OIIeHO‘leIe MaTepHaJabl AJsA l'lpOMe)KyTO‘lHOﬁ arTreCTaliuy 1nmo JMCIMIIJInNHE

Huorcenepnas mamemamuxa, 1 Kypc

Kon, Hanpasyienue | 11.03.02 MHDOKOMMYHHKAIIMOHHBIE TEXHOJIOTHH U
MOJITOTOBKHU CUCTEMBI CBSI3U

HamnpaBneHHOCTh KopnopatvuBable WH)OKOMMYHUKAIIMOHHBIE CHCTEMBI U
(mpoduib) CeTH

dopma oOydeHus 3a04yHas

Kadenpa- PannosieKTpOHUKH U 3IEKTPOIHEPTETUKU

pazpaboTunK

Brimyckatotas PannosnekTpoHUKYU U IEKTPOIHEPTETUKU

kadenpa

Tunosble 3a1aHus 1JIsl KOHTPOJLHON padoThI:

(epBble) 3a0a4u:

1. OmnpesenuTh Npu KAaKUX 3HAYCHIX Tu Yuncna 21 = 2 — 2in %2 = ¥ + 226y,£[yT PaBHBIMHU.

2. CIIOKHTD JBa KOMIUIEKCHBIX Ymcaa 21— 1+3 ’ z,=4-5 '

8
1
(-21)' (5)
3. Bo3BecT B CTENEHb KOMILIEKCHBIE YHCIIA ,
2-2y , 2 zl=—2+1’zg=ﬁ+53.

4. HaifTu pa3HOCTH KOMIUIEKCHBIX YHCEN 272 ecim

5. IlpencraButh B TPUTO HOMETPUYECKOH (opmMe dYuCIo 23:_3. Haiinem ero monyae Hu

|23| =3
aprymeHT. O4eBUIHO, YTO :
o zZy=1-i z,=3+6i
6. Haiitu npousBeneHue KOMIUIEKCHBIX YHCEN , .
2

7. TlpencTaBuTh B TPUTOHOMETPUYECKOH opMe InCiIo Z2= 4 Haiigewm ero MOIYJIb H apTYMEHT.
2 -—
8. Pemmth KBagpaTHOE ypaBHeHHe ¢ ~ 6z+34=0

1
zZ= f -
9. JlaHO KOMIUIEKCHOE YHCJIO 3+ 3anmcars JaHHOE YNCIO B anredpandeckoii popme (T.e.

B opme ¢ +bi ).

z,=3+4/%

10. TlpeacTaBuTh B  TPHTOHOMETPUYECKOH (DOPME  KOMIUIEKCHBIE — YHCIIA:
z,==2+4i z,=-2-2 z,=1-.3
) ) .

11 (BTOpEIC) 3a4aUH:




1. HaiiTi 1 13006pa3uTh TOYKAMH Ha KOMIUIEKCHO# IIIOCKOCTH BCE KOPHH Y —1— J3i . N300pazuth
IMYHKTHPOM OKPY)XHOCTb, Ha KOTOPOM ATH TOUYKM JieaT. IlOCTpOMTH MITPUX-ITyHKTHPOM
NPaBUJIBHBIII MHOTOYTOJBHUK C BEPUIMHAMHU B 3THUX TOukax. HaHecTw ceTtky, oToOpasuTh ocH

JIMHUAMHA YEPHOI'O LBETA, IMMOAIKUCATh UX. Maciutab no OEQHM cacjaaTb OAMHAKOBBIM.
2. PaCC‘-II/ITaT_I? HaHpH)KéHHOCTB SJICKTPUYCCKOTIO I10JIA , CO31aBa€MOI0 AUIIOJIEM C JUIIOJIbHBIM

momentom 0. Kak HU3BECTHO, E =—gradq>(r), rie (p(l’) — pacupenesieHue CKaISPHOro
noreHuMaga. B ciydae, Korja HMCTOYHMKOM OJIEKTPUYECKOrO IOJSA  SABISAETCA  JUIIOJb,

(p(F):(d , F)/r3 Haitném grad(r).

3. DOHBSYHCB MHTCTPpAJIbHBIM OpeACTaBICHUCM oricparopa V , JOKasaTb PaBCHCTBO:

j[b,[v, 5.]] dv + H[é.,V], b]dV = _j; [[ﬁ, é],b]ds TIe é, k; — MOCTOSIHHBIE BEKTOPBI, F] -
(\)/pT HOpMaJH K HO];/erHOCTI/I. S



4, HPCTpOIZITAeqManI/Iuy 1IQBOpOTA CHC_IQMLI\KOOPI[I/IH&T BOKPYT OcH Z Ha yroJ ¢. [1o onpenenenuto
| cos Ee{,«elg cos Eejl’oezg cos Ee;’peg% |
' COS €,€; COS €,,&  COS €,8&

Lcos(eg, e) cos(e),e,) cos(es, es)J

o =

[Tpu moBopoTE BOKPYT OCH Z HA yrod ¢ (puc.) Oyaet
(cosp  sing 0

0€Z=L—Sin(l> cosp 0 J

0 0 1

5. JIunus 6e3 morepb HarpyxeHa Ha €eMKOCTHOE
COIIPOTHMBIIEHUE, YHMCICHHO pAaBHOE  BOJHOBOMY.

f=100MIy V=3-10° mfec

IM oT KOHIIAa JINHHH.

U,=200 B

. B xonne nunun . Haiitu U Ha PacCTOSIHUU

6. IlpoBepuTh — JIEKAT JIU BEKTOPHI al; 2; 3), b(4; 5; 6) I/IE(7; 8;9)
T.€. SIBIIAIOTCS JIM OHU KOMILJIAHAPHBIMH.

B OJIHOM INIOCKOCTH,

7. Jins sextopos  a(1;1;3), b_(—2;1; 2),T©(2;0;5) BBIYMCIUTH CMEMIAHHOE IPOU3BECHHE aDC
8. lns BekTopoB @ (1;1;3), b (—2;1; 2), Cc (2;0;5) BBIYUCIIUTh BEKTOPHBIC MPOU3BEICHUS:
1) axb; 2)axc73)cxb; 4)ax(b -cJ; 5) (a=b)x(a+b-c)

9. Ilycte  nmaHel  jgBa  BEKTOpa 5(1;—2;3) , 6(2; —1;-1) TpeOyeTcss  BBIYUCIIUTH
na+(ab)b, 2) (ab)a+h.

10. BouuciauTh 00bEM MMPAMUIBI, ECITH H3BECTHBI KOOPANHATHI €€ BEPIINH:

A(2;1;4),B(1;2;3),C(6;0;2), D(3;3;3);2) A(2;1;5), B(5;0;3),C (4;0:8), D (6;-2;6) |

1l (TpeThH) 3aa4u:

1. Haiftu nelCTBUTENBHYI0O ¥ MHUMYIO YacTH KOMIUIEKCHOTO YHCIIA, €r0 MOAYIb, apryMeHT,
HaiiTH comnpsxennoe emy uncno: 1) (5+4i)(3-2i%); 2) (1-i)%.

2. HaiiTu 1 1306pa3suTh TOUKaMK Ha KOMILIEKCHO MIIOCKOCTH BCe KOPHU & —1— NE N300pazuth
INYHKTUPOM OKPYXHOCTb, Ha KOTOpOH O3TH TOUkM JjexaT. [locTpouTh MITPUX-TYHKTUPOM
NPaBUJIbHBIII MHOTOYTOJIBHUK C BEPUIMHAMHU B 3THUX Toukax. HaHecTw ceTky, oToOpa3uTh ocH
JMHUAMHU YE€PHOTO 1IBETa, MOANUCcaTh UX. Macitad mo ocsM clienaTh OJMHAKOBBIM.

-

3. Tpu KOMHJ‘IaHapHHX BEKTOpa J'II/IHeI/IHO 3aBUCHMBI. }IeI/ICTBI/ITeHBHo M BeKTOpPHl A, b u C

KOMIIJIaHAPHBI, €CIU C OLa-I-Bb T.€. C Oca Bb— 07
4. MHOXeCTBO AEHUCTBUTENIBHBIX KBAJpPATHBIX MATpHIl 2X2 UYETBIPEXMEPHO, a 0a3ucoMm MOFﬁT

CIIYKUTbh YETBIPE AJIEMEHTa 3TOr0 MHOXECTBA! (1 O), (O l\ (O OW, (O 0 .
\0 0) 0o (10 (01

OnpenenuTh CKaIIPHOE MPOU3BEICHIE TAKUX BEKTOPOB — MATPHIT 2X2.



5. JlaHbl BEKTOPSHI a=2i + 2j—k u b=2i — j+3k. Haiiru amuasl mpoekumii 5THX
BEKTOPOB JIPYT HA JPYTa.

6. Ilokasars, uTo ((I’ — a)-(r + a)) =0 — ypasnenue chepsl. 3nech ' — paguyc-BekTop, a a —
IMOCTOSIHHBIA BEKTOP.
(a-c) (a-m)

(n-c) (n-m)

8. HYCTB B HeKOTOpOﬁ ,HeKapTOBOﬁ CUCTEME KOOpAWMHAT HM3BECTHBI KOMIIOHCHTBI TCEH30pa
1 3 2 \
4 -1 6

oKa3zaTb, UTO cymma QO - A + . B npCaAcTaBIACT co00lf KOMITOHEHTEI TEH30pa BTOPOTO
? 1 ]

7. Jlokasatp ToxaecTBo Jlarpanxka: ([é. X ﬁ] . [6 X rﬁ]) =

paHnra, €Cjii u3BE€CTHO, 4TO A'J u Bij — TCH30PbI BTOPOI'O paHra, a u B — CKaJIAPhI.

9. HaiiTi moTeHITMAII TOYSYHOTO 3apsiia B OJHOPOIHON aHU3O0TPOITHON CpeJie, XapaKTepru3yeMon
TEH30pOM JHMIJIEKTPUYECKOW MpPOHHUIIAEMOCTH E€ij. B o0mem ciydae moTeHIMan (p(l‘)

o 00

5_)(i8ij 8_)(] = —47'Eq5 (r), rue 0 (I‘) — nenpTa-¢pyHkus Jupaxa..

YAOBJICTBOPACT YPABHCHULO!

10. Jlokasats ToknectBo diV ((p : A): ¢ div A+ (A, grade ), e ¥ A — COOTBETCTBEHHO
CKaJIApHas ¥ BEKTOpHAs (yHKIUU KOOPAHHAT.

v (1eTBEPTHIC) 3a4aUH:

1. HaiiTu IMBepreHIHIO 1 pOTOpP BEKTOpHOro mojist A.

2. A=[a,r]:6). A=csin(k,r):e). A=r(ar)";

2. Beraucmts: a). grad (1/r); 6). div (r /r); ®). rot (r /r).

3. Haiitu HanpskeHHOCTh SIEKTPUYECKOTo Mons £, ecnu pacipesenenue cKaaspHOro
TNOTEHIMANA () B IPOCTPAHCTBE UMEET BHIL: a). () = — q+6). @ = Ae ;). @ =-Az?,

4. Jlns tensopa ll-ro panra B TpéxmepHOM npOCTpch)iBe Jloka3ath Teopemy OcCTporpaackoro-

T;
Taycca: Xk dv = &Tik ds; .
i s

\i i
5. Beruucnute s nons B = —Vq(y\.
/1)

a). IMOTOK BCKTOpa B 4Cpe3 MOBCPXHOCTDH C(I)epBI CAUHUYIHOI'O paJjuyca

6). naTerpan mo oonemy cdepsi or div B
MPOMU3BECTH MPAMOE JOKa3aTEILCTBO TeopeMbl OcTporpaackoro-I'aycca.



6. dns TeHsc_)rpa Il-ro panra B TpéXxMEpHOM MPOCTPAHCTBE JT0Ka3aTh TeopeMy OCTporpaickoro-

ik _
l'aycca: I—ax—dv - E¥Tikd8i .(ucxonutp u3 TeopeMbl Octporpajackoro-l'aycca myis BekTopa

Vv i 5 S
A =T,d,,tne d — nogrosunelii BeKTOpP.)- /- = - o
7. Jloka3aTh TOKIECTBO (T -y o= + (A,V)B ,tme Au B _ BeKTOpHBIE (YHKIHH
, A) B-BdivA
KOOp/MHAT.
122 _) r% 8 10 %\
8. Haiitu marpuiry C=3A-2B, rne A= 2345 ,B= |
13 2 5 | Lz 5 13 11
-2 7 2
3 2 4 -3) 2
9. Haiitn n300pakeHue nepruoanYecKoro UMITyJIbca ¢ IepuooM 21
h
—t 0<t<rt
f(t)= { h?
——(t-1)  r<t<2t

L 1
10. Haiinem m3o0paxenus no Jlammacy TpUTOHOMETPUYECKUX M THIEPOOIUYECKUX CHHYCA H
KOCHHYCA.

PO SO DRI SR O
pl—l p+1 p—i 0 p+i ]

cht = (et+e‘t)~1[ 1,1 J_ . sht= (et—e-‘)~1( 11 ]_ 1
2 2( p-1 p+1|_p2—1 2 ELp—l p+l|_p2—1

V (martsle) 3agaun:

1. Haiitu BeIueTsl QyHKIUN BO BCEX OCOOBIX TOYKaX KOHEUHOH MIOCKOCTH. Y (QYHKIUU

2% +1
JIBa TIOJTIOCA MEPBOTO TopsiaKa Z =1,Z =—i.

2. 3anucath B anreOpavyeckod U TOKa3aTeNbHOM (opMax BbIpaXeHHE M TOJIHOTO
KOMILIEKCHOTO CONPOTHUBIIEHHS MHAYKTUBHOM KaTymku ¢ napamerpamu Rx= 3 Owm; Lx= 0,0127
I'm, f=50Tm.

3. Haiitu mnapameTpsl M NepefaToOyHyl (YHKIUIO cXeMbl ABOHHOro T-oOpa3Horo mocra,
Harpy>eHHOro Ha Y.

b b
I I
=l =
1 = 1
| S 7

gl
5T UG, D“‘)

4. Jluaus 6e3 noreps JIUHON b= ’T'/ 10 Pa3OMKHYTa Ha KOHIIE.

U;=200B .}
. Haiitn 4 B cepennHe TuHUM.
5. PaccMoTpeTh majgeHHe BOJIHBI HANpsDKEHUs, BO3HUKIIEH MNP KOMMYTalMM B CXeMe

) Ry = 100 On
MpenpIaylen 3aj1ayi, Ha pe3ucTop
HaMNpsDKEeHUs, 00pa3yroluecs Ipyu 3TOM MaJeHUH.

Zp =200 On

, B Ha4aJIC INHUHN

U ONpEaciInuTb O6paTHI)Ie BOJIHBI TOKa H



6. IToka3aTh, 4YTO BEKTOPHOE T0Je £ sBJgeTCS MOTEHIUATIBHBIM 1 HAailTH ero HOTEHIHA
Flry,2)=Cx+y2)i + Gy +x2) i+ Bz + )k

1. OHpGI[eJII/ITb AKTUBHYIO, PCAKTUBHYIO U IMOJIHYIO MOIIHOCTH, €CJIM MTHOBCHHBIC 3HAYCHHA TOKA
" HAIIPpSAXKCHUA 3a/laHbl YPAaBHCHUSAMM:

u=141sin{ 314¢ +60°), B; i =7,07 sin( 314¢ +30°), A

8. 3ananbl rpaduku u3menenus U(t) u i(t) (c ammmurynamu Un=141B; In=2,82 A s y4yactka
ANIEKTPUYECKON Lenu. 3amucath (YHKIUH B TPUTOHOMETPUYECKOM M KOMIUICKCHOH (opmax,
eciu f = 50 I'm. Onpenenuth moyiHOE cOmpoTHBICHUE U yroi casura das. [loctpouts cxemy
3aMEeIIeHNUS 1IETTH.

9. BbrumcnuTth onpeaeauTenu:

132 i j ok i j ok
D341 2) o 0 1 L 0 1
3-25 0 1 3 11 0
10. OHpe,I[eJ'II/ITb A-HapaMeTpLI YCTBIPCXITIOJIIOCHHUKA CXCMa KOTOPOI'o NpeacTaBjICHa Ha
pHUCYHKE.
Z,

U1l 22 iuz

TunosBbie BONPOCHI K IK3aAMEHY:

1. Kommuiekcuble BennyuHbl. DYHKIMU KOMIUIEKCHOM nepeMeHHOW. IloHATHEe KOMIUIEKCHOIO
yucia. JlelicTBUTENbHAsE U MHHUMAas 4acTb KOMIUIEKCHOTO uucia. MHuMas eauHuna. CreneHb
KOMIUIEKCHOT0 4ncia. KomMIuieke miocKocTh.

2. CompsixkeHHbIE KOMITIEKCHBIE yrcia. KopeHb u3 KOMIIJIEKCHOTO Yncia U equHHULbL. Onepanuu
C KOMIUIEKCHBIMU unciaMu. AHanutuueckas GyHkuus. KpuBonuHenHbli nHTErpan oT QyHKIUU
KOMILIEKCHOW ITEPEMEHHOM.

3. Teopema Komm. Psg Teitmopa, Jlopana. Teopema o BbueTax. DKBHBAJICHTHBIA KOHTYP.
Teopema o uumcine mnomtocoB u Hyned. Kondopmubsie oroOpaxenus. Teopema IlIBapia-
Kpucroddens.

4. TlpuMeHeHHEe KOMIUIEKCHBIX BEJTMYMH IPU PacyeTe AIEKTPUUECKUX LeNel B CHHYCOUJAIbHOM
pexume. ['papuueckoe  u3zoOpaxkeHue cuHycouaanbHo  dyHkuuu. IlpeacraBneHue
NMEKTPUYECKUX BEJIUYMH C IOMOIIbI KOMIUIEKCHBIX YHCEIL.

5. KommuiekcHoe moHOe CONPOTUBIIECHHE TPH TOCIIEI0BATENBHOM U apaJUIeTIbHOM COEIMHEHUH.
MeTtoa KOMIUIEKCHBIX aMIIUTYA. O60011eHre MOHATHS KOMITJIEKCHOTO TIOJTHOTO CONPOTHUBIICHUS
(uMmenaHc).

6. IlpaBuna Kupxroda u 3akonst Oma B koMIuiekcHoOM ¢opme. KomruiekcHblit BekTop. BekTopHas
auarpamMma JJis TOKOB U HANpsOKEHUHM B AJIEKTPUYECKOM IeNH C KOMIUIEKCHBIMU BETUYHHAMHU.
bananc MoIIHOCTEN.

7. Pan ®ypoe. Unrerpan dypoe. Paznoxkenue B psia 1Mo OpTOroHambHBIM (pyHKUIMAM. MeTon
HanamGepa u metoq Dypre. Paznoxenue B pag ypre. Paapl ¢ KOMIUIEKCHBIMU YHCITIAMHU.

8. I'paduueckoe mpeacraBieHne crekTpa dYactor. Pacmpoctpanenwe psma Dypre Ha
nepuonuyeckue pynkuuu. Bemectsennas ¢popma nunterpaisa dypoe.

9. KommekcHass ¢opma uHTerpana @ypbe. Psambl ¢ KOMIUIEKCHBIMH 4ieHamu. [IpuMeHeHue
PA10B K 3ekTpuueckuM nersim. [Ipeodpazosanne ypre, MpUMEHEHHE K YIEKTPUIECKUM IICTISIM.
N3y4yeHne quarpamMm HarpaBICeHHOCTH

10. CkanspHble W BeKTOpHble BeMMYUHBL. OCh ¥ HaNpaBiCHUWE BpAIICHUS BEKTOpA.
[MonoxuTenpHOE HAPaBICHUE TPEX BEKTOPOB 4, b, C. Yrom Mexay aBymst Bektopamu a u b.

11. Omnepamuu Hag Bektopamu. [IpomsBenenue BekTopa Ha ckajsip. CIOKEHHE W BBIUMTAHUE



BeKTOpOB. CKalIsIpHOE U BEKTOPHOE ITpon3BeeHre. CMelIaHHOE TPOU3BECHUE TPEX BEKTOPOB.
12. luddepenunansupie onepauuu ¢ BekTopamu. DyHKIMH To4yeK. BeKTopHbIe HHTErpasibl.
ITpunoxeHus BEKTOPHOIO UCUUCIEHHS K TEOPUH FIEKTPOMArHUTHOIO TOJISL.

13. CunoBble TMHMU TOKA. I'pagueHT ClOXHOM ckamsipHoi (yHKIMH. J(MBEpreHIMs U BUXPh
(potop). Oneparop Jlamnaca u 'amuiibrona. OOmmMiA cirydaid BEKTOPHOTO TOJIS.

14. Dnextpocrarnyeckoe nojie. MarHUTHOE MOJI€ MOCTOSHHBIX TOKOB. DJIEKTPOMArHUTHOE I10JIE.
3akon Dapanes. 3akoH Ammnepa.

15. Iupkynauus u notok Bekropa. Teopema Ocrtporpajckoro-I'aycca. YpaBHenus Makcsena.
BekTopHblii NOTEHIMAT MAarHUTHOTO NOJIs1, BO30YXK/IEHHOI'O TOKOM.

16. Cucrempl OpTOTOHANBHBIX KpPUBOJMHEHHBIX KOOpAMHAT B mpocTpaHcTBe. Cucrema
LWINHAPUYECKUX U chepuueckux koopauHaT. CucreMa napaboIMYecKUX U 3JUIMIICOUJAIBHBIX
KOOpJMHAT BpAICHHUS.

17. IlpunoxeHus K ypaBHEHHMAM MakcBeula Ajs 3JEKTPOMArHUTHBIX KojeOaHWM W BOJIH.
VYpaBHeHuss MakcBesuia B OpTOrOHaIbHBIX KPUBOJIUHEHHBIX KOOPAUHATAX.

18. IIpuMeHeHHE TEH30PHOIO UCUUCIEHHS K MCCIEeIOBAaHUIO 3JIEKTpUUYecKHuX Lenei. TensopHas
anreOpa. TeH30pHas IUIOTHOCTH M TEH30pHas €MKOCTb. MatpudHas ¢opma (Gopmy
peoOpa3oBaHusl KOOPIUHAT.

19. Meronbl uHTerpupoBaHus auddepeHunanbHbIX — ypaBHeHUi.  uddepenunanbabie
YpaBHEHUs NEPBOrO0 MOpSAAKA. YpaBHEHUS C Pa3ACIAIOLIUMUCS NepeMeHHbIMU. OIHOpPOAHbIE
YpaBHEHUS.

20. YpaBuenue bepnymnmu u Jlarpamxa. JluneiiHoe muddepeHnnanbHOe ypaBHEHHE N-TO
nopsiaka. Metos Bapualiuu pou3BOJIbHBIX IOCTOSHHBIX. Y paBHeHUe Dilnepa.

21. WnTerpupoBaHue MPH MOMOIIH CTETICHHBIX PSAIOB. Y PaBHEHHS C YaCTHBIMH IPOU3BOIHBIMH.
YacTHbII HHTETPAl HEOAHOPOIHOIO ypaBHeHHUs. Y paBHeHue Jlaruiaca u Ilyaccona.

22. 3akonbsl OMa B quddepeHmaibHoi 1 nHTerpabHoi Gopme. 3akon Jxoynsa-Jlenna, padora,
JIEKTPUUYECKasi SHEPrusi W MOIIHOCTb. OJIEKTPOMAarHuTHbIE KoJeOaHUs B HPSIMOYIOJIbHOM
MTOJIOCTH.

23. IlpumeHeHue cenManbHbIX QYHKIMHA 1715 pacyETOB B 3JEKTPOTEXHUKE U PAAMOIEKTPOHHKE.
[Ipunoxxenue runepoonMuecKux GyHKIMHA K pacuéTy JUIMHHBIX JUHUH. [IpencraBnenne ramma-
¢yHkuun yepes uarerpan Komm.

24. Teopust BEpOSATHOCTEH W 3aKOHBI pacmpeleNieHust CiIy4aidHeIx BenuunH. CirydaitHas
BennunHa. HeszaBucumble coObiTus. Teopema ymHOXeHUs BeposTHocTeill. HecoBmecTHble
COOBITHSI.
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