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Astop: Omnauko T.M.

PeuenzeHTsi: npodeccop Hanr YVY3 K.A. Typcyameron

npodeccop TACHU  A.C. Hurmanxomkaes

Kadenpa “MaremaTuku 1 €CTECTBEHHBIX HAyK’

[TeyaTaeTcs no pernieHuo HaydHO-MeToauueckoro copera TACH.

VYuebnoe nmocodue «duszuka II» cooTBeTCTBYEeT mporpamme Mo Kypcy oOriei
GU3MKK B TEXHUYECKUX By3aX W OTpaxkaeT pazfenbl “[locTOSHHBIN 3JeKTpuYeCcKuii
TOK”, “MarautHoe mose”’, “ONeKTpOMAarHUTHAasE MHIAYKIUSA , ‘“DIEKTPOMarHUTHbIE
kKoneOanusa’, «l'eomerpuueckas onTtukay, «BomaHoBas ontuka», «KBaHTOBas
busnkay, «du3znka aToMa U aTOMHOTO SAPaY.

Yyebnoe mocoOWe OTIMYAETCS JIAKOHWYHBIM, JOCTYIMHBIM H3JI0KCHHUEM
y4eOHOro MaTepuayia ¢ UCIOJIb30BAHUEM IIMPOKOTO CIEKTpa WLIIOCTpAIUi B BUJE
PUCYHKOB, TpaHKOB, cxeM, Tabmuil U T.1. B ocHOBY co3maHusi yueGHOTO mocoous
MOJIOKEHbl ~ TNEJAarorMyecKue  MPUHIUIBI  JIOTHYECKOW  CTPYKTypHU3alluu U
CHUCTEeMAaTH3alMU Yy4eOHOr0 MaTepuaa.

JlanHoe yyebHOoe mocoOue pa3paboTaHO B  €IMHOM KOMILUIEKCE C
MYJIbTEMEIUUHBIM KYpCOM JIEKIIUHA TO (PU3UKe, copepKaliuM JIEMOHCTPAIIMOHHBIC
OMbITHI, HATYpPHbIE U WHTEPAKTUBHBIE SKCIEPUMEHTHI, aHUMAlLUU, (HpParMeHThI
JOKYMEHTAJIbHBIX U YYEOHBIX (PUIHMOB.

Pekomennyercss nnsi  oOyueHus OakajgaBpOB TEXHUYECKHMX BY30B HeE
bu3HUeCcKNX CrenruagIbHOCTEH.



Tema 19: QJIEKTPOEMKOCTB. KOHAEHCATOPBI

1. D1eKTpOEMKOCTb.

2. Konzencarop.

3. CoeMHEHHUsI KOHJIEHCATOPOB .

4. DHeprus 3apsiKEHHOT0 KOHAEHCaTopa.

1. DJ1eKTPOEMKOCTbD.
OnbpITOM YCTAHOBJIEHO, YTO MPU COOOILIEHUM TPOBOJAHUKY DIECKTPUUECKOTO

3apsga u3MeHsercss ero morenuman @ . Jlnd yemMHEHHOro IPOBOJHMKA 3Ta
3aBUcUMOCTh uMeeT Bua: ¢q = Co.

YeauHeHHBIM MPOBOJHUKOM HA3bIBAIOT TaKOW MPOBOJAHUK, BOJM3U KOTOPOTO
HET JpYyTruX TeJ, BIHSIOMMX HAa PACOPEACICHUE DSJIEKTPUUYECKOrO 3apsja.
[TocrossnHas BenuumHa C, XapakTepHas sl JaHHOTO NPOBOJAHWKA, HA3bIBACTCS

q
QJICKTPOCMKOCTBIO MJIN ITPOCTO CMKOCTBIO! C=— .

Emrocms npo80OHUKA UYUCTIEHHO pAsHa 3apsaody, UBMEHSouemy NOMeHYuadl
NPOBOOHUKA HA eOUHUYY.

1Kn

3a equnuily eMkocTtu B cucteme "CU" npunumaercs ®Papaja: (CD) 1D = E )

Dapada - s5mo emKocmb MaKo2o npoeooHuka, oas komopozo 3zapsd ¢ I Kn
uzmensiem e2o nomenyuan va I B.
[Toryaum popMyy eMKOCTH Iapa, UCHONb3ys (GOpMyiy Ui IOTSHIIHAa
YEAMHEHHOr0 [Iiapa paanyca R B cpejie ¢ AMdIeKTPUYECKOM IPOHUIIAEMOCTBIO E:
__ 1 g
4re, R

q _
noacrasum B C = — MOJTyYUM C =4re OER -€MKOCTb I1apa.

N3 sToi1 GpopMynbl BUIHO, YTO €MKOCTh B OAHY (hapagy B BaKyyMe JOJIKEH

R=L=k=9X109M

Are, , ato B 1400 pa3 Gosbie paguyca

UMETh Map pa3MepoM

3emiu.

dapasa - OuYeHb KpPyINHAs €JWHUIIA, II0ITOMY MOJL3YKOTCS JIOJIBHLIMU
€ IMHUIIAMU EMKOCTH:

mukpodapana - [ Mx® = | 0° @, nukodapana — IndP=1 0.

EMKOCTh IPOBOJHMKA 3aBUCHT OT €ro (POPMBI, Pa3MEPOB €r0 MOBEPXHOCTH, OT
JMDIIEKTPUYECKOM IPOHMLIAEMOCTH OKPYXKAaIOIIEH Cpefbl U OT PaClOIOKEHHs
OKPYKaIOIUX IIPOBOJHUKOB.

BoJblias eMKOCTh TPOBOAHUKA MO3BOJISET HAKAILUIMBATL OOJIBIIKE 3apsabl IPH
HHM3KOM TIOTEHIMaNE. BOJBIIMMU €MKOCTSIMH OO0JIaJIAl0T CHCTEMBI MPOBOIHUKOB,
pasJeNeHHBIX JUIJIEKTPUKOM. Takhe CHUCTEMbI Ha3bIBAIOTCS - KOHIEHCATOPAMH.
[llupokoe NMpUMEHEHHE B. TEXHUKE HMMEIOT KOHJIEHCATOPHI IMOCTOSHHONH E€MKOCTH.
Takue KOHIEHCATOPBI H3rOTABIMBAIOTCSA U3 OOJBIIOrO YUCIa CTAHUOJIEBBIX ILIACTHH,
IPOJIOKEHHBIX TOHKHM CIIOEM JHMDJIEKTPHKA.
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2. Konagencarop.

IInockuit  Kondencamop COCTOMT W3 JBYX MAPAUIENBHBIX JpPYyr JpYyTry
NPOBOJSAIIMX IIACTHH (OOKIIAI0K), PACIOIOKEHHBIX HA HEKOTOPOM paccTOsSHUU d
apyr ot apyra (puc.19.1).

OT0 paccrosiHue OOBIYHO BBHIOMPAETCS JOCTATOUYHO MAaJbIM IO CPaBHEHHUIO C
JUHEWHBIMA pa3MepaMu IUIACTMH. B 3TOM cioydae 3JIEKTpHYECKOe  T0Je
COCPEIOTOYEHO B OCHOBHOM MEXKIY OOKIagkaMu KoHJeHcaTopa. B aToit o0nactu ero
MOKHO CUUTATh MPUOIMKEHHO OJTHOPOIHBIM.

+d EMKOCTh KOHAEHCATOpa 3TO €MKOCTh OJIHOM
S ' IUIACTHHBEI B IPUCYTCTBMU JIPYroil. 3a cyer
3apsa MPOTHBOINOJOKHOIO 3HAaKa HAa BTOPOH
IUIACTUHE  IOTEHLMAJd MEepBOW  IUIACTUHBI
R YMEHBILIAETCSI U CIIEJOBATEIbHO, EMKOCTb

R
el |

- q BO3pacTacrt.
Puc.19.1
[Tox eMKOCTBIO KOHAEHCATOPA MTIOHUMAKOT OTHOILLICHUE 3apsi/ia OJHOM IUIACTUHBI K
c=_1
Pa3HOCTH NMOTCHIIMAJIOB MEXKAY IIaCTHUHAMMU: = 0 -0,
1 %2

Ka)KI[aSI M3 3apsAKCHHBIX INIACTUH IIJIOCKOI'O KOHACHCATOpPa CO31acT BOIM3H
IMOBCPXHOCTU BJICKTPUUICCKOC I10JIC, MOAYJIb HAIIPSKCHHOCTU KOTOPOI'O BbIPAKACTCA

COOTHOIIICHUEM: E 1~ )
2¢,

—

Cornacnao IMPpUHOUITY CYIICPIIO3UIINMHU, HAIIPAXKCHHOCTD E I10JIsA, CO34aBacMoOIo

—>+ —P_
0o0erMH TUTACTMHAMM, PaBHA CYMME HANpS>KEHHOCTEN E"y E nonei KaXX101 u3
-
mwiactun: £ =E +E

- -
BuyTpu koHieHcaTopa Bektopa £ u E mapamnensHbl M HampapieHbI B

OJIHY CTPOHY; TI09TOMY MOJYJIb HANPSKEHHOCTH CyMMAapHOTO T10J1 PABEH:
O
E=2E=2
&y

Bue mactus Bektopa £ u E~ HanpabieHbl B pasHbIe CTOPOHBL, W ITOITOMY
E=0.

3apsia Ha OHOM U3 TIacTHH ¢ = 208 [ToBepxHOCTHAs IMJIOTHOCTh O 3apsijia
miacTul pasHa ¢ / S, rie g — 3apsn, a S — wiomab Kax/0ii miacTUHbL.

PasHocts  moTeHiManoB  AQ  Mexay IUIACTHHAMH B OJHOPOJHOM
seKTprdecKoM noje paBna Ed, rae d — paccrosnue Mexy IIaCTHHAMM.
W3 3THX COOTHOIIECHUH MOYKHO TIOJYYUTH (HOPMYITY JUIS SJIEKTPOEMKOCTH TFIOCKOTO

c_.4 _0o° S &S

KOHJIEHCATOpA: Ao E-d_d
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DNeKmpoemMKkocms — NJIOCKO20 — KOHOEHCAmopa NpsamMo  NpONOPYUOHATbHA
naowaou niacmun (00KIa0ox) u 0OpamHo NPONOPYUOHATIbLHA PACCMOSIHUIO MeAHCOY
HUMU.

Ecnin mpoctpaHcTBO Mexay OOKJIagkaMyd — 3aMoOJHEHO —AMAJICKTPHKOM,

&€yS
AIEKTPOEMKOCTh KOHJIEHCATOPa YBEINYUBAETCS B € pas: C= 7
Copepuueckuii konoencamop.
Cepuueckuii komoencamop — 3TO CUCTEMa M3 JBYX

KOHIIEHTPUUECKHX MpoBoasAmuXx cdep paauycoB R u R,.

R R,
(puc.19.2) C =4rs,¢ R .
2
Puc.19.2
Hununopuueckuit Konoencamop.
Hununopuueckuit kKonoencamop — CcuUCTEMA U3

JIBYX COOCHBIX HMPOBOJIAIINX LIUJIMHIPOB PaanycoB R
u Ry v pmuner L. (puc.19.3)

C =2rs,&

InR, /R,

N

Puc.19.3

3. CoeqnHeHHME KOH/ICHCATOPOB.
Konzaencaroppl MoOryt ObITh COEIUMHEHBI B OaTaped IOCIENI0BAaTENbHO U
napaJiyIeNbHO.
[Ipu nocnedoeamenvnom coenuHeHWH OTpUIATENbHAS OOKJIAJKa OHOTO
KOH/IGHCATOpa  COEIOUHSETCS C  TOJOXKUTENbHOM  OOKJIaAKOW  CIIEIYIOIIEro

KOHJIEHCATOopA.
U U y,
q
AS q” ql I_ _ _” -

| + - + - + = |

| |

i C, C, C, i

| |

< U 7 Puc.19.4

KosnndectBo »snekTpudectBa (3apsil)) Ha IUIaCTUHaX OyJeT YHCIEHHO

OJIMHAaKOBBIM q1=9>=...q,=q=const.

Hampsokenne U, npuIoKEHHOE K CHCTEME, paCHpPENENIIeTcs MEKIY
OT/ICJIbHBIMU KOHJIEHCATOPaMH, T.€.



U:U1+U2+...Un (1)

H3 OIIPCACIICHUA 3JICKTPOCMKOCTHU!

_9q _ 9 _9q q
U=— U,==— U =— U==L1
e o G, c @

rae  C — pe3ynbTupyromas eMKOCTb.
[oncrasnsiem ¢popmynst (2) B (1), momyynm:
1 1 1 1 I &1
49,9, +94 = 2, 4 ===
cC C G, C cC C C, c "mc &ZC

n n

[Ipu napannenvnom coequHEHNH TOJIOKUTEIbHbIE OOKIAJAKH COCTUHSIOTCS C
[OJIO)KUTENIbHBIMU, @ OTPULATENbHBIE C OTPULATEIbHBIMU. (pUC.19.5)
911 Cn Hanpsixkenuss Mexay IUIACTUHAMHM KOHJEHCAaTOPOB
!_+| I_—\ pPaBHbI Pa3HOCTU MOTEHUHANOB ToueKk A u B, mosromy
' | paBHBI MEX1y COOOM.

U =U,=.U =U=¢,—¢,

A leC, B

T s T ¢=CU, ¢,=CU, ¢q,=CU,
LG q=CU ()
T U

Puc.19.5

3apso cucmemvl, NapaniebHO COCOUHEHHBIX KOHOEHCAMOPO8 PABEH CYyMME
3aps008 Karic0020 KOHOeHCcamopa.

q9=4,+4,+..+q, (2)

[ToncraBansst hopmyisl (1) B (2), moaydum:

C=C+C4+.tC wm C=2.C0
i=l

IIpu napannenvnom coeduneHuyu eMKOCMU CKIAObIEAIOMCAL.
[TockoJibKy B KOHAEHCATOPE MEXKIY OOKIaAKaMH HaXOAUTCS CIION TUAIEKTPHUKA,
TO MTOCTOSIHHBIN TOK Y€pe3 KOHAEHCATOP HE MPOXOIUT.
IlepemeHHBI TOK MOMET Te€ub B LENU, COAEP)KALICH KOHIEHCATOp, U
IpeICTaBIsIeT cOO0M MHOTOKPATHYIO MEepe3apsaaKy KOHAeHcaTopa.
4. JHeprus 3JIEKTPUIECKOIr0 MOJIs.

DHepaus 3apsariceHH020 KOHOeHCamopa pagHa pabome 8HEUHUX CUll, KOmMopyo
HeoOX00UMo 3ampamums, Ymoobbl 3aps0uns KOHOEHCamop.

[Tponecc 3apsaku KOHAEHCATOPA MOXKHO MPEACTABUThH KaK MOCIEA0BATEIbHbIN
IIEPEHOC JTOCTATOYHO Majbix mopimid 3apsga Ag > 0 ¢ oxHO# 00KIaIKK Ha JPYTYIO.
(puc.19.6)

[Ipu >TOM OonHA OOKIIa/JKa MOCTENEHHO 3apsKaeTCsl MOJOXKUTEIBHBIM 3apsioM, a
Ipyras — OTpHULIATEIbHBIM.



I +q [TockonbKy Kaxkiasi MOpIUsl MEPEHOCHUTCS B
TS S TS T T YCJIOBUSIX, KOrJa Ha OOKJIagKaX Y»XKe HMEeTCs
: HEKOTOpPBIM  3apiaX ¢, a MEKIy HUMHU
E A q | v CYILIECTBYET HEKOTOPAasl Pa3HOCTh MOTEHIINAJIOB

AT -4 )
T _q = [PM IepeHOCe KaxIOA nopunu Agq

Puc.19.6 BHEIIIHUE CUJIBI JIOJDKHBI COBEPUIUTH PA0OTY:

A =Ubg =124
C

Dueprus W, xonpencaropa emxoctu C, sapspkeHHoro sapsaom (J, Moker
ObITh Hali/IeHa IyTeM UHTEMPUPOBAHKS 3TOrO BhIpaxkeHus B npeaenax ot 0 xo O:
Qz
K 2C .
@opMyIly 3HEPruU 3apsHKEHHOTO KOHAEHCATOpa MOYKHO TaK
K€ TOJy4YHUTh, UCIOIb3Ysl I'pa@UK JTUHEHHON 3aBHCHUMOCTU

q(U), (puc.19.7) rak xak g=CU.
_ 4 _0+9)U _QU
VVK_A_qCpU_ 2 - 2

PaGora 49mWcmeHHO paBHa  IUIOMIAJAM  BBIJCIICHHOTO
> (/) TPEyroJbHHKa Ha rpaduke.

Puc.19.7

Takum 06p3,30M, CCJIM BOCITIOJIB30BATbBCA COOTHOIICHHCM Q:Cl], OHCPIUro
3apPAKCHHOI'O KOHACHCATOPA, MOKHO 3a1aTh 9KBUBAJICHTHBIMHU (I)OpMYJ'IaMI/II

_Q' _cut_Qu

©2C 2 2

DrexTpruecKyto sHepruio W criemyer paccMarpuBaTh Kak MOTCHIHATLHYFO
SHEPIHIO, 3aIIaCEHHYIO B 3apsKEHHOM KOHEHCATOPE.

DJeKTpUYecKas SHEpPIrus KOHJIEHCATOpa JOKAJIM30BaHa B IPOCTPAHCTBE MEXKIY
oOKJIaIKaM¥i KOHJIEHCATOpa, TO €CTh B 3JIEKTpUUecKoM nose. [loartomy ee Ha3bIBarOT
SHEPrUei JIEKTPUUECKOTO TOJIS.

Ob6vemHnan n1OMHOCMY IJ1IEKMPUYECKOU IHEPZUU.
Hanpssicennocmp 0JTHOPOIHOTO TI0JIS B TUIOCKOM KOHJICHCATOPE paBHA!

g€
E = U/d, a ero emxocts C = I
W :CUz :gogSEza’2 :eerzV
nostomy: "« 5 2d 5 ,
rne V=8d - ob6bem mnpocTpaHcTBa MeXIy OOKIaJKaMH, 3aHATHIA

ANEKTPUUECKUM MosieM. M3 3TOro COOTHOILIEHUS CIEYET, YTO PU3nYecKas BeITuurHa



SBJSIETCA ~ DJIGKTPUYECKOW  (MOTEHIMAJbHOM) SHEprued  eAUMHUIBl  o0beMa
IPOCTPAHCTBA, B KOTOPOM CO3[aHO 3JIEKTPUUECKOE MOJIE:

W. &,6E”

SHAUUT W~g, W~E”
|4 2 ’ :

Cuna e3aumodeiicmeusn na1acmut KOHOeHcamopa.

o0

Hcnons3ysa BeIpaXXEHUE JIA DHEPTUU w.= = X MOXXHO HaWTH
YA BRIP A P “2C 2¢g,68

MEXaHWYECKYI0 CHIy, C KOTOPOM IUIaCTMHBI KOHJEHCATOpA IMPUTATUBAIOTCA IPYyT K

o AW _ 0’
APYTY dx 25,85 °

3HaK — yKa3bIBAET, YTO CHJIa [ CTPEMUTCS YMEHBIINTH PACCTOSHUE MEXK LY

IJTaCTHHAMHU X, TO €CTh SABJIICTCA CHIJIOU IMPUTAKCHU.

KonTpoJibHbIE BONIPOCHI

. UT0 Ha3bIBAaETCS EMKOCTBIO U B KAKMX €IUHUIAX OHA U3MEPSIETCS?

. Uro Ha3bIBaeTcs KoHAeHcatopoMm? [lpuBeaure TUIIBI KOHAEHCATOPOB.

3. OT 4ero 3aBUCUT EMKOCTh KOH/IeHcaTopa? BoiBenure GopMyity EMKOCTH MJIOCKOTO
KOHJIEHCATOpa.

4. Yemy paBHa EMKOCTb IIpY IIOCJIEA0BATEIBHOM U MAapalIEIbHOM COEIMHEHUU
KOHJIEHCATOPOB?

5. Kakoii paguyc R momken uMeTs mpoBOASIININA 1ap, YTOOBI €M0 eMKOCTh B BaKyyMe
paBHsIach 0HOM (apane?

6. Imest 1Ba 0IMHAKOBBIX KOHJEHCATOPA, KaK MOTYYUTh EMKOCTh B JIBa pa3a OOJBIIYIO U
B JIBA pa3a MEHbIIIYIO, YEM Y OJIHOTO U3 HUX?

7. Kak onpezensieTcst sHEprusi KoHAeHcaTopa?

N —

Tema 20: IMOCTOSIHHBIN DJIEKTPUUECKHUM TOK.

1. DOnexrpuueckuit Tok. Cunna Toka. [ImoTHOCTE TOKA.

2. 3axkon Oma 1151 OqHOPOAHOTO yyacTka nenu. ConpoTUBIICHHUE.
3. CoenvHEHUs MPOBOJHUKOB.

4. N3mepeHue HANps>KEHUS U CUJIbI TOKA.

1. Daexkrpuyeckuii Tok. Cuiia Toka. ILI0THOCTH TOKA.
Eciu K M301IMPOBAaHHOMY ITIPOBOJHMKY TPHIOKHTH dIEKTpHuecKoe noie E |

TO Ha CBOOOAHBIE 3apsi/ibl ¢ B MPOBOJHUKE OyJeT NEeHCTBOBaTh CHUJIA F=qF B

pe3yJibTare B MPOBOJHUKE BO3HUKAET YIOPSJOUYECHHOE NEPEMEIIEHUE CBOOOIHBIX
3apsiIoB, BO3HUKAET AeKTpuueckuit Tok. (puc20.1)

Henpepuvisnoe ynopsoouennoe 0gudicenue c60000HbIX HOCUmenel 21eKmpuiecKo2o
3apa0a, HaA3b18aeMcsl INEKMPUUECKUM HOKOM.



3a HampaBJ€HUE OAJIEKTPUUYECKOr0 TOKa
MIPUHATO HaIlpaBJICHUE JIBAKECHHUS
MOJIOKUTEIIBHBIX CBOOOIHBIX 3apsi/IOB.
Ycnoeus neooxooumoie ons
Cyuecmeo8anus INeKmpuuecKo20 moka:
1.Hanuare cBOOOIHBIX 3apsyKEHHBIX
YaCTHII.
Puc.20.1 2. Hanuuaue 37eKTpUIecKOro MmoJis.

[Iporekanue Toka CONPOBOKAAETCS OCUCMEUAMU MOKA:
1.Tennogoe. IIpoBOAHUK IO KOTOPOMY T€UYET TOK Harpepaercd. TennoBoe
JeHCTBUE TIPOSIBISICTCS MPAKTUYECKH Beeraa. MckiiroueHne CoCTaBIseT sIBJICHUE
CBEPXITPOBOJAUMOCTH, TEIJIOBOE ICHUCTBUE TOKA HE MPOSIBIISETCSA TAK KE PHU
MIPOTEKaHUH TOKA B BaKyyMe.

2. Xumuueckoe. INEKTPUYECKUH TOK M3MEHSET XHMMHUYECKHH COCTaB
npoBoHuKa. HabnrogaeTcst mpu npoTeKaHuU TOKa B 3JEKTPOIUTAX.

3.Macnummnoe. Tox OKa3bIBa€T CUIIOBOE BO3JICHCTBUE HA COCEAHUE TOKH U Ha
MarHuTHbIE Tejla. MarHuTHOEe JEHCTBUE TOKA B OTJIMYUE OT XHUMHYECKOTO M OT
TEIMJIOBOTO SIBJICHUS SIBISIETCSI OCHOGHbLM, TaK KaK TPOSBISIETCS Yy Bcex 0e3
UCKJTIOUCHUS MTPOBOIHUKOB. (HAOIIOaeTCs BCET/IA).

DNEeKTpUUEeCKUA TOK B MPOBOJHUKAX (MeTaymiax) OOYCJIOBJIEH HAIUYUEM
c680000HbIX 271ekmpoHos. (puc.20.2)

[TomoXUTENPHO 3apsOKCHHBIE WOHBI METauia, 00pas3yloT KPHCTATMYECKYIO
pemietky. «Il'a3 cBOOOAHBIX 3JJIEKTPOHOB» o0Opa3yeTcss 3a CYeT OJHOr0 WM
HECKOJIbKUX JJICKTPOHOB, OTAAHHBIX KaXXJIbiM aToMOM. CBOOOIHBIE 3JIEKTPOHBI
CIOCOOHBI OJTYK/1aTh MO BCEMY 00bEeMY KpHUCTalIa.

_a D-G; Cunoti moka Hazvleaemcs CKAIAPHAA unuieckas
- - BENUYUHA, YUCIEHHO pPABHAsl IIEeKMPUYECKOMY 3apsoy,

- 0' -n" a npoxooaujemy 4epes nonepeyHoe cedexue npoeooHUKa 3a

p dq
r ¥ = eOUHUY) BPEMEHU: [=—
3 = dt
Puc.20.2
ECJ’II/I BCIIMUMHA CHUJIBI TOKaA U €ro HaHpaBJ'IeHI/Ie HC MCHIAKOTCA C TCUCHUCM
I = 9
BpeMCHI/I, TO TOK HA3BIBACTCA NOCMOSHHbIM U - / .

Enunnna cunsl Toka — [ Amnep. Amnep B cucreme CHU sBisieTcss ocrogHou
eAVHUICH U OmNpeNesseTcss U3 MarHMTHOIO B3aUMOJIEMCTBHUS JIBYX MapajulelIbHbIX
0ECKOHEYHO JUIMHHBIX IPOBOJHUKOB C TOKOM.

/I=1A

I=7A

Puc.20.3



1Amnep (A) paeen cune nocmosnnozo moka, KOmMopwiii npomexas no 08ym
ONIUHHLIM  NAPATIENIbHLIM — NPAMOJIUHEUHbIM  NPOBOOHUKAM, PACHONONCEHHbIM HA

paccmosmuu 1 M, 00un om Opyzo20 6 eaxyyme, 6bl3bléaem Meicoy Smumu

NPOBOOHUKAMU CUTY 63AUMOOelicmeus, pasuyio 2x 1 0"H na xascowiii Memp OUHbL.
(puc.20.3)

Cuita TOKa 3aBHCHT OT 3apsijia YaCTHIbI €, KOHIIEHTPAIIUU 11, CKOPOCTH YaCTHIL
.4 _eN _enV _ enuiS

t ottt

rne 4 = eN , M- KOHIICHTpAIIUs YaCTHII, B 00beMe V=VIS conepxurcs

V ¥ IUIOMIA/IU CEYEHHs TPOBOJHUKA ' =evns

N=nV gactu.
ITnomnocmoero moka ] nasvieaemcs 6ekmopHas u3uueckas 6eluduna,
YUCTIEHHO — paeéHas cule MoKd, Npuxoosuye2ocs Ha — eOuHuyy  niouwaou,

gAY :
opueﬂmupoeannoﬁ nepneuaukyﬂﬂpHo moky: ] = A_S . J =éevn

Bekrop J HampaBieH BJIOJb TOKA IO BEKTOPY HANPSIKCHHOCTH JJIEKTPHYECKOTO
I10JI51 B IPOBOJHUKE.
2
B cucreme CH miotHOCTh TOKa usMmepsiercs B A/m

/

Jlist mocTostHHOro Toka J = E .

2. 3akon Oma 1J1s1 OTHOPOAHOTO Y4yacTKa nenu. ConporuBJieHue.

PaccmoTpum 0Tpe30k 0THOPOAHOTO HMMJIMHAPUYECKOTO MPOBOIHUKA JTTUHON [
0 KOTOPOMY TEYeT IMOCTOSHHBIA TOK [ , BHYTpH IPOBOJHHMKA IOIIECPKHMBACTCS
IIOCTOSHHOE dleKTpudeckoe nojie £. (puc.20.4)

/ N ns bopmybl, CBSI3BIBAIOLIEN
> HaNpPsHKEHHOCTh L C pPa3HOCTHIO
S 2C) MNOTEHIMAJIOB, OJIYYHM:
—»L, g- Ao _o-p U
O [ [ [~
%

Puc.20.4
Om OKCIICPUMCHTAJIbHO YCTAHOBHWJI, 4YTO mMOK HA Yyuyacmke uyenu npimo
NponopuyuoOHAIEH HANPAMNCEHUIO U 06pamH0 NnponopyuoHaleH ConpomueileHuro

=2

yacmka. .
Y R

DTOT 3aKOH Ha3bIBaeTcs 3akoHoM Oma B UHTETpajibHOM hopMme.
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Jis  KaXaoro TMPOBOJHHMKA CYIIECTBYET
3aBUCHUMOCTh CHJIBI TOKa OT MPHJIOKEHHOTO
HaANpsOKEHUS, Ha3bIBaeMas 60.1bMaMnepHas
xapakmepucmuka. — Jas  MeTaIMYECKHUX
IMPOBOJHUKOB ~ 3Ta  3aBHCHMOCTb  HMMEET
auHelHbId Xapaktep. (puc.20.5) U3 rpaduxa
MO>KHO OTIPEACIIUTh COIIPOTHUBIICHUE

» y nposonunko: R = CIga

Puc.20.5
Anekmpuueckoe conpomueénenue.

CormacHO  KJIaCCHYECKOW  JJEKTPOHHOM  TEOpHHM,  JBWIKEHHE  CBOOOJHBIX
JNEKTPUYECKUX 3apANOB, CO3JAIOLIMX DJJIEKTPUYECKUA TOK, HE IPOUCXOIUT
OecrnpendarcTBeHHO. B MeTaiMyeckux NPOBOAHHUKAX 3JIEKTPOHbI MPOBOAMMOCTHU
CTAJIKUBAIOTCSI C HOHAMM, COBEPILAIOLIMMH TEIUIOBBIE KOJIEOAHUS OKOJIO CBOMX
IIOJIOKEHHUI PABHOBECHSI, TEPSIOT CKOPOCTh YNOPSAIOYEHHOTO JBHKEHUS M OTIAIOT
OTUM YaCTHIAM YacTh CBOEH KHHETHMYECKOW DJHEpPIruM. 3aTeM JJIEKTPOHBI CHOBA
Pa3rOHSIOTCS JIEKTPUUYECKHUM I10JIEM, CHOBA CTAJIKUBAIOTCA C HOHAMU, TOPMO3ATCS U
T.1. Beiencrerue 3Toro yMeHsIIaeTcst U CHI1a TOKa B IIPOBOJIHUKE.

Ceoticmeo npo8oOHUKA NPeNAMCmME08amy NPOXOHCOCHUIO INIEKMPUYECKO20 MOKA
Hazviearom e2o0 conpomueneHuem. ConpomueneHue 3asucum om mamepuana

[

NPOBOOHUKA, €20 ONUHbL, NONEPEUHO20 CeYeHUsl U MeMNepamypbi. R=p E ,
rae: R-conporuBiieHne MPOBOAHMUKE, [-UTMHA, S-IUIOIAIL CEYEHUS IPOBOIHHUKA,
P -yIENbHOE CONPOTHUBIICHUE BEIIECTBA IIPOBOIHHKA.

3a equnuiy conporusienns R B cucreme CU npunumaror 1 Om.
1Om - smo conpomuenenue maxozo nposooHUKa, NO KOMOPOMY medem MoK 6

1B

1A, ecnu na ezo konyax noodepacueaemcs nanpsxicenue 1B.  10m = VR

Yoenvnoe conpomusnenue npooOHUKA [ HUCIEHHO PABHO CONPOMUBTEHUIO
2
npoeooHuxa umerowe2o onuny Im u niowaos nonepeunozo cevenus Im”.
Ennannein yieabHOro CONPOTUBIIEHUS SIBIISIETCA 10mm.

VILGJIBHOC COIIPOTHUBJICHUC 3aBUCUT OT POJa BCIICCTBA U TCMIICPATYPHI.
Bennuuna 06paTHa;1 COIMPOTHUBJICHUIO, Ha3bIBACTCA 3]Z€Kmpu'—l€CKOL7

1

nPOBOOUMOCHILIO NPOBOOHUKA: A= R > CAMHHIIA POBOJXMMOCTH — CHMEHC (Cm).

Benununna oOpaTHasi yJIeabHOMY COINPOTHUBICHHIO HA3bIBAETCS YyAEJIbHON

1

BJ'IeKTpI/I"ICCKOﬁ IMPOBOAMMOCTBIO BCIICCTBA ITPOBOAHUKA: Y= .

Jo,

3akon Oma 6 oughpepenyuanvnoii hopme.
1 _U _US _1
J=STRS T Spl  p

11
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U [

E’ yunm, uto R = p—

IIpu BBIBOJIE MCTIOJIB30BaAIM 3aKOH OMa I = R

Takxke V= —u—=F,

p

J = 7E - 3akoH OMa 711 TOCTOSTHHOTO TOKa B AudepeHiuanbHoi popme.

3asucumocms CORPOMUGNIEHUA OM MEMNEPAMYPbl.
ConpoTuBiieHHE METalIa BO3PAcTaeT JMHENHO C YBEJIUYEHUEM TEMIIEPATYyPhI:

R=R(+a1?),
rae O - remnepatypHbid KOAOPHUITMEHT CONMPOTUBICHUS METAILIOB,
R - compoTuBienue mpoBoIHKKA TP TEMIIEPATYPE Z,

R - conporusnenne nposoanuka npu 0°C.

3aBUCUMOCTb COMPOTHUBJICHUS OT TEMIIEPATYPbl C TOYKU 3PEHUS DJIEKTPOHHOM
OPOBOJUMOCTH TBEPIABIX TEI MOXKHO OOBSCHUTH TEM, YTO C YBEJIMYEHUEM
TEMIIepaTypbl BO3PACTAET aMIUIUTYJa KOJIEOAHMH MOHA KPUCTAIMYECKOW PEIIEeTKU
MeTajia, a CJIEJOBATEIbHO, YBEJIMYMBAETCA YHUCIO CTOJKHOBEHUN HJIEKTPOHOB C
MOHAMU.

Kpome Toro, ¢ yBenmyeHrneM TEMIIEpaTypbl BO3pACTAET CKOPOCTh XaOTUYECKOTO
JNBWKEHUS JJIEKTPOHOB, UYTO NPUBOAUT K YMEHBIICHHUIO CPEIHEN CKOPOCTH HX
YIIOPSAI0YEHHOTO IBUKEHNS, a cileaoBaTensHo u Toka ([ = envs').

HAenenue ceepxnposooumocmu, oTKpbITO 1aTckuM ¢uzukoM X. Kammepnunr-
Onnecom B 1911 roay. IIpu HEKOTOPO#t ompeeieHHON Temiieparype 1, pa3InaHO
JUISL Pa3HbIX BELIECTB, YAEJIBHOE CONPOTHBIIEHUE CKAYKOM YMEHBIIAETCS OO HYJIA
(puc.20.6). Kputnueckas temneparypa y pryty pasHa 4,1 K, y amtomunusa 1,2 K, y
onona 3,7 K.

e 3aBUCUMOCTb YACIBHOIO COIPOTUBICHUS L OT
1 2 abCoONMOTHOM  Temmeparypsl 1  TpU  HU3KHX
TEMIIEpATypax:

1 — HOpManbHBIN METaLT,

2 — CBEPXIIPOBOJHUK.
Bemectsa B CBEpXIIPOBOIAILEM COCTOSIHUU
0 Tep r 00J1a1a10T UCKITFOYUTEIbHBIMU CBOMCTBAMH.

Puc.20.6

[IpakTH4ecKn BaXXKHBIM W3 HHUX SBJISETCS CIIOCOOHOCTBH JUIUTEIIBHOE BpPEMs
(MHOTHE TOJIbI) TTOAJICP)KUBATL 0€3 3aTyXaHHs JICKTPUUSCKUN TOK, BO3OYKJICHHBIN B
CBEPXITPOBOJSAIIECH LEMH.

\4

3. CoennHeHHs MPOBOJIHUKOB.
B snexkrpuueckoil  menu  MPOBOJHUKKM  MOTYT  ObITb  COEAMHEHBI
MOCJIEI0BATENIHLHO U MapaJlJIEIbHO, a TAK)KE CMEIIAHHBIM 00Pa30M.
Ilocneooeamenvnoe coeounenue.
Ilocneoosamenvuvim Ha3bl8aACMCSA COCOUHEHUE NPOBOOHUKO8 6e3  V3Il08.
(puc.20.7) Hauano BTOporo npoBOAHUKA COEIUHSETCS C KOHIIOM [IEPBOTO U T.JI.
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V3nom naseisaemcs mo4kKa, 6 KOWlOpOL? cxooumces bogee yem 06d I’lpO@OOHMKCl.

1 I 1
; L, I L g
— —
o—r] - - h—o
A Ri_ I Ry | | Rp B

v, T v, T T v,

A e

U Puc. 20.7
[Ipu mocnenoBaTeIbHOM COEIMHEHUU IPOBOJHMKOB TOK | OJMHAKOB BO BCEX
conporusnenusx  [=1;=1=...1,.
[TageHue HANPSOKEHUS HA KOHIAX LEMHM PABHO CYMME HAIPSIKEHHMI Ha OTAEIbHBIX
y4acTKax U=U; + U,+...+tU,.
IMpumenus 3akon Oma, monyuum: [IR=IR;+IR, +...+IR, =

—  R=R+R,.+R. wm R=DR.

i=1
Obwee conpomusnerue pagHo cymme omoenrbHblX CONPOMUBIeHULL.
ITpu mocneroBaTeIbHOM COEAMHEHNH /1 OJIMHAKOBLIX IPOBOJHUKOB R ;, o0iiee

COIPOTHUBIICHUE PABHO: R =nR,.
Iapannenvnoe coeounenue.
llapannenvubim coeouneHuem HA3b186aeMCsl COCOUHEHUE HECKONbKUX NPOBOOHUKOB
medncoy 08ymsa yznamu (puc. 20.8 Touku A u B - y31b).
Bce BMecTe mapaienbHO COEIMHEHHBIE TPOBOJIHUKN COCTABIISIOT PA3BETBIICHUE,
a KOKIbIM U3 HUX ABJACTCA BETBhIO. Hauama v KOHIBI COMPOTUBICHUN COEIMHAOTCS
B3aUMHO.

[Ipy mapamienbHOM COCTMHEHWH TPOBOIHMKOB Hampspkenne U Ha Bcem
yuactke AB OyzeT TakuMm ke, Kak U Ui KaKJ0ro OTAEIbHOrO IPOBOJHUKA, T.€.

uv=U,=U,=..=U,,.
B touke A (y3en) mpoucxoaut passersienue Toka.  [=[;+L+...+1, .
[TpumenuB 3akoH OMa ISt KaKJIOTO y4acTKa,
u U U

L =ttt —
IMOJIy4HnM: R Rl R2 R :

06[].166 COMMPOTUBJICHUC IIPOBOAHHUKOB COCAMHCHHBIX

napajuieabHO.
Oobwas nPOBOOUMOCTb pasHa cymme
npoBOOUMOCTEL OMOETbHBIX NPOBOOHUKOB.

Puc.20.8
OTtmeruM, 4TO OOIIEE COMPOTHBICHHWE NApaUIETLHOTO COCAMHEHHUS, MEHbIIE
CaMOI'0 MaJIOro U3 €ro CONMPOTUBIICHUM.

13



[Ipy napajuieJbHOM COCAMHEHMH M OJMHAKOBBIX CONpPOTHBJIeHHH R; o0mee
r=fu

0
Ilpumep pacuera CONPOTUBIEHUS CIOXKHOW ULend 1o (GopmysaM Mocie-
JIOBATEILHOIO U MapaJljIeIbHOTO COSTMHEHMS TPOBOAHUKOB. (puc.20.9)

COIMPOTHUBJICHUC PABHO:

Puc.20.9
Yka3aHa Iocjaca0BaTCIbHOCTD BBIHHCHGHHﬁ, COIIPOTHUBJICHUS IIPOBOAHHUKOB
nanbl B omax (Om).
4. I/I3MepeHne HaNpsizkKEHUA U CUJIbI TOKA.
I[J'DI HU3MEPCHUA HaHpH)KeHHfI M TOKOB B OJICKTPHUYCCKHX LCIIAX UCIIOJIb3YIOTCSA
HpI/I60pBI — BOJIbTMETPBI I/ aMIiepMeTpbL. (pI/IC.ZO.IO)

/ Bombsrmerp (V) MOAKIIOYAETCS nApAmleibHO Y4acTKy
« e, HAa KOTOPOM IIPOM3BOAMTCS H3MEPEHHE Pa3HOCTH
_I_—-I- [MOTEHIMAIOB.
R 7

Awmriepmetp (A) BKIIOUACTCA NOCIE008AMENbHO B Pa3PhIB

2 ¢ AJIEKTPUYECKON 1Eenu, YTOOBl Yepe3 HEro IMpOoXOIHsl BECh
R U3MEPSEMBIN TOK
b T Puc.20.10
d

Boavmmemp obnamaeT HEKOTOPHIM BHYTPEHHUM compoTuBieHueM Rp. Jlist
TOr0, 4YTOOBI BOJITMETP HE BHOCHJI 3aMETHOTO IE€pEepacHpesieieHUss TOKOB, €ro
BHYTPEHHEE  COINPOTUBJICHUE JIOJDKHO OBbITh  BEJIMKO IO CPaBHEHUIO C

CONPOTHBJIEHHEM TOTO Y4acTKa L€, K KOTOPOMY OH moakioueH (Rg >> R,). D10
yCJIOBHE O3HAYAET, YTO TOK /g, MPOTEKAIOIIHI Yepe3 BOJIBTMETP, MHOTO MEHBIIIE TOKA
I KoTOpBI IPOTEKAET 110 U3MEPIEMOMY YUACTKY LIEIIH.

Jlobasounvle conpomuenenus K eoavmmempy. J[1000# BOJIBTMETP
paccunTaH Ha mpeaensHoe Hanpsukenne U,. MOKHO U3MEpPHUTh B 1 pa3 OoJblIce
nanpsokenne U = nU,, eciu MOAKIIOYUTE MOCIEAOBATEIBHO C BOJBTMETPOM
000a60uNbLIl PEZUCTOP, CONPOTHBIIEHHE KOTOpPOro R,. (puc.20.11)

Haiinem compotuBienue no6aBounoro pesuctopa R, Ilpu BKIOYEHUU B
Lelb BOJIBTMETPa J00ABOYHOIO PE3UCTOPA HA BOJBTMETP MO-MPEKHEMY JIOIKHO
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MMPpUXOOUTHCA HAIIPAKCHUC U() , HO 3TO COCTaBJIACT JIMIIb ; 9aCTbh U3MCPACMOTI O

U
HaTPSOKEHUS U _;.
U Ocranbuas uacte Hanpskenus (U,=U - Uy
L1 NPUXOAUTCS Ha N00aBOUHBINA pe3uctop. [loaTomy
Uy R Us npesesibl U3MEPEHUsT YBEIUYUBAIOTCS B 11 pa3 |
V) {1 BO CTOJIBKO JK€ pa3 yBEJIHYUBAETCS I[CHA
Rs R, JCJIICHHUsI  BOJBTMETpPA, a  CJCIOBATEIBHO,
Puc.20.11 YMEHBIIAETCS €ro YyBCTBUTEIBHOCTD (B 11 pa3).

B BosibTMeTpe M 100aBOYHOM PE3UCTOPE YCTAHABIMUBAETCS OJUH U TOT Ke

tok I, mosromy: Uy = IRy, U= nU,= niIRp, U,=IR,.
Tax xak U= U,+U,, 10 nlRz=IRz+ IR, = Ry=R,(n-1).

Amnepmemp 00JaacT HEKOTOPHIM BHYTPEHHHM CONpOTHBICHHEM R,. B
OTJINYHUE OT BOJIbTMETPA, BHYTPEHHEE CONPOTUBICHUE aMIIEPMETpPA JOJKHO OBIThH
MajblM [0 CPAaBHEHHIO C TMOJHBIM CONPOTUBICHUEM BCEH Ienu, 4YTOOBl MpHU
BKJIFOUEHUHU aMIIEpPMETPA TOK B LMK HE U3MEHSIICS.

Hlynmul k amnepmempy. JIto00i aMnepMeTp pacCUUTaH Ha U3MEPEHUE CUJTT

TOKOB OO HCKOTOPOIO MAKCHUMAJIBHOTO 3HAYCHHA ]0. Mo>xHO H3MCPUTh B N pas

Oosbinyto cuny Toka [=n [) ecnu MOAKIIOYHMTH MapajieIbHO aMIepMeTpy
pe3ucTop, HazpiBaeMbIl wynmom. (puc.20.12)

R, Haiinem conporuBinenue mydra R, Con-

1 Io
. POTHBJIEHHE amIlepMmeTrpa - R,. I[Ipn BrItOYECHUM

nIyHTa 4acTh TokKa [y moizer mo Hemy. Yepes
aMIIeEpMETP JOJKEH MITH TOK, HE peBbIarommii /).

Puc.20.12
1

Cuna toka ) MeHble U3MEpPsAEMON B 1 pas: I, = ; CnenmoBarenbHO, LieHA

JeJIeHHs TprOopa BO3pacTET B M pas, T.€. OTKJIOHEHHUIO CTPEIKH Ha OJHO ICIICHHE
OyneT COOTBETCTBOBATH B X pa3 Oosbmas cuiga Toka. MuHade rosops,
qyBCTBUTEILHOCTH aMIIEPMETPa YMEHBIIUTCS B /1 Pa3: MPH MOAKIIOYEHUH IIyHTA
CTpelka mpubopa OTKJIOHUTCS Ha yToJ, B /1 pa3 MEHBIIIHi, ueM Oe3 Hero.

ITpu napamiensHoM coequnennn [=Iyn=I,+1, a nanps:kenue Ha IIyHTE U
amIiepMeTpe OJMHAKOBO M coriacHo 3akoHy Owma pasuo: 1yR,=I,R,, . Uckaouas
cuiry Toka [ M3 IBYX HOCIEIHUX YPABHEHUH, IOJIYYUM:

15



KoHTpoJibHBIE BONIPOCHI

1. Yro Takoe anexTpuueckuil Tok? Kakne 4yacTuIbl CO31ar0T TOK B METaJUIAX ?

2. Ilpu KakuX yCIIOBUSAX BO3HUKAET AIEKTPUUECKUN TOK?

3. HazoBure aeiictBus anekrpuyeckoro Toka. Kakoe nelictBue Toka Habo1aeTcs
Bcerga?

4.Yt0 Ha3bIBaETCA CUIION IEKTPUUECKOIO TOKA, B KAKMX €AMHUIIAX OHA U3MEpPSIETCs?

5. YTo Takoe MJIOTHOCTh TOKA, B YEM OHA U3MeEpAETCA?

6. OOBACHHUTE CONMPOTUBIIEHNE MTPOBOTHIUKOB Ha OCHOBE AJICKTPOHHOM TeOopuun
IIPOBOJUMOCTH METAJIOB.

7. Kak 3aBUCHUT COIPOTUBIICHUE IPOBOJHUKA OT Pa3MEPOB, MaTepuana ?

8. Kak 3aBuCHT cOnpOTHUBIIEHUE TPOBOJHUKA OT TEMIIEPATYPhI?

9. B yeM 3akiiroyaeTcs SIBJICHUE CBEPXIIPOBOJIUMOCTH ?

10. Chopmynupyiite 3akon OMa Jyist ydacTKa IerH.

11. BeiBeaute 3akon Oma B nuddepeHnunansHoi popme.

12. O6wsicaute Gopmysl 111 U, 1, R mpu nmociaegoBaTenbHOM COSTUHEHUN
IIPOBOJHUKOB.

13. O6bsicaute popmynsl g U, I, R npu mapaninensHoM coeTMHEHHH MTPOBOIHUKOB.

14. Kak noacoeauHs0TCs NpUOOpPHI JUIsl U3MEPEHHSI CUJTbI TOKA U HAIPSKEHUA?

15. Kak Bruucisercss 106aBOYHOE COMPOTUBIICHHUE M COTIPOTUBIICHUE IITyHTA ?

Tema 21: HCTOYHHUKHU ITIOCTOAHHOI'O TOKA

1. Uctounuku nocTtosstHHOTO ToKa. 2. O0001eHHbIH 3aKkoH OMa.
3. CoenuHeHns HCTOYHUKOB MTOCTOSIHHOTO TOKA.
4. TlpaBuna Kupxroda 1151 pa3BeTBICHHBIX LIETICH.
5. PabGora ¥ MOIITHOCTH TOKa.
1. McTOYHMKHN MOCTOSAHHOTO TOKA.

Ecnmu mmacTuHKM 3apspKeHHOTO KOHAeHcaTopa (WM JBa 3apsDKCHHBIX  Tea)
COCIMHUTHh TPOBOJHUKOM, TO uUepe3 Hero OyAeT MPOXOAUTh OBICTPO YyOBIBAOIINNA
TOK, T.K. TUIACTHHKH OYIyT pa3pspKaTbCsi M Pa3HOCTh IMOTEHIIMATIOB Ha KOHIAX
npoBogHUKA Oyner yOwBath. [l momaepxkaHus B IENA TOKa JOCTaTOYHO
JUTHTEIILHOE BPEMs HAJIO TTOIJIEP>KUBATh TTOCTOSIHHYIO Pa3HOCTh TIOTCHIIMAJIOB Ha €T0
KOHIIaX, JUIsl 3TOTO HEOOXOIMMO MMETh CIICIHAIBHOE YCTPOMCTBO, BHYTPH KOTOPOTO
IPOUCXOMUII0 OBl HENPEPHIBHOC pa3leicHUE 3apsAoB M IEPEHOC UuX K
COOTBETCTBYIOIIUM IIJIACTUHAM (TEJIaM).

DIEKTPUYECKOE TOJIE BBI3BIBACT JBM)KCHHE IMOJIOKUTEIBHBIX 3apsIOB TOJBKO B
CTOPOHY YOBIBAIOIIET0 MOTEHIIMAJA, MOATOMY B LIEMH JOKHBI UMEThCSl YYAaCTKH, B
KOTOPBIX cmopoHHue cuibl (HE DJIEKTPOCTATHUECKOTO MPOUCXOXKICHUS) BBI3BIBAIOT
JIBUYKEHUE 3aps/I0B B CTOPOHY BO3PACTAIONIETO MOTEHIIUANIA.

Yempoiicmeo, 6 komopom  Oeticmgylom — CMOpOHHUE  CUTbL,  HA3bIGAEMCs
UCTMOYHUKOM MOKA.

Onexmpoosudxcywei cunou ucmounuxa ¢ (DIAC) nasvisaemcs paboma

CMOPOHHUX CUJl NO nepemeueHuUro COUHUUHO20 NONONCUMENBHO2O 3apﬂ0a no

%9() — Acmp
3AMKHYMOU Yenu. q
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B cucreme CU 3a equnuiy DJIC npunumaercs oaun Bonst (1 B). 1B = wﬁ
XuMuvecKkue MCTOUYHNUKHU MOCTOSIHHOTO TOKA.
I'anveanuueckue rnemenmel.
Hcmounuku s1ekmpuueckol 3Hepeuu, 68 KOMOPbIX dHepeusi Noayuaemcs 3d
cuem XUMUYecKou IHepeuUl, Ha3bl8aAOmMcs 2aibeanudeckumu dnemenmamu. (puc.21.1)
[Ipu morpyxeHUM MeTauia B KHUCIOTY MPOUCXOJIUT IPOIECC PACTBOPECHHUS

METajljia B KHMCJIOTC.

Zn - Cu - [Ipu 3TOM B pacTBOp MEPEXOIAT €ro
/_,:I/_\ /’jl:\ MOJIOKUTENIbHBIE ~ MOHBI,  U30BITOYHbIC
>, D ANIEKTPOHBI  OCTAIOTCS B MCTI?,[JIJIG U
el = ey 3apsKalT ero ompuyamensvHo. Ilo Mepe
=% ] SO, |Cu” YBEJIMYEHUSI KOHIICHTpAIlMd HOHOB B
4 ®® /GS‘D © © ® ® pacTBOpe Bc€ OOJIBIIYI0 pOJIb UIpaeT
® ’(_B__ @?_HJ' H=® = S oOpaTHbIN nporecc — BO3BpaT
w <~ H, SO MOJIOKUTENIBHBIX ~ MOHOB ~ MeTajula  Ha
AIIEKTPOL.
Puc.21.1 P

VYcraHaBIMBaeTCsl paBHOBECHUE: YUCIIO HOHOB MEPEXOASALIMX B PACTBOP PABHO YMCILY
MOHOB OCQXJAIOLIUXCAd M3 pacTBopa 3a TO XK€ BpeMs. ODTOMY pPaBHOBECHOMY
COCTOSIHUIO COOTBETCTBYET ONPENIEICHHAs PA3HOCTh MOTEHLIMAIOB MEXKIY MEmalloM
U pacmeopom, xapakxmephas OJisi RPUpoObl Memaiid u pacmeopa 31eKmpoauma.
Mexny MEeTaioM U 3JEKTPOJIUTOM YCTAHABIMBAECTCA PA3HOCTh NOTEHIIUAJIOB:

¢3ﬂ o ¢M€m J

3aMeTuM, 4TO B 3TOM IIPOLIECCE BCE MEMALIbl 3aPANCAOMCA OMPUYAMETLHO.
B ranbBannueckom snemeHTe BonbTa JBE TUIIACTUHKYU (3JEKTPOJIbI) U3 Pa3HbIX

merauioB (Zn u Cu)onyiueHs! B 3aeKTponurt. (puc.21.2)

Zn - + Cu O6a snekTpoja 3apsKaloTCs OTPUIIATENIBHO, HO MEIHAs
MJJaCTUHA PAcTBOPSIETCS B DJIEKTPOJIUTE MEHbIIEC ITUHKOBOW U
M30BITOK OTPHUIIATEILHOTO 3apsija W Pa3sHOCTh IMOTEHIIMAJIOB
MEXy MEJBIO U DJIEKTPOJIUTOM MEHBIIE YEM MEXKY IIMHKOM U
ANEKTPOJUTOM. TakuM 00pa3oM MEXIy MEAHBIM M [IUHKOBBIM

AJIEKTPOJIaMU  BO3HUKAET PA3HOCTh MOTEHLMAIOB, KOTOpas
H,SO,
_ < i sBisercs DJIC ucrounuka
v Y
\_/ = —_ —_ —_ — —_
ag ((Daﬂ gDZn ) ((Daﬂ gDC u ) gDC u gDZn
Puc.21.2

HpI/I 3aMbIKAHUU 3JICKTPOAOB MCTAJNNIMYCCKHUM IIPOBOAHUKOM 60 eHeulHell yenu
raJIbBAHHUYCCKOI'O 3JICMCHTA ABUIKYTCA JJICKTPOHLI OT HUHKOBOI'O 3JICKTPOJAA C Ooiee
HHU3KHM IIOTCHIOHWAJIOM K MCIHOMY C 0oJice BEICOKUM IMOTCHOHXAJIOM. B QJICKTPOJIUTC

2—
ABUIXYTCSA HMOHBI: OTPpULIATCIIBHBIC SO4 OT MCIU K HNUHKY MW IIOJOXKUTCIIbHBIC

2+ 2
(Cu~"uZn~" ) OT IMHKA K ME/IH.

Takum  oOpa3oMm, y TaJlbBaHUYECKUX  DIIEMEHTOB  MOJJIEPKUBACTCS
HETIPEPBIBHBIN KPYrOBOPOT 3aps/IOB, PAa3HOCTh IMOTECHIMAIOB MEXAY AJIEKTPOJaMU
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COXpaHseT MOCTOSHHOE 3HAYEHWE U B LENU OyIeT WATHU JJIUTEIbHBIN IMOCTOSHHBIN
Tok. DJIC He 3aBUCUT OT Iomaau 31ekTpoaoB. [Iponecc sBisgeTcs HEOOPATUMBIM,
TaK KaK METAJUIMYECKUH DJIEKTPOJ PACTBOPSAETCA B DJIEKTPOJIUTE W XHUMHUYECKHE
peaKuy NpeKpaIaroTCs.

DJIC snemenra Bonsra ¢ = 1,1B. Dnement Boibra paccMOTPEH KaK IpHMep
npuHIMNa paboThl TalbBAHMYECKOTO OJJIEMEHTA, TaK Kak OH O00JiajaeT psaoMm
HEJIOCTAaTKOB, I03TOMY Ha MPAKTHKE HE MPUMEHSETCS.

Texnuuecku 0o0siee COBEPILICHHBIMU SIBJISIOTCS 3JIEMEHThI JlekiaHine (€ =
1,5B), B KOTOpBIX B KadyecTBE D3JEKTPOJIUTA HCIIOJIB3YEeTCS PacTBOP HAIIATHIPS, a
ANIEKTPO/IbI U3 IIUHKA U TpaduTa.

B Hactosimiee BpemMsi MPOM3BOJIUTCS MHOXECTBO  PA3JIUYHBIX THUIIOB
rajbBaHUYECKUX AJIIEMEHTOB.

AKKymyaamopel.

Ecnu nmorpy3uTrh CBUHLOBBIE 3JIEKTPOABI B BaHHY C pPacTBOPOM CEPHOM
KUCIIOTBI, TO OHHM TIOKPBIBAIOTCS CEpPHOKUCIBIM cBUHUOM PbSO, Tak kak
XUMUYECKUE MPOLECCHl HA 00EUX IMJIACTUHAX OJMHAKOBBI, TO PA3HOCTh MOTEHIMAJIOB
MEX1y HUMHU paBHa HYJII0. DJIEMEHT B TakoM Buje He obnanaer emé D1C.

\),
- 1Pb P|:>o\2 -
so; H@
H,SO, ]
@
Puc.21.3.a Puc.21.4.6
3apsiaKa akKyMyJIaTopa Paspsinka akkymyssitopa
U=&é+1,,r U=é-1,,r

Bxirounm BaHHY B 1I€lb I[OCTOPOHHEIO HMCTOYHHUKA IOCTOSTHHOTO TOKa
(puc.21.3.a). B nporecce mpoxoxkaeHUs TOKa Ha aHoAe o0pa3yeTcs ABYOKHUCHh CBUHIIA
PbO,. a nHa karome — wuuctbii cBuHen Pb. IlockoibKy IIIaCTHHBI CTajau
Pa3HOPOAHBIMHU, MEXAY HUMHU CO3JAETCA Pa3HOCTh MOTEHLHMANIOB, KOTOpas MpHU
pazomkHyTOoM 1enu paBHa DJIC akkymynstopa. Ecnu Tenepp yOparh Oatapero u
BMECTO HEE€ IMPHUCOEIMHUTH JIaMIly HakaiuBaHus (puc.21.4 0), To mpu 3aMbIKAaHUH
ey JilaMIla 3aropaercs, CJeI0BaTeIbHO, TPHOOP caM CTaJl HUCTOYHUKOM
INEKTPUYECKON SJHEPTHH.

Uepez HekoTOpoe Bpemsi, Korja o0€ IJIaCTUHBl CHOBA TOKPOIOTCS
CEpPHOKHUCIIBIM CBUHIIOM, TOK IPEKPATUTCS.
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Tenepb CHOBa MOXHO NPHUCOECIWHUTH UCTOYHUK 3JEKTPUUYECKON SHEPrUU H
[OBTOPUTH BCE OMMCAHHBIE MPOLIECCHI: 3TO O3HAYAET, YTO IMPOLIECCHl B OMHCAHHOM
npubope 0OpaTUMBbI.

Wrtak, npubop HaKariuMBaeT SHEPIHIO, KOI/Aa 4Yepe3 HEero MPOXOAMUT TOK,
CO3/1aBaE€MbII IOCTOPOHHUM MCTOYHHUKOM, U OTJAET 3Ty SHEPIHUI0, KOI/la CaM CO3/aeT
TOK B uenu. Ilpubopwl, Komopwvle CMAHOBAMCA UCMOYHUKAMU IIEeKMPUYEeCKOU
SHepauu Nocie NPONYCKAHUA Hepe3 HUX MOKA, HA3blearom aKKyMyIamopamu.
[Ipomyckanue TOka uepe3 aKKyMyJIATOp Ha3blBAalOT €r0 3apsAo0Kol, a UCIOIb30BaHHUE
€ro B Ka4eCTBE UCTOUYHUKA SHEPTUU HA3bIBAIOT pA3PAOKOLL.

[Ipn 3apsanke akKymyJsiTOpa HIPOUCXOJHUT TNPEBPALLEHUE DIEKTPUUYECKON
SHEPrUM B CKPHITYIO XUMUYECKYIO (POpPMY SHEPTUH, a IPU €ro pa3psiike — OOpaTHBIH
Hepexo]l XUMHUYECKOW OHepruu B (OPMY DOHEPrUM IJIEKTPUYECKOrOo  TOKa.
Axxkymyasaropsl xapakrepusyrores KII/I, emkoctsio n O/1C.

Kosgpdpuyuenmom nonesnoco Oeticmeusi aKkKymyaamopa Ha3wléarom 4Yucio,
nokasvigaroujee, KaKyro 4acms dHep2uu, 3ampaieHHol Ha e20 3apsoKy, OH omoaem

npu paspsoxe: n=—"—-100%
3ap

Emxocmyvio  akkymynamopa — Hasuléaiom — MAKCUMATbHOE — KOAUYECMEO
NEeKMpUYecmsed, Komopoe Modcem Hnpoumu no yenu 3a 6ce 6peMs pas3psaoKu
AKKymyaamopa. 3a eOuHuyy emMKoCmu axkKyMyaamopa 0OblYHO NPUHUMAIOM amnep-
vac : 1 A-u = 3600 K.

AKKyMyJSATOpbl OBIBAIOT KHUCJIOTHBIE U IeNoYHble. Brime Obul omucad
KUCIOTHBIA (WJIn CBUHLOBBIN) akkymyiarop. Ero D/IC. cocrasmnsier okono 2B, a
KITJI — okono 80%. DJIC. menoyHoro akkymyiasitopa paBHa npumepHo 1,3B, a
KIIJI ne mnpessimaer 60%. 3aro 3TH aKKyMyJsTOpPbl HE MOPTATCS IpH
KPAaTKOBPEMEHHOM KOPOTKOM 3aMbIKAHUM, JIETY€ CBUHIIOBBIX U HE BBIJEISAIOT
BpEHBIX MapOB U ra3oB.

2. O000meHHbIi 3aKk0H OMa.

PaccMotpum yuactok uenu, coaepxkammii IJ[C. Takoil yyacTok uenu

Ha3BIBACTCS HEOOHOPOOHbIM. (puc.21.5)

?, & I @, Paora A  Bcex cumn  (CTOPOHHHX W
o—| |_:|_° 3JIEKTPOCTATHYECKUX ), COBEPIIAEMAs HaJl HOCUTEIIAMU
P 3apsAfa 10 3aKOHY COXpaHEeHWs M  IIPEBPALIECHHs
SHEPIHU PaBHA KOJIUYECTBY
Puc.21.5

TernoThl (), BBLIEISIOIENCS HA yJaCcTKE LETH.
PaGota cui, coBepiaemasi pu NepeMEIeHUN 3aps/ia Ha y4acTKe IIeMH paBHA:

A=qé+q(p,—,).

3a Bpems Al B HpOBOIHUKE BBIAEIAETCS TEIIOTA:
O =1"RAt =IR(IAt)=IRq Taxxax O =4 THOJIYYHM:
IRg=qé+q(p,—p,) = IR=E+(p—9p,) =
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1=¢1_¢2+(é

R - 0000wennsil 3akon Oma.
3axkon Oma 011 noHoI yenu.

R Ha 3amkHyTO# 11en1 NOCTOSIHHOTO Toka (puc.21.6)
d—L"F— ¢ yuacrok uenu (¢ d) ABIAETCA OAHOPOIHBIM, yIACTOK

pm— y y
/ (a b), conepsxaumii ucrounuk Toka ¢ IJIC, paBHoii ¢
SABIISIETCS. HEOTHOPOIHBIM.

- | =y
al—— b ¥ - HympeHHee ConpomueieHue UCMOYHUKA MOKd.
¢ r
Puc.21.6
ITo 3akony Oma: IR=Ap.qy u Ir=A@yu+ €.

CnoxuB 00a paBeHCTBA, MOTYUHUM:
](R + I") = A(Pcd + A(Pab + & , HO A(Pcd = A(Pba =— A(Paba IIOTOMY
é

I= . - 3axoH Oma 0115 NOJHOU Uenu.:

R+r

Cuna moka 6 noJIHOU Yenu npsamo NPONOPYUOHAILHA INeKMPOOBUICY Ul CULe
UCMOYHUKA U 0OPAMHO NPONOPYUOHANbHA NOJIHOMY CONPOMUBLEHUIO Yenl.

Hcmounuk nocmoannozo moka 3pa3ﬂutmblxpeofcumaxpa6ombt.

E - HanpshkeHHOCTB DJIEKTPUYECKOrO MO BHYTpH Garapeu,

— —

F3 — OJJICKTpHUYCCKasA Cuia, FCT — CTOpPOHHAA CHIIA, ﬂeﬁCTByIOIIII/Ie Ha
IMOJIOKUTCIIBHBIC 3apsabl BHYTPpHU HCTOYHHKA.

1. Kopomkoe 3amvikanue.
Vuactok (a b) sBasercs BHyTPEHHMM y4acTKOM MCTOYHMKA. (puc.21.7)

Agp,, =0 Eciu Toukn @ u b 3aMKHYTH IIPOBOIHHUKOM,
b 5  CONPOTHBJIEHHE KOTOPOTO MalO IO CPAaBHEHHIO C
_I __<_|. BHYTPEHHMM CONpOTUBIeHHEM ucTouHnKa (R—0),
Fe; TOT/Ia B IIEMHU TOTEYET TOK:
> . Lo ==

I - mox xopomxozo samvixanus.
Puc.21.7

Cuna TOKa KOPOTKOIO 3aMBIKaHHsS — MAaKCHMaJIbHAas CWJIa TOKa, KOTOPYIO
MOKHO TOIYy4YHTh OT JAHHOTO HCTOYHHMKA C DIEKTPOABMKYLIEH cuioii ¢ wu
BHYTPEHHHM CONPOTHBJICHUEM /. Y HCTOYHHKOB C MajblM BHYTPEHHHUM
CONMPOTUBJIECHUEM TOK KOPOTKOTO 3aMbIKaHUS MOKET ObIThb OYEHb BEJIUK U BBI3BIBATH
pa3pyLIEHHE IEKTPUUECKON LENMU NI UCTOYHUKA.

B pexuMme KOpOTKOro 3aMblKaHUsl JJIEKTPUYECKOE IOJ€ BHYTpU Oarapeu
ucuesaer. [lokazanus BoIbTMETpa, MOAKIOYEHHOTO K 3aKMMaM MCTOYHUKA OJIM3KHU K
HYJIIO.
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2. Buewnsasn uenv pazomknyma.

A@m =& Ecnu BHEHIHSS nens pa30MKHYTAa,

B T L8 norcumaion va nomecss pasosasroi Soraper
>
For 4— pasna ee O/IC.

Puc.21.8

ITokazanust BOIBTMETpPA, MOAKIIOUYEHHOIO K 3aKMMaM MCTOYHHKA paBHbI D/[C

UCTOYHMKA & .
3. Buewnas yenb 3aMKHyma Ha HAZPYy304HOE CONPOMUEICHUE.

Ao, = E-Ir Ecii BHEIIHEE Harpy304HOE COMPOTHBIIEHUE
b — ﬁa 2 R Bximoueno u uepes Garapero mporekaer TOK 1,
- Pa3sHOCTh IIOTEHIMAJIOB Ha €€ MOJIKCaX CTAHOBUTCS
paBHOI
A(Pba =& —Ir.

[Tokazanus BOJIBTMCTDA, IIOAKJIFOYCHHOI'O K
3aKMMaM HCTOYHHUKA pPaBHBI HAIIPSAKCHUIO Ha

>/

BHCIIIHEM COIIPOTUBJIICHUU R
Puc.21.9 p

3. CoeaqnHeHHSI HCTOYHHKOB IOCTOSTHHOI'O TOKA.
DNeKTpUYecKass Ielb  MOXET  COJepkKaTh  HECKOJbKO  HCTOYHHMKOB,
COCIMHEHHBIX IMOCIE0BATEIBHO, MapaJlJIeIbHO WX cMemaHno. [Ipu aToM aercTBus
BCEX HCTOYHHUKOB TMPUHATO 3aMEHSATh OJIHUM HCTOYHUKOM, Ha3bIBAEMBIM
OKEUBANICHMHbIM, KOTOPBIA OyIET CO31aBaTh BO BHEIIHEM CONPOTUBIEHHH R Takoi
e TOK kak u Oarapes. Jlyist Bcex ciyuaeB coeauHenus DJIC 3akoH Oma MOXKHO

&,
R+r,

[Ipu nocnedosamenvnom COeOMHEHUU HECKOJIBKUX HCTOYHMKOB TOKa JJ[C
Bcell Oarapem paBHa aneeopauueckou cymme OJ[C OTHETBHBIX HMCTOYHUKOB:

puc.1321) & =E+E+.+E, wm €= D6
i=1

BryTtpennee conpoTuBieHue 6arapen paBHO:

3aIIucCaThb B BUJC:

N

Voo =7 15+ 1, wm T = 270
i=1
¢, « O/IC UCTOYHMKOB, KOTOpPHIE CaMU CO37aBajl Obl TOK
TOT0 K€ HalpaBJICHUS YTO U TOK B IIeNH OEPYT CO 3HAKOM
|— — -| «t»
OJIC  HUCTOYHMKOB KOTOpblE JaBaJiM  Obl  TOK
MPOTUBOMOJIOKHOTO HAMpPaBICHUS OEPYT CO 3HAKOM «-)

Hanpumep, 171 7aHHOTO pUCyHKA %ﬂi = %901 - %902 + gi, :

Puc.21.10
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& [lpu  napannensnom COCIMHCHUH  HECKOJIBKUX
1
— uctouHukoB (puc.21.11) Gatapero MOXXHO 3aMEHHUTh OIHUM
OKBHUBAJICHTHBIM HCTOYHUKOM KOTOPBIA OyAeT co3dgaBaTh BO
&, BHEIIHEM COIIPOTUBIIEHHU R Takol ske TOK Kak u Oarapesl.
1 l n
1 1 1 1 I 1
— =t —t.t— PP
IEG rsk rl 7'2 n i=1 1
n
[ n
' €.6.%, % Zé
X ne hoono T o i
L e

Puc. 21.11

4. IlpaBuiaa Kupxroda nisi pa3BeTBJIEHHBIX HeMNeil.

Jlis ympomieHusi pacdeToB CIOXKHBIX JIEKTPUUYECKUX IMEenel, coaepKalumx
HEOJIHOPOJIHbIE YYAaCTKH, HCHOJB3YIOTCS npasuna Kupxzoga, KOTOpbIE SBISIOTCA
00001eHneM 3akoHa OMa Ha city4ail pa3BeTBIEHHBIX LETEH.

Ilepeoe npasuno Kupxzoga.

B pa3BeTBIEHHBIX MLEMSIX MOXHO BBIACIUTH Y3106ble mouku (y3avl), B
KOTOPBIX CXOJSTCS HE MEHEee TpeX MPOBOAHUKOB. TOKH, BTEKAIOIIUE B y3€I, IPUHSITO

CUuTaTh IIOJIOKUTCIIbBHBIMHU, TOKH, BBITCKAIOIMMUC HN3 Yy3Jla — OTpHULATCIbHBIMH.

(puc.21.12)
Ilepsoe npasunio Kupxeogba:

11\\ /1: Aneebpauveckas cymma Cuil mMoOKO08 OJisl KAMCO020 V31a 8
pa36€m€ﬂ€HH01j yenu pasHa HYm10.

N\ —
T I Il+12+l3+...+ln—0.
2 4

Puc.21.12

[TepBoe mpasuiio Kupxroda siBnsiercs ciecTBUEM 3aKOHA COXPaHEHHUS
AJIEKTPUYECKOTO 3aps/ia.

Bmopoe npasuno Kupxzoga.

B pasBeTBieHHON IemM BCEr/ia MOKHO BBIJCIUTH HEKOTOPOE KOJIUYECTBO
3aMKHYTBIX TYyTeH (KOoHmypog), COCTOSILUX W3 OJHOPOJHBIX M HEOJHOPOIHBIX
y4acTkoB. Ha pa3HbIX yuacTkax BBIIEJICHHOTO KOHTYypa MOTYT IPOTEKaTh Pa3IMuHbIC
TokU. (puc.21.13)

b |ﬂ| +| 4= c Ilens, na puc.21.13, conepxurt n8a y3na a u d, B
— — | < KOTOPBIX CXOISTCS OOWHAKOBBIC TOKH; IIOITOMY
T / C_’: B :) /1l TOJIbKO OJWH U3 Y3JIOB SBJISIETCS HE3aBHCUMBIM
4 Re -1+ 4 (a unu d).
r—L1— V& — B 1enu MOXHO BBHIAENIUTH TpH KoHTypa abcd,
/2 N
T s () /3l adef m abcdef. 3 nux TONbKO 1Ba ABIAIOTCS
p Rs_ +| ¢ HesaBucuMbIMU (Hanpumep, abed u adef), Tax
— R e KaK TpPETUHW HE COJCPKUT HUKAKUX HOBBIX
Puc.21.13 YHACTIOR:
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Bmopoe npaeuno Kupxeogpa siBnsiercst cienctBueM OOOOIICHHOTO 3aKOHA
Oma. 3anuueMm o00OuIeHHBIM 3akoH OMa Juisi yYacTKOB, COCTABJISIIOLIUX KOHTYPBI
abcd wn adef. 3ananum npou3BONBLHO HanpasiieHHe 00x0/1a KOHTYpoB (Ha puc.21.13
no 4acoBoil cTpenke) Ha KkaxaoMm yuyacTKe HYXHO 3a/1aTh HOJIO0HCUMENbHOE
nanpaenenue moka. llpu 3amucu o6oOmenHoro 3akoHa Owma UIsl Kakaoro w3
YYaCTKOB COOIIOJAIOT «IIPABUIIA 3HAKOBY», KOTOPBIE MOSACHAOTCS Ha puc.21.14

obxopn obxon
——l ——
- + + -
= vk -
obxop obxop
R R
1} e T
— +R/ — - R/

Puc.21.14
Jlist yuacTKoB KoHTypa abcd 06061mennbiii 3akon OMa 3alMChIBAETCS B BUJIE:
Jlns yuactka be: LR = A@y,. — €,.
Jlns yuactka da: LR, = A@g, — &,
CkJtazpiBast JIeBbIC W TIPaBbIe YacCTH 3THX PABCHCTB M NMPHHHUMAas BO BHHUMAHHE, YTO
AQp. = — AQyq, , nomyunm:
LR + LRy =A@y + A@g, — & — & =& — &,
AHaJIOTMYHO, U1 KOHTYpa ddef MOKHO 3ammcarh:
~ LR, + LRy = & + €,

Bropoe mpasuno Kupxroda: areebpauueckas cymma  npoussedenuil
CONPOMUBNICHUL  KANHCO020 U3 YYACMKO8  JH00020  3AMKHYMO20  KOHMYpa
PA36emeIeHHoU Yenu NOoCMOsSIHHO20 MOKA HA CUNY MOKA HA IMOM Y4acmKe paéHa
anzceopauueckou cymme 3/]{C 60016 smoeo koumypa.

Takum oOpazom, mnpaBmina Kwupxroda cBoOmaT pacder pa3BETBICHHOU
AIEKTPUUECKON LETH K PEUICHUI0 CUCTEMbI JIMHEHHBIX alNre0panieckux ypaBHEHUH.

Jns  uenm, wu3o0OpaxkenHod Ha puc.21.13  cucrema ypaBHeHUW s
OTIpeJICIICHHs] TPEX HEM3BECTHBIX TOKOB /1, [, u I3 umeer Bu:

LR+ LR, =— ¢ — &,
— LRy + Ry = (Q@; + (Q@Z,

—11 +12+I3 =0.
Eciu B pPE3YIbTATC PCUICHUA CHJIa TOKAa Ha KaKOM-TO YYaCTKC OKa3bIBaCTCsA
OTpHHaTCHBHOﬁ, TO 3TO O3HA4YACT, YTO TOK HA 3TOM Y4YAaCTKC HACT B HAIIPABJICHUH,
MIPOTHUBOIIOJIO0KHOM BEIOPAHHOMY HAIPABIIECHUIO.

Mocm nocmoannozo moka Yumcmona. Jnd TOYHOTO U3MEPEHHUS
CONPOTHURJICHUN TPUMEHSIIOT METOJIbl MX CPaBHUBaHMS, HE TPeOyIOIIHEe HU3MEPECHHS
TOKa W HaNpsHKEHUs.
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Puc.21.15

N3smepsiemoe compoTuBieHne R, W Tpu ApYyrux

nepemennnix  comporuBiaenus R, R, Ry
BKJIIOYAIOTCS  TaK, 4YTOObl OHU  00Opa3oBalu
3aMKHYThIM 4YeTeipexyroibHuk ABCD. B onny
JIMaroHab YEThIPEXYTOJIbHUKA BKJIFOYAIOT
ranbBaHoMeTp G. B npyryro aumaroHaip yepes Kiou
K noaxmrouaror uctouHuk Toka. llpm 3ambikanun
xiroya K raneBanomerp B ydactke BD moxaxer
HaJu4yue TOKa, HO MOHO nogoOpaTh

conporusienus Ry, R; um R, Ttak, uroGnl
HOTEHIMANBI TOUeK B 1 D ObU1u paBHbL.

B sToM cnydae rambBaHOMETp HE MOKaKeT Hanuuue Toka. [lonmokeHue, mpu

KOTOPOM TOTeHIManbl Touek B u D paBHBl P = @p , omnpenenser paBHOBECHE
MocTa .PaBHOBecue 00yCiTaBIMBaET COOTHOIIICHHUE:

Py=Pp =Py~ Pp u Pg=Pc=Pp—Pc (4.3)

I, =1.+1,

I, =1.+1,

npu I=0 Ix=I,

12211 (44)

Beipaxxenue (4.3), nonp3ysach 3akoHOM OMa, MOKHO 3aMEHHUTD HA:

]XRX:I]RI u [0R0:]2R2

yuuThiBas (4.4), u pa3ieauB MOYIEHHO IEPBOE PABEHCTBO HA BTOPOE,

ITOJTYYNM:

Rl
Ry = ROR_2 (4.5)

3nas conporusienus Ry, R; u R, no popmyie (4.5) moxuo naiitu

conporusienne Ry

5. Pa6oTa 1 MOIIHOCTH TOKA.

[Ipy mpoTekaHuy TOKa MO OAHOPOAHOMY YYACTKY LIENH JJIEKTPUYECKOE I10JIE

coBepiaet padory. 3a Bpemst At o nenu nporekaer 3apsin Ag = IAt.
AA = (91 — 02)Ag = Ap,IAt = UIAt, tne U = A@y, — nanpsikenue.
Pa6ory AA Ha3bIBAIOT padomoii 31eKmpuiecKozo nokKa.

[Mpumensis 3akoH OMa NOJTyYrM SKBUBAJIEHTHBIE (POPMYIIbI PAOOTHI:

UZ

AA = ITUAt = I*RAt = ?At

Pa6ora AA onexTpudeckoro Toka [, NMPOTEKAIOIIETO IO HEMOIBHKHOMY
IPOBOJIHKUKY C comnpoTusieHneM R, nmpeoOpasyercs B temio AQ, Buiaesstomeecs Ha

MPOBOHUKE AQ=AA= RPAt.
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3akoH mpeoOpa3zoBaHusi pabOThl TOKAa B TEIUIO ObUT HKCIEPUMEHTAIBLHO
YCTaHOBJIEH He3aBUCUMO npyr oT apyra Jx. [xoynem m 3. JleHuem u HOCHUT
Ha3BaHue 3akona /Pcoyna —/lenuya.

MOIIHOCTh 3JIEKTPUYECKOr0 TOKA paBHAa OTHOLIEHHIO paboThl Toka AA K
uHTepBay Bpemenu Af, 3a KoTopoe 3Ta pabora Oblila COBEpIIEHA:

2
p=BA_yoppY
At R -

PaGora anexrpuyeckoro Toka B CU Beipaxaetcs B 0#coyaax (/{oxc),

MOLIHOCTh — B 6ammax (Bm).
PaccMOTpUM  Temeph TOJHYIO IIEMb MOCTOSHHOTO TOKA, COCTOSILIYID W3

MCTOYHUKA C DIEKTPOIABWKYLIEH CHIOH ¢ WM BHYTPEHHHM CONPOTUBJICHUEM 7 M
BHELIHETO OJHOPOJIHOIO ydacTka ¢ comporuBienrneM R. 3akon Oma Juis MOJHON
nenu 3anuceiBaercs B Buge (R +r)[= €.

VMmuoxkuB 00e wactu 9r1oii  Qopmynsr Ha Ag =TIAt, wme mOMYUYNM
COOTHOILIEHHE, BBIPAXKAIONIEE 3aKOH COXPAaHEHHs OHEPTUM [UIs TIOJHOM Ienu

MOCTOSIHHOTO TOKA: RPAt + rPAt= € 1At = AA.,.

I[TepBoe ciaraemoe B sieBoit yactu AQ = RPAt — remno, Bbiessiomeecs: Ha
BHEIIHEM ydacTke nenu 3a Bpems Af, Bropoe cinaraemoe AQyc, = rIPAt — Temo,
BHIICIISAIONIEECs BHYTPM MCTOYHMKA 3a TO ke Bpems. Beipaxenue ¢ IAf pasHO
pabore ctoponnux cun AA ., IEHCTBYIOIMUX BHYTPU HCTOYHHUKA.

Ilpu npomexanuu >1eKMpuULECcKo20 MOKA NO 3AMKHYMOU yenu paboma
cmoponnux cun AA.,, npeobpazyemcs 6 menio, évldensoweecs 60 6HewHel yenu
(AQ) u srympu ucmounura (AQ ). AQ + AQyer = A = € IAL

BHemHsis 1mens MOXET MPENCTaBJIsITh CO0OM HE TOJBKO MPOBOJHUK C
comnpotuBicHueM R, HO M KakKoe-TMOO YCTPOWCTBO, MOTPEOISAIONIEE MOIIHOCTS,
HaIpUMEp, DJIEKTPOJBHUIATENb MOCTOSHHOIO TOKAa. B sToM ciyuae mog R HyXHO
IIOHUMATh OKGUEALCHMHOE CONPOMUGTIEHUE HAZPY3KU. DHEPIUs, BBIAEIAEMas BO
BHEIIHEN LIENU, MOKET YACTUYHO UIIM IOJHOCTBIO MPEOOPa30BLIBATECA HE TOJILKO B
TEINIO, HO M B JPYrM€ BHIbl DHEPIUM, HAaNpPUMEpP, B MEXAaHHYECKYIO paboTy,
COBEPLIAEMYIO DJIEKTPOJBUIATEIIEM.

[TonHass MOLIHOCTH MCTOYHHKA, TO €CTh PadoTa, COBEpIIaeMas CTOPOHHHUMHM

%2
CHJIAMHM 3a €IMHHUILy BPEMEHH, paBHA! P, = ¢l = )
’ R+r
E*R
y P=RI’=¢]—r]" =————
BO BHCIIIHEU L CIIU BBIACIIACTCA MOIIIHOCTD: (R + 7')2 .
P B P 1 r I R
Ornowenne /1= P paBHOE n= P - _% T Rir

HA3BIBACTCS KOO PUuyueHmom noie3Hoco 0etucmeus UCMoyHUKd.
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3HayeHue TOKa, IMpU  KOTOPOM  TOJIE3HAs  MOIIHOCTb  NPUHHAMAET
MAaKCUMAJIBHYIO BEJIMYMHY MOKHO HAUTH B351B IPOU3BOJHYIO BBIPAKECHUS:

d)
P=&I-rF u npupasHsB ee K Hymo: ¢ -2r[=0 orcrona: L = 2

Tok B nenu MoxkeT uzMeHaThes B npeaenax or 1 =0 (mpu R =0) no

I = ]K3 - .
r
1 Ha puc. 21.16 rpaduuecku
n fhB.=¢l TIPE/ICTABJIEHBI 3aBUCUMOCTH
P =& —r]? MOIIHOCTH UCTOYHMKA Py ,
EJArl—— L3 HoJse3HoM MomHocTu P,
0.5--- - BBIJICJISIEMOM BO BHEIITHEH 1ICMH, U
§ \ : Kod(ppuIIMeHTa TIOJIE3HOTO JEHCTBUS
- : # OT TOKa B 1ienu [ I HICTOYHHKA C
Q§ 1 DJIC, paBHoii € , ¥ BHYTpEHHUM

0o—/] | = &2r 1 = ¢/r COIIPOTUBIICHUEM 7.

Puc.21.16
W3 npuBeneHHbIX TpadUKOB BUIHO, UYTO MAaKCHUMaJlbHAasi MOILHOCTh BO

p €

BHEIIHEN 1enu P,y , paBHAsS max — 4, JOCTHTAeTCS npn R=r.

1 é

IIpu 5TOM TOK B 1IETIH L = 5 K3 ; a KIIJ] ucrounuka pasen 50 %.

Maxkcumanbnoe 3nadenre KITJ[ ucrounuka gocturaercs npu [ — 0, 1. e. npu

R — o0. B ciyuae koporkoro 3ambikanus mojie3Has wmomqHocth P =0 u Bes
MOIIHOCTh BBIJCISCTCSA BHYTPH MCTOYHHMKA, YTO MOXET IIPUBECTH K €0 MEPErPeBy H
paspymienuro. KITJ[ ucrounuka mpu 3ToM oOpariaeTcs B HyJIb.

KoHTpoJibHBIE BONIPOCHI
. Kakue cuiibl Ha3pIBalOTCA CTOPOHHUMU? B KakuX yCcTpoicTBaX OHU BOZHUKAIOT?
. Uro Ha3zpiBaeTcs DJ{C ucTouHuka, U B KAKUX €JUHULIAX OHA U3MepseTCsi?
. Chopmynupyiite 060011eHHbIH 3akoH OMa IS [IeMU TOCTOSTHHOTO TOKA.
. Uemy paBeH TOK KOPOTKOTO 3aMbIKaHUs U KOTJ]a OHO BOSHUKACT?
. IIpu Kakux yCIOBUAX Pa3HOCTh MOTEHIIMAIIOB MOJIOCOB 3J1eMeHTa paBHa ero DC?
. Kak Beruncnsierca 9/1C 3KkBUBaIEHTHOI'O UCTOYHUKA MPU MOCIEAOBATEILHOM U
napajiyieIbHOM COETMHEHUU UCTOYHUKOB ?
. Chopmynupyitte npaBuia Kupxroda ams pacyera 3JIeKTPHUUESCKUX TETEH.
. [IpuBeaute GpopmyIibl paboTHI M MOIITHOCTH TOKA. B KakuX eMHUIIAX OHU U3MEPSIIOTCS?
9. O0BsCHUTE 3aBUCUMOCTH MOJIE3HON MOILIHOCTH OT CHJIbI TOKa. [Tpu kako# cuiie Toka oHa
MakcuMasbHa?
10. Yro naswiBaetcsa KIIJI ucrounuka toka ?
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Tema 22: DJIEKTPUUECKHHA TOK B PA3JIMYHBIX CPEJAX.

1. DneKTpUYECKUl TOK B AJEKTPOIUTAX.
2. DNEKTPUYECKU TOK B razax.
3. DIEKTpUYECKUil TOK B BaKyyMe.

1. DieKkTpuYecKHuii TOK B JJIEKTPOJIUTAX.

dnekmponumamu HAaA3bl8AIOMC INEKMPONPOBOOawue Ccpeovl, 8 KOMOpPbIX
npomeKaHue dJIeKmpuieckoc0 moKd CONPOBOHNCOAEMC NEePEHOCOM Beujecmad.
Hocutensimu cBOOOIHBIX 3apsfoB B DJCKTPOJIUTAX SBISIOTCS IOJIOKHUTEIBHO H
OTpHUIIATEIBHO 3apshKeHHBbIC MOHBI. OCHOBHBIMH MPEACTABUTEISIMU DJICKTPOJIUTOB,
ABIISIIOTCSL 80OHblE PACMBOPbI HEeOp2aHUYyecKux Kucaiom, coneu u ocHosauuu. K
AJNIEKTPOJIUTAM OTHOCATCA TAaK)K€ MHOTHE COCIMHEHHS METaJUIOB B paCIlJIaBJICHHOM
COCTOSIHHH.

[IpoxokieHne SIEKTPUYECKOrO0 TOKA Yepe3 DJIEKTPOJIUT COMPOBOKIACTCS
BBIJICICHHEM BEIIECTB HA DJJIEKTpPOoJax. OTO SBJICHUE TMOJIYYWUIO HAa3BaHUE
anekmpoau3a. (puc.22.1)

DNEKTPUYECKU TOK B DJIEKTPOJIMTAX MPEACTABISIET COOOM YMOPSAOYEHHOE
NepPEeMEIICHIE HOHOB 000MX 3HAKOB B MPOTHBOTIONOKHBIX HAMPABIICHUSX.
[TomoxuTenpbHBIE  MOHBI  JABUKYTCA K
aHoA, KaToA  orpullaTeIbHOMY  3JIEKTPOAY (kamoay),
OTPHUIIATETLHBIC MOHBI — K TIOJOXKHUTEILHOMY
AIEKTPOAY (ano00y). [TosToMmy, OHU
HA3BIBAIOTCS  KaTHOHAMM W aHWOHAMH
COOTBETCTBEHHO.

HNonsl 000uX 3HAKOB MOSABISIIOTCS B
BOJHBIX pPacTBOpax COJIeH, KUCIOT U IeIouen
B pe3ynbTaTe pacuierieHus 4acTu
Puc.22.1 HEUTPAIBHBIX MOJIEKYIL.

OTO sBIEHUE HA3BIBACTCA dJeKkmpoaumuyeckou ouccoyuayuei. Hampumep,

xsiopua meau CuCl, nucconuupyer B BOIHOM PacTBOPE Ha HOHBI MEIIM M XJIOPA:
—> 2+ -
CuCl, 2 Cu™ +2CI"

JIOCTHIHYB KaTo/a, MOHbI MEIX HEUTPAIM3YOTCS N30BITOYHBIMH DJIEKTPOHAMHU
KaTo/a U IPEBPAILAOTCS B HEWTPaIbHBIE aTOMBI, OCEAAIONIME Ha Karoae. Hanpumep,
MOHBI XJI0pa, JOCTHIHYB aHO/a, OTAAIOT 110 OJHOMY JJIEKTPOHY, HEUTPAIBLHBIE ATOMEI
XJIOpa COEMMHAIOTCS MONApHO U 00pasyror Monekyisl xaopa Cly. Xnop Beigensercs
Ha aHOJE B BUJIE My3bIPHKOB.

Bo MHOIMX CIy4asiX 3JIEKTPOJIH3 COIPOBOXKIACTCH 6MOPUUHBIMU PEaAKYUAMU
IPOIYKTOB PA3JIOKEHNs, BBIICIAIONMXCSA Ha DIEKTPOAAX, C MATEPUAIIOM JJIEKTPOIOB
WIM pacTBOpUTENEi. IIpUMEPOM MOXKET CIYXKUTh SJIEKTPOJIHM3 BOAHOIO PacTBOpA
cynmspara menu CuSQO,; (Menublii Kymopoc) B TOM clydae, KOTAa DJIEKTPOJIBIL,
OIYILEHHBIE B DIEKTPOJIMT, U3TOTOBJIEHBI M3 MeIH. Jlucconuays MOJIEKYII Cylib(ara

—> 2+ -
MEIX MPOUCXOIUT II0 CXEME: CuSO4 «— Cu™ + SOj .
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HeuTpanpHble aTOMBI MEIM OTJIArarOTCs B BHJE TBEPAOTO OCAaJKa HA KaTOHE.

2
Takum IIYTEM MOJKHO ITIOJYYHUTh XUMHUYCCKHU YHUCTYIO MCIb. Hon SO4 OTHAaCT aHOAY

JBa DIEKTPOHA W MpeBpamiaercss B HelrpansHbiii pagukan SO, BCTymaer BoO
BTOPUYHYIO PEAKIIUIO C METHBIM aHOJIOM:
SO, + Cu = CuSO,.

OO0pa3oBagiasics MOJIEKyJia CyibdaTa MEAN MEPEXOIUT B PACTBOD.

Takum o0OpazoM, HpHU MPOXOXKIECHUU DIICKTPUUECKOTO TOKa 4Yepe3 BOJHBIM
pacTBOp cyib(dara Meau MPOWCXOAUT PACTBOPEHHE MEIHOTO aHOMA M OTJIOKCHUE
Mean Ha katonae. KoHreHTparus pactBopa cyibdara MeIu Mpu 3TOM HE U3MEHSIETCS.

3axon @apaodesn (aurn., 1833 r.).

Macca éewecmea m, gvioenusuiecocs 8 npoyecce 1eKmpoau3a Ha 21eKmpoaoe,
npsmo nponopyuonanbia zapady Q, npowedwemy uepes d1eKmposum.:

m = kQ = kit.

Bennurny A Ha3BIBAIOT 9/1€KMPOXUMUYECKUM IKEUBANEHIMOM.

Macca BBIIETUBIIErOCS Ha JJIEKTPOJE BEIIECTBA paBHA Macce BCEX HMOHOB,
m =m0N=m02=%It
4 9o

IPUIIEANINX K DJIEKTPOY:

3necy My U o — Macca W 3apsAl OJHOTO HOHA, N===_ YUCJIO MOHOB,
0

NPUILEANIMX K DJIEKTPOIY TPU HPOXOXKIAECHUU yepe3 dnekrpoiut 3apsaga (. Takum
00pa3oM, DJIEKTPOXUMHUYECKHMI DKBUBAJIEHT K paBEeH OTHOIIEHUIO MAacChl /1) MOHA
JAHHOT'O BELIECTBA K €ro 3apsny (.

Tak kak 3apsii MOHA paBEH MPOU3BEICHUIO BAJIEHTHOCTH BEIIeCTBAa /X Ha

SJeMeHTapHbId 3apsy e (go = 7ne), TO BBIPAKEHUE JUIS DIEKTPOXUMUYECKOTO
I k:mozmoNA:L.ﬂ
OKBHBAJICHTA K MOXKHO 3aIlnuCaTtb B BUC:
a q neN, F n>

31ech: N — mocTostHHAsT ABOTapo,

H - moN A — MonpHas Macca BELIECTBA,

n

II 3akon @apadesa: DnexmpoxumuyecKuii SKEUSANEHM 6EUecmea NPAMO

NPONOPYUOHANEH XUMUYECKOMY IKEUBANEHNY, MO eCilb
X
k~x unu k = -

F = eNy —nocmoannas ®apades. F=eN,= 96485 Kn/ monw.

Iocmosannas @apades uucienno paena 3apady, KOMOpbvll HeobX00UMo
nponycmume 4epe3 d1eKmpoium Olis 6blOeNeHUs HA 2NeKMpooe MAcCChbl 6eujecmed,
YUCTIEHHO PABHOTL XUMUYECKOMY IKEUEALCHNTY D020 6EUeCEq.

. XMMHUYECKUN SKBUBAJICHT BEIIECTBA.
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SIS

1
3akon Dapajes I dIEKTpoau3a nmpuobperaer Bum: M = ol

Ilpumenenusn snekmponusa.

1. TI'anveanocmezus. INEKTPOIUTUYECKAM ITyTEM NOKPBIBAKOT IOBEPXHOCTH
OJTHOTO MeTajyla TOHKUM CJIOEM Jpyroro (HMKEJIMPOBAHHME, XPOMHPOBAHUE,
OMEIHEHHE U T.IL.). DTO IIPOYHOE MOKPBITHE 3AILUIIAET [IOBEPXHOCTh OT KOPPO3HUH a
TaK ke B JICKOPATUBHBIX IIEJIAX (30J10TO, CEpeOpo, TIaTHHA).

2. Tanveanonnacmuka. Ilpoyecc nonyuenus omcraueaemvix HNOKPbIMULL
Ha3zvleaemcs  2anveanmonaacmuxa. Ecnu  TOpUHATH Mepel K TOMY, YTOOBI
IIEKTPOIUTHYECKOE OKPBITHE XOPOUIO OTCIAUBAJIOCh OT OBEPXHOCTH, HA KOTOPYIO
OCaXAANCsA METaUT (3TOr0 JIOCTHraloT, HAIPUMEP, HAHOCS HAa MOBEPXHOCTH TpaduT),
MOXHO TIOJly4UTh KOINHIO C pelibe@HOM MoBepXxHOCTU. B monurpaduueckoit
IPOMBIIIEHHOCTH TaKU€ KOMUHM (CTEPEOTHIIbI) OJYyYarOT C MaTpHuIl (OTTUCKA Habopa
Ha IJIACTUYHOM Matepuaiie). [[is 3Toro ocaxaaroT Ha MaTpullaXx TOJICTBIM CJIOM
JKeJes3a WIK Ipyroro Marepuaia.

3. Pagpunupoeanue. llpu nomommy >3J€KTPOJIA3A OCYIIECTBISIIOT OYHMCTKY
METaJUIOB OT Ipumecei. Tak, MOIy4YeHHY0 U3 pyAbl HEOUHUIIEHHYO MEJb OTIUBAIOT
B (hOpM€ TOJICTBIX JIMCTOB, KOTOPBIE 3aT€M MOMEIAIOT B BAHHY B KaueCTBE aHOJIOB.
ITpu 3nekTponM3e Menb aHOJa PacTBOPSIETCS, HMPHUMECH, COJEp)KAllHUE LIEHHbIE U
peaKre MeTajulbl, BBIIAIAa0T Ha JTHO, a Ha KaTOJE OCEAET YUCTAsI ME/Ib.

4. Memannypzus. [Ipu momMoIIM 3JEKTPOIU3A MOIYYaAOT AIIOMHUHUMN, HATPH,
MarHuii, OepwIMi U Apyrue MeTajulbl M3 paciuiaBoB pyA. MIMEHHO 3TOT crnocod
MOJTyYeHUS] aJTIOMUHUS U3 OOKCHTOB CJENajl €ro JICHIEBBIM M PACIPOCTPAHCHHBIM B
TEXHHUKE U OBITY METAJIOM.

2. DJIeKTPUYECKHU TOK B ra3zax.

Honuzayusn 2azoe. llponecc npoTekaHus TOKa 4epe3 ra3 Has3bIBAIOT 2A306bIM
paspsoom. IIpu KOMHATHON Temneparype BO3AyX IUIOXOW MPOBOJIHUK, TaK KaK ra3bl
COCTOAT W3 HEUTPAJIbHBIX aTOMOB WJIM MOJIEKYJI, M CIEJOBATENIbHO, SBISIOTCA
JUDJIEKTPUKAMHU.

(38 BcenmenctBue HarpeBaHWs WM BO3ACHCTBUS — HM3JITY4YCHUS
K (yneTpaduosieToBOro, pPEHTIEHOBCKOTO, PaJUOAaKTUBHOTO W JIp.)
0 YacTh AaTOMOB HWOHHU3YETCS - paclajgaetcs Ha NOJ0NCUMETbHO
3apPAACEHHbIE UOHBL U DNeKMPOHDIL.
-e
C\ -8 B raze Moryt 00pa3oBbIBATbCS U ompuyamevbHvle UOHbL, OHU
[MOSBIISFOTCS Omarogapss ~ IPUCOCAUHEHUIO AIICKTPOHOB K
O/ HEUTPAIIBHBIM aTOMaM. (puc.22.2)
Puc.22.2

Wonwuzanus ra3oB pu HarpeBaHUM 0OBSICHIETCS TEM, UTO 110 MEPE HarpeBaHUs
MOJIEKYNbl JBUXKYTCS ObicTpee. I[Ipm 3TOM HEKOTOpblE MOJEKYJIbl HAYUHAIOT
JBUTATbCS TaK OBICTPO, YTO YAaCThb M3 HUX IPU CTOJKHOBEHMSX pacnaaaercs,
npeBpamiasich B MIOHBL. YeM BbIIIe TeMIepaTypa, TeM OOJIbIIe 00pa3yeTcsi HOHOB.
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IIpoeooumocms 2a306. B Ta3zax coyeTaercs JJIEKTPOHHAS NPOBOJUMOCTb,
noAoOHasi TMPOBOAUMOCTH META/VIOB, C HOHHOW MPOBOJUMOCTHIO, TOIO0O0HOM
IIPOBOJAMUMOCTH BOAHBIX PACTBOPOB MJIM PACIUIABOB 3JEKTPOJIIUTOB.

Pexomobunayusa. Ilpn cOMMKEHUN 3JIEKTPOHA U TOJOXKUTEIBHO 3apsKEHHOTO
MOHA OHM MOTYT BHOBb 0Opa30BaTh HEUTPAIbHBIA aTOM, TaKOW MpOlecC Ha3bIBAIOT
pexomobuHayueil.

HecamocmoamenwvHulil pa3po.

Jns uccnmenoBaHus paspsaa B rase IIpu
Pa3JIMYHBIX AABJICHUAX UCIOJB3YIOT CTEKISHHYIO
TPYOKY C IBYMsI METAJUNIMYECKUMH 3JIEKTPOIAMHU.

@ C momouIpl0 Kakoro-mubo HMOHM3ATOpa B Tase

oOpa3yeTcs B CEKYHIy OMpPEEICHHOE YUCIIO Map
o O 3apsHKCHHBIX YaCTHIl: TOJIOKHUTEIBHBIX HOHOB U
+ —

Puc.22.3 DJIEKTPOHOB. (prc.22.3)

[Ipu HEOONBIIONW Pa3HOCTH TOTCHIIMAIOB, MEXIY »JJICKTPOJaMH TPyOKH
TIOJIOKUTENBHO 3apsHKEHHBIC MOHBI IIEPEMEIIAIOTCS K OTPHUIIATEIILHOMY JJICKTPOAY, a
AJIEKTPOHBI M OTPUIATEIILHO 3apsHKEHHBIC MOHBI - K MOJIOXKHUTEILHOMY 3JIEKTpoay. B
pe3ynbraTte B TpyOKe BO3HUKAET JJCKTPHUECKUW TOK, T. €. MPOMCXOIUT Ta30BbIH
paspsan. He Bce oOpasyroommecss HOHBI JOCTHTAIOT JJIEKTPOJOB: YacTh HX
BOCCOEIUHSIETCS (PEKOMOMHUPYET), 00pa3ysi HEHTPATbHBIE MOJIEKYJIBI.

[To mepe yBenuueHUs: pa3HOCTH MOTEHIIMATIOB MEXKIY SJEKTPOJaMH TPYOKH,
TIOJIST 3aPSDKEHHBIX YaCTHII, TOCTUTAIONINX JIEKTPOIOB, YBEIIMUNBACTCS.

! Bo3spacraet u cuna Toka B nenu. (puc.22.4)

HaCTynaeT MOMCHT, IIpHU KOTOPOM BCC 3aPSAKCHHBIC
HJaCTHUIbI, 06p8.3y1-0HII/IGC5I B B TIa3¢ 3a CCKyHOY,
AOCTUTAIOT 3a 3TO BPCMA JJICKTPOIOB.

0 > U
Puc.22.4

JlanpHeliero pocrta Toka He NPOUCXOIUT, TOK JOCTUTAET HACHIUJEHUS.

Ecnu neiicTBue moHM3aTOpa MpeKpallaercs, TO NpeKpaniaeTcs U paspsi, Tak
KaK JPYTUX UCTOYHUKOB MOHOB HET.

Hecamocmosimenvubim pazpsaoom Hazwieaom 2a3oewvii pa3pso, npoucxoosujuil
npU NOCMOSHHO OelCm8Youem GHeuwHeM UOHU3Amope.

Camocmoamenwvuwtii  paspad. llpy [anpHEWIIEeM YBEJIMYEHUM PA3HOCTU

MOTEHUHUAJIOB MEXKIY 3JIEKTPOJaMH HAUMHAS C HEKOTOPOrO 3HAYEHUS HaIPSIKECHHUS,
CuJIa TOKa CHOBa Bo3pactaer (puc.22.5).
I, OTO O03HaA4YaeT, 4YTO B Tra3e MHOIBISIOTCI
JIOTIOJIHUTENbHBIE HOHBI CBEPX TEX, KOTOpBIE
oOpa3yroTcs 3a cuer AeicTBusi monnsaropa. Cumna
TOKA MOJKET BO3PAacTU B COTHU U THICSYM pa3, a
YUCJIO HWOHOB, BO3HHUKAIOIIMX B  Mpolecce
paspsia, MOXKET CTaTh TaKUM OOJBIINM, YTO
BHEIITHUY MOHU3ATOP Oy/IET yKEe HE HYKEH.

0 > U
Puc.22.5
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Ecnu tenepp yOpaTh BHEIIHUN HOHU3ATOP, TOK HE MPEKPATUTCS.

CamocmosamenbHbiM pa3psaoom HA3bIEAIOM 2A308bll pa3psao NPOUCXO0AWULL 8
OMCymcmeuu 6HeuHe20 UOHU3amopa.

[IpyuriHaMu PE3KOro YBEJIWYEHUS CUJIBI TOKA TpHU OONBIIMX HAMPSKEHUSX
SIBIIIFOTCS. UOHU3AYUS IJIEKMPOHHBIM YOAPOM U IMUCCUS INEKMPOHO8 C KAmood.

Honuzauyua 3rnekmpounwtit yoapom. CBOOOJIHBIA 3IIEKTPOH JBHKETCS K
MOJIOKUTEIIbHOMY 3JIEKTPOJY - aHOJy, a MOJIOKUTEIbHbIH MOH — K Karonay. Ha
CBOEM IIyTH JJIEKTPOH BCTPEYAET MOHBI M HEUTpalibHbIE aTOMbl. B mpomexyTkax
MEXIy JIByMs TOCJEIOBAaTECIbHBIMU  CTOJKHOBEHUSMH OJHEPrUs  AJIEKTPOHA
YBEIIMYUBACTCS 32 CUET PabOThl CHJI dJIEKTpUUECKOTro mosisi. Yem OosbIie pasHOCTh
MOTEHIIUAJIOB MEXIY 3JIEKTPOJaMH, TeM OOJIbIIE HAMPSIKEHHOCTh JJICKTPUUYECKOTO
noysi. Kunernueckass »HEprus dJEKTpPOHA Tepe]] OuYepeaHBIM CTOJKHOBEHUEM

MpoIopuroOHaJIbHA HAIIPAKCHHOCTH ITOJIA U JJIMHC CBO60,IIHOFO Hp06era QJICKTPOHA:

mo* mo’

— Tl e 2 A,
T... KWUHETHYECKas DHEPTHsl DSJEKTPOHA TMPEBOCXOMUT pPaboTy A; HOHU3AIMH
HEUTPAILHOTO aTOMa, TO TPH CTOJKHOBEHWW D3JIEKTPOHA C ATOMOM ITPOHUCXOJHT
MOHU3AIUs MOJIEKYJIbI ra3a. (puc.22.6)
-6 _e O/ B pesympraTe BMECTO OJHOTO  3JEKTPOHA
C\ _g BO3HMKAIOT JIBa (HAJCTAIONINI U BHIPBAHHBIA U3 aTOMA).
p Oo OnHu, B CBOIO OYepe/b, MOJYYAOT SHEPTHIO B IIOJIC U
.-6 WOHHU3YIOT BCTPEYHBIC aTOMBI U T. JI. YHCITIO 3apsHKCHHBIX
YaCTHI] HapacTaeT, BOZHUKACT 3JICKTPOHHAs JaBUHA.

Puc.22.6

IIpoyecc nasvigaemcs uonuzayueti 31eKmMpPOHHbIM YOAPOM.

OnHa noHM3aIus JIEKTPOHHBIM yAapOM HE MOXET 00€CTIeYUTh MOAACPKaHUs
CaMOCTOSITENILHOTO pa3psijia, TaK KaK BCE BO3HUKAIOIIME JJIEKTPOHBI ABUKYTCS IO
HaIPaBJICHUIO K aHOY U IO JOCTI)KEHUU aHO/a «BBIOBIBAIOT U3 UTPhI».

Imuccun rnekmponoe ¢ kamooa. Jlna mnojaepkaHus paspsia HeE0OXoauma
sMuccHs (HMCITyCKaHWE) 3JIEKTPOHOB C KaToda. DMHUCCHS DJICKTPOHOB MOXKET OBIThH
00yCIIOBIIeHa HECKOJIBKIUMH MPUYNHAMU.

[TonoxutenbHble UOHBI, IPU CBOEM JIBHXKEHUHU K KaTOAY, MPUOOPETAIOT MOJ
JEHCTBUEM TIOJIST OOJBIITYI0 KHHETUYECKYI0 dHepruto. [Ipu ymapax ObBICTPHIX HOHOB O
KaTOJl C TOBEPXHOCTH KaTO/1a BLIOUBAIOTCS 3JIEKTPOHBI.

Ecnau sHeprus MOHOB HE CIMIIKOM BEJIMKA, TO BBIOMBAHUS AJIEKTPOHOB C
KaToJla HE MPOUCXOAUT U JICKTPOHBI UCITYCKAIOTCS BCICICTBUE MEPMOINEKMPOHHOU
IMUCCUU.

TepmoanekmpoHHOU IMUccUell Ha3vleaemcs NPOYecc UCHYCKAHUSL IIeKMPOHO8
pazozpemvim KamoooM.

[Ipu camocTosiTeIbHOM pa3psific HarpeB Katroja MOXKET MPOUCXOJUTh 3a CUET
O0MOapAMPOBKH €r0 MOJIOKUTEIHHBIMA NOHAMH, TAK K€ B PE3yJIbTATE MPSMOTO HIIU
KOCBEHHOT'O HaKaJIMBaHUS KaToa.
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Paznuunsie munvi camocmoamenbHo20 pa3paoa:
Therowuii pazpao. CaMOCTOSTENbHBIA Ta30BbI pa3ps] MNPOUCXOIUT MpHU

pemonmennu  cootnomerus  €ET 2 Al- . W3 dopmynsl cruemyer, 4TO
CaMOCTOSITeTILHBIN pa3ps]i MOXKHO TMOJYYUTh JBYMs MYTSIMHU: JHOO yBEIUYUBATH

HANPSUKEHHOCTh £ 1o nmubo yBelnnuuBath UIMHY CBOOOAHOro npodera /. UtoObl
YBEJIUYUTh JIJIMHY CBOOOJHOTO MpoOera 3apssKeHHBIX YacTUIl B raze, HeoOXOauMO
YMEHBIIIUTh JaBjieHuEe Tra3a (paspeauTsh raz). [lpum manbpix naBieHUsIX (IecATble U
COThIE JOJIM MUJUIMMETpa PTYTHOro cToi0a) B TpyOke HaOMIOmaeTcs TICIOIMIUM
paspsill MpU JOCTATOYHO HU3KUX HANPSDKEHUSIX MEXIY d3JIEKTpoAaMH (HECKOJIBKO
COTEH W MeHblle BoJbT). [lpu TrieromeM paspsiie modtu Besd TpyOka, 3a
UCKITIOUCHHEM HEOOJBIIOTO Y4YacTKa BO3JIeé KarojAa, 3arlojHEHA OJHOPOIHBIM
CBEUCHUEM, HA3BIBAEMBIM IMOJOXKUTEIBHBIM CTOJNIOOM. ['a3 HA TEeMHOM KaTOAHOM
IPOCTPAHCTBE HE CBETUTCS TaK KakK OJJIEKTPOHBI €Ile He NPHOOpeNd HSHEPTruu
JOCTATOYHOM ISl MIOHU3AIUU MOJIEKYII.

Inekmpuueckasa Oyza. Ilpu CONPUKOCHOBEHUM JIBYX YTOJbHBIX CTEPKHEU B
MECTE WX KOHTaKTa BBIIETSETCS OOJBIINOE KOJUYECTBO TEIUIOTHI M3-3a OOJBIIOTO
CONPOTUBJICHUSI KOHTAaKTa. TeMreparypa MOBBIIIAETCS HACTOJIbKO, YTO HAYMHAETCS
TEPMORJICKTPOHHASI YMUCCHSI C TIOBEPXHOCTEN CTEPIKHEH, a TaK K€ MOHU3AIUs CI0CB
BO3/yxXa B OJIM3M KOHTAaKTa JJIEKTPOJOB. BclencTtBue 3TOro mnpu pa3ABUIKEHUU
YTOJIbHBIX DJIEKTPOJIOB MEXIY HUMU HAYMHACTCS pas3psia. Mexay yrisMu BO3HUKAET
CTOJIO SIPKO CBETSIIErocs rasa - ajekTpuueckas ayra. [I[poBoaumocTs raza B 3TOM
cllyyae 3HayuTelNbHA W MPHU aTMOC(PEPHOM JABJIECHUHU, TaK KaK YUCIO DJIEKTPOHOB,
UCITyCKAaE€MbIX OTPHIIATEIbHBIM 3JIEKTPOJIOM, OUeHb BelnKo. Cuiia TOKa B HEOOJIbIION
Jyre JTOCTUTACT HECKOJIBKUX aMIiep, a B OOJBIINX Jyrax - HECKOJIBKUX COTEH amIep
IIPU Pa3HOCTHU MOTEHUHANIOB nopsiaka 50 B.

JlyroBou pa3psig - MOLIHBIA KICTOYHUK CBETA, €r0 UCIIOJIb3YIOT B MIPOKEKTOPAX,
MPOCKUMOHHBIX allapaTrax U KWHoAalmaparax. B MeTaiypruu mupoKo NPUMEHSIOT
AJEKTPOIEYH, B KOTOPHIX MCTOUYHUKOM TEIUIOTHI CIYKUT AYroBod paszpsia. Jlyrosoi
pa3psii UCHOJB3YIOT TAKXKE JJI CBAPKU METAILIOB.

Jlpyzue munwt camocmoamenvnozo pazpaoa. llpu atMocepHOM HaBICHUU
BOJIM3M 3a0CTPEHHBIX YYAaCTKOB IMPOBOJHHUKA, HECYHIEro OOJIBIION 3JICKTPUUYECKUIM
3apsal, HAOJIOAAeTCs pa3psjl, CBETAIAsACS 00JacTb KOTOPOTO HAllOMUHAET KOPOHY.
DTOT paspsiy, HA3bIBACMBIH KOPOHHBIM, BBI3BIBACTCSL BHICOKOH (0K010 3+10°B/M)
HANPSHKEHHOCTBIO AJIEKTPUUECKOTO MOl BOIU3HU 3apspkeHHOro octpus. C KOpOHHBIM
pa3psAIOM TPUXOAUTCS CUYUTAThCS, MMes JeJI0 C BBICOKMM Hampspkenwem. [lpu
HAJIMYMK BBICTYMAIOIIMX YacTed WJIM OYEHb TOHKUX IPOBOJIOB MOXET HAYaThCA
KOPOHHBIM pa3psaln. OTO MPUBOJUT K YTEUKE DJIIEKTPOIHEpruu. Yem BbIIIE
HaANPsHKEHUE BRICOKOBOJIBTHOM JIMHUM, TEM TOJIIIIE IOJDKHBI OBITH TPOBO/IA.

[Ipu OonbIIOM HAMPSHKEHUM MEXITY DSJIEKTPOJAaMH B BO3JyXe BO3HHUKAET
UCKPOBOUl pa3pad, VMEIOUMN BUJ IydyKa SPKUX 3UIr3aroo0pa3HbIX MOJOCOK,
Pa3BETBIMIONIMXCS OT, TOHKOTO KaHaia. JTOT BHUJ pa3psija BOZHUKAET TOTa, KOTa
MOIIHOCTh MCTOYHMKA HEIOCTATOYHA JJIsl MOJJEp KaHUs AYTOBOTO WM TJCIOILIETO
paspsina. [Ipumep ruraHTCKOro MCKpOBOIO paspsiia - MOJIHUS MOJHUM BO3HUKAIOT
b0 Mexnay AByMs oOjakamu, Ju0o Mexay ooOmakom u 3emuieil. Cuna Toka B
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mousiHuu rocturaer 500 000 A, a pa3HOCTh MOTEHIMAIOB MEXTy 00JaKOM U 3eMiiei -
MUJUIAAPAA BOJIBT.

ITnaszma. 1lpu goctaroyHo OONBIIMX TEMMEpPaTypax HAUYMHAETCS WMOHU3ALUS
ra3a 3a CueT CTOJIKHOBEHHMI OBICTPO IBHXKYIIMXCS aTOMOB WM MOJieKys. BemiecTBo
NEPEXOAUT B HOBOE COCTOSIHUE, Ha3bIBA€MOE IJIa3MOU. [lnazma - smo uacmuyHo unu
HOJIHOCMbIO UOHU308AHHbILL 243, B KOTOPOM IUIOTHOCTH IMOJOXHUTENbHBIX U
OTPULIATENBHBIX 3aps/IOB MPAKTUUYECKH coBmanaroT. [lmazma B unenom sBisercs
ANEKTPUUECKH HeuTpanbHOM cucremoi. CrTeneHb HOHU3ALMM MOXET OBITh
pa3InYHOM. B MOJHOCTHhIO HOHU30BAaHHOM IJ1a3M€ HEUTPAJIbHBIX aTOMOB HET.

Hapsiny ¢ HarpeBanuem MOHU3alus ra3a u oOpa3zoBaHHE IJIa3Mbl MOTYT OBITh
BBI3BAHBI PA3HOTO POJIA M3ITYUYEHUSIMU WM O0MOApIMPOBKOI aTOMOB Ta3a ObBICTPHIMU
3apsoKeHHbIMM  yacThnamu. Ilpy 3roM  moisydaercss  Tak  Has3blBaeMas
HU3KomemnepamypHas niazMma.

[Inasma oOnamaer psaoM  cHneUpUYECKHX CBOMCTB, UYTO MO3BOJIAET
paccMaTpHBaTh €€ Kak 0c000€ YETBEPTOE COCTOSIHHE BEILIECTBA.

N3-3a 001b110M MOABUKHOCTH 3apSKEHHbBIE YACTHILIBI I1a3MBbI JIETKO
NEepEeMEeIA0TCs 01 JEHCTBUEM IIEKTPUUECKUX U MATHUTHBIX MOJEH.

[IpoBOIMMOCTE MJIa3Mbl YBEJIMYMBAETCS [0 MEPE POCTa CTENEHH MOHU3ALUU.
IIpy BBICOKON TeMIleparype IMOJIHOCTbIO HMOHU30BaHHAs IUIa3Ma MO CBOEH
IPOBOJUMOCTH MPUOIHKAETCA K CBEPXIIPOBOIHUKAM.

B cocrosinuu mina3mbl HaxoAUTCs noaasistonias (okoyo 99%) yacte BemiecTra
Bcenennoii. Benencrue Boicokoi Temnepatypbl CONHIIE U IPYTHE 3BE3/IbI COCTOST B
OCHOBHOM W3 MOJHOCTHE0 HOHU30BAHHOM IJIa3MBl.

3. DileKTpUYEeCKHIl TOK B BaKyyMe.

Bakyymom Hazviearom makoe cocmosiHue 2aza 6 mpybKe npu KOMOpPOM
MONEKYIbl 2dA3d NPOIemalonm om OOHOU CMeHKU 00 Opyeou, HU pd3y He UCHbIMAS
coyoapenuii opye ¢ 0py2oM.

PaspexxeHHBIII Ta3 HE MNPOBOIUT TOK. B OOJBIIMHCTBE COBPEMEHHBIX
AJICKTPOHHBIX BaKyYMHBIX MPHUOOPOB HMCTOYHUKOM 3apsHKCHHBIX YACTHI SIBISICTCS
HarpeThlii Katoj. SIBIeHHE TEPMORJIEKTPOHHON SMHUCCHHM TPUBOIUT K TOMY, YTO
HArpeThlil METAJUTMYECKH dJEKTPOJ, B OTJIMYHUE OT XOJOJIHOTO, HEMPEpPHIBHO
UCITyCKAET JJIEKTPOHBI, KOTOPbIe 00pa3yl0T BOKPYTI HETO «IJEKTPOHHOE OOJIaKO».
DNEKTPO MPHU ITOM 3aAPSIKAETCS MOJOKUTEIHHO, W TIOJI BIUSHUEM DJIEKTPUUYECKOTO
TIOJISL JIEKTPOHBI M3 00Jlaka YaCTUYHO BO3BPAIIAIOTCS HA AJIEKTPOJI. B paBHOBeCHOM
COCTOSIHUHM YHWCJIO 3JIEKTPOHOB, MOKWHYBIIHUX JJICKTPOJ B CEKYHHIY, PaBHO YHUCITY
AJIEKTPOHOB, BO3BPATHBIIKMXCA HA JICKTPOJ 32 3TO BpeMs. Uem BEINIE Temreparypa
METaJlJIa, TEM BBIIIE ITIOTHOCTH AJIEKTPOHHOTO 00JIaKa.

Paznmuune Mexay TOpSYMM ¥ XOJOJHBIM DJIGKTPOJAaMHU TPUBOAHWT K
OJTHOCTOPOHHEH TIPOBOJUMOCTH DJIGKTPUYECKOTO TOKA MEXIy HuUMH. [lpwm
MOJKITIOYCHUHM  JJICKTPOJIOB K HMCTOYHUKY TOKAa MEXAY HUMH BO3HHUKACT
AJIEKTpUYECcKoe Toyie. ECIu TOJMOKUTENBHBIN TOMIOC HCTOYHHKA COCIUHEH C
XOJIOJHBIM JJIEKTPOJOM (aHOAOM), a OTPHUIATENBHBIN - C HarpeThiM (KaToIIOM), TO
HaNPsHKEHHOCTh JJICKTPUUYECKOTO IOJII HAlpaBjieHa K Harpertomy anekTpoay. Ilon
JEHCTBUEM OSTOTO TMOJISI JIEKTPOHBI YaCTUYHO TOKHUIAIOT JJIEKTPOHHOE O0JIaKO H
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JIBIDKYTCSI K XOJIOJHOMY JJICKTPOAY. DJIEKTpUYECKasl IENb 3aMbIKaeTCs, U B HeH
YCTaHABJIMBAETCS JIEKTPUUECKUM TOK.

[Ipy nOpPOTUBOMONOXKHOM BKJIIOUYEHUH HMCTOYHUKA HAMPSKEHHOCTh MOJIS
HampaBjeHa OT KaToJa K aHOAY. DJIEKTPUYECKOE MOJE OTTAJIKUBAECT 3JIEKTPOHBI
obJiaka Ha3ax Kk katony. Llenb oka3piBaeTcst pa30MKHYTOM.

Jleyxannekmpoonasn 3neKmpoHnas 1amna-ouoo.

2 2 OnHOCTOPOHHSS IPOBOJUMOCTD
UCIIOJIB3YETCSl B DJIEKTPOHHBIX MPUOOpax C
JBYMsI DJICKTPOJIAMU - BaKyyMHBIX JTUOJIAX.

1 (puc.22.7)
1 Buytpu  OammmoHa w3 CcTekiIa WM
3 METAJUIOKEPAMUKH, W3 KOTOPOro OTKadyaH
Puc. 22.7a 2276 Bo3yX 10 japnenus 10°-10° mm pr. cr.,
pPa3MEILEHBI 1Ba DJIEKTPOAA.
Omun u3 HuX — kKaroj (1) mMeer BUJ BEPTUKAIBHOTO METAJIMYECKOTO

HUJIMHIPA, TOKPHIBAEMOTO OOBIYHO CJIOEM OKCHJIOB IIEJIOYHO3EMEIbHBIX
METaJUIOB - Oapus, CTPOHLMS, KaiablusA. Takoll KaToJ Ha3bIBalOT OKCHIHBIM.
[Ipu HarpeBaHUM NOBEPXHOCTH OKCUIHOTO KaTOJa BBIJIENSAET Topa3fo Oojblie
AJIIEKTPOHOB, YEM IIOBEPXHOCTh KaTOJa U3 YUCTOTO

BuyTtpu katoma, mpu KOCBEHHOM HakamuBaHuu, (puc.22.70) pacrnoioxeH
M30JIMPOBAHHBIN MPOBOAHUK (3), HarpeBaeMblil NMepeMeHHbIM TOKOM. Harpersiii
KaToJ MCIYCKAaeT OJJEKTPOHBI, JOCTUTAIONIME aHoJa, €CIM OH HMeeT Oolee
BBICOKMH MOTEHIMAJ, YEM KaTOJ.

AHon nammnbl (2) mpenctaBiaseT cOOOM KpyIUIbl MJIM OBAJBbHBIM LUIMHIP,
MMEIOIINN OOIIYI0 OCh C KaTOJIOM.

Boavm-amnepnaa xapaxkxmepucmuka Ouooda. CyuieCTBEHHBIE CBOICTBa
J000ro  AJEKTPOHHOTO  YCTpOMCTBA  OTpa)kaer  €ro  BOJbT-aMIepHas
XapaKTEePUCTUKA, T. €. 3aBUCUMOCTbh CHJIbI TOKa OT Pa3HOCTU MOTEHLHAJIOB Ha

KJIEeMMax 3TOro yctpomncrtsa (puc.22.9).
I,MA

100

O~vO Ppc.22.8 4 9 4 5 1216 UBpucong

[Tosly4uTh BOJABT-aMIEPHYIO XapaKTEPUCTUKY AMOJa MOXKHO C ITOMOLIBIO
Lenu, cXxemMa KOTOpoi n3obpaxena Ha puc.22.8.

B ornmume OT XapakTEpUCTHUKM METAJUIMYECKOrO0 IPOBOJHMKA OTa
XapaKTEepUCTHUKA HennHenHas. OCHOBHAsA NPUYMHA HEJIMHEMHOCTH XapaKTEPUCTUKHU
BAKYYMHOI'O JMOJa B TOM, 4YTO CBOOOJHBIE 3JEKTPOHBI, 0Opa3ylollHe TOK B
IpPOCTPAHCTBE JMOJAa CO3JalT »JJIEKTpOHHOe o0sako Haj karogoM. Ha
JNBUKEHHUE BJIEKTPOHOB, HapsAy C IOJEM, CO3JaHHBIM 3apsiaMH Ha JJIEKTPOJax,
CyLIECTBEHHOE  BIIMSHHUE  OKa3blBaeT II0JIE  IPOCTPAHCTBEHHOIO  3apsia
JIEKTPOHHOIO oOJlaka y KaTona. YeM Bblllle HaNpsHDKEHHE MEXIy aHOJIOM U
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KaToaoM, TCEM MCHBIIC HpOCTpaHCTBeHHBﬁi 3apiaa SJICKTPOHHOIO o6naqKa, TEM
0oJIbIIee KOJIHYECTBO 9JICKTPOHOB AOCTUTACT aHO/Ja, CJIICA0OBATCIbHO, TCM 0oJIbIIe
H CHJIa TOKa B JIaMIIC. HpI/I JOCTAaTOYHO 0O0JILIIIOM HaIlpsAKEHUU BCC 3JICKTPOHEI,
IIOKMHYBIINEC KaToJd, AOCTUIalOT aHOoJda, HW IIpH H&HBHeﬁHKmI YBCIIMYCHUU
HAIpsKCHWA CHUJia TOKa HC MCHACTCA, HACTYIIACT HACBIIICHHC (HYHKTI/IpHaH JJMHUS Ha

puc.22.9 ,1Lnac ).
/4

2nac

Ecnu moBeicuTh Temmeparypy katoma (73), To
> xarom Oyner NOKumarh OOJBIIEE YMCIO IJIEKTPOHOB.
DJNeKTpOHHOE O00JIaKO BOKPYT KaToja CTaHeT Oolee
IIIOTHBIM. TOK HACBIIIEHUS HACTYNUT MpHU OOJbIIEM
HANpPsDKEHUU MEXIY aHOJIOM M KaToJO0M, U CHJIa TOKa
HACBILICHHUS] BO3pAcTeT (BTOpas IMYHKTHpHAs JIMHUS Ha

U' puc.22.9 Lnac )

lnac

n

0

Puc.22.9
JIno1b1 TPUMEHSIFOTCA U1 BBITPSMIIEHUS IEPEMEHHOTO JIEKTPUUECKOTO TOKA.
Tpexanekmpoounan namna (mpuoo). (puc.22.10)

HNwmeer Ttperunt anextpon B Buae cemxu. I3MeHsisi pa3HOCTh
NOTEHIAAIIOB MEXAY KATOJIOM M CETKOM MOKHO YIIPAaBIISITh TOKOM
B a@HOJIHOM ILIeMH JaMIbl. DJIEKTPOHHBIE JaMIbl 00Jiee CIONKHOTO
TUTIa UMEIOT OOJIBIIIEE YUCIIO IIEKTPOJOB (TETPOABI, IEHTOABI U
T.1.) BaxHedmuM npuUMEHEHHEM 3JIEKTPOHHBIX JIAMII SIBJISETCS
NPUMEHEHHUE UX B ycuaumesisix CliadbIX TOKOB U HATIPSHKCHHUIA.

Pnc.22.10

Dnekmponnonyueeas mpyoka. DICKTPOHHOIydYEBas TpPyOKa - OCHOBHOM
3JIEMEHT TeJieBu30pa (KMHECKO), U ociiorpada. (puc.22.11)

TpyOxa npencraBnsieT co0oil BaKyyMHBIN OasioH, OAHA W3 CTEHOK KOTOPOTO
CIIyKUT SKpaHoM. B y3KoM KOHIIe TPyOKHU MOMEIICH UCTOUYHUK OBICTPBIX AJIEKTPOHOB
- DJIeKTpoHHas mymka. OHa COCTOUT M3 KaTO/a, YIPABISAIONIIETO JIEKTPOIa U aHOA.
CuiibHOE DIICKTPUYECKOE TTOJIE YCKOPSIET AIEKTPOHBI, U OHU MTPUOOPETAOT OOJIBIITYIO
ckopoctb. dopma, pacmoyioKeHHE W TOTCHIMAJIbI aHOJOB BHIOPAHBI TaK, YTOOBI
HapsIy C YCKOPEHHUEM DJISKTPOHOB MpOHMCXOoAmia W (OKYCHPOBKA AJICKTPOHHOTO

My4yKa, Ha SKPAHE TOYTH JO TOUKHU.
3KpaH

B

aHog A
KaToa \

9NEKTPOHHbIN NyY

ynpasnsowmnm 1 l
anekTpon,
A B Puc.22.11
Ha myTu K 5KpaHy Iy4YOK ITOCJIEIOBAaTEIbHO MPOXOIUT MEXAY ABYMS IapamMu
ynpasisitoninx 1actuH (AA’ w BB’). Ecam  snexkTpuyeckoro moiast MexIy

IJIaCTUHAMH HCT, TO IIYYOK HC OTKIIOHACTCA M CBCTALIAACA TOYKA PACIIOIaracTrcsa B
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neHtpe oSkpaHa. llpu cooOmeHuM pasHOCTH  MOTEHIMAJIOB  BEPTUKAIHHO
pacnoyioKeHHbIM I1acTUHamM  (AA’) My4YyOoK CMEIIaeTcss B TOPU30HTAJIbHOM
HampaBJeHUH, a NpU COOOUIEHUH PA3HOCTU NOTEHIHAIOB T'OPU30HTAIbHBIM
wiactuHaMm (BB’) oH cmemiaercs B BepTHKalbHOM Hampasienuil. HaknmageiBas Ha
IUTACTHHBI COOTBETCTBYIOIIEE HAMPSIKEHHUE, 3aCTABIISIIOT Jy4 € OOJBUION CKOPOCTHIO
3aIUTPUXOBBIBATh BECh SKPAH PAJOM HapasuieabHbIX JUHUM (cTpouek). Ecau Obl ipu
9TOM SAPKOCTb CBETAILIEHUCS TOYKH, OIpeleisieMas KUHETUYECKOM JHepruen
AJIEKTPOHOB, OCTaBajlach BCE BpeMs IMOCTOSHHOM, TO Mbl YBUIEIU Obl BECh 3KPaH
paBHOMEpHO cBeTdAmmMcsa. Ho mpuxopdmue K NpUEMHUKY TEJIEBU30pAa CUTHAJIBL,
MIOCBhUIAEMBIC TMEPEAONMICH TEJIEBU3MOHHOM CTAHIUEH, TO YBEJIWYUBAKOT, TO
YMEHBIIAIOT YCKOPSIOLIEE JJIEKTPOHBI HANPSLKEHUE Ha YIPABILIIOIIEM JJIEKTPOAE B
COOTBETCTBUHM C SIPKOCTHIO TOM MJIM HHOM TOUYKHM NEpeaBaeMOro H300pa)KeHHs.
[ToaToMy U cBeTAIIMECS TOUKH HA dKpaHE MOTy4yaroTcsi To Oosee, TO MEHEE SIPKUMH,
U WX COBOKYIIHOCTb, BOCIPHMHMMAaeMas HalluM IJa30M, BOCIPOU3BOAUT
nepeaaBaeMoe U300paxeHue.

KoHTpoJsbHbIe BONPOCHI

. KakoB xapakrep NpoBOAMMOCTH 3JIEKTPUYECKOTO TOKA B MeTay1ax?

. KakoB xapakrep npoBOMMOCTH 3JIEKTPUUECKOr0 TOKA B 3JIEKTPOIUTAX?

. UTo Ha3bIBaeTCA JICKTPOJIUTUYECKON AUCCOALINEH ?

. Kakoe siBIIeHHE Ha3bIBAETCS AIEKTPOIU3OM?

. Kak onpezensercs Macca BelecTBa, BbIAEIMBILIETOCS Ha 3JIEKTpoe?

. KakoB ¢u3nueckuii CMbICIT 3IEKTPOXUMHUYECKOTO SKBUBAJIEHTA k?

. BeiBenute popmyiy 3akona @apajes Ui 3JIeKTPOIU3a, COJEPKALLYI0 TOCTOSHHY IO

®dapanes.

8. UTo Ha3bIBAIOT ra30BbIM pa3psiioM?

9. KakoB xapakTep NpoBOAMMOCTH JIEKTPUUYECKOTO TOKA B razax?

10. O0BsicHUTE MEXaHU3M MPOLECCa HOHU3ALMU U PEKOMOMHAIIMY B ra3ax.

11. Kakoil pa3psa Ha3bIBalOT HECAMOCTOSITENIBHBIM paspsaoM. Haueptute BONbT-
aMIEPHYIO XapaKTEPUCTHUKY .

12. Kako# paspsig Ha3bIBAIOT CaMOCTOSITEIbHBIM pa3psaaoM. HauepTute BOJIbT-aMIIEpHYIO
XapaKTEPUCTHUKY .

13. O6bsicHuTEe MEXaHU3M BOSHHUKHOBEHHS CAMOCTOSITEIBHOTO pa3psija.

14. HazoBuTE TUIBI CAMOCTOSITEILHOTO pa3psia

15. Kakoe coctosiHue raza B TpyOKe Ha3bIBalOT BAKyyMOM.

16. KakoB xapakTep NpoBOJIUMOCTH JIEKTPUUECKOIO TOKA B BaKyyMe.

17. O6BpsacHUTE MEXaHU3M IIpoLecca BOZHUKHOBEHHMSI 3JIEKTPOHOB B BAKYYyME.

18. Haueptute cxemMy U OOBSICHUTE MPUHIMI PAOOTHI ABYXAIJIEKTPOJAHOU AIEKTPOHHOU
namnsl. HauepTrure BOIbT-aMIIEPHYIO XapaKTEPUCTHKY.

19. O0OBsicHUTE YCTPONUCTBO U MPUHLUI PAOOTHI AIEKTPOHHOIIYYEBOM TPYOKH.

NN bW~

Tema 23: DJIEKTPUUYECKHUI TOK B IOJYIIPOBOJJHUKAX.
1.YTo Ha3bIBAECTCS MOJYIPOBOIHUKAMMU.
2. MexaHu3M 3JIEKTPUYECKOI0 TOKA B MOIYIIPOBOJHUKAX.
3. DIEKTPOHHO-ABIPOYHBIN MEPEXOI.
4. ITonynpoBOAHUKOBBIN U0, TpaH3uCTOp.
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1.Y1o0 Ha3pIBaeTCsi MOJYNPOBOJHUKAMHU.

[lo 3Ha4YE€HHIO YAEIBHOIO 3JIEKTPUYECKOrO CONPOTUBIIEHUS NOLYHPOBOOHUKU
3aHUMAIOT TPOMEKYTOYHOE MECTO MEXAY IPOBOJHUKAMHU M JudieKTpukamu. K
YHUCIly MOJYNPOBOJHUKOB OTHOCATCSI MHOTHE XHMHMUYECKHE AJIEMEHTbl (Fe€pMaHHil,
KPEMHUM, CEJIeH, TEeIyp, MBIIbIK U JAp.), OFPOMHOE KOJHMYECTBO CIUIABOB H
XUMUYECKUX  COEOUHEHHI. CamplM  pacnpoCTpaHEHHBIM B IpUPOIE
MOJIYIIPOBOJHUKOM SIBJISIETCSI KDEMHHUI, COCTABIISIIOIINNA 0K0JI0 30 % 3eMHOU KOPBI.

Ha pwuc.23.1 npuBeseHa 3aBUCHMOCTh yueiabHOro conpotusienus p (1)
YUCTOTO MOJYNPOBOJAHUKA OT a0COIIOTHOM TeMIIepaTyphl.

P Y  [OIyIpOBOJHMKOB, C  IIOHWKECHUEM

TCMIICPATYPhbI COIMIPOTUBJICHUC BO3pacCTacT u
BOIM3M a0COJIOTHOTO HYyJs1 OHH IIPAKTHUYCCKH
CTAHOBATCA U30JIATOPAMMU.

0 > Puc.23.1

KoHuentpanust Hocuteneil cBOOOJHOrO 3apsiia HE OCTAETCsS MOCTOSTHHOM, a
YBEJIMYUBAETCSI C POCTOM Temmeparypbl. 1loaToMy C yBeandeHuUEM TemIepaTypbl
YAEJIBbHOE COMPOTUBIICHUE MOJYITPOBOJHUKA YMEHBIIIAETCSI.

2. MexaHM3M 2JIEKTPHYECKOI0 TOKA B MOJYIPOBOJHUKAX

PaccmoTpyM  MexaHU3M  JJIEKTPUYECKOIO TOKa B IOJIYNPOBOJHHUKAX Ha
npumepe repmanus (Ge). (puc.23.2)

ATOMBI T€pMaHUSI UMEIOT YETBIPE BAICHMHbBIX
AJIEKTPOHA Ha BHEIIHEHN 00o0J10UKe. B
KPUCTAJUIMYECKON PELIETKE KAXKAbIM aTOM OKPYKEH

YEeTHIPHMS OJIMKAUIITUMU COCEISIMHU.

Puc.23.2

CBs3p MEXAY aTOMaMHM B KPUCTAJUIE T€PMaHHUS SIBISAETCS KOBANEHMHOU, T. €.
OCYULIECTBJISIETCS MapaMHu BAJEHTHBIX 3JIEKTPOHOB. Kaxkablii BaJ€HTHBIA 3JEKTPOH
IPUHAJIEKUT ABYM aTOMaM.

BasieHTHBIE 3JIEKTPOHBI B KPHUCTAJIE T'€pPMaHMs CUJIbHEE CBA3aHBI C aTOMAMH,
YeM B MeETajJlaX; II03TOMY KOHIIEHTpauusl 5JIEKTPOHOB IPOBOJAMMOCTH IpHU
KOMHATHOHM TeMIlepaType B HOJYIPOBOJHUKAX Ha MHOTO HOPSAJKOB MEHBUIE, YEM Y
MeTaJI0B. BOiM3u abCoMIOTHOrO HyJs TeMIepaTypbl B KpHCTajule TepMaHHUs Bce
AJIEKTPOHBI 3aHATHI B 00pa30BaHUM CBs3ei. TakoW KpUCTaUT SJIEKTPUIECKOTO TOKA HE
IPOBOJUT.

Coocmeennaa npoeodumocmsp. 1lpy NOBBIIEHUN TEMIIEPATYpPbl, HEKOTOpas
YacThb BAJEHTHBIX JJIEKTPOHOB MOJKET MOJYYUTh JHEPrUI0, JOCTATOYHYIO IS
pa3ppiBa KOBaJEHTHBIX CBsized. Torma B KpucTamie BO3HUKHYT CBOOOJHBIC
AJNIEKTPOHBI (JIEKTPOHBI MPOBOAUMOCTH). OJTHOBPEMEHHO B MECTax pa3phiBa CB3Eil
0o0pa3yloTcs BaKaHCHUM, KOTOpPbIE MOJYUYWJIM Ha3BaHUE «Oblpoxk». BakaHTHOE MecTO
MOXKET OBbITh 3aHATO BAJICHTHBIM D3JIEKTPOHOM M3 COCEIHEW mapbl, TOr/Aa AbIpKa
IIEPEMECTUTBCS HAa HOBOE MecTo B Kpucrtamie. lIpu 3amaHHONM TemmepaType
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NOJYNPOBOJHUKA B EAWHHUIy BPEMEHHM O0pa3yercsi OMNpPECIICHHOE KOJIUYECTBO
AIIEKTPOHHO-ABIPOYHBIX Map. B To ke Bpems wumer oOpaTHBIM mpolecc —
pexombunayus (Ipyu BCTpede CBOOOJIHOTO DJIEKTPOHA C JBIPKOM, BOCCTAHABIUBACTCS
AIIEKTPOHHAS CBSA3B). DJIEKTPOHHO-IBIPOYHBIC TMAapbl MOTYT POXAATHCA TAKXKe MPH
OCBEILIEHUH TOJTYNPOBOJHUKA 332 CYET SHEPTUU DIIEKTPOMATHUTHOTO M3IydeHus. B
OTCYTCTBHUE DJIEKTPUUYECKOTO TOJIsI DJIEKTPOHBI IPOBOJUMOCTH U JILIPKH Y4aCTBYIOT B
Xa0TUYECKOM TEIJIOBOM JIBUKEHUU.

Ecnu monympoBOIHUK —TMOMEHIAETCS B DJIEKTPUYECKOE Tojie, TO B
YIOPSIOYEHHOE JBUYKEHUE BOBJIEKAIOTCS HE TOJIBKO CBOOOJHBIE AJIEKTPOHBI, HO U
JBIPKHA, KOTOPBIE BEAYT CeOsl KaK TMOJOXKHUTEIBHO 3apshKEHHBbIE dacTuilbl. [loaTomy
TOK / B OJIYIIPOBOIHHKE CKJIABIBACTCS U3 AIIEKTPOHHOTO /, ¥ ABIPOYHOTO /; TOKOB:

[=1+1,

KoHuieHTpamusi 3J€KTPOHOB MPOBOAMMOCTH B TOJYIPOBOJHUKE paBHA
KOHLEHTPALUU IBIPOK: M, = N; DIEKTPOHHO-ABIPOYHBII MEXAaHU3M IPOBOAUMOCTH
IPOSBIIIETCS TOJIBKO y YHMCTHIX (0€3 mpuMecei) MOJyNpOBOAHUKOB M Ha3bIBAETCA
COOCMBEHHOU INIeKMPULECKOU NPOBOOUMOCHIbIO TIOTYTIPOBOTHUKOB.

Ilpumecnasa npoeooumocms. [IpoBOIUMOCTH MOITYIIPOBOIHUKOB MPU HATTUYUH
npuMeceil CUIbHO U3MEHseTcs, (100aBka mpumMecei pocdopa B KPUCTAIIT KPEMHHUS B
konndectBe 0,001 aToOMHOTO MPOIEHTa YMEHBIIAET YACIbHOE COMPOTURICHUE OoJiee
4YeM Ha IISITh MOPSKOB). Heobxooumvim ycinosuem pe3koeo yMeHbUuleHUs Y0elbHO20
CONpPOMUBIEHUsL NOJIYNPOBOOHUKA NPU B88EO0CHUU NpUMecell SA61Aemcs Omauyue
8ANIEHMHOCINU AMOMO8 NpUMeCU OM BAJIeHMHOCMU OCHOBHBIX AMOMOS8 KPUCMANIA.
PaznuyaroT nBa THUMa MPUMECHOH HPOBOAMMOCTH — IJ€KHIPOHHYIO U ObIPOUYHYIO
IPOBOJAUMOCTH.

dnekmponnasa npoeoouUMocmb BO3HUKAET, KOTJa B KPUCTAII TEepMaHUs C
YETHIPEXBAJICHTHHIMA aTOMaMH BBEJICHBI TISTUBAJICHTHBIC aTOMbI (HAllpUMEpP, aTOMBI
meimbiaka As, pocdopa P u ap.). (puc.23.3)

YeTblpe  BaJCHTHBIX  JJIGKTPOHAa  aroma

MBIIIBSIKA BKJIFOUCHBI B oOpaszoBaHue
KOBQJICHTHBIX CBS3€A C YETBIPbMS COCEIHUMH
aroMaMu repMmanus. [IATbIil BaJI€EHTHBIN 3JIEKTPOH
OKa3aJiCsl M3JIMIIHKUM; OH JIETKO OTPBIBAETCS OT
aToMa MBIIIbIKA U CTAHOBUTCSI CBOOOIHBIM.
I[Ipumecr W3 aTOMOB C  BaJIEHTHOCTHIO,
MPEBBIIAIONIEN BaJICHTHOCTh OCHOBHBIX aTOMOB

MOJYIIPOBOJHUKOBOTO  KPHUCTajla, Ha3bIBACTCS
PI/IC233 00H0pH0u npumeczﬂo.

B pesynbraTe ee BBEOEHHs B KPUCTAUIE MOSIBISACTCS 3HAYUTEIBHOE YHCIIO
CBOOOJHBIX 3JIEKTPOHOB. OJTO MPUBOJUT K PE3KOMY YMEHBIIECHUIO YAEIBHOIO
CONPOTHUBJIEHUS MOJYIPOBOJAHUKA — B TBHICSYM M AAKE MWIIMOHBI pa3. Y ACNbHOE
CONMPOTUBJICHUE MPOBOAHMKA C OOJBIIMM COJEP)KAHUEM MpPUMECEd MOXKET
npUOIMKATHCS K YACIBHOMY CONPOTUBICHUIO METANIMYECKOrO MPOBOJIHUKA.
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B KpucCTalyic repmMaHnusa C MPHUMCCbIO MbIIIbAKA €CTb 3JICKTPOHLBI W IBIPKH,
OTBCTCTBCHHBIC 3a CO6CTB€HHYIO IMPOBOJAUMOCTDb KpHCTaJlJIa. Ho ocHOBHBIM THIIOM
HOCUTEJICH CBO6OI[HOI‘O 3apsaa ABJIIOTCS 3JICKTPOHBI, OTOpPBABIIMECA OT aTOMOB

MbIlIbsKA. B TakoMm Kpucraimic n, >> ny. Takas IMPOBOAUMOCTDb HAa3bIBACTCH
aﬂeKmpormoﬁ, a IOJIYIIPOBOJAHHWK, HA3BIBACTCA nwzynpoeoduukom n-muna.
ﬂblpO‘lHa}l npoeodumocmb BO3HHUKACT, KOT'Za B KPHUCTAJJ I'CPMAaHUSA BBCICHBI

TpexBaJIeHTHBIE aTOMbl. Hampumep, atoM uHIUS [ cO3Ma€T ¢ IOMOIIBIO CBOMX
BAJICHTHBIX 3JICKTPOHOB KOBAJIEHTHBIE CBA3U JIMIIb C TPEMS COCEJHHUMH aTOMaMH
repmanus. (puc.23.4)

Ha o6pa3zoBanue cBsi3u C 4ETBEPTHIM aTOMOM

€pMaHHs y aroMa MHAUSA HET 3JEKTPOHA. JTOT
€JIOCTAIOIIUMA DJIEKTPOH MOXKET OBITh 3aXBaueH
TOMOM HMHIUSA U3 KOBAJICHTHOM CBSI3U COCEIHHX
TOMOB TrepMmaHusa. B 3ToMm ciiyyae atoM HHIUS
peBpamaercs B OTPULIATENIbHBIN VIOH,
aCIIOJIOKEHHBIM B y3JIe  KPUCTAJUIMYECKOU
€IEeTKU, a B KOBAJIEHTHOW CBSI3U COCEIHHX

TOMOB 00pa3yeTCsl BAKAHCHS «JIBIPKa.
Puc.23.4

[Ipumecr aTOMOB, CHOCOOHBIX 3aXBaThIBaTh JJCKTPOHBI, HA3BIBACTCS
aKyenmopHou npumecvlo. B pe3ynbrare BBEICHHUS aKUCNTOPHOW IPUMECH B
KPUCTAJIJIE Pa3pbIBACTCS MHOXKECTBO KOBAJIEHTHBIX CBSI3€M U 00pa3ylOTCsl BAKAHTHBIE
Mecta (npipku). Ha 3TH MecTta MOTYT MepecKakuBaTh SJIEKTPOHBI U3 COCEIHUX
KOBAJICHTHBIX CBSI3€H, YTO MPUBOAUT K XAOTHUYECKOMY ONYXKIaHUIO IHIPOK TIO
KpUCTAILITY.

Hanuuue akienTopHOM MpUMECH PE3KO CHIKAET YJEIbHOE COMPOTUBJICHUE
MOJIYIPOBOJHUKA 3a CUET TMOSIBJICHUS OOJBIIOTO 4YHCIAa CBOOOJHBIX JIBIPOK.
Konnentpanus AbIpoK B MOJYIPOBOJHHUKE C AKIIENTOPHOM MPUMEChIO0 3HAYUTEIHLHO
IPEBBIIIAET KOHIIEHTPALMIO JJIEKTPOHOB, KOTOPbIE BO3HHMKIM H3-3a MEXaHU3Ma
COOCTBEHHOM 3JIEKTPOIPOBOJHOCTH IONYyIPOBOJHUKA: My >> H,. IIpoBomumocTsb
TaKOr0 THUIIA HA3bIBAETCA ObIPOUYHOU HNPOGOOUMOCHIbIO, A TIOTYIPOBOIHUK
HA3bIBACTCA MOAYNPOBOOHUKOM p-muna. OCHOBHBIMH HOCHUTEIISIMH CBOOOJHOIO

3apsaa B IMOJYIIPOBOAHUKAX P - THIIA ABJIAIOTCA IbIPKHU.

3. DJIeKTPOHHO-ABIPOYHBII Nepexo.

B ITOJIYIIPOBOJHHUKE 7/I-THIIa OCHOBHBIMH HOCHTCIISIMH CBO6OI[HOFO 3apsaaa
SBJIIAOTCA JJICKTPOHBI; MX KOHOCHTPAIWA 3HAYHUTCIIbHO ITPCBLIIIACT KOHICHTPALIUIO

HBIPOK (71, >> K,). B HOIyNPOBOJHUKE p-TUIA OCHOBHBIMH HOCHTENSAMH SBISIOTCS
neipru (1, >>n,). Ilpu  Kkonwmakme 08YX NOAYNPOGOOHUKOS N- U P-MUN0OG
HauMHaeTcsl mpouecc AMPPy3un: AbIPKU U3 p-o0iacTu MepexoasT B n-00JacTb, a

JIEKTPOHBI, HA000pOT, U3 n-obnactu B p-obnacts. (puc.23.5) B pesynbrare B n-
oOnmacT BOJM3M 30HBI KOHTAaKTa YMEHBIIACTCS KOHIICHTPAIMs DJICKTPOHOB W
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BO3HHMKACT IIOJIOKUTEILHO 3apshDKEHHBIM ciaoi. B p-obmactu  ymeHbLIaeTcs
KOHIIEHTpAlMs JAbIPOK M BO3HUKAET OTPULATEIIBHO 3apsKEHHBbIM cinou. Ha rpanune
MOJIyITPOBOJTHUKOB 00pa3yercs TBOMHOUM IEKTPUUYCCKUN CIOU, DJIEKTPUUECKOE TOJIe
KOTOPOTO MPENATCTBYET IMpoueccy AU y3un 3JEKTPOHOB U ABIPOK HABCTPEUy APYT

ApYTy

Sanupaiouyi [Morpanuynas o0JiacTh paznena
po @(_ _@.) e MOJYIPOBOJHUKOB C Pa3HbIMU THUIIAMU
o (o] @ ‘@G') e o MPOBOJIMMOCTH HA3bIBACTCS 3ANUPAIOWUIL

(o] I, o 7
o o @@‘_@) - C/ou.
o @ o o OOBeMHBIE 3apsJIbl ATOTO CJIOS CO3/IAl0T

E,(— MEXIYy p- U N-00JacTsIMU 3aluparolee
3
Hanpspkerue U,
Puc. 23.5
Banmparomee Hanpsbkenne U, npubmumsurensHo paBuo  0,35B s

repMaHuEBBIX H—p-nepexo0oB U 0,6 B 1151 KpeMHUEBBIX.
p—n-nepexo o01agaeT CBOWCTBOM OJHOCTOPOHHEN MPOBOJUMOCTH.
Ecnu nonynpoBoAHUK ¢ p—1-NIEPEXOAOM MOJKIOUEH K UCTOUYHUKY TOKA TaK,
YTO TOJIOKUTENbHBIA TOJIIOC MCTOYHUKA COEAMHEH ¢ M-obnacteio (puc.23.6), a

OTPULATENBHBIA — € P-00JacThiO, TO HANPSHKEHHOCTh MOJS B 3alUpAIOIIEM CIIOe
BO3pAacTaer.

EBH‘ - —»EBH
Q@@ ° S, o n
- || P° @*@ n +I P o P -
o l@c®®® o + ° o @@ * °
o @@ ® e ® o 64-— )
’lodm® e * oo B o o
E3 E;
Puc.23.6 Puc.23.7

JbIpKku B p-00J1acTU U BJEKTPOHBI B 1-00JaCTH OyQyT CMELaThCsl OT p—H -
Iepexo/ia, yBeJINYMBasi TEM CaMbIM IIMPUHY 3anuparolero cios. Tok uepes p—n -

IIepexo]l MPAKTUYECKU He uier. HampspkeHue, nogaHHoe Ha Pp—7/ -NIEpexo] B 3TOM
Clly4yae Ha3blBAIOT oOpamubim. HesHauuTenbHbIH 00OpaTHBINA TOK 00YCIOBIEH TOJBKO
COOCTBEHHOW MPOBOJUMOCTBIO, T.€. HaJWYUMEM HEOONbIION KOHIEHTPALMH

CBOOOJHBIX 3JIEKTPOHOB B P-00J1aCTH U JBIPOK B /1-00J1aCTH.
Ecnu p—n - nepexon cOeAMHUTH C UCTOYHUKOM TakK, YTOOBI MOJOXKHUTEIbHbIII

MOJIIOC MCTOYHMKA ObUI COEMHEH C P-00JIacThi0, @ OTPULATENIBbHBIN C /1-00JaCThIO
(puc.23.7), TO HaANPsHKEHHOCTH JIEKTPUYECKOro IOJIA B 3alUpAlolleM clioe Oyzer
YMEHBIIAThCS, YTO OOJerdyaeT IMEepexoj] OCHOBHBIX HOCUTENEH depe3 KOHTAKTHBIH

cioil. JIpIpku U3 p-00J1acTH U AJIEKTPOHBI U3 /1-00J1acTH, ABUTAsACh HABCTPEdy APYT
Apyry, OyAayT mepecekarb p—N -IEepexoi, co31aBas TOK B MPAMOM HalpaBICHUMU.
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Cuna Toka 4epe3 p—71 -nepexona B 9TOM cirydaec 6y,Z[€T BO3pPaCTaTh IIPHU YBCIMYCHUN
HaIpsKCHUA NCTOYHUKA.

4. IlonynpoBoAHUKOBBIN au0A. TpaH3ucrop.

CriocoGHOCTh p—1 -Tiepexo/ia MPOMyCKaTh TOK MPAKTUYECKU TOJIBKO B OJHOM
HaIpaBJICHUU UCIIOJIb3YETCS B npudopax, KOTOpbIE Ha3bIBAIOTCS
HOJYNPOBOOHUKOGLIMU ~ OuoOdamu. TUNHMYHAs BOJIbT-aMIIEpHAsi XapaKTEePUCTHKA
KPEMHHUEBOI0 IM0/1a IPUBEICHA Ha puc.23.8

Ha rpaduke wucnosb3oBaHbl pa3iaUYHbIE IIKAJIbl JUISI MOJIOKHUTENbHBIX U
OTpULIATENbHBIX HanpskeHUW. [loynmpoBOAHMKOBBIE [HOJBI HUCIOIB3YIOTCS B

BBIIIPAMUTCIIAX TJISA Hpeo6pasoBaH1/151 IMCPCMCHHOI'O TOKA B MOCTOSIHHBIH.

Al WA [TonynpoBOIHUKOBBIE JHOABI 00Jana0T

401 NPEUMYLIECTBAMM [0  CPaBHEHHIO  C

.—N—. 301 BAKyYMHBIMH JHOJAMHU — MAJIbIE pa3MeEpBHl,

- 7 * 20 Mpsimoit JUIATENBHBIA CPOK CIyXObl, MeXaHU4ecKas
101 TOK IIPOYHOCTb.

HemoctaTkoM  MOIyIpPOBOJIHUKOBBIX
IMOJOB  SBIIACTCS  3aBHUCUMOCTh  HX
napaMeTpoB OT TemmepaTypbl. KpeMHueBbIe
IUONBI  MOTYT paboTaTh B  JUana3oHE
temmneparyp ot —70 °C no 80 °C.

Puc.23.8
Tpanzucmop. Ilonynpogoonuxosvie npubopvl ¢ 08ymsa pP—HN nepexooamu
Hazviearomces mpanzucmopamu. (transfer — mepeHoCuTs U resistor — COMPOTUBIICHUE).

Tpansucropsl ObIBAIOT ABYX THIIOB: p—H—p-TpaH3ucTopbl (puc.23.9) u n—p-n-
TpaH3ucTopshl. (puc.23.10)

XL ) I -
B_ “?;--,_._,___&__,_,--"' E B_Ip ﬁ | E
o
T 9 T :
Puc.23.9 Puc.23.10

TpaH3UCTOp CTPYKTYpbl P—H—P. Tpanzucrop cTpykTypbl n—p—.

B ycnoBHBIX 0003HAYEHUAX Pa3HBIX CTPYKTYpP CTPEJIKA SMUTTEpPA MOKA3bIBACT
HaIIpaBJICHUE TOKA YEPE3 TPAH3UCTOP.
Hanpumep, repmaHueBBbId TpaH3UCTOpP pP—/—pP-TUIA MPEACTABISET COOOM

HEOOJIBIIIYIO TJIACTUHKY W3 Te€pMaHus C JOHOPHOM MPUMECHIO, T. €. H-Tuna. B sToit
TUTACTHHKE CO3/Ial0TCsl JABE OOJIACTH C aKIENTOPHON MPUMECKHIO, T. €. C JBIPOYHOMN
pOBOAUMOCTHIO (puc.23.11)

41



[lnactunky Ttpan3uctopa Has3biBalOT 6azou (b), omny wu3 obmacreit ¢
MPOTUBOMOJIOKHBIM THUIIOM MPOBOJUMOCTU — Konekmopom (K), a Bropyro —

amummepom (D). O0a n—p-nepexona TPAH3UCTOPA COEAMHAIOTCS C JBYMs
UCTOYHUKaMH ToKa. [lepexos «aomutTep—0a3a» BKIIOUYAETCS B MPSIMOM (IIPOITYCKHOM)
HampaBJIeHUH (IeTh dMUTTEPA), a MEPEXOJ «KOJJIEKTOp—0a3za» — B 3amHparoliieM
HaIpaBJIeHUH (1IENb KOJJIEKTOPA).

[Toka nienb s3MUTTEPa PA30MKHYTA, TOK B I[EMH KOJUIEKTOPA OUYEHb MaJl, TaK KaK
JUIsl OCHOBHBIX HOCHTENIE CBOOOJHOIO 3apsia — AJIEKTPOHOB B 0a3e U JBIPOK B
KOJUJIEKTOpE — MePEeX0/1 3areprT.

° P |n P K
5
UBXGD A l /e R
IB — ]9 _]K |::| UBbIX
oo

|

| I

Llenb smutTepa  Llenb konnektopa Puc.23.11
IIpn 3aMblKaHWM LIENW 3MUTTEPA JBIPKM — OCHOBHBIE HOCHUTENW 3apsiaa B
OMHUTTEPE — NEPEXOIAT M3 HEro B 6asy, co3aasas B 3Toi uenu Tok 1,. Ho mis aeIpok,

NOMaBIIUX B 0a3y U3 IMHUTTEPA, 1—P-TIEPEXO B LIETIH KOJUIEKTOPA OTKPBHIT.
bosnpias yacTe IBIPOK 3aXBATBHIBAETCS IOJIEM HTOTO NEPEXOJA U MIPOHUKAET B

KOJUIEKTOp, co3aaBasi TOK [. Jlis Toro, 4roGel TOK KOJUIEKTOpa ObLI MpPaKTHYECKH

paBeH TOKY dMHTTEpa, 0a3y TpaH3UCTOpa ACNAI0T B BUAEC OYEHb TOHKOTO cios. [Ipu

M3MEHEHUU TOKA B L[EMU SMUTTEPA U3MEHSIETCS CUJIa TOKA U B 1IEMU KOJUJIEKTOPA.
Ecaiu B mens smuTTepa BKIIOYEH HMCTOYHUK TEPEMEHHOTO HaIpPSHKEHUS

(puc.23.11), To Ha pe3ucTope R, BKIIOYEHHOM B LIENb KOJJIEKTOPA, TAKIKE BO3HUKAET
IIEPEMEHHOE HaIPSDKEHUE, aMIUIMTYJa KOTOPOro MOXKET BO MHOI'O pa3 IPEBBIIATH
aMIUIMTYAy BXOJHOro curHana. CiienoBaTenbHO, TPAH3UCTOP BBINIOJIHAET POJIb
YCUINTENA IEPEMEHHOTO HANIPSKECHUS.

KayecTBEHHO HOBBIM 3TAaNOM 3JEKTPOHHOM TEXHUKH SIBUWIOCH Pa3BUTHUE
MUKPOIJIEKMPOHUKU, KOTOPasi 3aHUMAETCsl pa3pab0TKONM MHTETPaJIbHBIX MUKPOCXEM U
MPUHIIMIIOB UX IPUMEHEHUS. MHme2panvHot MUKPOCXeMOU Ha3bIBAIOT COBOKYITHOCTh
OOJBIIIOTO  YHMCJIA  B3aUMOCBSI3AHHBIX  DJIEMEHTOB — CBEPXMAaJbIX JIMOIOB,
TPaH3UCTOPOB,  KOHJECHCATOPOB,  PE3UCTOPOB,  COCIAMHUTEIBHBIX  IIPOBOIOB,
V3TOTOBJIEHHBIX B €JUHOM TEXHOJIOIMYECKOM IIPOLIECCE HAa OLHOM KpHUCTale.
Mukpocxema pasmepom B 1 cM®  MOXKeT COZEp)KaTh HECKOIBKO COTEH ThICAY
MHUKPOJJIEMEHTOB.

KonTpoJibHbIE BONIPOCHI
1. KakoB xapakrep NpoBOJAUMOCTH 3JIEKTPUUYECKOr0 TOKA B MOIYNPOBOIHUKAX ?
2. KakoBa 3aBUCHMOCTb y/I€JbHOI'O COITPOTUBIICHUS OJYIIPOBOJHHUKA OT TEMIIEPATYPbI?
CpaBHHUTE C aHAJIOTMYHOM 3aBUCHMOCTBIO JUIsl METAJUIOB.
3. O0ObsICHUTE MEXAaHU3M BO3HUKHOBEHUSI COOCTBEHHOM 3JIEKTPUYECKON MPOBOIUMOCTH
HOJIyTIPOBOJTHUKOB.
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4. O0BsiICHUTE MEXAHNU3M BO3HUKHOBEHUS TPUMECHON ANEKTPUUECKON TPOBOANUMOCTH
NOJIyIIPOBOJHUKOB

5. OnumuTe NOBeJCHUE KOHTAKTA IBYX MOJYIPOBOJIHUKOB C Pa3HBIMHU THIIAMU
IIPOBOJIMMOCTH B OTCYTCTBHMHM JIEKTPUUECKOTO OJISL U B DJIEKTPUUECKOM II0JIE.

6. HauepTuTe BOJIBT-aMIIEPHYIO XapAKTEPUCTUKY MTOJIYIIPOBOJHUKOBOTO JHOAA.

7.HauepTute cxeMy 1 00BSCHUTE IPUHLIUI pabOThI TPAH3UCTOPA.

Tema24 : MAT'HUTHOE ITOJIE.
1. CBs3b dJ€KTpUUYECTBA U MAarHETHU3MA.
2. MarauTHoOE 10JI€ U €Tr0 XapaKTEePUCTUKHU.
3. 3akoH Ammepa.
4. MarauTHoe B3aUMOJICHCTBUS TOKOB.
5. Pamka ¢ TOKOM B MAaraHuTHOM I10JIC.

1. CBs3b 2JIeKTPUYECTBA U MarHeTHU3Ma.

MarnuTtHble SIBJICHUS ObLIM W3BECTHBI elie B JApeBHeM Mmupe. Kommac ObL1
u3zooperen 6oisee 4500 ner Tomy Hazan. OH nosiBuics B EBpore npuGin3uTenbHO B
XII Bexe HOBOM 3pbl. OnHako Tonbko B XIX Beke Obuta 0OHapyKeHa CBSI3b MEXIY
AJEKTPUYECTBOM M MAarHeTU3MOM U BO3HHKJIO MPE/ICTABICHUE O MACHUMHOM HoJle.

[lepBbIMH 3KCIIEPUMEHTAMH, MOKA3aBUIMMHU, YTO MEXKIY JJIEKTPUUECKUMHU H
MAarHUTHBIMU SIBJICHUSIMA MMEETCs TJIyOOKasi CBsi3b, ObUIM OIBITHI TaTCKOTO (hHU3MKa
X. Opcrena (1820r.). DTH ONBITEI MNOKAa3aJd, YTO HA MAarHUTHYIO CTpPEIKY,
pPaCIOOKEHHYI0 BOJIM3M MPOBOJHUKA C TOKOM, JCHCTBYIOT CHJIbI, KOTOpbIC
CTPEMSITCA NOBEPHYTH CTPEJIKY.

2 MarHuTHOE 10JIe  €r0 XapaKTePUCTUKH.

VicTouHMKaMyd MarHUTHOTO TIOJSl SIBJISIFOTCSL OGUMCYU4Uecs DIEKTPUYCCKHE
3apsiapl  (TOKM). MarHuTHOE TIOJ€ BO3HHMKAeT B IPOCTPAHCTBE, OKPYIKAIOIIEM
NPOBOJHUKH C TOKOM, MarHuTHOE TOJI€ TIOCTOSHHBIX MAarHUTOB TaKXKe CO3HAeTCS
ANEKTPUUECKUMU MHUKPOTOKAMH, IUPKYJIUPYIONIUMUA BHYTPU MOJIEKYJ BeIleCcTBa
(runote3a Ammepa).

MarauTHoe 1o0i€, B OTIMYHE OT OJJIEKTPHUUYECKOTO, OKAa3bIBACT CHIIOBOE
NEUCTBUE MOJILKO HA 08udcyuwuecs 3apsaanl (TOKH).

CunoBoil XapaKTepUCTUKONW MArHUTHOTO TIOJS SIBJISIETCS 8eKMOpP MACHUMHOU

unoykyuu B . Bextop marautHo# naykimu B onpenenser cuibl, AefcTByIoOmue Ha

TOKH WJIN ABWKYIIUCCA 3apAdbl B MArHUTHOM I10JIC.

3a nonosrcumenvroe HanpaeJjieHue eekmopa B npuHuUmaemcs Hanpaejienue om

1ooicHo20 nomoca S Kk cesepromy nomocy N maznummnoin cmpenku, c60600HO
VCMAaHaeIU8arouelics 6 MazHUmHoM noJe.
Jlunuu maeHumHoU UHOYKYUY 2MO JUHUU, 8 KAHCOOU MOUKEe KOMOPBIX 8EKIMOP

B HanpaeJjern no KacamenbHOll.
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Puc.24.1 Puc.24.2

Ha pucynkax mpuBefeHbl JUHUUM MAarHUTHOM WHAYKIMHU MOJIEH MOCTOSHHOTO
Maruuta (puc.24.1) u Katymku ¢ Tokom.(puc24.2)
JIvHUM MarHUTHOW MHIYKIIMM BCETJa 3aMKHYTHI, OHM HUTJIE HE MEPECEKAIOTCS U HE
oOpbIBatOTCA. DTO O3HAYAeT, YTO MArHUTHOE II0JIE HE HWMEET HCTOYHUKOB —
MarHuTHBIX 3apsgoB. CUIIOBBIE TOJIA, 00JaJaronue 3TUM CBOMCTBOM, Ha3bIBAIOTCSA
suxpesvimu. KapTuHy MarHuTHOM MHAYKIIMH MOKHO HaOIIOAATh C TTIOMOIIBI0 MEJIKUX
KEJIE3HBIX OMUJIOK, KOTOPhIE B MAarHWTHOM II0JIC HAMAarHWMYWMBAIOTCS W, MOJOO0HO
MaJCHPKUM MATrHATHBIM CTpEJIKaM, OPHUEHTUPYIOTCS BAOIL JIMHUN WHIYKIIHH.

Hanpapnenus BeKkTopa MHAYKIMM B MarHuTHOro monst NpPSAMOJHHEHHOTO
POBOJHUKA C TOKOM OIPEIEISIOT [0 BPAGULY OypasuuKa:

Ecnu Hanpaeienue HOCMYNAMENbHO20
OBUIICEHUS bypasuuxa cosnadaem c
Hanpaegnienuem MoKa 8  NPOBOOHUKe, MO
8pawamenvroe o8uiceHue bypasuuka
— cosnadaem C  HanpaeieHuem  6eKMopda
\%a y B
" maenumnou unoykyuu P . (puc.24.3)
Puc.24.3

[IpaBuio OypaBunKa TakXe Ha3bIBAIOT NPAGULIOM NPABO2O BUHMA.

3. 3akon Amnepa.
Ha npoBogHMK ¢ TOKOM, B MAarHMTHOM MOJi€ JAEUCTBYeT cuia. JTa cuia
Ha3bIBACTCsl CUI0U Amnepa.
Cuna Amriepa HarpaBjeHa MEPIEHIUKYISIPHO BEKTOPY MAarHUTHOM MHIYKLUU

—

B y HampaBJIeHUIO Toka. Jlia ompeneneHus HampaBieHUsT CHIBI Amriepa
HCTIONB3YIOT NPAGUIO neeout pyku: (puc.24.4)
‘ Ecau pacnonosxcums negyio pyky max, umoobsl auHuu

—

UHOYKYUU B sxoounu 6 JIAOOHb, A GLIMAHYMbIE NATbLYLL
ObLIU  HANpABNeHbl  8O0Ib  HANPAGIEHUs. ~MOKd, Mo
0meEeOeH bl OONbULON Naley YKajicem HanpasieHue Cubl,
Oelicmayroujell Ha NPOBOOHUK C NMOKOM.

Puc.24.4

—

Ecnu yrom O Mexzay HampaBlIEHUSIMU BEKTOpa B y toxa B IIPOBOJTHUKE

oTmmued ot 90°, To 17T ompeeNeHns HampaBIeHus ciisl Amnepa [ Gonee yno6HO
M0JIb30BATHCS npasuiom oypasuuka. (puc.24.5)
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F BooOpasxaemprii OypaBuMK  pacmojiaraercs nep-
MEHAMKYJISAPHO IUIOCKOCTH, COJAepKamleil Bektop B wu
=, NPOBOJIHUK C TOKOM, 3aT€M €r0 PYKOSTKAa MOBOPAYMBAETCS OT
o N
HAIPABIICHNS TOKA K HANPABJICHHIO BeKTOpa B .
_ Puc.24.5
BY

[ToctymarensHoe mepemenieHne OypaBunKka OyJeT MOKa3bIBaTh HaIpaBICHUE

cunbl Amnepa F .
Onpeodenenue mooyna cunvt Amnepa. Jlis onpenelieHUs BEJIUYMHBI CHUIIbI
Amriepa MOKHO UCITOJIb30BaTh YCTAHOBKY, IPUBEACHHYIO Ha puc.24.6
+ d- [IpoBogHuk (a-0) C MOMONIBIO TOHKHUX
NOABOASIIMX MPOBOJOB MOJIBEIIMBACTCS Ha

|
: pblyare BECOB MEXIY IMOJIOCAMU MarHuTa u
ypaBHOBemuBaercs. [lpu noakimoyeHun K
/ 6 MCTOYHHMKY  MOCTOSSHHOTO  TOKa  Ha
E IIPOBOJHUK C TOKOM JEHUCTBYET Cuia
5 "
mg

/{// Amriepa ¥ paBHOBECHE HapylIaeTcs. Ty
N 7 Z CUILy MOYHO YPaBHOBECUTh
V JOTIOJIHUTEIIbHBIMU ~ TUPSIMA U TaKUM
g VF, 00pa30M U3MEPUTH CUIy AMIiepa.
4
Puc.24.6

Kak nokazanu onsITel AmMnepa, cuja, IeUCTBYIOIIAsl CO CTOPOHBI MATHUTHOTO

nons B Ha yuactok mpoBojHuKa, mporopiroHanbHa cuie Toka I, mmHe Al atoro
y4acTKa M CHHYCy Yyrja O MEXAYy HanpaBJICHUSMH TOKAa M BEKTOpAa MarHUTHOU

WHOYKIIUH: F=1IBAl SiIl .
DTO COOTHOIIIEHUE HA3BIBAETCS 3AKOHOM Amnepa.

Cuna Amriepa OCTHraeT MakCHMAJILHOIO IO MOIYJIIO 3HadeHus F.c, Korma
IPOBOJHUK C TOKOM OpPHEHTUPOBAaH NEPHNEHIUKYJAPHO JMHUSAM MAarHUTHOM
WHTYKIIHH.

Mooynb 6exkmopa macHumMHOU UHOYKYUU DABEH OMHOWEHUIO) MAKCUMATbHO20
3HayeHuss cuinvl Amnepa, oeucmeyroujell Ha NPSAMOU NPOBOOHUK C MOKOM, K CUJe

B — Fmax

moxa I 6 nposoonuxe u ezo onune Al IN

B cucreme enunnn CU 3a eIMHMIYy MArHUTHON MHAYKIUM IIPUHATA MHIYKIHUS
TaKOTO MATHUTHOTO TOJIS, B KOTOPOM Ha KaXIbIi METP JJIMHBI IPOBOIHKKA IIPU CHIIE
toka I A neiictByer makcumanbHas cuina Amnepa I H.

. H
Ora exununa HaseiBaercs  mecaa (17). 177 =1 T
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Tecna — oueHb KpyINHas eIUHUIA. MarHUTHOE TOJIe 3eMII TIPUOIU3UTETBHO
pagro 0,507 Tn. Boabioit 1a60paTOpHBIH SMEKTPOMATHUT MOKET CO3JATH TOJE
He 6onee S5 TII.

4. MaruuTHoe B3aMMO/IeiICTBUS TOKOB.

Eciii 1mo JByM MapajulelibHBIM MPOBOJHUKAM DJIEKTPUUECKUE TOKH TEKYT B

OIIHYy U TY K€ CTOPOHY, TO HaOJIOJAETCs B3aMMHOE NPHUTSIKEHHE MPOBOIHUKOB.

(puc.24.7) B cmyuae, Koria TOKM TEKYT B MPOTHUBOIOJOKHBIX HaIpPaBICHUSIX,
POBOJHUKU OTTaJKUBAKOTCS. (puc.24.8)

Bzaumooeticmseue moxog vl3bl8aemcs UX MASHUMHBIMU NOJAMU: MACHUMHOE
nojie 00H020 MoKa oeticmayem cuioi Amnepa na Opy2oi moxk u Haobopom.

1, 105 |
g L/E 7 W/
- D
R Iy, . I

12
| L d—)_l
B, d Prc.24.7 b puco4s

ONBITH IOKA3aJId, YTO MOIYJb CHUIIbI, JIEHCTBYIONIEH Ha OTpe30K MmuHOUH A/
KQKJIOr0 M3 MPOBOJHHMKOB, IMPSIMO MPONOpIHOHANeH cuiamM Toka [, u [, B
IIPOBOIHUKAX, JUIMHE oTpe3ka Al u 06paTHO MPONOPLMOHATIEH PACCTOSHUIO d MEXILY

LA
HUMMU: F k

b

Kosdpuuuent nponopruonansHoctd K B cucteme CU 3amichIBalOT B BUJIE:
k=uy/2m, rne iy —MarHuTHAs MOCTOSHHAS:
o =4 107 H/A” = 1,26:10°° H/A’.

Torma  ¢opmyma, BeIpaKawImas 3aKOH MarHATHOTO  B3aUMOJICHUCTBUS

_ My LLLAI
TapaJIebHbIX TOKOB, IIPUHUMAET BHI: =
P > 1P A 2 d
Tak xak F=F, = IBAl. (sin o = 1), T0 MOHO IpUPaBHSATH:
1.1 Al
1
[BAl =20 21" —
2
[ A OTcrozia MOJIy4YHMM BBIPAKEHHE Ul HHAYKIUH B
3 MarHMTHOIO TOJS IIPAMOJIMHEHHOTO MPOBOJHHMKA C

tokom [ (puc.24.9) ma paccrosuun d OT HETO:

( d B= Al

g 27d -

Puc.24.9
MarauTHoe 110J1€ BHYTPH KAaTYLIKU MPAKTUYECKHU OJJTHOPOHO.
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Moy BEKTOpa MArHHTHON MHAyKUMH B BHYTpH (M BOIM3M TOPIIOB)
JUIMHHOW TpSAMOJMHENHON KaTymiku (corenouoa) (puc.24.10) ompexaensieTcss 1o

bopmyne B = poln,

roe n= N/Z - YMCJIO BUTKOB Ha CAMHUIY TJIMHBI KaTyIIKH.

MaruutHoe B3aUMOJICICTBUE

m MApaJUIEIbHBIX IPOBOJAHUKOB C TOKOM

= e S A Jy/,/ HCTIONB3yeTCsl B MEXIYHAPOAHOU CUCTEME
| S " H ;7 H H ]

equaull (CHU) nna onpeneneHus] €IUHUIIBI
CHUJIBI TOKA — aMIiepa:

Puc.2.10
Amnep — cuna HeusMeHsIUe20cs MoK, KOMOPbl NPU NPOXOHCOEHUU NO 08V M
napanieibHblM nPOBOOHUKAM (0ECKOHEUHOU ONIUHbL U HUUMONCHO MAT020 KPY208020

ceuenus), pacnonodxcennbim na paccmosmuu 1 M ooun om Opyeozo € eaxyyme,

6b136a1 Obl MeNHCOY IMUMU NPOBOOHUKAMU CUTLY MAZHUMHO20 63AUMOOCLCMEUS,
7 .

pasnyio 2-10" H na xascoom yuacmxe npoeoonuxa onunotr 1m.

5. PamMka ¢ TOKOM B MATHUTHOM I10JI€.
Ha pamky ¢ TOKOM MarHMTHOE TOJIE OKa3bIBAET OPUEHTUPYIOIIEE JEUCTBHUE.
(puc.24.11)

- - B Pamka (MJ11 BUTOK) C TOKOM B MarHUTHOM I10JI€ B
+| +| l/'\ S pa3BOpavYMBAETCS U  OPHUEHTHPYETCS  MOAO0OHO
N MarHUTHOW CTPEJIKE TaK, YTO €€ MArHUTHOE MOJie
7Bl LB B
s B yCTaHABIIUBAETCS BJIOJIb BHEIIIHETO
72 5
MarauTHOTO Hoys B .

Puc.24.11

Bpawarowyuit momenm.
Ha axtuBHbIe yuacTku pamku AB u CD gmmnoit [ ¢ moctosaaeiM Tokom [ B
HEPIEHAMKYIIPHOM MarduTHoM nojie B, (puc.24.12) nelcTBYIOT paBHBIE CHUIIBI

Awmrepa: F,= IBAI . HampaBienue 3TUX CWil ONpenessieTcss MO MpaBHIly JIEBOU

pykH. OTa mapa CWI, CO3JaeT BpallAOIMK MOMEHT OTHOocuTenbHO ocu OO;.

(puc.24.13) Ilmeyo Kakaoil W3 3TUX CHJI PAaBHO Esma. MOMEHT Ka)KI0¥W CHIIBI

d .
pasen: M, = FAjsma.
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F
Puc.24.12 4 Puc.24.13

Torma cymMmMapHbId BpallareabHbIi MOMEHT JCHCTBYIOIIUM HA pAMKY PABEH:

M =2M, :2FAisina =IBldsina = IBSsina |

2

rae S=/d - nomans pamMku.

Makcumanbubiii Moment cuit: M, =IBS (mpu & =90°).

[Monyuennas GopMyia MOKa3bIBAET, YTO MOMEHT CHJI IIPSAMO IIPOIOPIHUOHAIIEH
CHJIE TOKA, IPOTEKAIOLIEr0 B BUTKAX KOHTYPA.

Inekmpousmepumenvnvle  npuoOOPsvl.  3aBUCUMOCTH  MOMEHTAa  CHJI,
NEACTBYIOIMX HAa PAMKy C TOKOM B MATHUTHOM IOJIE OT BEIUYUHBI CUIbI MOKA B
paMKe, MOJIOKEHA B OCHOBE IPHMHIMIA PAOOTHI JIEKTPOU3MEPUTENLHEBIX IIPHOOPOB.

(puc.24.14)

Cuny TOKa MOXHO ONPENEIUTh IO YINy IOBOPOTA
katymku (1) ecnmu  mporpagyupoBaTh — mpudop.
Karymika ¢ TokoM moBopayuBaeTcsi 0 T€X Mop, MoKa
MOMEHT CHJI YIPYTOCTH CO CTOPOHBI CIHPATIBHBIX
npyxuH (2) He ypaBHOBECUT MOMEHT CHII,
JNCHCTBYIONIMX HA PaMKy CO CTOPOHBI MarHUTHOTO
noyisi. BpameHue KaTymKkd ¢ TOKOM B MarHUTHOM
II0JIE MCIOJB3YETCS B YCTPONCTBE I1€KMPUUECKO20

osuzamens.
Puc.24.14

[Ipubop Ha puc.24.15 sBugeTcs MOJENBIO BJIEKTPUUYECKOTO JBUTATEIS
NOCTOSIHHOTO TOKa. JlJis TOro 4roObl paMka MpoAOJDKalla BpallaTbcs B TOM K€
HalpaBJIE€HUU, TOK Ha HEE IOJACTCS YEpe3 KOJIeKmop, TPEACTaBISAIOLMUN co0oi
KOJIBLIO Pa3pe3aHHOE HA CEKTOPBI U30JMPOBAHHBIE APYT OT Apyra.

[Ipn moBopoTE paMKH, MPUCOEIWHEHHBIE K €€ KOHIaM
MOJIYKOJIbLIa (CEKTOpa) KOJUIEKTOPa MOBEPHYTHCS BMECTE
C HEM M KaXJ0€ NPUKMETCS K JAPYroM IIETKE, MOITOMY
TOK B  paMKe  H3MEHHUT  HampaBJeHHE  Ha
POTUBOIOJIOKHOE, COXpaHsist HaIlpaBJICHUE
BpaliaTeIbHOr0 MOMEHTA.

B TexHuueckux 3NEKTpOABUTATENSAX OOMOTKA
BpaIIAIOIIECs KaTYIIKU Ha3bIBACTCS AKOpeM

Puc.24.15
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Skope npeacrasisieT cOOOM CTANBHON MUIMHJIP B Ma3aX KOTOPOTO MPOJIOKEHO
OOJBITIOE YMCIIO BUTKOB. UeM OOJIbIIIE YHCIIO MMAa30B U BUTKOB B HHUX, TEM OOJIBIIE
BpAILIAIOIIIAI MOMEHT.

KoHTposbHbIe BONIPOCHI:
1.Kak BO3HHMKAeT MarHUTHOE MOJI€ B MPOCTPAHCTBE?
2.B yem cyTh runore3sl Amnepa?
3.Yto npuHUMaeTCA 3a MOJIO0KUTENbHOE HAIIPABJICHUE BEKTOPAa MAarHUTHON MHAYKIIMU?
4. YKaxxuTe crocoObl ONpeie/ICHNs HarpaBiIeHUs BEKTopa B.
5.Ha30BUTE OCHOBHBIE CBOMCTBA JUHUN MarHUTHOM UHAYKIIUU.
6.Kakue nosnst Ha3pIBatOTCS BUXPEBBIMU?
7.Kakas cuna Ha3bIBaeTcs cuiio Ammepa?
8.Kak onpenensiercs HanpaBiieHUE CUIIbl AMmepa?
9.Korna cuna AMrnepa JOCTUTaeT MAKCUMAJIBHOTO MO MOJTYJIFO 3HAYEHUS ?
10.Kak B3auMOAeMCTBYIOT MapaieabHble IPOBOJHUKH C TOKOM?
11.BeiBegute dhopmysly CyMMapHOTO BpaliaTeIbHOTO MOMEHTA, CHUCTBYIOIIETO Ha
paMKy ¢ TOKOM B MarHUTHOM TOJI€.
12 ITpunHmmn paboThl 3MEKTPUIECKOTO IBUTATENSI ITOCTOSIHHOTO TOKA.

13./{aitTe onpeaeneHrne eIMHUIBI MATHUTHON MHAYKIMU B, NpUHATON B CUCTEME €IMHMI]
CH.
14.YTo npuHATO 3a €AUHUILY CUIIbI TOKA B cucTteMe eaunui CU?

Tema 25: IBUKEHUE 3APA’KEHHBIX YACTUI] B MAT'HUTHOM
IHOJIE. MAI'HUTHBIE CBOUCTBA BELHLIECTBA.

1. JlelicTBMEe MarHMTHOTO MOJIs1 HA ABMXKYyLIKecs 3apsapl. Cuita JlopeHiia.
2. JIBrKeHUE 3apsSKEHHBIX YaCTUIl B MATHUTHOM TIOJIE.
3. MarauTtHsle CBOMCTBA BEIIECTBA.

1. lelicTBMe MATHMTHOIO TOJIA HA ABH:KYyIIMecs 3apsaabl. Cuna JlopeHua.

Cuna Jlopenya. ]JleiicTBu€ MarHUTHOTO MOJs HAa MPOBOJHUK C TOKOM €CTh
pe3ysibTaT JCWCTBUS MOJISI HA JABWKYIIMECS 3apsSKCHHBIE YAaCTULBl BHYTPHU
IPOBOJAHMKA. BeIpazum cuiny Ammepa, ACHUCTBYIOIIYKO Ha OTPE30K IPOBOJHHKA

nmuHoi Al ¢ cunoit Toka I, Haxonmsmmiics B MarHMTHOM moje B, depes cuibl,
JNEUCTBYIONIUE HA OT/ACJIbHBIE HOCUTEIH 3apsijia.

[lycTh KOHUEHTpalUsi HOCUTENed CBOOOAHOrO 3apsifa B IPOBOJHUKE H, V —
MOJIYJIb CKOPOCTH YIOPSIOYEHHOIO JIBHKCHUS HOCUTENEH 3apsja ¢, TOoraa cuia
TOKa, TEKYIIErO 0 MPOBOAHKMKY ILIONIA b0 IONEPEYHOrO ceueHus S paBHa:

[ = gnvs.

BripaskeHue st CHITbl AMITEpa MOKHO 3aIicaTh B BUJIE:

F = IBAl sin a= gnSAB sin q.

Tak kak monHoe wmcio N HocuTesaed CBOOOIHOrO 3apsiia B MPOBOJHHKE
nmuuoii Al m ceuenmem S pasno nSAL, To cuna, Oeticmeyiowas na 00Hy
sapscennyio uvacmuyy, paena: F'y = quB sin .

DTy cuily Ha3BIBAIOT cunoil Jlopenya. Yroi O B 5TOM BBIPaKEHUH PaBEH YIIIy

MEKIy BEKTOPOM CKOpPOCTH U M BEKTOPOM MarHuMTHOW MHAykuumu B Hanpapnenue
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cuibl JlopeHna, NEUCTBYIOLIEH HA NOJ0MCUMENbHO 3APSIKEHHYI0 YacTHUIY, TAK K€,
KaK W HalpaBJieHUE CHJIbI AMIIepa, MOKET ObITh HAWMJIEHO IO MpaBUILy JIEBOW PYyKH
WIM 110 TIpaBuily OypaBuuka. (puc.25.1)

."!‘7 —_ —_
é #F##,f// B3auMHoe pacroioKeHue BEKTOpoB U | B u
- ]
P JI I TIOJIOKUTENIbHO 3apsDKEHHOM YacCTHIIhI
&
o . MOKa3aHO HA PUCYHKE.
0 -
Monayne cunbel Jlopenna F J1 UWCIIGHHO paBeH
IJIOIIAIM TapajuiesiorpaMma, TOCTPOCHHOTO Ha
F J BekTOpax O u B nomuoskennoii na 3apsn ¢.
Puc.25.1

Cuna JlopeH1a HanpaBjieHa NEePIEHMKYIIAPHO Bektopam U u B .

Ilpu oeudicenuu 3apsasxiceHHoOU wacmuyvl 6 MacHUmMHOM noiae cuia Jlopenya
pabomul He cosepuiaem (TaK Kak cuja MEpPHEHIUKYIspHa ckopocTH). Iloatomy
MOAYJIb BEKTOpa CKOPOCTH IIpU JBUKEHHUM 4YacTULBl HE wu3MeHsierca. Ecim
3apspKeHHAsk 4acTULA JABUKETCA B OJHOPOJHOM MAarHUTHOM IOJi€ MOJ JEHCTBHEM

cuiel JIopenna, (puc.25.2) a ee ckopocTh U JIEKHUT B IUIOCKOCTH, MEPIIEH IUKYIAPHOIM
BekTOpy B To cuna JlopeHna B 3TOM cilydae MIpaeT poiib HEHTPOCTPEMHUTEILHOM

mv’
CHJIBL; R = qu )

B Yactuma OymeT JIBHraThCs MO OKPYKHOCTH
] ] &
mo
R e panuyca: R= .
- E R qB
+)<__J/ [lepuon  oOpamieHust  4YacTHIBI B
OJTHOPOJIHOM MAarHUTHOM TI0JIC PaBEH:
| | | T 27R _ 2rm
v qB
Puc.25.2

OTO BBIpAXKEHHE MOKA3bIBAET, YTO IS 3apsDKEHHBIX YACTHI] 3aJJaHHOM Macchl
m nepro]] oOpaIeHust He 3aBUCHT OT CKOPOCTH V U pajnyca Tpackropuu K.

Huxnompon .YT1ioOBasg CKOPOCTh JBWKCHHUS 3apsDKEHHOM YacTUUBl IO

B B
v_, 4B _4B

KpyroBoii  Tpaekropun @ :E HAa3bIBAETCA  YUKIOMPOHHOU

mo
yacmomotu. 1IUKIOTpOHHAs YacTOTa HE 3aBUCHUT OT CKOPOCTH (M OT KMHETUYECKOU
SHEPrUM) YaCTUIBL. ITO OOCTOATEIBCTBO HCIONB3YETCA B YUKIOMPOHAX —
YCKOPHUTEJISAX TSKEINBIX 4acTUL (IPOTOHOB, HOHOB).

Ha puc.25.3 nmpuBenena npuHIUIIMAIBHAS CXEMa HUKJIOTPOHA.
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MG)KI[y ImojiocaMmn  CHJIbHOI'O  QJICKTPOMAarHumrTa

-
ot s, — )
oLy ol % EEO N NOMEIACTCS  BaKyyMHas  Kamepa, B  KOTOPOW
rd - ,.-'@_,. H:L"\

ff 4 J,*; s E—‘k oA HaxomsITCd  ABa  DJIEKTpoJa B BHUJAC  MOJBIX

-
O T - MO METAJUIMYECKUX  TMOJNYIWIMHAPOB  (Oyanmog). K
TSR IRINER R JlyaHTaM TIPUIIOKEHO IEPEMEHHOE DIEKTPHYECKOE

LSRR A= iy
i \f:i?\ N HaIpsDKCHHUE, yacmoma KOMOopo2o pasHa

S o e L .

HQ@‘\C:@L & YUKTIOMPOHHOU  Yacmome. 3apsHKEHHbIE YaCTULIbI
NN Here BBOJISITCSL B IIGHTP BaKyyMHOW KaMepbl H yCKOPSIOTCS

ANEKTPUYECKUM TIOJIEM B  MPOMEKYTKE  MEXKAY
TyaHTaMHu.
Puc.25.3

BHyTpu nyaHTOB 4YacTHIbl ABHXKYTCS IOJ JIEUCTBHEM CHIbl JIOpeHma 1o
IIOJIyOKPYKHOCTSIM, PaguyC KOTOPBIX PACTET MO MEPE YBEIMYECHUS YHEPIUM YACTULL.
Kaxnpii pa3, kKorma 4acTuma NpOJIETAET 4YEpe3 3a30p MEXIy [IyaHTaMHU, OHaA
YCKOPSIETCS JIEKTPUUYECKUM ToJieM. Takum o0pa3oM, B LIMKJIOTPOHE, KaK U BO BCEX
OPYTHUX YCKOPHTEIAX, 3apsSHKEHHAsl YaCTHULA YCKOPAETCA AIEKTPUYECKUM IOJIEM, a
YACPKUBAETCA HA TPACKTOPUM MAarHUTHBIM 1OJIEM. [IMKIIOTPOHBI ITO3BOJISIOT
YCKOPSITh MPOTOHBI 10 3HEpruu nopsaaka 20 MsB.

IIpn yckOpeHHMM 3apsKEHHBIX 4YaCTHLl JO0 CKOPOCTEM COM3MEPHUMBIX CO
CKOPOCTBIO CBETa BO3HUKAET PEISTUBHCTCKOE BO3pPACTAaHHE MAaCChl YaCTHIIBI CO
CKOPOCTBIO. DTO MPUBOAUT K YBEJIMUYCHHUIO IMepuoAa OOpalleHUs U H3MEHEHUIO
UKJIOTPOHHON YacToThl. Bo3HMKaeT HEOOXOIMMOCTh CHHXPOHHM3ALMK YaCTOTHI
BHEIIHETO YCKOPSAIOLIErO JIEKTPUYECKOIO OIS ¢ U3MEHSIOIIEN YaCTOTOU JBUKEHUS
qJacTULbl. DTa MpobiieMa pellieHa B YCKOPUTENAX JAPYroro TUIa — CUHXPO(a3oTpoH,
(da3oTpoH U Apyrue. 3apsHLKEHHbIE YACTHIIBI YCKOPSIFOTCS 10 SHEPTUH B HECKOJBKO
TeICcAY [ 3B.

Macc-cnekmpomemp — yCTPOWCTBO, C IOMOIIBK) KOTOPOTO MOYKHO HU3MEPSATH
MAaccChl 3apsHDKEHHBIX YaCTULL — MOHOB WJIM SIAEP Pa3IudHbIX aTOMOB. (puc.25.4)

Macc-cneKTpoMeTpsl UCIOIB3YIOTCSA IS Pa3lENICeHUs] U30TONOB, TO €CTh SAIEp
aTOMOB C OJIMHAKOBBIM 3apsAI0M, HO Pa3HbIMU MacCaMH.

MOHBI, BBUIETAIONIME U3 HCTOYHHKA S, IPOXOIAT YEPE3 HECKOIBKO HEOOIBIINX
OTBEPCTUN, (POPMUPYIOIINX Y3KUU IYYOK U TMOMNAJAIOT B Cel1eKmop CKOpocmeli, B
KOTOPOM YaCTHLbl JBUXKYTCS B CKPEUEHHbIX OOHOPOOHbIX JJIeKMPUUECKOM U
MASHUMHOM NOJIAX. DIEKTPUUECKOE MOJIE CO3MACTCS MEXKAY IUIACTUHAMM ILTOCKOTO
KOHJIEHCATOPa, MarHUTHOE TOJIE — B 3a30p€ MEK/y ITOJIFOCAMHU 3JIEKTPOMAarHuTa.

HavanpHass CKOpOCTh 3apsKEHHBIX YaCTHI[ HAIIPaBJICHA NEPHEHIUKYJSPHO

sextopam £ u B
Ha uacTuily, ABMXKYILYIOCS B CKPELIEHHBIX DJJIEKTPMYECKOM M MAarHMTHOM

—

ITOJIAX, ,IICI\/JICTBYIOT QJICKTPpHUYCCKAsA CHJIA qE N MAarouTHas cCujia HopeHua. HpI/I

ycnoBur £ = VB o1r critbl ypaBHOBEIMBAIOT JAPYT APYTra, YacTUIA OYAET ABUTATHCS
PAaBHOMEPHO M MPSMOJMHEUHO M, IPOJIETEB Yepe3 KOHIEHCATOp, MPOMAET Yepes
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oTBepcTHE B dKpaHe. IIpu 3a1aHHBIX 3HAYCHHUSX OJIEKTPHMYECKOTO W MAarHHUTHOIO
TOJIEH CEJIEKTOP BHIAEIMT YaCTHIIBI, ABUKYIIMECA CO CKOpocThio U = £ / B.

Jlamee dYacTMLGI C OJHMM M TEM IKE
P 3HaYEHWEM CKOPOCTH IIONAgaloT B KaMepy Macc-
7 o
| CIIEKTPOMETPA, B KOTOPOM CO3/AHO OIHOPOIHOE
D'
| MarauTHoe none B . YacTuusl ABMXKYTCA B
—o | o .
HpT|! KaMepe B IUIOCKOCTH  IIE€PIEHIUKYJISPHOM
qoé A T )qE MardHMTHOMY IIOJIO  TI0J  JEHCTBHEM  CHIIBI
o Yoo Jlopennia. TpaekTtopuu dYacThll HPEACTABIAIOT
+ I o _
| coboii okpyxkHOcTH paamycoB R =mv / gB'.
© © o
+—|z;' MsMmepsis paauychl TPAeKTOPUI IIPU H3BECTHBIX
—_— —_— !
T =Ll . 3HaueHUSAX L U B’ MOXHO onpesenuTh OTHOLIEHHE
m. AN R1 N —
A mel L 07 g/ m. B cnysae wmsoromoB (g; =¢q,) Macc-
© ©
°© R _Rj° v i CIIEKTPOMETP II03BOJISIET PA3NEIUTh YAaCTUIILL C
o Y o o Pa3HLIMM MaCCaMH.
Puc.25.4

CoBpeMeHHbIE MacC-CIIEKTPOMETPHI MO3BOISIOT U3MEPSTh MACCHI 3aPSKEHHBIX
YaCTHI] C TOYHOCTBIO BBIIIIE 107,

eusncenue uacmuya 6 MQZHUMHOM nOJIE O CRUPAILU.

Ecnu yactuna Biaeraer B MarHUTHOE TOJIE MOJ YIJIOM K BEKTOPY MAarHUTHOM

MHIYKLHH, TO CKOPOCTh YacTHIB U HMEET COCTABISIOLIYK ! BIOJIb HAIPABICHUS
MarHUTHOTO TIOJISl, U Takas 4yacTHia OyAeT IBHUraThCs B OAHOPOJHOM MarHUTHOM
noJie 1o crnupanu. (puc.25.5)

Ilpu o>rtom paauyc coupaaun R
3aBUCHT OT MOMAYJIS  IEPIEHIUKY-
JAPHOW  MAardHUTHOMYy  IIOJIO  COC-
OL

TaBJISAIOLIEN BekTopa U a mar

cupand A — OT MOJIyJs NPOAOJIBHOM

COCTAaBIIAIONIEN U”.

Puc.25.5

Takum 00pa3oM, TpaeKTOPHS 3apsHKEHHOW YacTUIbI Kak Obl HaBUBAETCS Ha
JUHUA MArHUTHOM WHAYKIUU. OTO SBJICHUE UCIOJB3YeTCI B TEXHUKE JJIs
MASHUMHOU MePMOUZONAYUU BbICOKOMEMNEPAMYpPHOU Nid3Mbl, TO €CTh MOJHOCTBIO
MOHM3UPOBAHHOTO rasa mpu Temmeparype mnopsaka 10° K. BemectBo B Takom
COCTOSIHMU TOJYYarOT B YCTAaHOBKAaX TUNa «TokaMak» NMpU M3yYEHHH YHPABISIEMbIX
TepMOsIAEpHbIX peakuui. [1azMa He HOKHA CONMPUKACATBCA CO CTEHKAMH KaMEPBI.
Tepmounzonsuus OOCTUTAETCA IyTEM CO3JAaHUSI MArHUTHOTO MOJIA CHELHAIbHOM
koH(purypanuu. B kadecTBe mnpumepa Ha puC.25.6 u300pakeHa TpaeKTOpHUs
JBKECHUS 3apSHKEHHOM YaCTULIBL B MACHUMHOU «JIOGVUIKE .
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Puc.25.6. 3apsieHHbIC YaCTULIBI HE BBIXOST 3a MPEIEIbI «108YUIKUY.
MarauTHoe MoJe «108YUiKU» MOKET OBITh CO34aHO C MMOMOILBIO IBYX KPYTJIbIX
KATYILIEK C TOKOM.

Maznumnom none 3emau ABISETCA 3aIUTON I BCETO KMBOIO OT IOTOKOB
3apsKEHHBIX YaCTHLL U3 KOCMUYECKOIO IIPOCTPAHCTBA.

BricTpbie 3apspkeHHBIE YacTHUIBI, B OCHOBHOM
ANEKTPOHBI U TPOTOHBI, M3 KOcMoca (TJIaBHBIM
oOpa3zom oT CoJiHIIAa) «3aXBaThIBAIOTCS» MarHUTHBIM
nojeM 3emiiM M 00pa3ylOT TaKk Ha3bIBaeMble
paouayuonusie nosica. (puc.25.7)

B paamanuoHHBIX TOSicAaX YacTULbI, KaK B
MAarHUTHBIX JIOBYIIKAaX, ME€peMENIAloTCs Tyaa W
0o0paTHO O crnUpaie0Opa3HbIM TPACKTOPUIM MEXKITY
CEBEPHBIM M IOXHBIM MArHUTHBIMH TIOJIFOCAMH 32
Prc.25.7 BpEMEHA NOPSIKA JOJIEU CEKYHBI.

JIvie B TMOJSPHBIX 00JACTSIX HEKOTOpas 4acTh YaCTHUI[ BTOPraeTCs B BEPXHUE
ciou arMocepbl, BbI3bIBas MOJSPHbIE CHUSHUA. PaauanuoHHble mosca 3emMiH
IPOCTUPAIOTCA OT paccToAHuM mnopsaka 500 KM 10 JIECATKOB 3€MHBIX PaJuyCoOB.
3ametuM, yTo FOXKHBI MarHUTHBIA TONIOC 3€MJIM HAXOJWUTCS BOJIM3U CEBEPHOIO
reorpaduueckoro nojroca (Ha ceBepo-3amnaje ['pernanaun).

2 MarsnuTHbI€e CBONCTBA BellleCTBa.

Bce BertecTtBa B 0OOJbIIEH MM MEHBIIEH CTEIIEHH 001a1al0T MarHUTHBIMHU
cBoricTBamMu. Ecnm n1Ba BUTKA ¢ TOKaMH TMOMECTUTh B KaKy-ITHOO cpemly, TO cuja
MarHMTHOT'O B3aWMOJICHCTBUSI MEXIY TOKAMHU HU3MEHSETCS. DTOT OIBIT MOKA3bIBAET,
YTO HHAYKOHS MAarHUTHOTO TIOJA, CO3/1aBa€MOr0 JJIEKTPUYECKHMMH TOKaMH B
BEILIECTBE, OTIMYACTCS OT WHAYKIUW MAarHUTHOTO TOJIS, CO3JABAEMOIO0 TEMH K€
TOKaMU B BaKyyMe.

Maznummnoit  nponuyaemocmoto M naszvisaemcs ¢uzuueckas eenuuuna,

—

nokasslearwuiasd, 60 CKOJNbKO pa3 uHayKl/ﬂl}l B MACHUNMHO20 NOJIAl 6 OOHOpOaHOZZ

—

B
cpede omauuaemcs no MoOYI0 Om UHOYKYuu 0 MASHUMHO20 NOJIsL 8 8AKYYMe,
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MarsHutHbele CBOWCTBA BELIECTB ONPEICISIIOTCA MArHUTHBIMH CBOMCTBAMU
aTOMOB WJIM DJIEMEHTAapHBIX YacTull (JIIEKTPOHOB, TMPOTOHOB U HEUTPOHOB),
BXOJIAIIMX B COCTaB aTOMOB. B HacTosiliee BpeMs yCTaHOBJIEHO, YTO MarHUTHBIC
CBOMCTBa MPOTOHOB W HeWTpoHOB moutu B 1000 pa3 ciabee MarHUTHBIX CBOWCTB
91eKTpOHOB. [l0ATOMY MarHuUTHbBIE CBOMCTBA BEIIECTB B OCHOBHOM OIPEIEISIOTCS
3JEKTPOHAMHU, BXOJSIMMH B COCTaB aTOMOB.

OnHuM W3 BaXXHEMIIMX CBOMCTB 3JIEKTPOHA SIBISETCS HAJU4YUE Y HEro He
TOJIBKO JJIEKTPUYECKOTO, HO M COOCTBEHHOro MarHUTHOTO moiisa. CoOCTBEeHHOE
MarHUTHOE II0JIE AJIEKTPOHA HA3bIBAIOT chnuHoM (Spin — BpalleHUE). IJIEKTPOH
CO3/1a€T MarHUTHOE MOJIE TAKXKE W 32 CUET OPOMTAIBHOTO ABMXKEHHS BOKPYT fJIpa,
KOTOPOE MOKHO yMOJO0OUTHh KPYyrOBOMY MUKPOTOKY. CIIMHOBBIC TIOJISI SJIEKTPOHOB H
MarHuTHBIE T0JIsI, 00YCIOBIEHHbIC UX OPOUTAIBHBIMU JIBUKCHUSIMU, U ONPEICISIOT
IIMPOKUH CIIEKTP MAarHUTHBIX CBOVWCTB BELIECTB.

VY OoJIBIIMHCTBA BEIIECTB MAarHUTHBIE CBOWMCTBA BbIpaXKeHbI ciabo. Crabdo-
MazHuUmHble @eujecmea JICIATCS Ha JBE OOJIbllIME TPYNNbl — HAPAMAZHEMUKU U
ouamaznemuxu. [lpu BHeceHMM BO BHEIIHEE MArHUTHOE IIOJIe IapaMarHUTHBIC
o0pa3iibl HAMarHUYMBAIOTCS TaK, YTO UX COOCTBEHHOE MAarHUTHOE I0JIE OKa3bIBACTCS
HAIPaBJICHHBIM 1O BHEIIHEMY IOJI0, & TMaMarHUTHbIE 00pa3libl HAMarHUYUBAIOTCS
MPOTHB BHEIIHEro mojis. [loaroMy y mapamarHeTukoB WL > 1, a y aumamarHeTHKoB
w<1. Ommune p OT eqMHMIBI y TApa- U JUAMATHETHKOB YPE3BBIYANHO MAJIO.
Hanpumep, y antoMuHus, KOTOPbIM OTHOCUTCS K TapaMarHeTUKaM,

n—1=2,1-10", y xnopucroro sxenesa (FeCly) p— 1 = 2,5:107.

K mapamarnerukaM OTHOCSITCS TaKKe IJIaTHHA, BO3IYX W MHOTHE JPYyTrue
BemtecrBa. K quamarnernkam otHocstes mMeasb (LW — 1 = —3'10_6), Boma (LW— 1 =—
9'10_6), BucMyT (UL— 1 2—1,7'10_3) U apyrue BemectBa. OOpasipl U3 mapa- u
JTMaMarHeThKa, MOMEIICHHbIE B HEOJTHOPOJHOEC MAarHMTHOE TOJI€ MEXIY IMOJ0CaMu
JJIEKTpOMArHuTa, BeAyT ceOs TMo-pa3HOMy — TmapaMarHeTuku (puc.25.8a)
BTSATUBAIOTCS B 00JIacTh CWJIBHOTO  TOJISI, JAuamMarHeTuku (puc.25.80) —
BBITAIKUBAIOTCS.

—_

F

LTRSS o PREE(S

—

(a) F

Puc.25.8
[Tapa- m nuamarHeTu3M OOBSCHACTCS TMOBEICHHUEM >JIEKTPOHHBIX OPOUT BO
BHEIITHEM MArHUTHOM TMI0Jie. Y aTOMOB JIMAMarHUTHBIX BEIICCTB B OTCYTCTBHE
BHEITHETO T0JII COOCTBEHHBIC MAarHUTHBIC TOJIS AJIEKTPOHOB U TOJIS, CO3/1aBacMbIC
UX OpOWTAIBLHBIM JBWKCHHEM, IOJHOCThIO CKOMIICHCHPOBAHbBI. BO3HUKHOBEHHE
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JMaMarHeTu3Ma CBSA3aHO C JieicTBUEeM cuiibl JIopeHla Ha aeKTpoHHbIe opouTsl. [Tos
JNEUCTBUEM ATOM CUJIbI U3MEHSIETCS XapaKkTep OPOUTAIBLHOTO JBUKEHUS AJIEKTPOHOB U
HapyliaeTcsi KOMIICHCAllMsl MAarHWTHBIX Tojied. Bo3Hukaromee npu  3TOM
COOCTBEHHOE€ MAarHUTHOE TI0JIE aToMa OKa3bIBAETCS HaINpaBJIECHHBIM MPOTHUB
WHIYKIAA BHEIIHETO TMOJIA.

B aromax mapaMarHUTHBIX BEIIECTB MArHUTHBIE TMOJS  DJIEKTPOHOB
CKOMIIEHCUPOBAHbl HE MOJHOCTHIO, U aTOM OKa3bIBAETCS IMOAOOHBIM MaJIEHbKOMY
opOuTanbHOMY TOKY. B OTCyTCTBHME BHENIHETrO MOJISI ATH KPYTrOBbIE MHKPOTOKU
OpPUEHTUPOBAHbI IMPOU3BOJIBHO, TAK YTO CyYMMAapHAass MarHUTHass WHAYKIUS paBHA
HyJI10. BHelIHee MarHuTHOE TIOJIE OKA3bIBAET OPUEHTUPYIOLIEE JCHUCTBUE —
MUKPOTOKH CTPEMSTCS COPHEHTHPOBATHCA TaK, YTOOBI MX COOCTBEHHBIE MAarHUTHBIC
IOJISL OKA3aJIUCh HAIIPABJIEHHBIMU 1O MHAYKIMU BHEWIHEro mnouss. M3-3a temnoBoro
JBDKEHUST aTOMOB OpHEHTAIlMsl MUKPOTOKOB HHKOT/Aa He ObiBaeT mosHOW. [lpwm
YCWJICHUH BHEITHETO IOJIsI OPUEHTAIMOHHBIN 2(()EKT BO3pacTaeT, Tak 4TO WHTYyKIIHS
COOCTBEHHOTO MArHUTHOTO TIOJII TapaMarHWUTHOTO 0Opasla pacTeT MpsIMO
MPONOPIMOHAIIBHO MHIAYKIMA BHEIIHEr0 MarHuTHOro nons. [lonHas wHIyKnus
MAarHuTHOTO TIOJISI B 00pa3lle CKJIAJbIBACTCS W3 HMHAYKIIMUM BHEUIHET0 MarHUTHOTO
noJisi U MHAYKIWA COOCTBEHHOTO MAarHUTHOIO IIOJSl, BO3HHKIIETO B MpOLEcCe
HaMarHU4MBaHUsI.

@Deppomaznemukamu.  HA3BIBAIOTCS  BEIIECTBA,  CIIOCOOHBIE  CHJIBHO
HAMarHU4MBaTbCd B  MArHUTHOM  Moje.  MaruutHags  NpPOHULAEMOCTb

deppomarneTHkos nexut B mpenenax 10°—10°. Hampumep, y cramu L= 8000, y
CILJIaBa eJie3a C HUKEJIEM MarHuTHasi MPOHUIIAEMOCTh gocTuraet 3Hauenuit 250000.

K rpymnmne ¢deppoMarHeTUKOB OTHOCSITCA YETHIPE XUMHYECKUX DJIEMEHTA:
Jrceneso, Hukenb, kobanem, 2aldoaunuu. W3 HuX HauOOJIbIIEH MAarHUTHOMN
IPOHHUIIAEMOCTBIO 00JIa/1aeT KENEe30.

deppoMarHeTUKaMu  MOTYT OBITb  pPA3IMYHBIE  CIUIABBI, COJEpXKaIlIKe
dbeppomarauTHeie diemeHThl. lllupokoe mnpuMeHEeHHWE B TEXHHUKE MOIYYHIN
KepaMudeckue (peppoMarHuTHBIE MaTEPHAIIbI — (DEPPUTHI.

Jliis xaxaoro peppomMarHeTvka CyIeCTBYET ONpPECIICHHAs] TeMIepaTypa, TaKk
Ha3biBaeMas mouka Kiopu, Boilie KOTOpOil (heppOMarHuTHHIE CBOMCTBA UCUE3AI0T, U
BEILIECTBO CTAHOBUTCS IapaMarHeTHMKOM. Y keie3a Temieparypa Kropu paBHa
770 °C, y kob6anbta 1130 °C, y nukens 360 °C.

deppoMarHUTHBIE MaTepualbl JENsATCS Ha JBE OOJblIME TPYyNIbl — Ha
MAZHUMO-MAZKUEe W MAZHUMO-)MceCmKue  Matepualibl.  MarHuTo-Msrkue
dbeppoMarHuTHeIE MaTepuaibl TOYTH TOJHOCTHIO Ppa3MarHUYMBAIOTCS, KOT/a
BHEIIHEE MArHUTHOE II0JI€ CTAHOBUTCS pPaBHbIM HyJIO. K MarHuTo-mMsArkum
MarepuajgaM OTHOCHUTCS YUCTOE XKEJIE30, BJIEKTPOTEXHUYECKAsT CTallb U HEKOTOPBIE
CIUIaBbl. DTH MaTepUalbl IPUMEHSIOTCS B MPUOOpax MEPEeMEHHOI0 TOKa, B KOTOPBIX
IPOUCXOJTUT HEIPEPBIBHOE nepemaznHuyusanue (TpanchopmaTopsil,
3JIEKTPOJIBUTATEINU U T. I1.).

MarHuTo-XecTKie MaTepualibl COXPaHSIOT CBOK HAMAarHMYEHHOCTh U IOCTE
yAQJIEHUS! UX U3 MarHUTHOrO noJid. [I[pumepamMu MOTYyT CIIY>KUTh YTJIEPOJIUCTAS CTAIb
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U PAl COEUUAIBHBIX CIUIABOB. MAarHMTO-)KECTKME MATEPHUAJbl UCIOJIb3YIOTCS IS
U3TOTOBJICHUS NOCMOSIHHbIX MACHUMOS.

MarHuuTtHass NpOHULAEMOCTh [ (PEPPOMArHETUKOB HE SIBISIETCS MOCTOSHHOM
BEJIMYMHOM; OHA CHJIBLHO 3aBUCUT OT MHAYKIMU B, BHENIHEro mojs (B TabiuIax
NPUBOSATCSA 3HAYEHUSI MAaKCUMaIbHON MarHUTHON MPOHUIIAEMOCTH).

HenocTossHCTBO ~ MarHMTHOW  NPOHULIAEMOCTH  NPUBOAUT K  CIOXKHOHU
HEJMHENHON 3aBUCHMOCTH MHIAYKIUH B MarHuTHOrO Ioiis B (DEPPOMArHETHKE OT

HHAyKMA By BHemHero MarHutHOro moist. OcoOEHHOCTRIO — mporecca
HaMarHM4uBaHusi (EppOMArHETUKOB SIBIIICTCA 2UCHIEpe3uc, TO €CTh 3aBHUCHUMOCTH

HaMarHM4YMBaHus OT MpeablcTopur o0pasia. Kpusas namaruuuusanus B (Bg)
deppoMarHuTHOrO 0Opasua MpeAcTaBiIsieT co00i METII0 CI0XKHOW (POpPMBI, KOTOpas
Ha3bIBaeTCs nem.ieil cucmepesuca (puc.25.9).

CrpenkaMy  yKa3aHO  HAmpaBlICHWE IMPOIECCOB  HAMAarHWYWBAHUS U
pa3MarHn4uBaHus (EPpPOMArHUTHOTO OOpasa TpW HU3MEHCHWHM WHIAYKIUU B
BHEIIHETO MarHUTHOTO TIOJISI.

[Tpu ‘Bo ‘ > BOS HACTYyNaeT MArHUTHOE HACBIIIEHUE — HAMAarHU4€HHOCTD

oOpaslia T10CTUraeT MaKCUMaJIbHOTO 3HaUeHus. Eciiu Tenepb yMeHbIIaTh MAarHUTHYIO

MHIYKLIUIO B BHENIHEro 1OJis M JOBECTH €€ BHOBL 0 HYJIEBOI'O 3HAYEHHUS, TO
dbeppoMarHeTHK COXpaHUT OCMAMOYHYI0 HAMACHUYEeHHOCMb — TIOJIe BHYTpH o0Opasia
Oyzer paBHO B,.

Ocrarounas HAMarHWYCHHOCTh
00pa3ion MIO3BOJISCT CO3/1aBaTh
MOCTOSIHHBIE ~ MarHuThl. J[ns  Toro,
9TOOBl  TOJIHOCTBIO  Pa3MarHUTHUTh
oOpaserr, HEOOXOIUMO, M3MEHHUB 3HAK
BHEIITHETO TIOJIsI, JTOBECTH MArHUTHYIO
UHAYKOU By po 3Hadenuss —By.,
KOTOpOe MPUHSTO Ha3bIBaTh
KospyumueHou cunou. Jlanee mporiecc
nepeMarHHYuBaHUS MOXET  OBITh
NPOJOJDKEH,  KaKk  3TO  YKa3aHo
CTpEJIKaMH.

Puc.25.9

V MarHuTo-MATKHX MaT€PHAJIOB 3HAYEHUS KOOPLMTUBHOM CHIIbI B, HEBEIUKO
— TETJId TUCTepe3uca TaKMX MaTepHalioB JOCTAaTOYHO «y3kas». Martepuaibl c
OOJBIIMM 3HAYEHUEM KOIPUUTHUBHOW CHIIBI, TO €CTh MUMEIOLIUE «UUPOKYIO» TIETIIO
TUCTEpE3Nca, OTHOCATCS K MATHUTO-)KECTKUM MaTepUaliaM.

KauectBenHo (QeppomarneTusm OOBSCHSAETCA HATUYUMEM COOCTBEHHBIX
(CIMHOBBIX) MAarHUTHBIX TOJIEH Yy 3JIeKTpoHOB. B kpucramnax ¢deppoMarHUTHBIX
MaTEepUaiOB  BO3HMKAIOT  YCIOBUS, TMPU KOTOPBIX, BCJIEACTBUE CHIIBHOTO
B3aMMOJICUCTBHSI ~ CIIMHOBBIX ~ MAarHUTHBIX  MOJIEM  COCEIHHUX  DJIEKTPOHOB,
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SHEPreTUYECKU BBITOJIHOM CTAaHOBUTCA UX MapajuiesibHas opueHtauus. B pesynbrare
TAKOI0  B3aUMOJICUCTBUS BHYTPU KpuCTauia (eppOMarHeTUKa  BO3HHUKAOT
CaMOIPOU3BOJILHO HAMATHHYECHHBIC 00JIACTH, JoMeHbl, pa3MepoM mopsiaka 10°—10
* oM. Kaxxnplii 1oMeH npeacTaBiseT u3 ce0si HeOOIbIION NOCTOSIHHBIN MarHur.

AR
(1 (2) 3) Puc 25.10

B orcyrcrBue BHemmHero mMarautHoro nons By = (0, manpasieHus BEKTOpPOB
WHIYKIMY MarHUTHBIX MOJIEd B Pa3IMYHBIX JOMEHAX OPUEHTHPOBAHBI XAOTUYECKU
(1) puc.25.10 . Takoil Kpucrasi, B CpeITHEM, OKAXKETCI HECHAMAarHUYEHHBIM.

Ilpy HaIOKEHWH BHENIHETO0 MAarHuTHOro monss By = By mnpoucxomur
CMEIICHUE TpaHul] JIOMEHOB TaK, 4TO OOBEM JOMEHOB, OPUEHTHUPOBAHHBIX IIO
BHEIIHEMY T0Jt0, yBenuuuBaetrcss (2) puc.25.10. C yBenudeHHEM WHIYKIINH
BHEILIHETO TI0JII BO3PAacTaeT MAarHWTHAas MHAYKIUS HaMarHMYEHHOro Beliecta. B

OYeHb CHJIBHOM BHemmHeM monie By = By, > By, 10MeHBI, B KOTOPBIX COOCTBEHHOE
MarHuTHOE T0JI€ COBIIAJIaeT MO HANpPaBJICHUIO C BHEIIHUM MOJIEM, MOTJIONIAIOT BCE
ocTaybHbIe ToMeHbI (3) puc.25.10 1 HacTymaeT MarHUTHOE HACBIIICHUE.

KonTpoJsbHbIE BONPOCHI.

1. Kakyro cuiy HazbiBatot cuioit JlopeHma?

2. Uto mpeacTaBiseT co00M TpaeKTOpUS IBIXKCHUS 3apsHKCHHOM YaCTHUIIBI B OJTHOPOJTHOM
MarHMTHOM ToJie?

3. B xakux cinyuasx 3apshKeHHas 4acTula OyAeT ABUraThCs B OJHOPOIHOM MarHUTHOM
ToJIE 1O Crupau?

4. OT 4ero 3aBUCHUT NEPHO]T OOpAIIEHUS YaCTUIIBI B OJJHOPOJHOM MarHUTHOM ToJie?

. Uemy paBHa pabota cuibl JIopeHIia npy ABUKCHUH 3apsKEHHON YacTUIIbI B

MarHuTHOM ToJie?

. KakoB npuHimn paGoTsl IUKIOTPOHA?

. KakoB ¢u3nueckuii cMbICI MAarHUTHOW MTPOHUIIAEMOCTH?

. Kak Ha3pIBatoTCS TPyYMIBI CUIIBHO U ¢1a00 MAarHUTHBIX BEUIECTB?

. OObsicCHUTE MEXaHU3M HaMarHU4MBaHUs (eppoOMarHUTHOro odpasua.

9]

O 0 3 N

Tema 26: JJEKTPOMAI'HUTHAA UHAYKIUA.
. SIBnenue anexrpomMarHuTHOM MHAYKUMU. OnbiTel @apanes. [Ipasuno Jlenna.
. DIIEKTPOMAarHuTHas MHAYKLUS B IBUKYIIEMCSI  IIPOBOJIHHKE.
. Camonnykuus. THOyKTHUBHOCTD.
. 'eHepaTop epeMEeHHOr0 TOKA.
. Bsaumnas unnykuus. Tpancpopmatop. [lepenaua snekrposnepruu.

DA W~
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1. SIBJIeHMeE 3JIEKTPOMATHUTHOM MHIAYKIMH.
OnbiTel @apanes. [lIpasuio Jlenna.

Maznumnwiit nomox. Maznumnein nomoxom D uepes niowaoo S xommypa
nasvieatom eenuuuny pasuyio O =B § cos a,
rae B — Moayib BEKTOpa MarHUTHOM MHIAYKIMH, O — YTOJ MEKIY BEKTOPOM

B u HOpMaJibl0 /1 K MIIOCKOCTH KOHTYpA.

—

Hanpasnenue HopManu 7 U BbIOpaHHOE

TIOJIOKUTEIIBHOE HaIlpaBJICHUE [ o6xoma
KOHTYpa CBSI3aHBI TIPaBWJIOM IIPaBOTO
/ / _ OypaBuHMKa.

Puc.26.1

Enuuuna marautHoro moroxka B cucreme CH HasbiBaercs sebepom (BO).
MarHutHbIl TOTOK, PaBHBIN 1 B6, co3maeTcsi MAarHUTHBIM TIOJIEM C VHAYKIUEH 1 Tn,
IPOHU3LIBAOLIMM I10 HAIPABJIEHHIO HOPMAJIU IUIOCKUIM KOHTYD IUIOManbio [ M

IB6=1Tn- 1"

Onvimut  @apadesn. SIBAeHUE 21eKMPOMACHUMHOU UHOVKYUU  OTKPBITO

anrmiickum ¢usukom M. @apageem B 1831 r. OHO 3aKiII0YaeTCA B 803HUKHOBEHUU

JJIEKNIpu4ecKoco moka 6 3aMKHYNniom I’lpOGOdﬂW@M KOoHmype npu u3meHeHUuu 60
6peMEHU MACHUMHO20 NOMOKA, NPOHU3blIEAIOUIE2O0 KOHMYD.

Puc.26.2 Puc.26.3
B ombiTax MarHuTHOE TIOJIE MOKET CO3AaBaThCs JIMOO TOCTOSIHHBIM MarHUTOM,
(puc. 26.2) nub0 KaTymkoud ¢ TOKOM. (puc.26.3) V3MeHeHne MarHUTHOTO IMOTOKA,
MPOHU3BIBAIOLIETO  MHAMKATOPHYIO  KaTYIIKy, JIOCTHTaeTcsl  IepeMElIeHHEM
UCTOYHHKA MAarHUTHOTO TOJIA WJIM CaMOW KaTyIIKH. SIBI€HHE 3IIeKTPOMarHUTHOU
UHAYKIUA B O000MX CiydasX TPOTEKaeT OJMHAKOBO. MAarHWTHBI MOTOK,
POHU3BIBAIOIINI HHINKATOPHYIO KaTYIIKy, U3MEHSETCS TaKkKe MPU BKIFOUCHUH WIIN
BBIKJIFOUEHUU TOKA B MEPBUYHOM KATyIIKE, CO3JAOLIEH MarHuTHoe mnoje. B atom
cllydae B LENU UHIANKATOPHOM KaTYIIKH TaK)Ke MPOTEKAET KOPOTKUI UMITYJIbC TOKA.
@apaneil IKCHEPUMEHTANbHO YCTAHOBWI, YTO HPU UBMEHEHUU MASHUMHO20

nomoxa 6 npogodsiuem konmype, sosnuxaem JJC undykyuu &,,y, pasnas ckopocmu
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UBMEHEHUA MACHUMHO2O0 NONnoKa depes NnoBEPXHOCMmMb, OCPAHUYEHHYIO KOHMYPOM,
8351MOll CO 3HAKOM MUHYC.

AP _do _

-_ == = _4Y __ @
HHT IV nJIn UHA dt )

3/IC unoykyuu pasna nepgoti npou3800HOU MASHUMHO20 NOMOKA NO 8PEMEHU,
838MOt CO 3HAKOM MUHYC.
AD
JInst KaTymku (COJIEHOMIA) C YMCIOM BUTKOB [NV EOQ;HH =-N Ve
3HaKk MUHYC B (popMyJie oTpakaeT npasuiio Jlenma.

Ilpasuno Jlenya (1833 r.): unOyKyuoHHbIIL MOK, 8030VHCOAEMBIU 8 3AMKHYMOM
KOHmMype npu U3MEeHeHUU MASHUMHO20 NOMOKA, 6ce20d HANpAasieH mak, Ymo
cozoasaemoe UM MAcHUmMHoe nojie Npensimcmayen U3MeHeHuI0 MacHUMHO20 NOMoKd,
8b13b16AIOULEC0 UHOVKYUOHHBIU MOK.

HAaXOJUTCA B OJHOPOJHOM MAarHUTHOM
nosne, (puc.26.4) Moaylib UHAYKIUU
KOTOPOT'O YBEIUYMBAETCA BO BPEMEHMU.

AD
—>0 ((5 0
A7 a <0,

THA

- — HenmoaBu>XHBIN NPOBOIAIIMNA KOHT
ABHT\\ T | T X f/A B A pOBOAAI Yp
X /s

NHAYyKOUOHHBIH  TOK [y,  Teder

HaBCTpEUy BbIOpaHHOMY MOJIOKU-
5 | N mHa TEIbHOMY  HaIlpaBJIEHUIO [ o6xoma
e ! e KOHTYpA.
Puc.26.4
Ao

[IpaBumno Jlenna oTpaskaeT TOT IKCIEPUMEHTAIBHBIM (PaKT, YTO fgm U A7

BCEr/la MMEIOT TPOTUBOIMOJIOKHBIC 3HAKH (3HAK «MUHYC» B (opmyne Dapazaes).
[IpaBuno Jlenna wmmeer rayOOKuMii (PU3WYECKUN CMBICT — OHO BBIPAKAET 3aKOH
COXPAaHEHHUS YIHEPIUU.

Yy

Puc.26.5 Puc.26. 6 Puc. 26.7 Puc. 26.8
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[IpuMenuTe AaHHYIO MOCJIEAOBATEIBLHOCTh PACCYKACHUN JUIsl OMNpeeTeHuUs
HaIpaBJICHUS UHAYKIIMOHHOTO TOKA B IPUMEPaxX Ha PUCYHKaX.
[Ipumenenue npasuia JIeHna 1isi HAXOXKJAEHUST HAMPABICHUS WHIYKIIMOHHOTO

roxa 1, i , B KOHTYpE:

I. YcraHOBUTHP HampaBiICHWE JIMHUA MAarHUTHOW WHAYKIHHA B Buemmero
MAaTrHUTHOT'O MOJIA.
2. BBIACHUTD, YBEIUYUBAECTCS JIM TOTOK MAarHUTHOW UHYKIIMU 3TOTO MOJISI 4YEPE3

mnomans Kourypa (AD>0) unu ymensiaercs (AD<0).
3. YCTaHOBUTh HANpAaBICHHE IMHUII BEKTOpa MATHATHOH uHAyKuuu B’

MAardvuTHOI'O II0JII HHAYKOHMOHHOI'O TOKaIi . OTH JTUHUHU JOJIDKHBI OBITH COTIJIACHO

npasuny Jlenna manpasneHs npotuBononoxkuo muausM B mpu AD>0 u umets
onMHaKoBoe ¢ Humu Hanpasienue npu AD<0.

. o D' o
4. 3Has HanpaBJeHUE JIMHUMA MAarHUTHOW WHIYKUWH B’ | waiitu HaINpaBJICHUE

MHIYKIHOHHOTO TOKa I i TIOJIb3YSICh MIPABHJIOM OypaBUHUKa.

2. JIeKTPOMAarHUTHasi MHAYKIHS B IBUKYLEMCSl IPOBOIHMKE.

N3MeHeHre MarHuTHOTO TIOTOKA, IPOHU3BIBAIONIETO 3aMKHYTBIM KOHTYP,
MOKET MIPOUCXOUTH IO ABYM MPUUUHAM.

1. MarauTHBIN TOTOK MU3MEHSETCS BCIIC/ICTBUE MTEPEMEILICHHS] KOHTYPa UJIU €ro
yacTed B TMOCTOSSHHOM BO BpPEMEHM MArHUTHOM IIojie. OTO cly4yaid, Korja
IPOBOJHUKHA, @ BMECT€ C HMMH M CBOOOJHBIC HOCHUTEIW 3apsja, JBHXXYTCS B
MarHuTHOM Tosie. BosaukHoBenue DJ[C MHIYyKIMH OOBSCHIETCS NEHCTBUEM CHJIBI
JlopeHnia Ha CBOOOJMHBIC 3apsabl B ABMXKYIIMXCS mpoBojgHukax. Cuma Jlopenma
UTPaeT B 3TOM CJIydae poJib CTOPOHHEN CHIIBI.

Paccmotrpum Bo3HukHOBeHHE J[C WHIYKIIMKW B MPSAMOYTOJIBHOM KOHTYPE,

IMOMCUICHHOM B OJHOPOJHOC MAIrHUTHOC IIOJIC B MNCPIICHAUKYIAPHOC IINIOCKOCTH

KoHTypa. IlycTh OfHA U3 CTOPOH KOHTYpa IIMHOM [ CKOOB3HUT €O CKOPOCTHIO U o
JIBYM JIpyTUM CTOpOHaM. (puc.26.9)
Ha cBoOonHbIe 3apsiabpl HA 3TOM ydacTKe KOHTypa JaedcTByeT cuia JlopeHua.

OnHa W3 COCTAaBIAIOIIMX 3TOM CHIIBIL, CBS3aHHAsA C IMEPEHOCHOW CKOPOCTHIO v
3aps10B, HAIIPABJIEHA BIOJIb TPOBOAHMKA. OHA UTPAET POJIb CTOPOHHEN CHJIBI.

Ee monyns pasen Fj; = evb.

PaGora cunbl F'ynanytu [ pasaa A = Fy [ = evBl.

é}m :észl

ITo onpenencuuio DJIC; ¢
B 1pyrux HENOABMKHBIX YaCTSIX KOHTypa CTOPOHHSS CHila paBHa Hy0, T.K. U = (.
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T B B o6mem cinyuae DJ1C unaykuuu B
7 - JBYDKYTITAXCS IPOBOTHUKAX
]I/IH,ZI, N B .
> R B onpeaensieTcs o dopmye:
\Yl; é@mm =Blvsina | rpe a - yrojl MEXIy
q\ ~— [ T—— o BEKTOPOM MAarHUTHOM B 1

I = _
AS =1v AR HAIIPABJICHUEM CKOPOCTH U  JIBUKEHHS

: IPOBOTHUKA.

- - F 7 3a Bpems Af miomans KoHTypa
\IMHA 5 N\

mmensiercs Ha AS = JVAf. Usmenenue

Puc. 26.9 MarHUTHOT'O TIOTOKA 33 3TO BPEMS PaBHO
A® = BlvAt.
(Cg AD
CnenoBareibHo, o | = A—t

Ecnu comporuBieHue Bceit menmu paBHO R, To mo Hel OyaeT MpoTeKarh

MH/IyKIHOHHBIN TOK, PaBHBIN [, = EQiH JIR.

2. Bropas mnpuuMHa W3MEHEHHS MAarHUTHOTO TIOTOKA, MPOHU3BIBAIOIIETO
KOHTYp, — U3MEHEHHE BO BPEMEHH MAarHUTHOTO IOJISl MPU HEMOJBMKHOM KOHType. B
3TOM ciydae Bo3HMKHOBeHHE DJIC MHAYKIHMHM YK€ Helb3s OOBSICHUTH JIEHCTBHEM
cuibl JlopeHnia. DNEKTPOHbI B HEMOJABUXHOM MPOBOJHHUKE MOTYT IPUBOIUTHCS B
JNBUKEHUE TOJIBKO SJIEKTPUYECKUM MOJIEM. DTO JJIEKTPHUUECKOE MOJIE MOPOXKIAECTCS
U3MCHSIONIMMCS BO BPEMEHHM MArHUTHBIM ToiieM. PabGora »Toro mons mpu
NepEMEILICHUH €AMHUYHOTO MOJ0KHUTEIBHOTO 3apsiia 0 3aMKHYTOMY KOHTYpPY paBHa
OJIC MHOYKIMU B HENOJABMKHOM IpoBoAHMKE. CleqoBaTEIbHO, 3JIEKTPUUYECKOE
noyie, TOPOXKJIECHHOE M3MEHSIOMMMCS  MArHUTHBIM  TI0JIEeM, HE€  SIBISETCS
NOTEHIMAIBbHBIM. Ero Ha3bIBaIOT 6uxpeguim snekmpuyeckum noaem. llpencrabienue
O BUXPEBOM 3JICKTPUUYECKOM I0JIe ObUIO BBEACHO B (DM3UKY AaHTIUHCKUM (U3UKOM
JIx. Makcpemnom (1861 1.).

SIBrieHHE DIEKTPOMArHUTHOM WHAYKIUM B HEMOABWIXKHBIX MPOBOJHUKAX,
BO3HHUKAIOIIEE TMPU H3MEHEHHHM OKPYXKAIOLIEr0o MAarHUTHOTO TOJs, TakXke
onuceiBaercs ¢opmynonn Dapanes. Takum oOpa3oM,, SBJICHUS HHAYKIUU B
JBUKYIIUXCS U HETIOABUKHBIX MTPOBOJIHUKAX MPOTEKAIOT OJMHAKOBO, HO (PU3HYECKast
IPUYMHA BO3HUKHOBEHHS MHIYKIIMOHHOTO TOKAa OKa3bIBAETCS B ATUX JIBYX CIIydasx
pa3NMYHOM: B ciiydae ABWXKYIIUXCS MpoBoaHukoB DJ[C umHAyKuMHU 0OyClIOBIEHA
cunoit JlopeHua; B ciy4ae HEMOABMIKHBIX MPOBOJHUKOB DJIC MHAYKIUM SIBIISIETCA
CJIEICTBHEM JEHCTBUA Ha CBOOOJHBIC 3apsiabl BUXPEBOTO AJIEKTPHUYECKOTO OIS,
BO3HUKAIOIIETO IMPU U3MEHEHUU MAarHUTHOTO TOJISI.

3. CamouHaykuus. UHAYKTUBHOCTb.

Camoundykyusa SBISETCS BaXXKHBIM YAaCTHBIM CJIy4aeM JJICKTPOMarHUTHOU
WHIYKIMW, KOTJla HW3MEHSIONIMNCSI MarHUTHBIM MOTOK, BbI3bIBatommui JJIC
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WHJYKIAH, CO3/Ia€TCA TOKOM 8 camom koumype. EcClM TOK B paccMaTpUBAEMOM
KOHTYpE II0 KaKUM-TO IPUYMHAM HU3MEHSETCS, TO U3MEHSIETCS U MArHUTHOE II0JIe
ATOTO TOKa, a, CJIEAOBATEIbHO, U COOCTBEHHBIN MarHUTHBIA MOTOK, TPOHU3BIBAOIITUN
KOHTYp. B konType Bo3Hukaer JDJ[C caMOMHAYKIMHU, KOTOpas COIJIAaCHO IPaBHILY
JleHna npenATCTBYET U3MEHEHUIO TOKA B KOHTYPE.

CoOCTBEHHBIN MarHUTHBIN TOTOK @, IPOHU3BIBAIOMIMI KOHTYP HIH KaTYIIKY C
TOKOM, IIPOIIOPIHOHAJIEH CHIIE TOKa I O=LI

Koo purnment mnponopuuonansHoctd L B 3T0i  (opMmysie HasbIBacTCs
unoykmusrnocmoto Karymku. Epumanna wanyktuBHoctTm B CU HaspIiBaeTcst cenpu

(I'n).

Hnoykmuenocms xoumypa unu xamywxu paena 1 IH, ecmu npu cune

nocmosnnozo moka 1 A cobemeennviii nomox pasen 1 Bo:
ITn=1B6/1A.

B KkayecTBe mpuMepa pacCYMTaeM HWHAYKTUBHOCTh JUIMHHOIO COJIEHOWJA,
uMeroIero /N BUTKOB, IWIOM@Ab ceueHus S u uiuHy /. MarHuTHOE 110J1e COJIEHOM A
onpenessiercs popmynoin B = poln,

rne I — 1ok B conenoune, # =N /[ — uncno BUTKOB Ha €IMHHMILY JJIMHBI
COJIEHOM/IA.

MaruuTHbIN TOTOK, IPOHU3BIBAMOMIHI BCe N BUTKOB CONIEHOM 1A, PaBEH

® = B-S-N = pon’SIL.
Cie10BaTeNbHO, MHAYKTUBHOCTh COJIEHOU A PABHA
L= H0n2Sl = lyl()l’lz V,
rne V' = S| — 06bem conenonma, B KOTOPOM COCPENOTOUEHO MATHUTHOE TIOJIE.

[lomydeHHbI pe3ydbTaT HE YYHUTHIBAGT KpaeBbIX d(PexToB, MOITOMYy OH
OpUOJIMKEHHO CIPABEIJIUB TOJIBKO JJIsi JOCTAaTOYHO JUIMHHBIX Karyuiek. Eciu

COJICHOWJ| 3alOojHEH BEUIECTBOM C  MAarHUTHOW NPOHUIAEMOCTBIO L, TO IIpH
3aIaHHOM TOKe /| MHIYKIMS MarHUTHOTO TIOJISi BO3PACTaeT MO MOJIYJO B [l pas,
[I03TOMY UHAYKTHBHOCTH KaTYIIKH C CEpACYHUKOM TaKXE YBEJIMUMBAETCS B L pas:
Ly=pL = popn’V.
INC camoundykyuu, BOZHUKAIONIAS B KATYIIKE C IOCTOSIHHBIM 3HAYE€HHEM
WHIYKTUBHOCTH, coryiacHo ¢opmyne Dapanes paBHa

¢ g - DP__AUD__ A

—L
At At At

OAC camMOMHAYKIMH MPSMO MPOMOPIIMOHATIEHA WHAYKTUBHOCTH KATYIIKUA |

CKOPOCTH HM3MEHEHHUs CHJIbI TOKa B Heil. B obmiem ciyuyae B nuddepeHnuaibHoM

dl '
BUJIE %und:_ E:_Ll .

I/IC camoundoykyuu pasna npou38eo0eHulo UHOYKMUBHOCMU HA NEPEYIo
NPOU3BOOHYI0 MOKA NO 8PEMEHU, 835020 CO 3HAKOM MUH)C.

Hnoykmusnocmo — smo ¢usuueckan eenuuuna, uucieHno pasuas I/]C
CAMOUHOVKYUU, BO3HUKAIOWEU 8 KOHMYpe Npu UsMeHeHuu cuivl moxka Ha 1A 3a Ic.
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Hnoyxmusnocms nposoonuxa paswa 1IH, eciu ¢ nem npu usmenenuu cuivl
moka na 1A 3a 1c éosnuxaem IC camounoykyuu 1B.

Auepzua maznumnozo noasa. MaruutHoe nose oOnanaer sueprueit. [logo6Ho
TOMY, KaK B 3apsUKEHHOM KOHJIEHCATOPE MMEETCA 3aIac IEKTPUYECKOU DHEPTUH, B
KaTyIIKe, 110 BUTKaM KOTOPOW IPOTEKAET TOK, UMEETCs 3amac MAarHUTHOM DHEPIUM.
Eciu BKITIOYUTH 3NEKTPUYECKYIO JIaMIy MapajulebHO KaTyIiKe ¢ OOJbIIOoif
MHIYKTUBHOCTBIO B JJIEKTPUUYECKYIO LIENb ITOCTOSHHOIO TOKA, TO NMPHU Pa3MbIKAHUU
KJIfo4Ya HAaOJMI0JaeTCss KPaTKOBPEMEHHAs BCHBIIIKA JIaMMbl. TOK B LENH BO3HUKAET
nox aeucrtsuem OJIC caMOMHAYKUMH WM HaIpaBlI€H B JaMII€ NPOTHBONOJOXKHO
HAa4yaJlbHOMY TOKY. VICTOYHHKOM DHEPruM, BBIACIAIOIIEHCS NpU ITOM B
AJIEKTPUUYECKOM 1IeMH, SIBJISETCS MAarHUTHOE T0JIe KaTyku. (puc. 26.10)

K

~

=

&

Puc.26.10
N3 3akoHa COXpaHEHUs PHEPrUU CIEAYET, YTO BCS DHEPTHs, 3allaceHHas B

KaTyIlIKe, BBIACIUTCSA B BHIC JUKOyJeBa Terwa. Ecmu 0003HaunTh yepe3 R momHoe
CONPOTHBJIEHWE IenH, TO 3a BpeMs Af BBIIEIUTCA KOJMYECTBO TEIUIOTHI

AQ = FPRAL.

_& _ LAI
Tok B Lienu paBeH R RA:

Boipaxkenue st AQ moxno 3anucars B Buje: AQ = —LIAI = —-DO(1)AL
B orom Belpaxkennu Al <(0; TOK B LENM NOCTENEHHO YOLIBAET OT

IICPBOHAYAJIIBHOI'O  3HAYCHUA I 0o A0 HYJI. IlonHOE€ KOIMYECTBO TCIIIIOTHI,
BBIHGHHBmeﬁCH B IOCIIKM, MOKHO IMOJYYHTb, BBIIIOJIHHUB OIICPALlMIO MHTCTPUPOBAHHA B

LI;

npenenax ot Iy 1o 0. 910 gaer Q = 7 -

Oty  (Qopmylly MOXKHO MOJY4YUTh TIpa-
¢uuecku, wu300pa3uB Ha rpapuke  3a-
BrcuMOCTh MaruutHoro moroka ®(/) or Toka
I (puc. 26.11) TlonmHoe  KOJHMYECTBO

BbIJICIMBIIEHCS TEIUIOTHI, paBHOE
] TepBOHauaNbHOMY 3aracy SHEPruu
0 A ] MarHMTHOTO TMOJIsI, ONPENENIeTCs IUIONIA/IbIO
0 U300paKEHHOT'O TPEYTOJIbHUKA.
Puc. 26.11
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Takum o6pasom, sueprusi Wy, MarHUTHOTO TIOJIST KATYIIKHA C HHIYKTHBHOCTBHIO

ol LIP @

L, coznpaBaemoro TokoM /, paBHa = )
» 0311 P 2 2 2L

[IppuMeHUM MOJTYyYEHHOE BBIPAKEHUE Il DHEPIUM KaTyIIKM K JUIMHHOMY
COJICHOUJY C MarHUTHBIM CepJCYHUKOM. Vcronp3ysi mpuBeneHHBIE BBIIIE (POPMYJIBI

st koddduimenTa caMOUHIYKITUU Lu COJICHOMJA U IJIsi MarHuTHoro mois B,
272 2
oot B,
" 2
rac V — 06’LGM COJICHOHM AA. 910 BBIPAKCHUC ITIOKA3bIBACT, YTO MAI'HUTHAasA
3HepFI/I$I JIOKAJIN30BadHA HC B BUTKAX KaTYHIKI/I, 10 KOTOpI)IM HpOTeKaeT TOK, a
paccpenoToueHa 1o Bcemy o0beMy, B KOTOPOM CO3/IaHO MarHUTHOE TOJIE.
BZ
WM - 2 paBHaH 3H€pFI/II/I MAaromTHOI'O IIOJIsI B
Aot
eIuHUIIE 00beMa, HA3bIBACTCS 00BbEMHOU NIOMHOCMbIO MASHUMHOU dHepauu. JIX.
Maxkcsern IMOKa3all, YTO BBIPAKCHUC JIA O6’b€MHOﬁ IUIOTHOCTU MAarHUTHOU OHCPI'UH,

BBIBEJICHHOE 3]IeCh JUISI COydasl JUIMHHOTO COJICHOW[IA, CIPABEIJIMBO JUIS JIFOOBIX
MAarHUTHBIX ITOJIEH.

CO3/1aBaeMOT0 TOKOM /, MOYKHO ITOJTY4HUTb:

dusnueckas BeIUUYUHA

4. 'eHepaTop MepeMeHHOr0 TOKA.

I'enepamop-ycmpoiicmeo npeoOpas3yroliee SHEPru0 TOro WM WHOTO BUIA B
ANEKTpUYEeCKyt0  dSHepruto. CymecTBYIOT  pa3IUYHble THUIBI  T€HEPaTOPOB.
[Ipeobnanaronyto pojb UTPAIOT ANEKTPOMEXAHUIECKIUE UHIYKIIMOHHBIE TeHEPATOPHI
nepeMeHHOro Toka. VX JedcTBHE OCHOBAaHO Ha SIBJICHUM DJIEKTPOMArHUTHOU
UHAYKIMU. B 3TUX reHeparopax MeXaHWYEeCKas »dHEPrus MpeBpallaeTcs B
anekTpuueckyro. [lpuHUUMI AEWCTBUS  AJIEKTPOMEXAHUYECKOrO0 HHIYKIIMOHHOTO
reHepaTopa 3ajJ0KeH B MOBEJICHUHU BPAIAIONIEHC paMKH B OJTHOPOJHOM MarHUTHOM
noJe.

Bpawenue pamxu 6 00HOpOOHOM MAZHUMHOM noJe. PacCMOTpUM MOIy4YeHUE
CHHYCOHMJIAJbHOTO TIEPEMEHHOT0 TOKa MpPU PAaBHOMEPHOM BpAIlEHUU pPAMKH B
OJTHOPOJHOM MAarHUTHOM IIOJIE.

S

./. >
o w

Puc.26.13

Puc.26.12
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[Iycte pamka (ABCD), (puc.26.12) KOHIBI KOTOPOMl NPUCOEAMHEHBI K
METAUIMYECKUM KOJbLAM 3, HAXOAWTCA B OJHOPOJHOM MATrHUTHOM TIOJE C
uHAyKied B. K kombiam mnpwkaTel ImETKH 4, COEJMHEHHBIE C IHOTpeOUTENEM
anektpuyeckoit s3nepruu JI. Ecnu pamky npuBectu Bo BpauieHue Bokpyr ocu OO, o

YacOBOM CTPEJIKE C TIOCTOSHHOM YIiI0BoM ckopocthio (W, To B oTpe3kax nposoaa AB
1 CD BosnukayT IJIC unayxmuu E.
Brisenem popmyny mns DJC unayxmuu E Bosnukaromeii B pamke:

[TOTOK MarHMTHOW MHIYKLUH, IIPOHU3BIBAIOLINI PAMKY ILIOIAnb0 S, (puc.13)
IPOIOPLMOHATIEH KOCUHYCY yriia & ((puc.) Mexay HOPMaJbio K paMKE U BEKTOPOM
marauTHOM uHaykuun: @ = BS cos &

IIpu paBHOMEPHOM BpAIIEHHH PaMKH C YIIoBO# ckopocTeio (U, yrom O

YBEIMYUBAETCS IPOMOPLIMOHATIBHO BpeMEHN: & = !

Cnenoarensio @ = BS cosot

CornacHo 3akoHa 3JIeKTpOMarHUTHOM MHAYKIuU JOJIC MHAYKUMH B paMKe
paBHa B3ATOH CO 3HAKOM «MHHYC» CKOPOCTHM HW3MEHEHHSI IOTOKA MAarHUTHOWU
WHIYKIHMH, TO €CTh MPOU3BOAHON NOTOKA MArHUTHOM MHIIYKIIMU 11O BPEMEHU:

e=—-—@' =BSwsinwt=¢ sinwt

rae Egm =BSw -amruarya 3C uaaykiumu.

HOHY‘ICHHOG BBIPAKCHUC ABJIICTCS 3dKOHOM 110 KOTOPOMY H3MCHACTCA
HAIps’KCHUEC B LCIIAX IICPEMEHHOI'O TOKA!

u=U smwt ym u=U coswt,

Cuna Toka B 0011eM ciiy4ae B JII0OOH MOMEHT BPEMEHHU HE COBIAJIaeT 1o ¢aze
C KoJIeOaHUSAMH HAMPSKEHUS, TOATOMY MIHOBEHHOE 3HAUEHHUE CUJIBI TOKA:

i=1 sin(wt+@)

rae @ cnsur (a3 MeX1y TOKOM U HAMPSYKEHUEM.

B n300pakeHHO Ha PUCYHKE MOJEIW I'€HEepaTopa BpPAILAETCs MPOBOJOYHAS
paMKa, KOTopas SBISIETCS POTOPOM. MAarHUTHOE MOJIE CO3/A€T HENOJBUKHBIN
NOCTOSIHHBIM Maruurt. Pa3ymeercs, MOXHO ObUTIO Obl MOCTYHOUTh U Haobopom -
BpaliaTh MarHuT, a paMKy OCTaBUTh HEMOABWKHOW. VIMEHHO Tak W MOCTYIMAIOT B
OOJIBIIIUX MPOMBIIIUICHHBIX TeHepaTtopax. Jleso B ToM, 4TO OTBOAUTH TOK U3 OOMOTKH
pOTOpa BO BHEIIHIOKW Ienb (puc.26.12) OpuXOauTCs MPU MOMOIIM CKOJIB3SIIUX
KOHTAKTOB-KOJIEI U IEeTOK. CKONB3AIUN KOHTAKT HEYJI00C€H € 3JIEKTPOTEXHUUECKON
TOUYKH 3peHusd. [Ipu 607bIIMX TOKAX B CKOJB3SIIEM KOHTAaKTe 00pa3yeTcsl UCKpa, YTO
BEJIET K OTEPSIM YHEPTHUH, BBITOPAHUIO KOHTAKTOB M MOBBIIIAET MOKAPOOTACTHOCTb.

[TosToMy Bpaiiaercsi UMEHHO 3JIEKTPOMArHUuT, KOTOPbIU SIBIETCS pOMOpPOM, B
TO BpeMsi Kak 0OMOTKH, B KOTOphIX HaBoauTcs DJIC, ynoKeHbl B a3ax cmamopa u
OCTalOTCsl HEMOABUXKHBIMU. (puc.26.14)

['enepupyemblid TOK yaoOHEe CHUMATh C HEMOABMXKHBIX OOMOTOK, a 4epe3
CKOJIB3SIIIUE KOHTAKThI MOJIBOJIUTh CPAaBHUTEIBHO Cla0bId TOK K BpallarolieMycs
AIEKTPOMArHUTY.
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DTOT TOK BbIPaOATHIBAETCA OTHAEIbHBIM T€HEPATOPOM IMOCTOSIHHOIO TOKa
(BO30yaUTENIEM), PACTIONOKEHHBIM HA TOM XK€E Bally.

B ManoMomHbeIX TeHepaTopax MarHUTHOE
1oJjie, CO3JIaeTCsi BPAILAIOIIMUMCS MOCTOSHHBIM
MarHuToM. B TakoMm ciiydae KoJblla M IIETKU
BOOOIIE HE HY>KHBI.

Ecniu B OZHOpPOAHOM MAarHUTHOM  TIOJIE
Bpalaercss  IUIOCKas ~ paMKa, TO  MEpHOJ
reHepupyemoir 3JIC paBeH mnepuoay BpalllCHUS
paMku (puc.26.12).

Puc.26.14

Hanpumep, mima nomydyenuss mepemeHHoro toka ¢ gacrorod 50 I'm, pamka
J0/DKHA B OAHOPOJHOM MarHuTHoOM mojie coepmaTth 50 o6/c, T.e. 3000 06/muH.
Taxas >xe yacToTa BpaleHHUs] MOTPeOyeTCs M B Cllydae BPALECHUS JIBYXIIOIIOCHOTO
MOCTOSTHHOT'O MarHUTa WX JIBYXITOJIOCHOTO JIeKTpoMaruura (puc.26.14).

CKOpoCTh BpallleHHUsT MOKHO YMEHBIIHTb,
€CIM  MCNOJh30BaTh B KayecTBE  poTopa
AIIEKTPOMArHUT, HMMEIOIIMI  HECKOJIBKO  Map
noitocoB. Hanpumep, Ha puc.26.15 potop MOKHO
Bpamiarh B 3, paza MeJjieHHee. DTO Ba)KHO, KOTrJa
reHepaTop IPUBOJIUTCS BO BpallleHue
TUXOXOIHBIMU JIBUTATEIISIMH, HaIpuMep
TUAPABIMYECKUMU TypOuHamu. Tak Hampumep,
poTopbl reHepaTopoB Yriauuckoi I'9C Ha Bomre
nemarT 62,5 06/MuH 1 UMErOT 48 Tap MOJI0COB.

Puc.26.15

S5.Bzanmuas uHaykuus. Tpancdopmarop. Ilepenaya 3jieKTpoIHEpPruu.

Tpancghopmamop - >mo ycmpoiicmeo npumeHsemoe Ol NOBLIUMEHUS UTU
NOHUICEHUS HANPAJICEHUs (MOKA) NepemMenHo20 MoKa 8 WUPOKOM OUana3oHe.

[Mpunuun  pelictBus  TpaHc(hHOPMATOPOB OCHOBaH Ha  SBJICHUHU
AIIEKTPOMArHUTHOW  wWHAyKuuu. [lpocreifmmii  TpancdopmMaTop COCTOMT U3
CeplcYHMKAa 3aMKHYTOW (OpPMBI W3 MarHUTOMSTKOTO MaTepHuaia, Ha KOTOPBIU
HAaMOTaHbI J1Be OOMOTKHU: MIEPBUYHAS U BTOpUYHas. (puc.26.16)

S — Al
—-> | ‘ n,
/1 M 9‘_ ! nz
:::g :t A €y U e HRH
o—NrT o
I\ a—

Puc.26.16

[Ipocreiimuii TpaHCPOPMATOP U €0 YCIOBHOE N300paKEHHUE B CXEMaX. 1| U Ny —
quciia BUTKOB B OOMOTKaX.
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[TepBruHas 0OMOTKA MOJICOEIUHSIETCS. K UCTOYHUKY TTepeMeHHOro Toka ¢ DJ1C
e(f), mooromy B wHell BosHukaer Tok I1(f), co3mammMii B CEpPAEYHHUKE
TpaHchopMaTopa MepeMeHHbI MarHUTHBIA MoTOK @D, KOTOpbI mpakTHUecKu Oe3
paccesiHUsT ~ LIUPKYJUPYeT MO  3aMKHYTOMY MAarHUTHOMY  CEpIEYHHMKY W,
CJIEIOBATENIbHO, MPOHU3BIBAET BCE BUTKU IEPBUYHON M BTOPUYHON 0OMOTOK. B
PEXUME X010CMO020 X00d, TO €CTh IIPU PA30MKHYTOM LIENIM BTOPUYHOM OOMOTKH, TOK
B NEPBUYHOI 0OMOTKE BechbMa MaJl U3-3a OOJIBIIOr0 MHIAYKTHUBHOI'O COMPOTHBIICHUS
oOMoTkH. B aTOM pexxume TpanchopmaTop noTpedsieT HeOOMbITYI0 MOITHOCTD.

Cutyauus u3MeEHseTCsa, KOrja B Ielb BTOPUYHOM OOMOTKHM BKIJIIOUAETCS

CONPOTHMBJIEHUE HArpy3ku Ry, U B Hell BO3HUKAET IepeMeHHbli TOK i(f). Tenepnb
MOJIHBI MarHuTHBIM TOTOK @ B cepleyHHKE co3naerca oboumu Tokamu. Ho

coracHo npasuiny JleHia MarHuTHBIM MOTOK D), co3laBaeMblii HHAYMPOBAHHBIM
BO BTOPHYHOM OOMOTKE TOKOM [y, HalpaBjieH HaBCTpedy moToky D;, cozmaBaeMomy

TOKOM I; B nepBuuHOi o6MoTKe: @ = @; — D, Orcrona ciemyer, uTo TOKU I U Iy
U3MEHSIOTCS B MpoTHBO(da3e, TO eCTh UMEIOT (pa30BbIi caBUT, paBHBIN 180°.

Tok i; B IEpBUYHON OOMOTKE B PEKMME HATPY3KH 3HAUYUTEIHHO OOJIBIIEC TOKA

X0JIOCTOI'O XoJa. 210 caeayer Hu3 TOoro, 4Tto HOJHBIM MarHUTHBIA 1OoTOK P B
CCPACYHHUKEC HTOJIKCH OBITh B PEKUMC HAIrPpy3KHM TAKHM JKC, KadK WM B PCIKHUMC

XOJIOCTOr'0 X0J1a, TaK KaK HampsDKeHHWE U] Ha MEepBUYHOM OOMOTKE B 00OUX Cilydasix
OJIHO U TO €. DTo HamnpspkeHue paBHO JJIC uctouHuka €; mepeMeHHOro Toka. Tak
KaKk MarHUTHbIE IOTOKH, MPOHU3BIBAIOIINE OOMOTKH, MPONOPIHMOHAIBHBI YUCIY 1| U
1> BUTKOB B HUX, MOKHO 3aIIMCaTh ISl IEPBUYHON OOMOTKH:

_ dD
el+elmm_0, =€ ="Crmm= "1 g
= R _ —_ d@
Juts BTOpuuHOH obmoTki: U s= 1oy =€y, o U=
__n
Cre0BaTeNbHO, U,=- n_l u,

3HaK MUHYC O3HAYaE€T, YTO HAIPSKEHUS U| U Uy HAXOJATCA B MPOTUBO(dA3e,
TaKKEe KaK W TOKH [ M Ip B oOMorkax. [loaromy (a3oBblii CABHUT (O] MEXIy
HAINpsDKCHUEM U] ¥ TOKOM [| B NEPBUYHOW OOMOTKE paBeH (pa3oBOMY CIBHTY (O
MEXIY HaANpsOHKCHHEM Uy W TOKOM Ip BO BTOpHYHOW oOMoTke. Ecim Harpyskoi

BTOPHYHOU OOMOTKH SIBISIETCS aKTUBHOE conpotusienne Ry, 10 @ = @ = 0.
JInst aMIUIUTY AHBIX 3HAaYE€HUN HANPsHKEHUH HA OOMOTKaX MOKHO 3aIlUCATh:

Yp_m_g

u n
Kosddunument K = n, / ny ects kodppunuent TpanchopMaryu.
IIpu K > 1 tpanchopmatop Ha3bIBAETCS NOSBILUAIOWYUM.

Ipu K < 1 — nonuosrcarowum.
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Hanucannpie BbIIIE COOTHOUIEHHWS, CTPOTO TOBOPS, NPUMEHUMBI TOJBKO K
uoeanvHomMy mpaucgopmamopy, B KOTOPOM HET PacCEsIHUsI MAarHUTHOTO MOTOKA U
OTCYTCTBYIOT TOTEPH HHEPrMU Ha JHKOYJEBO TEIUIO. JTU TOTEPU MOTYT OBITh
CBSI3aHbI C HAJIMYUEM aKTUBHOTO COMIPOTUBJICHUSI CAMUX OOMOTOK U BO3HUKHOBEHHEM
WHIYKIUOHHBIX TOKOB (mokog @yko) B ceplieuHuke. [ yMeHblIeHUs TOKOB DyKO
CeplIeYHUKH TpaHchopMaTopa H3rOTABIUBAIOT M3 TOHKUX CTaJbHBIX JIUCTOB,
U30JMPOBAHHBIX JPYr OT Jpyra. Y XOpOILIUX COBPEMEHHBIX TpaHCPOPMATOPOB
NOTEpU SHEPIHH NPHU Harpy3kax, OJM3KMX K HOMUHAJIbHBIM, HE TpeBbimaer 1-2 %,
MO03TOMY K HUM IPUOIMKEHHO MPUMEHUMA TEOPHs UIeaIbHOTO TpaHchopMaropa.

Eciu npenebpeys moTepssMu SHEPTHH, TO MOITHOCTD P}, HoTpebisieMas ueaabHbIM
Tpanc(hOpMaTOPOM OT HCTOYHHMKA TIEPEMEHHOIO TOKA, paBHa MOIIHOCTH P,

. Ul _U,l, _ ~1
[epe/iaBacMot Harpyske. ~ 5~ 5 |, COS®, =COSQ, =1,
I _U, n,

Orcrona cepyer, 9to0 7 = ;7 =K , TO €CTh, TOKH B 0OMOTKaxX 0OpaTHO
2 1

1
PONOPIIUOHATILHBI YUCITY BUTKOB.

Ilepeoaua anekmpuueckoii Inepuu. /{11 yMEeHbILICHUS IOTEPh HA HATPEBAHUS
IPOBOJIOB HEOOXOJMMO YMEHBIIUTh CHJIYy TOKa B JIMHUM TNepeAadu, W,
CJIEIOBAaTEIbHO, YBEJIWYUTh HampspkeHue. OOBIYHO JMHUM  DJIEKTpOIepeaauu
cTpositcs B pacuete Ha HanpsbkeHue 400—-500 kB, npu 3TOM B TUHUSX UCIIOIB3YETCS
Tpexdaszupii Tok dvactoto 50 I'm. Ha pwuc.26.17 mnpenacraBieHa cxema JHHUU
nepenayu dJICKTPOIHEPTHH OT DBIEKTPOCTAHIMU 10 morpeburtens. Cxema maer
npejacraBieHne 00  WCMONB30BaHUU  TpaHCHOPMATOPOB  MpU  Mepeaade
AJIEKTPOIHEPTHH.

CnemyeT OTMETUTh, YTO HPHU MOBBIINICHUU HANPSDKEHUS B JIMHUSIX NEpeaadu
YBEIMYHUBAIOTCS YTEUKH dHEPTUU depe3 Bo3nyX. Koaddumuent monesHoro nencTBus
JAMHUM nepenad He npesbimaet 90 %.

12k B 400k B

- HE M

BbICOKOBONbTHAA NMHUA MoacraHums.
SnekTpo- m nepenaymn aneKkTposHeprum MoHmxatoLmit MoTpe6uTens
cTaHums OACTaHUuSA.
. TpaHchopmaTop .
MoBblwatoLwmm MoHmxatoLwmin
TpaHcopmaTop TpaHchopmaTop

Puc.26.17
Ha puc.26.17 ycnoBHas cxema BBICOKOBOJIBTHOW JTMHHUHM Tiepenadn. Tpanchopmaropsl
U3MEHSIOT HAIIPSUKCHUE B HECKOJIBKUX TOYKAX JIUHUMU.
KoHTpoJ/ibHBIE BONIPOCHI
1.Yrto Ha3pIBalOT MAarHUTHBIM NOTOKOM? EfMHuUIA ero n3mMepeHus.
2.B 4yeM cyTb SIBIEHMS JIEKTPOMATHUTHON UHTyKIMN?
3.00bscauTe onbiTl Dapajies Mo HaOIIOICHUIO IBJICHUS dJIEKTPOMArHUTHON UHIYKIIUH.
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3.Chopmynupyiite 3akoH Dapanest s JAEKTPOMArHUTHON MHAYKIUU.

4. Yto MOXHO ompenenuTs 1o npasuiy Jlenna ? Chopmynupyiite npasusio Jlenna.

5.Ha3oBute npuunHbl BO3HUKHOBEHUs DJ[C B 3aMKHYTOM KOHTYPpE.

6.BriBeniute hopmyny D/]C uHIYKIIMU B TPOBOAHUKE, IBMKYIIIEMCS B TIOCTOSTHHOM
MarHUTHOM TIOJIE.

7.B 4eM CyTb SIBJICHUSI CAMOUHTYKIINH?

8.YTo Ha3pIBalOT MUHAYKTUBHOCTBIO KaTyIKH ? EquHuia usmepenus.

9.01 4ero 3aBUCUT UHAYKTUBHOCTb KaTyLIKU ?

10.BeiBegute dhopmyny 3/1C camonHIyKITHH.

11.KakoB ¢uznyeckuii cMbIci BeauduHbl 11'H?

12.Kak BBIUMCISAETCS S3HEPTUSl MATHUTHOT'O TOJISI KATYIIKHU ?

Tema 27: DJIEKTPOMAI'HUTHBIE KOJIEBAHUS.
1. DnekTpoMaruuTHbie Kojiebanus. KonedarenbHbIi KOHTYP.
2. [IpeBpariienus 3HEpruu B K0JIeOATETLHOM KOHTYpE
3. 3aryxaromue eKTPUIECKHe KOJIeOaHus.
4. BeiHyX)€HHBIC KOJICOAHUSI.

1. DaexTpomarHutHble KojeOanus. KosedaTeabHblid KOHTYP.
[lepronnueckue M3MEHEHUS 3apsia, CWIbl TOKAa W HANPSKEHUS HA3bIBAIOT
AIEKTPUUYECKUMU KOJIEOAHUSIMHU.
KonebarenbHbIM KOHTYpOM Ha3bIBA€TCS CUCTEMA, COCTOSIIAas M3 KOHAEHcaTopa M
KaTyIIK{, CIOCOOHAs! COBEPIIATh CBOOOIHBIE IIEKTPUUECKHUE KOJICOaAHNS.
Paccmorpum nocnenosatensubiii RLC-kontyp (puc.27.1)

Korzxa xkaoy K HaxXxoaAuTCsa B ITIOJTOXKXCHHNU 1, KOHIACHCATOP 3apsKacTCga a0

Hanpskenns E .

. FZ [Tocie NepeKIIOYEHH s KIIKoUa B IOJIOKEHHE 2,

| HAYMHAETCA IIPOLECC pPa3spsaKH KOHEHcATopa
yepes pe3ucTop R M KaTyIKy WHIYKTHBHOCTH L.

1 B KOHType IOTEYET BO3PACTAONIMN CO BPEMEHEM

9119 K TOK. B pesyinbTare sHEprus €KTPUUECKOrO MO
lC KOHJIeHCaTopa OyJeT yMEHBIIATHCS, a JHEPrus

MAaravuTHOI'O IIOJIA KaTyIIKH 6y,Z[CT BO3pacCTaTh.

Puc.27.1

B moment t=1/4T, xorma KOHAEHCATOP MONHOCTHIO PA3PSAAMTCH, SHEPIUS
ANEKTPUYECKOro MoJig o0paliaercs B Hyjb, @ JHEPrus MArHUTHOIO TMOJS U TOK
JNOCTUraroT HamOosapuiero 3HadeHus. C 3TOro MOMEHTa TOK B KOHType Oynaer
yObIBaTh, HAUHET OCJIa0eBaTh MATHUTHOE MOJIE KAaTYIIKU U B HEH MHIyLIUPYETCS TOK,
KOTOpBI TeueT corjacHo mpaBuiy JleHna B TOM K€ HampaBJ€HUM YTO M TOK
pa3psaku  koHjaeHcaropa.  KonpgeHcarop — HauHeT — mepesapskartbesa.  [lpu
OIIpeENIEHHBIX YCIOBUSX 3TOT MPOLIECC UMEET KOJIeOaTeIbHbIN XapaKTep.
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Js 3amxaytoro RLC koHTypa, He COAEPKANIEr0 BHELIHETO MCTOYHUKA TOKA,
npuMeHUM BTOopoe mpaBuiio Kupxroda (cymma nadenuii Hanpsdcemuii Ha 6cex
yuacmkax konmypa pasna cymme 3/]C amoeo konmypa):

IR+U =— di

Z”lR + uC — (Cgum) TN dt s

4

rae U= (C — HanpsUKEHME Ha KOHIEHCATODE, q — 3apsan KonueHcaropa. B

IIPaBOM YaCTH ATOTO COOTHOWIEHUS CTOUT D/[C caMOMHIyKIIMM KaTylIKH.

. d : di ..
lzj?zq—TOKBuenH, TO 7;:9.

VpaBHeHue, onuckiBarolee cBoOoaubie konebanus B RLC-koHType, MOXKET
OBITh MPHUBEACHO K CIEAYIONIEMY BHUAY, €CIM B KaueCTBE MEPEMEHHOW BEIUYUHBI

. R. 1
BBIOpaTh 3apsiy KougeHcaropa ¢(¢): 4 + 749 + 7Cc1™ 0.

Ciyyaii, Korja B KOHTYpPe HET OTEPh dIIeKTpoMarauTHoi sHeprun (R = 0),

L1
4+7c1=9.
|

2 .. 2
Ipunsto o6o3Hauenne: 7o = @y, = §g+wg=0,

. 2
Vpasuenune 4 + @y = 0 onucsiBaer cBoGOAHBIC KOIEOAHUS B LC-xonrype B

orcytcTBue 3aryxaHus. OHO COBHaJaeT IO BHUAY C YPaBHEHHEM CBOOOJIHBIX
MEXaHUYECKUX KoyieOaHul (Harpumep, rpys3a Ha MPY>KUHE) B OTCYTCTBUE CHJT TPEHUS
u sBiugerca auddepeHIMaNbHbIM  YPAaBHCHHEM TapMOHUYECKUX KOJICOaHMIA.
PemenueM 3Toro ypaBHeHuUS SBISIETCS] YPABHEHHUE BHUIA:
q(t) = gocos(ot + @o).
Takum o00pa3omM, B OTCYTCTBHHM 3aTyXaHUsi CBOOOJHBIC KOJCOaHHS B
AIEKTPUUECKOM KOHTYPE SIBISIOTCA 2APpMOHUYECKUMU.

[Mapamerpsr L u C xonebaTenbHOr0 KOHTYpa ONPEAENAIOT  TOJNBKO

1

COOCTBEHHYIO LIUKIMYECKYIO YACTOTY CBOOOAHBIX Konebanuit @ = 15—

LC
U TIEPHO]T T'=2nvLC (popmyma Tomcona).

2.11peBpamnieHue 3HEPTHH B KoJ1e0aTeJIbHOM KOHTYPpe.
[Ipu cBOOOMHBIX KOJIEOAHUSAX MPOUCXOAUT TMEPUOANUECKOE TMPEBpaIICHUE

aJIeKTpI/IquKOﬁ DHEPruu Wa, 3aaceHHoON B KOHJICHCATOPEC, B MAarHUTHYO 3HECPTUIO
WM KaTylIiKu U H3060p0T. Eciu B xosebarenpHOM KOHTYPE HET IIOTEPb DHEPTHUH, TO
IIOJIHAs 3JICKTPOMAarHuTHasA DHEPIrust CUCTEMbI OCTACTCA HEU3MEHHOMU:
2 .2 2 2
_q L’ _q, _LI
2C 2 2C 2

w=w,+Ww, = const
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rac q,l — MI'HOBCHHBIC 3HAUYCHM:A 3apsiga U CUJIbI TOKA,
q0, I - MaKCHUMAaJIbHBIC 3HAYCHU 3apsda U CUJIbI TOKA.

Ananozus npoueccos C60600HbBIX INCKMPUUECKUX U MEXAHUYECKUX
Ko1e0anuil.

Ha pucynke (puc.27.2) mnpusenensl rpaduku u3MeHenus 3apsaga ()
KOHJEHCATOpa U cMeleHus X() rpy3a oT NOJIOKEHUS. PABHOBECHS, a TAKKe rpaduKu

2
Toka () u ckopoctu rpysa V(f) 3a oauu nepuon - o, KOJIeOaHuii.

%ﬁ
= /
% §

o

Q

Q!%
Al

T

IS
:

Puc.27.2
AHaJI0ruy MEXIy JICKTPUYCCKUMU U MEXaHUYECKUMHU BEJIMYMHAMMU:

DJIEKTPUYECKUE BETUYMHBI MexaHndyecKkne BEIUYHNHbBI
3apsi KOHAEHcaTopa q(t) Koopnunara x(t)
Tok B nenun . dg CkopocTb dx
1=—- 0=—"
dt dt
NHaykTUBHOCTH L Macca m
Benuuuna, o6paTHas 1 KecTkocTh k
AJIEKTPOEMKOCTH 6
Hanpsixenue na q VYnpyras cuna kx
KOHJICHCATOPE U= C
DHeprus 3IEKTPUIECKOTO qZ ITorenuanbHas SHEPTUs o
NOJIsl KOHJIEHCAaTOpa 2 PY>KUHBI 2
MaruauTHas YHeprus Li2 Kuneruueckas sneprus mo’
KaTyIIKH 2 7
MaruuTHBIN TOTOK Li Nmnynbe mo

3. 3aryxaomue 3JieKTpHYecKHe KoJIeOaHusl.
Bce peanpHble KOHTYPBI MMEIOT 3JIEKTPUUECKOE CONMPOTUBIICHUE R#0. 3a
KOKJBIA MEeproJl KOJeOaHUN YacTh AJICKTPOMArHUTHOW JHEPTrUM, 3alaceHHOU B
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KOHTYPC, MpCBpamacTca B JKOYJICBO TCILIO, U KOJIEOAHHST CTaHOBSITCS 3amyxarouumu
(prc.27.3).

L T VYpaBHeHue CBOOOAHBIX KOJICOAHU B
dop- \) g€ -5t KOHTYpPE MPHU HAIMYUH 3aTyXaHHUS HMEET
q \/ BUI:
Dot . R. 1
e C N AT - +>=G+-——=qg=0
A \/ Waw S 1TT9TIC
7] \/ \/__M_*>
M- 17001
//// . . 2
V- Gg+204+w,q=0.
—qo ®=+/o;, =&
Puc.27.3

Pemennem storo nuddepeHInansHOr0 ypaBHEHHUS SIBIAETCS (QyHKIUS:
_ -5t
q(t) = q,e ° cos(wt + @)

®usnueckas Benmnunna O = R / 2L naswiBaercs xoagguyuenmom samyxanus,
MHOKHTEND €XP (—Of), ONKCHIBAET 3aTyXaHU€e aMILTUTY/Ibl KOJEOAHHUH.

T
Q=aN=rm—
JTO0OPOTHOCTH KOHTYpa

3. BoIHY:KIeHHbIE KOJIe0aHU.

[Iporecchl, BO3HUKAIOIIME B AJICKTPUICCKUX IETSIX MO ACHCTBUEM BHEITHETO
UCTOYHUKA TOKA, HAMPSHKEHHWE KOTOPOTO M3MEHSCTCS TEPHOIUYECCKH, Ha3bIBAIOTCS
BbIHYHCOCHHBIMU KOJICOAHUAMU.

BoinyxieHHbie KoneOaHus SIBISIIOTCS He3amyxXarouumu.
Yemanosuswuecs evinysicoennvle konebanus B 1ENH, CIIOCOOHON COBepIIaTh

coOCTBEHHBIC CBOOONHBIE KOJEOAHHWS HA YaCTOTE ), 6Ce20d HPOUCX00SIM HA

yacmome (U 6HeulHe20 UCMOYHUKA.

9J'IGKTpI/IqCCKI/Ie eIy, B KOTOPbIX IMPpOUCXOaAT YCTaAaHOBHUBIINCCA
BBIHYKJICHHBIC KoneOaHus oa I[CﬁCTBHCM HCTOYHHKA TIICPEMCHHOI0O TOKa,
HAa3bIBAKOTCA Uenamu nepemeHHozo moka.

D ug +uc +up = e(t) = &, cos wt,
R

¢, cosmt

MmO

Puc.27.4
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KoHTpoJbHBIEC BONIPOCHI
. UTo Ha3bIBaeTCs ANEKTPUICCKUMH KOJIeOaHUIMU?
. Uto co0oif mpecTaBiIseT AMeKTpUIecKas CUCTeMa, CIIOCOOHas COBEpIIaTh CBOOOIHbIE
konebanus. Kak ona nHaspiBaercs?
. 3anUIIUTe ypaBHEHUE TAPMOHUYECKUX KOJIEOaHUI B OTCYTCTBHUH 3aTyXaHHH.
. Kakue xonebGanust Ha3pIBalOTCS TapMOHUYECKUMU?
. Haueprute rpaduk rapmonnyeckux xosiebanuit q(t).
. ITo xakoii popmysie onpenensiercss mepruoa CBOOOIHBIX KOJEOAHUH B AIICKTPUIECKOM
KOHTYpe?
7.3anummTe 3aKOH COXpaHEHUsI YHEPTUH JJIs1 KoeOaTeaIbHOro KOHTYpa.
8. Kakoif Buj uMMeeT ypaBHEHHE CBOOOJHBIX KOJEOaHWN B KOHType NpU HAJIHUUYUU
3aTyXaHus?
9. Ha xakoifi yacToTe MPOUCXOJAT YCTAHOBUBIIHECS BBIHYXKJIEHHBIE KOJICOaHUS B
3JIEKTPUYECKON LEMHU, KOT/1a BHEIIHUN UCTOYHUK, HAMIPSYKEHUE KOTOPOTO U3MEHSETCS
C YacTOTOM @, NOJKIIOYEH K CHCTEME C COOCTBEHHOM 4YacTOTOM CBOOOIHBIX
KosneOaHui ?

N —

(@) RV, I SRS

Tema 28: JJIEKTPOMAI'HUTHBIE KOJIEBAHUSI.
VY4eOHble BOPOCHI:

1. Ilenn nepeMeHHOrO TOKA.

2. Pe3ucrop, KoHJEHCATOp, KaTyIIKa B LEMU NEPEMEHHOT0 TOKa.
3. IlonHas nenp NepeMeHHoro Toka. 3akon Oma.

4. SIBneHue >EKTPUYECKOr0 PE30HAHCA.

5. MoOUHOCTh B LIENW NEPEMEHHOIO TOKA.

1. llenu nmepeMeHHOT0 TOKA.

[Tponecchl, BO3HUKAIOIIKNE B 3JIEKTPUUECKUX LEMAX MO JEHCTBUEM BHEIIHETO
HMCTOYHUKA TOKA, HAIMPSIKEHHE KOTOPOTO M3MEHSETCA MEePUOAMYECKU, HA3BIBAIOTCS
BLIHYHCOCHHBIMU KONEOAHUAMU.

BbIHyX/I€HHbBIE KOJIEOAHUSI SIBISIOTCS HE3aMyXarouumu.

Yemanosuswiuecs evinysicoennvie konebauusi B 1eNH, CIIOCOOHOM COBEpLIATh
coOCTBEHHbIE CBOOOAHBIC KOJIEOAHUSI HA 4ACTOTE (), BCETJa MMPOUCXOAST HA YACTOTE
() 8HEUIHe20 UCTNOYHUKA.

DOnexkTpuyecKkue  ILend, B  KOTOPBIX  MPOUCXOAST  YCTaHOBUBIIHECS
BBIHY)KJIEHHbIE KOJEOaHWs 10 JCHCTBHEM MCTOYHMKA TEPEMEHHOrO TOKa,
Ha3bIBAIOTCS YEeNAMU NEPEMEHHO20 MOKA.

ug +uc +up = e(t) = &, cos ot,
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2. Pe3ucTOop, KOHAEHCATOP, KATYIIKA B LIeNH IePEeMEHHOr0 TOKA.
Pe3ucmop 6 yenu nepemennozo moka.

R
]
L
é )I_ -_—

, U,=RI

¢ ,coSs wt kTR
0 vo——

Puc. 28.2 Puc. 28.3
) ) U
pR=u,=Upcoswt; zR:TRcosa)t:IRcosa)t.
Uy

R[R:UR. — IR:T,

BoiBoabI:
1.CrpaBenuB 3akoH Oma.
2.Ma30BbIM CABUAT MEXIY TOKOM M HANPSIKEHUEM Ha PE3UCTOPE PABEH HYJIIO.

I(oudeucamop 6 uenu nepemMeHHoz0 moka

= 7"
1 P=73
& ,COS wt
> Ve YU.=-L.J
wC
Puc. 28.4 Puc. 28.5
u, =L =U_ cos wt
C C C
. dq du. : B T T
le="—7= CW = CU(~wsin wt) = wCU_ cos(wt + 5) = I.cos(wt + 5)
CooTHoIIeHnE MCKAY aMIUIUTYydaMH TOKa IC W HAIIPAKCHUA UC:
Uc

1 c= U c C IC o XC TO €CTb, CIIpaBeIuB 3aKOH OMa,

1

Xc= 0 C - EMKOCTHOE (PCaKTHBHOE) CONPOTHBIICHHUE B LI IEPEMECHHOIO TOKA.

BoiBOABI:
1. CnpaBennuB 3akoH Oma.

T

2. Tok omepeskaeT 1o (aze HampsLKeHUe Ha 5 -

74



KamymK(l 6 uenu nepemMeHHo20 moka
L AU, = oLl
Y Y \___

¢ ,coS wt _
———0 v 0—— p=>
AN )_] _
Puc. 28.6 Puc. 28.7
di,
u, :LﬁzULcosa)t
: U, U, . U T T
= | St coswtdt = —L-sin wt = —Lcos(wt—=%) =1, cos(wt — =
i, = [ -eos wudt = Ti-sin ot = T cos@i =) = I, cos(wt = 5)
CooTHoIIIeHHE MEXTY aMIuTUTyamu Toka [1 u Hanpspkenus Ul
LU U
L~ E una L T XL TO €CTh, CIIPABEJINB 3aKOH OMa,

X, =oL . UHIYKTUBHOE COMPOTHUBJICHHE.

BoiBoabl: 1.ciipaBeyiuB 3akoH OMma.

T
2.Toxk otcraeT mo ¢aze OT HAMPSHKEHUS Ha -

3. IlosiHas nenb NepeMeHHOro Toka. 3akon Oma.

Honanan Uenob nepemMenHoz0 moka

AU, =oLl

U - Ug

Puc. 28.9
02 2 2
¢ =Up+U,-U ) OTKy/a CJIeyeT:

] = Ego DTO COOTHOILLIEHNUE Ha3bIBAKOT 3AKOHOM
Oma 015 nOAHOI Yenu nepemeHHozo

1
\/R2 + (C‘)L o a)C)2 moka.
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5 Benmuuuny Z Ha3bIBalOT IMOJHBIM  COIPO-
a)C) TUBJICHUEM LENHU I[EPEMEHHOIO TOKA WU
MMIIEIAHCOM LIEIIN.

R R L 1 PeaxtusHoe COIIPOTUBJICHUC LICIIN
L c W o @ C MNEPEMCHHOI'O TOKa UJIN PCAKTAHCOM.
;o1
_ 2 ) C (0 — Pa3HOCTDb (1)8.3 MCXKAY TOKOM H HAIIPSKCHUCM.
tg (0 - R

4. SIBJIeHUE JIEKTPUYECKOT0 Pe30HAHCA.
N3 3akona OMa 17151 TOJTHOM 1IeNU IEPEMEHHOTO TOKA BUJIHO, YTO aMIUIUTY/1a

TOKa 1 IMPUHUMACT MAaKCUMAJIbHOC 3HAYCHHUC TP YCIIOBUHU

1 2_ 2 _ 2_ 1
R:O wm @ _a)pes_a)O_Lc.

Henenue 6o3pacmanus amniumyovl KOAeOAHUU MOKA NpU COBNAOEHUU

wL —

yacmomsl () BHEUlHe20 UCMOYHUKA C COOCMBEHHOU Yacmomoul o aﬂekmpuquKoﬁ
uenu Hasovleaenics IIeKmpudeCKuUm pe3onancom.

_&
[Ipu pesoHance L, = R - Cumsur ¢as @ wmexay NpUIOKEHHBIM
HAIPSHKEHUEM M TOKOM B LIEIH IIPH PE30HAHCE 00PAIIAeTCs B HyJlb.
AU, =wlLl Pesomanc B mociemoBatenbHoii  RLC-nenu
HA3BIBACTCS PE30OHAHCOM HANPAICEHUIL.
p [Ipu mocnenoBarenabHOM pe3oHance (M = M)
3 _ ammntyasl Uc n Up Hanpsbkennii Ha KOHAEHCATOPE U
U,=RI ] Kkarymike pe3ko BO3pacTaror:

¢
1 (UL)p63 = (UC)p63 - wOL[ - I\/% - ?0\/% :

YU.=—=1
© oC 1L
Puc. 28.10 0= Ve 100POTHOCTH KOHTYPA.
/ A Takum  00pa3oM,  IpUd  PE3OHAHCE

AMINIATY AbI HaHpH}KeHI/Iﬁ Ha KOHACHCATOPC U

karymke B () pa3 NpPEBBINIAIOT AMIUIMTYLY
HaIpsHKEHUS] BHEIITHETO MCTOYHHUKA.

‘ULP&,:‘UC =60

Ha puc. uzo0paxeHsl pe3oHancHvle Kpugvle
JUIL  TIOCIIEIOBATEIbHBIX  KOHTYpPOB  C
Pa3TUYHBIMHA 3HAYCHUSIMU JOOPOTHOCTH

03>0:>>0;.

pes

0

Puc. 28.11
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IIpu  pesonance nocrneoosamenvuvii. RLC  kommyp oxasvieaem manoe
conpomuenerue nepemeHHoM) MoK).

S. MouHOCTH B LIeNH EPEMEHHOI0 TOKA.
IIpu npoTexkaHnu MEPEMEHHOr0 TOKA MO YYACTKY LIENHU 3JIEKTPOMArHUTHOE
10JI€ COBEpIlIaeT padOTy U B IIEMHU BBIJEISAETCS XKOYJIEBO TEILIO.
MrHoBeHHasi MOIIHOCTh B LIENU NEPEMEHHOIO TOKAa paBHA IMPOU3BEACHUIO
MTHOBEHHBIX 3HAYCHUN TOKA WM HANpsHKCHUs: p = ['U. [lpakTuyeckuil HHTEpec
MIPEACTABISET CPENHEE 3a EPUOJ IEPEMEHHOIO TOKA 3HAYCHUE MOIIHOCTH

P=P,=1Ucos wtcos(at+ @)

I v U — aMminTyHble 3Ha4Y€HUS TOKA M HANPSUKEHHMS HA JaHHOM yYacTKe
nenu, ¢ — (asoBbI CABUT MEXKIy TOKOM M HampspkeHueM. Uepra o3HA4aeT 3HaK
ycpennenus. Eciii yqacToK Lenu COAEPKUT TOJIBKO PE3UCTOP C CONPOTHBIEHHEM R,
10 (azobiii casur @ = 0:

_ 2 _
BQZIRURcosza)IZIRZUR :IRZR , TaK KaKk Cosza)t:%.

CpeI[HSIH MOIDHOCTD IICPEMCHHOI'O TOKA Ha YYACTKC LICIIK, COACPKAIICM

pe3ucTOp, paBHa P,=1 ,ZZU,ZZ :

Eciii y4acTok Lenu coaepKuT ToJIbKo KonaeHncaTop emkoctu C, To

. T
(a30BBIiA CABUT MEXAY TOKOM U HANPSHKEHUEM @ = ) IToaTomy

P.=1.U_cos ot cos(wt + %) = [ .Ucos wt(—sin wt) =0
AHaJIOrMYHO MOKHO IOKa3ath, yro P = 0.

MOLL;HOCWlb 6 Uyenu nepemeHHoco moka 8blOeIemcst MOAbKO HA AKMUBHOM
conpomuejlieHUU. Cpe()H}Z}Z MOWHOCNIb NEPEMEHHO2O MOKA HaA KOH()@HCCZWZOpe u

Kamyuike UHOYKMUGHOCMU PABHA HY 0. le =1 ﬂ?ﬁgﬂ CoOS @
Jeiicmeyouwgue unu 3pghexmugnvie 3nayenuss CUIbl TOKA U HAIIPSKEHUS:

1= A U, = Yy

s Yt

rae COS @ - xoapduument momuoctu. Ha mpakTuke cCTpeMsaTcs yBEIHUUTH
COS@ |, naumeHblliee JOMYyCTUMOE 3HAYCHHWE KOTOPOTO JUIS IMPOMBIIUICHHBIX

ycTtaHoBok ~0,85.
KoHTpoJibHBIEC BONIPOCHI
1. 3anummre ¢dopmynsl 3akoHa Owma I yd4acTKa II€MU TEPEeMEHHOTO0 TOKa,
coaepskamiero oauH u3 sneMeHToB R, L u C.
2. HaueptuTe BEKTOpHBIE JUarpaMMmbl JJid Yy4yacTKa UENU [EPEeMEHHOr0 TOKa,
coaepkaniero ojuH u3 aneMeHToB R, L u C.
3. BeiBenute popmyiry 3akoHa OMa i LIeny EPEeMEeHHOro Toka, coaepsxkamieit R, L u C.
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4. Yemy paBHO €MKOCTHOE, HHIYKTUBHOE, TTOJIHOE COMPOTUBJICHHUE B €N MEPEMEHHOTO
TOKa?

. B ueM cyTb sIBIIE€HUS 37EKTPUUYECKOrO pe3oHaHca?

6. Uro Ha3pIBalOT pe3oHaHCHOM KpuBoi? Haueptute M oOBsicHUTE €€ BUI s
MOCJIeIOBATEILHOTO KOJIe0ATEIbHOTO KOHTYPA.

7. Jlaiite mnoHATHA AeWCTBYOIUX (Wi S((EKTUBHBIX) 3HAYEHWA CHJIBI TOKa U
HaNPSOKCHUS.

8. Uemy paBHa MOIIHOCTH B IEMU NEPEMEHHOTO TOKA BbIIENsIeMas Ha aKTHBHOM
COTIPOTUBJICHUH, Ha KOHACHCATOPE M KaTYIIKe HHIYKTHBHOCTH?

Tema 29: TEOMETPUYECKASA OIITUKA.

(9]

1. OCHOBHBIE 3aKOHBI T€OMETPUYECKON ONTHKH.
2. Ilnockoe 3epkano. 3. TpexrpaHHas npusma.
4. TOHKHE JTUH3BI. 5. OnTuueckue mpuoOOpBI.

IlepBble mpencraBieHuss O NMPUPOAE CBETA BO3ZHMKIM y IAPEBHUX T'PEKOB M
eruntsaH. [lo mepe n300peTeHUs U COBEPUICHCTBOBAHUSA PA3TUYHBIX ONTHYECKUX
npulOopoB (mapaOolMYecKuX 3€pKaj, MHUKPOCKOIA, 3pUTEIbHOW TpPyObl) ITH
MIPEACTABIICHUS] Pa3BUBAIUCH U TpaHChopMHupoBaiuchk. B koHue XVII Beka BOZHUKIH
nBe Teopun cBeta: kKopnyckyaapuas (U. HetotoH) u eonnoseasn (P.T'yk wu
X. I'tolirenc).

CornacHO KOpHYCKYJIIPHON TEOpUH, CBET MPEACTABIAECT COOOM MOTOK YACTHI]
(KOpIYCKYJ), UCITyCKaeMbIX CBETSIIMMUCS TesnaMu. HpIOTOH cuuTal, 4To ABMXKEHHE
CBETOBBIX KOPIYCKYJ THOJYUHAETCA 3aKkoHaM MexaHukh. OrtTpaxeHue cCBera
NOHMMAJIOCh  AHAJIOTMYHO OTPAXEHUIO YIPYroro IIapuka OT  IJIOCKOCTH.
[Ipenomiienne cBeta 0OBSCHSIOCH U3MEHEHHEM CKOPOCTH KOPIYCKYJ IPH MEpPeXoe
U3 OJTHOM Cpelbl B IPYTYIO.

BonHOBast Teopus, B OTIMYME OT KOPIIYCKYJIIPHOM, paccMaTpuBaja CBET Kak
BOJIHOBOM MPOLECC, MOAOOHBII MEXaHUYECKUM BOJIHAM. B OCHOBY BOJIHOBOI T€OpHH
OBLT TIOJIOKEH npunyun I totieeHca, COTIACHO KOTOPOMY KaKIasi TOYKa, JO KOTOPOM
JOXOJMUT BOJIHA, CTAHOBHUTCS LIEHTPOM BTOPHUYHBIX BOJH, a OrMOAromiasl 3TUX BOJH
JaeT TMOJIOKEHUE 80IHO68020 (h)ponma B CIEIYIOMNA MOMEHT BpeMeHH. C MOMOIIbI0
npuHIMna [roiirenca 6p11M 00BICHEHBI 3aKOHBI OTPAXKEHUS U TPEIIOMIICHHUS.

O6e Teopun OOBACHAIM MPSAMOIMHEHHOE PACHPOCTPAHEHHE CBETA, 3aKOHBI
otpaxeHnus u npeiaomiienus. Bece XVIII Bek cran BekoM 60pb0bI 3THX Teopuil. CBet
B OJHHUX OMNbITaX OOHApPYKMBAaE€T BOJHOBHIE CBOWCTBA, a B JApYyrUX —
KOPILYCKYJIIPHBIE, 3TO O3HAYa€ET, YTO CBET UMEET CIIOKHYIO ABOMCTBEHHYIO IIPUPOLY,
KOTOPYIO MPUHATO XapaKTepU30BaTh TEPMUHOM KOPHYCKVAAPHO-BOTHOBOU OVAIUSM.

1. OcHOBHbBIE 3aKOHBI T€OMETPUYECKOI ONITHKH.

3aKkon npaAMoIUHENIH020 pACRPOCMPAHEHUA C6ema:

B onmuuecku 00nHopooHoti cpede céem pacnpocmpansemcst NPAMOIUHEHO.

OnBITHBIM JIOKA3aTEIbCTBOM JTOrO0 3aKOHA MOTYT CIYXHUTh PE3KUE TEHH,
oTOpachiBaeMble HEMPO3PAYHBIMU TEJIaMU TPU OCBEIICHHH CBETOM MCTOYHHUKA
JOCTATOYHO MAJIBIX Pa3MepOB («TOUYEUYHBIN UCTOUHHUK) ).
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3akon ompasicenus ceéema :

[.Iladarowuii u ompadiceHHblll VYU, A MAKJCe NEPNeHOUKYIAp K epanuye
pazoena 08yx cpeod, 80CCMAHOBIEHHBIL 8 MOYKe NAOeHUs JYHd, NeHcam 6 OOHOl
NIOCKOCTU.

2.Yzon ompaoicenus f pasen yeny nadenus o, 1. f= a.

3akon npenomnenusn ceema:

[.Iladarowuii u nperomiieHHvll Ty4U, a Maxdice NepneHOUKVIap K epauuye
pazoena 08yx cpeod, 80CCMAHOGIEHHBI 8 MOUKe NAOeHUs JYHd, NedHcam 6 OOHOl
nrockocmu. (puc.29.1)

2.0mHoweHue cunyca yena naoeuus O. K CUHYCY Veld NpeloMleHus ) ecmb
BENUYUHA, NOCMOSHHAS 0151 08YX OAHHBIX CPED.

sina : )
siny . wm npsine=mnsiny.
MnockocTb NafeHus 3aKkoH MIPETOMIICHHS ObLI
AKCHEPUMEHTAIILHO YCTaHOBJICH
rojutagackuM ydensiM B. CHemmycom
(1621 r.).
[TocrosiHHYyIO BEJIIMYUHY n
/bs Ha3bIBAIOT OMHOCUMENIbHBIM
/’/7% noxasamenem  NnpeloMieHus  BTOPOU
/72 Cpeapl OTHOCUTEIIBHO MEPBOM.
Ilokasarenb  mpeslOMIIEHHs  Cpenbl
OTHOCUTEJIBHO  BaKyyMmMa  Ha3bIBAaIOT
abCcontOmHbIM noxkasamesnem
npenomieHus.
Puc.29.1
OTHOCUTENBHBIN MOKA3aTeNb MPEJIOMIIEHUS IBYX CPEIl PAaBEH OTHOLIEHUIO UX
_n
a0COJIIOTHBIX MMOKA3aTeNe MPeIoMIICHUS: n= 71

3aKOHBI OTPAKEHUS U MPETOMIIEHUS HAXOIAT 0ObSICHEHUE B BOJIHOBOM (DU3HKE.
CornacHO BOJHOBBIM IIPEICTABICHUAM, MPEIOMIICHUE SBISAETCS CIEICTBUEM
VU3MEHEHUsI CKOPOCTH PAaCIpOCTPAHEHUSA BOJIH IIPU IEPEXOAE U3 OJHOW Cpenbl B
Ipyryro. @U3n4eCKui CMBICI IIOKA3aTelIsl NPEIOMIICHUS — 3TO OTHOLIEHUE CKOPOCTH

pacrpocTpaHeHUs BOJH B MEPBOM cpelie V| K CKOPOCTH UX PacCIpOCTPaHEHHUS BO

_9
BTOPOIi cpeie Vy: n= v, -

AOCOJIIOTHBIN TIOKAa3aTeNb MPEIOMIICHNS PABEH OTHOLIEHUIO CKOPOCTH CBETa C

B BaKyyMe K CKOPOCTH CBETa V B cpeie: 11— o .
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Cpeny c MeHbIIMM aOCOJIOTHBIM TOKAa3aTejieM MpPEeJOMIIEHUS Ha3bIBAIOT
onTUYeCcKu MeHee IioTHOM. [Ipu mepexope cBeTa U3 ONTUUECKU 0oJiee IIIOTHOM
Cpedbl B ONITHYECKHM MEHEE IUIOTHYIO, JIYY OmKAOHAemca OT nepunesaukyisapa. [lpu
nepexoje CBeTa U3 ONTHYECKH MEHEE TUIOTHOM cpeibl B ONTUYECKU O0Jiee MIOTHYIO,
Jy4d npudcumaemca K NepueHIuKyJspy.

[Toctpoennss  ['roiirenca  mimg  onpeaesneHus

HaIlpaBJICHHUS pacpoCTpaHEHHUs! BOJIHBI,
IIPEJIOMJICHHOM Ha TpaHHULE [BYX MPO3PAYHBIX
cpen

I[J'DI C.quaﬂ HpeHOMHeHI/Iﬂ CB€Ta Ha rpaHHue
BaKyyM—Cpella BOJIHOBas TeOpHUs MPHUBOIUT K
CIICIYIONIEMY BBIBOJY:

sin _ ¢ _
siny U

Puc.29.2

HAenenue nonnozo ompayxpcenua. llpu nepexone cBera U3 ONTUYECKH Oojee
IUIOTHOW Cpelbl B ONTHYECKU MEHEe IUIOTHYIO Hp < /| (Hampumep, U3 CTEeKIa B
BO31lyX) (puc.29.3) MOXHO HAOJIOAATH SIBICHHUE NOJIHO20 OMPAMCEHUs, TO €CTb
MCUE3HOBEHHE TPEIOMIIEHHOIO Jiyda. OTO sIBJIeHHME HaOMofaercs Mpu yriax
NaJIEHHUS, TPEBBIIAIOIIMX HEKOTOPBIH KPUTHIECKUH YTONl Olyp, KOTOPBIA HAa3bIBAETCS
NPeoelbHbIM Y2NI0M NOIHO20 6HYMPEHHE20 OMPaNCeHUs

EOSIYE
Eona

5 Puc.29.3
Jlnst yria najgeHust o = Oy , SIN Y = 13nauenue SIN Oy, = 1y / 1y < 1

Eciu BTOpOit cpemoii sBiusercs Bosayx (1, = 1), 10 dopmyny ymoGHO
nepenucath B Bujae SN Op, = 1/nm,rme n=n;>1 — abcomoTHbIl MOKa3aTesh
IIPEJIOMJICHUS TICPBOM CPEJIbI.

JUia rpaHunbl pasjgena  crekno—Bodayx (7= 1,5) kpuTuueckuii yrom paseH
Oyp = 42°, s rpanuusl Boga—Bo3ayx (n = 1,33) — oy, = 48,7°.

[TpakTHYeCKr BaXHBIM TIPUMEHECHUEM SBJCHHS TIOJHOTO BHYTPEHHETO
OTPaKCHHUS SBJISCTCS CO3JAHHE BOJIOKOHHLIX C8emMO080008, KOTOPhIC MPEACTABIAIOT
co00l TOHKHME (OT HECKOJIbKUX MHUKPOMETPOB JI0 MHLIMMETPOB) MPOU3BOJIBHO
M30THYThIE HUTHU U3 ONTUYECKHU MTPO3pavyHOTO MaTepurana (CTekIio, kBapi). (puc.29.4)
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Cger, nmonajgaruMii Ha TOPEL CBETOBOAA, MOMKET
pacrpoCTpaHsAThCS 10 HEMY Ha OOJIbIINE PACCTOSHUS 32
CYET TIOJIHOTO BHYTPEHHEr'0 OTpa)K€HUs OT OOKOBBIX
noBepxHocTel. [Ipu cuibHOM H3ruOe BOJOKHA 3aKOH
MIOJTHOTO BHYTPEHHEr0 OTPAXXCHUSI HAPYIIAETCA, U CBET
YaCTUYHO BBIXOJHWT M3 BOJIOKHa dYepe3 OOKOBYIO
ITOBEPXHOCTb.

Hay4Ho-TexHMYECKOE€ HalpaBiICHUE, 3aHUMAIOIICEC
pa3paboOTKOW U MPUMEHEHHEM ONTHYECKUX CBETOBOJIOB,
Ha3bIBACTCSl 6010KOHHOU ONMUKOUL.

Puc.29.4

2. Tlnockoe 3epkaJio.

[IpocTeiiiuM ONTUYECKUM YCTPOHCTBOM, CIIOCOOHBIM CO3/1aBaTh H300paKeHUE
IIPEAMETA, SIBIISIETCS NJIOCKOE 3€PKAIO.

N3o00paxenne npeameTa, 1aBaeMoe IUIOCKUM 3epKaioM, (OpMUPYETCS 3a CUET
JTy4ei, OTPaXEHHBIX OT 3€PKAJbHON TMOBEPXHOCTH. IJTO HM300paKEHUE SBISIETCS
MHHUMBIM, TaK KaK OHO 00pa3yercs NEepeceuyeHueM HE CaMUX OTPAXKEHHBIX Jydew, a
UX TIPOJIOJKEHUH B «3a3€PKAIIBEN.

Touka S’ ABIISIETCS MHUMBIM
U300pKEHUEM TOUKH S.

BcenencTtBue  3akoHa  OTpaKeHHsSI  CBETa
MHHMOE U300paKeHUe mpeamMera
<" pacrnojaraercs CHMMETPHYHO OTHOCHUTEIIBHO
3epKaJIbHOMN IIOBEPXHOCTH. Pasmep
U300paKCHHWsI ~ paBeH  pa3Mepy  CcaMoro

npeaMeTa.

-~ Puc.29.5

3. Tpexrpannasi npu3ma.

I{Be I'paHUu IPU3MBbI, CKBO3b KOTOPBIC JIYUMW BXOAAT B IIPU3MY MU BBIXOIAT U3

HEE, Ha3bIBAIOT NPEIOMAAIOWUMU 2PAHAMU, A TBYTPAHHBIA yroyl (p, COCTABJICHHBIN
TUMU TPAHSIMHU, HAa3bIBAOT NPEAOMAAIOUUM Y2N0M TIPU3MBI.

Ha mnpusmy u3 wmarepuana ontuueckud Oojee IUIOTHOTO, YeM cpena, ¢
MoKa3areyieM MpeIoOMIICHUs /1 TaAaeT Y3KU MOHOXPOMATHYECKHMU (OJHOTO IIBETA)
ny4ok cBeta AQ;. (M3 BO3AyXa Ha CTEKJISIHHYIO Npu3My). B mpusme oH uzuer no nyTu
0,0;. Tlpu BbIXOJIe U3 MPU3MBI OH yIAIAETCS OT NEPIEHIUKYJIApA K TPaHU U UJIET 110
nytu O,B.

B pesynomame npoxosicoenusi ckgo3vb npuzmy ny4ok ceema OMKIOHAEMCS K ee
wupoxou yacmu (OCHOBAHUIO).
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Jlo mpu3Mbl CBET IIE€N IO HANPABICHUIO
AQ;, a nociie TpuU3Mbl UAET M0 HANPABICHUIO

O,B, cMelleHUe TIy4Ka IIPOU3ONLIO Ha y2oa O,
KOMOPblil HA3bI8AIOM V2JIOM OMKIOHEHUSL.

o=(—n)+@-7),

k. 1TV =9,
Puc.29.6 o= ta,—@

3anuiieM 3aKoH IMPCIIOMJICHUA JIsSI TOYCK 01 141 02 IMPpUHAB YTO, OJIA MaJIbIX
YIJIOB OTHOICHUC CUHYCOB MOKHO 3dMCHUTHb OTHOIICHHUCM 3HAUCHUC 3TUX YIJIOB!:

n_sinal ~A s, ~ny
s O T ~ 1~
A 1 smpy, %

1_siny, 7
s O, - = Ro-=> RNy,

n sina, a,

L+, =Ny, +7,)RNQ ym O +PRNY = o~ pn-1)
YZOJZ OMKIIOHEHUA 5 mem 60ﬂbme, yem 60ﬂbme noKazameib npeJZOMJZeHu}Z
eewecmeda npuS’Mbl uuee npeﬂOMﬂﬂfou/lUZZ yZO]Z gﬁ

Ecnu TpexrpaHHyr npu3sMy NOMECTUTH B
cpelly, MoKa3areslb MPEJOMIICHHS BEIEeCTBA
KOTOpOM OoJiblle MOKa3aTels MPEIOMIICHUS
BEILECTBA MPU3MBI, TO, IPOUIA MPUMY, JTyU
A0, OyJeT OTKIOHSATBCA B CTOPOHY
IPENOMJISIONIETO YIJIa (), Ha yrou O.

Puc.29.7

[TapamenpHble Ty4d, NaJaOMME HA TPU3MY, OCTAIOTCS MMapalIeIbHbIMU.
[IpenenpHbIN yToa A CTEKIIA COCTaBIsAeT 0KoJo 42°. [TloaToMy B mpusMax ¢
yriiamu 45° noJjiy4aeTcs OJIHOE BHYTPEHHEE OTPAKEHUE CBETA
_.45°
/

- N
AN

F T >
11 B

- T

-

Puc.29.9 Pnc.29.10
Pnc.29.8

a) [loopoTtHas npuzma. 6). O6opoTHas IpU3Ma B) [Ipu3ma npsiMoro 3peHusl.
4. Tonkue JTUH3BI.
Jlun3zon naszvieaemcs npospauHoe meno, 02paHudeHHoe 08yMs chepuiecKumu

nosepxnocmamu. Eciy TOJIIKMHA caMOW JMH3BI Maja II0 CPAaBHEHUIO C PaJuyCaMH
KPUBU3HBI CPEpUYECKUX TOBEPXHOCTEH, TO JIMH3Y HA3bIBAIOT MOHKOU.
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JIuH3bl  OBIBAOT coOuparwumu u
pacceusarowumu.

CobGuparomast puc.29.11 (a) nauH3a B
cepenuHe  TOJNIIEe, YeM y  Kpaes,
pacceuBaromas puc.29.11 (b) 1nuH3a,
HAa000POT, B CPEIHEH YACTH TOHBIIIE.

v)
Puc.29.11

[psimast, mpoxoxsmas uepes uentpel kpuBusuabl (OJ; u O, chepuyeckux
MTOBEPXHOCTEMN, HA3BIBACTCS 2/IABHOU ONMUYeckou ocvio MMH3bl. [ 1aBHas onTuyeckas
0Ch IepeceKaercs ¢ aMH30M B Touke (J, KOTOPYIO HA3bIBAIOT ONMUYECKUM YEHMPOM

JINH3BI. Hy‘-l CBCTa IPOXOAUT YCPEC3 ONTUYCCKUMN HOCHTP JIMH3bI, HC OTKJIOHAACH OT
IMCPBOHAYAJIBLHOI'O HAIIPABJICHU .

oS

Puc.29.12
[Ipenomienue napamienbHOrO Iy4ka Jiydel B coOuparomieid puc.29.12(a) u

pacceusaromeii puc.29.12(b) munzax. Touku O; u O, — ueHTPH CchepUUYECKUX

nosepxuocrei, 010, — rnasHas onrtuueckas ocb, O — onrTuyeckuii uentp, F —
riaBablid Gokyc, F' — moGounsiii dpokyc, OF' — noGounas ontuyeckas och, O —
(dbokagbHAs MIIOCKOCTD.

Bce nmpsimbie, mpoxozsimye 4epe3 ONTHUECKUNA LEHTP, HA3bIBAIOTCSA nOOOUHbIMU
ONMUYECKUMU OCAMU.

Ecny Ha nuH3y HanpaBUTh IMY4YOK JIy4YeH, NapajljIeabHbIX TJIABHOW ONTUYECKON
OCH, TO TOCJIE MPOXOKICHUS Yepe3 JIMH3Y JTyud (WU UX TMPOJIOHKEHHUs) COOepyTCs B
OJIHOM ToYKe [, KOoTOpas Ha3bIBAETCS 2IA6HbIM (DOKYCOM JTUH3BI. Y TOHKOMW JIMH3BI
UMEIOTCSI JIBa TJaBHBIX (POKyca, CHMMETPUYHO PACIOJOKEHHBIX OTHOCHUTEIHHO
JUH3bl HA TJABHOW ONTHYECKOW och. Y coOuparwomux JuH3  (HOKYChI
NEeUCTBUTENBHBIE, Y PACCEUBAIOIINX — MHUMBIE.
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[lyuku nmydei, mapamieabHbIX OJHON K3 MOOOYHBIX ONTHYECKUX OCEH, Takxke
(GoKyCHpYIOTCS IOCIIE TIPOXOKIACHUS YePE3 IMH3Y B TOUKY F', KoTOpas pacrosoxeHa
IPH MepecedeHnr MoO0UHON OCH ¢ (okanbrol niockocmpio O, TO eCTh MIOCKOCTHIO
NEPICHANKYIAPHON TTIABHON ONTHUYECKOW OCH U MPOXOASAIICH Yepe3 IIaBHbIN (OKYC.
PaccrosiHre MeXay ONTHYECKUM IeHTpoM JimH3bl () W riaaBHBIM (okycom [

Ha3bIBaeTCs POKYCHBIM paccTossHueM. OHO 0003HaYaeTcst Toi xe OykBoi F.

H3o6parcenun 6 monkux aunzax. Hzobpadicenuss npeomemos Ovl8aArOM
NPAMBIMU U NEPeBePHYMbIMU, OeUCMBUMENIbHLIMU U MHUMbBIMU, VEETUYEHHLIMU U
YMEHbUEHHbIMU.

JIJIS  TEOMETPUYECKUX TOCTPOCHHHM HCIIOJIB3YIOT CBOWMCTBA CTaHIAPTHBIX
JydeH, X0 KOTOPBIX MU3BECTCH. DTO JIy4YH, MPOXOJAINIUE Yepe3 ONTHUYCCKUU IEHTP
WJIA OJTMH U3 (DOKYCOB JIMH3BI, a TAKXKE Jy4YH, MapaJuIebHbIC TJIABHOW WM OJTHOM U3
NOOOYHBIX ONITUYECKUX OCEH.

Puc.29.13
[TocTpoenune n300pakeHHsI B COOMPAIOIICH JIMH3E, KOTJa MPEAMET HaXOIUTCS
3a JBOMHBIM (DOKYyCOM JIMH3BI, HW300pKEHHE B JTOM CJIydae IOJydaeTcs
NEeUCTBUTEIBHOE, YMEHBIIIEHHOE, TIepeBepHyTOE ((poToamnmapar).

AT > 7~
‘§\§\“‘~\>\§\§"\\\\\\\\_ B’
@ - -~ >
2F B F 0
| A4 A ’
| ' I
- d > f >

Puc.29.14
[TocTpoenune n3o0pakeHusi B COOMpArOIIel JTMH3E, KOTJa MPEeAMET HaXOIUTCS
MexaTy (OKycOM W JBOWHBIM (POKYCOM JIMH3BI, W300pKEHHE B OTOM Cliydae
MOJIy9aeTcsl  JACHCTBUTENBHOE, YBEIWYCHHOE, TMepeBepHyTOe (MPOCKIIMOHHBIN
amnmnapar).

A b
f\Q\ Ecmu mpenmer AB pacnonoxken Mexmy
: \r\\'\\" dokycom F u coGuparomeii IHH30H, TO
E A u3obpaxenne A’B’ mnomydaercs MHUMOE,
' o yBeJIMYEHHOEe, psMoe. (JIyrna)

B’ FB O F

l i
Puc.29.15
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[TocTpoenue nzo0paxkeHus B paccenBarolieit muH3e. PaccenBaroias auH3a qaet
MHUMOE, YMEHbILIEHHOE, IPSIMOE N300pakeHHeE.

Apss=c- T e I
—— — Ak
B4 I| T _ - -
| F B G‘ T F
| A
I d =
Puc.29.16

Dopmyna moHKOU JTUH3bL. Ecmu pPacCTodAHUC OT NMpCAMETAa JO JIMH3bI 0003HAYHUTH

uepe3 d, a pacCTOSHUE OT JMH3BI J0 M300paxkeHus 4epes f, T0 (popMysy TOHKOM
JIMH3bI MOKHO 3alUCaTh B BUJIE:

1,1_1_,
d [ F
Bemnuuny D, oOparHyio (GOKYCHOMY PACCTOSHUIO HA3bIBAIOT ONMUYECKOU
cunou nWH3bL. EauHUNA U3MEpEeHUsT ONTUYECKOW CHUJIbl sBisieTcs 1 ouonmpus
(Onmp). InonTpusi — ONTHYECKAs! CUIIA JIMH3BI ¢ (POKYCHBIM PacCTOSIHUEM 1 M:
1 onmp =m
F >0 nna coduparomeii nunsel, F' < 0 qus paccenBaroneii TuH3s;

d>0uf>0 — s nefictBurensHbIX npeaMeToB U nzobpaxenuit; d <0wu <0 -
JUTSL MHEMBIX HCTOYHHKOB M H300paKeHHIA.

Jluneiinoim  yeenuuenuem nunsvl 1 nasvleaiom omHoweHue aUHEUHbIX
pazmepoe uzobpadicenus h' u npeomema h.
Benuuuna /1 Bcerjga cuuTaeTcs MONOKUTENBHOM. [ NpsAMBIX H300paKeHui

h'>0 u I >0, qna nepesepuyteix n3obpaxkennii 7' <0 u I' < 0. U3 mogobus
TPEYrONILHUKOB HA PHCYHKAaX MOXKHO MOJNY49uTh (OpPMyIly Mjs JIMHEHHOIOo

r=t__J1

YBCIINYCHUSA TOHKOM JIUH3bI: - W - d .

Onrrueckas cuna [ JTHH3BI 3aBUCHT Kak OT PaauycoB KpuBH3HBI R u R, ee
cepruecknx MOBEPXHOCTEH, TAK M OT MOKA3aTelsl MPEIOMJICHHS 1 MarepHana, 3

_ L1
DF(DR+R

PaL[I/ch KPUBU3HbI BBIHYKHOﬁ IMOBCPXHOCTU CYUHUTACTCA IIOJIOKUTCIIbHBIM,
BOFHYTOfI — OTpI/II_IaTeJII:HBIM

KOTOPOI'O U3r0TOBJICHA JIMH34:.

Do _2-(n-) 1
Korma R;=R,=R, ' = F = R . Cnenosarensno, D ~nuD ~Tp .
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OnrTvyeckass Cula CHCTEMbI JBYX (HECKOJNBLKUX) JIMH3 paBHA CyMMeE
ONITUYECKUX CUJ Kaxnoil muu3sl D=D;+D,.

S. OnTnyeckue npudOpkI.

Koppekuua 3penusa. PaccTosiHue HawIydlllero 3pEHUsl - 3TO PACCTOSHUE OT
npeaMeTa 0 IJiaza, Ipu KOTOPOM yJoOHee Bcero (06e3 upe3MEpHOro HampsiKeHMs)
paccMmarpuBaTh JeTalu OpeaMera (Hampumep, 4YUTaTb MEJIKMH TeKcT). ITo
PAcCTOSIHUE Y HOPMAJIBHOI'O IJ1a3a MOJIaratoT PaBHBIM 25 CM.

—

J

7

Z

[Ipn wHapymieHun 3peHUs HN300paKeHUs
yAQJIEHHBIX IpeAMETOB B ciyuae
HEHAIPSHXKEHHOTO TJ1a3a MOTYT OKa3aThesl JIMOO
nepe CceT4aTkou (Oauzopykocms), nubo 3a
CETUYaTKOM (0a/1bHO30PKOCHD).

PaccrosHue  Hawiaydmiero 3peHUst Y
OJIM30PYKOTO IJ1a3a MEHbIIIE, a Y JATbHO30PKOTO
&) 0oJibllle, YeM y HOPMAaJIBHOTO TJia3a.

Q

(&)

\I
J

[

|/

_ a — HOpMaJIbHbIN IJ1a3;
e\ b — GnuM30pyKHii ri1as;
A? = C — JAJIbHO30PKHUM TJ1a3.
A\l

e

J

(3]
Puc.29.17
Jlns ucnpaBienus aedexTa 3peHus ciykaT oukd. (s majbHO30pKOTO Tiasza
HEO0OXOIMMBI OYKH C MOJIOKUTEIHFHON ONTHYECKON CHIION (COOMparonnue JUH3bI), IS
OJIM30PYKOTO — C OTPHUIIATEILHOW ONTHUYECKOW CHJION (paccerBarollyde JIMH3HI).

(puc.29.18)

Ar

*
|
|
|
|
I

A
T
|
|
|

|

I

|
- A -]
(b)
Puc.29.18

Jlyna. Tlpocteiimmm npubopom Juisi BU3yalbHBIX HAOIOICHUN SBIISETCS JIyTa.
Jlymo#i Ha3bpIBaIOT COOMPAIOIIYI0 JIMH3Y C MalbiM (OKYCHBIM PAacCTOSHHEM
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(F = 10 cm). JIyny pacrionaraior 6JaM3K0 K IJ1a3y, a PACCMaTPUBAEMbIN TIPEIMET — B
ee (hOKAJIbHOM MIOCKOCTH.

d,

dopmyna yBenudeHus nymbl 1 = J COOTBETCTBYET CIy4aio, KOrJa IJa3

aJanTUPOBaH Ha OECKOHEYHOCTb, MPEAMET HAXOAUTCS B (HOKATBHON IUIOCKOCTHU
d=F.

PaccmoTpum citydaii, korjga HabJr01aTenb BUIUT U300pakeHNEe HA PACCTOSHUH

HaWJIydmicro 3pCHUsA f = d() a IIpcaIMCT HAXOAUTCA B II OU3BOJILHOM TOYKE MCK]
2

1 1 1
(GhOKyCOM U TMH30M1 . I3 popMyibl THH3BI F = d 7 (3HaK MUHYC T.K.
N300pakeHre MHUMOE) HalAeM:
1_ 1,1 _f+F
A —_— =4 —="=<Y——
S d F ' f  f-F
: y>_ 1 Torma  yBenuueHue  JyIbI
Hi NoOS
- oL _[tF _ [
E d F F fax
f=d, F f —d
‘A“ KaK B qanHoM ciydae J = dg , To
v d
-0
Puc.29.19 =7+l

Mukpockon. MUKPOCKOTI IPUMEHSIOT 711 TIOMyYeHUsI OONBIINX YBEIHMUCHUN
Ipy HAOJIOIEHUN MEJIKUX IIPEIMETOB.
YBennueHHoe U300pakeHue mpeIMeTa B MUKPOCKOIIE MOIYYaeTCs ¢ IOMOIIBIO

ONTUYECKOMN CHUCTCMBI, COCTOHIHGﬁ H3 IBYX KOpOTKO(i)OKYCHBIX JINH3 — 00BEKTHBA 01

u okyaspa (,. (puc.29.20) OOBEKTHB JacT JAEHCTBUTEILHOE IIEPEBEPHYTOE
YBEJIMYEHHOE N300paKEHUE MIPEAMETA.
OTO IMPOMEKYTOUHOE H300paKEHUE paccMaTPUBACTCS TJA30M Yepe3 OKYJIp,

JIECTBUE KOTOPOr0 aHAJIOTUYHO JICUCTBUIO JTYIIHI.

]

‘i’ =
I

o 4

Puc.29.20

Oxynsp pacnoJyiararoT Tak, 9YTOOBI IPOMEKYTOUHOE M300paKEHIE HAXOIUIIOChH
B ero (OKaabHOM IUIOCKOCTH; B 3TOM ClIy4ae Jy4d OT KaKIOW TOYKM TpeaMeTa
PacIpOCTPaHSIOTCS MOCIE OKYJIIpa MapalIeTbHBIM ITyYKOM.

@omoannapam TIpeNCTaBISET COOOH 3aMKHYTYIO CBETOHEMPOHHUIIAEMYIO
kamepy. M3obOpaxenue QororpadupyeMbix MPeIMETOB CO3AacTcsi Ha (DOTOIJICHKE
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CUCTEMOM JIMH3, KOTOpasi Ha3bIBACTCS 00BEKMUEOM. 3aTBOP OTKPHIBAET OOBEKTUB HA
BpEMSI SKCIIO3UIIUH.

OcobeHHocThIO paboThl (poToammapara SBISETCS TO, UYTO Ha IUIOCKOH
(OTOIUIEHKE JOJIKHBI IOJIy4aThCsl AOCTATOYHO PE3KMMU H300pa)K€HUs! MPEIMETOB,
HaXOJSIIMXCS Ha Pa3HbIX PACCTOSHUSIX.

B o _AL_: _ :QHL{E — _Lf

e

— =___Jﬁ’rr 1 T

Puc.29.21

B miockocT QOTOMIEHKH MOJMydaloTCs PE3KUMU TOJBKO H300pakeHus
IPEIMETOB, HAaXOMAIIMXCS Ha ONPENEIeHHOM paccTossHuu. HaBoaka Ha pe3KocTh
JNOCTUraeTcss NepeMelleHHEM O00beKTuBa. M300pa’keHHs TOYEK, HE JEeKaIIUX B
IUIOCKOCTH PE3KOW HABOAKH, MOJYyYAIOTCS HEPE3KUMHU B BUJIE KPYKKOB pPaCCESHUS.
Pasmep d 3THX KPYKKOB MOXKET OBITH yMEHBIIEH IyTeM auadparMUpOBaHUs
00BEKTUBA. DTO MPUBOJAUT K YBEJIIMYCHHUIO TTTyOUHBI PE3KOCTH.

Ilpoexyuonnwiii annapam IpeHa3HAuYEH JUISI MOJIyYEHUS
KpylnHOMacmTaOHeIx  u300paxkenuit. OOwvexktB () mpoekropa  (OKycHpyer
M300paKEHHE IIOCKOro mpeamera (auanosutuB [)) Ha yjaJeHHOM OJKpaHe O
Cucrema nuu3 K, HasbiBaeMasi KOHOeHCOpOM, TPEIHA3HAa4YeHa Ui TOTO, YTOOBI

CKOHIIEHTPUPOBATh CBET UCTOYHMKA S Ha IUANO3UTHBE, OCBETHB €0 PABHOMEPHO.
Ha skpane D co3maercs 1eHCTBUTENLHOE YBEIMYEHHOE IEPEBEPHYTOE N300paKEHUE.

=
P
£ D o —
SF \ == ::—f*’: —
T /il l\ _-j:}éim—_'“_»_.__—m“::———-——
—
T ppe.29.22

KoHTpoJIbHbIEC BOIIPOCHI

1.B yeM coCTOUT 3aKOH MPSIMOJIMHEMHOTO pacnpocTpaHeHus cera? Kakue siBineHus
MOJATBEPKAAIOT CIPABEIIMBOCTh JAHHOTO 3aKOHA?

2.YT10 Ha3bIBAIOT MaJa0KM JiydoM? YriaoMm najgeausi? OTpakxeHHbIM Jydyom? Yriom
oTpaxkeHHs1? OTBETHI OSICHUTE PUCYHKAMU.

3.ChopmynupyiiTe 3aKOH OTPaKCHHSI CBETA.

4.Kakoe oTpakeHHE Ha3bIBAIOT 3epKaibHbIM? CrienaB uepTex, 00ObSICHUTE, KaK CTPOUTCS
n300pa)keHue NpeaMeTa B INIOCKOM 3epKajie

5.YTo Ha3bIBAIOT MHUMBIM H300pakeHuEM?

6.Ha kakom paccTosIHMM OT IUIOCKOTO 3epKajia HaXOAUTCSI MHUMOE U300pakeHue
IIpeIMETa U KaKoB ero pasmep?
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7.UTO Ha3bIBAIOT MPETOMIICHUEM CBETSI?

8.CuenaB uyepTex, MOKAXKUTE X0 JIydel Npyu NPeJOMIICHUN CBETA HA TPAaHHUIIE pa3jiesia
JBYX MPO3PAYHBIX CPELI.

9.ChopMynupyiTe U 3aMUIINTE 3aKOH MTPEIIOMIICHHS CBETA.

10.KakoB uznueckuii CMBICT OTHOCUTEIBLHOTO MTOKA3aTeNs IPEIOMIICHHUS?
a0COJIFOTHOTO MOKAa3aTessl MPeIoMIIeHus ?

11.Caenaiite yepTex U AaiiTe 0ObSICHEHUE, B KAKOM CIIy4ae yroJ mpeaoMyieHus 0oblie
yria najaeHus?

12.CnenaB uepTex, OOBICHUTE CYLTHOCTH SIBJICHUSI TIOJTHOTO BHYTPEHHETO OTPaKEHUs
CBeTa.

13.Y1o Ha3pIBaOT NpeIEIbHBIM yTIIOM IIOJHOTO BHYTPEHHETO OTpakeHUs cBeta? Kakas
dbopMya OTpaxkaeT CMBICI 3TOrO MOHSITHS?

14.KakoBO IpaKkTUYECKOE MPUMEHEHNE NIOJIHOTO BHYTPEHHETr0 OTpaxkeHus ceera? Urto
TaKoe€ CBETOBO?

15.Haueptute 1 00BSICHUTE X0/ Jy4Yel B TPEYTrOJIbHOU MPU3ME.

16.Yt0 Ha3bIBaOT TUH30U?

17.11o kakoMy MpU3HAKy MO>KHO Y3HaTh: COOMparolas 3Ta JIMH3a WIK pacceuBarouias ?

18.Kakyto nmruH3y Ha3bIBalOT TOHKOU? UTO Takoe ONTUYECKUN LIEHTP JTUH3bI?

19.Yto Ha3wIiBaroT pokycom uH3bI? B Kakom cityuae (hOKycC JTUH3BI JeHCTBUTEIbHBIN, a B
KaKOM — MHUMBIi1 ?

20.Haueptute 1 00BSICHUTE BCE CIydan MOCTPOSHUS N300paKeHH B COOMparoIen
JIMH3E.

21.HaueptuTe U 00BSICHUTE BCE CIy4Yad MOCTPOCHUS M300paKEHUU NJIsi paccerBaroliei
JIUH3BL.

22 Hanumre Gopmyiry TOHKOM coOuparomeit inH3bl. Kakoii Buj nMeer 3ta popmyiia
JUUISL pacCeNBAIOIIEH JTMH3bI?

23.YT10 Ha3pIBalOT JIMHEWHBIM YBEINYEHUEM JINH3BI?

24.Yt1o Ha3bpIBaIOT ONITUYECKOM CHIION JIMH3BI? B KakoM cilydae onTHYecKasi CHJia JTUH3bI
MOJIO)KUTEIIbHA, a B KAKOM OTpULaTeNIbHA?

25.49T10 Ha3BIBAIOT PACCTOSIHUEM HAMIIy4dlIEro 3peHusi? Yemy paBHO 3TO pacCTOSIHUE JJIsI
HOPMAaJIbHOTO ria3a’?

26.Kaxkoii nedext 3peHns Ha3bIBAIOT NaIbHO30pKOCTRI0? bim3opykocTeio? Kakum mytem
UCHPABIISIIOT 3TU JedeKThl? OTBEThl 00BSICHUTE CXEMAaTHUECKH.

277.Yto Ha3piBaroT aynoii? J{us yero ona npeanazHayeHa? Hauepture xo/ ayuen B ayme.
[To xakoii hopmyIie onpenensieTcs: TMHSHHOE YBEIIMUEHUE JIYTIbI?

28.Yto HazpiBatoT MuKpockonoM? Jljig yero o npeanasHauen? Hauepture xon nyyeil B
MHUKPOCKOTIIE.

29.Yto0 Takoe oTtoannapat? M3 Kakux OCHOBHBIX 4acTell OH COCTOUT M KAaKOBO UX
HazHaueHue? Hadeptute X0 myuelt B ¢oToanmapare.

30.YTo Takoe npoeKUOHHBIN anmnapat? Kakue BUAbl NPOCKIIMOHHBIX AMNAPaTOB BbI
3Haere? Jlyig 4yero npeaHa3HauyeH NpOEKIMOHHBIN anmapat? HadepTute xon ayueit B
IIPOEKIIMOHHOM amnmapare.

Tema 30: BOJIHOBAA OIITUKA

1. PazBuTHe npeAcTaBIE€HU O IPUPOJIE CBETA.
2. OnpeniesieHUE CKOPOCTH CBETA.
3. OcHoBsI Teopun MakcBesuia sl 3J1€KTPOMArHUTHOTO TOJIS.
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1.Pa3BuTHe nmpeacTaB/ieHUii 0 NPUPO/IE CBETA.

[lepBble TpencTaBiieHUs O MPUPOJE CBETa BO3HUKIU y JAPEBHUX TI'PEKOB U
eruntsH. [lo mMepe M300peTeHHs M COBEPIICHCTBOBAHMS PAa3IMYHBIX ONTHYECKUX
npubopoB  (mapaboJUUecKuX 3epKall, MHUKPOCKONA, 3PUTEIbHONM TpyObl) OTH
IPEeICTaBIICHUS PAa3BUBAIUCH U TpaHchopmupoBanuch. B konie XVII Beka BO3HUKIN
nBe TeopuM cBeta: Kopnyckyaapuas (U. HerotoH) u eonnoseas (P.I'yk wu
X. I'tolirenc).

CornacHo KOPIYyCKYJISAPHON TEOPUH, CBET MPEACTABIAET COOOM MOTOK YaCTHIL
(KOPITYCKYIT), UCITyCKaeMbIX CBETAITUMUCS TelamMu. HbIOTOH cUMTaI, YTO JBHKCHHE
CBETOBBIX KOPITYCKYJ TIOMYUHSETCS 3aKkoHaM MexaHuku. OTpaxeHue CBeTa
MOHUMAJIOCh  AHAJIOTMYHO OTPAKCHUIO YyMOPYyroro Imapuka OT IUIOCKOCTH.
[IpenoMnenue cBeTa OOBACHAIOCh N3MEHEHUEM CKOPOCTH KOPITYCKYJI TIPU TIEPEXO0e
U3 OJHOU CpeIbl B APYTYIO.

BonHoBas Teopus, B OTIMYUE OT KOPITYCKYJISPHOW, paccMaTpuBaja CBET Kak
BOJIHOBOM MPOIECC, MOAOOHBIN MEXaHUYECKUM BOJIHaM. B OCHOBY BOJIHOBOI Teopuu
OB TOJIOKEH npuHyun I 1oticeHca, COTIaCHO KOTOPOMY KaXKJasi TOYKa, JO KOTOPOM
JIOXOJMUT BOJIHA, CTAHOBUTCS IIEHTPOM BTOPUYHBIX BOJH, a Orubaromias 3TUX BOJH
JIAeT MOJIOKEHUE B0IHO8020 (YpoHmMa B CIAEAYIOMUNA MOMEHT BpeMeHU. C TOMOIIBIO
npuHIuna [roirenca Op1TM 00BICHEHBI 3aKOHBI OTPAXKEHUS U TIPEIIOMIICHHUS.
[Toctpoenuss  ['rolirenca  mist  onpenesieHUs
HaTIPaBJICHUS pactpocTpaHeHUs BOJIHBI,
PEIOMJIICHHOW Ha TPaHWIIE JBYX MPO3PAYHBIX
cpen npuBeAeHbl Ha puc. 30.1

JIyist cimyyast mpeoMIICHHsI CBETa Ha TPAHUIIC
BaKyyM—CpeJla BOJHOBasT TEOpHsl TPHBOIUT K
CIIEIYIOIEMY BBIBOY:

sinx

<
siny ©

:n.

Puc. 30.1

O6e Teopun OOBIACHSIN TNPSAMOJIMHEHHOE PACIpPOCTPAHEHUE CBETA, 3aKOHbI
orpaxenusi u npenomiienus. Becy XVIII Bek cranm BekoMm O60prOBI 3TUX Teopwuii. B
Hayasle  XIX cToneTuss  KOpHyCKyJsipHass  Teopus  Oblla  OTBEPrHyTa H
BOCTOPIKECTBOBAJA BOJHOBAsI TEOpHUs. 3aciayra B 3TOM MNPHUHAJICKHUT aHIJIMHCKOMY
¢usuky T. FOury u dpaniysckomy dpuzuky O. OpeHento, UCCAEAOBABIINM SBICHUS
uHTepPpepeHunu u nudpakuun. OObICHEHHE 3TUX SIBJICHUI MOTJIO OBITh 1aHO TOJBKO
Ha OCHOBE BOJIHOBOM Teopuu. OmHako, Kk cepenune XIX Beka, Bompoc o npupoode
C8eMmoBbIX 60J1H OCTABAIICS HEPEIICHHBIM.

B 60-¢ rogpr XIX Beka MakcBesioM OBUIM yCTAHOBJIEHBI OOIIHE 3aKOHBI
AJEKTPOMArHUTHOIO TIOJISl, KOTOPbIE NPHUBEIM K 3aKIOUYEHUIO, YTO CBET — 3TO
NeKMPOMAHUMHbIE  80IHbl. BaXXHbIM  MOITBEPKICHHEM 3TOrO  IMOCITYKHIO
COBIIJICHUE CKOPOCTH CBETA B BAKYyME C IIEKTPOJUHAMUUECKON ITOCTOSTHHON
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B OIITHUKC, KaK Pa3aciic (1)1/131/11(6, IMOJi CBETOM IMOHUMAIOT HE TOJBKO sudumviii ceent,
HO W TPUMBIKAIONIME K HEMY IIMPOKHE TUATIA30HBI CIEKTPa JJICKTPOMArHUTHOTO
usnydenus — ungpaxpacuwiii (UK) u yrompaguonemosuwiii (Y D).

[To cBouM (HU3UYECKUM CBOWCTBOM CBET MPHUHIUIIAAILHO HEOTIUYUM OT
AIEKTPOMATrHUTHOTO M3YyYCHHUS IPYTUX TUAMA30HOB — PA3IMYHBIC YYAaCTKH CIICKTpa

OTIMYAKOTCS APYT OT APYyra TOJKO AJMHON BOJHBI A ¥ 4aCTOTOH V. BHAMMEII cBET
3aHuMaeT AuanazoH npuonusurenbHo ot 400 um o 780 aM wim ot 0,40 MKM 110
0,78 MKM.

DneKTpOMarHuTHasi TEOPUsSl CBETA MO3BOJIMIA OOBSCHUTh MHOTHE ONTHYECKHE
ABJICHUSI, TAKHE KaK MHTeppepeHius, nudpakius, noiaspusauud u T. 1. OaHako, 3Ta
TEOpPUsl HE 3aBepliWiia IMOHMMaHUWE MPUPOABI CBeTa. Yke B Hadanme XX Beka
BBISICHWIOCH, YTO 3Ta TEOPHS HEJOCTATOYHA JJIA MCTOJIKOBAHUS SIBICHUM aTOMHOIO
MacmiTada, BO3HUKAKOLMIMX IIPU B3aMMOJCHCTBUM CBETa C BemecTBoM. Jlis
OOBSICHEHUS TaKUX SIBJICHUM, KaK M3JIydeHHe 4depHoro Ttena, pororddexr, r3¢gdext
Komnrona u gp. morpeboBanoch BBeIEHUE K8aHmogvlx npedcmasnenuul. Hayka
BHOBb BEpPHYJACh K HJe€ KOPMYCKYJ — CBETOBBIX KBAaHTOB. TOT (hakT, 4TO CBET B
OJIHUX OTIbITaX OOHApPYXKUBAET BOJHOBBIE CBOMCTBA, a B IPYTUX — KOPIYCKYJISIPHEIE,
03HA4YaeT, YTO CBET MMEET CJIOKHYIO JBOWCTBEHHYIO IIPUPONY, KOTOPYIO HPHUHSATO
XapaKTEPHU30BaTh TEPMUHOM KOPHYCKYAAPHO-BOIHOBOU OVALUIM.

2. OnpenesieHHe CKOPOCTH CBeTA.

Baxnelmyto poiabp B BBISICHGHMM TMPUPOABI CBETA CHITPAO  OMBITHOE
ompeneneHue ero ckopoctu. Haumnaga ¢ xonma XVIIBeka mnpeanpuHuManuch
HEOJTHOKPATHBIE TOMNBITKM W3MEPEHHS CKOPOCTHM CBETAa PA3JIWYHBIMU METOJaMU
(actponomuueckuit meton O. Pemepa, meron A. duzo, meron A. MalikeiabcoHa).
CoBpeMeHHass Jna3epHas TEXHUKA IO3BOJISIET U3MEPATh CKOPOCTh CBETA C OYECHb

BBICOKOM TOYHOCTHIO Ha OCHOBE HE3aBUCHMBIX M3MEPEHHMH JUIMHBI BOJHBI A U
4acTOTHI CBETA V (C = A - V). TakuM myTeM ObLIO HAMIEHO 3HAUECHHE

c =299792458 £12m/c MPEBOCXOISAIEE IO TOYHOCTHU BCE PaHEE
MOJTyYeHHbIE 3HAUYCHUS 00JIee ueM Ha JiBa MOpsJIKa.
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1.Memoo Pemepa. BriepBble CKOPOCTh CBE€Ta HU3MEPHII JATCKUWA ACTPOHOM
Pemep B 1676 rony, nHaOmomas 3atmenus cnytHuka FOnurepa Mo. CrnytHuk Mo
Haxoawics B TeHu FOnurepa 42 yaca 28 munyT (3emuid B nojoxxkenuu 1). puc. 20.2

Onute

\\ /1/ \_1/4
1

Puc. 30.2 T

Uepe3 6 mecsueB cnyTHUK Mo Haxomwics B TeHu lOmutepa Ha 22 MUHYTHI,
noiblie. Ono3gaHue BBI3BAHO TEM, UYTO CBET TPATUT 22 MHUHYTHI Ha MPOXOXKICHUE
PACCTOSIHUS, PABHOTO IMAMETPY 3€MHOM OPOUTHI.

Pemep mosyqun ckopocts ceeta ¢ =215000xm/cex.

2. Memoo @us3o (1849).

L=8633 m

3epkKano

e

Puc. 30.3
Koneco, umeromee N=720 3y61oB BpaIianochk ¢ 4acToToi . IIpu mocreneHHom
U3MEHEHUM CKOPOCTH BpallleHUs v, HaOII0JaeTcsl cepusl IOCIe0BaTEeIbHBIX
MCUYE3HOBEHU U BO3HUKHOBEHUM cBeTa. (puc. 30.3)

Ecnu myTh cBeTa nmepekprIBaeT 3yoell Kojieca, To CBeT ucuesaer. st mepBoro
2NLw
I

HabGmronarens OyaeT BUACTh HCTOYHHUK CBETA €CIH, 32 BpEeMsI JBMIKEHUS CBETA
K yAQJICHHOMY 3€pKajy U 00paTHO ,K0JIECO TTIOBEPHETCS
Ha KpaTHOE YUCJIO 3yOIIOB, TO €CTh IPOPE3bIO.

JIis  mepBOTO TOSIBIICHHWST CBETa, CKOPOCTH CBETAa PACCUUTHIBATHCSA I10

HCYC3HOBCHU CBCTA, CKOPOCTDL CBCTA PACCUUTHIBATHCA 110 (bOpMy.TIG: ¢ =

c= NLw
dbopmyiie: I -
Jlsiss 1 — Ooro MOSIBIICHHUS CBETa, CKOPOCTh CBETA PACCUMTHIBATLCS 110 (hopMyJIe:
_ NLow
C e
nrw -

®u30 nonyuun ckopocth ceeta ¢ =3 13000xkm/cex.
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3. Memoo Maiixkenvcona (1929).
HabGnrogatens OyneT BUAETh NCTOYHHUK CBETA, €CIIHM 32 BpEMs JIBUKCHUS CBETa

K YJAJICHHOMY 3€pKaly U 0oOpaTHO, BOCBMHUTPaHHAs MpU3Ma MOBEPHETCS CIEAYIOIIEH
IpaHbl0, UM HAa KPaTHOE YUCIIO /1 TpaHel npusmel. (puc. 30.4)

¢oHapb
v - L 3epkarno
[ - o
. \ *
élEHEEI > ‘ja) Y
M
A /
3epkarno N v//:; Kano
Puc. 30.4 P \ P
8L w
CKOpOCTh CBETa MOKHO BBIUKCIIUTE 110 hopmyie: € = Tn

MalikeabCOH MOoy9uI1 CKOpocTh ceta ¢ =(299796 + 4) km/cexk.
1o COBpPEMEHHBIM JaHHBIM CKOPOCTh CBETA B BAKyyM€e PaBHA:
c =299792458 £12m/c

3. OcHoBbI Teopun MakcBeJia JJisl JJIEKTPOMATHUTHOTO MOJIA.

Cy1iecTBOBaHUE AJEKTPOMArHUTHBIX BOJIH OBLJIO TEOPETUYECKH MPEICKa3aHO
anrmiickum ¢uzukom J>x. Makcenmiom B 1864 rony. MakcBeut npoaHalIu3upoBail
BCE M3BECTHBIE K TOMY BPEMEHHM 3aKOHBI JJIEKTPOJAMHAMHUKUA M CJeNajl MOIBITKY
OPUMEHUTh MX K M3MEHSIONIMMCS BO BPEMEHU JJIEKTPUUYECKOMY M MAarHUTHOMY

ITOJIAAM.

Puc.30.5

2250
At
A A
A A A
A//;:EEI::~\
, /A /ﬂf‘i‘ \) \)
NN N =27
DR S (Ol Y Y " . =
I b = O
PRSP B ol nll h oF S
T AES Y \)
NN NP>
T S Il Y ) 0, (R
JJ=ZEELL B
/’,__———.__\\\
/A/A /:‘::)\‘ \) \)
NN Nl v
gty R TP G N
T B
=
Puc.30.6

MakcBenn BBel B (DU3UKY TMOHATHE BUXPEBOTO JJIEKTPUYECKOTO MO U
MPEIJIOKUI HOBYIO TPAKTOBKY 3aKOHA JJIEKTPOMArHUTHOW WHIYKIUU, OTKPBITOU

®apaneem B 1831 1:
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Jlioboe uzmeHenue MACHUMHO20 NOJNA  NOpPoXHCOAem 8  OKpYHcaroujem
npocmpancmee  8uxpegoe  dJeKmpuyeckoe noie, CUNo8ble JUHUU  KOMOPO2O
3AMKHYMBbL.

MakcBeut BbICKa3al TUIIOTE3y O CYIIECTBOBAaHMHU M OOpPaTHOIO Mpoliecca:

H3zmenawweeca 60 6pemenu 3jeKmpuueckoe noae nopoxcoaem 6
OKpYHCaouem npocCmpancmee MazHUmMHoe noJe.

Puc.30.5 u Puc.30.6 WimoCTpUpyIOT B3aMMHOE MIPEBPAIIICHUE W HAPaBICHUS
ANEKTPUUECKOTO U MATHUTHOTO TOJIEH.

Ochoenbie 6160061 meopuu Makceenna:

1.CymiecTByIOT 3JIEKTPOMArHUTHBIE BOJIHBI, TO €CTh PACIIPOCTPAHSIIONIEECS B
IPOCTPAHCTBE U BO BPEMEHH JIEKTPOMArHUTHOE T0JIE. DIEKTPOMArHUTHHIE BOJTHBI

nonepeunst — Bextopsl £ u B nepnenauxyaspHb IpyT APYTY U JTEKaT B
TIOCKOCTH, HepIeHANKYISPHOi HAPaBIeHHIO PACIPOCTPaHEHNs BONHEL ( E 1l B ,
E 1 O,B 1 0)puc30.7)

X

Y,

Puc.30.7
Hanpasnenuss BexkTOpoB E,BUT cpmanm npaBuioM OypaBuuka. [lpu

BpallleHUH BEKTOpa E x BekTOpy B , mocrymarenbHoe aBHKEHUE OypaBuMKa

COBIA/IAET C HAMPABIIEHUEM CKOPOCTHU HIEKTPOMATHUTHOM BONHEI U |
2. DNEeKTPOMArHUTHBIE BOJIHBI PACIPOCTPAHSIOTCS B BEILECTBE € KOHEYHOUl

1

0O=—F———
CKOpocmbm.' 88/,[ .
\VECH

311eCh € U [ — QUDIIEKTPUYECKas 1 MATHUTHAsI IPOHUI[AEMOCTH BEILIECTBA, &) U
12
Ly — DIIEKTPHYECKas ¥ MaTHUTHAS MOCTOSHHEIE: & = 8,85-10 ~ d/m,

o= 1,256-10"° Tu/m.

CKOpOCTb 2JIEKTPOMATrHUTHBIX BOJH B BakyyMe (€ = L = 1):

C=—d  =209792458-10°u/c ~3-10°m/c
\éoky '

94



CKOpOCTh C pacnpOCTpaHECHUS SJICKTPOMATHUTHBIX BOJH B BaKyyMe€ SIBIISIETCS
0JIHOM U3 PyHIaMEHTATBHBIX (PU3UIECKUX MOCTOSHHBIX.

C C

Takum o6pazom 0= \/E no

rae 11 = A/HE - abconroTHEIN MOKa3aTeNb NIPEIOMIIEHHS CPEIBL.

Abconromnvim nokazamesnem npejlomileHusl cpedbl HAszvleaemces eeludura n,
nokasvlearOuidsl, 60 CKOJIbKO pds3 CKOpOCnib padcnpoCmpaHeHUs IJ1eKmMpOoMACHUMHbIX

C

BONIH 8 cpede MeHbule uem 6 sakyyme: 1= 0

I[J'ISI MHOT'UX IIPO3PAYHbIX CPCA MATrHUTHAA IIPOHUIIACMOCTDb BCIUICCTBA ,Ll = 1 .
I[J'IH QJICKTPOMArHUTHBIX BOJIH B BAKYYMC CIIPABC/JINBO:

A

€= 7 =Av , ucoJib3ys hopmyiry ToMCOHA, TTOJTYYHM BBIpQKECHHE JIJIs
JJIUHEBI BOJIHEI: A=cT = 27TC\/LC .

3. B DNEKTpOMarHMTHOM BOJIHE TMPOUCXONAT B3aWMHBIE ITPEBPALLCHUS
QJICKTPHUYCCKOTO W MArHruTHOIO rnmojeu. OTHU npouecCol MAYT OAHOBPEMCHHO, H
QJICKTPUYCCKOC WM MArHHUTHOC IIOJISI BBICTYIIAIOT KaK PABHOIIPABHBLIC «IIAPTHEPLD».
[TosToMy 00BEeMHBIE MUIOTHOCTH IJIEKTPUUECKON M MAarHUTHOW SHEPrUU PaBHBI JAPYT

2
s, £ B
Apyry: Wy =W NI - .
pyry 3 M 2 2 Lt

Orcroma crnemyer, 4YTO B DBJIEKTPOMAarHUTHOW BOJIHE MOJAYJIM HWHIYKIINHU

MAarguTHOI'O IIOJIA B N HAIIPAXKCHHOCTHU JJICKTPHUYCCKOI'O ITI0JIA E B Kﬁ)KI[OfI TOYKC

IMPOCTpaHCTBA CBA3aHbI COOTHOIICHHUCM 500041 E=0B .

4. DIeKTpOMarHuTHBIE BOJHBI MEpPEHOCAT 3Hepruwo. llpu pacnpocrtpaHeHUn

BOJIH BO3HUKACT IIOTOK BHGKTpOMaFHHTHOﬁ 9HCPIruu. Ecmn BBIICIIUTD IIOINAAKY S
(puc.18.3), OpUCHTUPOBAHHYIO TEPICHANKYJIIPHO HAIPABICHUIO PACIPOCTPaHCHUS
BOJIHBI, TO 3a Majioe BpeMst At yepes momaaky nporeder sueprust AW, paBHas
AW, = (w, + wy )OSAL
ITnomnocmoiro nomoka 501051 UHMEHCUBHOCMbIO 1 Ha3bIBAKOT
AJIEKTPOMATHUTHYIO 3HEPIrHUIO, MEPEHOCUMYIO0 BOJIHOM 3a €IWHUIY BPEMEHH 4Yepe3

_ 1AW,

MOBEPXHOCTh €AMHUYHOM TUTOIIAH: = S At = (W9M T Wy )U.

IToacTaBiss CroIa BEIPAKEHUS U1 Wy, Wy U U, MOKHO MOJTYYHTh:
& g2 EB
Hik Hiy

[ =
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Bexmop nnomuocmu nomoxa snexmpomaznumuoti snepeuu 1~ coenadarowuii
¢ HanpasieHuem pacnpocmpaneHusi d1eKmpoMaAsHUMHOU BOIHbL, MOOYIb KOMOPO2O
pasen EB / uu), nasvisaiom eexmopom Ymosa-Iotinmunaa.

B cunyconansHOi (rapMOHHYECKOI) BOJIHE 6 gaKyyme cpefHee 3HadeHue [,

1 |€ 2
—— |20,
TUIOTHOCTHU TIOTOKA 3JIEKTPOMAarHUTHON YHEPTHH PaBHO: ICP ) Ly 1o (™)
rie £y — ammnTyna Koebanuit HapsHKEHHOCTH JIEKTPHYECKOTO MOJIS.

[TnoTHOCTH TOTOKA SHepruu B CU uzMepsieTcss B eammax Ha KeAOPAmMHblil
2
memp (Bm/m").
N3 dopmynsl (*) cremyeT, 4TO TUIOTHOCTh TOKA 3JEKTPOMAarHUTHOM SHEPTHHU

npornopuroHanbia F£°. B CBOIO ouepenb HAMpsHKEHHOCTh [ mpomopuuoHaibHA

2
YCKOPEHHIO ¢, a 3Ha4uT MpONOpLUOHANIbHA KBajapary dvacTorel (¥ . Otcrona

CIICAyCT 4YTO NJIOMHOCNb NOMOoOKda 3]Z€Kmp0Ma2Hun’IHOIZ IHEpcUU NPONOPYUOHATIbHA

yemeepmou CmeneHu Yacmomol o' (ecmu yBENMMYUTH 4YacTOTy B 2 paza ToO
u3lydyaeMasi SHeprus Bo3pacraet B 16 pas ).

5. Dnexmpomacnumuvle 80HbL MO2YM B030VHCOAMBCA MOJLKO VCKOPEHHO
ogudcywumucs 3apsoamu. llenn MocTOSSHHOTO TOKa, B KOTOPBIX HOCHUTENW 3apsiia
JIBWKYTCS C HEU3MEHHOUW CKOPOCTBIO, HE SIBJISIFOTCS HCTOUHUKOM 3JIEKTPOMATrHUTHBIX
BOJIH.

6. 13 Teopun Maxkcseria ciaeoBaino, 4YTO AIEKTPOMArHUTHBIE BOJIHBI JOJIKHBI
OKa3bplBaTh JABJICHME Ha MOIJOIIAINIEe WM OTpaxarouee Tteno. JlaBienue
AJIEKTPOMArHUTHOTO  M3IyYCHHUS  OOBICHSAETCS TEM, YTO TOA  JIEHCTBHEM
ANIEKTPUYECKOTO TMOJs BOJHBI B BEIIECTBE BO3HUKAIOT Clla0ble TOKH, TO €CTb
YIOPSAIOYEHHOE JIBMKCHHUE 3apsSKECHHBIX 4dacTull. Ha 3TM TOKM OEHCTBYEeT cuiia
AmMrepa co CTOPOHbI MATHUTHOTO TOJII BOJHBI, HAIPABJICHHAs B TOJIIY BEIIECTBA.
Ora cujga MW CO3AaeT  pesyibTupyromee  aasieHue. OOBIYHO — J1aBlIEHHE
AJEKTPOMArHUTHOTO M3JyYEHUS] HUYTOXKHO Mayio. Tak, Hampumep, [1aBJICHUE
COJIHEYHOTO HM3JTyYEHHMsI, MPUXOMSAIIEro Ha 3eMJt0, Ha aOCOJIIOTHO MOTJIONIAOIILYIO
NOBEPXHOCTh cocTaBisier npuMepHo S Mmklla. IlepBble SKCHEPUMEHTHI 1O
ONpENEIICHUIO JAaBJICHUS U3JIyYEHUS Ha OTPAXKalIIUe M MOIJIONIAIOIINE Tena,
MOATBEPAMBIINE BBIBOJ Teopur Makcpemia, Obin BeioHeHBI [1. H. JIeGeneBbiM
(1900 1.). Omnwitel JleOemeBa wuMeNUW OTPOMHOE 3HAYECHHE [UISI  YTBEPKICHUS
AJEKTPOMAarHuTHOM Teopun Makcsenia.

CyuiecTBOBaHME JABJICHHS] DJIEKTPOMArHUTHBIX BOJIH TMO3BOJISIET C/ENATh
BBIBOJ O TOM, YTO JJIEKTPOMAarHUTHOMY IOJIIO NPUCYL] MEXAHUYECKUI UMNYJIbC.
NmMnynbe  SAEKTPOMAarHUTHOTO TMOJE B €IUHUYHOM O0BEME  BBIPAKACTCS

w

P oM
cootHomenueM  Poy = ¢ > T/Ae Wyy — 00BEMHAs IIIOTHOCTB SJIEKTPOMArHUTHO#
SHEPruU, C — CKOPOCTh pacIpoCTpaHEHUs BOJH B Bakyyme. Hamuuue
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QJICKTPOMArHuTHOIO HWMIIYJIbCa TIIO3BOJIACT BBCCTHU IIOHATHC BJIGKTpOMaFHI/ITHOﬁ

m — p3M — WSM
Maccel. J[J1s MoJig B € IMHUIHOM 00bheMe oM c >

Otcrona crenyer: W, = mmcz )

DTO COOTHOIICHUE MEXIY MAcCCOM W DHEPrUEH SICKTPOMArHUTHOTO MOJIS
SIBJIIETCSL YHUBEPCAJIBHBIM 3aKOHOM TMpUpojbl. CorjacHo cHeuuajibHOW TEOpHUH
OTHOCHUTEJIBHOCTH, OHO CIPABEUTUBO JIJIs JTFOOBIX TEJI HE3aBHCUMO OT UX MPUPOIBI U
BHYTPEHHETO CTPOECHMUS.

Takum 00pa3oM, SIEKTPOMArHUTHOE TOJie OOJaJjaeT BCEMH IPU3HAKAMHU
MaTepUalbHbIX TEJI — JHEPruerd, KOHEYHOM CKOPOCTBIO PACIpPOCTPAHECHUS,
UMITYJIbCOM, MAacCOM. DTO TOBOPUT O TOM, YTO 3JIEKTPOMArHUTHOE TOJIE SIBISETCS
OJIHOM U3 (hOpM CYILIECTBOBAHUS MATEPUHU.

KonTpoJibHbIE BONIPOCHI

. UTo xapakTepu3yeTcsi TepPMUHOM KOPITYCKYJISIPHO-BOJTHOBOM Tyasin3m?

. O0BsicHUTE OmpeieTieHe CKOPOCTH CBeTa 1o MeTojaM Pemepa, ®u3o u MaiikenbcoHa.
BriBemuTe MaTeMaTHYECKHE BRIPAKCHHS JIJIST OTIPEACIICHUS CKOPOCTH CBETa B ATHX
OTIBITaX.

. JlaiiTe XxapakTepUCTUKY ONTHYECKOTO JUANa30Ha B IIKAJIE AJIEKTPOMArHUTHBIX BOJIH.

. Kak mensieTcst ckopocTh cBeTa, MPU NMEPEX0JIe U3 BAKyyMa B BEIIECTBO?

. Uto co00ii MpeacTaBsAIOT JIEKTPOMArHUTHBIC BOJTHBI?

. Kak cBsi3aHbl 251eKTpUYECKrE U MATHUTHBIE MOJIS B 3JIEKTPOMArHUTHOM BOJIHE?

. K xakomy turry BoJsiH (IpOA0IBHBIM WJTH MIOMIEPEUYHBIM ) OTHOCSITCS 3JIEKTPOMArHUTHBIC
BOJIHBI?

. HazoBuTE OCHOBHBIE CBOICTBA 3JIEKTPOMArHUTHBIX BOJIH.

9. Kak sHeprust 3J1eKTpOMarHuTHBIX BOJH 3aBUCUT OT YACTOThI U3TyUCHUS?

N —

~N N D kAW

o0

Tema 31: HUHTEPOEPEHIIUSA CBETOBBIX BOJIH.
1. UaTepdepentus caera.
2. KOrepeHTHOCTh CBETOBBIX BOJIH.
3. YcaoBus uHTEpPEPEHIIMOHHOIO MaKCUMyMa U MUHUMYMa.
4. CnocoOsl nonyyeHus: UHTephEepeHINN.
5. [Ipumenenue nuTepdepeHITNn.

HNurepdepenuus ceera.

Humepgepenyueti  ceéema  Hazvieaemcs — sgleHue  NPOCMPAHCIMEEHHO20
nepepacnpeoenenus C8emogol SHepeUuu NpPU HALONCEHUU O08YX (UNU HECKOAbKUX)
CBEMOBHIX BOJIH.

B pe3yremame wntepdepeHUMU Habaro0aemcs ycuieHue uiu ociabieHue
unmeHncusHocmu ceéema. VIHTEHCUBHOCTH CBeTa B OONACTH TEPEKPHITHS ITyYKOB
UMEET XapaKTep YePeaYIONINXCS CBETIIBIX U TEMHBIX IOJIOC, IPHYEM B MaKCUMyMaX
WHTEHCUBHOCTH OO0JIbINIC, & B MUHUMyMaX MEHBIIIC CYMMbI HHTEHCUBHOCTEH ITyYKOB.
[Ipu wucmonp3oBaHUHM OENOTO CBETA UHmMephepeHyuoHHble NoI0Chl OKa3bIBAIOTCS
OKpaIlIeHHBIMU B pa3iuyHbie 1BeTa criekTpa. C mHTepdEpeHINOHHBIMU SIBICHUSIMU
MBI CTJIKUBAEMCs JOBOJIBHO YacTO: [IBETa MACJISTHBIX TATCH HA acanbTe, paayKHBIHA
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NEepPEeIMB MBUIBHBIX Iy3bIpeH, OKpacka 3aMep3arolIuX OKOHHBIX CTEKOJI, IBETHBIC
PUCYHKH Ha KPBUIbSIX HEKOTOPBIX HACEKOMBIX.

Onvim IOnza. Vicropuyecku NnepBbIM UHTEP(PEPEHIIMOHHBIM OIBITOM SBHJICS
onvim FOunea (1802 1.). B ombiTe FOHra cBeT OT MCTOYHMKA, B Kaue€CTBE KOTOPOTO
CIy’KUIIA y3Kas MIENb S, Maajl Ha OKPaH ¢ AByMs OJIM3KO PACIOIOKEHHBIMU IEISIMU
S 14 Sz .

[Tpoxons yepe3 Kaxayro U3 1Iesieil, CBEeTOBOM My4OK PaCIIUPSIICA BCIIEICTBUE
T pakium, MOATOMY Ha OEJIOM dKpaHe D CBETOBBIC ITyYKH, IPOIIEIIINE YePe3 MISITH
S| u S5, nepekpeiBanuch. B 0061acTH NMEPEKPHITHS CBETOBBIX IyYKOB HAOIIOIAIACh
UHTEPPEPEHIIMOHHAS KapTUHA B BUC YEePEAYIOMUXCS CBETIBIX U TEMHBIX TOJIOC.

HOHTr nowHst1, 4To HENMb3s HAOII0aTh HHTEP(EPEHIINIO TIPU CIIOKEHUH BOJIH OT
JIByX HE3aBUCHMBIX HCTOYHUKOB. [Tostomy B ero omsite (puc.31.1) memu S; u S,
OCBELIANUCH CBETOM OJHOrO MCTOYHMKA S. IIpH CHMMETPHMYHOM pPACIIOIOKEHUU
1eaell BTOPUYHBIE BOJIHBI, UCITyCKAEMBIE UCTOYHUKAMU S| H S), Haxomarcs B dase,
HO OTH BOJIHBI NPOXOAAT IO TOYKH HabmoacHus P pasHble paccTosHust 7| U 1.
CnenoBarensHo, (passl KoJaeO0aHuii, CO31aBa€MbIX BOJIHAMU OT KCTOUYHHMKOB OS] U S) B
touke P, BooOIe rosops, pasnuudbl. Takum 00pa3om, 3agada 00 MHTEpHEPEHIIUH
BOJIH CBOJIMTCS K 3aJade O CIO0KEHHHU KojaeOaHHI OJHOM M TOH K€ 4YacTOTBI, HO C
pasHbIMU (pazsamMu. YTBEPKIEHHE O TOM, YTO BOJIHBI OT HCTOYHHMKOB S U S,
pacpoCTpaHsIOTCs HE3aBUCUMO JIPYT OT Jpyra, a B TOYKE HAOIIOACHUS OHU IPOCTO
CKJIQJIBIBAIOTCS, SIBJISICTCS OMNBITHBIM (AaKTOM W HOCHUT Ha3BaHUE NPUHYUNA
cynepnozuyuu.

Puc.31.1
Monoxpomamuueckas 6o1na, pacCIpOCTPAHSIOIIASACA B HAPABICHUH PAJANYC -

BekTOpa 7 , 3amuchiBaercs B Buge: E = a cos (of — kr),

e d — aMILIMTY/a BOIHEL, K = 270 / A — BOIHOBOE 4MCIO, A — JUIMHA BOJIHEL FE
- MOJIyJIb BEKTOPa HAIPSKEHHOCTU DIICKTPUYECKOIO MO BOJHBL IIpH ClIoXeHHH
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JBYX BOJIH B Touke P pesynbrupyroriee KojaeOaHie TakKe IPOUCXOIUT Ha 4acTOTe ()
M MMeeT HEKOTOpyto ammutyny A u dasy @:

E=a, - cos (ot—kr))+a, - cos (ot—kry) =A - cos (ot — ).

He cymectByer mnpuOOpoB, KOTOpbIE CIOCOOHBI ObLIM OBl CIEAUTH 3a
OBICTPHIMU M3MEHCHUSMHU TIOJSl CBETOBOW BOJIHBI B OINTHYECKOM JIMAIA30HE;
HaOJroaeMoi  BENMYMHOM  SIBIISIETCSl  MOTOK  DHEPIrUM, KOTOPBIK  MPSAMO
NPOMOPLHOHATICH KBAJAPaTy aMIUIUTYIbl JIEKTPUUECKOTO IO BOJNHBL. Benuuuny,
PaBHYIO KBaJIpaTy AaMIUIMTYJAbl 3JEKTPUYECKOTO TOJS BOJHBI, NMPHUHATO HA3bIBATh

unmencusrHocmoto. 1= A".
MHTEHCUBHOCTD PE3YIILTUPYIOIIETO KoJebanus B Touke P:

I=A=a+a+2aa,coskA=1+1,+2II, coskA

rae A = ry — 1| — pasnocmo xoo0a.
Humepgpepenyuonnstit maxcumym (CBeTJasi 0JIOCA) JOCTUTACTCS B T€X TOUKAX
IPOCTPAHCTBA, B KOTOphIX A = mA (m = O +1,+2, ...).

I1pu sTOM Loax = (a1 + @)’ > I, + .
Humepepenyuonnwiii munumym (TeMHasi oj10ca)
JOCTUTAETCS IIPU A=mh+A/2.

2
MuHUMaIBLHOE 3HAYEHHE MHTEHCUBHOCTH [ 1yin = (@ — ap)” < I| + L.
Ha  puc.31.2 [I0Ka3aHO  pacOpeicsieHHe  HMHTEHCHUBHOCTHM  CBETa B
UHTEPPEPEHIIMOHHON KApTHHE B 3aBUCUMOCTH OT Pa3sHOCTH Xo1a A.

AS

-

FEEY [
Frio== L

/Tl\tj/i LN N LT“__ _:;"TET_
o N SO TR TR T
[
[
]

e

b

h+1

|
|
I
—2A - 0 A 2 3 =l
Puc.31.2
[enoe gncio m — nopsiioK HHTEPHEPEHIIMOHHOTO MAKCUMYMA.
B wactHoctu, eciu [y = I, = [, T. . MHTEHCHBHOCTH 00eHX HHTEP(HEPUPYIOIIHX
BOJIH OJMHAKOBEI, B 9TOM CIIy4ae Lox = 41y, 1, = 0.

Ilpoonema  kocepenmunocmu  eonn.  VIHTepdepenmmio  cBeTa B
JIeHCTBUTETFHOCTH HAOMIOIaTh HE MPOCTO. Eciu B KOMHATE ropAT JBE OJMHAKOBBIC
JAMITIOYKH, TO B JIFOOOH TOYKE CKJIQJBIBAIOTCS WHTCHCHBHOCTH CBETa M HUKAKOW
uHTep(DEpEeHIINN HE HAOIIOaeTCs.

PeanbHBIe CBETOBBIC BOJHBI HE SIBIISIOTCS MOHOXPOMAaTHYECKUMH. M3mydeHne
CBETa MMEET CTAaTUCTUYECKUMA XapakTep, TaK KaK aTOMbl CBETOBOIO HMCTOYHHUKA
U3ITy4al0T HE3aBUCHMO JIPYT OT JIpyra B CIy4yallHbIe MOMEHTHI BPEMEHH, U U3ITyUYCHUE
Ka)KIOTr0 aToMa IUIHTCS KopoTkoe BpeMs (T < 107° ¢). PesympTupyroliee u3aydeHue
UCTOYHHKA B K&XKIbIi MOMEHT BPEMEHH COCTOMT W3 BKJIAJO0B OIPOMHOIO YHUCIA

99



atroMoB. Yepe3 BpeMs mopsaka T BCS COBOKYIHOCTh M3IyYarolIMX AaTOMOB
oOHoBmsieTcs. [ToaToMy cyMMapHoe u3iydeHre OyJeT UMETh IPYrylo aMIUIUTYAY W
npyrywo ¢dazy. daza BOJHBI, U3Ty4aeMOW peajbHbIM HCTOYHHUKOM CBETA, OCTAETCA
OpUOJIM3UTENFHO TMOCTOSSHHOW TOJBKO Ha UWHTEpPBAaJlax BpEeMEHU Mopsaka T.
OTtnenbHbIe «OOPBIBKMY H3IYYEHUS JUIUTEIBHOCTH T Has3bIBatOTCA yyeamu. Llyru

UMEIOT TIPOCTPAHCTBEHHYIO JJIMHY, PABHYIO CT, Iie C — CKOpocTh cBera. Konebanus
B Pa3HBIX I[yrax HE COTJIACOBaHBI MEX Iy co0oii. Takum oOpa3oM, peanbHasi CBETOBAS
BOJIHA MPEJCTaBIsET cOO0M MOCIIeI0OBATEIHLHOCTh BOJHOBBIX IIYTOB C 0€CnopsaoouHO
menaoweticas  gazou. Komebanus B pasHBIX I[yrax HekozepeHmHuvl. VIHTEpBaI

BpeMEHU T, B TEUEHHUHU KOTOporo (aza koyieOaHUN oOcCTaeTcs MNPUOIU3UTENBHO
IIOCTOSIHHOM, Ha3bIBAIOT 8peMEHEM KO2ePEHMHOCHIU.

WNnuTtepdepeniinss MoKeT BO3ZHUKHYTh TOJIBKO MPU CIIOKEHHUU KOTE€PEHTHBIX
Kosie0aHuil, T. €. KojeOaHuM, OTHOCSIIIUXCS K OTHOMY U TOMY K€ IIyTYy.

[Ipu cnoXeHHUH HEKOTepeHTHBIX KoJeOaHui pa3HOCTh (a3 OKa3bIBaeTCsA
ciy4ailHOM — (QyHkumeid  BpemeHH. Peructpupyromee — ycTpocTBO  (TUas,
¢doromnactunka, (OTOAIEMEHT) 3apUKCUPYET B TOUYKE HAONIOACHUS YCPEIHEHHOE
3HaYeHHE WHTCHCHBHOCTH, paBHOC cyMMe uHTeHcHBHOCTed [ + 1, o6oux
Kosebanuii. B 3TOM cityyae BBIMOTHSAETCS 3aKOH CJIOKEHUSI MHTEHCUBHOCTEH.

Taxum oOpazoM, unmepgepenyus modxrcem 603HUKHYMb MOILKO NPU CLOHCEHUU
Ko2epenmHuIX Konebanuil. Boanvl om 08yx He3a8UCUMbBIX UCTIOYHUKO8 HEKO2ePEeHMHb]
u e mocym damo unmepgepenyuu. T. KOHT UHTYUTUBHO yrajai, 4To JJis MOJydeHus
UHTEPPEPEHIIMH CBETA HYKHO BOJHY OT MCTOYHMKA Pa3/Ie/IUTh Ha JIBE€ KOT€PEHTHBIC
BOJIHBI M 3aTe€M HaOJI0JaTh Ha DKpaHE pe3yJibTaT uX ciiokeHus. Tak gemaercs BO
BceX HHTepdepeHUMOHHBIX cxemax. OpaHako, Jaxe B  3TOM  cllydae

HHTGp(I)CpeHHI/IOHHaSI KapTHHa HCYC34aCT, CCIIM PA3HOCTH XOO4d A IMPCBLICUT AJIUHY
KOTCPEHTHOCTH CT.

Pacuem unmepgpepenyuonnoii kapmunovt om 06yx ucmounuxoe. lllemn S| u

S, maxomarcs Ha paccrosuum d OpYr OT OPyra M SBISIOTCS KOT€PEHTHBIMU
UCTOYHUKAMHU cBeTa. (puc. 31.3)

P

Puc. 31.3
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Nurepdepeniust HabmomgaeTcss B POU3BOJABHONW Touke P skpama D,
MapajuIeIBHOTO 00CHM IIIENISIM M PACIIONOKEHHOTO OT HUX HA PACCTOSHUM L, mpudaem

L>>d A= ¥, —1 - pa3HOCTH X0/4.
N3 puc. 20.7 cienyer 4dro:

r§:L2+(x+%)2; rf=L2+(x—%)2, — I’g—rlzz 2xd |

A _ 2xd
wm B2 TN T . U3 ycnosus L >> d cnenyer, uro
A xd
ri+r, ®2L, ODTOMY - T :

[loacraBuB HaiiieHHOE 3Ha4YeHHE A B YCIOBUS MaKCUMyMOB U MHUHUMYMOB
UHTEPPEPEHLIMH, TOJYYUM, YTO MAKCUMYMbl MHTEHCUBHOCTU OyAyT HAOIIOJAThCA

L
pu xmax:mg/IO (m = 0, =£1, £2, ..)a MUHUMYMB — TIpU
1\ L
Xpin =(M+3) 7 A0 (m=0, 1,42, ..).

Paccrosinue Mexay IByMs COCEIHMMH MaKCUMyMaMu (WM MUHUMYyMamu),
Ha3bIBAEMOE WUPUHOU UHMEPDEPEHYUOHHOT NOOCDL, PABHO;

Ax= £ﬂ
FaLE
Onucannas KapTUHA CIIpaBeIJivBa JUIH npu OCBELIECHUH
MOHOXPOMAaTUYECKUM CBETOM (A, = const). Eciu wucmons3oBars Oenblii CBET,

MPEeICTaBISAIONINI cO00I HEenmpepbIBHBIN HaOop uIHH BOJIH OT 0,39 MkM ((uoseroBas
rpanuna cnekrpa) g0 0,75 wmxkMm  (KpacHas ~TpaHULa  CIEKTpa), TO
UHTEPPEPEHIIMOHHBIE MAKCUMYMBI JIJIsl K&XKIO0W UTMHBI BOJHBI OYIyT CMEIIEHBI APYT
OTHOCHUTEIBHO Apyra M WMETh BUA pamykHbIX mojoc. Tomeko mag m = 0
MaKCHUMYMBbI BCEX JJIMH BOJH COBIMAJAIOT U B CEpeuHE 3KpaHa OyAeT HaOI0IaThCs
Oenas moJioca, o 00e CTOPOHbI KOTOPO CUMMETPUYHO PACIIOIOKATCSA CHEKTPAIbHO
OKpallleHHbIE TI0JIOCHI MAKCUMYMOB TIEPBOT0, BTOPOTO MOPSAIKOB U T. A. (OJmKe K
Oenoit mosoce OyAyT HAXOIUTHCA 30HBI (PUOJIETOBOTO I[BETA, AANBIIE — 30HBI
KpPacHOTO 1IBETA).

Ilgema monkux naenok. Ha TOHKYIO IUIOCKONAPAUIEIbHYIO IUIACTUHKY

TonmMHOM d mazaeT My4oK IapauledbHBIX MOHOXPOMATHYECKHMX JIydei,
NEPHEHANKYJIIPHBIX K IOBEPXHOCTH IUIACTUHKH. CBETOBBIE JIy4Yd YacCTUYHO

OTPaXKalTCs OT MOBEPXHOCTH AB ¥ 4acTHYHO NMPOHWKAIOT BHYTPH ILIACTHHKH. Y
noBepxHoctu CD stor nporece noBropsiercs. JIydn, OTpaKEHHBIE OT MOBEPXHOCTH

AB u or nosepxnoctu CD, nunarepdhepupyror, Tak Kak SBJISIOTCS KOTEPEHTHBIMU.
YcnoBus wHTEephepeHIMH IS JIyded Ha BCeH IMOBEPXHOCTH IUIACTHHKHU
onuHakoBhl. [lodTomMy, ecnmu wuHTEephepuUpyOImKUe JIy9d HAKIAIABIBAIOTCA C
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IPOTUBOIOIOXKHBIMU (pa3aMu, TO BCS IJIACTMHKA OYyJET Ka3aTbCs TEMHOM, €CIIH Ke
JTy4d BCTPEUAIOTCS C OJMHAKOBBIMU (pazaMH, TO BCsS IUIACTHHKA OyAET OKpalleHa

IBCTOM, COOTBCTCTBYIOIIUM AJINMHC BOJITHBI MOHOXPOMATHYCCKUX queﬁ 7\,

C>

A A

A N /N N B >
>

AN N AN d ﬂ,l

A

a) Puc. 31.4 6)

PaccmoTpum ciydaid, korma wHTEpEpeHIHs HAOIIOJAETCS B OTPAKCHHOM
CBETe, T. €. HAOJII0IaTeNlb CMOTPUT Ha TUTACTHHKY CBepXy. [ eoMeTpudeckas pasHOCTb
xona uHTEpQEpUPYIOMMX Iydei Oyner paBHa 2d, Tak Kak JIyd, OTPaKEHHBIA OT
HIDKHEN ITOBEPXHOCTH IUIACTUHKHM, MPOXOAWT JIMIIHWK IyTh, PABHBIM JIBOMHOU
TOJIIIMHE TUIACTUHKH, OCKOJIBKY JBHKETCSI CHauasjaa BHHU3, a TOTOM BBepX. CBETOBbIE
Jlydd MMEIOT JUIMHY BOJIHEI A B BO3IyXe, a B IUIACTHHKE, BCJIEACTBUE HM3MEHECHUS
CKOPOCTH paclpOCTPaHEHHs CBETa IMPONOPLHOHAIIBHO €M YMEHBIIAETCS W JJIMHA

n=C _ Av A P A
BOJIHBI Aj, T.€. v Ay A, — 1T

CrnenoBaTenbHO, Pa3HOCTh X0Ja UHTEPPEPUPYIOIMUX JTyuelt OyAeT COCTaBIATh
ne 2d, a 2dn. Tlpu oTpakeHuM Iy4eil OT CpeAbl ONTHYECKHM OOJIEe ILIOTHOM
MPOUCXOIUT TOTEPs TOIYBOJIHBI, & IPU OTPAKCHUU OT TPAHHUIBI CPEIbI ONTHYCCKH
MEHee IJIOTHOM MOTepU IMOJIyBOJHBI HE MPOUCXOIHUT. B paccmarpuBaemoM ciiyuae
MOTEPs MOJTYBOJHBI MPOUCXOJHUT TPH OTPAKCHUU OT BepXHeil moBepxHocTH. WTaKk,

OITHYECKast Pa3HOCTh Xo1a A paBHa: A=2dn- E :
Maxkcumanvhoe ycunenue NojydaeTcs, KOTa B ONTHYECKOW PA3HOCTH XOJa,

YKIaAbIBACTCA YCTHOC YMCJIO ITOJIYBOJIH!

P
A=2dn-2=2k% 20 =Ck-D% k=123 )

VcnoBue makcumanvHozo ocnadieHus CBETa IIoJIy4acTCs, Koraa B ONTHUYECKOU
Pa3HOCTHU X044, YKIIAABIBACTCA HCUCTHOC YHUCIIO ITOJYBOJIH:

A A A
A=2d -5 = (2k—1)5 o 2dn = 2k7 = kA (k=1,2,3,..).(*%)
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Ecnu cmoTpers Ha IUJIACTMHKY B NPOXOJSLIEM .CBETE, T.€. CHHU3Y, TO 3TH
YCIOBUSI MEHSIOTCS MECTaMM: COOTHolleHue (**) Oyner BbIpaxaTb YCJIOBHE
MaKCHUMAaJIbHOI'O YCUJIEHUS, @ COOTHOIIEHHUE (*) — MaKCUMaJIbHOIO OCJIAa0JIEHUS CBETA.

A . 1
1\2\‘ /
n ‘C

W T

a) NN NN NN 6) ° ™

Puc. 31.5
[Ipyn mageHMM MOHOXPOMATHYECKMX Jy4eld Ha MOBEPXHOCThH IUIACTHHKHU IOJ

YIJIOM 0l Pa3HOCTh X0J1a My UHTEPPEPUPYIOIIUMH JIyYaMU U3MEHHUTCS.
Jlis nyueii 1 u 2 (puc.6) ona 6yner pasna (AB + BC)n — (A/2).
AC ectb nonoxenue GpoHTa BOJHBI B MOMEHT OTpaxieHus jiyda 2 or Touku C

(AC L 4B). [lpy yBenWYEeHWHM yIiia TMAJCHWs ¢ OINTHYECKas pPa3HOCTh XOja
yMEHBIIAETCs. DTO O3HAYAET, YTO NPH MOBOPOTE IVIACTUHKUA OTHOCUTEIBHO JIydeu
OHa Moo4epeHO OyAET Ka3aTbCsl TO TEMHOM, TO CBETJION.

Ecnu muiacTuHKY ocBelaTh O€NIbIM CBETOM, TO MpPH MHTEpPEpEeHIUH JTydyeH ¢
OJIHOM JJIMHOW BOJIHA OyJeT MOJIy4aThCsl YCWUJIEHUE, a ISl JPYTUX JJIMH BOJIH
nonyuutcst ocnabnenue. [losTomy rmutactuHka OyAeT Ka3aThCsd HAOJIOAATEIIO
OKpallleHHOW B TOT I[BET, KOTOPBIM OJMM30K K IIBETY Jy4yed, MaKCUMaJbHO
yCUJIMBAKOIMX Jpyr Apyra. IIpy moBopoTe MIIACTUHKH OTHOCUTEIBHO JIyyed ee
OKpacka O0yJIeT U3MEHSIThCSI.

Konvua Horomona.

[lepBblii  sKCHEpUMEHT MO  HaOdOJeHHE UHTep(epeHIuu CcBeTa B
1a00paTOPHBIX YCIOBUAX MpuHaexkuT Y. HeroTony.

o

\ 3eneHbIA KDECHBIA
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Ha miockyio moBepXHOCTh JUH3BI MApajIeNIbHO €€ TJIaBHOM ONTHYECKOW ocH
MajaeT IydyoK MOHOXPOMAaTHYECKOIO CBeTa ¢ AJIMHOM BomHbl A. Ilpu sTOM B
OMPAadiCeHHoOM céene Ha JIMH3€ BUIHBI YePEIYIOIINeCs] TEMHBIE U CBETIIbIC KOJIbIIA, a B
IEHTPE JMH3bI - TEMHOE TISITHO.

BriBenem hopmyny paguyca xonen HeroTona

W3 TeopeMbl O TPOM3BENEHUH OTPE3KOB XOpPJ, MEPECEKAIOMIMXCS B OJHOMN
TOUKE, UMEEM: AO-OD = BO-OC, wmu (2R-h)h=r".

HUuTepdepupyoT BOIHBI, OTPAaKEHHBIC OT BBIMYKIOW MOBEPXHOCTH JHMH3BI U OT
IJIACTMHKH, ONTHYECKAsh PA3HOCTh XOJa dTHX BOJH paBHa 2An, Tie N - noKasareib
IIPENOMJIEHHS BEIECTBA B 3a30p€ MEXKILY JIMH30M U ruiacTunkoit. ®opmymna 2hn= m A
/2 B 3aBHCHMOCTH OT YHCJIOBOTO 3HAYEHHS /1 BBIPAXKAET YCIOBHE MAKCHMAIBHOIO
YCUJICHHSI WM OcTIabJIeHHs CBeTa MU MHTephEpEHIINH.

Ecnu HaGmonenne naTepQepeHIm IpOU3BOTUTCS B
OTPa)XEHHOM CBETE, TO IPU OTPAKEHUH OT IJIACTUHKH B
Touke N HPOMCXOIUT M3MEHEHHE PA3HOCTH XO/a Ha A
/2; mosromy mpu m 4etHoM dopmyna 2hn= m A /2
BBIpAKAE€T YCJIOBHE MAaKCHUMAIBHOTO  OCIA0IeHUS
Jy4yed, T. €. COOTBETCTBYET TEMHBIM KOJbI[aM
Herotona. Ta xe dopMmyna mupu 77 HEYETHOM
BBIPAKACT YCIOBHE MAKCHMAIILHOTO YCHIICHHS TTy4eH,

T. €. COOTBETCTBYET CBETJILIM KoJblilaM HproToHa.
| Puc. 31.7

Tak xak /1 mMasio 1o cpaBHenuto ¢ 2R, To popmyny (2R-h)h =1 MOYHO
YIPOCTUTH, OIyCTHB /1 B cKOOKax: 2RA =,

_ mA
[Mockomeky 2hn=m A /2 = h= 47, > TO LIS I HMeeM:
_ |mRA .
r= s TJie M - NOPSAKOBBIA HOMEP KOJIbIIA.
2 F) 2 2] 4
B OTpaskeHHOM CBETE B npoxousmieM ceere
Puc. 31.8

Ecmu I OCHTPAJIBHOI'O0 TCEMHOI'O IIITHA CYUTATh 771 pPaBHBIM HYIIIO.

m=0,2,4,6...- HOMepa TeMHbIX Koiseu, m=1,3,5...- HOMepa CBETJIbIX KOJEI[ B
OTpakKCHHOM CBETE.
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B mpoxopsiem cBere B meHTpe OyAeT CBETIOE MATHO M HOMEpA CBETIIBIX H
TEMHBIX KOJICI] MEHSIOTCS MECTaMHU.
Hanpumep, nig BTOpOro CBETJIOTO KOJIbIIA B OTPaKEHHOM CBETe M=3, s

TPETHEr0 TEMHOT'O B IPOXOAALIEM CBETE M=S5.
Ilpoceemnenue onmuku

B uensix ymeHbLUeHWs MoTepb
CBETOBOW 3HEPIMU MpU OTpPaXeHUW
AN OTPaXEHHbIX  KOrepeHTHbIX
nyyerr 1’ m 27 cospaetca ycnosue
min. Pa3HocTb xoaa 2d.

[TpocseTasomwmi
CNIOH

Puc. 31.9
KonTpoJibHbIE BONPOCHI
1. Yrto HazpiBatoT nHTEpdepenimei ceera? [Ipu kakux ycinoBusx ee HaOIOAa0T?
2. Kakue BOJIHBI Ha3bIBAIOT KOT€PEHTHBIMU? Kak MOKHO MOJTYyYUTh KOT€PEHTHBIE
CBETOBBIE BOJIHBI?
. Kakoii cBeT Ha3bIBaIOT MOHOXPOMAaTHYECKUM?
. OObsicHUTE BOZHUKHOBEHUE MHTEP(PEPEHIIMOHHON KapTHHBI Ha SKpaHe B onbiTe FOHra.
. Chopmynupyiite 1 3aMUIIUTE YCIOBHUS 00pa30BaHUsI MAKCUMYMOB 1 MUHUMYMOB IIPH
HAJIOKEHUU KOT€PEHTHBIX CBETOBBIX BOJIH.
6. O0bsicHUTE UHTEP(EPEHINIO CBETA B TOHKUX TICHKAX.
7. Kak Bo3HuKkarot koibla HetoTona? Kak 3aBucHT paanyc KoJiel] OT IJIUHBI BOJIHBI
ceera?
8. [lpumenenue uaTephepeHunn?
9. B ueM CyTh «IIpOCBETJIEHUS ONTUKH?

Tema 32: JIUDPAKINS CBETA.

whn B~ W

1. Judpaxuus cera. 2. 3oubI Openens
3. Audpakuus Ha wenu. 4. AudpakunoHHas pelierka

1. Iudpakuus cera

Judpakiuss BOJH 3aK/0YaeTcsi B OrMOaHMM BOJHAMM NPENSATCTBUN WIH B
OTKJIOHEHMHM BOJIH B 00JacTb T€OMETPUYECKOW TEHM IMpU MPOXOKICHUH dYepes
OTBEPCTHUS IIPU YCIOBHUH, YTO JIMHEWHBIE Pa3MEpbl DTUX MPENATCTBUM MOPSAAKA WU

MEHBIIIE JITTHHBI BOJTHBI (Cl’ <A ).
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Jlugppakyueinn  ceema nazvigaemcs — sGleHUe  OMKIOHEHUs  ceema  Om
NPAMONIUHEUHO20 HANPABIEHUS PACNPOCMPAHEHUsT NPU  NPOXOAHCOeHUU  B0aU3U
npensimcmeutl.

Eciu Ha mnyTu napasielbHOrO CBETOBOIO — ITydKa
PaCIOJIOKEHO KPYTII0€ NPEnsITCTBUE (KPYIJIBIN TUCK, IIapUK
WU KpYyTIJIo€ OTBEPCTHE B HEMPO3PAYHOM 3KpaHe), TO Ha
DKpaHe, pPAcCHOJOKEHHOM Ha  JOCTaTOYHO  OOJIBIIIOM
PACCTOSIHUM OT TPENSTCTBUSA, MOABISCTCS OUPPAKYUOHHAS
KapmuHa — CHUCTEMa YEPENYIOLIUXCS CBETIbIX U TEMHBIX

Puc. 32.1 Komucn.

Ecnu npenstcTBre MMeeT TUHEHHBIH XapakTep (11enb, HUTh, Kpai dKpaHa), TO
Ha 9KpaHe BO3HUKAET CUCTEMa MapajlIeNIbHBIX AU(PAKIIMOHHBIX MTOJIOC.

Opaniy3ckuii yuensiii O. @penens pa3Buil TeOpUro JUGPAKIIMOHHBIX SIBICHUI
(1818 1.).

_ CoN I'nnoresy I'olirenca 00
NN N NN oruOaromeil BTopudHbIX BoiaH PDpeHens
AT 3AMEHMII  TONIOKEHHEM,  COTJIACHO
LE1 KOTOpOMy BTOpHYHBIE BOJIHBI, IPHXOMS B
N\ Touky HabmomeHus, WMHTEPHEPHUPYIOT

I 1 Apyr ¢ aApyrom. Puc.32.2 wimrocTpupyer
\ | npunuun [Nolirenca—@penens.

£45) : ..?'_51 | | [ | |
Puc. 32.2

Hab6nrogenue audpakiyy CBETOBBIX BOJIH BO3MOXHO TOTJIA, KOT/Ia pa3Mepbl
npensitetBHil 6yayT mopsiaka 10°-107 M. Puc.32.3 mOKasbiBaeT, KaK MEHSETCS
(GPOHT BOJTHBI, IPOIIEIIICH Yepe3 MIeIb, TPU CYKEHUU ATOU IIEIH.

—_—
[y

Puc. 32.3

Kornma pasMepsl mienyd cCpaBHHMBAKOTCS 1O TOPSAKY C JJIWHOW BOJHBI, IIETb
CTAHOBHUTCS MCTOYHUKOM BTOPHYHBIX C(HEPUUECKUX BOJH, HHTEPHEPEHIHS KOTOPHIX
U OIpeJIeNIAeT KapTUHY paclipe/ieSIeHUs: ”HTEHCUBHOCTH 32 I11€JIbI0, CBET MPOHUKAET B
TCOMETPUYCCKHA HEJTOCTYITHYIO 00J1acTh.

2. 3oub1 @penenst
PaccmoTpum  audpakuMOHHYIO — 33Jadyy O  IPOXOXKIEHUU  IIOCKOH
MOHOXPOMATUYECKOW BOJIHBI OT YJaJ€HHOIO MCTOYHHKA 4Yepe3 HeOOJbLIOEe KPYTioe
oTBepcTHE paaryca R B HEIPO3payHOM SKpaHe.
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Puc. 32.4

Judpakuus maocKoi BOJIHBI HA SKPaHE C KPYIJIBIM OTBEPCTHEM.

Touka HaGmromenust P HaxomumTcs HA OCH CHMMETPHH Ha pacctosHud L ot
sKkpaHa. B coorBercTtBumM ¢ npuHOunom [roiirenca—®peHens ciaeayeTr MBICIEHHO
3aCEJINTh BOJIHOBYIO ITOBEPXHOCTbH, COBHAAAIOIIYyI0 C INIOCKOCTBIO OTBEPCTHS,
BTOPUYHBIMU MCTOYHUKAMH, BOJHBI OT KOTOPBIX AOCTUIalOT TOYKU P. B pesyibrare

UHTEPPEPEHIIMM BTOPUYHBIX BOJH B TOYKE [P BO3HHMKAcT pe3yJIbTHUPYIOIIEE
Koje0aHue, KBaJpaT aMIUIMTYJIbl KOTOPOro (MHTEHCHBHOCTb) HY>KHO OIPEIEIIHTD.
®penens npeIOKMIT pa3OUTh BOJHOBYIO MOBEPXHOCTH MaJaloIIeii BOJHBI B MECTE
pacrnoioKEeHUs IPENSATCTBUSA Ha KOJIbLEBBIE 30HbI (30Hbl Ppenens) 1O CIENYIOLEMY
IpaBUILY: PACCTOSIHHE OT I'PAHUI] COCETHUX 30H JI0 TOYKU P JTOJDKHBI OTIMYAETCS Ha

A A A

[IOJIUIMHBI BOJIHEL, T. €. I”1=L+5, r2:L+25’ I”3=L—|—35,,,

Ecnmu cmoTpeTs Ha BOJIHOBYIO TIOBEPXHOCTh M3 TOUKH P, TO TpaHUIIbI 30H DpeHens
OyIyT MpeACTaBIsATh COO0 KOHIIEHTpHUECKHE OKpy)HOCTH (puc.32.5 ).

Puc. 32.5
I'panunel 308 @peHens B IIIOCKOCTUA OTBEPCTHS.

Pannycel py, 30H Openens:

2
/ A
Pn = rnf—LZ:\/ka+m2%z\/me l’m=L+m—

2 2 2 7\‘ 2}\’2 2
r,—L =L —I—ZEmL—I—m ——L" ~m\L

107



Tak kak A << L, BTOpHIM UJIEHOM IIOJ KOPHEM MOXKHO IPEHEOPEUD.
KosnuectBo 30H @peHensd, yKIaabIBaIOIIUXCA HAa OTBEPCTUH, ONPENEIACTCS €ro

R2

amuycom R: m=_—

paany AL
3necb m — He o00s3aTeNbHO I1IeJoe 4YHucio. Pesynbrar uHTEphepeHIuu

BTOPHUYHBIX BOJIH B TOYKC P 3aBucur ot uucna m OTKPBITBIX 30H chGHGJ'I}I.

Bce 30HBI IMEIOT OAMHAKOBYIO ILIOMIAb: S m = ﬂpi - Ttpi_l =nAL =S 1

OnuHakoBbIE MO TUIOMIATX 30HBI JIOJDKHBI ObUTM OBl BO30YXIaTh B TOYKE
HaOmMoJIleHusT KoyieOaHWs C  OJWHAKOBOM amIuuTyaon. OpHako y  Kaxmaoi
MOCJICAYIOIICH 30HBI YTOJI 0L MEXKAY JIY4OM, IIPOBEACHHBIM B TOUKY HAOIIOJCHUS, U
HOpPMaJbl0O K  BOJIHOBOM IOBEPXHOCTH  Bo3pacraeT. DpeHenb  BbICKa3ajl
IIPEANOoNIoXKeHNne (MOATBEPKICHHOE SKCIEPUMEHTOM), YTO C YBEIMYCHHUEM yTia o
aMIUTUTY/1a KOJeOaHni YMEHBIAETCS, XOTS U HE3HAYUTEIHHO:

A1 >A4,> 43> ... > A,

rne Ay — aMIUTATYJa KoeOaHUid, BRI3BAaHHBIX /71-i 30HOM.
C xopomuM npuOIMIKEHHMEM MOXKHO CUMTaTh, 4YTO aMIUIUTYyJa KoJeOaHUH,
BBI3BIBAEMBIX HEKOTOpPOH 30HOM, paBHa cpelHEeMY apU(METHYECKOMY U3 aMILTUTY]]

A Am—l + Am+1

KOJIeOaHU, BHI3BIBAEMBIX JIBYMSI COCETHUMHU 30HAMHU, T. €. m 7

Tak kak pacCcTodHnsa OT ABYX COCCAHUX 30H [0 TOYKH Ha6J'IIOI[eHI/I$I

oTaMYaroTcs Ha A/ 2, cleqoBarenbHo, BO30YXKIaeMble STHMM 30HAMHU KOJeOaHus
HaxoauTcsi B mpotuBo(daze. [losToMy BOIMHBI OT JIOOBIX JABYX COCEIHHMX 30H TacsT
npyr apyra. CyMMapHasi aMITUTy/1a B TOYKE HAOIFOICHHS €CTh

A :Al —A2 +A3 —A4 + ... :Al - (AZ—A:;) - (A4—A5) e <A1.

Takum 006pazom, cymMMapHas aMIUIMTYJia KOJIeOaHH B TOUKE P BCET/1a MEHBIIIE
aMIUTUTY/IbI  KOJIEOAHWU, KOTOpble BbI3BaJla Obl OfHa mepBas 30Ha Dpenens. B
YaCTHOCTH, €CJIU Obl OBLIIM OTKPBITHI Bce 30HBI DpeHens, TO 10 TOYKW HaOI0aeHUS
nomia Obl HEBO3MYIIIEHHAs! TIPETSTCTBUEM BOJHA C aMIUIUTYIOU 4p. B aTOM citydae
MOYKHO 3aIACAaTh:

A=4, :ﬁ+ i—A2 +é + é—A4 +é +...:ﬂ

2 2 2 2 2 2
TaK KaK BBIPAXKEHHUS, CTOSAIIME B CKOOKax, paBHbI HyJt0. ClieoBaTeIbHO, NEUCTBUE
(aMmMTyAa), BBI3BAHHOE BCEM BOJHOBBIM ()POHTOM, PABHO IOJOBHHE JCHCTBUSA
OJHOW MIEPBOM 30HBI.

Hrak, ecnu OTBEpCTHE B HEMPO3PAYHOM 3KPAHE OCTABIISIET OTKPBITOM TOJBKO
oJIHy 30HY D@peHensi, TO aMIIUTyJa KoJieOaHU B TOUKE HAOJIIOJECHUS BO3PACTAET B 2
paza (a UHTEHCUBHOCTh B 4 pasza) MO CPAaBHEHUIO C JEWCTBUEM HEBO3MYIIECHHOMU
BOJHBI. EClM OTKPBITH JBE 30HBI, TO aMIUIUTyAa KojeOaHuW oOpamaeTcs B HYJIb.
Eciu u3roToBUTH HENMPO3payHbIi dKpaH, KOTOPHIA OCTABIISI Obl OTKPHITHIMU TOJIBKO
HECKOJIbKO HEYETHBIX (WJIM TOJBKO HECKOJbKO YETHBIX) 30H, TO aMIUIATyJa

KoJebaHui pe3ko Bo3pactaet. Hanpumep, eciiv OTKpbITHI 1, 3 U 5 30HBI, TO
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A =64, [ =36I,.
Takue miactuHky, obJagar0NMe CBOMCTBOM (DOKYCHPOBATh CBET, HA3bIBAIOTCS
30HHbBIMU RAACMUHKAMU.
[Ipn nudpakiuu cBera HaA KPYIJIOM JAUCKE 3aKPHITBIMU OKa3bIBAIOTCS 30HBI
O®penenst nepBbIXx HOMEpoB OT 1 g0 m. Torama ammiuTyna kojieOaHMI B TOYKE
HaOroIeHus OyIeT paBHA:

A=A4,,-4 <

_ +1 +1 +3
+4 ,—...= ; + ; —Am+2—# +..

wmt A = A, 11/ 2, Tak KaK BBIpaXKEHUS, CTOSAIIME B CKOOKAX, paBHBI HyI0. Ecmu

m+2

JIMCK 3aKPBIBAET 30HBI HE CIMIIKOM OOJBIINX HOMEPOB, TO Ay +1 =249 1 A = A,
T.€. B ILEHTPE KapTHHLI 0pu JUQpaKUud CBETa Ha JUCKEe HabIomaeTcs
MHTEPPEPEHIIMOHHBIA MaKCUMyM. DTO — Tak HasbiBaeMoe nammuo Ilyaccona, oHO
OKPY’KEHO CBETIBIMHM U TEMHBIMH JU(YPAKIIMOHHLIMU KOJILIAMHU.

OuennM pasmepsl 308 Openens. IlycTs, Hanpumep, JUppPaKIMOHHAS KapTHHA
HaOJII0JaeTCs Ha DKPaHe, PACIIONOKEHHOM Ha PACCTOSHHMU L = 1 M OT IPEnSATCTBUS.

Jumna Bosiubl ceeta A = 600 HM (kpacHbiii cBer). Torma paamyc NEpPBOM 30HBI
®penens ects  P; = VLA =0,77Mm

Takum 00pa3omM, B ONTHYECKOM JMANA30HE BCIIEICTBUE MAJIOCTH JJIMHBI BOJIHBI
pasmep 30H DpeHenst OKa3bIBaeTCs JIOCTATOYHO MalbiM. /{udpakinoHHbIE SBICHUS
NPOSBIIIOTCS HauOoJiee OTYETIMBO, KOTJla Ha MPENSTCTBUM YKJIAIbIBACTCS JIMILb

R’ 2
HEOOJIBIIIOE YUCIIO 30H: m= I >1 ym R™ 2 LA

OTO COOTHOLIEHHME MOXHO pacCMAaTpUBATh KaK Kpumepuii Haoda100eHus

ougpaxkyuu. Eciu uyucno 30H DpeHens, yKIaAbIBAIOMIMXCA HA MPENIATCTBUM,

CTaHOBHTCS OYCHDb 6OJ'IBI]II/IM, ,Z[I/I(i)paKHI/IOHHBIG ABJICHUA ITPAKTUYICCKN HC3aMCTHBI:
2

R 2
m=—>>1 R >> LA
L}\‘ NJIn

DTO  CHJIBHOE  HEPABEHCTBO  OMNPENECHACT  2PAHUUY  HPUMEHUMOCHU
2eomempuueckol Onmuku. Y3KUA TIY4YOK CBETA, KOTOPBIM B TE€OMETPUUYECKOU
ONTHKE HA3bIBACTCS JIyYOM, MOXET OBbITh C(HOPMHUPOBAH TOJIBKO IMPHU BHITOJIHEHUU
3TOro ycnoBusi. TakuM 00pa3oM, reoMeTpuUYecKasi ONTHKA SIBJISETCH NMpeaeJbHbIM
cJiyyaeM BOJIHOBOM ONTHKH.

Ecny TOYeyHbIi HCTOYHUK CBETA HAXOJAMTCS HA KOHEYHOM PACCTOSHUM, TO HA
NPEMsITCTBUE MagaeT cHepUuvecKy pacxojsmiascs BojdHa. B aToMm ciayuae reomerpus
3a71a4M HECKOJIBKO YCJIOXKHSETCS, TaK Kak 30Hbl DpeHelist Tenepb HyKHO CTPOUThH HE
Ha IJIOCKOM, a Ha c(hepuuecKol MOBEPXHOCTH.

Pacuer npuBOANT K CIEAYIOLIEMY BBIPAKEHUIO UISl PAIUyCOB Py, 30H Openens

Ha chepuueckoM (HPOHTE BOJHBI:
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Puc. 32.8
Bce BbIBOABI U3710KEHHOW BbIIIE TEOpUU DpeHeIIst OCTaIOTCS CIIPABEIJIMBbIMU
U B 3TOM CIly4ae.
3. Iudpakuus HA 1IeJIH.

Judpaknuonnas kapTuHa, HaOIonaeMass Ha DJKpaHe, IIOCTaBICHHOM 32
NEPErOPOJAKON C OJHOW IIENbI0, MOXKET OBITh PACCUMTAHA HA OCHOBAHWM NPUHLIMIIA
cynepno3unuu U uHTepdepeHmu BoaH. [udpakius B mapauieIbHBIX JIydax -
nudpaxuus Opayurodepa.

Ilyctp Ha 1menp mnDagaeT MOHOXpOMa-
THYECKUI Iy4OK CBETa JUIMHOM BOJHBI A.
Pasmepel memu d cpasaumel ¢ A d ~ A
Paccrosame oT menu a0 dkpaHa L>>d.
Kaxnas Touka 1ienu sBISETCS, COIJIACHO
npuHumy [roirenca - @penens, ICTOYHUKOM
BTOPUYHON c(eprueckoil BOJHBL. ITH BOJIHBI
UHTEPPEPUPYIOT MEXIy CO0OH, TaK dYTO

WCTUHHOE MOJIOKCHUE ¢dbponTa
pEe3yIbTUPYIOLICH BOJTHBI SIBIISICTCS
oru0aromeid BTOPUYHBIX BOJH C YYETOM HX
UHTEPPEPEHLINH.

PaccMoTpuM Hano)keHHE NBYX TaKMX BOJIH,
UAYIIUX OT CEPEAWHBI MW U OT OJHOTO W3
KpaeB, U BBIYUCIIMM Pa3HOCTh XOJa TAaKUX BOJIH
B IPOU3BOJILHOM Touke P skpana. (puc.32.9)
Pa3HoCTh X0/1a 3TUX IBYX BOJIH paBHA:

sEaku [ 2.3 .
a A=(d /2)sin 0=(d /2)tg 0 =(d /2) (V/L),
Puc. 32.9 KOOpaAnHaTa TOYKH HEI6J'HOI[CHI/I$I Ha 3KpaHe.

WNuTtepdepupyromue BOIHBI OyIyT TacUTh APYT JIPyra, €CiIu Pa3HOCTh XOJa

OyZIeT paBHA LEJIOMY YUCITy HONYBOJIH M (A /2). OTciona HaXoAATCs KOOPAUHATBI TEX
TOYEK Ha DKPaHE, IJ1€ BO3HUKAIOT TEMHBIE MOJIOCHI:

o2 A L,

Vm =M d 2 _md coe m=1,2,3...
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Pacnipenenenre MHTEHCUBHOCTH CBeTa B JAU(PPAKIMOHHOM KapTUHE HUMEET
pe3knii  MakcuMyMm. [3MepeHus TOJIOKEHHSI MHUHUMYMOB

M3BECTHHIX apameTpax d u L) onpenenuTs [UIMHY BOIHEI CBETA A.

4. InppakunoHHas penlieTka.
B cnekTpanbHbIX Mpubopax BBICOKOIO KJlacca MPUMEHSIOTCS Ou@pakyuonHvle
pewemky. JupakiMOHHBIE PEIIETKH NPEICTABIAIOT CcO00Ml NepuoguYecKue
CTPYKTYpPbl, BBITPABUPOBAHHBIC  CHEIUATBHON  JIETUTEIbHON
MOBEPXHOCTH CTEKJISTHHOM MJIM METaJUIMYECKOU TIIaCTUHKU

MO3BOJISIOT  (TIpH

MAaIllMHOW  Ha

[IpocTelimas nudpakirMoOHHAs penieTka COCTOUT W3
MpO3payHbIX  y4acTKOB  (IeNei), pa3lieeHHbBIX
HEMPO3payHbIMU  MPOMEKYTKaMHU. Y  XOpOIIUX
||||| pelIeTOK mapajuiesibHble APYT APYTY ITPUXU UMEIOT

| IauHy mopsaka 10 cMm, a Ha KaXIbld MUJLUIUMETP
MPUXOJUTCS 10 HECKOJBKO ThICAY IITpUXO0B. Ilpu

3TOM oOmIast yIHa pemeTku gocturaetr 10—15 cm.

Puc. 32.10

B kavectBe AM(PPAKUMOHHON PEMIETKH MOXKET ObITh HCIIOJIB30BAaH KyCOUEK
KOMITAKT-JIMUCKA WJIK OCKOJIOK IPaMMO(OHHOMN MIACTUHKU.

AR RN RN AR Ha  pemercy — manpasuierca

Dl HapaJuIebHbIA Iy49OK HCCIIeIyeMOTo CBETa.
Tyt HaGmronenue  Benmercs B

Voo Vo Mo Voo Vool

t VL IUIOCKOCTH  JIMH3BI,

\ YCTaHOBJIEHHOM  3a
AR IR RN ‘,I perreTkoil. B kaxmoii Touke P Ha 3kpaHe B
U REILERRERN (OKaNbHOW TUIOCKOCTH JIMH3BI COOEpyTCS
/}#\T_fx W Jyud,  KOTOpbE  JIO  JIMH3BI ObUTH
.\\\ Vi napajuie/IbHbI MEXKTY coboit u

_ \ '8 || / / pacIpoCTpaHsUIUCh  TOJ  ONpEeACIICHHBIM

SO '/ yriaoM 6 K HanpapJIeHHIO MAJAKOIIEH BOJIHEL.
\ W ' /f Kone6anne B  Touke P

b okabHOM

—

ABJISAETCS

\\ W /) pe3yabTaTOM MHTEPPEPEHLIUN BTOPUYHBIX
\ \ |.'| #,-:;' BOJIH, IIPOXOJAIINX B 3Ty TOYKY OT pasHBIX
N Ienei.

Wi ||I I

Puc. 32.11

¥

Jlnst Toro, uToObl B Touke P HalOmongancs MHTEP)EPEHIMOHHBIA MaKCUMYM,
PasHOCTh X072 A MeXIy BOJHAMM, MCIIyHMIEHHBIMH COCEIHHMH IIENAMH, TOJDKHA
OBITH paBHa LenoMy uncay il BoaH: A =dsin 6, =mA (m =0, £1,£2, ..).

d — nepuos peImeTKy, M — LEN0E YUCII0, NOPAOOK OUPPAKYUOHHO20 MAKCUMYMA.

B Tex Toukax skpaHa, il KOTOPBIX ATO YCJIOBHE BBHIMIOJIHEHO, PaCIOararoTcs
2/1a6Hble MAKCUMYMbl TUPPAKTUOHHON KapTUHBI.

B kax10i To4YKe (POKAILHOU IJIOCKOCTH JIMH3BI IPOUCXOAUT UHTEPPEPEHIIUS
N BOH, IPUXOASALIMX B 3Ty TOUKY OT [V IIeIel pEIETKH.
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DTO Tak Ha3bIBaeMasi MHOTOBOJIHOBAs (MU «MHOTOJy4eBas») HHTEpEepeHIIUs.
Pacnpenenennie cBEeTOBOM HSHEPruM B IUIOCKOCTH HAOJIOJCHUS  PE3KO
OTJIMYAETCS OT TOro, KOTOpOEe HAOII0AAaeTcs B OOBIYHBIX «IABYXJIYUYEBBIX)»
MHTEPPEPEHIIMOHHBIX cXeMaX. B riiaBHbie MaKCUMYMBbI BCE€ BOJIHBI PUXOJAT B (hase,

IIOTOMY aMILIMTy/a Kojebanuii Bo3pacraer B IV pa3, a HHTeHCUBHOCTH B N~ pa3 110
CPaBHEHUIO C KOJIeOaHUEM, KOTOPOE BO30YKIAET BOJIHA TOJIBKO OT OJIHOM ILEIH.

=-1m=0 m=1 =-1m=0 m=1 Pyc.32.12
I'maBHBIE MakCUMyMbl Tpu JUGpaKkIMM CBETa Ha  PEIICTKE  Y3KHU.
Puc.32.12 AaCT IPCACTAaBJIICHUC O TOM, KaK MCHACTCA OCTPOTA I'NNIaBHBIX MAKCUMYMOB

NpY yBEJIMYCHUM 4YHClia mieieil penieTku./y — MHTEHCHBHOCTH KOJICOAHWM MpH
nu(paklMy CBETa HA OJHOM LIENH.
Kak cnegyer u3 Qopmyinbl qudpakiiMOHHON PEIIETKH, MOJIOKEHUE TJIaBHBIX

MaKCHMyMOB (KpOM€ HyIJIEBOIO) 3aBHCHT OT JUIMHBI BOJNHBI A. IlosToMy pemerka
croco0OHa pasjiaraTh HM3JyYEHUE B CIIEKTP, TO €CThb OHA SIBISIETCS CHEeKMPAlbHbIM
npubopom. Ecnm Ha pemeTky nagaeT HEMOHOXPOMAaTHYECKOE H3IydYeHHe, TO B

KOKIOM Topsake nudpakiuu (T. €. MpU KaKJOM 3HAYEHUU 771) BO3HHUKAET CIIEKTP
UCCIIElyeMOro u3iyueHus: (puc.), npudyeMm (¢HUOJETOBasi YacTh CIEKTpa paclo-
jaraercs OJvKe K MakCMMYMY HYJIEBOrO mopsiaka. MakcMMyM HYJIEBOTO HOpsJKa
OCTAETCS HEOKPAILICHHBIM.

m=-3 =-z m=-1 m=0 m=1 =2 =3 Puc. 32.13

C nomomipto 1U(PaKLUOHHON PEUIETKH MOXHO IPOU3BOJAUTH OYE€Hb TOUYHBIE
M3MEPEHUs UIMHBI BOJHBL Eciam nepuon d pemeTkn M3BECTEH, TO ONpEEICHUE
JUIMHBI CBOIMTC K M3MEpEHHI0 yria 6, COOTBETCTBYIONIErO HANPABJICHUIO Ha
BBIOPAaHHYIO JIMHUIO B CIIEKTPE /71-T0 MOPSIKA.
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Ecnu B ciekTpe uccienyeMoro U3JIy4eHHs] UMEIOTCA JIBE CIEKTPAIbHBIE TUHUU
C IUIMHOM BOJH A M Ay, TO pelIETKAa B KaXIOM CIIEKTPAILHOM HOpAIKe (Kpome
m = () MOXeT OTAENUTD OJHY BOJIHY OT JAPYTOM.

OnHOM M3 BaXKHEUIINX XapaKTEPUCTUK AU(PPAKIIMOHHONW PELIETKH SBIISETCS €
paspewiaiouias cnOCOOHOCMb, XapAKTEPU3YIOIIAsi BO3MOXHOCTb pa3lEiICHUs C

IIOMOILBIO JAHHON PELIETKH ABYX OIM3KHX CIIEKTPAIbHBIX JUHUH C JIMHAMU BOJH A
1 A + AN. CnexrpanbHoii paspeniaroneil cnocoOHOCThI0 R Ha3bIBAETCS OTHOIICHUE

JJINHBI BOJIHBI 7\4 K MUHUMAJIBHOMY BO3MOXHOMY 3HAYCHUIO A)\J, TO CCTh R - A}\,
Paspemafomaﬂ CIIOCOOHOCTh CIICKTPAJIbHBIX HpH60pOB, H, B 4aCTHOCTH,

TU(GPaKIMOHHON pEIIeTKH, TakKe Kak M MpeleNbHOE pa3pelieHHe ONTHYECKUX
UHCTPYMEHTOB, CO3/aI0IIMX HM300pakeHne OOBEKTOB (TENECKOI, MHKPOCKOM)
ompeneNnsieTcs: BOJHOBOM mpuponoil ceTa. [IpuHATO cuuTaTh, 4TO JBE OJIM3KUE
JIMHUU B CIIEKTPE m-TO MOPSAKA PA3JIMYUMBI, €CJIM I'JIABHBIM MAaKCUMyM JUISl JIJTUHBI

BOJIHBI }\, + A)\ OTCTOMUT OT I'NIaBHOI'O MaKCHMMyMa IJIA JJIMHBI BOJIHBI 7\, HC MCHECC, YEM

L_ﬂA;L R:L:mN

Ha MOTYIUNPHHY [MIABHOTO MAKCUMYMa, a7 g - d WU AL

Takum oOpazoMm, mpenenpHOe pa3pernieHne Tu(PaKIMOHHON PEIEeTKA 3aBUCUT
TOJIBKO OT TIOPS/IKA CIIEKTPa /71 U OT YHCIIa IEPUOI0B perieTku V.

[Iycts pemrerka umeer mepuon d = 107 mm, ee mmua L = 10 cm. Torxa,
N=10" (3r0 xopomias pemrerka). B crekTpe 2-ro NOpsaKa pa3peraromas

CIIOCOOHOCTh PEIIETKM OKa3biBaeTcs pasHoi R =2 10°. Dro o3Hadaer, dYTO
MUHHMaJIbHO pa3pelIMMbIi HWHTEpPBAJ JUIMH BOJIH B 3€JICHOM 0O0JIaCTH CIIEKTpa
(A =550 um) pasen AL=L/R~2,810" um.
KoHnTpoabHbIe BONPOCHI:
1.Yro na3biBaetcs nudpaxiueit ceera? [lpu kakux ycinoBusix ee HaOIr0Aa0T?
2.Chopmynupyiite npunuin [ 'roiirenca. B yem cynrHocts npunIiuna [ roiiresnca -
Openena?
3.Kax na ocHoBe npunnumna ['toiirenca- @penens o0bsicHaeTcs Tudpaxiys BOJIH?
4.00bscHUTE TUQPAKITIIO CBETA OT OAHOM 1Iend. Kak BRINISIIUT AU PaKITnOHHAS
KapTuHa?
5.Yrto HazbIBatoT AU PaKIIMOHHON pemieTkon? UTo Ha3bIBAIOT MEPUOOM PEIICTKH?
6.CrienaB MOsICHUTEIbHBIN PUCYHOK, OOBSICHUTE AU(PAKIUIO CBETa HA AU(PPAaKIMOHHOMN
pelIeTKe.
7.Kak BeITIAIAT AUGPaKIIMOHHBIC KAPTUHBI CO3/IaHHbBIC TU(PAKITMOHHOM PElIeTKON MpH
OCBEILICHUH €€ MOHOXPOMATHYECKUM JIy4OM WM JIydoMm Oesioro csera?
8.Kakas ¢opmyra BeIpakaeT ycioBrue o0pazoBaHus TUGPaKIIMOHHBIX MAKCUMYMOB
peueTku?
Tema 33: TTOJIAPU3ALIUSA CBETA.
1. TTonepeyHoCTh CBETOBBIX BOJIH. [Tomnsipr3anins BOJH.
2. 3akoH Mamnroca.
3. Tonspuzanus npu IpeIoOMIECHUM CBETa U JBOMHOM JIYUETPEIIOMIICHUU.
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1. IlonepeyHocTsb cBeTOBbIX BOJH. [losisipu3anusi BOJIH.
CnenctBuem Teopur MakcBeiia SIBJISIETCS TONEPEYHOCTh CBETOBBIX BOJIH. B

5JIEKTPOMArHUTHOM BOJIHE BekTopa £ u B nepnenauKyIapHbL APYT APYTY M JIEKAT B
IJIOCKOCTH, NEPIEHAUKYIAPHON HANPABICHUIO PACIpOCTPAHEHUs BOJHBL. Bo Bcex
IPOLECCaX B3aUMOACUCTBUSA CBETA C BEIIECTBOM OCHOBHYKO pOJIb HUIPAET

SIIEKTPUYECKUI BEKTOp E , IOATOMY €ro Ha3bIBAIOT CE6EMOEbIM 6EKIMOPOM.

BnepBeie moragky O TIOMEPEYHOCTH CBETOBBIX BOJH BbICKazan T. FOHT
(1816 r.). ®penenb, He3aBucuMO oOT FOHra, TakKe BBIJBUHYJ KOHIICHIUIO
MOTIEPEYHOCTH CBETOBBIX BOJIH, 00OOCHOBAJ €€ MHOTOYHCICHHBIMHU AKCIIEPUMEHTAMU
¥ CO3/ajl TEOPHIO JBOWHOTO JIYYCTIPEJIOMJICHHsSI CBeTa B KpucTawiax. K Tomy
BpeMeHHU, Korma MakcBeT cienad BhIBOJ O CYIIECTBOBAHWM JJICKTPOMArHUTHBIX
BOJIH, TOTIEPEYHOCTh CBETOBBIX BOJIH YK€ OblIa JOKa3aHa JKCIIEPUMEHTAIBHO.
[TosTomy MakcBei1 cipaBeyIiBO MoJjiaraji, 4To MOMEePEeYHOCTh JIEKTPOMArHUTHBIX
BOJIH SBJISICTCS €II€ OJHUM BaKHEHIIMM JO0Ka3aTeIbCTBOM 3JIEKTPOMArHUTHOM
IIPUPO/JIBI CBETA.

JInst IpOIONIbHBIX BOJIH HAIPaBJICHUE PACIPOCTPAHCHHS Jyda SIBISIETCS OCHIO
CUMMETPHHM, BCE HANpaBJICHUS B IUIOCKOCTH, TNEPHCHIUKYJIIPHOH  Jydy,
paBHOIPAaBHBI. ACHMMETPHSI OTHOCUTEIIBHO JIy4a SBIISCTCS PEHIAIOIINM IPU3HAKOM,
KOTOPBIM OTJINYAET MONEPEYHYIO BOJIHY OT MPOJIOJIBHOM.

AcUMMETpUS OTHOCUTEIHHO JTyda SIBJSICTCS PEMIAIONIUM MPU3HAKOM, KOTOPHIN
OTJIMYACT MOMEPEYHYIO BOJIHY OT MPOIOJTHHOM.

y

B IIONIEPEYHON BOJIHE
(Hampumep, B BOJIHE, Oerymied 1o
PE3NHOBOMY KTYTY) YJACTHULIBI

KOJICOTIOTCS BIOJIb OCH ). HOBOpOT

mend S BBI30BET 3aTyXaHUE BOJIHEL
(puc. 33.1)
Puc. 33.1

CBer, UCIyCKacMbIii OOBIYHBIMH HCTOYHHKAMH (HAIPUMEP, COJIHEYHBIH CBET,
U3JTy4YCHUE JIAMI HAaKaJTUBAHUS U T. 11.), HeNOISAPUZ06AH.

CBeT TakMX MCTOYHHUKOB COCTOHMT B KaXKIBIH MOMEHT W3 BKJIQJIOB OIPOMHOIO
qrclia HE3aBUCHUMO H3JIydJalONIMX aTOMOB C Pa3JIMYHOW OpPHUEHTAIMEH CBETOBOTO
BEKTOpa B M3JIy9acMbIX STHMH aTOMaMH BoOJIHaX. [loaTomMy B pe3ynbTHpYFOIICH

BOJIHE BEKTOP F GeCOpsAI0YHO U3MEHAET CBOIO OPMEHTALIMIO BO BPEMEHH, TAK 4TO B
CpeIHEM BCE€  HalpaBJ€HUS  KOJEOAaHUl  OKa3bIBAIOTCS  PaBHONPABHBIMH.
Henonapusosannulii céem Ha3bIBAIOT TAKXKE €CHMECHECHHIM C6CHIOM.

E ~
E 12 a) €CTECTBEHHbIN (HEMOJISIPU30BAHHbBIN) CBET.
0) YaCTUYHO MOJIAPU30BAHHBIN CBET.
B)  IUIOCKO-IIOJIAPU30BAaHHBIA  (JIMHEHHO-
HOJIIPU30BaHHbIN ) CBET.
Puc. 33.2
a) 6) B)
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Ecom mpm pacnpocTpaHeHMH 3JIEKTPOMATHUTHOM BOJIHBI CBETOBOW BEKTOP
COXpAHSET CBOK OPUEHTALMIO, TAKYIO BOJIHY HA3BIBAIOT JUHEUHO-NOJAPUZ06AHHOU
WU NI0CKo-nosapusosannoi (puc. 33.2).

JIMHEMHO-NTONAPU30BaHHBIN CBET UCITYyCKAETCA JIA3EPHBIMU UCTOYHUKAMM.

2. 3akon Mauroca.

B 1809 rony ¢paniysckuit mmxeHep 2. Maitoc OTKpbUIT 3aKOH, Ha3BaHHBIN €0
uMeHeM. B omblTax Mamoca CBET MOCIEIOBATEIBHO MPOIYCKAJICS 4YeEpe3 [IBE
OJIMHAKOBBIC TUIACTUHKUA W3 TypMalMHA (TIPO3pavyHOE KPHUCTAIMYECKOE BEIIECTBO
3eJIeHOBaTOM okpacku). [ImacTMHKM MOTJIM MOBOPAYUBATHCA JIPYT OTHOCUTEIHHO

apyra Ha yroa @ (puc. 33.3).

NHTEHCMBHOCTH IIpomecamero CBCTa

OKa3aJjiach MpsIMO MPONOPLHOHATBHOM

2
cos” @:

[~ cos’ Q.

Puc. 33.3

Y MHOruX KpHUCTaJVIOB IOIJIONIEHUE CBETAa CHJIBHO 3aBHCUT OT HAIpPaBJICHUS
AJIEKTPUYECKOTO BEKTOpa B CBETOBOM BOJHE (Ouxpouszm). DTUM CBOWCTBOM, B
YaCTHOCTH, 00JaJal0T TUIACTUHBI TypMajnHa, MCIO0JIb30BaHHBIC B OINbBITax Mairoca.
IIpu onpeneneHHON TOJIIMHE TIACTUHKA TYPMaJIMHA MOYTH MOJHOCTHIO MOTJIONIAET

OZIHy W3 B3aMMHO MEPIEHANKYISPHO MOISIPU30BAHHBIX BONH (Hampumep, Fy) u

YaCTUYHO  IIpONycKaeT BTopylo BonHy (Ey). Hampasnenme —KoneGanmii
AJIIEKTPUYECKOTO BEKTOpa B TMPOIIEIIIed BOJHE HA3bIBACTCA pA3PEULeHHbIM
Hanpaenenuem TIacTUHKU. [ImacTuHKa TypMaianHa MOXKET OBITh MCIOJB30BaHA Kak
JUIA TIOJNYYeHHS TOJSIPU30BAHHOTO CBeTa (nonspuszamop), Tak W JUIsl aHAIW3a
XapakTepa mojsipu3anuu cBeta (awmaruzamop). B Hacrosimee Bpems IIMPOKO
NPUMEHSIOTCS MCKYCCTBEHHBIC JUXPOUYHBIEC IIJICHKH, KOTOpPHIE HAa3bIBAIOTCSA
nonspoudamu. TIOMAPOUABI TOYTH TIOTHOCTHIO TIPOIYCKAIOT BOJIHY pa3pelieHHON
MOJIAPU3AIMK M HE MPOIYCKAIOT BOJIHY, MOJSIPU30BAHHYIO B MEPICHIUKYIISIPHOM
HampaBieHuu. TakuMm oOpa3oMm, MOJSPOUABI MOXKHO CUUTATh HOAAPUIAYUOHHBIMU
Qdunempamu.

PaccMoTpum npoxoxkaeHre eCTeCTBEHHOTO CBETa MOCIEA0BATEIbHO Yepe3 ABa
uneansueix noiaspouna 11y u I, paspemennsie nHanpasieHuss KOTOPBIX pa3BEPHYTHI

Ha HEKOTOpbIi yroa @. (puc.33.4)
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Puc. 33.4

[lepBblii  mosiigpoua  urpaer posb  noispusatopa. OH  mOpeBpamaer
€CTECTBECHHBIN CBET B JIMHEWHO-NIOJISIPU30BAaHHbBIN. BTOPOU mossspons —aHanmms3aTop —
CIIY’KWT JUIS QHAJIM3a NAJaroIero Ha Hero CBETa.

a’ o Eciu  o0o3HauuTh  amMIUIMTYQy  JIMHEWHO-
{A‘\\\’ ’ NOJIAPU30BAHHONM BOJIHBI IIOCJE MPOXOXKIECHUS CBETA
x“ ‘_,'
E u E = b
P 4yepe3 IEpPBBIM MOJIApouz depe3 0 2 T0
A BOJIHA, NPOIYLIEHHAs: BTOPHIM MOJSIPOUAOM, Oyner
< : UMETh AMIUIUTY Y
& —
o/ E = FE,cos .

o 0 Puc. 33.5

CrnenoBarellbHO, WMHTEHCUBHOCTH [ JIMHENHO-TIOJISIPU30BAHHON BOJIHBI HA

o2 22 ] 2
BBIXOJIE BTOpOTO ToNsipora 6yner papua: 1 = £~ = E;cos™ ¢ = 510 Cos @

C moMoIIpl0 pa3noxkeHus Bektopa [ Ha cocTapisiomue MO OCAM MOMKHO
00BsSICHUTD 3axon Manioca. (puc. 33.6).

B kaxnaplii MOMEHT BPEMEHHU BEKTOP E
MOXKET OBITh CIPOCKTUPOBAH Ha JIBE B3aUMHO
NEPHEeHAUKYJISPHBIE OCH.

JIroObyto  BonaHy  (NOJNSPU30BAHHYKD |
HEMOJIIPU30BAHHYI0) MOXXHO TMPEACTaBUTh Kak
CYMEPIIO3UIINI0 JABYX JMHEHHO-TIOJNSIPU30BAHHBIX

El| ol & BO B3aMMHO NEPHEHMKYJIAPHBIX HAMPABICHUAX
o - — =
Puc.33.6 BOJIH: E(O = Ex(l)—i_ Ey(l,

Ho B monsipusoBanHoit Boie o6e cocrasistonme Fy(f) u £y(f) korepentsl, a
B HEMOJSIPU30BAHHON — HEKOTE€PEHTHBI, T. €. B IEPBOM CiIydae pa3HOCTb (pa3 MexIy

E(?) u Ey(f) nocrostHHa, a BO BTOPOM OHa SIBIIACTCS CITydaiHON (yHKIMEH BPEMEHH.
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Ecium Boonb OJHOTO M TOrO JK€ HANpaBlEHUsI PACHPOCTPAHSIOTCS JIBE
MOHOXPOMATUUYECKUE BOJIHBI, MOJIIPU30BAHHBIC B JIBYX B3aUMHO MEPIEHIUKYIISIPHBIX
IUIOCKOCTAX, TO B pe3yjbTaTe MX CJIOXKEHHUS B OOIIeM cllydyae BO3HHUKAET
INTUNMUYECKU-NOTAPUSOBAHHAS B0JIHA.

B smmunruuecku-nonsapuzoBanHoit Bonde (puc. 33.7) B mo0oii mwiockoct P,
nepHeHIUKYJIIPHON HaIpPaBJICHUIO pacrpocTpaHeHus BOJIHBI, KOHEII

PE3yIBTHPYIOIIEr0 BekTopa £ 3a omMH mepuoj CBETOBOTO KOJIEOAHUS OIUCHIBAET
SILIUIIC. KOTODBIN HA3BIBACTCS ALIUHCOM ROAADUIAUUU.

Puc.33.7
dopma ¥ pazMep IIUIUICA TOISAPU3ALMHI ONPENEIAIOTCA aMILIMTYJaAMHU dy U dy,

HHHeﬁHO—HOHHpHBOBaHHBIX BOJIH U (1)a3OBBIM CABHUT'OM Agﬂ MCXK1Yy HUMHU.
YacTtHbIM ClIydacM BHHI/IHTI/ILIGCKI/I-HOHHpHBOBaHHOﬁ BOJIHBI SABJIICTCA BOJIHA C

Kpy2060i nonapusayueii (ay = ay, Ap =xmw/2).

3. Hoasipu3zanusi NpH MpeJIOMJIEHUH CBETA U ABOITHOM JIyYenpeaoMJIeHH .
Eme B konme XVIIBeka Obu10 OOHApY)KEHO, YTO KPUCTAIUT HCIAHIACKOTO
mmara (CaCQj3) pasasanBaeT MNPOXOASAIIME Yepe3 HEro Jy4d. DTO SBICHUE

MOJTYYHJIO Ha3BaHUE 080UH020 ayuenpenomaenusn (puc. 33.8).
-~
/-‘

Puc.33.8
Bce mnpo3pauynble KpUCTAUIbl (KPOME KpPUCTAUIOB KyOMYECKOW CHCTEMBI,
KOTOpbIE  ONTHYECKH  H30TPOIHBI)  OONAJalOT  CIOCOOHOCTBIO  JTBOMHOTO

JTy4EnPETOMIICHHUS.

Hu nBoitHoe iyuenpenomiieHWe, HU 3aKOH Mairoca He MOryT HauTH

0o0bsSICHEHHE B paMKax TEOpUM TMPOJAOJLHBIX BOJH. SIBJIeHUE JBOWHOIO

Jy4enpesiOMIICHUsST CBETa OOBSICHACTCS TEM, YTO BO MHOTMX KPHUCTAJUTMYECKUX

BEIIECTBAX TOKA3aTEJIM MPEJIOMJICHHS [JIsi JIByX B3aUMHO NEPIECHAUKYISAPHO

MOJISIPU30BAHHBIX BOJH pa3iuyHbl. [[03TOMy KpHCTaiul pa3BamBaeT MNPOXOSIIHE
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yepe3 Hero Jgyud (puc. 20.24). /lea nyua Hna 6vixode Kpucmanina JAUHEHUHO
ROJIAPU306AHBL 60 63AUMHO HEPREHOUKYIAPHBIX Hanpaesienuax. OObIKHOBEHHbII

Jy4d O COXpaHsACT II0KAa3aTClib IMPCIOMIICHHA BCIICCTBA KpUCTAJIa WM AJIA HETO

CIpaBEeJIUB 3aKOH TMpelioMyieHUsl. HeobvikHoGenHbIlI JIyd € WMeeT IoKa3aTelb
PEIOMJICHUST MEHSIIONTUICS B 3aBUCMMOCTH OT HampaBlieHUs Jiyda (3aKoH
IIPETIOMIJICHUS HE BBITTOJTHAETCS ).

Ilonapusayus npu npenomnenuu ceema

CBeT MOXET OKa3aThCsA TOJIAPU30BAHHBIM TPH OTPAKCHUH W TIPEITOMIICHHH
uiu paccesiuuu (puc.33.9 puc. 33.10) nusnexkrpuxoMm. B yacTHOCTH, T0OJTy0O# CBET OT
HeOa YaCTUYHO WJIH MOJTHOCTHIO TIOJISIPU30BaH.

Ha puc 33.9 oTpaxeHHBIN 1 PEITOMIICHHBIHN JIy9d YaCTUYHO MOJIIPU30BAHBI

BO B3aUMHO TMEPICHINKYIISIPHBIX HAIIPABICHUSX.

Puc. 33.9 Puc. 33.10

[Ipn mageHun Ha NPENOMIISIONLYIO MOBEPXHOCTh MOJ HEKOTOPBIM YIJIOM Oly
(puc. 33.10)  oTpaxkeHHBI W TPEIOMIICHHBIM Jy4Yd OKAa3bIBAIOTCA B3aMMHO

NEPHNCHAUKYIPHBIMA WU MAKCHUMAJIbHO IOJIIPU30BAHHBIMHU. VYron a‘B Ha3bIBACTCA

sinoLg .
yriiom bprocrepa. N T=90" —a,
sy TaK KaK
Sin oy Sin o,
= =1go, =n
. 900 _ b
TO sin( Og) COSO TakuM 00pa30M TAHTEHC YIya

bprocTepa paBeH mokaszarento npeaIoMIICHUS CPEIBI.
KoHTpoJibHBIE BONPOCHI

. B ueMm cocTouT CymHOCTb SBJICHUS MOJISIPU3AIAN BOJTH?

. Kakum BosiHaM (IIpo0JIbHBIM MITH TIOTIEPEYHBIM) CBOMCTBEHHO SIBJICHUS
MoJIsIpU3aln?

. Uro nipeAcTaBisieT co00M eCTeCTBEHHBIN CBET?

. Kakum cBoiicTBOM 00naaeT KpyucTaml TypMainHa’?

. HapucyiiTe cxemy omnbITa MpOX0XKJACHUS CBETA YEPE3 OAHY U YEpE3 IBE TYPMAIMHOBBIE
TJIACTUHKH.

6. Kakumu sSIBISIFOTCS JTyud CBETA JI0 M TIOCJIE MMPOXOXKIACHUS MJIACTUH?

N —

N B~ W
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7. OOBsSICHUTE SBJICHHE TTOJIIPU3AIMHA CBETA UCXOIS U3 MPEACTABIICHUN O CBETE KakK 00
AJIEKTPOMArHUTHOM BOJIHE.

8. B uem 3akitouaercs 3akoH Mairoca ?

9. OOBsICHUTE MOSIPU3AIIIO JTyUeH PU JBOWHOM JTyUYeIPETIOMIICHHUU.

10. IIpu xakoM yriie najeHus Ha MPEIOMIISIONLY IO IOBEPXHOCTH MOISPU3ALUS
OTPAKEHHOT'O U MPEJTIOMIIEHHOT0 JIy4ell MaKCUMaibHa ?

Tema 34: JTUCIIEPCHUSA CBETA.
1./Iucniepcus ceera. 2. Cnektpsl. CeKTpabHbINA aHAINS.
3. TenoBoe M3ny4eHUE TEI.

1.{ucnepcus cBera.
Jlucnepcueti ceema Hazvigaemcs  A6leHUe  3ABUCUMOCMU  NOKA3ames
npenomaenus cpedvt N om 4acmomsl V (uau ONUHbl 60IHbL A) NPOX00AWe20 céema.
=n(v) umn = n(L).

Y Bcex mpo3pauHbIX TBEPABIX BEIIECTB (CTEKIO, KBapl), W3 KOTOPBIX
U3TOTOBJISIOTCS MPU3MBI, MTOKa3aTellb MPEJIOMIICHUS /1 B IMalla30HEe BUJIMMOIO CBETA
yObIBA€T C YBEJIMYEHUEM JUIMHBI BOJHBI A. Tak, JUId CTeKia IOKasareib
NpeIOMJICHUS] YMEHbBIIaeTcsl MpUMepHO Ha 15% ¢ pocTOM AJMHBI BOJHBI BUIUMOTO
ceera or 400 10 700 HM. MOHOTOHHO yOBIBaKOIIAs 3aBUCUMOCTH 7(A) Ha3bIBAETCS

HOPMATbHOU Oucnepcuetl.
[lepBBiii OMBIT MO PA3TOKEHHUIO OEIOr0 CBETa B CHEKTP OBLI OCYIIECTBICH
N. Hetotono m (1672 1.). (puc.34.1)

¢

KpacHbIN
OpaHXeBbIi
XenThbli
3ereHbin
ronyobow
CUHNIA
hUONeToBbLIN

Jlyu 6enoro ceeTta

Puc.34.1
B coctaB BUIMMOTO CBETa BXOJSIT MOHOXPOMATHYECKUE BOJHBI C Pa3IMUHBIMHU

3HAYEHUSIMU JUIMH BOJIH. YTOJ OTKJIOHEHUS JIy4Yel IPU3MOMN 0 = @(n —1) zapucur

OT TOKa3aTeNns IPEIOMJIECHUS 7, a N sBasgercs (GyHkuued umHbl BOaHbL 1(A),
MO3TOMY JIYYM pa3HBIX JUIMH BOJH TIOCJIE€ TMPOXOXKACHUS TPHU3MBI OKAXKYTCS
OTKJIOHCHHBIMH Ha pa3HbIe yTIJbl, HaWOOJEe CHUIBLHO TMPU3Ma OTKJIOHSET OT
NIEPBOHAYATILHOTO HAIIPABJICHHS CHHHUE W (PHOJIETOBBIC JTyYH U HAUMEHEE — KpacHbIC.

SIBnenne aucmepcuu OOBACHSCT Xpomamuueckylo abdeppayuro ONTUYECKUX
cucreM. (puc.34.2)
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OTtnenbHbBIE MOHOXPOMATHUYECKHE
COCTABJISIFOIIHE oenoro cBeTa
(GOKycHpYIOTCSI B pa3HbIX  TOYKax.
Haubonwmee  dokycHoe  paccTosiHue
UMEIOT KpacHbIC JIy4YHW, HaWMCHbIIEE —
¢uoneroBbie. M3o00pakeHue moxydaeTcs
Pa3MBITHIM | 110 KpasiM OKpPAIICHHBIM.

Puc.34.2

KoMOuHupyst cobuparomiye u pacceuBaOIINE JIMH3bI M3 Pa3IUYHbIX CTEKOJ
COBMENIalOT (POKYChl HECKOJNbKMX 1BeTOB. CHCTeMbl, HCIpPABICHHbIE Ha
chepuUecKyIo U XpOMaTHUYECKYI0 abeppalliy Ha3bIBAIOTCS aniIaHaAmamu.

Cnexkmpockon. B W3ydeHUM HArpeTbiX Tell (HUTh JIAMIIbl HAKaJUBaHMUS)
JUIMHBl BOJIH HENPEPBIBHO 3allOJIHSIOT BECh JMAIa30H BUAUMMOro cBera. Takoe
U3Iy4yeHUe Ha3blBaeTrcs Oenvim  ceemom. CBET, HCIyCKaeMblil, Hampumep,
ra3opaspsaHbIMU JaMIaMd U MHOTUMH APYTUMHU HCTOYHUKAMHU, COAEPKHUT B CBOEM
COCTaBE  OTJAEIBHBIE MOHOXPOMAaTHYECKHE  COCTABJISIIOLIME €  HEKOTOPBIMH
BBIJICJICHHBIMU 3HAYE€HUSIMU JUIMH BOJH. (COBOKYIHOCTH MOHOXPOMAaTHYECKHUX
KOMIIOHEHT B M3JIyYCHUHU HA3bIBACTCS Cnekmpom. belblii CBET UMEET HenpepbleHblul
cnekmp, W3JIy4eHUEe UCTOYHUKOB, B KOTOPBIX CBET MCITyCKAaeTCsl aTOMAMH BEILIECTBA,
uMeeT oOuckpemuwviii cnekmp. llpuOopbl, C MNOMOLIBIO KOTOPBIX HCCIEAYIOTCS
CHEKTPhI U3TYyYEHUSI HCTOUHUKOB, HA3bIBAIOTCA CHEKMPATbHLIMU NPUOOPAMU.

AL

Puc.34.3
JIyist pa3nokeHus U3IyYeHUs B CIIEKTP B MPOCTEHIIEM CIIEKTPaIbHOM MPUOOpe
VCIIOJIB3YETCS IPU3MA.

[lens S, Ha KOTOPYK MagaeT WCCIEAYEMOE H3JIyuyeHUE, HAXOAUTCA B
(oKaIbHOM TUIOCKOCTH JIMH3BI JI;. DTa 4acTh pubOpa HAa3BIBACTCSA KOLIUMANOPOM.
Beixomsimmii M3 JIMH3BI MApAJUICNIBHBIA MYYOK CBETa MagaeT Ha mnpusmy P.
Bcenencreue nucnepcun CBET pa3HbBIX JUIMH BOJIH BBIXOAUT W3 IPU3MBI IO Pa3HbIMU
yrmamd. B QokampHOM MmIOCKOCTH JMH3BI JI, pacmonmaraertcsi SKpaH WM
¢doTorutacTuHKa, Ha KOTOpoil (hokycupyeTcst usnyudeHue. B pesynbrare B pasHbIX
MeCTax dKpaHa BO3ZHHMKAET M300pakKeHHWEe BXOIHOW mieaM S B CBETE€ PasHBIX JUIMH
BOJIH.

2.CnexkTpbl. CleKTpaJbHbIN AaHAJIH3.
JUis HaOnIofeHHs CIEKTPOB IIOJIb3YIOTCSA CIEKTpalIbHBIMU IpHUOOpaMu —

CHEKTPOCKONIOM WJM crekTporpadgom. Ecnmum cmekTpockonm mpenaHa3sHA4eH IS
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U3MEPCHHU, TO HAa MW300paKEHHWE CIEKTpa HAKIAJbIBACTCS H300pakKeHHE
IrpalydpOBAHHON IIKaJbl, YTO MO3BOJSET TOYHO YCTAHOBUTH MOJIOKEHHUE I[BETHBIX
JINHUU B CIIEKTPE.

MarepuanoM it TOPU3MBI  JOJDKHO CIYXXUTh BEIIECTBO C  OOJIBIION
JTUCTiepcue, T. €. BElIeCTBO, Jarollee IUpokuid cnektp. I[lpubop s
dboTorpadupoBaHuss  CHEKTPOB  Ha3bIBaeTCA  CIekTporpadoM), DdKpaH MpH
doTorpadupoBaHun 3aMEHSIOT (HOTOTUIACTUHKOM.

Buowvt cnexmpoe. Crnextppl, MOIYYEHHbIE OT CBETAIIUXCA TEN, HA3bIBAIOTCS
cnekmpamu ucnyckanus. CHEKTpbl UCIyCKaHHUS OBIBAIOT TPEX THIIOB: CHIOUIHbIE,
JUHeuyamole U noJa0Camole.

Cniownsle cnekmpbl TIOIYYalOTCsl OT CBETAILLUXCSA, HAPUMEP, B pE3yJIbTaTe
WX HarpeBaHUs, TBEPABIX U KUIKKUX Tel (puc.34.4).

Jlunetiuamole cnexkmpsl COCTOSIT W3 Y3KUX JIMHUM Pa3UYHBIX I[BETOB,
pa3/ielICHHBIX TEMHBIMU MPOMEKYTKaMHU. Takue CHEKTpPhl MOJYy4YarTCs OT
CBETSIIMXCS Ta30B Wik napoB. CBeUeHHE Ta3za MOXKHO BBI3BATh, MPOITyCKas uepes
HETO JJIEKTPUYECKUN TOK. JIMHEeW4YaThle CIIEKTPHI MMApOB M Ia30B MOYKHO NOJIYYUTh U
MpU UX HArpeBaHWM, HANPUMEp, B IJIAMEHHU TOpEIKU. TakuM K€ MyTeM MOXKHO
MOJIYYUTh JIMHENYAThIE CIIEKTPHI BEIIECTB, KOTOPHIE B OOBIYHBIX YCIOBUSAX HAXOSITCS
B TBEPJIOM WJIM KUJIKOM COCTOSAHHWH. J[JI1 3TOr0 KPYNUHKH TBEPABIX BEIIECTB WU
CMOYEHHBIHN KHUIKOCThIO acOeCT BBOAAT B IJIaMsl Ta30BOM ropeniku. Mcnapstomuecs B
IUIAMEHU TOPEJKW BELIECTBA HAKOT JIMHEW4YaThld crnektp. Hampumep, B cnekrtpe
W3IIy4YCHHsS] TIapOB HATPHUS BHUJHBI JBE OJIM3KO PACIOJOKEHHBIC CBETIIBIE JKEINThIC
JIMHUH.

Puc. 34.4. Cnexrtpbl uCITyCKaHus.
I-cninomHoM, 2-HaTpus, 3-Bogopoaa, 4-renus.

Kaowcoviti  xumuueckuit  snemenm  Oaem  C80OU  JTUHEUYAMbIL  CHEKMP,
Heco8nadaruwuli co CHeKmpamu Opy2ux 31emMeHmos.

XapakTepHble JIs KaKJAOTO XMMHUYECKOTO 3JIEMEHTa CHEKTpajbHble JIMHUU
MOJy4yaloTCs HE TOJBKO B BHAMMON, HO Takke B HH(ppakpacHOH u B
ynbTpaduoIeTOBON 001aCTAX CHEKTPA.

JIuneluatble  CHOEKTPhl  CO3JAIOTCS  HMBJIIYYEHHUEM  OTHENbHBIX  aTOMOB
XUMUYECKUX DJIEMEHTOB, HE CBSI3aHHBIX B MOJIEKYJbl. JTO HU3Jy4EHUE CBSI3aHO C
MpoIeccaMu, TMPOUCXOSAIIMMU BHYTpU aToMoB. VcciegoBanue JMHENYATBIX
CIIEKTPOB TO3BOJIWJIO YCTAHOBUTH CTPOEHUE DJIEKTPOHHBIX O0O0JIOYEK aTOMOB

Pa3IINYIHBIX XUMHUYCCKUX 3JICMCHTOB.
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llonocamvie cnexmpwvl COCTOAT W3 psAda CBETJIBIX MOJOC, Pa3JdelIeHHBIX
TEMHBIMU TIpOMeXyTKaMu. [lomocarbie CeKTphl CO3MAOTCS H3IYyYCHHEM MOJICKYI.
[Ipu paccMOTpeHMHM B CHEKTPOCKON C OOJIbLION pa3pemaronieil crnocoOHOCThIO
MIOJIOCHI PA3JEIAIOTCS HA PSJI JTUHUM.

Cnexmpul noznowenus. 1lpo3padnbie BelleCTBA MOMIONIAIOT YacTh NaJAa0IIero
HAa HUX U3JIyYEHUS U B CIIEKTpe, MOJYYEHHOM IOCie MPOXOXKIECHUsS Oenoro cBera
yepe3 Takue BEIeCTBA, YaCTh I[BETOB UCYE3AET, T. €. MOSBISAIOTCS TEMHBIC TUHUU WU
M0JIOCHI MOTJIONIeHUsI. Takoi CIeKTp Ha3bIBACTCS CLIEKTPOM IMOTJIOMICHHUS.

[IpomycTuM cBeT yroBOM JamIbl yepe3 CoCcy/l ¢ mapamu HaTpus. B cruiommHom
CHEeKTpe Oenoro cBeTra OT JIEKTPUUYECKON TYTd MpPH 3TOM IOJY4yaroTCs JBE TEMHBIE
muHuu (puc.34.5, 6) kak pa3 B TOM MecTe 3KpaHa (puc.34.5, 2), rae HaXOAWINCh
YKEJIThIE JIMHUY CTIEKTPa UCITyCKaHUs TapOB HATPHSI.

| | IIIILI
7 __ T
8 _.a | S

Puc. 34.5. Cnektpsbl NOTJIOIIEHUS.
5-coNHEeuHbIN, 6-HaTpUs, 7-BOJOPOAA, 8-TeIus.

Bo3HukHOBEeHHE ITHX JIMHUM OOBACHSETCS TE€M, YTO aTOMBI HATPHs U3 BCETO
MPOXOJIAIIETO H3IYYSHHUsS] TOTJIOMAI0T TO, KOTOPOE CaMH CIOCOOHBI HCIYCKATh.
Takoe sBneHue oOpalieHUs CHEKTPaIbHBIX JMHUN HaAOMIOMaeTcs B CHEKTpax
UCITyCKaHUS U MOTJIOIICHHS Ta30B U MapOB MHOTUX JPYTUX AJIEMEHTOB U BBIPAXKACTCS
3akoHOM Kupxroda: ecsakoe gewecmeo nozcnowaem mo uznyuenue, KOmopoe camo
MOdHCem UCnycKamo.

Cnexmpanvnoiii  ananu3. Kaxaplii XAMUYECKUWA DJJIEMEHT HMEET CBOM
XapaKTEPHBIN CIEKTP U3TYyUYEHHUs, TIOATOMY 1O JJUHENYATOMY CIEKTPY MapOB KaKOro-
700 BEIECTBA MOXKHO YCTaHOBUTH, KAKWE€ XUMHUYECKHE DJIEMEHTBhI BXOIST B €r0
coctaB. CnexmpanvHblil aHaiu3 — Memoo OonpeoeneHus XUMUYecKoeo COCmasa
sewjecmea no ezo cnekmpy. OH 00J1a7Ja€T BEICOKOM UyBCTBUTEIBbHOCTBIO U MO3BOJISET
OOHapy>XUTh TPUCYTCTBUE OYEHb MAJIBIX KOJMYECTB XUMHUYECKHUX 3JIEMEHTOB,
KOJIMYECTBO  HCCIEAYyEeMOro  BEIIeCTBa, HEOOXOIMMOEe  JUisl  TPOBEJEHUS
CIIEKTPAJIbHOTO aHAJIM3a JI0cTaToyHo 10 $—10"r.

CnexkTpanbHbIi aHalv3 TO3BOJSET OINPEIEIUTh COCTaB MapoB M TIa30B,
HAXOJSIIUXCSI HAa TMPOU3BOJIBHO OOJBIIOM PACCTOSHUM, JUIIL OBl JIy4H OT HUX
nomnajagyd B CIHEKTpalbHbIA npubop. IlosTromy 3TOT MeTOn HCMIONB3YIOT B
aCTpOHOMHMH [iJi1 ONpelesieHus XuMuueckoro cocrtaBa ConHlla W 3Be3l, HUX
TEMIIEPATYPHI, IBUKEHUS B IPOCTPAHCTBE U T. .

C moMoIIpI0 CHEKTPAIBHOTO aHain3a ObUIM OTKPBHITHI HOBBIE XHMHUYECKHUE
3JEMEHThI— pyOuAuH, 1e3uil, uHAuM, Taumii u renuid. [leppoHadanbHO reauit ObLT
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0oOHapy’KeH IPH aHaJIU3€ CIEKTPa COTHEHYHOI'0 MPOTyOepaHLa, OTKya U IPOU30IILIO0
Ha3zBaHWe 3TOro saemMeHTa (ot rped.«reamoc» — Connue). Jlunum renus ObuiH
oOHapy’»KeHbl B CHEKTpe ra3oB Be3yBus, 3aTeM B HEKOTOPBIX MUHEpaNaX U B OYEHb
MaJbIX KOJIMYECTBAX — B 3eMHOM aTtmocdepe. [loznHee, yaanochk NOJy4YUTh TeIHM
1a60paTopHO.

B cootBerctBuM ¢ 3ak0HOM Kupxroga crnekrpanbHblii aHaNIU3 Ia30B U IapoB
MOKHO NPOBOAUTH U IO CIEKTpaM mnoryiomeHus. Tak, B pe3ysbTare UCCIECI0BaHUS
IOJIOKEHUSI TEeMHBIX JUHMHA B cnekTpe ConHua ObLIo ycraHoBieHO, yTo CounHue
COCTOMT M3 TEX XK€ IEMEHTOB, 4yTO W 3emisd. IIpm nmpoBeneHHH CIIEKTPAIBHOIO
aHalln3a TOJb3YIOTCS CHENUAJIbHBIMU TaOMUMIAMU WIM aTjacaMHi CHEKTpaJbHbIX
JIMHUN, B KOTOPBIX NPHUBOJMTCS TOYHOE PACIIOIOKECHHUE JIMHUM CIEKTpa Ka)XIoro
XUMHYECKOTO 3JIEMEHTAa WM COOTBETCTBYIOIIME MM JUIMHBI BOJH. B HEKOTOPBIX
CIy4YasX CIEKTPAJIbHBIM aHAJIW3 NPOBOAUTCS IIyTEM CpPAaBHEHUS CIIEKTPOB
UCCIIEyEMOTO MaTepuaja M 3TAJOHHOIO CIEKTpa oOpa3la ¢ HU3BECTHBIM
COZIEP’KaHNEM XUMUYECKUX DJIEMEHTOB.

CnekTpanbHblli aHAJIN3 B OCHOBHOM HOCHUT KaY€CTBEHHBIA XapakKTep, TO €CTh
NIO3BOJIIET ONPENENINUTh HAJIUYME TOTO WM MHOTO BEIIECTBA. B HacTosiiee Bpems
pa3paboTaHbl METOJIbI KOJIMYECTBEHHOI'O CIEKTPAIbHOIO aHAIK3a, MO3BOJISIOIINE 10
UHTECHCUBHOCTH  CBEUYEHHUs  CIIEKTPAJIBHBIX JIMHWM  XMMHMYECKOIO  JJIEMEHTA
OIIpEAEIUTh €T0 MPOLIEHTHOE COAECPKAHKUE B HCCIIEyEMOM 00pasLe.

JIOCTOMHCTBA CIIEKTPAJIBHOIO aHAJIM3a — BBICOKAs YyBCTBUTEIBHOCTb, IIPOCTOTA U
OBICTpOTa MPOBEACHHUS aHalIM3a — JIENAal0T €ro yAOOHBIM Ui HCIOJIb30BAHUS B
METAUTYPTUH U B MAIIMHOCTPOCHUH, XUMUU U T'€OJIOTUHU, MEIULIMHE U OMOJIOTUU U
MHOTHUX JPYTIHX 00JacTIX HAYKH U TEXHUKH.

Pacnpeodenenue snepezuu 6 cnekmpe.

BaxxHOU XapakTEepUCTUKON U3IIyYEHUs SBIIAECTCS PACIPENCICHUE UCITy CKAeMOU
B €JUHUIly BPEMEHHU 3HEPrued Mo JJMHAM BOJH M 4YacToTaM. UTOObI yCTaHOBUT,
Kakhe Jy4yd MPHUHOCAT Ha 3KpaH OOJIbILIE PHEPIHM, & KaKHUe MEHbINE, MOJIb3YIOTCS
TepMonapoit 7 co cnaeM, IMOKPBITHIM Caxen

[ee) » M

»

T
lvo _ ;
Vo, 7 VK

Puc. 34.6. Puc. 34.7.

UEpHpIi crail morjoniaeT IMaJarollee Ha HEro M3Jy4YeHHWE U HarpeBaeTcs.
Boznukaromyto npu 3tom J3/IC, uzmepsaoT muwuuBoiabTMeTpoM G. Uem Oosblie
SHEPruM MPUHOCUT U3IyueHue, TeM Oonbiuas J/]C Bo3HUKaeT B TepMonape.

Ilepememias cmaii  TepMomapbl  BIOJIb  CIEKTpa, IOJYYAarOT KPUBYIO
pacnpeziesieHus: SHepruu B crekrpe (puc.34.6), MoKa3bIBAIOLIYI0, UTO OObILIAs YaCTh
JHEPI'UU IPUXOIUTCS HA KPACHYIO YaCTh CIIEKTPA.
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HccnenoBanus crekTpa Oeloro cBera MOKaszajil, YTO 3a KpacHOW 00JIacThiO
CIIEKTpa crmail TepMmomapbl HarpeBaeTcsi emé Oonplie, yeM B KpacHoil. Cmait
TEPMOIApPbl CUJILHO HArpeBaeTcCs, JaKe KOI/a OH HAXOAMTCS JaleKo 3a KpacHOM
00J1aCThI0 BUJIMMOTO CHEKTpa, TaM, IJ€ a3 HUYEero He BUJIUT. JTO O3HAYAET, YTO B
cHekTpe Oelloro CBeTa 3a KPaCHbIMM JIydaMd HaXOJATCS HEBUAMMBIC JYy4H, JJIMHA
BOJIHBI KOTOPBIX OOJIbIIIE, YEM Y KPACHBIX JTyUeH.

HeBunumpble Jydyn, KOTOpbIE B CIIEKTPE PaCHoJiaraloTcs 3a KPaCHBIMU JIy4amH,
Ha3bpIBalOT WH(QpakpacHeIMU (OT Jar. «uHppa» — 1ox). OHM 00J1aal0T SIPKO
BBIPAKEHHBIM TEIJIOBBIM JIEHCTBUEM, MOITOMY HUX HA3bIBAIOT €HIE TEIJIOBBIMH.
NHuppakpacHbie Tyun NpeoMIISIIOTCS ciiadee KPacHBIX U UMEIOT JITTMHBI BOJIH OT 0,76
MKM IPUMEPHO 10 | MMm.

HeBunumple mydn, pacronioXeHHbIE 3a KpadWHed QuoseToBOM 007acThiO
CIEKTpa, HAa3bIBAIOT yJIbTpaduoIeTOBHIM  (OT JaT. «y’apTpa» — cBepx). OHu
PETOMIISIIOTCS CUJIbHEE (PHOJIETOBBIX JTy4eil, UMEIOT 0oJiee KOPOTKYIO JUIUHY BOJIHBI,
or 0,4 npumepno no 0,01 mxm. KopoTkue BOJHBI 00JaJalOT SIPKO BBIPAKEHHBIM
XUMUYECKUM JIEHCTBUEM, HAIIPUMED, BBI3BIBAIOT MMOYEPHEHHUE CBETOYYBCTBUTEIBHOM
Oymaru. Ota Oymara 4yepHEeT W TOrJa; KOrjJja OHa pAacMoJOKeHa 3a KpalHUMHU
(MOJIETOBBIMU JIy4aMu CIEKTPA, TaM, Te a3 HUYEero He BUJIUT.

Hngppaxpacnoe usnyuenue ucnyckaiom 6ce mena 6 npupode, TaK Kak HX
BO3HUKHOBEHUE OOYCIIOBJIEHO XaOTHYECKUM JBUKEHHUEM MOJIEKYJ M aTOMOB B
aob6oM  BemiecTBe. [lpu MOBBIIEHUMM TeMIEPAaTyphl SHEPTHUs HHPPAKPaCHOTO
U3Ty4YeHUs Tea ObICTPO BO3pPACTaeT.

C nomompio u3nydeHusi 3emiiss nonydaer sHepruto oT Coinnna. ComHue
UCITyCKAaeT HHTEHCUBHOE MH(paKpacHOE U yIbTpaduoIeTOBOE U3TyUEHHE.

3. TermoBoe u3jydyeHue TeJl.

NcnyckaeMblii UCTOYHHUKOM CBE€T YHOCUT € co0oi sHepruto. CyliecTByeT
MHOTO pa3JWYHbIX MEXAHU3MOB MOJBOAA SHEPIMM K MCTOYHUKY cCBeTa. B Tex
Clly4asix, Korjga HeoOXoJumasi 3Heprusi COOOIIaeTcsi HarpeBaHUEM, W3ITyYeHUE
Ha3bIBAETCS menjiogviM. B OoTIiMUME OT BCEX APYrMX BHJIOB M3IIYYEHUS, TEIJIOBOE
U3JIYYEHUE MOXKET HAXOOUTHCS B COCTOSHUM TEPMOIMHAMHYECKOTO PABHOBECHS C
HarpeTbIMH TEJIAMH.

Ecnmn B 3aMKHYTYyIO TMOJIOCTH C 3€PKAJIBHO OTPAXKAKOIIKMMU CTEHKaMH
IIOMECTUTh HECKOJIBKO TEJ, HarpeTblXx [0 pPa3JIM4HOM TeMIeparypbl, TO Takas
CHUCTEMA C TCUYCHUEM BPEMEHU MPUXOJUT B COCTOSHUE TEIJIOBOI'O PABHOBECHS, MPHU
KOTOPOM BC€ Tejla MpUOOpPETAIOT OJMHAKOBYIO TemImeparypy. HM3mydenue,
HaxoJsIeecss B TEPMOJAMHAMHUYECKOM PAaBHOBECMM C TEJaMH, HWMEIOIINMU
ONPENEIICHHYI0 TEMIEPaTypy, HAa3bIBACTCs pasHogecHuiM. IIINOTHOCTH »HEpruun
PaBHOBECHOTO H3Jy4YEHUS M €ro CHEKTPaJIbHbIA COCTaB 3aBUCAT TOJIBKO OT
TeMmneparypsl. Eciin uepe3 Manoe OTBEpCTUE 3ariiHYyTh BHYTPb MOJOCTH, B KOTOPOU
YCTaHOBUJIOCh TEPMOJIMHAMHUYECKOE PABHOBECUE MEXK]Yy M3JIYUYCHHUEM W HAarpeThIMU
TeIaMH, TO TJa3 HE Pa3ju4UT O4YepTaHU Ted U 3adUKCUPYET JUIIb OJHOPOIHOE
CBEUCHHE BCEH MOJOCTH B LIETIOM.

Mexay CrnocOOHOCTBbIO Tell MCIYCKaTh M IMOIJIONIATh SHEPTUI0 H3IYUYEHUS
CYILIECTBYET ONpeeSIEHHAs CBSI3b, BbIpaxaeMas 3axkonom Kupxzogha:
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B cocmosmuu  mennogoco  pasHosecus — OMHOuleHue  CNEeKMpPAibHOU
JIYYEUCNYCKAMENbHOU — CNOCOOHOCMU ' K CHEeKMPAIbHOU  NO2N0WAMENbHOU
cnocobnocmu A ne 3asucum om npupoovl mena; OHO OXs 6cex mein 0OUHAKOBO U
AGNAEMCA  YHUBEPCANbHOU  (DyHKYuell yacmomvl V (unu OAuHOU 607HbL A) U
abCcotomuoU memnepamypbi.

A N Y R £ T
(A )1—(A—)2— ----- _(A ), =fT)

v,T v, T v,T

[IycTh 0JTHO U3 TEN B MOJOCTH 00JIaJa€T CBOMCTBOM MOIJIOLIAThH BCIO
[aIAI0IIYI0 Ha €r0 MOBEPXHOCTb JTYUUCTYIO SHEPTHUIO JTH0O0I0 CIEKTPAIIBHOTO
cocrasa. Takoe Teyo Ha3bIBAIOT abcontomno uepuvin  Av,T=1.

Taxum oOpazom, yauBepcanbHas pyHkius Kupxroda ects ciekTpanbHast
JTy4eHCIycKaTelbHas CIOCOOHOCTh a0COIIOTHO YEPHOTO TeIa.

Pacnipenenenne sHepruu mo JUIMHAM BOJIH B M3JIYyYEHUU a0COJIOTHO YEPHOIO

TeJa NpH  3aJaHHOM  Temmeparype 1 XapaKTEepU3YeTCsS  U3JiyuamesibHoll

cnocoonocmoio r(A, T), paBHON MOIIHOCTH M3JIy4EHHs C €IMHMIBI TTOBEPXHOCTH
TeJla B eIMHUYHOM WHTEpBaJe AJTUH BOJIH.

[Tpu 3amaHHON TemmepaType COOCTBEHHOE TEIIOBOE M3Iy4YeHHE aOCOIIOTHO
YEpHOTo Teja, HaXOSIIErocs B COCTOSIHUM TEIUIOBOTO PAaBHOBECHUS C M3IyUYEHHUEM,
JOJDKHO HMETh TOT JK€ CIEKTpPaJbHBIM COCTaB, YTO M OKpYXKalIlee 3TO TeJo
paBHOBECHOE M3JIydeHHE. B NpPOTUBHOM cCilydae paBHOBECHE MEXIy aOCOJIOTHO
YEpHBIM TEJIOM M OKPY’KAIOLIEM €ro H3JyYeHHEM HE MOIJ0 Obl YCTaHOBHUTHCS.
[Tosromy mpoGnemMa CBOAWTCS K HM3YyUYEHHUIO CIEKTPAIBHOTO COCTaBa H3ITydeHUs
a0COJIIOTHO YEPHOTO.

Xopoweid MOJenblo abCONMIOTHO YEPHOIO Tea
ABJISIETCSl HEOOJIBILIOE OTBEPCTHE B 3aMKHYTOH
nosnoctu. (puc.34.8) Cger, mnagarmuil 4yepes
OTBEpCTHE BHYTpb MOJIOCTH, nociie
MHOTOUYHCIIEHHBIX OTPaXXeHUM OyAeT MpaKkTU4YEeCKU
[OJTHOCTBIO TIOIVIOIIEH CTEHKAMHM, M OTBEPCTHE
CHapy>kH OyJIeT Ka3aTbCsl COBEPLUIEHHO YEPHBIM.

Puc. 34.8

Ecau monocts Harpera 10 ONpEAEIEHHOM Temmeparypbl 1, W BHYTpH
YCTAaHOBWJIOCh TEIUIOBOE pPaBHOBECHUE, TO COOCTBEHHOE U3IyYEHHE IIOJIOCTH,
BBIXOJSIIIIEE 4Yepe3 OTBEpCTHE, OyJeT M3IyuyeHueM aOcoNoTHO 4vepHoro Ttema. C
YBEJIMYEHUEM TeMIIepaTypbl BHYTPHM TMOJOCTH OyJeT Bo3pacTaTb SHEPIHs
BBIXO/ISIIIETO U3 OTBEPCTHUS U3TYUCHHUS U U3MEHSTHCS €ro CIIEKTPaJIbHBIN COCTaB.

Pacnipenenenuie sHepruu 1o JiMHaM BOJH B U3JIYyY€HUU a0COIIOTHO YEPHOTO
Teoa TpH  3aJaHHOM  Temmeparype | XapaKTEpU3YeTCS U3 UAMENbHOU

cnocobrocmoio 1 (X, T), paBHO! MOIIHOCTU H3JIy4YEHHs C €AUHMIBI TOBEPXHOCTH
TeJa B €IMHUYHOM UHTEpPBAaJe IJIMH BOJIH.
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[poussenenne #(A, T)ANL paBHO MOLIHOCTH W3JIy4EHHS, HCITyCKAEMOTO
€JIMHMYHOMN TIIOIIAKON MOBEPXHOCTH 110 BCEM HANPABIEHUSAM B MHTepBaie AN miuH
BOJIH. AHAJIOTMYHO MOYHO BBECTH pacnpesenenue sHepruu no vacroram (v, T).
Oyukuuio 7(A, T) (nn r(v, T)) Ha3bIBAIOT CIEKTPAIBHON CBETHMOCTBIO, & MOJHbIHN
norok R(7) usnyuenus Bcex JUIMH BOJIH, PABHBIN:

R(T) = j rA,TYdA = j r(v, T)dv
0 0
ceemumocmsiro TCIA.

Ha3bIBAIOT unmeepaﬂbﬁoﬁ

3akon  Cmegpana—bonvymana:  HUnmeepanvnan  ceemumocmos  R(T)
abconomno 4epro20 mela NPOoNnoOPYUOHATbHA YemEepmol Cmenenu abconomuoll
memnepamypor 1: R(T) = oT :

YuCI0BOE 3HAYEHWE TIOCTOSHHOW O, IO COBPEMEHHBIM H3MEPEHUSM,
cocrapiser 6 =15,671-10° Bt/ (m" - KY).
1650 K C yBENMYEHHEM TEMIIEPATYPHl MAKCHMyM
CMEIAETCs B 00ONACTh KOPOTKUX JUIMH BOJIH,

¥

npuYeM NpPOU3BEIECHUE TeMIlepaTyphl 1 Ha JUIMHY
BOJNHEI A, COOTBETCTBYIOLIYIO MAaKCHMYMY,
0CTaeTCs MOCTOSIHHBIM: Al =0b .

3axkon cmewenua Buna: [nuna eonmvi A, Ha
KOMOPYIO — NPUXOOUMCSL  MAKCUMYM — DHepeuu
U3IYyYeHUus abCONOMHO 4epHo20 mend, 00pamHo

nponopyuonaibia abcortomuoi memnepamype T

An=b/T.
Tocrosunas Buna b = 2,898-10° m-K.
[Ipy  OpakTHMYECKM  JOCTHXKHUMEIX B
1abOPaTOPHBIX YCIIOBHSAX TeMIeparypax

MaKCHMyM H3IydaTenbHoi crnocoonoctu (A, T)
JISKHAT B MHPPAKPACHOU 00JIaCTH.

Puc. 34.9
OKCIEpUMEHTAIBHBIE U3MEPEHUS CHEKTPAIBHOIO PACHPENCIICHUS HU3ITYyYCHHUS

aOCOJIFOTHO YEPHOTO Tella IMOKA3aJlM, YTO NMPU KAKJOM 3HAYEHHH Temieparypsl 1

saBucuMocth 7(A, T) umeer Spko BhIpaKeHHBIH MakcuMmyM. (puc.34.9)Tonbko npu
3

T>510"K makcumym momagaer B BHAUMYIO 00JacTh CHEKTpa. MakCHMyM

sHeprun uziaydenus Conuua npuxoaurcs npumeprno Ha 470 HM (3enenas 06iaacThb

CIIEKTpA), YTO COOTBETCTBYET TEMIIEPATypPe Hapy)HEIX ciaoes Connna oxkono 6200 K

B 1900 rony anrnwuiickuii ¢pusuk . Peneit, cTpeMsach MOJyYnuTh BCIO KPUBYIO
CIIEKTPAILHOIO pactpeneieHus usiayuenus uepnoro Ttena 7(A, 1), npumenmn
TEOPEMY KIACCHMYECKON CTATUCTUYECKOM MEXAHUKH O PABHOMEPHOM PACIIPEICIICHUM
SHEPTHHU IO CTEMEHSIM CBOOOJBI B COCTOSHHM TEPMOJMHAMHYECKOTO PaBHOBECHS K
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PABHOBECHOMY W3JIyYEHHUIO IOJOCTH. OJTy uuerw paszswi JxuHc. Takum nyrtem
YAAJIOCh MOJIYYUTh 3aBUCUMOCTb M3J1y4YaTelbHOU CIOCOOHOCTH aOCOIIOTHO YEPHOIrO
TeNa OT JJIMHBI BOJIHBI A ¥ TeMneparyps 1

®Dopmyna Penesa—/Incunca: r(\, T) = 8mkT) ™.

Ona coryacyercs € HKCIHEPUMEHTaJIbHBIMU JAHHBIMH TOJBKO B 00JIaCTH
nocTaToyHo NIUHHBIX BOJH (puc. 34.10.). Kpome Toro, u3 Hee ciemyeT aOCypaHBIMA
BBIBOJ O TOM, 4YTO wuHTerpambHas ceetumocth R(7) depHoro Ttema mo/mKHa
oOpamaTecsi B OECKOHEYHOCTh, a CJIEA0BATEIbHO, PAaBHOBECHE MEX]y HarpeThiM
TEJIOM U M3IyYEHHEM B 3aMKHYTOH IIOJIOCTH MOXKET YCTAaHOBMUTHCS TOJBKO IpPU
a0COJIFOTHOM HyJI€ TEMIIEPATypBhl.

¥
T=1600 K ,

R ,
L]
rf \ Y D-naPonea-xunca
|
| - \

A - T
-

| ! | | | i

"3
0 1 2 3 4 5 6 7 8 A 107 Em Puc. 34.10.

CpaBHeHue 3aKoHa pachpeieienus sHepruv no gmuHam Boan 7(A, 1) B

U3IIy4eHUH a0COIIOTHO YepHOro tena ¢ popmysnoit Panes—/xunca nmpu 1 = 1600 K.

Taxum 06pa3om, O€3yNpeUHbIl ¢ TOYKH 3PEHUS KIACCUYECKONW (PU3UKM BHIBOJ
npuBOIUT K (OpPMyJIe, KOTOpas HAaXOOWTCS B PE3KOM HPOTHBOPEYHMH C OIIBITOM.
Crano sCHO, YTO PEIMTH 3a4a4yy O CIEKTPAILHOM PACIPENECICHUH H3JTyYEHHs
a0COJIIOTHO YEPHOro Tejla B PaMKaxX CYIIECTBYIOIIMX TEOPUM HEBO3MOXKHO. JTa
3ajadya Obula ycmemiHo pemieHa M. [lnaHkoM Ha OCHOBE HOBOM HACH, UYXKIOH
KJIACCUYECKOM (pH3HKE.

[TnaHK IPHUILIEN K BHIBOLY, YTO MPOLECCH M3yUEHUS U MOTJIOMIEHHST HATPETHIM
TEJOM ODJIEKTPOMACHUTHOW DHEPrMH, IIPOMCXOIAT HE HENPEPHIBHO, Kak OTO
IpUHUMAalIa KJaccuuecKkas (pH3HKa, a KOHEUHBIMU MOPLUAMU — Kéanmamu. KBauT —
3TO MHUHUMAaJIbHAsl IMOPLUHS SHEPIrUM, U3JIydyaeMou WM moryomaeMon tenom. Ilo
teopuu [lnanka, sHeprus kBanTa £ mpsamo nmpomnopuuoHaibHa 9acToOTe CBETa:

E=hv,
rae h —nocmosnnas Ihanxa, pasuas h = 6,626-10* Iix-c.
Ha OCHOBE TI'MIIOTE3BI O IPEPHLIBUCTOM XapaKTepe IPOLECCOB U3IydYEHHsS W

MOTJIONICHUS TEJIAMH AJIEKTPOMArHUTHOTO u3nydeHus [lnank momyuun hopmymy s
CHEKTPaTbHON CBETUMOCTH a0COTIOTHO YEPHOTO Tela.

2
0. =2
C

h/ kT .
et —1

Dopmyna llnauka:
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3meck ¢ — CKOpOCTh cBeTa, I — mocrosHHas IliaHka, K — mocTosHHas
Bonbumana, 1 — abCcomoTHAS TeMIepaTypa.

@opmyna IlmaHka XOpOIIO ONMCBHIBAET CIIEKTPAJbHOE PACHPEACICHUE
U3Iy4YeHUs] YEpHOro Tena npu  Jo0bix  yactorax. OHa  coryacyercss ¢
SKCIIEPUMEHTaIbHBIMU JaHHbIMU. W3 (opmynsl IlnmaHka MOXXKHO BBIBECTU 3aKOHBI

Credana—bonbumana u Buma. Ilpu hv << kT ¢opmyna Ilnanka nepexoauTt B
dbopmyny Penes—[[xunca.
Pemenne npo6iieMbl W3TydeHUsT YePHOTO TeJla 03HAMEHOBAJIO BO3ZHUKHOBEHUS
HOBOW HayKH — KBAHTOBOU (PU3MKH.
KoHTpoibHBbIE BONPOCHI:

1. Kakumu npubGopamu nonb3yrorces i Habmoaenus crnektpoB? HazoBure ocCHOBHBIE
AJIEMEHTHI 3TUX TPUOOPOB.

2. UTo Ha3bIBAIOT CIIEKTPOM H3ITYyUECHUS?

3. HazoBute BUIbI CIEKTPOB U3inyuyeHus. Kakum BemiecTBaM XapakTepeH TOT WM HHOU
BU/I CIIeKTpa?

4. Kak pacnpenensieTcss SHEprusi U3JIy4eHHs B CIUIOMHOM crekTpe? C MOMOIIbIO KaKoro

OIIBITA 3TO MOXHO YCTAHOBUTH?

. UTo Ha3bpIBaIOT CIEKTPOM IOIJIOIIECHUSA?

. CpaBHHUTE CHIEKTPBI U3JIyUEHHSI U CIIEKTPHI MOTJIOMIEHHS OJHOTO BEILIECTBA.

7. B ueM cyTb siBIIeHUs OOpaIeHHs] CIIEKTPATBHBIX JUHUHI B CIIEKTPaX UCIYCKaHUS U
MOTJIONICHUs?

8. OOBSICHHUTE pacpe/IeIICHIE SHEPTUH B TMHEHYATHIX CIICKTPaX WCITYCKAHUS U
MOTJIONICHUS ?

9. Uto Ha3bIBAIOT CIIEKTPaIbHBIM aHaIM30M? Ha yem oH OcHOBaH?

10. HazoBuTE 1OCTOMHCTBA CIIEKTPAJIBHOTO aHAJIW3a U HAIIPaBJIEHMsI €r0 PUMEHEHUS.

11. Chopmymupyiite 3akonbl Kupxroda ajist TETUIOBOTO U3TyYEHUS.

12. B uem 3akimouaercs «cmenienue Buna» ? [losicuure Ha rpaduke.

13. Kakas npo6isieMa B TeOpeTUYECKON (PU3UKE MOCITY KA TOITYKOM POKICHUS
KBaHTOBOW (hM3HUKH?

14. B yeM 3akirouaercsi CynHOCTh runore3bl M.I1nanka?

15. 3anumuTe popMyIty SJHEPTUM KBAHTA.

16. YUemy paBHa noctosiHHas [lnanka?

AN D

Tema 35: DJIEMEHTBHI KBAHTOBOM ®U3UKMU.
1.®oron. JlaBnenue ceera. 2. dorornekrpuueckuit 3hdexr.
3. Buyrpennuii pororddexr. Bentunbubiii pororddexr.

1.®oToH. /[aBiieHHUE CBeTA.

®oronbl. COrIacHO KBAHTOBOM TEOPUM CBET NMPU MCIYCKAHMH U TIOTJIOLIEHUN
BegeT ceOd MOJOOHO MOTOKY YACTHI, IOAYYMBIIMX Ha3BAHUE (DOMOHOE WIIN
C6€mOoBbIX KEAHMOS.

OHeprusi pOTOHOB paBHA E=hv.

h=6,626-10"" Ilx-c-nocmosnnas Manxa,

v(I'y) — yacrora usnyvenus.

DOTOH JBUKETCS B BAKYYME CO CKOPOCTHIO c=3-10u/c

®oToH He nmeeT Macchl nokos, my = 0.
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M3 oOmero COOTHOWIGHUS —CIEUUAIbHOW TEOPHUH  OTHOCUTEIbHOCTH,
CBSI3BIBAIOIIETO YHEPTHIO, UMITYJIbC U MAcCy JIOO0N 4aCTHUIIBI,

.
2 =4y 2_ 24 22
E=mc'=hyv = M 2 u E=mct+pic

ciexyer, 4to GoToH obnamaet ummnyibcom P = % = % :

Takum 00pa3oM, ydyeHHE O CBETE, COBEPIIMB BUTOK JJIUTEIBHOCTBIO B JIBa
CTOJIETUSI, BHOBb BO3BPATHJIOCh K TIPEJICTABICHUSAM O CBETOBBIX YACTHIAX —
KOPIYCKYyJIaxX.

OTO HE MEXAaHWYECKHM BO3BpAT K KOPIYCKYyJsIpHOM Teopun Hprorona. B
Havyasie XX BeKa CTajo SICHO, YTO CBET 00JafaeT JBOMCTBEHHOW mnpupopou. Ilpu
pacupoCTpaHEHUU CBETa MPOSBISAIOTCS €ro BOJHOBBIE CBOWCTBa (MHTEpdepeHIus,
IU(PpaKIys, MOJIIpU3aLus), a IPU B3aUMOJICHCTBUY C BEILIECTBOM — KOPITYCKYJISIpHBIE
(botoadpdexr). Dra ABOMCTBEHHas TMpUpoAA CBETa TOJy4yusiIa Ha3BaHHE
KOPNYCKYAPHO-601H06020 Oyaausma. 1103xe nBoCTBEHHas npupoa Obula OTKPBITA
y JJEKTPOHOB M JIPYIMX 3JIEMEHTapHbIX 4acTull. Knaccuueckas (usmka HEe MOXKET
JaTh HAIJSITHOM MOJENHM COYETaHUs BOJIHOBBIX M KOPIYCKYJIIPHBIX CBOWCTB Yy
MHUKPOOOBEKTOB. [[BHKEHIEM MUKPOOOBEKTOB YIIPABIISIIOT HE 3aKOHBI KJIACCUYECKON
MexaHuku HpIOTOHa, a 3aKOHBl K6aHmMOGOU Mexanuku. Teopus H3Iy4YEeHUs
abComoTHO dYepHOro Tena, pasBuTas M. [lmankoM, © KBaHTOBas Teopus
doroanexkTpuueckoro ¢ dexkra DUHINTEIHA JeKaT B OCHOBAHUHU 3TO COBPEMEHHOMN
HayKH.

/laenenue ceema.

W3 snexTpomMarHuTHOM Teopuu MakcBeiia clieqyeT, YTO CBET, NaJarouiuil Ha
TE€JN0, OKa3blBaeT Ha Hero naasiieHHe. OIHAKO 3Ta Cuiia OYeHb Maja. Beruucienus
MakcBemna mokasajiyd, 4TO Ha 3eMJle COJHEYHBIA CBET JAaBUT HA KBaJpaTHBIA METP
YEepHON MOBEPXHOCTH, PACIIOIOKEHHON MEPHEHIUKYISIPHO Jydam, ¢ cuioi 4,8:10
"H. OGHapyXWTb M H3MEPHTb TAaKylO CHIy HAa ONBITE O4YeHb TPYJIHO, TAK KakK
OJIHOCTOPOHHEE HArpeBaHUWE IOBEPXHOCTH Te€Ja JIydaMH BbI3BIBAECT YBEJIMYEHHE
JABJICHUS OKPY’KAOIIEr0 BO3yXa HA 3Ty IOBEPXHOCTb, MPEBBIIIAIOIIEE BO MHOIO
pa3 CBETOBOE JABJICHHUE.

Brnepsrie naBienue ceera uzmepun B 1900 r. pycckuit pusuk [1.H. Jlebenes.
(puc.35.1)

CBeT OT MCTOYHHKA MOCJE PSAJa OTPAKECHUN MajaeT
Ha TOHKHUH JIETKHI KPYKOK R, YKpEIUIEHHbIH Ha MOIBECKE.

6 IlonBecka BUCHUT Ha TOHYauWIed KBapueBou HUTH H B

INyy kamepe K, BHyTpHM KOTOPOM CO3a€TCA BBICOKHMU BaKyyM.

TS [To yrny 3akpyuyuBaHUsS TOJBECKH OIPEACIIACTCA Cuja
. JABJICHUSI CBETA HA KPYKOK.

Puc. 35.1.
Tak kak QoOTOHBI O00IATAIOT OMPEICICHHBIM HWMIYJIbCOM, TO TpHU
B3aMMOJCHCTBUM C BEIIECTBOM OHU NEPENAOT YaCTh UMITYJIbCA YAaCTUIIAM BEILECTBA,
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OKa3bIBasg TCM CaMbIM JIaBJICHUC Ha €TI0 IMOBCPXHOCTD.

Eciin Ha Kakoe-TO Tello, HApUMeEP KPYXKOK B ombiTe JleOemena, 3a Bpems At
MajaeT u3jydeHue, o0aaromee Maccoi 71, TO OHO TEpeaeT KPYKKy 3a 9TO BpeMsl
uMIysse A (mc). D10 03HaYaeT, 9TO M3IydEHHE JEHCTBYET HAa KPYXKOK ¢ cuioi Fy,
_ A (mc)

At

Ecnn 1moBepXHOCTH Tella IOJHOCTBKO IOTJIOLIAET IIAaJarollee Ha Hero
u3NlydeHue (SBIseTCS aOCOJMIOTHO YEpPHOM), TO M3MEHEHHWE HUMITYJIbca CBETOBOIO

uzayuenus A (mc) Oyner paBHO MMIYJIbCY MC, (aHAJOTMYHO HEYIPYTOMY yaapy O
crenky) u Fy=mc/At. Otcrona moayyuMm, 4TO JaBIEHHE CBETA HA NOLOUWAIOULYIO

PaBHOM 110 BEJIMYUHE F i

_Fy ome
IIOBEPXHOCTh Pes S SAs

rae S — miomans 001y4aeMoii IOBEPXHOCTH.

Eciu moBepXHOCTD Tejla MOTHOCTHIO OTPa)KaeT MaJaroliee Ha HEro U3IydeHHe
(stBHsieTCst aOCOMOTHO O€No MIIM 3€pKaJIbHOM), TO U3BMEHEHUE UMITYJIbCa CBETOBOIO
usnyuenus A (mc) 6yner paBHo 2mc, (aHAJOTHYHO aGCOIOTHO YIPYroMy yaapy o
crenky) u Fy=2mc/At. Orcrona nonyuum, uto JaBJICHUE CBETA HA OMPANCAIOULYIO

F;  2mc
MIOBEPXHOCTh P =" =
P S SAt’
DHeprus M3JIyuyeHHsl CBA3aHA C €ro MacCOi COOTHOLIEHHEM DMHINTEHHA:
2
E=mc°. Orcrona mc=E/c, n, noacraBup 5TO 3HAYEHHWE HMITYJbCa CBETOBOTO
W3Iy4eHHuss B (OpMyNy IS [JABIEHUS CBETa, HAIPUMEP, HA MOIJIOIIAOLIYIO
E
cSAt”
[TockonbKy FE BeIpaXkaeT SHEPTUIO M3JTyYEHHMs, MMAJAIOIIEr0 Ha TEJIO 3a BPEMS

At, TO E/(S At) — »dHeprus wusNydeHMs, NANAONEr0 Ha EIUHUILY IUIOIIAIH
MOBEPXHOCTH Tejla 3a €AUHUIY BPEMEHH, Ha3blBaeMas UHMEHCUBHOCHIbIO BOIHBI.

MOBEPXHOCTh, OTYYUM Pes

OG6o3HaYMB MHTEHCHBHOCTH BOJHBI OykBoi [, momyumm ¢opmyiay Makcsesa st
BBIYMCIICHUS [ABJICHUS DJIEKTPOMArHUTHBIX BOJIH HAa MOBEPXHOCTH TEJIA, IIOJTHOCTHIO

OrJIoIArmCro 3T BOJHBL.  p :%.

XOoTs JaBl€HHUE CBETa B OOBIYHBIX YCJIOBHUSX OYEHb Maji0, OHO BBI3BIBAET
HaOoaeMble siBJieHUs. Tak, XBOCThI KOMET, UMEIOIINE OY€Hb HU3KYIO IJIOTHOCTD,
HaIlpaBJIeHbl BCeraa B cTOpOHY OT CoJIHIIAa UMEHHO M3-3a CUJI CBETOBOTO JIaBJICHMUS,
KOTOPBIE «CITyBAIOT» OTHEIbHBIE MOJIEKYJIbl PAa3pEKEHHOT0 rasa.

2. @orodiiekTpuueckuii 3QPexr.
Domosnekmpuyeckuil 3¢pghexm 6T OTKPHIT B 1887 rogy HEMEUKUM (PU3UKOM
I'.T'epuieM u skcnepuMeHTalbHO wuccieaoBan A. . CTONETOBBIM M HE3aBUCHUMO
@. Jlenapaom.
Buewnuii pomorgpgpexm cocmoum 6 vibusanuu 21eKmMpoHO8 U3 8euecmad
noo oelicmeauem nadarouje2o Ha He2o ceemd.
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Cxema 3KCIIepUMEHTaIbHON YCTaHOBKH JUIS
uccinenoBanus Gororddexra npuBeneHa Ha
puc.35.2.

Hcnone3yercst  CTEKIAHHBIM ~ BaKyyMHBIN
OAJUIOH C IByMS METAJUIMYECKUMU 3JIEKTPOJIAMHU.

K snekrpomam mpukiagsiBactes Hanpspkenue U,
IOJSIPHOCTh  KOTOPOTO  MOXHO H3MEHATH C
IOMOIIBI0  JBOMHOro  kmwo4a. OnuH U3

31eKTpo 0B (Karox K) depe3 KBapueBO€e OKOIIKO
OCBEIIAETCS MOHOXPOMATHYECKUM CBETOM JJIMHBI

BOJIHBI )\., U IIpU HCU3MCHHOM CBCTOBOM IIOTOKC

CHUMACTCA 3aBHCHUMOCTL CHIIbI (1)OTOTOK8, I or

npuiIoxkeHHoro Harnpspkenust U.

Puc. 35.2.

Ha puc. 35.3 n3o0pakeHbl TUIMYHBIE KPUBBIE 3aBUCUMOCTH CUJIbI (DOTOTOKA OT
IPUIOKEHHOTO HAPSIKEHHUS.
KpuBas 2  coorBercTByer  Oouiblieil

MHTEHCUBHOCTH CBETOBOIO NOTOKA. [ U [y —

Toku Haceuuenus, U, — 3anuparommii
MMOTCHIIMAI.

KpuBpie 1m0OKa3pBatOoT, 4YTO NOpU JOC-
TaTO4YHO OOIBIINX MOJOKUTECIBHBIX

HanpsuKEHUSX Ha aHozne A (GOTOTOK J0CTHraeT
HACBIIIEHUS], TAK KaK BCE 3JIEKTPOHBI, BBIOUTHIE
CBETOM M3 KaTOJa, JIOCTUTAI0T aHO/1A.

7. 0 7]
Puc. 35.3.

W3Mmepenuss MOKasald, 4YTO TOK HAcklmleHus [, NpsSMO NPOINOPLUOHAIEH
HMHTCHCHUBHOCTH IIaJAaKOIICIO CBCTA.

Kor):[a HaHpH)KeHI/IC Ha aHOIC OTpI/IHaTCJIBHO, 3J'ICKTpI/III€CKO€ I10J1C MC)KI[y
KaToaIoOM U aHOIOM TOpMOSI/IT BHCKTpOHBI. AHOI[a MOFyT JOCTHUYb TOJIBKO TC
QJICKTPOHBI, KHHCTHYCCKAs S9HCPIUA KOTOPBIX ITPCBBIIIACT |el]| Ecmn HaIIPAKCHUC Ha
anoze Menble, ueM —U,, hororok npekpamiaercs. Usmepss U,, MOXKHO onpenenuTsb
MAaKCUMAJIbBHYIO KHHCTHYCCKYIO S9HCPTUIO (bOTOBHGKTpOHOB:

2
mzv _ U,

max

3armpa}0umﬁ IMOTCHII M AaJI U3 HC 3aBUCUT OT HMHTCHCHUBHOCTH IIaAarolIcro

CBETOBOTO ITOTOKA W JTUHEHHO BO3pacTacT C yBEJIMUYCHUEM YacTOThI V cBeTa (JIeHapm)
(puc. 35.4).
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o 1 2 3 445 6 7 8 § 10 11 12

Vin
Puc. 35.4
3aBUCHMOCTS 3anuparonero norernuana U, oT 4acToTsl V MaJaioIero CBeTa.
DKCIepUMEHTAIBHO YCTaHOBJICHBI CICAYIOITUE 3aKOHOMEPHOCTH
dboTtoaddexra:

1. MakcumanbHasi KWHETHYECKass IHEPTUs (OTOIIEKTPOHOB JIMHEHHO BO3PACTAET

C YBCIIMYCHUECM YaCTOTHI CB€TA V M HC 3aBUCHUT OT €0 MHTCHCUBHOCTH.
2. ].IJ'ISI KaXXa0ro BCHICCTBA CYHICCTBYCT TaK Ha3bIBACMAA KpacCHAA Zcparuya

Gdomosghgpexma, T.e. HaAMMEHBIAS YaCTOTA V,,;,, NPU KOTOPOH eIIe BO3MOXKCH
BHEIIHUHN (HOTOIP(DEKT.

3. Yucno (oTOIIEKTPOHOB, BBIPHIBAEMBIX CBETOM M3 Karoaa 3a 1 c, mpsmo
IPOMOPITMOHATIEHO MHTEHCUBHOCTH CBETA.

4. ®otord ekt mpakTHUeCKu OE3bIHEPIIMOHEH, (DOTOTOK BO3HUKAET MTHOBEHHO
MoCJIe Havyayia OCBEIEHUs KaTo/a.

Ypasnenue Iiinumentna ona omorgpgpexma. Teopernueckoe OOBSICHCHHE
HaAO0JII0TaeMBIX 3aKOHOMEpHOCTeN (poroaddekra Ob10 gano DiHImTETHOM B 1905 T
Ha OocHOBe rumore3bl M. Ilmanka o TOM, YTO CBET HW3Iy4aeTCsl W MOTJIOIIAETCS
OTIPEICTICHHBIMH TTOPIUSAMU, TPUYEM IHEPTUS KKIOW TaKOW MOPITUH OMPEACIIICTCS
dopmynoit E=hv, rne h — mnocrosnnas Ilnanka. CBET UMEET NPEPHIBUCTYIO
JTUCKPETHYIO CTPYKTYPY. DJIIEKTPOMarHUTHasi BOJIHA COCTOUT M3 OTIIEIbHBIX MOPIIHA
— KBaHTOB, BIIOCJEACTBUM Ha3BaHHBIX @omonamu. llpu B3auMOACHCTBUU C

BEIIECTBOM (DOTOH LEIMKOM IIEPENAET BCKO CBOK SHEPTHIO AV OJHOMY 3JIEKTPOHY.
YacTh HEPrHU DJIEKTPOHA 3aTPavyMBAETCA Ha COBEpIleHHe paboThl Bbixoga A Ha
IpaHUIIe METAJJI-BaKyyM, 3aBUCSILYI0 OT CBOMCTB Marepuana karoaa. Haubonbias
KMHETUYECKasi DSHEpPrusi, KOTOPYH MOXET HMETh BbUICTEBUIMI M3 KaToJa
(OTORIEKTPOH, ONIPENETAETCS 3aKOHOM COXPAaHEHUSI SHEPTUU:

mo’
=eU,=hv -4
2 max ‘
. . mo
Ypasnenue Junwmetina ona pomosgppexma: hv=A+ -

YpaBHeHHEe DWHINTEHHA OTpaXKaeT 3aKOH COXPAHCHUS DHEPIHH IS
dbotoddpdexra. C mTOMOIIBIO ypaBHEHUS OUHIITEHHA MOXHO OOBSICHUTH BCE
3aKOHOMEpHOCTH BHemHero ¢otodddekra. W3 Hero cieayloT JIHHEHHAS
3aBUCUMOCTh MAaKCHUMaJIbHOW KUHETUYECKON HIHEPTUU OT YaCTOThI U HE3aBHUCHUMOCTH
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OT MHTEHCUBHOCTH CBETa, CYIIECTBOBAHHME KPACHOM TI'paHMIIbl, O€3bIHEPIUOHHOCTD
dotorddexra. O61IEe YUCTO FIEKTPOHOB, MOKUAAIONINX 32 | ¢ MOBEPXHOCTh KAaTO/A,
JOJIKHO OBITh MPOMOPIMOHATIBLHO YKCTY (OTOHOB, MANAIOIIMX 3a TO K€ BpeMsl Ha
MOBEPXHOCTh. M3 3TOr0o criemyer, 4To TOK HACBIIMIEHUS JOJDKEH OBITh MPSIMO
IIPONOPLUHUOHAIIEH UHTEHCUBHOCTH CBETOBOIO IMOTOKA.

Kak cnemyer u3 ypaBHeHMsT OWHILITEWHA, TaHT€HC yTila HAKJIOHA MPSMOM,

BBIPAKAIOIIEH 3aBUCHMOCTH 3amuparomiero notennuana U, ot gactotsl V (puc. 35.4),

h

paBeH OTHOIIEHHIO TTOCTOSHHO# I1nanka /1 k 3apsty snextpona e:  [8Q = PR

OTO TMO3BOJSET JKCIEPUMEHTAIBHO OMNPENEIUTh 3HAUYEHHE MOCTOSHHON
[Inanka. Takue wm3MmepeHuss ObuTM BbITIONHEHBI P. Mumukenom (1914 r1.) m ganu
XOpolllee corjlacue co 3HadeHueM, HaljaeHHbIM [lnankom. OTu u3MepeHus

he
IO3BOJIMIIM TAKXKE ONPEIEIUTL paboTy Beixoaa A: 4= hvmin = 2 -
Kp
rje C — CKOPOCTh CBETa, Ay, — JIMHA BOJNHBI, COOTBETCTBYIOIIAsi KPACHON IDAaHHIE
dorosdpdexra. Y GOIBIIMHCTBA METAILIOB PadoTa BIX0Aa A COCTABIAET HECKOJIBKO
snextpon-sonsT (1 3B = 1,602-10°" JIX). 3nauenwe mocTosHHOM IliaHKa,

15
BBIPQKCHHOE B DJIEKTPOH-BOJIBTAX B CeKyHAy, pauo: 4 =4,136-10 ~ »B-c.
Cpenn MeTauIOB HaWMEHbIIEH pa0OTOM BbIXOAA OOMANalOT IIETOYHBIC

metabl. Hanpumep, y natpus 4 = 1,9 3B, uro coorBercrByeT KpacHoi rpaHmie

dorosddexra Ay, = 680 HM. TTosTomy coemuneHus menodHbx Meraios (Cs, Rb u
Jp.)UCTIONB3YIOT AJISl CO3/IaHUS KaTOAOB B ¢homoaiemenmax, MpeIHaA3HAYCHHBIX IS
pETUCTpaIK BUIUMOTO CBETA.

Domornemenmsl ¢ eHewHum pomoirpgexmom. Illpubop, ¢ nomowwio
KOMOPO20 OCYWeCmBIAemcs npespaujenue dHepeUun UsLyYyeHUus 6 INeKMpPUdecKyro
9Hep2UI0 HA3bI8AEMC S POMOIIeMEHMOM.

Buemnnit Bux (a), ycrtpoiictBo (b), W ycioBHOe wu300paxkeHue (c)
dboToreMeHTa ToKa3aHbl Ha puc. 35.5

A
BHyTpeHHsIT TIOBEPXHOCTh CTEKJISIHHOTO
OaJlJIOHAa, W3 KOTOPOro YJaJleH BO3AYX,
HOKPBIBACTCS CBETOUYBCTBUTEIHHBIM
- cioeM K ¢ «oknom» O st toctyna cBera

BHYTpPB OajlyioHa.

Puc. 35.5.
B menTtpe Oamiona moMemaercs MeTaummdeckoe  koibio A, Or
CBETOUYBCTBUTEIBHOTO c10si K 1 KoJnblia A fe1ar0TCs BBIBOABI JISI IPUCOSTUHEHUS
K OJJICKTpUYeCKOW 1enu. [ mMoJIydeHHsI CBETOYYBCTBUTEJIBHOIO CJIOS 4acTo
UCIIOIB3YIOTCS 1IETOYHBIE METAJUIbl, UMEIOIME HU3KYI0 Pa0OTy BBIXOJA U MOITOMY
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YyBCTBUTEJbHBIE K BUAMUMOMY CBeTy. MW3rotoBisioT Takke (HOTOIIEMEHTHI,
YyBCTBUTEJIbHBIE TOJIBKO K YIBTPa()HUOIETOBOMY U3ITYUEHHIO.

B ¢orosanementax ¢ BHemHUM (PoTOA(H(PEKTOM MNPOUCXOAUT MPEBPAIICHUE
JHIIb HE3HAYUTEIHHOW YacTH DHEPTUU HU3IYUYEHHUS B DIJIEKTPUUYECKYIO, MOITOMY B
Ka4ecTBE HWCTOYHUKOB DIEKTPHUUECKONM DOSHEPTUM OHU HE MPHUMEHSIOTCSI. OTH
(GOTO3IEMEHTBI UCTIONB3YIOTCS JJI1 aBTOMATHUYECKOTO YIPABIEHUS 3JIEKTPUUECKUMU
HENsIMA C TIOMOUIBIO CHUTHAJIOB, CO3JaBa€MbIX BHUIUMBIM U YJIbTPa(HUOIETOBBIM
U3ITyYECHUEM.

K nocromncTBaM Takux (OTO3TEMEHTOB OTHOCUTCA MX O€3bIHEPIIMOHHOCTH U
IPONOPIUOHATIBHOCTh (OTOTOKA MHTEHCUBHOCTH HW3JYyYEHUS, UYTO IMO3BOJIET
UCTOJb30BaTh UX B (oToMeTpuu. K HegocTtaTkaM OTHOCSTCS: claOblii TOK B LIETH
dboTo35IeMEHTA.

Buympennuit pomosgpgpexm. 1lpu o0xaydeHUr NOJyIPOBOJHUKA CBSI3AHHBIE
AJIEKTPOHBI MOMIONIAIOT MPOHUKAIOIINE B HEro0 (DOTOHBI U MEPEXOJAT B CBOOOJHOE
COCTOSIHHE, TaKUM 00pa30M, YBETUYMBACTCA KOHIICHTpAIUS CBOOOJIHBIX HOCHUTENEH
3aps0B U MOBBIIIAETCS MMPOBOJUMOCTD OTYTIPOBOIHUKA.

T'enepayus c60600mnbIX HOCUmMeEEl 3apsA008 8 NOJLYNPOBOOHUKE, NPOUCXOOAUAS
sceocmeue 001yuenus NOJYNPOBOOHUKA, Ha3vl8aemcs 6HYMPEHHUM
Gpomosghghexmonm.

[Ipu BHemHeM ¢oToddPexTe 3IEKTPOHBI BBHIPHIBAIOTCA M3 BEIIECTBa, a MPH
BHYTPEHHEM OCTAIOTCSI BHYTPH HETO.

Jlis reHepanuy CBOOOJHBIX HOCHUTENEH 3aps 0B B IMOJYIPOBOJAHHMKE HY>KHA
MEHbIIasg 3HEPTus, 4YeM JJi1 BBIPHIBAHUSA DJEKTPOHOB U3 BEILECTBA, IO3TOMY
BHYTpeHHHI (POTOd(P(HEKT MOKHO BBI3BaTH 00Jie€ JIMHHOBOJIHOBBIM H3IIyYCHHEM,
YeM BHEIIHWI. Y HEKOTOpPHIX TMOJYNPOBOJAHUKOB BHYTpEeHHUN (HoTodPdeKT
co3zaercsi MH(PpaKpaCHbIM H3ITYYCHHEM, UTO UMEET BaXKHOE MPAKTUYECKOE 3HAUCHHE
(mpubOpBl HOYHOTO BHUAEHUS). JlOMONHUTENbHAS TPOBOAUMOCTH MOIYHIPOBOJHUKA,
oOycIoBieHHass 00y4YeHUEM, Ha3bIBACTCS (hOMONPOBOOUMOCHIBIO.

Buytpennuii  gorordext seKUT B OCHOBE MpPUHLUNA  PaOOTHI
dboToCONPOTUBICHUHN U (POTOIIEMEHTOB.

VYcerpoiictBa, — IeWCTBHE  KOTOPBIX ~ OCHOBAaHO  HAa  HMCHOJb30BAHHUU
(GOTONMPOBOAUMOCTH  TIOTYIPOBOAHUKOB, HA3bIBAIOTCS  ()OMOCONPOMuUEIeHUsMU
(pomopesucmopamu). WX TpUMEHSIOT [ aBTOMAaTUYECKOrO  YIpaBJICHUS
ANEKTPUUECKUMHU IEMsIMU C TIOMOIIBIO CBETOBBIX CHUTHaJIOB. B oriauume oOT
($oTo351IeMEHTOB (POTOCONPOTUBIICHUS MOKHO MCIIOJIB30BaTh B LEMSAX MEPEMEHHOIO
TOKa, TOCKOJBbKY HX 3JEKTPUUECKOE CONPOTHUBIIEHWE HE 3aBUCHUT OT HaIlpaBJICHUS
TOKA.

®dortoconporuBnenue (puc. 35.6, a) COCTOMT U3 TMOJYIPOBOJIHHUKA,
00alafolero 3HAYUTEIbHOW (HOTOUYBCTBUTEIBHOCTHIO, C JOCTATOYHO OOJBIION
NOBEPXHOCThIO JUIsi oOdy4yeHus. Tak Kak TOJYNPOBOJHUK TMPU KOMHATHOU
TeMIeparype o0iagaeT O4eHb MaJIOH MPOBOJIUMOCTBIO, TO B OTCYTCTBHE OCBEIICHUS
B IIeMU TeueT ciadbii (TemMHOBOM) TOk. [Ipu oOcCBelleHHH MOJYNPOBOJAHUKA €ro
CONMPOTUBJICHUE YMEHBINAETCSA, U TOK B LIEMU YCHIJIMBAETCS, BO3pacTas MO Mepe
YBEIMYEHHS OCBEILIEHHOCTH.
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cBeT

ANeKTpoabl nonynpoBogHUK \\

Harpyska

a) b)
Puc. 35.6
YcnoBHoe nzo0paxeHue poTope3ucTopoB MmokazaHo Ha puc.35.6,b. B kauecTBe

MaTepuana s (POTOCONPOTHUBICHUN MCIOJNL3YeTCS KpeMHHH Si, ceixen  Se,

cepurcteiii Tammuii TS, cepructeiii Bucmyr B1,S;, cepructoiii kaqmuit CdS u mp.
Kaxaplii U3 5THX MaTepuajoB HMEET CBOM (PU3UKOTEXHHYECKHE OCOOEHHOCTH,
ompenenstone  obnactb  ero  npuMeHeHus.  Hampumep, — HauOosbiias
(OTOUYBCTBUTENBHOCTh  PA3IMYHBIX IIOJYIPOBOJHUKOB MAJaeT Ha pasjInyHbIe
MHTEPBAIbI JUIMH BOJIH. XOPOIIMMHU (HOTOIIEKTPUUECKUMHU CBOMCTBAMU 00Ja1aeT

CdS,on pearmpyer Tompko Ha m3MydeHHME ¢ AAMHOM BOmHEI 0,5 MKM, a €ro
CONMPOTHUBJICHUE MPU OCBELIEHUU MOKET YMEHBIIATHCS B MUJUTHOH Pa3s.

K  nocromncTtBam  (OTOCONMPOTHUBIICEHUN  OTHOCSATCSA:  BbICOKass  (oro-
YyBCTBUTEIBHOCTh, OOJBIION CpPOK CIyXObl, Malible pa3Mephl, MpPOCTOTa
U3TOTOBJICHUS, BO3MOKHOCTh BBIOOpA (POTOCOTPOTUBIICHUS IJIsi HY>)KHOTO MHTEpBaJia
JUTHH BOJTH, B YaCTHOCTH U I WH(PpaKkpacHOU 00acTu.

K Henmoctatkam OTHOCSITCS: OTCYTCTBUE MPSIMON MPOMOPIMOHATBHOCTH MEXKITY
TOKOM B TIIEMd W WHTECHCUBHOCTHIO OCBCIIEHHUS, BIUSHUC Ha BEIUYUHY
CONPOTHUBIIEHUSI TEMIIEPATYPHl OKPYKAKOLIEH Cpeapl, MHEPUMOHHOCTh. llocnennuit
HEIOCTaTOK OOBSACHSETCS TEeM, YTO PEKOMOMHAIMS JJIEKTPOHOB M JBIPOK IIOCIHE
IpeKpaIeHus] OCBEIICHHs MPOUCXOAUT 32 BPEMS OT OJHOM 10 COTEH MUKPOCEKYHI,
MOSTOMY TpH  OBICTPBIX  HM3MEHEHHSIX CBETOBOTO TIOTOKA MPOBOJUMOCTD
MOJIYIIPOBOJTHUKA HE YCIIEBAET CJIEI0BATH 32 ATUMH U3MEHEHUSAMH.

Benmunwnutit homorghghexm.

Benmunvnviti  gpomoagppexm —  6osnuxnogenue I/[C  npu oceeweHuu
KOHMAKmMa 08yX pasHulX NOJYNPOBOOHUKOS.

Bentunbubiii  poTodhdexT ucmonb3dyercss s MPEeBPAIICHUS SHEPTHH
U3TYUYEHUS B 3JIEKTPUYECKYIO SHEPTHUIO B MOIYIPOBOAHUKOBBIX (POTOIEMEHTaX C P

— N nepexoxoMm. bonpmioe  pacnpocTpaHeHHE — MOJMYYHMIM — KPEMHHUEBBIE
(OTO3MEMEHTBI, HCHOJB3YEMbIE JUIsl NpeoOpa3oBaHUs JHEPTrUU  COJTHEYHOIO
U3ITyYEeHUsS] B DJEKTPUUYECKYIO HHEPrui0 M TMOJYYUBIIME HA3BAHUE COJHEYHbIX
bamapeti.

DNeMEeHT KPEMHHMEBON COJIHEUHOM Oarapen MpencTaBisieT COOOM IIaCTUHY
KpEMHHUS N -THUNA, OKPY’KEHHYIO CIIOEM KPEMHUS P-TUIA TOJIIMHON OKOJO OJHOIO
MHUKpPOMETpPA C KOHTAKTaMH JIJIsl IPUCOEIMHEHU K BHEIIHEH nenu. (puc. 35.7)
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cBeT

nNeHka p-tuna

cBeT @k I

o

Puc. 35.8

[Ipn OCBEILICHUA [IOBEPXHOCTU
anementa (Puc.35.8) B TOHKOM HapyXHOM
clIoe P - TUOa TEHEPUPYIOTCA Iapsl
(QIEKTPOH —  JIbIpKa»,  OOJBIIMHCTBO

KOTOpPbIX, HE YCIEB pPEKOMOMHHPOBATH
BCJICICTBUE MAJIOM TOJIIMHBI CJIOS, MONANAET

B P — N Iepexo/I.

B p — n nepexone mnpoucXoauT
pasielieHue 3apsAnoB: IO JACHCTBUEM

nonst £ amexTpoHsI mepeGpackBaloTCs B

N -0067acTh, a JBIPKU OTOPACKIBAIOTCA B P
—00J1aCTb.

OTO O03HayaeT, 4YTO TMpHU OCBEIICHUU
Mexay sJekTpoaamu Bo3Hukaer J/IC,

3HAYEHUE KOTOPOU JOCTUraeT MpUMEPHO
0,5 B.

[Ipu 3aMbIKaHUM SJEKTPOJOB IEMEHT MOXKET CO37aBaTh TOK /10 25 MA ¢ KaXJI0ro
KBaJpPaTHOTO CAHTUMETPA OCBEIIAeMOI TOBEPXHOCTH.

Haubombias 4yBCTBUTEILHOCTh KPEMHUEBBIX (POTORIEMEHTOB IPUXOIUTCS Ha
3€JICHBIC JIyYd, T. €. Ha JIJTMHBI BOJIH, KOTOPHIM COOTBETCTBYET MAKCHUMYM SHEPrUU
COJIHEUHOT'O M3JIyUYCHHS. DTUM OOBSICHSIETCS UX JOBOJBHO BBICOKMM K.Mm.ja. 11-12% u
noxoauT 1020%. ConHeuHble Oaraped, yCTaHaBJIMBAa€Mble Ha HCKYCCTBEHHBIX
CITyTHHUKaX 3eMJIM M KOCMHYECKHUX KOpaOJsix, JAIOT DJICKTPUYECKYI0 DHEPTHUIO JUIS
OOpTOBOI anmapaTtypsl.

KoHTposbHbIE BONPOCHI TEMBI

1.B uem 3akmrodaeTcsi KOpIyCKyJISIPHO-BOTHOBOM Tyann3M cBeTa?

2.B 4dem 3akmntouaercst CymHoCcTh runote3bl M. Ilnanka?

3.Yro nmpencrasnser coboii poTon? Ilepeuncianre ocHOBHbIE CBOMCTBA (DOTOHA.
4.Hamummwure ¢popMyiry sHEpruu GoToHa.

5.Kak onpeaenuth Maccy u UMIyJibc poToHa?

6.B ueMm coctout sBienue Gorordpdexra?

7.Hapucyiite cxeMy yCcTaHOBKH Ui n3ydeHus GoTordpderra u 00bICHUTE CYTh.
8.Copmynupyiite 3aK0HBI BHENTHETO (hoTodhPekTa.

9.06bscHuTE 3aKk0HBI (POTOAh(PEKTA C TOUKH 3peHUs] KBAHTOBOM TEOPUH CBETA.
10.HauepTuTe BOIBT-aMIIEPHYIO XapaKTEPUCTHKY (poTorddhekTa u 00bsICHUTE ee.
11.Hammmmre popmyy DitHmreitHa 11 GoTosddhexra u 0ObICHUTE €€ CYTh.
12.Yto Ha3bIBaIOT KpacHOU rpanutien pororddexra?

13.0T1 4ero 3aBUCUT KUHETHUYECKasi FIHEPTHUST (POTOIIEKTPOHOB?

14 Kak Ha ombITe ONpeesieTcsl CKOPOCTh (POTOAIEKTPOHOB?

15.Yto Ha3wpBatoT BHyTpeHHUM (HoTOdIDPerToM?
16.Yto HazwiBatoT potornemeHTOM? OOBSCHUTE YCTPOUCTBO U MPUHIIUI PAOOTHI.
17.KakoB mpuHIIUIT ACHUCTBUS COTHEYHBIX OaTapeit
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Tema 36: DJIEMEHTBI KBAHTOBOI ®M3UKHN. TEOPUSI ATOMA
BOJOPO/IA IO BOPY

1. KBanToBsie noctynatel bopa. 2. AToMm Bomopoza. JIuHeidaTsie ClIeKTpPHI.
3. KopnyckynsspHO-BOJIHOBOM Jyajn3M CBOWCTB BEIIECTBA.

1. KBanToBble nocryJarsl bopa.

B navase XIX Beka ObUIM OTKPBITHI JUCKPETHBIE CHEKTPAJIbHBIE JIMHUHA B
U3JIyYEHUH aTOMOB BOJOPOJAa B BHIMMOW 4YacTH CIIEKTPa, U YCTaHOBJIEHBI
MAaT€MaTU4YECKHE 3aKOHOMEPHOCTH, CBA3BIBAIOIIME JUIMHBI BOJIH JTUX JIMHUHI
(1. banemep,1885 r.). Hanuuue nuHENYATBIX CHEKTPOB SBUJIOCH CBUIETEIHLCTBOM
CJI0’KHOM CTPYKTYpBI aTOMOB.

Crnenyromuii mar B pa3BUTHH NMPEACTaBICHUN 00 yCTpOWCTBE aroMa ciesai B
1913 rony narckuit ¢usuxk H. bop. bop mpwumien x BbIBOAy, YTO TIPU OINHUCAHUHU
NOBEJICHUSI aTOMHBIX CHCTEM CJIEyeT OTKa3aTbCsi OT MHOTMX IPEACTaBICHUIM
kiaccuyeckoi  ¢usuku. OH  chopMynHpoBand TOCTYNAaThl, KOTOPHIM JIOJDKHA
YAOBJIETBOPSITH HOBAsl TEOPHUsI O CTPOCHUU aTOMOB.

Ilepeovtit nocmynam bopa (TocTynnat CTallMOHAPHBIX COCTOSHUMN): amomHas
cucmema ModHcem HAxo0umcsi MmojbKo 8 0COObIX CMAYUOHAPHBIX (UTU KEAHMOBHIX

COCMOSIHUSAX), KANCOOMY U3 KOMOPBIX coomeemcemeyem onpeoenennasn suepeus I, B
CMAYUOHAPHBIX COCMOSAHUAX AMOM He U3Lydaem.

OTOT MOCTYJIAT HAXOAUTCA B IMPOTUBOPEUYUH C KIACCHYECKON MEXaHUKOM,
COTJIaCHO KOTOPOW JHEPTUs JBIKYIIETOCS JJIEKTpOHA MOXKET ObITh t000#. OH
HaXOJWUTCS B TMPOTUBOPEYMU M C DIEKTPOJMHAMUKOW, TaK KaK JIOMYyCKaeT
BO3MOXHOCTh ~ YCKOPEHHOTO  JBW)KCHHS  DJJIGKTPOHOB  0€3  W3IydYeHHUs
AJEKTPOMArHUTHBIX BOJIH.

E CoriacHo mepBoMmy moctynary bopa,

E, aToM XapaKTepU3yeTCs CHCTEMOM

OHEpPeeMUUecKUxX YpoeHell, KaKAbI u3

E, KOTOPBIX COOTBETCTBYET OMPEICICHHOMY
NN\ = CTallMOHApHOMY COCTOSIHUIO.

E ¥ MexaHudeckasi JHEPTUsl DIICKTPOHA,

JIBIKYIIIETOCS 10 3aMKHYTOW TPaeKTOpUU

SUAVAVAVAVATAY BOKPYI'  IIOJIOKMTEIHHO  3apsHKEHHOIO

A1pa, OTPULIATEIBHA.

£,

Puc. 36.1.
HOG)TOMy BCEM CTAllMOHAPHBIM COCTOSAHHUAM COOTBCTCTBYIOT 3HAYCHHA SHCPIUU

E,<O0. Ilpu E,>0 snexrpon ypmansercs or sapa (umonusaunus). Bemuuuna |E|

Ha3bIBaeTCs onepeueti uonusayuu. CoctosHue ¢ sHeprueil [ Ha3sIBaeTCst 0cHO8HbIM
cocmosanuem atoma. (puc. 36.1)
Bmopoii nocmynam bopa (npaBWIIO 4acTOT): npu nepexooe amoma uz 00HO20

CMAYyUOHAPHOSO COCMOAHUA C 3Hep2ueﬁ En 6 dpyeoe CMAayuoHApHOE COCMOAHRUE C
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onepeuen E,, uszmyuaemcs unu noenowaemcsi keamm, sHeEp2Us KOMOPO20 DPABHA
PA3HOCMU DHEP2Ull CMAYUOHAPHBIX cocmosnui: Wy, = En — Ep,

_E-E,

rae /1 — nocrosunas [Inanka. OTCroa 4acTOTA M3MYyYCHUS:  Vim — A

2. ATom Boaopoaa. JIuneiiuarbie CIeKTPHI.

[Ipocreiimmii ©3 aTOMOB, aTOM BOJOPOJA SIBUJICS TECTOOBEKTOM ISl TEOPUHU
bopa. OH conepXUT €IMHCTBEHHBINA 3JIEKTPOH. SapoM aroma SBISETCS NPOMOH —
MOJIOKUTENIPHO 3apsDKEHHAsl 4acTULA, 3apsl KOTOPOM paBeH IO MOIYJIIO 3apsaay
3JIEKTpOHa, a Macca B 1836 pa3 mpeBwllmaeT maccy 3iekTpoHa. Emre B Haudaie
XIX Beka ObLTM OTKPBITHI JUCKPETHBIE CHEKTpPalIbHbIC JIMHUM B U3JIYYEHHH aToOMa
BOJOPOJIa B BUAMMOW 00JacTH (uHeriyamsiii cnekmp). 3aKOHOMEPHOCTH, KOTOPBIM
MOJYUHSIOTCS ITMHBI BOJH (WM YacTOThI) JIMHEHMYATOro CrnekTpa BOAOPOJa, ObuIH
u3zydeHnl konuuectBeHHO . bambmepom (1885 1.). COBOKYMHOCTH CHEKTPAIbHBIX
JUMHUHN aToMa BOJIOpOJia B BUJIMMOM YacTH CIIEKTpa Oblja Ha3BaHa cepuell barvmepa.
[Toz’ke aHaAOTMYHBIE CEPUU CIEKTPAIbHBIX JIMHUN ObUIM OOHApY>KEHBI B
yIbTpaguoaeToBON M HH(pakpacHoW dacTsax cnektpa. B 1890 romy U. Puabepr
MOJTYYHJT SMITUPUIECKYIO (OPMYITY JJISl 9aCTOT CIICKTPATbHBIX JIMHUA:

1 1
v =R —5— =5
nm (mz nzj.

[Tocrostanass R B 3T0#t (opmyne HasbiBaeTcs nocmosinnou Puobepea. Ee
YHUCJICHHOE 3HaueHue R = 3,29'1015 [

Jlo bopa MexaHn3M BO3HMKHOBEHUS JIMHEMYATBIX CIIEKTPOB M CMBICI LIEJIBIX
YHUCEN, BXOAAIMMX B (OPMYJBI CIEKTPATbHBIX JIMHUA BOIOpoaa (M psma JIpyTrux
aTOMOB), OCTaBaJIUCh HEIIOHITHBIMHU.

Bop npeanonoxus, 9To MOMEHT UMITYJIbCa DJIEKTPOHA, BPAIIAOIIEroCcss BOKPYT
A5ipa, MOXET MPUHUMATh TOJIBKO JTUCKPETHBIC 3HAYCHHS, KpaTHbIE IOCTOSHHOU
[Tnanka. [y KpyroBeIX OpOUT npasuio keanmosarus bopa 3anuceiBaeTcsl B BUC:

_ . h _
mur, =n= - n=123,...).

31ech M. — Macca 3JIEKTPOHa, U — €ro CKOpPOCTh, 7y, — PaauyC CTALlMOHAPHOM
KPYTOBOW OpOUTHI.
Btopoii 3akon HeroTOHA /11 37I€KTPOHA, BPAIIAIOIIEToCs 10 KPYroBOH opouTe
mv> _ e
ro Adgegt’

paauyca 7 B KyJIOHOBCKOM ITOJIE SiAPA, UMEET BUL:

TJI€ € — DJIEMEHTAPHBIN 3apsif, &£p— JICKTPUUECKasi MOCTOSHHAS.
Pemass coBmectHo (Qopmynbl BTOporo 3akoHa HploToHa W mpaBuia
KBAaHTOBAHHUS, HCKJIOYAasl CKOPOCTh V, NOJYYHM, YTO PaIAYyChl CTAllMOHAPHBIX
2
— goh 2
KPYTOBBIX OPOUT ONPEIEIAIOTCS BIpAKEHHEM  'n = 2 1t

Ilenoe uncno n =1, 2, 3, ... Ha3pIBaeTCsA B KBAHTOBOM (DU3MKE aTOMA 21A6HbIM

K6AHmMOoebIM YUCIOM U ABJISICTCS HOMCPOM Op61/ITBI 9JICKTPOHA.
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Panuyc neppoii (1 = 1), camoii 61M3K0M K s1py OpOHUTHI PaBEH:

2
r=ay= - 529107y
Tme

Paiychl OCTE/IYIONMIX OPOHT BO3PACTAIOT IPOTIOPUHOHATLHO /-,
r,o=rn’
Hanpumep, paauyc TpeTbeii opoutsl (n=3) pasen:
rs=r;9=529-10""4-9=47,61-10""m.

[MonHas MexaHW4ecKas SHeprust £ cUCTeMBbI M3 aTOMHOIO sfpa M 3JEKTPOHa,
oOpararomnierocs o CTalMoOHAPHON KPYroBO opOUTe paanycoM 7y, paBHa:

m Z)z e2
E=EFE+FE =—5——
P2 Argyr, -
E, <0, Takx Kak Mex1y 37IEKTPOHOM M SJIPOM JCHCTBYIOT CHIIBI NPUTSHKCHHSL.
4
2 g -_Mme 1
[Toacrasinsis B 3Ty popmyiy BeIpaXeHUs JUist V™ U 7y, TOTyYUM: ~n — 82 2 -
0
[Ipu n=1 sHeprus 37€KTPOHA B OCHOBHOM COCTOSIHUM PaBHA
4
me _
E=-——¢—>=-2168-10" Jloc =-13,535B
1 8 2h2 .
o
DTO0 3HaYEHUE SHEPTUU SABISAETCA SHEpeuel UOHUSAYUU AMOMA 8000p00d.
g b
DHepruu nociaeayImux opouT onpeaensercs mo Gopmyne: Ln = 0

CorylacHo BTOpOMYy ImOCTYyJIaTy bopa, mpu mnepexoje 3J€KTpOHA C OJHOM
CTAIlMOHAPHOW OpOuTHI ¢ 3Hepruedl [, Ha IOpyryo CTandoHApHYK OpOUTY C
sueprueit £, < E,, aToM HCIycKaeT KBaHT CBETA, 4acTOTa Vp, KOTOPOTO paBHA

AE, me' (1 1

AE. /[ h: Vim T o 213 2 2
nm h egh”\m”~ n
Dra QopMyaa B TOYHOCTH COBIAAAET C HMIMpHUEcKoii (opmynoii Punbepra
U1 CHEKTPaIbHBIX CEPHIi aTOMa BOJOPO/A, ECIIU NPUHATH IOCTOSHHYIO R paBHOIL:

4
R ne
273 .
8eyh
[TofCTaHOBKA YHCIIOBBIX 31HSaquHﬁ M., e, € u h B o1y opMyny naer
pe3yJbTar R=329-10"T11 , koropslii cormacyercss ¢ SMIMPUIECKUM
3HaueHUuEM R.
Puc.36.2 winmroctpupyet oOpa3oBaHue CIEKTPAIbHBIX CEPUN B U3IIYYEHUU aTOMa
BOJIOPO/Ia IIPU TEPEXOJIE DJIEKTPOHA C BBICOKMX CTAIllMOHAPHLIX OpPOMT Ha Goiee
HU3KHE.
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Ceprzz Bammepa
(BA gMMEIA CBET)

\

Cepna [amena /
HK)

/ Cepra Bpexera
/ ¢
oy [ / Ceme T
- ‘_-_-_-_-_-_-d )
[ [t ] . [
| I : ?g_zl |
n=2
n=3
n=4
n=5
n=h

Puc.36.2

VYabTpaduoneroBas yacTb CHEKTpa:

Cepus Jlaiimana VvV = R(l - #) m=1,

12
Bunnmas yacts criekrpa:

Cepust banemepa V= R(% - Lz) m

n
WHu(ppakpacHas 4acTh CIEKTpa:

Cepus [Tamena
Cepus bpokera

Cepus [1dpynna

Cornacue 60pOBCKOﬁ TCOPHUHU aTOMa BOAOpOIda C SKCIICPUMCHTOM CIIYKUJIIO
BCCKUM apryMCcHTOM B IIO0JIb3Yy €C CIIPpaBCAJIMBOCTH. O,Z[HaKO ITOIIBITKH IIPUMCHHTD

VYabTpaduoneroBas yacTh CEKTpa:
Cepus JlaiimaHa

V:R(llz_#) m=1,
n=2,3,456...

Buaumas yacts cnekrpa:
Cepus banbemepa

1 1
v ~Kg) m=2,
n=3,4,56...

NudpakpacHas yacTh criekTpa:
Cepus [Tamena

1 1
v=Rz) m=3

n=4,56...

n=2,3,45,6...
=2, n=3,4,56...
n=4506...
m=4, n=2>5,6...
n==o6...

ATy TEOPHIO K OOJIee CIOKHBIM aTOMaM HE YBEHYAIHNCh YCIIEXOM.
3. KopnyckyJsipHO-BOJHOBOM 1yaJIu3M CBOMCTB BellleCTBA.

Opanmy3ckuii yuenblii Jlyn ne bpoins BwiaBuHyn runoresy B 1924r. o6
YHUBEPCAITBHOCTH KOPITYCKYJISIPHO-BOJTHOBOTO Jyain3Ma «HE TOJIBKO (DOTOHBI, HO H
ANIEKTPOHBI U JIOOBIE JAPYrME€ YACTHUIBI MAaTepUHM HApPSAYy C KOPHYCKYJISIPHBIMHU

O6HaI[aIOT TaK K€ BOJTHOBBIMH CBOMCTBaAMU.

C KaxIbIM MHUKPOOOBEKTOM CBSA3aHbl KOPIYCKYJISIPHBIE XapaKTEPUCTUKHU
(oHeprus E v UMIYJbC p) U BOJHOBBIE XapaKTEPUCTUKHU(YACTOTA V U JIJIMHA BOJIHBI

)\‘) CBs3b MCIKAY 9THMHU XAPAKTCPUCTUKAMU IJIAA YaCTUILL TaKasd KC KaK IJIA (i)OTOHOB:
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h

E=hv P==
A
Takum 00pa3om, 1100011 yacTuLe 00JaJa0MENR UMITYJIBCOM, COIIOCTABIIAETCS
h h
BOJIHA, JUTMHA KOTOPOU BRIYUCIHsETCS TI0 popmyie ne bpoitns: A= ; "o

Ins m=1r u vV=1IM/C A~10M Takas JUIMHA BOJIHBI JICKUT 34
npenenaMyd  JOCTYNMHOM  HaOMoJeHHI0 O0JacTH, TO3TOMY CUMTAETCsA, 4YTO
MAaKpOCKOMMYECKHE Tela NPOSIBISIOT TOJBKO OJHY CTOPOHY CBOHUX CBOCTB-
KOPIYCKYJIsIpHYt0. OJIHaKO MJI1 3JEKTPOHOB SKCHEPUMEHTAIBHO MOATBEPHKICHBI
BOJIHOBBIE CBOMCTBA (AU paKivs 3IEKTPOHOB B onbiTax JlpBucona u Jxepmepa.

bop He cMor gaTh (GU3MYECKYI0 MHTEPIPETALMIO NMPABUIy KBAaHTOBAHUS. JTO
OO0 cnmenaHo e bpoitieM Ha OCHOBE TPENCTABICHUNA O BOJHOBBIX CBOMCTBAaX
gactull. Jle bpoiine mpeanmokun, dYTO Kaxkaas opOUTa B aTOME BOJOPOAA
COOTBETCTBYET BOJIHE, PACIPOCTPAHSIOIIEUCS MO OKPYKHOCTH OKOJIO spa aToma.
CrauuonapHass opOMTa BO3HMKAaeT B TOM cllydyae, KOIJIa BOJHA HENPEPBHIBHO
MOBTOPSET ce0sl MOCe KaKI0ro 000poTa BOKPYT sipa.

CrauuonapHas opbuTta COOTBETCTBYET
KpPYrOBOM CTOA4YEH BOJHE [i€ bpoilyii Ha JJIMHE
opbuthel. B cranMoHapHOM KBAaHTOBOM COCTOSTHUU
aToMa BOJOpoAa Ha JUIMHE OpPOUTHI  JIOJDKHO
YKJIIQJBIBAThCS MO uzee ne bpoilsid 1uenoe 4nucio IJauH

BOJH A, T. €. nh, = 2mr,.

[TofacTaBiss B 3TO COOTHOLICHHE JUIMHY BOJIHEI
ne bpoitna A=h/p, tne p=m — wuMIyIbC
5JIEKTPOHA, Oy HM:

Puc.36.3
n—n=2rr mor, =n-— L =k muor,=n j
- n WA - AN, — N, TO = .
m,o e 2z (2x e’n )

Takum o0pa3zoM, Ooposckoe Npasuio KEAHMOBAHUS CBA3AHO C BOJIHOBbIMU
ceoUCmM8amu 31eKmpoHoO8.
KonTtposabHble Bonpochl
. ChopmynupyiiTe nepBblif 1 BTOpoii moctynatsl bopa.
. ChopmynupyiiTe mpaBriIO KBAHTOBAHHS KPYyTOBBIX OPOUT.
3. HauepTuTe cxeMy SHEpreTHYeCKUX YPOBHEW aToMa BOJIOPOAa U OOBSICHUTE MEXaHU3M
00pa30BaHusl CHEKTPATIbHBIX JTUHHA.
4. Kak mo Teopun bopa asst atoma Bo1opoia BEIBOASATCS (POPMYITBI 1Sl paJyCOB
CTallMOHAPHBIX OPOUT AJEKTPOHA U IHEPTUM HA ITUX OpOUTax?
5. Kak cBsizana yactora uznyudeHus (IOTJIOLIEHHUS) aTOMa C U3MEHEHUEM YHEPTUU
3JeKTpoHa?
6. Kak Ha3bpIBaeTCs cepusi CIEKTPaIbHBIX JIMHUW B BUMMOM YacTH CIEKTpa U3TyYEHUS
aroMa Bojaopoza’?
7. Harmutmre opmyity, MO3BOJISIONTYIO BEIUUCITUTH YaCTOTY JTFOOON CIIEKTPATbHON
JIMHUM B CIEKTPE U3IIyUYEHHs] aTOMa BOAOPO/IA.
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8. Uemy paBHa mocrtosinHasi Pugoepra?

9. B xakoMm cilyyae aTOM M3J1y4aeT KBaHT 3JI€KTPOMAarHUTHOM SHEPruu, a B KAKOM
MOTJIOIIAET ee?

10. B ueMm cyTb runotessl ae bpoiinsa?

11. O6bsicaute hopmyy IIHMHBI BOJIHBI e bpoiis.

12. Jlatite pusnueckoe oOBsICHEHHE MpaBHUiia KBaHTOBaHUs bopa.

Tema 37: CTPOEHHUE ATOMA U ATOMHOI'O AIPA.

1. Crpoenne atoma. 2. CocTtaB aTOMHBIX S7EP.
3. SInepHble cuiibl. DHEprus cBsA3u saep. 4. PalMOaKTUBHOCTD.

1. Ctpoenue aToma.
Onwvim Pezepgpopoa. Aoepnasn modenv amoma.
OKCIEPUMEHTBl TI0 HUCCIEJOBAHUIO BHYTPEHHEH CTPYKTYphl aTOMOB OBLIH
BhITIONTHEHBI . Pe3epdopaom u ero corpynuukamu B 1909-1911 rogax. Pesepdopa

OoMOapaMpoBan aTOMBI TSKETBIX JJIEMEHTOB (30J10TO, MEIb W Jp.) Ol-4acTUIAMU

(MOJTHOCTHIO MOHU3UPOBAHHBIE aTOMBI Trenus). Macca d-dactuil B 7300 pa3 Oosbiie
Macchl 3AJEKTPOHA, a MOJIOKUTENbHBIA 3apsi[i paBE€H YABOECHHOMY 3JIEMEHTApPHOMY

sapsnay 2e.

HEDO

Puc. 37.2.

Puc. 37.1.

OT paJn0aKTHBHOTO MCTOYHMKA, 3aKJIIOUEHHOTO B CBMHIIOBBIN KoHTelHep K,
0-4aCTHIIBI HAMPABISUINCh HAa TOHKYI Mertautnueckyio ¢oaery @D. PaccestHHbIe
YACTHLBI TIONAJANM Ha dKpaH O, IMOKPBITHIM CI0EM KPUCTAIIOB Cyab(puaa LUHKA,
CHOCOOHBIX CBETUTHCS MO yAapaMu OBICTPBIX 3apsKECHHBIX YACTHII.

bruto 00HapykeHO, 4TO OOIBITMHCTBO Ol-YaCTHII IPOXOIUT Yepe3 TOHKHMA CI0U
MeTallla, MPaKTUYECKW HE HCHbIThIBas OTKIOHeHHs. HeOosbluas yacTh 4YacTuIl
OTKJIOHSIETCS Ha 3HA4YWTENbHbIC yIuIbl, npeBbimaromue 30°. Ouens penkue 0O-
yacTUllbl (MPUOIU3UTEIBHO OJIHA HA JIECATHb ThICSY) HCHBITHIBAIM OTKJIOHEHHE Ha
yriibl, 6sn3kue kK 180°.

DTOT pe3ynbTaT HAXOJWJICS B MPOTUBOPEYHH C MOJENbl0 aromMa ToMCOHa,
COTJIACHO KOTOPOM MOJIOKUTENIBbHBIN 3aps]l paclpesesieH 1Mo BceMy o0beMy aroma.
[Ipu TakOoM pacHpenesieHuu MOJIOKUTEIbHBIA 3aps] HE MOXET CO34aTh CHUJIIBLHOE
AIIEKTPUUYECKOE T0JIe, CIOCOOHOE OTOPOCUTH O-4acTHIlhl Hazaa. Ecnmm Obl pammyc
niapa, B KOTOPOM COCPEIOTOUYEH BECh MOJOKUTENbHBIN 3apsii aToMa, YMEHBIIWICS B

n pas, TO MakKCHMaJlbHas CHJIa OTTAJIKUBAHU, I[GI?ICTB}GOHI&H Ha O-49acTHLy IO
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2
3akoHy Kynona, Bo3pocna 6wl B #° pa3. CienoBarenbHo, MPU AOCTATOYHO OOJIBIIOM

3HAYCHUH /I Ol-4aCTHIIBI MOTJIHM OBl MCIBITATh paccesHHe Ha OOJIBIINE YTJbl BIJIOThH
1o 180°. (puc. 37.2)

Ot coobpaxenus npusenu Pesepdopia K BEIBOLY, YTO aTOM [TOYTH ITYCTOM, U
BECh €T0 MOJIOKUTENIbHBIN 3aps]l COCPEAOTOUEH B MAJIOM 00beMe. DTy 4acTh aToMa
Pesepdopa HazBan amommwvim s10pom.

Taxum o6pazom, onbITel Pezepdopaa mpusenu K BHIBOAY, YTO B LIEHTPE aToMa
HaXOAMWTCA IIJIOTHOE TOJOXKHUTEIBbHO 3apsDKEHHOE SIpO, JUaMeTp KOTOpOro He
IPEBBIIIACT 1010 M. Do aapo 3anumaer Toinpko 107 wacte mosHOro
o0beMa aroma, HO COJEPKHUT BECh MOJIOKHUTEIbHBIN 3apsan U He MeHee 99,95 % ero
maccel. BemiectBy, cocraBisiounieMy  SApo  aroma,  CIEAOBaJo  MPHUIMCAThH
KOJIOCCAIbHYIO IUIOTHOCTH TMOPSIIKA P < 10" kr/v’. 3apsia sapa JA0KEH OBITh
paBeH CyMMapHOMY 3apsay BCEX JJIEKTPOHOB, BXOASAIIMX B COCTaB aToMma. bbuio
YCTAHOBJIE-HO, YTO €CIU 3aps] dJCKTPOHA MPUHATH 3a €IUHHILY, TO 3apsl spa B
TOYHOCTH PaBeH HOMEPY JAHHOTO dJIeMeHTa B Tabnuie Menaeneesa.

fe— 10720 p1—amy Pezepdopa npennoxun nianemapryro mooens

: : amoma: B  UEHTPE aroMa  pPacIojiaraeTcs

—=| |w—~107" 1| TIOJOXKUTEIBHO 3apsDKEHHOE sApO, B KOTOPOM

. : : COCPeIOTOYCHA MOYTH BCSI Macca aTtoma. ATOM B

I | ueiroM HelTpanen. Bokpyr sapa, mogoGHO

i I
I
I
I
I

-

MJIaHeTaM, BPalaloTCs JEKTPOHBI MO IEUCTBUEM
i : KYJIOHOBCKHUX CHJI CO CTOPOHBI sifipa. (puc. 37.3)

-1 OnHako 3Ta MOJEIL HECIIOCOOHA OOBSCHUTH

l + f (GakT IIUTENHHOTO CYIIECTBOBAHMSI aTOMa, T. €.
. S td ero ycronumBocTb. Ilo 3akoHam Kiaccuyeckou

@ L ANEKTPOJUHAMUKH, ABWKYIIUNCA C YCKOPEHHEM
Yo ) @ 3apsn  JOJKEH M3JIy4yaTh  AJIEKTPOMArHUTHBIC

. " BOJIHBI, YHOCSIIIUE SHEPTUI0. 3a KOPOTKOE BpeMs
(1()_8 C) BCE DIEKTPOHbI B aTOME JOJDKHBI
Puc. 37.3. pPacTpaTUTh BCIO CBOIO SHEPTUIO U YIIACTh HA SIPO.

To, 4TO ATOrO HE MPOMCXOAMT, MOKA3BIBAET, YTO BHYTPEHHHUE MPOIECCHI B

aTOM€ HE MOJAYMUHSIOTCS KJIIACCUYECKUM 3aKOHAM.

2. CocTaB aTOMHBIX si/1ep.

MHOTOYHCIICHHBIE YKCTIEPUMEHTANIbHBIE (DaKThl YOK I, YTO aTOMHBIC SI/Ipa,
TAKX€ KaK U CAMH aTOMBI, UMEIOT CIIOKHYIO CTPYKTYpY.

.. Weanenko um W.E. TamMm, a Ttakxke HezaBucumo B. I'eitzenbepr
MPEJIOKUIN MMPOTOHHO-HEUTPOHHYIO MOJENb S/Ipa, COTJIACHO KOTOPOM amoMmHbvle
A0pa paA3IUYHBIX INEMEHMO8 COCMOANM U3 08YX YACMUY — NPOMOHO8 U HEUMPOHOS.

Ilpomon - mpencraBisieT coOOW aroM BOJOPOJA, M3 KOTOPOTO YJalieH

1
€IMHCTBEHHBIN 271eKTpOH. [IpoToH p 06o3HauaeTcs A
ITonoxutenbHBIM 3aps MPOTOHA B TOYHOCTH PABEH HIEMEHTAPHOMY 3apsny

e=1,60217733-10" Ku.
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Macca npoToHa paBHa 11, = 1,67262-10 % kr. = 1,007276 - a. e. m.
Heumpon — »3TO »52lleMeHTapHas 4acTHlla, Macca HEUTpoHa paBHA
m, = 1,67493'10_27 Kr = 1,008665 a. e. M. Macca HeliTpoHa NPUOIM3UTENBHO Ha

1
JIBE SIIEKTPOHHBIE MAcChl MMPEBOCXOINT Maccy npoToHa. Heiitpon o6o3nauaercs of? .

[IpoTOHBI 1 HEUTPOHBI IPUHATO HA3BIBATH HYKIOHAMU.
Yucno npoTOHOB, BXOJAIIUX B COCTAB aTOMHOTO f]ipa, 0003HAYal0T CUMBOJIOM

/Z W Ha3bBIBAIOT 3aps008biM uuciom (3TO TOPSAKOBBI HOMEP B TMEPUOIMYECKOM
Tabnuie Menerneesa). 3aps sapa paBeH Ze, TIe € — dIeMEHTapHbIN 3apsia. Yucio
HEUTPOHOB 0003HawyaroT cumBosoM V. OGIee 4nciio HyKJIOHOB (T. €. MMPOTOHOB U
HENUTPOHOB) Ha3BIBAIOT Maccoevim yuciom A: A =7+ N.

A
Snpa XMMHYECKHX 3JIEMEHTOB O003HAYalOT CHMBOJIOM ,X e X —
XUMUYECKUAN CUMBOJI 3JIEMEHTA.

KonkpetHoe siapo ¢ ganubiMu Z,, N Ha3bIBaeTCs HyKIIHIOM.
H3omonamu Ha3bIBAIOTCS spa OJHOTO M TOTO K€ XUMHUYECKOIO JJIEMEHTA,

OTJIMYAIOIIKECS YHUCIOM HEHTPOHOB V. M30TONBI — HYKIUABI ¢ OJUHAKOBHIMU Z.Y
OOJBITMHCTBA XUMHYECKUX JIEMEHTOB UMEETCS HECKOJIbKO M30TOmnoB. Hampumep, y

1 o 2 o o 3 o
BOJOpPOJa TPpHU U30TOIIA: 1H — OOBIYHBIN BOJOPOL, 1H — ACUTCPUU U 1H — TPUTHH.

H306apel — BYKIHIBI ¢ OAMHAKOBBIME A, HO pasHbiMu Z. [Ipumepom saep
10 10 10
n300ap MOTYT CIYKUTh pa 4 Be , 5 B , 6 C,

Hzomonwr — uykmusl ¢ oguHakoBeiMi N (N=A-Z) [IpumepoM sijiep H30TOHOB

13 14
MOTYT CIIy>KUTb iipa ¢ C 7 N

Hzomepvr — sAnpa ¢ OAMHAKOBBIMH 7. W A, OTIMYaIOMIMECS IIEPHOIOM

80
nonypacnana. Hanmpumep, uzomepsl siapa 3587 umeror nepuoasl noiypacnaga 18

MUHYT U 4,4 4aca.
Pasmepvr a0ep. Ecnu npeacraButh cebe AApO Kak MIAPUK OMNPEIEIICHHOTO

panuyca R, BHyTpu koToporo ymakoBansl A HyKJIOHOB, TO 00BEM TaKOIo LIapHUKa
pacTeT ponopIHOoHaIEHO A. Paguyc aTOMHOrO spa ONpPEAENAeTCsS SMIMPHIECKOM

bopmynoit: R = RyA""”, rne Ry = (1,3-1,7) 10" m.
T1I0THOCTH SIIEPHOTO BEIECTBA OJMHAKOBA IS BeexX sep ~ 10" kr/m’.
3. SinepHble CUiIbI. JHEPrus CBSI3H sAep.

HAoepnwvie cunwvt. Cunvi, yoeporcusarowjue HYKIOHbl 6 A0pe, HA3bIBAIOMCS
SA0epPHLIMU.

OHU TpeNCTaBISAIOT COOOM TMPOSIBJICHHE TaK HA3bIBAEMOTO  CUIbHO2O
g3aumoodeticmeus. Slnepupie cunbl  npumepHo B 100  pa3  mpeBocxonsT
ANEKTPOCTaTUYECKUE CWIBI W HAa JIECATKUM TOPSAKOB  IPEBOCXOISAT  CHJIBI
IPaBUTALMOHHOTO B3aUMOJICHCTBUS HYKJIOHOB. (OCOOCHHOCTBIO SIIEPHBIX CHII
SABISIETCA UX KOpomKoOeucmseylowuil — Xapaktep. SIepHble CHJIbl  3aMETHO
TPOSIBIISFOTCS JIMIIh HA PACCTOSHHUAX TOpsKa pasmepos supa (107-107" m).
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[TpoTOHBI 1 HEHUTPOHBI B AApE BEIyT ce0s OJMHAKOBO B OTHOIICHUHM CHIBLHOTO
B3aMMOJICUCTBHS, T. €. SICPHBIC CHJIBI HE 3aBUCAT OT HAJIUYMs WM OTCYTCTBHS Y
YaCTHII AJIEKTPUUECKOTO 3apsa (3apsa006as He3a8UCUMOCTD).

DHepeua ceazu. DHEPTUS CBSI3U SA/IPA PABHA MUHUMATLHOU IHEPSUU, KOMOPYIO
Heobx00uMo 3ampamums OJisl HOJHO020 PAcCWenyieHus 10pa Ha OMOelbHble YacCmUuybl.

N3 3akoHa COXpaHEHWs] SHEPTHHM CJEAyeT, YTO DHEPrus CBsI3W paBHA TOU
DHEPTUH, KOTOPAs BBIJEISIETCS TIPU 00pa30BaHUM SApa U3 OTACIbHBIX YaCTHIL.

Macca 06020 sopa M, 6cecoa menvue cymmpl macc 6xo05uux 6 €20 cocmas
npomonos u neimponos: My < Zm, + Nmy,

Jegpexmom maccrvi HaspiBaeTcs pasHoctb Mace: AM = Zmy, + Nm, — M.

I[To nedexkTty wMaccel MOXHO OINPEACIUTH C  MOMOIIBIO  (PopMyIIbI
Ditamrelina £ = mc”, sHepruro, BBIAEIMBIIYIOCA ITPH 00pa3oBaHUM JaHHOTO spa,
T. €. SHepruio cBsi3u saapa Ey: Eop = AMc* = (Zmy, + Nmy, — MH)Cz.

Ota SHEeprus BbACSACTCS B BUAC U3ITYUYCHUS Y-KBAHTOB.

PaccuntaeM B KauecTBE NPUMEPA DHEPTHIO CBSA3U SApa IeJus ;He , B COCTaB
KOTOPOro BXOIAT JBa MNPOTOHA M JBa HEWTpoHa. Macca sapa renms
M, =4,00260 a. e. m. Cymma Macc ABYX IPOTOHOB M JBYX HEUTPOHOB COCTABJISET
2m, +2m, =4, 03298 a. e. M. CneroBarensHo, neeKT MacChl sApa relus PaBeH
AM = 0,03038 a. e. m. Pacuer o popmyine E , = AMC? IPUBOJUT K CIEIYIOLIEMY

4
SHAUEHUIO SHEPIUH CBS3U sigpa ,11€ E..=28,3 MsB. DTO orpomHas
sennunHa. OOpa3oBanue | T Teyus CONPOBOXKIAETCS BBIICICHUEM DHEPIUH IOPAIKA

12
10°“ JIx. Takas >xe SHeprust BBIAEISETCS PU CTOPAHUU BaroHa KAMEHHOTO YIJIs.
Voenvnas suepeus céazu - 9mo SHEPTUS CBA3M TMPHUXOMAIIASACS HAa OTUH
HykiIoH. Ha puc. 25.3 npuBenen rpaduk 3aBUCUMOCTU YAEJIbHOW SHEPIHH CBSI3H OT

MaccoBoro uucia 4.
E_fA, MaB/eyrnon

line P e i N3 puc.37.4 BugHO, UTO
v Ex — Hanbonee YCTOHUMBBIMU c
g @) oHepreTMdeckod  TOYKHM  3PEHHSA
« B XD SIBIIAIOTCSA S/IpAa BJIEMEHTOB CPEIHEH
e yacTy Tabuibl MeHjieneesa.
Jliist JIerKuX sifiep yielbHas SHEprus

) CBA3M CHAyaja KPyTO BO3PACTAET OT
s 2
N ViR 1,1 MsB/uyKkIioH, y metepust 1H 10
1R ) 7,1 MaB/nykiion, y renus ;He.
’ 2) 40 €0 80 100 120 140‘160 ETEE L .,

ampa . ampa s
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3areM, IpeTepeB psAl CKA4KOB, YACIbHAs YHEPrUs MEIJIECHHO BO3PAacTaeT J0
MaKCUMaJIbHOW BeIWYMUHBl §,7 MaB/HYKIOH y 3JIEMEHTOB C MacCOBBIM YHCIOM

A= 50—60, a ITIOTOM CpPAaBHUTCIbHO MCIJICHHO YMCHbIIACTCA Y TAKCIIBIX 3JICMCHTOB.

238
Hanpumep, y ypana U oma cocrasmser 7,6 MaB/HykI10H. YMeHblLIEeHUE

YVACIbHON SHEPruU CBS3UW NPU MEPEXOJEe K TIKEIbIM 3JIEMEHTaM OOBSCHSIETCS
YBEIIMYEHUEM SHEPTrUU KYJOHOBCKOTO OTTAJIKMBAHHS MPOTOHOB. B TsmKenbIX siapax
CBSI3b MEXJ1y HYKJIOHAMH OCJIa0EBAET, a CaMU SiJjpa CTAHOBSATCS MEHEE MPOYHBIMH.
CyliecTByIOT JIB€ BO3MOXKHOCTH  TOJIYYEHHUSI  TOJIOKUTEIBHOTO  JHEp-
TETUYECKOTO BBIXO/Ia MIPH SEPHBIX MPEBPAIICHUSIX:
1) nenenue TKENBIX AAEp HA O0Jiee JIETKUE;
2) causiHUE JIETKUX sJiep B O0Jiee TshKebIe.

4. PaanoaKTHBHOCTD.

Paouoaxmuenocmoio HA3bI8ACMCA, CBOUCMBO AMOMHBIX sa0ep
CAMONPOU3B0ILHO NPEBpaaemcst 8 opyaue s0pa ¢ UCHYCKAHUeM Yacmuy.

[Toutn 90 % wu3 wm3BectHbIX 2500 aTOMHBIX Si7Aep HECTAOMIBHBI, TO €CTh
paouoakmueuvl. Y OOJNbIIMX SACpP HECTAOMIBLHOCTh BO3HHUKAET BCIICACTBUE
KOHKYPEHIIMU MEXAY NMPUTSKEHUEM HYKJIOHOB AJIEPHBIMH CHUJIAMH U KYJIOHOBCKHM
OTTAJIKUBaHUEM NPOTOHOB. He cymiecTByeT cTabuiIbHBIX SAEp € 3apsSJ0BBIM YUCIOM
Z>83

SIBneHrne paAMOAaKTUBHOCTH OBUIO OTKpBHITO B 1896 romy dpaniy3ckum
¢uszukom A. bekkepenem, KOTOpbId OOHapyXujl, YTO COJIM YypaHa MCIYCKaIoT
HEU3BECTHOE M3JIyYEHHUE, CIOCOOHOE NPOHUKATh 4Yepe3 HEeMpo3payHble IS CBETa
nperpaabl U BbI3bIBaTh ouepHeHUe Gororamynbeun. Opaniry3ckue puznku Mapus u

[Ibep Ktopu oOHapyXuiaum paadoOaKTUBHOCTh TOPHS M OTKPBUIM JIBA HOBBIX

L 210 p . 226p
paJMOaKTUBHBIX dJIEMEHTA — MOJIOHUH g44 O u pamuit g1 .

a-, f- u y-uznyuenua. PaguoakTUBHBIC SApa MOT'YT HUCIyCKAaTh YaCTULBI TPEX
BUJIOB: IIOJIOXKUTEIIBHO U OTPULIATEIBHO 3aPSKCHHBIC U HEUTPAJIBHBIE.
OTH TP BHUJA U3IYYCHUN ObUTH Ha3BaHBI
a-, B- u y-usnyuenusmu. Ha puc. 37.5
n300pakeHa  CXeMa  IKCIEpUMEHTa,
HO3BOJISIOIIAs  OOHAPYXHUTh  CIIOXKHBIN
COCTaB PAaJMOAaKTHBHOIO H3Iy4YcHUs. B
MarHuTHOM  mojie  O- u  P-nyuw
UCIBITBIBAIOT OTKIOHEHUSA B IPOTHUBO-
HOJIOXKHBIE CTOPOHBI, INpUYeM [-Iyuu

J//5

OTKJIOHSIFOTCSI 3HAYUTENbHO OoJsiblIe. Y-
Jydd B MAarHUTHOM TII0Jie BOOOIIE He
OTKJIOHSAKOTCS.  HanMeHblllen  mpoHHU-
KaloIeH crrocOOHOCTBIO 00J1aaeT

T
T

o]

[

e
i

Ol-U3JTy4CHHE.
Puc. 37.5.
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B BO3ayxe mpu HOPMaJbHBIX YCHOBHUSAX O-Ty4H IMPOXOJAT IMYTh B HECKOJIBKO
CaHTHUMETPOB.

B—nyqn ropasio MEHbIIE MOTJIOMATCS BemecTBoM. OHU CIIOCOOHBI TTPOUTH
yepe3 CJI0M alfOMUHUS TOJIIMHOM B HECKOJIBKO MWIIUMETpoB. Hanbombieit

NPOHUKAIOLIEH CIOCOOHOCTHIO 00IaIAI0T Y-TTy4H, CIIOCOOHBIE MPOXOIUTh Yepe3 CIon
CBHUHIIA TOJUHON 5—10 cM.

4
Ol-Ty4d MPEACTABIISIOT COOOM MOTOK O-4acTHI] — SIAEpP Teaus ,He. B-myun —
3TO TMOTOK OJJIEKTPOHOB, 7Y-Iyuyd NPEACTaBISAIOT COOOH  KOPOTKOBOJIHOBOE

o o o —10
3JIEKTPOMArHMTHOE U3IyYeHUE C UPE3BBIYANHO Masoi auuHoi Boauel A < 107" M u
BCJICICTBUE ITOTO — SIPKO BBIPAXKEHHBIMU KOPITYCKYJISIPHBIMM CBOMCTBAMH, T. €.

ABJIICTCS IIOTOKOM YaCTHI — 'Y-KBaHTOB.

Ansgpa-pacnao. Annda-pacnagom HAa3bIBACTCS CaMOIIPOU3BOJIBHOE
IpeBpalleHHe aTOMHOIO s[pa C YUCIOM NPOTOHOB Z u HeWTpoHoB N B 1mpyroe
(nouepHee) Axpo, coaepkamiee 4ucio nporoHos Z — 2 u Helitponos N — 2. Ilpu

4 A A-4 4
5TOM HCIIYCKaeTest O-4acTUIa — Apo aToma rexmst ,11€. ,X—, Y+ He
I[IpaBuo cMeIeHus IpH O - pactazne: B pesyibmame O - pacnada snemenm
cMewaemcs Ha 06e KIemKu K Hauary nepuooudeckoll Cucmembl.

HpI/IMepOM TaKoro mnponecca MOXeT CIYKUThb O-pacral paaus.
226

222 4
O-pacniaj Aaep BO MHOTHX CIIy4dasX COIIPOBOXAACTCA ’Y-I/I?)queHHeM.
B Teopum O-pacmaga NpeANoaracTcs, 4Yro BHYTPH SAEpP MOIyT 00-

Pa30BBIBATHCS TPYIIIBI, COCTOSAIIME U3 JBYX IPOTOHOB U JIBYX HEUTPOHOB, T. €. O-
YacTHULA.
bema-pacnao. Tlpu Gera-pacnaze u3 sapa BbUIETAET AIEKTPOH. BHYyTpH sigep

5JIEKTPOHBI CYIIECTBOBATH HE MOTYT, OHU BO3HHMKAIOT IpU [-pacmaje B pe3yJbrare
IIPEBpALEHNs HEUTPOHA B IIPOTOH.

I[Tpu B-pacnane 3apsmpoBoe 4ucio Z yBEIMYUBAETCS HA €IUHUILY, & MaCCOBOE
uyncino A ocraercs HemsMeHHbIM. JlouepHee AP0 OKa3bIBAETCSA SAPOM OJHOTO W3

M30TOIOB DJIEMEHTA, TMOPSJKOBBIM HOMEp KOTOporo B Tabmuie MeHneneeBa Ha
A A 0
€JIMHUILY MPEBBIIIACT MOPSAIKOBBIM HOMEP UCXOIHOTO SIApa. ZX — z+1Y +_,e

[IpaBuiio cmeruenus npu P-pacnane: B pesyromame P - pacnaoa snemenm
cmewjaemes Ha 00Hy KNemkKy Oaudice K KOHYY Nepuooudeckoll CUCHeMbl.

I[Ipouecc mpeBpalleHrs HEUTPOHA B IPOTOH MOKET IPOMCXOAUTH HE TOJIBKO
BHYTpM SIpa, HO M €O CBOOONHBEIMH HelirpoHamu. CpenHee BpeMs KM3HH

1
CBOOOJHOTO HEHUTpOoHa cocTaBisieT okosio 15 munyTt. [lpu pacmane HeitpoH (/!

1 0
npeBpaiaercs B NpoToH | P u snexktpod i€ .Ilpu pacnage HeWTpoHaA BbIAENSAETCA

1 1 0 0~
. 0~
eI1e OJ[HA YaCTUIIA — HeUMPUHO o Ve o> P+ _jetyv,
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AHaJIOTHYHBIA HPOLECC NPOMCXOAUT W BHYTPM saep npu P-pac-maje.
Pacnipe/ieieHie JHEPrUM, BBLIECISIOMENCH Npu [P-pacniaze, MeXay 3IEKTPOHOM,

HEUTPMHO M JOYEPHMM SAPOM HOCUT CIIyYaWHBIA XapakTep, [-371eKTpOHBI MOTyT
MMETh Pa3JIMYHbIE CKOPOCTH B IIMPOKOM MHTEpBAJIE.

234 234 0 0~
puMep B-pacna):[a 90Th —> 91 PCZ + -1 e+ 0 Ve .
I'amma-pacnad. B otimuve oT O- U [3-pajMoakTHBHOCTH Y-PaHO-aKTHBHOCTb

AJlep HE CBsA3aHa C U3MEHEHHMEM BHYTPEHHEN CTPYKTYPHI sIpa U HE COIIPOBOXKAACTCS
M3MEHEHUEM 3apAI0BOr0 MIIM MaccoBOro uuces. Kak mpu o-, Tak u npu [-pacnane
JIOUEpHee AP0 MOXKET OKa3aThCA B HEKOTOPOM BO30YKJIEHHOM COCTOSSHUM U UMETh
u30bITOK 3Hepruu. Ilepexon sapa u3 BO30YKIEHHOIO COCTOSIHUSL B OCHOBHOE
COIIPOBOKJIAECTCST HMCITYyCKaHMEM OJHOIO WJIM HECKOJBKMX Y-KBAaHTOB, JHEPIHs
KOTOPBIX MOXET JOCTUraTh HECKOIbKUX MaB.

3aK0oH paJMOaKTHBHOIO pacnaja.

PagnoakTuBHBIM pacnag MMeEET CIyYalHBIM XapakTep U HE 3aBUCUT OT
BHEIIHUX YCJIOBHMH. 3aKoH yObIBaHMs KosnuuecTBa N(f) HepacmaBIIMXCsA K JaHHOMY
MOMEHTY BPEMEHU [ 1ep UMEET CTAaTUCTUYECKUN XapaKTep.

Tak Kak BEpOATHOCTBb pacmnajza KaXXAoro sapa OJMHAKOBA W HEU3MEHHA BO
BPEMEHHU, TO YKCiI0 pacnanoB AN Gyaer nponopurMoHanIbHO KoiuuecTBy saep N(f) u
IPOMEKYTKY BpemeHHu Af: AN = —AN(1)At.

A — mOCTOsSHHas Ui JaHHOTO pPaJMOAKTUBHOIO BEIIECTBA BEJIMYMHA,
Ha3blBaeMasi MOCMOSAHHOU  pAOUOAKMUBHO20  pacnaod, OHA  XapaKTEepHU3yeT
BEPOSATHOCTH pacraja siupa 3a Bpems At =1 C.

AN
CkopocTb ar (nnu N ) wusMmenenus ¢yukumu  N(f) npsamo
5 dN _ AN
MPOIOPIIMOHANIEHA CaMO# (DYHKITHH. ar - MY

Pelenue 9T0ro ypaBHeHHs IPUBOIUT K SKCIIOHEHIIMAIbLHOMY 3aKoHy: N(f) = Noe_M,

rae Ny — HavanbHOe YHMCIO paauoakTuBHBIX sgep npu = (0. 3a Bpems
T= 1/ A KonuuecTBO HepacnaBIIMXCS AAEp YMEHBIIKTCA B € = 2,7 pasa. Bennuuny
T Ha3bIBAIOT CPEOHUM BPEMEHEM HCUZHU PATTUOAKTUBHOTO SAJIpa.

M 3aKoH pPaJIMOaKTUBHOTO
M,
’ pacmama yaoOHO 3amucath B
\ IpyroM  BHJE, HCIOJNB3YS B
\ Ka4yeCTBE OCHOBAHMSI YHMCIIO 2, a HE
Mo /2 “ —t/T
NI (t) = N() -2,
My /4 T -nepuoo nonypacnaoa. 3a
Mo (3 BpeMst 1 pacrajgaercst IOJOBHHA
anlflo [— ] £
0 7 2T 3T 4T 5T 6T UMEIOIIUXCS PAIMOAKTUBHBIX SIEP.
Puc. 37.6.
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s ypana T = 4,5 mupp ner, a i pagus 7 =~1600 ner.

T=Ltn2=rn2=0693

Benuuunbl Tnu 7 CBsA3aHbl COOTHOIICHUEM /1

B Tex ciyyasix, Koraa Bpems { Majio 1o CpaBHEHHUIO ¢ TIEPHOIOM IMOJTypaciaia
T (t<<T ), xomumuectBo pacmaBmmxcsi aToMoB AN MOXHO ONpEeIeTUTH MO

AN =00,

npuOIMKEHHOUN Popmyiie:

Memoowt uccnedosanusn u npudopol.

PaccMOTpuM HEKOTOpBIE METOJIbI HCCIIEOBAHUS U TPUOOPHI, TPUMEHSIEMbIE B
sanepHoi Pu3nke, Ha IpuMepe dKcnepuMeHToB YeaBuka KoTopsiid B 1932 1. oTKpBLT
HeUTpoH. OH HccaeaoBall U3TyYEHHE, BO3HUKAIOUIEE MPU O0IydeHun Oepuiuius O-
YacTUIaMHU.

+ |= 1000 B
e
HOJIJOHHﬁ Eepunnuit  Ilapadbwnn P /(\ 1
? R
0t — YACTHI[EL HeHTROHEL (%) IpOoTOHE (@) \kf Cuerdme [efirepa

Puc.37.7

Cuemuuk I'eiizepa - ipuboOp ISl perucTpaluu 3apspKEHHbIX  yactull. OH
COCTOHT U3 CTEKJISTHHON TPYOKH, MOKPHITON U3HYTPU METAIITUYECKUM CIIOEM (KaToJ),
¥ TOHKOW HUTH, UIyIIeH BAOIb ocu TpyOku (aHon). TpyOka 3amonHseTcs HHEPTHBIM
ra3omM (aproHom) HpyU HU3KOM JIaBJICHWU. 3apsDKEHHas 4acTULa, IpoJeTas B rase,
BBI3bIBAET MOHU3ALIMIO MOJIEKYJ. [TosiBUBIIMECS B pe3yJibTaTe HOHU3ALMKU CBOOOHBIE
ANIEKTPOHBI YCKOPSIFOTCS 3JEKTPUUYECKUM IMOJEM MEXAY aHOAOM M KaToAOM [0
SHEPruid, IpU KOTOPHIX HAYMHAETCS yJapHas MOHM3alusl. Bo3HUKaeT 1aBUHA MOHOB,
U 4Yepe3 CUETYMK MPOXOAUT KOPOTKHM paszpsAaHbIi umnyibc Toka. [Ipm 3ToM Ha

CONPOTHBJIEHUH Harpy3ku R oOpasyercs UMITyIbC HaNpsHKEHUS, KOTOPBIM OAETCs
B perucrpupylomiee ycrpoiicrBo. Tak Kkak comporuBieHne R BkiroueHo

IIOCIIEI0OBATEIBHO C TPYOKOH, TO NpPH YBEIMYEHHHM HANpsuKEHWs Ha Harpyske R,
HaIpsDKEHWE MEXIY aHOJOM M KaToJaoM TPYOKH pE3KO YMEHBIIAeTCs, pa3psi
peKpaniaeTcs, Tpyoka roToa JJisi perucTpaluy Ipyroil YaCcTHUIIbI.
KonTposbHble BOpochl
1. Kakue ¢akThl CBUAETENBCTBYIOT O TOM, YTO aTOM HE SBIISICTCS «HEICTUMBIM» U UMEET
CJIOKHYIO CTPYKTYpY?

2. Hauepture u 00bsicHUTE cxeMy omnbiTa Pesepdopaa no paccemBaHuio 0-4acTuLl.

3. OOBscHUTE IPUUUHY PACCEUBAHUS (L -4ACTHUI] aTOMaMH BEIECTBA.

4. B yeM cymIHOCTh IUTaHeTapHOU Mozaenu atoma? Hauepture u oObsicHUTE ee cxemy?

5. B yeM cymHOCTh MOJICIIM aTOMHOTO siApa?
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6. [laiiTe XapakTepUCTUKY YACTHII, COCTABJISIOIINX aTOMHOE SIIPO.

7. KakoB puznueckuii CMBICI 3aps0BOTO M MACCOBOTO YKCIIa B MOJIENI aTOMHOTO sijipa’?

8. Kak B simepHo#i (puznke o603HayaeTcs 000 XUMUUECKUN JIeMEHT?

9. Kak onpeaenuTs YUCIIO HEUTPOHOB B AIpe JH0O0r0 3reMeHTa Tabnuisl Menneneena?

10. YTto Ha3bIBaIOT M30TOMMAMHU XUMHUUYECKOT0 3yiemMeHTa? [IpuBenure npumMepsl.

11. Ilouemy aromHas Macca MHOIMX XHMHYECKHX JIEMEHTOB HE BBIPAXAECTCS LENBIM
YUCIOM?

12. Kakumu cBOMCTBaMH 00JIAAIOT SIJICPHBIE CHITHI?

13. Uto Ha3bIBAIOT YHEPTUEH CBSI3M aTOMHOTO sigpa’?

14. Yro HaspiBaroT gedexrom Maccsl? Hanummre hopmyity nedexra maccol.

15. Tlo xakoii popmyrie onpeaenseTcs: SHEPrus CBA3U aTOMHOTO siipa?

16. Uto Ha3bIBAIOT YHAEIBHOM 3HEpPruer cBA3u? Sapa Kakux XUMHUYECKUX SJIEMEHTOB
001a/1al0T MaKCUMaJIbHOM y/1€JIbHON HEepTruei cBsizu?

17. Yto Ha3bIBAOT paJuOAKTUBHOCTHIO?

18. KakoBa npupojia ¥ CBOWCTBA 0- U3TYUYCHUS, 3- U3TyUEHUS, Y- U3ITyICHHS ?

19. O6BsicHUTE MPABUIIO CMEIIEHUS ISl O-pacmajaa.u s - pacmana.

20. Kakue 3aK0HbI COXpaHEHUS BBIIOJIHAIOTCS IIPU PAINOAKTUBHBIX ITPEBPAILECHUAX ?

21. Yo Ha3bIBAIOT NEPUOAOM IOJIypacaa paJuOaKTUBHOTO BelleCTBa?

22. 3anumure (GopMyidy 3aKOHa paauOaKTHMBHOTO pacmanga. KakoB xapakTep 3TOro
pacniaga?

23. O0OBsicHUTE TPUHLUT pabOThI cueTyrKa I eiirepa.

Tema 38: AJAEPHBIE PEAKIIMU. ATOMHAS DOHEPI'ETUKA.

1. Anepusbie peakuuu. 2. JleneHue TAKEIbIX SAIEP.
3. SAnepuslii peaktop. 4. TepMosiaepHbIE pEAKIIUH.
5. [IpumeHeHne u OMOJOTNYECKOE AEUCTBUE PaIMOAKTUBHOCTH.

1. SAnepHble peakuuu.

Aoepuas peakyus — 3mo npoyecc 83aumMo0etucmsusi amomMHo20o 0pa ¢ Opyeum
SAO0POM UNU DTIEMEHMAPHOU 4acmuyell, ConposoNCOAOWUUCS USMEHEHUEM COCMAsa U
CMpPYKmMypbl A0pa u 8bloeNeHueM 8MOPUYHLIX YACuY (UTU Y-KEAHMOS).

[lepBas sinepHas peakuusi ObuUia ocyuiecTBiaeHa J. Pezepdopaom B 1919 rony.

1477, 4 17,9, 1
Pesepdopn GoMGapaupoBal aToMsl a3ota O-dactumamu: 7N +,He—> O+ H

[Ipu snepHBIX peaklUsX BBINOJHAECTCA HECKOIBKO 3AKOHO8 COXPAHEHUS.:
SHEPruu, 3apsja, HUMIYJIbCa, MOMEHTa WuMIyJibca. [Ipu sAEpHBIX peakIusIxX
BBITIOJTHACTCS TaKXKE 3aKOH COXPAHEHUSI 6ApUOHHO20 3apsoda (T. €. Yhcia HyKIIOHOB —
MIPOTOHOB U HEUTPOHOB)

SnepHble peakiuu MOTYT MPOTEKATh pU OOMOAPAUPOBKE aTOMOB ObICHPBIMU

3apsasceHHbIMu  Yyacmuyamu (MPOTOHBI, HEUTPOHBI, O-4acTH-1IbI, HOHBI). IlepBas
peakims TaKoro poja ObLTa OCYIIECTBIIEHA C TOMOIIBIO IPOTOHOB OOJIBIIION IHEPTHUH,

77+, 1 4 4
nomyuennsIx Ha yckoputene:  sLit H—,He+,He

NHTepecHbIMM ISl  TIPAKTHUYECKOTO MCIOJIL30BAHUS  SIBISIIOTCS  PEaKIIUH,
NpOTEKAIONIMe MPU B3aUMOJCHCTBUU siAep C HEWTpoHamMHu. Tak Kak HEUTPOHBI
JMIIEHBI 3apsiga, OHU OECHpEensTCTBEHHO MOTYT IMPOHHMKATh B aTOMHBIE sijipa U
BBI3bIBATh X MPEBpAICHUSI.
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Hanpuwep: sB+,n—> JLi+,He .
Dnepeemuueckum 6blx000M AEPHON PEAKIMHU HA3BIBAETCS BETMYNHA
O = (Ma + Mg — Mc — Mp)c® = AMc”.
rae M u My — maccel ucxoaasix npoaykros, Mc u Mp — Macchl KOHEUHBIX

npoayKToB peakiyu. Bennunna AM HaswiBaetcs nedekrom mMacc. SnepHble peakiuu
moryT nporekath ¢ BoiaeierneM (Q > 0) wiu ¢ nornomenuem suepruu (Q < 0).
Jli1st TOro uTOOBI sAEpHAs PEAKIMs UMEA MOJIOKUTENBHBIN SHEPIETHIECKUI BBIXO/L,
senmmanaa AM nomkHa GBITH TIOJO0KUTETHHOM.

2. JleeHue TSXKeNAbIX siAep.
B 1939 rony nemenkumu yuenbiMu O.lanom u . llltpaccmanom ObL10
OTKpBITO JeNieHue sanep ypaHa. OHU yCTaHOBWIM, YTO NMpU OOMOApIUPOBKE ypaHa
HEWTPOHAMU BO3HUKAIOT JJIEMEHTHI CPEAHENM YacTH MEPUOJUYECKOU CHUCTEMBI —

panMoakTuBHEIE U30Tonkbl 6apus (Z = 56), kpunrtona (Z = 36) u np.

238
VYpaH BcTpedaeTcs B IPUPOJI€ B BUJIE ABYX U30TOIOB: 92U (99.3%)u o U

(0,7 %). Ilpu OomOapaupoBKe HEHUTpoHAMU siApa OO0OMX H30TOMOB MOTYT

235
pacuIerisATbcsl Ha JBa OCKOJkKa. I[lpu 3ToM peakiusi ACICHUS o) U nau6onee

MHTEHCHUBHO HUJET HAa MEJJICHHBIX (TEIUIOBBIX) HEHTpPOHAX, B TO BpeMs Kak sjpa

238
92U BCTYIIAIOT B pCaKOUIO ACIICHUSA TOJIBKO C 6BICTpBIMI/I HCHUTPOHAMHU C SHCPIUCHU

nopsiaka 1 MaB.

OCHOBHOI UHTEpEC ISl AIEPHOM YHEPTETUKU MPEACTABISAET PEAKLUS ICIICHUS

235
gapa 92 U . B HaCTOoAIICC BPEMA HU3BCCTHBHI OKOJIO 100 Pa3JIN9IHbIX HU30TOIIOB C

MAaCCOBBIMH 4HCJIaMu TpUMEpHO OT 90 1o 145, BO3HUKAIOUIMX NPHU ICJICHUU ITOTO
saapa. JIBe TUMMYHBIE PEAKIUU JISJICHUS 3TOTO SApa UMEIOT BU/L:

144 89 1
5o Baty g Kr+3,n
140 94 1

sq Xet+ye Sr+24n

B pesynbrare neneHus sapa, WHUIIMUPOBAHHOTO HEHUTPOHOM, BO3HUKAIOT
HOBBIE HEUTPOHBI, CIOCOOHBIE BBI3BATh PEAKIUU JCJICHHUS JAPYTUX  SJEp.
Kunernueckast sHeprusi, BbIAEISIOMAACS IPU JACJIEHUN OJHOTO Spa ypaHa— MopsJiKa
200 MsB. OueHKy BbIACHSIONEH MPU JEICHUHM SApa dHEPTUM MOKHO CHENaTh C
MOMOIIBIO YJIEJIbHOW IHEPTHM CBSI3M HYKIOHOB B siApe. YeNbHas 3HEPTUsl CBS3H

HYKJIOHOB B simpax ¢ MaccoBbiM unciom A = 240 nopsaaka 7,6 MaB/HyKI10H, B TO

23577, 1

BpeMss Kak B sapax ¢ MaccoBbiMu umcnamu A = 90—145 ynensnas sueprus
npumepHo pasHa 8,5 MPB/HYKIIOH. CrenoBarensHo, Npu JeJ€HUM sapa ypaHa
ocBoOoxkmaerca oHeprua nopsaaka 0,9 MPB/HYKIIOH wm  npuGnusnrensHo

210 M5B na onun atom ypana. IIpu HOJIHOM JeIeHUH BCEX SAIEP, COAEPKALIUXC B
I r ypaHa, BbIIENsE€TCS TaKas K€ DHEPTUsl, KAK U IPU CTOPaHUM 3 T yriasd win 2,5 T
He(TH.
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[Ipn npenenum sapa ypana-235, KOTOpOE BBI3BAHO CTOJKHOBEHHUEM C
HEHUTPOHOM, OCBOOOXKJIaeTcsd 2 WM 3 HEWTpOHA. DTH HEUTPOHBI MOTYT IONACTh B
IpyrHe sipa ypaHa W BbI3BaTh UX JesieHHe. Ha 3ToM stane nosssrcs yxe or 4 10 9
HEHTPOHOB, CIOCOOHBIX BBI3BaTh HOBBIE pacla/bl siAep ypaHa U T. A. Takoil JaBUHHO-
oOpa3Hblii Ipoliecc Ha3bIBaeTCs yennou peaxyueti. Cxema pa3BUTHsI LIETTHON peakliuu
JIeJIEHUs /Iep ypaHa npeacTaBieHa Ha puc. 38.1.

Kosppuyuenmom pasmnosicenus neumponos K nasvieaemcs uucio pasmoe

OMHOWEHUIO YUCNIA HEUMpPOHO8 6 OAHHOM NOKONeHUU K UYUCTLY HEeUmpoHO8 &
npeovloyujem noKoJIeHUU.
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4-r 0 NOK ONEHKA PI/IC. 381
JUist ocyliecTBieHHs] LIEMHOM peakiuu HEoOXOIUMO, 4TOOBl Kodpduyuenm
DPA3MHOJICEHUs HeUmpoHo6 ObL 00JIBLIE €IUHULBL.

IIpu k>1 peakuus nporekaer B Bume B3pbiBa. Ilpu K<1 umcimo HelTpoHOB

yObIBaeT ¥ lenHas peakius HeBosmoxHa. Ilpu k=1 ocymectusercs ynpasnsemas
peakus B peakTopax.

Koadduinment pa3zMHOKEHUST OINpenessieTcsl He TOJBKO YHMCIOM HEHTPOHOB,
0o0pa3yroIuxcsi B KaXJIOM JJIEMEHTapHOM akKTe, HO U YCIOBHUSIMH, B KOTOPBIX
IIPOTEKAET PEAKIUsl — YaCTh HEUTPOHOB MOXET MOIJIOIATECA APYTUMU SApamMu WIH
BBIXOJUTh W3 30HBl peakuuu. HeHWTpoHbl, OCBOOOAMBIIMECS MpPH JEICHUU SAEP
ypaHa-235, crnocoOHbI BbI3BaTh JEJIEHHUE JIMILb SIAEp 3TOrO K€ ypaHa, Ha JOJIIO
KOTOPOTr0 B IPUPOJHOM ypaHe npuxoautcst Bcero juiib 0,7 %. Takas KoHUEHTpalus

OKa3bIBAETCA HEIOCTATOYHOW Uil Hadala LUenHoM peakuuu. M3orom 92U TaKXe

MOYET MOTJI0NIATh HEUTPOHBI, HO IIPY 3TOM HE BO3ZHUKAET LIEMTHON PEAKLUH.

[lennast peakiusi B ypaHE C IMOBBIIIEHHBIM COJIEPXKAHUEM ypaHa-235 MOXKET
pa3BHUBATBCSA TOJBKO TOTA, KOTJAa Macca ypaHa HIPEBOCXOAUT TAK HA3bIBAEMYIO
Kpumuyeckyro maccy. B HeOOIbIINX KycKaxX ypaHa OOJBIIMHCTBO HEUTPOHOB, HE
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MIOTIaB HM B OJHO SO, BBUICTAIOT Hapyxky. s uucToro ypana-235 KpuTHdecKas
Macca cocrtaBisger okono 50 kr. Kputudeckyr maccy ypaHa MOXKHO BO MHOTO pa3s
YMEHBIIIUTh, €CIIM HCIIOJNBb30BaTh 3amedaumenu HEUTPOHOB W ompadscaioujue
00010YKU.

HelTpoHBI, poXKparomiuecs IPU pachajae sjiep ypaHa, HMEIOT OOJIbIIue
CKOPOCTH, a BEpPOSTHOCTH 3axBaTa MEIJICHHBIX HEHTPOHOB sjpaMH ypaHa-235 B
COTHH pa3 OosbIle, yeM ObICTphIX. Hammydmmm 3aMeniuTeneM HEUTPOHOB SBJISCTCS

maxcenas eooa D,0. (O6bluHas BOAa NPH B3aUMOJCHCTBHH C HEUTPOHAMH
IpeBpaIlAeTCs B TSHKEIYIO BOAY). XOPOUIMM 3aMEINTENEM SIBISIETCS TAKKe rpadur,
A7Jpa KOTOPOro HE MOTJIOLal0T HEUTPOHOB. IIprMeHeHune 3ameauTenei HEHTPOHOB U
000JIOUKM U3 Oepuiuinsd, KOTOpas OTpa)kaeT HEUTPOHBI, IO3BOJSET CHU3UTH
KpUTHYECKYI0 Maccy 110 250 T.

B aTomHbIX O0M0ax 1enHas HeynpaBisieMas sifiepHas peakiysi BOZHUKAET Mpu
OBICTPOM COEIMHEHUH JBYX KYCKOB ypaHa-235, KaXKIblii U3 KOTOPBIX UMEET Maccy
HECKOJIbKO HUKE KPUTHUUIECKOM.

3. SInepHblii peakTop.

YceTpoiicTBO, B KOTOPOM TMOJAEPKUBACTCS yIIpaBisieMasi peaklMs JIEJICHUS
sJ1ep, Ha3bIBACTCS L0epHbiM (WU AMOMHbBIM) PEAKMOPOM.

SAnepHas peakuus NpOTEKAaeT B aKTUBHOM 30HE PEaKTOpa, KOTOpas 3aIlloJIHEHA
3aMeIIUTE]IeM U TPOHHM3aHA CTEPXKHIMH, COJEPKAIUMH OOOTAIIEHHYI0 CMECh
M30TOIOB ypaHa C IMOBBIIIEHHBIM cojepkaHueM ypana-235 (mo 3 %). B akTtuBHyr0
30HY BBOJSTCS PETYJIUPYIOIIME CTEPKHH, COJIEpKAIINe KaJIMUA Wi O0p, KOTOpHIE
MHTEHCUBHO TMOTJIONMIAIOT HEUTPOHBI. BBeneHHne CTEpKHEH B AaKTUBHYIO 30HY
MO3BOJISET YIPABIISATH CKOPOCTHIO LIEMHOM pEeaKIIUHU.
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AKTHBHas 30Ha OXJIAKIACTCS C TTOMOIIBI0 TPOKAYUBAEMOT0 TETUIOHOCUTEIIS, B
KaueCcTBE KOTOPOTO MOXKET MPUMEHSATHCS BOAA WJIM METAJUI C HU3KOW TeMIIepaTypoil
miaBjaeHusl (HampuMep, HaTpuii, uMeronui temneparypy mmiasineHus 98 °C). B
naporeHepaTope TeIIOHOCUTEIb MepeaacT TeIUIOBYIO SHEPTUI0 BOJIE, MIpeBpallas ee
B Map BBICOKOrO aaBieHus. [lap HampaBisieTcss B TypOMHY, COEIUHEHHYIO C
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aneKTpore-HeparopoM. M3 TypOuHBI map mocTymnaeT B KoHJeHcaTop. Bo m3bexanue
YTEUKH pajualiii KOHTYphI TeruioHocuTens | u maporeneparopa Il paGorator mo
3aMKHYTBIM LUKJIaM.

TypOuHa aTOMHOW  BJIEKTPOCTAHLUMU  SBIAETCS  TEIJIOBOM  MAlllMHOM,
OTpEeNEIAIoNe B COOTBETCTBUUM CO BTOPHIM 3aKOHOM TEPMOJUHAMUKH OOIIYIO
3¢ (PEKTUBHOCTH CTAHIIMU. Y COBPEMEHHBIX aTOMHBIX 3JIEKTPOCTAHIINN KO3 OUIIMEHT
MOJIC3HOTO JIEUCTBUA TpubIu3uTeabHo paBeH <~ 33%. CrnepoBaTenbHO, IS
npousBojacTtBa 1000 MBT snekTprueckoil MOITHOCTH TEIIOBAask MOIIHOCTh PeakTopa
nomkHa gocturate 3000 MBT. 2000 MBT 10JI5KHBI YHOCUTCSI BOJIOM, OXJIAXKIAIOILIEH
KOHJIEHCATOp. DTO MPUBOJUT K JIOKAIBHOMY NEPErpeBY €CTECTBEHHBIX BOJOEMOB U
MOC-TIEAYIOIIEMY BOSHUKHOBEHHUIO 9KOJIOTUYECKHUX MTPOOIIEM.

['maBHas npobGiema mnpumenenus ADC cOCTOMUT B OOECHEYEHUH TOJHOMN
paguaimoHHON 0€30MaCHOCTH JIFOICH, pa0OTAOIIMX HA ATOMHBIX AJIEKTPOCTAHIIUNX,
U MPEJOTBpAIICHUN CIy4YallHbIX BBIOPOCOB PaJMOAKTHUBHBIX BEIIECTB U3 aKTUBHOM
30Hbl peakTtopa. Ilocne aBapuii Ha HekoTopeix ADC, B yactHocTH Ha ADC B
[TencunpBanuun (CHIA, 1979 1.) u Ha YepHoObuibckoii ADC (1986 1.), npobiema
0€30MacHOCTH SJEPHON SHEPreTUKU BCTajda ¢ OCOOEHHOM OCTPOTOM, MpH pa3zpaboTke
AJIEPHBIX PEAKTOPOB 3TOM MpodieMe yaensaeTcss 0codoe BHUMAaHUE.

Bonbiiol mpakThyeckuii MHTEpEC MPEJICTABISAIOT PEeakTophl, paboTaroue 6e3
3aMennuTeNnsl Ha OBICTpbIX HeWTpoHax. B Takux peakropax sIepHBIM TOPIOYHUM

235
SBJISIETCA OOOTallleHHas CMeCh, cojepikamias He MeHee 15 % wuzoTtoma o U .

[IpeumytiecTBO peakTOpoB Ha OBICTPHIX HEUTPOHAX COCTOUT B TOM, YTO TPHU UX
pabote  sapa  ypaHa-238, morjomas  HEUTPOHBI,  MOCPEICTBOM  JIBYX
MOCJIeI0OBATENbHBIX 3 -pacmajioB MpeBpalaoTcs B sapa IUTyTOHUS, KOTOPbIE 3aTeM
MOKHO MCIOJIb30BaTh B KAUECTBE SJIEPHOTO TOIINBA:

B B
238 239

1 7 239 / 239
o Utgn— U —> 0. Np—> o P

Koadduruent Bocnpon3BoaACcTBa TAKUX PEAKTOPOB AocTUraet 1,5, T. e. Ha 1 kr
ypaHa-235 mnomywaercs g0 1,5 kr muiyToHus. B OOBIYHBIX peakTopax TaKxke
oOpa3zyeTcs IUTyTOHUH, HO B TOpa3/io0 MEHbUINX KOJUYECTBAX.

[lepBblil simepHblii peaktop Obul moctpoeH B 1942 romy B CIIA mnonx
pykoBojictBoM . @epmu. B CCCP nepBsliii peakTop ObLT mocTpoeH B 1946 roay moj
pykoBoactBoM WM. B. KypuaToga.

4. TepmosiiepHble peaKINH.
Btopoii myTs 0cBOOOXKACHUS SACPHOM SHEPTUU CBSI3aH C PEAKIUSIMU CHHTE3A.
[Ipu cousHUM Jerkux saaep U o0pa3oBaHMM HOBOTO SApa JODKHO BBIACIATHCA
00JBIIOE KOJUYECTBO BSHEPrHMH. DTO BHIHO U3 KPUBOW 3aBUCUMOCTH YJIEIbHOU

SHEPIHH CBS3M OT MacCoBOro uucna A. BIIIOTh [0 S1ep ¢ MacCOBBIM YHCIIOM OKOJIO
60 ymenbHas SHEPIUs CBSA3HM HYKIOHOB pacTeT ¢ yBenuueHueM A. [Tostomy cuHTE3
moboro sgpa ¢ A <60 wu3 Gomee nerkux sgep JODKEH COMPOBOXKIATHCS
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BbIZieieHuEeM 3Hepruu. OOmias macca MPOAYKTOB PEaKIMU CUHTE3a OyJeT B HTOM
Cllyyae MEHbIIIE MacChl IEPBOHAYATBHBIX YACTHII.

Peakiuu ciusHUS JErKUX S/Iep HOCAT HAa3BaHUE MEePMOA0ePHbIX peakyuil, TaK
KaK OHM MOTYT MPOTEKAaTh TOJBKO MPHU OUYEHb BBICOKMX Temmeparypax. UToObl aBa
spa BCTYNWIW B PEAKIMIO CUHTE3a, OHU JOJDKHBI COJIM3UTCA Ha PACCTOSHUE
NEHACTBHS SASPHBIX CHI mopsimka 2-107"° M, Ipeo01eB AIeKTPHYECcKoe OTTaTKUBAHHIE
UX TIOJIOKHUTENIbHBIX 3apsa/ioB. [[J1s1 3TOTO cpeHsisi KUHETUYECKast SHEPTUs TEIIOBOIO
JBUKEHUSI MOJIEKYJI TOJKHA TPEBOCXOAUTH MOTEHIIMAIbHYIO SHEPTHIO KYJIOHOBCKOTO

B3aMMOJIEUCTBHA. PacueT HEOOXOAMMOMW JUIs 3TOrO TeMIeparypsl | MPUBOJUT K
BEJIMYMHE TOPSAJIKA 10°-10° K. Dto Ype3BbIYANHO BBICOKAs Temneparypa. [Ipu takoun
TEMIIEpaType BEIIECTBO HAXOAMUTCA B MOJTHOCTHIO HOHU3UPOBAHHOM COCTOSIHUH,
KOTOPOE HA3bIBAETCS NIA3ZMOU.

DHeprus, KOTopas BBIIEISAETCS NPU TEPMOSIACPHBIX PEaKLMsIX, B pacuere Ha
OJINH HYKJIOH B HECKOJIBKO Pa3 MPEBBIIIAECT YAEIbHYI YHEPTHIO, BBIACISAIONIIYIOCS B
LEMHBIX pEaKUUsAX JeJeHHs sAnep. Tak, HanpuMep, B PEAKUUMU CIUSHUS SIEp

neditepus u TpuTus Beiensercas 3,5 MoB/uyxkion. B uenom B 3TOH peakuuu
277, 3 4 1
Boinensercs 17,6 MbB. 1H+1H—>2He—|—0n +17,6M5B

OT10 0J1Ha U3 HauboJiee MEPCHEKTUBHBIX TEPMOSIEPHBIX PEAKIIUM.

OcCyILIEeCTBIICHUE YHPABIAEMbIX MEPMOAOEPHLIX peakyuli NACT YeIIOBEUECTBY
HOBBIM JKOJIOTUYECKH YUCTBHIM M MPAKTUYECKU HEHCUEPIIAEMBIM MCTOYHUK DHEPIUH.
OnHako MoiMy4YeHHe CBEPXBBICOKUX TEMIEPATyp U YIEpikKaHUE IJIa3Mbl, HArPETOU 110
MUJIAApJa TPaaycoB, MPECTABISET COO0M TPYAHYIO HAYYHO-TEXHHUECKYIO 3aJlauy
Ha ITyTH OCYILECTBICHUS yIPABISIEMOr0 TEPMOSIAEPHOTO CUHTE3A.

Ha nanHOM 5Tane yaanoch OCyHIECTBUTh HEYNPAGIAEMYIO PeaKyuio cunmesa B
BOJIOpoAHON OomOe. Bpicokasi Temmneparypa, HeoOXoAuMast Ui SEPHOTO CHHTE3a,
JIOCTUTAETCSL 3/1eCh C TIOMOIIBI0 B3pbIBAa OOBIYHOW YpPaHOBOW WJIM TUIYyTOHHEBOMU
O0OMOBI.

Oueprus uznydyeHus CoJHIA U 3B€3J UMEET TEPMOSICPHOE MPOUCXOXKICHUE.
TepmosiaepHble peakiy UTPAKOT BAXKHYIO POJIb B IBOJIIOLNH BCeneHHON.

5. IlpumeHeHre U OMOJIOTHYECKOE JeiCTBHE PAAHOAKTUBHOCTH.
NHTepecHbIM TPUMEHEHUEM PAJMOAKTUBHOCTU SIBIIIETCSI METOJ TaTUPOBAHUS
apXEOJOTHYECKUX M TEOJOTMYECKUX HAXOJOK MO KOHIIEHTPAlMU pPaJlOaKTUBHBIX
u3zoronoB. Hanbosiee 4acTo UCHONB3yeTCsl PaguoyTJIEpOAHBIA METON JAaTUPOBAHMUS.

14
HecrabunbHblid M30TON  yriepoaa 6C BO3HUKAaeT B arMmocdepe BCIEICTBUE

SJIEPHBIX PEaKIN, BBI3BIBAEMBIX KOCMHUYECKMMH JydamMu. HeOonbIioi mporeHT
ATOr0 M30TOMNA COACPKUTCS B BO3JYyXE HApPsAy C OOBIYHBIM CTaOWUIIBHBIM HW30TOTIOM

12
6C. Pacrenus u npyrue opraHu3Mbl NOTPEONISIIOT YriaepoJ U3 BO3/AyXa, U B HHUX

HaKaruIMBarOTCs 00a U30TOMNa B TOU K€ MPOMOpIHHU, Kak U B Bo3ayxe. [locne rubenu
pacTEHUN OHM NEPECTAOT MNOTPEONATh YIIEpoJ W HECTaOWIbHBIA HM30TON B

14
pe3yiIbTaTe B-pacnaﬂa IIOCTCIICHHO IIPCBpAIIACTCA B a30T 7N C IICpHuoaoM
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nonypacnaga 5730 ner. [IlyreM TOYHOrO MU3MEpPEHUS OTHOCUTEIBHON KOHUECHTPALUU

14
PAaAUOAKTUBHOIO  yIJCpoaa 6C B OCTaHKax APCBHUX OpPraHu3MOB MOKHO

OTIPENICTUTH BPEMS UX THOCIIH.

PannoakTuBHOE M3MydyeHHE BceX BUIOB (anb(da, OeTa, ramMmMma, HEUTPOHBHI), a
TaK)K€ DJICKTpOMAarHuTHas paavamus (PEHTIEHOBCKOE U3JIyYEHHE) OKa3bIBAIOT
CUJIbHOE OMOJIOTHYECKOE BO3/IEHCTBUE HA JKUBBIE OPTaHU3MBbI, KOTOPOE 3aKII0UACTCS
B IIpoIieccax BO30YXKIACHUS W WOHU3AIMK aTOMOB W MOJIEKYJ, BXOJAIIUX B COCTaB
KUBBIX KJIeTOK. [1oj neiicTBUeM MOHM3UPYIOLIESH pagualiii pa3pyIiaroTcs CIOKHbBIE
MOJICKYJIbI M KJIETOYHBIE CTPYKTYPBI, UTO MPUBOJIUT K J1yUe80MY NOPAINCEHUID 0p2a-
Husma. CTerNeHb MOpa)KEHUsI KUBOTO OpraHW3Ma 3aBUCHUT OT IOTJIONMICHHOW J03bI

M3IIy4YEeHHs, PaBHOW OTHOIIECHHMIO IOIIOIIEHHOM SHeprun M3iayuenus E x macce
00JIy4eHHOTO TeJia M: D = E/m.

PasmepHocTs norsoutenHoi nosst: [D] = I'p (epeti) = 1 [c/ke.

[IpenensHO momyctumas 3a roja no3a s yenoseka paBHa 0,05 I'p. Joza B 3 -
10 I'p, monydeHHast 3a KOPOTKOE BPEMSI, CMEpPTEIIbHA.

OpnHako 4em0BEeK MOKET NOABEPraThCs AEHCTBUIO MOHU3UPYIOIIEH paguanuu U

B OBITOBBIX YCIIOBUSAX. CepBCBHYIO OIIaCHOCTb IJIsI 3A0POBbBA YCIOBCKA MOKET
222

IPEICTaBIATh MHEPTHBIM, OCCIBETHBIN, PaJMOAKTUBHBIA Ta3 pajoH 86Rn. Panon
SABJIACTCS TPOYKTOM Ol-paciiajia pajausi ¥ uMeeT nepro nonypacmana 1’ = 3,82 cyr.
Panuii B HEOONBIINX KOJIMYECTBAX COACPKUTCA B MOYBE, B KAMHSX, B PA3JIMYHBIX
CTPOMTENBHBIX KOHCTPYKUMsAX. HecMOTps Ha CpaBHHUTENBHO HEOONBIIOE BpeMs
YKU3HH, KOHLEHTpALUs paJOHa HENPEPBIBHO BOCIOJHAETCA 34 CYET HOBBIX pacIazoB
Aep panus, MOITOMY pPAaJOH MOKET HAKAIUIMBATHCS B 3AKPBITBIX ITOMEIICHUSX.

218
HOHaI[aH B JICTKHE, paJOH HCITYCKAaCT Ol-4aCTHUIIbI U IIPEBpaAIacTCA B MMOJIOHUM 84P0

KOTOPBIM HE ABIAECTCSI XUMHYECKM HMHEPTHBIM BemecTBOM. Jlamee ciienyer uenb
paIuoOaKTUBHBIX TIpeBpalleHuid cepun ypana). I[lo gaHHBIM AMepUKaHCKOU
KOMHCCHU PaJMAIIMOHHON 0€30MaCHOCTH U KOHTPOJISI, YEJIOBEK B CPEIHEM IMOJydaeT
55 % woHm3upyromen paadanuy 3a cuetr pajoHa U 11 % 3a cuerT MEIUIIMHCKUX
obcnyxuBaHuil. Bkiajg KocMUYeCKUX JIydel cocTaBisieT mpuMepHo 8 %.

O6mias 1o3a 00ydeHHs, KOTOPYIO MOJydYaeT YeIOBEK 3a )KU3Hb, BO MHOTO pa3
MEHBIIIE NpedelbHO O00nYCmMuUMOl 003bl, KOTOpas YCTaHABIWBACTCSA LIS JIFOACH
HEKOTOPBIX  mpodeccuid, MOJABEPraIMxcs JOMOJHHUTCIHPHOMY  OOJIYYCHHUIO
VOHU3UPYIOLIEH pairaluen.

KoHTpoJibHBIC BONIPOCHI
1.YTo Ha3bIBAIOT SICPHBIMH PEAKIIUSIMHU?
2.HazoBuTe TUIBI AIEPHBIX PEAKIINIT
3.Yt0 Ha3bIBAIOT PHEPrETUUYECKUM BBIXOJA0M SAEPHOMN pEeaKIu?
4.HazoBuTe JBa NPUHITUITHATIBLHO PA3IMYHBIX CITIOC00a OCBOOOXKICHUS IACPHON SHEPTHH.

235
S.IIpuBenuTe TUITUYHBIC PEAKIIUN JCIICHUS AIpA 92 U .

6.UT0 Ha3BIBAIOT LIEMTHOM SIIEPHOM peakiuei?
7.4T0 Ha3bIBaOT KOA(PHUITMEHTOM Pa3MHOXKEHUS HEUTPOHOB?
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8.IIpu Kakux ycIoBHUSAX BO3MOKHO MPOTEKAHUE LIEMTHOW AIEpHON peakuu?

9.Kak MOXHO YMEHBIIUTh KPUTUUECKYIO Maccy ypaHa?

10.Yt0 Ha3bIBAIOT SACPHBIM PEAKTOPOM?

11.Yro siBNsieTcs siA€pHBIM FOPIOYUM B PEAKTOPAX ?

12.KakoBO Ha3HAYCHHE 3aMETUTENST HEUTPOHOB U KaKHE BEIIECTBA CITYkKaT
3aMeJUITENIEM HEUTPOHOB B SIIEPHBIX PEAKTOPAX?

13.YT0 UCTIONB3YIOT B KaU€CTBE TEIUIOHOCUTENS B AJIEPHBIX peakTopax?

14.Yto ucnonab3yeTcs B CUCTEME YIIPABJICHUS XO/I0M YIIPaBJIsEMOM sIepHOM peakuuu
JeJeHns?

15.Pacckaknure 0 peBpalieHnH BHYTPUAAEPHON SHEPTUH B 3JeKTprUecKyro Ha ADC.

16.Kakue peakuuu Ha3pIBalOT TepMosaepHbIMU? OOBACHUTE, TOUEMY IIPH CUHTE3E
JIETKUX AJIEP BBIICISICTCS SJHEPIUs?

17.KakoBbI yCIIOBUSI OCYLIECTBICHHS TEPMOSIIEPHON peakunn?

18.ITpuBeauTe npuMep TEPMOSIIEPHON pEAKLIMN U HAIIUIINUTE €€ YpaBHEHUE.
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