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< 4.1 'enepauusa OMB

YyreH QamnHbyprckoro (1855) wn  JloHgoHckoro
gIB6'1)| KoponeBcKMX O0LLEeCTB, NepBbIV npodoeccop
&&cdvenTansHoli dusnkn B Kembpumxe. Moa ero
BPocTBOM  co3gaHa N3BEeCcTHas KaBeHauwickas
nabopaTtopus, KOTOPYIO OH  BO3rnaBnsn 4o KOHLA CBOEWN XXU3HMW.
CambimM 6onbLWMM HayYHbIM gOoCTuXeHneMm Makceernna siBnseTcs
co3daHHasgs UM Teopusa INeKTPOMarHUTHOro Mons, KOTOPYH OH
chopmynmpoBan B BUOE CUCTEMbl HECKONbKUX YypaBHEHUN
(ypaBHeHUS Makcsenna), BblpaXaloWwnx BCE€  OCHOBHble
3aKOHOMEPHOCTUN JMeKTPOMarHUTHbIX 4aBneHnn. B cBoen Teopumn
MakcBenn pgan onpegeneHue  anekTpoMarHUTHoro nona  wu
npeackasan HOBbIW BaXXHbIM 3 dEKT: cyLlecTBOBaHME B cBOOOAHOM
NPOCTPaHCTBE 3MEKTPOMArHUTHbIX BOMIH U UX pacnpocTpaHeHue B
NPOCTPAHCTBE CO CKOPOCTbK cBeTa. [locrnegHee pano emy
OCHOBaHME cuynTaTb CBET OAHMM W3 BWUOOB 3fIEKTPOMArHUTHOIO
N3NyvYeHuns.



[epu leHpux Pyoonbd (1857 — 1894) — HemeuKknu
domauk. OkoHunn bepnuHckuin yHuesepcutet (1880 r.)
n bbin accucteHtom y [ Nenbmronsua. B 1885 — 89
. — npodgpeccop Bbicllen TEXHUYECKOU LWKOMblI B
Kapncpya.

B 1887 r. B pabote «O6 0O4YeHb ObLICTPbIX 3NEKTPUYECKMX
KonebaHusax» NpeanoXun yaadHyto KOHCTPYKUUIO reHepaTopa
areKTpoOMarHUTHbIX KonedaHun (Bnbpartop lepua) n meton mx
oDHapyXeHnsi C¢ MNMOMOLLbIO pe3oHaHca (pe3oHaTtop [epua).
QKCnepuMeHTanbLHo Ookasan cyLLlecTBOBaHmne
9IIEKTPOMArHUTHbIX BOSTH, PacrpoOCTPaHSAIOLLMXCA B CBOOOAHOM
NpoCTpaHCTBE,  npedckasaHHblx  Teopuen  Makceenna.
OKCNePUMEHTUPYS C 9I1IEKTPOMarHUTHbIMU BOSTHAMW,
Habnogan ux oTpaXeHue, NpenoMneHne, UHTepdepeHLuuto,
nonapusauuto. PasBuBasa Teoputo Makceenna, oH npugan
YPaBHEHUSM 3neKkTpoauHamMukm doopMy, KoTopasi XOpOoLUo
obOHapy>knBarsa rosiHy0 B3aMMOCBSA3b MEXOY 3NeKTPU4eCcKMmMu
N MarHUTHbIMU ABIIEHUAMMW.



B kone0aTelbHOM KOHTYpE, OOpa30BaHHOM
KoHJeHCaTopoM C W Karymkou L,
AMEKTPUUECCKOE II0JI€ COCPEAOTOYECHO B
3a30p€ MEXKIY OOKJIaJKaMHM, a MarHUTHOE —
BHYTPH KaTYILKHU.

B okpyxaromeM KOHJIEHCATOp W KaTYIIKY
IIPOCTPAHCTBE IIOJI TNPAKTAUYECKHA PaBHBI
HYIIIO. . .



Bubpatop Nepua

R — pa3psaaHuk;
T - razopaspsanas TpyOKa,; :D
|17

D — npoccenm.

r < A — OMMOKHSIS 30HA
A

-} —-\

Pe3onarop

BuOparop

JIBWOKYIIMMCA C  YCKOPEHUEM  JJIEKTPUYECKUU  3apsill
MCITYCKAET 3JIEKTPOMArHUTHBIE BOJIHBI.



OMB pacnpoCTpaHsAIOTCSA B IPOCTPAHCTBE, YAAIISACH
OT BHOparopa BO BCE CTOPOHBI.

B  maroGOom

T%qu BEKTOPHl , HaNPsSLXKEHHOCTHU
AIEKTPUYECKOTO

1 MAarHUTHOI'O TIOJIEU B3aUMHO

IIEPIICHAUKYIISIPHBI 5| IIEPIICHAVKYISIPHBI
HAIPaBJICHUIO PACIIPOCTPAHECHUSA



[1oxst IBMEHAXOT CBOE HAIIPABJICHUE B IPOCTPAHCTBE: B
ogHMX Toukax BekTop H HampasiieH K ILUIOCKOCTH
CTpaHMIIbI, B IPYTHUX — OT HEE; aHAJIOTUYHO BEICT CEOs
U BEKTOp E. DIJEKTpUUECKOE W MAarHWTHOE IIOJIA
HaxXoOsATCs B (pasze, T.€. OHU JOCTUTAlOT MAaKCUMyMa M
OOpaIarTCs B HYJIb B OJHUX M TE€X K€ TOYKAX.



OJIEKTPOMAarHUTHLIC BOJIHBI IIPEACTABISIOT
COOOM MOINEpPEYHbIE BOJIHLI M, B 3TOM,
aHAJIOTUYHBI APYrMM TumaMm BoaH. OJHaKo B
OMB npoucxonsat xonebauusi nosneu, a He
geujecmea, Kak B ClIydae pacOpOCTpaHCHUS
BOJIH HA BOJC MJIM B HATIHYTOM IITHYPE.



< 4.2 NuddepenunasrHoe ypaBHeHHe OMB >

BeKTopbl HaNPpSAKEHHOCTH Ej 51 ﬁ AJIEKTPOMArHuTHOTO
TI0JI YIOBJIIETBOPSAIOT BOJIHOBBIM YPABHEHUSM THUIIA
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rae V :@_I_d > 12 — oneparop Jlamnaca,
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v — (ha30Bas CKOPOCTh.



dazoBast CKOpOCTh IMB onpenensaeTrcs BeIpaKeHUEM
. 1 1 e
\VEoHlo VER  +/EH

|
e C= — CKOPOCTB CBETA B BaKyyME;
v €oMo

£, =8,85418782-10 " ®d-m"

u, =1,256637061-10°Ta-m™"

c=2,99792458-10° m-c”'
B BCIIICCTBEC CKOpPOCThb pacupoCTpaHECHUS
QJICKTPOMAI'HUTHBIX BOBMyHleHI/Iﬁ MCHBIIC B 7 = @
pas.



CKOpPOCTh pacCOpOCTPAHEHHUS JICKTPOMArHUTHBIX BOJIH
B CpPEJIc 3aBUCUT OT €€ DIICKTPUYECKOW W MarHUTHOHU
[IPOHUIIAEMOCTEU. BeInuuny 7 = \@ HA3bIBAIOT
aoconromuvimM  nokazamenem npenomiaenusn. C
Y4ETOM MOCIIETHETO UMEEM:

C C
— H n=—

1 1
L = —
Viogy \HE 7 U

CrenoBarenbHO, HOKazamenb NpeioMieHus €CTh
Quzuueckasn seruduna, PaeHAaAsi OMHOULIEHUID CKOPOCHU
INEKMPOMACHUMHBIX BOJIH 8 BAKYYME K UX CKOPOCMU 8
cpeoe.
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E = E cos(oot—kx+(p) '
k= ; — BOJIHOBOE YHCJIO, () — KPyroBas 4acToTa,
¢ — HayaibHas (a3a KOJICOAHUM B TOYKAX C

koopauHaTton x =0,
v — (pa30BasE CKOPOCT.



Takum oOpazoM:

* BEKTOPBI tl H D B3aMMHO EePHCHAUKYISPHBI, T. K.
tl Y HampaBJICHbI OJMHAKOBO;

* JJICKTPOMAI'HUTHAA BOJIHA SBJISICTCA Honepequﬁ;

* JJICKTpHYECKass M MAarHUTHAs  COCTaBJISIONINC
PACIPOCTPAHSIOTCS B OHOM HaIlPaBJICHMU;

* BEKTOPHI tl H KOJICOJIIOTCS B OJJMHAKOBBIX (ha3ax.



< 4.3 QHeprua u uMmnyasc IMII >

PacnpocTpaneHrue SIEKTPOMAarHUTHBIX BOJH CBS3aHO C
nepeHocoM OM  sHeprum  (DOJOOHO  TOMY,  Kak
pPacIpOCTpPaHCHUE YIOPYIUX BOJH B BEIIECTBE CBI3aHO C
IIEPEHOCOM MEXaHU4YECKOM 3HepruM). Cama BO3MOKHOCTD
oOHapyxkeHHuss OMB yka3piBaeT Ha TO, 4YTO OHHU IEPEHOCST
SHEPIHUIO.

IMB - cnoco0 nepeaauu 3Hepruu 1 uHGopmanum (B BaKyyme)



J1J1s1 XapakTEpUCTUKUA IEPEHOCUMOU BOJIHOU SHEPTUU
pycckuM ydeHbIM H.A. YMOBBIM OBLIA BBEICHBI
IIOHATHUSA O CKOPOCTH M HAIIPABICHUW JIBUKCHUS
SHEPIruM, O IOTOKE HSHepru. CIIyCTs AECATh JIET
rmociie 3Toro, B 1884 1. aHMMUNUCKUM y4yeHbI JI>KOH
[TOMHTUHT omMcall MPOoLECC nepeHoca IM sHEpPruu ¢
NOMOWBIO 8EKMOPA NAOMHOCIU NOMOKA SHEPSUU.



O0beMHas IVIOTHOCTDb JHEPIUM W
ICEKTPOMATHUTHOM BOJIHBI
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l[lomox  sHepeuu  uepe3 eOUHUYHYIO  NAOUIAOK),
NEePNEHOUKVISIPDHYIO HANPABLEHUI) PACNPOCMPAHEHUS]
BOJIHbL 8 eOUHULY BPEMEHU:

S=wv=FEH
BéKmOP njiiomHocmu nomokd 9Jlel<mpomazuumuoii
dHepcuu HAa43bleaemcs 6EKMOPpOM Ymoea-

Hounmunea:

S=[E H]



Bexmop ngClanZGJZeH 8 CMOpPOH)Y pPACHPOCMPAHEHUS
INEKMPOMACHUMHOU BOJNIHbL, A €20 MOOYIb PABEH

dHEP2UU, NEPEHOCUMOU INEKMPOMACHUMHOU BOIHOU
3a eOUHUYYy B6peMeHU uepe3 EOUHUUHYVIO NIOUlAOKY,

NepReHOUKYIAPHYIO HANPASIEHUIO PACHPOCHPAHECHUS
gonnvl. 't E




Monyinbs CpeHEro 3Ha4Y€HUS BEKTOpa YMOBa-
[lortHTHUHTA HA3BIBACTCI UHMECHCUGHOCMBIO:

Jzkgﬁ
“InekmpomazHumnan’™ macca u UMRYJAbC

CymecTBoBaHME aAaBlicHUs OMB npuBoguTr K
BBIBOJIY O TOM, 4YTO 3JIEKTPOMArHUTHOMY IIOJHO

(CBETOBBIM KBAHTaM ) IIPUCYII
3JIGKTPOMAarHUTHBINM UMIYJILC U Macca.
E
p=me== E =mc’

C



< 4.4 NasbHEeHIIIee 3KCIIEPHMEHTAABHOE
Hccaenosanue OMB

OneiTel Iepuia Obuin mpomomxensl II. H. JlebeneBbiMm,
koTopeii B 1894 1. monyunn OMB pnuHoM 4 — 6 MM U
HCCJIen0Bal NPOXOXKACHNUE NX B KpucTamiax. [Ipu 3Tom ObLIO
OOHApPYKEHO ABOMHOE MPEIOMJICHHE BOJIH.

JlanbHenIee pPa3BUTHE METOIUKH IKCIICPUMEHTA
npompokeHo B 1923 . A.A. InaroneBa-ApkaabeBa
CKOHCTPYHpOBaJla MAacCCOBBI H3Iy4yareib, B KOTOPOM
KOPOTKHE OMB, BO30YKJICHHBIC KOJI€OaQHUSIMU
AICKTPUYCCKUX  3apsJoB B aroMax M MOJEGKYy/Iax,
TCHEPHUPOBAIUCH C MOMOIIBIO UCKP, MEKAY METANIMYECCKUMU
OIMJIKAMH, B3BCLICHHBIMH B Macliie. Tak ObLIM IOJYyYCHBI
BOJIHBI JITAHOU A OoT 50 MM 10 80 MKM.




OnbIT Nepua ¢ meTannMyecKumMm
napabornn4yeckumm sepKkanamm v npusMoun

YCTaHOBJIE€HA  IIOJIHAsA  aHAJOTWsA  [OPEIOMIIEHUSA U
oTpaxeHuss OMB co CBETOBBIMH BOJTHAMU




YcoBeplieHCTBOBaB BHOpaTop lepna M NPUMEHHB CBOM
npueMHUK, Iipodeccop IleTepOyprckoro 3aeKTPOTEXHUYECKOTO
nacturyra A.C. IlomoB 1896 . Hamaauia  ONBITHYIO
paguoTenerpadHyl0  CBsI3b M OCYIIECTBMJI C  IOMOIIBIO
AJICKTPOMArHUTHBIX BOJIH Mepeaadyy COOOIICHMS Ha PAaCCTOSHHUE
okos10 250 M. B 1899 r. IlonoB noBen paccTosiHue 0€CIPOBOJIOUYHOM
nepeaayyd CUrajioB 10 S0 k.

B 1901 r. 6b11a ocymiecTBieHa paguoTenerpadHas CBsI3b 4yepes
ATnaHTHYEeCKUM OkeaH. M300peTeHue aneKTpoHHBIX gamn (1904 —
1907) m npuMeHeHHME HX s TEHEPUPOBAHMSA HE3ATYXAIOIINX
koineOanuit (1913 1) coemamm  BO3MOXHBIM — Pa3BUTHE
paguotenerpadun u paguoBemanusg. B 20 — 30-b1x IT. BEChb MHUP
MOKPBUICS  CEThIO  MOIIHBIX  PAJAUONECPEHAIOIINX  CTAHIIHM.
YemoBeuyeCTBO BCTYHNWJIO B  HOBYK) 3py KOMMYHHMKAIIMOHHBIX

OTHOIIICHUM.



4.5. lLikana 9MB

B onTuke yCI0BHO pacCMaTpuBaAETCs TpU 00JIACTHU:
JlnrHa BOJHEI (A) < pa3zMepoB MPHOOPOB;
reoMeTpuiyecKas OornTuka.

A CpaBHHMA C Pa3MEpPOB NPHOOPOB;

BOJIHOBAA ONMNTUKA.

A < pa3MepoB NMPUOOPOB;

KBAHTOBAA ONTUKA.



Jdnuna HasBanue Yacrora
ooitee 100 xm HuskouacToTHBIC 37IEKTpUYECKUE KOTIeOaHus 0-3kln
100 xMm — 1 MM PagnoBoiHbI 3kln—-3 Tl
100 — 10 km c8epx HU3KUe 4acmombl 3-3-kln
10 -1 xm Kuiomempogwie (HusKue 4acmomol) 30 — 300 xI'g
I xm— 100 m 2eKmomemposvle (CpeoHue 4acmomol) 300 xI'u — 3 MI'ng
100 - 10 m Odekamemposbie (8blCOKUEe 4acnomul) 3-30MI'nt
10-1mM Memposble (04eHb 8blCOKUE YACMOMbl) 30 — 300MI 11
ImMm—10 cm Ooeyumemposgvie (Y1bmpasvicokue) 300 MI'm—31Tn
10—-1cm canmumemposule (C8epxeviCoKue) 3-30ITn
lecm—1 MM MUTLTUMEMPOBbIe (KpatiHe 8blCOKUE) 30-300ITu
1-0.1 mm OeyuUMUIIUMEMPOBbLE (2UNEPBbICOKUE) 300 T —3 TT'
2 MM — 760 M HNudpakpacHoe uznyuenue 150 I'Tu—400 TT'g
760 — 380 HM Buaumoe uznydeHue (ONTUYECKUI CIIEKTP) 400 - 800 TI'q
380 — 3 uMm VYnerpaduoneroBoe uziryueHue 800 TT'u — 100 II'y

10 aM — 1M

PentrenoBckoe N3JITYUYCHHUC

30 IMI'uy — 300 OI'g

<10 om

['amma-u3nydyenue

>30 OI'g



WKANA SMNEKTPOMAIMHUTHBIX WN3NMYYEHUW
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KOPITYCKYASIPHO-BOAHOBAS TEOPHUS CBETA.

HHTEPPEPEHIIHUS CBETA

< z.: [l:aanTne B3rAdAAOB HA IIPpHpoOAY

< 3.6 HuTepdepeHIINisT CBETOBBIX BOAH

3.7 OneiT IOHra

(. seononpoermenocns

< ﬁ{g_ Z.:CTO.ZI.I:I HAOAIOACHHUSA

< iig EHTepcpepeHuna B TOHKHX

< 2i51, :Ipnmenem{e HHTEp(PEPEHIIHA

B [ [ [ [ (e




< 3.5 Pa3dBHTHE B3rAA0B Ha NIPHPOAY CBeTa >

OCHOBHBIE 3aKOHBI TEOMETPUUYECKON ONITUKHA U3BECTHBI EIIIE
c apeBHUX BpeMeH. Tak, Ilmaron (430 . 10 H.3.) YCTaHOBHII
3aKOH TIPAMOJIMHEMHOIO paclpoCTpaHeHus cBera. B
TpakTaTrax EBkimaa GopMyInupyeTcs 3aKOH NPSMOIMHEHHOIO
pacOpOCTPAHEHUS CBETA U 3aKOH PABEHCTBA YIVIOB ITAJICHUS U
OTpaXEHUs. ApUCTOTENB U [ITONEMEN N3ydain MPETOMIICHUE
ceeta. Ho TOYHBIX (QOPMYIHMPOBOK OATHUX  3AKOHOB
2eoMempu4eckou onmuKy TPEeYeCKuM (puitocopam HaAWTH HE
y1AJIOCh.

B xonnme XVII Beka, Ha OCHOBE MHOTOBEKOBOI'O OIIBbITA U
Pa3BUTHS MNPEACTABICHUN O CBETE€ BO3HUKIIMU JIBE MOIIIHbBIE
Teopun cBeta — kKopnyckyaapuasa (HbroroH-lekapr) u
eonnoesan (I'yk-I'rorrenc).



[ eomempuueckas onmuxa SBISETCA NPEACTbHBIM
ClIydaeM BOJIHOBOM OIITHMKH, KOTAA OJIUHA CBEemOosol
BOJIHbL CIIPEMUMCSL K HYTIO.

IIpocTenme ONTUYECKUE SBJICHUSA, HaIpUMEP
BO3HUKHOBCHHE TEHEH W IOJY4YCHHE H300paKCHUU B
ONTHUYECKHUX MpUOOpax, MOTyT OBITh HMOHATHI B paMKax
r€OMETPUYECKOM OINTHKHA. B 0OCHOBYy (QopManbHOTO
MOCTPOCHHUS TMOCHECAHEW  MOJIOKEHO YETHIpE 3aKOHa,
YCTAHOBJICHHBIX OIBITHBIM ITyTEM:

* 3aKOH MPSIMOJIMHEMHOTO PACIIPOCTPAHEHUS CBETA;
* 3aKOH HE3aBUCHUMOCTHU CBETOBBIX JIYYEH;
* 3aKOH OTPAKCHMS;

* 3dKOH IIPCIIOMJICHHS CBCTA.



3aKOHBI OTPAKEHHUS U MPEJOMJIEHHS CBETA:

0L = —0; (yeon nadenus pasen yamy omparCceHus),

sina v " (omHowenue cunyca yana naoeHus K

sinf3 ¢ CUHYCY Yella NPEIOMIACHUSA — BeIUYUHA

NOCMOAHHAA PABHAS OMHOUWEHUID CKOPOCMU c8ema 8
cpede VL K CKOpoCcmi ceema 8 8aKyyme C).

Takum o0paszom,
HeroTOH yTBEpxKmai,
4TO CKOPOCTh CBETa B
BEII[CCTBE OOJIBIIIE
CKOPOCTH CBE€Ta B

BAKYYyME.



Hpunyun I'rouczenca

T'ouzenc Xpucmuan (1629 — 169)5),
HUJCPJIAHJACKAN  y4YeHbIM. JKun U
paboTan B [Tapuxe. N300pen
MAasSTHUKOBBIC YaChl, YCTAHOBHWJI 3aKOHBI
KoJeO0aHuN (PU3UUECKOr0 MasTHHUKA.
OnyoOnukoBall B 1690 I. CO30aHHYI0 MM BOJIHOBYIO
TEOPHUIO CBETA, OOBSICHUII IBOMHOE
JYYEIPEIIOMIIEHUE. YCOBEPILIEHCTBOBAI TEJECKOII,
CKOHCTPYHPOBAJI OKYJISIP, HAa3BAHHBIM €r0 HMECHEM.
OTtkpbl1 KOJIBIO y CarypHa M €ro CinyTHUK THUTaH.
ABTOp OJIHOTO M3 MEPBBIX TPYAOB MO  TECOPHUH
BEPOSATHOCTEU.




IHpunyun I'rouzenca

Kaxxaas Touka, 10 KOTOPOM JOXOAUT CBETOBOE
BO30YKICHHUE, SBISICTCS B CBOK O4Yepedb
[[CHTPOM BTOPUYHBIX BOJIH; HOBEPXHOCTb,
oru0aroniass B HEKOTOPbIM MOMEHT BPEMECHM
3TH BTOPUYHBIC BOJIHBI, YKA3bIBACT MOJ0KCHHUE
K 3TOMY MOMEHTY (pOHTa HACUCTBUTEIBHO
PACIIPOCTPAHSIONIEUCS BOJIHEI.



IHpunuyun @epma

Depma Ilvep (1601 — 1665) —
¥ (DpaHIly3CKHMI MareMaTHK U (QU3HK.

~ Ero wucciaemoBaHusd OTHOCATCA B
YA OOJILIIIMHCTBE K OIITHKE,

re OH YCTAHOBUII OCHOBHOU 1102505008708
reoMeTpuyeckord  ontuku  (nmpuHoun — depma).
AHajiorua ~ Mexay — npuHouinoM  depma U
BapUALIMOHHBIMY IIPUHIMIAMHA MEXAHUKH ChIrpalia
3HAUUTEIBHYKD POJb B Pa3BUTUM COBPEMEHHOM
ITUHAMUKHA U TEOPUH ONTHUYECKUX MHCTPYMEHTOB.



Hpunuun @epma

CormacHo npuHouny ®Oepma, CBeT
PACIIPOCTPAHSICTCSI MEXKIY ABYMS TOUYKAMM
0 MOyTH, I HOPOXOXKICHUS KOTOPOTO
HEOOXOIMMO HAMMEHBIIIEE BPEMS.



< 3.6 HuTepdepeHIINsT CBETOBBIX BOAH >

Hayano XIX B. Xxapakrepu3yercss HHTEHCUBHBIM pa3BUTUEM
MAaTEMAaTUYE€CKOM meopuu Konebamuu U B60IH W €€
NPWIOKEHUEM K OOBSICHEHHWIO PsAJa ONTHYECKHUX SIBJICHUH. B
cBs3u ¢ padoramu T. FOHra u O. @peHenst, modeaa BpeMEHHO
nepenia K 801H080U ONMUKE:

1801 r. T. FOHr copmynupoBanl OpuHLIMIT HHTEPHEPEHIIUU
1 OOBSICHHUII IIBETA TAKUX IUICHOK;

1818 . O. ®dpenens noaydaer npemuro Ilapuxckon
AkaneMun 3a 00bsICHEHHE U(PPAKIIIH;

1840 1. O. ®penens u . Apro ucciaeayroT HHTEPPEPEHIUIO

NOJSAPU30BAHHOIO CBETAa M JIOKa3bIBAOT MOINEPEUYHOCTH

CBETOBBLIX KOJICOAHUM;



Dpenenv Oziocm Kan (1788 -1827)
- (paHIy3cKHui  (HU3UK,  YJICH
l lapyKCKOM aKaJIeMUU HaVK.

Haydynble ~ paOOTBI  MOCBSIIECHBI
\ dusnyeckor  ontwke. JlomoaHUI
WU3BECTHBIN [IPUHIINILI

| rouredca, BBeOS TakK HAa3bIBAEMbIC 30HBI
Openens (npuHoun Irowrenca - PpeHeEns).
Pa3zpaboran B 1818 romy Teopuro audpakiimy
ceera. YmeH JIOHAOHCKOIO  KOPOJEBCKOIO

00IIIECTRA.




@Dpaynzogpep  Hozep  (1787-1826) -
HEMEUKUM (QU3MK, mpodeccop MIOHXEHCKOTO
yHMBeEpcuTeTa. HayuHbele pabOThl OTHOCSATCS
K (hu3nyeckon ontrke. BHEC CyIECTBEHHBIN
BKJIaJ, B HMCCICAOBAHUE [IMCIEPCUU U
CO3JIaHHE AXPOMATUYECCKHUX JIMH3.

OpayHrodep n3ydan JAQpaklvio B IIapauICIbHBIX
nydax (Tak HaszeiBaeMmas audpaknus OpayHrodepa)
CHadajJla OT OJHOHW IIeJiM, a4 HIOTOM OT MHOTHX.
bosbiion 3aCyroun YUEHOIO ABJIACTCS
MCIIOJIb30BAHUE AM(DPAKIIMOHHBIX DPELIETOK s
MCCJICIOBAHUS CIIEKTPOB (HEKOTOPHLIE YYCHBIC
CUUTAIOT €ro M300peTareaemM IIEPBOM
IA(PAKIUOHHON PEIIETKH ).




BonHOBBIE CBOMCTBA CBETa HAHOOJIEE OTYECTIMBO
OOHapYKUBAIOT Ce0s B unmepgepenyuu U ouppaxyuu.

Ilycte naBE BOJIHBI OAWHAKOBOW YacCTOTHI,
HAaKJIAJbIBAsICh JpPyr Ha Jpyra, BO30yXJalOT B
HEKOTOPOM  TOYKE  IPOCTPAHCTBA  KoJcOaHUs
OJIMHAKOBOI'O HAIIPABJICHMS.

x, = A, cos(wt — @) x, = A, cos(wt + ¢,)



AMIIATYIAQ PE3YJIBTUPYIOMIETO KOJECOAHUS IIpH
CIOKCHHU KOJICOAHMM HAIPABICHHBIX BJIIOJb OJHOU
PAMOU

A> = Al + A; +2 A4, A,cos(9, — ¢,)

Ecnu pasnocmv ¢haz konebanuui 6030)4COEHHBIX
BOJIHAMU 8 HEKOMOPOU MmMOouKe NpoOCMpPaHCmed
ocmaemcsi NOCMOSHHOU 80 8DEMEHU, MO MAKUE BOJIHbI
HA3b18AIOMCS KO2EPEHMHbIMU.



B cnyuae nexocepenmmuwvix BOJIH Pa3HOCTH (ha3
HETIPEPHIBHO U3MEHSETCH.

¢2 _¢1 — f(t)
,ZZJZ}Z HQKOZBpeHmeDC UCMOYHUKOB
UHIMEHCUBHOCIMDb peBlebmupyiomeZZ GOJIHbl 86700)/

OOUHAKOBA U, pPABHA CYMME UHMEHCUBHOCMEL,
CO30A8AEMbBIX KAHCOOU U3 8OJIH 8 OMOEIbHOCMIU

J=J, +J,=2J,



B cny4ae KOTCPEHTHBIX BOIH cos(¢p, — @, ) = const
(IJ1s1 KaKJIOM TOYKM MMPOCTPAHCTBA) TAK, YTO

J=J +J,+2{J,J,cos(0, —,) (7.2.2)

llocnennee cnaraeMo€e B 5TOM BBIPaXKECHUU
2, JJ, cos(p, — ;) Ha3LIBAETCS

UHmepghepeHuuOHHbIM YI1EHOM.

B Toukax mpocTpaHcTBa, A€ cos(p, —®,) >0,
J>J +J, (Bmakcumyme J=2)
cos(¢, — ¢,) < 0, uaTeHCUBHOCTL J < J, + J,



HekorepeHTHOCTh €CTECTBEHHBIX MCTOYHHUKOB CBETA
0OyCJIOBIICHA TE€M, YTO M3JIy4YCHHUE TeJla CIaraeTcs u3
BOJIH, MCITyCKa€MbIMU MHOT'MMH aTOMaMM.
llepuoouueckasa nocneoosamenvHocms 20pO08 U
8NAOUH BOJIHbL U 00paA3yUUecss 8 npouecce aKma
U3TYUEHUSL OOHO20 AMOMA, HA3blBAEMCSl UY20M BOJIH
Ul 6OJTHOBBIM UY2OM.
da3pl KaKIOTO Uy2a 60,1HbI HUKAK HE CBSI3aHBI APYT C
ApyroM. ATOMBI U31y4arOT XaOTHUYECKH.

IIporecc u3nydyeHuss OQHOro aroMa JIJIUTCI IPUMEPHO
10~ c. Ilpu sTOM, JJIMHA IIyTa

I=ct=3-10°-10"°=3m

B omHOM 1yre yKiaaabIBacTCsi HPUMEPHO 107 JUTAH BOJIH.



Ycrhoeue MAKCUMIYMA U MURUMIYMA uumepd)epenuuu
T A

Onmuueckas pazHocms x00a 08yX 80JIH:

L — ontnueckas JJIMHA ITYTH.



Eciy pa3HOCTh X04a paBHA LEJIOMY YHCITY IJIWH BOJIH
B BAKYyME

A=+tmr, (m=0,1,2,..)

ycaosue unmephepeHuuoHH020 MAKCUMYMA.

Ecim ontnueckas paBHOiTL xX0aa
A=xtCm+1)—=2 (m=0,1,2,..)
0 §=+2m+n 2

9MO - yclosue unmephepeHuuoHH020 MUHUMYMA.



< 3.7. OnoeiT IOHTra

Paccrostaue [ ot mienei, npuaem [ >> d
[ToxazaTens IPEIOMIIEHUS CPEILI — A.
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NHOBOW DPOHT




Ceetnoe nATHO
(yeunueawwan
HHTepdeperumn)

CeetTnoe nATHO
(yeunuaaowan
nHTepdepeHiuma)

SKDE;H

Temuoe natHo
(racAuwan

MHTEpdEpeH LA )

JKpan



Ceetnoe NnATHO
(veunuaaouwan

MHTEPMEPEHIIWA )

B 9TOM crny4yae npoucxoauT
ocrnabnsatouwas (racqawas)
NHTepepeHUns U 3KpaH oOKasbliBaeTCs
TeMHbIM. Tak obpasyeTcs cepus CBETIIbIX
M  TeMHbIX nonoc (MNn  fIUHUU).
Onpegenum Tenepb TOYHOE MOMOXEHUe

CBETNbIX nNuHUN. [lpexae BCEro
3aMeTuM, 4YTO Ha puc. a MacwTtab
HEeCKONbKO HapyLLUEH. B

OEUCTBUTENLHOCTU paccTodHne d mexay
LenaMyu o4YeHb Mano Mo CpPaBHEHUIO C
pacctogHmemMm |/ 0o 3KpaHa. [loatomy
nyyn OT KaOou Lenu, Mo CyLIecTBY,
napannesnbHbl, U 6 - yron, obpasyemMsbii
UMW C TOpun3oHTanblo. 13 3aTeMHeHHOro
TpeyroficHMka Ha puc. 6 BUOHO, 4TO
OONOJSTHUTENbLHOE paccTosHue,
NpoXoOMMOE HWXHUM JIy4YOM, paBHO



MAKCUMYMDbL UHMEHCUBHOCMU OoyayT
HAOJIIOIATHCS B cnlyqae, eCJIn

X X:igxo (m=0,1,2,...),

ma

a MUHUMYMbBL — B CIIy4dae, €ClU

m

|
- ==+(mA A
X In (Wl 2)d 0

PaccTosHue Mexy AByMs COCETHUMH MaKCUMyMaMu
(M1 MUMHUMYMaMH) PaBHO

Ny
d

wuUpuHa unmeppepeHuyuoOHHOI noJ0CHL.



[ nasnviu makcumym, COOTBETCTBYOmMn m =0 ,
IPOXOAUT 4epe3 Touky (). BBepX M BHM3 OT HETrO
pacnona2aromcs Makcumymol (MUHUMYMbL) NEPBO20

(m =1), emopoco (m = 2) nopsiokos, U T. 1.



MNMpuHynn rrmmMreHca M 3aKoHbl reoMeTpu4YecKon

ONTUKN

Korga MPOHT BOJIHbI OOCTUFHET  OoTpaxarlLieun
"""""" Y e ﬁ““ OPa! KApSoiktehné>Borion
| | pacctosHua BC Tpebyetcs
7 | 7 i Bpema At = BC/u. 3a 310 Xe
F BpeMs (PPOHT BTOPUYHOW
) .=: 2 B BOMHblI  OOCTUIHET  TOYeK
,/ ‘,‘4 ‘ nonycdgepbl, paaunyc AD
s U KoTopol paseH UAf = BC.

- VL CAC AL A 7777 77 77777 7 ([lonoXeHne poHTa

A s

OTPaKeHHOW BOJSIHbl B 3TOT MOMEHT BPeMEHW B COOTBETCTBUU C
npuHumnom ltonreHca 3agaetca nnockoctbto DC, a HanpaBneHne
pacnpocTtpaHeHnsa 3toun BofHbl — nydvom |l. 13 paBeHcTBa
TpeyronbHMkoB ABC n ADC BbiTEKAeT 3aKOH OTpaXXeHud: yrof
oTpaxeHuda i1 paBeH yrny nageHus i1.



ang BbIBOAA 3aKOHa
npenoMneHnss  nNpeanosioxXumM,
4yTO nnockad BoJsiHA (MPOHT
BO/IHbI —  TMJIOCKOCTb AB),
_pacnpocTpaHstoLascs B
“BaKyyMe BAOJIb HanpassieHus |
CO CKOpPOCTbKO CBeTa c, nagaeT
Ha  rpaHuUuy  pasaena co
cpenon, B KOTOPOU CKOPOCTb ee
pacrnpoCcTpaHeHnsa paBHa U.

Toroa BC = cAr 3a 3T|c_)|yc>|T<'é BpeM;I ?§§83¥M% o1

o o OJ'IHOI/I J15 11 XOEHUS 'i'/'ﬁ
BO36y>XAaeMon TOYKOM & (0 CROPO L BI0 of
OOCTUTHET Touek nonycqaepbi,pgaﬁlmyc ‘KOTOpOWU AD = vl
[lono)xeHne PpoHTa NpesioMSIEHHOW BOJIHbI B 3TOT MOMEHT
BpEMEHW B COOTBETCTBMM C NpUHUMMNOM [touUreHca
3a0Q€eTCa  MNIOCKOCTb0  DC AC = BC/sini, = AD/sini,, €€

PAcnpoCTpaHeHUs - nyyom I1I.

T. €. ¢ Atfsini, = v At/sin i,,

1 A - - o



< 3.8 MeToabl HaOAIOmEHHUA HHTepdEpPEeHIIHH

Onvim FOnza

PucyHok 7.5



3epkana Dpenens

Pucynok 7.6



bunpusma Openensn
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PucyHok 7.7



bununza buiie

PucyHok 7.8



< 3.9 HHTepdepeHIIHA B TOHKHX IIA€HKAX >

@ - CBETOBBIE JIy4YHM, OTPAXKAACHh OT BEPXHEW U HUKHEH IMOBEPXHOCTEU
TOHKOTO BO3AYIIHOIO KJIIMHA, HHTEPHEPUPYIOT U 00Pa3yIOT CBETIBIC U
TEMHBIC MOJIOCHI: 6 - MHTEep(EpECHIIMOHHAS KapTHHA, HaOJromacMasl B
CJlydae  OITUYECKM  IUIOCKAX  CTEKJSIHHBIX  IUIACTHH;, 8 -
MHTEP(DEPEHIIMOHHAsA KapThHA, HaOMrogaeMas B CIlydya€ HEIUIOCKUX
[UIACTHH.



Honocwt PAGHOC0 HAKJ/IOHA




unmepepeHyuoHHble NOJI0CHL PABHO20 HAKIOHA.

‘ 31 ‘ Jlis  naOmoneHus
u IOJIOC  PaBHOIO
HAKJIOHA  BMECTO
ILJIO CKOITapaJLjIeib
g 2 HOW  ILIACTUHKHU
—O— 32
T3 yI00HO
MCIIOJIb30BaTh
unmepgepomemp

1'€{ > Maiuikenvcona

JKpaH

Pucynok 7.11



Humepgepenuua om kauna. Ilonocet paenoit
MOJIWUHbL

B OenoM cBeTe HHTEP(PEPECHIMOHHBIE IOJOCHI
okpainieHsl. [1oaTOMy Takoe sSBJICHHUE HA3BIBAIOT YGema
monxux nierox. Ero nerko HaOar0gaTh HA MBLIBHBIX
My3bIpSIX, Ha TOHKUX IIJICHKaX Maclia Wid OCH3HUHA,
MJaBaroluX Ha IIOBEPXHOCTH BOJBI, Ha IIJICHKaX
OKMCJIOB, BO3HHUKAIOIIMX Ha IMOBEPXHOCTH METAJJIOB
IpU 3aKajKe, U T.II.



Honocel paernoit moawiuHbl




Konvua Horomona

Konvyesvie  nonocwr
pasHou - MmMOoJIULUHDbL,
Habnooaemble 8
B030VUIHOM 3A30pD€

MeHCOY CONPUKACAIOUWUMUCS BLINYKIOU chepudecKol
NOBEPXHOCMbBIO JIUH3bL MAAOU KPUBU3HBL U NAOCKOU

NOBEPXHOCMbIO  CMEKJIAd, HA3bl8AIOM  KOJbUAMU
Hvromomna.

HproToH 00BSICHHMI DHDTO SIBJIECHHE HA OCHOBE
KOPITYCKYJIIPHOU TEOPHUH CBETA.



Konbua HbloTOHA

I.!!-""" LR

TR (. S

— pagnyc m-1ro TCMHOI'O KOJIbIIa
v, = JmRA



Htak: nonocel pasnoco HaxkaoHa TOJIYYAKTCS IIPU
OCBEIICHMH INIACTUHKH MOCTOSHHON TOJIIIUHEI

(b = const) paccesrnnbim c8enmom B KOTOPOM
COJEPXKAThbCA JIYUYU PA3HBIX HampaBiieHUn. [lonocwl
PABHOU MONAUWUHbl HAOIIOMAIOTCS IIPU  OCBEIICHUM
IUIACTUHKY IIEpEMEHHOM TomuuHb (knuHa) (b # const)

napaiiejlbHobIM Ny4YKOM ceemd.



< 3.10 IIpuMmeHeHHe HHTep(EPEHIIHH CBEeTA >

* ToT (pakT, 4TO PaCHONOKEHNE HHTEPPEPEHITMOHHBIX
[I0JIOC 3aBHUCHUT OT JJIMHBI BOJIHBI M Pa3HOCTH XOAa
Iy4yeM, MO3BOJISIET IO BHAY HHTEPOEPEHIIMOHHOM
KapTHHBI (WJIM MX CMEIICHUIO) IMPOBOJWTH TOYHBIC
U3MEPEHUSA PACCTOSHUM IIPU U3BECTHOM IJIMHE BOJIHBI
WJIH, Ha000POT, ONPEACTISITH CIIEKTP
MHTEPDEPUPYIOIIUX BOJH (uHmMepgpepenHuuonHan
CNEeKMPOCKOnU:).



« KpomMe TOro, mo HHTSPp(PEPECHLUHMOHHON KapTHUHE
MOKHO BBISIBIISITH M UI3MEPSATH HECOTHOPOJHOCTU CPEIbI
(B T.4. (a30Bbi€), B KOTOPOM PaCIpOCTPaAHSIIOTCS
BOJIHBI, WM OTKJOHEHHS (OPMBI MOBEPXHOCTH OT
3aJaHHO.

o JSBiaenne MHTECPPEPEHIIMOHHLIX BOJH, PACCESIHHBIX
OT HEKOTOpPOro oO0bEeKTa (MIM MOPOILICALINX 4Yepe3
HETO), C «OIIOPHOW» BOJHOHW JICKHUT B OCHOBE

2o10zpauu (B T.4. ONTHYECCKOM, aKyCTUUECCKOU HIIU
CBY-ronorpadun).



. NHTEpPEepECHIIMOHHBIE BOJHBI OT OTIEIBHBIX

«QJIICMCHTAPHBIX)»

M3JIy4YaTejIed MCIIONb3yEeTCA MpH

CO3JAaHHNM CJIOXKHBIX H3JIY4YaloIIMX CHUCTEM (QHTCHH)
IS SJICKTPOMArHUTHBIX M AKyCTHYECKHUX BOJIH.

e Ilpoceemnenue

e
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OnmuKu u  noJayueHue
8bICOKONPO3PAYHBLIX HNOKPBIMUU U CENeKMUBHDBIX
OnmMu4ecKux punbmpoas.
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0=2m+1)A/4



o [lonyuenue 6b1COKOOMPAXHCAIOWUX ITIEKMPUYECKUX
3epKa

Jlst monydenus kodddunuenta orpaxenns R =0,99
(Takpue  3€pKajla  MCHOJB3YIOTCSI B JIA3€PHBIX
pe3oHaropax) Hajao HaHecTH 11 — 13 cioes.



KOHEILL JIEKIAU




