBHO OTIAMIATHCA OT COOCTBEHHOH
9aCcTOTH IEPBOrO PACCMOTpeHHOro Hamu tna woixebammit. Ilpem-
CTaBbTE, ITO BMECTO NIIHHIPUISCKOM IOTOCTA MHEL B35 OBI OJOCTH
B BHfie KyBa co cropoHoit 7,5 cx. flcHO, 9T0 ¥ Hee OyxeT Tpu pasHEX
THOa KodebGaHuil, HO ¢ OXHOH M TOi ke ¥acroToi. Tun konebanmii,
HpH KOTODOM DIEKTPHYECKOE I10J€ HANPABIEHO NDUMEPHO BEPTH-
KaJbHO, OygeT NMeTh Ty ke 9acToTy, uTo M THO KojeGanuil, mpu Ko-
TOPOM BIEKTPHUECKOE HOJIe HALNPABICHO BIPABO U BIAEBO. Eciam re-
meph 3TOT Ky0 mepefiesars B ANAHID, TO 9ACTOTH KaK-TO H3MEHATCH.
Ho sce sxe MO:KHO OKATATE, YTO H3MeHeHHAE He OyaeT 60JIbIINM, eCiin

r=552¢c/w

<

Que. 2313, Ilonepeunwii mun
KoaeGanuii yuasunopuieckoii noso-
cmu,
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Due. 23.14. Eye odun mun rose- T

6anuil yusundpuieckol nosocmu.

pasMepH MOMOCTH H3MEHATCA O4eHb Majo. SHAYAT, JacTOTa TOTO
tana womeGamwii, d4ro Ha ¢ur. 23.13, He 0KHA CHILHO OTIH-
gaThed OT gacToTh Ha ¢ur. 23.8. Momkno 6uuro 661 mogpo6HO paccn-
Tarh cOGCTBEHHYIO JACTOTY TOTO THIA KolnebaHuil, KOTOPHI moKasaHl
Ha ¢ur. 23.13, HO MH dTOr0 celiac me;xarh He OymeM. Ecau 61 BEH-
qiclennsa OhUIM NPOReIansl, ME o0HADPY;KMIE OH, 9TO NPH Hpeamo-
JO/KeHHKX pasMepax pe3OHAHCHAS YacTOTa IONYIaercs COBCEM
6nmsro or mabaojeEHoro pesonamca npu 3300 Mezy. C moMmompio
TORXOOHHX PacIeToB MOKHO IHOKA3aTh, YTO JOJYKEH CYIIECTBOBATD
eme apyroit TEO koaebaHWil mpu Apyrodl 3aMedeHHOH HaMH pe-
30HaHCHOH uacrore — 3800 Meay. Omnexrpuueckyme W MATHWTHEIE
ToNsA, XapaKTepHHe IA 3TOro Thoa Koje0aHmil, DOKAZaHH Ha
our. 23.14. SnexTpuIecKoe moXe 3Kech OOJIbIIe HE METAGTCH TH-
HYThCA 4epes B moaocrb. OHO HampaBiaeHO OT GOKOB K TOpPIAM.

Teneps, HAflEIOCH, BH YiKe MOBEPHATE MHE, YTO HOPH JalbHEHIIEM
HOBHINEHNY YaCTOTH CIEAYET O;RUATH IMOABJIEHUS BCE HOBHX H HO-
BHX pezoHaHcoB. CymecTByer MHOKECTBO Pa3iMIHHIX THIOB KOJIEe-
Oanmii; y Ka)KIOro W3 HAX CBOS YacTOTAa, OTBETAIONMIAA KAKOMY-TO
YACTHOMY pAcCHOAQKEHA) DICKTPHYECKHEX W MATHUTHHX [OJeH.
Hasx/i0e Takoe pacmonoenne Hojiell Ha3HBAIOT COGCMEEHHbLM K000~
Huem (mnu momou). PesoHaHCHYI0 9acToTy Kaskmoro tama roseba-
HUZ MOKHO IOACINTAThH, HAlxsA n3 ypapHeHuil Maxcsenana sieKkTpu-
YeCKHe M MarHWTHEE HOIA B IOJOCTH,

Kax mMomEo ysHatsh, HAGAI0HAasA Pe3OHAHC NPU HEKOTOPOil ompe-
Nle;IeHHOM YacToTe, 9TO 32 THO Kojiebamuil npm sToM BO3OymyaeTca?
Opun cmocol Takoii: Haf0 B IOJOCTH 4epPe3 OTBEPCTHE LPOCYHYTH

6

Duez 22.15. Hebosvwian npososcuka, 66e0eHHAR 8 NOAOCMb, €CAU ONG NAPAA-
aeavia ® E, cuavneil uckasum pesonanc, uem mda, Komopas Ppacnosorend
nroneper E.
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npoBoouKy. Ecam amexrpudaeckoe 1mose HanpaBieHoO BHOAb HPOBO-
aourm (pur. 23.15, @), B Heli BOSHUKHYT CPABHETENHHO CHJIBHEE TO-
ku. OHM Ha9HYT CHIBHO COCATH DHEPTHIO M3 HOoJNed, W pesoHaHc Gy-
per nopasier. Kenu ke saekTpueeckoe moxe Oy/eT Takoe, Kak Ha
¢ur. 23.15,6, To npopoiodKa co3gacT ropasgo Mensurmi s¢dexr. B
KaKyl0 CTOPOHY B 9TOM MecTe HAIpaBleHO IOJe IPH STOM THAIE KO-
nebaHmit, MO;KHO y3HATH, COTHYB IPOBONIOYRY TaK, KaK IOKa3aHO
Ha ¢ur. 23.15,4. llosopaunmBas npoBoa0UKYy, BH YBHAUTE, 9TO OHA
CHJIbHO HM3MeHsSeT CHIY Pe30HAHCA, KOrfa ee KoHel mapaiienesd E,
B MaJjl0 BAHAET HA PE30HAHC, ecid OH HopepHYT momeper E.

§ 5. IToaocmu v pesonarcrbie KONIMYPHL

Xors onmcamHas HAMM Pe3OHAHCHAS WOJOCTHh C BUAy OYeHH HE=
moxo;ka Ha OOHYHEIA, COCTOAIUA N3 KATYIIKM XM KOHAEHCATOPA
Pe30OHAHCHHI KOHTYp, ONHAKO o0e pe30HAHCHHE CHCTEMEl TECHO
MeKAy co0oil caaszannl, O0e OHM — WIEHH OJMOW CeMb¥; BTO BCEro
JHOIb [Ba KpPalHHX NPUMEpa SIEKTPOMATHUTHHIX Pe30HATOPOB, H
MEKAY HUMH MOMKHO IIOMECTHUTH HEMAJI0 NPOMEYTOYHBIX CTAHUM.
Haunewm, craken, ¢ TOTO, 9T0 MOTRIIOYHM KOHAEHCATOP B MAPAJIENb
¢ HEAYKTHBHOCTEIO B 00pasyem pesoHaHCHSIT koaTyD (Pur. 23.16,a).

d1or KonTYp 6yjer pe3oHAPOBATH HA 4acTOTy =1/} LC. Eciu Mb
3aXO0THM HOJHATH YACTOTY B 9TOM KOHTYpE, TO HTOr0 MOKHO JOC-
THY6, IOHU3HB HHAYKTUBHOCTH L, HANpUMED YMEHBIIHAB 9KCIO BUT-
xop B Karymke. Ho manexo Ha Takom uyTH Mu He yigem. Mul moifi-
JeM IO MOCIeHero BUTKA M TOTAa OCTAHETCA NPOCTO KYCOK IPOBOJA,
COe(MHSAIOMMIL BepX W HU3 KoHAercaropa. Moskao 6nno 651 mwpomodn-
MaTh HOBHIIATH PE3OHAHCHYIO YACTOTY, YMEHGINAA eMKOCTh; OJHAKO
MOKHO ¥ Jajblle yMEHLIATh HHIYKTHBHOCTH, 3alapajljieamBasd
 pPAROM HECKOIBKO HHAYKTHBHOCTedl. JlBe OTHOBHTKOBHIE WHIYK-

THBHOCTH, BKJIIOUEHHHE B HApaliedb APYT y Apyra, IpHBeyT
K IOJIOBMHE MHIYKTHBHOCTH OfHOTO BuTKa. Tak uro, gaske mosepsd
KATYIIKY 10 OfHOT0 BHTKA, MOKHO NPOXOJKATH MOBHINATH PE30-
HAHCHYI0 4YacTory, HO0AaBIAA OTHEJNbHHE INeTId, COeAMHAIINe
BepxHOID O0KIaAKy KoHAeHcaropa ¢ HmxEed. Ha ¢ur. 23.16, 6
TmOKa3aHe OOKIANKM KOHOEHCATOPA, COCSHHEHHHE IMECThI0 momol-
HHMM (ONHOBHUTKOBHIMHE uHAyETHBHOCTAME». IIpomomsxaa mpmbas-
NATH HOBHE KYCKH HPOBOJA, MB MOCTENEeHHO IePEHeM K COBEpINeH-
HO 3aMKHYTOH pesoHaHCHOU cucreMme. Taras cucrema (BepHee, ee
oceBoe ceTenne) noxkasana Ha gur. 23.16,6. Teneps magyxTEBHOCTE—
9TO LYCTOTENHH NWIMHAD, UpPHOAAHHHE K KpagM OOKIafoK
KOHJEHCATOpa. JJeKTpHYEeCKWe W MATHUTHEe moins OGymayT mMeThb
HAOpABICHWE, MOKa3aHHOe HA pucyHKe. Tawkoidl mpepmer — 3TO, B
CYIHHOCTH, YK€ PEe3OHAHCHASM WOJ0CTh. Ee HasHBaoOT «HATPYKeH-
HOU» mosocTsio. Ho MOHO ee Taks;xe BCe eme paccMAaTPHBATEL Kak
L—C-xouTyp, B KOTOPOM €MKOCTHAS YaCTh — 001acTh, TOe HaXO-
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Que, 23.16. Pesonamops ¢ s03pacmanwett pesoHancrol xacmomod.

AArcst 60MpImast TaCTh BACKTPHICCKOTO MOAA, & AEAYKTABHAA — I8
moMemiaercsa 60abmas YacTh MATHUTHOTO TOMA.

Ecnu Mu1 3aX0TUM DOBEICATS YacTOTY pesoBaropa Ha ¢ur. 23.16,6
CHJIbHEE, TO HAJI0 ellle YMEHBIHUTh MHAYKTHBHOCTH L. UYT0GH 2TOrO
A0OUTHCH, CHEAYET YMEHBINHTb TEOMETPWUYECKHe pasMepH HHAYK-
THBHOIl CEKI[UM, CKajKeM, YMEHBIIUTH Ha uepTere BEcory k. Ilpm
yMeHblIeHU® h Pe3oHAHCHAs Yacrora pacrerT. V1 B KOHIE KOHI[OB
MOKHO, KOHEUHO, HOHTH O TAKOTO MO 0;KEHNUSA, IIPH KOTOPOM BEICOTa
h cpaBEsieTcA ¢ TDpOMEKYTROM Mexngy obxmagkamm. llomyumres
o0RITHAA NMUIMHAPHYIECKasd GAHKA; HAll pe3OHAHCHHI KOHTYD Ipe-
BpPATHATCA B IOJHI pPe30HATOp, HoKasaHuLY Ha ¢ur. 23.7.

3amerbre Temeph, YT0 B HEPBOHAWANbHOM pesoHaHcHOM L—C-
rxoarype (dur. 23.16) snerrpuueckue M MarHHTHEE IMONA GHIA CO-
BepImeHHO pasgenensl. Horga MEl HOCTENEHHO BULOUBMEHAIH pPe30-
HAHCHYIO CACTEMY, BCE HOBHINIAA €€ YacTOTy, TO MATHUTHOE II0Ne
TecHee M TecHee CONMIKANOCH € BIEKTPHYECKUM, HOKA B IIOIOM
Pe30HATOPE OKOHUATEJHHO HE IEePeMeIIajioch ¢ HAM.

X ot BCE HOJNBE PEe30HATOPHL, O KOTO-

PHX B 9TOI IiIaBe TOBOPHUIOCH, OBLIH IH-
JNUAAPUYECKUME, HHYETO BONMEOHOIrO B
caMoit munuHApUIecKoii dopme mer. bamxa
ao6oro puga Bce paBHO Oyaer obramaTh
PE30HAHCHHIME JaCTOTAMH, OTBEYAIONIMMUE
pasiMYBBIM JONYCTHMHM THIAM Koieba-
HUA 9IEKTPAIECKHX M MATHHUTHHX IIOJEH.
K npumepy, y «momoctm» nHa ¢ur. 23.17
6yrer CBOA JHYHAS COBOKYIHOCTH Ppe30-
HAHCHHIX YaCTOT, XOTA UX H TPYAHO pac-

CYHTATD. . )

Quz, 23.17. Ewye odna pesonancnas noaocme. \/



T'nasa 24

BOJIHOBO/Ib1

§ 1. Ilepedarowan aunus

B npepsimymieii rmase Mbl BHACHANH, 9T0 CIAY-
YUTCA € COCPeOTOYEHHBIMH 9SJIEMEHTAME I[eNH,
eciE Ha HOX HOJaTh O9€Hb BHICOKYIO uactory. ME
IPUULTH K BHBOAY, YTO PE3OHAHCHHH KOHTYD MO~
HO B3aMEHHTh MOJOCTHIO, BHYTPH KOTOPOH MO
BCTYHAOT HPYT ¢ ApyroM B pesomanc. Ho ects u
JPyToil WHTEpPeCHHI TeXHUIECKWH BOUPOC: Kak
CBA3ATH ME;KLY cO00M ABa mpemMera, IT00K MOKHO
ORLIO mepeiaTh DIEKTPAYECKYIO HSHEPTHIO OT OJHOTIO
K apyromy?! B memsx HmM3KO# 9acTOTH 3Ta CBA3H
OCYIIECTBISETCH IO IPOBOJAM, HO 3TOT cmocob Ha
BHICOKHX 9acCTOTaX He OYeHb XOpOoIl, HOTOMY 49TO
SHEPIUA PACCeMBAETCA BO BCE CTOPOHHI M TPY/NHO
KOHTPOJUPOBAaTh, Ky/la oHA moreder. OT IPOBOJOB
BO BCE CTOPOHH pasberaroTcd IOJA; K TOMY Ke TO-
KM M HAOpsUKEHWsA BHICOKOH YacTOTH He OYeHb
XOpPOINO «HPOBOAsTCA» mposofamu. B s1ofl raase
MH U XOTHM pa3o0parbcd B TOM, KAK MOMKHO €O-
eIUHATE MeKAYy co0oif mpesMeTH Ha Ooxpmioi
gacrore. TakoB mo kpajiHeil Mepe OWH HOAXOM K
TeMe Hallell JeKIWH.

Ho Mo3xHO0 K Heil mOmOATA H HO-IPYroMy, MO -
HO CKasaTh, 9TO MH TOKa OOCY;KIaji# HOBEJeHHe
BOJH B IyCTOM OpPOCTPAHCTBE, a Telepb NPHILIO
BPEMS IOCMOTPETH, 9T CIYIMTCHA, ©CIHH Koaebiro-
ImyecsA MOJsA OIPAHWYUTH B OFHOM IIU JIByX H3Me-
pearax. Mu o6Hapy;KuM HOBO® HHTEPECHOE fB-
JieH7e: eCIH OIS OTPAHAYNTH B ABYX M3MEPEHUAX
H faTth EM cBO6GOIYy B TPEThEeM, OHHM PACIPOCTPAHA-
10TCA B BHJe BOIH. «BOXHK B BOXHOBORE» U OymyT
mpegMeTOM Hamlel JeKIHH.

Hagunem ¢ paspaGorkm o0meit teopdu sunuu
nepedauu. OOHYHEAA JTHHUA 3AEKTPOHEPENATN, KO-
TOpas TAHETCA OT MAYTH K Madre IO IOJAAM H Je-
caM, TPaTHT 9aCTh CBOEH MOIIHOCTA Ha HajJydeHHe,
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DPus. 24.1. Koarcuasvnas ¢ e‘ Y T
j . N
) ]

nepedaowyas AUHUR.

HO 4acToTa 3xech Tak Mana (50—60 zy), 9TO 9TH mOTEpPH WOUTH HO-
sameTHH. OT H3TydYeBHsa MO;KHO M30aBHTHCH, IOMECTHB HPOBOJ B
MeTannHIecKyw TpyOy, HO 9TO HeIpPAaKTHYHO, MOTOMY UTO IPH 1a-
K¥UX TOKAX W HAOPAKEAUAX B ceTH (e3 GOABMINX, TAMKENHX U Z0po-
rax Tpy06 He obolitnch. Tak 4To B X0y 0OKYHO «OTKPHITHE JHHREY.

Ha wacrorax uyTh nopmme (HOpANKA HECKOILKAX KHIOTEpI)
H3NydeHMe y:Ke BOONHE 3aMeTHO. Ho ero MoyxHO yMEHBIINTL, MONL-
3yACh (IBYX:KUABHOHY JTWHWEH mepefadd, Kak 8TO AeJaeTcA UPH Te-
ae(OHHOM cBASK HA MajlHe paccrosnma. OJHAKO UpH JaabHEHITeM
TMOBHINEHUHN YaCTOTH W3JIYIeHH® BCKOPE CTAHOBHUTCA HETEPIEMO
CHIABLHEIM 1700 3a ¢9eT moTeph DHEPTHH, JAGO H3-3a TOTO, 4TO IHEP-
TAA mepeTeKaer B ApyTHe KOHTYDH, Tfe OHa coBceM He Hy:xHa. Ha
9ACTOTEe OT HECKOABKEX KIIOTepI] 0 HeCKONBKHEX THCAY Merarepi
5IeKTPOMArHATHEE CHTHAJE M 9J€KTPOMAaTHUTHAA SHEPTHA OGKTHO
HOPeJAOTCA 0 KOAKCHAAbHEIM JIMHHM, T. €. IO IPOBOY, HOMEN[eH-
HOMY BHYTDb HUIUHIPAIECKOTO «BHEITHOTO MPOBOTHMKAY, WIH (3a-
wEATHY. XO0TA JanbHEHIINe PacCyKEeHUA TOIATCA A IUHAM Nepe-
JAYd U3 BYX IapajielbHHX OPOBOTHUKOB J0GOro ceYeHUA, pedb
OymeT WATH O KOAaKCHaJIbHOM Kabeie.

Bo3smeM mpocrefimylo KOAKCHANBHYIO JMHHUIO, COCTOAILYI0 H3
IeHTPAIBHOTO IPOBORHUKA (TycTh 970 Oy[eT TOHKOCTeHHEIN IOJELH
IMINH/P) ¥ BHEIIHETO IPOBOJHAKA — TO/Ke TOHKOCTEHHOTO IHAMH-
Apa, OCh KOTOPOTO COBIAJAeT ¢ OCHI0 BHYTPEHHETO HPOBOJAHHEKA
(¢ur. 24.1). na mavana mpeacraBum cebe, KaKk OPEMEPHO BEAET
ce0s 9Ta AWHAA HPH OTHOCHTEIHHO HABKHX dacToTaxX. MH yie xoe-
4TO0 IOBOPHMIM O HOBEJleHME HPA HUIKHX YACTOTAX, KOINA YTBOPI K-
7laJi|, 4T0 y ABYX TAKHMX IPOBONHUKOB HA KLKIYI0 eHUHHIY MIUHL
OPAXOIUTCH CKOJIBKO-TO TAM HHIYKTUBHOCTH M CKOJIBKO-TO €MKOCTH.
W neiicTBuTeNbHO, MOBEleHNe J000# mepefaomeil 1A UPH HES-
KHX 9aCTOTaX MOMKHO OMHCATh, 3aJaB €8 MHIYKTABHOCTH HA GIWHE-
ny pausst L, m ee emMrocts Ha efmuuny mauan C,. Torma nmamio
MOKHO OBLIIO OHI paccMaTpHBATh KAK UpefelbHHi caydail ¢unnrpa
L—C (cm. ta. 22, § 7). Momro coagarh Tako#dl QRMIBTP, KOTOPHIA
Oyner HMEUTHPOBATEH JUHUIO, CAY HOCIEHOBATOABHO COSAUHATH M-
Iy coboil MaJleHbKYe 9IeMeHTH MATYKTABHOCTHE LAz B samyHTHpO-
BaTh NX MajeHbruMu emroctaMu C,Az (rme Az — dneMeHT IIAHH
amaun). lpuvenssa x 6ecxomeuHOMy (UIBLTPY HAINM NPEKHHUS De-
BYNBTATH, ME OH YBHIaJW, 9T0 BLOJEH INHUH JOMKHEKE pacupocTpa-
HATHCA IEKTPHUECKHE cHrHagH. Ho mocryndM WEage W BMeCTO
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Nposod I Iz) Izt Az)

T

| i\ QDue. 24.2. Toxu u nanpsce-
V(.r); } Viz+Ax) HuA 6 nepedawweli AURUU.
TTpoeod 11 \\: !/
& z+Ax

5TOTO M3yYNM CBOHCTEA JHHAHW, ONMpadAch Ha AuPdepeRUHATBHEE
ypaBBeans.

IIpepnono:mum, My naGarofaeM 3a TPOUCXONAINAM B IBYX COCExR-
HEX TOYKaX nepegaiomeil JAHAH, CKaykeM, Ha PACCTOAHHAX T M
z-+Az or mavana nuauu. O603HaYMM HANpPIKEHHE MEKAY TPOBONL-
amkamu gepea V(z), a ToKk B Bepxmem nposognuke I(z) (pur. 24.2).
Eca¥ TOK B IMHHW MEHAETCH, TO WHIYKTHBHOCTH BRI30BET NAJEHHE
HANDSUKSHAA BAOAL HeOGONBINOT0 yYacTKa JANHUA OT X Ji0 T-+AZ

AV=V (z4Az)—V (z) = — LAz o,
Win, 6eps opemen mpu Az — 0, noaydaem

av ol
ﬂ_—"—LOa_t‘ (24.1)
VsmereHne TOKA NPUROAAT K Uepenafy HAUPMKEHHA,

Teneps eme pas BarasEuTe HA PUCYHOK. Ecim Haunps)xenne B
Z MeHseTcH, TO NOKHEL TOABIATHCA 8apANs, KOTOPHE HA HTOM
yuacTke nepegamrca emxocrd. Ecnnm B3arh HeGonbnioN yIacTOK JH-
HUM OT T 10 £-+Az, To 3apay Ha HeM pasen ¢=C AzV. Cropocrs
W3MEHEHHs dToro sapsga paBHa C AxdV/dt, mo sapsg memserca
TONBKO TOTAA, KOTAA TOK I(r), BXORAMMI B BiaeMEHT, OTNHYALTCH
or BEXxopamero toka I[(z--Az). Oboszmaunas pasHocrs 3epes Al,
nMeeMm

dv
AI = — Cg Ax E .
Ecnm mepeiitn ® mpegeay npu Az— 0, nonyuaerca

al )%
5:;=—""Co ‘a—t‘ . (24.2)
Tax 4T0 coXpaHeHNe 3apAga MPeAUOIATAET, YTO TPAAACHT TOKA HPO-
NOPOHOHAJEH CKOPOCTH W3MEHEHHSA HAaUpPAKEeHHSA BO BpPEMEHH.
Ypasuerus (24.1) a (24.2) — 9T0 OCHOBHEE ypaBHeHHA JUHUH
pepemaun. IIpy jkeaanmm UX MO)KHO BUJOUSMEHHATH TaK, 9T00H OHA
YIUTHBAJIN COXPOTHBIECHES IPOBOJNHEKOB WIN YTEYKY 3apANOB He-
pe3 H3ONANMIO MEKAY IPOBOXHUKAMH, HO NOKa HAM JOCTATOYHO ca-
MOr0 mpOCTOr0 HmpHMepa.
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OGa ypaBHEeHEA nepefnameil JUHUA MOMKHO O0'BEUHUTH, IPO-
nuddepeEnMpoBas mepsoe 0o ¢, a BTOpoe 10 Z u ucKaowus V man /.
Ilonyuntea amGo

o oy

a—x—z == COLO 5;2—' ’ (24-3)
aubo

621 a2/

= C,L, 5 (24.4)

Mu croBa ysHaeM BOJHOBOE ypaBHEHWe TO . B omHOpOAHOHE
nepefialoliell JWHUK HADPsIKERNe (M TOK) pacmpocrpaHAercd BROID
JHHED Kak Boina. Hanpsxenue Byons nuemm GyHeT cIemoBaTh 3a-
xony V(z, t)=f(c—uvt) unn V(z, t)=g(x-+vt) unu nx cymme. A 910
Takoe sueck v? Mul smaeM, 4T0 KoddpdmmmeHt npm 0%0i%2 — aro
npocto 1/v2, Tak uro

p— L (24.5)
V LiC,

IToxasxmre caMoCTOSTENLHO, UTO HAUpPSIKEHHe Oad Kasedol
604HbL B IWHUA OPONOPIUOHAIBEO TOKY 9TOH BOJNHHK H 410 K03gdn-
NUEeHT MPONOPIHOHANLHOCIA — HTO NPOCTO XapaKTePHCTHYECKH
nmneganc z,. O6oznauns wepesV, m I, HanpAkeAne ¥ TOK AAA BOJI-
Hel, Oerymed B HAUpaBIeHUH -2, BH JOKHH OyJere MOIYIHTh

Vi.=2,. (24.6)
Papurm ofpasom, gaa BoaHH, Oerymeil B HAOpPaBIeHAE —Z, HOIY-
qUTCH

V_o=—zd_.

XaparTe pHECTAIeCKAN UMIEJAHC, RAK MB YKe BHIEJIH N3 HAUIHX
ypaBrennil A $uiasTpa, JaeTcA BHPAKeHHEM

”
=V z (24.7)

1 IO9TOMY €CTH YHCTOe CONPOTHBICHHE.

Uro6H HAATH CKOPOCTH PACIPOCTPABEHUS U X XapaKTepucTude-
CKuMil UMOeJAHC z, nepefaiolNell AWHUM, HY}KHO 3HATH HHAYKTHB-
HOCTh U eMKOCTh AMHANH ANEHK Juumd. 1A KoaKCHAIbLHOTO Ka-
Geasa mX nerko moxcunTaTh. lorasnuM, Kak sTo gemaercs. [Ipa pac-
yeTe MBAYKTUBHOCTE ME OymeM cIeJoBaTh HICSAM, M3IO0;KEHHHM B
ra. 17, § 8, mnonoykum ¥/, LI? paBEKNM MaTHUTHOH SHEPTEH, B CBOIO
ouepe/s MOIYyIaeMoi NATErPUPOBAHAEM £,c2B%2 no o6semy. Ilycrs
00 BHYTPEeHHEMY HIPOBOJHHUKY Te4eT TOK J; TOrZa ME B3HAEeM, 9TO
B=1I/2ney?r, Toe r — paccrosiHue OT ocd. Depa B KadecTse 3Jjie-
MeHnTa 00beMa LUAWHADMIECKHA CIOH Tonmmew dr w paumeH [,
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gonydJaeM NusA MaTHUTHON SHepTuH

b
=2t L _\?
=2 (moczr) 12507 dr,
a

rie @ u b—pagdycil BHYTPeHHero ¥ BHEMHEr0 IPOBONHWKOB.
WHTeTpHDYA, moaydaeM

2

B ol (24.8)

Tanegt T a

IlpupaBauBaem »Ty smeprummo K 1/,LI1? w maxonmm

1 b
= W 11’1 7 . (24.9)
Kak m caegosano omnnars, L nponopuuoRaabHO MJIAHEe [ IHHAH,
poaroMy L, (MEAYKTHBHOCTH HA ©JWHHULNY AJANHH) PaBHA

_In(b/a)
L,= e * (24.10)

Msr y:e paccumThiBaJg®m 3apPsj HA OHIXHAPAYECKOM KOHJGH-
carope [ra. 12, § 2 (smm. 5)]. [exs Temeps sTOT 3apaAj HA Pas-
HOCTH LIOTeHIHAIOB, IONYydYaeM

__ 2meyl
C= In(bja}"*

Emrocrts e ma egmuauny mampsl Co— 3to C/1. Comocrasmsa aTor
pesyastar ¢ (24.10), mu yGeswpnaemes, aro npoussenenune LC, paBrO

mpocto 1/¢2, r. e. v=1/} L,C, pasuo ¢. Bonma Ge;xur mo munnn co
CcKOpoCTHI0 cBeTa. Hy:KHO MOTIEPKEYTH, YTO HTOT PE3yILTAT 3aBU-
CAT OT CHEMaHHBX WUPEANONOKEHNN: ) ITO B IPOMEKYTKE MEKTY
OPOBOJHEKAMY HET HA JHAICKTPUKOB, HM MarAWTHHX MAaTepHajos;
6) 4TO BCE TOKHM TEKYT TONBKO IO MOBEPXHOCTH HPOBOJHUKOB (KaK
aT0 OHBAET B MAeAIbHHX nposofauKax). Ilos:ke Ma ysupmm, 910 Ha
BEICOKTX 9acTOTAX BCe TOKH pPACHpeNeasA0Tca Ha HOBEPXHOCTH X0po-
IIEX NPOBOJHWKOR, CIOBHO OHA WHEAJIbHEE IPOBOJHUKH, TAK 4TO
HTO TPEIINoN0NeHAe IPABIIBHO.

Jlio6onpTEO, 9TO B 5TUX ABYX TPENNONOKEHHMAX IPOU3BeJeHUE
L,C, pasHO 1/¢? pust 40601 mapaIeabHON NapH ITPOBOFHUKOB, /a-
€ B TOM CIyd4ae, eCIM, CKa;keM, BHYTPEHHUII MecTArPaHHK IpO-~
RONHHUK TAHETCA KAK-TO BIOAb DANMNTHIECCKOTO BHemHero. Iloxa
ceueHre DOCTOSHHEO B MEKAY IIpOBOZHEUKAMHA HET HHYET0, BOIHH Pac-
OpOCTPAHAITCSA CO CKOPOCTHIO CBETA.

logo6mmix o6mux yreepKAeHUE N[O WOBOKY XapaKTepHCTHYe-
CKOr0 UMIefaHCa cHeaaTh Hemb3f. JlIA KOAKCHAAbHON JNMHAH OH

paBeH
2= lgyﬁ%{.‘;) . (24.11)
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Muoxurens 1/g,c mMeeT pa3MepHOCTH CODPOTHUBJEHAS W pased
1205t om. Teomerpuueckmii axrop ln (b/a) ronbko dorapudmudecKn
3aBHCHT OT Pa3MEpOB, TaK UTO KOAKCHAUBHAA IMHAA (M 60abIIMHCT-
BO APYTHX JIMHHI), KaK UpPaBmIo, 061ajfaeT XapaKTepHCTHICCKUM
aMuefamcoM mopsapxa 50 o WK YTO-TO OKOJIO HTOT0, A0 HECKOIbKAX
COT OM.

t

§ 2. Opamoyzorvruiii 60410600

To, o wem Mu ceffuac OymeM ropopuTh, Ha NEPBHI B3TAAN Ka-
JKETCS IOPasUTEILHHM ABJICHUEM: eCIH U3 KOAKCHAJIbHOTO Kabena
yOpaTh BHYTPEHHIIO ;KHAY, OH BCe PaBHO GyIET HPOBOKATH DIEKT-
pPOMarHUTHYO dHeprmio. VRLME croBamm, Ha JOCTATOTHO BHCOKOMH
gacToTe moias Tpyda felicTByeT HUYYTH He XYyiKe, 96M TpyGa, BHYT-
PH KoTopoil mMeerca npoBox. CBA3aHO BTO ¢ APYTAM TAWHCTBEHHEIM
ABJIEEUEM, O KOTOPOM MH yJKe BHAaeM,— Ha BEICOKHX JaCTOTaX pe-
30HAHCHHI KOHTYpD (KOHJZEHCATOD ¢ KATYMKOH#) MO;KHO 3aMEHHTH
upocroii GaHKoii.

9T0 BEITAAMUT OYeHD CTPAHHO, ECAW IOIb30BATHCA IpeACTaBie-
HHEEM O mepejarolleil AWANY, KAK O pacupefieSeHHKX UHTYRTABHOCTH
7 emroctu. Ho sens Bee ME 3HaeM, 910 BEYTPH IYCTOH MeTanjidge-
CKOif TpyGH MOLYT PacHpOCTPAHATHCH JIEKTPOMATHHTHEIE BONHEL.
Ecan tpy6a mpsimas, uepes Hee éce sudno!/ 3madumt, DIEKTpOMAT-
HETHHeE BOJIHH depe3 Tpyby Geccmopro mpoxomsar. Ho mmu 3maem
TAKKe, 9TO HeT BO3MO;KHOCTH IEpefaBaTh BOJHH HU3KOH 9acTOTH
(mepeMenHHE TOR WiAH TeiedOHHEE CHTHAJH) 9epes OXHY-eLWHCT-
BEHHYI0 METAIIHAYECKY0 TpyOy. BrxoguT, aneKTpoMarHuTHHE BOJ-
HH HPOXOAT gepe3 Hee TOAbKO TOTHA, KOTAA WX [JIMHA BOIHH HOC-
tatrouno Mara. [loaTomy MH paccMoTpEM IpeHeapHHE caydail
CAMEIX JIMHHHX BOJH (AIH CAMBIX HE3KHEX 9aCTOT), COOCOOHEX 1po-
XoguTh uepes Tpy0y gammEOro pasmepa. Ty TpyOy, CIYRANLYIO [
OPOXOKIeHNA BOJH, HABHBAIT 604H06000M.

Haumem ¢ mpamMoyroapHO#l TpyOH, ee mpoime BCeTO AHAIUBH-
posarb. CoepBa W3I0KHM Bce MATeMaTHYeCKH, a DOTOM eme pas
BEpHEMCS Ha3aj M paccMoTpuM Bompoc 6onee anemerTapHO. Ho stor
Gosee BIEMEHTAPHEA MOAXON JIETKO UPWMEHUTH JIWOIb K IPAMO-
yroasaem TpyGam, OcHOBHEE ke ABIGHHA B q060d Tpybe ofmu u
Te ke, TAK YTO MaTeMaTHYeCKHe [OBOJH 3ByuaT Gomee OCHOBa-
TEJBHO.

ITocrasmm mepep coGoil caexynmuit BONPOC! KAKOTO THOA BOIHLI
MOTYT CyLIeCTBOBaTh B IpAMOyroabHOE TpyOe? Brbepem cHauana
yroOHEe OCH KOODAWHAT: OCh Z HAPABEM BJIOAb TPYOH, a ocH T W
Yy — BOOAb CTEHOK (pur. 24.3).

WsBecTHO, 9TO KOTMa BOIHE cBeTa 6eryr mo Tpybe, MX snekTpH-
gecKroe mMoJié MONepeTHo; TI0ITOMY HaYHEM ¢ MOMCKA TaKHUX pemeHwui,
B KoTopHX E mepmemmuryasapHO z, CKaskeM pelIeHHUii ¢ OfHOH T0/b-
Ko y-xommomeHToli E, (¢ur. 24.4,a). 91O DIEKTPUYECKOE IHONE
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Que. 24.3. Bubop ocei xoopdu-
Ham Oan  NPAMOYZOABROZ0 60AHO-
goda,

AOMKHO KAaK-TO MEHATHCS NONePeK BONHOBONA; AeHCTBHETENBHO,
Be/lb OHO JI0/KHO OOPATHTLCA B HyJb HA CTOPOHAX, I1aPAJIIENhHKIX
OCH y: TOKH M 3apfAAH B HPOBOJHEKE YCTPAMBalOTCA BCeTHA Tak,
9T00H Ha €ro IOBEPXHOCTH HE OCTAJIOCh HAKAKHX KACATEIbHHX
COCTABIAIMUX dIAEKTPUIECKOro moinf. Jmawur, rpadmr E, or z
Al0JKeH HaIOMUHATH HEKOTOPYio myry (dur. 24.4,6). Moxer Guirn,
9TO HailleHHAaA HaMA 1A nonocr pyrknus Beccexs? Her, ¢yRKIAT
Beccenss mosBaAoTCA TOABKO B 3afa¥aX ¢ NAIHELDHIECKON CHM-
Mmetpueil. IIpy mpAMOYronbHKX CeYeHMAX BOAHH — HTO OOMIHEIS
rapMoEmYeckne Gymxnum, aro-EuGyns Bpoge sin k, .

Pas Mu mmem BoxHH, KOTOpHE GeryT BEOML TPYOH, TO caenyer
OKHNATh, 9TO HOJe KaKk QYHKIUA z GymeT KonebaTncsad MemKy mo-
A OKHUTENBHEME U OTPUUATeAbHEMY 3HaUeEHAME (Pmr. 24.5) m uro

¥
-1—————0—————’,
b
"1
a z
Ey
Quse, 24.4. Daexkmpuuecroe noue
¢ 604H0G00e npU HEKOMOPOM SHA-
NeHUU 2.
| -
5 a z .
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@uz. 24.5. Basucumocmo

noas 6 60an0eode om z. o 3 o] o
E
o} el e
— a
Ey
—»=Upas

&

9T KolXeGamma Oymyr Gemarb BROAB TPYOH ¢ KAKOH-TO CKOPOCTHIO
v. Ecam umerorca xouneGanus ¢ ompemeseHHOR YacTOTOR @, TO HaO
HCOHTATh, MOKET JIi BOJIHA MEHAThCA WO Z Kak cos(wt—Fk,z) mnm,
B Gosee ymoGHOH MaTeMaTHieCKON (opme, rar e!(©—Fk:2), Taxasn
3aBHCEMOCTh OT 2z TPEICTABJAET BOJHY, OErymIyld €O CKOPOCTBHIO
v=0/k, cM. 111. 29 (BHm. 3)].

3HaunuT, MOKHO JOIYCTHUTH, YTO BONHA B Tpybe mMeer cienyio-
o1yl MaTeMaTHYecKyw ¢opMy:

E, = E,sin kxel ©1=k2), (24.12)

JlaBaiiTe-Ka TOMIANEM, MO;KHO JIH NP TAKOM JOUYIMEHHN yA0B-
JIeTBOPUTH NPABUALHHM YPaBHEHHSAM Doid. Bo-mepsrIX, siexkrpm-
9ecKoe Hojie He KOMKHO HMETh COCTABIAIIINX, KAaCaTelLHNX K Hpo-
pogauKy. aa aToro mame moxe nopxoguT; BBEpXy U BEH3Y OHO Ha-
DpaBJEHO HOONEPEK CTeHOK, a ¢ 60KoB paBHO HyX0. Bopowem, gms
pocienHero meobxopumo, yrobs monsonun sin b,z Kak pas yria-
JHIBAJOCH HA BCEl IMEpWHE BOTHOBOJA, T. ©. 4TOOH OHLIO

k.a=m. (24.13)

9ro yeaosme onpepenserk,. EcTh B WEEeE BO3MOKHOCTH, HanpuMep
k.,a=2n, 3n, ... aax B o0mEM ciayuae

k.a=nmx, (24.14)

Ipe n — nejioe. Bce oHn HPEI{CTaB.ﬂHIOT paannqnme CJIOKHEBIE pac-
NOJOKEHHA IoJeil, HO MK [aiblie GyfeM TOBOPHTH O CAMOM NPOC-
ToM, Korga k,=mn/a, a a — BEYTpeHHsis1 mApHHEA TPyOH.

Ianee, nupeprennua E B mycroM npocTpancTBe BHYTpH TpyOE
momxEa OHTH paBHA HyJI0, moToMy 49ro B Tpybe HeT 3apAjos.
Y namero E ectb TOnbKO y-KOMUIOHEHTA, HO IO § OHA He MEHAETCH,
Tak.4TO fAedicTBuTenbHO 'V -E=0,
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Haxonen, Hame 3JeKTPUIECKOE MOJIE FOMIKHO COINIACOBHBATHCA
¢ OCTaJbHKIMA ypaBHeHEAMA MaxcBeadna Aif OHyCTOTO OPOCTPAHCT-
Ba BHYTpPH TpYOH. 9TO Bce papHO, YTO moTpebOBATH, ITOOH OHO
YIOBIETBOPAIO BOJHOBOMY YPAaBHEHHIO

1 32E
y
+ oy? + 082

=0. (24.15)

Hawm mamo mposepurb, nopoiifier au ciofia BeOpaEHaA Hamu Gopma
(24.12). Bropas mpomssognas E, no z mpocro paema — ks E,.
Bropas npousBogHas mo y paBHA HYyJI0, HOTOMY 9TO OT Y HITIET0
He 3apmcmT. Bropas mpousBogmas 1o z ecth —kzE , a Bropas mpo-
W3B0THAA IO L 3TO —cozEy. Torpa ypasaenme (24.15) yrBep:kpmaer,
470

KiE,+ kE, %Ey=0.

Ecan E, ne ofpamaercs BCIOAY B HyJb (T0T clydail HAC HE O4CHB
HHTepecyer), TO BTO ypaBHEHHE BHIIOAHSIETCS BCErdga, ecial

kB2 =0, (24.16)

Uwncno k., MH y:Ke 3aKpenmin, Tak 9TO 5TO ypaBHeHHEe TOBODPHAT HaM,
9T0 BOJHE IPEAMONIOKEHHOr0 HAMHI THIA BO3MOKHBI JWINb TOTAA,
rorga k, cBA3apEo ¢ wacToroii ® ycmosuwem (24.16), T. e. morga

2 2
I Vi (24.17)
Bongsl, KOTOpHE ME ONECANH, PACHPOCTPAHAIOTCH B HATIPABICHUN 7
¢ TAKEM 3HaUeHHeM k,.

BoxroBoe wrcano k,, kKoTopoe ME moxyumny u3 (24.47), maer mam
IIpH J2HHOI 9aCTOTE @ CKOPOCTH, C KOTOPOH Oeryr BHONB TPYOH
yaasl BonER. PazoBas CKOPOCTHh PaBHA

v= (24.18)

Benomunre remeps, uro Aamba A Gerymei BonHHN gaetcs popmy-
noil A=2nw/0, Tak 4TO k, Takme pasHAETCA 27/ A ¢ The h,— mumna
BOJIHH OCHIIIALAA B HanpaBneHmz[ Z — «maEHa BOIEK B BOTHOBO-
ue». IlIuHA BONHE B BOJHOBOAE, KOHEYHO, OTIAMIAETCA OT JUIMHH
BIEKTPOMATHATHHX BOJH TO jKe YaCTOTH, HO B IYCTOM IPOCTPAH-
crBe. Ecniu fumAy BOMHE B IyCTOM HPOCTPAHCTB® OGOSHATHTD A,

(aro pammO 2nc/®), To (24.17) MOKHO mepenmcaTh B TAKOM BUJe:
M
e Vi (24.19)
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Due. 24.6. Maenumnoe no-
Ae ¢ 0aH0800e,

Kpome  pmerrpumue-
CKHX HOJei, CymecTBYOT
¥ MaTHUTHEIE TTOJA, KOTO-
PHE TO3REe ABIKYTCA BOJ-
roo0pasuo. Mut me Gyem
ceii9ac 3aHAMATHCSA BEIBO-
oM BHpayKEHU JJI51 HAX.
Bens ¢*V X B = 0E/0t,
u nnand B nupryaapyor
BOKpDYT ofxacrei, rfe
0E/0t — wmamboxbmee,
T. €. HA HOJIOYTH MEKIY 2
MAKCIMYMOM W MUHHUMY-
mMom E. Iletnim B mesxar mapaiienbHo MIOCKOCTH Xz W MEKIY

rpebnsamu n Buaguaamn E (fur. 24.6).

§ 3. I'vanuunas wacmoman

Ypasrerume (24.16) mna k, sa camoM nmexe mMeeT IBa KODHA —
OfiMH ¢ HJIIOCOM, ApPyrodl ¢ mummycom. OTBer clegfyer HmHCATH TaK:

k= ]/f—;—;‘_j . (24.20)

CMBICJT 9THX [BYX BHAKOB HPOCTO B TOM, 4TO BOJHH B BOJIHOBOJE MO~
ryT Ge;Karh U ¢ OTPHIATeJbHOR (Pa30BOIl CKOPOCTHIO (B HATPABICHUU
—2z), W ¢ TONOKUTeAbHOH. BONHEI, ecrecTBeHHO, MOMKHEL HMETH
BOSMOKHOCTB Oe;xaTh B H00yi0 cTopoHy. U1 pas ogHoRpeMeHHO MO-
ryT cyIecTBOBaTh 00a THIA BOJH, TO PelieHHe B BHIE CTOSIUX BOJH
TO}e BOBMOFKHO.

Hame ypasrerue s k, coofImaer HaM TaKKe, 9YTO BEICIINE YacC-
TOTH IPUBOJAT K GonbmuM 3HAYeHUAM k,, T. €. K Golee KOPOTKUM
BOJIHAM, HOKa B Opejeie 60JbMNX O BeJINYNHA k HE CTAHET PABHOL
®/c—TOMY BHAYEHUIO, KOTOpOe OBIBAaeT, KOTMA BOJHA GeyKUT B Y CTO-
re. CBeT, KOTOPHIA MH «BHIUM» CKBO3b TpYOy, BCe ele Oe:RAT CO CKO-
poctsio ¢. Ho moecMorpure 3aT0, Kakas crpaHHAaA Bellb MOJYTaeTCH,
Korga wacrora yOsBaer. Cuepsa BOJHE CTAHOBATCA BCe NARHHEE U
mnmunee. Ho ecinm gacTora @ craHer gepecdayp Manoil, To MOX KOP-
HeM B (24.20) BHe3amHO DHOABHUTCA OTPUIATENBHOE YHCIO. ITO
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IpOM30iifieT, KOIjla @ NePEeBATHT Yepe3 fic/a Wil KOTfa AgcraneT 6oab-
we 2a. Unage roBOPSA, KOT/a 9acTOTa CTAHOBHUTCA MEHBIIE HEKOTO-
poit KPATAIECK O TaCTOTH @, =1i¢/a, BOIHOBOE HHCIO k, (a Tarsme A,)
CTAHOBUTCSH MEMMEIM M HEKAKOTO pPeleBnsa y HAC HE OCTAaeTcH. Wia
ocraerea? Kro, coGerBenno, crasan, 4ro k, [omKEO OHTDH AelicTBH-
reabHuM? Y10 cayduTcs, ecim OHO CTaHeT MHEMHM? Y paBHEHUS-
TO MOJA MO-TIpEesKHEeMY Belb OYyAyT yAoBAeTBOpAThCH. Moker GuiTh,
¥ MHUMHIe K, TOJKe IPECTABIAIOT KAKYIO-TO BOJHY?
pepmonosxum, 910 o AelicTBUTEABHO MEHBIIE M,; TOTHA MOMKHO

HaOouCaATh
k,— 4 ik, (24.21)
rae k' — meficTBHTeNBHOE MHOJOKUTENBLHOE TUCIO:
@
PO VT (24.22)

Ecnu temepnr BepHyThes K Hamedl Qopmyme (24.12) maa E, 10
Hajgo Oymer HANHCAThH

E,=E,sin k,z ¢l @tF D), (24.23)
UTO MOKHO TaK/Ke HPEJCTABATb B BHME
E,=E,sinkx ex#2"", (24.24)

dro BHIPa;KEHHE TPUBOJUT K IOILI0 E, Kotopoe Bo BpeMenn Koe6-
JeTcd Kak €', a 0 z MeHAeTCa Kak ei" z, Ouo mnasrO yOuBaer
WIN BO3PACTAeT € 2z, KaK BCAKAS [eHCTBUTENBHAS YKCIOHEHTA.
B HameMm BHBO;"€ MH He AyMajdH O TOM, OTKYAA B3AAWCH BOJHH,
Te WX WCTOYHUK, HO, KOHEYHO, INie-TO B BOJHOBOJAE OH JOJKEH
6erth. Y sHa®, KoropHil crout mpm k', fomskeH OHITH TaKOB, UTOGH
moje yOKBAIO HOPH YHAJIEHWW OT MCTOYHWKA BOJH.

Wrak, mpu vactorax HWKe ©,=N¢/a BOAHK BAOAb TPYOH He pac-
nRPOCMPAKANMCR; OCUUILIUPYONee Mojle IPORNKAET B TPyOy Iums
Ha paccrogrue mopsagka 1/k’. Ilo sroii mpmauHe gacToTy ©, Ha3H-
BalOT «TPAaBMYHON "gacToroily BomHOBOmA. lnansa ma (24.22), Mu Bu-
JMM, 9TO AAA 9aCTOT IyTh HOHMKE ®, UHCTO k' Mag0, H MOIAA MOTYT
HOpOHMKATh B TpyOy moBombHO mameko. o eciu @ HaMHOTO MeHbIIe
©,, Ko3¢duIument k£’ B 9KCOOHEHTe PABHSETCA 1/@, U IO0JNE OTMUPAET
upessrraaiino 6ucrpo (Pur. 24.7). ITone yOrsaeT B € pas Ha paccTos-
HUW @/, T. €. Ha TpeTH mupUHEH BonHOBOma. Jlonsa mpommraior B
BOJTHOBOJ[ Ha OYeHb MaJiOoe PACCTOAHNE OT HCTOUYHMEKA.

Mu xoTmM elle pas MOAYEPKHYThH 3TY XapaKTepHYI0 UepTy Ha-
HIET0 aHAJIM3a MPOXOKEHAA BOJH 00 Tpy6e — mOsBJIEHTe MHUMOTO
BOAHOBOTO qucaa k,. Horga, pemaa ypaHeEnme B ¢uanKke, MH HOdy-
gaeM MEHMOE QHCJIO, TO 9T0 O0HYHO HWIero E3M4ecKOro He O3Ha-
vaer. udA eo4n, ONHAKO, MEEMOE BOJIHOBOE UHCIO Jdelicmeumenbro
HEYTO o3HaYaeT. BomHOBOe ypaBHemwe mo-mpekBEeMY YAOBJIETBO-
pAercs; OHO TOABKO 03HA4aer, 9T0 pelieHNe HPHEBOJAT K HKCUOHCH-
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Que. 24.7. Hamenenue Ey ¢ po-
cmom z2npu @ € 0,

0 a 20 a z
3

Za

T

nuanpHO yOHBaOMeEMy HOMI0 BMECTO PACIpPOCTPAHAKIUXCA BOJH.
Mrak, ecim B n1060it 3alave Ha BOAHKE &k OPH KaKO{-TO 9aCTOTE CTa~
HOBHUTCS MHHEMHM, STO O3HA9aeT, 4TO ()OpMa BOJHH MEHACTCH —
CHHYCOMAA HNePeXOIAT B OKCIOHEHTY.

§ 4. Cxopocmd 60an 6 604H0600€

Ta crkopocrh BOMH, O KOTOPOH ME IOKA TOBOPHIM,— 3TO (a-
30BaA CKOPOCTH, T. €. CKOPOCTH Y3J0B BONHE; OHa ecTh (GYHKIEUA
gactoTel. Benn momerasnts (24.17) B (24.18), 10 MoxEO Hammears

Dy = e . (24.25)
T V()

Jlas gwacror Beimie rpagWyHON (A1A KOTOPHX Oerymas BONHA Cyme-
CTBYeT) ®,/® MeHbIle eJUHUIH, Upas— AEHCTBUTENbHOE THCIO, H04b-
wee ckopoctn ceera. Mul yixe Bupend B ria. 48 (Buu. 4), dro gasoguie
ckopocts, 60abIIKe CKOPOCTH CBETA, BO3MOJKHEL, IOTOMY 9TO 3TO
OpOCTO ABIGKYTCS y3iHl BOAXH, a HE DHEDPrHA W He uHdoOpManms.
Yrobr ysHATH, KaK OGHICTPO ABIKYTCA CuzHaabl, HafO LONCYUTATH
OHICTPOTY BCIJIGCKOB WM MORYJAAUWH, BH3EBaeMHX uATephepeH-
nueil BOJH OFHOW YACTOTH € ONHOA WM HECKONHKHMH BOJHAMH
crerka mHEX wacTor [cM. ra. 48 (Bmm. 4)]. Cxopocrs ormGaromeit
TaKolf IPyNNH BOJH MH HA3BATH BOJHOBOK CKOPOCTBIO; 3TO HE
w/k, a do/dk: ,
w
Urp= Fk‘ . (24.26)
Hudpepennupys (24.17) no © u mepesopaumsad, 4TOOH HOXY-
anth dw/dk, noxydaem

vg=c /1= (%) (24.27)

JT0 MEHBIIE CKOPOCTH CBera.
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CpenEee reoMeTPHIECKOE MEKIY Uy,s U Uy, B TOYHOCTH PABHO
¢ — CKOPOCTH cBeTa: ;

Vgas¥rp = €2 (24.28)

910 N000LETHO, BeAb CXOAHOe COOTHOMEHWe MH BCTpedaln H
B KBAaHTOBOH MeXaHWKe. ¥ dYacTHOH ¢ a1000H CKOpPOCTBIO (Haske
y peaarmBacrcKoll) mMmmyabsc p u sHeprmAa U cBABAHE C0OT-

HOMECHHEeM
U? = p2c? -+ m?2ct. (24.29)

Ho B KBaHTOBOH MeXaHWKe DHePIHSI—BT0 H®, 8 HMIYIbC — BTO
h/X, unm fik; smauwmr, (24.29) MomHO 3ammcarh TaK:

2 2,2
%=k2+’"h§ , (24.30)
nIa
©?  m?
k= 1/07—75’ (24.31)
a 310 oueHb moxo;ke Ha (24.17). .. Unarepecmo, me mpaspa Jju?

T'pynmosasi CKOpOCTh BOJH — 3TO TaKsKe CKOPOCTB, € KaKoif
pHeprus nepegaercs no tpyGe. Ecnu Bam HymHO HARTH HOTOK SHED-
T'UY CKBO3b BOJHOBOI, Ha/l0 YMHOKNTSH INIOTHOCTh SHEPIUA HA I'PYII-
nosyio ckopocts. Ecau cpefuee KpagpaTtudnoe siAeKTPAISCKOS O
pasHO E,, TO cpemHsA NIOTHOCTH SIEKTPHIECKOH PHEprHHE paBHA
g,l5/2. Kpome aTOTO, 9aCcTh SHEPrHUA CBA3aHA ¢ MATHUTHHM MOJIEM.
Ms me GymeM 3fech STO [[OKA3BIBaTh, HO B JIOGOH WOMOCTH MIK
TpyGe MarHWTHASA U djeKTPUYECKAs DHEPTHH PaBHH Mexny coboi,
74K 9r0 NOJHAA INIOTHOCTH B3JOKTPOMATHATHOH SHEPTHH paBHa
&Es. A mommocrs dU/dt, mepemaBaeMas BOTHOBOJOM, HO3TOMY

paBHa
du

o7 = &k abvy, (24.32)
(ITossxe MBt paccMoTpuM Apyroii, Gonee obmuil cnocod BEIHCICHEA
IOTOKA DHEpIHH.)

§ 5. Hax nadbamodamo 6oanst 6 604H0600¢

OHEPTHI0 B BONHOBOJ MOKHO BBECTH CBOEI'0 POZA «AHTEHHOMY,
BOCIOJb30BABIINCE JHJA STOr0, HAIPHMEp, BePTHKAIBHOH HIpoBO-
n0uKoil, winm «mTHpeM». B mHanwamm BOIH B BOJHOBOZE MOMKHO
y0eauThesa, 0TBeA A3 HEro9acTh 9K TPOMATHATHOH SHEPTHA ¢ IOMO-
MIbI0 OPUeMHOH «aHTEHKW» — TO)Ke KAKOTO-HHOYIh IPOBOJIOYHOIO
WTHpA Ann nerenbku. Ha ¢ur. 24.8 nokazan BOTHOBOR, IacTh CTe-
HOK HAa PHUCYHKe BHXBadeHa, 9TOON OHIM BAJHH BXOJHOH NITHDH K
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Om zeneparnopa _o K demexmopy

CUZHO/I08 72
N 74

QDue 24.8. Boanosod ¢ 6xodubim wmuipes
u npobrukom,

mpueMHHH «mpo0HAKY. BXOZROH mMTHPH MOKHO DOLKIOIATH 9epes
KOaRcHaJbHHIT Kabelb K TeHeparopy CHIHATOB, 4 TPUEMBHIT npo6-
HIK TaKOM jke KabereM MOKHO COeUHHTH ¢ AeTeKTOopoM. OOHIHO
yhob6Hee BBOAUTH NPOOHUK 4epes IAHHAYIO IPOPe3b B CTEHKE BOJIHO-
Bora. Torga MosKHO MM BOJUTH BJOAb BOJHOBOZA K 3aMEPATH 1OIE
B pasHHX Mecrax.

Ecnu moparh ¢ cUTHAJ-reHeparopa 9acroTy o, GOMBLIYIO0, YeM
I'PaHUYHASA YACTOTA W ,, TO 10 BOJHOBOAY OT IITHPA HO6EryT BONHH.
Ecnu BorHOBOH GeCKOHEYHON ANWHE, TO HMKAKHX BOJH, KpPOME
oTHX, He Oymer (4TolH cHemaTh ero GeCKOHETHBIM, HAJ® HA KOHUE
ero HOCTaBUTh TIHATEJIBLHO CKOHCTPYHPOBAHHHIN HOIAOTHIENb, KO-
TOPHIA HE JONYCTAT OTPAKEHAA OT 9TOT0 KOHNA). Torga moCKoIbRy
JeTeKTOp W3Mepser moie Gawms mpeOHMKA, yCpeXHEHHOE IO Bpe-
MEHH, TO OH 0yeT BOCIPHHMMATH CHTHAJ, He 3aBUCAMMI OT IOJIO-
JKCHIA B BOTHOBOME; Ha BEXone Oyaer peracTpupoBaThesa BBJIH‘IPIHa,
IpONOPHUOHAIbHAS NEPelaBaeMoil MOITHOCTH,

Ecnu sxe cmenarb Tak, 9T06H OT JaJAbHEI0 KOHIA BOJIHOBOZA OT-
pasgaach BOJMHA (IpeelbHEN CaAyYail: eCAN 3aKPHTH eI0 MeTaIn-
4eCKOl ILIACTHHKOM), TO BE00ABOK K MEepPBOHAYANLHON BOJHE XO-
ABUTCA OTPAKEHHAA. JTH [Be BOJHH Oyxyr mErepdepmpoBaThH B
CO3IAAYT B BOJHOBOAE CTONIYIO BOJIHY, IOXO/KYI0 HA CTOTINE BOJIHK
B CTpYHE, O KOTOPHIX I'OBOPHIOCH B Iii. 49 (Bhuu. 4). B sreM cayuae,
IO Mepe TOro Kak mpoOHUK NepefBEraeTcA BRONL TPYOH, OTCHETH
feTeKTopa GYAYyT MePHOANIECKH UNOBHIIATHCA M MAJATH; MAKCAMYM
mosst Gyler oTMedarb IOIBbEMEl BOJNHE, a MUHEUMYM — y3au. Pac-
CTOARNE MEIRTY ABYMA IOCAE0BATEN BHHME Y3IaMU (U1K TPeCHAMMU)
paBHO A,/2. ITo raer HaMm yAo0mEll cn0CO0 U3MEPATD AIHHY BOIHBE
B BOJIHOBOI(e Ecnu cppurats gacrory Oamxe K ©,, TO paccros-
HEEe MEKIY y3JIaMi YBeIWYIHTCA, MOKA3KBAS TEM CaMEIM, 9TO JJIHHA
BOJHH B BOJHOBOJe M3MEHAETCA IO 3aKoHy (24.19).

Ilycrp Temeph Ham CHrHAJ-TEHEPATOP BKIOYEH HA 9YacroTy,
4yTh-4yTh MEHBIIYI, 9eM O, TOrja MOKasaHMA JleTeKTopa OymayT
IOCTeNIeHHO HajaTh 10 Mepe TOro, Kak HPOOHUK ymauserca BIONb
poamosoga. Eciam emme moHwswrb 9acrToTy, HAUPAIKEHHOCTH IOJA
HauHeT yOHBATH GHCTpee, clexyd Kpupoil ¢ur. 24.7 m moKasHBaf,
9T0 BOJHH HE PAaCIpPOCTPAHATCA.
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§ 6. Counenenue 6041060006

Baxuaoe npakTHdecKoe OpUMeHEHNE BONHOBOXOB COCTOUT B I1epe-
made BHCOKOYACTOTHON MoI(HOcTH. VMU, HampuMmep, COCOMHAIOT
BBICOKOYACTOTHHH OCHMANATOP WA BHXOAHOH YCHIMTENAD pajgwo-
aoxaropa ¢ agTeHHO#. Cama jxe aATeHHA OOWYHO COCTOMT M3 mapa-
Gomudgeckoro pediaexrropa, B POKyC KOTOPOTO MOJAETCA DHEePTHA OT
BOJHOBOJIA, PACIIEPSIONIETOCS HA KOHIE B BUE «POTa», KOTOPHIM
M3JIy9aeT BOJIHH, OPUXOJANINE OO BONHOBOALY. XOTA BHCOKYI 4a-
CTOTY MORHO TePefaBaTh M M0 KOAKCHAIBHOMY Kabelio, BOJIHOBOJ,
BCE jKe JAydme — [0 HeMY MOMKHO IepefaBath OOJBHIYIO MOI{HOCTD.
Bo-nepsrix, mepefaBaeMas Mo Kabexo MOIIHOCTH OIPAHHYCHA OLAC-
HOCTHI0 Hpo0os u3onAnum (TBepHo# mim razoo6pasHoON) MemAY
gpoogauramu. HanpskeHHOCTH mOJeH B BOAHOBOAE NPHU FaHHONH
MOIHHOCTH OOKIYHO HEe CTONb BeJIUKH, Kak B Kaleje, TAK 4TO MOKHO
mepefasaTh GGIpIINe MOITHOCTH, He Omacasich npobos. Bo-sroprix,
IOTepH MOIMHOCTH B KOAKCHAJILHOM Kalene o0wmuHO Gonbmie, dem
B BOTHOBOZe. B Kalenp MPUXOAMTCA CTABUTH H3OJIANHOHHEIL MaTe-
puaj, 9To0s MOANEPKAaTh BHYTPEHHMH IPOBOJHUK, M B 9TOM Mare-
pHajie BO3HMKAIT IOTEPH SHEPIWH, 0COGEHHO IPHM BEHICOKHX 4aCTO-
rax. l{pome TOTO, IIOTHOCTH TOKA BO BHYTPEHHEM HPOBOJE BEChMA
BHICOKH, & HOCKOIBKY IOTE€PH HPONOPUHOHAIBHH Kéadpamy miiot-
HOCTH TOKa, TO 4eM ciabee TOK B ¢TEHKAX BOJHOBOJA, TeM MeHbIIe
notepu 9Hepruu. UTOOH cBECTH 3TH MOTEPH K MHHUMYMY, BHYTpeH-
HIOI0 IOBEPXHOCTH BOJHOBOZA 9ACTO HOKPHBAIOT XOPOUIO IPOBOAA-
IMEM MaTepuaIoM, CKasKeM cepeGpoM.

IIpoGiema coefMHEHNA (KOHTYPOBY C BOTHOBOZAMH PE3KO OTIH-
qaeTcd OT AHAJOTHIHON 3ajauM npu HESKHUX "acToTaX. Ee wacro
HA3EBAIOT MUKPOBOJHOBEIM «cowreHenumem». Ilast pToit meam OwLio
npugyMano MEOro mpuGopos. Haumpummep, fiBe ceRumu BOXHOBOXA
00KYHO cBA3RBAIOTCA Ipu momomu guannes (Pur. 24.9), ro raxoe
COelIHEHNE MOJKET IOBJIEYhb 3a OGO cephe3HEe MOTEPH HHEPIHH,
MOTOMY 9TO HYepe3 COeIMHEHVE MOTeKYT MOBEPXHOCTHHE TOKH, a HX
CONPOTHUBIIEHNE AOBOJIBHO Betmko. OfMH U3 cmoco6oB malemaTh mo-
Teps — 9T0 cHenaTh (IaHmH Tak, Kak HoKazaHo Ha ¢ur. 24.10.
Mesxay COCEMHAMH CEKIWAME BOJIHOBOJA OCTABASIOT HEGOIb-
nIoit 3a30p, a HA TOPIe ORHOTO M3 (IAHIEB JENAeTCA KENMOGOK.
Tlonywaerca meGombman noxocts (cp. ¢ dur. 23.16,6), pasmepn Ko-
TOpOli BHIGHpPAOT TaK, WToOH ee pe3oHAHCHAS YACTOTA COBHOAfAaa
€ 9acTOTOH BOJH B BOJHOBOAE. ¥ TAaKON Pe30HAHCEOI MOJOCTH (HM-
Ieflafc» O4eHb BHCOK, IODTOMY 4epe3 MeTANJINYECKOe COeJMHEeHHe
(roura a Ha ¢ur. 24.10) mper cpaBEmTenbHO cIabHil ToK. CHnbHEE
TOKM B BOJHOBOAE HOLPOCTY BapsyKanT M PAa3pmKAT (EMKOCTH)
menu (B ToUKe b), Ie 9HepTHA paccemsaeTcd crabo.

Tenepr mpencTaBbTe, 4T0 BaM HYKHO 3aKPHTH BOIHOBOJ TaK,
uT06H He BOBHMKIO HEKAKAX OTPA;KEHHHX BOJH. SHAYHT, HAJ0
B KOHIE HOCTABHTH 4TO-HAOYZH TaKoe, ¥TO CMOKET MMHTHDPOBATh

232



Duz 24.9. Ceryuu soanosocda, coedunennue
Pdaanyamu.

GecroHewBOCTH RONHOBOAA. Hy:KHO TaKoe «KOHETHOE» yerpoiicTBo,
KOTOpOe eficTBOBa0 OH Ha BOJHOBOJX TAK, KaKk JAeHcTByeT Ha mepe-
AAIOMYI0 JWHEK e XapaKTepUCTHIECKHIT HMMIOEJAHC — YTO-TO, UTO
TOJBKO HOTNONIaeT Haberalomue BOXHE, HO He oTpasaer ux. Torga
BONMHORBOJ Oymer feiicTsoBaTh Tak, GynTo OoH Geckomewmsii. Takme
OKOHYAHUSA NOJY9IAI0TCH, €CIAA TOCTABATH BHYTPh TPYOH TIATEIBHO
H3TOTOBJCHHEE KIWAbA W3 IPOBOAAINET0 MaTepmaia. OHM TONBKO
OOIVIOM@AIT 3HEPIUi0 U MOYTH He TeHePUPYT OTPa)KeHHEIX BOJIH.

Ecnu pam Hy)HO CoefMHATH MeKAY co0o0i mpu direMenTa, CKa-
JKeM OflMH UCTOYHUK M /IB€ AHTEHHE, TO JJis 9TOT0 TOJUTCA yCTPOH-
creo B Bafe «I», kak mokasamo Ha ¢ur. 24.11. Momgocts, noaso-
muMasn LeHTpanbHOH cexumeir aroro «T», pacmennsercs u pacxo-
AUTCA IO XBYM PYKaBaM (3[€Ch €Ie MOMET IPOM3OUTH U OTPaKeHUe
BoH). W3 cxemsl, npescrasiaennoit ua gur. 24.12, MOKHEO Kauect-
BeHHO yBHW/ETh, 9YTO IOJA HA KOHIE BXOAHOH CeKLUH MOTYT pa3oii-
TUCh ¥ CO3/IaTh JIEKTPUUECKHE IO, KOTOPHE MajyT HAIalio BOJI-
HaM, pasberaoomumcs mo pykasaM. CMoTpa mo ToMy, nepueHguUKY-
JAPHEL M 3JIeKTPMYCCKHe LONA (BePXyIKe» Hamero «I» wim

Bonrosod
SSANSN A

Bonrosod
A AN NN

a
/\ Pesonarnchan
Praney — g nasocms
b

Que. 24.10. Cousenernuye
Osyx cexyul eoamnosoda, da-
nuee maane nomepu.

CSSSSSSRNNRSSES

AN SN NN NSNS

N
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Que. 24.11. Boanosod «T».

Ha gaanybt Hademsl NAGCMMACCOEHE
xOANAUKU, NPeOOXPAHA0WUE EHYM-
PEHHIOW UACTM O «T» om sazpasHenus
¢ Hepabomaiowem COCTMOAHUU.

napaienbHEsl eif, HoisA B
MecTe COWIEHEHHWs MOTYT
OKazaThea Iub60 TAKHMH,
Kak mHa ¢ur. 24.12, a, anbo
Kak Ha ¢ur. 24.12, 6.
Haxoren, xorenoch 05 omucars Hpubop, MMEHYeMbIil «Hampas-
JieHHHM OTBeTBUTENEM». OJTO OYGHb HOJE3HOe YCTPOMCTBO, KOTXa
HYJKHO y3HATH, 4T HOJYIMIOCH IOCNE TOTO, KAK BH COWICHWIN
MesKTy c000it KaK0e-TO CIOMKHOe PACHOIOKeHHe BONHOBOJOB. Ha-
IpEMep, Hy/KHO Y3HATH, B KAKYI0 CTOPORY GeryTt BOIHH B TO# MAK
YIHOI ceKuEE TPYGHl; CKaskeM, HeOOXOXEMO LpelcTaBuTh cebe, Ha-
CKOIbKO CHIbHA B Heil orpaskeHHas BomHA. Hampapiemusii orser-
BUTEIH 0TOUPAET HEMHOKKO MOITHOCTH y BOJHOBOTA, eC/IH IO HeMy
Ge;kuT BOMHA B ONHY CTOPOHY, ¥ He orOmpaer HMYETO, ecll OHA be-
jUT B Apyrylo. IIOfKIIOUMB BHXON COeAUHATENA K JIETEKTODY,
MOKHO U3MEPUTH «OXHOCTOPOHHION) MOHIHOCTE B BOTTHOBOJE. Hag-
papeHHE orBerBHTeNb (PUT. 24.43) — 9TO KYCOR BONHOBOJA AB,
K O[[HOW H3 CTOPOH KOTOPOIro IPHIAsAH APYILOd KYCOK BOJHOBONA
CD. Tpy6a CD otorayTa B CTOPOHY TaK, UTOGH IOMECTHICH COSH-
garenbERI Paanen. Ipexne wom

j cuagTh TpyOH, depes cOCeTHNe HX
E \\ CTEHKH HACKBO3b IIPOCBEPIMIHN
S\ mapy (Wim HECKOILKO) OTBEp-
T A crait, urofs depes HHX YacTh
> moyxeii B IiaBHOM BOIHOBONe AB
1" MOT1a IPORTH BO BTOPAIHKIL BOI-
mosog CD. Haxgoe orBepcrHe
a
E
[0} [o} © ® b (0] [o] [o]
-7 |l oo - Que. 24.12. Daekmpuueckue noas 6
eoanogode «T» npu 0syr 603MONHUE
o0 *D opuenmaquﬂx hoas.
s o0
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Que, 24.18. Hanpasrennnii
omeemsumean,

JieficTByeT KaK aHTeHHA — TeHEePUPYET BOAHK BO BTOPUYHOM BOJIHO-
poge. Ecam Ou orBepcrue GLLIO OFHO, TO BOJHE PACX OXHIMCH OH
B 00e cTOpOHH H Onuin OB OMUHAKOBHL HE3AaBACHMO OT TOTO, KyHa
HaOpaBJIeHH BOJHH B NePBHYHOM BoxHOBOZE. Ho Korma orsepcruii
Osa M KOTJa PacCTOSHNe MEKAY BAME PAaBHO YeTBEPTH [JINHL BOIHE
B BOJHOBOJE, TO OHH HpeICTaBAAIOT cOGoM JBa HCTOYHUKA, CABU-
HyTHe mo (aze Ha 90°. A BH NOMHETe, MH PacCMATPHBAIK B I 29
(BeIm. 3) wHTEp(dEpPEHNWIO BOJH OT [BYX AHTEHH, PA3IBHHYTHX HA
A4 n BosGymaeMux co caparom 90° mo ¢ase? Mur yeragopman Tor-
74, 970 B OHOM HAaIPaBJIEHHN BOJHH BHYUTAIOTCH, & B IPYTOM CHJa-
nuiBaroresi. To jke caMoe mpomcXoguT U 3pech. Boxma, remepmpye-
mast B {D, Gyger Ge;kaTh B TY jKe CTOPORY, 94T0 H AB.

M ecam somma B mepBmYHOM BOmHOBOme Ge:kur or 4 ® B, To
Ha BHXOZe [) BTOPHIHOTO BOJIHOBOIA MEL TOME 3aMETHM BOJHY.
Ecian e BoxHa B mepBUYHOM BOJIHOBOJE GeskuT oT B K A, TO BO BTO-
pUYHOM BOAHOBOKe BonHA moOekur K C. A Ha 2TOM KOHIE CTOMT
TaKoe OKOHYAHNE, 9TO BTA BOJHA B HEM HMOTIIOTHTCS M HA BHXOJE OT-
BeTBUTEJIA BOJH BooOme He Oyner.

§ 7. Tunvt 6041 6 60410600¢

Bulpamnas maMu Aas aHajAW3a BOJIHA — BCErO JIANIL OIHO M3
pemienuii ypapaennit moisa. Ux ma camom mese kyna Goxbme. Kam-
70¢ penieHme TpeAcTaBisger 000 CBOM «THI BOJHE B BOIHOBOJIE.
CraskeM, B Hallefl BONHE BJONh HAUPABICHHWA & YRKIATHBAIOCH
TOJIBKO nosicuHyconsl. Huayrs He Xysxe pemenue, B KOTOPOM BHOAD
Z yRIafLBaeTCA BCA cUMHycoupaa; usmenenwe E ¢ x Torma mokxasamo
ra ¢ur. 24.14. Y aroro Tuna BOAH kK, BABOe GONbMe W IpaHUYHAS
4acToTa MHOTO BHme. K{pome Toro, maydennas Hamu sonrHa E mme-
eT JIAIIb YJ-KOMIOHEHTY, HO OKRBAIOT U TANHL BOJH ¢ 60jiee CI0MEMHA
DIIEKTPAYECKAME NONAMH. Ecau y DIEKTPHICCKOTO HOAS eCTh
TOJABKO Z- ¥ J-KOMIOHEHTHI, TAK 9TO OHO BCEIV(A NOPHEHAUKYISPHO
K OCH 2z, TO TAKO¥ THAN BOJH HA3HBAETCA (IOUEPEYHBIM 3JMCKTPUUYE-
crum» (man coxpamennao I'E) tunom sona. MarrurHoe mose B BOJ-
He TAKOTO THOA Bcerga obmafaer z-KomMmomHentodl. [lanee, oxasu-
Baercd, 970 Korna y E ecTh z-koMmoHeATa (BZ0Ib HAIPABJIEHAA pac-
OPOCTPAaHEHMA), TO Y MATEATHOIO IOJA €cTh TOJBKO IOIePeYHLIe
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Que 24.14. Eye o08nHa eosmoxnc-
HAA 3AGUCUMOCTL Ey om x.

)

KOMOOHEHTH. Takme DOIA HAZHBAOTCA (MONEPEIHEIMA MATHATHE -
Mm» (coxpamenno I'M) tumamm BoaH. B mpamoyronbHOM BOXHO-
Boze Bce THmH o6ixamaiorT Goaee BHCOKOH TpaHAYHOI JacToToH, YeM
onmcamaHit Hamu npocroir TE-tun. Iloaromy Bcerma Bo3MOKEHO
(7 Tar OOWYHO [eIaI0T) MCHOJIH30BATH TAKOH BOJXHOBOM, B KOTODOM
9acTOTA HEMHOTO HpeBHINAeT FPAHWYHYI0 YaCTOTY 3TOTO HAWHH3-
mlero THOA KoxeOaHUil, HO HAXOXMTCA HIKE TPAHATIHHIX JaCTOT BCEX
ApYTHX THOOB. B TaKOM BOJIHOBOJC PacopoCTpaHAETCHA BONHA TOMb-
KO OJHOT0 THHA. B NPOTHBHOM caydae IOBENEHYe BOJH YCHOMK-
HAETCA M €ro TPYIHO KOHTPOIHPOBATH.

§ 8. Apyeoit cnocob paccmompenus 60an
6 60AHO0GO0e

Teneps s X09y mo-KpyroMy OGBACHATH BaM, MOYEMY BOJTHOBOT
TaK CINIBHO Ociaabiser moisf, 9acTOTA KOTOPHX HIbKe TPAaHMYHOLM
9acTOTH ®,. fI X079y, 4T06H BH monyumnn Gonee «pusmaecroey mpen-
CTaBIEHNE O TOM, HOYEMY TAK PE3KO MEHAETCA IIOBECHYE BOJHO-
BOJIa NP HUBKUX W NPH BHCOKHX vacrorax. J[is mpAMOyroanHoro
BOJIHOBOJA 9TO MO;KAO0 CHENaTh, AHANHE3UPYS OIS Ha ASHKE OTpa-
skeHEil (Anm nH300pa)keHnil) B CTEHKAX BONHOBOAA. Taroil moaxon
TONHTCH, OJHAKO, TOJBKO A HPAMOYTONBHEX BOAHOBOLOB, BOT
noYeMy MH HAa9ajW ¢ MAaTeMAaTHYECKOTO aHAJNW3a, KOTOPHIl B mpHH-
nune TOTUTCA JJAA BOJIHOBONOB JI060H HOpPMEL.

Jlna onucamHOro HaM¥ THNA KONeGARUE BepTAKANLHEE pasMeph
(mo y) He MMeAN HEKAKOro 3HAYEHWs, HOITOMY MOKHO He oGpamarh
BHEMAHMA HA BepPX W HU3 BOIHOBOJA M HpPEACTaBAsATh cebe, 4ro
BOJHOBOJ, B BEPTHKAJIbAOM HAPABJIEHAN HpocTupaerca beckomeano.
Hycts 0H IpoOCTO COCTORT M3 ABYX BEPTHKANLHEKX INIACTHH, yAadEH-
HHIX JpYT OF Apyra HA PaccTOAHUC a.

Hapaiite BO3bMeM B KadecTBe MCTOYHHUKA NOJEH BEepPTHKAJbHHIL
TPOBOJ, MEKAY NJACTHHAME; IO HEMY T€YeT TOK, KOTOPHI MEeHAETCS
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Sge-

Duea 24.15. Jluneiinuii uemou- Sge+
HUE S, wmeacdy nposodawyumu \ilaodpaH(EHUFl
naockumy cmenkamuy Wy u W,. LCMoYHUKOB
Cmenru moxcno 3amernums Gecroney- S0~
HOU  nocredosamessHOCNBI0 UI06PA- W;
AUCCHUT, UCTNOYHUKOS. T euAbit \
Sa.+/ucmau){ul( a /50./7/‘/080(9
wW;
S, 0—
2
N\ Maobpawenusn
UCITIOYHUKO8
Syo¥
Sge-

¢ 9acroroit ®. Ecam Gu poxmoBoy me mMeT CTEHOK, TO OT TAKOTO npo-
BOAA PacXofmnuch Osl NUIMHAPAYECKHE BOJHEL.

Ipencrasum, aro crenkn BOTHOBORA cle/aBH B3 NAeANbHOTO Mpo-
soguuKka. Torza, B TowmocTw kax B saerTpocraTmse, yea0BHA Ha
NOBEPXHOCTH OYAyT BHIIONHEHH, €CHH K IIOJIIO npoBOAA MH 100a-
BAM IL0JI€ OJHOTO MM HECKOJNBKUX IPABIIBLHO NONOODPAHHEX €ro
uzobpaxenuii. IIpencrapnenme 06 u300paskeHuAX paGoTaeT B dJIEK-
TpoAnHaMuKe HUYYTh He XyiKe, 9eM B DJIEKTPOCTATUKE, IPH YCJI0-
BUM, KOHEYHO, UTO MEl yYNTHIBAGM 3aumasjnsanue. Msl sHaeM, 910
970 TaK, MOTOMY UTO MBI MHOTO Pa3 BE/JEIU B 3epKajie N300 paykeHne
HCTOYHUKA CBETA. A 8ePKAN0 — BTO U eCTh (HACATbHKLTY IPOBOHIK
AJI BIIEKTPOMATHHTHHX BOJH ONTHYECKON 9ACTOTH.

PaccedeM mall BONHOBOT rOpM3OHTATLHO, KAaK MOKA3AHO HA
¢ur. 24.15, rae W, m W, — crenxn BOJHOBOAA, a 8y — HCTOYHUK
(uposon). OGoszmaumm HAIIDABJCHUE TOKA B NPOBOAE 3SHAKOM
nmoc. Bynap y Bommosoma nmmp opma cremka, crakem Wy, ee
MOKHO 65L10 GH y6parTh, HOMECTHR u300paKeHNe UCTOYHAKA (C IpoO-
THBOLOJLOAHOI MOMAPHOCTEIO) B Touke S;. Ho mpm gByx crenkax mo-
ABUICA Tawke m3obpamenne S, B crenxe W,; oGosHaumM ero S,.
ITOT MCTOYHMK Tamke GymgeT o67agaTh CBOEM u300paKeHNeM B
Wy; oGosmauny ero S,. Naxsme, cavu S, m S, m3obpazarca 8 W,
Toukamu Sy B Squ 1. A. W aus mameii maps maockux IPOBOJHAKOB
C HCTOYHMKOM HOCpefUHe HOde MEeKLY NPOBOTHMKAME COBIAIET
C10J1€M, TeHePUPYeMHEIM GeCKOReTHOI e O 0if HCTOTHMKOB HA Pac-
CTOAHMU & JPYT OT Apyra. (JT0 Ha CaMOM jielie KaK pas TO, YTO BE

. yéudume, mocMOTpeB Ha IPpOBOJ, PACHOMOKEHHNI ITOCPefHHE MEKIY
ABYyMA HapauIeNbHEIMYU 3epKamamm.) UroGw moxs obpamanuchk
/B HyJ&b HA CTeHKAX, NONAPHOCTH TOKOB B HM3006pa:KeHMAX JOKHAL
' MEHATBCA OT OQHOTO M30GpaKeHAA K cuepyomemy. Urade ropops,
‘mx ¢asa wMemserca ma 180°. Iloue BONHOBOJA — 3TO HIPOCTO
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cyHmepnosunus monei peeit sTofl GeCKOHEUHOH COBOKYITHOCTH JIE-
HeWHHIX HCTOYHHUKOB.

Ussectno, 4ro BOIMBHM OT MCTOYHUKOB IIOJE OYeHH HAIOMUHAELT
craTudeckme noaA. B ra. 7, § 5 (BHI. 5) MEL pacCMATPHBAJIH CTATHY(C~
CKO® II0JIe CEeTKE JHMHEeHHHX MCTOYHMKOB M HAIIA, 9TO OHO HOXO0Ke
Ba 70je 3apAKeHHON IVTACTHHEI, €CIH He CUATaTh WIEHOB pPANA,
yOHBAOIMEX 00 Mepe YAAJIEHHUs OT CeTKH 9KCOOHEHIUMAIBHO. ¥ HAc
CpenHsds CHIa CTOYHUKOB PaBHA HYJIO, HOTOMY 9TO0 ¥ KKIOH mapnl
COCCIHHUX MCTOYHHKOB BHAKYM OPOTUBONOIOKEHK. JIr06be moss, cy-
IIECTBYIOIIME 370Ch, MOJKHE ¢ PACCTOAHNEM yOHBATH SKCIOHEHIH-
anbHo. BOioTHYI K MCTOYHUKY MH B OCHOBHOM BOCHPHEEMAaeM
mojie 5TOT0 OAmKANMEro MCTOYHUKA; Ha OOJBIIHX pPACCTOSHUAX
ysxe BO3JleficTByeT HECKOIBKO MCTOYHMKOB, I UX CYyMMapHOe BIHA-
HAe jaer Hyab. MH Temepb IOHHMAeM, OTYero BOJIHOBOJ HIKe
IrPaHUYHOM WaCTOTH [aeT 5SKCHOHEHIMAIbHO yOHBalomee Ioje.
Ilpu EBEm3xkmx d9acTOTaX TONHTCSA CTATHYECKOe NPHUOIMKEHHe,
m OHO mpefckasnBaer Omcrpoe ocnabierme momeir ¢ paccros-
HHEM.

Temeps 3aT0 BOSHEKAET IPOTHBOMOJOKHEI BOLIPOC: OTUETO JKe
B TAKOM ciydYae BOAHK BooOIme pacmpocrpausiorca? Temeps ysue
9mMo BHIIAJKHT TARHCTBEHHO! A IPUYMHA-TO B TOM, 9T0 IPH BEICOKMX
YyacTOTAX 3aUasfLBAHME Iojeli MOKeT BEeCTH B (pasy jge0aBOvHEIE
HU3MeHeHNs, KOTOPKE MOI'YT HPHBECTH K TOMY, 9T0 IOAA MCTOUYHUKOB
¢ TPOTHBONOJOKHON ¢asoll 6yAyT ycHIHBAaTh, a He TacHTh APYT
opyra. B ra. 29 (sem. 3) ME ysKe H3y9ald Kak pas IId dTOH 3ajaun

IONA, CO3ABAEMEIe CHCTEMOIl
aHTeHH WIW OHUTHYECKOHA pe-
merxoii. Torga mm o0Hapy-
JKHIH, 9TO COOTBETCTBYIOMIEE
PACIOJIOKEHNE  HECKONBKUX
PAAMOAHTEHH MOJKET IPHBECTH
K Takol mHTepdepeHIUOHAOM
KapTHHE, 9T0 B OJHOM HAIIPaR-
JIeHNN curHax Oymer OdYeHs
CIVIBHHY, a B JPYIHEX CHTHA-
a0s BooGme me Gymer.

, Bepuemcs ® ¢ur. 24.15
X IOCMOTPHM HA IOJAA Ha

Que, 24.16. Odna cosorynmnocms
KO2eDeHIMHNT 604N OmM GePeHULb
AUHEUHBT UCMOUHUKOS,




Due. 24.17, Hoae ¢ soarosode Sy \
MONCHO PACCMAMPUEANL KGK Ha- w
aoxcenue Oeyx Gepenul NAOCKUT

\
801K, SD"'

S 4%+

6OMBIOM PACCTOAHWE OT IMHWE H3o0paskeHmit mcroumxos. Iloms
Oyayr BeIVWKH JANIb B HOKOTODHX HAIpaBieHUAX, BaBUCAIIEX OT
H9aCeTOTH, HMOHHO B TeX HANPaBASHHAX, B KAKHX MOJIA BceX HCTOTHH-
KoB monafanT B ¢asy ApyT K APYTY H ckiaangusakrcs. Ha saMeTHOM
pPacCcTOSHUN OT MCTOYHUKOB IIOJIe B STHX CHEIMAJbHHX HampaBie-
HUAX PACHpPOCTPAHAETCH KAK ITockhe BOMHH. My m3obpasuim Ta-
KyI0 BOJHY Ha Qur. 24.16, rie cIIOMEHMUA JHRUAMA JAaHH TI'pebHU
BOJTH, a IITPUXOM — Buanunsl. Hanpasienume BOJHE J0MKHO OHTDH
TAKOM, ITOGH PA3HOCTH 3aMA3HBAHUN OT JBYX COCOHHUX WCTOYHMH-
KOB 10 TpeGHs BOJHH OTBEYAJNa HONyHepHOAy Komebanma. Wmbimu
CIIOBAMM, PA3HOCTH MEIKAY I's B I'y HA PUCYHKE PABHA mOJOBUHE JIAH-
HEl BOJIHHL B IiyCTOM IPOCTPAHCTBE:

A
r2 —_ ro = —29 .
Torga yrom 0 maeTcsa ycaoBEeM
. A
sin 0 = —27‘; . (24.33)

Nmeercsa, KOHETHO, X APYTras COBOKYIHOCTD BOJIH, Gerymux BHU3
TIOf CHMMOTPHYHHM YIJIOM [0 OTHOMEHWI0 K JMHWE HCTOYHWKOB.
A monHOEe IONe B BONHOBOAE (HE CIMIMKOM OJH3KO K HMCTOYHUKY)
ABNSETCA CYNEpPHOOSUIWelr STHX JIBYyX COBOKYOHOCTEH BOJH
(pur. 24.17). KomeuHo, B HeiiCTBHTENHbHOCTH KAPTHHA MCTHHHBIX
nmosell copmajiaeT ¢ M300pAYKEHHOH NUIODL B NPOCTPAHCTBE MEKTY
CTeHKaMHu BOJHOBOJA.

B raxumx toukax, Kak 4 um C, rpeGHE ABYX BOIHOBHX KapTHH
COBHANYT, U y HouA Oymer MaKCHMyM; B TOYKAxX ke Hamopmobme B
OuKE 00CHMX BOJH HAOPABIEHE! B OTPHLATENBHYI CTOPOHY, M HOJe
ofrafaeT MOHUMYyMOM (HAaWMMEHBIIHM OTPHIATeNbLHHM 3HAUCHUEM).
C redeHHeM BpEMEHH HOJ€ B BOJXHOBOAe OyZieT [BATAThCA BLOIE HETO.
Hauna sonEH Gymer paBHA ?»g—— paccrosiamio or 4 xo C. Ona cBa-
3ana ¢ 6 gopmyroi ’

cosf = ;ﬂ . (24.34)
(4
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Hoacrasasaa (24.33) smecto 6, nonydvaem

M Ao :
he= o8 = VT (24.35)

9To B TOYHOCTH coBmapgaer ¢ (24.19).

Teneps HaM CTaHOBHTCA IOHATHO, NOYEMY BOJHEI PacHpocTpa-
BAIOTCA TOIBKO BHINE TIPAaEAYHOA 9acTOTH ©, Ecau anuHa BOIH
B OyCTOM OPOCTpPaHCTBe Goabuie 2¢, TO He CYINECTBYET yria, IO
KOTOPHM MO;KeT MNOABHUTHCS BOJAHA, MOKa3aHHas Ha ¢ur. 24.16.
Heobxomumas pia 9T0ro KOHCTPYKTHBHAS WHTepQEpEeHInss BO3HH-
KaeT BHE3AmHO, 6ABAa A, OKA3HIBaeTCA MeHbHE 2g, HIN, YTO TO Ke
caMoe, KOrma og=7c/a.

A eciam 9acTOTAa JOCTATCYHO BEICOKA, TO MOMKET MOABUTLCA ABA
nam GoJbile BO3MOKHBIX HAIPABRIEGHHA pACUpPOCTPAHEHMA BOJH.

. 2
B mamem ciygae 310 Hpousoier opa Ay << 5@ Ho Boo0me-to sro

MO;KET IPOMCXOJATh U HpH Ay<la. I1H Ko0aBOYHEE BOIHE OTBE-
9a10T BHCIIEM THOAM BOJH, O KOTOPHX MK TOBOPHIIM.

Iocne mamero aHaausa CTAHOBWTCSA TAK/Ke SCHO, 0TIEr0 (aso-
Baf CKOPOCThb BOJH, Oerymux mo Tpybe, OPEBHIIACT ¢ M 3aBHCHT
or w. Korga ® meHsercs, MeHAeTCA U yroa Ha ¢ur. 24.16, mox xo-
TOPHIM B I[yCTOM NPOCTPAHCTBE PACHPOCTPAHAIOTCS BOIHEL, & BMECTO
¢ 5TUM MEHHETCA M CKOPOCTH BAOAL TPYOHL.

X oTa ME ODHCAJIH BOJHE B BOJHOBONE B BHJE CYHEPHO3UHMHT M0~
Jeit 6ecKOnEUHOl COBOKYNHOCTH JWHEHHKX HCTOYHNKOB, HO MOMKHEO
y6eInThCA B TOM, UTO TOT K€ PE3YIbTAT MOKHO 6510 OH MONYYHTS,
npefcraBup cefe [Be COBOKYINHOCTH BOJH B IyCTOM IPOCTPAHCTEE,
MHOTOKPATHO OTPAyKAEMHIX OF ABYX HMAEAJBHEX 3€pKai; BUEpeN K
Ha3aj, ¥ BCOOMHHAS, 9TO MOHOOHOE OTPajKeHHe 03HAYAET MePeMeHy
spaka $ass. ITH COBOKYIHOCTH OTPaKaeMKX BOJAH racuan G mpyr
Apyra mop Bcemm yriamm, kpome yraa 0[cm. (24.33)l. Omny n Ty
e Belih MOKHO PacCMATPUBATH MHOTHME CHOCOOAMH.



rnasa

JJEKTPOIUHAMHUKA
B PEJIATABUCTCKMX OBO3HAYEHUAX

§ 1; Yemobtpexeermopot

B o710 raBe Mul paccMOTPHM HpUMeHeHHE Che-
LHMaAbHOK TEOPUHM OTHOCHTEILHOCTH K 3J1eKTPONM-
Hamuke. ME HM3yyYanw TeOpHI0 OTHOCHTEIBHOCTH
AoBOaBHO fAaBHO (ra. 15—17, sun. 2), mosToMy a
3fech KOPOTKO HAIIOMHIO OCHOBHEIE HIEH.

IKCIePEMEHTATBHO YCTAHOBIEHO, YTO 3aKOHE
(u3EKE TpH pPAaBHOMEPHOM [BIDKEHHH He H3Me-
Hsorea. EcIm BM HaXogurech BHYTPH BBe3fO-
_Jera, JeTAMEro ¢ TOCTOARHOH CKOPOCTHIO MO Mps-
MO IMHIHA, TO He MOKeTe YCTAHOBUTH caMoro gak-
Ta BIKEHHA KOpabis: NI 9TOTO HAJIO BHTIAHYTH
HADPY)RY WX 1O KpaiiHeil Mepe IPOBRECTH KaKue-To
HaOmiofeHus, CBASAHHNE ¢ BHEITHUM MupoM. Jlio-
Goit HaUWMCAHHHA HAMU MCTMHHHIH 3aKOH (PH3UKEA
nomxEeH OwTh cPOpMynIMpoBaH Tak, YTOOH 3TOT
darr npuEpofH OB «BCTPOEH» B HETO.

CooTtHomeHue Me:RAy HPOCTPAHCTBOM H BpeMe-
HEM B IBYX CHCTEMaX KOODAWHAT (Of[HA U3 KOTOPHKIX
S’ paBHOMEDHO JBH}KETCA OTHOCHTENBHO JAPYyrok
S B HaDpaBJEHAH OCH Z €O CKOPOCTHIO V) Ompeje-
aserca npeobpasosanuanu Jopenya:

N s Y =y
A= P
N . (25.1)

s DA

3aronn (u3NKE JOIKHH OHITH TAKOBH, 4TO0H
nocae npeoGpasosannii Jloperna onu B mOBOH Pop-
Me BHIIARead abCONOTHO TaK K€, KaK W paHbIIe.
9T0 B TOYHOCTH HANOMUHAET NPHHOWI HE3aBUCH-
MOCTH BaKOHOB (MBHMKH OT OpUeHmMayuu Hamen
cmereMH KooppmHat. B ru. 11 (Bum. 1) mu srpenn,
910 €NOCOGOM MaTeMaTHIECKOTO OUHMCaHHA DTOM
MHBapHAHTHOCTH OTHOCATEIbHO BPAIIEHMUsT ABIAET-
CA 3aMACh YPABHEHHH B 6eKMOPHOM BHJE.

§ 1. YernipexBexropnt

§ 2. CraiapHoe
rpoHsBeKenne

§ 3. YerbrpexMepHbIii
rpagHenT

§ 4. JisexTpoRHHAMEKA
B uerhIPpeXMePHBIS
0Go3HAYSHHAX

§ 5. HermipexmepHbrii
DOTEHIMAT
ABLURYIEroca
3apAIA

§ 6. UnpapnantHoers
ypaBneHii
STERTPOTAHAMMEN

B sroii raase c=1

I osmopumo: ra. 15

(son. 2) «Coenm-
aANbHAS TEOPHA OT-
HOCHTEIBHOCTA ) §
ra. 16 (Bbim. 2)
«PensraBUCTCRAR
sHeprugd H HM-

HYIBEH:

ri. 17 (spim. 2}
«Hpoerpancrno-

BpeMs»;

ri. 13 (BB, 5)

«MarmiTocTaTHRa »
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Tam Mu 0GHADYIKHIM, UTO €CJM, CKajKeM, B3ATh JBa BEKTOPa
A=(4,, Ay, A4,) m B=(B,, By, B),),

To KoMOMHATUA
A-B=AB, - AyBy + A,B,

Opu MOBOPOTE CHCTEMH KOOpPAMHAT He MeHsgercsa., Taxkum obpasowm,
ecind ¢ 00@HX CTOPOH yPABHEHUA ME BMAUM CKAIAAPHOE IpOM3Beje-
Hue, nogobunoe A.B, To ypaBHeHme OyJer UMeTh B TOYHOCTE TY ’Ke
¢dopmy B awboiil moBepHyTOH cHcTeMe KooppuHAT, HpoMme TOro, ME
OTKpELIH omeparop (cM. ra. 2)

a3 0 a
V—(az’ 3 197.)

KOTOpHI, 6yIydd npuMeHeH K CRaJAPHOH QYyEKINA, AaeT TPH BEIM-
9uHE, Npeobpasyondeca B TOYHOCTH Kak sexrop. G moMompio 3TO-
ro omepaTopa OLII oumpefelneH rpafueHT, A B KOMOWHANEM ¢ JApy-
THMH BeKTOPAMHE — [UBEPTeHIWs U JamiacuaH. 1, Hakomenm, M
00HADPY/RUIH, YTO, COCTABAAA CYMMB HOKOTOPHX HOHAPHEIX IPOH3-
BefleHN# KOMIOHEHT ABYX BEKTOPOB, MOKHO HOXYYATH TPH BeIH-
YUOb, KOTOPHE BexyT ceGa nemobne HopoMy BeKTopy. Mu Haspain
DTO 8eKMOPHYM Npouseedenuem TBYX BeKTOpoB. Mcmonndysa saTeM
BEKTOpHOE TPOM3BEMleHNe ¢ OmepaTepoM V, MH OmpeleldIn POTOp
BeKTOpa. B manpHelimmemM HaM YacTe MPHUAETCA CCHRUIATHCA HA TO, YTO
GBLII0 HAMM CTIETAHO B BEKTOPHOM AHAIHAE, IOITOMY BC® BayKHeHIne
BeKTODHEIE OLEPANUA B TPEXMEPHOM IPOCTPAHCTBE, KOTOPHE MC-
mOTb30BaINCh B NPOILIOM, MeI cobpanm B Tabm, 25.1.

Tabauya 25.1 ® BARKHENIINE BEIUYMHEL U OHEPATOPH
TPEXMEPHOI'O BEKTOPHOIO AHAJIU3A

OmpenencHne BeKTOPA A=(4,, Ay, 4,;)
CransipHOe IpOHN3BE/ICHNE A.B

Bexropruit puddepernuaisunil oneparop V

T'paguesT Vo

Jumeeprennus V-A

Jlannacman V.V=vV2
BexTtopHOe mpous BefcHIE AXB

Portop VXA

IMonbaysack e, MOKHO Tark 3amucath 0006 ypaBHeHHe QUIUKIH,
4910 o6e ero wacTm mpeo0pasyioTcsl IPH BPALIEHHAX OJMHAKOBHIM
o6pasom. Ecim ogHa ero wacrb — BEKTOp, TO BEKTOPOM [OJKHA
OHTL M 1pyrad d9acTh, W o0e OHE HPH BPAIEHWH CHCTEME KOOD-
JUHAT M3MEHAITCA B TOYHOCTH ONMHAKOBO. AHAIOTHYHO, ecCiH
OfHA 9acTh CKaJAp, TO CHANAPOM AOKHA OHTH M ApPyrasd 4acTh,
TaK 94T0 HM TA, HA [pyrasd He H3MEHAETCS LPH BPATICHHN CECTEME
KOODHHHAT H T. H.
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B reopum orTHOCHTEXBHOCTH IPOCTPAHCTBO M BpeMsA Hepasie-
JIMMO CBA3AHH IPYT ¢ APYIOM, MOITOMY TO K€ CcaMoe HPHAETCH Hpo-
HeIaTh W [Jis YeTHpeXx usMepeHW. M XoTHM, 9aTO0H HAMM ypaBHe-
HUSA 0CTABAJIACH HEM3MEHHEKMY He TOJIBRO IPY BpalleHusAX, HO A P U
mepexofie B 46y WHEPLHUAIbHEYI0 CHCTEMY. 9TO O3HaYaerT, 41O
HAlIM YpPaBHEHMS HOMKHH OHTH HMHBAPHAHTHHIMH OTHOCHMTENBHO
npeo6p asosanmit Jlopenna (25.1). Ilenp HacToameil rmass — HoKa-
3aTh, Kak 9ororo MomHO mobutbeda. Ho mpempge wem magarh,
OpUMEM COTJAIICHAe, KOTOpoe B3HAYMTENBHO OOMErdWT HAMY pa-
60Ty (I K TOMY K€ IOMOKeT HM36€)KaTh NYTAHUIE), 3AKI0TAETCA
0HO B TAKOM BHOOpe €IWHUIl WSMEPeHUs [JIMHL M BPEMEHM, YTOOHI
CKOPOCTH CBETA ¢ OKazajiach paBHON enuwHUNEe. Bo Mo:keTe cYHTATD,
HATIPUMEp, 9T0 B KadecTBe eIWHUIE BPEMEHU B3AT UHMEp6as, 3¢
Komopul céem npoxodum ompe3ok é odukw Memp (TO COCTABISET
ok 0i10 3 -107° cex). MosHO qajke Taxk U HABBATH OTY CIUHMIY Bpe-
MEHU: «OfWH CBeTOBOK MeTp». llcmonbsoBaHme 5TOH e UHUILI elle
spue OTTEHAOT CHMMETPHI0 NPOCTPAHCTBA ¥ BpeMeHH. Hpome 10TO,
¥3 HAIIUX PeNsATHBUCTCKUX ypaBHeHEUH mcuesmyr Bce ¢. (Ecam ato
moueMy-nubo Bac cMyIIaer, TO BE MOyieTe B N0000M ypaBHEHHH BOC-
CTAHOBUTH MX WK 3aMEHHUTH KasKEoe ¢ HA ¢f, a elle Jydlue BCTABUTH
¢ TOBCIOAY, rae 910 HeoOXOofuMO [AJf NPAaBUABHON pasMEpPHOCTH
ypapuenud,.) Temeps, mocie Taroil DOXTOTOBKH, ME MO;KEM IBU-
HYTLCS Halbiie.

Hama nmporpamMma cocrTout B TOM, 9T00H mOBTOPUTH B YETHIPEX-~
MEePHOM HpPOCTPAHCTBE-BPEMEHH BCE. TO, UTO MHl [JEIN&JH ¢ BEKTO-
paMu B Tpex mameperuax. [leino 9T0 HEXUTPOe — MH IPOCTO Gymem
JeficTBOBATh AHAJNOTHYHO. EIWHCTBEHHOE 3aTPYIHEHHE BCTPETHTCS
TOJNBKO Opu 0003HaYeHAAX (CUMBOI BEKTOPA Y HAC YiKe 3aHAT TPEX-
MEPHHIME BEKTOPaMM), i HECKOABKO M3MEHATCH SHAKH B CKAJAPHOM
1 pOMBBEICHHH.

Ipesxpe Bcero, MO AHAIOTAHE € BEKTOPAMH B TPeXMEPHOM TPO-
CTPAHCTBE, BBEJIEM uemuipersekmop Kark Ha0Op 4eTHpEX BeIWduH
ay, @, G, U a,, KOTOPEE IPH IePeXofie B ABIKYINYIOCH CUCTEMY KOOD-
puHaT npeoGpasylorces mofoduo ¢, z, y u 2. [lus o6osHavenus geTh-
PEXBEKTOpPA HMCHOOAB3YeTCS HECKONbKO pasimIHHX cmocofoB. Mu
e GyneM mucaTh OpocTo 4, NOHAMAA IO 9TAM IPYNNY 9YeTHpeX Be-
awane (a4 a,, ay, @ ,); OPYTHMH CJIOBaMH, 3HATOR [\ IPUHUMAET Ka-
Koe-nub0 U3 4OeTHpeX «3HaYeHHIN: ¢, x, y u z. Uworna mam Gymer
yao6HO 0G03HAYATH TPH IPOCTPAHCTBEHHEE KOMIOHCHTH B BHE
TPEXMEPHOTO BEKTOpa, T. 6. IHCATh a,=(a;, a).

Mu yixe CTaNIKHBAJINCH € OJHIM TAKWM 9eTHIPEXBEKTOPOM, CO-
CTOSNIAM W3 SHEPrUM M MMIyJbca wacTunnl (cM. ra. 17, e, 2).
B mamux noBHX 0003HAYEHHAX OH 3ATUMIETCS TAK:

= (E, p), (25.2)

T. €. YeTHPEXBEKTOD p, COCTOMT M3 5HOPruu E u Tpex KOMIOEeHT
TPEXMEPHOT0 HMIYJbca YaCTHIEL P.
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IToxome, wro wurpa HelCTBUTEABHO OKA3HBAeTCA HOXUTPOM:
€IUHCTBEHHOE, UTO MBI JJOJKHE CHeNaTh,— 9TO HAUTH I KaKZOTO
TPeXMEPHOTO BEKTOPA HE[OCTAIINYI0 KOMIOHEHTY W MONYJUTH de-
reipexBextop. OfHAKO BCe 3Ke 9Ta 3ajada HOTPYAHEe, TeM KareTcs
Ha mepBhil B3riAL. BosbMeM, HampuMep, BEKTOP CKupPO(TH ¢ KOM-

HOHEeHTaMHI
dz dy dz

x:—(ﬁ, Uy=Et~, vZ:EE.
Yro Gyner ero speMenndit KommoneHTo#? VMHCTHHKT MOMCKA3HBAaeT
HAM, 9T0 HOCKOIbKY YETHPEXBEKTOP mogoben ¢, &, ¥, %, T0 BpEMeH-
HO# KoMmoHeHTO! KaK 6ynTo nomimo OHITH
Uy Et— = 1

Ho smo Hesepro. Jleno B ToM, 4T0 BpeMsa ! B Ka)KIOM 3HAMEHATEJNO
He UHBAPMAHTHO upH mnpeoOpasosanuax Jloperma. Ymcnmrens
¥MMeeT NpPAaBWIBHOE IIOBEHeHME, a df B 3HAMEHAarexe IOPTHT BCO
JeIo0: OHO He ONHHAKOBO B JABYX PABIMIHEIX CHCTEMAaX.

OxasHBaeTcAa, U0 UETHPO KOMIIOHEHTH (CKOPOCTH», KOTODHO
HaM HY/KHO BHIFCATH, OPEBPATATCA B KOMIOHEHTH Y€THPEXBEK-
TOpa, €CAM MH HOmpocTy momgennM ux Ha )V 1—v?. B mpasmisrocTH
9TOr0 MOKHO YOemUTHCS, B3AB UETHPEXBEKTOP MMITYNbCA

= (& »= (V 1m—ov3 ! ]/-";(i,,z) (25-3)‘2

W TOMeJUB €0 Ha MAcCy HOKOf, KOTOPasA B YemulperMepHOM npocm-
pancmee ABIACTCSH CKATAPOM. MBI NOXYyINM IPH ITOM

”—*‘=< ! v ) (25.4)

mg Vi—t' Vi—o?

9T0 IO-OPEKHEEMY FOKHO OhTHh dweTnpexsexropoM. ([demenume ma
cK@Qaap He NBMeHAeT TPaHCPOPMAIMOHHKX cBOMcrB.) Tar wuro ue-
MUPeT6EKMOP CKOPOCMU U, MOKHO onpedeaumb Tak:

U; = ! u Ziy
ey i =R
41— v 1—v?
4 4 (25.5)
=l .
Vit Y I—R
910 oUeHh NWoNEe3HAA BeJUINHA; MHE MOMKEM Temeps HANNCATS,
HagpHuMep, ‘
D, =mglt,. - (25.6)

TaxoB THONIHH BUS, KOTOPHI JOJKEH UMETh IPABAIbHOE PEeIATH-
BUCTCKOE YPaBHEHWe: KajKAas CTOPOHA €ro AoiasKHA OHTH 4eTepex-
BexTOopoM. (B mpaBoit wacTu cromr HpoEM3BejeHHe MHBapHaHTA Ha
YeTHpPeXBEKTOp, KOTOpOe WO-IPe;KHeMY €CTh IeTHPEXBEKTOP.)
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§ 2. Craaraproe npouseedenue

To, wro paccrosmme OT HEKOTOpOH TOYKM [0 HAYATa KOOPIHUHAT
He M3MEHSeTCA IPH HOBOPOTE, eCIM XOTHTe,— CIACTIAMBAA CIydail-
BocTh. MaremaTmueck: 310 0O3Hagaer, 4r0 r’=zx%--y’--2% aBnserca
HHBapHanToM. JlpyraMm ciopamd, IOCIe TOBOpoTa r'*=r® wam

x'2+y'2+z'2=x2+y2_|_22.

Bosmuraer sompoc: cymectByer a4 moxo0Has BealwdwHa, KOTOPAs
MHBapuauTHa Hpu upeobpasosamuax Jlopemna? [la, cymecrsyer.
Ws (25.1) et Bumgmre, 910

t'2—g'? = t?—22,

Oua 6ni1a 651 BceM x0poma, ecnd O TONBKO HE 3aBuUcesa OT Halme-
ro subopa ocu z. Ho 3roT HeZOCTATOK JeTrKo HCHPABATH BRIUTA-
mueM y? m z2. Torma mpeoGpaszosanue JlopeHna naioc BpanigHVe
ocTaBIAT ee HemsmenHo#. Takum o6paszoM, poas BEJINURHH, aHa-
JIOTMYHONH TPEeXMEePHOMY 7° B YeTHPeXMEPHOM IIpOCTPAHCTBE, NIPAET
KoMOuHAL A

12— % —y?—2z2,

Ona gBisercs WHRAPDHAHTOM TaK HA3HBAEMOH «IOJNHON TI'pymmel
Jlopennay, KoTOpas BKINYAET KAK NepEeMEMEHHA ¢ IOCTOSHHON
CKODOCTHIO, TAK B TOBOPOTH.

Jlanee, MOCKOJBKY 9Ta WABAPUAHTHOCTH WPEJCTABIAET ¢OOOH
anre6panuecKoe CBOICTBO, 3aBUCAIMIEe TOIHKO OT IPaBHI mpeobpa-
sopaHuA (25.1) miwc Bpamenye, T0 OHA cHpaBeAaAmBa AN A1000T0
geTHpexBekropa. (Bce omm, Mo onpenenenmo, npeodpasynoTcs ofu-
naxkoshM o6pasom.) Tax uro s a1060ro weTHpeXBEeKTOpa a,

‘2 e g g? =02 — (2% —q2 — g2
at ax ay az a; ax a‘v aZ.

91y BeamuYmMAy MH 0OyJeM Ha3HBAaTh KBafpaTOM (IJWHHY 9eTHpPEX-
BEKTOpA @,. (Bynbre smmMmarensusi! Wmorma Gepyr o6parmkie 3ma-
KNy BCEX CATAEMHX ¢ KBAaJpaTOM IMHH HA3LKIBAOT HHCJIO
ayta; +a;—ai.)

Eénn Temepb y HAC ecTb J6a BEKTOPa 4, U b, TO NX OJHONMERHEIE
KOMOOHEHTH HOPeofpasyioTes OJII/IHa}{OBO nosTOMy KoMOnmanus

aby—ab,—ab,—ab,

tarske Gymer mABapmaHTHON (cKansAprON) Beamamnol. (PakTHaeckn
MH JOKasaad 310 yme B r. 17, sun. 2.) Ioayiunack Benmmna,
COBEPIIEHHO AHAJOTHYHAS CKAMAPHOMY HPOM3BEIEHHI0O BEKTOPOB.
Mu rak # 6yaeM HasHBaTh ee CKa4APHUM npOU3eedeHuem [BYX de-
THpeXBeKTOpoB. Jlormumo, xrasanoch Gk, M BaWHECHBATH €T0 @ -b,,
uTo0H OHO JaKe eneaideso noroycuM Ha CKaJIAPHOe IPOH3BENeHue.
Ho o6HYHO, K cOKaJeHHIO, TaK HE [elaloT M HRIIyT ero 6es TOYKH.
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U mu roxe GymeM DpHIEP:RUBATHCA STOTO HOPAAKA W 3ATMMCHIBATH
CKauApHOe HpousBefeHue mpocto a,b,. HUrak, no onpedeseruio,

ab, = ab,—ab,—ab,—ab,. (25.7)

ITomMuuTe, 9TO HOBCIOAY, I7le BH BHANHTE JBA ONHHAKOBHX 3HAYKA
(BMecto p MH WHOTHA OyJeM moabsOBATHCA V HIH Xpyrumm OyK-
BaMu), HEOOXOQUMO B3ATH 9YETHPE MPON3BONEHWS W CIOKHTH MX,
He 3a6bi6ad npu IMOM O 3HAKe MUHYC Tepel NPOU3BEJICHHAME HpO-
cTpaEcTBeHHNX KoMuoHeHT. G ydueToM TAKOTO COTJIANICHHSA WHBA-
PHUAHTHOCTH CKAIAPHOTO MPOM3BeJeHAA Npu npeobpaszopanuax Jlo-
PeHIla MO}KHO 3amMCATh KaK

a, b n = aubp.
ITockoabry mocmenmme Tpm ciaraemux B popMyne (25.7) mpen-

CTaBIAIT IPOCTO TPeXMEpPHOe CKANAPHOE LPOH3BEIEHHE, TO TACTO
ymobHee OPUHATH TAKyi0 B3alHCH:

a,b,=ab,—a-b.

OueBuHO, UTO BBEJEHHYI0 BHIIIe YETHIPEXMEPHYIO MIWHY MOKHO
BamUCATh KaK a,a,:

e 12 e (12 12 g2 —= 7% —— 2 .
2,8, = aj—a,—as—a; =aj—a-a. (25.8)
Ho mrorga yZo0HO 8Ty BeAMYHMHY 3aIHCATH KaK d,:
[ —
al=a,a,.

IIpogeMoHCTpPEPYeM Temeph INIOLOTBOPHOCTh YETHIPEXMEPHOTO
CKaJIAPHOTO IPOHM3BefieHUA. AHTHNPOTOHH (p) DOIYdYar0T Ha GOmxb-
mUX YCKODHTENAX U3 Peari{un

p+p—p-+p+p+p

WNuage rosops, BHCOKOHEPIeTHIECKAN IIPOTOH CTAIKHBAGTCH C ILO-
KOAIMUMCHA TPOTOHOM (HAIpPIMep, ¢ NOMEMIEHHOH B IIy90K BOIOpPOJ-
HOU MHNIEHBIO), ¥ €CIM HAafAoINWi OpPOTOH 00IafaeT FOCTATOIHOL
pHeprueil, 10 BLOOABOK K JABYM HEPBOHAYAJNHLHKM HPOTOHAM MOJKET
POAUTHCS Hapa MPOTOH—AHTHIPOTOH *,

* Bac MOKeT yAHWBHTH, MOYeMY ’Ke Mh He IOJL3yeMCA peaKimeit

p+p—p+p+p

I JasKe
p+p—p+p,

IJIsL KOTODOif, HecoMHeHHO, TpelyeTcs Mempmas 9Eeprma? Bce mesno B mpma-
nune, Ha3HBAEMOM corpanerueM 6apuonHoeo sapsda, COTIACHO KOTOPOMY BeJIN-
9HMHA, PABHAA YHCIY NPOTOHOB MHEHYC HCJIO aHTANPOTOHOB, HO MOKET H3Me-
HATBECA. B jeBoi cTopoHe Hameit peaknumm STa BeamimHa pasHa 2. Ciregosa-
TeNbHO, €CIM MH XOTHM CIIPAaBa EMEThb AHTHOPOTOH, TO €My HAOKHEL COMmyT-
CTBOBAThH eIle mpu UPOTOHA (WVH Bpyrax Gapmoma).
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Ao coydapenus flocne coydaperun

Cucrnema
YeHnmpa macc

JSabopamopran
cucmema
Iﬁd
o>
’ =%

Due 25.1. Pearyus p--p—> 3p-+-p 6 sabopamopHoii cucmeme
u cucmeme y. M.

ITpednoaazaemes, wmo sHepeus nadanowezo npomona xax pa3 Jocma-
moura 0ua npomeraHua pearyuu. IIpomonbt 0603HANEHBL YePHBIMU
EPYACOURAMU, G OHMUNPOMOHVL — Geablmu,

Haxoii sHeprmeit momxen obmajmarhs mamaiomuil mpoToH, ¥T00H
3Ta peaKnusa CTala SHEPTeTHYECKH BO3MO;KHOM?

OtBer Jerve Beero MONYINTh, PACCMOTPER TY PEARIUI0 B CHCTE-
me rentpa Mmace (. M.) (¢pur. 25.1). Hasosem mapmaronuii nporou
IPOTOHOM @, 4 €ro YeTHPeXEMITYJIbC 0603HAYUM Tepes py,. AHaxo-
ruYHo, OPOTOH MHUIIEHW Hazo0BeM b, a ero werhpexmMmmymnbce 0603HA-
IUM gepes pﬁ. Ecnu sHepran nafaoinero XpoToHa KAk pa3 OCTaTod-
HO ISl PEAKIUH, TO B KOHEYHOM COCTOSIHEH (T. €, B COCTOSTHHHE MOC]e
coymaperadn) o6pasyercs cucreMa, COREPsKALIAA TPH HPOTOHA H aH-
TAIPOTOH, MOKOANHEc B cucreme 1. M. Ecinm sHeprua magamomero
nporoHa Gymer HECKOJIBKO BHIIE, TO YaCTHIH B KOHEIHOM COCTOSI-
HHA BEHIIGTAT ¢ HEKOTOPOil KMEETHIECKOM sHEpTHeil B GyAyT pasiae-
TATHCA B CTOPOHEL; ©CIU jKe O0HA HEMHOTO HIDKe, TO € Oyaer HeJo-
CTaTOYHO st 00pasOBaHUSA YETEHIpeX JaCTHIIL.

IIycre pj, — NONHHIE 9eTHPEXUMIYILC BCEH CHCTEMB B KOHET-
HOM COCTOSIHHH, TOTAd, COIJIACHO 3aKOHY COXpaHEeHHA SHEPTHA H
UMIYIbCA,

p’+p’=p°
a

E°+E'=E°,

a KOMOMHMDY#A 9TH JBa BHPA/KEHHA, MO}KHO HAIHCATH
P4+ Pl =p. : (25.9)
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Temeps eme ogHO Ba)kHO6 00CTOATENLCTBO: MOCKOABKY MHE HO-
AyYUN M ypaBHEHUWE JUIA YeTEIPEXBEKTOPOB, TO OHO JOJKHO BEIIIOJ-
HATbCA B N1060K WHEPHUANBHOA cHcTeMe. ITHM PaKTOM MOKHO BOC-
OOb30BaThCA JAA YUpPOMEHAA Buumciermd. Hamuwmem piwHbI
Kammoil m3 gacteir (25.9), xoropme, pasyMeeTcs, TOXKE HOJKHHE
65ITH PaBHE IPYT APYyTy, T. e.

(P& +p5) (P2 + p) = P5, P, (25.10)
Tax kar p, pj, — WHBADHAHT, TO MO;KHO BHYHMCINTH €0 B Ka-
KOH-TO opHOH cHecreMe Koopaummat. B cHmcremMe I{. M. BpeMeHHAH
KOMIIOHEHTA p,, PaBHA SHEPTHH IOKOs YeTHPEeX IPOTOHOB, T. e. 4/,
a DpOCTpaHCTBeHHAd 4acTh P paBHA Hyl0, Tark 410 puy=(4M, 0).
Ilpu 310M M BOCHOMB30BAJAUCH PABEHCTBOM MacC OPOTOHA W aHTH-
npotona, ofo3HaumB ux ogHOI Oyksoi M.
Taxnm o6pasom, ypasreawe (25.40) npunanmMaer Buf

Pape,+2p%, ph, -+ ph, P, = 16 M2, (25.11)

Mpowssenenns pj, pi u py ph BEUCHAIOTCS 09eHb GEICTDO: «LiH-
Hay YeTEHIPeXBEKTOpA HMMOYJAbca ai000f dYacTHIE paBHA IPOCTO
KBaJ[PATY €6 MAaccH: '
p,p,=E*—p? =M
JT0 MOJKHO JIOKA3aTh NPAMEIME BHURCICHUAMA AIH, HECKOIBKO §0-
see 2pPeKTHO, MPOCTHIM B3aMeJaHUEM, UTO B CUCMEME NOKOA 4Ya-
crugst p,=(M, 0), a cneposatenpno, p,p,=M*. A Tak Kak sTO
I/IHBapI/IaH’I‘ T0 oH paBem M? B uwbou cucreMe otcuera. Hopg-
CTaBJifAs pesyabTathl B ypapHenme (25.11), mu monygaem

2pa pb, = 14M?

nian
paph =TM. (25.12)

Teneps mommO BHUECTMTH pupM B na60paTopH0H cucreme.

B sroit cucreme uerspexsexrTop ph = (E°, “) a pu—(M 0), u6o

OH ONMCHIBaeT HOKoANmMiica nporon. UTaxk, pup,,, ROMKHO OHITH paB-

HO ME®, a MBL 3HaeM, 9T0 CKalfApHOE IPON3RECHUE — STO UHBADH-

aHT, I03TOMY OHO HOJKHO ORTH PABHO 3HAYEHUIO, HANEHHOMY HaMHK
B (25.12). B pesynprate momyuaerca

*=TM.

Ilosnas pHEprua majarmero mpOTOHA AOMMKHA ORTH HO MEHL-
meii Mepe pasHa TM (uro cocraBiaster oxomo 6,6 ['ss, Tak Kaxr
M=938 Mss) mam mocie BHYATAHNA Macchl MOKofA M Tomydgaem,
9T0 KuHemuueckas DSHEPTHA JOMKHEA OHNTh pasHA N0 MeHBIIEH
mepe 6M (oxomo 5,6 I'sg). imenno ¢ TeM, 9T0GKH EMETh BO3MOMKHEOCTD
IPONBBOAUTE AHTANPOTOHH, Gesarpom B Bepxnm mpoexkTHpOBadcA
HAQ KHHETHIECKYI0 9HEDPLHI0 YCKOPEHHHX HIpOTOHOB 0K0IO 6,2 I'ss.
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CHaJIHpHOB upou3Be/iecHHe — HHBAPHUAHT, ]IOBTOMy OOJIEe3HO
3HaTh €ro BEJIWYHHY. qTO, HaOopuUMep, MO;KHO CRa3aTb O «IJHHE»
9eTHPEXBEKTOPA CKOPOCTH u,u,? ‘

1 v?

S e . S A
w U, = —W=g— e =1,

T. €. u,— eOUHUUHbLL YembIpexsermop.

§ 3. Yemwvipexmeprotii epaduenm

Cnegymoniell BenIM9IMHON, KOTOPYI0 HAM ciefyeTr obcynmTh, AB-
AgeTcsl YeTHPeXMEPHHH amamor TpajgmeHta. HamomaumMm (cM.
ra. 14, sun. 1), dro Tpm omeparopa mugdeperuuposanus O/0z,
d/dy, 0/0z mpeobpasywTea noqoGHO TPEXMEPHOMY BEKTOPY U HA3HI-
BaloTcH rpaguerToM. Ta ke cxeMma JosxHA paboTaTh @ B 9eTHpex
H3MEPEeHUSAX; IO IPOCTOTE BH MOKETe HOZyMaTh, UTO JeTHPEXMep-
HHM [PajienToM JOMKHH OHTh (0/0t, 0/0z, 0/0y 0/0z), Ho samo
He8epHO.

Yrobur o0HAPY:KHTh OmMMOKY, PACCMOTPUM CKAIAPHYH (GyHK-
[0, KOTOPAd 3aBUCHT TOAbKO oT 2 B {. Ilpupamenne ¢ npn mamom
m3MeHeHNH ¢ HA Af ¥ IOCTOAHHOM T PaBHO

Ap=22 At. (25.13)

C napyroit CTOpOHH, ¢ TOYKH BpPEHHA [BWKyHeroca Halaoia-
Teas ’

(] r 0 ’
Aq):éxliAx +5—$At-

MNcmonnsysa ypasnenume (25.1), M Mo:xem BHpasaTh Az’ m At’
gepes Af. BemommHas Temepb, 9TO BeAHYWHA Z HOCTOAHHA, TaK
gyto Az =0, Mu nEmeM

, At
Az’ = ——t Af, At = ———.
x Y1 Vi—

Takam oGpasoM,

__0g v dp /At
A@—W<_V1—v2m>+f"’ (Vi—zﬂ):'
[ 0q)> At

=\ V% ) i
CpaBHEBAaf 5TOT pesyabTaT ¢ (25.13), MH y3HaeM, 9TO
o 1 dp “l
== (m, v az,). (25.14)
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Apajorn4nse BHYHCJGHHA NAIOT

dp 1 o il
a—x——v.if__—v_z(—é?—vat/> . (25.15)

Temeps BH BBAUTEe, 9TO TPATAHEHT HOJYIHUICH MHOBOIBHO
CcTpaEHEM, Bmpaskemns pmas z u ¢ wepes z' u ¢’ [moXydeHHLIe
peleHneM ypaBHeHH# (25.1)] mMmeror Bup

t' vz 7= z’ vt
Vi=s’ yi—i’

Nmeneo Tak gomuen npeobpasoBmBaThed gerthpexsextop. Ho 8

ypaBHeRUAX (25.14) m (25.15) 3HaKW HONyIHANCH HEIPaBHIbHKMuU!
Buixog B TOM, 9YTO HajJ0 3aMEHUTH HEHPABWIBHOE OIpPEIeIeHNe

9eTHPEXMEPHOTO omeparopa rpajguenta (0/0t, V) OpaBHIBHEM:

Ve=(5. —V)=(% —2, —5+ —2)- (25.16)

Mu ero o6osmagny y,. [as Takoro y, TPyRHOCTH HCYE3AI0T, H OH
pefter cebsa Tak, Kak nogobaer Hac'roamemy 9eTHPeXBEKTOPY.
(V:xacHO HEHPHMATHO HAJIMYME MHHYCOB, HO TaK YK YCTPOEHO B
mupe.) Pasymeerca, rosops, 4ro y, «BefierT ce0s KaK 9YeTHIpex-
BEKTOD», MBI IIOfpPA3yMeBaeM, 4TO YETHIPEXMEPHHEIH IpajiMeHT CKa-
nsgpHON QYHKIUM ecTh 4YeTHpeXeBeKrop. Ecuum ¢ — Hacrosmee cka-
nApHOe (TOpeHI-MHBAPHAHTHOE) IOJe, TO V.o Oyner geTmpexBex-
TOPHEIM IIOJIEM.

Wrar, sce ymagmnocs. Teueps y Hac €CTh BEKTOPH, IPAIUEHTH 1
crangpHoe npomssefieEne. Caegylomuid Ha odepequ — MHBAPH-
aHT, AHAJOTHYHHH JWBEDPreHNHUE B TPeXMePHOM BEKTODHOM AaHa-
auze. flcHO, 9T0 AHAJIOTOM €T0 NOKHO GHTH BHIpAKEOHHE Vpb , Tne
b, — BEKTODHO® IOJe, KOMIOHEHTH KOTODOTO SBISIOTCH q)ym\
IMAMHE NpPocTpaHcTBa ¥ Bpemerm. Mu1 onpedesunm Ousepzenyuio ge-
THIpexBexropa b, = (b, b) xak ckanapuoe mpomspefenue V, Ha bP:

0
— 25,4V b, (25.17)

f =

rae V.-b — o0mumas rpexmepuas quseprenuns sekropa b. He 3a6m-
BaliTe BHUMATEJPHO CIERUTH 3a sHAKaMu. OfEH 3HAK MHUHYC CBH-
3aH C OTpe/edeHNeM CKAISAPHOro mpomssefenus [popmyna (25.7)],
a IPyToit BO3HUKAET OT MPOCTPAHCTBEHHHIX KomnonenT V, [dopmy-
aa (25.16)]. HMusepremnus, ompepmendemas ¢opmyioit (25.7), ects
VHBAPHAHT, W JNJs BCEX CHCTEM KOOPAWBAT, OTANYAIOIIMXCA APYT
or gpyra mnpeoOpasosaHueMm Jlopenna, npuMeReEue ee NPHBOJUT K
OJMHAKOBOU BeIMTIHHE.

250



OcranoBuMca Teneps Ha GU3HYECKOM IpUMEpe, B KOTOPOM MOAB-
AsIeTCsA YeTHpPeXMepHas fuBepreHuus. Eio MO}KHO BOCIOJIB30BATHCSH
IPH PeMeHUN 3a/lauil 0 MONAX BOKPYT HABMMKYIIETOCA HPOBOTHHEKA.
Mut y:xe Bupenn (1. 13, § 7, B, 5), 910 HJIOTHOCTD 9EKTPHIECKOTO
3apAfia P W INIOTHOCTH TOKA j 006pasyioT ueTHpexsextop j,=(p, j)-
Ecnn Hesaps:keHHHI MpOBOJ HEPEHOCHT TOK ., TO B crcTeMe OT-
cUera, ABMKYIIEHcAa OTHOCATENBHO HOTO €O CKOPOCTBIO U (BLOJIB OCH
z), B IPOBOIHMKE HapAAy ¢ TOKOM IOABUTCA M 3apax [xoropsi
BOZHHKAaeT COINAcHO 3aKoHy mpeoGpasopammit Jlopenma (25.1):

,

' —'Wx Je= Ix
TV i—n SR Vo gy

Ho sro kax pas 7o, uro Mst Hamnm B ra. 13. Teneps my:xHO mop-
CTaBUTh 5TH HCTOUYHHKHM B ypapHenme Maxcpeana B Osuscywelica
cucmeme U HaliTu TOJA.

3aKOH COXDAHEHWA 3apANA B UYeTHPEXMEPHHIX 0003HAYCHHAX
TOKe IPUHUMAaeT O4eHb IPOocToil BUA. PaccMoTpEM JeThH pexMepHYIO
JMBEPreHIMI0 BEKTODA ],

. ap .
V.= é—t—l—V-J. (25.18)

3aKOH COXPAHCHUA 3apANA YTBEPRKIAeT, YTO yTeKAHHS TOKA W3 efH-
Huipl 06BeMa JOMKHO OBITH PABHO OTPHIATENBHON CKOPOCTH yBE-
AnmueHUA WIOTHOCTH 3apapa. MHHMEH cioBami,
. ap
V'J_-__Ei'
IopcraBnsia sTo B (25.18), monyuaem odemp mpocryio dopmy 3a-
KOHA COXpaHeHUusx sap;ma:

V.j.=0. (25.19)

Bnarouapﬂ TOMy 9T0 V,j, — HWHBapHAHT, PABEHCTBO €T0 HYNIO
B OHOI CHCTEME OTCYeTa banagaer PaBEHCTBO HYJIO M BO BCOX APY-
rux. TaxmM o6pasom, eclm 3apAj COXpaHAETCA B ONHOM cucreme,
on OyIEeT COXPAHATHCA ¥ BO BCeX APYTHUX CHCTEMaX KOODHMHAT, [BH-
JKYIIAXCA OTHOCHTENHHO Hee ¢ HOCTOSAHHOH CKOPOCTHIO.

B rauectBe mociefHero IpHEMeEpa pPacCMOTPHM CKAIAPHOE IPO-
M3Be/leHNe OmepaTopa rpajuenTa y, Ha ceba. B TpexmeproM mpo-
¢TpaHCTBE Takoe IPOUBBefeHNe [aeT JamilachHaH

o2 92 92
V2=:V.V==5F-FE@§ 922"
Yro moaydurcs AAsA deThHpeX uUaMepeHuil? Brumcauwrh 9TO OYEHDL
upocro. Ciefya HameMy TPaBUAY CKAXAPHOrO NPOHM3BEJCHUS, HA-

T v g5 (=2) (<2)=(-8) (-3)-
~(=#)(=%) =
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ITOT omepaTop, NPEACTABIAAKIAI aHAIOT TPEXMEPHOTO JAMmJacHa-
Ha, Ha3HBaeTCA Oarambepmuarom U 0003HAYAETCA CHELHMATHHLEIM
CHMBOJIOM

02=V,V, = [;”_;_vz, (25.20)

Ilo mocTpoeBu0 OH ABIAETCA CKRANADHHM OIEpPATOPOM, T. €.,
eciu TOMAeHCTBOBATL WM, CKa)KeM, Ha YeTHIDeXBeKTOpDHOe IoJje,
BO3HHKAET HOBOE YeTHpexBexTopHOe moie. |MHorna manamGepruan
OUPeAeAASTCA ¢ MPOTHBOMOAOKHEM 10 oTHOmeEHno K (25.20) sna-
KOM, TaK 9TO TIPH 9YTCHHM JHTEPaTypPH OyabTe BHEMATeIbHH!]

WNrak, gnsa GonbmmmcTBa BEIWYHH, NEPEYHCACHHHIX HaMu B
rabia.25.4, Ml HAIIUIM MX 9eTHPEXMePHEIe SKBUBAJIEHTH. (¥ Hac eme
HeT PKBHBATEHTA BEKTOPHOTO IPON3BENI€HNA, HO eI'0 HaX OK/IeHUe MEI
OCTaBMM [0 clefylomeill raape.) A Temeps cobepeM B OTHO MECTO
BCe BA)KHEMIINE Pe3yJibTATH W OHpe[eeH!s W COCTABUM ellle OfHY
rabauny (tabm. 25.2); oHA DOMOKET BaM Jydile 3aMOMHATH, YTO BO
YTO HePeXORUT.

§ 4. Jaexmpodurnanura ¢ weMuviPerMHePHHIX
0603HaUeH U

B ri. 18, § 6, Mut y:xe craakumsaauch ¢ oaeparopoM Hamambepa,
XOTA W He 3HAJIM, 9T0 OH Tak HasuBaeTcd. MbI manuim Tam auddepen-
I#aJbHOe ypaBHEHWE JifA MOTEHIUAJIO0B, KOTOPOe B HOBHX 0603Ha-
YeHHAX BHIVAANT TaK:

qu):go, []2A=::—0. (25.21)
C mpasoit cTOpoHEL (25.21) CTOAT 9eTEIpe BEJAMYMHEL O, foo f,, f,
mojieJieHHse HA €, — YHHBEPCAJIBHYH HOCTOAHHYI, ONHHAKOBYIO
BO BCEX CHCTEMAX KOOPIMHAT, €CAW BO BCEX CHCTEMAX JIA M3Mepe-
HOs 3apsia MCUHOJb3yeTcs OfHA W Ta ke efmHuUma. Takwm obpa-
30M, TeTHIPe BEIUUHHH /8, j,/2¢, J,/€0, ], /€0 TOKE mpPeobpasyoTcs
Kak ueTsipexsexTop. Mx MoxHO sammcarh B BUAE j,/&,. Omeparop
Janambepa He m3MeHsIeTCA IPH IEepeXofe K APYTHEM CHCTeMaM KOOD-
IMHAT, TAK 9YTO YeTHpe BeAWIHHH ¢, A, Ay u A, mowe Ooascrul
npeobpasosamsbCs KaK YETHIPEXBEKTOP, T. €. O0AXCHb Oblmb KOMIIO-
HEHTAMHA deThipexserTopa. Hopoue rosops, seamumHa

Au. = ((Pi A)

ecTh deTHpexBeKTop. To, YTo MH HASHBAJIK CKAJIAPHHM ¥ BEKTOp-
HbIM HOTEHI[HANAME, OKA3EBACTCA TOJIBKO PasHHEIMEH 9aCTAMHE OT Of-
HOll | Toi# ke (m3muecKoi senmuuHE. OHU HEOTHEJIUMMH APYT OT
Ipyra. A ecim 3TO TaK, TO PEAATHBUCTCKAA MHBAPHAHTHOCTH MHpa
ouesmuHEA. Bexrop A, MEL Ha3HBaeM YEMbPELMECPHELM NOMEHYUALOM
(4-moTeHnHmaNOM).
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B uersipexmepHmx o6ozmawenuax (25.21) npumoGperaer odenb

OpOCTOH BHA:
Ty
%4, = e (25.22)

@Dusuka 9TOr0 ypaBHeHHsA Ta ke, 4T0 m ypasHemmi Marcpexaa.,
Ho ecTh cBOS 1IpeaecTs B TOM, 9TO MOJKHO NEPEHUCHBATD UX B CTOIb
ssieranTHO# popme. Buopouem, sta Kpacusas gopMma comepuT U Koe-
970 Gojiee 3HAYMTENHHO® — M3 HEEe HEMOCPEACTBOHHO BUHA WH-
BAPHAHTHOCTH DJIEKTPOJUHAMMKE OTHOCHTENBHO mpeodpasopamuii
Jlopenmna.

HapmomamMm, gro ypaBHeHume (25.21) MOKHO HONYYHTH W3 ypas-
genmit MakcBeixa TOABKO TOr[a, KOTHA HAMOMKCHO JOMOJHHTEdb-
HOe YCJIOBHE rpa;meHTHonI WHBAPHAHTHOCTH!

X 4v.A=0, (25.23)

uro o3magaer mpocro V, A, =0, 1. e. yemosne rpagnenTHoll naBapu-
AHTHOCTH TOBOPHT, 9TO IWBEPTEHIUS UETHPEXMEPHOTO BEKTOpa
A, pasHa Hyao. 910 TpeGoBaHMe HOCHT HasBaHue ycaosus Jopenya.
Taxan ¢opMa ero sanmcu oueHb ynoGHa, u60 OHA WHBApHAHTHA,
a moaromy ypaBHerms Maxcpensna BO BceX CHCTEMAX OTCIETA COXpa-
10T BHE (25.22).

§ 5. Yemorpex meprotii nomenuuan
deuacyuwiezocn sapada

Teneps BROANEM 3aKOHE IPe00Pa30BAHES, BHPAKAOIHE ¢ I
A B IBIRyIIeHca cucTeMe Yepes @ U A B HEIOJBUKHON, XOTA HeAB-
HO MH y3Ke T0BOpHIE 0 HEX. [lockonbky A,=(9, A) ABAsAETCA TeTH-
PEXBEKTOPOM, 9TO ypaBHEHHE NOIKHO BI:II‘.HHI[ETB nogobHo (25.1),
3a HCKJIIOUEHMEM TOTO, 9TO { HY:KHO BaMEHHTH Ha ¢, a X — Ha A
Taxum obpazom,

p—vd, r
=y A=A
. Aoy , (25.24)
A==, A=A,

TIpu aToM mpepnonaraercs, 9T0 MTPUXOBAHHAA CHCTEMa KOODAUHAT
IBIGKETCS 1O OTHOIEHWI0 K HENITPHUXOBAHHOW CO CKOPOCTHIO U
B HaOpaBlIeHUH OCH Z.

PaccMorpuM ofiuH TpHMep IJIOAOTBOPHOCTH WAeH 4-HOTEeHI{HANA.
Yemy paBHH BeKTOPHHI H CHaJADHHU HOTEHNHANH 3apaja ¢,
IBWRYINErOCH CO CKOPOCTBIO U B HAIPABASHUN ocu x? 3ajada OueHb
yOpoOIIaeTcs B CHCTEMe KOOpAWHAT, ABIDKYINE#Cs BMecTe ¢ 3aps-
noM, uGo B sTOl cucTeme 3apsAx Hokomrcs. Ilycrs sapsaj Haxomures
B Hadaje KOODAWHAT CHCTEMH S', KAK 9T0 MOKa3aHOo Ha umr. 25. 2
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Quea 25.2. Cucmema omcuema S’ deuscemes co cko-
pocmvio v (8 HANDABACHUL O0CU ) NO OMMHOWEHUIO
kE cucmeme S.

Bapad, noroawulica @ Havade cucmemor koopduram S’, naxo-
Oumea 6 cucmeme S & moure x=vil. Homenyuaav 6 moune
P mozym Owme HatiBenw 044 410001 cucmems omcyvema,

CranspHEIl mOTEHUHAN B ABWKYMeHica cHCTeMe 3aJaeTCA BEIpajie-
HAGM p
14

npmueM 7’ — paccTOsiHEE OT 3apAfa ¢ [0 TOUKH B ABILKYIIEHCA CH-
creMe, Ijie IPOM3BOAUTCA M3MepeHHe I0jif., BeKTOpHHIH e moTeH-
nuan A’, pasymeercs, paBeH HYIO.

Tenepp 6e3 0COOHX XHTPOCTEH MOKHEO HAHTH MOTEHIHANH ¢ H
A B memopmwkHON cucreme kooppmmar. CoorHomemmamm, 06par-
HEIME K ypasHeHuaM (25.24), OyayT

@ +vd, ,
R SRy
V= Yo (25.26)
4 At A=A
e Vi—=e ! 2T

Ucnoneaya manee pmpakenne mas ¢'lem. (25.25)] m pasencrso
A’'=0, nmonrysaem
= 1 9 1
P drigg Y {2 hneg Vi—w erz+ylz+z'z'

9ra Gopmyna KaeT HaM CKAIAPHHA NOTEHIHAN (P, KOTOPHIH Mb yBH-
nenn OH B cucTeMe S, HO OH, K COKAJICHUIO, 3aIUCAH 9epes KOOpHU-
HATH TITPEXORAHHOHK cmcreMel. Bmpogem, 3T0 Aeno jerxo mompa-
BHEMO; ¢ nmoMompo (25.1) MoxxHO BRIpasurh ¢, z', y', 2’ wepes ¢, z,
Y, 2 B DONy9IUTD

=9 _1 ! )
VTR VISR Y e Vo r + 5

(25.27)
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TloBTopas Ty ke mpomenypy AAd BeKTOpa A, BH MOKeTe HOKa3aTh,
o A=vo. (25.28)

I10 T6 3Ke camue POPMYaH, KOTOPHE MH BHEBEIH B Ii. 21, HO TaM
OHT GHUIM MONYyYeHH [JPYTHEM METOJLOM.

§ 6. Hueapuanmmrocmdv ypaswenuti
SNEKMPOIUNAMUKU

Nraxk, morernuais ¢ u A, OKasuEBaeTcsa, 06pasyoT B COBOKYNHO-
CTH YETHIPEXBEKTOP, KOTOPHIU Mu oﬁosnaqn.nn uepes A,, a Boa-
HOBOE ypaBHeHEZE (IOJHOE YPAaBHEHHE, BHpaKalomee A‘L qepea i)
MOKHO B3ammcars B BHfe (25.22). Iro ypaBHeHme BMecTe ¢ coxpaﬂe—
e sapsaga (25.19) cocraBiasaoT yEmaMeHTATBHEH 3aK0H 9IEKTPO-
MarHATHOTO LONSA: .

O 2A}L = E; ]w \%

A

=0. (25.29)

" Bor, nomanyiicra, Bce ypapEenust Makcpeaia IpocTo M KPacuBo
3aNHUCKEIBAIOTCA BCETO B OfHOH cTpoke. Jlocruriaw aum MH 9ero-uu-
6yas, 3anucaB HX B TAKOM BHfE, KpOMe, pasyMeeTcd, KPAacOTH M
npocrorr? [Ipesxpe Bcero, ecTs am 3uech Kaxoe-HUbYHb OTIHIME OT
T0ro, ure OHJIO paHbIe, KOTA MH BHIIMCHBAJIN WX BO BCEM PasHoO-
ofpasunm KomnoreHT? MOsKHO Jil M3 9THX ypaBHEHMI HOJYYUTL He-
9T0, YerQ HeJNIb3s MOJYIMTH U3 BONHOBHX YpAaBHEBMIA [ MOTEHIUA-
JI0B, colepkamux 3apsagsl © Toku? OTBeT BHOJHE OHpEeNeHHbIH —
KOHEYHO, HeNb3s. EIuACTBeHHO, YTO MEI Ceaiyl — 9TO H3MEHUWIH
HA3BAHMA, T. €. MCIONb3OBAJM HOBHE 00oszHadenmsa. Mu EHapuco-
BaJii KBaJpAaTHK AJNsA 0003Ha9€HUA NPOH3BOJHHX, HO 9TO MO-IIpesk-
gemy He 0ojlee ¥ He MeHee Kak BTOpas NPOH3BOJHAA IO { MMHYC
BTOpasi OPOUBBOAHANA IO ¥, MHHYC BTOPAA NPOU3BOZHAA OO Yy, MHU-
HYC BTOpasA IpOM3BOJHAA 1O 2. A 3HAYOK {1 TOBOPHT, UTO ¥ HAC €CTH |
ueTHIpe ypaBHEHHUsA, IO OJHOMY /M KaKAOTO U3 BHAYeHUil p=f,
z, y mam z. Hakoil jKe Torjga CMHICI TOTO, 4ro ypaBHEHHHA
MO;KHO 3amdcaTh B crToab upocroii ¢opme? C Toukm 3penus
nOAy9eHAA H9ero-T0 HOBOI'O — HHKAKOro. XoTd, BO3MOMKHO, IpO-
€TOTa YPABHEHMI W BEIPAKAeT OULPEIeNeHHYI0 IPOCTOTY HIPHPOJEL.
Ceifyac # MOKaKy BaM HEYTO HHTEPECHOE, 9eMY MH IOHEMHOTY
paygnauch. MOKHO CKasaTh, 9TO 6ce 3aKOMbH (USUKU ONUCHBAIOMCA

? : |
00HUM YpasHEHUEM U=0. (25.30)

He npaspa am, yausurensao npocroe ypasaenue! Koneuno, By:x-
HO emie 3HATH, 910 0Oosmadaer cuMBoX U. Iro ¢usmueckas se-
AUYMHA, KOTOPY® MK OGyZeM HasuBaTh «HecooOpasHEOCTHIOY *
curyanun. ¥ Hac faske ecTh 1us nee fopmyna. Bor kak suuncaaerca

* B auramidcKoOM OpHTHHAJE «unworldliness», — Ipum. ped.
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sTa HecooOpasHOCTh: pH Gepere BCO UIAUSCKEE 3AKOHE W 3aNHCH-
Baere uX B ocoGoii fopme. Hanpumep, BH B3ANM 3aKOH MexaHHKH
F=ma u samncanu ero B sufie F — ma=0. Teneps Bu Moxere Be-
amaury (F—ma), koropas, pasymeercs, B HauleM MEpe NOJKHA
OHTH HylIEM, Ha3BaTh «HECOOGPA3HOCTHIO» MeXAHAKH. 3aTeM BH Oe-
peTe ksadpam »roii HecoobpasHocTH, ofosHagZaere ero uepes U,
N HA3HBaETe ee «MEeXaHnWIecKod HecoolGpasmocrbioy. IpyrmMm cio-
BaMM, BH OepeTte

U, = (F—ma)?, (25.31)

DOTOM BHIIIMCHIBaeTe BTOPOH ¢uamdgeckwil 3axoH, crameMm V -E=
=p/gq, U OLpEfienseTe
2
U2= (V‘E——'—p—> N
€0
KOTODHHA MOKHO Ha3BaTh (TayCCOBOH DIOKTPHUYECKOH HecooHpas-
‘Hocteion. [Ipogomxan aror mpomece, BH Mosere BBectu U, U, u
T. A. AISA KGRAOTO U3 (UBUIECKUX BAKOHOB.
Haxromen, noanoli mecooOpasmocrsio Mmpa U BH HashBaere

cymmy U; mus Kaskaoro W3 pasimdHHIX sABIeHHH, T. e. U=U;.
1

U rorpa «BenuMKHit 3aKOH HPUPOBI» [IHACHUT:

U=0. (25.32)

ITOT «3aKOHY, PABYMEETCHA, YTBEPIKAAET JMILEL, 9TO CYMMa KBaj-
paToB BCEX OTAEABEMX OTKIOHEHHH paBHA HYAI0, OJHAKO eAWH-
CTBeHHHH cI0CO0 CHerarh CyMMy KBaIpaToOB MHOKECTBA WICHOB
paBHO! HyII0 — 9TO IPHPABHATH HYII0 KAKIOE U3 €e CIaTaeMHX.

TaxuMm o0paszoM, «yIUBUTENBHO NpPOCTOH 3arom» (25.32) sxsu-
BAJIGHTEH HEJIOMY DALY YPABHEHHI, KOTOpHIE BEl NHUCANH HEpBOHA-
qanpHEO. Il03TOMY COBEpIIEHHO OYEBHIHO, 9T0 mpocTHe o0c3Hade-
HOA, CKPHBAKINUE CIOKHOCTH 33 OOPEHEIEHHEM CHMBOJIOB,— 3TO
eile He HCTHHHAA TPOCTOTA. Mo Moabko mpiok, Tak W B BHparKeHUH
(25.32) 3a wasmymeiica EPOCTOTOH CKPHBaeTCA HECKOIBKO ypaBHe-
HUii; 9T0 cHOBA He GoJsiee YeM TPIOK. PasBepHYB UX, BH CHOBA IOIY-
9HTe TO, ITO OHJIO paHbIIe.

Onmaxo 3aKOH 97eKTPONEHAMUKY, HANMCAHHEIA B gopme ypasn-
menusa (25.29), comepsur Hewmo OoIdbIlee, YeM HPOCTYI0 BAMHCH;
B BEKTOPHOM aHAJIH3E, KPOME IPOCTOTH 3ANNCH, TAK)Ke €CTh HEUTO
Gonpimee. Tor arT, 9T0 ypaBHEHUS DICKTPOMATHETH3MA MOYKHO 3a-~
pucath B OCOOHX 0G03HAUEHUAX, KOTOPHE CREYUAIbHO NPUCNOCOG-
JAenbl OA JeTHPEeXMepHO# reomerpmm upeobpasosanmii Jlopenna,
HaYe TOBOPA, KAK BEKTOPHEE yPABHEHUA B YeTHPEXMEDHOM MHpE,
03HAYaeT, 970 OHN WHBADHAHTHH OTHOCHTEJNBHO - IpeodpaszoBaHmil
Jlopenna. imeraomoroMy, 910 ypapHenus MaKcBe1a HHEBapHAHTHH
OTHOCHTENHHO 3TAX NpPeo0pazoBaBMi, UX MOMKHO 3aMHECATH B CTOIB
KpacHBOM BHJe.
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B TOM, 9TO 3aKOHHKI SAEKTPOAMHAMAKU MOKHO 3aUKMcaTh B popme
aneranTHOro ypapueHHA (25.29), mer mumuero cayuaitmoro. Teopusa
OTHOCHTEIBHOCTH OBJIa PasBHTA MMEHHO LHOTOMY, YTO 9KCHEpUMEeH-
maabHo nodmeepdusacy HeN3MEHHOCTh IPEICKA3AHHKX ypaBHEHAEM
Maxkcseana apnenuii B 1000l mEepuuaabHOil cucteme. ViMeEnO HpH
usydeHNu TpaHCHOPMANMOHHHIX CBOHcTB ypabHeHuWit MaKcseana
Jlopenn, oTKph cBOM Opeobpa3oBaHdA Kak OpeoOpa3oBaHHA, OC-
TABIAINMING NHBAPHAHTHEIME STH ypaBHeHU.

OpHEako ecTh W ApyTas HPHYMHA 3a0MCEBATH YPaBHEHHS B Ta-
KoM BHge. DEIo o0HApY:KEHO, 9TO 6ce 3aKOHKH (H3MKH LOJKHAL
OHTL MHBADHAHTHHIMH OTHOCHTENLHO mpeoOpasomanmii JlopeHma
(uepsEtii 06 3TOM moramanca Jiamreiin). TaxoBo cofep:;aHHe HPHH-
nuna orgocurensrocTd. [foaToMy ecim BH m3oGpenm ofosmadeHns,
KOTOPHE C€pasy ke MOKABHBAIOT, WHBAPUAHTOH J¥ BHIMCAHHEIL
HAMM SaKOH, TO MOKHO TI'apaHTHPOBATH, YTO HPH IOOHTKE CO3-
JlaTh HOBYIO TeOPHUIO0 BH Oyjere mMcaTh TONLKO YyPaBHEHHS, COIVIA-
cyoIquecs ¢ MPUHIMIOM OTHOCHTEIBbHOCTH.

B mpocrore ypaBmenmii Makcsenna B 9TuX JacTHHX 0003Haye-
HEAX HEKakoro dyxa mer. Ofosmavenus cuenmajibHO ORIH HMPHULY-
manul uMenno pug Hux. Camas waTepecHas ¢ (pE3MIECKOH TOYKH
BPEHHS BENIb COCTOUT B TOM, YMTO 41060l fuauyeckull sakon (60ymgp To
pacupoCTpaHeHNe Me30HHWX BOAH, WIH MOBEJCHWE HEHTPHHO B
p-pacmame, miam 4TO-TO APYroe) JOJIKEH MMETH TY sKe CaMylo HWHBa-
PHAHTHOCTD OTHOCHTEJBHO TeX jKe mpeobpasoraHmit. Tak 4910 eciaun
BAII 3BE3JONET JBWKETCS ¢ IIOCTOSHHOM CKOPOCTHIO, TO BCE BAKOHHI
TIPHPOAH BMecTe Hpeo0pasyiTes TaK, 9T0 HUKAKUX HOBHIX ABIEHMI
He poznamKaer. merno Grarogapsa ToMy, 910 HpUALNHALD OTHOCHTEN b~
HOCTH SBIAETCS BaKOHOM NPUPOAHI, YDABHEHHA HAUIEIO MMpa
B YeTHPeXMEepPHHX O0003HAUCHHAX OKHBL BHITVIAZETH FOPa3o

nmpoiie.



ragea 20

JIOPEHIIEBBI IIPEOBPA30BAHNA
OJIEN

§ 2.
§ 1. Yemuvpeaxmeprriit nomenyuan
deudcyurezoca sapada

B npemmpymeit rmase Mm BuAenam, 4TO LOTEH-
nuan A,= (¢, A) asasercs YOTHPEXBEKTOPOM. E3.
BpemeHHon KOMIOHEHTOH CIYRUT CKAXAPHHN Io-
TeHOWAX ¢, & TPEeMsA HPOCTPAHCTBEHHHEMY KOMIO-
HEHTaMHI — BeKTOPHHE morennumax A. Mcmoxways
opeoOpasorarusa Jloperrna, MH HAMIIH TARKH 4.
MOTEHINAA YacTHOH, JBIKYIeHica NpAMOInHeiino
¢ MOCTOAHHOM cKopocThio. (B ram. 21 To ixe camoe
ObLIO CleNaHO HECKONBKO HHHM MeromoM.) Iliis

§ 1.

Yeroipexmepuslii
HOTEHUHAT J(Bil-
wymeroesa 3apAna

Hoxs toueunoro
BAPAAR,  ABIGKY-
Heroess ¢ MoCTo-
SHHOH CHOPOCTHIC

Peaaruencrexoe
npecdpaszopanne
noxeif

Y pasHenwue
ABItHEeHHA
B [EIATHBHCTCENX

oGoznadennax

TOYETHOTO 3apAKA, KOOPIMHATH KOTOPOTO B MO-
meur ¢t papau (v¢, 0, 0), moTeHMHAaNH B TOIKe

(z, y, z) EMEIOT BER

B sroii raase c=1

q
4ne, Vi—? [(z vt) —{-—yz—}-zz] 2’

qv

A= 4rie, V1—_v‘2[(” 2 gy +z2]

x

~, (26.0)

A,=A4,=0.

Ypaprerus (26.1) maooT DOTEHNHUAJH B TOYKE
Z, Y, 2 B MOMEHT !, BOBHHKAKINHEE OT [BIKyIIe-
rocsa 3apafia, UCTHHHOE» IIOMOKEHHE KOTOPOTO
(uMeercst B BUIY NOJOKEHUE 8 MOMERM BDEMEH L)
z=uvt. 3aMerbTe, YTO B YPABHEHHE BXOMIAT KOOp-
IMHATH (T—0vl), Yy W 2z, KOTOPHE ABIAITCA KOOp-
JIMHATAMH OTHOCHTEIbHO REPEeMEHHO020 NOAONCEHU
P pemmymerocsa sapapa (¢ur. 26.1). Ho, rak Bu
3HaeTe, NCTUHHOE BIHAHNG PACHPOCTPAHACTCH HA
CaMOM JIeJIé CO CKOPOCTBIO ¢, TAK UTO IIOJE B TOUKE
oppejiesisiercsi HA CaAMOM Jejle Bama3THBAIOIHM
moaosxeHENeM 3apsama P’, KooppuHaTa & KOTOPOTO
pasHa vi’ (rme t'= t—r'[c — ¢3ama3HBANIIEE»

o

IHogniopumeb: ra. 20

«Pemienne ypas-
wennit Makceeana

B HyCTOM
NpoCTPaHCTEES?
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@ ue. 26.1. Onpedesenue noaeii
8 mouke P om sapada q, deusncyue-

(z,y,2) @0ca 80oab ocu x ¢ nocmoarwoll
cKOPOCMbBIO V.

IToae ¢ mouke (x,y, 2) & sHacmoAwuil
¥ MOMEHMS MOJNCHO 6EHPAIUMD KAK uepesd
cucmuHHoer nosoxcenue P, max u uepes
«3ana3dviearwyeer noasosxenue P’ (m. e.

Janasdsicarouyee
nonoxceHue r

r
l \ Hemunnoe noAodceHUE 8 MOMENmM L' =1—71'[c).
P P / nosomeeHue
vt Y, . z-vt ! 2
vt }

spema)*. HaM, ofHaKO, H38€CTHO, 9TO 3aPAX ABUTATCA € NOCTOAHHOT
CKOPOCTHIO 110 NPAMOA JWHUH, IOITOMY €CTECTBEHHO, UTO IOBeJeHe
B TouKe P’ HemocpemCTBEHHO CBA3aHO ¢ IEPEMOHHHIM IIONOKEHHEM
sapaga. GaxTwaecku, eciu MK 106aBUM IPEIIIOIOKEHNO, YTO MOTEH-
IHATH 3aBACAT TOAHKO OT MOJO;KeHNA H CKOPOCTH B 3alla3hIBAIOIAN -
MOMEHT, Torjia ypasHerue (26.1) 6yaer upefcTasaiaTh co00H HOTHYIO
$opMyny IIA TOTEHUWANOB 3apafa, ABWKymerocsa aob6sM obpa-
3om. Bor rak Bce aro pa6Goraer. Ilyers y Bac nMeercsa 3apaf, [BH-
YIMACA KAKAM-TO TPONBBOJABHKM 06pa3oM, CKakeM, IO TPAeKTo-
puu, usobpakennoir Ha ¢ur. 26.2, m BH HHTaeTeCh HAHTH NIOTEH-
HaJX B T09Ke (Z, Y, z). Ilpesxme Bcero BH HaXoguTe 3alla3/EHBAIOIIEo
nonoxenue P’ m ckopocts v’ B 9T0i Towke. BooGpasmre 3aTeMm, 4TO
3apAA COXpPaHseT CBOe [BHKEHUE ¢ 3TOH CKOPOCTHIO Ha BeCh IEePHOL
sanaspuBanus (¢'—1), Tak 4TO OH WOABWICH OB 3aTeM B BooOpaskae-
MoM monomenud P, Koropoe Mpl OyfeM Ha3HBATh «HPOEKLH-
OHHEIMY, IDMYEM [BHIasch ¢ TOM ke ckopoctsio v'. (Ha camom mexe
OH, KOHEYHO, HE Ie1aeT 3TOT0; B MOMEHT [ OB HAXOTHTCA B Touke P.)
Torga moremnuansl B TOYKE (¥, ¥, z) OYAYyT KAK pa3 TAKMMH, KOTO-
prie ganu 6m ypauenus (26.1) pus sooOpasxaeMoro sapsga B mpo-
eKuuoRHOM mono;kenmu P, Mm xorum spmech ckasarb, 4r0, IO-
CKONBLKY HOTEHUMAJH B3aBHCAT TOABKO OT TOro, 416 flejiaer 3apAj
B 3anaadeisaiowull MOMEHT, OHH OyIyT OJMHAKOBH, HE3ABHCHMO OT
TOTO, NPONOMIKAET JIM 3apA CBOE JBIKeHHe ¢ IMOCTOSHHOH CKOpO-
CTBIO WY W3MEHSAET €ro Hocjae MOMeHra ¢, T. @, MOCIe TOT0, KaK Ho-
TeHIMAlH, KOTOPHE BO3HWKHYT B MOMEHT ! B TO4UKe (Z, Y, 2), yiKe
OLpeMIeIeHH.

Bu momumaere, KOHEYHO, 4TO B TOT MOMEHT, KOI/la NOJYYEHb!
$opMyIH AjsA DOTEHNWAJOB IPOU3BOIBHO JBIKYIIErOCA 3apAAa,

* IllTpmx mcmonb3yeTcs 3Aech AAA 0003HAYeHHA 3anasdusarouyezo MOIO-
MHEHHA A BPeMeHN; He myTaliTe ero cO ITPHXOM B Npeirymeii riaase, 06o3Ha-
HABMUM CHCTeMy OTCIeTa, HOABEPTHYTYI0 upeolbpasoBamuam Jlopemna.

260



(z,y,2)

Dues, 26.2. Heuscenue sa-
pada no npouseoavroli mpa-
exmopuu.

Homenyuaant @ mouxe (x, y, z) @
Momenm t onpedeanromen NoA0HKe-
Huem P u cropocmaio v’ € :m-
naadviearowyuti momenm t’ == t—r’| Sanasdsisarowee
Hx ydobro swparcams vepea mwp- noAoweHue
Junamoel omHocUMeALHO «nPOEK-
YUOHHO020» NOAOHCEHUR Pnp {uc-

TMUHHBIM NOACHCEHUEM ¢ MOMENM
t seasemca mouxa P).

’ -

- »ipoeryuoHHoe™
nosAomenue

q

P, Hemunnoe”
nosoNeHue

Tpaexmopun v

MH BEMeeM NOJHYI0 3JeKTPOJVHAMHKY; M3 HPUHOUIA CyHepHo3H-
UMK MEl MO}KeM DOAYINTH WOTEHLUAJN JUIA J1000T0 pacupeneileHns
sapafon. CiefoBaTelbHO, BCe SIBICHMS DICKTPONNHAMUKA MOMKHO
BHBecTH am60 M3 ypasEemmit Maxcsemma, nmbo u3 ciegyiomero
pAra saMmedaBmil. (3amomEWTE UX Ha caydail, ecnHm BH BEPYT 09y-
THTeCh Ha HeobmrTaemMoM octpoBe. McXoms M3 HNX, MOKHO BOCCTa-
HOBUTH Bce. IlpeoGpasosanmmsa Jlopemma BH, KOHEYHO, IIOMHHTE.
He sabriBaiite mx nm ma HeoOmraemMoM ocTpoBE, HH B KAKOM-TTHG0
IpyIroM Mecte.)

Bo-nepeux, A, — dersipexsexTop. Bo-emopuix, KyaoOHOB IO-
TeHn@ax Jo6oro mokosmerocs 3apsfa paseH ¢l4negr. B-mpe-
Mmobux, OOTEHNNAN, CO3AHHMIl 3apANOM, HBKYUIMMCS IPOM3BOIL-
HEIM 00pa30M, BABHCHT TOJIBKO OT MOJNO;KEHUA B 3amasfuBaoIfuil
MoMeHT BpeMeHH. U3 p1ux 1pex arToB BH MO;KeTe MONYYHUTH BCE.
s rToro, urto 4, — TeTHPEXBEKTOP, MHI npeobpas3oBaEHeM RyJIO0-
HOBA HOTeHIWAJA, KOTODHI H3BECTEH, HOJYIAM NOTEHIMAX 3a-
pPARa, ABMKYIETOCA € IOCTOAHHOH CKOPOCTHIO. SaTeM M3 MOCHef-
HEro YTBEeKIEHUS, 9TO MOTEHIWAN 3aBUCHT TOJIBKO OT CKOPOCTH
B BaNasjKBAIONUil MOMEHT, MH, HNCHO0Ab3Ys TPOEKIUOEHOE T10J 03Ke-
Hue, MoykeM ux maiitu. [Ipasna, 510 He ¢9enHb-TO yHOOHHI cHocob
pacCMOTPEHUS, HO WHTEPECHO YOeAWTHCA B TOM, YTO B3aKOHH
(UBUKHE MOKHO C(OpPMYIHPOBATH MHOKECTBOM CAMEIX PABTMIHBIX
coco6os.

Neorma xoe-k1o Ge30TBETCTBEHHO 3aABIAET, UTO BCA BICKTPO-
IMHAMAKA MOMeT OHTh MOAydYeHa TOJbKO u3 mpeobpasoparmil Jlo-
peana m 3axoHa KymoHa, 910, KOHEUYHO, COBepIIEHHO HeBepHO. MuI
npeskjie BCero TOJKHE IPEANOIOKMTE, 9T0 Y HaC UMEIOTCA CRANAD-
BB W BeKTOPHEHI HOTEHIHANE, KOTOPLIE B COBOKYNHOCTH 06pasyioT
YeTHpeXBeKTOp. JTO TOBOpHT HaM, Kak mpeoGpasylorcs morem-
nHaNsl. 3aTeM, OTKY[A HAM M3BECTHO, YTO HEOGXOJMMO YYHTHIBATH
ToNBKO 3¢deKT B sanmasgmpBalomumit Mmoment? Wim, eme nydme, mo-
4eMy MOTEHIHMAJ 3aBMCUT TOJIHKO OT IOJOKEHHA M CKODOCTH M He
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BaBHCHT, HANpHUMEDP, OT yckopenmsa? Bexs noss E m B gasucam
BCE-TAKH ¥ OT yecKOpeRHdA. Ecnw BH monmTaerech HPEMEHHTH TO YK€
paccysaenns K HAM, TO OyJere BHHY;KAeHH IPU3EATH, YTO OHH 3a-
BHCAT TONBKO OT IOJOKEHHA U CKOPOCTH B 3ama3fbIBAIOMUil MoO-
merr. Ho Torga mone yckopsmoimerocsa 3apajga Owao OH TaKEM ke,
KaK W II0IIe OT 3aPAJA B NPOEKIMOHHOM IIOJIOAEHHH, & 3T0 HEBEPHO.
IToas 3aBUCAT HE TOJIBKO OT HOMOKEHHAA H CKOPOCTH BROIL TpaeK-
TOPHH, HO H OT yCKOPeHH. TaK 9To B «BEIMKOM» YTBEDIKAGHEH, ITO
BCe MO)KHO NONyIduTh W3 mpeobpaszosamma JlopeEna, COmep:RATCSA
elle¢ HEeCKONbKO HEeABHHX JIONMONHHUTEIBHHX IPEAIONO:KeHHH.
(Bcerga, morma BH cAHIMNHATe Homo0HOe dPdeKTHOE YTBEp:KIeHUE,
4T0 Hedro GoabIIoe MOKHO TOCTPOHTH HA OCHOBE MAJIOTO YHCEA
npefnonoKennit, — umure omuOKy. OGHYHO HeSABHO NPHHUMAETCA
OBOJISHO MHOTO TaKOTO, 9TO OKA3BHBAGTCA JAJEKO HE OYEBHIHEIM,
€CJIM IIOCMOTPETh BHEMATeJbHee.)

§ 2. Iloaa moueurnozo sapada, 06uUNCYuLE20CA
€ NOCTOAHHOU CKOPOCTNLIO

Wrak, MK HaOLI¥M TOTEHIMAIE TOYEIHOTO 3apAAa, ABWKYINETOCH
¢ IOCTOSAHHOI cxopocthio. Jlis mpakTHdecKux memell HAM HYIHKHO
HaliTk moas. PapHoMepHO ABWKYyIOUecsA 3apAAH IONATATCA OyK-
BAaTBHO HA KA/KIOM IIATy, CKajKeM OpOXOosAulMe Yepes KaMmepy
Bunscona RocMW4eCKUe JyIM VAW Ja;Ke MEJCHHO IBIGKYIMUECS
BIEKTPOHH B HpPOBOJHUKe. Tar 4ro jaBaiiTe x0T O TOCMOTpUM,
KaK BHTJAAAT 9TH HMOJA A JIOOKX CKOpocTeil sapafma, Kaske s
.CKOpOCTeil, OIMBKMX K CKOPOCTH CBeTa, HO IPOAMONOKEM NpH
HTOM, 910 yCKOpeH®e BOOOIIe OTCYTCTBYeT. 370 OYeHb WHTEPECHBIN
BOOPOC.

Tona Mu 6y;[eM HaXOAWUTHh MO OOKYHHM UpPaBHIAM, HCXOHA U3

IOTEeHINATOB
oA

E=—Vp—z - u B=VXA,
Boapmem cmazana E,:
___%¢ 04,
: ez et

Ho xommomerTa 4, paBHa Eymwo, a audpdepeHNApOBaHHE BHpPa-
smeAna (26.1) gaa ¢ maer

q z
= — 7 . 26.2
bngy V 1—0o? [(“;:Zé)2+yz+z2:| /2 ( )

Anajnormanas npouenypa it E OpPHBOTAT K

Y
Ey 4“80 V1—7/2 [(.’Z’——-?}t) +y2+zz] P (26'3)
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Hemuoro Goabme paforh ¢ z-kommomenToif. IIpomsBommas or ¢
fonee cuoskEa, fa m A, He paBHa =Hymo. Hapalite cHazana
BHIHCIEM — 0¢/0z:

op 1 _ (z—uvt)/(1—1®) —« (26.4)

__5;=/m80 V_1—V2 [(J;:Z:) + 2+22Jm .

A sareM mpopmpdepenmupyem A, mo i:

04, q — 12 (z—ot)/(1—2?) 065
at 43’[80 V.:l_UZ [(\x—m) +y + ]a/ . ( . )
U, HaKOHeI, cKJIajpBag UX, HOoJydaeMm

q z—uvl
Ex 4me, Vit [(JC ?}t) 4y +z2] . " (266)

BpocwM Ha MmEyTy samumaTthesn mosieM E, a cmauama mafigem B,
Has ero z-KOMIOHEHTH ME HMeEM

B 4y 04,
z dx ay °
Ho, nmockoabky A, paBHa Hyilo, y Hac OCTaeTcA TOIBKO ONHA

[POU3BONHAA. 3ameT5Te ojHAKO, 9T0 A, mpocTo paBHA v,
a mpousBojHaa (0/Jy)ve paBHA —vEy Tak uto

B,=vE,. (26.7)
Aganoruvso,
__04A, 04, op
Yy~ 6z bz 9z
MR
B,=—vE,. (26.8)

Haxonern, kxompomenta B, paBHa HYNI0, IOCKOJNBKY paBHH
mymo @ A, u A,. Taxuu 06pasoM, MarHATHO® HOJI6 MOKHO 3aIH-

caTh B BHje
B = vXxE. (26.9)

Tenepb mOCMOTPUM, KAK BHIVIANAT HAIIA noasA. Mau nonmraeMes
HApHCOBATh KAPTHHY HOJA BOKPYT NOJ0KEHHUA 3apA7a B HACTOAIIMIA
momeHT. HOHEUHO, BiMAHNE 3apSANA B KAKOM-TO CMBICIE IPOMCXO-
JUT U3 3aTA3JHBAKIEro MOJOKEHHST, HO, MOCKOJBKY MH HMeeM
IIeJIO CO CTPOTO 3aJaHHHM ABIKEHUEM, 3aMa3ALIBAI0IIee TOJ0KEHIe
OJHOBHAYHO OLPEJeNsAeTCA IONOKEeHMEeM B HACTOAmMMA MOMEHT.
ITpn mocTOAHHOH CKOPOCTH 3apAfa LOJaA Jydme CBA3HBATh ¢ TEKY-
UMK KOOpPAMHATAMHE, W00 KOMHOHEHTH OIS B TO4YKe X, Y, 2 3a-
BHCAT TOALKRO OT (T—ut), ¥y u 2, KOTOpHE ABAAIOTCA KOMIOHEHTAMM
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£, E

Quz. 26.3. Daermpuueckos
noae  sapada, fGeusncywyezoca ¢
NOCMOAKROL CKOPOCMbIO, KAnpas-
A€HO NO paduycy om UCMUHH020
noaoxcenus sapada,

(r,4,%)

r— ———— > Ylemuntoe
nOMOMEHUL

BEKTODA IIepPeMENeHHA T, U3 TOCTOAHHOIO MOJNOMEHUS 3apAfaa
B TOUKY (2, ¥, z) (¢ur. 26.3).

Paccmorpum crawana Toukm, gius koropux z=0. lloxe E 8 atux
TOUYKAX MMEET TOABKO Z- M y-KommoHeHntH. M3 ypasmenwmii (26.3) u
(26.6) BumHO, 9TO OTHOINEHHE DTAX KOMIOHEHT KaK Pa3 PaBHO OTHO-
HIEHHI0 Z- ¥ Y-KOMIIOHEHT BEKTOpa IepeMelleHHsA. ITO 03HAYAeT,
uto Haupasiesue E cosnadaem ¢ manpasienuem rp, KaK 9TO IOKa-
saHo Ha $ur. 26.3. Tor me pesynprar ocTaeTCa COPABEOINBEIM ¥ 4
Tpex uaMepeHmil, mockoabky K, mpomopnmonambEO z. Hopoue
TOBOPS, BDIEKTPHICCKOE IO 3aPAJa PajualbHO M CUIOBHE JHHEMY
pacxofATca OT 3apsajAa TaR ke, KaKk M B CTAIMOHAPHOM Ciydae.
Honeuno, sciefcTene HaIWdHEs TONONHHTeNBHOIO darTopa (1—v?)
moie He Gyzer TeM sKe caMBIM, 9TO B cranuonapHoM cayvae. Ho sgecs
MH MOMKEM YBHIETh HE4TO o4eHb maTepecHoe. lero oberour Tak,
Kak OyATo BH mumere 3aKoH Kymoma B ocoboil cucteme xoopmam-
HAT, «C;RaToiy BIOJIb ocH x MHoskuTeneM ) 1—u2. Ecaw Bu chaenaere
9T0, TO CHJIOBHE JMHUK BOEPeIH U I03aJA 3apAja pasochmyrcs, a
o Goxam crycrsires (pur. 26.4).

Ecnu mu cBasuBaeM oORHYHBM 00pa3oM HaUPSIKeHHOCTh HoiA E
¢ IJIOTHOCTBIO CHIAOBHX JIMHWHA, TO BHIUM, 9T0 HOJI€ BIEpPENH U IO-
sagum sapapma ociaabesaer, HO 3aT0 MO GOKaM CTAHOBHTCH CHJIbHEe,
T. €. KaK pas TO, 0 4eM IOBOPWT HAM ypasHeHnme. Horpya Bol maMe-
pfAeTe HAOPSIKEHHOCTH IOJA TMOJ HPAMEIMUM yIiaMH K JMHUHA [BU-
Jenusi, T. e. upy (r—vt)=0, paccrossne or 3apsaga Oyner pasHO

y®-22%, a monunas HaDPAKEHHOCTD VE2x+E2y B 9TUX TOYKAX paBHA

q 1
E=mvi—arsa (26.10)

OHa, Kak ¥ B cliylae KYJOHOBA IOJA, NPOOOPHAOHAIHLHA KBa-
PaTy DPACCTOSHMA, HO emle yCAIWBAETCA MOCTOSHERM MHOKHTEIOM

1/V 1—?, xoropmit Bcerma Gombme egmEums.. Taxmm o6pasoM,
no Goxam IBIKYIMErocsa 3apsafa IEKTPHIeCKOe HOoJAe CHJIbHEe, IeM
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aTo caemyeT m3 sakoHa Hymoma. MakTHIeCKn yBenMIeHHe 1O Cpas-
HEeHMI0 ¢ KYJTOHOBHM NHOTeHIHAJOM pDaBHO OTHOUIEHHI0 DHEPIHMK
YJacTHIH K €e Macce HOKOA.

Buepenn sapazga (wax nozajgu Hero) y W z paBHH HYJIO, a HO09-
TOMY

E=E,=-14=")_ (26.11)

T Angy (z—uit)? "

CHoBa mojie 06paTHO HPOIMOPIMOHAJLHO PACCTOAHMIO OT 3apsAja,
HO Temeph OHO 3apezaemcs MHO;kHTeleM (1—v?), 9ro cormacyerca ¢
KaprtaHO# cmiuossix auHuil. Ecam v/c Mano, 1o v%c® eme Merpme, u
meiicrue (1—0v®) moOYTM HE3aMETHO, IIOITOMY MEL CHOBA BO3Bpa-
maeMca Kk 3akony Hymoma. Ho eciam wacruna pemskercs co cxopo-
CTh10, OJMBKON K CKOPOCTH CBETA, TO HOJE Tepe] YACTHLEH CIIBHO
VMEHBINAeTCs, a none cOOKY IyHOBMITHO BO3pAcCTaerT.

Ham pesyasrar, orHOCAMMICA K BIEKTPUYCCKOMY IIONIO 3apA-
a4, MO;KHO OpeACTaBUTh M Tak. Ilpemqmonoxmm, 4T0 BH Ha KIOYKE
fymMaru HapHCOBAIH CUIOBHE JIMHHUE IOKOAMIErOCS 3apfAfa, & 3a-
TeM 3Ty KapTHHY 3aIyCTHIM cO cKopocrsio v, Torma Guarogapsa mo-
PeHIeBY COKPANIEHHIO PHCYHOK COMKMETCH, T. €. YACTHYKH TIpa-
¢ura Ha Gymare OymyT KasaThcHi HAM DPACIONOKEHABIMA B JPYTHX
mecrax. Ho dymo cocrtodt B
TOM; YTO B PesyJibrare Ha IPo- E
JIeTAIEM MEMO JUCTOYKE BEI
YBHOWTE TOYHYI KapTUHY CH-
JIOBRIX JIMHHA TOYE€YHOTO IBH-
JRYINEerocsa 3apapa. Jloperuero
cokpamienne cOAH3AT WX 1O
-Goxam, pasfBHHET HepeX 3apH- , 4 = (
IOM M 1033y HEro KakK pas
HACTOJNBKO, YTOOH IONYIUTH
HYHY WIOTHOCTH. MH yike
OTMEYaJIM, 9TO CHJIOBEE JH-

HUH — 3TC He pealbHOCTH, &
Aumb ¢10co6 mpefcTaBETh cebe
snextTpuueckoe mome. OgHAKO
smech OHEm BeAyT cebs Kak
caMBie HACTOANNE PpeajbHEe
auauu. B asroM  wacTtHOM

6§ v=09c

Quz. 264, Saekmpuueckoe nose
gapada.

a — Henodeuxcnozo, 6 — aemaweeo ¢ no-
cmoannott cxopocmauw v=0,9 c.
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ciay4ae, eclIM BH ¥M CHeJatu ommbKy, paccMaTpwBaf CHIOBEE JIH-
HAM KAK HEYTO pealbHOe W Impeobpasysa UX KAaK pPeaJbHEe JHHAN
B HPOCTPAHCTBE, OJe B Pe3yibTaTe BCe PABHO MOJYIHIOCH OH mpa-
pEaAbHEM. OQHAKO OT 9TOTO CHANOBHE JUHAE HE CTAHYT Gonee peann-
BoiME. BemomHuTe 06 BIEKTpHIECKOM LOJE, CO3ABAEMOM 3apAOM
BMeCTe ¢ MarHHTOM; KOTZa MAaTHHUT JIBHJKETCH, OH CO3JaeT HOBOE
SIEKTPUIECKOE IOJe W PaspymiaeT BCI HANIY HPEKPACHYI0 Kap-
tuny. Tax 910 mpocras mAaes cOKpamawimeiics KapTHHEKH, BOOGIme
ropops, He roauTtesa. Ho Bce ;e 810 0deHb YAOOHKHE cmocol 3anmoM-
HATh, KAK BHIVIALHUT mojie GRCTPO ABIKYMErocs 3apsja.

Marnuraoe nosne [m3 ypasmenusa (26.9)] pasmo v X E. Korga su
BEKTOPHO IOMHO;RHTE CKOPOCTH Ha pajgmaibmoe mojie E, 1o momy-
gute none B, cumoBHe JAWHEM KOTOPOrO MPeACTABIAIT OKPYKHOCTH
BOKpYT Juunn asmxerns (pur. 26.5). Ecan jxe remeps MH IHOACTA-
puM o06patHO Bee ¢, TO BH ybemurech, 4T0 pPes3yibTarT LONYUWICH
TOT jke, 9TO K s MEJICHHO NBWKYIUXCA 3apanos. Xopomuit
cnocol yCcTaHOBMTH, Kyfa ROMKHEL BOWTH ¢, — 9TO BCIOMHHTBH (op-
MYIy IJsi CHIHL

F=q(E-+vxB).

Be Buzmre, 4ro HpOW3BeleHW® CKOPOCTH HA MAarHUTHOE I0Je
NMeeT Ty ke PasMepPHOCTH, UTO W BIGKTPUYECKOE moJje, TAR UTO
B mpaBoil wactu (26.9) moiskeH croATh MHOMUTEdAh 1/c2, T. e.

B =YXE, (26.12)

c2

Jdasa MemnenHo pBmKymerocsa sapaga (v<€c) moje MOKHO CIATATh
KYJOHOBHM, M TOTHA

q VXr
= Ine@ T (26.13)-
Jra QopMyna B TOUYHOCTHE COOTBETCTBYET MATHATHOMY IONI0 TOKA,
KoTopoe Ouo Haiigeno B ra. 14 (sHm. ).

Ionytao MHe XoTexoch OH OTMETHTH KO€-4TO BechbMa MHTEpPEec-
HOE IPOCTO A TOTO, uro0H BH 00 sToM mogymanu. (K obcyspenmio
9TOr'0 MBI eIl[¢ BepHEeMcs, HO HecKoabKo mosxe.) Hpencrassre cebe
JBA JJEKTPOHA, CKOPOCTH KOTOPHX NEPIEHAWKYMAPHE, TAK 9TO
OyTd ®X OepeceKanTcs, OJHAKO DIEKTPOHH HE CTATKUBAIOTCH;
OIUH W3 HUX yCHeBaeT NPOCKOYNTH meped ApyruM. B rakoii-to mo-

Due 2.5. Masnumnoe noae ebausu
deuscywecoca  sapsda pasno VXE
(¢cp. ¢ Pue. 26.4).
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q,o—~—-> qz

a
Que. 26.6. Cuan mendy Y,
dsyma Osusxcyupumucs sapa-
damu ne gce2da paswum u npo-
MUGONOAOIHCH b,
«[Jelicmeue», oxaswieaemcs, He
pasHo «npomueoaeucmeuw». F] q,v,x B

) ' v, quz‘ F, 2

ql El ®B] ‘Uzv

MeHT NX OTHOCHTEJIbHOE MOJOMeHuNe OyieT TakuM, Kak m300payeno
Ha ¢ur. 26.6,a. Paccmorpmm Temeph CHAK, ¢ KOTOPHMH ¢, H€ii-
CTByeT Ha ¢y, n Haobopor. Ha ¢, co cTOpOHH ¢, AeifCTRYeT TOIABKO
3JIeKTPHYecKad chaa, ubo ¢; Ha JIWHWU CBOETO J[BEKEHWS HE CO3-
Haer MarHATHOTO moxasi. OZHAKO HA ¢,, KPOME BIeKTPHIECKOT0 MO,
JeficTByeT elle I MATHUTHO®, TAK 9TO OH ABIGKETCA W B MaTHUTHOM
mooJie, CO3NARAEMOM 3apsAAoOM ¢, Bce 9TH cuan TOKazadgel Ha
¢ur. 26.6, 6. drerTpUYeCKUe CHIK, [EHCTBYIONAE HA ¢, W (,, PABHEI
00 BeJIWIWHEe W IPOTURONOIOHE I0 Hampapieanio. OTHAKO Ha ¢,
eme jelicTByeT M G0KOBaA (MATHUTHAA) CWIA, KOMOPOL U 8 NOMUHE
nem y ¢,. PaBHO nm 37ech feficteme nmporusogeiicrsuo? Iogomaiite
TOJNIOBY HAJ OBTUM BOIPOCOM.

§ 3. Peaamusucmcroe npeodpasosarnue noaeii

B npepsigymem naparpade Ms BHYHCISIH HIEKTPHUSCKOE T MaT-
HATHOE WO, NCXOAA M3 TPaHCPOPMANMOHHKX CBOMCTB IOTEHI{HA-
aos. Ho, mecMoTpst Ha mpuUBefeHHHIe paHee apryMEHTH B HOAB3Y
PUBETECKOTO CMHCTA M PealbHOCTA MOTeHNIANOB, IMOJIA BCe JKe BAK-
gee. OHE TOKe PEATBHHH, W [JIA MHOTHX 3afjad Omno O ypmobHO
mMeTh CcIT0cO0 BRITMCICHHMA OOjeldl B JBIKYMEHcA cHCTeMe, ecian
OISl B HEROTOPOH «UoKoAmedcA» cucreMe yixe A3BecTHH. Mu mme-
eM 3aKOHH Ipeofpasosamnsl I ¢ U A, HOCKONBKY A, Ipe/icTaBIsAeT
coboit wermpexpextop. Temeppr mam Xorenoch OH HAHTH 3aKOHH
npeobpasosarus E n B. Ilycrs mur sHaem Bexropu Em B B ofmoil
cucTeMe orcueTa. ax jxe oHE BRITIANAT B GPYroil cucreMe, BIKY-
meiteA OTHOCHTENBLHO mepBoi? 3Aech-TO HaM W moHazobATCA Impe-
obpasoBaHus. HoHewHO, MH BCEra MOKeM clieiaThb 3TO depes
DOTeHIWAM, HO WHOTAAa yno6HO yMerh upeo6pas3sOBHBATE IOJIA
penocpefcrBeEHO. Ceffuac MH yBHIHM, KAk 3TO [[eJaeTcs.

Kar moxHO Halitu 3akoH npeoGpasosamus momeir? Ham mape-
CTHEI 3aKOHHL Hpeo6pasoBanus ¢ i A, ¥ MEL 3HaeM, KaK BEPayKaloTCsA
mond uepes @ ¥ A, TaKk 9ro OTCIOfA HETPYAHO HaiiTH mpeobpa-
sopanua gnA E u B. (Bt mosxere mogyMarh, 9T0 Y KaMKL0T0 BEKTOPa
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£CTh NeYTO, JONOMHIOIEe ero M0 IeTHPEXBeRTOpa, TaK IT0, HATIPH-
Mep, ¢ pexTopoM E MOMHO cBA3aTh HEKYIO BEJHIHHY, KOTOpas clie-
naer ero yernpexpexkTopoM. To ke camoe orHocuresa # K B. YBH,
910 He TaK. Bce OKasmBaeTcA cOBepmIEHHO HEMOXOKUM Ha TO, UTO
Moxcao 6rio Om oskupath.) Ilna mavana Bo3sbMeM MArHNTHOE IOJIe
B, xoropoe, KomeuHO, paBHO VX A. Teneps MH 3HaeM, 9T0 -, - &
2-KOMOOHEHTH BEKTOPHOT'O TMOTEHIMAJNa — 3TO TOJBLKO OJIHA YacTh,
TIOMUMO HEX €CTh emie M {-KoMmomenTta. KpoMe T0T0, MH 3HaeM, 4TO
y amazora omeparopa V Hapsgy ¢ OPOWSBOJAHEIME IO &, y M 2
€CTh Takke NpomsBofHAA Do !, JlaBalite ke momETaemcd HalTH,
9Td MONYYHTCHA, €CIW ME HpPOHW3BeIeM 3aMeHy y Ha f, mn@ z Ha i,
MIN emie 9TO-HNOYADL B STOM JyXe.

IIpesspe Bcero ofpaTuTe BHEManue Ha GopMy ciaraeMmx, 006-
PasypoIqux KoMOoHeHTH B:

04, 04, 04, 04, 04, 0A,

— - r 2 R S
Bx_—a;_?’ BJ’— 0z oz B, = ox oy ° (2614)

B cnaraemwe, ofpasyiompme 2-KOoMOOHEHTY B, BXOIAT TOJBKO
z- 0 y-kommoHeRTH A. IlpemmososxuM, MW HazBaaw 9Ty KoMOE-
Hal}I0 TPOM3BONHEX M KOMIOHEHT «Zy-TTYKO#», HIK COKPAIEHHO
Fzy. Mu mpocro mMeeM B BHAY, 4TO

24, o4

— y

Fzy:a_y—“ﬁ‘ (26.15)
Hopo6roit e «uryke» paBHa m kKommoHerra B, Ho Ha ceil pas
sT0 Oyjmer «rz-mTyKa», a B,, pasymeercs, paBHa «yZ-TTYKEY.
Taxum o6pasom,

B,=F,, B,=F, B,=F,. (26.16)

MocMoTpEM Temeps, 9TO - MOJYIUTCH, €CAM ME IOOBITAEMCH
CMacTePHTh (UWITYKM» TROA «I», 7. e. I, wan F,, (Benb mpupona moi-
Ha OHTH KpacmBa M CHMMeTpH4YHa mo %, Yy, 2 B t). Uro Taxoe,
nanpmmep, F,,? Pasymeerca, oma papHa

04y _ o4,
az at

Ho Bcmommnre, Begs A,= ¢, mosTOMy NpeJHyIee BHPaKeHHO
paBHO

dp 04,

9z 01

Takoe BHpaskeEme HaM Yy;ke BCTPEYaJOCh PaHpmMeE. IJTO IOYTH
z-kommoneaTra noua E. Ilourn, 3a uckiaodeHneM HeBepHOro 3HAKA.
Bopouem, Mm 3a0mnm, 9T0 B YeTHPEXMEDHOM TPaJiNeHTe HMPOH3-
BOJiHAA WO ! WJET CO 3HAKOM, HPOTHBONOJOKHHM IIPON3BORHHEIM
mo x, y ® z. Tak 9ro Ha camMoMm Jielle HaM ciejgyeT B3aTh Oouee
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yMHO® o6o0meHwe, T. e. CUWTATH
0A 94
thza_z’ +52 (26.17)

Temeps oma B TowmHOCTH paBHa — E,. Tak ke MOXHO HOCTPOATE
Fi. u F,, w monyuurs TPH BHpayKeHUA:

th_.—_-:—Ex’ Fty:—Ew th:—Ez. (26-18)

A uro, ecim oba unpgexca smEm3y Oyayt t? Mam oba Oyayr z?
Torma mu noayumd Brpassenna THHa

04, 04,
Fo=%r—%¢
n
__0A, 04,
Fop= 9r oz !

T. €. IPOCTO HYJIb.

Wraxk, y HAC ecTh MeECTh TARAX «F-mTyK». Hp0Me HHEX, €CThb ele
LIeCTh HOMYYEHHHX II€PeCTAHOBKON WHEEKCOB, HO OHM HE [IR10T HH-
9ero HOsoro, mbo

ny = —Fyx

u 1. 0. Taknm 06pa3oM, U3 mecTH BO3MOKHHX IOMAPHHX KoMOmHA-
Iui geTHpex 3HATEHMHA MHAEKCOB MBI HOJYyYWIHN MMECTh PasiMYHBIX
Pusmaeckux oOBEKTOB, kKomopwie npedcmasisiom kKomnonenmu B
u E.

YUrobm samucath wiesn F B obmieM BHAE, Mbl BOCIOJb3yeMCs
0606 MeANKHME VHAGKCAME {4 H V, KayKIhi #3 KOTOPHX MOKeT OmTb
0,1, 2 mim 3, 0603HATAIOMUX COOTBETCTBEHHO (KAK B B OOHIYHEIX
weTHpexBeKTopax) ¢, &, y win z. Kpome toro, Bce Gyjer npekpacno
COTJIACOBHIBATHCA ¢ HAMUMMH dYeTHpeXMepHHIME 0003HaYeHUAMH,
ecau F  ompefeluTh Kak

Fuv=Vp‘4v—VvAw (2619)
OIOMHA HpH 9TOM, HYTO
_ [ /] 7] __?_)
Vp‘(ﬂ? oz _’_5!—/7 gz /!

Ap.:((pa Ax1 Ayv Az)

To, uTo MH HamIA, MOKHO CHOPMYIHPOBATH TAK: B HPUPOAE CY-
IMECTBYIOT HIEeCTh BONMYMH, KOTOPHEe IPEICTABIANT pasidIHbe CTO-
POHBEL 9€r0-TO OJHOTO. JIEKTPHICCKOe W MATHATHOe NOAfA, KOTO-
phle B HameM OGHYHOM Me[JIeHHO ABE/KYIEMcA Mupe (Tfe HAC HO
06eCIOKONT KOHEYHOCTH CKOPOCTH CBETa) pacCMATPHBAJNCHL KaK CO-
BEpIIEHHO OTHAeNbHEe BEKTOPHl, B YeTHPeXMEDHOM IpOCTDAHCTBE
yske He Gyayr mmdm. OHE — 9acTh HEKOTODPOH HOBOH «MITYyKm».
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Hame ¢usmueckoe «mome» HAa CaMoOM fiele MeCTHKOMIIOHEHTHHII
obwext F,,. Bor kar obcrour feno B Te0puy OTHOCHUTENbHOCTH. Ho-
Iy4eHHHE Pe3yabTaTH giuAa F oy cobpann B Tabx. 26.1. ‘

Ta6auya 26.1 ®  HKOMIIOHEHTH F

1’1‘}w=—1"\,l_L

Fypp=
ny=_Bz Fa=E,
Fyzz—Bx Fyt=Ey
szz—By Fu=E,

Bt BupuTe, ¥T0 MH caenain pakTuiecku 0600IeHNe BEKTOPHOTO
npoussefenns. Mu Hagand ¢ poTopa 4 ¢ TOro gaxra, 4T0 €ro cpoii-
¢TBa mpeobpasoBaHus B TOYHOCTH TAaKHe jKe, Kak cBolicTa mpeobpa-
BOBAHWA 08yT BEKTOPOB — OOHYHOIO TPeXMEPHOTO BekTopa A
u omepaTopa TpajdeHTa, KOTOPHIl, KAK HaM H3BECTHO, Befer cels
HonoGHO BekTOpYy. BosBparmMcA Ha MHHYTY K OOBYHOMY BEKTOD-
HOMY TpOH3BeJeHMI0 B TPeXMEPHOM HpPOCTPAHCTBe, HapIMep K MO-
MeHTy KOJIHMIecTBA [BWKEHMsA dacTunsl. llpu paemwwxenmm wacrmns
B ILUIOCKOCTH BasKHOH XapaKTePHCTHKON OKasmBaercA KOMOWHA-
nus (zv,—yv,), & UPM ABIUKEHNN B TPEXMEDHOM NpPOCTPAHCTBE
HOABIAITCA TPH MONOOHEE BEIWYHHE, KOTOpPHE M Ha3Bald MO-
MEHTOM KOXHYeCTBA [BILKEHNA:

ny =m (z Vy— Yvs),
L, =m(yv,—zv,),
L,.,=m(zv,—av,).

3artem (xots ceftuac BH, MOKeT GHITH, 06 9TOM W 3aOHIINM) MBI COTBO-
pann B ra. 20 (BHE. 2) 9ymo: BTH TPH BEIMIMHH IPEBPaTHAUCH
B KOMIIOHEHTH BeKTopa. Ur106H ceIaTh 5TO, ME OPHHAJU HCKYC-
CTBEHHOE COMIAINEeHNe: NpaBwio npasol pyxrd. Ham npocro mosesno.
W nopesmxo moromy, uro Moment L;, ({ ¥ j paBHH &, y mwiH z) OKa-
3aJ1CH AHTHCUMMOTDPHYHEM OOBEKTOM, T. 6.

Ll]'= —le, L”.—':O.

U3 fgeBATE BO3MOKHEIX €0 BeIMYUH HE3aBHCHME Jmmmb Tpu. I Bor
OKa3aJI0Ch, YTO IPH M3MEHEHHW CHCTEME KOOPAWHAT STH TPH OIe-
paropa mpeo0pasylTcs B TOTHOCTH, KAK KOMIOOHEHTH BEKTOpa.

To e cBOACTRO MO3BOAAECT 3AWUCATH B BHJE BEKTOpA M JJIeMEHT
MOBEPXHOCTH. DIeMEHT MOBEPXHOCTH HMeeT B YacTH, CKaKeM dr
b dy, KOTOPHE MOKHO NpeJCTaBUTh BEKTOPOM da, OPTOTOHAIBHHIM
K DoBepXHOCTH. HO ME He MOMkeM CHenarh DTOTO jKe JJIA deTHpex
mamepenmit. Uro Gymer Hopmanbio k saementy dxdy? Hyna oma
HampaBjieHa — MO OCH Z mig mo t?

270



Hopoue rosops, mns rpex msMepeHHi OXa3HBAGTCH, UTO KOM-
OmHanuIO BYX BeKTOPOB THMA L;;, K CIACTHIO, CHOBA MOIKHO Ipef-
CTaBUTH B BHJIe BEKTOpa, HOCKOABKY BO3HHKAIOT KaKk pas TpH
4yeHa, KOTOpHE, BEIXOMUT, OpeoOpasyoTcs mHOMoGHO KOMIOHEH-
TaM Bextopa. Jljs ueTHpeX W3MepeHWr 3TO, OYeBHIHO, HEBO3-
MO}KHO, TOCKOILKY HE3aBHCHMEX WIEHOB INECTh, a4 IIECTh Be-
JFYAH BH HUKAK HE IPECTABUTe B BUJE YeTHPEX.

Onnaxo maske B TPEXMEPHOM IPOCTPAHCTBE MOMKHO COCTABHTH
TaAKy®0 KOMOUHANHIO BEKTODPOB, KOTOPYIO HEBO3MOJKHO IIPEICTABUTH
B BUAe Bexropa. IIpefmomoskum, MBI B3N KaKWe-TO {BA BEKTODA
a=(a,, a,,a,) ab=(b,,b,,b,) 1 cOCTABUTA BCEBOZMOKHEE PABTUT-
HHE KOMOMHANWH KOMIOHEHT THHA a.b,, axby u T. g. Bceero
NOJYydYaeTcs JIeBATH BO3MOMHEIX BEJINTHH:

ab,, axby, ab,,
aybx, ayby, aybz,
ab,, ab,, ab,.

OTH BeNMYUWHE MOKHO HasBaTb I';.

Ecam temeps mepeiitm B mOBEpHYTYIO cHCTEMY KOOpAHHAT
(crarkeM, OTHOCHTeNBHO OCH Z), TO IPH BTOM KOMIOHEHTH a u b
H3MeHAKTCA. B HOBo#f cucteMe @, JOIKHO OHTH 3aMeHEHO Ha

’ . -
ay=a, cosB—i-ay sin 0,
a by——Ha
b,=b,cos®—~b,sin®.

Ananornunnie Bemu MPOWCXOXAT U ¢ APYTUMH KOMIOHEHTaMH.
Hepars xommomenT maofperemmoil mamm senmumaw I, pasy-
meeTcs, Tosxe mameHsaiorca. Haumpnmep, T, =a.b, mepexopur B
Txy=axby(c0526)—axbx(cos@sinﬂ)—l—ayby(sine cos8)—a, b, (sin’0),
Han

T,,=T,, 00520 —T,, cos0sin®+ T, sin@cos0—T, sin?.

Kaskgan KoMmoHenTa T;j— 9TO JHHeliHasgd KOMOHHAUMA KOM-
noredr ;.

Wrax, Me o0HADYKMIH, ITO U3 BEKTOPOB MOKHO CHeJATH He
TOMBKO BEKTOPHOE NPOM3BefeHNe aX b, TpU KOMIOHEHTH KOTOPOTO
npeoGpasyior mogo6ao Berropy. VIcKycCTBeHHO MHE M3 IByX BEKTO-
pos T';, MOKeM CHeNaTh «IpOU3BeJeHme» NIPyroro copra. Jesamb ero
KOMOOHEHT IpeobpasyoTca NPy BPALICHUH 0 CI0KHLM IpaBUIaM,
KOTOpHE MOKHO BhmImcath. Llogo6Hb o6bexT, TpeOyoommi Axs
CBOEr0 ONMCAHMs BMECTO OFHOTO WHIEKCA [BA, HARKIBAETCHA MEH30-
pom. MH DOCTPOWIU TEH30p «BTOPOTO PAHIA», HO TAK JKE MOMKHO
OOCTYOUTH M ¢ TpeMs BEKTOpaMW ¥ IOJXYIHUTH TeH30p TPeThero
paHTa, a W3 9eTHPEX BEKTOPOB — TEH30DP 4eTBEPTOro paHra u T. A.
Ten30poM mePBOTO paHTA ABISETCH BEKTOD.
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CyTh BCEro 3TOTO PA3TOBOPA B TOM, YTO HAHIE BIEKTPOMATHATHO®
moxe F,, — TOKe TeH30p BTOPOrO panra, TaK KaK y HEro JBa WHJEK-
ca. OgHAKO 5TO y;Ke TeH30p B YeTHpeXMepHOM npocrpaHcree. OH
mpeobpasyeTca cuelnHalbHHM 00pasom, ¥ 4epe3s MAHYTY MH HalfieM
€ro. IT0 HPOCTO NPOU3BEICHUE BEKTOPHEIX npeo6pa303annﬁ. Ecnn
y TeHsopa F , BH mepecraBHTe HHJEKCH, TO OH M3MEHHT CBOH 3HAK.
Dro ocobrrit " Blm TeH30pa, W HABHBAETCA OH AHMUCUMMEMPUUHBLM.
Narage roBops, B3IeKTPHIECKOE M MACHHTHOE MOJA SBIAIOTCH
gacThi0 AHTHCHMMETPHYHOIO TEH30pa BTOPOrO paHTAa B YETHpEX-
MEpPHOM IPOCTPAHCTBE,

Bor xakoit Mu mpomunm mumaEHA oyTe. IloMEUTE, MH Havanm
¢ oIpejlelieHNA, 9TO TAK0e CKOPOCTh? A Temepb MH YiKe PaccyxiaeM
0 «TEH30peé BTOPOTO PAHTa B YETHIPEXMEPHOM IIPOCTPAHCTBEY.

Temeps maM HymHO HaiiTe 3aKkoH npeoGpasosanus F,,. Crenars
BTO- HETPYAHO — MOPOKH TOJBKO MHOTO,— IIeBEJINTh MO3TaMd
ocofeHHO He HY)KHO, a BOT HOTPYAHTBCA BCe jRe mpHaerca. Enme-
CTBEHHOE, YTO MBI HOJKHE HAaiTH,— 3TO mpeodpasosanme JlopeHna
BeaMINHH V A v, A Tak rax V — OPOCTO CHELAAJbHEIH cy-
gai Bemopa, 70 MH 6yneM paGOTaTb ¢ obmeit aHTHCAMMETPHIHO
KomOmHanuell BEKTOPOB, KOTOPYI0 MOKHO Ha3BaTh G,

G,,=ab,—apb,. (26.20)

(lan mamnx wmexeit @, Ciefyer, B KOHIe KOHIOB, 3aMEHATb HA
V,,ab, —mna IIOTeHI.U/Ia.TI A4,.) HommonenTa a, nb, npeobpasyiorca
no (I)opMyJIaM Jloperna:

, ag—va, s by—vby
a, = ———"= y b y
R 7 Vi-—-?ﬂ
q = Be—v b — b, —vby
* YVi—n' L 70 ) ’ (26.21)
a,=a,, by:by,
a;=a,, bz :bz,

Temepr mpeobpasyem kommomentH G,,. Haumem ¢ G:

a;—va b, —vby a,—vay \/ by—vby \
= abi—ani= (= ) (v - (Vi) (Vi) =

= atbx - axbt-

Ho Bexw a0 mpocro G,,. Takum oGpasoM, MH HOJIydHIN OPOCTOi
pe3yabrar

Gix= Gy,
BosnMem eme oflHy KOMIOHEHTY:
G' U=y, by —vb, o (atby""aybt):”_(ixby_aybx) .
Vi—er 7 2Vi—n Vi—v?
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Wrar, momygaercs
’ th—UG

Vl-—v“
M, xomedno, Toumo TakuMm e oGpasoM
th — Gy, —vGy,

Y 1—»?

A Temepr scHO, Kak BelgyT ceGA Bce OCTalIbHEEe KOMIOHEHTH.
JlaBaiite cocraBnm Tabanny mpeoGpasoBaHMil Beex IMecTH 4jeBOB]
TOJABKO Temeph MH OyneM Bce mucath NJIsA Bequund F,,

, ; F ——Z)I‘t
Fi.,=F,, F_ =2 7
’ xy V_1“‘?12 1
. Fy—ofF,, .
a7 = (26.22)
’ Fy,—oF ’ F, . —vF
F, —<lz xz F, =2 zt
tz V—l ] 1 zx Vi*“‘ 2
PasyMmeercs, no-mpe;xHeMy y HAc F FW, a. Fuu—O

Wrak, Mn mmeem upeo6pa303amm aneRTpnquan ¥ MAarHUTHHIX
monei. EnanTBeHHoe, 49T0 HAM HYKHO CHeJl1aTh,— 5TO 3aTIAHYTh
B Ta6x. 26.1 m ysmarp, uto osHavaer ans sektopos E u B mpeobpa-
30BaHMe, 3anmcanHoe juA F,,. Pedb mmer o mpocToil mOfCTaHOBKE.
Yro6s MOKHO GHIIO BHIETH, KaK BTO BCE BRITNIAAMT B OOKIYHKIX CHM-
BOJIaX, NepennieM Hamu npeo6pasoBaHHA KOMIOHEHT HOIA B
page tabua. 26.2.

Ta6auya 26.2 ®  JTOPEHITEBBHI IPEOEPABOBAHWA
BIEKTPUYECKHUX ¥ MATHUTHBIX

TIOJIEU
E.=E, B,=B,
E' _Ey—vB, B'=By+sz
yi—v y Vi
E B )
S
YV 1T—22 I VA e
(ITommnTe: c=1)

VYpasEenus B sroit Tabnmue roBOpPAT HAM, KAk HM3MEHAIOTCS
E u B ppm mepexome or ofHOil MHEPHUAIHLHONA CHUCTEMH K JAPYToid.
Ecnu mssectan E m B B ogHoOli cmcreMe, TO MBI MOKeM HAHTH,
gyemMy OHH paBHH B JApYyroil, IBMKYIIeHCSA OTHOCHTEIBHO Hee CO
CKOPOCTBIO V.

Mo;kaO mepenucath 8TH ypaBHeHUsa B gopme, Gonee jgerxoit pas
samomMuHaEHg. JLis 9TOrO0 3aMeThTE, UTO DOCKOJBKY CKOpPOCTH ¥

. 273



HaOpaBlIeHA IO OCH Z, TO BCe KOMIOHEHTH € U IPefCcTABRMAIT coboit
BekTopuEHe mpoussegeHuA vX E u vXB. Tax wro npeobpasosanus
MO}KHO 3amHEcaTh B Buae taba. 26.3.

Tabauya 26.3 [ J HOPYT'ASI ®OPMA MPEOBPABOBAHUA
IIOJIEH

E =E, B,=B,
,_EvxB), , (B—vXE),
y Vi y Vl——vz
(E+vXxB), B = _(B— VXE)z
Y177 z Vi—vz

(ITomunTe: c=1)

E

E_

Temeps merko 3amOMHATH, KaKasd KOMIOHeHTa Kyja muer. Dax-
TATCCKH DTH NpeobpaszoBandA MOKHO 3amHCaTh JaKe eIle Ipolme,
€CJIM BBECTH KOMOOHEHTH IOJId, HAUpPaBJICHAHe II0 OCH Z, T. €.
«mapansenbHEe) KOMIOHeATH FE), m Bj (koTOpHe HapaiiiejbHsl
OTHOCHTEJNBbHOH cropocTr cuetemM S W S') W IOAHEIE MOIEPEIHEHIS
WA «IepUeHfUKyIsSpHbIE» KoMuoHeHTs! £ | m B, T. . BEeKTOPHYIO
CYMMY Y- M z-KOMHmOHeHT. B pesyiabrate MH TOAyYAM ypaBHEHHA,
cegennsie B a0, 26.4. ([lna mOXHOTH MEI BOCCTAHOBWIH BCE C.)

Tabauya 26.4 e BIIE OIHA ®OPMA JIOPEHIIEBEIX
ITPEOBPABOBAHUI IIOJIEX E U B

E =E By=B

B vXE
B _(E+VXB)_]_ B = et )y
L Vi—v2jc® L Vi—o2/c

ITpeo6pasosarns HoasA HO3BOASIOT HO-APYrOMY PEITUTH 3a1a4H,
KOTOPHIMZ MBl 3aEUMAJMCh mpemje, HAIpUMep HalTH mome ABH-
JRYIIErocA TOYEYHOIO 3apsja. PaHblle ME BRYHCIAIN LONH, TUE-
¢depennupys norernuansl. Ho remeps 10 3k caMoe MOKHO CeiaTh,
upeobpasysi KymomoBo moie., Ecaum y Hac B cucTeMe S HAXOTUTCA
noKoAMIACA 3apsam, TO OH CO3[aeT TOABKO HPOCTOE PaguaibHOe
mone E. B cucreme S, msmxymelicd OTHOCHTENILHO CHCTEMH S
€O CKOPOCTBIO U==-—1, TOUCUHH 3apAn Oy[er KasaThCs HAM JeTA-
muM ¢o cropocrblo u. Ilokaskmre camm, uro mpeoGpasoBaHmsA
raba, 26.3 u 26.4 maioT Te ke caMBle BIEKTPUYECKHE M MATHUTHELIC
oS, KOTODPHE MH HOAYYHIH B § 2.

ITpeo6pasosamama Tabm. 26.2 [aOT HAM OYeHb WHTEpPECHHH H
mpocToif OTBET Ha BOIPOC: 4TO MEL BHAWM, €CAH IBIKEMCSH MUMO
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F1 + ] T F [ F T F[FTF
@D uz, 26.7. Cucmema Koop- .

dunam S’ Beuncemes ¢ cmamu- E
YECKOM SACKEMP UNECKOM TNOAE.

e

aw6oil cucreMn (uxcmposaHHHX 3apsimos? Ilycrs mam xogerca
y3HATh HOJIA B Hawell cucreme S, €CIM MBL JBEJKEMCA MERIYy Iia-
CTUHAME KOHJIGHCATOpPA BIOAb HEro, KaK IOKasaHo Ha ¢ur. 26.7.
(Ho, pasywmeercd, BCce paBHO, ecau OB 3apaKeHHHI KOHZEHCATOD
nsurasics MmMo Hac.) Yto swe mMu ypupum? [IpeoGpasoBanus B aToM
caydae objervaiorcs TeMm, 4TO B mepBOHAUANbHOI cmcTeMe moie B
orcyrcreyer. Ilpenmonoum cHadana, 9r0 Halle JBIDKEHUNEe Iep-
NeHAMKYJIAPHO K HampasiteEnio E, mpum s1oM ME yBHAUM O]

E’=E/V 1—v¥c?, Koropoe ocTaeTca MOJIHOCTHI0 HomepedHnM. Ho
MH elle yBEOuM u MaraEmTHOE moje B'=—vXE’/c?. (He ynusnsaii-

Tech, 9T0 B 9TOH Popmyse Her )} 1—v?; Beab M sanmcalm ee depes
E’', a me gepes E; Tar to:xe MoyxHO femars.) Mtag, korma Me ABE-
}KeMCA B HAIIPABJICHAHU, NEPNEHAUKYIAPHOM K CTATHIECKOMY IIOJIO,
to pummM mameHeHHoe E m BoGaBorx eme momepewHoe mone B.
Eciu Bame JBWseHNe He UEPUEHAMKYIXApPHO Bektopy E, 10 MM
pasbusaem E mHa E,m E,. Ilapannenbnaa uacTh ocTaeTca HeMsMeH-
noii, E;=E), & 4To DpPOHCXOAMT ¢ IEepHeHTHKYIAPHOH KOMIOHEH-
TOMH, MH y;Ke OLIHcalu.

Hasaiite pasGepeM OpOTHBOMONOKHHEIL ciyuait m Boobpasmm,
4TO MH [BWJKEMCA Yepes WHCTO CTATHYECKOEe MQ2HUMHOE TOJe.
Ha sror pas Mm Ou ysumennm suekmpuueckoe mone E’, pasmoe

vxB’, w marEETHOe mojie, ycmienmoe MEomureneM 1/} 1—v¥c?
(npepmonarasi, 94ro oHO momepewnoe). [[o Tex mop, moka v MHOro
MeHBIIe ¢, W3MEHeHHeM MArHHTHOTO LOJsi MOKHO npeHe6pedn, M
ocHOBHHM 8(dextom OyHer mNogBieHHe 3IEKTPHYECKOTO MO,
B kauectse mpumepa 3toro sfpexTa paccMOTPUM HEKOTHA 3HAME-
HETYI0O Opobiemy ompenmeneHds ckopocrm camoiera. Ceiiwac oHa
ysxe Goabiie He 3HAMEHUTa, HOCKOABKY JIIfA ONpeleneHusA CKOPOCTH
MOKHO HCIIONIb30BATh OTpayKeHHe OT 3eMJW CHTHAJOB DPAJIMOJOKAa-
topa. Ho paHbIe B mI0Xyi0 IOTOLY CKOPOCTD caMoseTa OHIo 09eHb
TPYJHO ompenenauTh. Bexp BH He BHAWTe 3eMII0 M HE MOKeTe CKa-
3aTh Kyja BH JeTmTe. A 3HATH, HACKOIBKO OHICTPO BH [BIKETEChH
OTHOCHTeIBbHO 3emun, Omu1o BaskHO. Hak jke 5TO MOJKHO ¢hesarh,
ge Buns ee? Te, xoMy Ghuim 3HAKOME ypaBHEHHA Ipeo6pasoBaHUs,
CUMTAIH, 9TO HY;KHO HCIOAB30BATh TOT PaKT, ITO CAMOJIET JBIKETCHA
B MarHETHOM noie 3emun. Ilpenmonoskmm, 9T0 caMoner JETHT TaM,
rle MATHATHOe Iome HaM Oojee HAM MeHee M3BecTHO. BosbMem
mpocreiimmil crydal, Korga MarHETHO® IOJe BEPTHKAJIBHO. Ecnm
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MH JIETEM 9epe3 Hero ¢ TOPU30HTAIBHOM CKOPOCTBIO U, TO B COOT-
BETCTBHM ¢ Hameii $opMyJioil JOKEH HaOmMOAaTh BIEKTPHISCKOE
noine vXB, T. e. nepneEgEKyAApHOS K HANPABICHHIO HBIIKEHUA.
Ecaim nomeper camMojieTa mOJBECHTH HM30JHPOBAHHKI IPOBOX, TO
BAEKTPUYECKOE IMOJIe HA ero KOHNax Oyjer MHTYIMpOBATH 3apsAmH.
Hy B atoM Emuero mosoro Her. C TOYKE 3peHnsA Habmiomarens Ha
3emiie, MBI mpoOCTO IEpeaBUraeM OpOBOJ B MaTHHTHOM IIojie, a cHia
q(v X B) sacraBnaer 3apaj ABUraThed K KOHIY IPOBOAA. ¥ paBHeHHA
npeo0pazoBaHuA TOBOPAT TO ke camoe, HO gpyrmmu ciaosamu. (To,
9TO OfHY W Ty K& BeIilh MOYKHO HONYIUTH HE OTHHM, & HECKOJIbKHMHU
cnocobaMm, BOBCe He 03HA4aeT, 4T0 OJUH ciocol Jydmie Apyroro.
Mub oBrajeny cTOTBKUME METOJAME U IPUEMAMHA, YTO ONUHE M TOT 3Ke
pesyunbTaT MOKeM IIOIy9arh KAKHMA XoTure cmocobamm!)

Wrak, equacTBEHAOR, YTO MBI AO/KHE CAenaTh Jis OupesieaeHnsn
CKOpPOCTH ¥,— 5TO H3MEPHUTh HAUpAKEHHe MeKAY KOHIAMHU HpO-
Boja. XOTA JAJA 3T0# IeJd MH He MOJKEM BOCIOIb30BATHCS BOJBT-
MmeTpom, mlo TO ke camoe mmome OymeT HeficTBOBATH M HA IPOBOXA
BHYTPH BONBTMETPa, cnocOoON M3MEpeHUsA TAKHMX IOJeil Bce e Cy-
mecTsyoT. O HEKOTOPHIX M3 HUX MH yiKe TOBOPWIN B ri. 9 (BHI. J),
KOT[A pacckasuBanm o6 atmocdepHOM 3ierrpmyectBe. Tak dro
M3MEPATH CKOPOCTh CaMOJIeTa, Ka3aloch OB, MOMKHO.

Opraxo sra Basknasa npoGuema He OBTA peleHa TAKAM METO/[OM.
Heno B ToM, UTO BeaWYMHA DIEKTPUIECKOr0 mOJsI, KOTOpOe HpH
9TOM PAa3BUBAETCH,— IMOPALKA HECKOAbKHX MHIJHBOIBT HA MeETp.
Vismepurs Takde Doasd, KOHEYHO, MOKHO, HO Bes Gefla B TOM, 4T0
OHU HAYEM He OTAMYAIOTCH OT JIOOHX APYTHX SIEKTPUISCKHX HOJIeH.
[lons, cosnasaeMbe JBWAEHHEM 9Yepe3 MATHHTHOe IIOJe, HeIb3s
OTJIMYHATH OT DICKTPHUYECKMX I0Jell, BO3HAKAMIIUX B BO3NYyXe IO
KAKAM-TO [PYTUM OpHIMHAM (CKaKeM, OT JJIeKTPOCTAaTHIeCKUX
3apAOB B BO3AYXe WIH Ha o6nakax). B ru. 9 mm rosopmam, uro
OOBIYHO Haj TOBEPXHOCTHIO JeMIH CYIECTBYIOT JIEKTPHICCKHE
[01A ¢ HampssKeHHOoCThI0 oKomo 100 6/x, O OHN coBepmeHHO HEpe-
ryaapane. Tak 4ro caMoier BO BpeMa monera Oymer HabmiogaTs
¢uayrryanuam atMocepPHEIX AeKTPUIECKEX MONEH, KOTODHEe OrpoM-
HH 110 CPABHEHMIO O cAa0eHbKAME IOJIAMH, BOZHUKAIOIIAMY W3-32
MAOKHTEAS VX B. Beuny arux umcro DpakTHYECKUX OPHYMH H3Me-
PHUTH CKOpPOCTh CaMOJIeTa, MCIOJb3YA ero JBH:KeHMe B MaTHHTHOM
mosie 3eMIN, HeBO3MOKHO,

§ 4. Vpasnenua 0susdcenus 6 PeARMUGUCINCEUL
obo3nauenuaAx*

Ionyuennsie u3 ypasmenuii MakcBelna ajJexTpHYecKHe W Mar-
HATHHE HOJA caMH mo cefe He mpefcTaBAAT 0co00# IeRHOCTH,
€CSTM MH He SHAeM, 4TO BTH mOJASA MOTYT JelaTh, HA IT0 OHH CIO-

* B orom maparpade Me He GyfeM UPHHEMATEH ¢ 32 eJUHANY.
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co6ust. BH, BepoATHO, IOMHUTE, UTO HONS HYSKHE [JIA HAX O ICHRAS
BefiCTBYOINX HA 3aPAJH CHJI ¥ YTO MMEHHO 3TH CHIH ONPEJIeNsIoT
nx aBmxenze. Tak 4To CBASH NBIKEHMs 3apALOB ¢ CHIAMH, pasy-
MeeTCs, TO/Ke ecTh 4acTh AICKTPOAMHAMHAKH.
Ha ormenvanit 3apsap, gaxogamuiica B nonax E u B, neiicreyer
cuia
F=g¢g(E+4vXxB). (26.23)

Ilpr me6onbmmx CHOPOCTAX 3T& CHAA PaBHA TPOUSBEIEHHI0 MACCH
Ha YCKOpEHHE, HO HCTHHHKH 3aKOH, CHPABEeIINBHII IpH JI0OHX CKO-

pocrax, rmacur: cmia pasua dp/dt. Ilogcrasnas p=m0v/l/1——v2/02,
HaXOXHEM PEeIATHBUCTCKOE YpPABHEHME NBUA{CHMA 3apHafa:

d mgv

Teneps MK X0THM OGCYAHTDH 9TO YPaBHEHNE ¢ TOYKH 3PEHHA TEO~
per oTHocureabHOcTH. Ilockonbry ypasEeruss Maxcreana sanm-
CaHH Yy HAC B PeASTUBHCTCKOM opMe, WHTEDPECHO NOCMOTPETH, KaK
B DPENATHBUCTCKON ke (opMe BHIIANAT YPABHEHUsA JIBH/KEHHA.
HocMoTpuM, MOKHO U mepenmcarh YPaBHEHHA [BW;KEHHS B UeTH-
pexMepHHX 0003HaYeHUAX.

M= 3maeM, 910 MMOYABC €CTh YAaCTh YETHPEXMEPHOTO BEKTOPA

p, ¢ sHepruei my/V 1—v¥/c* B KauecTBe BPEMEHHOH KOMIOHEHTH,
TAK 9TO ME HajeeMcd 3aMeHHTDh JIeBYI0 JacTh ypapHeHuA (26.24)
Ha dp,/dt. Tenepb HaM HY/KHO HAHTH TONBKO YTBEPTYIO KOMIOHEHTY
crunt F. 9ra kommonenTa fomskHEa OHTH paBHEA CKOPOCTH M3MEHEHUA
SHEPTUNM HIM CKOPOCTH COBepuienms paboru, T. €. F.v. Tar wro
IpaByi0 Yacth ypasreHns (26.24) sxemarensuo Goio Gm sanmcaTth
B Bufie seTepexsexropa tana (F.v, F,, F , F,). Ogmaxo ot Bexu-
YMHE HEe COCTABIANT YEeTHPEXBEKTOPA.

ITpoussomnas geTHpeXBeKTOpA nO épemeru He Oymer Gonbmre
YeTHIPEXBEKTOPOM, TaK Kak d/dt Tpebyer Hiasa wsMmepeHNsa ! HEKO-
TOpoil coemuanbHON cucTeMi oTcgeTa. (CBTOH TPYIHOCTHI0 MH YyiKe
CTAIKHMBaJUCh PAHbIIE, KOIJ]a NHTANHUCH CHEIATb YeTHPEXBEKTOP
u3 ckopocrd v. Torna MEl DOOEITAJIWCH CIYATATH, YTO PONE BPEMEH-
HOII KOMIOHEHTH cKopocTu urpaer cdt/di=c. Ho ma camoM pnene
BEJUYMHH

dr dy dz
(C, a—t’ 327 zl‘t‘):(c, V) (2625)

He o0pasyiom dernpexsexTopa. Ilocae sToro Mu OGHapysKnIm,
9r0 UX MO’KHO TIPEeBPATHTH B KOMIOHEHTH WOTHPeXBEKTOPA, €CIH

OOMHOKHTH Kaxaylo Ha 1/} 1—2%/c2.  «Uetnpexmeproli cKo-
POCTBIOY U, OKAasalcs BEKTOD

c v
== . 6.
% <V1—v_2/cz TV i—Ee ) (26.26)
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Bor B wem ¢orye! Hyxmo ymmo)xats mpomssopaylo d/df Ha
1/ 1—v?/c?, ecin MH XOTHM IPEBPATHTH €6 KOMIOHEHTY B YeThi-

* PEeXBEKTOD.
Hrax, Bropas rmmoresa: YeTHIPEXBEKTOPOM [OJKHA OHTH Be-

JEYAHA
1 d
e Ty . 26-27
V‘1_v2/C2 dt (pp.) ( )
Ho uro Takoe v? 3To y/Ke CKOpPOCTH 9YacTHIE, a HE CKOPOCTH
cucreMn Koopamaar! Taxmm obpasom, o6o0meHmeM CHIH Ha
YeTHIpeXMeproe mpocTpaHcTBO Oyner Benmumsa f,:

fg=(l,£v , ) (26.28)

v?/c? V1—~v2/62

KOTOPYI0 MH HaszoBeM «4-cmioiiy. OHa yKe YETHPEXBEKTOD,
M ee IPOCTPAHCTBEHHHIMEM KoMmoHeHramm Oygyr yxe me F, a
F/V 1—uv%c2.

Houemy e f, wernpexsexrop? Heminoxo 6u momarh, 4T0 9TO
3a TamHCTBEHHEIH MHOxuTerb 1/} 1—v%c. Tak kak MH BeTpe-
gaeMcs ¢ HUM y:ie BTOPOH pas, TO caMoe BpeMsA II0CMOTPEeTh, M0IeMy
mpou3BONHASA d/di Bcerma MOMKHA BXONHTH € ONHWM H TeM e
maoxmrenem. OTser sawmodaerca BoT B ueM. Horma Mmmi Gepem
HOPOU3BORHYIO IO BpeMEHH HEKOTOPOH PYHKINHA £, TO HOXCIATHIBAEM
npupamernne Az 3a Mansii uETepBan At mepemennoii . Ho B gpyroi
cHCTeMe oTcueTa MHTePBAd A? MOKET COOTBETCTBOBATH M3MEHEHHIO
Kak t', Tak u z’, TaKk YTO IpPU M3MEHEHHWH TOAHKO I’ M3MEHEHHE T
6ymer gpyrum. Ias mamux audpdepennupopaHdmil caeqoBaiio Onl
HAfiTH TAKyI0 NepeMeHHYW, Koropasa Onua On Mepoil «mHTEpBaIa»
B nNpOCMPAaHCMee-8peMenys W OCTaBajach OH TOH ke caMoil BO
BCceX cucTeMaXx orcueta. HOIJIa B KauecTBe 3TOT0 MHATEPBAJIA MH
IpuHEMaeM Oprpamesne Az, To OHO GygeT TeM jke BO BCeX CHCTeMaXx
orczera. Horma 9acTuna «IBIIKETCH» B YeTHIPEXMEDPHOM LPOCTPAH-
¢TBe, TO BO3HUKAIOT mpupamenna Kar A¢, tax a1 Az, Ay, Az. Moxuo
IE #W3 HUX cfenars mETepBan? Jla, oHEm 06pasynT KOMIIOHEHTH
OpHpanleHns YeTHpeXBeKTopa ,=(ct, z, Y, 2), TAK YTO, €CIAU OLpe-
JeInTh BenmamHy As wepes

(A =1 Az, Az, =1 (c2 A2 — Az2 — AP —Az2), (26.29)

9T0 MpeACTaBIfAeT YeTHPEXMEPHOe CHAIApPHOe IPOW3BEJIeHHe, TO
B Helt MBI IprobpeTaeM HACTOSAMHAL CKAJIAD M MOKEM TOJIb30BAThCH
UM 1A H3MepeHHusA YeTHpexMmepHoro murepsana. Mexoga ms sean-
umHN As miaum ee mpemena dS, MBEl MOMEM OUNpPEJETHTh HapaMeTp

= Sds. XopommuM TeTHpeXMEepPHKIM ONepaTopoM GYMIeT M IPOH3BONI-

HaA 10 S, T. e. d/ds, Tak Kak OHA MHBAPHAHTHA OTHOCHTEIBHO IIpe-
obpasosanuit Jloperna.
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Haa psmuymeiica gactuysl ds derxo cpasnBaercs ¢ di. s
TOUeUHON YacTHIH

de=v,dt, dy=v,dt, dz=v,dt, (26.30)

ds=1/(dt2/cz) (c2— vx——v —v2)=dt ) T—o?[cE. (26.31)

Taxum oGpasoM, omepaTop
1 d

Vi—otjcs dt

ecTb uHgapuanmuwlii onepamop. Ecnam mopeificTBoBaTh UM Ha M06oit
4ETHIPEXBEKTOP, TO MEL HONYIUM [IpyToil deThipexsextop. Hanpumep,
ecJu MHL TeficTByeM uM Ha (¢!, Z, i, Z), TO HOJyIaeM IeTHPEXBEKTOD
CKOPOCTH

dz

p.
ds =,
Temeps Mu BugmM, nouemy ) 1—v%/c? mompasiser feino.
NuasapuanTHasg mepeMeHHAsA § — OUYCHb HOJNesHasas QU3HIECKas
peauguna. Ee masuBaior «cOOCTBOHHHM BPEMEHEM» BHOAD TPACKTO-
pua gacTaiun, u6o B cacreMe, B jil060i MOMEHT ABMKYINEIHCA BMECTO
¢ yacranei, ds OpocTo paBHO MHTEpBaNy Bpemenu. (B sroil cucreme
Az=Ay=Az=0, a As=At.) Ecaz Bm mpegcrapure cebe uacw,
CKOPOCTb XOfja KOTOPHIX HO BaBUCHT OT YCKODPeHUsA, TO, JBHTAACH
BMECTe ¢ JACTHIl, TaKWe 9ack GyayT IOKA3HIBATb BPEMA S.
Teneps MOKHO BepHYTHCS Ha3aj] W 3anmcarb sakoH Heiorona
(mogmpasieHAHE JAHITENHOM) B U3AMHON dopme:
dp
E
= fos (26.32)
rae f, onpenensercs gopmynoi (26.28). UMnynbe ke p, MoskeT GHTH

BaTHCAH B BHIE
al.?:‘L
Py=Mmgl, =my—=, (26.33)

T/ie KOOPAWHATH I =(ct Z, Y, Z) ONHUCHBAIT TeNeph TPAEKTOPUIO
9aCTHINE. Hamonen, 9eTHpeX MepHEIe 0003HAUCHEA HPUBOIAT HAC
K 09eHb HpocToil dopMe ypaBHEHUN NBUIKEHUA:

d?x

fo=mg =, (26.34)

pamoMusamomei ypasmerus F=ma. Bamso ormermts, 9T0 ypas-
menus (26.34) @ F=ma — penu paseue, n6o 4eTHPEXBEKTOpHAS
dopma ypaBHeruA (26.34) comepskuT B cefe PENATHBHCTCKYIO Me-
XaHUKY, KOTOPaA OpH O0ABMHUX CKOPOCTAX OTAMYAETCHA OT MEXAHAKH
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Hroroma. 910 a6codTHO HEmOXO:Ke HA cCaydail ypasHeHRI
Maxcpeana, Ipe HaM Hy3KHO OKIZIO epenucaTth ypaBHEHAS B PEIATH-
BACTCKOH (opMe, COBEPULEHHO He USMEHAL UX CMBCAQ, & W3MEHSA
amub 0003HAYEHUSA,

BepreMca teneps kK ypapHeRmio (26.24) m mocMoTpuM, Kak B
9eTHPEXBEKTOPHKX O0003HAYCHWAX SaNMCHBAETCH IpaBad dYacThb.

Tpu xommonerts F, mogenennnie Ha V 1—v%/c?, cocTaBasAiT npo-
CTPaHCTBEHHbIE KOMIOHEHTH f,, Tak 910
1 =‘I(E+VXB):¢ —q E, ?)sz sz
. LIt

Vi—w/a [ YV 1—22/c2 o YV 1—%/& o Y 1=22/c

] (26 35)

Teneps ME [OKHB HOACTABATD BCE BEIMUMHL B AX PENATHBACTCKHAX
obosnauenmax. Ilpesxae Bcero c¢/Y 1—v¥/c?, v /Vl v¥ct n
v,/V 1—v%c® npepcraBnaoT £-, y- U Z-KOMIOHEHTH 4—0Kop0cm U,
KommonenTs sxe E m B BXogAT B 91€KTPOMATHUTHHIA TEH30D BTO-
poro pamra F . Otuckas B ta6a. 26.1 xomnomerntn F ,, cooTBet-
creyiomue £, B, n By, NOAY9IUM

fe=aq @l y— unyy ul )
3/lech yke HauWHAET BHIPHCOBHIBATHCA YTO-TO HMHTepecHoe. B kak-
JOM CJIaTaeMOM eCTh HHAEKC &, W 9T0 PasyMHO, WOO ME HAaXOZ¥UM
Z-KOMIIOHEHTY CHAH. DBce jte OCTANbHHE HHASKCH IOABISIOTCSH
B napax ti, yy, zz — Bce, KpoMe ¢cJIaraeMoro ¢ £r, K0ropoe Kyjna-ro
Zenock. Jlasajite npocTO BCTABHM €r0 ¥ 3aUMINEM

fe=q@F y—uF —uF,  —uF,). (26.36)

9TEM MHL HUYeT0 He M3MEHWIM, TaKk Kak Omarogaps aHTHCHMMETDUH
F,, charaemoe F,,  paBHO HywII. IMpuunnoi ke Hamero ;kenagus
BOCCTAHOBHTH €I0 ABIAGTCH BO3MOKHOCTS COKPANeHHOH 3ammcu
ypasHeHus (26.36): ‘
fo=qu,F,,. (26.37)
910 mo-upe:kEeMy ypabHeHme (26.36), ecndm IpeABapHTENBHO ME
OPHAMEM cozaquierlie: KOTAAa KaKo#i-10 HAeKC BCTPEIaeTCHd B IPOM3-
BejileHNN 08axcdbt (MOFOOHO V), HY;KHO aBTOMATHYECKM CyMMHDOBATh
BCE CIaraeMsie ¢ ONMHAKOBEIME 3HAYeHHAMH 3TOr0 MHIEKCA TOYHO
TAK M€, KAK B B CKAJAPHOM NPOU3BEJCHUH, T. €. N0Ab3YACH MeM He
CamMblM NPasuioM 3HAKOS.
Herpyamo mosepurb, 910 ypasaerue (26.37) rar ke xopomo
pabotaer W aag p=y, 0 AId u=2z.
ITocmorpuM puia 3abaBH, uTo fmaer dopmynra

ft=q(utFtt—uthx—uyFty_uthz)"
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Temepr Mmb cHOBa pomxmnt mnepeiitm k¥ E w B. Ilocme sroro
HOJY936TCsA

fo=0 (0 e Bty By i B ) » (26:39)

RIR
gv-E

Vi—v?e

Ho B (26.28) f, Gpanocs paBHEM

fi=

F.v =qv-(E—{—va)
lfi—vz/cz V1—02/c2 )

A 370 omHO ® TO e, uTo (26.38), mGo v.(v X B) pasmo Hymio.
Tar 9T0 BCe HAeT KaK HeJb3d Jywdine.
B pesyannTare Hame ypaBreAue HBH;KEHHA 3aIECHBAeTCH B dJie-

FaHTHOM BHJEC:
d%x

Mo b =, =qu,F,,. (26.39)

Kak HE npusaTHO BUAETH CTOAbL KpacwBO 3alMCAHHOE YDABHEHWe,
dopma sta He ocobeEHO mnoiyesHa. IIpE HaxoxIeHWH ABMIKEHHA
qacTuns 00HYHO yH00HEee MOAb30BATHCA MEPBOHAYANBHEIM ypaB-
meanem (26.24), 9ro MM m 6yxeM JenaTh B HaJbHeHmenM.



roasa 27

9HEPTH{ 1IOJA W ET0 MMIIYJILC § 1. Jlokamsupre zan

HbI COXpaHeHWs1

§ 2. Coxpanenne

§ 1. Jorarvnste saronvt coxparenus

To, 910 DHEprus BemecTBa HE BCETHA COXpa-
HAETCA, ACHO KAaK fAeHb. IIpE W3Jay4eHWH CcBera
o0pexr Tepsier BHepruw. ONHAKO HOTEPAHHYIO
9HEPTHI0O MOMKHO IPEeJCTABATh B KaKOH-TO APYToid

JHeprmm n 3JeK
POMarunTHOE 1),

§ 3. HaorsoeTe

JHepruu H NOT(
JHEPIH B 3JeKT )
MaranTHOM noae

¢opme, ckaskeM, B opme sreprum csera. [osromy§ 4. Heoupeneien-

3aKOH COXpaHeHMsA SHEPTHM HE IONOH, €CIU He
PaccMoTpeTs SHEPTHI, CBASAHHYI CO CBETOM,
B 9aCTHOCTH, M C SJEKTPOMATHHATHEIM IIOJieM B0OG-

HOCTHL  SHedruu
noaA

me. Cefigac MK HOIIPABEM €r0, a 3a0fHO ¥ 3aKOH 5. Hpmyepu

COXDAaHEHHA HUMOYJIbCAa ¢ yIEeTOM BIEKTPOMaTHUT-
HOTO mois. Mu, pasymeercs, He MOKeM 00CYKIATH

HEOTOKOB  JHepTt

mX WOpO3HB, B00, corsacHo Teopum OTHOcHTENb§ 6. Elmuyine wnousn

HOCTH, 9TO Pa3AUYHLE IPOSABICHUS OFHOI'O W TOTO
JKe YeTHPeXBeKTopa.

C coxpaHeHmeM SHEPTHH MH HO3HAKOMHJHCH
elle B Havaje HAIIETr0 Kypca; TOTJa MH LPOCTO
CKa3ajM, YTO HOJHAA DHEpPruA B MHUpe ocTaercsd
nocroarHod. Temeps ke MH XOTHM CHeraTh OYeHb
BKHOe 0000meEme WAEeHM 3aKOHA COXpaHEHUs
SHEPTHHU, KOTOpOe CKa)KeT HAM HEUTO O Jemansr
TOrO0, Kak dro mpomcxomur. Hosmil 3arom Gymer
TOBOPHUTbH, 4TO €CIIM DHEPIHS YXOUIUT M3 KaKOH-TO
obaacTE, TO 9TO MOMKET IPOHCXOAUTH TOJNBLKO 3a
CUeT ee 6bMEeKaHUs Uepe3 PAHUIE paccMarpuBa-
eMoil obnacrm. JTO yTBepyKAEHWE CIUIbHee, UeM
mpocro coxpaneHue sHeprum (e3 mOMOOHEIX orpa-
HUYCeHUI,

YToOK Jerye NOHATH CMBICI 9TOTO YTBEP:KICHUS,
IOCMOTPHM, Kak paGoraer BaK0OH COXDPaHEHHH
sapsazga. Y Hac €CTh IIOTHOCTD TOKA j ¥ IIIOTHOCTD
sapafa p, a COXpaHeHEWe 3apARA ONHUCHBAETCH
TEM, 9TO €CHM B KAKOM-TO MecTe BAapAfN yMEHb-
maercs, TO OTTyAa NOJIKEH LPOHCXORUTH OTTOK
sapAgos. Mu HasKEBaeM DTO coXpaHeHHWEM 3apAna.
MaremaTruecKu 3aKOH COXPAHEHHA BAIHCHBACTCH
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B BHJ®

. ap
V-]=—-§'. (271)
lax cnegcTeme 9TOr0 3aKOHA HOJMHHI 3apAN BCETG MHPA OCTAeTCs
DOCTOSHHKM. 3apAnsl HIKOIA He POKIAMUCH W HE YHUYTOKAJINCH;
R MMpe KaK IIeJI0M HeT BHMKarKo#i 9HcTOi mpubHaM 3apAmoB, Kak
HeT W HAKAKUX moTepb. OIHAKO LONHHI 3apsj MEpa MOMKHO Cle-
NaTh TOCTOAHHAHM ® JpyrmM cmocobom. llycrs B6ausu Ttouxm (7)
HaxommTea 3apanx (@, a s6mmsu Tourm (2), PaCHOMOMKEHHOR OT Hee
Ha HEKOTOPOM pAaccTOSHNW, HUKAKOrO0 3apapxa mHer (¢ur. 27.1).
Ilpegnono;xnm Temeps, 9TO ¢ TeweEWmeM BpeMeHH 3sapsax (, mocre-
NeHHO Wc9e3aeT, HO 49TO 00Ho8pemenHo ¢ yMeHbmeHueM (J, BOansm
rourn (2) mossaserca sapax (J,, opudeM Tak, 9To B JI0G0H MOMEHT
cymma Q, m Q, ocraercsa nocrosmnoil. pyrumu ciosamu, B 1060#
OPOME;KYTOYHHH MOMEHT KOJIMYeCTBO 3apAfa, repsemoe (,, mpu-
6aBnsierca ® Q,. Ilpum aToM B MuUpe mOJAHOE KOAHIECTBO 3apsga COX-
paasercs. X0TA 9TO TO}ke (BCEMHPHOE» COXpaHEHNEe 3apsAna, MH HE
OymeM ero Ha3HBATH IOKAJLHEIMY COXpaHeHWeM, u0o fas TOro,
qaro0n 3apan nepebpanca us roukn (I) B Toury (2), emy me obsasa-
TEJIBHO TOABIATHCA TIE-TO B IPOCTPAHCTBE MEMKIY DTHME TOYKAMHU.
JlokaabHO 3apax mPOCTO (TEPHETCHY.
Onnaro Takoii «BCeMMDHHI» 3aKOH COXPAHEHHSA BCTPEYaeT
B TeOpWH OTHOCHTeIbHOCTH Goibumme Tpygmoctd. [lomarme «omHo-
BPEMEHHOY [Jif TOUCK, PA3[eIeHHENE PACCTOAHNEM, HEAKBUBAICHTHO
s pasHHX cmcTeM. Jlsa cobHTHA, IPOUCXOASIINE OZHOBPEMEHHO
B ofHO# cucreMe, He OyayT OMHOBDEMEHHHIMH B CHCTEMe, IBIIKY-
meiica OTHOCHTeNbHO Hee. JJId «BCEMUDPHOTO» COXpAHEHUA TOIBKO
9TO OOWCAHHOTO THHma TpeOyeTcsa TONBKO OfHO — 9YTOOH 3apAx, Te-
psemuii Q,, odnospemenno nossusiuca 8 Q,. B mporusrOM ciydae
OyAyT TaKue MOMERTEHI, KOT/Ia 3apsAI He coxpansaerca. [lo-smmumonmy,
cumocoba craemaThb 3aKOH COXPAHEHHWS 3apsaia pPeIATHBHCTCKA

0 (2)

Que, 27.1. [Jea cnocoba onucanus
coxpanerus sapada.

ai Q-+ Q; nocmoanro. VY /_#\
'.%Q%=§. i-n da=—‘%. % j' ////Q/
Q, \_y/ 2

)
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NHBAPHAHTHHIM, He JieJlasg €ro «IOKAIBHHMY, He cymecTByeT. CyThb
B TOM, 9T0 TpeOoBaHMe JOPEHNEBO! MABAPDHAHTHOCTH, KAaK OKA3H-
Baercs, yOuBATeIbHeHmEM o00pazsoM OTpaHMYHBAET BO3MOKHHE
SaKOHH TPHPOAH. B coBpeMeHHOIl KBAaHTOBOH TeOpHMM TLONH, Ha-
NpAMEp, TEOPETAKH YACTO THTATCA M3MEHHWTH TEOPHUIO, NOMYCTHR
TO, 9TO MH HA3HBAaEeM «HEJOKANbHEIM» B3aUMOJEiiCcTBHEM, KOTAA
HEYTO, HAXOoAAmeecs 3decb, HENOCPEICTBEHHO BIUAEeT HA HEUTO,
HAXOIAMEECH MmaMm, HO MH BCerfa HaTAIKWBAeMCsA HA TPYLHOCTH,
CBfBaHHBIE ¢ IPUHOMOAMHA OTHOCHTENbHOCTH.

«JlokanbHBIe» )Ke 3aKOHH COXPAHEHWs OCHOBAHH HA JpYroi
mnee. OBH yTBePIKIAIOT, 9TO 3aPSAL MOMKET IIEPEHTH W3 OTHOTO MecTa
B JIPyIOe TONBKO HPHU TOM YCIOBHH, YTO HEYTO TAKOE HPOHCXOIUT
B mpocrpaHcTBe Meskxy Humu. Urto6H ommcarh Takoil 3akom, HaM
HY’KHA HE TONBKO IIOTHOCTh 3apsfa P, HO ¥ BeJIMIAHA JPYTOTO COP-
Ta, WMEHHO BEKTOD §, 3afalon(Wii CKOPOCTh HOTOKA 3apAma depes
mOBepXHOCTh. [IpM 9TOM HOTOK CBA3AH €O CKOPOCTHI0O M3MEHEHUH
sapaga ypassenmeM (27.1). Jt1o Gosee cmabHasgs (OPMYyJIHPOBKA
BaKOHa coxpanenusi. OHa TOBOPHUT, YTO 3apAj COXpanseTca 0coOuM
ofipazoM, cOXpaHAETCH «IOKAJBHOY.

Coxpanenne 9HEPTWH, OKa3HBAETCH, TOME LOKALbHI TmpoIecc.
B Mupe cymecrsyer me TONBKO IWIOTHOCTE YHEPTWA B JAHHOHR 00-
JacTd, HO M BEKTOD, IPEHCTABJAIIMA CKOPOCThH HOTOKA DHEPTHH
4Yepe3s IMOBEPXHOCTh. Hampmmep, KOTAAa HCTOYHHK W3ITYYAET CBET,
MH MO}KeM HAWTH SHEPIHUIO cBeTa, n3aysaemoro uM. Ecau Mu BooOpa-
3HM HEKYI MaTeMAaTHYeCKYI0 IOBEPXHOCTH, OKPY/KAWIIYH HCTO9-
HAK CBeTa, TO LOTEpS DHEPIHE STOT0 MCTOYHUKA PpAaBHA IOTOKY
SHEPTRU 9epe3 OKPYKAWINYI0 ero mMOBePXHOCTH.

§ 2. Coxpanenue snepeuu U INEEMPOMALHUMHOE
noae

Hawm mago reneps onmcaTs cOXpaHeHHe SHEPTHE B JIEKTPOMAT-
HUTHOM I10J1¢ KOAXIeCTBeHHO. {11 9T0r0 HY;KHO BHACHATH, CKOIBKO
DHEPTUMU HAXOUTCH B efumHEUNE 06BeMA, & TAK/Ke KAKOBA CKOPOCTH
ee OTOKA. PaccMOTPHM CHAYaJjia SHEPTHI0 TOABKO 3JIEKTPOMarHuT-
poro noasa. Iyers u o0o3HawaeT niomHocmb sHepeuu UONs, T. €.
KOJIM9eCTBO JHEPTHE B eRmHWNE 0o0BeMa HPOCTPAHCTBA, a4 BEKTOP
S — nomok smepeuu mons (T. e. KOIWIECTBO HHEPTHH, NpPOMmeJmee
B €[MHUILy BPEMEHHW Yepe3 eJWHHYHYI0 IHOBEPXHOCTH, HEepHEHIHKY-~
nApHY0 K noroky). Torma, amanoruaao coxpanenuto 3apsaga (27.1),
MOKHO HAIHCATh «IOKaJBHHI» 3aKOH COXDPAHCHEHA SHEPTHA WOIA
B BHJIE

=—V.8. (27.2)

HKoneyno, aroT 3aK0H, BO0OmE ToBopdA, He BEPEH; SHEPIUA MO
He coxpamserca. IIpegcrasbre, 9T0 BH HAXOAMTECh B TEMHOI KOM-
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HaTe, 4 3aTeM IOBOpPAYMBAETe BHIKJIOUAaTeah. HOMHaTa BHE3anmHO
HATOMHACTCA CBETOM, T. €. B Hefl OKa3HBABTCA DHEPTUA HOAA, KO-
TOpPOH paHblie He G0, YpapHeHue (27.2) He COCTABIAET HMOJHOLO
3aKOHA COXpaHeHHA, W60 DHEPrdA 00HO20 MOALKEO noai He coXpa-
HAeTCA, 4 CYMEecTByeT elle SHePTHA BeINecTBa; COXPAHAETCH JIHIb
TNOJHASl SHEPTHA BO BCeM MHUpe. JHEPTHA nojaA Gyner M3MeHATHCA,
eClIE OHO IPOU3BOAHUT PaboTy HaJ BeNeCTBOM MM BEINECTBO IPOH3-
Bogut pabory HaJ moyieM.

OpBako ecinu BHYTpH HMHTepecymomero Hac obbema Haxopurcd
BeIeCTBO, TO MBI 3HAEM, CKOJIbKO SHEePIUH OHO HeceT B cebe: dHEprus
KKIOH 9acTHIE paBHA mocz/l/l—vz/cz. Honnasn :xe omeprus
BeHmecTBA pPaBHA IPOCTO CyMMe DHOPIHME BCEX YacTHI, a HOTOK ee
Yepes MOBEPXHOCTH paBeH NPOCTO CyMMe 9HEpruil, mepeHOCHMOMR
KaKaoll wacruneii, nepecexkalomeil dTy moBepxHOCTh. Ho ceifuac
MH 0yJeM OMeTh JeJI0 TOAbKO ¢ 9HePrueil aJ1eKTPOMATHATHOTO MO/ S.
Tark 9T0 ME HOJKHE HammcaTh ypPABHEHHME, KOTOpOe TOBOPUT, ITO
TojHAA DHEPTHS no4i B fanHOM 00heMe yMeHBImaercs .4ufo B pe-
3yJapTaTe BHTOKAHHA ee u3 00beMa, 4160 TOTOMY, ITO IOJIe ImepefaeT
CBOIO SHEPTHMIO BeIecTRy (wau nprobperaer ee, YTO 03HAYAET IPOCTO
OTPHLATENbHYI0 IOTEpo). JHeprua moas B obbeme V pasHA.

uav,
14

a CKODPOCTH €0 YMEHBHICHWS PaBHA HPOM3BOJHOHA 9TOT0 MHTEIPATA
10 BpeMeHH CO 3HaKoM MuHyc. lloTox sHeprum moasa ms obbema
V paBeR HATETpany OT HOPMaJbHOA KOMIOOHEHTH S [0 HOBEPXHOCTH
X2, orpammymsapmei obvem V:

{ (S-n)da.
%

Takmm 06pasom,

__(% S udV = S (S-n) da+ (Pabora, sarpavennas (27.3)
2

D Ha BemecTBo B 0Gpeme V).

Pambiie M1 BHenW, 9TO HAJl Ka:KR0H ejuANIel o6beMa BemlecTBa
moJie B eJUHANY BpeMeHu npousrogar pabory E -j. [Cuna, geiicry-
omag Ha uacruny, passa F=¢(E+vXB), a momgmocrs pasHa
F.v=¢gE-v. Ecnm B eguunne o6sema cogepmumrcsa N gacTum, TO
aTa MOIIHOCTH B efmHmIe o0vema pasaa N¢E .v, a Ngv=j.] Takmm
oGpasoM, BeamuimHa E.j momxma 6HTb papHa sHEprzmm, TepseMod
nodem B eguHHIE o0'beMa 3a eUHWIY BpeMeHm. Y pasmemme (27.3)
opd 9ToM mpHoGperaer BHJ

—2 wv=§@mym+5mqmu (27.4)
A 12 1%
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Bor kKak BHIIADAT HAmM 33aKOH COXPAHEHWsI DHEPTMH B IOJe.
Ero Mo)kHO 3anucaTh Kak fupdepeHnnanbaoe ypasHeHne, moq06H oe
(27.2); pas sToro BTOpOe cliaraeMoe HY;KHO IPEBPATHTH B MATETDPAJ
no o0’beMy, 4TO JIETKO JielaeTcsa ¢ moMomb TeopeMiu Iaycca. Ilo-
BePXHOCTHHIA MHTEIPAX OT HOPMAJBHOW KOMOOHEHTH S paseH
HHETETPaly OT AUBepreHnua S mo o0BeMy, OTpAHWYIEHHOMY B5TOl
NOBEPXHOCTHIG, TAK 4T0 ypasHexue (27.3) sKBUBANEHTHO CIERYIO-
nemy:

S Wy — §(V S)dV—}—S(E i) dv,

T7le TPOM3BONHYI0 IO BPEMEHHM OT HEePBOTO CIAaraeMoro Mh BHECIH
mox wunrterpain. Ilockonbry »To ypaBHemme BepHO s Joboro
o0bemMa, TO MHTErPAJE MOKHO OTOPOCHTL M LONYIWTH ypaBHEHN®
JA 9HePIHH dIeKTPOMATHHTHOTO IOJA:

— 2= (V8)+ (E-j). (27.5)

OnHako 5T0 ypasHeHMe He JacT HaM HUYET0 XOPOIIero, MOKa MH
He ysmaeM, uto tTaxoe u u S. Brrs Mo)xeT, MHE cie[[0Bai0 OB IPOCTO
cKasaTh BaM, KAK OHM BHpaskaorca sepes E um B, mockonbky aTo
eIUICTBEHHOE, YTO HaM, cobcTBenHo, Hy:xkmo. OJHAKO MHe OYeHb
X0UeTCA HBIOMHTH BaM BCE TE paccy:kaenus, koropumu B 1884 r.
BOCIOJ b30BaJics [lofaTHAT, uT00H DOAYTUTH GOPMYIE AN S U U, ¢
TeM uTO0H BH MOHHMAaJNH, OTKyda omm B3amumch. ([as ganbpmeiimeit
paGoTHl, BOpoOYeM, BaM 5TOT BHIBOJ He moTpebyercd.)

§ 3. Ilnomnocmov anepzun U NOMOK IHEPLUU
8 IACKMPOMALHUIMHOM NOAE

Wnen sariiodaerca B TOM, UTO JOJKHH CYMIECTBOBATH ILIOT-
HOCTH DHEPIUH U M MOTOK S, KOTOPHE 3aBHCAT TOJBKO OT moJeil
E u B. [B sxekrpocraTure, HAOpUMEp, WIOTHOCTh D9HEPTUH, KAK MbL
sHaeM, MOokno sammcath B suge !/,e,(E-.E).] Pazymeercsa, u u S
MOTYT 3aBHCETh OT HOTEHIMAJOB W 9ero-T0 APYIOro, HO AaBaliTe
aAydme TOCMOTPEM, TG MH MOKeM Hanmcarb. llomeiTaeMcst mepenn-
cath Beauumnay E -j B TakoMm Bupe, uT00H OHA crajga CyMMOH ABYX
CJIATAEMBIX, OIHO M3 KOTOPHX 0510 65 Npous3BOgHON MO BpEeMEHHU OT
HEKOTODPOM BeJIMYMHEI, a BTOpPoe — AuBepremnueii. Torma mepBymo
BeJIMUMHY MH OB Ha3BAJIH U, & BTODYI0O — S (pasyMeercs, ¢ Hamje-
skamumy 3HakamMn). O6e BeTHIHHH JOIKHE OHTH BHPAKEHE! TOIBKO
gepe3 IOAA, T. €. MH XOTHM 3aIHCATh HAIle PABEHCTBO B BHUAE

Ej=—2_(v.5), (27.6)

npuaIeM JAeBas YacTh YPABHEHHAS HOMKHA BHPAKATHECA TOIBKO Tepes
nonst. Har aro cmemars? Pasymeercs, Hy;xHO BOCIOIb30BAaTHCH
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ypaBreHusAMr Maxcseana., s ypasmenmus mis poropa B mmeem

j=¢e,? (VX B)—g, ;" .

IlomeraBnsis 810 B (27.6), mOMy9aeM BLIpaKeHHE €r0 TOABKO depes
E u B:

E.j=¢,0?E-(VXB)—gE . 22, 27.7)

PaGora sacrruno mamm yixe saxomuena. IlocieaHee ciaraemoe ecTh
npomssogHag 1m0 BpeMeHu — ato (9/0t)(Y/, eOE E)

Urax, '/,e,E-E pomxmo Gurh mo KpaiiHell Mepe 9acThi u.
Taxoe sxe BEHIpa)KEHHe HOIYYaJoch y HAC M B DIEKTPOCTATHKE.
A Temeps egMHCTBEHHOE, YTO HAM OCTAETCH CeIaTh,— 3TO IpEBpa-
THTh B JHBePreHI[HI0 G6T0-TO BTOPOE CIaraemoe.

3aMeTsTe, 9TO WEPBOE caaraemoe B mpapoil wacrd (27.7) mepe-

IHACHIBaeTCA B BUIE
(V xB).E; (27.8)

BEl 3HaeTe W3 BEKTOpHOU anreGpm, uro (aXb).c pammoa-(bXe),
OO3TOMY HIepBOe ClaraeMoe HPUHNMAET BHT

V.(BXE), (27.9)

T. €. HONYYHIACHh IHBEPTEHIMA (4OTO-TO», K KOTOPOH MH TaK cTpe-
munucs. Hoaygmnach, HO TOJIBKO BCE 3TO HeBepHo' fI mpepynpesxman
Bac, 9r0 omeparTop V TOJIBKO «IOXO0sKX» Ha BEKTOp, a4 HA CAMOM jiene
OH He «HACTOAIUI» BeKTOp. Bemomanre, aro B quddepennuatbaom
HCUUCIEGHHH CYIIECTBYET JOMONHHTEABHOE CO2ialieHue: KOTJa ome-
paTop mpOU3BOIHOI CTOMT Lepej IPOM3BENEHAEM, OH NEHCTByeT Ha
Bce crosmmee mpasee Hero. B ypammemmu (27.7) omepartop V peii-
cTByer TonbKO Ha B u me sarparusaer E. Ho ecnu 6u Mu 3anucanu
ero B opme ypasrerud (27.9), To o6IenpuHEATOE COTNIAMEHNE TOBO-
pmio 6u, 9ro y geiictByer kak Ha B, tak u Ha E. Tax uro aro ne
0dno u mo we. B camoMm pmexne, eciu pacumcars V «(BXE) mo xkom-
OOHEHTAM, TO MOKHO yOeamrbes, 910 oHO paBHO E (VXB) nawc
Kaxue-To GpyrHue claraeMie. JT0 HAIOMUHAET B3ATHE NPOU3BONHOIL
OT mpomsBefleHNa B oOruHOM aHanmse. Hampmmep,

d of dg
) =58+15

Bmecto TOrOo urofB BHOHMCATH Bee KommoHEHTH V +(BXE),
mue Gb XOTeJ0Ch IOKA3arh BaM OfMH TPIOK, OIeHDb HOJe3HHI B 3a-
Aagax Takoro poga. OH MO3BONKT BAM BCIOAY B BHPKEHHAX, COTEp-
KAWHUX 0mepaTop V, NONb30BATHCSA UPABMIAME BEKTOPHOM anre6pH,
He momafad BOpocaK. Tpiok cocronr B or6pacsBaHuM (X0 Kpaiimel
Mepe Ha BpeMdA) OpaBuiI AuPPepeHIEATFHOTO HCIMCICHEA OTHOCH-
TEIBLHO TOTO, HA YTO AeicTByeT omepaTop mpomssoaHoii. Br 3maere,

287



IT0 HOPAROR COMHOKHTENEeH Ba)keH B 0syr DasNHYHHX CAydasx.
Bo-nepemnx, B puddepennnranbaom ucaucienun: f(d/dz)g we 1o me
camoe, 4ro g(d/dr)f; H, BO-BTOPHX, B BeKTOpHOHl aareGpe: axXb
oramdaerca or bXa. Mu MoikeMm, eci 8aX0THM, HA MHHYTY OTKa-
3aThCa OT HpaBmi gugdepeHnmanbHOro meuucaennd:. Bmecro toro
4ToOH TOBOPUTH, 9TO NPOM3BOGHAA JeficTByeT HA BCe CTOAMIEO
npasee OT Hee, MBI DPHUMEM H080¢ LPABWIO, M306aBIAIOIEe HAC OT
nOpAAKa, B KOTOPOM 3zamucauu coMuoxmrenu. [locme atoro mm
MOJKEM KPYyTUTH AMH, KaK X0TEM, 0e3 BCAKHX mOoMex.

Bor mame HOBOE mpaBmIO: ¢ HOMOMmBI0 HHAEKCA MK OyneM yKa-
8HIBATH, HA UTO ;Ke MMeHHO JieficTByer anddepeHnHaNbHEE omepa-
TOp; OPHU 3TOM nopAdox COMHMKWTENEH He WMeeT HMKAKOTO SHaue-
ausa. JooycruM, aro oneparop 6/0x Mu ob6osmaunnn aepes D. Toraa
cumBox D, rosoput, 410 Geperca HpoM3BOXHAA TONBKO QYHKHUK

f, 1. e.

of
Djf=%'

Ho ecam mur mmeem Buipasenne D,fg, To 0HO o3Havaer

Dfg= (%) 8.

3aMeruM Temepb, 9T0, COTNIACHO HAmieMy HOBOMY WUpAaBHIY, D
osBagaer TO jke camoe. OfHO U TO K€ BHIPAKEHHE MOJKHO 3aNHUCATH
n00KM H3 CleyoimuXx cooco0oB:

D,fg=gD,f=fog=ngf.

Bu smpmre, aro D, moxer croarh mame nocae Bcero. (CrpamHO,
H0YeMy TaKOMY yno0HOMY 0603HaueHMi0 OOHIYHO HE yYaT B KHUTaX
1m0 MaTeMaTHKe u Pusuxe.)

B, moxanyit, yausuTech: a 4T0, €CIM fl TOYY HANMMCATH HPOH3-
ponuyo ot fg? Kciaum mHe Hyscrna mpomsBogHAA 0T 060ur YIEHOB?
970 ouenb aerko: su numere D (fg)+D (fg). r.e. g(9f/0x)-+f(9g/ dx),
4T0 B crapHX o0osHaueHMAX Kak pas pasHo O(fg)/dx.

Brl ceiluac yBmAuWTe, KaK IPOCTO Temephb DOJIYUHATH HOBOE BHIpA-
wenne A V -(BXE). Hagnem ¢ nepexoga K HOBOMY 0003HAYEHHIO
¥ HanHIeM

V.(BXE)=Vy (BXE)+ V- (BXE). (27.10)

Kak TONBKO MH cheltajm 370, y:Ke HeT GOnblne HYKIH UPUIEPHE-
BaTbcA cTpororo mopsapgka. Mm Bcerga smaeM, uro V peiicreyer
toabko Ha E, a Vj meiicteyer Tonbko Ha B. IIpu atux oGcrosrens-
CTBaX ONMEPATOPOM Y MOKHO IIOJb30BATECA KaK OOHITHEIM BEKTOPOM.
(Pasymeerca, mocie Toro Kak Bce OyneT OKOHYEHO, HaM 3aXodercs
BePHYTHCA K (CTAHJAPTHEIM» 0GO3HAYEHHAM, KOTOpHE OGHYHO
nenonbayores.) Taknm o6pasoM, Teneph ME MOXKeM HeJaTh Pasing-
HHe nepecTaHOBKE coMHO:kETened. Tax, cpequmit COMHOMHTEND

288



B ypasrernnu (27.10) mosxno nepenucats kak E -(V5 X B). [Hagerocs,
Bo npomamte, 9to a-(bXe)=b-(cXa).] A mocmegmmii — Kar
B .(EX Vg). Xora 970 BHIUIAAAT HECKONBKO CTPAaHHO, HO T€M HO
MeHee 3[iech BCe B IopAgKe. KCau jKe MBI TeHeph HONKTaeMCcs Bep-
HYTBCA K cTApHM 0G03HAaIeHMAM, TO HOJIKHHEL Oy/ieM pacIoiOKATh
omeparops V Tak, YToGH OHM J(eACTBOBAJN HA CBOHM «COOCTBEHHEIE)
nepeMenHue. B mepsoM u3 HEX BCe B MOPANKE, TAK 9TO ME MOEKEM
npocro onmycTHTs uEmexc y V. Bropoil me rtpebyer HeKoTOpOH
peopramusanuu, 49rofn omeparop y HocraButh mepex E. dtoro
MOKHO JOGHTLCH, HIEPECTABAAH COMHOMKHTENH B BEKTOPHOM HpOH3-
BeJICHNM M MEHsA 3HAK:

B(ExV.)=—B-(Vy;xE).

Temeps Bce CTOMT Ha cBOEM MecTe M MOKHO BEPHYTBHCH K OOBIYHBIM
obograzermaAM. @opmyna (27.10) »skBHUBaNeHTHA CleRyOIEMY

PaBeHCTBY:
V.(BXE)=E.(VxB)—B-(VXE). (27.11)

(B sToMm cnenmanbHOM caygae GricTpee OBLI0 OB MCIONB3OBATEH KOM-
DOHEHTH, HO, HPARO K&, CTOMAO NOTPATATH BPEMA paall TOTO, 1TO0H
DOKa3aTh BaM MaTeMaTH4ecKuWil TpioK. Mosxer cayaurhes, 9T0 B
foabIie HATHE er0 He BCTPETHTE, & OH O9eHb yA00eH TOTHa, KOTAR
B BeKTOpPHOH anrefpe HyHO 0CBOGOAUTBHCS OT IpaBHIa HOPSAKA
9enoB upu pudpdepeHnHpoBaHAL. )

BepHemcs Temeph K manieMy 3aKOHY COXPAHEHHs BHEPIHH, HpH-
geM aasa npeobpazopamuma VX B B (27.7) Ml mcmomxbsyeM HOBHIN
pesyasrat — paseHcrBo (27.11). Bot uro omO pmaet:

E.j=soczv.(BxE)+aoczB.(vxE)—dﬁt(%gOE.E). (27.12)

Tenepb BH BUAMTE, YTO ME HOYTH y Head. OfHO U3 HAINX ciaa-
raeMbix — HACTOAINAs NpPOW3BOAHAA IO f, ee MH HCIONB3yeM IpH
oGpasoraHuy i, a Ipyroe (npesOCXORHAA NUBEpPreHINA) Bolifer B S.
K HecuacThio, cIIpaBa B cepelEHE OCTAJIOCH ellle ONHO ¢cIaraeMoe, Ko-
TOpOe HE MABJISAETCA HH JWBEPreHIWeHd, HI OPOM3BOAHOH mo I.
Tak uTo mOKa emie He Bce 3axoHTeHO. locae HEKOTOPHX pasMeIIITe-
HHHA MBI OIIATH 06pamaeMcs K ypasHeENAM MakcBenna 4, K ¢3acThio,
o6mapyxusaeM, aro (VXE) pasmo —dB/dt.

10 WO3BONAET TPEBPATHTH MOMONHHTEIbHHH 41eH B THCTYIO
OPOM3BOJHYI0 T€ro-T0 IO BPEeMEHMN:

B o (B-B
B'(VXE)=B'(—-3—[) = T ("-2—-') .
Bot Temeps y ®ac monyumiochk TO, 9YTO HYKHO. Y paBHeHHe s
9HeprUd OepelnCHBaeTcs B BHJIE

E.j=v-(eoc23xE)—%(%§B.B+%E.E), (27.13)
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A aro, ectm MH onpedesum u m S Kax

2
u=2(E-E)+ BB (27.14)

S=r¢,?ExB, (27.15)

B TOYHOCTH HamommuBaer ypasHemme (27.6). (Ilepecramoskoii co-
MHOKHTENEH B BEKTOPHOM IIPOM3BEIeHNT Mul J06MBAEMCSH TIPABUIL-
HOTO 3HAKA.)

Wrax, mama mporpamma ycmemuo BHIONHEHA. V3 BRpakeHns
JUISL MIOTHOCTH DHEPIMHU MBI BUJUM, UTO OHA NPECTABIACT CYMMY
«3IEKTPHYCCKON» M (MArHUTHOH» mIorTHOCTER SHEPIUM, KOTOPHIE
B TOYHOCTH PABHH BHPAKEHWSM, IONYYCHHEIM HAMH B CTaiHKe,
Koeda Mmb Haroduaw ewipaceHue Oaa snepeuu Hepes noas. Kpome
TOTO, MH DOJYYIIHM BHpPajKeHWE [ BEKTOpA MOTOKA YHEPrum
BJEKTPOMATHHTHOTO WONA. ITOT HOBHIT BeKTOp S=¢gc?EXB mo
IMEHH CBOETO IEPBOOTKPHIBATES HA3HBAETCA «BeKTopom Iloim-
tuHray. OH TOBOPHUT HAM O CKOPOCTH, ¢ KOTOPOH PHEPrEA ABUIKETCHA
B IIPOCTPaHCTBE. JHEPIWsA, NIPOTEKAIIAS B CEKYH/Y depes Malyio
nosepxHocTth da, paBHa S -nda, TEe n — BEKTOP, HEPUEHIUKYIAD-
BH K nopepxHocrd da. (Temeps, Korga y Hac ecTh GOPMYAR A
u u S, MoKeTe, ecIu Xoture, 3a0BITh BCe BEIRIAJKM.)

§ 4. Heonpedeaennocms snepeuu noan

Ipespme weM 3aHATHCA HEKOTOPHME IPHIOKEHUAME (GOPMYT
Hoitaruara [1. e. supamenni (27.14) u (27.15)], s xorex 61 3ame-
THTh, UTO HA CAMOM J[ejie Mhl WX He «IoKasanuw». Bce, 9o ME cre-
naju,— 5TO HAULIHA TOJNBKO 603modcHoe U B 803modxcHoe S. Ho orrynma
yKe HaM U3BECTHO, 4TO, MOKPYTHB POPMYyIaMH, MH He IPUJEM K J[py-
TOMY BHPQKEHUIO [is u U Apyromy Bepaskernuwo mis S? Homoe S
¥ HOBOe U OYIyT OTAMIATHCA OT CTAPHX, HO MO-DPEKHEeMY GymyT
ymoBaersopaTh ypasHeruio (27.6). Taxoe BOOTHE MOMKeT CA1yIUTECA.
Opmaro B YOpMyIIH, KOTOPEE IONYIAIOTCA IPH 9TOM, BCETHA BXOIAT
pasiuIHEE npoussodrble MoNeldl (IpudeM 5TO BCETHa WIEHE BTOPOTO
mopsAJgKa THOA BTOPOI HPOM3BOFHON TN KBajpara MEPBOH MpOWM3-
pogmoi). Has uw m S moxHO (arTHmUecknm HamucaTh GecKOHeUHoe
YECN0 PA3NMIHLIX BHIPAKEHHH, B O CHX IOD HEKTO He JyMaJ Haj
SKCHepPUMEHTANBHOH IPOBEPKOIT TOTO, KOTOPOE Ke N3 AAX HCTUHHOE.
Jliomm monaraior, 9ro mpocreiiliee BHpajykeHWEe, MO-BHAAMOMY, H
OMKHEO OHTH UCTUHHEIM, HO HAJ{O COBHATHCSA, UTO MK TaK O He 3HAaeM,
KaK ;Re HA CaMOM Jlejie pacHpenesTeHa dDHePIruA B JIeKTPOMATHATHOM
noxe. [lofimem mo Tomy e JerdaiimemMy IyTH U HOCTYIMpPYEM, 9TO
SHEPrHusA moJs onpegesnserca BrpamerneM (27.14). [Tpn sTom BexTOp
moToKa S [olkeH 3a/aBarbcA ypasHeHmeM (27.15).
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Camoe MHTEpecHoe TO, YTO €JUMHOro cmocoGa uaGaBHETBCA OT
HeOoNpefelleHHOCTH 3HePTUM [0 A, HO-BUAEMOMY, Boobme HeT. MHOT-
& YTBEP/RAAIOT, 9TO 3Ty IpobiaeMy MOKHO pPa3pelinThb, HCOOME3YS
TEOPHIO TPABHTAINY; IIPU YTOM IPUBOIATCA TAKHe T0BOAH. B Teopnu
TPaBUTALME HCTOYHNKOM I'PABATAUMOHHOTO HPUTAKEHHNS ABIAETCSA
BCA sHepruA. [1oaToMy ecid HaM M3BECTHO, KAKHe IPDABHTALIHOEHEE
CHIEL JeficTBYIOT Ha CBET, TO MOJKHO IPABHUILHO ONPENESHTh MIOT-
HOCTh 9HepPIUM 3nekrpmuectsa. Jlo cux mop, OAHAKO, TAKMMH TOH-
KYIMHE 9KCIEePUMEHTaMHI, KOTOPHE MO3BOMMIN OB TOYHO OmPENeTHTh
IPAaBUTANMOHHOE BIMAHWE HA DJIEKTPOMATHHTHOE IOJie, HUKTO He
3ammMajcA. Brpouem, yCTAHOBIEHO, YTO CBET IPH UPOXOKACHHN
oxono ConHIA OTKIOHAETCH, HOPTOMY MH MOKeM TOBODHUTH, 9TO
Comuue mpursarusaer k cebe ceer. Bo scaroM caydae, HaHIeHHEIO
HaM¥ BHIP&KEHMS JJiA DIEKTPOMArHATHON DHEPTUH M IOTOKA BCET/A
BCEeMH MpHU3HaBaAUCh. U X0TsA MHOTJA pe3yabTaTh, MOIYIeHHEE ¢ UX
MCHOJIb30BAHNEM, Ka3aJMch CTPAHHEIMM, HUKTO HUKOTHa HE o6Ha-
PY;RHI B HHX 9eT0O-TO HEBEPOATHOIO, KAKOI0-TO DPACXOKICHUS ¢
akcoepumentoM. Coraacumes co scemu u OyjeM cIuUTaTh, 9T0, 1O-
BUIUMOMY, 3/I€Ch Bce B MOPAIKE.

Mue xoremnoch Gnl cuenath enle OMHO 3aMevaHue O Gopmyse Aus
ouwepruit. Ilpe:xne Bcero dopmyma uiasa sHeprum HOAH B EAUHULE
obbeMa OYeHb IPOCTA — BTO CYMMa DIEKTPHYECKOH M MArHUTHOH
DHEPTUil, ecil IIEKTPHICCKYId DHEDPIUI0 MM ompenenuM Kax L2,
a MaTHUTHYI0 — Kak B%. 91w BHpaskeAus Opuin HAfjIeHK HAMH KaK
803MOJKCHble BEIPA/KEHUH JUIA SHEPTAW NPU PACCMOTPEHHH CTATHIE-
cxkux 3agad. HpoMe HeTo, MH HAIIIWM [JIA SHEPTHH JIEKTPOCTATH-
9eCKOTO HOJS W HEeCKOJIBKO JAPYTUX BHIpaKeHuil, Haumpumep pQ,
KOTOpOE B DIEKTPOCTATUIECKOM ciiydae pasno uaterpany ot E -E.
OpHaKO B 9JeKTPOAMHAMIYECKOM CJIyYae 3TO PABEHCTEO HAPYIIAET-
¢, ¥ HOT KPUTePUH, IMO3BONAIOUIETO YCTAHOBUTE, KOTOpas 3 gop-
mya npapmibaa. Ho Treneps Me 9T0 3HaeM. AHAJIOTHIHO, MBI HANLIH
BHIPAKEHNE 151 MATHUTHOI 9HEPTHN, KOTOPOe BEPHO B caMoM 06meM
ciayuae.

§ 5. IIpumnepst nomoroe snepeun

Hama ¢opMmynra mis BeKTOpa MOTOKA dHEPruu S mpemcraBiser
HeuTo HOBOE. Temeps cieyer MOCMOTPETh, HACKOJABKO OHA TOJUTCH
B HEKOTOPHIX CHENUAJIbHHX CIYyJasX, a TAKKe IPOBEPUTH ee Ha
TOM, 9T6 MHL 3HAIW paHbme. [lepBHIM HamuM OpPEMePOM OyeT CBerT.
B cserosoit Borae BekTopst E u B HampapneHs moJ OpsSMEM YIJI0M
APYT K EpYT'y U HaIpaBIeHWIO PacOpocTpaHeHnsa BoaHH (dur. 27.2).
B sanextpoMaramTHO#N BosHE BeanunHa B pasHa (1/c)E, a mockonbky
OHN HAOpasJeHH HOX OpAMHEM yriaoMm, To seamuuna (EXB) pasHa
npocto E%ec. Takum oGpasom, 0 creTa MOTOK 9HEPIWH B CEKYHAY
"9epes eZMHAYHYIO IOBePXHOCTH DaBeH

S=gcEr (27.16)
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Due 27.2. Bekmopn E,B u S
C8eMO8OLL 60AHDL,

—_——
v

) Hanpasnerue pacnpocmpa-
HEHUS BONHbI!

B cBeropoit Boame, rae E=ZFEcosw(t—z/c), cpedas CKOpPOCTH
NOTOKA JHEPTHU 4Wepe3 eIMHWIHYIO Iomanb <S)., KOTopasd Ha-
SHIBAETCS (MHTEHCHBHOCTBHIO» CBETA, PaBHA CpeAHEMY 3HAYCHHIO
9JIEKTPHYECKOT0 MO, IOMHO;KEHHOMY HA g,C:

Uarercuprocts = (S p = ¢ (B2, (27.47)

JTOT pe3ynprar, KAK M CTPAHHO, MBL yKe moinydanu B ria. 31,§9
(Bem. 3), xKorma msydaam cBer. Ml DOydYMIH e€ro COBCEM [pyLuM
IyTeM ¥ I03TOMY MOKEM ceiiiac B Hero nosepurb. Korga y Hac ecrs
MYYOK CBETA, TO WIOTHOCTEH SHEPTHU B IPOCTPAHCTBE 3aJaeTCA yPaB-
HenueMm (27.14). BocuoapsosaBiniuch Temepb TeM, 9TO0 B CBETOBOIl
poane cB=F, noiyuaem

€ g, BoC% [ E? 2
u=-E? 22 (= )=¢E®%
2 E* + 2 \c? o
Ognako Bekrop E maMeHsercsas B mpOCTPaHCTBE, HO3TOMY CpenHAA
IJIOTHOCTh DHEPTHH PAaBHA

U ep =8y <E . (27.18)

Jlanee, cBeT pacupocTpaHAETCA CO CKOPOCTHIO €, IOITOMY MOMKHO
AyMaTh, 9T0 SHEPIHA, HPOXONAINASA B CEKYHAY Yepe3 KBaApaTHHI
MeTp, PABHA NPOU3BEAEHUIO ¢ HA KOAMIECTBO DHEPTHU B KyOHIeCKOM
MeTpe, T. e.

<S>cp = gy¢ <E%> .

Bee B nopapke. Mu1 cHOBa momyuunu Brpaxkenue (27.17).
Boznmem teneps gpyroit mpuMep, Ha 9TOT pa3 OUeHb JIOOOOEIT-
e, PaccMoTpuM moToK 9Hepruu B MeIeHHO 3aPAKAIOMIEMC S KOH-
peacatope. (Mu He XoTuM ceiidac UMETH €0 CO CTOJNb BRCOKHMU da-
CTOTAMHM, MpPH KOTOPHX KOHEEHCATOP CTAHOBUTCS IMOXOKIM HA Pe30-
HAHCHYIO IOJIOCTH, HO HAM He Hy#eH U DOCTOSHHHA TOK.) BozbMmem
OOBIYHH KOHAEHCATOD ¢ KPYINIHMHE IapPALISIbHHME ILTACTHHAMEN
(¢ur. 27.3). Memagy HuMH cosgaerTcss DOYTH OFHODPOTHOE BNEKTPH-
9ecKOe 1I0jie, KOTOpoe uMsMeHsercs ¢ TedeHumeM Bpemenu. [lommas
9JIEKTPOMATHUTHAS dHEPTAA BHYTPH KOHMIPHCATOPA B J1060# MOMeHT
PaBHA OPOM3BEJEHMIO IUNIOTHOCTH 3HEpruna 1 Ha o0bem. Ecaum papmyc
NJIacTHH PAaBeH @, a pacCTOSIHUE MEKAY HAMNE h, TO HOJNHAA 3HEPINA,

292



3aKNI09EHHASA MEMKAY IIacTHHAMH, Oyuer
U= (%E2> (nah). (27.19)

C mamenenmem pampsmeHHOCTH E 9Ta pHepruma Toske MEHAETCH.
Horpga xougencarop sapskaercd, BEyTpeHHUiT o6bem mpuobperaer
SHEPTHI0 CO CKOPOCTBIO

ol

&= ena’EE. (27.20)

Tag d9ro gomskeH CyIMecTBOBATH HOTOK JHEPIUH, HANpaBJIeHHLIR
OTKYHA-TO CO CTOPOHH BHYTPhH o6bema, B, xKomeuno, gymaere, uro
OH WAEeT OT HPOBOJOB, BAPAMKANINIX KOHIEHCATOD,— a BOT H HeT!
[Torok BHYTPH HHKOMM 0Gpa3oM He MOKeT HATH C ATOH (TODPOHEI,
tTak xak E mbepnenpgurynspHo K niactmHaM, a mostomy EXB
ROMKHO OHITH MAPAALEAbHO TM. '

Bri, BeposiTHO, MOMHHBTE, 9TO HPU 3apA/Ke KOHJeHcATOpa BO3-
HUKAeT MATHOTHOE moje, KOTOPOe HAOPABIEHO HO OKPYRHOCTH
soxpyr ocu. 06 srom rosopmmock B Ti. 23. Bocmoawsszopasmuch
mocaefHAM ypasHeHnem Maxcsenna, MH TaM HaII¥, YTO MATHATHO®
Hole Ha Kpaw KOHAEHCATOPA OMpPENeNseTcs BHPaMKeHHeM

2nac?B = E -na?,

HIn

a
B=55E.

Hanpasaenne ero mokasauno ga ¢ur. 27.3. TaknM obpasom, Ha Kpasax

KOHJeHCATOPA, KaK BHAHO W3 PHCYHKA, BOBHUKAET IOTOK HHEpPTrun,

nponoprnuoaanbauil E X B. Tax uTo 9HEpTHA Ha caMOM JieJie BTEKAET

B KOHJIEHCATOD HE CO CTOPOHH OPOBOMOB, & CO CTOPOHH OKPY3KAIO-

HIEro ero IpoCTPAHCTRA.

/ \

Pug. 27.8. Bbausu sapaserHoeo
rondencamopa gexmop Ioiinmunea S
Hanpagaen GHYMPL Hezo.
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D ue. 27.4. Hoae ene Kondercamopa,
SAPANCCHHO20 Jeyma OHeHb YOaaew-
HolMU 3apadami.

Hasaiite mpoBepuM, coriaacyercs JU TONHHI DOTOK 9epe3 BCIo
OOBEPXHOCTh MEKIY HPAAME ILIACTHH €O CKOPOCTbIO H3MEHEeHH:
BHyTpeHHeil sueprun. Ilaa sToro nydme Bcero HOBTOPUTb BECh Ny Th,
npojienaHusil HaMu Opu BHBOAe Beipaskenus (27.15). ITocmorpmm,
K YeMy OH npusefer. Ilmoniagb nOBEpXHOCTH PaBHA 27k, a abconioT-
nas sexmaumua S=¢gc3(EXB) pasHa

2 a7

€4C E <§0—2 E) ,

TAaK YTO OOJHHI HOTOK sHeprum Oyner
nathe,EE.

Jro cosmapaer ¢ ypasmenueM (27.20). Ypusureabnas Bems! Oxa-
3RIBAETCS, IPU 3apsAKe KOHIEHCATOPA 9HEPIHA HAET TyHA He depes
IpPOBOAA, a Yepes 3a30p MEKIY KpasaMu miactui. Bor uro rosopur
HaM 3Ta Teopus!

Kag aro moser 6oiTh? Bompoc He m3 nerkux, HO BOT BaM OfMH
u3 cmecobos paccyxpenusa. IlpexpmonomuM, y Hac ecTb 3apsfH,
pacuososkeHHbie HAN U IOJ KOHAeHcaTopoM Biaiam oT Hero. Horpa
TaKHMe 3apAAE PACHONOMKEeHB BHajeKe, TO KOHJEHCATOP OKpPy:Kaer
xorss U ciaGoe, HO HeoOwmyaiino mporsskeHHoe moae (dur. 27.4).
3ateM, Korga sapamhl HOAXOOAT Bee Oamxe ¥ Gumske, HOJE CTAHO-
BUTCH BCE CHJIbHEE U CHJIbHEe U Bce TecHee «O0HUMAeT» KOHIEHCATOP.
Tar 4ro sHEPTHA WONA, KOTOpPadA BHAaYajde OBLIA JAJNeKe, JBHIKETCH
«II0 HAHPABIEHUIO» K KOHACHCATOPY U B KOHIE KOHILOB BXOJUT B HPO-
CTPAHCTBO MEKIY HAACTUHAMH.

B kauectse cremgymomiero mpuMepa [jaBaliTe IOCMOTPHM, 9TO
OPOUCXOAUT ¢ KYCOUKOM IpOBO#A (C HEHYJEBHM COODPOTHRIEHNEM),
mo KoropoMmy reuer TOK. IlockombKy mposoj ofiagaer KaKHUM-TO
CONPOTURAEHUEM, TO BHONL HEr0 AeHCTBYeT 3JeKTpHIecKoe mnojie,
KOTOpOe HOpPOJKEAET TOK, a B peaylbrare MaJeHUs HNOTeHIHaxa
BIOJIb TIPOBOfA CYHIECTBYET TaK{e IapalieJbHOE ero HOBEPXHOCTH
BIIEKTPUYECKOE Hmose BHe nposoga (fur. 27.5). Kpome roro, manuume
TOKA HOPOKIAeT TAKKe MATHUTHOE I0Jie, HAIPABJIeHHOe MO OKPYIK-
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QDue. 27.5. Bexmop [Tokinmunea S
66.4usu nposoda ¢ moKos,

HOCTH BOKpPYT uposona. Bexkrtopsl E u B manparieHH moj mpsiMeIM
yroiaoM, a nosromy Bexrtop [lofimrmura HampaBieH pajHaibHO, Kax
BTO TOKA3aHO Ha pucyHKe. BHyTph HPOBOJHUKA €O BCEX CTOPOH
nrexaer sHeprusa. OnHa, pasymeercs, HOJKHA OBHTh PAaBHA DHEPTHIH,
TepAeMoll MPOBOJHKKOM B BHAE Temia.

Taknm 06pa3zoM, Hamia (CyMaciiejmasy TEOPHs TOBOPHT, 4TO
BJEKTPOHBl HOJYYal0T CBOIO YHEPIrHUio, PAacTpPadiMBaeMyl0 HMHU Ha
CO3aHMe TEeIIOTH M3BHE, OT MOTOKA SHEePIUY BHEIIHETO oI A BHYTPb
npoBofa. WHTYANMusA HaM mOJCKABBIBAET, YTO SIEKTPOH IOHMOJHSET
CBOIO BHEPTUIO 3a CYET (HABJCHUA», KOTOpPOE TOJIKAeT erc BLOJIb
NpPOBOAA, TAK UTO DHEPTUA KAK GYATO [ON;KHA Te9h BHU3 (WIK BBEPX)
IO OpoBOXY. A BOT TEOPHMA yTBep:KAaer, 9T0 HA caMoOM Jeje Ha
BIEKTPOH MefCTBYeT DIEKTPUYECKOEe 10Jie, CO3JaBaeMoOe OUeHb Jia-
JIGKMMH 3apA7aMHU, U IeKTPOHH TEPAIOT CBOI0 3HEPTHI0, PACXOMye-
MYI0 Ha TEIUIO MMEHHO M3 3THX Hmonaeil. JHepTHA OTJAJEeHHHX 3aps-
JI0B KaKUM-T0 06pazom pacrexaercs o G0JabHIOIN 061aCTH TPOCTPAH-
CTBa W 3aTeM BTeKaer BHYTPb IPOBOJA.

Haxonern, 9106p OKOHUaTeNbHO yOeAUTH BAC B TOM, UTO 3TO
SIBHO HeHOPMAJbHAS TEOPHs, BO3bMEM elle OfUH HpuMep, KOTAa
DIIeKTPIMICCKMI 3apaAx M MATHUT ROKOAMCA ~— CHEAT cebe pAMBIIIKOM
u Heo meBeasarca. Ilpegcrasbre, 4TO MBI B3ANHM TOUGUHHIH 3apAM, WO-
Kosimuiics B6amam uenrpa MarmutHOro Gpycka (¢ur. 27.6). Bcee
HAaXOMUTCSA B MOKOE, TAK YTO DHEPTHSA TOKe He M3MEHSETCS CO Bpe-
merneMm; E n B nocroanan. Ho Bexrop Ilefintuara yreepyxgaer, 91o
3ech ecTh MOTOK pHeprui, rak Kak E X B we pasuo myuno. Ecan su
nonabxrlomaeTe 3a MOTOKOM BHEPrUH, TO yOeNHUTEChH, YTO OH IUPKYIH-
pyeT BOKpYT aroit cucremsl. Ho Hmraxoro mameHeBWs 5HEPTHH He

Quz 27.6. Bapad u masnum daiom
sexmop ITolinmunea, yupkysupyio-
wuli no samrrRymol nemae.
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DPOUCXONUT; BCE, UTO BTCKAeT B ji060i 06HeM, CHOBA BHITEKAET U3
Hero. JT0 HaHOMMHAET KPYTrOBOH HOTOK Hec:kuMaeMo#l Bomsl. Mrak,
B TaKoi, Ka3anoch OH, CTATHYECKOH CATYAL|H €CTh NOTOK SHEPTHH.
Burasaur, npavo cramem, aGeyppuo!

A, momer GHTH, 9TO BCE-TAKM HE TaK Y YAUBHTEIBHO, €CIH
BCIOMHUTD, YTO TAK HABHBAEMEIH «CTATHIECKHIl» MarnuT mpepmcras-
JsAeT Ha CaMOM [Jiede HenpepsIBHO NUpPRyJImpyomui Tox. BHyTpm
DOCTOSIRHOTO MATHHTA 9JeKTPOHH Bee BpeMms Kpyrarcs. Tax uro,
MO;KeT OHTbh, LUEPKYJIALWSA DHEPTME HE TAK YK YIHBUTEIbHA.

Y Bac, 0e3 coMHeHUs, HAYNHALT CO3[1aBATLCA BIEJATICHME, YTO
Teopus Ilofimraara, no kpaitneit Mepe YacTUYHO, ONPOBEPTALT BALLY
EHTYHOUWIO OTHOCHTENBHO TOTO, INe HAaXOTHTCA SHEPrHA BJIEKTpO-
MaTHHTHOTO mons. BaM Moker mokasarbes, 4910 Heo6xoauMo 3a-
HATHCA «IOYMHKOIY cBoell MuTyunum, orpaborkoii ee Ha MHOKECTBE
npumepos. OHAKO B BTOM, IO-BUAUMOMY, HUKaKoIl HeoGXommMocTH
mer. He mymaro, aro0m BH ORasaanch B GonbmioM 3aTpyJHEHHH,
3abKB Ha BpeMs, YTO YHEPrHA BTEKAaeT BHYTpb HPOBOJA H3BHE,
a He TeueT BJ0Jib Hero. He Tak y BaykHO, MCOONB3YA HAEI0 COXPa-
HEeHNA JHEPIHN, yKasaTh BO BCEX JerainsiX, Kakoff myTs mabmpaer
sueprua. [{EpRyaALNA DHEPIUH BORPYT MarHHTa U 3apsaa B 607b-
OIMHCTBE CJAyYaeB, LO-BHAUMOMY, COBEPUIEHHO HeCYIeCTBeHHA.
Xota 3T0 W He TaK YK BA)KHO, OAHAKO ACHO, 4T0 ULOBCERHEBHAA
WHTYHIASA Hac 00MamdbIBaerT.

§ 6. Hunyave noasn

Teneps mBe OH XoTeaock moropopurhk 06 umnyasce nonsa. IMone
obnanaer sHeprueit; TOYHO TaK ke B efunute obreMa OoHO obaamaer
KakuM-T0 uMOyibcoM. O603HAYMM IIOTHOCTH MMIYJIbCA 9epes g.
Umnyabe, pasymeercs, MOMeT HMeTh Pa3iUYHEe HANPABIAEHHSA, O~ .
3TOMY g JOMKHO OHTH BeKTOpOM. Bpemenne Mu GyneM rosoputh 00
OFHOH KOMIOHEHTe W HIsS HAYANa BO3bMeM Z-KOMIOHeHTy. Ilo-
CKONBRY a100as KOMUOHEHTA MMOYJIbCA COXPAHACTCA, TO MBl MO;KEM
cpa3’y HAamHMCATh 3aKOH HOPEMEPHO TaKOTO BHJA:

0 (Umnynnc) _ dg, Torox
“at (Bemecma> P + (PIMHYJIBC&) %"
Jleras uwacrh rpmBmagbHa. CKOpOCTH M3MEHOHHS MMOYJAbCA BeIe-
c¢TBa paBHA OPOCTO JelicTeylomeidl Ha mHero cmie. Jus wacrui
F=¢q(E-4-vXB), a ana pacmpefeieHHHX 3apAJOB Ha eJUHULY
obbema geiicreyer cmaia F=(pE4-j X B). Ograko craraemoe «mortox
MMIYJIbCa» HECKONBKO cTpanno. OHO He MomeT GHTH AUBepreHnuei
KaKOro-TO BeKTOpa, HOO 9TO HE CHANAD, 2 CKODPEe Z-KOMIOHEHTA
gexoroporo sexropa. Ho kak 6m 1o Hu OHIO OHO FOMKHO HMETH

A o\ b, dc
oz ' oy ' az?
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TIOCKOJBKY Z-KOMIIOHEHTA HMOYJIBLCA JOJNKHA TeYh B KAKOM-TubO
#3 Tpex Hampapiaenmil. Bo BCAKOM ciydae, KakosH Ow HM OmuM a,
b u ¢, Takaa woMOGHHALNA NPEIHOJATaeTcs PaBHOH HOTOKY Z-KOM-
TOHEHTH HMIYJIbCA.

Janrime no mpasuiaM 1o ke camoii urpu HamumeM pE4-jxXB
ToAbKo uepes E u B, mcraogns mioTHOCTE 3apsga p M MIOTHOCTH
TOKA j U 3aTeM ;ROATJIHPYSA CAaraeMBIMA M IPOU3BEAS HOJACTAHOBKY,

nojiydyaeM dg, | da b dc
ot tazTaTa:

Conocrapnaa 3aTeM pasHHEE ciiaraeMbie, Mbl JOJKHE HAWTH BHIpa-
JKEHNA Ons g., a, b m ¢c. B obmeM, agecs macca paboTe, HO MH
He cobupaeMcs 3aHMMATLCA €10. BMecro 3Toro Mel HalifleM TOJXBKO
EBIPa;KeHHE A IIOTHOCTH HMIyNbca g ¥ IPHUTOM COBCEM JPYyTHM
¢Hocobom.

B Mexamwrke ecrs oueHb Ba)KHAA TeopeMa, KOTOpas TOBODHT:
Kakos On HM OB TOTOK aHeprum jaio6oro supa (SHEPTHA NOAA
WM KAROU-TO IPYTOl cOPT SHEPTHM), NPOUSBEJICHAE €¢ KOJNIECTBa,
TIPOINeIIero Yepes equHUNy IIOWATU B efuHNIly BpemerH, HA 1/¢?
PaBHO HMIYJABCY B ejguHunme o0bemMa mnpocrpaHcTra. B cayuae
BIEKTPOMHAMUKH 9Ta TEOpeMa FOROPUT, UT0 g pasHo Bexropy [loiin-
TAHra, TOJEIeHHOMY Ha c2:

g=5%8. (27.21)

Tax uyro sexrop IlofimTMHra naer HaM He TONBKO TOTOK DHEPTHH,
HO TOCJ€ [JelIeHusa Ha ¢2 ¥ IIOTHOCTH UMIYAbCA. ITOT 7Ke Pe3YIbTaT
monyumiacAa OB U3 aHAAU3a, KOTOPHIA MBI TOJBKO YTO MPENoaarain
mpopgesarh, ogHako Goiee 3aMaHYABO BOCHONbL3OBAThCA ObuIEit
reopemoii. Cefigac MBI PaCCMOTPUM HECKOJNBKO MHTEPECHHIX IpHMe-
POB H paceysieHuil, IpE3BAHHKX yO6eqUTh BAC B COPABEMIHBOCTH
3TOll 0Ommiedl TeOpeMHl.

Ilepnsiii mpuMep: BO3BMEM MHOKECTBO BaKJIIOUCHHHX B AMNIUK
gactur. Ilycth, ckaseM, ux Oymer N mryk Ha KyGmueckumii merp,
U MyCTh OHM JABIKYTCHA BIOAB AMIHKa CO CKOpocThio V. PaccMorpum
Temepb BOOOpasKaeMylo IITOCKOCTH, NEPOeHIMKYIAPHYIO K V.
[ToTok sHepruy 4epes eAMHUTY IIOMANH STOH MIOCKOCTA B CEKYHAY
paser Nv (r. e. wuciay 9acTul, HEpeceKanMUX NIOCKOCTH 3a ce-
KYHAY), YMHOAKEMHOMY HA SHEPIHI0 KaxKmoli yacThnb. JHEPTHA jKe
KayK[0d vactuist Gynmer mocz/]/l—v2/c2. Tarx 910 HOTOK SHEPTHH
paseH
7 mec?

No———0u-.
v Vi /c?

Ho mMmyabe Kammo#t wactmmm pasem mg/)/ 1—v¥c?, ortkyma
nAomHOCMbL MMIOynbca Oypmer
N Do
V1—v¥
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@ ue. 27.7. Ilopyus swepeun U, dsucascy
€O CKODOCMbIO €, Hecem UMNYabe, pasHuli
Uje.

970 B MOJHOM COLJIACUU C TEOPeMOl
Kak pas pasHo 1/¢® Ha DOTOK 2HEp-
run. Tarum ofpasoM, AuA nOyura
9ACTHII TEOpeMa OKAa3bIBAETCA Bep-
HOii.
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@ T @ : Bepra oma u musi csera. [lpn
5 | M3Y4YeHHMH cBeTa (CM. BHIL. 3) MH

{

I

]

|

|

YCTAHOBUIM, YTO, KOTZA IPOHCXO-
JUT TOIJOIIeHNe CBeTa, HOIJOTH-
TENI0 Iepefaerca HEKOTOPOe KOJau-
d9ecTBO mMMIyabca. [leficrsmrennHo,

I B ra. 34 (BRI, 3) MBI BHAEIH, 9TO
! | mMpyabc paBeH mOTIOmMEHHON dHep-
@ O L_x*l

oy, JeneHHodl Ha ¢ [ypasmenme

8 (34.24)]. Tlyers U, Gyner omeprueit,

majaolleli B CEKYHAY Ha eXMHWY-

HyI0 IJIOWajb, TOIZla HEPeaHHHI TOH ke HOBEPXHOCTH 38 TO jKe

Bpemsa umnyuabc paser Uy/c. Ho ummyasc pacmpocrpamsercs co

CKOPOCTBIO ¢, TAK 9TO €I0 MAOTHOCTH TepeN MOTIOTHTENIeM NOIKHA
onrbe pasHa U /c?. Teopema cHOBa cIpaBe/JiHBA.

Haxonen, a mpusefy paccyipaerme OJhHmreitHa, KOTOpOe eIle
pas NPOEMOHCTPHUPYET TO Ke camoe yreepskienue. IpeqmonossuM,
Y HAc eCcTh BAIOH ¢ Kawoii-To fonpmoil Maccoil M, KOTOpPH Moser
0e3 TPeHMA KATUTBCA II0 PebcaM. B 0lHOM ero KOHIE PacIOTOoKEeHO
YCTPOHCTBO, CHOOCOOHOE «BHCTPEJUBATLY KAKHME-TO UYACTHIE WAL
CBETOBOH MMIYIbe (COBEPIIEHHO OE3PA3THIHO, 9eM OHO CTPENSer),
KOTODHE YJapA0TCA O OPOTURONOJIOKHBI KoHer saroma. Cieno-
BaTeIbHO, HEKOTOPOE KOJIMYECTRO 3Heprum, ckaxkem U, Haxemme-
ureecsd OEPBOHAYANBHO HA ofHOM KoHIe (dur. 27.7,a), mepeneraer Ha
UpoOTHUBONONOKHKE Komer (pur. 27.7,6). Tarum obpasom, smeprus
U nepememaercsa Ha paccrosinue, paBHOe JiuHe Barona L. Droii
srepriu U coorsercrayer macca U/c?, Tak 410 ecal BaroH BHadYaje
CTOAJI, TG €r0 LEHTP Macc AOJKeH HePeABUHYTIbcA. JHHIUTEiHY He
TNOHPABHIOCH 3AKNIOYEHHE O TOM, YTO LEHTP MAcC HPeAMETa MOKHO
nepeMecTuTh KaKAMU-TO MAaHANYIALAAMYA BEYyTpH Hero. O cumran,
YTO HWKAKWe BHYTPeHHWE NeiCTBHSA He MOTyT H3MEHWTb HEHTp
macc. Ho ecam aro tax, 10 upu nepememennn sueprua I/ ¢ ofuoro
KOHUA HA ApYTofi caM BarOH JOJNKeH OTKATHTHCA HA PACCTOAHHE I
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(¢ur. 27.7,6). B camom pene, HerpygHO yOeAauWThCA, UTO HOJHASN
Macca BaroHA, YMHO/REHHAS HA Z, MOJIKHA OBITH paBHA NpOH3Bejie-
HUI0 TIepeMelienHoit speprun U/c? wa pnuny L (mpu ycioBum, 4ro
U/c?® muoro mensme M), 1. e.
Mz=23 L. (27.22)
Teneps paccMOTpEM KOHKDPETHHI ciydail, KOTAa sHEprHA mepe-
HOCHTCH BCHHINKO# cBera. (Bce paccykieHns MOKHO MOBTOPUTH
I 1A "9acTuil, HO MH Oydem ciegoBaTh 3a JUHIITEHHOM, KOTOPHT
uHTepecoBancsa mpobaemamu csera.) Uro sacraBaser BaroH JRH-
rarbea? JHHINTERH paccy:Raald Tak: OPY HCOYCKAHWA CBeTa JOMMHA
ObiTh OTHAYa, KaKaf-TO HEM3BECTHAS OTjaga € WMOYALCOM p.
HNmenno ona sacrasjiser BaroH OTKatutbeda Hasam. CKOpocTh Ba-
rOHA U HpH TAKOH oTjlade AoJ:KHA ORITH paBHA EMOYJNbLCy OT/add,
nofejeHHOMy Ha Maccy M:

p

U:A—i .

Baron ppumxercs ¢ 9Toft CKOPOCTHIO 4O TeX WOp, TOKA CBET HO
JOCTHTHET NPOTUBOIIONOKHOTO KOHIA. Ynapasch, cBeT OTAAET
VUMIyJIbC BaroHy W OCTaHABIMBaeT ero. Ecnu x mamo, to BpeMs,
B Tedyenume KOTOPOTO BATOH JIBWIKETCS, paBHO L/c, Tak ur0o MH
noJgydyaem

L L
rT=vl=0v — —
c c

3
M
IHopcrasngs z 8 (27.22), Haxommm

U
D=
Cuosa OOJNIYYUWJIOCH COOTHOIICHUE MeAy aﬁeprneﬁ A UMOyJbCcOM

ceera. [Heass 510 Ha ¢, HAXOXMM IJIOTHOCTh HMOyJbca g=p/c,

U oOATh

U
g=z- (27.23)

Bac Moser yauBuTh, TAK MM Y3 BAIKHA TEOpEMA O LEHTpPE MACC.
Mosxer GuiTh, ona Hapywaercs? Bo3Mo;iHO, HO TOrga BH TEpseTe
I 3aKOH COXPAaHEHUS MOMEHTAa KojimYecTBa mBWKeHuA. [Tpemmomo-
JKMM, 970 HAIO BATOHYMK JBHYKETCA TO PENbCaM ¢ HEKOTOPOH CKO-
POCTHI0 U, W MH (BHCTpPEIHBAEM» KAKOE-TO KOJHYECTBO CBETOBOMH
SHEPIrHR OT NOMOAKA K no4y, HaopwMep m3 Touykd A B Toury B
(pur. 27.8). [TocmorpuM Temepb HAa MOMEHT KOJUYECTBA ABMACHHA
orrocutenbHO Touku P. Lo Toro xak nopuus smeprum U moxwunyaa
Touky A, y Bee 6ruia macca m=U?%c u cropocTh v, TAK 910 €6 MO-
MEeHT KOJIJecTBa BWKeHNA 6sl1 paseH mur,. HorAa ke oHA mpmie-
Telra B TOUKY B, Macca ee ocTaercs Npe)KHEH, W eCAH UMAYALLC
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U v Duz 27.8. [das coxpanerus mso-
B Menma KoAudecmed OgudceHus ommo-
cumeavrno mouku P nopyus snepeuu

@ U doaxmna necmu umnyasve Ulc.

3

)

at

BCETO BaroHa He M3MEHWJICHA, TO OHA IO-IPEKHEMY MONKHA HMEeTh
cropocTh v. OJHAKO MOMEHT KOJIMYECTBA [BMKEHHA OTHOCHTEILHO
Toaru P Gyner yme muvrg. Taxum o6paszoM, ecin BarOHy OpH M3JY-
9YeHMM CBeTa He Hepejaercd HUKAKOIO HMIOYJIbLCa, T. €. €CIH CBeT
He mepeHocur mMmmyabca U/c, 10 MOMEHT KOJMYECTBa [ABWKEHHA
JO0MKeH H3MeHUThesA. OKaskBaeTCs, 9T0 B TEOPUH OTHOCHUTEIBHOCTU
cOXpaHEeHHe MOMEHTA KOJNMYECTBA ABI/KEHHA M TeopeMa O IIeHTpe
Macc TecHO CBA3aHH Me:KAy coboit. W1 ecim HepepHaA Teopema, TO
HapyHlaeTcsA W 3aKOH COXPAaHEHUMS MOMEHTA KOJHMYECTBA [BUKERHA.
Bo Bcsirom caygae, ofuuii 3aK0H MOMKEH GHTH CIpPaBEIINB W IS
BJIEKTPOJAMHAMUKY, TAK YTO UM MOKHO BOCHIOJIB30BATHCS IS NOAY-
TeHUA UMIYJbCA MOJA.

YuooMmsimeMm emie o ABYX OpAMepax HMOYIbCA B 3JIEKTPOMAr-
HuTHOM mone. B ri. 26, § 2, Mb ropopwin 0 HapyuIeHUH 3aKOHA Jeii-
CTBHA U IPOTHBOMEHCTBHA S IBYX 3apSIKEHHHIX 9aCTHI, IBUKY-
IHUXCA DePHEHANKYAAPHO ApPYT Apyry. Cuikl, geficTBYIOIHe Ha 5TH
9aCTUIH, He YPABHOBEMIMBAIOT APYr APyra, TAK 9YTO fAelicTBme H
OpPOTUBONEHCTBAE OKA3HBAIOTCA HEPABHEIMM, a MOJHHI UMOYJIbC
BEHIeCcTBA mOITOMY HoiseH usmeHaAtbesa. OH He coxpamsercs. Ho
B TAKOH CHTyalluH HBMeHsieTcs H uMiyiasc moasi. Ecnm Bm pac-
CMOTpUTE BeJINYHHY MMIyihca, 3afaBaeMyi0 BekTopoM IloiHTHHTA,
TO OHA OKA3HBAaeTCA HEeNOCTOAHHON. OHaK0 W3MeHEHWe HMMIYJbCa
YaCcTUIHl B TOYHOCTH KOMHIEHCHPYETCS MMIYIbLCOM HOJNA, TAK 4TO
HONHH UMAYIbC YACTAL 1 TIOJA BCE 3Ke COXPAHALTCH.

Bropoii Ham mpEMep — CHCTEMA 3apAja ¥ MarEmTa, maobpa-
wmennad Ha gur. 27.6. K cBoemy oropuenuio, Ms o0HAPY;RAAH, UTO
B 9TOM OpuMepe SHeprus «Oeraer mo Kpyry», HO, KAK HaM Temepb
HM3BECTHO, HOTOK DHEPIUY M MMIYJIbCAa NPONOPIKOHAIBHE APYT APY-
ry, MO9TOMY 3[6Ch MBl UMEEM [Jei0 ¢ BUPKYyIAnueid mMmmyasca. Ho
YUpKYAayus MMOYJbCA O3HAYAeT HAJIUYNE MOMEHMQ KOAUYECMEd
dsuacenua. Iloae obmagaer momenmom koaunecmea dsuscenus. Ilom-
HHUTE mapafoKe ¢ CONCHOHMAOM W 3apAmaMy Ha AHCKE, ONHMCAHHBLH
B ri. 17, § 4? Kasanoch, 9T0 IpH BRIYEHWHM TOKRA BECh IHCK
NOJKEH HaYaTh KPYTUTHCH.

Ocraercsa 3arajika, OTKY/[Ja BO3HUKAET 3TOT MOMEHT KOJMYECTBA
aemxenns? OTBeT HA BTOT BOOPOC TAKOM: eClIH y Bac €CTh MATHUTHOe
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mojie M KakMe-TO 3apAAE, TO HoJe WMeeT X MOMEHT KOJHYecTBa
mewreana. O BO3HHK emje mpu co3faEMM camoro monsa. Horga
e HOoJIe BHIKIIOYAeTCA, MOMEHT KOJAHMYeCTBAa JBIDKEHHA OTHXACTCA
obparao. Tak 9T0 JUCK B 5TOM TAPAaZOKCE HAuHEM KPYTUTHCA.
TanacTeeHBE MUPKYAUPYOIUHE IOTOK SHEPTHH, KOTODHI CHA-
yaja KaykeTcs YeM-TO HeMOHATHEIM, HA CaMOM jeje abCOiIoTHO
Heobxomum. Begs cyulecTByeT peajibHBIH TOTOK mMmmyiabca. Oun
HeoOXOuM [IiIA BHIIOJHEHHsS 3aKOHA COXpaHEeHWS MOMEHTa KOIu-
qecTBa ABMKEHHSA B IEJIOM.



raaea &8

9JEKTPOMATHUTHAA MACCA § 1. Gueprus  moan
TOYE€YHOro 3apAja

§ 2. Umnyabce moasn
ABIKYHIET0CS
3apsxa
§ 1. Buepeua noaa moveunoeo sapada
§ 3. daexrpomaraur-
Cunres TeOpUM OTHOCHTENLHOCTH W ypaBHe- Hasi Macca
nuit Maxceensia B OCHOBHOM 3aBepUIaeT HAIIE W3Y-
geHiie TeOpWHU DNeKTpoMarHetusMa. Pasymeercs, § 4. C xaxroit emaoii

1o IOPOTe ME HepecKOdMiiN 9epes HeKOTOpEe aera- DMEKTPOH
JIM ¥ OCTABUIY HE3ATPOHYTOH JJOROADLHO GOABIIYIO AeficTBYET caM
o0sacTb, K KOTOPOl, OJHAKO, MHl eHle BEepHEeMCH na cebna?

B Oymymem, Korja safiMeMmcst BaauMojelicTBuem
BIERTPOMATHUTHOTO moasA ¢ BemectsoM. U Bee ske, § 5. Hompiren mname-
ecJu eIfe 3a/iepsRaThes HA MUHYTY ¥ HOCMOTDETH HEeHHSA  TEeOpuu
pa ¢acag »TOr0 YOUBHTEIBHOTO COOPYHKEHUS, MaxcBexia
HMEBIIETO CTOND TPOMAJAHI yenex B obbhAchHenun

CTOJNb MHOTHX ABJEHUI, TO MOsHO 00napy:xuth,uro § 6. Hoxe agepubix
OHO BOT-BOT 2ABANHUTCA U PACCHIONETCA HA KYCKH. cux

Ecau Bm noray0ie Brpeserech 004TH B a100yio u3

Hamux QU3AUeCKUX Teopuit, To obmapyskure, 4TO

B KOHIIE KOHI[OB HDOMajaeTe B KAKYyKO-HHOYAb

penpuarayo ucropuio. Ceflyac HaM mpefgcTouT

o0cynTh CEPbE3HYI0 TPYEHOCTH — HECOCTOATEN b-

HOCTh KJACCHYECKOW 3JACKTDPOMATrHHTHOR TEOpHH.

MoskeT noxasaThes, 9TO 3TO HAPYIUIeHNE, €CTECTBEH-

HO, CBABAHO ¢ HajleHUeM Beell Kmaccuueckoit reopunu

moj yiapaM# KBaHTOBOMEXAHWYECKHX 3PPerToB.

Bosbmurte Raaccmieckyo MexXxaHury. Maremartn-

9ecKM BHTO BHOJIHE CAMOCOTJIACOBAHHAA TEOPHS,

x0T OHA U oreepraercst opeitoM. OgHAKO camoe

IHTEPECHOe, YTO KIACCHYEeCKas TEOPHA DIEKTPO-

MarfgeTH3Ma HeyIOBIeTBOPUTEIhHA caMa 1o cebe. B

Heii 10 CHX IOP €CTh TPYLHOCTH, KOTOPHE CBA3AHH

¢ camuMi udeamu reopun Mawcpenna # KOTOpHE

HE UMEI0T HEemoCPeJCTBERHOr0 OTHOWEHUA K KRAH-

TOBOIl MexaHuKe. Bu Moskere momymarh: «A 3auem

HaM 3apaHee OecnOKOWTbCH 00 THUX TPYHHOCTAX.

Benp wBaHTOBAaA MeXaHHWKA Bce paBHO WU3MEHHT

3aKoHH 3JerTpoguHamuru. He saywme mm mogo-

JKOATh W IOCMOTPETh, BO YTO LIPEBPATATCA 2TH
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TPpYAHOCTH mocie usMeHeHuit?» OIHAKO TPYZHOCTH OCTAITCH
U mocie COeJUHEHUS MEeKTPOJUHAMUKA ¢ KBAHTOBOH MEXaHMROIL,
TAK YTO paccMorpeHme ux ceiiac He Oymer HampacHO# TpaToll Bpe-
MeHH; BIOGABOK OHM OYeHb BAJKHE ¢ MCTOPHMUECKOR TOYKHM 3peHUs.
Kpowme roro, ecau BH B cuitax ¢ToIb 11y60K0 UPOHKKHEYTH B TEOPUIO,
uT00K yBHETH B Hel Bce, He HCKRJIIOUAsE W TPyAHOCTeH, TO 310 Haer
BaM H3BECTHOE YyBCTBO 3aBepHIeHHOCTH.

Tpyanocrs, 0 xotopoil s cofupach FOBOPUTH, CBA3AHA C IPH-
A0JREHNeM TOHATUH HJIEKTPOMATHMUTHOTO HUMOYJIbcA W SHEPTHH
K 3JIeKTPORY Wiu APYToil sapssxenuoll sacrure. Iloasarua npocrrix
3apsAMKEHHEX 9aCTHI[ H HJIeKTPOMATHUTHOTO WOJA KaK-TO HE COIVa-
cywores gpyr ¢ gpyroM. Onucanne 3TOH TPYIHOCTH ME HA9HEM C He-
KOTOPHX HPHMEPOB BHUUCICHHA SHEPTMH M uMOyibca. Hafimem
cHAYAlA DHEPIUI0 3apsyReHHoii wacruisl. IIpepcraBbre, 9T0 MM
B3AJAM UPOCTEImyI0 MOIeIh DJIeKTPOHA, KOIZA BECH e€ro 3apam ¢
PABHOMEPHO pacHpefieieH IO IIOBEPXHOCTH cdepr pauuycoMm a.
B cumeunmanbHOM ciaydae TOYEYHOTO 3apsAfa MH MOMKEM INOJOMKUTDH
€ro paBHHM HYI0. Tenephb BHYUCAUM SHEPTHIO SAEKTPOMATHATHOTO
moasi. Ecaum sapsaz HemoOnBIKEH, TO HHKAROI'O MAUHHTHOTO LIOJA
BOKPYT HET, ¥ DHEPTHUA B efunute oGbema Oyjer mponopHuOHATbHA
RBAIpary HANPAKEHHOCTH DIEKTPHYIECKOTO [oisi. Beimumpa jke
HADPS/KeHHOCTA BAEKTPHYECKOTO HONA paBHA ¢/4meyr?, mosroMy
WIOTHOCTH SHEPTHHU \

€ o __ q
= E? = 32m2e et 7

Yr1o6pl UOJNYYHUTH IMONHYI0 SHEPLHIO, HYKHO Ty IUIOTHOCTH
HPOUHTErPHPOBATD HO BCeMy upocrpaucrsy. Mcemombsys sineMeHT
obbema 4nridr, HaiiieM HOMHYH HEPIHIO, ROTOPYI MB 0003HAIHM

yepes U, ,
. q
Uy = gt dr.

9710 BHIpAKEHWE HHTErpUpyercs oueHb mpocrto. HmmBumit mpepen
UHTEeTPHPOBAHUSA PABEH @, & BePXHHH — GeCKOHEYHOCTH, UWOITOMY
1 2

U — q

3 2 4me,

NS

(28.1)

Ecnu BMeCTO ¢ HOACTABHTH 3aPAL 3JIEKTPOHA ¢, B 0603HATUTD CUM-
BOJIOM €® KOMOHHALUIO qo/4Te,, TO HONYYHM

Up=75. (28.2)

Bce mrer xopomo 10 Tex mop, IMOKa Mbl HE MEPEeXOXHM K TOUETHOMY
sapAny, T. €. Hoka Mu He monomuM a=0. Ho kak roxbko Mu nepe-
XOBUM K TOUeTHOMY 3apsAny, HauuHaiorTca Bce mamu Oemm. W mce
MOTAMY, YTO dHEPTHUA IO M3MeHAeTCH 00PaTHO HPONMOPIHOHAIBHO
9eTRepTOll CTeHeRHN PacCTOAHHSM, MHTETPAd mo 00beMy CTAHOBUTCA
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PACXORAMUMCA, & KOIMYECTBO SHEPTHH, OKpPY;KAMEl TOYeUHEIL
3apAN, OKA3HBaeTcsA GECKOHETHRIM.

Ho ueM, coGcrBenno, minoxa OeckosHeunas sHeprusa? Ecrb am
KaKas-TO peanbHas TPYAHOCTL B TOM, YTO SHEPTHA HUKY[A He
Mo;KeT yHTH or 3apsiiga u ofpedema HaBcerga OCTARATHCHA OKOIO
Hero? JlocajgHo, KOHEYHO, 4TO BenWYHMHA OKasanach GecKOHEUHOIl,
HO IJIaBHHI BOOPOC B TOM — €CTh JM 3/(ech KaKOH-HHOyAb HabAw0-
daemwii Pusuueckumit sddert? YroGw oTBeTHTH HA HEro, HYKHO
obpaTnThCH He K 9HEpPTHH, a K ueMy-10 Apyromy. Hac moiker, cka-
JKEeM, BaMHTEPecOBaTh, KaK W3MEHAETCHS 9SHEePrusA, KOrJga 3apsax
Osuoemes. Ecam npu aroM oraykercst GecKOHEUHBIM U3MEHEHUE,
TO [IeJI0 COBCEM ILIOXO.

§ 2. Hunyave noasn dsudcyuieoca sapada

BosbMeM pasHOMEpHO ABIDKYIMMACA JJIEKTPOH U IIPEHIIOIOMHAM
Ha MHHYTY, 9TO CKOPOCTh €TO Maja 110 CPABHEHMIO CO CKOPOCTLIO
csera. C TaRUM JBHKYIEMCSH BJIEKTPOHOM BCET[A CBA3AH KAKOH-TO
UMIOYAbC — [AJKE eCJIH Y JJIEKTPOHA [0 TOr0, Kak OH. OBLI 3apsiKeH,
He OBLI0 HIKAKOM MAaCCH — 3TO UMITYJIbC SIEKTPOMATHHTHOTO IOJIA.
Mu porakeM, UTO JAJAA MAJNBIX CKOPOCTEHl OH HPOMOPIMOHAIEH
CKOPOCTH V U cOBHAJAeT ¢ Hell mo mampanieHdo. B Touke P, maxo-
fAameiica Ha pacCcTOSHEH r OT UeHTpA 3apAna ® mox yraoM O Kk am-
puu ero Asmxendas (¢ur. 28.1), snexTpHuecKoe mOJe paguaIbHO,
a MarHOTHOE, Kak MBI Bujeaw, paBao v X E/c?, IlnormocTh ke mm-
nyabea, B cooTBeTeTBAY ¢ dopmyaoil (27.21), Gynmer

g=2g,ExB.

Omna o6A3aTeIRHO HanpasjgeHa OO JUHAN OBIMKEHUA, KAK 9TO BUOHO
13 PHCYHKA, ¥ IO BEJUYINHE DaBHA

_B? g
g—?E sin 0.

ITone cAMMETPHYHO OTHOCHTENDLHO JUHWM ABIGKEHHA 3apsAia, 0o-
STOMY HONEePeYHEe KOMIOHEHTH NafyT B CyMMe HylIb, M HOJAyIeHHR I

Que 28.1. Hoas EuBu
naomuocmy umnyavea g 0as
TOA0 HCUMEALHO20 IAEKMPOHA.

Haa ompuyamenvnozo saexmpona
noat E u B nogepuymw 6 06pam-
HYW CTROPOHY, Ho & ocmaemcs
mem dce.

Cpepuyeckuil
J/IEKIMPOH
(+
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Duz 28.2. Saemenm obvema
2nr? sin® df dr,  ucnoanaye-
MU NDU  BWNUCAEHUL UM~
nyAbLCa noas.

B pesynbraTe UMOyabc OyjeT mapadiesieB ckopoctd v. Benuammy
cocraBiafAoOmell BeKTOpa g B HTOM HAOpaBlI€HHM, PaBHYI g sin 0,
HY;KHO TPOMHTerpHpOBaTh IO BCEMY NIPOCTPAHCTBY. B Kauectse
amemMenTa 00BEMa BO3BMEM KOIBLO, IIOCKOCTh KOTOPOTO HEpIeH-
marynapaa v (Qur. 28.2). Ob6nem ero pasen 2mr%sin 0 d0 dr. Iloa-
HH aMOyasc OyaeT Opu aToM

p:S%Y E?sin? 0 272 sin 0 dO dr.

Hocronsxy E He saBucur of yraa 0 (masa v<£c), 10 mo yray
MOKHO HeMe[JeHHO OPOHHTeIrPHpOBaThH:

cos® 9
3 -

Warerpuposagne oo 0 Begerca B npegesax or 0 g0 m, Tar
970 BTOT MHTErpaj jaeT HPOCTO MHOMKHTENb %/g, T. e.

p::-SEE—OZYSszr2dr.

Ssin”&d@::—‘S‘(i—-cos2 8)d (cos 8) = — cos 0 -

3 ¢

A rawroit naTerpans (nasa v<<c) MH TOJBKO 4TO BHUACIAIH, ITO0H
HafiTh SHepruio; oH papen ¢2/16m%eya, Tak 41O
2 ¢ v
P=7 fnegact’
HIIO
2 e

VmMuynbe mOAA, T. €. 9JIeKTPOMATHUTHHN HMIOYJAbC, OKasajcs
OpoIOPLNOHATLHEM V. B uacTHOCTH, TO )K€ caMoe BHpa)KeHHe HONY-
qua0ch OB I 9aCTHHB ¢ Maccol, paBHOH KoagummerTy npomop-
NEOHAJIBHOCTE HpH v. Bor mouemy stor KesdPHImERAT TPOOOPIMO-
HaJbHOCTU MBI MOKEM HAa3BaTh 34CKMPOMASHUMHOU MACCOU My, T. ©.
TOJIOHUTD
2
- (28.4)

Mow =3 76"

M

wf ro
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§ 3. exmpomasnumnan macca

OTRyga e BOOGHIE BOZHMKIO MOHATHE Macch? B mammx 3axo-
HaxX MeXaHWKM MH OPEANoJaraly, 9ro J0oMy IpeiMery mpHcylie
HeKoe cBOlicTBO, HassiBaeMoe Maccoil. OHO 03HAaYaeT TPOTOPIHO-
HaJBHOCTh HMOYJAbCa mpexMeTa ero cropocrd. Temepn ke Ml
00HADY:KMIM, YTO HTO CBOHCTBO BIOJHE NOHATHO — 3apAKEHHAA
9acTHIIA HECEeT HMIYJIbC, KOTODHI HPOMOPHMOHANEH €¢ CKOPOCTH.
Jearo MOKHO mpeficraBUTL TaK, Kak OyATO Macca — aTO Ipecro
snerTpopuHaMuUeckuil afderr. Bexpb jo cux mop mpuumHa BO3HMK-
HOBEHHS MACCH 0¢TaBajsach HepacKpuToi. M BoT, HAKOHEL, B 9JIEKT-
pOAMHAMIKEe HAM IPEJCTABILIACH IPEKPACHAS BO3MOKHOCTD TIOHATH
TO, Yero ME HUKOI/la He HOoHUMAalHM pauemie. [Ipsamo Kax ¢ Heba
(a Tounee, or Makcsemna u IloiiHTHETa) cBanmIOCh Ha Hac 06Bsc-
HeHFe IpPONOPHUOHAIBHOCTH UMIyJabca N06Goll sapsamenmoil da-
CTHI[H €6 CKOPOCTH Yepes 3JIeKTPOMATHHUTHHIE CBOUCTBA.

Ho pamaiite Bce-taku BcraHeM Ha oiiee KOHCEPBATUBHYIO TOIKY
speruA U 6yeM ropOpUThH, O KpaliHeil Mepe BpeMEHEO, YTO HMEETCH
JBa COPTA MAacC M YTO HOJHEIH MMIOYJbC OpefMera JO;uUKeH OHTh
CYMMOH MEXaHHIECKOTO U 3JIeKTPOMATHUTHOrG UMIOyabcoB. [Ipuuem
MeXaHWYeCKNii HMMIOYIbC pPaBEH NPOUBBECHUI0 (MeXaHHIECKOL»
MaccH m,., Ha ckopocts v. B Tex srcmepumenrtax, TAe Macca
Y9ACTHIH HU3MepPSAeTcsi, HAUNPHMED, OHpeJeJeHHeM HMIIYJIbCa HIK
(KpYYEHHEM Ha BEpPEBOYKEe», MHl HAXOJUM e¢ HOAHy Maccy. V-
OyJabC paBeH OPOM3BEJEHNI0 HMEHHO IIOJNHOH Macchl (My.,-m,,)
na ckopocts. Takum o6pasom, HabnoKaeMasn Macca MOFKET COCTOSITh
o3 AByX (a Moyker OHITH, m u3 GOJBLIETO YHMCAA, €CJAU MBI yITeM
JApyTHe IOJA) YacTeil: MeXaHMYECKOH M dJIeKTpOMarHHTHON. Mut
3HAEM, YTO HABEPHAKA MMeeTcs HJIEeKTPOMATHMTHASA YaCTh; A Hee
y Hac ecth gaxke ¢gopmyma. A cefidac nospuwiach yBIeKaTeabHas
BO3MOKHOCTh BHODOCHTH MEXaHWYECKYI0 MACCy COBCEM ¥ CYHTATH
Macecy OONHOCTHIO BIEKTPOMATHHTHOIL.

IlocMorpum, kKakoB [mOMKeH OBITH pasMep JJAEKTPOHA, €CId
(MEXaHHIECKAS» YACTh MACChl IOJHOCTBI0 OTCYTCTBYET. JTO MOKHO
BHISICHHTH, IPHPABHUBAA 3JeKTPOMArHMTHYH Maccy (28.4) mabuaro-
7aeMoil Macce diaeKTpoHA, 1. e. m,. [loayuaem

2 e?
a = § @5 . (285)
Beanuuna
2
ro=-—; (28.6)

HABHIBAETCA (KJIACCHTECKUM PAaZUyCOM SJAEKTPOHA» W PABHA OHA
2,82 X107 13 ¢y, 1. €. OgHON CTOTHICAYHON AMAMETpa aToMa.
[Iouemy pammycom oSaexTpoHA HasBaHA BeNWYHHA 7, & HE a?
IToromy 970 MBI MOKeM HPOBECTH Te yKe CaMbie pPacdersl ¢ APYTHM
pacupegenenueM sapsaga. Mu mMoskeM B3ATH €ro paBHOMEPHO pa3ma-
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3aHHBIM 10 BeeMy 00beMy Imapa WIX HaNOf00He OyHINCTOTo 1A PHUKA.
Hanpumep, ana sapsaga, paBHOMEPHO pacHpefeleHHOTO OO BCeMy
obpemy ctepnr, Kosdduruent %/, samenserca roapdumuenToM */,.
Bmecto Toro uwroGm cmopurh, Kakoe pacOopefieneHHe NpPaBHiIbHO,
a Kakoe Her, ObLIO pemieHoO B3ATh B KaueCTBE (HOMHHAJIBLHOIO» pa-
AWyca BENWUYHHY 7, A pasHHe TEOPHH HPHOUCHBAT K HeH CBOi
KO3 duIuent.

HapaiiTe npomoiyKuM Hame oOOCy/KAeHUe 3JIeKTPOMarAuTHOI
Teopun Macchl. M OpoBean pacuer 1asa v << ¢, a 9T0 IPOu3olifer npn
nepexofe K 66abmmM ckopocrsaM? llepsrie NOOEITKM BHYHCIEHHA
mpuBeIl K Kakoi-TO TyTaHWIe, HO TOo3aEee JIOpeRL HOHAN, YTO
Opn 00bMUX CKOPOCTAX 3apsykeHHAA cdepa JONKHA CREMATHCA
B OJUIMICOHAN, & TONA [OJKHE MBMEHATLCH COLMACHO IIOJYYCHHBIM
HAMH [JIA PEJATHBUCTCKOrO cayuas B ra. 26 gopmynam (26.6)
7 (26.7). Ecau o npogenaere Bce BBIYHCICHUS A P B 9TOM CIY-
9ae, TO MOJAYYHTE, YTO [JA OPOU3BONLHOI CKOPOCTH V MMIYJILC

yMmuoskaercst eme Ha 1/} 1—0¥/c?, 1. e.

2 e v ~
p=-73 0—0—2——1/1_&_2/_02 . (28.7)

Apyrumnm ¢ji0BaMy, B3IeKTPOMArHATHAA Macca BOSPACTaer ¢ yBeln-

genmeM cKopoctHm ofparHo mpomopunumomanbuo ) 1—uv¥e?. DBro
OTKPHITHE GBLIO CAEIAHO e1Ie [I0 CO3TAHUS TeOPHH OTHOCUTEIbHOCTH.

Torga mnpepmaradnch fajke DKCHEPHMEHTH HO ONpeleseHnuio
3aBUCHMOCTH HaBM0jaeMOll MACCH OT CKOPOCTH, 9T00H yCTaHOBUTD,
Kakas d9acrb ee dJAeRTpHUECKAdA MO CBOEMY NPOHCXOKAEHMIO, a
Kakas — MeXaHuveckas. B te BpeMeHa cuMTanu, 9TO BJEKTPOMAT-
HUTHAs 9acTh MACCH 004xcHa 3aBUCETH OT CKOPOCTH, 8 e MeXaHH-
qecKas 9acTb — Hem.

Ho nora craBuiauch 9K COePUMEHTH, TEOPETUKY TOKE HE JAPeMAH.
W Bcrope 6bina passBUTa TEOpPUsA OTHOCHTEJIbHOCTHM, KOTOpAs J0Ka-
sanma, 4ro abaA Macca, HE3aBHCHMO OT CBOETO MPOMCXOMEHH,

IoMKHA HaMeHAThCA Kak my/ )/ 1—v%/c?. Taxum o6pasom, ypaBHenue
(28.7) -6n110 HAa4aJIOM TEOPHH, COTJacHO KOTOPOH Macca 2aBHCHT OT
CKOPOCTH.

A Tenmephs BepHEMCA K HAIIUM BBIYHCACHUAM 9HEPTRH MOJA,
KOTOpble PHBEJH K BHBOAY Boipaskenns (28.2). Iueprusa U B coot-
BeTCTBHMHU ¢ TEOpHeil OTHOCHTeNbHOCTH 9KBHBajseHTHA Macce U/c?,
moaromy (28.2) rosopur, 4TO mOJNE 3NEKTPOHA NOMKHO 001aJarTh
Maccoi1

’ UB:!,__1 e?
my, =1 (28.8)

KOTOpas He COBHOANAET ¢ 3JeKTPOMATHHUTHOH Mmaccoil m,,, ompege-
aeunoii ¢opmynol (28.4). B camom. pene, ecam G Mb TPOCTO
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cKomOuEWpoBanu BHpakenust (28.2) m (28.4), To momkHH ORAR

O Hamucarth

4
U,y =5 mgy,c?.

Ira dopMyna GpTa MOJNYUEHA €L A0 TEOPHH OTHOCUTEIBLHOCTH, U
Korga JditHinTeiin u Apyrue (U3NKU HaYaA¥ HOHUMATh, 4T0 U Beerga
JOMKHO OBITH PaBHO Mmc?, TO 3aMemAaTeabCTRO ORIIO 09€Hb BEJAMKO.

§ 4. C xaxroit cuaoit saermpon deticmeyem
cam Ha ceba?

Pasauna Mesay AByMA GOPMYyNaMH SJIEKTPOMATHHUTHOH Macchl
0cobeEHO 00UHA, TOTOMY 9TO COBCEM HEJaBHO MHE JOKa3aal cOrJa-
COBAHHOCTDh 3JEKTPOJWHAMWKH C OPHHUIUNAMU OTHOCUTEILHOCTH.
HKpome Toro, TEOpUA OTHOCHTEIbHOCTH HEABHO M HEem30e:KHO mpes-
poJaraer, uYTo MMIYIbC {0J;KeH OBTh PABEH OPOM3BEIeHUIO S9HePIUH
Ha v/c?. Henpusaruas ucropus! [lo-supnMomy, Mbl re-1o momycrunn
omub6ry. Koneano, He anrebpanueckyio omuOKy B HAINMX pacueTax,
a Ife-TO NpPOINIAeNd YTO-TO CYHIECTBeHHOe.

Ilpu BRIBOJE HAMUX ypaBHEHUH 1A 9HEPTHM W HMIYJIbCa MEI
Opefnoaarajd CIpaBeJinBOCTb 3AKOHOB coXpaHenus. Mul cumranm,
4TO YyYTeHH éce CWibl, ydreHa niobas pabora m mio6oi mMmmyibe,
HOpOoKIaeMblll APYTHEMEI «HedJeKTpHuecKumm» Mexanusmamu. Ho
£CJIM MBI MMeeM J[eJI0 ¢ 3apshHKeHHO# cdepoil, TO, HOCKOJIDLKY Bce
BJIEKTPUUECKUE CHIB — 3TO CIVIH ~ OTTRJKHBAIOIIME, DIEKTPOH
CTPEMHATCA Pa3opBaThbes. A pa3 B CHCTeMe He yYTeHR ypaBHOBEN-
BaoIUe CUJIH, TO B BAKOHAX, CBA3HBANIIUX MMIYJIbC A+3HEPIHIO,
BO3SMOKEHE! J00he omubku. YToOw KapTuHa OHIIA CAMOCO214CO8AH-
HOTi, HY/KHO OPEANOJOKATH, 9TO HEUTO YAePKUBAET JJIEKTPOH OT
pasphiBa. 3apAAH TOJKHB ydepicueambca Ha cepe 4eM-TO BpOje
«Pe3MHOK», KOTOPHE HpPEeHATCTBYIOT HMX CTPEMICHHIO pasiereTbes
B cropoHbl. [Iyankape mepBHi 3aMeTmi, 4To NOZOGHHE (PE3HHKH»
HJTE HEYTO B HTOM pOJie, CBA3HIBAIOIINE 3J1eKTPOH, HeOOX OUMO yuu-
THBATH OpPU BHYUCIEHHN 9HEPIMH W EMOydhca. Ilo ato#t mpudune
OMONHATEJbHKE HEDIeKTPUIECKHNE CHIB W3BECTHHl II0[ MMEHeM
«nanpsernnii [lyankapey. Ecam BRIKNYHTL mX B pacder, TO 3T0
cpa3y H3MEHHT MacCHl, HOJyYeHHHe B 000MX ciaydasAx (Xapakrtep
W3MeHEeHHS 3aBHCHT OT [eTAJAbHBIX NPeANoNOKeHNi), W pesyabrar
6yner cOTIIACOBHIBATHCA ¢ TeopHMeil OTHOCHTEJIBHOCTH, T. €. Macca,
WO yYeHHAA M3 BHUMCIEHNH MMOYyJbCca, CTAHOBUTCA TOH K€ CaMOH,
4To U Macea, HoAyueHHaA u3 sHeprun. OgHaKo Temeps MaceH GynyT
COCTOATH M3 08y dacTeii: IeKTPOMATHHTHOU ¥ NPOHCXOfAmed or
«unanpmuwennit [Iyankape». W ronbko korga obe gacTm CRIagbIBa-
I0TCS BMECTE, MHI IT0JiyYaeM COTVIACOBAHHYI0 TEOPHIO.

Nrak, Hamp Hafe;IH HE ONPABIAINCH, MH He MOKEM BCIO
Macey cheiars yuMcTo saexrpomaramtHoi, Teopm:, cofepkainas
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TOJBKO JIEKTPONMHAMEKY, HesakoHHA. H meit HeoOxopumo npuba-
BHTBb 4T0-TO emie. Hax On MB HH Ha3BalH 3TO «ITO-TO» — (PE3HH-
KaMm» WIN «HanpsukeHuamu [lyaHkape» HiInm Kak-TO MO-IpyroMy,—
OHO BCe PAaBHO JOJ;XHO HOPO:K/IATh HOBHE CHJIH, 00ecmedmBaoinue
COIJIAaCOBAHHOCTH TEOpHH TAKOIO POAA.

Ho cosepmenno scHo, 4T0, KaAK TOJBKO MH BRHYK/JCGHH II0CA-
JUTH BHYTPH SIE€KTPOHA MOCTOPOHHME CHJIH, KPacoTa Bceil KapTHHEL
ToT9ac ucueszaer. Bee cramoBurcAa cammroM caokasiM. Cpasy ke
BO3HHMKAET BONPOC: HACKOIBKO CWJIBHH 3TH Haupsxenus? Yro mpo-
ucxouur ¢ sxexrporom? Ocmmrampyer au oH wim Her? Kakosw Bee
ero sHyTpennue csoiicrea? M r. 1. u r. m. Bosmoskno, uro kakme-10
BHYTPEHHNE CBOHCTBA 3IEKTPOHA BCe-TAKM 04eHb caoubl. U ecanm
Mbl HaYHEM CTPOHTL BJIEKTPOH, CIAENys dTOMY pellenTy, TO IpHjeM
K KaKHM-HEOYObL CTpaHHEIM CBOHicTBaM HamofoOme cOGCTBEHHBIX
rapMOHMK, KOTODHIE, II0-BHAAMOMY, elie He Habmopanuch. f ckazan
«mo-BUAMMOMY», u60 B mpupoje MH HalJIOIaeM MHOMKECTBO CTpaH-
HEIX Bemleli, KOTOpHM eme He MO}KeM UPUAATh HUKAKOLO CMHICTA.
BosmoskHo, uT0 Korga-AMGyAb B OMUH DPEKpPACHKIT eHb OKAKeTCH,
4TO KaKOe-TO sABIEHNe, M3 TeX, YTO HeMOHATHH HaM CerogHA (U-Me-
30H, HAIIpUMeP), MOKHO Ha caMOM jiesie 00BACHUTE KAK OCHHIANAAINA
«aanpssrennit Ilyamkape». Cefidac 910 He KaykeTcs TpaBgomoxo6-
HEIM, HO KTO MO:KeT rapanTHpoBarth? Bejp MH emie cTOJBKOTO He
MOHUMAaeM B MUpe 3jeMmeHTapHHX wactun! Bo BeakoM cayuae,
CIOKHAs CTPYKTypa, IpeamoiaraeMas B3STOH Teopueil, BecbMa
He;kejaTelbHA, W HONHTKA OOBACHUTH BCE MACCH TOJIBKO 4Yepes
9JIeKTPOMATHeTHAM, 0 KpaiiHeill Mepe OMHCAHHKIM HaMd cuocoGom,
3aBeJa B TYIOHK.

Mgue eme xortenoch Gw mopaccy:xHarb HEMHOTO O TOM, 1I0OYeMY
npy OPONOPINUOHANBHOCTH MMIIYJIbCA MOAA CKOPOCTH MH TOBOPHIN
o macce. OQuenp mpocro! Bens macca — 8T0 M ecTh KoaduuumeHT
MEKAY MMOYJIBCOM M CKOpPOCcTho. OHAKO BO3MOKHA U IPYTad TOUKA
speHuss. MOKXHO TOBOpPHUTH, UTO YACTHI[A MMEET MACCy, €CIH I
YCKOPEHUS ee MBI BHHYKIEHH IPUIAraTh Kakymo-to cmiry. llocmor-
pUM IOBHUMATEJIbHEH HA TO, OTKyAa OepyTcsa CHIK; 9TO MOKET
noMous HaimeMy nouuMaHmio. OTKymIa ME y3HAaeM, 9T0 3[ech JOIKHO
upOABUTHCA AeiicTBme cwia? Jla mpocro moroMy, Wro MH OKa3axnd
3aKOH COX PAHEHUA UMOYJILCA I noueii. Ecim y Hac ecTh 3apsKeH-
HaA YacTHOA W MH HEKOTOpPOe BpeMA «Ha)kuMaeM» HAa Hee, TO Y
BIEKTPOMATHUTHOIO MOJIA MOABUTCA HMOyabe. Haxum-To obpasom
oH ORI mepefaH aTeKkTpoMarHaTHOMY moafo. CiemoBarenbHo, YTOOH
pPa30THATH DJIEKTPOH, K HEMYy HY}KHO IPHWIOMKHTH CHIY, AONOJHH-
TeJBHYI0 K TO#, Koropas TpeGyercAa MeXaHW9eCKOH wuHepuueiq,
CBABAHHYIO C eTO BJIeKTPOMarHHTHHM B3ammogpeiicTsmeM. IIpm srom
AOJKHA BOZHHKHYTH COOTBETCTBYIOIas OOpaTHAA peaknasa co
CTOPOHH! «TONKaeMoro» mamm siaexrpona. Ho orkyma Geperca sra
cuna? KapruHa npumepro TakoBa. MoyKHO CIMTATh IEKTPOH 3a-
psssenHOH cpepoi. Horga om moxoures, To RaKABLA o 3apaHeHHbIT
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Due. 28.3. Cuaa Oelicmeus yckopawwezoca saekmpona 6aaeodaps
8anasdvleanHUIo He PAGHA HYAI0.

IIo8d dF mui nodpasymesaem cuay, Oelicmeyowyin Ha saeMenm nogepxHocmu da,
a nod d*F — cuay, Oelicmeyrowyio Ha daeMENTM NOGEPXHOCTMU ddy CO CTMOPOHBL
3apada, PacnoLoKHeHH020 HA dneMeHMe nosgepxHOCMU dap .

yYaCTOK OTTAIKUBaeT N000H Apyroil, Ho, Bce CHIBI YPABHOBEIICHE
HOmapHO, TaR 4YTO pesyavmupylowas pasHa Hyawo (¢ur. 28. 3, a).
OnHaKo IpH YCKOPEHUN SAEKTPOHA CHUIH GONbINe HE yPABHOBEUIN-
BATCA, TAK KaK, ITOOK DIEKTPOMATHATHOE BJIMAHUE FOILIO OF
OIHOTO MecTa O APYTroro, HY;KHO HeKoropoe spems. Hampmmep,
cmia, geficTByomas Ha y4acrox o (pur. 28.3, 6) ¢o CrOpOHHI yIacT-
Ka f, pacmoNoKeHHOT0 HA IPOTHBOMOJIOKHON CTOPOHE, 3aBUCUT OT
nonoykenud f B samasgsiBaoinmit MomenT. UV BeawumHA M HAmpas-
JeHNe CHJIH OUpPeAeNAITCA JBUeHeM 3apana. Ecuau oH ycKopser-
€, TO CHJH, JEHCTBYIONNE Ha pa3HBE YaCTH DJIEKTPOHA, MOTYT
OBITH TAKWMH, KaK 9T0 morasano Ha ¢ur. 28.3, 6. Teneps mpu cio-
JKEHUM BCEX BTHX CHJI OHH He corpaimiaiorcsa. Jaa mocrosnrol cro-
POCTH BTH CHIH yPABHOBENIMBAJWCH OHl, XOTA HA TEPBHIH BBIJIAL
KayRkeTcsA, UTO AajKe IPU PABHOMEDHOM IBU/KEHUN 3a0a3[IbiBaHue
IpuBefeT K HeYyPABHOBEHNICHHEIM CHJIAM. 1€M He MeHee OKa3hBaeTCH,
410 B TEX CAydadAxX, KOTHA DIEKTPOH He YCKOPAETCS, PABHOHEHCT-
BYIONIAas CHJIa PAaBHA Hyai0. Ecanm jxe MBI pACCMOTPHM CHIBI MEKAY
PA3IMYHEIME 9aCTAMM YCROPSAOIIEroCA SJNEKTPOHA, TO JeHcTBHE U
NpPOTHBONEHCTBHEe HE KOMOEHCHPYIOT B TOYHOCTH APYr Apyra u
BIIEKTPOH JIHCTBYET cam Ha cebs, CTAPasch YMEHBIIUTH YCKOPEHUE,
On Tamer cam ce6s «3a MUBOPOT» HA3am.

Mo;kHO, X0TA U HE JEerKo, BEYUCIUTL BTy CHIY CaMomeiicTBusA,
OIHAKO 36Ch MH He Oy/leM 3aHuMAThCH TAKHMHU TPYHLOEMKUMHU pac-
weramm. fl mpocro CrasKy BaM, 4TO NOMYTaeTCs B CHOEHHAIBHOM
CPABHUTEJILHO OPOCTOM CiAydae [ABUJKEHUS B OJHOM N3MEpeHNH,
craykeM BHoab ocu . CamoneficTBHe B 3TOM CJIyuae MOKHO 3aHUCATH

B Buje pAna. Ilepsoiit uiaeH 3TOr0 pAfa 3aBHCUT OT YCKOpPEHHH I,
caeqyoul — OPONOpIUOHANeH & # T. 1. * )

* MM [OXB3yeMCA TAKAMH oGOBHAYGHHAME z—dz/dt, z=d®z/di?,
z =d%/d® m 1. &
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Tar uro B pesyiasrare

Feali— 2051y S5 4., (28.9)

3 ¢ ct

T7le O ¥ Y — YUCIOBEE KOa((uIuenTH NOpARKa eHHHIE. Hoaqx,’pn-'

IHEeHT oL IPU CJIaTaeMOM £ BaBUCHT OT IPeAHOJIOKeHHOT0 pacmpese-
NIeHUs 3apAAOB; eCAN 3aPSANE PABHOMEDHO PAaCIIPE/IeNeHH 10 cepe,
To =2/4. Tarum oGpasom, ciiaraeMoe, IPOIOPIIOHAIHHOE YCKODE-
HUIO, W3MeHseTcs 00paTHO HPOMOPIUOHANLHO PAJAYCY BISKTPOHA
@, 970 B TOYHOCTH COTIIACYETCS ¢ BEJMYUHONR, MOMYICHHON A Moy
B (28.4). Ecau B3ATH Apyroe pacmpefeneHne, TO o0 U3MEHUTCA, HO
B TOYHOCTH TAK ’Ke MBMEHHTCA ¥ BeaudnHa */; B (28.4). Cnaraemoe

C T He 3a6uCUM HY OT Pajiuyca g, HE OT MPeION0/AKeHHOr0 pacIpe-
JeleHus 3apaAfa; xospunuent opu HeM eceeda papeH ¥/ ,. Cuemyio-
Iee ciaraeMoe HPONOPIHMOHAIBHO pajguycy a u Koadduumenr y
IpH HeM ompefelsercd pacnmpeneneHmeM 3apsga. Obparture sEEMA-
HYe, 9TO eCIH yCTPEeMUTh Pafuyc IeKTPOHA K HYJIO, TO HOCAeIHEe
craraemoe (paBHO KaKk ¥ BCe BHICHIWE wieHH) obparurcsa B HYIb,
BTOPOE OCTAGTCA IOCTOAHHEIM, HO NEPBOE — DIEKTPOMATHUTHASA
Macca — craHoButrcsa OeckoneunniM. BupHo, 9ro GecKOHETHOCTD
BO3HMKAeT M3-3a [eHCcTBHA OLHOIl WacTH DJIEeKTPOHA HA APYTIYIO;
H0-BHAUMOMY, MBI JONYCTHAM IJIYHOCTh — BOBMOKHOCTb «TO4EY-
HOTO» 3JIeKTPOHA [eiiCTBOBATH HA C€aMoro cebs.

§ 5. IHonvumru usmenenusn meopuu Maxceearn

Teneps Mae 60 xorenocs o0CyHuTh, KAaK MOMKHO H3MEHHTL
anexrpoguaaMury MakcBemna, HO H3MEHUTE TaK, YTO0H COXPAaHUTH
LOHATHE HPOCTOTO TOUEYHOro 3apsifia. B sroM maumpasiedun OnLIo
CeJIAHO HEMATO IOOHTOK, 4 HEKOTOPHE TEOPHM CYMEIH JayKke Tak
OpefcTaBUTh JEN0, 9T0 BCA Macca HJIEKTPOHA OKA3aJ1ach MOJHOCTHIO
aiexTpoMarHuTHOl. OXHAKO HU OJHOU W3 9TUX TEOPHU HE CYKIEHO
Onuio BELKUTE. Y BCe 3Ke MHTEepecHO 00CynuTh HEKOTODHIE U3 Mpe-
JIO;KeHHKIX BO3MOKHOCTell xota Owr [jist Toro, 4To6H 0OHeHUTH HOpb-
6y 9ex0BEYECKOTO pasyMa.

Hama reopusa smerTpoMarHeTH3Ma HA4ajach C pasroBOPOB O
B3aUMOJIEHICTBHY OFHOTO 3apAfa ¢ APYTHM. 3aTeM MHl IOCTPOMIH
T€OPHUI0 STHX B3AUMOMEHCTBYIONINX 3aPANOB M 3aKOHYNIN HATIE M3Y-
geRye TeopHell moxsa. MH HaCTONBKO yBePOBAIN B Hee, 9T0 HHTANIUCH
¢ ee MOMOINHI0 ONpefeanTh, KAK OFHA 4acTh HJIEKTPOHA NEHCTByer
Ha ApyTyo. Bee rpymuocT, BO3SMOKEO, IpOUCX ONAT B3-34 TOTO, ITO
3JEKTPOH He fielicTByer caM Ha ce0s; YKCTPANOAANUA 3aKOHA B3a-
HMOJIeHCTBMA MEKAY OT/EIbHEMHA 9JeKTPOHAMI HA B3aHMOJECTBIO
DIEKTPOHA CaMOTO ¢ coboil, BOBMOKHO, HHueM He ompapaaHa. Ilo-
3TOMY HEKOTODHIE W3 IMpPeRJOKeHHHX TeOpHi COBCeM HCKIITAIOT
BOSMOKHOCTb CaMOJeAcTBUA aleKTpoHa. [3-3a 9T0r0 B HEX yiKe HE
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BO3HUKaeT GeckomeynOCTeil, U HEKaKO# 3JeKTPOMArHUTHON MAacChi
OpH 9TOM y 9aCTHI] HET, &4 €€ MAacCa CHOBA DOJTHOCTHIO MEXaHNIECKA.
Oneaxo B TAKOW TEOPHUH BO3HMKAKT HOBHE TPYMHOCTH.

Hy:xuo cpasy ke BaM cRasaTh, 9T0 TakHe Teopud TpebyioT u3-
MEHEHHA U IOHATHH 3AE€KTPOMATHUTHOTO moiAd. Kak BH IOMEHTe,
MBI TOBOPHIM, UTO CHJIA, JEMCTBYOIAA HA 9acTHIY B n1000if Touke,
ompefensaercAa npocto aepyMa Beauunaamu: Eu B. Ecau mu otkasn-
BaeMcA OT HIEH CAMOIEHUCTBHA, TO 9TO YTBEP/KACHME CTAHOBUTCA
y/ke HeCOpaBe[IWBHM, #0O0 CHIH, [eHCTBYIONHE HA JIHEKTPOH
B HEKOTOpOM Mecte, Goabille He ompenmensorca noduuMu E u B,
a TOJIBKO TeMH WX YaCTAMH, KOTOPEIE COBIAIOTCA ApyauMy 3apagaMi.
Tax 4ro ME Beerma JOMKHE IMOMHHTHE O TOM, Kakme moasa E m B
€0BJ]a€eT TOT 3aPALK, UIA KOTOPOr0 BEHYUCIAETCA NeliCTBYOIIAA CHaa,
a KaKWe — BCe OCTAJAbHEE 3apAAE. OJTO [enaeT TEOPHI0 T[OPA3fio
6ostee 3amyTaHHOH, XOTA M NO3BONAeT M3beykaTh TPYHHOCTEH ¢
0eCKOHETHOCTSIMH.

Urax, eciu Ham ouenv xowemca, MH MOjKeM BHODPOCHTH Bech
HaGop cua B ypasuenuu (28.9), npuropapusasg OpU 3TOM, 9TO TAKOE
sIBICHHE, KaK JeficTBue dIeKTpoHa Ha cebs, orcyrersyer. Ho Bmecre
¢ BOJION MH BHIIecKMBaeM ¥ peberra! Bexb Bropoe-To cnaraemoe B

(28.9), cmaraemoe ¢ x, coBepImeHHO Heo0XoguMO. JTa CHIA TMPURO-
JuT K BHOJHE ompenereHHOMY apdexrty. Ecum o ee BuGpocure —
Oenpl He MuHOBaTh. HOTIA BRI pasroHdeTe 3apAf, OH M3JIyYaeT dleK-
TPOMATHUTHHI® BONHH, T. €. TepsAeTr sHeprumio. [losTomy ycropenme
sapsaga Tpebyer Goabmeidl CHIN, 9eM YCKOPEHHE HEHTPAIBHOTO
ofbeKTa TOH jKe MacCH; B IPOTHBHOM Clyuae pHeprua He Oymer co-
xpaaaTbes. CKOPOCTH, ¢ KOTOPOR MH 3arpaduBaeM pabory HA yCKO-
peHEe 3apAafma, JOJKHA OHTH paBHA CKODOCTH NMOTEpH SHEPTUU HA
unanyaenue. Mer yixe rosopuan o6 stom addexte; on GH HA3BAH
paguannoHHsIM compoTuBieEneM. CHOBa mepe]] HAMH BOHPOC: OT-
Kyza GepyTcs Te JONOJHUTEAbHEE CHIH, HA TPEOJOIeHNE KOTOPHX
saTpauuBaetcd ta pabora? Horga msnygaer Goablias anTeHHA, TO
5TH CHJIH BOSHUKAIOT LOJ BIAUSAHUECM TOKOB OJHON e€e YacTH HAa TOKM
B ppyroii. Ho y o1mensHOro ycKOpAoINEroca dieKTpOHA, H3aTyda-
JOIIEr0 B OYCTOE IPOCTPAHCTBO, BOBMOKEH TOJIBKO ONMH HCTOYHUK
TAKUX CHJI — JelicTBHe ONHOH dYacTH JJeKTPOHA HA [PYILY.

B rat. 32 (um. 3) Ml OGHAPYIKMAH, 9T0 OCUMINMPYIOWHI 3apast
u3jaydaer SHEPTHIO €O CHOPOCTHIO

dW _ 2 e (z)?
dt 3 e

(28.10)

IlaBaiite mocMOTPHEM, KaKaA MOIMHOCTh HEOGXOfUMA ISl MPEOKOTIe-
puA cuan camofeiictsusa (28.9). MomuocTs, Kak W3BECTHO, paBHA

cane, yMHOKEHHOH Ha CKOPOCTH, T. €. Fz:

dW . S 2 2 ... .
—F=afc—2xz—§-2—sxx—l—.... (28.11)

312



Ilepeutii wnem mpomopumomaleH dz¥/dt m mWOITOMY COOTBercTBy®
CKOPOCTH M3MEHEHHS KuHeTHIOCKOH smHeprum !/,mu?, cBA3AHHOR
DIEKTPOMATHHTHOH Maccofi. A BTODOi cOOTBeTcTByeT M3JyIeHMfy
momuocta (28.10). OmHaxo o oramvaercst or (28.10). Pasmuua
cocrour B ToM, uTO (28.11) cnpamemnuso B 06mem ciayaae, TOTHA
Kak (28.10) BepHO TONLKO s ocyuasupyoujezo sapsana. Mu MoKeM
AOKa3arb, 9TO 3TH [IBA BRIpAyKEHHA JIJI5 OepuoIniIecKoro JJ;BI/IHCGHPIH
3apapa SKBHBaJeHTHH. [lepenumieM aA 5TOr0 BTOPOi wieH Bepa-
wennsa (28.11) B Bupe

2 e g .o 9 e
—3 @ (22) + 55 @3

uro 6yger mpocro anrebpamueckum mpeobpasopasueM. Ecam psn-

JHEHHUE DIIEKTPOHA TIEPUOJNYECKOE, TO BeNMUHHA IZ HePUOJHYECKH
BO3BpAMAETCA K OJHOMY M TOMY Ke BHAYeHHMI0. TaK YTO €CIE ME
BO3BMEM cpedHee 3HATCHYE €6 TPOU3BONHOA IO BPeMeHH, TO IOTYIHM
ayab. OnHAKO BTOPOH uYieH Beerja MONOMKUTENEH (KAK KBajgpar
BeIWYMHK), TaKk YTO €ro NPOH3BONHAA TOsKe mosourenbHa. Coor-
BETCTBYIOMAA eMy MONIHOCTh Kak pa3 paBHA Bpamenmio (28.10).

Wrar, caaraemoe ¢ £ B BHPMKEGHWM JJA CLIL CAMOJEHCTBUA
Heo0X0IUMO IS COXPaHeHUs HHEPTHH H3Jydaliedl CHCTeMH H He
Moiker GuTh BHOpomeno. Jro OrI0 ofHEM u3 TPHYM(OB TEOPHH
Jlopenna, pmoxasaBImero BOSHHKHOBEHHE TAKOr0 CIaraeMoro B
pesyinbTaTe BO3JICHCTREA IeRTpoHA camoro Ha cebg. Ml BHHYM-
7ileHH TOBEPHUTH B HJIEI0 CAMOJENCTBUA M He06X00uMOCMb CILATAEMOTO

¢ z. llpo6GieMa B TOM, KaK COXPaHUTH ero, U30aBUBHINCH OPH 3TOM
OT MEPBOTO ¢IaraeMoro B Bupaskennu (28.9), Koropoe MOPTHT BCO
nexo. ITOTO MH He sHaeM. Kaw BHIHWTe, KIaccHIecKas TEOpHSA
aneKTpOHA caMa celsA 3aBena B TYNHK,

BHIN HpeAnprHATH U ApYyrue MONEITKY BHIPABUTH TONXOKEHHUE.
Opuu nyrs 6t mpemnosken bopuom u Mudensgom. Cocrour om B
oueHb CIO;KHOM H3MEHEHWH ypasHeHuit Makcseina, Tak 94To OHH
nepecrawoT OuThH JuHeiENME. IIpH 5TOM MOKHO ¢HeaaTh TaK, ITOOH
SHePIHA M HMIYJIbC OKazaluch KoHednsiME. Ho mpeminoxennsie
NMU 3aKOHH HPeICKa3HBAaloT fABIEHNsA, KOTOpHE HUKOT/AA He Ha-
bmofanucs. VX teopusa crpagaer ele M APYrHM HETOCTATHOM, K
KOTOPOMY MH HpHAeM I037Hee M KOTOPHIl NpHCYN]BCEM IONKTKAM
n30e/KaTh ONMCAHHYW TPYXHOCTH.

Crenyoman marepecHas BO3MOMKHOCTD Grura mpefaoskena Jlapa-
koM. OH paccyKpan Tak: gasaiite JOMLYCTHM, YTO AeHCTBHE JIEKTPO-~
Ha Ha ceOs1 OHMCHIBACTCA HE HEPBHIM CIATAaeMEIM BEHIPAKCHHH (28.9),
a emopuim. Y1 Torma emy mpmmsia 3aMaHu#Bas wies uabaBurbeA OT
IepBOTO CJIaraeMoro, cOXpaEWB npu sTomM BTOpoe. Cmorpmre —
‘cKa3a} OH,— KOIJa MH 0Opaid TOJNBKO 3anasdueqioujue PeINeNHA
ypasReBmit MaxkcBesna, 910 ycroBHe BHCTYNAJO KaK JAONONHMA-
TeNbHO® NPEANONOKeHne; ecam Onl BMECTO 3aHA3[AHBAIIIAX MbI
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B3ANM Onepescaloujue BONHH, TO OTBET MONYIHACH GH HECKONBKO
apyruM. BripaxeBue Iasi cuiH caMmopmeiicTBHA npuobpeso O BHJ

2 e

R R (28.12)

2
F=a— 3

ac?
91O BHIpA)KEHWE B TOYHOCTH TaKoe ke, Kar u (28.9), sa HckaoUwe-
HEEM 3HAKA mepej BTOPHM M HeKOTOPHMH BHCIIAMH WIEHAMA PAJA.
[3amena samasiHBaOMUX BOJH ONEPEKANIUMH 03HATAET IPOCTO
CMEHY 3HAKG 3aDa3IbBAHHS, YTO, KAK HETPYAHO BHAETH, SKBHBA-
JeHTHO M3MeHeHMI0 3HaKa [. B seipaskenmm (28.9) ato mpmeogur
TOABKO K U3MEHEHHIO 3HAKA BCeX HeueTHHX npoumssopgaex.}] Urax,
HMupak npemnoxun: qasaiite npuMeM HOBOS HPABUIO, 4TO IEKTPOH
geficTByer Ha cebf noAypa3Hocmblo CO3MABAEMEIX MM 3aNa3NHBAIO-
mux u onepexanmux mnoxeii. [lonypasuocrs Bupaskennit (28.9) u
(28.12) pmaer

2 e
F=— %— %3— & -+ Bucmme wieHEL
Bo Bcex BHCIIUX WieHAX pajuyc a BXOOUT B YHCIUTEND B IIOJOMKH-
TeqbHOU crenenn. [IosToMy, KOTHa MBI IepeXOAUM K Ipefery Toded-
HOTO 3apsifa, 0CTAETCHA TOJABKO OJUH WIeH — KaK pas ToT, KOTOPHIL
HaM Hy:KeH. Taxum nyrteM Jlupax coXpanwi pafUalimoHHOE COLPO-
THBJACHHE W U36ABHACA OT CHJILI HHEPIHUH. JIeKTPOMATHATHASL Mac-
ca WcYesna, KIacCHIecKas TeOPHWA COaceHa, HO 6Giaromoiaydde 3To
OOCTHTHYTO II€HOH HAaCMJIUA HAN CaMOJAeHCTBHEM 3JEeKTpOHA.
[Ipomsson pomommmrenpHEX mnpepnoiomennit Jwpaka Owa
yCTpaHeH, IO KpaliHeil Mepe [0 HEKOTOPOil cremeHW, YHiepoM H
QDeitHMaHOM, KOTOpHE TPeJIOKUIH eme Gojiee CTPAHHYIO TEOPHIO.
OHE npeAnOTOKUAY, UTO TOYCTHHIH 3apA] B3AUMOJEHCTBYET MOALKD
¢ APYrAMU 3apsAgaMu, HO B3auMojeiicTBHe HAeT HANOJOBHHY depes
samas HBAINAE, HAMOJIOBUHY Yepe3 omepe;xaiomue soxHi. Camoe
YEUBHUTEIBHOE, KAK OKA3aJ0Ch, YTO B OONBIIMHCTBE CIy9aeB BH HO
suuTe 3¢derTa omepeKalOMUX BOIH, HO OHHK JaIOT KAK Pa3 HYKHYIO
CAY PagHalMoHHOr0 compormsienns. OXHako pafHallMOHHOe CO-
IpPOTUBJICHAE BO3HUKAET H¢ KAK caMOJeicTBUe DIEeKTPOHA, & B pe-
syabrare ciaegyomero wunrtepecHoro sddexra. Horma snexrpon
YCKOpAETCA B MOMEHT £, TO OH BJIHAET HA BCe JpPyrWe 3apAfH B
mupe B no3dHull MOMeHT t'=t--r/c (Tne r — paccTogHMe J0 APyTux
3apAg0B) u3-3a sanasduearwwyur sonH. Ho satem atm gpyrue 3a-
PAAK NeHCTBYIOT CHOBA HA IEPBOHAYAJBHKI DIEKTPOH ¢ MOMOIHIO
onepexcarwuxr BOJH, KOTOPHE NPHXOAAT K HEMY B MOMeHT (7,
paBH ¢* munyc r/c, 9ato Kak pas pasHO f. (OHH, KOHETHO, BO3Jleii-
CTBYIOT ¥ C HOMOIIBI0 3aMa3JHBAIINAX BOJH, HO 3TO HPOCTO COOT-
BeTCTByeT OGEIYHEIM «OTpaKeHHHM» BoiHAM.) HomGmmamua omepe-
JRAIOMUX ¥ 3ama3geBAIOMHX BONH O3HAYAET, YTO B TOT MOMEHT,
KOIZIa 3JEeKTPOH YCKOPAETCA, OCHMLIMPYIOIMMAN 3apAR HCHORETHBACT
BO3/lefiCTBHE CHJE CO CTOPOHHK BCeX 3apA0B, KOTODHE (IPHTOTO-
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BIJINCH» IOTAOTATH M3JyIeHHARE UM BONHE. Bor B Kaxoii merae sa-
nyTamuch QUBUKM, NHTAACH COACTH TEOPHIO DIeKTpoHa!

f1 pacckasky Bam eme o6 ogHON Teopmu, 4TOOH HOKasarh, 10
KaKNX Bemledl JOMYyMHBAIOTCS JIOH, KOTAA OHH YBIEYEHH. ITO
HECKOJBKO Apyrasg MOXuQUKANUA 3aKOHOB dJIEKTPONUHAMUKM, KO-
TOpylo mpemmoxua bBonm.

Bur mormmaere, 4r0, pelIMBIINCH HBMEHATh YPABHEHUA JIEKTPO-
MAarHeTH3Ma, MO;KHO JelaTh 3T0 B ji6oM Mecre. Br Momere usme-
HWTH 3aKOH CHJA, JeHCTBYWHIMX HAa SJCKTPOH, WIH MOKETe HM3Me-
HUTH ypaBHeHma Marcreana (Kar 910 OynHeT cHelaHO B TeOpum,
KOTOopylo a cobmpaioch ommearh) mam eme 4ro-eubyns. OmEa u3
BO3MOKHOCTEH — W3MEHNTH QOPMYINH, ONpPeREIAIINe MOTEHIAA
gepes 3apAAH U TOKH. BosbmeMm opMyay, KOTOpas BhIpaskaeT mo-
TeHIAAJE B HEKOTOPOH TOYKe Yepes ILIOTHOCTH TOKOB (MK BapsLoB)
B m1060it mpyroii Touxke B paHHWE MOMeHT BpemeHu. G HOMOWBIO
9eTHPeXBEKTOPHKX 0003HATCHUN I IOTEHIWATOB MHL MOKEM 3a-
OUCaTh €e B BHUJE

4,(1,1)

_ 1 S‘fp (2, t—r1/C)

- 2
4rie o€

- av,. (28.13)
YamsurenbHo npocrad mues bonma B3akiYaercs B CIEYOIEM.
Moxer GuTh, Bce 3110 IPOMCXOMUT OT MHOEMTENAA 1/r mog mATErpa-
som. Ilpegmonoxum ¢ camMoro Haudaja, YTO HOTEHHWAN B ONHOMN
TOYKE 3aBUCHT OT INIOTHOCTH 3aPAA0B B 000 TOUKe KAK Hekomopas
(YHKINA PAacCTOARHA MEKEY TOUKAMU, CKaykeM Kak f (ry,). Torma
MOJNHHI moTeRnman B Touke 1 Oyner Ompemenarbest HHTETPATIOM IO
BCceMy HPOCTPAHCTBY OT HPOHM3BEAEHWA j, Ha 3Ty PyHRIUIO

4,0 =(7,@710n) V..

Bor m Bce. Hurarkmx pguddepennmansrEHX ypapHeHUI, HHYETO
Gonpme. Ectb Tonbko eme omHO yciopme. MH mossxHE morpe6o-
BaTh, YTOGH pe3yabTaT ORI PEIATHBHCTCKY WHBADHAHTHEIM. Tar
4TO B KaYeCTBe (PACCTOAHWI» MHL [OJJKHE BBATH MHBAPHAHTHOE
(PACCTOAHME» MOy HIBYMS TOUYKAMM B OPOCTPAHCTBE-BPEMEHM.
HKsagpat 31010 paccroanusa (¢ TOYHOCTHIO [0 3RaKa, KOTOPHIH He-
CYIIEeCTBEH) paBeH

Siz =c? (t1—t2)2"“ri2 =c2(t, —t2)2—(x1—-—x2)2—-
—(Y1—~—Y2)? — (2 —2,)". (28.14)

Tar 9T0 AJaS PEIATHUBUCTCKOH MHBAPMAHTHOCTH TEOPHH (yHKIHMA
ROJKHA BABHCETH OT Sy, WIH, 4TO TO ;Ke caMmoe, OT §%;,, Taxmm 06-
pasoM, B treopun Bonma

A, =07, ) F L) dv,d, (28.15)

(Uarerpan, pasymeerca, moiskeHd Oparbca 1O deTHpPeXMEPHOMY
obpemy diy,dz.dy.dz,.)
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Fs®

Que. 28.4. Oyuryus F(s%), uc-
noAbIYOMAR & HEAOKAALHOL mMeopuU
Bonna.

Teneps o0cCTaETCA TOALKO
spOparh MOAXOAAINYI0 QYyHK-
nuo F. OraocnTeabHO0 HEe MBI

0 s? IpeAmosaraeM TOXBKO OIHO,

4r0 OHA IOBCIOMY Manxa, 3a
r ! ucKiIoueHueM obaacrtd apry-
'z MeHTa BOAW3H HYyJA, T. €. 4TO
g rpadur F seper ceba mopobuo
\ 2/ KpHUBOH, wm300pakeHAON Ha
¢ur. 28.4. ITo ysKUiIi WEK B
okpectaoctn s=(0, mupmHO# KoTOpOro IrpybO MOMHO CYHTATH
Beamuuny a®. Ecal smumcaserca moreRnuman s touxe I, to mpm-
OJMKEeHAO MOJKHO YTBEDRIATh, ITO 3AMOTHHIL BIUIAK HAXOT TOJBKO
Te TOUKM &, Jisi KOTOPHIX $%;,=c?(¢,—1,)?—r?%, omiamdaercs ot
Hylis HAa 4-6% 3JTO MOMKHO BHpasuTb, CKaszaB, 4T0 F BakHo
TOIBKO [JIA .

81 =2 (t;—1t))?—ris =~ £+ a®. (28'16)

Ecnm moHamoGuTcs, MOMHO TpofenaTh Bce MaTeMaTHYecKn 6Gonee
CTPOr0, HO Hies BaM yKe SCHA.

Ilpepnonoskum Temeph, 4TO 4 OYEHb MaJ0 II0 CPaBHEAHMIO C
pasmepaMn OOHYHHX 00BEKTOB THIA IEKTPOMOTOPOB, TEHEPATOPOB
n ToMy nofo0Hoe, mO3TOMY /sl OOHYHHX 3aJad Iy, >>a. Torga Bh-
paxxerme (28.16) romopur, uro B marerpaa (28.15) mawor Braax
TOJBKO T€ TOKH, AJIA KOTOPHX {—1, OY€Hb MAJO:

C(tl—tz)zl/"iz ﬂ:a2=r12]/1:,: =

12

Ho nockoavky a¥r?,,<€1, 1o KBagparHHH KOpeHb HPUOIUKEHHO
paBeH 1ia2/2r212, TAK 9TO
ri 2

f—ty= TR0 D N Ty o
c( ‘2,.2> ¢~ 2’

B uem 3gech cyrs? IloaydeHHEN pesyiabTaT rOBOPHT, 49TO [JIA
Ay B MOMEHT ¢; B)KHH TOJBKO Te 6peMena t,, KOTOPHE OTAHIAIOTCH
OT HETO HA 3ANA3JHBAHMIE I'),/¢ C NIPeHeGPERUMO MAION mOOpaBKoil,
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60 1y, >>a. lpyrumu crosamu, Teopusa Bonna nepexoput B Teopuio
Maxkcsennia Opu yaaneHud OT 3apsfOB B TOM CMEICIe, 9TO OHA IpU-
BOTHAT K 3Qdexry 3amasuBanus.

Mu Mosxem mpuGnmmeHno yBUAETH, K 9eMy HAC IpUBEET MHTE-
rpax (28.15). Ecau, sadurcuposas r;,, IpOBeCTH METEIPHPOBAHKE
0o l, B upefieax oT —oo 0 00, TO s?,, TOe Oymer H3MEHATHCH
or —oo 1o +oo. Ho ocHOBHOM BRIAX JAacT yYACTOK IO !, NIHPUHOIM
At,=2-a%2r,c ¢ uearpom B MoMment f;—r,/c. Ilycrs QpymHruIusA
F (s*) mpn s*=0 npmaumaer snagenwe K, TOTa HHTErpHpOBaHUE
no ¢, paer npubausurensEo Kj,At,, nin

Ka? I.*L
¢ ryg’

Pasymeercs, Beawuumy j, CleRyeT B3ATh B MOMEHT f,=1I,—T;,/c,
rak gro (28.15) npnﬁmaaer BUL

(1 t)_ j‘]p,(“ tl—rlz/C)dV2,

Tig

Ecnu Beibpars K=q%c/4ng,a® 70 ME npuueM OpsMO K 3alas/ibBa-
I0lIeMy pemeHuo ypasHeEuii Makcsemia [is HOTEHHUANOB, IIPH-
geM aBTOMATHYECKH BO3HHKaeT 3asucumocTs 1/r! Y Bce 310 moayun-
J6Cch U3 MPOCTOr0 DPEANOIOMKEHUA, 9T0 MOTOHITHAL B OINHOU TOUKE
IpOCTPAaHCTBA-BPDEMEHM 3aBUCHT OT MJIOTHOCTH TOKOB BO BCEX
ApYyTMX TOYKAX NPOCTPAHCTBA-BPEMEHH ¢ BECOBHIM MHOMKHTE-
JieM, B KAaYecTBe KOTOPOTO B3ATA HEKAS (YVHKIUA YeTHPEXMEOPHOTO
PACCTOSHUS MEKIY ABYMS TOUKAMHU. JTa TEOPHUSA TOKE HAET KOHEY-
HYIO 3JIEKTPOMATHHTHYIO MAcCCy DJIEKTPOHA, & COOTHOINCHHME MEIY
sHepruel M MAaccod Kak pas Taxkoe, Kakoe TpebyeTcs B TEOPHI
oruocurenbrocTH. Hudero gpyroro e mMorao u OuTh, W60 Teopus
PEAATHBECTCKH MHBAPHAHTHA C CAaMOTO HAdajia.

OpHako u 3TOH TEOPHM W BCEM JPYTMM OIMCAHHHIM HAMH TEO-
pUsIM MOKHO IPeRbABUTH TSUKKOe OOBMHeHWe. Bce M3BecTHEe HaM
YacTHIE HOOYMHAIOTCA 3aKOHAM KBAHTOBOM MeXaHHMKM, HO3ITOMY
HeoOXO/MMa KBAaHTOBOMEXAHWIECKAA (opMa DICKTPOIUHAMUKH.
Cser memer cebsa momob6uo Qoromam. Irto y:xe me 100-mpouenruasn
reopua Maxcsenna. CieoBarenbHO, 3JeKTPOTUHAMMKA JOJIKHA
6rTh m3MeneHa. Mul yrxe TOBOpMIN, 9TO YOOpPHOE CTAPAHWE MCIIPa-
BHTb KJIACCHIECKYI0 TEOPHIO MOKET OKa3aThCA HANpPAcHOM Tparoi
ppeMeHn, u060 B KBAHTOBOH SIEKTPOJUHAMUKE TPYIHOCTH MOLYT
ucUesHyTh HaId OymyT paspemeHH apyrum oGpasoM. Opmaro ® B
KBAHTOBOI DIEKTPOZMHAMHKE TPYIHOCTH HE HcYe3alT. B 2ToM
KpoeTcA OfIHA U3 NPUIHWH, NOYeMY JIONU IMOTPATHIH CTOIBKO Bpe-
MEHH, THTAaACh NPEORONETh KJIACCHMYECKHE TPYIHOCTH B HAIesCh,
49T0 €CIM OHM CMOTYT LPEORoJIeTh HX, TO HMOCIEe KBaHTOBOro 00006-
menusa ypasHeHHit Marcsemna Bce Gymer B mopaaxe. Ommaxo u
mocJae TAKoro o0obmenwa TPYNHOCTH He HCUE3aloT.

s
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KBarToBHe addeKTH, HpaBja, OPUBOAAT K HEKOTOPHM H3MeHe-
mnaM. WameHsercs ¢opmyna [isd Mmace, MOABISAETCA IHOCTOAHHAA
Inamxka A, BO oTBET LO-OPEKHEMY BHXOIHT 0€CKOHEYHEIM, €CJIHA BH
He o0pe3aere KaK-TO MHTETPEPOBaHAe, MOXOOHO TOMY KaK MK o6pe-
3aJIM WHTEI'PAJ HPHU r'=a B KiaccHieckoil teopud. OTBer mpm 3ToM
3aBHCHT OT Xapakrepa obpesammsa. H coykainenuio, A He MOry Bam
[OKa3aTh, ITO0 TPYAHOCTH B OCHOBHOM Te K€ caMbie, W00 BH emie
CIIMIIKOM MaJjIo 3HaeTe 0 KBAHTOBOH MEXAaHMKE, & 0 KBAHTOBOHA BIeK-
TpogHHAMUKe — X TOro MeHbme. IloaToMy BaM mpmpmerca mosepwth
MHE Ha CJIOBO, YTO M KBAHTOBas dieKTpoauHaMuka Makcsemna npn-
pogaT K 0ECKOHEWHOH MAacce TOYEUHOrO BICKTPOHA.

Oxa3spiBaercs, OFHAKO, UTO [0 CHX IIOp HUKOMY HE YIAI0Ch
naske OpUONWSHTHCH K CAMOCOAACO8AHHOMY KBAHTOBOMY 0006mie-
HHIO Ha OCHOBe #0001 13 MommpunuposaHHuX Teopuii. Unee Bopna
u Unadensaa HUKOTHA He cyskAeHO OBLIO CTATh KBAHTOBOH Teopueil.
He npmsexn K yHoBIETBOPUTEXBHON KBAHTOBOA TeOpUHE OHEpE;Ka-
0IHe ¥ 3anasgeBaomue BOaHH Jlupaka m Yunepa — Deidamana.
He npusena kK yqoBiIeTBOPUTENBHOH KBAHTOBOH TeopHH # wmiues
bomna. Tak 49ro m 70 cero must HaM He HM3BECTHO pelleHHe 3Toi
upoGiaemsl. MH He 3HAEM, KaK ¢ YIeTOM KBAHTOBOM MEXaHMKH IIO-
CTPOUTHL CaMOCOIIACOBAHHYIO TEOPHIO, ROTOpas He jasaia Ort Gec-
KOHEUHOH cOOCTBeHHON 9HEPTHU HAEKTPOHA HIA KAKOTO-TO APYTOTO
TOYeHHOTO 3apsnga. I B 10 ke BpeMsa HeT YHOBIETBOPUTEABLHOM TEO-
pum, KoTOpas onuckBana 0u HerosedHkld 3apag. Tak ata mpobmema
U OocTajiach HEpPEImeHHOI.

Ecim BH B3gyMaere DOOHTATH CYACTHA W TMOCTPOHTH TEOPHIO,
MONHOCTBI0 YyAaAuWB [JeiicTsme dieKTpona Ha cebx, Tak 9rToOH
BIEKTPOMATHHUTHAS MACCA HE MMeJa CMHICIA, a 3aTeM Oyfere fenarh
73 Hee KBAaHTOBYIO TEOPHI0, TO MOI'Y BaC 3aBePHTh -— TPYAHOCTE
BH He wusbemmre. JKCOEPHMEHTAABHO [OKABAHO CYMECTBOBAHNE
9IIEKTPOMATHUTHOH HHEPIUN B TOT HaKT, 9T0 YACTH MACCH 3aPAIKCH-
HHX YacTHI[ — BIEKTPOMATHUTHAA IO CBOEMY HPOHCXOKAEHUIO.

B crapeix KHArax YacTo YTBEP/HAANI0Ch, 9TO IOCKOABKY IpH-
pPONA He MOJapMIa HaM ABYX OfMHAKOBHIX 9acTHI, U3 KOTOPHX OfHa
HefiTpanbHAs, a Apyras sapsyKkeHHAsd, TO MH HUKOTHA HE CMOKEM
CKazaTh, KAKafA J{OAA MaccH SBIACTCA BIEKTPOMATHUTHON, a KaKas
mexanmdecKoii. OgHAKO OKasanioch, 4TO HpPHEpOAA Bee ke Omuia
NOCTATOUHA IMEApa U nodapuia HAM UMEHHO FBa TAKMX 00BEKTa, TAK
4TO, cpaBHUBAA HAGIIOMAEMYI0 MACCY 3apsKEHHON YacTHIB ¢ Mac-
COM HeHTPaJbHONR, MEL MOKEM CKAa3aTh, CYLIECTBYET JIM BIEKTPOMATr-
HuTHasA Macca. BosbmeM, Haupumep, HeliTpor u nporon. OHU B3au-
MOJIEliCTBYIOT ¢ OTPOMHOH CHIOH — AfepHOH cuao#, peranm
NpPOUCX OKIEHMA KOoTopoit Ham Hem3secTHH. OIHAKO, KAK MEL yice
roBOpUIH, ANEPHHE CUIH 00JafanT OJHEM 3aMedaTeNbHHM CBOI-
creoM. 1o OTHOMEAWO K 9TUM CcHIaM HEATPOH M IPOTOH B TOYHOCTH
ogmaarope. HackoabKO MH cefidac MOKEM CYIUTh, AMepPHHE CHIIH
MeRAy ABYyMA HEATPOHAMH, HEUTPOHOM M HPOTOHOM I ZBYMSA IPOTO-
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HaMHU COBEPIIEHHO OfWHAKOBH. OTIIYAIOTCA 9T YacTMIH TOIBKO
CPABBEATENLHO CIAGHMH 9JEKTPOMATHUTHHIMH CHIAMHA; 1O OTHOIIE-
HEI0 K HAM HPOTOH M HeHTPOH OTIHYAIOTCA, KaK JeHb M HOUb. Bor
9TO HAM KaK pas m HY;kHO. MTak, ME uMeeM [Be JacTHUIH, OLWHA-
KOBEIG ¢ TOUKHM 3peHHS CHIBHEX B3aHMOJEHCTBMN K PasiHIHAX
¢ TOYKM 3peHHA diieKTpuIeckuX. U oHE nMeoT HeGOABIIYI0 PaSHHENY
B Maccax. Pasauna Macc MeKAY IPOTOHOM H HEHTPOHOM, BHIPasKeH-
Haf B eIUHALAX DHepPruu moKos mc®, cocrasiaser 1,3 Mos, uto co-
otsercrByer 2,6 snekTpoHERM MaccaM. Hiaccmueckas Teopus npej-
CKasHBaeT s pajuyca OPOTOHA BeJIHYWHY Mexny '/, m !/, pa-
amyca saexTpoHA, mam okono 10713 cx. Homeuno, ma camom fexe
CJIeAyeT HOJIb30BAThCA KBAHTOBOH Teopuell, HO IO KaKOH-TO CTpPaH-
HOH CJIy9a#HOCTH BCe KOHCTAHTH, 27T, fumr n., KOMOMHADYIOTCA
TaK, 9T0 TPUOIMBWTENBHO [AIOT TOT K CAMHI Pe3yabTar, 4To I
Kaaccuueckas Tteopua. Opma Gema: sHak OKasHBaeTCd HeBepHEM!
Heiitpon ma camoM Jielie mssicesee TPOTOHA.

ITpupona pana HaM exe HECKOJBKO APYIHX Dap U TPOEK YaCTHIL,
KOTOpHIE, 33 MCKIOYEHUEM DIEKTPUIECKOTO BapsAia, BO BCEX 0CTAI b~
HHX OTHOIMEHHAX OKA3HBAKTCA B TOYHOCTE ofimHaKoBHMH. Opm
B3aMMOJIEHCTBYIOT ¢ DPOTOHAMH M HEHTPOHAMH LOCPEACTBOM TaK
HA3HBAEMOT0 (CUJIBHOTO» BramMOpelcTBUs. B Takmx Baammopeii-
CTBHAX BCe YaCTHIH TAaHHOTO COPTA, CKajKeM 7-Me30H, BexyT cebs
BO BCeX OTHOIIEHHUAX KAaK OJHA U Ta jKe YACTHIR, 3@ UCKAIOUEHUEM BX
BIIEKTPUYECKOTO 3apAfa.

B ra6x. 28.1 Mu npHBOAEM CHECOK TAKUX 9aCTHI BMECTe C UX
MaccaMu. JapsuKeHHEE T-Me30HH mMeloT maccy 139,6 Mas, a meii-
TpadbHH# n’-Me30H Ha 4,6 Mg merde. Ty pasHOCTH MACC MEI CIU-
TaeM aueKrpomaramTHO. OHA cooTBeTCTEOBaNa OH 9AaCTHLE C pa-
anycoMm or 3 10 41014 ¢m. Bu Bupmre w3 tabaummpl, 970 PA3HHIE
Macc APYrux 9YacTHr TOro jKke MmacmTaba.

Tabauya 28.1 [ MACCA YACTHIL

Yacruna (EJ%?E%?H' Mg{c&a, %}gé

n (AefiTpos) 0 939,5
p (npoTOH) +1 938,2 - —1,3
7 (;T-Me30H) 0 135,0

+1 139,6 +4,6
K (K-me3o0n) 0 497.8

+1 493,8% -3,9
Z (curMa-TumepoH) 0 1192,3*

+1 1189,4 —2,9%

— 1197,2* +4,9*

Am=Macca sapmuennolt sactune — Macca Hefitpaasnoil 9aCTHUEL.
(*HOagune 1965 r, ~ IIpum, ped.)
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—de——=Ompuyamenshsit O u e, 28.5. B neromopue Momenms

. TEMESOH Helimpon Mmoxcem npedcmagasmp co-

6oli npomown, OKpYIHcenHbil 064aK0M
OMPUYAMENLHO2D TI-MEOHA.

llpomon

OpHako pasMepsl STHX 9aCTUL MOKHO OOPeHeNuTh U APYTEMHI
MeTOJAMH, HAIPHMEp MO Ra/KYIIEMyCH AUAMETPY HPH BHCOKOIHED-
rerngeckux coyjapesusax. Taxkum 00pasoM, sIeKTPOMATHATHAA
Macca, HO-BUANMOMY, HAXOAUTCA B COTJIACHH C DIEKTPOMATHHTHOH
TeopHel, ecan ME obpesaeM HHTErpaJa OT PHEPTHH HOJA Ha pajuyce,
HONydeHHOM STHMHM IpyruMm Merogamum. Bor mosemy Mui BepmM,
Yo pasHHLA Bce ;e 00yCJIO0BIEHA dIEKTPOMATHUTHOH MacCOH.

Bac, xomeuno, GecnoKoAT pasHEe B3HAKHE pPasHOCTH Macc B
rabanie. Herpyano mousarsh, nodemy sapsykeEHAA HaCTUNA TO/KHA
ObiTH TKenee HelirpanbHoi. Ho uro MokHO cKasaTe O TAKWX ma-
pax, Kak HeHTPOH M LpOTOH, Ije HalmlogaeMasd pasHOCTb Mace
OKRA3HIBAETCA COBCEM APYToi? JTH JaCTHUH OKa3HBAIOTCA JOBOJBHO
C/LO}KHBIME, ¥ BEIHCJICHHE HX JIeKTPOMATHATHON MaccH Goiee Xm-
rpo. Hampumep, xors HeliTpoH ¢ yerom HeHWTpadeH, Y HETO BCE K
ecmb BHYTpeHHee paclpejieiieHVe 3apala M PaseH HYJIIO TOXBKO
cymmaprbili 3apsan. ME gymaem, 970 Hei#TpOH, HO KpaiiHei mepe B
HEKOTOpHe MOMEHTH BpeMeHHU, BEIIVIANUT KAK IPOTOH, ORPYKEHHKIH
«oGraxkoM» orpumareabHOro x-mezoua (¢ur. 28.5). U mHecmorps
Ha TO, YTO HEHTPOH «HEHTPaJeH», T. €. IOJHEHIL ero 3apAf paBeH
HYJI0, ¥ HeTO BCe jKe ecTh KaKas-TO YIeKTPOMATHUTHAS SHePrus
(mampumep, y Hero ecTb MarHHTHHI MOMEHT), Tak 9T0 6e3 geranb-
HOH# Teopum BHyTpeHHell CTPpYKTYpH Cyaurh O 3HAKE 3JIEKTpOMAr-
HUTHOH PasHOCTH MAacC HEJerko.

Mgue xoremnochk 05l MOAYEPKAYTH JUIIb CAELYIOMHE 0COOCHHOCTH:

1. DueKTpOMAarHUTHAA TEOPUA NPEJCKA3KBAET CYIIECTBOBAHNE
9JIeKTPOMATHUTHON Maccel, HO OHa TYT ke Tepmutr ¢uacko, mbo
OKa3hIBAeTCA HECAMOCOIVIACOBAHHONH. JTO B PABHOH Mepe OTHOCHTCH
¥ K KBaHTOBHIM MOJUPMKAIZAM,

2. CymecrByer sKCHePUMEHTANBHOE MONTBEPKACHHE HIEKTPO-
MATHATHOH MAacCHl.

3. Bece pasHocTH Macc HO TOPSIKY BeJIAYUHE TAKYE e, KAK H
Macca DIEKTPOHA.

Mrax, M CHOBA BO3BpAIaeMCA K UepBOHAYANbHOA maee Jlo-
peHna, 9ro Macca HIEeKTPOHA BHOJHE MOKET GHITh HEJIHKOM DIEKTPO-
MarTHHATHOI, T. e. Bce ero 0,511 Mae o6ycaonnens snexrpogEBaMH-
Koi. Tax »10 mam mer? ¥ mHac Her Teopwd ¥ MO ceil feHE, MOITOMY
MBl HMYEro He MOjKeM CKa3aTh ¢ yYBePeHHOCTHIO.
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Mne xoderca ymoOMAHYTH €lle 00 OJHOM HOCAAHOM OGCTOATENb-
crBe. B mpmpope cymecrByeT eme OJHA YACTHHA, HazblBaeMasd
WU-Me30HOM, WM MICOHOM, KOTOpas, HACKOJIbKO HAM H3BECTHO ce-
TOJHA, PEMIHTENbHO HUYEM He OTINIAETCA OT BIeKTPOHA, 38 MCKII0-
geHueM csoeil Macchl (pasHo# 206,77 siexrporHEX Macc). OHa BO
BceM BefleT ce0s Tak jKe, KaK DIEKTPOH: B3aUMOZeEHCTBYyeT ¢ HelT-
DHHO U 57eKTPOMAarHATHEM TOJeM, HO Ha Hee He JeHCTBYIOT Ajiep-
gbie cunnl, G Helf He APOMCXOJMT HHYEro TAKOT0, Yero He NPOUCXo-
IOHT ¢ DIGKTPOHAME, IO KpaliHeil Mepe HWYEr0 TAKOTO, IeI'0 HeJb3HA
Ob10 OB OOBSCHATH, KaKk DNPOCTOE CJIEACTBUE OONBIICH MACCHL.
IHosToMy, ecam B KOHIE KOHNOB KOMY-TO M ypAaercA OOBACHUTH
Maccy 9JEeKTpOHa, KAA HETO OCTAeTCA 3arajroid, orkyza e bGeper
c80f0 Macey p-mesod. Ilowemy? Ila moromy, 4ro Bce, 4YT0 Jexaer
JIEKTPOH, MOKET [leNaTh M WU-ME3OH, TaK 9TO MAacCCH HX JOJMKHH
NONYyINTHhCA OfuHaKopeiMu. KEcrTh JI0/M, KOTOPHE HENOKOIeGUMO
BePAT, YT0 U-ME30H W SJAEKTPOH — BTO OfHA M Ta JKe YACTHIA, YTO
B OROHYATENBHON Gynyme#k Teopun Mace GopMyaa, U3 KOTOpPOR OHHE
ROJYKHEL OOpeReNsTbesl, OyAer IpeicTaBiATh o000l KBagpaTHO®
ypaBHEHNEe ¢ ABYMS KOPHAMH, OJUH M3 KOTOPHX [JaCT Maccy U-Me-
30HA, a APyroif — amekrpoHa. EcTh M Takue, KOTOPHE MOJAraioT,
aT0 9710 OyJeT TPAHCUEHACHTHOE yPaBHEeHME ¢ OeCHOHEYHEIM YHCAOM
KODHEil; OHW 3aHUMAIOTCA TAJAaHUEM, KAaKUMH JOMKHBL ORITH MACCH
LPYTHX 9acTHIl 9TOTO pAJa W IOYeMy OHH HE OTKPHITH JO CHX HOp.

§ 6. Ioae adeprovix cua

Msae On X0Tenoch caenaTh eile HeCKOABKO BaMEYaHuid 0 HedIeK-
TPOMATHHTHON vacTH Macce sjepHuX dYacrmy. Orrypa Gepercsa
Gosmbmas Hoas mX maccel? Kpome sieKTpoOAMHAMHIECKMX CHI, CY-
INECTBYIOT @Ile CWIK JAPYrOro pofa — sifepHble CHIH, ¥ KOTOPHIX
ecTh CBOA coOCTBeHHAsS TEOPHs LONs, XOTA HUKOMY HEUB3BECTHO,
IpABMJBHA OHA WM HET. JTa TEOPHA TAKKe HPEJCKa3HBAaeT DHEp-
U0 TOJA, KOTOpasf JUIA AJepHHIX YaCcTHI Jaer Maccy, aHaJIOruy-
Ayl diaeKTpoMarHHTHON. Ee MoMHO HA3BIBATH (N-ME30HONEROR
maccoi. OHa, H0-BEAUMOMY, OYCHD BEJANKA, TAK KAR ANEPHBIE CHIA
4PEe3BETARAO MOIIHE, ¥ BO3MOKHO, YTO IMEHHO OHM SBIAIOTCA IPH-
auHOi MaccH TKeTnX gactun. OJHAKO TeOPHH MEe3OHHHX IoJeit
HAXOJATCA B BEChMA 3a9aTOYHOM cocTosiumu. Jlajke B CpaBHATEN HHO
XOpOILO Pa3BUTOM TEOPUM IIEKTPOMATHETHZMA MHL BUNENH, YTO,
KpPOMe UEePBOHAYAJBHHX HAMEKOB, HEBO3ZMOKHO IOIyYdTH OOBsIC~
HEHHE MAaCCH dJIEKTPOHA. B ME3OHHRX Ke TeOpPHAX MHL B BTOM MeCTe
TO/KE TEPOUM HEYHady.

OpHa®o Me30HHAA TEOPHSA 0YCHH MHTEPECHO CBABAHA C BJIEKTPO-
AUOaMHAKOH, ¥ HO3TOMY CTOHT BCe JKe YHAeIUTh HEKOTOpOe BpeMd u3-
Jsomennio ee ocHoB. [losme B DieKTPOTMHAMWKE MOMHO ONHECATH He-
TRPEXBEKTOPOM IOTEHIUANa, YAOBJIETBODSIIONIMM ypABHEHHIO

0% A, = Hcrounuka,
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Mu Bupenn, uro moine Mo;ker OHITH HM3JIYYEHO, IOCIE UEro OHO CY-
HeCTBYeT HE3aBHCHMO OT MCTOYHHKA. 9TO (JOTOHBI, M OHM OIHCHI-
BaoTcs guddepeENTATBEEM ypaBHeHWeM (e3 MCTOYHHKA:

DzAP=O.

Hexoropsie pUBHKE YTEEP;KAAIOT, UTO 1OJe AAEPHHX CHI TOFKE
JOIKHO MMETH CBOH COOCTBeHHEHE «(POTOHR»Y, POJIb KOTOPHX, WO-
BHIUMOMY, HTDPAIOT J-ME30HH, W 4TO OHHU [O/JKHH OINCHBATLCH
QHATOTHIHHM ,ulz{d)d)epeﬁuna.anHM ypasaenueM. ([lo wero e Gec-
cunen uejoseueckmit pasym! Mer He MOKeM IpPUIYMaTh Yero-To
JIeCTBHTEIBHO HOBOTO U GepeMea paccyKILaTh TOXDKO IO aHAJOTHAH
¢ TeM, uro sHaeM.) Taxmm o06pazoM, BOSMOKHEIM ypaBHEHHEM JJiA
Me30HO0B DOyner

D2CP;07

e @ MojKeT OHTh KaKHM-TO JAPYIHM 9eTHPeXBEKTOPOM MUIH,
BOBMOKHO, CKaJIApoM. [lanee BRACHUIOCE, YTO ¥ J-ME30HA HUKAKOA
HONAPHU3ANUYN HET, I03TOMY ¢ HOMKHO 6HTH cRanspoM. Cormacmo
9TOMY IPOCTOMY YPaBHEHHIO, ME3OHHOE IIOJie NOJIKHO M3MEHATHCH
¢ paccTOSEUEM OT MCTOYHEKA Kak 1/r%, 7. €. B TOUHOCTH KaK DIEKT-
puueckoe., OZHAKO MH 3HAEM, 9TO PALAYC JEHCTBUA AKEPHHIX CHII
ropasyo MeHbIIe, 9eT0 He MOKeT 00eCHeYnTh HaM 3TO IPOCTOe ypaB-
nenme. Ecrh TobKO 0ofimH cmoco0 M3MEHHTH IOJOJKEHWE Beliei, He
paspymas pelsTHBHCTCKON WHBAPHAHTHOCTH,— A0OABUTH MW BH-
vecTh W3 pamaMOepTuana NOpOuW3BeleHWE KOHCTAHTHL HA WOXe (.
Wrax, IOxasa openmonosxmi, 910 ¢B00OERE KBAHTH ATEPHEX CHI
MOrYyT HOMYMHATHCH YPaBHEHMIO

02 e—p?e=0, (28.17)

rie W2 — HeKOTOpas MOCTOAHHAM, T. €. KaKkoi-To ckaxap. (Ilockons-
Ky [J? saBuserca cramApHHM AngdepeEIUaIBLHEM OIEpPaTOpOM,
TO WHBAPWAHTHOCTH HE HAPYMIHUTCA, €CIH MH JT06aBMM K HEMY Py~
roil crauap.)

Hapaiire mocMorpuM, uro maer ypasHenme (28.17), korpa sigep-
HEIC CHIH HE M3MEHAIOTCA ¢ TeueHmeM BpeMeHH, Mn xormm mafiT:
pelesye ypaBHeHA

\Y 2(P - “lch = Ov
KoTOpoe Onio OH chepPHIECKH CHMMETPHYHO OTHOCHTEJHHO HEKO-

TOpOfI TOUYKH, CHKameM OTHOCHUTEJNBHO HaYajJa KOOpAHHAT, Ecan P
3aBUCHUT TOJBKO OT r, TO MBI 3HaeM, 4TO

1 o
Vi =173 (T9)
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Taxum oGpasoM, monysaercs ypaBHeHHe

1 92
— 2 (re)—pe =0,
win
o2 .
573 (T@) = (rg).

PaccmarpuBaa Temeph mpomsBefieEHe (r¢) KaK HOBYIO (QYHKOHIO,
MBI HMeeM [JA Hee ypDaBHeHHe, KOTOPOe BCTPEYANOCH HAM YiKe
MHOTO pa3. Pemenne ee HMeeT BHJ,

ro = Ketur,

flcwo, 910 mpm Goapmux r Hojle ¢ He MOMeT OHTH GecKoHeq-
HBIM, IODTOMY HYKHO OTOPOCHMTH 3HaK ILIIOC B OKA3ATENE BKCHO-
HEeHTH, OCJHe 4ero pemmeHHe IPAMET BHJ
e~ W

7 .

p=K

(28.18)

Jdra pysruus Hasusaerca nomenyuarom fOkasw. Hns cun npurs-
srennsa K JomKHO GHTH OTPAIATEIBHEIM TUCAOM, BEIHINHA KOTOPO-
ro monbupaercs Tak, 9TOGH YyJOBIETBOPHTH SKCHEPUMEHTATILHO
gabiaogaeMoll BeauIdEe ANePHKX CHI.

Morernnan IOxapw Gnarogaps SKCIOHSHIEAABHOMY MHOKATEILIO
yracaer Owictpee, yeM 1/r. Hax aro Buaso m3 ¢ur. 28.6, mua pac-
CTOAHEH, TpeBHmAnmEX 1/W, mOTeHNHWak, a ClIegoBaTedbHO, U
AlepHBIE CUIBI HpuOIMKAIOTCA K HYXI0 Topasmo Gmcrpee, geMm 1/r.
IosToMy «pajmyc feHcTBUA» AMEPHWMX CWJI TOPA3g0 MeHBHIe «pa-
amyca AeHCTBEA» SAEKTPOCTATHUECKUX. IKCIEPUMEHTAIBHO HOKa-
3aHO, UTO ANEepHHe CHIK HE IPOCTHPAIOTCA HA PACCTOAHHSA CBEING
10-13 ¢y, mosromy pa1015 a1,

¥
@ ue. 28.6. Cpagnenue nomenyuaasa
FOxrasw e~ % /r ¢ KysoHoGHM nOmen-
yuasom 1/r.
0
[/}



W, naxomen, faBaiiTe pacCMOTPEM BOJHOBOE PEIICHEE yPaBHE-
pun (28.17). Ecnim MH mopcraBEM B HETO

@ = el =k,
TO DOJXYIHM

o k—pr=0.

CpsAsuBasA Temeps YACTOTY C DHEPTHEH, a BONIHOBOE THCIO ¢ HMITYJIb-
COM, KaK 9T0 eJalioch B KoHIE Ii. 34 (BEM. 3), MB HaHJEM COOT-

HomeHune
B2
2__ ;1 2H2
5 —pP=p%?,

KOTOpOe TOBODHT, UTO Macca «poronay IOkaem pasma phi/c. Ecim B
KauecTBe | B3ATh Bennauny ~ 1015 x~1, Koropymo faer HaGMOaeMELT
pajuyc RefcTBHA AEPHHX CWI, TO Macca OKAa3HBAEeTCS PAaBHOM
31072 ¢, mnm 170 Ma¢, uro npubAUZATENHHO PABHO HAGIIOZAEMOM
Macce m-MesoHa. Tarum o6paszoM, IO AHAJOTHU C IEKTPORMHAMH-
KOt MH OBl CKa3allW, 9TO T-ME30H — 3T0 «POTOHY MONA ANEPHEIX
cun. OnHAKO Teneph ME PACHPOCTPAHMIE HJEH DIEKTPOJUHAMUKE
B TaKyl o6xacTh, Tie OHM HA CAMOM JAelieé MOTYT OKa3aThCd W He-
BePHHMH. MK BHIUIW NaJIeKO 3a PAMKH 3JeKTPOAUHAMUKE U OTy-
THIACH Omepef OpobieMoR AZepHHX CHI.



reasa Q9

JABIRKEHHME 3APANOB
B 3JERTPUYECKOM
U MATHUTHOM IIOJAX

§ 1. deuacernue ¢ 001opodnvex

INCEMPUHECKOM U MHAZHUINHOM
NoAAX

Mut Temeps nepelifem ¥ OHECAHIO B 001uX gep-
Tax ABIYKEHWA SapAAOB B PAsIMUYHKX YCIOBHAX.
Hau6onee unrepecasie aBICHIA BOSHHKAIOT TOTAQ,
KOTZA 3apALOB JBH;KETCH MEOTO ¥ BCe OHH B3aHMO-
neiicreyor apyr ¢ apyroM. Tak obcromr peixo,
KOTHa 3JIeKTPOMATHHUTHEE BOJAHE IPOXOJAT Yepes
KYCOK BelIecTBa WIHW ILIA3My; TOIJa JIETHOHH 3a-
pANOB B3aummojmeiicTByloT Apyr ¢ Apyrom. Ho aro
oueHb Ca0xHAA KapruHa. llosgHee ME moroBopmM
¥ o Takmx mpobieMax; mOKa ke MH OOCYyIHM He-
cpapHeHHO GoJsee HmpOCTYI0 337aYy O ABIKEHAH
OTAeABHOTO 3apsAna B gadanHom monxe. Ilpm arom
MO}KHO mpeHeOpedb BCEMH JPYTHEMHE 3apAjaMu,
3a WMCKIOYGHHEM, pasyMeercsi, TeX 3apAfoB H
TOKOB, KOTOPHE CO3HalT IpPefrmojaraeMoe HaMH
noiue. )

Hagarp, mo-BMIMMOMY, HYIKHO C [BW/KEHHA
YACTHIH B OFHOPOAHOM BIERTPUYECKOM IoJe.
Jlpuxenue nmpu HeGOABUIHX CKODOCTAX He Ipef-
cTapisgeT 0COOEHHOIr0 MHTEPECA — BTO IPOCTO PaB-
HOMEDHO YCKOpeHHOe IBIKeHHe B HAIpaBJeHHH
mois. A BOT KOrja YacTHIA, HaGpaB [[OCTATOYHO
SHEPIrUHU, UPEBPAWAETCA B PEIATHBUCTCKYIO, JIBH-
JKeHUe ee cTaHOBHTCA Gonee cioRHEM. Pemenue
JJIS DTOTO CIydYasd f OCTABAAK BaM — NOTPYAH-
T€Ch M OTHIIHTE ero CaMH.

Mut ke paccMorpuM JABIDKEHNE B OXHODONHOM
MATHETHOM TOjie, KOIf[a SJIeRTPHIeCKOro IO
HeT. 9Ty 3afauy MH y:xe pemanm. OgHUM U3 pe-
medni OHIO ABW;KeHHME 9AaCTHD, [0 OKPYKHOCTH.
Marentaas cmiaa g¢vXB Beerma gmeiicrByer mnop
OpAMEM YIIOM K HAOPAaBIGBHID [BIKEHAA, Tak
9T0 HpOM3BOjHAasA dp/di IepUEHJEKyAApHA P I

e

W

A8

/74

/8

2

ey

-3

swsenws

£ OQHOPO(HBIX
DACKTDIUSLHOM
WOMATHWTHG

O

CAHGIHAATOL

WMV ALCOR

Ry Dee e
Crad RN3a

CMaraprraan AHnss

. aerrponisti

MUKDOCROW

o Crvaduamsupyio-

e NOAR Yesopi-
TEAeH

. Doryenpossa

HePeTVIONINMes
TRATITAHTOM

dpmwenne

B “!\‘{%é‘ll,iﬁ]i!ii‘-lx
ZICRTDAYCCROM
WoOMArIATHOM
TOIHN

s opuene; ra W3

{pbne. 3}

o nhprrnnay

825



Que. 29.1. Hauscenue wacmuys
8 00HODOOHOM MACHUMHOM NOAE,

A7AN

00

paBHa mo Beamumne vp/R, rme R — pajguyc ORpYKHOCTH, T. €.
—p
F=quB=-%.
Taxum o6pazom, pagmyc Kpyrosoli OpOHTH paBeH
=P ‘
R= B (29.1)
970 ofHO W3 BOBMOKHHX Apmwxenuil. Ecam gpmmymascsa dac-
THIIA HMEET TOJIBKO OJHY COCTABIAKINYI0O B HANPABIEHHN IO,
TO OHA He UBMEHAOTCA, W00 y MATHUTHON CHNEI OTCYTCTBYET KOMIO-
HeHTa B HanpasieHEm:m noiasi, OOmee ke ABM)KEHWE TACTHIE B Of-
HOPOJIHOM MAaTHHTHOM LOJ€ — HTO JBHKEHHME C HOCTOAHHOH CKO-
pocTeI0 B HampasieHHu B u Kpyrosoe [Bm:xenne 0O IPAMEIM YTII0M
K B, 1. e. gpmxenme mo mmimpgpudeckoi cumpanm (gur. 29.1).
Papmyc companm onpenesnsercss paseHcTBoM (29.1) ¢ 3amenHoil p Ha
P, — KOMIOHEHTY HMOYyJdbca, NEePHEeHAMKYIAPHYI0 K HAUpas-
JEeHUIO THOJXA.

§ 2. Anaauzamop umnyarvcos

OnHEOpoaHOe MAaTHATHOE IOJe 9acT0 IPMMEHA6TCS B «aHAIM3a-
TOpE», MK ¢CHEKTPOMETpe UMIOYIBCOBY BHCOKODHEPTeTUYECKUX
wactuu. [Ipegmomomum, uro B Touxe A (dur. 29.2, a) B ogEOpOAHOE
MATHHTHOE II0Je BJIEeTAT 3apA/KeHHHMe FACTHIH, IpHYeM MarnuT-
HOE T0Jle NepHeHAHKYIAPHO INIOCKOCTH PHCyHKA. llpu sroM wrasm-
naa gacruna Gymer Jererh IO KpyroBoil opbare, pajgmyc KOTOpOi
IPONOPUAOHATEH €¢ HMIYIbCY. ECAH BCe YaCTUIH BIETAIOT B HOJIe
NEePHeHTUKYIAPHO ero Kpaio, TO OHH HOKHIAIT €r0 Ha PAacCTOSHHH
Z OT TOuKH A, IPOHOPIUOHAIBHOM HX EMOyAbcy p. [loMemieHHbI
B HEKOTOpOH Touke C cuerunmr OygeT PeTHCTPHPOBATH TONBKO Ta-
KHe YaCTHWI(H, AMOYJABC KOTOPHX HAXOLHTCH THe-TO B HHTEPBAIS
Ap Benmume p=qBx/2.
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/ Oéapoéﬂoémm/umm/e na/re/

Duez 29.2. 180-epadycruii cnek- /
mpomMemp umMnyabcos ¢ 00HOPOOHBM
MAZHUMHBELM NOAEM.

¢ — mpaexmopuu Hacmuy ¢ PasHHMU

UMNYABCAMU; 6 ~ MPAEKMOPUU LACTRUY,
saemanuwux nod pasnuimu yeaamu. Maz-
HUMHOE NoAe HANDABACHO NePNEHIURY-
AAPHO NAOCKOCTRU PUCYHKEG. )

¢ Jemexmmop

A
——
a

L

Her meo0xogmMocTH, pasy-
meercs, 4r00R mepef permct-
paumeil gacTmia moBOpadUBAa-
aachk Ha 180°, mo rakoir «180- }
rpafycHHIR CHOEKTPOMeTp»
obragaer 0coBHM cBOHCTBOM: S /]
oI HeTo coBceM HeoOssa- Noyeypont

UCTIOYRUK 5

TeNbHO, 49TO0H YacTHOE BXO-

HUAH TON IPSAMBIM YIJIOM R

xparo momsi. Ha ¢ur. 29.2, 6 mOKasaHBl TPAaCKTOPHE TPeX YaCTHI
¢ 00UuHAKoSHM UMIYJIbCOM, HO BXOAAMUX B HOJe HOJ, PA3IHIHEIMU
yriaMia. Bul Bugure, 4ro TPaeKTOpUM y HEX pasHEE, HO BCe OHH
DOKHIAIOT IoJe oueHb 6nu3ko K Touke C. B momolGHHX ciayuasax
ME roBopuM o «poxrycuposke». lIpemmymiecrso Takoro cmoco6a fo-
KYCHPOBKH B TOM, 9TO OHA HO3BOJIAET HOIYCKATh B TOURY 4 JaCTHIH,
Jgersmue IO COABLIMMH YIJaMHu, XOTA OOBYHO, KaK BHIHO M3
pPUCYHKA, VIJIH 9TH B KaKOH-TO CTeleHH OrpaHMYeHH. boxbmoe
VII0BOE paspelleHde OOEYHO O3HAYAET PErHCTPAlNI0 3a XAHHHL
IPOMEKYTOR BPEMEHH OGOJbIIEr0 9MCIA JACTHI ¥ COKpAIleHHA,
CIe0BATEIBHO, BPEMEHA M3MEePeHUA.

VaMeHsass MArHATHOE I[Olle, IEGPEIBHTas CIETIWK BIOIb OCH T
WY ke MOKPHBAA ¢ MOMOMBI0 MEOTHX CYeTURKOB HEIYI0 06,1acTh 10
OCH , MOJKHO U3MEpPHUTH (CICKTP» HAaJA0Iero myYKa [«cmerTp» mM-
nyabcos f(p) osHaZaer, 9T0 YHECIO HACTHI, ¢ AMIOYNLCAMH B WHTEP-
Baxe Meay p u (p-+dp) pasmo f(p)dpl. Taxme mameperns mpo-
BOJIATCS, HANPUMED, UPU OmpefelieHAN pacupeiielieHAd IO 3HEP-
rusM B f-pacmaje pasIduHHX AHEP.

VMeeTcst emie MEOTO APYIEX THOOB MMIOYIbLCHKEX CHEKTPOMETPOB,
HO A PACCKa;KY BaM TOIbKO 06 OQHOM M3 HUX, XapaKTepHOM ocoben-
HO GOJBIINM paspemeHueM IO NPOCMPAHCMEeHHOMY yray. B ocBOEe
ero jJe;kaT BHHTOBLE OPOUTH B OZHOPOZHOM IOJe, KAK 3TO IOKA3aHO
na ¢ur. 29.1. lpegcrasbre cebe MUIKHIPUIOCKYIO CHCTEMY KOOPAH-
Har p, 0, z, npmuemM Ooch z BHOpaHA IO HANPABIEHHIO MAarHMTHOI'C
noxasa. Beau wacTHna UCOYCKAaeTCsA U3 HAaTana KOOPAUMHAT HOJ yIIOM
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— N
pres Y ~. QDue. 29.3. Cnexmpo-
/’ — - — ::\ MEMP € AKCUAADHBIM NOAEM,
1 == o~
A 5 S\\
\
0 D z

O K HAUPABJIEHUI0 OCH Z, TO OHA GyHeT NBUraTHCA WO CHEPATbHOK
JIMHAY, OMHCHBAeMON BHPpaKeHHEM

p=asin kz, 0 = bz;

BXOjAMHAe TyAa DapaMeTpH a4, b ® & HeTpyAHO BHIPA3HTL Yepes
D, 0. @ MarEATHOE noiie B. Ecan And [aHHOTO AMOYIbCa, HO PA3HEX
HAaYaIbHHEX YIJIOB OTIOKHATH PACCTOSHUE P OT OCH KaK QYHKIHIO z,
TO MH IIOJTY9IHM KPHUBHE, HONOOHEe CITOMHENM KPHBEM Ha ¢ur. 29.3.
(Bsr moMBHTE — Befb 5TO CBOETO POfia MPOEKNUA BHHTOROH Tpaex-
tTopun.) Horga yron Me:kZy ochblo M HaYaIbHHM HaupasieHUEM Be-
JUK, MAKCAMAJbHOe 3HAYCHHe p TO3Ke Gymer GoapmuM, a mPOROIb-
Has CKOPOCTH OPK 9TOM YMEHBINAETCA, TAK ITO BEXOANINE TIOJ pas-
JUYHHMY YIJaME TPAeKTOPHH CTPEMATCA cO0paThCA B CBOETO POMA
¢oryc (touka A ma pucyHKe). Ecnm ma paccrosumu A mocTaButh
VYBKOe KOIBIEBOE OTBEPCTHe, TO YACTHIE!, JETAN[HE B HEKOTOPOH
o0aacTH yrioB, MOTYT OPOMTH 9epe3 OTBEPCTHE W [OCTATHYTH OCH,
[ Ui MX PerHCTPALUM MbI IPUTOTOBAM HPOTS:KeHHKN nerektop D.

YacTumel, BRIETAIIAE W3 HAYANA KOOPHUHAT WOX TEM Ke ca-
MHIM YTJIOM, HO ¢ GONIBIINM MMIYJNbCOM, JETAT 10 OyTH, 0603HaYeH-
HOMY HAMH TYHKTUDHON JWHWEeH, W He MOTYT HPOHTH Yepes OTBep-
crie A. Urax, npubop BuGupaer He60IbIIOR MATEPBAN HMIYJIbCA.
IIpermymiecTB0 TAKOr0 COEKTPOMETpPA O CPABHEHHIO ¢ ONHCAHHEIM
padee COCTOHT B TOM, 4TO OTBepeTHa A U A’ MOMHO cenaTh KoJb-
NEeBHIMH, TaK 9T0 MOTYT OHTH 3aperuCTPUPOBAHK YACTHIH B [O-
BONBbHO GONBMOM TEJTECHOM yTrie. JTO TPeAMYmEecTBOo 0COGEeHHO
BOJKHO NI CAa0HX HCTOYHMKOB U IPH OYEHH TOUYHHX M3MEpPEHHAX,

Due 29.4. Buympu sanun- &{ \O
kKomopoil Ha awb6om unmep-
eaae ocu Az odunaros, 603-

coudasvrol Kamywrw, mok
nuxaem odnopodnoe nose.

Az
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KOrZia HeoOXOqUMO HCI0JAb30BATH BO3MOKHO OONBILYIO JIOJI0 HCITY-
DIOHHKEX MCTOYHHKOM YaCTHI.

Ho 3a »T0 mpemMymiecTBO OPHXOAMTCA pacIIadMBaThca, uOO
MeTof Tpebyer Goabmoro o6beMa OTHOPOZHOTO MATHWTHOLO IOJA,
4 OH NPAKTHYECKH IPUTOJEeH TONBKO IS YacTHN ¢ HeGoibmoi
pHeprueil. Kciu BH IOMHHUTE, OfMH H3 CHOCOGOB MONYUYEHHS OJIHO-
POJIHOTO MOJA — ITO HAMOTATH IPOBOK HA chepy TaK, 9TOOH mOBEPX-
HOCTHAsI IUIOTHOCTH TOKa ObuTa TPONOPHMOHAJIBLHA CHHYCY yIda.
Brr moxxerte oxasaTn, 9T0 TO 3Ke caMoe CIPaBeIUBO U JJIA BIIIUICO-
Afna ppaimenus. [losToMy OueHb 9acTO TAKOH CHEKTPOMETp M3TOTOH-
NS0T, IPOCTO HAMATHBAA BIIMICOUNANLHEE BATKY HAa JePeBsABLI
WM aIICMUHEEBHH Kapkac. EguHCTBEHHOE, 9TO IipH 3TOM Tpebyer-
cA,— 370 urob6H TOK Ha ji00oM mHTepBane ocH Az (pur. 29.4) Onx
OHUM U TeM JKe.

§ 3. duexmpocmamuveckans AUN3a

DoKycHpOBKA JaCTUIH MMeeT MHOKecTBO npuMeRenwuil, Hanpu-
Mep, B TeEBU3HOHAON TpyOKe DIEKTPOHH, BHIIETAIOMUe B3 KaToxa,
$oKycHpyTCA Ha SKpaHe B MaleHBKOe HATHHIMKO. Jlenaercs aro
oA TOro, 4robe 0ro6paTh SJIEKTPOHH OAWHAKOBOH BHEprum, HO
JACTAINIYNE TOJ PA3INYHEIME yIIaMH, B cobparh UX B Be00JNbIIYI0 TOT-
Ky. JTa 3alata HANOMUHAET QOKYCHPOBKY CBETa ¢ MOMOIIBIO JIWH3,
NO3TOMY YCTPOHCTBA, KOTOPHIE BEIMONHSIOT TaKuWe (YHKIWHE, TOKe
Ha3HLBATCA JUHBAMH.

B xagectBe mpumepa BIEKTPOHHOR NHMH3H 3[ech OpHUBEZEHA
our. 29.5. Iro «eKTpocTaTHIeCKAA» JWH3A, AeHdcTBHe KOTOpOIt
3aBHUCHT OT DIEKTPHICCKOTO MOJIA MEKAY JBYMSA COCeTHIMHU SJIEKTPO-
namu. Pabory ee MO;KHO MOHATH, NPOCTENNB 32 T€M, 9TO OHA el aeT
€O BXOAANIMM CJIeBa HNapPaJIeabHEIM nydkoM gactul. [lomas B 06-
JacTh a, BIEKTPOHH MCHHTHBAIT AeficTBHe CHIH ¢ GOKOBON KOM-
HOHEHTOH, KOTOpasA NIpEKHEMAaeT uX K ocd. B obnxacrnm b ssnexTponsl,
Ka3amoch OB, MOMKHK OONYYHTH PABHHIH N0 BEJIHYMHE, HO OPOTH-
BOHOJOREKI IO 8HAKy HMIYIhC, OJHAKO 3TO He TaK. K ToMy mpe-
MeHH, KOTfa OHH jgocTArmyT obaacru b, dHeprusi MX HECKOALKO
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Quz 29.5. Saexmpocmamuneck ar aunsa.

Moxasans CuL06%e AUKHUU, M. 6. AUHUU Sexmopa ¢B,
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VBEIMIATCA, U MO3TOMY Ha IPOXOMIeHue o61acTtd b OHEA sampaman
menbve apement. CHIE-TO Te jKe caMile, HO BpeMA WX JeHCTBHA
MeHbINE, I0YTOMY WM MMUOyibe Oymer MeHbIIe. A IOJMHHE MMOYADC
CWJIH NIPY OPOXOKIeHUN obxacredf @ 1 b HaIpaBIeH K OCH, TAK YTO
B pesysIbTaTe BIEKTPOHBl CTATHBANTCA K omHOHE ob6meilt Toure. Ilo-
Kugas o01acTh BEICOKOTO HANPAMKEHWS, JACTHIH HOAYydarT goba-
BOYHEI TONYOK IO HATPABISHWIO K ocH. B obmactu ¢ cmna Hampas-
JieHA OT OCH, a B obmacTu d — K OCH, HO BO BTOpoil obGmacrm wac-
TUIA OCTAETCH AO0AbINE, TAK UTO CHOBA MONHEH HMIYIHC HATPABIEH
K ocH. Juisa HeGonbIux paccTOAHMI OT OCH HOMHHE HMIOYILC CHILI
HA OPOTAMKEHUA BCOH JIMHIK IPOIOPHUOHATEH PACCTOSHHIO OT OCH
(mommMaere mogeMy?), W 3TO KaK pa3 OCHOBHOE yclaosme, HeoOXo-
gumoe g obecnedenus (OKYCHPOBKHU JHH3 TAKOrO TULA.

C DoMombI0 3THX K€ pacCy:KEeHHH B Moskere yGemurhbes, 4TO
porycuposka Gyger JOCTUTHYTA BO BCeX CAYYaAX, KOTLA MOTeHIWAI
B cepeuHe dMeKTPOHA IO OTHOMEHA K ABYM APYTrAM aubo moxoxu-
TeJIeH, M1U00 OTpUIaTeNeH. DIeKTPOCTATHISCKNE JIAH3E TaKOI0 TANA
OORYHO WCHOAB3YIOTCA B KATOJHOIYYEBHX TPYOKAX H HEKOTOPHX
DIEKTPOHHHIX MHKPOCKODAX,

§ 4. Masnumnas aunza

Ecrs eme ogun copr JHMHB3 — WX YaCTO MOKHO BCTPETHTH B
DIEKTPOHHHX MHKPOCKOOAX — 10 Maraumrhae auessl. (Cxemaru-
gecku oHEM m3obpamens Ha ¢ur. 29.6. Munwenpuaeckn caMMeTpuy-
HBIH 3JIEKTPOMATHHET C 09€HD OCTPHIMU KOJbIEeBHIMA HAKOHETHHKAMEA
HOJIOCOB CORJAET B Mol 0GmacTd OYeHb CHIBHOE HEOTHOPOTHOS
Marauraoe nojue. OHO QORYCHUPYET HIeKTPOHE, JETAIINe BePTAKAI b-
HO "epe3 oTy o6macth. MexanmsM QOKyCHDPOBKA HETPYAAO WOHATD;
MOCMOTPUTE yBeAWIeHHOe M300paenne o0aacTH BONM3M HAKOHOT-
AUKOB monocoB Ha ¢mr. 29.7. Bu Bmgare gBa adexkTpoHA @ T b,
KOTOpPHE MOKUIAIT ACTOUHHUK S IO HEKOTODPHM YTJIOM IO OTHOIIE-
HAO K ocu. Kar TOABKO 9AEKTPOH ¢ MOCTHTHET HAYAJAA IOJH, T0-
PUBOHTAJNbHAS KOMIOOHEHTA HOJA OTKJIOHMT €r0 B HANPABJISHWU O
sac. O npmoGperer GOKOBYI0 CKOPOCTH M, MPOJETAA Yepe3 CHAbHO®
BEPTAKAIBHOE [MOJE, HOJYIUT HMIYIAbC B HAUPABIEHAHA K ocH. Do-
KOBO® jxe IBmKeHme ybupaercd MATHATHOU CHIIOH, KOTZAa 2IeKTPOH

1 / Due. 29.6. Maznumnas auwnsa.
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Duze. 29.7. [Hdeuxenue saexmpona
8 MAZHUMHOU AUH3E.

HOKHUZAeT HOje, TaK 4T0 OKOHYA-
TeAbHHM 3¢derToM Oymer uM-
OyJIbC, HANPABIAEHHHH K OCH,
III0C (BpPAINeHue» OTHOCHTEILHO
pee. Ha gacruuy b geiicteyoT Te
K€ CHJIBL, HO B UWPOTUBOLOI 0 HOM
HAIIpaBJIeHUH, IIODTOMY OHA TOKe
OTKJIOHJETCSI 0 HANPABICHHIO K
ocu. Ha pucynxe summo, Kax
DPacXONAMTeCsT DIEKTPOHH COOM-
parnTCca B HAPALIEXLHEI TYYOK. S

Heiicteme rakoro ycrpotictea mo-

nOOHO meHcTBMIO NWH3H Ha Haxomamuiica B ee (Goxryce oOBexT.
Ecnm 61 Temepp BBEpPXY IOCTABUTH €Ii€ ONHY TAKYIO 3Ke JUH3Y,
T0 oHA OH cHOKycmpoBaja 9JEKTPOHH CHOBA B OJHY TOUKY H IO-
Ayumnock OH m300pasikenne MCTOIHHKA S.

§ 5. Suernmponnuviit murpocron

Bu 3maere, 4T0 B DIIEKTPOHHEIA MUKPOCKOI MOIKHO (YBHJAETH»
npeaMeTH, KOTOPHEe HeJOCTYITHO MAJbl Ansl ONTHIECKOr0 MUKPOCKO-
ma. B . 30 (Bum. 3) Mu obcysxmanm ofimue orpaHEdeHus ai06oii
ONTHYECKOH CHCTeMHl, BHI3HBaeMEe Au@paKkImedl Ha OTBEPCTHN
guH3p. Ecid orseperne 00beKTHBA BUAHO M3 NCTOYHAKA HOK YTIIOM
20 (pur. 29.8), To ;mBe cocegHEE TOYKHM, PACTHOIOKEHHEIE OKOJO
KCTOYHNKA, OyHyT HEPasAWYWMbI, €CIH PACCTOAHNE MeRIy HUMHE

Omsepcmuie
JIUHSbI

@ ue. 29.8. Paspewenue murpockona
02PARUYUBAEMCA  [2A08LIM paBMEDOM
065EEMUEA  OMHOCUMERbRO PoKyca.

Hemournux
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Due. 29.9. Cepunecras

I{(Fgg%‘;ﬁ(lgs]% abeppayus AUH3bL.

Omeepermue 0 OOpAARY BeJAHYUHEI MEHbLIIEe

NUH3I A
o~
~ sin 0’

rae A — mJauHa BONHE csera. [ig
JAYTMHX ONTUYECRAX MHKPOCKO-
o yroia 8 mpmbamwraercsa x teo-
permueckomy npenexy 90°, raw
1o § DpuGIMBUTEILHO PaBHO A,
wan oxono 5000 A.

Te me caMble OrpaHUYEHHSA ODPAMEHNMB I K JJEeKTPOHHOMY MH-
KPOCKONY, HO TONBKO FIWHA BOJH B HEM, T. €. JJIMHA BOJIHEI DIEKTPO-
nos ¢ ameprueil 50 re, cocraBaser 0,05 A. Ecam 651 MOoHO 6RL10
LCHONb30BaTh 00BeKTHB ¢ OTBepeTHEM 0KOXO 30°, TO ME cmocobHH
Gpuim 66 pasaniurh o6bexTH BenwauHOH B Y5 A. ATOMH B Moe-
KyJax oOKTHO pacmonoxsensl Ba paccrognud {—2 A, cregosarers-
HO, TOT/[a BIOOJHE MOKHO OBL10 OB mONy4YaTh Gororpaduu MoJeRyd.
Dumonorus crama 6w Kyna mpoine; Ml Okl MOTJH cOTOIPadupOBAThH
crpyrrypy IHHK. Kak sto 6rio 6m samevarensno! Begsb Bce cerop-
HAINHAE MCCJAEOBAHUA B MOJEKYJAAPHOH OHMONOTHE — 3TO IMOIHTKHA
OHpeNeInTh CTPYKTYPY CHGKHEIX OpPraHMYeCKMX ModeKyd. Ecan
661 MB ORLIR cOOcOGHK HX BHAETH!

Ho & HecuacTblo, camas aydumas paspemarmiias COOCOOHOCTDH
DIIEKTPOHHHX MUKPOCKOHOB npmbamsxaercsd Toabko kK 20 A. A Bce
IOTOMY, YT0 [0 CHX HOp HAKOMY HE YAaJO0Ch HOCTPOHTH JHH3Y ¢
Gonsmroit ceerocmioii. Bee nmmsm crpagaior «cdepmueckoin abep-
panmeit». JT0 03HAYAET BOT uTO: Jyu®W, HAyIHe HOX OoxbBIIEM
VIJIOM K OCH, B Jy4H, Axymue 6AN3K0 K HeH, JORyCcUpyoOTCa B pas-
gHX TogKax (¢ur. 29.9). C moMomipio cnenmaIbROH TEeXHOJOTHHN H3-
rOTOBAAIOTCA IVH3H IS ONTHYECKHIX MUKPOCKOINOB ¢ TpeReGperKuMo
mMasioll cepmueckoit abeppanmei, HO HEKOMY [0 CHX IOp He yZa-
J10Ch IO Y9IHUTh 3IIEKTPORAYIO JINH3Y, JJAMeRHY0 cdepuueckoir abep-
paumm. MoxxEO mokasars, 9ro pud aw06oM dIEKTPOCTATHISCKOH Wil
MArHHTHOH JIWH3K ONHCAHHKX HaMu THHOB cepmaeckasa abeppa-
nus memsbesxna. Hapsgy ¢ mudparnuein abeppanna orpanudymsaer
paspemanmyno Cooco0HOCTh SIEKTPOHHHX MHKPOCKOIOB ee CO-
BPEMEHHEIM 3HARYCHUEM.

OrpapmdeHEns, O KOTOPHX MH YIOMHWHAIM, He OTHOCATCA K
BIeKTPUIECKMM W MATHUTHHIM LOJAM, He HMEIOLUTAM OCeBOH cnMMeT-
puu HAH He NOCTOAHHEIM BO BpemeHH. Bmoame BO3MOXHO, 9T0 B

s ¥ Toueunsili ucmodHuK
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OfMHIIPEeK PacHHH feHs KTO-HUO y{b NPHAYMAET HOBHIH THI 3J€KTpPOH-
HHX JHH3, cBOOOMHLIX OT abeppaliiy, IpHCYINed HPOCTHM 3JIeKTPOH-
BHM JuH3aM. Torma MoxEO OymeT HemocpencTBeHHO poTOrpadupo-
BaTh ATOMH. B03MOKHO, 9TO KOrja-HuGyOb XHMHYECKHE COeJWHe-
HEA Gymyr aHalmsMpoOBAaTECH LPOCTO BU3YaAbHHM HaOIOIeHHEM
3a pPACHOJIOMKEHHEM ATOMOB, a He IO HBETY KaKoro-to ocafgkal

§ 6. Cmabuausupyrowyue noax ycropumenei

MaranTHEE OIS HCHOIB3YIOTCA B BRICOKOIHEPTeTHUECKHAX YCKO-
pUTENAX elfe AN TOro, YTOOH 34CTABUTH WACTHILY ABHIATHCA HO
HyskHoOil Tpaekropun. Takue ycrpoiicTBa, KaK NUKIOTPOH ¥ CHHXPO-
TPOH, YCKOPAIOT YACTHILY O BHCOKUX YHEPTHil, 3aCTaBIAA ee MHOLO-
KpPaTHO HPOXOJUTH Uepe3 CHIBHOE JIEKTPHUYECKOe moae. A Ha cBoeil
opbure 9acTUIy yAep;KUBaeT MAarHUTHOE HONE.

Mur BufesH, 4TO YTh YACTHIE B OSHOPOJHOM MATHUTHOM LOIE
npoxogut mo Kpyrosoi opbmre. Ho sro cmpasemnuBo TONBKO
JJIA ¥Iea’lbHOTO MAIHETHOTO moufA. A mpepcrasbre cefe, uro mome
B B 6onbn1oii 06axacTi TONLKO TPUOIN3UTENBHO OJHOPORHO: B OTHOM
qaeTH OHO HEMHOrO CHIbHEee, ueM B apyroii. Ecau B Takoe mome Mul
3amycTOM 9aCTHHY ¢ AMOYJABCOM P, TO OHA LOJETAT HO IPHMEPHO
kpyrosoil opbure ¢ pagmycoM R=p/qB. Onaako B obmactu 6omnee
CIILHOTO WO/l PafnyC KPHBH3HH Gymer HeCKOJABbKO MeHbme. llpum
a1oM opbura yxe He OygeT BaMKHYTON OKPYKHOCTHIO, 2 BOSHUKHET
«apeid», nomobamit mzobpakennomy Ha ¢ur. 29.10. Ecau yromso,
MOKHO CIHTaTh, 910 Hebodbmas «ommbxka» B mOJe NPUBOLUT K
TONUKY, KOTOPHI CHBATAET UACTHIY HA HOBYI0 TPAEKTOPHIO.
B ycropnrene ke wactuma jeraerT MEIJIMOHN 000pOTOB, TOATO-
My HeoO0XOAmuMa CBOEro poja «pamuajibHas (GOKYCHPOBKa», KOTO-
pas ymep:kuBajiia OH TPaeKTODUH 9YacTHI HA OnWMBKOU K rKejlaemoid
opbure.

Hpyras TpynsHocrs, cBA3aHHASA ¢ OZHOPONHBIM HOJNEM, COCTOUT
B TOM, YTO YaCTHIH He OCTAIOTCH B ORHOM miockoctu. Ecau omm
HAYMHAIOT ABUKeHNE o7 HeOOJNbIUM YoM Wil HeGOolIbnoi yron
cO3/1aeTCa HETOYHOCTHIO NOAA,

TO gacTAIHN UAYT OO CHUPANb-
HOMY OYTH, KOTOpDHI B KOHIE
KOHIIOB HpWBENeT HX audo Ha
moJIOC MarHUTa, JAU00 HA NO-
TOJOK MWJIH TOJ BAaKyyMHOHK

Que. 29.10. HJeuwenue wacmuys

8 caabo HeoOHopoOnom nose.
3Pecy none
cusbree
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ramepr. Yrobu maberaTh TaKOrO BEPTURAIBHOTO ,upenq)a, HYKHE
KaKpe-TO ycTpoiicTBa; MAarEUTHOE IO0Je HOJKHO OGecHmeumBaTh rak
PaIMaNbHYIO, TAK U «BEPTUKANABHYI» (QOKYCHPOBKIU.

Cpasy ke MOKHO IOTAfaThCsA, 9TO PAAMANBHYI0 (OKYCHPOBKY
obecueunBsaer co3gaHHOe MATHUTHOE HOJE, KOTOPOE YBEIWIHBAETCH
C POCTOM pACCTOAHHA OT HEeHTpPa NpOoeRTHpyemoro myTu. Torpa,
eCJIN YacTHLa BHIiZeT HA GONBIWIUH pajuyc, OHA OKaxercsa B Gonee
CHJIBHOM IONe, KOTOPOe BEPHET ee HA3a[[ HA HY;KHYI opbury. Ecin
OHa mepelifleT HA MEHbIIAH pagmyc, 10 «saruGarnue» GymeT MeHbIIe
¥ OHA CHOBA BepHETCS Hazaj Ha xexaemuii paguyc. Ecam wactrna
BHEe3alHO Hadajia JBUTaThCA IOT YIJIOM K MAEaNbHON opbure, oHa
HaYHeT OCHWITEPOBATh OTHOCUTEAbHO Hee (¢ur. 29.11, a) u pagnans-
Hag (OKycHpoBKa OymeT yEep:iHBaTh 9acTuily BOAW3M KPYyroBoro
OyTH.

QaxTrnuecku papmanbHEad QOKYCHPOBKA MPOMCXONUT AaKe TPH
npPOMUBONOAOHCHOM (HAKIOHE». JTO MOKET IPOUCXOINUTE B TeX CIIy-
dadaX, KOrGa pagHyC KDPHBAZHEL TPAEKTOPUH YyBEIMUYHBAETCA HE
6rIcTpee, WeM paccTogHUE YACTHLEL OT HeHTpa moaa. Op6uTe gacTi
Oyayr noxobmn msobpa:kenHeM Ha ¢ur. 29.11,6. Ho ecau rpajuent
HOJiA CHAUITKOM BeJHK, TO YACTHIH He BePHYTCSA HA JKeJaeMEil pa-
juyc, a OygyT mo compasu BHXOJUTE U3 Noxafd aubo BHYTPh, ARGO
Hapymy (dur. 29.11,6).

«Haxuon» monss Mst OOKYHO XapaKTEpU3YeM (OTHOCHTEJ bHEIM
IPAIUEHTOMY, UIU UHOCKCOM noas n

dB(B

= —J;F'— . (29.2)

HanpaBnmomee noie co3gaeT paguaIbHYIO cboxycnpomcy, ecnn
OTHOCHTEIbHKA rpanment Gymer Gomxpme —1.

PangmansHslil TpafineAT MOJA TPHUBEJET TAKKE K 66DMUKAALHELM
cmiIaM, fefcTByiomuM Ha sacruny. Ilpennonoxum, M umeem none,
Koropoe BOAM3E IeHTpa OpOHUTH cHIbHEe, a CHapy;xm cuabee.
BepTokanbHoe HOIEPETHOE ceIeHNe MaTHUTA HOJ IPAMHEM YIIIOM K
opOuTe MOKeT HMMeTh TAaKOil BHI, KaKk IOkasano Ha ¢ur. 29.12.
(IIpudaeM DPOTOHH JEeTAT Ba Hac 3 crpamuusl.) Ecam maM mymxmO,
yrobsl mone OmIo cmapHee ciaesa m crnabee copaBa, TO MATHUTHE®
CHJIOBHE JNHMHEU JOMHHH OHTh UCKPUBJIEHH UO0X00HO m300parkeH-
HEIM Ha pHEcyHKe. TO, 9T0 8T0 JOMKHO OBTH TaK, MOKHO YBH-
IeTh M3 3aKOHA paBeHCTBA HyJI0 mupkyuasmmu B B mycrom mpoc-
rpancrne. Ecim BHOparp cHCTEMY KOODAHEAT, IOKa3aHHYI0 Ha
pucyHKE, TO

. aB 0B '
’ (VX B)y = =2 =
nan
0_&_23_, (29.3)
0z



Dues. 29.12. Bepmuraav-

tz HO giorycupymwuee noae.
— Bud ¢ nonepeunom cevenuu,
K yenmpy x nepnenduryAAPHOM K opbume,
opoumel
————— —— -
llenmpanbras
opbura

ITockonpry MH mpepnoxaraeM, ¥to 0B,/dr orpmuarensHno, 1o pas-
HBIM €MY 7 OTPHIATeJIBHEIM JOKHEO 6511 U 08 /0z. Ecnu «<aomunan b-
HOU» IIOCKOCTBIO OpOMTIH HABIASETCA IJIOCKOCTH CUMMETDHUH, TN
B,=0, 1o paguansHan KomMnorenrta B, 6yner orpunarenbHOR Hafg
HUIOCKOCTHIO M MONO;KATeNbHOE mox Hevi. [Ipm srom numamm pomsxas
OHTh MCKPHBJIEHH TaK, KaK 3T0 WM300paykemo HA DPHCYHKe.

Takoe mose AOMKHO 001afaTh BEPTHKANBHO (POKYCHPYIOIHAMI
csoiicrsamu. Ilpencrarpre cebe nporon, dersaumit Goree wiw MeHee
HapaNiesbHo NeHTPANbHON opbure, no BHine Hee, ['opusoHTaAbBHAA
romoonenta B 6yner meiicTBoBaTh Ha HPOTOH ¢ CHIOH, HATIPABJIEH-
noif sHN3. Ecan jxe mpoioH Haxoxurcs HAKE IMeATPATBHON OpOHTH,
TO CHJla W3MEHMT CBOe HampasieHue. Taxkmm o6pazoM, BOzHUKaeT
addeKTUBHAA (BOCCTAHABIMBAIOMAA CHIA», HAIPARIEHHAAA K HEHTPY
op6arsl. Wz Hammx paccysKIeHHH MOTYdIaeTcs, YTO IPH YCIAOBHHA
YMeHbINeHAA 8ePMUKAAbHO20 ONA ¢ yBeJWIeHUEOM PATUyCca TOIKHA
IIPOECXOAMTH BePTHKANBHASA PorycrpoBka. OMHAKO €CNM IPafgMeHT
00N NONOKHTENBHHH, TO IPOHCXOJNHUT (BepPTHKAJAbHAA JefoRy-
cupoBray, TakuM 06pa3oM, AJIA BEPTAKATHON QOKYCHPOBKY HHIIEKC
LOJA n fomkeH OGuTh MeHbINe Hyjas. BHole Mo mammnn, 910 gas pa-
MMaJAbHOM (JOKYCHPOBKH 3HAYeHHE 7 NOMKHO OHTHh Goabme —1.
Komburanus 9tux ABYyX ycaoBuit TpeOyeT Had yaep:KaHHA TacTHI]
Ha ¢TabmabHEIX opOurax, 4TO0HI

—1<<n<0.

B nuriiorpoHax 0GKYHO MCHONB3yeTCA BETHIMHA 12, IPUOIHIUTEN b~
HO DABHAA HYJII0, a B 6eTATPOHAX W CHHXPOTPOHAX THNUYHON Beu-
quHoil aBagerca n=—0,06.

§ 7. Dorycuposra uepedyrOUUMCS epadUeHIMON

Crosib Malikle BOIMUHHELL 72 HAIOT A0BOIBHO «ciabyio» GoKycHpos-
Ky. flcHo, 9T0 ropasmo Goabmy0 PpagHAILBHYI0 POKYCHPOBKY MOKHO
651710 O mOJIydYuTh A OOMBMIOr0 MOJMOKHTEIBHOTO TpPajgHeHTa
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(n>>1), HO UpH >TOM BepTHKAIBHHE CHIH GYLYT CHIBHO aedory-
cupywouuma. [lonobreM :xe o6pazom 6ombmoil orpunaresbphiii
HarnoH (n<€ —1) faBax Ou Gonbimme BePTHRANbHEE CHIIB, HO Fpy
570M BRI3HBAJ OH cHIBHEYI0 pagumanbHyn pedorycmpoBky. Oqrsko
upumepro 10 1et Hazay G610 yCTAHOBNCHO, YTO YepEyONIEeCH qfk-
creme obaacteil ¢ CcWIBbHON (GOKYCHpPOBKOH m 00aacTh ¢ CHIBHOl
HeOKYCHPOBKON 6 yeaom MPHBOIAT K (Porycupywmemy sddexty,

Yro6ur o0bAcHEUTD, Kak paGoraer makad ¢orycuposka, pasbe-
peM cHadasda fgeificTBre KBAAPYLHOJBHOW JAMH3H, KOTOpAdg yCTPOEHA
1o roMy ke npuanuny. [Ipegcrasbre cebe, 9TO K MAaTHUTHOMY HOAO,
nzobpaskennomMy na ¢ur. 29.12, nobaBneH0 OAHOPOZHOE OTPUNATEN -
oe MarguTHOE IoJe, chuia Koroporo mopobpana Tak, 4roOH moge
ra opbure OpLIO pasHO Hym0. Pesyaprmpymolee mMoje IPH Majibiy
CMEMIEHIAX 0T HeHTpadbHOMK ToYKM GymeT HADOMUHATH M300pasken-
moe ma ¢ur. 29.13. Takoil 1eTHPEeXMOMIOCHEIN MAaTrHAT HA3LIBACTCA
«xBagpyuoabpoil nunsoiy. IlonomaTenrnasn dacTAna, KOTOpas BXo-
nur (Co CTOPOHHL YMTATeNA) COpPABA MM cleBa OT LEHTpa, CHOBA
BTATHBACTCH B Ienrp. Eciu jke 9acTHIa BXOAUT CBEPXY WIN CHU3Y
OT IEeHTpa, TO OHA SHUNAAKUEAEMCA W3 HET0. JTO T'OPH30OHTAIBHO-
dorycupywoman nuasa. Ecanm temepp o6paTuTh rOpH3OHTANBHEG
rpaguenT, 9T0 MO:;keT OHTH CJeIaH0 HepPeMeHOil BcexX NOIIOCOE
HA TPOTHBONONOKHEE, TO 3HAK BCEX CHJI M3MEHHWTCA HA 00paTHRI
¥ MBI HONYYUM BepTHRAIBHO-YOKRYyCHpyOmyo auu3y (dumr. 29.14).
HanpsikeHHOCTh TONA Yy TAKHX JIKHS3, a CIEOBATEIbHO, I OKyCH-
pYIOIMAas cWia BO3PACTAT JHHEHHO ¢ YHANEHHeM OT OCH JHH3HL.

HIpepcrassre cebe Temeph, Ir0 ME NOCTABUIM HOAPAJN [ABe TaKue
auass. Ecim gactaina BXOZMT ¢ HEKOTOPHM TOPH3OHTAJIBHEIM CMe-
HIeHAEeM OTHOCHTeNbHO ocu (dur. 29.15, a), To 0HA OTKIOHATCA IO
HAIPABIEHUI0O K ocu meppoil anuasH. Horma ke oHa HOJXOZHT KO
BTOPOI JrEH3E, TO OKAa3HBaeTcHd GIAMKE K OCH, I/l BHTAIKHBAIMIAA

o

Quz 29.13. Fopuéonmanbno-gjony- Due 29.14. Bepmurasvho-gory-
cupyowas KeaOpYynoavHas - AUH3A, CupyIouyan Keadpynoabras AUH3A.
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CHJla MEHBIIE, HOPTOMY MEeERIIEM OyJeT M OTKIOHEHHe OoT ocH. B pe-
3yJbTaTe jke NOTYIATCA HAKIOH K OCH, T. €, 8 CpedneMm UX JielicTBHe
OKaKeTCsI TOpU3OHTANbHO-PoKycmpylomum. C Apyroit cropoH,
€CIH MH BO3BMEM YAaCTHIY, KOTOpas OTKJICHAETCA OT OCH B BEPTH-
KaJpHOM HaIpaBleHHUH, TO IyTh ee OyAeT TAKHM, KaK MOKAa3aHO HA
¢ur. 29.15, 6. Yacruna cEavana OTRIOHAETCH OM OCU, 4 3aTCM BXO-
JHT BO BTOPYI0 NHE3Y ¢ OONbLIINM CMENEHHEM, UCOHTHBAA JeHcT-
pue 0oJbImel CHIH, B pe3yIbraTe 9€ro OTKJIOHAETCA K oCH. B mesom
o¢dexT caona 6ynmeT okycupyromum. Taxum o6paszoM, reficTBre ma-
PH KBAZPYIOJbHE X JIMH3, IeACTBYIINUX HE2aBUCHMO B TOPU3OHTANb-
HOM ¥ BePTAKAIbHOM HaIPABIEHHAX, OYcHb HaOOMHHAET felcTBUe
OuTAYECKOl AHA3H. HBagpymoibHHE JIMHSE WCHONL3YIOTCH s
$opMUDOBAHAA HydYKAa YACTHIL M KOHTPOJA HAJ HOM B TOUYHOCTH TaK
K€, KaK ONTHYECKHE JUH3H HCIONB3YIOTCHA s CBETOBOIO IYUKa.

Hy:xm0 moguepkHyTh, 970 HepEeMEHHO-TPajeHTHAA CHCTEMA He
Bcerfa npuBoAuT K doxycmposke. Eciu rpagmesT cIMmMKOM BeluK
(m0 CpaBHEHMIO ¢ MMIYJIHCOM UACTHI WIHM ¢ PACCTOAHHEM MEKLY
JMA3aMH), TO Pe3yNbTHPYIOIee HeiicTBue GymeT AeOKyCHPYIOMIM.
Bu noiimere, Kak 3T0 mOMy4aeTcs, ecad BOOGPA3HTE, YTO HPOCTPAH-
CTBO MEeKIY ABYMs NuH3aMu Ba ¢ur. 29.15 yseauumnocs B Tpm miun
d9eTHpe pasa.

A Tenmeppr BepHEMCA K CHHXDOTPOHHOMY HAIPaBIAoINeMy Mar-
muTy. MoKHO cuMTaTh, ITO OH COCTOMT U3 YepefyIoIeHca HOCHeHO0-
BATEJIbHOCTH (IONOKUTEAbHHXY M «OTPHNATCILELXY JMH3 ¢ HANO-
’KEHHHM [0BE€PX HAX OfHOPOAHHM ojieM. OIHOPOAHOE OoJIe CITYIRHT
BJIS1 yePKaHAA JACTHAI B cpefiHeM Ha FOPU3OHTAIBHOM ORPY/ARHEOCTH
(na BepTEKaNbHOE JBUKEHHE OHO HE BIWACT), a IePEMEHHHE JHH3E
JeiicTBYIOT Ha M006yI0 9acTHIy, KOTOpas HOPOBHT COMTLCA C IYTH,
OOATATKMBASA €e BCE BpeMA K HEHTPAJBHOH opbmre (B cpemmeM).

CymecTByer OYeHb XOpOmMil MeXaHWYECKHH aHAJOT, KOTOPHI
AEeMOHCTpPHApYeT, Kak mepeMeHHas «QOKyCHPYIOUmAaa ¥ JedOKycH-
pylomasy CHIQ MOKET UPHBECTH B Pe3YABTaTe K «POKYCHDYIOIMEMYy»
apdexry. IIpencraBbre cefe MeXaHUUECKHU (MAATHHKY, COCTOSIIMIA
W3 TBEPJOTO CTEP;KHA ¢ PPYSUKOM, DOJBEIIEHHKM HA OCH, KOTOpPas
C IOMOMIbI0 KDPHBOIIMIA, CBA32HHOIO C MOTOPOM, MOMKET OHCTPO

Beprmuxanshoe
omK/AoHeRue
om ocu

Topusonmansioe
OHIKACHBHUG
aim o¢u

4

r

o' / 7l ,N\W Pacemontue 0, n}\\\]‘ .,V /J Paccmonnue

P 200 P
Y

* nase T nane none 5 " none

Due, 29.15. I'opusonmaaviias u eepmukasbHas Porycuposka napoil
K6a0pYnosLHE AU,
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Dus. 29.16. Masmnuk c¢ ocyursupyio-
ujell 0chI0 UMeem YCmoluusoe noA0IHCEHUE
€ 2DY3UKOM, HATODAUYUMCR HA8EDTY.

pacKauMBaTBCA BBEPX M BHUB. Y
TAKOTO MAfITHHKA ecTh Jéa UOJNIO-
JKeHHA paBHOBecusa. Hpome HOp-
MaJbHOIO IOJOKEHUA, KOTIa Masr-
HEK CBENIMBAETCS BHUB3, Yy HETO €CTh  L—

ellie TOJOKeHUE PaBHOBECHH, KOrja

OH TOPYHT KBepXy,— IPYy3HK IpH 3TOM HaXOAUTCA Had TOIKOH
omopar (pur. 29.16).

IIpocroie paccyskieHns MOKA3HBAIT, 9TO BEPTHKAILHOE JABW-
JKeHHe CTep;KHA DKBMBAJIEHTHO HepeMeHHOH (oRycupyomei cuie.
Horga crep:keHb yckopsieTcss BHN3, IPYSHK CTPEMUTCH [IBUTATLCS
0 HATIPABJEHWI0O K BEPTUKAJIM, KaK 3TO moKazano Ha ¢ur. 29.17, a
KOI7|a I'PY3UK YCKOPAETCA BBEPX,— BCE IPOUCXOAUT B 0OpATHOM
popsgre. Ho mecmorps Ha TO, 9r0o cHIA Bce BpeMsA M3MeHSET CBOe
HANPABIEHNE, B CpPefHEM OHA jelicTeyer K Bepruxanu. Tarum o6-
pasoM, MaaTHHK Oyfer KagaThes TYAa M CIOfA OKOJI0 HEHTpanbLBROro
NOJOKEeHUA, KOTOpPOoe HPAMO IPOTHBOIOJOMKHO HOPMAJbHOMY.

CymiecrByer, KoHedno, 6osee mpocToil cmocod yrep:KaThb MaaT-
HUK (BBEDX HOT'AMH» — HANPHAMED c6a1aHCUPOsamb eTO HAa MaJbIle.
A Bor monpobyiite-ka TaK yaeprarh 06a He3a8UCUMBLE MAATHAKA Ha
00nom naavye. lnum pase onumi, HO ¢ 3aKPHTHME Iazamu. banan-
cupoBanye 03HAuaeT BHeCeHme HeGOJNBIIMX HmOUpPABOK B TO, YTO He-
BEPHO. A eciX OFHOBPEMEHHO HeBePHH HECKOJLKO Japamerpos, TO
GamaEcUpoBaHMe B GONBIWHCTBE CIydaeB HepoaMo;kHOo. OfHAKO B
CHHXPOTPOHE IO OpOuTe OJHOBPEMEHHO JBHKYTCS MHUJLIHMAP/HL Jac-
THL, KOKJasg M3 KOTOPHX HMEeT CBOIO
cOOCTBEHHYIO «OMMUOKY», M TeM He MeHee
ONHCAHHEE Hamu CcH0c00 (OKyCUpPOBKH
JelicTByeT cpasy Ha BCE JTH YaCTHIH.

Dusz 29.17. Ycropenue ocu wmasmuura enus
npugodum % Oeuncenuro €20 N0 HARPAGACHUIO K
sepmuKaiih.




§ 8. Jdeuarcenue 6 crpeuiennbixr 9AeEMPULECKON
U MAZHUMHLOM NOAAX

Jlo cux mop MH TOBODPEJIH O YACTHIAX, HAXOAMMIXCA TOIBKO B
DIEKTPUYECKOM WM TOIBKO B MarauTHOM noxe, Ho ecrs mATEpECHNE
odeKTH, BOZHHKAOIHEe NPH ONHOBPEMEHHOM JleficTBEM 060X 10~
aeit. Hycrp y Bac mMeeTcs oZHOPORHEOE MaTHUTHOE moje B n nanpas-
JeHHOe K HeMy IOJ HmpAMEM yriaoM anextpmieckoe noxe E. Torma
TAaCTALK, BIETANIYe NepueH uKyIgpao nojaw B, 6yayr agsurarscs
10 KpuBoil, nogobHONd maobpakennoit Ha dur. 29.18. (Iro nrockas
KpuBas, a e cnupanb.) HagecrseHHo 570 ABMW)KeHHe HOHATL He-
tpyauo. Ecam wactuma (KOTOpyl MH CYHTaeM HOMOKETENBHOR)
ABM:KeTCA B HanpasieHw® noag E, 1o oma mabupaer cKopocTh, M
MarmMTHOe mojie 3armbaer ee MeHblle., A KOIJa JacTRLA JBIKETCH
pporus moias E, To oHA Tepsier CKOPOCTH M DOCTEIIEHHAO Bee GonbIne
n Gosrpme 3armbaerca mMarguTeEM mojeM. B peayxabrare sxe momy-
gaercs «apeitdy B Haunpapaenuu (EXB).

Mb1 MOeM HOKasaTh, 9TO TAKOE NBWKEHEE €CTh MO CYIMIECTBY
CYyHepmosuuua pPaBHOMEPHOrO NBWMKEHHS €O cKopoctsio v,=FE/B
¥ Kpyrosoro, T. e. Ha ¢ur. 29.18 nzobpakena OpoCTO IUKJIOULA.
Ilpencrasbre cebe maburogaresisi, KOTOPHH JIBWMKETCH HANpaBo C
DOCTOSHHON cKopocThio. B ero cumcreme orcuera Hauie MarHUTHOE
nojie npeo0bpasyeTcd B HOBOE MATHHTHOE TOJI@ MAIOC 3IeKTPUIECKOe
noJie, HanpasieHHOe BEU3. Ecam ero ckopocrh mogofpana taw, 410
IONHOE DJCKTPHYECKOE MOJe OKAMKETCHA PaBHEIM HYJI0, TO HabuaIo-
natenb Oyger BUAETH SNEKTPOH, ABWKYMHUICA HO OKPYMKHOCTH.
TaxuM o6pasoM, IBIKeHHE, KOTOPOE My BHIAM, Oymer KpyIOBBIM
IBUKEHNEM IITI0C MEPEHOC CO CKOpOcThio Apeiida v,=FE/B. Ismie-
HEE DIEKTPOHOB B CKPEIEHHKNX 9JeKTPHYECKOM W MATHUTHOM MOJIAX
JIeKHAT B OCHOBE MarHeTPOHOB, T. €. OCHMILIATOPOB, NPUMEHHEMEIX
IpH TeHePau¥y MUKPOBONHOBOTO HM3NYYCHHA.

Ecre eme meMajio Apyrux HHTEPECHHX NPUMEPOB IBUMKEHMS
9ACTHI, B 9JAEKTPHUYECKOM W MArHUTHOM HOJAX, Hampumep opburn
9JIeKTPOHOB WIH NPOTOHOB, 3aXBAYCHHHX B PaJHAIOHEHX NOSCAaX
B BePXHHX €J0AX crpaTocdeph, HO, K COKalleHu0, y Rac He XBa-
TaeT BpeMeaH, 3T00H 3aHAMATLCA Ceiigac eme M 3THMM BOOPOCAMU.

fs

©) DPue, 29.18. Hymv wacmuyn ¢

B CEDEWEHNOT DACKMPUYECKOM U  Ma2-
HUMHOM ROART.





