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M3nararoTcsi MeTOAUYECKHEe PEKOMEHAAINY 110 BBIIIOJHEHUIO IIPAKTHIECKUX
paboT, CIIOCOOCTBYIOIINE PA3BUTHIO WHAWBHIYATFHOTO TBOPYECKOT'O MBILIUIEHHS Y
CTYZECHTOB; aKTHUBU3aIMK y4eOHOro Ipoilecca Ha MPOTSHKEHWH BCEro Iepruona
U3y4EeHMs JIUCLMILIMHBI, OPraHU3alys CaMOCTOSTEIbHOW W HWHAWBUAYaIbHOU
paboTEL.

Metonuueckue yka3zaHWS COOTBETCTBYIOT TpebOoBanmsiM DenepalbHOro
rOCYJapCTBEHHOT0 00pa30oBaTeNIbHOIO CTaHAapTa BBICIIEr0 MPO(ECCHOHAIBHOIO
obpa3oBaHus U ydeOHOMY IutaHy Hampasienus moxrorosku 08.03.01, 21.03.02,
08.05.01 cremnens (xBanmdukanws) — 6aKaaasp. Hpe,Z[HaEIHa‘IeHBI IUIsl CTYJIEHTOB
BceX popM oOyUeHHs.

Tekct neyaTaeTcs B aBTOPCKOH peakiiuu

ITognucano B nevathb . @®opmar 60 x 84 1/16.
Yen. neu. 1. 4,07. Yu.-uzn. . 3.68. Tupax 50 sk3. 3akas 35=. becnnaTtho.
IOro-3ananselil rocy1apcTBEeHHBIN YHUBEPCHUTET.
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OBIIUME METOINYECKHUE YKA3ZAHUA
K PEHIEHUIO 3AJTAY U BbITIOJTHEHHUTO
KOHTPOJIbBHbBIX 3AJAHUU

Homepa 3amay, KOTOpbIE CTYAEHT JOJKEH BKJIIOYUTH B CBOE
KOHTPOJILHOE 3aJIaHME WM KOHTPOJBHYIO PadOTy, ONPENENSIOTCs IO
Ta0JauIaM BApUAHTOB, KOTOPBIE COCTABIISIIOTCS JIEKTOPOM ITOTOKA.

KoHTponbHOE 3ajaHWe WA KOHTPOJBHYKO pPabOTy HYXHO
BBITIOJIHATH B TETPaJU, B COOTBETCTBUM C YCTAHOBJICHHOU (hopmoit. JLiis
3aMEUaHUI MpenojaBaTesis Ha CTPAHUIE TETPAAU HYKHO OCTAaBJISATH
OJIAL.

B KOHIIE KOHTPOJBHOrO 3aJaHusl WIM KOHTPOJBHOM pabOoThl
HEOOXOJIUMO yKa3aTh, KakUM YYEOHMKOM WM YYEOHBIM ITOCOOHEM
CTYJICHT TOJIb30BAJICS MPU U3YyUYECHUU JAHHOTO pazjesia Gu3nku (Ha3BaHUE
yuyeOHHKa, aBTOp, TojA M3AaHMs). ITO HEOOXOAMMO Il TOTO, YTOOBI
npernojiaBareib, IPOBEPSIONIMNA KOHTPOJBHYIO paboTy, B cllydae
HEOOXOJIMMOCTH CMOT yKa3aTh, 4YTO CJEAYEeT CTYACHTY W3y4UTb IS
3aBEpIICHUS PaOOTHI.

Pemenne 3amaum  ciemyer  CONMPOBOXKIATh  KPATKUMH,  HO
MCYEPIBIBAIOIIMMU MOSICHEHUSIMU; B TEX CITyYasiX, KOTJa 3TO HEOOXOIUMO,
JaTh YEPTEXK, BHIMOIHEHHBIN C MIOMOIIBIO YEPTEKHBIX MPUHAJICKHOCTEN.
Pemutsh 3ama4y Has0 B OOIIEM BUJIE, T.€. BHIPA3UTh UCKOMYIO BEIMUMHY B
OYKBEHHBIX 0003HAYEHMSIX BEJIMYMH, 3a/IaHHbIX B YCJIOBHM 3agaud. [Ipu
TaKOM CIOCO0€ pEelICHHs] HE MPOU3BOASATCS BEIUUCICHUS IPOMEKYTOUHBIX
BermmunH. llocne momydeHust pacueTHoM (opMysbl Uil  POBEPKHU
MIPABWIBHOCTHA TOJIYyYEHHOTO Pe3yJIbTara CJIEAYET NPUMEHUTH IIPABUIIO
pa3sMepHOCTH. YUHWCIIOBBIE 3HAYEHUS BEIWMYMH IPU TOJCTAHOBKE HX B
pacueTHy0 (HOpMyiTy cleAyeT BbIpakaTh TOJBKO B €IMHUIIAX CUCTEMBbI
CH. Ilpu moacraHoBKE B pacueTHYO GopMylly, a TakkKe IMpH 3alucu
OTBETA YMUCJIOBBIE 3HAYEHUS BEIIMUMH CIEAYET 3alUChIBATh KakK
MPOU3BEJICHUE IECATUYHON JPOOU Ha COOTBETCTBYIOIIYIO CTENEHD JECATH.
Boruucnenuss mo pacueTHor ¢opmylie HaAO MPOBOAUTH C COOJIIOJIEHUEM
NPaBWI MPUOTMKEHHBIX BBIYUCICHUNA. DTO OTHOCUTCA M K CIIy4aro, KOorja
PE3YIBTAT IOIYYEH C PUMEHEHUEM KAJIBKYIISITOPA.
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IIpakTuyeckoe 3ansaTue Nel,2,3
Maenumnoe none 6 6AKYYME U €20 XapaKkmepucmuku. Maenummnoe
szaumooeticmsue. Cuna Amnepa u Jlopenya Ilpunyunsr cynepnosuyuu
maznumuwvlx noneu. 3akon buo—Casapa—Jlannaca. 3axon noanoco moka (meopema
o yupkyrayuu). 3axon Amnepa. MaeHummnvle ceoticmea macnemuxos. Aenenue
anekmpomacHumuou unoykyuu. Camoundykyus. Paboma no nepemewenuro
I’lpOGOOHUKCZ C MOKOM 6 MACHUNHOM NoOJie. 9H€p21/l}l MACHUMHO20 NOJIA

Homepa 3apa4 no: Yeprtos A.I'., BopodbeB A.A. 3axaunuk nmo ¢pusnke: Yueo.
nocooue AJis1 BTy30B.-/-€¢ U3/., nepepad. u aom. -M.: U3nateabcTtBo Ou3uko-
MaTreMaTu4eckou gureparypsi, 2003.-640 c.

11.1 - 11.3, 11.5, 11.7 - 11.10, 11.15, 11.17 - 11.19,11.22, 11.26, 11.30 -
11.33, 11.36 - 11.38, 11.41 - 11.44, 11.46, 11.51, 11.53, 11.40, 11.56, 11.57,
11.64-11.66, 11.93, 11.100, 11.102, 11.106, 11.111, 11.112, 11.113, 11.116,
11.125,11.128, 11.131.

IIpumeps! pemieHus 3axa4.

1. OnpenenuTs MarHUTHYIO WHAYKIUIO B mons, co3gaBaeMoro
OTPE3KOM OECKOHEYHO JJIMHHOTO MPSMOr0 TMPOBOJA, B TOYKE,
PaBHOYAAJIEHHOM OT KOHLOB OTpe3Ka M Haxonsdlleiics Ha
pacctostnuu ro=20 cMm oT cepenunsnl ero (puc. 1). Cuna Toka I,
TEKYIIEero 1mo npoBojay, paBHa 30 A, miuHa | otpe3ka paBHa 60 cM.
Pewenue. Jlnsg onpeneneHus MArHUTHOM HWHAYKIUW — TIOJIS,
CO3J1aBaEMOT0 OTPE3KOM IPOBOJA, BOCIIOIb3yEMCSl 3aKOHOM buo-
Cagapa-Jlamnaca:

|-sina
dB =%y, 1)  Puc. I
Ay
N3 pucynka 21.4 BugHO, 4TO
r-do r
df=—-r=-2
Sino Sina

CraenoBaTebHO, UMEEM:

4B - Wil -sino - r-da _ oul- sina,

-dot,
Anr? -sino 4,

HIIn

dB = MM gino - do. 2)
4,

[IponHTerpupoBas BHpaxceHHe 2)B npez[enax OT Ol1 10 Ol TTOJTYYHM:

B= IH smocdoc—zuo Slnocdoc—zuo (cosa, —cosa,).
iy o i,

[Tpu CI/IMMeTpI/I‘-IHOM pacmoJIO)KEHUU TOYKHM A OTHOCUTEIBHO OTpE3Ka IPOBOJA



C0S0=-C0S 1. C y4ETOM 3TOr0 UMEEM:
I
B — M“’O
2m,

cosa,.

N3 pucynka 1 BugHO, 4TO
2
\/62 [4+17 \/4r02 + (7

CnenoBatesibHO, OKOHYATEIBHO Oy/1€M UMETh:

cosa, =

2ty J4r? +0°

[loncraBuB yKciioBbie 3HaYeHUs B hopmyny (4), Ipou3BeIeM BbIYUCICHUS:

14710730 0,6

2n-0,2  /4.0,22+0,6°
Omeem: B=24,9 mxTmn.

2. JIBa GECKOHEYHO JIMHHBIX IPOBOAA CKPEIIECHHI MO IPAMbIM yrioM. Ilo
npoBojiam TekyT Toku [1=80 A u [,=60 A. Paccrosinue mexmay mpoogamu d=10
cM. Onpenenutb MHAYKIMIO MAarHUTHOrO 1ojisi B B Touke A pacnoioXeHHOU
MEKTy IPOBOJAMH, YAAJCHHON OT HUX HA OJMHAKOBOM pacCTOsHUHU 1o=0/2.

Pewenue. B cOOTBETCTBUYU C MPUHIUIIOM CYNEPHO3UIIMA MarHUTHBIX MOJIEH
WHIYKIUS pe3yJbTUPYIOIIEr0 MarHuTHoro noist B, cozmaBaemoro tokamu 11 u Ip,
ONPEAEISAETCS BHIPAKCHUEM

=24,9 mxTn.

B=B:1+B>,
rae Bi, B2 — cOOTBeTCTBEHHO MHIYKI[MM MAarHUTHBIX ITOJIEH, CO3MaBaEMbIX dTHMH
TOKaMH B pacCMaTPUBAEMOM TOUKE.
B paccmatpuBaeMom ciaydae BekTopbl B1 u B2 B3anMHO meprneHIuKyIapHEI,
ClIeI0BaTEIbHO, HAa OCHOBaHMH TeopeMbl [Indaropa Oymem nMeTh:

B=.B?+B?.

Cornacnao (bOpMYJ'IaM sl OIIpCACIICHUA HMHIAYKOUMW MAIHUTHOI'O IIOJIA,
IIOPOKIaACMOI0 OECKOHEYHO JJIMHHBIM HpHMOHHHeﬁHBIM IMPOBOJHHUKOM C TOKOM:

B, Mol g _ Mol

2
2m, 2,
riae r,—d/2. Takum oOpazom, IMeeM:

B=.B2+B =”—*;°~/|f +12.
7T
HpOI/I3BeI[eM BBIYUCIICHUA .
g_Ll4n 107

n-107"
Omeem: B=4-10"* T

80% +60% =4-10"C8 .
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3. Tlo coneHouay teuet Tok [=2 A. Maruutasiii noToK @, NpOHU3BIBAIOIINI
MOTIEPEYHOE CEUYEeHHE cojieHouaa, paBeH 4 MkBO. Onpenenuts MHAYKTHBHOCTH L
cojrenona, eciau oH numeeT N=800 BUTKOB.

Pewenue. UnayxktuBHocts L cosieHOMAa cBsizaHa ¢ motokocuersienuem V¥
cootHomenneM W=LI, orkyga L=W/l. 3amenuB 31ech motokociermienne V¥ ero
BBIpXKCHHEM Yepe3 MarHuTHbBIN MoToKk @ u yuciio ButkoB N coneHouga (WY=®N),
MOJIY4UM

L—DN/I. (1)

[IpousBens Bbruncnenus no ¢popmysne (1), monyunm

L==1,6 mI'n.

4. B 0JJHOPOJHOM MarHUTHOM noje ¢ uaayknuei 10,0-102 Ti pacnonoxkena
npsIMOYTOJibHasi paMka (KOHTyp) abced, mojaBuxkHasi cTopoHa KoTopod ad ammHON
/==0,10 M mepeMemaeTcsi CO CKOPOCTbIO V=25 M/C NEpHNEeHIUKYISIPHO JIMHUAM
uHAykiuu nois. Onpenenuts 3/]C UHIYKIMH, BO3HUKAIOIIYIO B KOHTYPE.

Pewenue. Tlpu nBukeHnn npoBojHUKA ad TIIOMIAAb PAMKH YBEJIMYMBAETCH,
MarHuTHbIl NOTOK @ CKBO3b paMKy BO3pacTaeT, a 3HAYUT, COIJIACHO 3aKOHY
Qdapajnes, B pamMke O0JDKHA Mpu 3ToM Bo3HuKaTh DJC wmuaykiuu. YtoOnl ee
OIpEJENNTh, CHaYala BbIPA3MM MarHUTHbBINA NOTOK @ depe3 MHAYKUUIO ot B u
CTOpPOHBI pamkH /, X (X — paccrosiHue ot be 10 ad. CoriacHo dpopmyiie

®, = [B,dS.
S

AMEEM d=BS=B/x.

[ToncTaBuB 310 3HaueHne ® B hopmyny E=— d®/dt u yuutsiBas, uro B, / —
BEJIMYMHBI IOCTOSIHHBIE, 3aMUILIEM
E=— d®/dt=-B-I-(dx/dt),
rae v=dx/dt — ckopocTh niepemenienus npopoaHuka ad. [Toatomy
E=-B-l-v. 1)

Pa3zMepHOCTb MOy4YE€HHOTO pe3ybTaTa O4eBUIHA.

CnenaB MOJICTAaHOBKY YHCIIOBBIX 3HaueHUWW BenwuuH B, ¢, v (Bce naHbl B
eauHunax cucremsl CH), moy4um oTBET

=-10,0-102.0,10-25=-2,5-102 B.
OtBet: E=-2,5-10" B.

5. TIy4ok 3JCKTPOHOB BJETAaCT CO CKOPOCTBhIO Vo (Vo<<C) B OJHOPOJIHOC
MarHuTHOE TIOJIE TMEPHEeHAUKYISIPHO JIMHUAM MarHuTHOM wuHAyKIuu B.
OnpenenuTs yroji o OTKJIOHEHHUS IMy4YyKa MarHUTHBIM TOJEM, €CJIU 3aHATas UM
00JacCTh MPEACTABISIET COOOM B CEYCHHH IUIOCKOCTh, HOPMAIBHYIO K CHIIOBBIM
JUHUSM MAarHUTHOTO TMOJS; TPACKTOPUSI JBMKEHUSI JJIEKTPOHA — OKPYKHOCTb
paauyca ro, a CKOpOCTb Vo HalpaBjieHa Mo AUAMETPY 3TON OKPY>KHOCTH.

Pewenue. BoiicCHUM XxapakTep ABHKEHUS AJIEKTPOHOB B MarHUTHOM moJie. Ha
BJICTEBIIIMI B MAarHUTHOE TI0JIE 3JICKTPOH AeUCTBYET criia JlopeHa

F=[voB]. 1)
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Tak kak cuina F HopManbHa K CKOPOCTH V, OHA U3MEHSET JIUIIb HalpaBiIcHUE
BEKTOpPa CKOPOCTH, HO HE €ro MOJIyjb, T.€. COOOMIaeT 3JIEKTPOHY TOIBKO
HOpManbHOE  yckopeHwe. [Ilpm  3TOM  BEKTOp  CKOPOCTH  OCTaeTcs
nepneHauKyIsspHeiM BekTopy B. CnenoBatenbHo, cuna F, onpenensemas no (1),
COXpaHseT CBOE YHCIECHHOE 3HAau€HHE, COOOIIas SJEKTPOHY MOCTOSHHOE II0
MOJYII0O HOPMaJIbHOE YCKOpPEHHE. OTO 3HAYMT, YTO OJJIEKTPOH ABMXKETCA B
MarHMUTHOM IIOJIE TIO Ayre OKpyKHocTH. IlycTh r — pagmyc ayru (Tpaekropuu
JBWKECHUS AJICKTPOHA B MAarHUTHOM 1oJie). M3 reoMeTpuyeckux mocTpoeHui (eciu
BBITIOJIHATH YEPTEXK ), UCKOMBIN yTOJI O OTIPEACIISETCS COOTHOIIICHHEM

tgo=rolr, (2)
r7ie To — Paguyc OKPYXKHOCTH, IO KOTOPOH OH cjenan Obl B MArHUTHOM II0JIE
OJIH TOJIHBINA 000POT.

UroObl HAaWTH BENWUYWHY I, 3alHIIEM YpaBHEHHE IBUKCHHS JJIEKTPOHA B
MarHUTHOM TIOJI€, UCTIOJNB3Ys BTOpoil 3akoH HptoToHa. [lockonbky BekTOpsl V 1 B
NepIEeHANKYISPHBI APYT IPYTY, TO ypaBHeHHE (1) MOXKHO 3amucarh B CKaJISPHOU
dbopme Tak

F=evyB,
WM, UCTIOJIB3YS (DOPMYITY HOPMAJIBLHOTO YCKOPEHUSI,
2
evoB= Mo
r
Ortcrona noayyum
r=mvo/eB. (3)

[ToacTaBuB 3TO 3HAUeHUE T B (2), HaileM
a=2 arctg(roeB/mvy).

IIpakTuueckoe 3anstue Ned,5
3]18K7’I’lp0Md2HMI’I’lel€ KO]l€6aHuﬂ. 3]leKmp0Ma2HuWIHbl€ 60OJIH bl YPQGHQHMG u
xXapakmepucmuKku 60JIH. 3]l€Kmp0MCIZHMWIHbl€ BOJIHbL 8 6AK)YYME. BO]ZHOGCZ}I meopus
ceema. Unmepgepenyus eonn. Cmosyue gonnvl. Unmeppepenyus u ougppaxyus
ceema. [{ugpaxyuonnas peutemrka Kaxk cnekmpanviuiil npuoop. I[lonapusayus
ceema

Homepa 3ana4 no: YeptoB A.I'., BopoobeB A.A. 3anaunuk no ¢pusuke: Yue0.
nocooue 1AJs1 BTY30B.-/-¢ U3/]., nepepad. u xom. -M.: U3natenbcTtBo Ou3uko-
MaTteMaTu4eckoi jureparypsl, 2003.-640 c.

14.2, 14.3,14.4, 14.8-14.14. : 30.5, 30.10, 30.12, 30.21, 30.32, 30.36, 31.5, 31.8,
31.12, 31.15, 31.22, 31.30,31.31,32, 32.2, 32.4, 32.5, 32.6, 32.8, 32.12, 32.13,
32.14, 32.15, 32.19, 32.20, 32.21.

IIpuMepsI pelneHus 3aaa4.
1. KonebaTeabHblil KOHTYpP COCTOUT M3 KOHAeHcaTtopa eMKOCThi0 C=5 MKk®D u
KaTylKHA ¢ MHAYKTUBHOCThIO L=0,200 ['H. Onpenennts MakCUMaJIbHYIO CHIIY TOKa
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lo B KOHType, eciu MaKCHUMaJlbHas pa3HOCTh MOTEHLHMAJOB Ha OOKIIagKax

koHgeHcaTopa Ug=90 B. AKTUBHBIM CONPOTUBIEHUEM KOHTYpa R npeneOpeusb.
Pewenue. Paccmorpum nBa crocoba pemienus 3amaud. [lepBblii U3 HHX

OCHOBAaH Ha MCCJIEAOBAHUM YPaBHEHUS CBOOOJHBIX 3JIEKTPOMArHUTHBIX KOJIEOaHUMN

-5t .
q=q,¢ sm(mt+(p0), (@)
-5 .
rae q,¢€ - aMILTUTY1a CBOOOTHBIX (3aTyXarONIUX KOoJIeOaHuil);

O0=R/2L — ko3¢ dunueHT 3aTyxaHus;

® — TUKIUYEeCcKas 4yacToTa;

Jo — HaYaNbHAs aMIUTUTY 1A (OTIpeesieTCs U3 Ha4albHBIX YCIOBHH );

(o — HauabHas (aza (onpeAessieTcs: U3 Ha4aJIbHBIX YCIIOBHIA.

Bropoii crioco® ocCHOBaH Ha 3aKOHE COXPaHEHUS YHEPTUH.

1. Eciu B xonebaTenbHOM KOHTYpe conpoTuBiieHHe R mpeHeOpexxumo maro,
TO B ypaBHeHUH (1), BbIpaxkaromieM 3apsij| KOHJEeHCAaTOpa Kak (YHKIIMIO BPEMEHH,
MOKHO TOJIOKHUTE Kod(dduiment 3atyxanusi 0=0. Toraa, corjiacHO BBIPaXEHUIO

IMOJIyYUM ©Wo=@. CJIGJIOB&TGJILHO, B KOHTYpPC 6yJIYT HC3aTyXaromue KOJIG6aHI/ISI,
IIpHu 5TOM
g=qo-sin(ot+go), 2)
Cuina TOKa €cThb mpou3BoaHasas OT 3apsalda IO BPCMCHHU. HOSTOMY,
muddepennpys ode yactu (2) Mo BpeMeHH, MOJIYYUM JIs CHUJIBI TOKa B KOHTYpE
ypaBHEHUE
I=wo-qo.COS(wt+@o).
Bemnuuna Io:())o.qO ABIACTCA aMINNIUTYAHBIM, T.C. MAKCUMAJIbHBIM, 3HAYCHUCM

Toka B KoHType. IloacrtaBuB wo=1/-/LC wu yuumteiBasi cootHomeHue qo=CUo,
OIIPEICTTUM UCKOMYIO BEJTHMYHHY:

|o=(Doq0=CUO-1/«/LC =U,. \/f

2. B mpomecce He3aTyXaromux SJEKTPOMArHUTHBIX KOJICOAHUN IOJTHAS
AIIEKTPOMArHUTHAsl SHEPTUs KOHTYpa, paBHAs CyMME DHEPTUil 3JIEKTPUUYECKOTO
nons kouaencaropa Wc=CU?%/2 u marautHoro nons xatymku W =LI1%/2, ocraercs
BesimurHON moctositHHOM: W=Wc+W =const. Ilpy 3TOM B T€ MOMEHTHI, KOTJa
KoHJleHcaTop MakcumanbHo 3apsikeH (U=Up), cuna Toka paBHA HYIMIO.
CrnenoBatenbHO, TIOJTHAS YHEPTUS KOHTYpa

2

CU;
=" (3)

B Momentr mnonnoi 3apsanku (U=0), cuna Toka B KOHTYpE JOCTUTAeT
MakcumanabHOro 3HaueHus lo. Torna nmonxast sHeprust paBHa
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LI

[IpupaBusB npaseie yactu hopmya (3), (4), Hailnem

IO:UO-\/%.

IloacTaBuB 3HaUeHUs BEJIMYMH, BbIpakeHHbIE B eauHunax CH, u npoussens
BBIYNCIICHUS, [10JIyYUM [0=0,45 A.
Otser: 1,=0,45 A.

3. B memnum, cocTodiiel M3 MOCIENOBATENBHO COEAWHEHHBIX PpE3UCTOpa
conpotuBienneM R=20 Owm, xarymku wuHAYKTUBHOCThIO L[=1,0 MI'H wu
KoHJeHcatopa eMkocTero C=0,10 Mk®, peictByer cunycompanbHas OJ/[C
Onpenenuts yacrory ® IJC, npu KOTOpOH B IIENM HACTynUT pe3oHaHc. Haiitu
TakKe JehcTBYymoIIee 3HaueHue cuiibl Toka I u Hanpspkenuit Ur, U, Uc Ha Bcex
AJIEMEHTax LENH NPHU pe30HAHCE, €CIIM MPU 3TOM JeicTByrouiee 3HaueHue DC E=
30 B.

Pewenue. Tlom peiictBuem nepemenHoi JJIC B 1ga”HHOM  1emnw,
Npe/ICTaBIsAomEed co00i KoeOaTeNbHbBIA KOHTYP, YCTAHOBSTCS BBIHY>KIEHHBIC
aJIeKTpoMarHuTHble kKoneOanus. [Ipu stom ammmutyausie 3HaueHus lo u 3C Eo
CBA3aHbI COOTHOLIEHUEM

I EO

" JR? 4 (oL -1/0C)

N3 dopmyn I[= I%; Eﬂ:% BUJIHO, YTO MEXIy JCUCTBYIOUTUMH

3HaueHusIMUA Toka [, u DJ[C E, cylIecTBYeT TO K€ COOTHOIIEHUE, YTO U MEXKIY
BenmmuuHamu lo, Eo. [ToaToMy (omyckast ajisi IpOCTOTHI HHAEKCHI Y BEIUYHH Iy, E )
3anuiIemM

E

R + (6L —1/0C)

OueBuHO, MAaKCUMAILHOMY TOKY IpH pe30HaHCE lpe; COOTBETCTBYET Takoe
3HaueHue m, npu koTopoM B Gopmyie (1) Beipaxenue (Lo — 1/Cw)*=0. Otcrona
OIpeIeNIsieM PE30HAHCHYIO YaCcTOTY:

®=0pe;=[1/(LC)]*?=1,0-10° pan/c. (2)

IIpm 3TOM Ccuna Toka paBHa

I 1)

lpes=E/R=1,5 A.
3Hass cuny ToOKa lpes, HalieM JAEWCTBYIOIIME 3HAYCHUS HANpsKEHHsS Ha
KaXJ0M u3 35eMeHToB KoHTypa R, L, C, npuMenuB 3akon OMa A KaKJI0ro u3
Y4aCTKOB
Ur=1,;:R=E=30 B;
UL=lpe;LW=EL®/R=150 B;
UC=l,e:[1/(0C)]=U =150 B.
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PaBenctBo U =Uc crnenyer u3 paBeHCTBAa €MKOCTHOIO M HWHIYKTUBHOI'O
COIIPOTHUBJICHUH NIPU PE3OHAHCE.

OTBET: Wpe;=1,0-10° pan/c; Ipes=1,5 A; Ur=30 B; U =150 B; Uc=150 B.

4. OnpenenuThb 3HEPTrHUI0, KOTOPYIOo NepeHocuT 3a Bpems t=1,00 MuH miockas
CUHYCOMJANbHAs 3JEKTPOMArHUTHAs BOJIHA, PACHpPOCTPAHSIONIAsicsi B BaKyyMe,
uepes miomanky S=10,0 ¢cM?, pacloaoKeHHYI0 IEePHEHIUKYIIPHO HAMPABICHUIO
pacupoCTpaHeHUs] BOJHBL. AMIUIMTYAA HAMNpPsHKEHHOCTU B3JEKTPUYECKOro MO
BostHBI Eg==1,00 MB/Mm. [lepuon Bonubl T<<t.

Pewenue. DHeprus mepeHocuMas 3J€KTPOMAarHUTHOW BOJHOM 3a €JUHUILY
BPEMEHU 4Yepe3 €IWHUIY I[MOBEPXHOCTH, MNEPIEeHIUKYISIPHON HamnpaBIECHUIO
pacrnpocTpaHeHHs BOJHBI, ompejaensercs Bekropom Ilowntuara P=[EH].
YuuteiBasg, dYTO B DJICKTPOMAarHUTHOM BoJIHE BekTopbl E, H B3aumHO
NEePHEHIUKYISPHBI U MEPICHANKYISPHBI HAMPABICHUIO PACIIPOCTPAHEHUST BOJIHBI,
NOJIy4UM JIJIs1 MOAyJIsl BekTopa P

P=EH. 1)

[Tockonbky o6e BenmuuuHbl E, H, Xapakrepusymomiue 31eKTpOMarHUTHYIO
BOJIHY, B KQXJIOM €e TOYKE MEHSIOTCS BO BPEMEHHU 1O 3aKOHY CHHYCa, HAXOMSCh B
OJIMHAKOBBIX (pazax, cooTHomieHue (1) MoxKHO 3anmucaTh Tak:

P=Eosinmt-Hosinot=EqHg-sinot. (2)

Taxum oGpazoMm, BenmuunHa P sBisieTcst pynkuueit Bpemenu, u hopmysl (1),
(2) maroT nMImIb MrHOBEHHO€ 3HaueHwe BenuuuHbl P. ITlostomy, cormacHo
OTIPEJICIICHUIO BEKTOPA MIIOTHOCTH MOTOKA YHEPTUH, 3aIHILIEM

p-dW. 1
dt S

Ortcrona sueprust dW, nepeHocrmasi BOJTHOM yepe3 MIomanky S 3a Bpems dt,

¢ yueroM popmysl (2), paBHa
dW=P-dS=EqHo-S-sin?(ot)dt. (3)
3necb HewsBecTHa BenmmumHa Hp. Bocmonssyemcs TeM, dYTO MexAy
BesmunHaMu E, n H, xapakrepusyromuMu 3JI€KTPOMarHuTHYIO BOJIHY B OJHOUW H
TOM K€ TOYKE, CYIIECTBYET IPOCTOE COOTHOIIeHWe. Haiinem ero, yuauTsiBas, 4ro,
COTJIACHO TE€OPHUH SJIEKTPOMATHUTHBIX BOJH, IJIOTHOCTU SHEPTUU AJIEKTPUUYECKOTO

1M MarHUTHOTO MOJIeH BOJIHBI B JTI000H MOMEHT BPEMEHHU PaBHEI, T.C.

880E2 _ up,LOHz

2 2
Tak kak, 1o ycioButo, e=u=1, 1o u3 (4) noiryyum
H=E-(80/},Lo)1/2.

Tak ’xe cBsA3aHbl MEXAYy co00M W aMrumMTyaHble 3HadyeHus Eo, Ho. Torma

ypaBHeHuUe (3) IpuUMET BUJT
dW=(go/p10)Y/?-E0?S-sin?(wt)-alt.

[locne wunTerpupoBaHusi, ¢ y4€ToM TOr0, YTO B CUJy HepaBeHCTBa T<<t

yiieHoM sin(2wt)/4® MOxHO peHeOpeYb, MOTYIUM

(4)
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€olhg

W =020 Eist

[ToacTaBUB uMCIOBBIE 3HAYEHUS BEJIWYWH, BbIpakeHHbIE B enunuiiax CU, u

BBITIOJTHUB BBIUUCIICHUS, HallieM
W=8,0-10* k.

Otset: W=8,0-10"! JIx.
5. OT ABYX KOIEpEeHTHBIX UCTOYHUKOB S1 ¥ Sy (A = 0.8 MKM) JIy4H MomaaarT Ha
skpaH. Ha skpane HaOmtogaercss mHTepdepeHnroHHas kaptuHa. Korjga Ha myTH
OJIHOTO U3 JIy4el MepHeHIUKYISIPHO €My MTOMECTUIIM MBLIBHYIO TUICHKY (n = 1.33),
uHTepdEepEeHIIMOHHAs KapTUHA M3MEHWIACh Ha MPOTHUBOMONIOKHYI0. [Ipu Kakoii
HAaUMEHbIIEH TONIHHE dmin INIEHKU OTO BO3MOKHO?
Pewenue. V3meHenne uHTEpPEPEHIIMOHHON KapTHHBI HA MPOTUBOMOJOXKHYIO
03HAyaeT, YTO Ha TeX y4acTKax JKpaHa, rje HaOIoAanuch UHTEp(PEpeHIIMOHHBIC
MaKCUMyMBbI, CTajdu HaOI0AaThcsi HMHTEPPEPEHIIMOHHBIE MHHUMYMBI. Takoi
CABUT MHTEPPEPEHIIMOHHON KApTUHBI BO3MOXKEH IPU WU3MEHEHUHM ONTHYECKOU
Pa3HOCTH XOJIa MyYKOB CBETOBBIX BOJH Ha HEUETHOE YHCIIO MOJOBUH JIJIMH BOJH,
T.C.

Az - A1 = (2k+1)A/2, 1)
rae Aj - onTHYECKast pa3HOCTh X0/1a TYYKOB CBETOBBIX BOJIH 10 BHECEHUS IIJIEHKH;
A; - onrTMyecKasi pa3HOCTh X0/1a T€X K€ MMYYKOB IOCJIE€ BHECEHUS IJIEHKU;
k=0, +1, +2, ...,+Kmax.

Haunmensimeit Tonmuae dmin TuieHku cootrBetctByeT k = 0. Ilpu atom dopmyna (1)
IPUMET BU]T

Az - A1 = M2, (2)
Bripazum ontuueckue pasHocTy xona Ay v Ag:
A1 = 01 - Vp, Ap = [(fl - dmin)+n-dmin] - Vy = ((1—(2) + dmin(n-l). IToncTaBum
BhIpakeHUs A1 1 Az B hopmyny (2):

(fl-fz) + dmin(n-l) - (51—(2) =M\2.

WiIn

dmin(n-1) = A/2.
Orcrona

dmin = M[2(n-1)].
[IpousBenem BbIYUCICHUS:

ILMKM = 1,21 Mxm.

mn o 2(1,33-1)

IIpakTHyeckoe 3ansiTue Ne6
Tennosoe uznyuenue. 3aKoHbl Men108020 usaydeHus. I unomesa u popmyna oe
bpotina. Boanosas ¢hynxkyusa. Coomuouenus HeonpeoeieHHoCmell.

Homepa 3apa4 no: YUepros A.I'., BopoObeB A.A. 3axaynuk no ¢pusuke: Yue0.
nocodue AJs1 BTy30B.-/-¢ U3/1., nepepad. u gomn. -M.: U3nareabcTtBo PU3NKO-
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MaTeMaTu4ecKou iumepamyput, 2003.-640 c.

34.2,34.5,34.7,34.10,34.11, 34.12, 34.14, 34.15, 34.20, 34.21, 34.22,34.24. 40.3,
40,5, 40,11, 40.13, 45.4, 45.7, 45.9, 45.14, 45.15, 46.5, 46.6, 46.8.

IIpuMepsl pelienus 3agad.

l. [InuHa BOJIHBI, Ha KOTOPYIO MPUXOAMUTCS MAKCUMyM O3HEPTHH B CIIEKTpPE
W3JIy4EHUsT YEepHOro Tena, Amax = 0,58 MxM. Onpeaenuth 3HEPreTHUECKYIO
CBETUMOCTb Re OBEPXHOCTH TeA.
Pewenue. Duepreruueckas CBETUMOCTb Re aOcoioTHO 4Y€pHOTO Teila B
cooTBeTcTBUM ¢ 3akoHOM Ctedana - BonbliMaHa mponopuHoOHaIbHA YETBEPTOM
CTeNIeHU TEPMOAMHAMUYECKON TeMIepaTyphl U BhIpakaeTcs GopMyson

Re=ocT?, 1)
rae o- nocrosinHas Credana - bonbumana; T -aGconmoTHast Temneparypa.
Temnepatypy T - MOKHO BBIUMCIIUTH C MOMOILBIO 3aKOHA CMElleHUs BrHa:

Ao = bIT, (@)
rjae b - mocTosiHHAas 3aKOoHa cMmeleHus BuHa.
Ucnonwssys ¢popmynsl (2) u (1), monyuaem
Re = o(b/A)*. (3)
[IpousBeaEM BbIUUCTICHUS:
Re =5,67-10%.(2,9-10%/5,8-107)* = 3,54-10" Br/m?.
2. OnpenenuTb UMITYJIbC P U KHHETHYECKYIO SHEpTHio T 35IeKTpoHa, ABUKYIIErocs
co ckopocTbio v = 0,9 c, e ¢ - CKOpOCTh CBETa B BaKyyMe.
Pewenue. ImmynibcoM 4acTHIIBI HA3BIBAECTCS MPOU3BEICHUE MACCHl YACTUIIBI Ha €&
CKOPOCTb:
p=mv. 1)
Tak Kak CKOpPOCTh ANEKTPOHA OJIM3KA K CKOPOCTH CBETa, TO HEOOXOANUMO YUECTh
3aBUCUMOCTh MAacChl OT CKOPOCTH, OIPeeNaeMyto 1o ¢popmyrie

m=m,/ 1—(%)2, )

I7ie M - Macca JABMXKYILIEUCS YaCTHIIbI; Mo - Macca MOKOSIIENHCS YacCTHULIbI;
B = V/C - cKOpPOCTh YaCTHUIIBI, BEIPAXKCHHAS B IOJIIX CKOPOCTH CBETA.

3amenuB B popmyie (1) maccy m e€ BbIpakeHUEM (2) U MPUHSAB BO BHUMAHUE, YTO
V = C[3, mOTydrM BBIpaKECHHE JIJISI PEIATUBUCTCKOTO UMITYJIbCA:

p=mgpe/y1-(%f . 3)
[Tpon3Beném BbIUMCICHUS:
p=29,31-10%.0,9-3-10%/1- 0,81 =5,6-10% kr-m/c.
B penatuBucTCKOM MEXaHHMKE KUHETHYECKas 3Heprus 1T 4YacTULbl ONpeaessieTcst

KaK pa3HOCTh MEX/y NOJHOM dHEPruen u 3Hepruen nokos Eq, 3Toi yactuiel, T.€.
T = E - Eo. Tak xkak E = mc? u Eo = MoC?, TO yuuThIBas 3aBUCUMOCTH MAacChl OT
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CKOPOCTH, MOJIYyHaCM:

T=mqc?{ 11— (Y F -1]. (4)

IIponsBeném BbIUKCICHUSA:

T=91.10"" .(3-108)2 1

v1-0:81

3. DIIeKTpOH, HAYaJIbHOM CKOPOCTBhIO KOTOPOTO MOXKHO MpeHeOpeyb, Mpolien
YCKOPSAKOUIYK pa3HocTh moreHuuanoB U. Hawtm pgnuny BomHbl 1€ bpoins
anekTpoHa as 1Byx ciaydaeB: 1) Uy =51 B; 2) U, =510 xB.

*D1,4 om; 2)0,70 mm;  3)0,35 m; 4)2,8 nm.

Pewenue. JInuHa BoyHBI 1€ bpoiiist I 4acTUIBl 3aBUCUT OT €€ UMILYJIbCA P U
onpezensiercs GopMmynon

Ap = h/ P, (l)

rae h - nocrosnnaga Ilnanka.

NMnynbe 9acTULbI MOKHO ONPENIENNTh, €CJIU U3BECTHA €€ KUHETHYECKasl SHEPIus
T. CBsI3p UMITyJIbCa C KUHETHYECKON PHEPrUen pasziinyHa JJisl HEPEIATUBUCTCKOIO
ciy4dast (Korjja KHHETUYECKasi SHEPIHsl YaCTUIIBI MHOTO MEHbIIIE €€ IHEPTUHU MOKOS)
U JUIA PENSITUBUCTCKOTO ciy4yas (Korja KUHETHYEeCKas SHEPrus CpaBHMMA C
DHEPruei MOKOs YaCTULIBI).

B HepensITUBUCTCKOM CiIydae

~1,06-10 " JI.

p:,/2m0T,

TI€ Mgy - MAacCCa ITOKOA BHGKTPOHa. B peJIHTI/IBI/ICTCKOM Cquae
1
p:E\/T-(2E0+T). (3)

rae Eo = MoC? - sHEprus NoKos JIeKTPOHa.

®opmyna (1) ¢ yuérom cootHomenuit (2) u (3) 3anuiiercs: B HEPEISITUBUCTCKOM

ciiyyae

A= 4)

J2m T’

B PCIATUBUCTCKOM CJIy4dac

hc

S e ®)

CpaBHUM KHMHETUYECKHE PHEPrUU SJEKTPOHA, MPOILIEAIEro 3aJaHHbIE B YCIOBUU
3agauyn pasHoctu noreHumanoB Ui = 51 B u Uz = 510 kB, ¢ sHeprueit mokos
AJIEKTPOHA U B 3aBUCUMOCTH OT 3TOr0 peuuM, Kakyro u3 gopmyn (4) umu (5)
cleayeT MPUMEHUTH ISl BEIYMCIICHUS JJIMHBI BOJIHBI J¢ bpoiiis.

DNEeKTpUUECKOe TII0Jie COBEpIIAeT Haa BJIEKTPOHOM paboTy, KoTopas paBHa
W3MEHEHUIO €r0 KUHETUYECKOM sHeprun T:
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T=eU
B nepsom ciyuae T; = e-U = 51 5B = 0,51-10% M5B, 4To MHOTO MEHbIIE SHEPIUU
nokost snekTpoHa Eo = Mec? = 0,51 MoB. CrejoBaTenbHO, B 3TOM CIIy4ae MOXKHO

npuMeHuTs Gpopmyny (4). [ns ynpomenus pacuéroB 3ameTtum, yto Tp = =107
*moC?. IlocTaBuB TO BBIpaXkeHUE B PopMyIy (4), IepenuiueM eé B BUIE
2
h 10" h
A

" famge)? 207 V2 mee
VYuursiBas, uTo h/mec €cTb KOMOTOHOBCKAS JAJIMHA BOJIHBI A, TIOJTy4YUM
M= 102A-42.
Tak kak A = 2,43 1M, TO
A1 = 1022,43//2 = 171 (m).
Bo BrOopoMm ciyuyae kunernyeckas sneprust To = eUs = 510 kaB = 0,51M>»B, T.e.
paBHa DHEPrUM TMOKOs DJJIEKTpoHA. B 3TOM ciiyyae He0OXOAMMO TPUMEHUTH

pensTuBucTckyto popmyny (5). Tak kak Tz = MeC?, To mo Gopmyre (5) HaX0AUM

Dy = hc _ h A

J(2moc? + moc? Jmyc? V3-moc /3
HOIICTaBI/IM 3HaueHue A u HpOI/I3BeI[éM BBIYHCIICHUA .

Aoy =% =1,40 (rmm) .
3

4. KuHeTndeckasi SHEPTUsl DJICKTPOHA B aTOME BOAOPOJia COCTABISET BEIUUYUHY

nopsiaka T = 10 »B. Mcnons3ysi COOTHOILIEHHUE HEONMPEAEIEHHOCTEH, OLIEHUTH

MUHUMAJIbHBIC JINHEWHBIE pa3MeEpPhl aTOMa.

*1) 124 am; 2) 62 am;  3) 228 um;  4) 31 aHMm.

Pewenue. CooTHOIIIEHHE HEOMNPEACIEHHOCTEW MJIsI KOOPAWHATHI M HUMITYJIbca

MMEET BHJ]

AX-Apx > 1, 1)
rae AX - HEOIpeneIEHHOCTh KOOPAUHATHI X 3JIEKTPOHA; APy - HEONPEAECIEHHOCTD
MPOEKIIMN UMITYJIbCa AJIEKTPOHA Ha och X; h - mocTostHHas [lnanka, nenéHHas Ha
2.
N3 cooTHOLIEHUsT HEONpPENEIEHHOCTEN CIENYET, YTO YE€M TOYHEE OIPEACIAECTCS
MOJIOKEHUE YaCTHUIBI B MPOCTPAHCTBE, TEM OOJIee HEONPEACIEHHBIM CTAaHOBHUTCS
COOTBETCTBYIOIIASl MPOEKUHS MMIYJIbCA, a4 CIEAOBATEIbHO, U DHEPrUs YaCTHULBL.
Ilycte aToM wuMeeT JUHEWHbIE pa3Mepbl ¢, TOrAa SJIEKTPOH aTtoma Oyaer
HaxXOJIUThCS T/Ie-TO B Mpejiesiax 00JacT ¢ HEONPEAEIEHHOCThIO

AX = 112.
CooTtHouienue Heonpeaen€HHocTel (1) MOXKHO 3anucaTh B 3TOM ClIy4yae B BUIE
(412)Apx > 1,
OTKyJa
¢ > 2h/Apx. 2

@uU3NYECKN pa3yMHash HEOINPEIEIEHHOCTh MMIYJbca APx BO BCSIKOM ClIydae HeE
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JIOJKHA MPEBHIIATH 3HAUYEHHUs CAMOTO MMITYJIbCa Px, TO €CTh APy < Px. MITyJIbC px
CBSI3aH ¢ KMHeTH4eckoil sHeprueii T cooTHomenneM px = (2mT)Y2. Ilepexons ot
HEPABEHCTBA K PABEHCTBY, HOIYYHM

2n
= . 3
2mT ©

IIponsBeném BbIUKCICHUSA:

min = 2-1,05-10%4/(2-9,1-10°1.1,6-101°-10)Y2 = 124 um.

min

2 . (7n
5. BonnoBast dyHkums ¥, (x)= /Zsm 7-x OIUCHIBACT OCHOBHOE COCTOSHUE

YacTUIbl B OECKOHEYHO TIIIyOOKOM  NPSIMOYTOJIbHOM SIIMKE IIHPUHON /.
BbIUnCIUTh BEPOATHOCTh HAXOXKICHUS YacTHIIB B ManioM uHtepBaie A/ = 0,01/ B
AByX ciydasx: 1) Bonm3u crenku (0 < x < /);

2) B cpenneit yactu simuka ((£ - A0)/2 <x <(¢ + Al)/2).

1)0,02; 2)0,01; 3)0,60; 4)0,54.

Peuwenue. BeposTHOCTh TOT0, 4TO YacTuliia OyaeT oOHapykeHa B nHTepBaje dx (oT
X 10 X + dX), IPOMOpIHOHaIbHA YTOMY MHTEPBAIY U KBaJpaTy MOJYJIS BOJHOBOM
(GYHKIIMH, OMIMCHIBAIOIICH TaHHOE COCTOsHUE, paBHA U = | \V(X)‘ 2.dx.

B niepBoM citydae nckomasi BEpOSATHOCTh HAWAETCS MHTEIPUPOBAHNUEM B IIpe/Ieax

ot 0 10 0,017:

00
0= £ sin“ (mx /£ )dx .

Tak kak x m3mensiercs B uHTepBane 0 <x <0,01/ u, ciaemoBaTtenbho, 1X/{ </,
CIIpaBeIJIMBO NMPUOIMKEHHOE PAaBEHCTBO
sin?(mx/?) = (mx/?)>?.
C yuérom atoro BoipaxkeHue (1) npumeT BUI
20,01/ ) 27c2 0oL
0= [ (nx/e)°dx~ [ x“dx.
0 0

ITocne uHTErpUPOBAHUS TTOTYIUM

2 2 6 6
mz%lo‘ ~66-10 .

KS

Bo BTOpoM ciydae MOXHO OOOWTHCH 0€3 WHTErpHpOBAHUS, TaK KaK KBajapaT
MOJyJIsl BOJIHOBOM ()yHKIIMU BOJM3M €€ MakCUMyMa B 3aJJaHHOM MaJIOM MHTEpBaJe
(A¢ = =0,01/) npakTuuecku He U3MeHsCTCA. VIckoMasl BEpOSTHOCTH BO BTOPOM
ClIy4yae ONpeIelsieTCs] BhIpaXKEeHUEM

o = 2-(sin®(nt/20)-A¢l¢ = 2-0,01¢/¢ = 0,02.

IIpakTn4yeckoe 3ansaTue Ne/
Onemenmsvl Keaumosou mexanuxu. Keanmosas npupooa ceema. ®@omospgexm,
agppexm Komnmona
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Homepa 3ana4 no: Yepros A.I'., BopodbeB A.A. 3agauHuk no ¢pusuke: Yye0.
nocooue 1Js1 BTY30B.-/-€ U3/., nepepad. u aomn. -M.: U3natenbctBo Ouzuko-

MaTreMaTu4eckou gureparypsi, 2003.-640 c.
35.5, 35.6, 35.7, 35.8, 35.9, 36.5, 36.10, 36.11, 37.1, 37.3, 37.6, 37.8.

IIpuMepsl pelienus 3agad.

1. B pesynbrate 3¢ dpexra Komnrona GotoH mpu coynapeHuu ¢ 3JIEKTPOHOM ObLT
paccesH Ha yrom 0 = 90° DOmueprus paccesHHoro ¢orona & = 0,4 M»3B.
Omnpenenuts 2HEPTHIO POTOHA €1 A0 PACCESTHUSI.
Pewenue. Jlns omnpenelieHUs SHEPTHH IEPBUYHOTO (HDOTOHA BOCTIOIB3YEeMCS
dopmynoii Komnrona:
2h . 2
AN=N, Ny =——sin“ |9 ), 1)
2™ M 2
mC
riae AL = A2 - A1 - U3MEHEHUE JIJTMHBI BOJIHBI ()OTOHA B pe3y/IbTaTe pAacCEsSHHS Ha
cBOOOHOM 3JIeKTpoHE; h - mocTostHHas [TnaHka; my — Macca OKOS 3JIEKTPOHA; C
- CKOpPOCTh CBETa B BakyyMe; 0- yron paccessaust (hoToHa.
[Ipeobpazyem dhopmymy (1):

1) 3aMEHUM B HEW AN Ha Ao - Ag;
2) BBIPA3UM JITMHBI BOJIH A1 M A2 Yepe3 PHEPTHH €1 M € COOTBETCTBYIOIINX
(OTOHOB, BOCIIOJIL30BABIIKCH (popmyJIoii € = hC/A;
3) YMHOXXHM YHUCIIUTENh U 3HAMEHATEIh ITPaBOW YacTH (pOpMYIIBI Ha C, TOTAa

hc hc  2hc . 2(g

g, & 2 2

2 &1 myC

Cokpatum Ha hc 1 BeIpa3zuM U3 3Toi GOpMYJIbl HCKOMYIO SHEPTHIO:

moC’ E
£ = - €2Mp : — €250 (2)
myC~ —2¢, -Sin G% E,—2¢ -sin2®/
0 2 2 0 2 2
rae Eo = MoC? - sHEprus MOKos 3JIEKTPOHA.
Breruncnenust mo ¢gopmyne (2) ynoOHee BECTH BO BHECUCTEMHBIX €IMHHIIAX. Tak
Kak s a5ektpoHa Eqo = 0,511 M»aB, To
g1 =0,4.0,511/(0,511 - 2-0,4-sin?45°) = 1,85 M»B.
2. OnpenenuTh MaKCUMAIIBHYIO CKOPOCTh Vmax (POTOIJIEKTPOHOB, BBIPHIBAEMBIX C
MOBEPXHOCTH cepedpa: 1) yabprpaduoieToBBIM U3IIYICHUEM C JUIMHOW BOJHBI A1 =
0,155 MxMm; 2) v - B3 Iy4E€HHEM C JUTHHOM BOJIHBI A2 = 1 TIM.
Pewenue. MakcumanbHyI0 CKOPOCTh (DOTORICKTPOHOB MOXKHO OIPEACIIHTH M3
ypaBHCHHS DUHINTCHHA U1 BHENTHETO (oTodddexTa:
€= A+ Thmax, (1)
riae € - 2Heprus (POTOHOB, MANAONIUX HAa TMOBEPXHOCTh MeTaia, A - paborta
BBIXOMa; Tmax - MAaKCHMMaJbHas KUHETHYECKAst SHEPTHs ()OTOAIEKTPOHOB.
DHepruio PoToHA MOXKHO BBIUMCIHTH 110 (popmyiie:
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€= hc/A, 2
rae h - mocrostHHas [lmanka; ¢ - CKOpOCTh CBETa B BaKyyMe; A - JUTMHA BOJTHBI.
Kunetnueckasi 3HEPTHUs JIEKTPOHA MOXKET OBITh BBIPAXKEHA WIIH 110
KJ1laccuueckout popmyiie

T = meV?/2, (3)
WJIU TI0 PENATUBUCTCKOU popmyrie

T:Eo(ll\/l—(W—lj, (4)

B 3aBUCHUMOCTH OT TOTO, KaKasi CKOpPOCTh coobmaercss (oTodniekTpony. CKOpoCTh
(G oTO2IEKTPOHA 3aBUCUT OT SHEpruu (OTOHA, BhI3bIBaOMIETO (oTOdPdEKT; ecu
sHEprus € (OTOHAa MHOTO MEHBIIIE SHEPTUU MOKOSI Eo 3JIEKTpOHA, TO MOXKET OBITH
npumMeneHa gopmyna (3), ecnu xe € cpaBHEMa ¢ Eo, TO BeIUUCIEHUE IO opMyIie
(3) npuBoIUT K OmIKMOKE, MOITOMY HY>KHO IMOJIB30BaThCA (popmynoit (4).
1. Beruucnum suepruto (oToHa ynbTpadHroaeTOBOro U3nydeHus no gopmyne (2):
g1 = 6,63-104.3.10%/1,55-107 = 1,28-10%8 JTx
WITH
g1 =1,28-107%/1,6-10"° = 8 »B.
[Monyuennast sueprusi porona €1 < E, (Eo = 0,51 M»dB - sHeprus mnokos
anekTpoHa). CrnegoBaTtenbHO, B JaHHOM Cly4ae KWHETHYECKas OSHEPIus
dorosnexkTtpona B Qopmyne (1) MoxeT OBITh BbIpaK€HAa MO KIACCHYECKOM
dopmyie (3):
g1 =A+ moVZmax/z.
OTKyJa

V max :\/2(81 _A)/mo : ®)

[ToncTaBuB 3HaYeHHS BeTU4YuH B popmyny (5), HalaéM

Vo= 21,2810 —0,75.7 1911107 =1,08-10° w/c.

Boruncnum sHepruro GoTOHA Y - U3ITYUYEHUS:
g2 = he/A = 6,63-1034.3-108/1-10% = 1,99-10" JTxx,

WJIM BO BHECUCTEMHBIX €MHUIIAX
€2 =1,99-10%/1,6-10° = 1,24-10° 5B = 1,24 M»B.
PaGota Beixoma anektpona (A = 4,7 3B) npeneOpexumMo Maina 1Mo CpaBHEHHUIO C
sHepruei ¢ortoHa (g2 = 1,24 M»B), mosToMy MOKHO MPUHSATH, YTO MAaKCHMAaJIbHAS
KHHETUYECKasl SHEPTHsl dJIEKTPOHA paBHA dHEPruu GotoHa: Tmax = 1,24 M»1B. Tak
KaKk B JIaHHOM CJy4yae KUHETHUYECKas SHEpPrus AJIEKTpoHa OOJbIle €ro 3HEpPruu
MOKOS1, TO JJISI BBIYUCIIEHUSI CKOPOCTU BJIEKTPOHA CIEAYET B3SATh PEIISITUBUCTCKYIO
dbopmyny kuaeTnueckoi sHepruu (4). U3 atoit hopmynsl HalaEM

JRE,+T)T
E,+T

3ameTuB, 4yTo V = Cf3 U Tmax = €2, NOTy4YUM
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V2Eq +¢5 ),
Eo+e,

Viax =

IIponsBeném BbIUKCICHUSA:

Vo =3-10°/(2-051+1,24)1,24 /(0,51 +1,24)=2,85-10° m/c.

IIpakTnuyeckoe 3ansiTue Ne§
Amom bopa. Cnexkmpui. Paouoakxmuenocmeo

Homepa 3apa4 no: YeptoB A.I'., BopoobeB A.A. 3agauHuk no ¢pusuke: Yue0.

nocooue AJs1 BTY30B.-/-€ U3/., nepepad. u aomn. -M.: U3nateabcTtBo Ou3uKo-

MaTreMaTu4deckou gureparypsi, 2003.-640 c.
47.6,47.7,47.8,47.10,47.12,47.18, 47.20, 47.30, 47.34, 47.35, 47.36, 47.39

IIpuMepsI pelienus 3aaad.

1. Ha pucyHke wu300pakeHbl CTallMOHAPHBIC
opOUTHI aTOMa BOJOPOJa coryiacHo mojenu bopa,
a Tak K€ YCJIOBHO M300pa)keHbl TMEePEeX0]Ibl
AJNIEKTPOHA C OJHOW CTAallMOHApHOW OpOUTHI Ha
IpPYryl0,  CONPOBOXKIAIOIIMECS  H3IIYYEHHUEM
KBaHTa 3Hepruu. B ynpTpaduoneroBoit obmactu
CIIEKTpa 3TH NEepeXobl NalT ceputo JlaiimaHa, B
BUIMMOMN — ceputo baneMmepa, B undpakpacHoi —
ceputo [lamena.

Haubonwimeit yactore kBanTa B cepuu Jlalimana
COOTBETCTBYET

Omeem: Nn=5 — n=1;

2. DJEeKTpOH B aTOME BOJOPOJa TMEepemnen C
4eTBEPTOrO DHEPreTHUUECKOr0 YpOBHSA Ha BTOpoil. OmnpenenuTs HHEPTUIO
UCITYIIEHHOTO MPH 3TOM (HOTOHA.

Pewenue. Jlns omnpenenenuss 3Hepruu (OTOHA BOCIIOJIB3YEMCS CEpPUATBHOU
dbopmynoi baneMepa a1 BOJOpoA0IIOA00HBIX HOHOB:

E:R-ZZ[%%]. (1)
A ngy Ny

riae A - anmmHa BoJHBI (GoToHA; R - moctossHHas Punbepra; Z - 3apsna snapa B
OTHOCHTEIIBHBIX enuHHuIax (mpum Z = 1 ¢opMmyrna MepexoJuT B CEPUATBHYIO

dbopMyy s BoIopoza); Ny - HOMEp OpOUTHI, C KOTOPOW Tepemien AJMEKTPOH; Ny -
HOMEp OpOUTHI, HA KOTOPYIO Mepelies 3JEKTPOH ( N1 U Ny - TJIaBHbIE KBAHTOBbBIE
YHUCTa).
OHeprusi poToHa € BeIpaxkaercs Gopmynoit

e = h-c/A
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[ToaTomy, yMHOkUB 00€ udactu paBeHCTBA (1) Ha hc, momydum BbIpaxkeHue s

sHepruu (HoToHa:
2| 1 1
E= RhCZ (—2——?_}
n,

Tax xak Rhc ects sneprus nonnzanuu E; atoma Bogopoza, To

1 1
SZEi(—Z——ZJ.
ng, N

BbrauciieHust BBITOJTHUM BO BHECUCTEMHBIX SIUHUIIAX
Ei=13,6°B.Z=1;n1=2;n,=4:

e =13,6-1%(1/2% - 1/4%) 5B = 13,6-3/16 = 2,55 »B.

3. BBIUHCIHUTE ceYeHHE s/ipa aToMa 30J10Ta, KOTOPOE COOTBETCTBYET PACCESHHIO
POTOHOB ¢ KWHeTHueckou sHeprueir T = M»aB B mpenenax yrioB 0 ot 60° mo
180°.

Pewenue. PaccesHue yacTuil sapoM B Ipeaeiax yrioB or 6 mgo 6 + dO
ompeaensiercss miomanaslo do 3QGEeKTUBHOrO CeueHHUs sjapa B BHIE KOJIbIA

(puc.1.1):

do = 27bdb @
[MpurnensHoe paccrostare b Haiinem u3s (bopMynLI'
kg,q
b=—2"2ct 2
T 9 (2)
rie Qi - 3apsia IpOTOHa, (2 - 3aps Apa 30J10Ta. I[H(I)(bepeHuHaJI ot b pases:
db=—kqlq2 . d(%) . (3)
2T sin? %

IToncraBuB Beipaxenue (2) u (3) B (1), monyuum:

k d\®
do =2 d{ qlqz} ctg® (2/) )
2T sin ®/
CeueHue saapa, Ha KOTOPOM PACCEUBAIOTCS YACTHIBI B IIPEAENAxX yrioB oT 01 10 02:
®2
Ac = IBG. (5)

IToactaBum Beipakenue (4) B uaterpai (5):

fo=e {qulqz} (J 9% sin(?/(@/)' ©

[Tocne uHTErpUPOBAHHUS MTOTYUHUM:
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180°
Ac=— {&} ctgz(f)/‘ { qlqz} ctg2300,

rjae gi=+e, go.=78e.
9.10 .2 78¢°
2.1.6-10%

2
AG:3.14[ } .ctg®30° =2.1-10 M. Ac= 2,1-1026 2

IIpakTnueckoe 3ansiTue Ned
Amomnoe s0po. foepnvie peakyuu. InemeHmapHvle 4acmuybl

Homepa 3apa4 no: YeprtoB A.I'., BopoobeB A.A. 3agaunuk no ¢pusuke: Yue0.
nocooue AJis1 BTy30B.-/-€¢ U3/., nepepad. u aom. -M.: U3nateabcTtBo ®U3HKO-
MaTeMaTu4eckou gureparypsi, 2003.-640 c.

41.1,41.4,41.12,41.13, 41.47, 41.20, 41.24, 41.25, 41.30, 43.2,43.11, 44.22,
44.25.

IIpumepsl pemieHus 3aaad4.

1. Beruucnuth eexT Macchl U SHEPTHIO CBSI3H siipa Li? .

1) 39,2 MaB; 2) 19,6 M3B; 3) 78,4 MaB; 4) 10,2 M»B.

Pewenue. Macca spa Bcerja MeHbIlIe CyMMbI MacC CBOOOIHBIX (HaXOIAIIMUXCS Ha
OuYeHb OOJIBIIUX PACCTOSHUAX JPYr OT Jpyra ) MPOTOHOB U HEHUTPOHOB, W3
KOTOPBIX COCTOUT s7po. JledheKT Macchl siapa Am paBeH pa3HOCTH MEXIY CyMMOMN
Macc CBOOOIHBIX HYKJIOHOB U Macco sifpa, T.e.

Am=2Zm, + (A - Z)my - m,, (1)
raie Z - TOpSAAKOBBII HOMEp (YMCIO HIPOTOHOB B SApe); mp, My, My -
COOTBETCTBEHHO MACChI IPOTOHA , HEUTPOHA U sIAPA.

B cnpaBouHbIX TabmuIiax Bcerja MarTcs MAacChl HEUTPAIBHBIX aTOMOB, a HE A1ep,
nosTomy popmyny (1) menecoobpa3zHo mpeodpa3oBaTh Tak, 9TOOBI B HEE BXOMIIA
Macca My HEUTPAIBHOrO atoMa. MOXHO CUMTaTh, YTO MACCa HEUTPAIBHOIO aTOMa
paBHa CyMMe Macc fJipa U 3JEKTPOHOB, COCTABISIONIUX SJICKTPOHHYIO O0OJIOYKY
sapa: my = My + ZMe, OTKYIA
Mg = My - Me. 2
Bripasus B paBeHnctse (1) maccy sapa o popmyse (2), momydaem
Am =Z(my + me) + (A - Z)Mp - M.
3ameuas, yTo mp+Me=MH, IJIe M{- Macca aToMa BOJIOPOa, HAXOAUM
Am=Zmy+ (A -Z)m, - M, (3)
[ToacTaBuB B BipaxeHue (3) 4UCIOBbIC 3HAUEHHUS MAcC, B3SIThIE U3 CIIPABOYHOMN
TaOJIUIIBI, TOTYIUM

Am = [3-1,00783 + (7 - 3)-1,00867 - 7:0,1601] = 0,04216 (a.e.m.)
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B cooTBeTcTBUM C 3aKOHOM MPOMOPIIMOHATFHOCTH MACChl M DHEPTHU
E = Am-c?, 4)

IZie C - CKOPOCTh CBETA B BaKyyMe.
Ko>(puIMeHT NpOnoOpLUOHAILHOCTH €2 MOYHO BBIPA3UTh uepe3 MacCy M
sHepruto: ¢2 = E/Am = 9-10% JTx/kr.
EciM BBIYUCIIATE SHEPTHIO CBS3HU, UCIIOJIb3Yys BHECUCTEMHBIE €IMHHMIIBL, TO C2 =
931,44 M»sB/a.e.m. C yuétom sToro ¢hopmy:na (4) mpumMeT BUJL

E = 93,44-Am (M»>B). (5)

[ToncraBuB 3HaueHue aedexra Macchol aapa B hopmyiy (5), morydum

E =931,44-0,04216 M»>B = 39,2 M»B.
2. B ocyimecTBieHuu sSAepHON peakiuu 1? N+X— 1%0 + %H y4acTBYeT...

Omeem. o-4yacTULA

3. PaccunTats ¢ noMolsio popmyisl Beiizekkepa suepruto caszu Ca®l,
Pewenue. Tlonyamnupudeckast ¢popmyna Beifizekkepa mo3BosseT HAUTH SHEPTHUIO
CBSI3U sAJIpa TI0 €ro 3HAYCHUsIM A u Z:

2
(A-2z)" 3355

U 3/4
A

E=14A - 13A?3-0,584Z%/A3 - 19,3

Jns sapa Ca*® § = -1.
E. = 14-40 - 13-40%3 - 0,58-20%/40?" — 19,3(40-40)/20 - 33,5-(-1)/40%* = 342 M»B.
Otset: E. = 342 M»3B.
4. AtomHoe sqpo, oraoTuB Y - GotoH (A = 0,47 M), BO30yAMIIOCH, TTOCTIE YETO
pacmanoch Ha OTHAEJbHBIE HYKJIOHBI, KOTOpbIE pAa3JETEIUCh B  pa3HbIX
HarnpaBieHusXx. CyMmmapHasi KMHETHYECKas 3HEprus HykJIoHOB paBHa 0,4 M»>B.
OnpenennTs 3HEPTUIO CBsI3U B Anpa.
Pewenue. Ha o0cHOBaHMY 3aKOHA COXPAHECHUS YHEPTUN UMEEM:

M; +hv=Zmp + (A - Z)m, + T,
rae T - KuHeTuyeckasi SJHEPTHsl HyKJIOHOB. DHEPIusl CBSI3U:

Ew=2Zmp+ (A-Z)Mmp—M;=hv -T.
Ee=hv-T=hc/A-T.

[TpousBeiémM BHIYUCICHUS

_ 663-10 " .3.10°
16-107°.47.107%
OtBeT: E; = 2,2 MaB.

E ~0.4-10%=22-.10°5B =2.2M>sB.

CB

Pexomenoyemulit cnucok aumepamypul
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