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OBINUE METOANYECKHUE YKA3ZAHUSA
K PEHIEHHIO 3AJTAY U BBIITIOJTHEHU IO
KOHTPOJIbHBIX 3ATAHUU

HoMepa 3amau, KOTOpbI€ CTYJIEHT JOJXKEH BKIIOYUTH B CBOE
KOHTPOJIBHOE 3aJJaHWE WM KOHTPOJBHYIO PabOTy, OMPEACSIOTCS IO
TaOJIMIIaM BapUAHTOB, KOTOPBIE COCTABJISIOTCS JICKTOPOM ITOTOKA.

KoHTponbHOE 3alaHue WM KOHTPOJBbHYIO palbOTy HYXHO
BBITIOJTHATH B TETPaJH, B COOTBETCTBUM C YCTAHOBICHHOM (opmoit. s
3aMEUaHUW MpemnojaBaTesis Ha CTpPaHUIE TETPaJM HYKHO OCTaBIISITh
TIOJIS.

B KOHIIE KOHTPOJBHOrO 3aJaHUs WM KOHTPOJIBHOM pPabOThI
HEOOXOIMMO yKa3aTh, KakKMM YYCOHHMKOM WM YYEOHBIM ITOCOOHEM
CTYJICHT TOJIb30BAJICS MPY U3YYECHUU JTAHHOTO pasnesia Pu3nku (Ha3BaHUE
yuyeOHHKa, aBTOp, TojA H3AaHHs). DTO HEOOXOAMMO ISl TOr0, YTOOBI
IpernojiaBaTelib, IPOBEPSIONIMNA KOHTPOJBbHYIO paldoTy, B cCiydae
HEOOXOJUMOCTH CMOI' yKa3aTh, YTO CJEAYEeT CTYACHTY M3Y4YUTh IS
3aBepILICHUS paOOTHI.

Pemenne 3amaun  ciueayeT  CONPOBOXKIATHL  KPAaTKUMHU, HO
MCYEPIBIBAIOIIMMU MOSICHEHUSIMU; B TEX CIIy4asiX, KOT/1a 3TO HEOOX0UMO,
JaTh YEPTEK, BHITOJIHEHHBIN C MTOMOIIBIO YEPTEKHBIX ITPUHAICKHOCTEN.
Pemmts 3aa4y Ha0 B OOIIEM BUJE, T.€. BEIPA3UTh UCKOMYIO BEJIMUUHY B
OYKBEHHBIX O0OO3HAUEHUSIX BEJIWYMH, 3a/JIaHHBIX B YCJIOBHM 3aaaud. [Ipu
TaKOM CI0Cc00€ pelIeHUs HE MPOU3BOISATCS BBIUMCICHUS MPOMEKYTOUHBIX
BennuuH. [locnme monmyudeHust pacueTHoW (opMysbl JUISI  TPOBEPKHU
IIPABUJILHOCTU ITIOJIYYEHHOI'O PE3yJibTara CIEAYET MPUMEHUTH IPABUIIO
pasMepHOCTU. YUMCIOBBIE 3HAYCHUS BEJIWYMH MPU TOJACTAHOBKE HUX B
pacueTHy0 (HopMyiy CIeAyeT BbIpakaTh TOJBKO B €IMHUIIAX CUCTEMBI
CHU. Tlpu moacTaHOBKE B pacyeTHyO (popmyiy, a TakKe MpHU 3alKuCH
OTBETA YHUCJIOBBIC 3HAYECHUS BEJIWYMH CIEAYET 3aluChbiBaTh Kak
POU3BEICHUE AECITUYHON JPOOU Ha COOTBETCTBYIONIYIO CTEIIEHb JIECSTH.
Boruucienust mo pacuetHoi ¢opmysie HaIO0 MNPOBOAUTH C COOJIIOACHUEM
MpaBWJI MPUOIMKEHHBIX BBIYUCIICHUI. DTO OTHOCUTCS U K CJIydaro, KOrja
pEe3yAbTaT MOJYUYEH C IPUMEHEHUEM KaJIbKYJISTOPA.
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IIpakTnueckoe 3ansaTue Nel,2,3
Maenumnoe none 6 eakyyme u e2o0 Xxapakmepucmuku. Maenumnoe
ezaumoodeticmeue. Cuna Amnepa u Jlopenya Ilpunyuner  cynepnozuyuu
maznumuwix noaeu. 3axon buo—Casapa—/lannaca. 3akon nonnoz2o moka (meopema
o yupkynayuu). 3axon Amnepa. Macnumnvie ceoticmeéa macHemukos. flenenue
anekmpomazHumuou uHoykyuu. Camounoykyus. Paboma no nepemewenuio
NPOBOOHUKA C MOKOM 8 MACHUMHOM noJie. IHepeus MacHumHo20 nois

Homepa 3amxa4 no: YeptoB A.I'., BopoObeB A.A. 3anaunuk no ¢pusuke: Yued.
nocooue 1Jis1 BTY30B.-/-e U31., nepepad. u aomn. -M.: U3naTeabcTtBo DU3UKO-
MaTeMaTH4ecKoii turepatypsl, 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.

IIpumepsl pelieHust 3a1a4.

1. OnpeaenuTs MarHUTHYIO UHAYKUWIO B mons, co3maBaeMoro
OTPE3KOM OECKOHEYHO JJIMHHOIO MNpSMOro IMpOBOJA, B TOYKE,
PAaBHOYJAJICHHOW OT KOHIIOB OTpE€3Ka U HaXOIAIIECHCS Ha
paccrosiuuu Ip=20 cMm ot cepeaunsl ero (puc. 1). Cuna toka I,
TEKYILEro Mo npoBoAay, pasHa 30 A, anunHa | otpeska paBHa 60 cm.
Pewenue. Jlna onpeneneHuss MarHUTHOM WHAYKIMU TMOJS,
CO37aBa€MOr0 OTPE3KOM IPOBOJA, BOCHOIb3YyeMCs 3aKOHOM buo-
Cagapa-Jlamaca:

I-sina
deuou—z-dﬁ. (1)  Puc. 1
4mr ) .§
N3 pucynka 21.4 BugHO, 4TO e
r-do I
dl=——r=—>3
SIino SIina

CJ'IGI[OB&TCHI)HO NMCCM.:

4B - Lopl -sina-r-do ;,toul sina

-dat,
Amr? -sino 4,

NN

dB = Hohl -sinoa-do. (2)
4,

[IpounTterpupoBaB BeipaxeHue (2) B mpenenax oT oy J0 Olp MOTYYUM:

ol
B= I“ Slnada—zuo Ismocdoc—juo (cosa, —cosa,).
7l 7l

HpI/I CI/IMMeTpI/ILIHOM PaCIIONIOXKCHUN TOYKH A OTHOCHUTEIIBHO OTpPC3Ka IMPOBOAA



COS0L=-C0S 3. C yueToM 3TOro NMeeM:
I
B — MMO
2ml,

cosa,.

N3 pucynka 1 BUIHO, 4TO

(]2 B 14
2 2 2 2
\/ﬁ [4+r; \/4r0+£

CrnenoBarenbHO, OKOHYATEIBLHO OY/1eM UMETh:

cosa, =

2mr, JAars +0°

[ToxcraBuB ynciioBble 3HaYeHUs B (popmyny (4), Mpou3Be1eM BbIYMCIICHHUS:

14710730 0,6

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

2. JIBa GECKOHEYHO JJIMHHBIX IPOBOAA CKPEMIEHBI O IIPAMBIM yIIoM. 11o
npoBoaam TekyT Toku [;=80 A u [,=60 A. Paccrosnue mexay npoBogamu d=10
cM. OmnpenenuTh WHAYKIMIO MarHUTHOro mojis B B Touke A pacmosioxkeHHOU
MEXKy TIPOBOJIAMH, yIAJICHHON OT HUX Ha OJJMHAKOBOM PacCTOSHUHM Io=0/2.

Pewenue. B cOOTBETCTBUU C MPUHIMIIOM CYNEPHIO3UIIMH MAaTHUTHBIX TOJICH
WMHIYKLIUS pe3yJIbTUPYIOIIEro MarHuTHoro nojsi B, cozgaBaemoro tokamu I; u I,
OMPEIENSAETCS BEIPAXKEHUEM

=249 mxTn.

B=B.*B,,
rae Bi, B, — cOOTBETCTBEHHO MHAYKIIMY MarHUTHBIX IOJIEH, CO3AaBAaE€MbIX 3TUMU
TOKaMHU B pacCMaTPUBAEMOM TOUKE.
B paccmarpuBaemom citydae BekTopbl By n B, B3aumMHO nepneHukyaspHsl,
CJIEZIOBATEIbHO, HA OCHOBaHUM TeopeMsl [Indaropa Oyaem nMeTs:

B=./B+B2.

Cornacuao (bopMynaM AJL ONpCACICHUA HWHAYKIWMKM MAIrHUTHOI'O IIOJIA,
IMopoOKIAAECMOIo OECKOHEUHO JJIMHHBIM HpHMOHHHeﬁHBIM IMPOBOJHUKOM C TOKOM:

B, Mol B HiLl,

2, * o 2m,
rae r,=d/2. Takum oOpazom, UMeeM:

B=.,/B?+B =“—*(‘j°«/|f +12.
U
HpOI/I3BeI[eM BBIUHWCIICHUSA .
g_Ll4n 107

n-107
Omesem: B=4-10" Tu.

802 +60% =4-10"C8 .
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3. Tlo cosieHouay TeueT Tok [=2 A. MaruutHsii moTok @, NpOHU3BIBAIOITUN
MONEPEYHOE CEeUeHUe coieHouaa, paBeH 4 mxB6. OnpenenuTs HHAYKTUBHOCTH L
cosenouna, eciu oH uMeer N=800 BUTKOB.

Pewenue. NunyxktuBHoCTh L cosieHOMAA CBsI3aHa ¢ moToKocuersiennem V¥
cootHomennem W=LI, orkyga L="Y/l. 3amenuB 3aech morokocuerwieHue V¥ ero
BBIP@KEHUEM Yepe3 MarHUTHbIH MoToK @ u uncino BUuTkoB N conerouma (W=®N),
MOJIy4UM

L=MN/I. (1)

[IpousBens Berurcienus no ¢popmyse (1), monyunm

L=1,6 m['n.

4. B 04HOPOIHOM MAarHUTHOM TOJIE€ C UHAYKIIUEH 10,0-10'2 Tn pacnonoxkeHa
OpsSAMOYTONIbHAsE paMKa (KOHTYp) abcd, moaBmXHAsE CTOpOHA KOTOpo# ad miuHOMN
(==0,10 M mepememniaercs cO CKOPOCThIO V=25 M/C MEepPHNEeHIUKYISPHO JIMHHUIM
uHaykiuu nojd. Onpenenuts 3/]C UHAYKIIMM, BOBHUKAIONIYIO B KOHTYPE.

Pewenue. Tlpu nBwxeHnn mpoBoAHMKA ad TUIOIMIAAL paMKH YBEIMUHUBAETCA,
MarHuTHbIM NOTOK @ CKBO3b paMKy BO3pAacTaer, a 3HA4YMUT, COIVIACHO 3aKOHY
@apajnes, B paMke I0JDKHA npu 3ToM Bo3HMKaTh DJIC mHaykumu. UtoObl ee
ONpPEAEIUTh, CHAYala BbIPA3UM MAarHUTHBIM NMOTOK @ yepe3 MHAYKIuUIo noist B u
CTOPOHBI paMku ¢, X (X — paccrosiHue ot be 10 ad. CorytacHo dopmysie

®, = [B,ds.
S

UMEEM d=BS=B/x.

[ToacraBuB 310 3HaueHue ® B hopmyny E=— d®/dt u yuutsiBas, uro B, / —
BEJIMYMHBI TIOCTOSIHHBIE, 3aMUIIEM
= dd/dt=-B-I-(dx/dt),
rae v=dx/dt — ckopocTh nepemenienus npopoaHuka ad. IlosTomy
E=-B-l-v. 1)

Pa3MepHOCTB MTOJTy4E€HHOr0 pe3ysibTaTa OueBUIHA.

CnenaB MOJCTAaHOBKY YHCIIOBBIX 3HaueHWW BenudyuH B, /, v (Bce maHbI B
enuHuIax cucreMmbl CH), mosrydum oTBET

=-10,0-10%.0,10-25=-2,5-107 B.
Otger: E=-2,5-107 B.

5. Ily4ok 3JIEKTPOHOB BIIETAET CO CKOPOCTBIO Vo (Vo<<C) B OTHOPOIHOE
MarHuTHOE TIOJ€ NEPHEHAUKYISIPHO JIMHUSAM MarHUTHOM UWHAyKnuu B.
Onpenennuts yroia o OTKJIOHEHMs IydKa MAarHUTHBIM IIOJIEM, €CIU 3aHsATas UM
00JacTh MpEACTaBISET COOOM B CEYEHUM IUIOCKOCTh, HOPMAIbHYIO K CHIJIOBBIM
JVHUSM MarHUTHOTO TOJS; TPAaEeKTOPUs JBUKEHHS 3JEKTPOHA — OKPYXKHOCTb
paaunyca rp, a CKOPOCTb Vo HampaBJieHa MO IUAMETPY 3TON OKPYKHOCTH.

Pewenue. BeisicHUM xapakTep JABUXEHHUS 3JIEKTPOHOB B MArHUTHOM nosie. Ha

BJICTEBIINN B MArHUTHOE MOJIE QJICKTPOH ,ZIGI\/'ICTByeT CHhlia HopeHua
F=[VvoB]. 1)
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Tak xak cuna F HOpMallbHa K CKOPOCTH V, OHA U3MEHSET JIMLIb HAMPaBJICHUE
BEKTOpa CKOpPOCTH, HO HE €ro MOAyjlb, T.€. COOOLIAET 3JEKTPOHY TOJIBKO
HOpMajbHOE  yckopenue. Ilpu  3TOM  BEKTOp  CKOPOCTHM  OCTaercs
nepneHauKyIsapHeiM BekTopy B. CrnenoBatensho, cuna F, onpenensemas no (1),
COXpaHseT CBOE YHUCIEHHOE 3HA4YeHHE, cOooOIas JJIEKTPOHY IOCTOSHHOE IO
MOJIYJII0O HOPMaJbHOE YCKOpEHHE. OTO 3HAYUT, YTO DJIEKTPOH JBHXKETCA B
MarHUTHOM IIOJIE MO Jayre OkKpyXHocTu. Ilycte r — paguyc nyru (TpaekTopuu
JIBMKEHUS DJICKTPOHA B MAarHUTHOM 11oJie). M3 reoMeTpuueckux nocTpoeHui (eciau
BBINIOJIHUTh YEPTEXK), HCKOMBINA YTOJI 0L OTIPEAEIISAETCSI COOTHOLIEHUEM

tgo=rolr, (2)

IZie To — paauyc OKPY>KHOCTH, 110 KOTOPOM OH cjesnai Obl B MAarHUTHOM TIOJIe
OJIVH TIOJTHBIN 000POT.

UroObl HAaWTH BENMYUHY I, 3alMILEM ypaBHEHHUE JBUKEHHS DJIEKTPOHA B
MarHUTHOM TI0JI€, UCTIONb3Ysl BTOpPOil 3akoH HetoToHa. Ilockonbky BekTOphl V 1 B
NEPHEHAUKYJISIPHBI IPYT ApYry, TO ypaBHeHUE (1) MOXKHO 3anmucaTh B CKaJIspHOU
dbopme Tak

F=ev,B,
WIH, UCTIONB3YS (hOPMYITy HOPMAIBHOT'O YCKOPEHUS,
ev,B= Mo
T
Otcrona nomyanum
r=mvy/eB. (3)

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

IIpakTnueckoe 3ansaTue Ned 5
Onekxmpomacnumuule Konebdanus. neKmpomasHummbsie 801Hbl YpasHenue u
Xapaxkmepucmukuy 80aH. INeKMpoMacHUMHble 801Hbl 68 8aKyyme. Boinosas meopus
ceema. Humepghepenyus sonn. Cmosuue gonnvl. Uumepghepenyus u ougppaxyus
ceema. J{ugppaxyuonnasn peuwiemra Kax cnekmpaivhuli npuoop. Ilonapusayus
ceema

Homepa 3axa4 no: Yepros A.I'., BopodbeB A.A. 3agauHuk no ¢pusuke: Yyqeo0.
nocooue 1Jis1 BTy30B.-/-¢ U31., nepepad. u aomn. -M.: U3narenbcTtBo DU3HKO-
MaTeMaTHu4eckou 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.

IIpumepsl pelieHus 3aaad4.
1. KonebaTenbHbIN KOHTYpP COCTOUT M3 KOHJEHcaTopa eMKoCcThio C=5 MKD u
KAaTyIKU ¢ MHAYKTUBHOCTBIO L.=0,200 ['n. Onpenenuts MaKCUMaIIBHYIO CHUITY TOKa
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lp B KOHType, €ciM MakCMMajbHas pPAa3HOCTh IOTEHLMAJIOB Ha OOKJIaAKax
kouaeHcaTopa Up=90 B. AKTUBHBIM cOpOTHBICHNEM KOHTYpa R mpeneOpeus.
Pewenue. PaccMoTpuM 11Ba cmocoba pemeHust 3ajnayu. llepBbiii U3 HUX

OCHOBAH Ha MCCIIEIOBAHUH YPABHEHUSI CBOOOHBIX AJIEKTPOMATHUTHBIX KOJIeOaHUM

qQ= qoe_St sin(cot + q)o), (1)

—ot V)
TIe ,¢ — aMIUIMTYyAa CBOOOAHBIX (3aTyXaroUIMX KOIeOaHui);

O0=R/2L — ko3¢ duruent 3aryxanus;

® — IUKITNYECKast YacToTa;

Jo — HaYaJgbHasl aMIUIUTY/A (OMpeAesieTcs] U3 HaYaJlbHbIX YCIOBHH);

(o — HauabHas (aza (onpenensercs U3 Ha4aJlbHBIX YCJIOBUH.

Bropoii criocod ocHOBaH Ha 3aKOHE COXpPaHEHUS YHEPTUH.

1. Ecnu B konebaTenpHOM KOHTYpE COMpoTUBIeHHE R mpeHedpexxuMo Malio,
TO B ypaBHeHUU (1), BbIpaXkaromieM 3aps KOHJAeHcaTopa Kak (yHKIHIO BPEMEHH,

MOJKHO TIOJIOKHUTH KO3 duiment 3aryxanus 6=0. Toraa, COriacHO BEIPAKEHUIO
2

o= /0)2 5% = I R
o \ LC 4L2 ’
noiayyuM mp=m. CrienoBaTenbHO, B KOHType OyayT He3aTyXarolue KoseOaHus,
IpHU 3TOM
q=qo-sin(ot+¢o), (2)
Cuna TOKa e€cTh MNpPOM3BOJAHAA OT 3apsaa no BpeMeHH. I[loaTomy,
mubdepenuupys obe yactu (2) no BpeMeHH, MOAYyYUM JUIsl CHJIbI TOKa B KOHTYpE
ypaBHEHUE
I=wo-o.COS(wt+y).
Benunuuna [p=wo.qp ABISETCS aMIUIUTYAHBIM, T.€. MAKCUMAJIbHBIM, 3HAYEHUEM

Toka B KoHType. [loacraBuB mp=1/-/LC wu yuutsiBas coorHomeHue o=CUy,
OTIPEIETTUM UCKOMYIO BETTUUHHY:

|0:0)0qo:CU0' 1/+/LC =U,. \/f

2. B mporecce He3aTyxarolmMX AJIEKTPOMArHUTHBIX KOJeOaHUN TOJIHAS
AJIEKTPOMArHWTHAas SHEPrUsi KOHTypa, paBHas CyMME€ JHEPrui SJIEKTPUUECKOIO
MoJIsl KOHJEHCAaTopa Wc:CUZ/Z Y MarHATHOTO MOJI KaTyIIKH WL:LIZ/Z, ocTaercs
BennunHOM mnoctossHHo: W=Wc+W, =const. [Ipy 3ToM B T€ MOMEHTHI, KOTrja
KoHJeHcatop MakcumanbHO 3apsbkeH (U=Up), cuma Toka paBHaA HYIIIO.
CrnenoBatenbHO, MOJHASI SHEPTUSI KOHTYpa

2
CU
~. 3)
2
B momentr mnonnoi 3apsgku (U=0), cwia Toka B KOHTYpE JOCTHUTaeT
MaKCUMAaJIbHOrO 3HaueHus lp. Torna nonHas sHEeprus paBHa

W =
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2
LI

w=_"202, 4
- @

[TpupasHsB npaseie yactu hopmyn (3), (4), Hailnem

_ . |C
I,=U,- /% .
[ToncraBuB 3Ha4YEHUS BEJIWYMH, BhIpakKeHHbIE B enuHuiiax CHU, u mpousBens
BBIYMCIICHUS, IOJTYIUM 1,=0,45 A.

Otger: 1,=0,45 A.

3. B umenm, cocrosimenn W3 TOCIEIOBATEIIBHO COCAMHEHHBIX PE3UCTOpa
conporuBieHueM R=20 Owm, karymku wuHAyKTUBHOCTBIO L=1,0 MI'H un
KoHJeHcaTopa emkocThio C=0,10 wmx®, neiictByer cunycougaidbHas IJIC
Onpenenuts yactoty ® IJC, npu KOTOpoW B LIENU HACTYNUT pe3oHaHc. Haltu
Takxke JedcTByroniee 3HaueHue cwibl Toka | u Hanpspkenuid Ug, U, Uc Ha Bcex
3JIEMEHTAX LEMU MPU PE30OHAHCE, €CIIU IIPU ATOM JIeicTByolIee 3HaueHue J/JC E=
30 B.

Pewenue. 1log neiictBuem mnepemenHort JJIC B jgaHHON  11emH,
IpeCTaBIAonIe coOoi KonedaTenbHbI KOHTYpP, YCTAHOBATCS BBIHYXICHHbBIC
AeKTpoMarHuTHele KoneOanus. [Ipu stom ammnuryansie 3Hauenus [y u JC Eg
CBSI3aHbl COOTHOILLIEHUEM

I — EO

" R*+(oL-1/eC)

_L, /. _EV .
U3 dopmyn I, / E E, \E BUJHO, YTO MEXIY JIEUCTBYIOLIUMU

3HaueHuaAMH Toka [; u OJIC E; CymIecTBYeT TO € COOTHOILUIEHHE, YTO U MEXIY
BennarHaMu Iy, Eq. [ToaToMy (ommyckast JJisi MPOCTOTHI MHIEKCHI y BEIWYMH 1, E,)
3anuIIeM

E
- _ (1)
R +(oL-1/C)
OueBHIHO, MAKCUMAaJIbHOMY TOKY IPH Pe30HAaHCE l,.; COOTBETCTBYET TaKoe
2_
3HauYCHHE ®, Ipu KoTopoM B dopmyiie (1) Beipaxkenue (Lo — 1/Cw)=0. Orcrona
OTIpeneNsieM Pe30HAHCHYIO YaCTOTY:
O=mpe,=[1/(LC)]**=1,0-10° pan/c. (2)
[Tpu 5TOM cHTa TOKa paBHA

l,-=E/R=1,5 A.
3Hasg CuIy TOKa l,e, HalgeM JIEHCTBYIOLIUE 3HAYEHUs HaNpsOKCHHS Ha
KaXJI0M U3 3JeMeHTOB KOoHTypa R, L, C, npumenuB 3axkoH OMa JJjisi KaxI0ro U3
YYaCTKOB
Ur=l,,R=E=30 B;
U =l,;LW=EL®/R=150 B;
UC=l,e,[1/(wC)]=U =150 B.
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PagenctBo U =Uc crnenyer u3 paBeHCTBA €MKOCTHOIO M HWHAYKTUBHOIO
COITPOTHUBIIEHUH IPU PE3OHAHCE.

OrTBer: (opm:l,O-lO5 pan/c; I,,=1,5 A; Ug=30 B; U =150 B; Uc=150 B.

4. OnpenenuTh SHEPTHI0, KOTOPYIO EpeHOoCUT 3a BpeMs t=1,00 MuH mutocKast
CUHYCOWJaJIbHasl 3JEKTPOMAarHUTHAs BOJHA, PAacCHpOCTPAHSIOIASACS B BaKyyMe,
yepe3 momaaky S=10,0 cM’, PacCHONOKEHHYIO NEPICHINKYIISIPHO HAIMPABIECHUIO
pacrpocTpaHeHuss BOJHBL. AMIUIATY[A HANPSKEHHOCTH DJJIEKTPUYECKOTO TOJIA
BostHBI Eq==1,00 MB/M. [Tepuos Bomabl T<<t.

Pewenue. DHeprusi nepeHocuMasi 3JIEKTPOMAarHUTHOM BOJHOM 3a €IMHUILY
BPEMEHU 4YEpe3 C€IMHULY IIOBEPXHOCTH, MEPIEHAUKYISPHON HANPAaBICHUIO
pacrpocTpaHeHHss BOJIHBI, ompexaensercs BektopoM [loiintuara P=[EH].
VYuuteiBas, 4TO B AJIGKTPOMarHUTHOW BOJIHE BekTopel E, H B3aumHO
NEPIECHANKYJISIPHBI U NIEPIEHANKYJISPHBI HAIIPABICHUIO PACIIPOCTPAaHEHUS BOJIHBI,
HOJIyYHM JIJIs1 MOJLyJisl BekTopa P

P=EH. (1)

[Tockonbky o60e Benuuunbl E, H, Xapakrepusyrouiue 3J1€KTPOMarHUTHYIO
BOJIHY, B KOKJIOM €€ TOYKE MEHSIOTCS BO BPEMEHH 10 3aKOHY CHHYCA, HaXOIsCh B
OJIMHAKOBBIX (pazax, cooTHoueHue (1) MOXKHO 3amucaTh Tak:

P=Egsinwt-Hesinot=EyHg-sin“wt. (2)

Takum oOpaszom, BennuuHa P sBisieTcs ¢yHkiuen Bpemenu, u hopmydsr (1),
(2) paroT JMIIb MTHOBEHHOE 3HadeHue BenuuuHbl P. [lostomy, cornacHo
ONPENIEIICHUIO BEKTOPA INIOTHOCTHU ITOTOKA SHEPTUH, 3AMUILIEM

p- W 1
dt S

Ortcrona sueprust dW, nepeHocrMasi BOJHOM 4epe3 MIomaaky S 3a Bpems dt,

¢ yueTtoM popMyisl (2), paBHa
dW=P-dS=EH,-S-sin*(ot)dt. (3)
3necs HewsBecTHa BennuuHa Hp. Bocnons3yemcss TeMmM, 4YTO MEXIy
BennunHaMmu E, n H, xapakTtepu3yronmmuy 3J€KTPOMArHUTHYIO BOJIHY B OJHOW U
TOW K€ TOYKE, CYIIECTBYET IIPOCTOE cooTHoUeHue. Hailnem ero, yuuTeiBas, 4ro,
COrJIACHO TEOPHUM DJIEKTPOMArHUTHBIX BOJH, INIOTHOCTH DHEPIUU AJIEKTPUYECKOT O

¥ MarHUTHOT'O T1OJICH BOJHBI B JIFOOOH MOMEHT BPEMEHH PaBHBI, T.€.

880E2 _ quHZ

2 2
Tak kak, o ycioButo, e=u=1, To U3 (4) nmory4yum
H=E-(o/ o).
Tak »ke cBsi3aHBl MEXAy co00i W amIuMTynHble 3HaueHus Eq, Hy. Torma
ypaBHeHue (3) mpuUMeT BU/T

(4)

dW=(go/110) "2 E(S-sin*(wt)-dit.
[Tocne wHTETpUpOBaHMS, C YYETOM TOro, YTO B CHUJIy HepaBeHCTBa T<<t
yiieHoM sin(2wt)/4® MokHO peHeOpedb, MOTYIHM
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€ty

W= "0 E’st,

[ToacTaBuUB YKCIIOBBIE 3HAYCHHS BEIIWYWH, BbIpakeHHbIE B enuHunax CU, u

BBITIOJIHUB BBIYMCIICHUS, HAIEM
W=8,0-10™" k.

Otser: W=8,0-10™" [Tk.
5. OT ABYX KOTE€pPEHTHBIX MCTOYHUKOB S; U S; (A = 0.8 MKM) JIyun momanaroT Ha
skpaH. Ha skpane naOmromaercs uHTepdepeHIroHHas kKapTuHa. Korga Ha myTu
OJTHOT'O U3 JIy4el MepHeHUKYISIPHO eMY IOMECTHIIA MBUIBHYIO TUIEHKY (n = 1.33),
UHTEpPEpEeHIIMOHHAs KapTHUHA M3MEHWJIach Ha NPOTUBOMNONIOKHYIO. [lpu kakoi
HauMEHbBIIEH TOJIMIUHE di, IIIEHKH 3TO BO3MOXKHO?
Pewenue. N3menenne uHTEpPEPEHIIMOHHON KapPTUHBI HA MPOTHBOMOIOXKHYIO
03HAyaeT, YTO Ha TeX y4yacTKaxX JKpaHa, rje HaOIoAanuch UHTEPPEPEHIIMOHHbIC
MaKCHMYMBI, CTajdu HAOIIOMaThCcsl WHTEPPEPEHIIMOHHBIE MUHUMYMBI. Takoit
CABUT UHTEPPEPEHIIMOHHOW KapTHUHBI BO3MOXKEH NPH W3MEHEHUU OINTUYECKOU
Pa3HOCTHU X0/1a MTyYKOB CBETOBBIX BOJIH HA HEYETHOE YHWCJIO MOJIOBUH JJIMH BOJIH,
T.C.

Ay - A = (2k+1)A/2, 1)
rae A; - onTuyeckas pa3HOCTh XO/a MyYKOB CBETOBBIX BOJIH /10 BHECEHHUS TIJICHKU;
A, - onTHYECKas Pa3HOCTh X0/ TEX K€ IMYYKOB MOCII€ BHECCHUS IUICHKH;
k=0, +1, +2, ..., +Kmax.

Haumenbuied Tonmunae dmi, iieHku coorBerctByeT k = 0. IIpu 3tom Gpopmymna (1)
IPUMET BU/T

Az - Al =\2. (2)
BrIpa3um ontudeckue pasHocTy xona A; U Ag:
Al = fl - gz, Az = [(ﬁl - dmin)'l‘n'dmin] - fz = (61-52) + dmin(n-l). ITogcTaBuM
BhIpakeHUs A; u A, B popmyny (2):

(gl-fg) + dmin(n-l) - (fl-gg) =\2.

7M1

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

Amin = k/[2(n-l)].
[IponsBeneM BbIUUCIICHUSA:

ZLMKM = 1,21 MKM.

min 21,33 -1)

IIpakTHyeckoe 3ansiTue Ne6
Tennosoe uznyuenue. 3akoHvl menyiogozo uznyyenus. I unomesa u oopmyna oe
bpotina. Bornosas ¢pynxyus. Coomnowernusi HeonpeoeieHHOCmel.

Homepa 3axa4 no: Yepros A.I'., BopoObeB A.A. 3agauynuk no gpusuke: Yye0.
nocooue 1Jis1 BTy30B.-/-e U311., nepepad. u aomn. -M.: U3natenbcTtBo OU3UKO-
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MaTreMaTu4yecKou 1umepamyput, 2003.-640 c.

34.2, 345, 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 pelneHus 3aaad4.

1. JInuHa BOJIHBI, Ha KOTOPYIO NPUXOAUTCS MAKCUMYM SHEPIUU B CIEKTPE
U3JIYYEHUSI YEPHOTro Tela, Amax = 0,58 MkM. OmnpenenuTbs >HEPreTUYecKyro
CBETUMOCTh R OBEpXHOCTH TeTa.
Pewenue. Dneprerudeckass CcBETUMOCTh R, aOcomoTHO YEpHOro Teila B
cooTBeTCTBUM C 3aKoHOM Ctedana - bompiMaHa mpomnopuyoHalbHA YETBEPTOU
CTENEHU TEPMOJUHAMUYECKON TEMIIEPATYPHI U BhIpaXKkaeTcs PopMyIioin

R.=oT/, (1)
rjae o- nocrosinHas Credana - bonbumana; T -abcomoTHast Temneparypa.
Temmepatypy T - MOKHO BBIYHCJIUTH C MTOMOIIBIO 3aKOHA cMeleHus: BuHa:

Ao = DIT, 2
rje b - mocTosTHHAs 3aKOHA cMelleHns Buna.
Ucnonb3ys dopmyns (2) u (1), momydaem
Re = o(b/L)". (3)
[TponsBenémM BEIYHUCIICHNUS:
R. = 5,67-10%.(2,9-10°%/5,8-107)* = 3,54-10" Br/m".
2. OnpenenuTh UMITYJIbC P M KHWHETHYECKYIO SHEPTHIO T 2JIEKTpOHA, ABUKYIIETOCS
co ckopocThio v = 0,9 ¢, e ¢ - CKOpOCTh CBETa B BaKyyMe.
Pewenue. VIMITyIIbcOM 9aCTHIIBI HA3bIBACTCSI MPOU3BEICHHE MAaCChl YaCTHIIBI Ha €€
CKOPOCTb:
p=mv. 1)
Tak KaK CKOPOCTb 3JICKTPOHA OJIM3Ka K CKOPOCTH CBETa, TO HEOOXOAMMO YIECTh
3aBUCUMOCTH MacChl OT CKOPOCTH, OTIPEACIIeMYIO0 1Mo hopmyie

m=m,/ 1—(%)2, )

IZI€ M - Macca ABMKYILENCS YaCTULBI; M, - MAacca MOKOSIIENCS YaCTHLIBL;
B = Vv/C - CKOPOCTh YaCTHIIbI, BEIPAYKEHHAS B JIOJISIX CKOPOCTH CBETA.

3amenuB B opmyiie (1) maccy m e€ BbpakeHueM (2) ¥ IPUHSB BO BHUMaHHE, YTO
V = C[3, mOJTy4YnM BBIpaKEHHE JIJISl PENSATUBUCTCKOTO UMITYJIbCA:

p=mpe/y1- (Y[ . 3)
[Ipou3BenEM BBIUUCIICHUS:
p =9,31-10°.0,9-3-10% ,/1- 0,81 =5,6-10% kr-m/c.
B pensTuUBUCTCKONM MEXaHHKE KUHETHYECKas dHeprus T 4acTulbl ONpenesieTcs

KaK pa3HOCTb MEKY IMOJIHOM SHEPTUEU U DHEPTHUEN NMOKOA E, 3TOM YacTHIlbl, T.€.
2 2
T =E - E,. Tak kak E = mc” u E; = m,C", To yuutpiBasi 3aBUCUMOCTh MacChl OT
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CKOPOCTH, ITOJYyHaCM:

T:moc2 1/,/1—(%)2 -1|. (4)

HpOI/ISBeI[éM BBIYUCJICHUA .

T:9,1-10‘31-(3-1o8)2- 1

J1-0,81

3. DNEKTpOoH, HaYaJlbHOH CKOPOCTHIO KOTOPOTO MOXKHO MpeHeOpedb, IMpOoIIen
YCKOPSIIOIIYKO pa3HOCTh noreHumanoB U. HaWtu nnuny BosiHbl 11e¢  bponns
aneKTpoHa st AByX ciydaeB: 1) U; =51 B; 2) U, =510 xB.

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

Pewenue. JInviHa BOJIHBI JIe bpoWIs AJisl YaCTUIBI 3aBUCUT OT €€ UMIYJIbCA P H
orpenensercs: GopMyIoi

As = h/p, Q)

rae h - mocrosuuas [lnanka.

Nmitynbc 4acTHULIBI MOKHO OIPEAEINUTh, €CJIM U3BECTHA €€ KUHETUYECKAsd SHEPTHUs
T. CBsI3b UMITyJIbCa C KHHETHYECKON PHEPTUEN pa3iinyHa JJIsl HEPEISATUBUCTCKOTO
ciyyas (Korjja KHHETUYEeCKasi YHEPTUsl YaCTUI[bI MHOT'O MEHbIIIE €€ IHEPTUH TTOKOS)
U I PENSATUBUCTCKOro ciyyas (Korjga KHHETHYECKas SHEpPrusi CpaBHHUMA C
SHEPruei MoKOsl YaCTHUIIbI).

B HepenmaTuBuCcTCKOM Ciiydae

~1,06-10 " JIx.

p=.2myT,

rac my - Macca I1OKOs BHGKTpOHa. B peJISITI/IBI/ICTCKOM cnyqae
1
p:E\/T-(2E0+T). (3)

2
rae Eq = MyC” - s3Heprus mokos 3JIeKTpoHa.

®opmyna (1) ¢ yu€rom cootHomeHui (2) u (3) 3anumiercs: B HEPEISITUBUCTCKOM

ciyvae

A= 4)

J2m,T’

B PEJIITUBACTCKOM CJIy4ae
hc

@, T ©

CpaBHUM KMHETHYECKHE DHEPTUHU DJIEKTPOHA, MPOMIEAIIETO 3aJaHHbIE B YCIOBUHU
3agaun pasHoctu noreHumanoB U; = 51 B u U, = 510 kB, ¢ sHeprueil nokos
AJNIEKTPOHA M B 3aBUCHUMOCTH OT 3TOr0 pemuMm, Kakyio u3 ¢opmyn (4) wiu (5)
clenyeT NPUMEHUTS ISl BBIYMCIIEHUS JUIMHBI BOJIHBI ¢ bpois.

DNEeKTpUYECKOE I0JIe COBEPIIAET HaJ JJIEKTPOHOM padoTy, KOTopas paBHa
WU3MEHEHHUIO €r0 KHHETUYECKOU 3Hepruu T
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T=eU
B nepBom ciiywae Ty = e-U =51 3B = 0,51-10 M»3B, 4TO MHOTO MEHBIIE SHEpPruu

2
nokost a5ekTpoHa E; = myCc” = 0,51 M»aB. CrnenoBarenbHO, B 3TOM Cllydyae MOKHO

npuMeHuTh Qopmyny (4). ns ynpomeHus pacy€roB 3ameruM, uto T; = =10
*m,C°. [ToCTaBHB TO BBIPAIKCHHE B dbopmyiy (4), nepenuiieM e€ B BUIE
h 10°h
A

1 \/2(m0c)2 107t V2 mge
YyutsiBas, 4To h/myC €CTh KOMITOHOBCKAs JUIMHA BOJIHBI A, TTOJYYHM
A = 10°A-4/2.
Tak kak A = 2,43 1M, TO
A = 10%2,43/2 = 171 (mm).
Bo BTopoMm ciyuae kunernueckas 3Heprus T, = eU, = 510 k3B = 0,51M»B, T.e.
paBHAa JHEPIUU IOKOS OJJICKTPOHA. B 3TOM ciiydyae HEOOXOAMMO IPUMEHUTH
pesituBHCTCKy0 opmyiy (5). Tak kak T, = MeC%, To 1o hopmyire (5) HAXOTHM
hc h A
Ao =

\/(Zmocz +mgc? Jmyc? T V3me V3

[ToncraBum 3HaueHre A ¥ TPOU3BEAEM BHIUMCIICHUS
2,43
Ay =——=21,40 ().
SNE
4. Kunernueckasi SHEpPrusi JIEKTPOHA B aTOME BOJOPOJA COCTABIISIET BEIIMYUHY
nopsinka T = 10 »B. HMcnonas3yss COOTHOILIEHHUE HEONMPEAeIEHHOCTEH, OLIEHUTH
MHUHUMAJIbHBIE JIMHEWHBIE pa3MEPBI ATOMA.
*1) 124 uam; 2) 62 am;  3) 228 um;  4) 31 am.
Pewenue. CooTHOLIEHHE HEONPEAECIEHHOCTEN M1 KOOPAMHATHL WM HMITYJIbCA
MMEET BU]I

AX-Apy > h, Q)
rae AX - Heonpeaea€HHOCTh KOOPAUHATHI X AJIEKTPoHA; APy - HEONpeaeaéHHOCTh
IIPOSKIIMN MMITYJIbCa AJIEKTPOHA Ha och X; h - mocrosaHas [lmanka, nen€HHas Ha
2T
N3 cooTHomIeHUsT HeonpeaeaéHHOCTEH ClIeyeT, YTO YeM TOUYHEE OMpPEeesaeTcCs
IMOJIOKCHUEC YaCTUIbI B IMPOCTPAHCTBE, TEM 60.]'[66 HGOHpGI[@HéHHBIM CTAHOBUTC:A
COOTBCTCTBYIOIIAA IIPOCKOMA HMIIYJIbCA, a4 CIICHOBATCIIBHO, M SHCPIUA 4YaCTHUIIbI.
IIycte atoM wuMeer JWHEWHBIE pa3Mepsl f, TOraa »dJEKTPOH aroma Oyner
HAXOJIUTHCS T/IE-TO B Mpejenax 00JacTy ¢ HEONPeaeIEHHOCTHIO

AX = 112.
CootHouienue HeonpeaenéuHocren (1) MoXXKHO 3anucaTh B 3TOM Cy4yae B BHUJIE
(412)Apx > 1,
OTKyIa
0 > 2h/Apy. (2

@dusnyeckn pazyMHasi HEOIPEIEIEHHOCTh MMIYJIbCa APy BO BCSIKOM ClIydae HE
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JOJKHA MPEBBIIIATH 3HAYEHUSI CAMOT0 UMITYJIbCA Py, TO ECTh APy < Px. MMIynbe py
. . 12

CBsi3aH C KMHeTn4eckoi sHeprueit T cooTHOomeHnuem py = (2mT)™“. Tlepexoas ot
HEpPaBEHCTBA K PaBEHCTBY, IIOIYy4YUM

2h

K min = . (3)

2mT

[IponsBenémM BbIUUCIICHUSA:

lmin = 2-1,05-10°4/(2-9,1-10°%.1,6-10™°-10)"? = 124 nm.

2 . (mn
5. Bonuosast dynkuus W, (x)= Zsm 7-x OIMCHIBAET OCHOBHOE COCTOSHUE

JacTUIbI B OCECKOHEYHO TIIYOOKOM  TPSIMOYTOJIBHOM SIIMKE IIMPUHOW /.
BbaucauTh BEpOSITHOCTh HAXOXKICHUS YacTHUIlbl B MaiioM uHTepBasie A/ = 0,01/ B
IBYyX ciy4dasx: 1) Bomu3u crenku (0 < x < /);

2) B cpeaueit yactu siimuka ((4 - A0)/2 <x <(¢ + Al)/2).

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

Pewenue. BeposTHOCTB TOr0, 4TO yacTuila Oyaer oOHapykeHa B uHTepBajie dx (0T
X 710 X + dX), mpomopIMoHaIbHA ’TOMY HHTEPBATY M KBaJApaTy MOAYJIS BOJTHOBOM
(YHKILMH, OIKCHIBAIOLIEH JaHHOE cocTosiHME, paBHa do = | y(x)| %-dx.

B mepBoM cirydyae uckoMasi BEpOATHOCTh HaWAETCsI HHTETPUPOBAHUEM B TIpEenax
oT 0 10 0,017:

oo
=— [ [e)Qdx.
0=7 g sin“ (nx /£ Jx

Tak kak x m3mensiercs B uHTepBajge 0 <x <0,01/ u, ciemoBaTenbHO, TX/{ </,
CIIPaBEIJIMBO MPUOIMKEHHOE PABEHCTBO
sin®(mx/0) =~ (nx/?0)?.
C yuérom aTOro0 BeipakeHue (1) mpumer BuA
0,01/ 2 0,01/

0=2 [ (mx/6)*dx zz% | x2dx.
£ o 14 0
ITociie MHTErPUPOBAHUS [TOTYIHUM
2
2n

o= Tlo‘6 ~6,6-107°.

Bo BTOopom ciydae MOXXHO 00OWTHCH O€3 HMHTETPHpPOBAHHWSA, TaK Kak KBaapar
MOJyJIsl BOJTHOBOHM ()yHKIIMM BOJIN3H €€ MaKCUMyMa B 3a/1aHHOM MaJIOM UHTEpBajie
(A¢ = =0,01/) npaktuvecku He M3MeHsieTcs. VIckomasi BEpOSTHOCTh BO BTOPOM
CJIy4ae OIpPEAEIIeTCs BhIPAKEHUEM

o = 2-(sin®(mt/20)-All¢ = 2-0,014/¢ = 0,02.

IIpakTuyeckoe 3aHsitue Ne/
Onemenmul keaumosou mexaunuxu. Keanmosas npupooa ceema. @omospghexm,
aghpexm Komnmona
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Homepa 3apa4 no: YeproB A.I'., BopoobeB A.A. 3axaunuk no pusuke: Yueo.
nocooue JJis1 BTy30B.-/-e U311., nepepad. u aomn. -M.: U3natenbcTtBo DU3HUKO-

MaTeMaTH4deckou Jurepatypsl, 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 penieHus 3aaad4.

1. B pesynbrare a¢pdexkra Komnrona GgoToH npu coyaapeHuu ¢ JIEKTPOHOM ObLI
paccesn Ha yrom O = 90°. Dmeprus paccesHHoro ¢orona & = 0,4 M»B.
OrnpenenuTh SHEPTUIO POTOHA €1 IO PACCESTHHUSI.
Pewenue. Jlnsa ompeneneHuss >HEPTHMH MEPBUYHOTO (HOTOHA BOCIMONIB3yeMCS
dbopmynoit Komnrona:

Ah =D, -l = sin’ ©4). (1)

myC
rae AL = Ay - Ay - U3MEHEHHE JJIMHBI BOJHBI (DOTOHA B pE3yNIbTaTe pacCestHHs Ha
CBOOOJHOM 3JIeKTpoHE; h - mocTostHHas [1nanka; m, — Macca MOKos SJIEKTPOHA; C
- CKOPOCTh CBETa B Bakyyme; 0- yron paccestHusi GoToOHa.
[Ipeodpazyem dhopmyiny (1):

1) 3aMEHUM B HEW AA Ha Ay - Ag;
2) BBIPA3UM JIMHBI BOJIH A3 M A, 4epe3 DHEPrUU € U € COOTBETCTBYIOIIUX
(OTOHOB, BOCIOJIB30BAaBIIUCH (hopMyitoit € = hC/A;
3) yMHOXXUM YUCIIUTEh U 3HAMEHATEIb MTPaBOi YacTu (HOPMYJIBI HA C, TOTa

he _he_ ahe n2(ey)

€ &

CoxkpatuM Ha hc 1 BeIpazuM U3 3TOU (l)opMynH HMCKOMYIO SHEPTHIO:

m,c” £,E,

0c —282 sin / Eq —2¢, -sin ®/

rie Eq = MoC’ - SHEprust TOKOSI IEKTPOHA.
Brrancnenus mo ¢opmyre (2) ynodHee BECTH BO BHECUCTEMHBIX €AMHHIAX. Tak
kak Jyis a5ektpoHa Eq; = 0,511 M»aB, To
& = 0,4-0,511/(0,511 - 2-0,4-5in°45°) = 1,85 M>B.
2. Onpenenutb MakKCUMAIIbHYIO CKOPOCTh Vmax (POTOITIEKTPOHOB, BBIPHIBAEMBIX C
MOBEPXHOCTH cepedpa: 1) ynbrpaduoeToBbIM U3IIYYEHUEM C JUIMHOW BOJHBI A; =
0,155 MxMm; 2) v - U3Iy4E€HHUEM C JJIMHOM BOJIHBI A, = 1 TIM.
Pewenue. MakcumanbHyl0 CKOPOCTH (DOTORIEKTPOHOB MOXKHO OIPEIETUTh U3
ypaBHeHUs1 DUHIITENHHA U1 BHEIHETo ¢oTtorddexra:

€=A+ Thax 1)
riae € - 3Heprus (POTOHOB, MANAIOIIMX HA MOBEPXHOCTh MeTamia; A - pabora
BbIX0/a; Tiax - MAaKCHMalbHAsE KUHETUYECKast YHEPTUs (DOTOIEKTPOHOB.
DHepruto GOTOHA MOKHO BBIUYUCIUTH 10 (hopMyIIe:

()

€=
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&= hc/x, (2)
rae h - mocrositnnas [lnanka; ¢ - CKOpOCTh CBETa B BAKyyMe; A - JIJTUHA BOJIHBI.
Kunerndeckas 23HEprHs 2JICKTPOHA MOYKET OBITh BhIpa)KEHA UJTH T10
KJIacCHUECKOoi dhopmyiie

T = moV?/2, (3)
WJIM 110 PEIATHBUCTCKOM (hopMyIte

TzE{l/Jl—(W—lj, 4)

B 3aBUCUMOCTHU OT TOTO, Kakasi CKOpocTb coobmaercsi (oTodniekTpoHy. CKOpoCTh
(GOTO3JIEKTPOHA 3aBUCUT OT dHEpPruu (OTOHA, BBI3BIBAIOIIETO (POTOIPGDEKT; eciu
sHeprus € (OTOHA MHOTO MEHBIIE dHEPTruu Mokos E, s1nexTpoHa, To MOXKET OBITh
npuMeneHa gopmyna (3), ecnu xe € cpaBauMa ¢ Eo, TOo Beruncienue mo Gopmyine
(3) npuBOIUT K OMIMOKE, ITOATOMY HYKHO TOJI30BaThCS (HOpMyII0ii (4).
1. Beruucnum 3Hepruto (hoToHa ynbTpapuoIETOBOr0O U3aydeHus no popmyne (2):
&1 = 6,63-10°43.10%1,55-10" = 1,28-10*° JTx
WIH
g1 =1,28:10"%/1,6-10™ = 8 5B.
[Tonyuyennass sueprust ¢orona & < E, (E, = 0,51 MbdB - sHeprus mokos
anekTpoHa). CrnepoBaTenbHO, B JAHHOM ClIydae KHUHETHYECKas DHEpPrus
dotoanektpona B ¢dopmyne (1) MoxkeT OBITh BbIpaXeHa IO KJIACCHUYECKOM
dopmye (3):
£1= A+ MoV a2,
OTKyZa

Viax =+/2(E; —A)/my . (5)

[ToncraBuB 3HaueHus BenuyuH B hopmyny (5), HaligéM

V= 21,28:10 % 0,757 1911107 =1,08-10% m/c.

Boruncnum suepruto (oToHa y - U3ITyYEHUS:
g, = he/h = 6,63-10°%.3-10%1-10" = 1,99-10™° JIx,

WIK BO BHECHUCTEMHBIX €IMHHIIAX
€, =1,99-10%%1,6-10"° = 1,24-10° 5B = 1,24 M>B.
PaGota Beixoma anekTpona (A = 4,7 5B) npeneOpexxumMo Majna 1mo CpaBHEHHUIO C
sHepruei ¢otoHa (g, = 1,24 M»pB), mosToMy MOXXHO MPUHSATH, YTO MaKCUMaJIbHas
KMHETUYECKAasl SHEPTUsl AJEKTPOHA paBHa 3Hepruu GoroHa: T = 1,24 MaB. Tax
KaKk B JAHHOM cllydyae KMHETUYeCKas SHEPTUs 3JIEKTPOHA OOJIbLIE €ro SHEpruu
MOKOSI, TO JIJIsl BBIYUCIIEHUSI CKOPOCTH AJIEKTPOHA CIEYET B3ATh PEISITUBUCTCKYIO
dbopmyny kureTnueckoit sueprun (4). U3 atoit hopmysl HaliaEM

JRE,+T)T
E,+T

3ameTuB, 4TO V = CB U Tmax = €, MOTYIUM
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\/Z(Eo + 82)“32
Eo+e,

Vinax =

HpOI/I?)BeI[éM BBIYUCIJICHUSA .
Vo =3-10°\/(2-0,51+1,24)1,24 /(0,51 +1,24)=2,85-10° wm/c.

IIpakTHyeckoe 3ansitue Ned
Amom bopa. Cnexmpul. Paouoakmuernocms

Homepa 3apa4u nmo: UeptoB A.T'., BopoOobeB A.A. 3agaunuk no pusuke: Yueo.
nocooue 1Jis1 BTY30B.-/-e U3/., nepepad. u aomn. -M.: U3naTenbcTtBo @U3HKO-

MaTeMaTH4ecKoi Jqurepatypsl, 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

IIpumepsl penieHus 3aaa4.

1. Ha pucynke wu3o0paxeHbl CTallMOHAPHBIE
opOUTHI aTOMa BoJOpoia coraacHo mozenu bopa,
a TaKk »>K€ YCIOBHO HW300paKEHbl MEPEeXOibl
AJIEKTPOHA C OJHOM CTallMOHApHOW OpOUTHI HA
IpPYIyl0,  CONPOBOXKIAIIIMECH  HM3Iy4CHUEM
KBaHTa 3>Hepruu. B ynbrpaduoneroBoii odsactu
CIIEKTpa 3TH IEPEXO0bl JAOT cepuro Jlaiimana, B
BUJIUMOM — ceputo banbpmepa, B nHGpakpacHOU —
cepuro [lamena.

HauGonbimeit yacrore kBanta B cepuu Jlaiimana
COOTBETCTBYET

Omeem. N=5 — n=1;

2. DJEeKTpOH B aToMe€ BOJOpOJa IMepemiesn ¢
YETBEPTOrO HHEPre€TUYECKOrO0 YPOBHA Ha BTOpoW. OmNpenennuts >SHEPruro
UCIYIIIEHHOTO TP 3TOM (OTOHA.

Pewenue. Jlns onpeneneHuss sHepruu (HOTOHA BOCHIOIB3YEMCS CEpHATbHOM
dbopmymoii banbmepa 11t BOIOpOA0TOA00HBIX HOHOB:

LR.Z{%_%]. 0
A Ny N3

rae A - nnuuHa BodHBI (poToHa; R - mocrosHHas PunOepra; Z - 3apan sapa B
OTHOCHUTENBbHBIX enuHuuax (mpu Z = 1 ¢opMyna nepexonuT B CEPUAIBHYIO

dbopmyiy s BOAOPOAA); Ny - HOMEP OpOUTHI, C KOTOPOH Mepelies JIeKTPOH; Ny -
HOMEp OpOMTHI, HA KOTOPYIO IepelIe 3J1eKTPOoH ( Ny U Ny - TJIaBHbIE KBAaHTOBBIE
4yHuCcoa).
OHeprust GoToHa € BbIpaxkaeTcs Gopmynoi

e =h-c/h



20

[TosTomy, ymMHOXUB 00€¢ yactu paBeHcTBa (1) Ha hc, momydum BbIpa)keHue st

sHepruu (HOTOHA:
2l 1 1
SZRhCZ {—2——2J
n, N

Tak kak Rhc ectb sHeprus nonusamuu E; aroma Bojioposa, To

1 1
SZEi[—Z——ZJ.
n, Ny

Boiuncnenus BEINOJIHUM BO BHECUCTEMHBIX €IMHUIAX:
Ei=13,65B.Z=1;n,=2;n,=4:

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

3. Berunciuth cedeHue siipa aToMa 30J0Ta, KOTOPOE COOTBETCTBYET PACCESHUIO
IPOTOHOB ¢ kuHeTudeckoil sneprueit T = M»sB B npenenax yrimoB 6 ot 60° mo
180°.

Pewenue. PaccesHue dgacTuIl sapoM B Tpenenax ymioB or 6 mgo 6 + dO
ompenensercs Iiomaaslo 4o 3¢h(EeKTUBHOrO CeueHHs sApa B BHUIC KOJIbIA

(puc.1.1):

do = 27bdb : 1)

[punensHoe paccTosuue b Haiinem us q)opmynm'
ka,q
b=—1"2¢ 2
o 9 (2)
rje (1 - 3aps IpOTOHa, U, - 3aps A1pa 3010Ta. I[Hq)(bepeHunan or b pasen:

®

db:_kQ1Q2 . d(é) ) (3)

2T  <in2® ’
sin A

[ToncraBuB Beipaxenue (2) u (3) B (1), momyuum:

ka,g d(®/)
do=-2 d[ 1T2} ctg9 - S|n2®/ (4)

CeueHue siipa, Ha KOTOPOM PACCEHBAIOTCS YACTHIIBI B TIpejieiax yriioB oT 0; 10 0;:
®2

Ac = _[ BG . (5)
e

1

[ToncraBum BeipaskeHue (4) B uaTErpai (5):

ool s 8o

[Tocie nHTErpUPOBAHUS MTOTYUUM:
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180°
AG =— n[&} ctg” (9/‘ [kqlqz} .ctg*30°,

rae g,=+e, g,=78e.
9.10.° 78¢*
2.16-10%

2
Ac =3.14[ } .ctg°30° =2.1.10 °m°.: Ao=2,1-10%

IIpakTuyeckoe 3ansitue Ne9
Amomnoe s0po. HoepHnvie peakyuu. InemenmapHvle 4acmuybl

Homepa 3axa4 no: Yepros A.I'., BopoObeB A.A. 3agauHuk no ¢pusuke: Y4qe0.
nocooue 1Jis1 BTy30B.-/-e U3/., nepepad. u aomn. -M.: U3naTenbcTtBo OU3UKO-
MaTeMaTH4YeCKoi Jurepatypsl, 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.

IIpumeps! perneHus 3aaad.

1. Beruuciauth nedeKT Macchl U SHEPTHIO CBS3H SApa Li? :

1) 39,2 MaB; 2) 19,6 MaB; 3) 78,4 MaB; 4) 10,2 MaB.

Pewenue. Macca siipa Bcerjia MEHbIII€ CYMMbI MacC CBOOOIHBIX (HAXOSAIIUXCS HA
OYeHb OOJIBIIUX PACCTOSHMUSIX JPYr OT Jpyra ) MPOTOHOB U HEUTPOHOB, W3
KOTOPBIX COCTOUT spo. JledekT Macchl sigpa Am paBeH pa3HOCTU MEXIY CYMMOMN
Macc CBOOOIHBIX HYKJIOHOB U MacCoM sijipa, T.e.

Am =7Zm, + (A - Z)m, - m,, Q)
rie 7 - NOpSAIKOBBIA HOMEp (YHMCIO TPOTOHOB B sAApe); mp, M, M, -
COOTBETCTBEHHO MAcChl MPOTOHA , HEUTPOHA U SpAa.

B cnpaBouHbIX Tabiuax Bcerja JarTcs MacChl HEUTPAIbHBIX aTOMOB, a HE siJIep,
nostomy popmyiy (1) menecoodbpazHo mpeoOpa3oBaTh Tak, YTOOBI B HEE BXOAMIIA
Macca my HEMTPaJIbHOro aromMa. MOXHO cuuTaTh, YTO Macca HEUTPAIBHOIO aTOMa
paBHa CyMM€ Macc siJipa U 3JEKTPOHOB, COCTABIIAIOIIMX 3JEKTPOHHYIO 00OJIOUYKY
saapa: my = My + Zme, 0TKyJa
m, = M- M. 2
Bripa3us B paBeHctBe (1) maccy gnpa o gpopmyiie (2), noinydaem
Am =Z(m, + mg) + (A - Z)m, - m,.
3ameuas, 94T0 my+Me=My, Ie My- Macca aToMa BOIOPO/a, HAXOAUM
Am=Zmy + (A - Z)m, - m,. (3)
[ToacTaBuB B BhipaxkeHue (3) YUCIOBbIEC 3HAUEHUSI MACC, B3AThIEC U3 CIIPABOYHOM
TaOJIUIIBI, TTOTYIUM

Am = [3-1,00783 + (7 - 3)-1,00867 - 7-0,1601] = 0,04216 (a.e.m.)
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B cooTBeTcTBUM C 3aKOHOM MPONOPIIMOHATLHOCTH MacChl U SHEPTUU
E = Am-c%, (4)

/i€ C - CKOPOCTh CBETA B BaKyyMe.
Koapduunent mnponopunoHanIbHOCTH ¢’ MOXHO BBIPA3UTh 4YEpPEe3 Maccy u
suepruio: ¢ = E/Am = 9-10" JIx/kr.
ECIIM BBIYHCIISTH SHEPIUIO CBSI3H, HCIIOIb3YS BHECHCTEMHBIC SIHHHIIBL, TO C- =
931,44 M»sB/a.e.m. C yuérom 3Toro dhopmyina (4) npumeT BUJL

E = 93,44-Am (M»B). (5)

[ToncraBuB 3HaueHue AedekTa Macchl aapa B popmyiy (5), moaydum

E =931,44.0,04216 M»B = 39,2 M»sB.

2. B ocylecTBiIeHUHN SIEPHOM pEaKIin 1;1 N+X—> 1;0 + %H y4acTBYET. ..
Omeem: o-4acTuLa

. 40
3. Paccuurats ¢ momornisto popmyiiel Belizekkepa sHepruro cBszu Ca™ .
Pewenue. Tlonysmmupuyeckast popmyna Belzekkepa mo3BOISIET HAUTH IHEPTHUIO
CBSI3U sAJipa IO €ro 3HaYeHUsIM A u Z:

2
(A-2z)° 3355

- T 3/4
A

E.,=14A - 13A%%-0,5847%/AY* - 19,3

s siopa Ca* & =-1.
E., = 14-40 - 13-40%* - 0,58-20%/40%® — 19,3(40-40)/20 - 33,5-(-1)/40** = 342 M>B.
Otger: E. =342 M»B.
4. AtomHoe sipo, moriaotuB Y - GotoH (A = 0,47 M), BO30YIUIIOCH, TTOCTE YEro
pacmajioch Ha OTHENbHBIE HYKIOHBI, KOTOPBIE paslieTeIUCh B  Pa3HBIX
HanpasieHusx. CymMMapHasi KMHETHYECKasi SHeprus HykJoHoB paBHa 0,4 M»B.
Onpenenuts dHEPTHIO CBS3U B, Anpa.
Pewenue. Ha ocHOBaHMY 3aKOHA COXPAHEHHS YHEPIUU UMEEM:

M, +hv=2Zm, + (A - Z)m, + T,
rae T - KuHeTH4YecKas SHePTHs HYKJIOHOB. DHEPTHUSI CBSI3H:

Ew=2Zm,+ (A-Z)m,— M, =hv - T.
Es=hv-T=hc/A-T.

[TpousBeném BEIYUCIICHUS
66310 .3.10°
16.109.47.107"

Otser: E; = 2,2 M»aB.

E ~04-10°=22-.10°5B=22M>3B.

CB

Pexomenoyemulit cnucok aumepamypul
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