Jexuuu onsa cmyoenmoes 2 Kypca no npeomemy
«Iekmpuuecmeo u MazZHemus3m).

Jlextrop — KpsuioB Urops Patmuposuu, kopnyc b, komuara 101, pabounit
ten. 428-44-66.

HuTepHet-cTpanuna: igor-krylov.ru.

becnnatnas unrepuer-crpanuna: igor-krylov.narod.ru.

E-mail: igor-krylov(@yandex.ru

Buneo nexuuii 0ynyt goctynsel Ha RuTube.ru u YouTube.com. Kpome Toro
oynyt pdf-daiinbl 351eKTPOHHOTO KOHCHEKTa JieKiui. ['unepccbuiku OyAayT HA MOUX
CTpaHMIIaX U Ha caiTe (aKyabTeTa:

phys.spbu.ru -> bubnuoteka -> YueOnble Marepuansl -> Kypcbl u nocobus ->
Jlexumu 1o Kypcy "DJIEKTPUYECTBO U MarHeTusM'.

B cepenune cemectpa — KOJUIOKBHYM, B KOHLIE CEMECTPA — DK3AMEH.

Bxon-BbIxoa — cBOOOHBIN, BOIPOCH! ¥ 3aMEYAHUS — IO X0y JIEKIIUH.

Jlureparypa.

1. 1. E. Tamm. OCHOBBI TEOpHUU IJIECKTPUIECTBA.
2. J1. B. CuByxuH. Kypc o6mieit ¢puzuku. Tom 3. DieKTpudecTBoO.
3. JIx. JIxxexcoH. Knaccudeckas 3j€KTpoiMHAMUKA.
4. P. ®eiinman, P. Jleitton, M. Conac. deitHMaHOBCKUE JEKIMU 10 (PUBHKE.
ToM 5. DIIEKTPpUYECTBO U MATHETU3M.

5. O. Ilapcemn. bepximeBckuii kypc ¢usuku. Tom 2. DIEKTpUUYECTBO U
MAarHeTU3M.
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N3noxenne marepuana Oyaer B cucteme enunui] CI'C TI'aycca, ocHOBHBIE
dbopmynsl OyayT npoayonupoBansl B cucteMe CU, paznen «DIeKTpuyecKue Ienu
OyJleT MOJHOCTHIO M3J10keH B cucteme CH.

DJIEKTPOCTATHKA BAKYYMA.
3akon KyJaona.
3aKkoH (DU3UKU — OMBITHBIN (PaKT, aHAJIOT aKCHOMBI B MaTEeMAaTHKe.
3aKoHbI (PU3UKH TPEOYIOT MPOBEPKH HA OMBITE.

[TorpeM cTeknsgHHYIO NHaJo4Ky o mmenk. [Ipm sToM crekio 3apsokaercs
MOJIOKUTENbHBIMH 3apPSITAMH.

[Totpem »00HMTOBYIO (KaydyyK + cepa), a MOXKHO SHTApHYIO (OKamMeHeBLIas
CMOJla JIEpeBbEB), MNaJIOUKy O 1IepcTb. [Ipm 3TOM Ha mnamouke oOpasyroTcs
OTpULIATEIIbHBIE 3apPsI/Ib.

3aKoH Ky.]'IOHa CIIPaBCAJINB AJIs1 HCIIOABHIKHBIX 3apsA 0B B BAKYYMC.

F=912
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— 3akoH Kynona B cucreme enqunann CI'C INaycca.



— 3aKOH Ky.]'IOHa B CHCTCMC CJIHUHHI CI/I, rac

3anumeM 3akoH KyiioHa ¢ yueToM HanpaBiIeHUs CUIIBI.
92

12

9

F, = 9192 #{, CHJa CO CTOPOHBI 3apsia g Ha 3apsi ¢, .

3akoH KynoHa COCTOUT U3 HECKOJIBKUX YTBEPKIACHUM:

1). F~qq,.
RS

r
3). Cuna HampaBiieHa BIOJIb JJUHUU, COSTUHSIONIEH 3apsiibl.
4). 3apsiabpl pa3HbIX 3HAKOB MPUTITUBAIOTCS, 3apsiibl OJHOIO 3HAKa
OTTAJIKUBAIOTCH.

IlepBoe 3ameuanue 1o 3aKoHY KvJjioHa.

=~ Yy -

Fip =735 1y - .
" => k1 =-f

Hh1=-N>

Kazanoce Obl, 3T0 yTBEpXKACHHUE SIBISETCS CleACTBHEM 3-r0 3akoHa HploTOHA 1
He TpeOyeT NOMOIHUTENBLHOTO 00CYXKACHUS, HO 3/1€Ch €CTh TOHKOCTb.

OKa3pIBaeTCsA, 4YTO paBEHCTBO [ :—1312 CIPaBEUIMBO  TOJIBKO IS
HENOJBWKHBIX 3apsfoB. [ ABMKyIIMXCA 3apsAoB € yY4E€TOM MAarHUTHOTO
B3auMoieiicTBus Fy; #—F,.

HepaseHnctso ﬁzl #—F|, BelleT K HapyIIEHHIO 3aKOHA COXPAHEHHS MMITyIhCa

3aMKHYTOW CHCTEMBI. /€10 B TOM, YTO MPHU B3aMMOJECUCTBUM JBUXKYIIUXCS 3apsI0B
BO3HMKAET JJICKTPOMATHUTHOE H3IIyYCHHUE, KOTOPOE YHOCUT HEKOTOPYIO DHEPIHUIO U
YHOCUT HEKOTOPBIM MMITYJIbC. 3AKOH COXPAHEHUSI MMITYJIbCA BBIMOJIHIAETCSA TOJBKO C
Y4E€TOM UMITYJIbCa, YHECEHHOTO U3Iy4YEHUEM, [I0OTOMY CUJjla ACUCTBUSA HE PAaBHA CHIIE
ITPOTUBOJECHCTBHUS.

BTtopoe 3ameuanue no 3axkony Kviona.
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F~ > CBA3aHO C TPCXMCPHOCTBIO IIPOCTPAHCTBA.
r

CoBpemeHnHas ¢u3MKa OCHOBaHA Ha KOHLENIMU Oiu3kojaeiicTBus. CoriacHo
OTOM  KOHUENIMM YaCTHUIbl JCWCTBYKOT JPYyr Ha Jpyra TOJbKO IIpH
HEIMIOCPEICTBEHHOM KOHTAKTE, @ HE HA PACCTOSHUU.

JIBa 3apsiga, HaXOQAIIMECS HA PACCTOSTHUM IPYT OT APYTra, B3aUMOJICMCTBYIOT C
MOMONIBIO CHENHATBHBIX YaCTHUI] — IEPEHOCYHUKOB B3anMMOJCUCTBUA. WX Takke
HA3bIBAIOT KBaHTaMU MoOJid. [lepeHOCUMK B3aMMOJEUCTBUSL H3Iy4acTCs OIHUM
3apsiI0M U MOTJIONIAETCS APYTHUM.

[IepeHOCUMKHN B3aMMOAEHUCTBUSI UMEIOT LETOYUCICHHBIN ciuH s = 0, 1, 2 —
3T0 0030HBI. DEepMHUOHBI UMEIOT TMOdylenbld cnuH s = 1/2 wim 3/2. Ot cnuHa

qaCTHUIObI S 3aBHCUT CHHUHOBBIM MOMEHT HMITYJIbCAa YaCTHIIbI S = h, [S(S + 1) .

[lepeHocunkamMu 3JIEKTPOMATHUTHOTO B3aUMOJICHCTBUS SBISIOTCS (DOTOHBI ¥ .
Macca nokost my =0, 3apsag g =0, cun s =1.

[lepeHOCUMKaMu CHJIBHOTO SIIEPHOTO B3aUMOJCHCTBUS MpPU HEOONIBIINAX

SHEPrusx (B3aUMOJCIHCTBUE MEXAYy MPOTOHAMM W HEUTPOHAMHU) SBISIOTCS

7[0,7z+,7z_ -Me30HbI (IIHOHBI). My >0 (mpuMepHO B 7 pas jerde nporoHa), g =0,xe,

s=0. Jlna Oonbux 3HEPruil (B3auMOACHCTBUE MEXIY KBapKaMH BHYTPU MPOTOHA
WIA BHYTPH HEUTPOHA) IEPEHOCYUKHA — TTIHOOHBL g. my =0, g=0, s=1.

HCpGHOC‘-II/IKaMI/I cimaboro AACPHOIO B3aHMOH€ﬁCTBHH SABJIOTCA
+

MPOMEXYTOUHbIC 0030HBI: Z O,W . my >0 (mpumepHO B 90 pa3 TsKenee MPOTOHA),

qg=0,te, s=1.

[IepeHoCcuMKaMu rpaBUTALIMOHHOTO B3aUMOJICCTBUS ABJISIOTCS TPABUTOHBI G :
my=0,qg=0, s=2.

PaccmoTpum nBa hepmuioHa, HalpuMep JiBa 3apsaa, Ha pacCTOSIHUU 7 APYT OT
npyra. IlepBas dacTvia U3ay4aeT NMEPEHOCUYUKHA B3aMMOJCUCTBUA, a BTOpas — HX
MorJomaeT. YUciao 4acTUIl-IIEPEHOCUYUKOB, KOTOPBIE MOMAaJal0T BO BTOPYIO YaCTHILY,
MPONOPIUOHAIBHO TEJIECHOMY yrily (2, MOJ KOTOPBIM BTOpasl 4YacTUIla BHJHA W3

11(50):10)7 8
@ﬁ?}c}s
1 O 2
3nech S — mjomaab CEUEHMS YaCTHUILHI, QE%~L2. = F ~i2 B
r r r

TPEXMEPHOM IIPOCTPAHCTBE.

B n1ByMepHOM mpOCTpaHCTBE BMECTO TEJIECHOro yriaa ) OyIeT JIMHEWHBIN

D
yrol @ =—~—,ucuia F~—.
roor r



AHaNOru4HoO B n-MCPHOM IIPOCTPAHCTBC F~ el
r

OI[HaKO CWJIbHBIE M  cJIa0ble SAACPHBIC B321PIMOII€I>1CTBHH crmagarorT ¢C

1 y y
paccTosHMeM ObicTpee, 4eM —-. lIepEHOCUMKH SANCPHBIX B3AMMONCHCTBHH —
¥

KOPOTKOXHUBYIIHNC YaCTHIIBI. Onu He MOI'yT IIPOJICTCTDH OoJbIIOE PaCCTOSAHUC. IIo

. . |
9TOHU IIPHUYHUHC B3aUMOACUCTBUC NOJIZKHO CIIaAdThb C PACCTOAHHUCM 6BICTp€€, 4cM -
r

Ecnu Obl mpryuHa ObLIa TONBKO B 3TOM, TO PaANYC ACHCTBUSA, HAIPUMED, CUIBHOIO
AJIEPHOTO B3aMMOJIEUCTBHS COCTABIISLT Obl HECKOJIBKO METPOB. ECTh pyras npuyuHa,
II0 KOTOPOM paauyC JEUCTBHS TOpPa3l0 MEHBIIE W COCTABJISAET BEJIMYMHY MOpPAIKA

pa3sMepoB aTOMHOIO sipa 1071 .
Pannyc nelicTBus SIEPHBIX CHII ONMPEAEISIETCS MACCOW MOKOSI MEPEHOCUUKOB

B3aMMOJICUCTBUSA. Macce COOTBETCTBYET DHEPTUS £ = me? . OHEPrun COOTBETCTBYET
y h y
BpeMs 1I0 COOTHOIIICHUIO HeompeiesieHHoCTH [ eitzendepra AE - At > 5 13 KBAaHTOBOM

MEXaHUKU. BpeMeHM COOTBETCTBYET pacCTosiHue » =c-Af, KOTOpPOE€ W PAaBHO
pagnycy AEUCTBUA ANEpHBIX CUJl. COOTHOIIEHUE HEOMPEAECICHHOCTH O3HA4YaeT, YTo
€CIIM Mbl 3HAEM MOMEHT HW3MEpPEHHUS DSHEPIMUM C TOUYHOCTBIO Af, To AE —
HEOIIPEIECIICHHOCTh U3MEPEHUS SHEPTUU. TO €CTh NPU TOYHOM ITIOBTOPEHUHU YCIOBUU
AKCIIEPUMEHTA DHEprus OyJeT MoJydaTbcsl TO OOJbIlle, TO MEHbIIE Ha BEIUYUHY
nopsiaka AE .

Ecnu nBa 3apsiia moKosITCSI, TO HUKAKUX peabHbIX (POTOHOB OHHM HE U3TY4aloT.
['oBOpsIT, 4TO OHM OOMEHHBAIOTCS BUPTYaJTbHBIMU (hOoTOHamMH. J[Js BUPTYyaJIbHBIX

dJacTull HC BBIIOJHACTCA PCILITUBHUCTCKOC COOTHOIICHUC MCKIY I)HGpFPIefI )51

HUMITYJIbCOM E? —czp2 :mgc4, a UMIIYJIbC MOXET OBITh M OTPHUIATEIHHOU

BEJIMYMHOHN, B pe3yibTaTe MNpu OOMEHE BHPTYaJbHBIMM YaCTULAMHU pealibHbIE
YaCTULIBI MOTYT HE TOJIBKO OTTAJIKUBATHCS JPYT OT APyra, HO U NPUTATUBATHCS IPYT
K Apyry. s poTroHa macca MOKos paBHa HyIrO my = 0.

IIpuHIMI CYNIEePIO3UIIMH.
B ¢usuke nmpuHuunm — pe3ynabrar 0000IIeHUs] MHOTUX Pa3HOPOJIHBIX OIBITOB.
B oTianume oOT 3aKkOoHa MNPUHLOMII HE TMOIJACTCS NPSMOM SKCIEPUMEHTAIBHOU
MPOBEPKE, BCE €T0 MOATBEPKIACHUS KOCBEHHBIE.

HpI/IHHI/IH CYIICPIIO3NINH — HC3aBUCHUMOCTD IIapPHBIX B3aHMOﬂeﬁCTBHﬁ:
Fi :F21 +F}51 +...+FN1

TpeTbe 3aMeuyanue 1o 3aKkoHy KyJjiona.




Yacte 3akoHa Kymona F ~ q;g, MOXHO JIOTMYECKHM BBIBECTH U3 IPUHIIMIIA
CYHEPIO3ULIAH.

PaccMoTpuM B3aMMOJENCTBUE IBYX TOYEUHBIX 3apsioB q; U ¢, . IIycTh 3apsan
g, COCTOMT M3 IBYX OJMHAKOBBIX IIOJIOBUHOK ¢»' U ¢, ".

q -
. ST
4, qé’ F'

Ha 3apsansl g,' u g, " nedcTByeT oAMHAKOBAs CUIIA F' cO CTOpOHBI 3apsiia q1,
TaKk Kak 3apsagel ¢,' U ¢," PpaBHBl M HaXOAATCA B OJIMHAKOBBIX YCIIOBUSAX
OTHOCHUTEIBHO 3apsaa ¢;. Ha cymmapHbii 3apsaa g, HAEHCTBYeT CyMMa CHII
F=F'+ F'=2F". CnenoBatelbHO, [IPH yABOCHUN 3apsiia q,' cuna, JEeUCTBYIOLIAs
Ha 3apspn, ynsampaerca. To ectb F ~¢g,. Anamormyno F ~q;. CienoBaTeibHO,
F~qq,.

JIMCKPETHOCTh 3apsijia.
Benuunnbl Bcex 3apsi0B KpaTHBI OJHOMY 3JIEMEHTAPHOMY 3apsiy €.
+e — 3aps] MpoTOoHA.
—e — 3apsJ AICKTPOHA.

e
3apsa KBApKOB KPaTeH 5 .

e . . .
3apsabl TpeX KBapKOB -3 (d — HWKHMI, S — CTpaHHBINA, b — MpeNecTHbIN) U

€ o o o
ene Tpex +2§ (u — BepxHUH, C — OYapPOBAHHBIN, t — HCTUHHBIN). 13 kBapKoB U

AHTUKBAPKOB COCTOAT aJpOHbI — YACTHIBl YYaCTBYIOIIME B CHJIBHBIX SACPHBIX
B3aMMOJEUCTBUAX. He COCTOAT U3 KBAPKOB JIENTOHBL: 3JIEKTPOH, MIOOHBI, HEUTPUHO.

3aK0H COXpaHEeHWS 3apsaa.

Ecnu 3apsapl He BRITCKAIOT M HE BTEKAIOT Yepe3 IpaHuIly 00beMa, TO 3apsia B
o0beMe COXpaHsaeTCs.

/{Ba 3aMe4YaHus K 3AKOHY COXPaHEHMS 3apsiia.
1. 3apsin coxpaHseTcs B peakLUsAX POXKICHHUS U YHUUYTOKEHHUS dJIEMEHTAPHBIX
yactull. Hanpumep, poxaeHne 1 aHHUTWIISIIUS 3IEKTPOH-TTO3UTPOHHBIX Tap.
2. BennuuHa 3apsga HE 3aBUCHUT OT CKOPOCTH YacTHLBI, B TOM YHCIE U B
PENATUBUCTCKOM cilydae. B pe3ynpTraTe 3aps/ Tella He 3aBUCUT OT €r0 TEMIIEPATYpBHI.

HanpsizkeHHOCTD 3JieKTpuueckoro moJjs F.
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HANpsOKEHHOCTh BCEX 3apsAfoB, KpoMe npoOHoro 3apsaga ¢'. Hanpsoxennocts E

E=—, rne F' — cuna, JNeHCcTByIOmas Ha NpoOHBIA 3apsan ¢, E —

HMCCT PA3HbIC 3HAYCHUA B PA3HbLIX TOYKAX, E— (bYHKI_[I/I}I padnyC-BCKTOpa r.

HanpskeHHOCTh 3JeKTPOCTATHYECKOTI0 M0l TOYEYHOI0 3apsaa.
Paccmotpum Toueunslit 3apsan ¢ . B mose 3apsiga ¢ momecTuM MpoOHBIN 3apsi

q'.

- F' 1 '
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E= %F , TJIe ¥ — BEKTOp U3 3apsijfia ¢ B TOUKY HAOJIIOJCHUS.
r

el 4:.cm
472'80 ]/‘3

Haiinem Teneps BeIpayke€HHE U HAIPSYKEHHOCTH TOYEYHOTO 3apsja ¢, Koraa
HayaJlo KOOPJIAMHAT HE COBNAJAET C IOJIOKEHUEM 3aps/a.

[lycTh

1y — paluyc-BEKTOp 3apsana ¢,

7 — paauyc-BeKTOpP TOUKHU HAOIIOACHHS SJIEKTPUYECKOTO MOJISL.

Torna 7 — ¥y — BexTOp, IPOBEACHHBII U3 3apsAa ¢ B TOUKY HAOJIIOJCHHU.

- g g9 =40
B Belpaxenun £ =—73 7 C/IC/IaeM 3aMEHBI 1 _ . _ \ umnoiyyum
r r— (r - ’”0)
E(~ __ 49 = _ 2
r)—ﬁ(r—ro), 1€ 7 — BEKTOp M3 Hayajla KOOPIHMHAT B TOYKY
‘I" —7'0‘
H36HIO,Z[GHI/IH I10JIA, I_/:O — BCKTOP H3 Ha4dalla KOOpAMHAT B TOYKY C 3apsAdOoM (),

KOTOpBIﬁ ABJIACTCA HCTOYHUKOM IIOJIA.

DJIEKTPHUYECKOE 10J1€ 3aPsIa, JIBHKYILET0CS C MOCTOSIHHOM CKOPOCThIO.
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Ex q—3 C TOYHOCTBIO 0 BCIWYHH IIOpAIKA —5-.
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Jluaun mnonis E HECKOJIBKO CTYIIAITCS K IUIOCKOCTH IEPICHIUKYISIPHON
CKOpPOCTH 3apsia V .



