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INoemopum meopuro! 19 AHUCT - 4
*yuebHuk «Dusuxa — 9 knacc — A.B.TlepbliuKuH»
BJIOK - 4 3JIEKTPOMATHUTHOE IIOJIE Ctpanuna 1




H.A.KopMmakoB

OPU3UKA 9 KJacc

MArHUTHOE NMOJIE

D OK-9.4.1 T

1.MosTopeHue 8 knacc - bnok-8, OK-53,54,55,56

2.HanpaBsneHue TOKa U HanpaB/ieHUE IMHUIA MarHUTHOTO NoNA

—
BEKTOp MarHUTHOM MHOYKUUA B — cunoBas XapPaKTePUCTUKA MATHUTHOIo NnonAa

Mpamoli npoB80OHUK ¢ MOKoOM ConeHoud
I A
_
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NpaBnno 6ypasumKka MpaBnao npaBoi pyku
Ecau  HanpasneHue — mocmynamesibHO20 Ecau  obxgsamumb  coneHoud  N1A00HbIO
dsguxceHus  bypasyuka  cosnadaem ¢ npasoli pyKu, HANPAsUs Yembipe Nanbya mo

HaNpasneHuem mMoKa 8 MpoBOOHUKE, MO
HanpasneHue BPAWEHUs pPyYKu bypas4yuKa
coenadaem ¢ HAMPAagAeHUEM  AUHUL
M@2HUMHO20 M0/ MOKa

3.Mopaynb BEKTOPa MarHMTHOM MHAYKUUN

HOMpaBAEHUO MOKA 8  8UMKaXx, Mo
omcmasneHHbll bonewoli naney noxaxem
HanpaeneHue AUHUl  MA2HUMHO20 nons

8HYMpU coneHouda
- t B = . Ta(T
T cons =1 J(Teca)
F = Bllsina

—

+ F

MazHumHoe noJie Ha3bleaemcs. 0OHOPOOHBIM,
ec/lu 80 8Cex MOUKAX MAZHUMHAS UHOYKYUSL 00UHAKO8A

4.MarHuUTHbI NOTOK —Xapakmepusyem mMmacHUMHOE r10s1€ 80 8CeX MoO4YKax rnpocmpaHcecmea

BJIOK - 4

JJIEKTPOMATI'HUTHOE I10JIE

Ctpanuna 2




H.A.KopmakoB OPU3UKA

9 knacc

D OK-9.4.2 T

OENCTBUE MArHUTHOIrO Nonda HA NPOBOOHUK C TOKOM

@ﬁfl -cuna Amnepa o ¢ 1
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T > () — ® ® B ®
v v v B [ ) o
S
@ - HanpasneHue K «KHam»
F, = BI lsina X - HanpasneHue om «HAC»

MpaBuno nesoi pyKu ana NnpoBoAHUKA C TOKOM (cusa Amnepa)

Ecnu neBylo pyKy pacnonoXuTb Tak, YTo6bl IMHUN MAarHUTHOM MHAYKLUW BXO4UAU
B Naf0Hb, @ YeTbipe BbITAHYTbIX Na/bLa 6blIN Hanpas/eHbl NO TOKY, TO OTOTHYTbIN
Ha 90° 60NbLLIOI NaneL, YKaXKeT HanpaBaeHWe AEHCTBYIOLLEI Ha NPOBOAHUK CUJbl

111 Tok — amo ynopsado4YeHHO 08UMCEHUE 3aPAXHEHHbIX Yacmuy,
MpaBuno nesoii pyku ana 3apaxXeHHo Yactuubl (cuaa JlopeHya)

F; = qBvsina

XB X X ° ° ®B
74 72 V V
X X X [ () ()
F F F F
X X X o o o
Ecnv nesylo pyKy pacnonoXKUTb Tak, YTo6bl IMHUM MarHUTHON UHAYKUUKN BXOAUAK

B J1a40Hb, a 4eTbipe BbITAHYTbIX MNaJibuad 6binn Hanpas/ieHbl NO ABUXXEHUIo

NONIOXKNTENBHO 3apPAXKEHHOM YaCTULbI, TO OTOrHYTbIN Ha 90° 60nbLLOI Nanew, yKaKeT
Hanpas/ieHUe AEeNCTBYIOLEe HAa NPOBOAHUK CUJIbI

YacmHwili cay4yali
1

—

B, Fy

Il
=)

BJIOK - 4
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H.A.KopMmakoB

OPU3UKA 9 KJacc

OK-94.3 G]

SNEKTPOMATrHUTHAA MHOYKUUA

OnbiTHble ¢aKTbl

1.0nbiTbl ®apagen

1821r.
+10 net

1831r.

i}

«I7peepamumb mazcHemu3mM 8 3sieKkmpuyecmaeo»

Ymo denan:
o Bdsuean-ebidguzan maeHum;

unu 3neKmpomazHum o [lsu2an Kamyuwky;
_ _ *  3ambiKas- pasmbiKan yeny;
WHOYKYUOHHbIT o [lepemewsan non3yHoK peocmama
MoK o [lepemeHHbili MoK
-

Bo3HuKHOBeHUe 8 3aMKHYMOoM NPo8o0HUKe 31eKmpu4ecKo20 Moka,
8bI386AHHOE U3MeHeHueM MazHuUmHoz2o noas (MI), Hasbieaemca
anekmpomazHumHoli uHoykyueli (AMH).

"
&~

O--

2. HanpaBneHue MHAYKLUOHHOrIO TOKa

MpamonuHeliHbll MPoOBOOHUK:

e - MOK HarnpaesieH K «<Ham»

m X - MOK HanpassneH om «HAc»

T

Mpasuno npasoii pyKu
-
@ B, — BJIaJlOHB,
Y vV V VB V — 6osbuoi naser Ha 90°

w I — 4 BBITAHYTHIX lTaJIbLIA

3amkHymolIl npo8ooHUK:

lpasuno Jlenya
(1831 r., 2.X.NeHu)

MHOyKyuoHHbIl mok ece2da
npomusodelicmeyem npu4uHe,
abi3easuweli e20

IIpaBuuso Jlenna coryacyercst ¢
3aKOHOM COXPaHEeHHUsI JHePIruu

BJIOK - 4

3JIEKTPOMATHHUTHOE II0JIE Ctpanuna 4




H.A.KopmakoB OPU3UKA 9 ksacc

D OK-9.4.4 G]

MHOYKTUBHOCTD

— ¢husuvecKasa eenu4UHa, 8660eHHAA 019 OUEHUBAHUA CNOCOBHOCMU KamyWwKu
npomueodelicmeosame U3MEHEHUK CUsbl MoKa 8 Hell

UHOykmueHocme ( L ) 3aBucuT:

® Kosu4Yecmea 8UMKOS,

®  pasmepos U hopMbl KAMYWKU,

L — zenpu (I'n)

® HanuyuAa cepOeyHUKa.

CaMOHHAYKIIHA
— AesIeHUe 803HUKHOBEHUA UHayKL{UOHHOZO MOKa 8 KamyuwiKe rnpu usmeHeHuUU cusibl mokKa e Heli.

3amebikaHue PasmbiKaHue

—_— J11
4/WV\_® P
J12 —_—
—1 ——— V¢
| N

|
Jlamna BcnbIXMBaeT, T.K.
WHAOYKUMOHHbIM TOK MeLlaeT
YMEHDbLLEHMIO TOKA B KaTyLLKe,

TOK YCTpeMAETCA B Luenb 1aMnbl

J11 3aropaeTtca no3xe, T.K.
HapaCTaHUIO TOKa MeLlaeT
WHAOYKLUMOHHbIN TOK KaTyLLKK

IAC caMOHHAYKIHH

AD  LAAI
At At

3Hepl“Hﬂ MAarHHTHOTIO IIOAA TOKA H 3ACKTPHYECKOI'O IIOAdA.

Ecu =

4 5 )
cU
Winex = 2 I
) Wm,n, L C__ Ws.n.
. )
LI -
Wiar = 2 Mpwu 3ambiKaHUm:
\ ) W31'l d WM]'I d W31'I
BJIOK - 4 3JIEKTPOMATHHUTHOE IT10JIE

Ctpanuna 5




H.A.KopmakoB OPU3UKA 9 ksacc

IloemopeHue 8 kxnacc 9
KOHIEHCATOPBI B ORT821
1.YcTpoMUCTBO M CBOMCTBA
| d<<S$S
ob6bkaAapgkwm - cnocobHbl Hakanaueame 6oabwol 3apAo,

< F F T]
A

d OusneKkmpuckx - 8CE a1eKMpPUYecKoe rnose cocpedomoyeHo eHympu
\ 4

| - 100 3apA0OM noHUMarom 3apA0 00HOU U3 NAACMuUH

2.Bnabl KOHAEHCATOPOB

1.no muny 0uaneKmpuKa-e8o30yWHbIE,C/00AHbIE, KepamuvecKue, 6yMaxcHble,31eKmpoaumu4eckue
2.1o cnocobHocmMu usMmeHsimo eMKoOCcmo
NOCTOAHHbIN nepemeHHbl

ST &

3.91eKTPOEMKOCTb NJI0CKOro KOHAeHcaTopa

€S
-~ d
4.OHeprua 3apAXeHHOro KoHAeHcaTopa
+Q( Yo A 4
CUZ 2
2 2C
-
‘ cu?
® o W = T = ZZ[)I{
C=1mk® A 2] »
N=—=———=2x10""B
U =2000B t 10°6c - T

3apAXKeHHbIN KOHAEeHCcaTop onaceH ANA }KU3Hu!

5.Ha3HauyeHMe KOHOEHCAaTOPOB - homoscbIWKa,
- He Nponyckams NoCMOSHHbIU MOK,
- HaKanAueame Ha KOPOMKoe 8pems 3apA0 08 6bicmpo2o
U3MeHeHUSA NomeHyuana

BJIOK - 4 JJIEKTPOMATI'HUTHOE I10JIE Ctpanuna 6




H.A.KopmakoB OPU3UKA 9 ksacc

D OK-9.4.5 T

NONAYYEHUE U NEPEOAYA NEPEMEHHOIO
IJNIEKTPUYECKOIO TOKA

1.MepemeHHbIN TOK — MOK, nepuoduvyecku meHAouwulca |
10 8e/1UMUHE U HanpasseHuio.
\/ \/ !

B Poccumn —v =50 Ty, (30 1 ¢ mok 50 paz meuém 8 00Hy cmopoHy u 50 pas e dpyayto)
BCWA-v=60Ty

2. MNpeumyLiecTBa 3n1eKTPUYECKO SIHEpPrumn
e [Ilpocmoma nepedayu

e [Ipocmoma ynpasneHusa

e KI/J nepedayu 0o 98%

e K/ dsueameneli 0o 92%

e TpaHcgpopmauus

e [IpespaweHue 8 Opyaue (hopMbl 3Hep2uu

3.Mpoun3BoaCcTBO 3N1EKTPOIHEPTUMN.

Tun aneKTpocTaHuUun T3C TIL, C A3C
KnAa 40% 70% 95% 20%
[ona oT Bcen BbipabaTbiBaeMo 3HEPIUm 40% 20% 10%

4.MpespaweHna sHeprum
T3C C

-

QTOHJIPIBa - Urlapa 52 ETyp6m-1a & EE)JICKTp EHOT.BO/'.'[bI EKl/IH.BO,E[bl £2 ETyp6l/IHbl—> EBJ'IEKTp

JInHnAa nepepaumn

5.Ucnonb3oBaHue 3/1eKTPO3HEPrUmn

Codepa xo3aicTBa ONAl UCNONIb3yeMOoW 3Heprum, %
bep A y prvv, YaBoeHue notpebneHun
MpoMmMbILAEHHOCTb 70
3/IEKTPO3HEPTIUM MPOMCXOAUT
TpaHcnopT 15
. Kaxgble 10 net
CenbcKoe x0351CTBO 10
bbIT 4

BJIOK - 4 JJIEKTPOMATI'HUTHOE I10JIE Ctpanuna 7




H.A.KopmakoB OPU3UKA 9 ksacc

D OK-9.4.6 G]
NEPEOAYA SJNIEKTPOSHEPI'MM

1.Cxema nepegaum u NoTepb 31EKTPOIHEpPrum

0
. o S 3
100% 25 = ) = T g 28%
[o = » O > 5 » ™ » © » O >
Tonamseo % g & Q = % L Anonesnan
C — g o 5
@ = =
1,5% 56% 0,5% 7% 3% 4%
A\ 4 A 4 A 4 A 4 A 4 A 4
MOTEPU 3NIEKTPOSHEPTUU - 72%
Ana ymeHblweHua notepb B J131 MOXKHO yBeANYNTb S NPOBOA0B, YTO HEBbLIFOAHO.
MoHo ymeHbwnTb | , HO Toraa, 4Tobbl P ocTanack HemsameHHoM, Hago yeennunts U.
2.Cxema nepepaum 31eKTpo3IHeprum
o o o o —»2208B
o = o = o = o =
= S = X = =X = =
g 3 g 3 g 3 g 3
11kB S 2 110kB g 2 35kB g 2 6kB S 2L 3808
[aa]
leHepaTop §_ o N3an §_ S n3an §_ S nan §_ o—> 42B

FEHEPATOP

dNeKTpoMexaHUYeCKUii MHAYKLMOHHBbIN reHepaTop NnepemMmeHHOro Toka

7 7.
///// A e
S S
// ,5',
it 3 Z yan\
| »% ©
i Ii' 1] 0 L
Vo |
47 5
&
1.CraTtop — co3gatenb MarHUTHOrO NOAA 1. CtaTtop — B BUTKAX MHAYLMPYETCA TOK
2.PoTop - pamka, B KOTOPOW cO34a€eTCA TOK 2. PoTop - anektpomarHut
3-6. KonnekTop co WETKAaMKU — ANA CHATUA 3. O6MOTKa, K KOTOPOI Yepes LWETKU
WM NoJaym ToKa M KO/bLLa NOJAETCA NOCTOAHHbLIN TOK

BJIOK - 4 3JIEKTPOMATHHUTHOE II0JIE Ctpanuna 8




H.A.KopmakoB OPU3UKA 9 ksacc

D OK-9.4.7 T
TPAHCOOPMATOP

— ycmpolicmeo, npedHa3Ha4YeHHoe 014 y8eanu4eHus unu ymeHbUWeHUs nepemeHHo20
HanpaxceHuUs U Cusbl MOKd, U NOTepb SIHEPruu Npu nepeaave.

1876r. N.H.A6n0uKoB,
1882r. N.B.YcarunH

Ipunyun pabomot— A6/eHUE 371€KMPOMA2HUMHOU UHOYKUUU

U; — nepsu4Hoe HanpsaxceHue (om UcmoYHUKa),

g o U, — smopuyHoe HanpaxeHue (K Hazpy3ke),
R ]
Ui (\3 N1 N2 R U2
—3 P 4+ N; - 4yucno 8UMKo8 8 nep8u4yHoli 06MomKe,
_o "
N; — yuca0 sUMKo8 80 8BMopuYHOli obmomeke.

N, >N
YcnosHoe uzobpaxceHue S

— = K — koapdunueHT TpaHchopMaluu

U, N,
H 0, ",

Ecnu K > 1 — mp-p noHuxcarowuti,
Ecnu K < 1 — mp-p nosviwarowjuli

Paboma mpaHchopmamopa

MepsuyHsbili nepemeHHbIl MoK co30aém nepemeHHoOe Ma2HUMHOE r1ose, Komopoe nopoxcoaem
nepemMeHHOe 31eKmpu4ecKoe rnose 80 emopu4Holi obmomke. MazHUMHoOe roae KoHUeHmpupyemcs
8HYMpPU cepOevHUKa.

Mpu pabome mpaHchopmamopa npoucxo0am nomepu:
® Ha HazpesaHuUe 0bMOMOK,

® Ha pacceusaHue Ma2HUMHO20 MOMOKQ,

® Ha nepemMaz2HUYUBAHUE CepOeYHUKQ.

Ana ymeHoweHuA nomepb NPpuHUMaromcs caedyrouue mepboi:

® 06MOMKQa HU3KO20 HanpAaxceHuUa denaemca 60nbwez0 cevyeHus,

® cepOevyHUK Oenarom 3aMKHYMbIM,

® cepOeyvHUK Oenarom naacmuH4Yameim, Ymobbl yMmeHblWUMb Haz2pes.

[Kma=95+98% ]

BJIOK - 4 3JIEKTPOMATHHUTHOE II0JIE Ctpanuna 9




H.A.KopmakoB OPU3UKA 9 ksacc

f
MaTtepus — 3TO BCe, YTO CYLLECTBYET BO E

BceneHHOW HE3AaBUCUMO OT
_Halero co3HaHus y

MaTepml

BeleCTBO moJie ]

i TBep}me mumcoe i
AIEKTPHYIECKOE MArdHTHOE :
cocTosinme COCTOSIHHE :

J

.
 (razoo0paszHoe

COCTOSIHHE nmjiasMa ] E‘pann’rannonnoe AAEpHOE
.

J

BJIOK - 4 3JIEKTPOMATHHUTHOE II0JIE Ctpanuna 10




H.A.KopmakoB OPU3UKA 9 ksacc

o)

D OK-9.4.8

INEKTPOMAITHUTHOE NOJIE

- 00UH U3 8U008 mamepuu, xapaKmepu3ye/v|b/U Haau4yuem asiekmpu4yecKozco u
MacHUMHOe0 I'IO/IEU, CBA3AHHbIX HErpepblIBHLIM ripespawieHuem.

[ 1864 r. A:x.Makcsenn paspaboran reoputo SMI }

OCHOBHbIE NONoXeHUA:

a. rpu 8CAKOM U3MeHeHUU MQa2HUMHOEO 014 603HUKAem repemeHHOoe suxpesoe 3sieKmpu4yecKkoe riosne

~B - ~F

~E - ~B

8.803HUKWeEE npu 3MOM 3/eKMmpPOMA2HUMHOE 0s€e pPacripocmMpaHAEMCa 8 OKPYy#auwem
npocmpaHcmee co ckopocmoio ceema 300 000 km/c

2.Henb3s €o030amsb rnepemeHHoe maceHUMHoe rosne bes moeo, Ymobbl 00H06p€M€HHO 8
rnpocmpaHcmee He 803HUK/10 U 371eKmpu4ecKoe rose, u Hao6opom.

0.a71ekmpuyeckoe rnosae 6e3 maeHumHozo ( U Haobopom) mMoz2ym Cyu,ecmseoeams MOsbKO M0
OMHOWEHUIO K onpedesneHHol cucmeme omcyéma.

Hanpumep: HOKOHLL(GUCFI 3apﬂd C030aém mosbKo 371eKmpu4vecKoe rnose, Ho 3apﬂ0 nokoumca nuwob
OMmHocumesrsibHo onpedenéHHoU cucmeme omc4éma, OMmHOCUMENbHO 0pyeux cucmem omc4éma oH
Moxcem 08U2ambCA U c03008aMb MA2HUMHOoe rose.

[ UcTtouHuk IMN — 3apa0, dsuxcywulica ¢ yckopeHuem. ]

BJIOK - 4 JJIEKTPOMATI'HUTHOE I10JIE Ctpannna 11




H.A.KopmakoB OPU3UKA 9 ksacc

D OK-94.9 G]
INEKTPOMAITrHUATHLIE BOJIHbI

- npoyecc pacripocmpaHeHusa SMI1

CyuecTBOBaHMeE 3JIEKTPOMArHUTHBIX BOJIH ObLJI0O TEOPETUYECKU NTPeICKa3aHO BEJITMKUM
aHrauckuM ¢usukom k. MakcBessiom B 1864 rony.

C 3MB — cucmema ropoxcoarouux opy2
O0pyaa u pacrnpocmpaHAUWUXCA 8
npocmpaHcmee nepemeHHsIx
3/1eKMpPuU4eCcKo20 U Ma2HUMHOo20 nosel

[ UcmoyHuk IMB — Konebarowulica 3apad ]

—
E — HallPAXEHHOCTDb 3JIEKTPHUYECKOTI' O I10JIA; C
— — = —
B — BEKTOP MArHUTHOHU MHAYKIHH, % T v

C = 300 000 Km/c — cKopoCTb cBeTa.

18882. I.[epy — onbiMHbIM Mymém nosay4un u 3apeaucmpuposan IMB

3acayrar.lepua CsoiictBa DMB

|
|

- nony4usn 8osHsl A =0,6 — 10m, | - ompaxeHue,

- uccnedosasn ceoticmea SMB, | - npesiomMneHue,

- 0oKa3asn, ymo IMB nonepeyHas, I - Jughpakryus,

- onpedenusn ckopocms SMB, I - ducnepcus,

- U306pés1 GHMEHHY. | - UHMepgepeHyus,
| - nonApu3ayus.

WKAJNA QJJIEKTPOMAIrHUTHbLIX BOJIH

Yacmoma yeenuyusaemcs, 0AUHA 80/AHbI yMeHbWwaemcsa
Ckopocmb — 3*1 0° m/c

v

paduoeonHbl | UHGpakpacHoe | Budumoe | Yaempaduonemoeoe | PeHmeeHoBCKoe ramma
usny4yeHue ussyyeHue ussy4yeHue ussny4yeHue ussyyeHue
Tene- Mpubopobi CBET CONTHUE PeHTreHOBCKUHe JNlyyeBasn
7 HOUYHOro Namnbl «gHEBHOro annaparbl Tepanus
papuocsasb BUAEHUA cBeTa»

BJIOK - 4 3JIEKTPOMATHHUTHOE II0JIE Ctpanuna 12




H.A.KopMmakoB

OPU3UKA

9 knacc

INEKTPOMAITrHUATHLIE KOJNNIEBAHUA

o]

D OK-9.4.10

amo nepuoduuecxue uiu noumu nepuoduuecnue UsMeHeHUust 3apﬂ0a, CuJlbl mora

u HanpsioKeHusl.

1.Uctopwms......1826r. CaBapu — rae tor,cesep?
1842r. l'eHpu, 1862r. lenbMrobl, — 31eKTpMYeckne KonebaHuma
2.CBo6oAaHbIe KonebaHua

O

K.K.

3.BbIHYXXAeHHble KonebaHusa

4.Bo3HunKoBeHue KonebaHui B K.K.

1.

_ CUZqs
Wmax -

2.

—

I max

t=T/4
Winax =

L% ax

2

3.
-A A A
+
«—

3.0.

t=T/2

_ CU%ay
Wmax - 2

T = 2w/ LC - popmyna TomcoHa (KenveuHa)-1853r.

BJIOK - 4

JJIEKTPOMATI'HUTHOE I10JIE

Ctpanuna 13



H.A.KopmakoB OPU3UKA 9 ksacc

D OK-19.4.11 T

NMPUHLIMINBI PAOUOCBA3N

Paaunocsasb — nepedaya uHgopmauyuu c nomouibto IMB Ha 6onblwiue paccmosHUSA.

Ycnosusa:

- 0anbHOCM®b 3a8ucum om mouHocmu SMB.

- MowHocmob SMB 3asucum om yacmomeil.

- He0b6X00UM 2eHepamop 8bICOKOYACMOMHbIX KOebaHudl.

[naeHas yacme eeHepamMopa 8bICOKOYACMOMHbIX 371EKMPOMA2HUMHbIX KOebaHul—
KonebamesnbHbIli KOHMYpP (KamMywkKa U KoHOeHcamop)

T = 2+ LC — nepuoj KoJiebaHUHU

L C sl

1 .
= ——=— YacToTakK HUH
. T = oniic actoTa KoJieba

Yem menbwe L u C, mem 6oaswe yacmoma

Papguonepepatumk PaguonpnémHuk

5\ Y 6

=
\4
00
A 4
©

\ 4
A
~N
N
|

w
\ 4
s

2 £ 11 10
1-reHepatop (BY) 6-7 - KonebaTeibHbIM KOHTYP
2-muKkpodoH (HY) 8 - ycunutens BY
3-moaynaTtop 9 - peteKkTop
4-ycunutenob 10 — ycunutens HY
5-aHTeHHa 11 - gnHammK

AmnautyaHaa moaynaumsa JeTeKkTnpoBaHue

7 mas 1895r. A.C.NMonos — pyccKkuit pusuk

lMepsoe paduo — nepsoie cnoea «eHpux Mepy»
250, 600m
18992. — 20 Km
19012. — 150 km
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H.A.KopmakoB OPU3UKA

9 knacc

D OK-9.4.12

PA3BUTMUE B3rnaaoB HA NPUPOLAY CBETA

KopnyckynapHasa teopus

v

XVII B.

v

rocnoacTeo Teopum
AstopuTeT U.HbtoTOHa!

'

MNepeHoc BelecTBa

'

BonHoBasA Teopus

'

XIX B.

v

Moirexc, FOHr, MaKcsenn,
l'yk, ®u3so, dpeHenb

'

DNeKTpoOMarHMTHaA BOJIHA

'

JoKasatenbcrBa
- pacnpocmpaHeHue ceema, - UHMepdepeHyus,
- ompaxceHue, - dugppakyus,
- npenomneHue -nonapusayus

v

KOPMYCKY/ZIIPHO — BO/IHOBOW AYANU3M
3Mo npoAsaeHuUe 83aUMOC8A3U 08YX OCHOBHbIX hopM
mamepuu, usy4aemsix pusuxkol —

BELLLECTBA n NONA

a

OCHOBHbIEe NO/I0XKEeHUA KBAHTOBO PU3UKMH

1900r. — M.MnaHK , 1905r. — A.9NHWTENH
Ceem moxem ussyyamaosca, pacnpocmpaHAmMosCa U nocaowamaosca
mos1bKo omoAenbHbIMU NOPYUAMU — KBAHMamu (¢pomoHamu)

E = hv — 3HEPIrrud KBaHTa, h — nocTosiHHAasA MJaHKa

OcHOBHble cBoicTBaA POTOHA:
-aenasemcsa yacmuueti M,

- 08UXCemcsa co CKopocmeoto ceema,

- cywjecmayem mosibKo 8 08UXEHUU,

[Oyanu3am cBoMCTB cBeTa

v

!

- Macca rMoKosA pasHa Hyio, BOJIHA doToH
- 06s1a0aem sHepaueli, Maccol, UmMmnynbComM l i
pacrnpocmpaHeHue e3aumodelicmsue
ceema c sewjecmsom
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H.A.KopmakoB OPU3UKA 9 ksacc

OK-9.4.13 T
NMPENOMNEHUE CBETA B
1621e. — B.CHennuyc
i Bosdyx | sina V; n,
' 1 - = — = — = n21
: i sinf V, ny
i v, i — I/ — CKOpOCTB Jiy4ya B BO3/yXe
] : — I, — cKopoCTb Jiy4ya B BoZie
: Boda | —ny — abc. noka3aTeJib IpeJioMJIeHUS BO3/yXa
i i —Nny; — abc. mokasaTeJb IpejioMJIeHUA BOJbl
i ] — Ny — OTH. IOKa3aTeJib PeJIOMJIEHHUSs
i : c N
: : n= I_/ — abCoJIIOTHBIN TOKa3aTeJlb
E V,<V; E NpeJiIoMJIeHUS CpeJibl

n =1 — BakyyM

1./lyyu nadarowjuli, npeaomsaeHHsIli U nepneHOUKynap, nNPoeedéHHbIl K 2paHuye
pasdesna 0syx cped 8 MOYKe nadeHusa ayvd, saexcam 6 OOHOU NnaAoCKocmu;
OmHoOWeHuUe CUuHyca ya2aa nadeHus K CUHYCy yana npesomsaeHUs ecmos 6eauvuHd
nocmosAHHas 049 OaHHbIX 08yX cped

2.0mHoweHue cuHyca yana nadeHus K CUHYCy yana npesomMsaeHus ecmeo eenu4yuHa
MocMosAHHAA 0415 OAHHbIX cped, pasHAs OMHOWeHUIo cKkopocmeli ceema 8 amux
cpedax

sina V4

sinf  V,

3.0mHocumenbHbIM ___nNoKazamenem ___npenomaeHus(nz;) emopoli  cpedol

OMHOCUMENIbHO nepeoii Ha3bieaemcsa d)USU‘IECKaﬂ eééesziuMuHa, paseHaa omHoweHur

< V4
ckopocmeii ceema 8 amux cpedax MNyq = vl
2

4.A6conomHbIM NoKazamesnem npesomaeHus cpedsol (n) Hazoleaemca gpusuyeckas

éesiuMuHa, paeHasda OMHOWEeHUK CKoOpoCmu ceema e 8aKyyme K CKopocmu ceema e

" c
daHHoli cpede n=-

n = 1 — oKaszamess npeanomMaeHua 8030yxa
n = 1,33 — nokazame-no npesiomaeHus 800bl
n =1,6 — noKasamers nNpesomaeHUa CmMeksa

Cmekno — onmuyecku 6onee naomdas cpeoa,
Boda — onmuyecku meHee rnaomHyas cpeda
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H.A.KopmakoB OPU3UKA 9 ksacc

D OK -9.4.14 T

AUCNEPCUA CBETA

OnbiTbl HbIOTOHA

/.700HM Kaxne i

600 Hm OXOTHHK
580-590 Hm
T 570 HM HKenaert
b . 530 Hm
3HATH
500 Hm [ne

450 Hm

420-430 um
400 Hm

Cungurt

dDazaHn

1.Mpusma paznazaem benvili ceem

2.benbili ceem — cn0xcHbIU

3.®uonemosvie sy4yu nNpenomMaAMCA CunbHee KPACHbIX
4.Mokazamernsb npesnomaeHUs ceema 3ag8ucum om e2o ysema

Cc c Cc c

n — — ;
¢ V(b /‘lq) V(b

3asucumocmoe nokazamesns npeaomsaeHUs ceema om e2o ysema (0suUHbI
80/IHbI UsIU Yacmombl) Ha3vieaemca oucnepcueli ceema

— A ]
Q.
=
2 b K
= )
=
2]
(@)
| v =
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H.A.KopmakoB OPU3UKA 9 ksacc

TUMNbI CNEKTPOB D °"‘9'4'15T

1.CI1€KprI UCNYCKaHUA — Oom camoceemAawWuxca mesn

a. cnAowHoU
- Haepemeble mesa, CUMbHO CHamble 203bl, BbICOKOMeMNepamypHas naa3ma

6.n1uHelivameolli — pacKasneHHble 2a3bl 8 AMOMAPHOM COCMOAHUU
(kaxcObili xumuyecKuli anemeHm umeem ceoli nuHeliyamelli cnekmp)

e.nosocameolli — pPAacKasieHHble 2a3bl 8 MOEKYAAPHOM COCMOAHUU

Z.CI'IEKprI noraoweHuna —2as noesiowaem me ceemaoesbie 80s1Hbl, KOmopeblée OH
ucriyckaem 8 cusibHoO Haepemom cocmoAHuuU

CMNEKTPA/IbHbIA AHANU3

- MemoO orpedesneHus XUMUYECKO20 COCMAaBa 8eu,ecmsda o e20 AuUHelyamomy criekmpy
1859r. I.Kupxro¢ (Hem) n P.byH3eH (Hem)

CMEKTPOCKOIM — CMEKTPOTPAMMA

KayecTBeHHbIN

- BbICMPO-MPOCMO — 8bICOKAA YyscmaumensbHocmo (10 — 107 2)
- 6o1bLIUE PACCMOAHUSA — ACMPOHOMUSA — Xum.cocmas CosnHUa, 36€30 U UX memrnepamypa
-OMKpbimue Ho8bIX 3nemeHmos (masnul, uHoud, eannaudi)

KonunyectBeHHbIU
- 10 UHMEeHCUBHOCMU — MOXCHO Y3HAMb PouyeHmMHoe cooepicaHue
- Memarnypausa — pa3deseHue copmos cmau

NOrnoweHUE " UICNYCKAHUE CBETA ATOMAMMU

1913r. Hunbc bop — cBET U3Ny4aeTcA aTOMaMmM BeLlecTsa

J1Ba nocTtynara:

1.ATOM MOKeT Haxo4UTbCA TONbKO B 0COBbIX, CTaLMOHAPHbIX COCTOAHUAX. Kaxkaomy
COCTOAHMIO COOTBETCTBYET onpeAenéHHOe 3HaUeHUe IHePrumn — SHepreTUUecKuin
ypoBeHb, HaxoaAcb B CTaLlMOHAPHOM COCTOAHUM, aTOM € U3Ny4YaeT U He NOr/IoLLaeT.

2.U3nyueHne cBeTa NPOUCXOAUT NPU Nepexoae aToma U3 CTauMOHaPHOro COCTOAHUA C
60/bluei 3HEePrMmn B CTaLLMOHAPHOE COCTOSAHME C MEHbLUEe! SHepruen.
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H.A.KopmakoB OPU3UKA 9 ksacc

Moemopum meoputo! D AlGret T

dNeKTpoMarHuTHoe none

1.Ymo Asnsemca UCMoYHUKOM MA2HUMHO20 0AA?

2.Yem co30aémca mazHUMHoe rose NnocmosAaHHO20 MazHuma?

3.4Ymo makoe mazHumHele AUHUU? Ymo npuHUMarom 3a ux HanpassaeHue 8 Kakol-nubo moyke?
4.Kak pacnonazaromca mMa2HUMHble cmpesnKku 8 Ma2HUMHOM fos1e, AUHUU KOMOopo20
npAamosuHelHbl; KpusosauHelHbl?

5.Kakoe mazHumHoe rose — 00HopodHoe unu HeoOHOpPoOHoe - 06pa3yemca 80Kpy2 M0aA0C08020
mMaz2HUmMa; 80Kpy2 NPAMOsUHeliHO20 MPOBOOHUKA C MOKOM,; 8HymMpu coseHouda, 0s1UHA KOMopozo
3Ha4umenvHo bonbwe e2o duamempa?

6.4Ymo Mo¥#HO cKa3ame 0 MoOysie U HanpasaeHuu cusel, delicmayroweli HO MA2HUMHY CMPesKy
8 PA3HbIX MOYKAX HEOOHOPOOHO20 MA2HUMHORZ0 05, 0OHOPOOHO20 MA2HUMHO20 Mo ?
7.Cpopmynupylime npasusno bypasyuxka. Ymo moxcHo ornpedeaums, UCrosb3ya 3mo npasuso?
8.Cpopmynupylime npasuno npasoli pyku. Ymo moxHo onpedesnums ¢ MOMOW,bHO 3Mo20
npasuna?

9.Ymo Hasbigaemca UHOyKyueli Ma2zHUMHOo20 rnoss?

10.1Mo Kakol popmyne onpedenaemcs Mooysb 8eKMopa MazHUMHoU UHOYKyuu ?

11.4Ymo xapakmepu3dyem maz2HUMHsIlU MOMOoK?

12.Cepopmynupytime npasuno nesoli pyKu. Ymo moxcHo onpedeaums ¢ MOMOU,bto 3mo2o
npasuna?

13.B Kakom cay4ae cusna 0elicmeaus MazHUMHOR20 10718 HA NMPOBOOHUK C MOKOM USU 08UMYWYHOCA
30aPAHCEHHYIO YACMUYY PABHA HYH0?

14.0nuwume onsimel ®apades. C Kakol yenbr OHU MPo8ooAUIUCS ?

15.B 4ém 3aknr4aemcs AsneHuUe 31eKMpoMa2HUMHOU UHOYKUUU ?

16.Kak onpedenums HanpasneHue UHOYKUUOHHO20 moka? Cehopmynupylime npasuso JleHya.
17.B 4ém 3aKnouaemcs AsaeHUe CamouHOyKyuu ? Moxcem snu 803HUKHYMb MOK CAMOUHOYKYUU 8
npamom nposooHuUKe?

18.Kakoli anekmpuyeckuli moK Hazbigeaemca nepemeHHbIM? C MOMOW,bio KaKo2o ycmpolicmea e2o
nonyuarom? [Oe ucnonb3yrom nepemeHHsil mok?

19. Pacckaxcume 06 ycmpolicmse u npuHyune delicmaus 2eHepamopa.

20. Pacckaxcume 06 ycmpolicmee u npuHyune delicmausa u npumeHeHUU mpaHcghopmamopa.
21.Kem u Koada bbina co30aHa meopus 31eKmMpPoMa2HUMHO20 Mo U 8 YEM 3aKA04aAACL €€
cyms?

22.Ymo cayxcum UcmoYHUKOM 371€KMPOMA2HUMHOR20 104187?

23.KaKue 8b1800b OMHOCUMEIbHO 3/1EKMPOMA2HUMHbIX B0STH MOXCHO COesamb U3 meopuu
Makceenna?

24.KaKue gusuyecKue 8eanu4vuHbl nepuoduyecKu MeHIOMCA 8 31eKmpomazHUMHoU 8osHe?
25.4Ymo cayicum ucmoYHUKOM 371€KMPOMA2HUMHbIX BOSH?

26.Kakue coomHoweHusa mexcdy 0s1UHol 80s1HbI, €€ CKOPOCMbio, Nepuodom u yacmomoli
KonebaHul?

27.Ko2da u Kem bblnau snepabie noayyeHsl 31eKmpomazHUMHbIe 80/HbI?
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H.A.KopmakoB OPU3UKA 9 ksacc

28.Ymo Ha3bisaemcsa paduocessbto? Kakue ycnosus Heobxo0umel 018 eé ocywecmeneHus ?
29.Ymo npedcmasnsem coboli KonebamenoHoili KOHMyp? OM Ye2o 3a8ucum cobcmeeHHbIl
nepuod KonebaHuli KOHMypa?

30.Packaxcume 06 ycmpolicmee paduonpuémHuKka u paouonepedamyuka? B yem 3aKknwoyaemcs
npouecc Moldynsayuu U 0emeKkmuposaHus KonebaHuli?

31.Kakossbl bbiau npedcmasneHus y4éHbix o npupode ceema 8 Havase XIX seka?

32.B yém 3aKn14aemcs KopnycKynapHo-80sHo8ol dyanusm?

33.KaKosbl OCHOBHbIE 0710 EHUS KBAHMOB0U (puU3UKU?

34.Cpopmynupylime 3aKOHbI peaomaeHuUs ceemad.

35.B kakoli cpede ceem pacnpocmpaHsaemcs ¢ 6oasweli CKOPoCcMobIo; ¢ MeHbuwell; U om Ye2o amo
3asucum?

36.4Ymo Hazbisaemcsa ducnepcueli caema? Pacckarcume 06 onsime o npesnomaeHuto 6enoeo
ceema 8 npusme?

37.0m Kakux sew,ecma rnosay4aromcs crsowHsle ciekmpsl? Kak oHu 8b12120am?

38.0m Kakux sewecma rnoay4aromcsa AuHelivamesie criekmpeol? Kak oHU 8bl2180am?

39.Ymo maKoe criekmpanbHsIli GHAAU3 U KAK OH nposooumcs?

40. Pacckaxcume o npumMmeHeHuUuU CriekmpasnsHo20 aHAAU3a.

41.Cepopmynupyliime nocmynamel bopa.
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