Jlekuuu ons cmyoenmoe 2 Kypca no npeomemy
«reKkmpuuecmeo u MazHeniu3Im).

Jlektop — KpoiioB Urops Parmuposud, xkopnyc b, komuara 101, paGouuit
Ten. 428-44-66.

NutepHeT-cTpanuma: igor-krylov.ru.

becnnatHas untepHer-ctpanuna: igor-krylov.narod.ru.

E-mail: igor-krylov@yandex.ru

Buneo nekuunii 6ynyt noctynusl Ha RuTube.ru u YouTube.com. Kpome Toro
Oyayt pdf-gaiinbl 3eKTPOHHOTO KOHCHEKTa JIeKIuid. ['unepcchiiku OyayT Ha MOHMX
CTpaHUIaX U Ha caiite (paKkybTeTa:

phys.spbu.ru -> bubnuoteka -> Yuebusie MaTepuansl -> Kypcbl u mocobus ->
Jlexunu 1o kypcey "ONEeKTPpUYECTBO U MArHETU3M .

B cepenune cemecTpa — KOJIJIOKBUYM, B KOHIIE CEMECTpa — IK3aMEH.

Bxopa-Beixoa — cBOOOAHBIN, BOIPOCH! M 3aMEYaHUsl — M0 XOAY JEKIUM.

Jlureparypa.

1. 1. E. Tamm. OCHOBBI TEOpUU IIECKTPUUECTBA.
2. J1. B. CuByxun. Kypc o6mie#t ¢puzuku. Tom 3. DieKTpu4ecTBO.
3. JIx. Ixexcon. Knaccuueckast aeKTpoJuHAMUKA.

4. P. ®deitaman, P. Jleriton, M. Connc. deitHMaHOBCKHE JICKIMH IO (PHU3UKeE.
Tom 5. DNEeKTpUYECTBO U MATHETHU3M.

5. D. Ilapcenn. bepknueBckuii kypc ¢uszuku. Tom 2. DneKTpudyecTBO U
MarHeTH3M.

.

Wznoxxenne martepuana Oyzaer B cucreme CU, ocHoBHBIE Qopmysbl OyayT
nponyoiaupoBansl B cucteme eaunul; CI'C Iaycca, pasnen «DneKTpuyecKre Lernn
OyzeT u3noxeH TojbKko B cucteme CH.

DJIEKTPOCTATHKA BAKYYMa.
3akon KyJjiona.
3aKoH (U3UKU — OMBITHBIN (PAKT, aHAIOT AKCUOMBI B MATEMAaTHKE.
3akoHbI pU3UKU TPeOYIOT MPOBEPKHU HA OTIBITE.

[Totpem crexkimaHHYr0 nanouky o wmenk. IIpu sTtom crexno 3apspkaercs
MOJIOKHUTENBHBIMH 3aPSIIAMH.

[Totpem 300HHTOBYIO (Kaydyk + cepa), a MOXHO SHTapHYyIO (OKaMeHEBIIas
CMOJla JIepEBbEB), MNaJIOUKy O 1IepcTb. [Ipm 3TOM Ha mnamouke oOpas3yroTcs
OTpULIATEIIbHBIE 3apPsI/Ib.

3aKoH Ky.TIOHa CIIpaBCAJIMB AJIs HCIIOABMIKHBIX 3apPsAJ10B B BAKYYMCE.
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F= % — 3akoH Kynona B cucreme equnun CI'C INaycca.
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BanuireM 3akoH KysoHa ¢ ydeToM HampaBIeHUs CHIIBL.
q,
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s 1 -
Fj, = 92 7, CHIIa CO CTOPOHBI 3apsijia ¢ Ha 3apsll ¢, .

3akoH KynioHa coCTOMT U3 HECKOJIBKUX YTBEPKICHUI:

1). F~qq,.
1

2). F~—.
r2

3). Cuna HampaBiieHa BJOJIb JINHUU, COSIUHSIIONIEN 3apsi/bl.
4). 3apsaabl pasHbIX 3HAKOB MNPUTATMBAIOTCS, 3apsiabl OAHOrO 3HAaKa
OTTAJIKMBAIOTCS.

IlepBoe 3ameuanue no 3axkony Kviaona.
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Kazanocsk Ob1, 3T0 yTBEepKIeHUE SBIISETCA CAeACTBUEM 3-T10 3akoHa HbroTOHA 1
He TpeOyeT AOMOJHUTEIBHOTO O0CYKIACHHS, HO 371€Ch €CTh TOHKOCTb.

Oka3bIBa€TCsl, 4YTO PaBEHCTBO le = —1312 CIIPAaBEIJIMBO  TOJBKO A
HEMOABWKHBIX 3apsiaoB. I  ABMKYIIMXCS 3apsoB € YYETOM MArHUTHOTO
B3aMMOJCHCTBHS FZI # —}712.

HepasenctBo le # —17“12 BEJIET K HAPYIICHUIO 3aKOHA COXPAHCHHS MMITYJIbCa
3aMKHYTOW CHCTEMBI. J[€J10 B TOM, YTO MPU B3aMMOJECUCTBUU JIBHXKYIIUXCS 3apsSI0B
BO3HHMKAET 3JIEKTPOMATHUTHOE H3IIyYEHHE, KOTOPOE YHOCUT HEKOTOPYIO 3HEPTHUIO U
YHOCHUT HEKOTOPBIM MMIYJIbC. 3aKOH COXPAHEHUS MMITYJIbCA BBIMOJIHAETCS TOJBKO C
Y4E€TOM UMITYJIbCA, YHECEHHOTO U3JIyYEHUEM, [TIOATOMY CUJjla ACHCTBUS HE paBHA CHUJIE
IIPOTUBOJECHCTBHUS.



BTtopoe 3ameuanue no 3akony KyJjona.

[~ —- CBA3aHO C TPEXMEPHOCTBIO IPOCTPAHCTBA.
r

CoBpeMmeHHass Qu3uKa OCHOBaHAa Ha KoHuUenuuu OmuskoneiictBus. CoriacHo
TOW  KOHUENIMM YacTULpl JEHCTBYIOT Jpyr Ha JApyra TOJIBKO IIpH
HETNOCPEICTBEHHOM KOHTAKTE, @ HE HAa PACCTOSTHUM.

JIBa 3apsiga, HaXOAIIMECS Ha PAaCCTOSHUU IPYT OT ApYyTra, B3aUMOJEHCTBYIOT C
MOMOIIBIO CIENUATbHBIX YacTHI[ — TMEPEHOCUMKOB B3auMojaeucTBus. Mx Taxxe
HA3bIBAIOT KBaHTaMu ToJisA. llepeHOocunMK B3aUMONEHUCTBUSL M3Iy4yaeTcsl OIHHUM
3aps0M U TIOTJIOMIAETCS APYTUM.

[TepeHocurku B3aUMOJICUCTBUS UMEIOT IEIOUMCICeHHbIA ciuH s = 0, 1, 2 —
3T0 0030HBI. PEepPMUOHBI UMEIOT MONyUenbld cnuH s = 1/2 wam 3/2. OT cnuHa

YJACTHIIBI § 3aBHCUT CITMHOBBIA MOMEHT MMITYJIbCA YACTHIIBI S = 71,/ s(s + 1) :
[lepeHocurKkamMu 3IEKTPOMATHUTHOTO B3aUMOJACHCTBUS ABJISIOTCS (DOTOHBI ¥ .
Macca nokost my =0, 3apsan g =0, cnue s =1.
[lepeHocunkaMy CHJIBHOTO SIIEPHOTO B3aWMOJEHCTBUS TPU HEOOIBIIHMX

SHEPruax (B3aUMOACHCTBUE MEXAYy MPOTOHAMM W HEUTPOHAMHU) SBISIOTCS

7r0,7z+,7r_ -Me30HbI (IIHOHBI). My >0 (mpuMepHO B 7 pas jerde nporoHa), g =0,xe,

s=0. [na Oonpmux 3Hepruil (B3auMOAEMCTBHE MEXIY KBapKaMd BHYTPU IPOTOHA
WINA BHYTPH HEUTPOHA) MIEPEHOCYUKH — TTIHOOHBL g. my =0, g=0, s=1.
IlepeHocunkamu  ciaboro  siAEPHOTO B3aUMOJCUCTBUS  SBJIIFOTCS
MIPOMEXYTOUHbIE 0030HBI: Z O w*. my >0 (mpumepHo B 90 pa3 TsKenee IpoOTOHa),
qg=0,te, s=1.
[lepeHocurkaMy IpaBUTALMIOHHOTO B3aUMOJEHCTBUS ABJISIIOTCSA TPABUTOHBI G :
my=0,qg=0, s=2.

Paccmotpum nBa dhepmuona, HanpUMep JiBa 3apsja, Ha pacCTOSSHUU ¥ JAPYT OT
npyra. [lepBas yacTuua M3JIy4yaeT MEPEHOCUYMKH B3aUMOJECHCTBUS, a BTOpas — HX
noryionfaeT. Yuciao 4acTUL-NIEPEHOCYUKOB, KOTOPBIE MOMAIAIT BO BTOPYIO YacTHULLY,
MPOMOPIUOHAIIBHO TeJecCHOMY yray 2, MoJ KOTOpPBIM BTOpas 4acTULA BUAHA U3

IIEPBOM.
@ﬁ}:}s
1 O 2
3mecs S — mJom@aab CEUEHHMS YaCTHUILHI, Qz%fv%. = F ~L2 B
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TPEXMEPHOM ITPOCTPAHCTBE.



B nBymepHOM mpoCTpaHCTBE BMECTO TelleCHOro yria € Oyner JWHEWHBIH
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OI[HaKO CHJIbHBIE M  cJIa0bIe AACPHBIC BSaHMOHCﬁCTBHH clragaror ¢

1 . .
paccTosiHUEM ObICTpee, YeM — - llepeHoCUMKM SNEPHEIX B3aMMONCHCTBUH —
v

KOPOTKOXKMBYIIME 4yacTulbl. OHU HE MOTYT MpOJIETeTh OOJblIoe paccTosHue. [lo

ATOW MPUYMHE B3aUMOJCHCTBUE JOJHKHO CIAJaTh C PACCTOSTHUEM OBICTpee, YeM — -
r

Ecnu 6b1 npuunHa Gbl1a TONBKO B 3TOM, TO pPaguycC ACHCTBHS, HAIPUMEpP, CUILHOTO
AJIEPHOTO B3aUMOJICHCTBHS COCTABIST Obl HECKOJIBKO MeTpoB. EcTh Apyras mpuunHa,
II0 KOTOPOM paauyC NEUCTBHs TOpPa3fn0 MEHBIIE U COCTABIAET BEJIMYMHY IMOPAIKA

pa3MepoB aTOMHOTO sifipa 1075 m.
Panuyc neicTBus siIEpHBIX CUJI OINpPEAENSIETCS MAcCOM MOKOSI MEPEHOCYUKOB

o 2
B3auMOJIecTBUS. Macce COOTBETCTBYET 3HEprusi £ =mc”. DHEeprul COOTBETCTBYET
y h y
BpeMs 10 COOTHOIIEHUIO HeompeaeneHHocTu [ eitzenbepra AE - At > ) 13 KBaHTOBOM

MEXaHUKU. BpeMeHM COOTBETCTBYET pacCTosiHue r» =c-Atf, KOTOpOE€ U PaBHO
panuycy nercTBust siAepHbIX cuil. COOTHOIIEHUE HEOMPEAEICHHOCTH O3HAYaeT, YTO
€CIIM Mbl 3HAEM MOMEHT HW3MEPEHMUS DSHEPIMM C TOYHOCTBIO Af, TO AE —
HEOIPEIEICHHOCTh U3MEPEHUS SHEPTUH. 10 €CTh MPU TOYHOM ITOBTOPEHUU YCIOBUU
AKCIIEPUMEHTA SHEpPrusi OyJeT MoJaydaTbCcs TO OOJIbIIE, TO MEHBIIEC Ha BEJIUYHHY
nopsaaka AE .

Ecnu aBa 3apsia moKOsTCSI, TO HUKAKMX PEeAIbHBIX (DOTOHOB OHU HE M3JTy4aroT.
['oBopsIT, UTO OHM OOMEHUBAIOTCS BUPTyaldbHBIMU (oToHamu. J[JIsS BUPTyaIbHBIX

JacTull HE BBIIOJIHACTCA PCIATHBUCTCKOC COOTHOIICHUC MCEKIY aHepmeﬁ u

UMITYJIbCOM E*-¢? p2 :mgc4, a UMIIyJIbC MOXET OBITh M OTPULATEIHHOU

BEJIMYMHOW, B pe3yjbTaTe MpU OOMEHE BUPTYyaJIbHBIMH YacTHI[AMHU peajbHbIC
YaCTHUI[bl MOTYT HE TOJIbKO OTTAJIKUBAThLCS APYT OT APYra, HO U MPUTATUBATHCS APYT
K apyry. s ¢poTona Macca nokosi paBHa HyJo 7 = 0.

IlpuHIMI cynIepHno3uIIMH.
B ¢usuke nmpuHuunm — pe3ynabrat 00001IEeHUs] MHOTUX Pa3HOPOJIHBIX OIBITOB.
B ominume OT 3akoHa TMPUHIMII HE TMOJJACTCA MNPAMON IKCIEPUMEHTATIbHOU
MIPOBEPKE, BCE €r0 MOATBEPKICHUSI KOCBEHHBIE.

HpI/IHI_II/IH Cyncprno3nuyn — HE3aBUCUMOCTD ITaPHBIX BBaHMOHeﬁCTBHﬁi
Fi :F21 +F31 +"‘+FN1



Tperbe 3amMeuanue no 3axkony KyJsiona.
Yacte 3akoHa Kynona F ~ q;g, MOXHO JIOTMYECKHM BBIBECTH W3 IPUHIUIA
CYTNEPIIO3HLIMH.
PaccMOTpUM B3aMMOJEHCTBUE IBYX TOUEYHBIX 3apsANOB ¢ U ¢,. IlycTs 3apsan
g, COCTOUT U3 IBYX OJAMHAKOBBIX IIOJIOBUHOK ¢»' U ¢, ".

q. .
. S - F
9, qz” F'

Ha 3apsansl g,' 1 g, " neicTByeT ONMHAKOBAs CHUIla F' cO CTOPOHBI 3apsiza q1,
TaK Kak 3apsaael ¢,' U ¢," paBHBl U HAXOAATCA B OJIMHAKOBBIX YCIIOBUAX
OTHOCHUTEIBLHO 3apsaa ¢;. Ha cymmapHeii 3apsaa g, HAEWCTBYeT CyMMa CHI
F=F'+ F'=2F". CnenoBareibHo, IIPU YABOCHUH 3apsfa ¢,' CUja, JIEHCTBYHOIIAs
Ha 3apsan, ynasamBaercd. To ectb F ~¢g,. AHanormyHo F ~ ¢g;. CienoBarenbHO,
F~qq;.

JIMCKPETHOCTDh 3apsijia.
Benuunnbl Bcex 3apsiioB KpaTHBI OJTHOMY 3JIEMEHTAPHOMY 3apsiay €.
+e — 3apsaa MpOTOHA.
—e — 3aps] AJIEKTPOHA.

e
3apsii KBADKOB KpaTeH 3
e . " .
3apsiabl TpeX KBApKOB 3 (d — HWKHMNA, S — CTpaHHBINA, b — MPENECTHHIN) U

€ o o o
ene Tpex +2§ (u — BepxHUH, C — OYAapPOBAHHBIN, t — UCTHHHBIN). 113 KBapKkoB U

AHTUKBAPKOB COCTOAT aApOHbI — 4YaCTULbLlI YYAaCTBYIOIIMC B CHIIBHBIX SAACPHBIX
BSaHMOHCﬁCTBHHX. He coctost u3 KBApKOB JICIITOHLI: DJICKTPOH, MIOOHBI, HCﬁTpHHO.

3aK0OH COXPaAHEHHUH 3apAaA.
Ecnu 3apszibl He BBITEKAIOT M HE BTEKAIOT Uepe3 TpaHully o0bema, TO 3apsj B
00beMe COXpaHsIETCHI.

JBa 3ameyaHus K 3aKOHY COXPAHEHHH 3apsaa.
1. 3apsa coxpaHseTcs B peakUuusX POXKACHHUS U YHUUYTOKEHHS 3JIEMEHTAPHBIX
yactull. Hanmpumep, pokIeHne U aHHATUIISALAS JIEKTPOH-TIO3UTPOHHBIX T1ap.
2. BennuuHa 3apsaa HE 3aBUCUT OT CKOPOCTH YacTULbl, B TOM YHUCJIE U B
PENATUBUCTCKOM cilydae. B pesynbrare 3apsj Tena He 3aBUCUT OT €r0 TEMIIEPATYPHI.

Hanpsi:keHHOCTD YJIeKTpUu4Yeckoro nmoJs E.
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E= -, TOe F' — Cuia, NEWCTBYIOMAas HAa MPOOHBIA 3apsm ¢', E
q

HaAMpPsDKEHHOCTh BCEX 3apsfoB, KpoMme NpoOHoro 3apsna ¢q'. Hampsbkennocts E
MMEET pa3Hble 3HAYEHUS B pa3HbIX TOUKaX, £ — (QyHKIUs paanyc-BeKTOpa 7 .

HanpskeHHOCTh 3JIeKTPOCTATHYECKOI0 10l TOYEYHOI0 3apsiaa.
PaccmoTpum ToueuHsIi 3apsin g . B mose 3apsana ¢ momecTuM mpoOHBIN 3apsi

q'.
E = F — i . 1 . ﬂf =>
q'" q' 4mgy P
= 1 q - _
E= -—3 7', Te 7' — BEKTOp M3 3apsjia ¢ B TOUKY HAOJIIOIEHUSL.
drey r

E= %17 B cucteme CI'C I'aycca.
r

HaiineM Tenepp BbIpaK€HUE IS HANIPSKEHHOCTH TOYEYHOTO 3apsiia ¢, Korna

Hayajo KOOPAMHAT HE COBHAAAET C MOJIOKEHUEM 3apsIa.
ITyctp

Ty — paluyC-BEKTOp 3apana ¢,
7 — paanyCc-BeKTOp TOUKU HAOIIOACHHS SJEKTPUUECKOTO MOJIS.
Torna 7 — 1y — BEKTOp, IPOBEJCHHBIN U3 3apsia g, B TOUKY HAOJIFOICHHUA.
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~ N q =40
B BeIpaxkenuu E = "—3 7 C/IC/IAeM 3aMEHBI 1 _ . _ | U IOJIy4Yum
drey r F—>(F—1y)
o 1 o .
E ( r) = .40 3 (r — ”0)» A€ 7 — BEKTOp M3 Hayajga KOOPIWHAT B
dre ‘ 7 — ,70‘

TOYKY Ha6J'II-0,ZIeHI/I$I I10JIA, FO — BCKTOpP M3 Ha4daJla KOOpAUHAT B TOUKY C 3apsaa0OM (¢,
KOTOpBIfI ABIACTCA HCTOYHHUKOM ITOJIA.

DJCKTPHYECKOe M0JIe 3apsaaa, IBHKVIIET0Cs ¢ MOCTOAHHOUW CKOPOCTHIO.
- 2
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— C TOYHOCTBIO JI0 BE/IMYHH HOPsIKa
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Jluauu monis E HECKOJIBKO CTYIIAIOTCS K TJIOCKOCTH TEPHEHIUKYISIPHON
CKOpocTH 3apsna V .



