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1. KoMnerenuyuu n HHAUKATOPbI HX JOCTHKCHHSI, INPOBEPHEMbIC NAHHbBIMU
OLCHOYHBIMHU MaTEepHaJIaMHU

Lenbto OCBOEHMSI TUCIMUIUIMHEI ABISICTCS (POPMUPOBAHUE CIIEAYIOIINUX KOMIIETECHIIUI:

ITK-1 Cnoco0GeH caMOCTOATENbHO CTaBUTh KOHKPETHBIE 33/]a4l HAYYHBIX UCCIICOBAHHIA B
obyiacTi (U3MKH M pemaTh UX C MOMOIIBI0 COBPEMEHHOW ammapaTypbl U MH(POPMALUOHHBIX
TEXHOJIOTUH C UCTIOJIb30BAHUEM HOBEHIIIETO POCCHIICKOTO M 3apyOEKHOTO OTIBITA.

PesynpTaTamu OCBOEHUS AHUCLUIUIMHBI SIBJISIOTCS CIEIYIOIINE UHAUKATOPHI TOCTHKEHUS
KOMIIETCHIIUM:

UIIK-1.1 3Haer OCHOBHBIE CTpAaTEerHMM HMCCIEJOBAaHWUN B BBHIOPAHHON oONacTH (U3UKH,
KpuTepru 3PGEKTUBHOCTH, OTPAHUYCHUS IPUMEHUMOCTH

UIIK-1.2 Ymeer BBIICHATP U CHUCTEMATU3UPOBATH OCHOBHBIC IEIM HCCIEAOBAHUN B
BbIOpaHHOM 00nacTu (PU3MKH, U3BIEKaTh MHPOPMALMIO U3 Pa3IMYHBIX MCTOYHUKOB, BKIHOYAS
MEPUOJMYECKYIO TIeYaTh U 3JIEKTPOHHBIE KOMMYHUKAIIMH, IPEJICTABISATH €€ B MOHATHOM BUJE U
3¢ (HEKTUBHO MCIIONB30BATH

2. OneHo4HbIe MaTepUuaJibl TEKYIIEI0 KOHTPOJS U KPUTECPHUH OLICHUBAHUSA

DneMeHTHI TEeKYIEero KOHTpoJis: KOHTpoJbHas padora (MUIIK 1.1, UTIK 1.2).

[To mucrunnune «Kinaccuyeckas 3JIeKTPOAMHAMUKAY MPETyCMOTPEHO JABE KOHTPOJIbHBIE
pabotel. Kaxkmasi KOHTpoJIbHAsE paboTa COCTOWT W3 TATH 3a/Jad U3 OTKPHITOro OaHKa 3amad H
MIPOBOJUTCS B pOpME MHIUBUIYAIBLHOTO COOECeIOBAHMUS.

OTKpBITHIA 0aHK 32124 111 KOHTPOJbHOM padorsl Ne 1 (UIIK 1.1, UTIK 1.2).

3amaua 1. J{ms mro6oro BekTopHOro nmojsi E goka3aTh TOXAECTBO
rotrotE = grad divE — AE,

C ero moMomipI0 MOJIYYUTh CIEICTBUS ypaBHEHU MakcBena:

1 O°E 4z (1 0j
——-AE=——| ——+cgradp |,
c¢* ot c (c ot 8 ,OJ
1 o°B 4
————AB=—ro0tj.

c* o c )

3amaua 2. a) Jlokaxure, 4uro mpeoOpazoBaHus JlopeHIa W TpaHCISAIMH, BOOOIIE TOBOPS, HE
koMMyTupytoT: (1,a)(A,0) = (A,0)(1,a) .

0) Jlokaxxute, 9TO KOMIO3UIHS Tpeodpa3oBanuii Jlopenma ¢ marpunamu A, A, sBisercs
npeobpasosanuem Jlopenna ¢ matpuieii A,A,. B Tom uncie nposepsTe, uto ecnu Al 7A, =1 u

T _ T —

AN, =1, 10 (AA) n(AA)=1.

B) Jlokaxxute, 4To 111 MaTpuIlsl mpeodpazoBanus Jloperna |det A [=1.

r) JlokaxxuTe, 4TO KOMIIO3UIMS ABYX mnpeoOpasoBanmii Ilyankape (A,,q,) u (A,,a,)
SIBIISIETCS TpeoOpa3oBanueM [lyaHkape v cripaBeyIuB 3aKOH KOMIIO3HIIUN

Ay, a) (A, a) = (MA LA a +ay).

3amaua 3. a) Jlokaxkwure, 4TO MpeoOpazoBaHue, 0OPaTHOE K OPTOXPOHHOMY IMPEOOPa30BAHUIO
JlopeH1ia siBJIsieTCsl OPTOXPOHHBIM MpeoOpa3oBanuto JlopeHia.

0) JlokaxxuTe, YTO KOMITO3MIIMS OPTOXPOHHBIX MpeoOpa3zoBanuii JlopeHna sBisercs
OPTOXPOHHBIM ITpeoOpa3oBanuto JlopeHiia.

B) JlokaxxuTe aHanoru yTBep kaeHui a), 0) s npeodpazoBanuii [Tyankape.
3amaua 4. Jlokaxkurte, 4TO Bpall€HUE BOKPYTI OCH C €AMHUYHBIM HAIPABIISIIOUIUM BEKTOPOM

— 1.2 _3
n=(n,n",n’) Ha yron ¢ 3agaercs GopMyJaMH



t =t, r =(r,n)n+cos@(r—(r,n)n)+sin¢[r,n].

3amaua 5. Jlokaxurte, YTO JIOPEHIIEBCKHI OYCT BJIOJIb HANpPAaBJICHHS, 33JaHHOTO €AMHUYHBIM
BeKTOpoM N = (n',n’,n’) Ha yron ¢ 3agaercs GopMyIaMu

x?=x"h@+(r,n)she, r =r—(r,n)n+n(x"sh ¢+ (r,n)ch p). (1)
3amaua 6. Jlokaxwure, uto (popMyiisl (1) OMUCHIBAIOT IEPEXO B CUCTEMY OTCUETa, ABHIKYITYIOCS
PaBHOMEPHO U MPSIMOJIMHEWHO CO CKOPOCTBIO

v=-vn,v=cthe

Y MOTYT OBITh IIEPEITUCAHBI B BUJIC

¢ :y(t_(r,v)j, r'=r—yvt+(y—l)—(r’z)v.
\%

2
C

Jloka)XuTe, YTO B HEPEISITUBUCTCKOM TIpeiesie 3TH (OPMYJNBI MEPEeXOAsT B NMPeoOpa3OBaHUS
lNanunest (koHe4yHo, O€3 BpallleHUsI U CABUTa B IPOCTPAHCTBE-BPEMEHH).

3amaua 7. Jlokaxkute, 4TO MPOU3BOJILHOE COOCTBEHHOE MpeoOpa3oBanue JlopeHiia 3aBUCUT OT
wiecmu HE3aBUCHMBIX TIapaMeTPOB.

3amaua 8. B jexuusx mpuBEIECHO BPUCTUYECKOE JI0KA3aTEIBCTBO, UYTO KaxkJA0€ COOCTBEHHOE
npeodpaszoBanue JlopeHia sABiIsieTcs KOMIO3ULMEH BpallleHui U JIOPEHLIEBCKUX OycToB. B uem
c1aboe MeCTO 3TOTr0 JI0Ka3aTenbCcTBa?

3amaua 9. JIBe wuHepnmanbHble cHCTeMbl orcueta K u K " CBS3aHBI COOCTBEHHBIM
npeoOpazoBanuemM JlopeHma. [lokaxxuTe, 9TO CKOPOCTh V Hauyana JEKapTOBOH CHCTEMBI

KoopauHaT K OTHOCUTENHHO K HMMEeT KOMIIOHEHTHI
— 0 -1 0 0 0
v=—c(A)) (A",A",,A)).

JIOKaXnTe, 9TO CKOpPOCTh V Hayala JEeKapTOBOH CHCTEMbI KOOPAMHAT K oTHocHTenbHO K
MUMeeT KOMITOHCHTBI

v =c(A°) (A, A%, A).
Jloxaxute, uto |v|=|v [=c|th¢|, rie chp=A’,. O6patute BHUMaHUE, 4TO, BOOOIIE TOBOPS
v #—v . Her 1m 371ech IpoTHBOpEeuns?

3amaua 10. JlokakuTe, 4TO €CIIM MHTEPBAI MEXKITy A W B BpPEMEHHIIOJO0OHBIN, CYyIIECTBYET
CHUCTeMa OTCYeTa, B KOTOpPOMl ATH COOBITHA MPOUCXOIAT B OJHON TOYKE TPEXMEPHOTO

npoctpancTBa (Ar =0).
3amaua 11. PaccmoTpum coOcTBeHHOE BpeMs Kak ()YHKIIMOHAT TPACKTOPUU YaCTHIIBI

2)

C 3aKpEeIUICHHBIMU KOHIIaMH, ¥(f,) =1,, r(f,) =1r,.

a) Jlokaxxure, 4TO MPSIMOJIMHEHHBIC TPACKTOPHH SIBIISIOTCS SKCTpeMassiMu (yHKIMoHaa (2).
0) Jlokaxxute, 4YTO HA HAMJICHHBIX IKCTPEMAJIIX (DYHKIIMOHAJ JJOCTUTACT MAKCUMYMA.
3amaua 12. a) [lokaxuTte, 4TO B HEPEISATUBUCTCKOM Ipenene |u | ¢, | v|K ¢ dhopmyna
1y (wv)v
Cu-vi(l-y 1)((’vz)—u)
u = ; 3)
W)

2
C

TIOJTyYeHHast B JIEKIMAX, IEPEXOIMT B KIACCHUECKUH 3aKOH CJI0KEHHS CKOPOCTEH U =u—V.
6) Beiseniute u3 (4) popmyity o6paTHOTO peoOpa3oBaHUs:



(u,v)v —u'

u'+v+(1—;/"1) 5
%

u= ;
1 ()
C

B) IlyCTh OTHOCHTENBHOE JBHKEHHME CHCTEM OTCYETA MPOMCXOIUT BJIOIb OCH X' = X, TaK
gyro v = (v,0,0). [IpoBepsTe, uTo B 3TOM ciydyae GopMyisl (3) MPUHUMAIOT BHUI:

-1
L VA e
x uv’ 7 uv’ z uv
-2 1--=2 -2
2 2 2
c c c

3amaua 13. a) [lomyuuts u3 (4) 3aK0H peoOpa3oBaHus KBajipaTa CKOPOCTU MPHU JIOPEHIIEBCKOM
oycre:

(u _ V)Z _ [ll, Z]z
— 4

-]
c

6) JloKaxuTe, 4TO U3 HEPABEHCTB |u|<c¢ m |v|<c crenyer |u [<c.

2

B) Jlokaxxute, 4TO eciv |u|=c, 1O |u |=¢
3amaua 14. 1) U3 ueBapuanTHOCTH (ha3bl MOTYIUTH (GOPMYIIBI PEOOpa30BaHUs MApPaMETPOB
(4acTOTHI, HAMPABIICHUSI BEKTOPA HOPMAIH U (Pa30BOM CKOPOCTH) TUIOCKOW BOJTHBI:
: , y'sina
0} =w7(1—vcosa/u¢), tgag =———,
cosa —vu,lc

, u¢—vcosa

u

A e 2 282
\/7/ sin a+(cosa—vu¢/c)

2) Jlokaxxute, 4TO €Ciu Uy =c,T0 Uy =C;
2 2.2
3) IposepeTe, uto BenuuuHa @ (1—c*/uy;) — NOpeHL-MHBAPHAHT.
2
4) IlpoBepbTe, YTO €CIU MOJIOKHUTh U = C"/u;, TO HOPMyJIBI sl IPeoOpa3OBaHHs yriia
HOpMainu U (Pa30BOM CKOPOCTH IJIOCKOW BOJIHBI COBHNAAyT ¢ GopMylamMu A HU3MEHEHHS

HaIpaBJICHUA U MOAYJISI CKOPOCTH YaCTUIIHIL.

5)" OObsCHUTE Pe3yNIbTAT IPEABLLYILETO ITyHKTA.
3amaua 14. Ilycte a” m b* — 5Ba HEHYJEBBIX OPTOrOHAIbHBIX JIOPEHLIEBCKUX BEKTOpA.
JIOKa)XuTe, 4To:

a) eclii a” — BPEMEHHUIIOJOOHBIN, TO b* — IMPOCTPAaHCTBEHHOITOA00HBIH;

0) ecnmu a” U b* — U30TPONHBIE BEKTOPHI, TO OHU MPONOPLIUOHATIBHBI.
3amaua 15. Jlokazars ToxzaecTBa ais TeH3opa JIeBu-UuBuThl B mpocTpaHcTBE MUHKOBCKOIO:

A A

u H 5S¢ 5ﬂ S7
a B V4 5 M H H
apys _ 5\/ 5\/ 51/ 51/ apys _ 5(1 5ﬂ 5;/
gﬂvpo’g 50, é‘ﬂ 57 55 > g,uvpc?g v v v
P P P P 5S¢ 5ﬂ S7
50{ 5ﬂ 5;/ 55 P P P
o o o o

afpd __ a opf aop avps __ a uvps __
Epps 0 ==20,0, =6,0,), &€, =-60,, &, =24



3amaua 16. Ucnonw3zys TtoxnaectBa st TeH3opa JleBu-UuBUTHI, JOKaXUTe, 4YTO JJIs

aHTUCHMMETPHYHBIX TEH30pOB f,, U f*"

1 1

faﬂ — Egaﬂﬂv-/;lv Py faﬂ — _Egaﬂ/lvfﬂv'

3amaua 17. Ilycrs MaTpuiia aHTHCUMMETPUYHOTO TEH30pa f,, MMECT BUJ

0 ¢ e e

b2

=(e,b)
-e, b, 0 -
-e -b, b 0

Haiinne MaTpHily COOTBETCTBYIONIETO KOHTPABAPHAHTHOTO TeH30pa [ ¥ MaTpHIIBI TyaabHOTO

()=

tensopa f* u f,, . Haiiiure nnBapuante!

1 v 1~ 7 uv 1 7 uv
Zf/zvf# > Zf:u‘/f# > Zf,uvfﬂ .

3agaya 18. MHcnmonmp3ys ToxknaectBa Uit TeH3opa JIeBU-UMBHTBHI, [TOKaXKHTE, 4YTO JUIS
)i
JIOPEHIIEBCKOT0 BEKTOpa a* M aHTHCUMMETPHYIHOrO TEH30pa TPEThETo paHra a,,

1
— u Mo — _ — LuaPy
Ay, = Epp @ <& A 68 Ay, -
BeinuimTe KOMIIOHCHThI BEKTOpa a“ 4epe3 KOMIIOHEHTBI aHTUCHMMETPUYHOTO TEH30pa
SIBHO.
3agavya 19. JlokaxxuTe, 4TO MNPOMU3BOJBHBIA AHTUCUMMETPUYHBIA JIOPEHIIEBCKUN TEH30p

apys — glapys]

YETBEPTOro paHra ¢ MponopIroHaneH TeH30py JleBu-YuBuThI,

1
taﬂﬁ — tgaﬂ}@’rﬂe t= _Zgaﬁ75taﬂy§ _ t0123.

3amaua 20. Joxazate ToxzaecTBa misa TeH3opa JIeBU-UMBUTBHI B TPEXMEPHOM EBKJIMIOBOM
MIPOCTPAHCTBE:

!
5 & o ,
o"
Imn __ 5/ 5" o Imk __ |7i il 515;71 —5[5m bk _ 251 ijk _ 6
gl]kg J J J P gljkg 51 5/}1 i joi2 glj/(g i’ gl]kg :
! m n J J
é‘k é‘k 5]{

33,[[21‘121 21. [[OK&)I(I/ITC 4ToO I €BKIIM0BA BCKTOpaA a u AHTUCUMMCTPUYIHOI'O TCH30pa a’j

— k = A
a,=ée;a < a,—Eguka

SIBHO BBINMMIINTE KOMIIOHEHTHI aij YCpe3 KOMIIOHCHTHI (li. I[OKa)KI/ITe, 4qTo HpOI/ISBOHLHHﬁ

AHTHUCHMMMETPMYHBIN €BKIMIOB TeH30p TpeThero panra ¢’ =) npomopumonanen tensopy
JleBu-UuBUTHI,

) ) 1.
t" =te"™ rmet=—g t" =t'%.
6 ijk



3amaua 22. Iycts a=(a’') u b=(b') — 1Ba eBKIMIOBBIX BEKTOPA, KOMIOHEHTH KOTOPBIX
BBIYKMCIICHBI B HEKOTOPOM OPTOHOPMHUPOBAHHOM Oazuce. JlokakuTe, 4T0 BEKTOP C KOMIIOHEHTAMH
ga’ b* sABIIAETCA BEKTOPHBIM NpOM3BEACHHEM a U b .

1 2
3amaua 23. Ilycte A(r)=(4', 4%, A’) — eBKINIOBO BEKTOPHOE TI0JIE, KOMIIOHEHTHI KOTOPOTO
BBEIYHCIISIIOTCS B OPTOHOPMHUpPOBAaHHOM Oasuce. JlOKaXkuTe, 4TO KOMIIOHCHTBI rofA paBHBI
i _ ik
(rotA) =&"0 4, .

3anava 24. Beinucarh SIBHO 3aKOH NPE0Opa30BaHUs KOMIIOHEHT JIOPEHIIEBCKOI'O KOBEKTOPHOI'O
I10JIs ITPH BPAIIEHUSX

1 0 0 0
A[A]= (A )= a, da, a13 (10
o odf d, a0 A)

3 3
0 a, a, a,
U OpU IPOCTPAHCTBEHHOM OTPaXXEHHM P . YOeAuTbCs, 4TO NPU TaKHX HpeoOpa3oBaHUAX A,
npeobpa3syeTcs Kak CKalsIpHoe IoJe, a (4, 4,, 4;) npeobpa3yroTcs Kak KOMIOHEHTBI €BKIH0BA

BEKTOPHOI'O MOJIS.
3anagya 25. Iloka3aTh, 4TO TMOJyuyeHHbIE B JIEKIUAX (OPMYJbl MpeoOpa3oBaHUS KOMIIOHEHT
AHTHUCUMMETPUYHOTO TEH30HOT'O TOJIsl BTOPOTO paHra

0 E® E® EE®
—E\(x) 0 —By(x)  B,(x)
E® BM 0 -BE
—E(x) -B,(x) B(x) 0
E =E, E,=y(E,—-pB,), E,=(E+fB,),
B=B. B,=y(B,+pE). B,=yB,~pE).

TIPH JIOPEHIIEBCKOM OyCTe, MOT'YT OBITh 3allCaHbl B TPU-BEKTOPHOU (popme:

E'=7/(E+1[V,B]j+(l—y)w, B':]/(B—l[V,E]j-i-(l—]/)
c v c

(£, (x) = = (E(x), B(x)),

(B,v)v

3anaua 26. SIBHO BbIIMCATh 3aKOH IpeoOpazoBanus KomoHeHt (£, )=(E,B) npu BpameHusix

w
A[A] ¥ pu IPOCTPAaHCTBEHHOM OTpakeHUH P . YOeAUThCs, 4TO MPH ITUX Mpeodpa3oBaHusix E
npeobpasyercs Kak eBKIMI0BO BEKTOPHOE 10Jie, a B — Kak eBKJIHMIOBO MCEBIOBEKTOPHOE MOJIE.
3amaua 27. BpimucaTh B SBHOM BHIE 3aKOH NPEeOOpa30BaHHs KOMIIOHEHT CHMMETPUYHOTO
TEH30PHOT'O MOJISl BTOPOTrO PaHra MpH JIOPEHIIEBCKUX OycTax.

3anmava 28. [Ipu U3y4eHUH TMHAMUKH YaCTHIBI MBI HCIIOJIB3yeM 0003HAUCHUS

|u| 1
,

P=— 7 ;
c - ﬁz
r7ie U — CKOPOCTb YacTHUIb, a IPU U3y4eHUHU NpeodpazoBanuii JIopeHa HCIOIb30BaANI Opyaue
onpeseneHus 1 Uy, aumMenHo S =v/c, y =(1-v*/c*)""* Tme v — MOIyIb OTHOCHTENBHOI
CKOPOCTH OJTHOM MHEPLMAIBbHON CUCTEMBI OTCUETA OTHOCUTENBHO IpYyroi. B kakoMm cMmeiciie 3Tn
ZIBa OIIPEEIICHNS MOTYT CUMTATHCS COIVIACOBAHHBIMU ?
3amaga 29. Haiitu BelpaskeHus U1l 4-cKOpoCTH v U 4-yCKOpeHMs a’, a TakXKe s CKaJIsIpoB

u 2 _ u
A% Vﬂ , a =a a u qcpes3 na60paTopHLIe CKOpPOCTb u u YCKOPCHUC a4 YaCTUIIbI. I/ICHOHBSyH
IOJIYUCHHBIC BbBIPAKCHUA, HCITOCPCACTBECHHO Y6C,Z[I/ITLC$I, qTo V#Cl u =0 . Halitu xoMmnoHeHTHI V¥

ua” JJI1 4aCTHUIIbl B MTHOBCHHO COHYTCTBYIOH_ICﬁ HHCpHHaHLHOﬁ CHUCTEME OTCUCTA.



3amaua 30. B monenu cBOOOTHON PENSTUBUCTCKOM YaCTULBI B ITApaMETPU3ALIUU JTA0OPATOPHBIM
BPCMCHCM 3aIlUIIUTC YPABHCHUA T'amunbTona u YGGI[I/ITCCB, YTO OHU SKBUBAJICHTHBI YPAaBHCHUSAM
JBOKEHUS, TTOJTy4YeHHBIM 13 pyHKImu Jlarpanxa.

3anava 31. YOenuThes, 4TO pe3yabTaThl aHAIM3a MOJICTH CBOOOAHON PENSTUBUCTCKON YaCTHIIBI
B MapaMeTpU3alUH JJAOOPaTOPHBIM BPEMEHEM M B perapaMeTpU3allMOHHO HHBAPHAHTHOW (hopme
IIOJIHOCTBIO DKBHUBAJICHTHEI.

3anaua 32*. Ha BocbMUMEpHOM (Da30BOM MPOCTPAaHCTBE € KOOpAMHATAaMU (Xx“,7,) OIpenenum

kaHoHMueckue ckoOku Ilyaccona popmynamu
4oLV — u — Su —
xx" =0, ',7}=0o, {r,,7}=0.
Jlokaxkute, 4To
uv — SH_V v U uv AP — QMO VB HB gy va g up VB A 1 Ha

M y=0n" —o ", (M M7T}y=n""M" - M"™ -n"*M" +n" M".
OTOT pe3yiabTaT Ccorjacyercsi ¢ HM3BECTHBIM YTBEpKJIeHUeM, 4To ckoOku IlyaccoHa naByx
MHTErpajioB JBI)KEHUS €CThb HHTEerpan JBMkKeHusa. Kak Jokas3piBaeTcs 3TO YTBEpKIECHUE B
KJlaccuueckoi MexaHuke? Kak 3To 10ka3aTenbCcTBO COINIACYETCsl C TEM, UTO B paccMaTpUBaeMon
Monenu H =0 ? JlokaxkuTe COOTHOIICHUS

{r ,7°}=0, {M",7°}=0,

u

e 7° =7 ﬂﬂ# . Kakoe OTHOIIIEHHE UMEIOT 3TH TOXKIECTBA K MPEAbITYIIIUM BOIIpOcam?

OTKpBITHII 0aHK 33724 JJIsl KOHTPOJILHOI padoTel Ne 2 (UTIK 1.1, UTIK 1.2).

3amaua 33. Ilycre F,, (x) — TEH30p JIEKTPOMArHUTHOTO MOJIS,

_ 1 wo_ 1 2 2 _ 1 [V
o= FuF" =S (BB, ¢, =_F, " =(EB)
— WHBApPHUAHTHI IIOJIA. I[OKa)KI/ITe, qTo.

1) ecniu B HEKOTOPOH TOYKE MPOCTpaHCTBA MMHKOBCKOro ¢, # 0, CymecTByeT cucrema

oTcyeTa, B Kotopoi BekTtopsl E u H B 3TOM TOUKe mapajiyiebHbL;
2) eciy B HEKOTOPOHM TOYKe IMpocTpaHcTBa MuHKoBckoro ¢, =0 u ¢, >0, cymecrByer

cuctemMa oTcuera, B koropoir B =0 B 3TOM TOUKE;
3) ecau B HEKOTOPOH Touke mpocTpaHcTBa MuHkoBckoro ¢, =0 u ¢, <0, cymecTByeT

cuctema otcuera, B koropoid E =0 B 3TOM TOUKE;

4) eciu B HEKOTOPOH TOYKE MpOCTpaHcTBa MuHKOBCKOro ¢, =c, =0, To B 3TOH Touke
BekTopsl E 1 B BO Bcex MHepHMANbHBIX CHCTEMaX OTCYETa PaBHBI IO MOJIYJIIO U OPTOT'OHAJIBHBL;

5) mpeobOpazoBanueM JlopeHlna BcerJga MOXKHO JOCTHYb, YTOOBI B JAaHHOW TOYKE
npoctpanctBa Munkosckoro E u B umenu nro0Obie 3HaueHus (He paBHbIE HYJIIO OTHOBPEMEHHO),
yJOBJIETBOPSIOILUE TOJIBKO YCIOBUSAM, YTO UHBAPHAHTBI ¢, U C, UMEIOT B 3TOH TOUKE 3aJaHHbIE
onpezaencHHble 3HadeHus. MHaue roBops, nycth E u B — HanpsyKeHHOCTh 3JEKTPUUECKOTO
MOJIA U MarHWTHas MHAYKUHS B HEKOTOPOW TOUYKE MPOCTpaHCTBA MHUHKOBCKOTO B HEKOTOPOM
WHEPIHAIBLHON CUCTEME OTCYETa, MPUYEeM BBIIIOJHEHO XOTs Obl 0HO U3 HepaBeHCTB E # 0 win
B#0. Ilycts E, u B, nBa Bekropa, He paBHBIX HYJIIO OJHOBPEMEHHO U YyJOBIETBOPSIOIIUX

YCJIOBUSM
E’-B’=E;-B;, (EB)=(EB,),

a4 B OCTAJIbHOM — HPOHU3BOJIbHBIX. TOFI[a CYHICCTBYCT TAKOC npeo6pa30BaHHe HopeHua, 4qTo

E =E, u B =B,.

3amaua 34. Jlokaszate, uro JBe (OpMBI 3amucu MepBOi mapel ypaBHeHMH Makcpea

_ vuaf —
F,+0,F, +0,F,=0u &"0,F, ;=0 okBuBaJeHTHBL.

3amaua 35. JlokaszaTh B KOBapHaHTHOU (hOpMeE, UTO YETHIPE-BEKTOP TOKA TOUEYHOT'O 3apsia



Jh(x)=ec [ dAj" (DS (x=y(2))

yJIOBJICTBOPSIET YPABHEHHUIO HETIPEPHIBHOCTH.
3apava 36. Ilycte A4,(x) m A,(x) — ;ABa YeThIpEe-NOTEHUHMANA OIHOTO M TOTO JKE

DIIEKTPOMArHuTHOrO nons £, (x). Jlokaxure, uro pasnocts A, (x)=A4,(x)—A,(x) ssnsercs
YETBIPE-MOTEHIMAIOM HYJIEBOrO 3JIeKTpoMarHutHoro mons, 0,4,-0,4,=0, u ssusercs

YEeTBIPE-TPAUCHTOM: A/'l (x)=4,(x)+0,f(x), rne

f(x)= j.x” A; (tx)dt,

3anava 37*. Vccnenyiite npuMeHeHHEe GOPMYJIbI
1
A,(x)= Itx”FW (@)dt +8,,f (%),
0

K HaxOXCHUIO MOTEHIIMAJIA OISl TOUEYHOI0 3apsijia U 3apsijia, pPABHOMEPHO PacIpeielIeHHOIO
o cepe pamgmyca b>0.

3agaua 38. JIOKaKMTe, YTO YETBIPEXMEPHBIN DIEMEHT 00beMa d ‘X — IyaHKape-MHBAPUAHT.
3anava 39. IlpsMbIM BbIUKCIEHHEM J0Ka3aTh, YTO MpPH NMPUOABICHUH K JIarpaH)KUaHY YeTbIpe-
JUBEPreHIMN ypaBHEHHs Diepa-Jlarpanka He H3MEHATCS.

3agava 40. JloxakuTe, 4TO MHBAPUAHT JIEKTPOMArHUTHOI'O MOJIS ¢,(X) SBJISETCA AUBEPreHIHen

HEKOTOPOTO JIOPEHIIEBCKOTO (TICEB/I0)BEKTOPHOTO TOJIS.
3amaua 41. Jlokaxxute, 4YTO TpU OECKOHEYHO MaJloM MpeoOpa3oBaHUU KOOPAMHAT
x* = x* = x" +ox"

'

U
det

P =1+0,0x".
X
IIpoBepsTe, 4TO 7151 GECKOHEUHO MajbiX npeodpasosanuii ITyankape 0,0x" =0.

3amaua 42. JlokakuTe TOXKIeCTBa:

d 4 0 4 B o s
@ [ [0t ]=0 ©) S5ty =S58 )

3amaua 43. Ilyctes f* =—f/" cnagaioT 10 Hyns Ha IPOCTPAHCTBEHHOM OECKOHEYHOCTH.

Jlokaxxute, 4TO HETepOBCKUE 3apaipl ), U (., MOCTPOCHHBIC IO COOTBETCTBYIOLUIMM TOKaM
‘w_ K v u
Jr=J7+0,f* n J}, paBHbL
3anaua 44. HaiinuTe cien TeH30pa SHEPIHU-UMITYJIbCA TOUCUHOH JaCTUIIBI.
3anaua 45. JlokakuTte, 4TO HETEPOBCKUI TOK CBOOOIHBIX PEIISITUBHUCTCKAX YACTHILI, OTBEYAIOIIHH
7Ry u
OJHOPOHBIM TNpeoOpasoBanuam Jlopenua pasen M =1 x, -1 x,, rne t** — Tensop

OHCPTUU-UMITYJIbCA. HOK&)KI/ITC, YTO JIOKAJBHBIM 3aKOH COXpaHCHUA 0 ﬂ./\/ly op SABJIICTCA

CJICACTBHUECM JIOKAJIBHOTO 3daKOHA COXPAHCHUS U1 TCH30Pa SHCPTHU-UMITYJIbCA l"uv U HalauTe

COOTBETCTBYIOIME HETEPOBCKHE MHTErPaJIbl (JIOKaKUTE, YTO OHU COBIA/IAIOT C YETHIPE-TEH30POM
MOMEHTA UMITyJIbCa CUCTEMbI CBOOOIHBIX YaCTHII).

3amaua 46. JlokaxuTe, YTO B MapaMeTpU3aLUU J1aOOPATOPHBIM BPEMEHEM BBbIpaXKEHUE IS
YETBIPE-IUIOTHOCTH CHUJIBI UMEET BUJT

v 1 177 ea 7
Fr==F"], =Z?F”(t,ya(t))va,,53(x—ya(t))-

c a



3anava 47. Jlokaxxute, 4TO HETEPOBCKHE TOXKIECTBA
v 1 . v
0,t" ZEFV”]yz]: : (1)

JUIsL TEH30pa DJHEPrUU-UMITYJIbCA TOYEUHOM PEIATUBUCTCKOM YaCTULl  9KEUBANEHMHbI
YPaBHEHUSM JIBUKEHHUS YACTHUL IO ICMCTBHEM CUIIbI JIopeHna

ma” = EF”‘(y)v#.
c

3amaua 48. Haiinute wunHTerpanpHyro ¢opmy ToxzaectB (1) u maiite ux (U3NYECKyIO
WHTEPIPETAIHIO.
3anava 49. BeinucaTh SIBHO TOXKIECTBA

0, (t",5x" )———] (64,+0,(4,0x"))

Uis OECKOHEYHO MAaJIbIX OJHOPOIHBIX npeo6pa3013aH1/H71 Jlopenna. IIpoBeputh, 4YTO 3TH
TOXECTBA SIBIIAIOTCS cienctuem (1).

3amaga 50. JIOKaKXWTE, YTO TEH30p OSHEPIHU-HMITYJIbCA OJIEKTPOMAarHUTHOro momst 1
CUMMETpUYEH U OecciieioB

3agava 51. IloysHBINA TEH30p SHEPTUU UMITYJIbCA KIIACCUYECKOW AIEKTPOIMHAMUKH aJIUTUBEH, TO
€CTb SIBJISIETCS CYMMOM TEH30pa SHEPTUH UMITYJIhCa YACTHII M TEH30pa SHEPTUH-UMITYIThCA TOJIS U
HE COJICP)KHT BIIAJIOB, CBSI3aHHBIX C B3aMMOICHCTBIEM YacTHUII U TToJis. B 4em coctout dusmueckoe

00bsCHEHHE afuTUBHOCTH J* ?

3amada 52. SIBHO BBIYMCINTH KOMIIOHEHTHI TE€H30pa SHEPTUH-HMITYJIbCA 3JIEKTPOMArHUTHOIO
TIOJIS1.

3amaua 53. JIOKaXWTe, YTO HETEPOBCKHH TOK CBOOOJHOTO AJIEKTPOMAarHUTHOTO TIOJI,
OTBEYAIOLIUI OJHOPOAHBIM ITpeoOpa3oBaHusaM JIopeHia MOXKeT ObITh 3alUCaH B BUJE

u u
(M2p) e =T" x5 =T 4,
JlokaxuTe, 9TO TOKaNbHBIN 3aKoH coxpanenus 0, (M ;) ., ABIAETCA CIEICTBUEM JOKATLHOTO

3aKOHA COXpaHEHMs AT TEH30pa SHEpruu-uMmiyiabca 7 . BbImuimmure COOTBETCTBYIOIIUE
HETEPOBCKHUE MHTETPAJIbI.
3agauva 54. Ilyctb

¢ (x)= ——F F* =— (EZ—BZ), c,(x)= —F " =(E,B)

v

— HHBAPHUAHTBI 3JICKTPOMAIrHUTHOT'O ITOJIA. HOCJ’IC,I[OBaTeJ'IBHO JOKaXHUTEC TOXACCTBA.

a) F* F* =F“F/+2c0";6) F* Ff=—-c,0!; ) F* ,F*,F’ =2cF" —c,F!,;

r) F“ F,F? F7 =2cF" F* +c6; n) T T, =8"(c] +c; )(4r) .

3amaua 55*. MHccnenmyiitTe  BO3MOXKHOCTH  MPHUBEACHUA  TEH30pa  DHEPTUU-UMITYJIbCA
QJICKTPOMAIrHUTHOI'O I10JIA T #V K AUaroHaJIbHOMYy BHUIY (B I[aHHofI TOYKEC IIpOCTPaHCTBA-
BpeMeHH). UeMy paBHBI COOCTBEHHbIE 3HaueHHMs Marpuubl 7 ? Kak OHM BBIpakaroTcs uyepes

MHBapUaHThI MOJIs?

3anaga 56. IIpoBeprTe cripaBeNIMBOCTH pasiiokeHus I'enpmronbua
ic,0)=j,(r,0)+j,(x,0), 10t =0, divj, =0,

rue

—dr, j, = —rotrot

1 v j(r : 1
0 _gradj. leJ(r,t) 3 . J( t) d3
4r 3o r-r| 4r slr= r|

3amaga 57. Omnucare OCTaTOYHBIN KaJTMOPOBOYHBIM MPOW3BON M HCCIEIAOBATh BTOPYIO IMapy
ypaBHeHUI MakcBenna B kaaubposke Beiina (“temporal gauge™) 4, =0.



3anava 58. [lokaxure, 4TO MarHUTHBIA MOTEHLMAT A IUIOCKOW 3JEKTPOMAarHUTHOM BOJIHBI B
KYJIOHOBCKOH KammOpOBKe MOKET OBITh BBIOpaH momnepednsiM, (n, A)=0.

3anaua 59. BblumcimTe KOMIIOHEHTHI TEH30pa HATsHKeHH MakcBernna (komrnoneHTsl 77 TeHsopa
SHEPrUU-UMITYJIbCa) IIOCKOM 3JIEKTPOMAarHUTHON BOJIHBIL.
3anaga 60. Bemmucats Gopmynbl Juis MarHuTHOro mnoreHnuaiza A(S) (B KyJIOHOBCKOM

KaTMOpOBKE), BEKTOpa HANPSHKEHHOCTH AIeKTpudeckoro moiis E(E) ¥ MarHuTHOW WHIYKIIMH
B(&) MOHOXpOMAaTHYECKO# TUIOCKOW BOJIHBI, pacipocTpaHstoiencs Baoias ocu OZ .

3amaua 61. J1j1st BOJIHBI
E. (&)= Ey, cos(ws+0), E ()= Ey cos(ws+6,), E.()=E,, cos(wg+3,).

(n,E)=0, fzt—(Lr)

c
BBIITUIINTE YCIOBUE NONEPEYHOCTH SIBHO. TaKKe 3allUIINTE 3TO YCIOBUE HA SI3bIKE KOMIUIEKCHBIX
aAMILIUTY 1.

3anava 62. Mcnonb3ys BeIpakeHUs ISl KOMIIOHEHT TEH30pa SHEPTUU-UMITYJIbCa IUIOCKOM BOJIHBL,
HalJIeHHble B MpeAblaynieM mnaparpade, TMOKaXHTe, 4YTO TEH30p JHEPrHU-UMITYJIbCca

MOHOXPOMAaTHYECKOUN MIIOCKON BOJHBI UMEET «JIOPEHII-KOBAPUAHTHBIN» BU/T
2700 2

T k,ukv TOO — | E(g) |

@* 47

™ =

ITpoBepbre, uro Takod 7T*' IEHCTBUTENBHO SBISETCS JIOPEHIEBCKHM TEH30pOM (TO €CTh
nokaxwure, uto T"/@* — NOpEHI-UHBAPUAHT).

3amaua 63*. IlpoumHTErpupoBaTh YpaBHEHHS IBUKEHUS PEISTUBUCTCKOM YaCTHIBI B TIOJIE
JINHEMHO TOJSPU30BAaHHOM TIOCKOW BOJIHBI. McciaenoBaTh MOJYYEHHOE PEIICHHUE, B TOM YHUCIE
YaCTHBIW Cly4yal, KOrja BOJHA MOHOXpOMaTHYECKasl.

3agauya 64. Ilnockas MOHOXpoMaTH4YecKas BOJHA ABUKETCS B HampaBieHUM ocu z. Haiitu
BEJIMYMHY U HallpaBJeHHe oceil (OTHOCUTENBHO MPOU3BOJBHBIX UCXOAHBIX OCEH X W ) ) AIUIUIICA

HOJISPU3ALNU 110 KOMIITIEKCHON aMILIUTy e & .

3amaua 65. JlokaxxuTe eMMHCTBEHHOCTH 3amna3piBatoniei pynkiuu ['puHa.
3amaua 66. JlokaxuTe, 4TO BaHaBILI)IBaIOHII/IC OTECHIIHAIIEI

A (r) =1 J-d3 J (r t—|r— r |/c)

YZI0BJIETBOPSIOT KanuOposke Jlopenua 0,4“ =0.

r-r|

3amaua 67. JlokaxuTe, 4TO B 0003HAYEHUSAX, UCIIOJIb3YEMbIX B JICKITUSAX,
p=Ry(1-(n,B), U*=c(y(1-(n,B)))"(1,n),
=c(y(1-(n, B)) ' (1=’ (1= (0, B));n—y*(1-(n, B) ),
@R,) o ) (B
cp 1I-m,8)" 1-(m,p))

H_

a

3amaua 68. BeiBenute Gpopmymsl quddepeHnpoBanus Ui 3ana3abIBAIOLTUIX HepeMeHHHX'

L A+] _ _ 2ﬂ()wrl) _
oV =c P vi0 ,p=c(A+1), a'o,p=cc———, a"d,p= —( a +/1a"U)
1 1 v
o,U, =;(c2nw -AUU,-Uyv,-Uy,), 0 /1——2( —pa'UU j
v"@#UVZ—c/“_1 Lo a"éﬂUV:ca—V

P P



c’a,—a"U,y, +(a* —2d"U U,

a'o,U, = , U0, {r,,U"V',a",a"} =0,
cp
U“a,R" =U", U'd,p=c, U'dA=c A+l o,U" = ¢
P p
0p=222D  orpy=an| 2L | 0l=o, Or =2, oPr, =0,
P P P cp
0a= 24U
C

3amaua 69. Ucnonwsys popmynbl auddepeHupoBaHus s 3ama3bIBAIONIMX TEPEMEHHBIX
ybenutech, yTo noteHuuan Jluenapa-Buxepra Toueunoro 3apsiga

Y7
A (= ),
c p
ynoBneTsopsieT kanudposke Jlopenna 0,45, = 0.

ret

3amaua 70. Vcnosb3ysi KOBapUAHTHBIE BRIPAYKEHUS JIJIS TIOJISI TOYSHUHOTO 3apsijia, MOJTyUYeHHBIE B
JIEKIHSIX, TIOJTYYUTE BBIPAKESHUS JIJIS TIOJISI TOYEUHOTO 3aps/ia B 1a00paTOPHOI CUCTEME OTCUETa:

E= e [n_ﬂ‘i‘[n,[n_ﬂ,a]]j B:[n E]
(1-m,p)°' U R? ¢’R ’ T

3amaua 71. JlokaxuTe TOXACCTBA (OMPEISIICHIE BCEX BEIMUMH JAHO B JICKITUSX):
u tg — p lg _ u lg _ i — o Hu —TTH — .2
Ufa,'=q"a'=v"a =0, VU,=-q"U,=U"K, =c",

1
KZ — c2 +p2(an)2’ (an)Z — a2 +_2(aVquV)2.
C

3agayva 72. [IpoBepuTh cripaBeJIMBOCTh KOBAPUAHTHOI'O PA3JI0OKEHHUS MOJISI IBHXKYILIETOCA 3apsiia
Ha KYJIOHOBCKYIO 4acTh U I0JI€ U3JTy4eHUs. BBIUMCIUTD TOK 3THX IMOJIe BHE MUPOBOM JIMHHU.
BoruncnuTh TEH30p S3HEPTHUU-UMITYJIbCA TIOJIS U3ITYUCHHUS.

3agava 73. IlokaxuTe, 4YTO IUIOTHOCTh SHEPTUU U3TYyUCHUS Trgg HE OTpULIATENIbHA. 3aMUIINTE

IJIOTHOCTh SHEPIMM B MIHOBEHHO CONYTCTBYIOIIEW HMHEPLUUAIBHOM CHUCTEME OTcYeTa U
HCCIEAYNUTE YTIIOBYIO 3aBUCUMOCTD U3ITy4YEHHUS.

3amaua 74. IlpouHTErpupOoBaTh YpaBHEHMS ABWKEHHUS PEISTUBUCTCKOIO TOUEYHOrO 3apsja U
MIPOAHAIU3UPOBATh NOJYUYECHHBIE PEIICHUS B CICAYIOIIMX BHEIIHMX JIEKTPOMArHUTHBIX MOJISAX
noJiAX: 1) MOCTOSHHHOE AIEKTPUUYECKOE M0JIe; 2) MOCTOSHHOE MarHUTHOE 1oJie; 3) napajiebHble
JPyT IPYTy MOCTOSIHHBIE 3JIEKTPUUECKOE U MAarHUTHOE TOJIs; 4) CKpelleHHbIE TOCTOSHHBIE OIS,
5) mose MI0CKO# AJIEKTPOMAarHUTHON BOJIHBI.

Kpurepun oueHuBaHMs: pe3yibTaThl KaXJI0M KOHTPOJIBHOM palboThl oONpenenstoTcs
OLIEHKAaMH «3auTE€HO» M «HE 3ayTeHOo». OIEHKa «3aYTeHO» BBICTABIIAETCS, €CIM CTYAEHT
IPEIbsBIIsAET NPAaBUJIbHbIE MMCbMEHHbIE PELICHUs HE MEHee TpeX M3 IATH 3a4ad, TO eCTh AJ
KaX/10M 3a7a4u criocoOeH 000CHOBAaTh METOJ pElIEeHHUs, IOHUMAET UCHOJIb3yeMble TEPMHUHBI U
(dbopMysBl U NOTYYHI NPaBUIIbHBIA OTBET. [Ipy HEBBIMONHEHUN yKa3aHHBIX KPUTEPUEB OLIEHKU
«3a4TEHO» BBICTABJIETCS OLICHKA «HE 3a4TEHOM.

3. OneHo4Hble MaTepHaIbl HTOTOBOI0 KOHTPOJA (MPOMEKYTOYHOH AaTTECTAMH) H
KPHUTEepHH OLCHNBAHUS

3auer B 5 cemecTpe NpoBOIUTCS B yCTHOU (hopMe IO SK3aMEHAIIMOHHBIM OMiIeTaMm.



bunet cogepxkuT TeopeTndeckuil Bonpoc, nposepstouiuii komnerenuu [1K-1, UTIK 1.1 u
JBE 3ajjaud, NpU PELICHUH KOTOpBIX CTyAeHT nemoHcTpupyer komnereHiuu WUIIK 1.2 Tlocne
OTBETa Ha OWJIET CTYJICHT OTBEYAET HAa YTOUHSIOIINE U JOTIOJTHUTEIbHBIE BOIIPOCH! )U3 OTKPBITOTO
MepeyHsi BOIPOCOB JK3aMCHAIIMOHHBIX OWJIETOB, OTKPBHITOro OaHka 3amad (I. 2), OTKPBITOrO
nepeyHs 00s3aTeNbHBIX (OPMYJT M OTKPBITOTO TEpedHs 00sA3aTeNbHBIX TEPMHHOB),
HanpaJieHHbIe Ha TpoBepKy noctrkenus [1K-1, UTIK 1.1 u UTIK 1.2.

[IpuMepHBI IepeyeHb TEOPETUYECKUX BOIIPOCOB

Bomnpoc 1. OTHOCUTENBHOCTh OJHOBPEMEHHOCTU. 3aMeyieHne BpeMeHu. CoOCTBEHHOE
BpeMs.

[Ipumepsr 3ana4:

3amaua 1. a) JlokaxkuTte, uTOo TmpeoOpa3zoBaHuEe, OOpaTHOE K OPTOXPOHHOMY
npeobpazoBanuto JlopeHa sBIgeTCSI OPTOXPOHHBIM IIpeoOpazoBanuto JlopeHia.

6) JlokaxxuTe, 4TO KOMIIO3UIMS OPTOXPOHHBIX MpeoOpa3oBaHuil JlopeHua sBisiercs
OpPTOXPOHHBIM NpeoOpa3oBanuio JlopeHna.

B) JlokaxxuTe aHanoru yTBep:kaeHul a), 0) g npeodbpazoBanuii [lyankape.

3anaya 2. IlomyuuTs ypaBHeHUs [ 'aMUIbTOHA /17151 PENIATUBUCTCKON YaCTHUIIbI BO BHEIITHEM
AJIEKTPOMAarHUTHOM II0JIE.

Ecnun mo pesynbpratam TEKymIero KOHTPOJISI CTYACHT HMEET OIEHKH 3a KOHTPOJBHBIE
paboThl «3a4YTEHO», TO CTYAEHT OTBEYaeT TOJBKO Ha TEOpPETHUECKUH Bompoc Ousera u
JIOTIOJTHUTEIHHBIE BOTIPOCHI.

OTtMeTKa «3auTeHO0» CTaBUTCA CTYJICHTY MPH MPABWJIBLHOM OTBETE HE MeHee 4eM Ha 60%
BOIIPOCOB OWJIETA U JOMOJHUTEIBHBIX BOIPOCOB.

JK3aMeH B 6 ceMecTpe MPOBOAUTCS B YCTHON (hOpME TI0 SK3aMEHAIIMOHHBIM OHJIETaM.
buner cogepxuT ABa TeOpETUUECKUX BOIpoca, mposepsitomux kommnerenuuu [1K-1, UK
1.1 u gBe 3amaum, MpU PEHIEHUHM KOTOPBIX CTYACHT AeMOHCTpupyeT kommereHumu MITK 1.2.
[Tocne oTBeTa Ha OWJIET CTYIEHT OTBEYAeT Ha YTOUHSIOUIME U JIOMOJHHUTEIbHBIE BOMPOCHI (U3
OTKPBITOTO TIEPEYHsI BOTIPOCOB IK3aMEHAITMOHHBIX OWJIETOB, OTKPBHITOrO OaHKa 3amay (m. 2),
OTKPBITOTO TIEpEUHsT 00s3aTENBHBIX (OPMYIT U OTKPBITOI'O MEPEUHS 00s3aTEIbHBIX TEPMUHOB),
HamnpasieHHbIe Ha npoBepKy noctukenus [IK-1, UITK 1.1 u UTIK 1.2.
[IpumepHbIil nepedeHb TEOPETHIECKUX BOIIPOCOB
Bompoc 1. BeiBoa KOBapuaHTHBIX YPaBHEHUS JBMXKCHUS PEISTUBUCTCKON YaCTUIBI BO
BHEIITHEM 3JIEKTPO-MarHUTHOM Mosie. OU3ndeckuii cMbICH ypaBHEeHUH ABkeHus. Cuma
Jlopenna. Bropoii 3akon HeroTona B pensituBuctckoit popme. Crita MUHKOBCKOTO.
Bomnpoc 2. 4-BeKTOp MJIOTHOCTH TOKA. 3aKOH COXpPAHEHUS 3apsiaa.
[Tpumepsl 3amau:
3anaua 1. Haiitu BeIipaxkeHust Ui 4-CKOPOCTH V¥ U 4-yCKOpPEHHUsi a”, a TakxkKe JUIsl CKaJIsipoB

2
vfv,, a” =a"a, uepes mabopaTOpHBIE CKOPOCTh U H YCKOPEHHE a 4YacTHIBL Mcrmombsys
TIONTy4YeHHbIE BBIPAKEHHS, HEMOCPEICTBEHHO yoenuThes, uto v¥a, = 0. HaliTH KOMIOHEHTHI

v a” I 4aCTHUIbl B MITHOBCHHO COHYTCTBYIOH_Ieﬁ HHepHHaHBHOﬁ CHCTEMC OTCUCTA..
33,[[3‘13 2. Pemmwutsh YpaBHCHHUA MOBUXKCHHUA U HalTH TPACKTOPHIO SapHH(GHHOﬁ HaCTHUIIbI,
I[BH)KymeﬁCH B OJHOPOJHOM MArHMTHOM IIOJIC, B OJHOPOAHOM OJJICKTPHUYCCKOM IIOJIC, B
OOTHOPOJAHBIX UM B3AUMHO MCPIICHAUKYJISAPHBIX IMOJIAX Eu H.

Ecoun no pe3yjibTaTaM TEKYHICIO KOHTPOJIA CTYACHT HMMCECT OLICHKU 3a KOHTPOJIbHBIC
pa6OTH «3a4YTCHO», TO CTYACHT OTBCYACT TOJIBKO HaA TCEOPCTHYCCKUC BOIIPOCHI ounera
AOIIOJIHUTECIIbHBIC BOIIPOCHI.

PeBy.]'ILTaTLI OK3aMCHa OMIpCACIIAOTCA OLICHKaMH «OTJIMYHO», «XOopomo»,
«YAOBJICTBOPHUTCIIBHO», «HCYAOBJICTBOPHUTCIIBLHO).



OneHka «OTJIIMYHO» CTaBUTCS IIPU MPAaBUIBLHOM OTBETE HE MeHee yeM Ha 90% BorpocoB
Ousera M IOTMOJHUTENFHBIX BOIPOCOB. OLIEHKA «XOPOIIO» CTABUTCS MPH MPABUILHOM OTBETE HE
MeHee uYeM Ha 75% BOIpoOcOB Ouiera W JONOJHUTENBHBIX BoOmpocoB. OreHka
«YZOBJIETBOPUTEIBHO» CTaBUTCS INPU IPABWIBHOM OTBETE HE MeHee ueM Ha 60% BoIpocoB
Ounera W JIOMOJHUTENBHBIX BOMPOCOB. OIEHKa  «HEYIOBICTBOPUTEIBHO» CTABUTCSA TIPHU
IIpaBUJIBHOM OTBeTE MeHee ueM Ha 60% BOoIpocoB OuieTa u JOMOJIHUTEIbHBIX BOIIPOCOB.

OTKpBITHII NepeyeHb BONPOCOB, BLIHOCHMBIX Ha 3a4eT.
1. Tloctynatbl cneuManbHOW TEOpUM OTHOcUTedbHOCTU. MHTepBan. HHBapuaHTHOCTH
W30TPOIHOrO HWHTEepBaia. JIOpEHLEBb KOOPAMHATHI M JIOPEHLEBA MeETpUKa. JIMHEWHOCTH
npeoOpa30BaHUi M3 OJHON MHEPLIUAIBHOW CUCTEMBI OTCYETa B IPYTYIO.
2. Teopema 00 mHBapuaHTHOCTH uHTepBaia. IIpocrpancTtBo MunkoBckoro. [Ipeobpa3oBanus
[Tyankape, npeobpazoBanus JlopeHia, TpaHCISIUN.
3. Tpu tuna untepBanos. CBoicTBa map COOBITUH, Pa3A€ICHHBIX HHTEPBAJIOM Pa3HOI0 TUIIA, UX
WJUTIOCTPAIIMS C TIOMOIIBIO CBETOBOI'O KOHYCA.
4. Ipunuun npudrHHOCTU. KpuTepuil BBINONHEHUS NPUHIMIIA NPUUYUHHOCTU. OPTOXpOHHBIE
npeobpazoBanus Jlopenna u [lyankape.
5. CoOcTBeHHBIE M HecOOCTBEHHbIE NpeoOpazoBaHusi Jlopenmna. Bpamienus B mpocTpaHcTBe
MWUHKOBCKOTO.
6. Jlopenmneckue O0yctol. CTpyKTypa MPOU3BOILHOTO COOCTBEHHOTO TIpeoOpazoBanus JlopeHia.
7. OTHOCUTENBHOCTh OJHOBPEMEHHOCTU. 3amelyieHHe BpeMeHH. COOCTBEHHOE BpeMsl.
8. CokpallieHre pa3MepoB JIBUKYIINXCS TEI.
9. PensITUBUCTCKHI 3aKOH CIIOKEHHUS CKOPOCTei. AOeppalus cBera.
10. MuBapuanTHOCTH (ha3wl, MpeoOpa3oBaHKe MapaMeTpPoB TUIOCKON BOJHBL. DddekTt [Jorepa.
11. Jlopenuesckuit TeH3op. JlopeHuesckoe TeH30pHOE noje. [IpuMepsl JTOPEHIIEBCKUX BEKTOPOB
Y JIOPEHIIEBCKUX TEH30PHBIX MOJIEH.
12. JlopeHu-UHBapUaHTHbBIEC TEH30PbI.
13. Tenzopnas anredpa B mpocTpaHcTBE MUHKOBCKOTO.
14. TuddepenunupoBanre JOPEHIIEBCKUX TCH30PHBIX MOJIEH.
15. MupoBble JUHHUM 4YacTUIl. YCIOBHS NPUUYMHHOCTH. [IpumHUMND penapamerpu3almOHHON
MHBAPUAHTHOCTH MUPOBBIX JINHUH.
16. Tunbl mapaMeTpu3anuii MUpOBBIX JuHUHN. [Tapamerpusanuu 1a00paTOPHBIM U COOCTBEHHBIM
BpeMeHeM. 4-CKOpPOCTh U 4-yCKOpeHUe peIsITUBUCTCKON YacTULIBI.
17. [evicTBrue CBOOOIHOM PEIATUBUCTCKOMN YacTHIIBI. PenapameTpu3aliioHHas MHBAPUAHTHOCTD.
18. Ananu3 mMojenu cBOOOJHON PENSITUBUCTCKOM YaCTHUIBl B MapaMeTpU3aluu JTabOpPaTOpPHBIM

BpEMEHEM.
19. Anamu3 wMojaenu CBOOOJHON pPEISITUBUCTCKONM YacTHIBI B  permapaMeTpU3alliOHHO
MHBAapUAHTHON dopme.

20. Bekrop sHepruu-ummnyiabca U 4-TEH30p MOMEHTAa UMITYJbCa CBOOOIHON PENSITUBUCTCKOU
YaCTHUIIbl KAaK HETEPOBCKUE MHTETPAJIbl IBUKEHUS.

21. Mogens pensITUBUCTCKOW YaCTUIBl BO BHEIIHEM JJIEKTPOMAarHUTHOM IMoJie: (PyHKIIMOHAI
JIEUCTBUSA, pernapaMeTpU3allMOHHAs] WHBAPUAHTHOCTb, KAHOHMYECKUA M  KUHETHYECKHI
UMITyJbChI, pyHKuus ['amunsToHa.

22. BbIBOA KOBApUAHTHBIX YPAaBHEHMS IBWKEHUS PEISTUBUCTCKOM 4YacTUIbI BO BHEIIHEM
3NEKTPOMAarHUTHOM mose. dusndeckuii cMmbica ypaBHeHu JnBrkenus. Cuna Jlopenna. Bropoi
3akoH HeroToHa B penstTuBucTckoi popme. Cruna MUHKOBCKOTO.

OTKpBITHI NEepeYeHb BONPOCOB, BBIHOCHMBIX Ha IK3aMeH.
1. TloctynaTtel cnenManpbHOW TEOpUM OTHOCHUTENbHOCTU. IHTepBan. VHBapuaHTHOCTB
M30TPOITHOTO HHTepBasa. JIOpEeHLEBBl KOOpAWMHATBI M JIOpEHIEBa MeTpuka. JInHelHOoCTh
npeoOpa3oBaHUi U3 OJHON MHEPLUAIBHOM CUCTEMBI OTCYETA B IPYTYIO.



2. Teopema 00 mHBapmanTtHOCTM HHTepBana. IIpoctpancTBo MuHKOBcKoro. IIpeoOpazoBanus
[Tyankape, mpeoOpa3oBanus JlopeHa, TpaHCIIAIUH.

3. Tpu tuna unTepBanoB. CBoiicTBa map COOBITHM, pa3/IeIEHHBIX HHTEPBAJIOM Pa3HOIO TUIA, UX
WJUIIOCTPALMS C IIOMOIIBIO CBETOBOI'O KOHYCA.

4. Ilpunuun npuynHHOCTU. KpuTepuil BBINONHEHUS NPUHIMIIA NPUYUHHOCTU. OpPTOXpOHHBIE
npeobpazoBanus Jlopenna u [lyankape.

5. CoOctBeHHBIE W HecoOCTBeHHBIE TpeoOpasoBanus JlopeHma. Bpamienuss B mpocTpaHCTBe
MUHKOBCKOTO.

6. Jlopenrenckue 0yctol. CTpyKTypa MPOU3BOIBLHOIO0 COOCTBEHHOTO Tpeodpa3oBanus JlopeHna.
7. OTHOCUTENBHOCTD OJTHOBPEMEHHOCTH. 3ame ieHue BpeMeHn. CoOOCTBEHHOE BpEMSL.

8. CokpallleHHe pa3MepOB JBUKYIIUXCS TEJL.

9. PensaTUBUCTCKUI 3aKOH CIIOKCHUS CKOPOCTEH. AGepparus cBeTa.

10. MuBapuanTHOCTH (ha3bl, IpeoOpa3oBaHKEe MapaMeTPoB TUIOCKON BOJHBL. DddekTt Jorutepa.
11. Jlopenuesckuit TeH3op. JlopeHuesckoe TeH30pHOE nose. [IpumMepsl JTOPEHIIEBCKUX BEKTOPOB
1 JIOPEHIIEBCKUX TEH30PHBIX MOJIEH.

12. JIopeH1-uHBapHaHTHbIE TEH30PBbI.

13. Tenszopnas anreOpa B mpocTpaHCTBE MUHKOBCKOTO.

14. luddepennmpoBanme JOPEHIIEBCKUX TEH30PHBIX MOJIEH.

15. MupoBble JUHHM 4YacTUIl. YCIOBHS NPUUYUHHOCTU. [IpuHUMN penapamerpu3almOHHON
MHBAPUAHTHOCTH MUPOBBIX JINHUH.

16. Tunel mapameTpuzanuii MUPOBBIX JUHUNA. [TapameTpusanun 1a00paTOPHBIM U COOCTBEHHBIM
BpeMeHEM. 4-CKOPOCTh U 4-yCKOPEHUE PEIATUBUCTCKON YaCTHUIIBI.

17. JlefictBue cBOOOAHOM pENSATUBUCTCKON yacThlibl. PernapamerpuzanoHHasi HHBApUAHTHOCTb.
18. AHanu3 Mojenu cBOOOJHOW PENSITUBUCTCKOM YaCTHUIBI B MapaMeTpU3aluu JTabopaTOpHBIM
BpEMEHEM.

19. Amnamu3 wmojaenu CBOOOJHOW PEISITUBUCTCKONM YacTHIBI B pemapaMeTpU3alliOHHO
WHBapHaHTHOU (opme.

20. BekTop sHepruu-uMmmyibca U 4-TEH30p MOMEHTa HMITYJIbCa CBOOOJHOMN PEISITUBUCTCKOM
YaCTHUILIbI KaK HETEPOBCKHE MHTETPaAIbl IBHKEHUSI.

21. Mogenb peaSITUBUCTCKOM 4YacCTHIBI BO BHEIIHEM 3JIEKTPOMArHUTHOM TMOJI€: JEHCTBHE,
penapaMeTpu3alMOHHAs HHBAPUAHTHOCTb, KAHOHUYECKUN U KHHETUYECKUN UMIYJIbChI, (QYHKITHS
l'amunbTOHA.

22. BbIBOA KOBapHAaHTHBIX YpaBHEHUS [BIKECHHUS PEISTUBUCTCKON YacTUIBI BO BHEIIHEM
3JIEKTPOMArHUTHOM ToJie. Pu3ndeckuil cMbICa ypaBHeHHi ABwkeHus. Cuna Jlopenma. Bropoit
3akoH HeroToHa B penstuBuctckoi popme. Custa MUHKOBCKOTO.

23. Ten3zop anexkrpomMarHutHoro nosis. [IpeoOpa3zoBaHre KOMIIOHEHT 3JEKTPOMArHUTHOTO MO
MIPH JIOPEHIIEBCKUX OyCcTax U BpaleHusXx. IHBapHaHThI MOJs.

24. KoapuanTHas ¢popMa ypaBHeHU MakcBea.

25. YeThIpe-BEKTOp TOKA. 3aKOH COXPAHEHHsI SJICKTPUUECKOTO 3apsiia.

26. UeTbIpe-mOoTeHLIMAN AJIEKTPOMArHUTHOTO 1moJist. u3nueckuii craTyc 4eThlpe-noTeHrania (J1sa
noaxona). [IpuHiun kanuGpoBoYHON HHBAPUAHTHOCTH.

27. Be1bop kanubpoBku. Kannbposka Jlopenna. Kynonosckas kanuOpoBka.

28. ITlone kak cuctema ¢ OCCKOHEYHBIM YHCIIOM CTereHei cBOOOAbI. YpaBHeHMs Oijepa-
Jlarpanska moneBoit cucreMbl. @yHKIIMOHAT IEHCTBUS JIEKTPOMATHUTHOTO MOJIA.

29. HérepoBCcKHE TOKH U 3apsijibl.

30. TeHn3op sHEprUN-UMITyJIbCA YACTUL.

31. KaHOHMUYECKN M1 CUMMETPUYHBII TEH30Pbl SHEPTUH-UMITYJIbCA JJIEKTPOMArHUTHOTO TOJIS.
32. YpaBHeHus Makcsemnia B mycToM npoctpaHcTse. [1nockue BOIHBbI.

33. MoHoxpomaTHuecKasi IJIOCKas BOJIHA. Pa3nokeHue MO MOHOXPOMAaTHYECKHM ILIOCKUM
BOJIHAM.

34. Ilonspuszanysi MOHOXPOMATUYECKON MIIOCKON BOJIHBI.

35. 3agaua Komu u1st OqHOPOJHBIX YpaBHEHUM MakcBesuia BO BCEM IPOCTPAHCTBE.



36. 3anazapiBaromue mnosis. 3ana3apBaromas pynkuus ['puna. [lorenuumans: Jlnenapa-Buxepra.
37. KoapuaHTHbIE 3ala3/bIBalONIME I€peMEHHble. TEH30p 3JIEKTPOMAarHUTHOIO IO
IIPOU3BOJIBHO JIBWXKYILErOCs 3apsija.

38. CTpyKTypa TE€H30pa SHEPruu HMMITyJbca ABUXKYIIErocs 3apsaa. KyloHOBckoe mojie U moje
U3ITy4EHUS.

Oos3aTenbHbIe GOpPMYJIbI
Tema 1.
1. ®opmyna s obmero npeodbpazoanus [lyankape (A,a). Ycnosue Ha matpuny Jlopenmna A .

2. ®@opMyiia AJisl UHTEpBaja MEXKIY COOBITHSIMMU.

3. VYcrnoBue Ha MaTpUIly OPTOXPOHHOTO MpeodpazoBanus JlopeHia.

4. Pasnoxenue mnpeoOpazoBanusi [lyankape B kommo3uiuio mpeoOpazoBanusi Jlopenua u
TPAHCIISIIIHH.

5. @opmyna s 3aMeJIeHUsI BpeMEHH B IBIDKYIIEHCS CUCTEME OTCUeTa U CYyIIHOCTh dddekTa.
6. ®opmyna s COOCTBEHHOTO BPEMEHHU.

7. @opMmynbl Ui JIOPEHIIEBCKOTO0 OycTa B HampaBJICHWH OIHON W3 KOOPIMHATHBIX OCeH B
napaMeTpU3aIiy ¢ TIOMOIIBIO @ H V.

8. ®@opmyma sl COKpAIIeHHs pa3MEPOB JIBIKYIIMXCS TEJ U CYIIHOCTh d(deKTa.

9. 3aKOH PEIATHBHCTCKOTO CIOMKEHHS CKOPOCTEH B CITydae ABIKEHUS CHCTEMbI K OTHOCHTEIIBHO
K B HampaBieHUU KOOPAUHATHOU OCH.
10. dopmysl A1 TpoAOIBHOrO U TonepedHoro 3¢ dexra Jomnepa, ux Gu3ndeckuii CMbICII.
11. SIBHBIN BUA JTOPEHI-MHBAPUAHTHBIX TEH30POB B MHEPLUHUAIBHBIX CHCTEMax OTcYeTa (JesibTa-
CUMBOJI, MeTprUKa MUHKOBCKOTO, TeH30p JIeBU-UHUBUTEHI).
12. ®@opmMynsl OABEMA U OITYCKAaHHS JIOPEHIIEBCKUX UHIEKCOB.
13. ®opmyna aJisi CKaIIpHOTO MPOU3BEICHUS JJOPEHIIEBCKUX BEKTOPOB.
14. ®opmyna 115 TyadlbHOrO AHTUCUMMETPUYHOTO JIOPEHIIEBCKOTO TEH30pa BTOPOrO PaHra U ee
oOparieHue.
15. @opmyibl miisa 4-CKOPOCTH U 4-yCKOPEHUS PEISATUBUCTCKON YacTUIlbl. OCHOBHBIE CBOMCTBA
BEKTOPOB V¥ U a”.
16. JleiicTBre CBOOOTHOM PENSATUBUCTCKON YaCTHUIIHI.
17. ®ynkuus [lamMmunbTOHA CBOOOTHON PENATHBUCTCKON YaCTHUIIBI.
18. dopMyJbl Tl SHEPTHH, 3-UMITYJIbCa U 4-UMITyJIbca CBOOOHON PEISITUBUCTCKON YaCTHIIBI.
CBs13b HEPrUM U UMITYJIbCA.
Tewma 2.
1. [eiicTBHE pEIATUBUCTCKONW YAaCTUIBI BO BHEIIHEM 3JIEKTPOMArHUTHOM IT0JIE.
2. @opMynbl JUIsi UMIyJbCAa MW DHEPIrUM  PEJISITUBUCTCKOM YacTULbI BO BHEIIHEM
3IEKTPOMATrHUTHOM I10JIE.
3. YpaBHEHHUs IBUKEHUS PEIATUBUCTCKOM YaCTULIbI IO AEHCTBUEM CUJIbl JIopeHia.
4. 3aKkOH COXpaHEHUs HEPIUH JUIsl PEISITUBUCTCKON YAaCTULbI BO BHEIIHEM 3JIEKTPOMATHUTHOM
noJie.
5. Bropoii 3akon HetoTOHA B KOBapraHTHOU (opme.
6. ®opmyna s KoBapuaHTHOU cuibl JlopeHna.
Tema 3.
1. Onpenenenne TeH30pa MEKTPOMATHUTHOTO MOJISL YEPE3 YETHIPE-NIOTEHINAIL.
2. SIBHBIN BUJ MaTPUIBI TEH30pa JIEKTPOMArHUTHOTO TOJIS.
3. Omnpenenenne U SBHBIA BUJ MaTPULBI JyalbHOTO TEH30PA AIEKTPOMArHUTHOTO ITOJISL.
4. KoBapuaHTHOE Onpe/esIeHUE 51 ABHBIM BUJ NHBAPUAHTOB JIEKTPOMArHUTHOIO MOJIS.
5. TlepBas u BTOpas napa ypaBHeHuii MakcBesuia B KOBApHaHTHOW M HEKOBApUAaHTHOH (Gopme.
6. YeTplpe-BEKTOp TOKAa TOYEUHOIO 3apsja.
7. KOMIIOHEHTBI YETBIPE-BEKTOPA TOKA.
8. YpaBHeHHE HETIPEPHIBHOCTH YEThIPE-BEKTOPA TOKA B KOBAPHAHTHON U HEKOBapUAHTHON Gopme.
9. 3aKOoH COXpaHEHHUs INEKTPUUYECKOTO 3apsia.



10. KanubGpoBouHoe nmpeoOpa3oBaHUE YEThIpe-MOTEHIINANIA.
11. YpaBuenus Ditnepa-Jlarpanxa ajs 1aeBOil CUCTEMBI.
12. dyHkuMoHAN AEWCTBUS MEKTPOMArHUTHOTO MOJIS.
13. JlarpanxuaH B3aUMOJICHCTBHUS MaTEPUU C AIEKTPOMArHUTHBIM I10JIEM.
14. dynkunoHan AEWCTBUS KIIACCUYECKOH 3JIEKTPOIMHAMUKU.
15. JloxanbHbIN 3aKOH COXpaHEHUS JJIsl HETEPOBCKOT'O TOKA.
16. HeogHo3HaYHOCTH ONpPEEIIEHUSI HETEPOBCKOTO TOKA.
17. dopmyna s HETEPOBCKOIO 3apsa.
18. BrlpaxkeHue [yisi TEH30pa SHEPTUU-UMITYJIbCa PENATUBUCTCKUX YaCTHUILL.
19. BripaxkeHue Jyisi CHMMETPUYHOTO TEH30pa SHEPTrUU-UMITYJIbCa 3JIEKTPOMAarHUTHOTO MOJIS.
20. BslpaxkeHus [Uisl IUIOTHOCTM OSHEPruM, IUIOTHOCTH UMIyJbca, BekTopa [loiiHTHHra
AJIEKTPOMAarHUTHOTO MOJISL.
21. BekTop sHepruu-uMITyJIbCca AEKTPOMArHUTHOTO TOJISL.
22. ®opmyna ans AUBEPreHLIMH TEH30pa YHEPrHH-UMITYJIbCa 3JIEKTPOMAarHUTHOro moss (B
MPUCYTCTBUU MaTepun), €€ GU3NUECKUN CMBICI.
Tema 4.
1. VYpaBuenue kanubpoBku JlopeHua. YpaBHenus Makcsensa B kanuOposke JlopeHia.
2. YpaBHEHHE KyJIOHOBCKOW KannOpoBku. dopMyiia 1715 CKaJIIpHOTO OTEHIMaa B KyJIOHOBCKOM
KanuOpoBke. YpaBHeHUs MakcBesuia B KyJIOHOBCKOM KalnuOpoBKe.
3. OmpeneneHne IIOCKOW 3JIEeKTpoMarHUTHOM BoiHbL. @opmynsl i E u B B muiockon
AJIEKTPOMArHUTHOM BOJIHE. [lomepeyHOCTh MIIOCKON 3JIEKTPOMArHuTHOM BOJTHBI.
4. ®opmyna s E 1 B B MOHOXpOMaTHYECKOM MJIOCKOW BOJIHE.
5. ®opMyJbl 1715 BOJIHOBOT'O TPH- M YETHIPE-BEKTOPA TIIOCKOH MOHOXPOMATHYECKOW BOJIHBI.
6. Pa3noxeHne iocKon 3JIEKTPOMarHUTHOM BOJIHBI B CYNIEPIIO3HUIIUIO JIMHEMHO MOJIIPU30BAHHBIX
BOJIH.
Tema 5.
1. ®opmyna mis noteHuuanoB Jluenapa-Buxepra.
2. ©@opMyia A TEH30pa SJIEKTPOMArHUTHOTO TIOJIS ABMIKYILErOCs 3apsja.
3. MHBapuaHThI NOJS IBWXKYILETOCS 3apsija.

Oobs13aTesibHAs TEPMUHOJIOTHS

Tewma 1

[IpocTpancTtBO MUHKOBCKOTO
HNurepBan

- BpEMEHUIT0100HbII

- IPOCTPAHCTBEHHOIOI00HbII
- U30TPOMHBII
JlopeH1eBCKHE KOOPAUHATHI
[IpeobpazoBanue [Tyankape

- - OPTOXPOHHOE

- - cOOCTBEHHOE
[IpeobpazoBanue JlopeHia

- - OPTOXPOHHOE

- - cOOCTBEHHOE

Tpancnsauus

CBeToBOI KOHYC

- - Oyaymiero

- - TIPOILJIOTO

HebecHas chepa
JlopenueBckuit OycT
beicTpoTa



3ameIeHHe BpEMEHU
CoOcTBeHHOE BpeMs
PensTuBUCTCKUI 3aKOH CHOKEHUS CKOPOCTEN
Abeppanus cBera

Dddexr Jommepa

JlopenueBckuii

- TEH30Dp

- BEKTOp

- - POCTPAHCTBEHHOMOIOOHBII

- - BPEMCHHITOO0HBIN

- - U30TPOIHBIN

- KOBEKTOP

- cKaJsip

Jlopenuesckoe

- TEH30pHOE T0JIe

- BEKTOPHOE I10JIe

- KOBEKTOPHOE I0JIe

- CKaJIIpHOE T10JIe

Metpuka MUHKOBCKOTO

Mertpuka eBKIMI0BA
[TceBnorenzop JleBu-UuBuThHI

- €BKJIMJIOB

- B IpOCTpaHCTBE MUHKOBCKOTO
JlopeHI-uBapruaHTHBIN TEH30D
CumBoa Kponekepa

CkansipHoe pOU3BEICHNE JTOPEHIIEBCKIUX BEKTOPOB
OpToroHanbHbIE JIOPEHLIEBCKHE BEKTOPHI
4-BeKTOp

- CKOPOCTH YaCTHUIIbI

- YCKOPEHUS YaCTUILIbI

- SHEPTrUU-UMIyJIbCca

- BOJIHOBOM

Omnepatop /1’ Amambepa

MupoBas nuHuUs

[IpuHIMT IPUYUHHOCTH

YcioBus NPUUUHHOCTH
PenapamerpuzanroHHas HHBApUAHTHOCTh
[TapameTpu3zaius MUPOBOM JIUHUHU
- MyaHKape-uHBapHaHTHAS

- MyaHKape-HeMHBapHaHTHAS

- 1abOpaTOPHBIM BpEeMEHEM

- COOCTBEHHBIM BpEMEHEM
3-CKOpOCTh

3-yckopeHue

4-TeH30p MOMEHTa UMITYJIbCa

Tewma 2

Kanonunueckuii 3-ummyisc
Kunernueckuii («yIIMHEHHBII)
-3-UMITyJIbC

-4-UMITyJIBC

Cuna Jlopenua



- KOBapuaHTHAas
Cuita MUHKOBCKOTO

Tema 3

Yerslpe-noTeHIan

TeH30p 3JE€KTPOMArHuTHOTO MOJIS
JlyanbHbII TEH30pP 3JIEKTPOMAarHUTHOTO OJIS
WHBapuaHThI 371€KTPOMAarHUTHOI'O MOJIS
VYpaBuenuss Makcsemnna

- IepBas napa

- BTOpas napa

YeTsIpe-BEKTOp TOKA
KanubpoBouHoe(blit)

- mpeoOpa3oBaHue

- roJe

- mapamMeTp

[TpuHIMnI KaMMOPOBOUHON HHBAPUAHTHOCTH
Héreposckuit

- TOK

- 3apsa

Ten3op 3Heprun-umIybca

- YaCTHII

- BJIEKTPOMArHUTHOTO TOJISt

- - KAHOHMYECKHI

- - CHMMETpPHYHBIN

[InoTHOCTH BHEPrUM

[InoTHOCTH MMITYJIBCA

Bexrop [lolinTrHra

4-AMITyJIbC 3IEKTPOMArHUTHOTO TTOJIS
Tenzop HaTsxeHUd MakcBeia

TeH30p IIOTHOCTH MOMEHTa UMITYJIbCa
IEKTPOMATrHUTHOTO I1OJIS

Tema 4

Kamubposka

Kanmu6poska Jlopeniia
KynonoBckas kanubpoBka
[nockas BosiHA

- IONEPEYHOCTh

- TUHEIHO MONSPU30BaHHAS

- MOHOXpOMaTu4ecKas

- - aMIUIUTY/1a, 9YacTOTa, JUIMHA BOJIHBIL, (paza
- BOJTHOBOM TPHU-BEKTOP

- BOJTHOBOM 4€ThIPE-BEKTOP

- SJUTMITUYECKHU MOJISIPU30BAHHAS
- MIOJISIPU30BAHHAS IO KPYTY

- JINHEWHO MOJISIpU30BaHHAs
KommiekcHas aMmiuTyaa miockoi
MOHOXPOMAaTHYECKOH BOJIHBI

THMma 5.
Oyukius ['puna



- cBoOotHOTO ypaBHeHus [’ Anambepa

- 3ama3AbIBaoLas

3ana3abIBarolIee MoJje

[Torenuumane! JInenapa-Buxepra

[Tone n3nydeHus ABUKYLIEr0Cs 3apsaa
KynonoBckoe nonie auxymierocs 3apsia

4. OueHoOYHbIe MATEPHUAJIBI /IJIsl IPOBEPKHU OCTATOYHBIX 3HAHM I (CPOPMUPOBAHHOCTH
KOMIIeTeHIM i)

Tecr:

1. MHOXeCTBO COOBITHII B MPOCTPaHCTBE MHHKOBCKOTO, OTJEICHHBIX OT JAHHOTO COOBITHS
M30TPOIHBIM HHTEPBAJIOM 00pasyerT:

a) TPEXMEPHBIM OTHOTIOIOCTHBINA TUIEPOOJIONT;

0) U30TPOIHYIO TIJIOCKOCTb;

B) CBETOBOW KOHYC;

') TPEXMEPHBIN ABYNOJIOCTHBIN TUIIEPOOIOU .
2. MHOXxecTBO COOBITHI B IPOCTpaHCTBE MUHKOBCKOTO, OT/ICTICHHBIX OT TJAHHOTO COOBITHS
MTOCTOSTHHBIM BPEMEHHUTIOIOOHBIM HHTEPBAJIOM 00pa3yeT:

a) TPEXMEPHBIN OJTHOMOJIOCTHBIN rUNepOOIOn/;

0) U30TPOIHYIO TIIIOCKOCT;

B) CBETOBOM KOHYC;

') TPEXMEPHBINA JBYIOJIOCTHBIN TUTIEPOOTOU]I.
3. MHOXECTBO COOBITHI B MPOCTPAaHCTBE MUHKOBCKOTO, OT/ICJICHHBIX OT TAaHHOTO COOBITHS
MOCTOSIHHBIM NPOCTPAaHCTBEHHOIMOI00HBIM UHTEPBAJIOM 00pa3yerT:

a) TPEXMEPHBIM OTHOTIOIOCTHBIN TUIIEPOOIONT;

0) U30TPOIHYIO TIJIOCKOCTb;

B) CBETOBOM KOHYC;

') TPEXMEPHBINA JBYIOJIOCTHBIN TUTIEPOOTOU]I.
4. J1Ba coObITHS B IPOCTpaHCTBE MUHKOBCKOTO MOTYT ObITh MPUYMHHO CBSI3AHHBIMH, €CIIH OHU
OTJIEJIEHBI IpYT OT JIpyra

a) HEU30TPOITHBIM UHTEPBAJIOM;

0) IBaXK/1bl H30TPOITHBIM UHTEPBAJIOM;

B) IIPOCTPAHCTBEHHOMOJOOHBIM WJIM U30TPOITHBIM HHTEPBAJIOM;

') BPEMEHUIOI00HBIM HJIH U30TPOITHBIM HHTEPBAJIOM;
5. JIroGoe ogHOpoaHOE TIpeodpazoBanue JIopeHiia BIsSeTCs] KOMIIO3UIIMEH:

a) TIOPEHIEBCKUX OyCTOB;

0) TpaHCHSIUI U TOPEHIIEBCKUX OYCTOB;

B) BpallleHU# B IPOCTPAHCTBE U JIOPEHIIEBCKUX OYCTOB;

T') BpalleHuid B IPOCTPAHCTBE.
6. Jlns manHOM napsl cooblTuid A 1 B B poctpancTBe MunkoBckoro yacel HE MOI'YT ObiTh
CUHXPOHHU3UPOBAHBI, €CIIH

a) 4achl HaXOJATCS B OJJHOW MHEPILIUATIBHON CHCTeMe oTcueTa u A # B ;

0) yachl HAXOAATCA B Pa3HBIX UHEPIUATBHBIX CUCTEMaX oTcueTa u A # B

B) 4achl HAXOJATCS B OJIHOM MHEPIIMAIBHON cucTeMe orcuetau 4 = B

T') 4achl HAXOAATCS B PA3HBIX MHEPLUATBHBIX CHUCTEMaX oTcueTa A= B.
7. Yacel qBUXKYTCS TPOU3BOIHHBIM 00pa30M B TaOOPAaTOPHON (MHEPIMAIBHOM) CUCTEME
oTcyeTa. 3a MPOMEXYTOK TabOpPaTOPHOTO BpeMeHU Af 4achl OTCYUTAIHN MPOMEKYTOK BpEMEHHU

At . Torna
a) At' < At;



6) At' > At;

B) Af =At;

r) At >At;
8. JlBe uHepuManbHble cucTeMbl oTcueta K U K CBA3aHBI MEXLy COO0i TOPEHIIEBCKUM
OycToM ¢ mapameTpoM [ = v/c . PelIsITHBUCTCKHI 3aKOH CJIOXKEHHUS CKOPOCTEH OIMHUCHIBACTCS
dhopMmyIIoii:

a)u =u-v;

u—v+(1—y’l)((u"?v—uj
v

0)u = @Y ’
1- 2
C
B) COO_CU}/,
14
DO

9. JlBe uHepnuanbHble cucTteMbl oTcueta K 1 K CBA3aHBI MEX]y COOOM JIOPEHIIEBCKUM
oycrom ¢ mapametpoM £ = v/c . IIpononbueiit ad ekt JJomiepa onuceiBaeTcst (OpMyIIoi:
a)u =u-v;

u—v+(1—7/1)((u"2’)V—u]
v

0w = ,v) ’
1- 2
C
B) COO_CI)Q/,
1£4

10. JIBe mHepnmanbHble cucTeMbl oTcueta K U K CBsI3aHBI MEXTy COOO0H JIOPEHIIEBCKUM
Oycrom ¢ mapameTpoM [ = v/c . Ilonepeunsriit apdext [omnepa onucriBaeTcst GpopMyIIoi:

a)u =u-v;

u—v+(1—7/’1)((u"g)v—uj
v

’

0) u = W) ;
1- 2
C
B) a)O a)ya
1+

11. Yucno He3aBUCUMBIX KOMIIOHEHT KOBAPUAHTHOTO aHTHCUMMETPHUYHOTO TE€H30pa BTOPOTO
paHra B nmpoctpancTBe MUHKOBCKOTO PaBHO

a) 10;

0) 16;

B) 4;

r) 6.
12. Yucno He3aBUCUMBIX KOMIIOHEHT KOBapHUaHTHOT'O CHMMETPUYHOTO TEH30pa BTOPOT'O PaHra B
nmpocTpaHncTBe MUHKOBCKOTO PaBHO

a) 10;

0) 16;

B) 4;

r) 6.



13. Yuco HE3aBUCUMBIX KOMIIOHEHT BEKTOpPA B IPOCTPAHCTBE MUHKOBCKOT'O PAaBHO

a) 3;

0) 1;

B) 4;

r) 10.
14. TeH30p HANPSHKEHHOCTH JEKTPOMArHUTHOI'O MOJIS B IPOCTPAHCTBE MUHKOBCKOTO SIBJIETCS

a) aHTUCUMMETPUYHBIM;

0) CUMMETPHYHBIM OECCIICIOBBIM;

B) CUMMETPUYHBIM C HEHYJIEBBIM CIIEJIOM;

') IMarOHaJIbHBIM.
15. TeH30p aHEprun-uMIyJbca 3J€KTPOMAarHUTHOTO TOJIS B IPOCTPAHCTBE MUHKOBCKOTO
SBJIETCS

a) aHTUCUMMETPUYHBIM;

0) CUMMETPHYHBIM OECCIICIOBBIM;

B) CUMMETPUYHBIM C HEHYJIEBBIM CIIEJIOM;

T') KpaTHBIM €TMHUYHOMY.
16. MupoBast TUHUS JIMHNAS MAaCCUBHOW PENIITUBUCTCKOM YaCTHIIbI SBISETCS KPUBOU B
pocTpaHcTBe MUHKOBCKOIO, KacaTellbHbIE BEKTOPBI K KOTOPOi:

a) U30TPOITHBI U HAIIPABIIEHBI B Oyyliiee;

0) BpeMeHUNOoJ00HBI U HalpaBJieHbl B OyaylIee;

B) M30TPOIHBI WJIX BPEMEHUTIOJO0HBI;

T') U30TPOIHBI UM BPEMEHUII0I00HBI 1 HallpaBJIeHbl B Oyayliee.
17. YeTbIpe-CKOPOCTh MACCUBHON PEISTUBUCTCKOM YaCTHUIIbI

a) U30TPOITHA U HE OPTOTOHAJIbHA YETHIPE-yCKOPEHUIO YaCTHULIbI;

0) BpeMeHUNoJ00Ha 1 OPTOrOHaIbHA YEThIPE-YCKOPEHUIO YaCTHIIBL;

B) IIPOCTPAHCTBEHHOMNO00HA 1 OPTOTOHAJIbHA YEThIPE-YCKOPEHUIO YaCTHULIbI;

I') IPOCTPAHCTBEHHONO100HA M HE OPTOTOHAJIbHA YEThIPE-yCKOPEHUIO YaCTHUIIBI.
18. YeThIpe-BEKTOpP YCKOPEHUS MAaCCUBHOM PESITHBUCTCKON YaCTHUIIBI (€CITM HE PaBEH HYJIIO)

a) U30TPOIICH;

0) BpeMEHUIIOI00€H;;

B) NMPOCTPAHCTBEHHOIIOJ00EH;

T') HampaBJICH B Oyy1ee.
19. Yetbipe-BekTop cuiibl (MUHKOBCKOTO)

a) OPTOrOHAJIEH YEThIPE-yCKOPEHUIO;

0) BpeMEHHIOI00€CH;

B) M30TPOIIEH;

') OPTOTOHAJIEH YEThIPE-CKOPOCTH.
20. KoBapuantHas cwia Jlopenua

a) OPTOrOHAJIbHA YEThIPE-CKOPOCTH;

0) opTOroHaJIbHA YEThIPE-yCKOPEHHUIO;

B) BpPEMEHHMIIOI00HA;

') OPTOTOHAJIbHA YETHIPE-CKOPOCTH U YETHIPE YCKOPEHHUIO.
21. B HEKOTOpoOii cUcTeMe OTCYeTa TOJbKO YMCTO MPOCTPAHCTBEHHBIE KOMIIOHEHTHI TEH30pa
AJIEKTPOMArHUTHOTO TOJIA OTJIMYHBI OT HyJsA. Torga Afis MHBApUAHTOB IOJIA CIPABEUIUBO
YTBEPKICHUE:

a)c, =c,=0;

0) ¢, <0, ¢, =0;

B) ¢, =0,c¢,>0;

r)c <0,c>0.



22. B HekoTOpo#l cucTeMe OTCYETa YHUCTO IPOCTPAHCTBEHHBIE KOMIIOHEHTHI TEH30pa
JIEKTPOMAarHUTHOIO TMOJIA paBHBl Hyd0. Toraa Juid HWHBApUAHTOB IOJS  CIPaBEAJIMBO
yTBEpKJICHHE:

a)c =0,c,>0;

0) ¢,=c,=0;

B) ¢, 20, c,<0;

r)c =20,c =0.
23. VuBapuaHTBI OIS IIOCKOH AJIEKTPOMArHUTHOM BOJHBI 00J1a/1al0T CBOWCTBAMH:

a)c =0,c,>0;

0) ¢, =c,=0;

B) ¢, 20, c,<0;

r)c =20,c=0.
24. VIuBapuaHTBI 110JI1 TOUYEYHOIO 3apsaa 00Jaaa0T CBOMCTBAMHU:

a)c>0,c,=0;

0) ¢,=0,¢,>0;

B) ¢, =c,=0;

r)c>0,c>0.
25. Mycrs E=E(F,¢) n B= B(F,t) — BEKTOPBI HAMPSHKEHHOCTH TEKTPHUECKOTO TIOJIS 1

MarHUTHOW MHJYKIIUH TUIOCKOH AJIEKTPOMArHUTHOW BOJIHBI, /I — €JMHUYHBINA BEKTOP B
HaIlpaBJICHUH PacipoCcTpaHeHus BOIHBL. Toraa

a) [n,E]=[n,B]=0;
0) [E,B]=(E,B)n;
B) (n,E)=(n,B)=0;
r) (n,E)=|E|,(n,B)=| B|.
26. Bektop [loifHTHHTa B IJIOCKOM 3JIEKTPOMArHUTHOM BOJIHE HAMPABJIEH NapaieIbHO
a) HOpMaJIi K BOJTHOBOMY (PpoHTY;
0) BEeKTOPY HANPSHKEHHOCTHU AJIEKTPUUECKOTO MOJIS;
B) BEKTOPY HANPSHKEHHOCTH MAarHUTHOTO TOJIS;
') BEKTOPY MarHUTHON MHIyKIUH.
27. BOJHOBOM YETHIPE-BEKTOP MJIOCKOU SJIEKTPOMATHUTHON BOJHBI B BAKYYME SIBJISIETCS
a) BPEMEHUTIOI00HBIM;
0) U30TPOITHBIM;

B) HEU30TPOIIHBIM;
T') MPOCTPAHCTBEHHOMOI00HBIM.

Kiroun: 1 8),271),3a),4r),58B), 606),7a),806),9r), 108), 11 1), 12 a), 13 B), 14 a), 1506), 16 0),
17 6), 18 B), 191), 20 a), 21 6), 22 1), 23 0), 24 a), 25 B), 26 a), 27 0).

HpOBepKa 3HaHHUA OCHOBHBIX HOJIO)I(CHI/Iﬁ, 3aKOHOB U (I)OpMy.]'II

1. ®opmyna a5 3aMeUIeHUs] BpEMEHH B IBIDKYILEICS cUCTeMe 0TcUeTa U CyIHOCTh 3 dekra.
2. ®opmyia 1151 COOCTBEHHOT'O BPEMEHH.

3. ®opmyibl IS TOPEHIIEBCKOTO OyCTa B HAPaBJIEHUH OHOM U3 KOOPAWHATHBIX OCEH.

4. ®opmyna a1l COKpaLIeHUs pa3MepOB ABMKYILIMXCS T U CYLTHOCTb 3 peKTa.

5. 3aKOH PENATHBHCTCKOTO CIIOKEHHS CKOPOCTEH B CITyuae JBHKEHUs cucTeMbl K OTHOCHTEIBHO
K B HampaBieHMH KOOPJUHATHOM OCH.

6. dopMyIibl U1 MPOJIOIBHOIO U nonepeuHoro agdexra Jlomiepa, ux GU3NYECKHii CMBICII.



7. JleiicTBue CBOOOJHOM PEIATUBUCTCKON YaCTHIIBI.

8. ®Oynkuus ['amuinbTOHA CBOOOIHON PENATUBUCTCKON YaCTHUIIBIL.

9. ®opMyIibl 17151 SHEPTUH, 3-UMITYJIbCA U 4-UMITyJIbCa CBOOOIHOM PENATUBUCTCKOM YaCTHUIIBL.
CBs13b SHEPrUM U UMITYJIbCA.

10. JleiicTBUE PENSITUBUCTCKON YaCTUIIBI BO BHEIIHEM 3JIEKTPOMArHUTHOM IIOJIE.

11. YpaBHeHus ABMKEHUS PEIATUBUCTCKOM YaCTHILIBI IO AeWCTBUEM CuUIlbl JlopeHna.

12. Onpeznenenue TeH30pa 3JIEKTPOMArHUTHOTO TOJIS Y€PE3 YEThIPE-MIOTEHIIUAIL.

13. SIBHBII BUJI MaTpHULIbl TEH30pa 3JIEKTPOMArHUTHOTO MOJISL.

14. TlepBas u BTOpas napa ypaBHeHui MakcBeiia B KOBapMaHTHOIN U HEKOBapHAaHTHOU (opMme.
15. Yerblpe-BeKTOp TOKA TOUEYHOI'O 3apsija.

16. KoMmnoHEHTBI YeThIpE-BEKTOPA TOKA.

17. VYpaBHeHHE HENpPEpPHIBHOCTU YEThIPE-BEKTOpa TOKAa B KOBAPHMAHTHOM M HEKOBAPUAHTHOMU
dbopwme.

18. 3akoH coxpaHEHUs AMEKTPUUECKOTO 3apsija.

19. KanuGpoBouHoe npeodpazoBaHuE YEThIpe-MOTEHIUAA.

20. dyHKUMOHAN AEMCTBUS KJIACCUYECKON IEKTPOJANHAMUKH.

21. BelpaxeHue Uisi CHMMETPUYHOTO TEH30pa SHEPTUU-UMITYJIbCA 3JIEKTPOMAarHUTHOTO TOJIS.
22. BelpaxxkeHus [Uisi IUIOTHOCTM OSHEPruM, IUIOTHOCTH UMIyJbca, BekTopa [loiiHTHHTa
AJIEKTPOMArHUTHOTO TOJISL.

23. @opmyna ans AMBEPreHIIMH TEH30pa SHEPrHUH-UMITYJbCa 3JIEKTPOMArHUTHOro mois (B
MPUCYTCTBUU MaTepun), e GU3NUECKUN CMBICI.

24. VYpaBHenue kanuOpoBku Jlopenna. YpaBuenus Makcsenna B kainudposke JlopeHia.

25. VYpaBHeHHE KyJIOHOBCKOW KanuOpoBku. dopmyrna [uisi CKaJsIpHOro TOTEHIMana B
KYJIOHOBCKOH KanuOpoBke. YpaBHeHHsI MakcBelia B KyJJOHOBCKOM KallOpOBKeE.

26. OmnpeneneHue IUIOCKOW 3I€KTpOMarHUTHONM BOJHBL. Popmyinel mns E u B B mimockoit
AJIEKTPOMArHUTHOM BOJIHE. [lonmepeyHoCTh MIIOCKON 3JIEKTPOMArHuTHOM BOJTHBI.

27. ®opmyna it E 1 B B MOHOXpOMaTHYECKOW MIOCKOUM BOJIHE.

28. ®opmyJibl A1 BOJIHOBOTO TPHU- U YETHIPE-BEKTOPA MIIOCKOW MOHOXPOMATUYECKOW BOJIHBI.
29. ®opmyna pis noteHuuanoB Jluenapa-Buxepra.

OTBeT Ha KaXJIbId BOMPOC JOJKEH COJIEpPKaTh 3aluch HEOOXOoAUMBIX (hopmyln (ypaBHEHHI),
MOSICHEHUE HCIIOJIb3YEeMbIX 00O03HaYeHHH M (IIPU HEOOXOJMMOCTH) HCIOJIb3yEMOW CHCTEMBI
eANHUI], 0ObsICHEHUE (PU3MUECKOT0 CMBIC/IA HANMMCAaHHBIX (hopmyl1 (YypaBHEHUI) WK (€CII SIBHO
yKa3aHo B BOTIpOce) 00OBICHEHHE CYIITHOCTH OMUCHIBAEMBIX MU (pr3ndeckux 3¢h(HEKTOB.

HNudopmanus o pazpadoTunkax

l'opOynoB MBan BragucnaBoBuy, KaHAWAAT (PU3MKO-MAaTEMAaTHYECKHX HAYK, OLCHT,
kadenpa Teopernyeckoit pusznku puznueckoro paxynprera TI'Y, nomeHr.



