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1. HEJN U 3AJAYU OCBOEHUSA JUCHUIIJIMHBI (MO4YJIs)

1.1. HeasiMmu oOCBOEHHS] IUCHUIIMHBI (Moaysi) «PU3HYECKHE OCHOBBI 3aIUTHI
uHopManum» SABISETCA YIUIyOJICHHME 3HAHUM CTYIACHTOB B KOHKPETHBIX 00JIACTSIX
panuopu3uKu u aKyCTHKH, HEOOXOUMBIX JUIS YCBOCHUS MOCIIEAYIOITUX
o0menpodeCcCHOHANBHBIX U CHEIUATBHBIX JUCITUILIHH

1.2. 3aga4u ocBOEHUS IMCUMILIUHBI (MO1YJIs):

Jns peanu3anuy mocTaBICHHON 1M HE0OX0IMMO PEIICHUE CIASAYIOIMX 3a/1ay:

- H3yYEHUE OCHOBHBIX CBOMCTB U MapaMeTPOB JIEKTPOMATHUTHBIX M aKyCTHUYECKUX BOJIH
Pa3IMYHBIX YACTOTHBIX JIMAIIa30HOB MPH PACTIPOCTPAHCHUH B UACATBHBIX M peajbHbIX Cpeax;

- (bopmmpoBaHUE MpeACTaBICHUS O CIMOCO0AaX M YCTPOHCTBaX BO3OYKIACHHUS M IMpHEMa
BOJIH, METOJIaX JIEKTPOMArHUTHOTO 3KPAHUPOBAHUS OOHEKTOB;

- (hoopMUpOBaHKE 3HAHUN OCOOCHHOCTH aKYCTUKH PEYH U BOCIPHITHS 3BYKa YEIIOBEKOM,
OCHOBHBIX aKYCTHYECKHUX XapaKTEPUCTHK MTOMEIICHHUH, PUHIIUIIOB 3BYKOU3OJISAIUH.

[IporpamMma mpeqycMaTpuBaeT CHUCTEMATH3AIUIO0 3HAHUN  OTJACIBHBIX  pa3JeiioB
MaTeMaTUKU U PU3UKU, HEOOXOAUMBIX JIJIsl YCICIIHOTO U3YUeHUS AUCIUTLITNHBIL.

B pesynbpTaTe 0CBOCHHS TUCIHILIMHBI CTYICHTHI TOJDKHBIL:

3HATH:

- cMbBICT (DU3UYECKHX TOHATHN, (U3HYECKUX BEIWYWH, (U3UYIECKHX 3aKOHOB,
MPUHIIMIIOB U MOCTYJIATOB, & TAK)KE BKJIAJl POCCUUCKHUX U 3apyOE€KHBIX YUEHBIX, OKa3aBIIUX
HauOOoJIbIIICe BIMSHIC HAa PAa3BUTHE PU3NICCKUX OCHOB 3aIUTHI HH(POPMAITUH.

yMeThb:

- TPUMCHITh (DU3UYECKHE 3HAHWS JUIS PEIIeHUs (U3NYSCKUX 3a]ad; MPUBOIHUTH
MPUMEPHI MPAKTUUYECKOTO MPUMEHEHUs] (PU3NYECKUX 3HAHUW; OMUCHIBATh ()yHIaMEHTAIbHbBIE
OTIBITHI, OKA3aBIIME CYIICCTBCHHOE BIIMSHUC HA pPa3BUTHE (U3MUSCKUX OCHOB 3allWTHI
uH(pOpMallMK; BOCIIPUHUMATh U HA OCHOBE MOJYYEHHBIX 3HAaHUN CaMOCTOSITEIbHO OIEHUBATh
uHpoOpMannilo  (PHU3MUECKOTO  COACp)KAHMs, WCIONb30BaTh HOBBIE HMH(POPMAIMOHHbIE
TEXHOJIOTHH IS IOMCKA, 00paOOTKH U MPEeAbABICHUS HHPOPMAIUH 110 GUZUYECKUM OCHOBAM
3alUThl HH(OPMALINH.

BJIA/IETh:

- METOJIJaMU TPOBEACHUS (U3HUYSCKUX H3MEPEHHUI, METOJaMU KOPPEKTHOW OIEHKU
MOTPENIHOCTEeN U3MEPEHHI U PacueTOB.

2. MECTO JUCHUIIJIMHBI MOAYJIS) B CTPYKTYPE OIIOII

2.1. YueOHas aucumMiinHa (MoayJib) «@u3nyeckue 0OCHOBbI 3aIMTHI MH(pOpMaum»
OTHOCHUTCS K BapHMaTUBHOW dYacTH yueOHOro ImaHa HampasieHuss mnojarotosku 10.03.01
HNudopmannonnas 6e3onacuocts 2021 roma Habopa.

N3yuenne kypca «@Pu3MYECKHE OCHOBBI 3aLIUThl MH(POPMALMK» PACCUUTAHO Ha JBa
cemectpa (3, 4 ceMecTphl) | MMpeIyCMaTPUBAET cady CTYJICHTaMH 3K3aMCHOB.

Oomast TpynoemMkocTh auciuruinibl — 288 yacos/ 8 3E.

2.2, Jlas wu3y4yeHUsi JAHHON Yy4yeOHOH JMCUMILUIMHBI (MOAYJISAA) HEOOXOIAMMBI
clelylolue 3HAHUSI, YMEHMs, HABbIKH M (WJIHM) ONBIT JeATeJbHOCTH, (GopMupyeMble
NpeAlecTBYIOIUMHU Y4eOHbIMH JUCHUTIUHAMMU:

1. duszuka.

B pe3ynbraTe 0ocBOEHUS 3TOM NUCHUIUIMHBI, CTYIEHT JOKEH:

3HATh:

— OCHOBHBIE (PU3UYECKHX SIBICHUS, 3aKOHBI, METOAbl (PU3NYECKOT0 HCCIIEeOBaHUS,
ocobeHHOCTH  (u3nyeckux dS(P(GEeKToB U  ABICHMN, HCIOJIB3YEMbIX JUISI OOecleYeHus
nH(pOpMaIMOHHOM 0€301aCHOCTH,

YMETh:

— BBISIBJIATb OPraHUYECKYIO CBSI3b MEXIy (U3MKOW, MaTeMaTUKOH, MEXaHMKOW Mpu
pELICHUH Hay4YHO-TIPOU3BOACTBEHHBIX IPOOJIEM, MPUMEHATh OCHOBHBIE 3aKOHBI (DM3UKHU IPH



peLIeHNH TPUKJIAIHBIX 3ajady; MCIOJIb30BaTh 0COOEHHOCTH (pr3nyecknx 3(h(HEKTOB U SBICHUMA
JU1s o0ecriedeHus: HHPOpMaIMOHHOM 0€30MMacHOCTH ;

BJIaJCTh:

— HaBbIKaMU ITPOBEACHUA (bHSPI“IGCKOFO SKCIICPUMCHTA U O6pa6OTKI/I €ro pE€3yiabTaToB.

2.3. Hocaenywmme y4yeOHble IUCHUIUIMHBI (MOAYJM) W (WIH) NPAKTHKH, IJIs
KOTOPBIX HeO0X0AUMBbI 3HAHUS, YMEHHs, HABBIKH, (opMHpyeMble JAHHOW Yy4eOHOI
AUCUUIJIMHON (MOyJieM):

1. Cetu U cHCTEMBI ITepe1adll HHPOPMAIIHH.

Tarxke auctuumHa «PU3HYECKHUE OCHOBBI 3aIIUTHl HH(OOPMAITUN» TOMOXKET CTYACHTaM
[IpY HaNMCaHUM 0aKaIaBpPCKO paboTHI.

3. IJIAHUPYEMBIE PE3YJIBTATHBI OBYYEHMUS 11O AUCHUITJIMHE
MOOYJIIO)

[Tporiecc OCBOCHHS MMCIMILIMHBI HAMpaBICH Ha (HOPMHUPOBAHHE DIIEMEHTOB CIICIYIOIINX
komrnereHunit B coorBerctBUU ¢ OI'OC BO um OIIOII BO no panHOMYy HampaBiIEHHIO
MOATOTOBKHU (CHEIUATBEHOCTH):

a) mpodeccuonanphbix (IIK): TIK 2 - CrnocobeH BBIMONHATH PabOThI MO YCTaHOBKE,
HACTPOMKE M TEXHUYECKOMY OOCITY)KMBAHHIO 3AIMUIIEHHBIX TEXHUUYECKHX CPEICTB 0O0pabOTKH

uHpopmanuu

Ta6auna 1 —/lekoMno3uuus pe3yabTaToB 00yUeHHUs

KO,I[ N HAUMCHOBAHUC

Pesynbrarel 00ydeHus no JUCHUIUIMHE (MOIYJIIIO)

KOMIICTCHITUH 3HaTh Ymerh Brnaners

TIK-2. Cnocoben | UIIK 2.1. 3nate: | UTIK 2.2. VYnmers: | UK 2.3. Bianers:
BEIMIONTHATH  pabOTHl MO | TeXHUYeCKHe ommcaHus u | [IpoBOIUTH TEXHHUYECKOE | METOJaMH 3aIUTHI
YCTaHOBKE, HACTPOMKE U | MHCTPYKIIMU mo | oOciIyXUBaHUE HHpOPMAITUU oT
TEXHUYECKOMY 9KCIUTyaTaI[iK 3aIUIICHHBIX HECAHKIIMOHUPOBAHHOT O
00CITy)KUBaHUIO TEXHUYECKUX CPEICTB | TEXHUYCCKHX CPEICTB | MOCTyma ¥ CIEIUATbHBIX
3aILUIICHHBIX 00pabotku nHdpopmanuu B | 00paboTKH MHGOPMAIMU B | TPOrpaMMHBIX
TEXHUYECKUX CPEICTB | 3alHICHHOM COOTBETCTBUH C | BO3ACUCTBHIA HA HEE
00paboTku uHpOPMAIUH WCTIOJTHEHUH, MHCTPYKIUSAMU o

METOIBI KOHTPOJS | 3KCIDTyaTaluu u

3alAIICHHOCTH AKCILTyaTaI[IOHHO-

HHPOpPMALTUH OT | TeXHHUYECKOI

HECaHKIIMOHUPOBAHHOTO JIOKYMEHTAINCH.

JIOCTYTIA W CIICIHAIBHBIX

MIPOTPAMMHBIX

BO3/IEUCTBUH

4. CTpyKTypa U coJep:xkaHue AUCUUILIMHBLI PU3NYecKHe OCHOBbI 3aIIMTHI

nHdopManIuu

O0bveM quctumuinHbl (Moayiis) 8 3.e., 288 dacor, 108 yacoB BbIZeIEHO HA KOHTAKTHYIO
paboty oOywaromuxcs ¢ npernojgaBatesnieM (Jiekuuu — 36, mabopatopHbie paboTel — 72), 180
YacoB — Ha CAMOCTOSITENIbHYIO pa0OTy 00y4aroXcsl.

Tadauna 2 — CTpyKTypa M cofepKaHue U CHUIIMHBI (MOTYJIs)
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cemecmpam)

dusndeckue moiist | 3 | 1-6 6 12 30 Omnpoc 1o Teme.
00BEKTOB U MPOOIEMBI Tectupopanue 1
3amuThl HH(HOPMAIIUN Ortuer o
nabopaTopHoi pabote
1. KonrposnbHas
pabora 1
OcHOBBI TECOPHH 7-12 6 12 30 Omnpoc 1o Teme.
(U3UIECKOTO TOJIS TectupoBanue 2
Otuer no
nabopaTopHoi paboTe
2. KonrtponbHas
pabora 2
DJEeKTpOMarHUTHBIC 13- 6 12 30 Omnpoc o Teme.
ABIIEHUS 18 Tectuposanue 3
Otuet no
nabopaTopHoi paboTe
3. KonTponbnas
pabora 3. 3amnuTa
pedepara 1
Hroro 3a 3 cemecTp 18 36 90 9K3aMEeH
®dusnyeckue OCHOBHI | 4 | 1-6 6 12 30 Omnpoc 1o Teme.
(bYHKIMOHATBHBIX Tecrtuposanue 4
IIPOLIECCOB B Oruer no
PaInO3IEKTPOHHBIX n1abopatopHoii pabote
cpencTBax 4. KoHTpoabHas
pabora 4
®usnyecKkue OCHOBBI 7-12 6 12 30 Omnpoc 1o Teme.
aKyCTUYECKUX Tectuposanue 5
SIBJICHUI Otuet mo
nabopaTopHoii paboTte
5. KonTponbHas
pabota 5
dusnueckue 3h HexTs 13- 6 12 30 Ompoc  mo  Teme.
B TEXHUYECKUX 18 TectupoBanue 6
cHUcTeMax Otuer o
nabopaTopHoil pabore
6. KonTponsHas
pabora 6. 3ammuTta
pedepara 2
Htoro 3a 4 cemectp 18 36 90
UTOro 36 72 180 | OK3AMEH

VcioBHBIE 0003HAUECHHUA:

JI — 3anarus nexuumonHoro tuma; [13 — mpaxktuueckue 3anarus, JIP — mabGopaTopHbie
pabotsr; KP — kypcoBast pabota; CP — camoctosiTensHast paboTa o OTJeIbHBIM TeMaM

Ta6aunma 3 — MaTpuia cooTHeceHUsI TeM/pa3iesioB
y4eOHOM JIMCHUILNIMHBI/ MO M (POPMHPYEMbIX B HUX KOMIIETCHIU I




Konx xommereHmun OO01ee
Temel,
Kon-Bo KOJIMYECTBO
paszensl .
4acoB KOMIIETEHINH
JUCLUILINHBI 71K 1
dusznueckue Moist 00bEKTOB M MPOOIIEMBI 48 + 1
3alIUThl HH(OpMAIUU
OcHOBBI TeOpHH (HU3UIECKOTO MO 48 + 1
DNEeKTpOMarHUTHbIE SIBIECHUS 49 + 1
@dusnueckue OCHOBBI (YHKLIHMOHAIbHBIX + 1
MPOLECCOB B paauodJIeKTPOHHBIX | 47
CpeACTBax
@u3nyecKue  OCHOBbI  aKyCTUYECKUX 47 + 1
SIBJICHUI
Ousnueckne SPGPEKTH B  TEXHHUUECKUX 48 + 1
cucreMax
UTOI'O 288

Kpartkoe cogep:xanue KaxkI10d TeMbl JIMCUHMIINHBI

Du3nyeckue nojsi 00beKTOB U MP006JIeMbl 3allIUThHI HHpOpMANNH
OcHOBHBIE TOHATHS W onpeneneHus. Mojens ¢usudeckoro s¢dekxra. 3aKOHOMEPHOCTH
nposiBieHuss ®D. 3akoHomepHocTH mpuioxeHus @OO. 3akoHOMEpPHOCTH MPOSBICHUSA
pe3yabTaTOB BO3JEHCTBUM. 3aKOHOMEPHOCTU TiposBieHuss @D Ha ogqHOM PU3NUECKOM OOBEKTE.
®u3nuecKkue OCHOBBI TEXHUYECKHUX CHUCTEM. Mojenb B BHJE «YEPHOro siuka». CylHOCTb
nporecca nepefaadn nHpopmamuu. XapakTepucTuka GU3NISCKUX Moje 00beKToB. Dusnueckue
MOJIE Pa3fIMYHON TPUPOIBI KaK HOCUTENU HH(DoOpManuu. DNeKTpudeckoe mosie. MarHuTHoe
nojie. ODJEKTpOMarHuTHoe moje. Akxycrtuyeckoe mnoje. dusnueckue MnpoOIeMbl 3alUThI
uHpopmanuu. PU3MUECKHE OCHOBBI 00pa30BaHUs KaHAJIOB yTeuku HHpopmanmu. CTpyKTypa
KaHaja yredku uHpopmauuu. Kiaccupukanus TEXHHYECKMX KaHAJOB YTEUYKH HH(OpMaluu
(TKYH). Ponp @D B 00pa3oBaHMU KaHAJIOB YTEUKH HMHGOpPMALMM U CO3/IaHUM TEXHUYECKHX
cpencts 3U.

OcHoBbI TeOpUH (PU3UYIECKOTO MOJIS

OnemeHTsl Teopuu noss. OcHOBBI Teopuu nousis ¢usndeckue. [I0TOk BEKTOPHOrO MOl U €ro
¢uznueckuil cmbica. JluBepreHuus BEKTOpPHOro mosst U ee ¢usnueckuil cmpich. L{upkynsanus
BEKTOPHOTO MOJIA U ee PU3NUECKUi cMbICI. POTOp BEKTOPHOIO MoJIs U €ro (PU3MUECKUI CMBICII.
['pagvieHT cKamsipHOTO TMOJIE M €ro (Qu3nyeckuil cMmeicia. BomHoBble mnpouecchl. OOmas
Kkjaccuukanus BoiH. Pacnpenenenue BoiaH 1o yacrore. ['apMoHMYecKHe BOJIHBI U BOJIHOBOE
ypaBHeHue. (OCHOBHBIE ONpENeTeHUs. YpaBHEHHE IUIOCKOM Oerymiedi BoiHbL. BomHOBOE
ypaBHeHue. BonHOBBIE ABIICHUS.

DJIeKTPOMATrHUTHBIE SIBJICHUS
OCHOBBI AIEKTPUYECKOTO B3aMMOJCUCTBUA. BUABI AIEKTPUUECKUX TMOJIEH, UX CpaBHUTEIbHAS
XapaKTEPUCTUKA. DIEKTPOCTATUUYECKOE II0JE€, €ro XapaKTepUCTUKH M CBOMCTBA.. Teopema
Octporpanckoro — l'aycca. [leiicTBHE »IEKTpUYECKOTO TOJISI HAa BemecTBa. [IpoBoAHUKM B
anekTpocTatuueckoM moisie. KonaeHcatopel. DieKkTpuueckoe mojie B npoBoaHuKe. [IpaBuma
Kupxroga. MarauTtHble 1011 00bEKTOB. DIEKTPOMarHuTHas UHIAYKIUSA. MarHutHoe 1mose, ero
XapaKTEPUCTUKU. BHIbl MarHuTHBIX TMOJEH. BEKTOp MarHMTHOW HHAYKIMU B TOYKE
OJHOPOJTHOTO MAarHUTHOTO 1oJisi. CBOMCTBA JIMHUMA MarHUTHOW MHAYKIUU. 3akoH buo — CaBapa
— Jlannaca. IlposiBnenue marautHoro nosst. Cunbl Amnepa u Jlopenua. CBoilcTBa MarHUTHOTO
noJist. DNIEKTPOMarHuTHas MHAYKIHS. MarHuTHbIe HOCUTENN HHPOPMAIHH. DJIEKTPOMarHUTHBIC
Mojast W BOJHBL. BHXpeBoe JIIEKTpUYECKOE ToJie, TOK cMmemieHus. [InoTHOCTE Toka



npoBoguMocTd. IlmoTHOCTE TOKa cMemieHus. I[loHSATHE BIEKTPOMAarHUTHOW BOJIHBI, €€
XapakTepucTUKu. (OCHOBHBIE  XapaKTEPUCTUKUA  DBJIEKTPOMArHUTHOW  BOJHBI.  CBONCTBa
JJIEKTPOMATrHUTHBIA  BOJH. IlepeHoc 3HEprum  dIEKTPOMarHUTHBIMA  BOJIHaMH. Ilosd
3JIEMEHTApHBIX H3JIydaresied. 30Hbl M3IydaTens. DKpPaHUPOBAHHE IOJIEH 3JIEKTPOMAarHUTHOU
IPUPOJBI. DKpPaHUPOBAHUE SIEKTpUUECKHUX moyield. CrocoObl YMEHBIICHHS] €MKOCTHOW CBSI3U
MeXay TelaMmu (37eMeHTamMu) A U b. DkpaHupoBaHWE MarHUTHBIX IMOJEH. DJIEKTPOMarHUTHOE
skpanupoBanue. OOIMEe NPUHIUIBI PETUCTPANUUA HWH(DOPMATUBHBIX XaPaKTEPUCTHK TMOJICH.
N3mepenne XxapakTepuCcTUK 3JEKTPOMAarHUTHOTO MOJIS.

®usnyeckne 0CHOBbI GYHKIHMOHAIBHBIX IPOLIECCOB B PAJH03JIEKTPOHHBIX CPeACTBaX

[TonsiTust 3nMeKkTpUUecKUX Lenedl U paanodnekTpoHHbIX cpencts (POC). Cxemsbl 3ameleHus
(Gu3n4ecKux MPOLECCOB B 3JIEKTpUYECKUX wLemsaX. OcoOEHHOCTH 3JEKTPUYECKHUX Iienei
IIEPEMEHHOI0 TOKA. DJIEKTPOMAarHUTHBIE MPOLIECCHl B MPOCTEHIINX LEMSIX NEPEMEHHOrO TOKA.
dusnueckue Impouecchl B KosebaTenbHbIX KOHTypaX. SIBieHue pesoHaHca. Pe3zonanc
HaIpsDKEHUN B IIOCIIEJOBATEIbHOM KOHType. Pe3oHaHC TOKOB B MapajljieIbHOM KOHTYpE.
[Tapa3zuTHble TMpoLEcChl B 3JEKTPUUYECKHX LEMAX PAJUONIEKTPOHHBIX cpeAcTB. llapaszuTHas
eMKOCTHast cBsA3b. IlapasuTHas uWHAYKTHBHAs CBA3b. llapasuTHas rajgbBaHHWYECKas CBS3b.
['enepanust  27€KTpOMAarHUTHBIX  KojeOaHuil. CBoOoaHbIE KoyeOaHHS B MJI€AIILHOM
KosiebarenbHOM KOHType. CoxpaHeHHe PHEPTrUu MPH TapMOHUYECKUX KOJICOaHMAX. 3aTyxaHHe
CBOOOJHBIX KOJeOaHHI B pealbHOM KojeOaTelbHOM KOHType. BbIHyXIeHHble KojeOaHHs B
KoJIe0aTeIbHOM KOHType. YCTpONCTBa T'eHEpaIlluu CHHYCOMAANBHBIX KojeOanuid. [lapazutHas
reHepauus. I'eHepanys 3JI€KTPOMarHuTHbIX BosH. Dusnyeckue mporecchl B paclpeaesieHHbIX
nersix. OCHOBHBIE TOHSTHS TEOPUM JUIMHHBIX JuHUK. [luddepennmansupie (tenerpadHbie)
ypaBHEHMsI JJIUHHOM JuHUM. PuU3nMdeckuil CMbICT peLleHUd TenerpadHbIX ypaBHEHHH.
BosHoBbIe mporiecchl B IMHUU € PACIPEAEICHHBIMU TapaMeTpaMu. AHaJIN3 U3MEHEHUS BOJIH B
IPOCTPaHCTBE M BO BpeMeHU. Pexumbl paboThl JHUHUU. JIIMHHBIE JIMHUM B KayecTBe
KosebarenbHbIX cucteM. I[lpomeccel MoOmynsimuu W OeMOAYNIAUMW curHaioB. OCHOBBI
MOJYJIILINY, TPEICTABIEHNE CUTHANOB. Buasl monymsnuu. MareMaTH4ecKoe NpeCTaBICHUE
CUTHaJa. AMIUINTYIHO-MOAY/IMPOBaHHbIE KojebaHus. YacTOTHO-MOAY/IMpPOBaHHbBIE KOJIEOaHNUS.
Hemonynsauus. IlpoctpaHcTBeHHass M 4acToTHass ceieKuuu. OCHOBBI TPOCTPAHCTBEHHOU
cenekuuu. YactotHas  dunpTpauma. Knaccuduxauus — aneKTpudyeckuxX — QUIBTPOB MO
PAacIIOIOKEHHIO MOJIOCHI MporyckaHus. [loka3arenn 4acTOTHRIX (PUIBTPOB.

Du3uyecKHe OCHOBbI AKYCTHYECKHMX ABJICHHH

XapakTepruCTHKAa 3BYKOBBIX BOJIHOBBIX IPOLIECCOB. YIPYTHE BOJHBI, MX XapaKTEPUCTHKA.
XapakTepHble 0COOCHHOCTH 3BYKOBBIX BOJH. JIMHEHHBIE XapaKTEPUCTUKU aKyCTHYECKHX BOJH.
DHEpPreTUYeCKue XapaKTePUCTHUKU aKyCTHUYECKUX BOJIH. [IposiBlieHHe BOJHOBBIX CBOWMCTB B
akyctruueckux moisx. MHbpa3Byk, ynbprpazByk. Crnenuduueckue 0COOCHHOCTH YIbTPa3BYKA.
OcHoBbI akycTukH. [Iporecc 06pa3oBaHust U BOCIPUSATHS PEUEBBIX CUTHATIOB. OCHOBBI aKYCTHKU
peun. OTAMYUTENBHBIE OCOOEHHOCTH OOpa30BaHUsl COTJACHBIX 3BYKOB. OCHOBBI aKyCTHKHU
cinyxa. Crienuduka akyCTUKU TOMEIICHHUH. 3BYKOU3OJISAINS U 3BYKOTIOTJIONIEHHUE.

PDusznyeckue 3PPeKThl B TEXHUYECKHX CHCTEMax
Knaccugpukamus @D. Ousnueckue 3(PQPeKTbl aKyCTORIEKTPUUECKOro MpeoOpa3oBaTels.
WuaykTuBHBIE TeHepaTopHble mpeoOpazoBaren. EMKOCTHBIE W NbE303JEKTPUUECKHE
npeoOpa3oBaTenu. EMKocTHBIE M TBE302JIEKTPUUECKHE  IpeoOpa3oBaTelu. OC]
aKyCTOONTHYECKOro M mpeobOpazoBarens. PO akycTOONTHYECKOrO U IpeoOpa3oBaTels.
Knaccugukanuss nOpsMBIX — ONTHKO-JIEKTPUUECKUX MpeobOpazoBarensx. DOTONPUEMHHKH.
[Tpeobpa3zoBanne HHGPAKPACHOTO U3ITYUEHHS B BUIUMOE U3IIydEHUE.



5. METOJWYECKHUE YKA3AHHUS MO MPEIOIABAHUIO
W OCBOEHWIO JUCHUILIAHBI (MOIY.JISA)

5.1. Ykazanus AJs npenojgaBaresieii M0 OPraHM3alMd M NPOBEAEHUI0 Y4YeOHBIX
3aHATHH M0 TUCHHUILIMHE (MOAYJII0):

[Ipy mOAroTOBKE K JICKIIMOHHBIM 3aHATHSAM HEOOXOJMMO BOCIOJB30BaThCA  y4eOHO-
METOJIMYECKOW JuTepaTypol (OCHOBHOM) u3 1.8. Jlekunn He0OXOOUMO TIPOBOAUTH C
UCIIOJIB30BaHUEM IIPE3CHTAIHH, co3manHbiXx B Microsoft PowerPont.

[Ipy monaroroBke K J1a0OPAaTOPHBIM 3aHATHSIM HEOOXOAMMO BOCHOJB30BATHCA y4deOHO-
METOJIUYECKON JINTEPAaTypol (IOMOJHUTENBHON) U UHPOPMAIIMOHHO-CIIPABOYHBIMU PECypcaMu

3 11.8.

5.2. Yka3zanus 1J1s1 00y4a0IMXCs 10 OCBOCHUIO TUCUUIJIMHBI (MOIYJII0)

Bo Bpems camocTosTeNnbHONH pabOThI HEOOXOIMMO BOCIIOJIB30BATHCS YUEOHO-METOTUICCKON
auTepaTypoil u3 1.8 (OCHOBHOI), (IOMOJMHHUTEIBHOW) M HH(DOPMALMOHHO-CIIPABOYHBIMU

pecypcamu.

Ta6auna 4 — Coaepxanue caMOCTOATEIbLHOH padoThl 00YYaIOIIMXCS

Howmep
pajiena Bonpocel, BBIHOCUMBIE HA CAMOCTOSITENTEHOE Kon-Bo DopMbl paboThi
W3YYCHHC 9acoB
(TembI)
[ToaroroBka k ompocy o teme. [loaroroska 30 Bueayauropnas,
tectupoBanuto 1. [Toaroroska ordera mo ydacTue
naboparopnoit padore 1. [ToaroroBka k CTYJICHTOB B
1 KOHTpOJIbHOHU paborte 1 COCTaBJICHUH
TECTOB,
U3YYCHHE
yueOHBIX
ocoOui
[ToaroroBka k ompocy no teme. [loaroroska 30 Bueayauropnas,
tectupoBanuto 2. [Toaroroska oTdera mo ydacTue
naboparopHoit padote 2. [ToaroroBka k CTYJICHTOB B
2 KOHTPOJIbHOU paboTe 2 COCTaBJICHUU
TECTOB,
U3YYCHHE
yueOHBIX
ocoOui
[ToaroroBka k ompocy mo Teme. [loaroroska k 30 Bueayauropnasi,
tectupoBanuto 3. [Toaroroska oTdera mo ydacTue
naboparopnoit padore 3. [loaroroBka k CTYJICHTOB B
3 KoHTposibHOU pabote 3. [Toaroroska pedepara 1 COCTaBJICHUH
TECTOB,
W3YYCHHE
yueOHBIX
mocoouii
[ToaroroBka k ompocy mo Teme. [loaroroska k 30 Bueayauropnasi,
tectupoBanuio 4. [lonroroBka oruera mno y4acTue
4. nabopatopHoit pabote 4. CTYJICHTOB B
[ToaroroBka Kk KOHTPOILHOM paboTe 4 COCTaBJICHUH
TECTOB,




U3YYCHHE
y4eOHBIX
[mocooui

ITonroroBka k onpocy o reme. Iloaroroska k 30 Bueayauropnasi,
tectupoBanuto 5. [Toaroroska otuera no ydacTue
naboparopHoit pabore 5. CTYJICHTOB B
[ToaroroBka K KOHTPOJILHOM paboTe 5 COCTaBJICHUH
TECTOB,
U3y4eHUe
y4eOHBIX
ocoouit

IlonroroBka k ompocy mno Tteme. lloaroroBka k 30 Bueayauropnasi,
tectupoBanuto 6. IlogrotoBka  oryera 1O ydacTtue
naboparopuoit  pabore 6. IlogrotoBka K CTYJICHTOB B
KOHTpOJIbHOH padote 6. [Tonroroska pedepara 2 COCTaBJICHUH
TECTOB,
U3y4YCHUE
y4eOHBIX
ocoouit

5.3. Buabl 1 ¢gopMbI NMCbMEHHBIX PadoT, NPeIyCMOTPEHHBIX NIPH OCBOCHUM AUCHHILIMHBI,
BBINO/THsIEMbIE 00YYAIOIMMHCS CAMOCTOSITEILHO — MOATOTOBKA 2-X pedepaToB.

IIpaBuaa ogopmiieHHs TEKCTA MOSICHUTEILHOM 3anMCcKu pedepaTa

Ha TuTynbHOM JHCTE IPONMUCKHIBAIOTCS: Ha3BaHUE YHHUBEPCUTETA, GaKyIbTeTa, KaQeapsl,
Ha3BaHME JUCIUIUIMHBI, TeMbl pedepata, O.M.O. crymenrta, Homep rpymmb, O.N.O.
MpPEnoiaBaTesis U OCTaBJISETCS MECTO JJIsl MPOCTABJICHUS OLICHKU W TOJIMUCH MPEerojaBaTes .
Buu3y nuiercst ropoj ¥ ro HamucaHusl.

TexkcToBasi yacThb

Uznoxenne tekcta u odopmiieHHe pabOThl ClEAyeT BBIMOIHITH B COOTBETCTBUU C
TpeOOBAHUSIMHU.

Texct 113 odopmnsercs Ha oHOIM cTopoHe TUcTa popmara A4.

OcHoBHOI TekcT HaOupaercst mpudrom Times New Roman 12, ¢ BeIpaBHUBaHUEM 710
wiupuHe, ab3alHBI OTCTYN JOJKEH OBITh OJMHAKOBBIM IO BCEMY TEKCTy W paBeH [,25 cm,
CTPOKH PA3ACIAOTCS NOYMOPHBIM UHIMEPBATIOM.

[Tons crpanuibl: BepxHee -2,5¢M, HIKHee — 2,5 ¢M, eBoe — 3,5 cm, npasoe — 1,0 cm.

Crpykrypubie anementsl mnosicautenbHoil 3anmucku COJEPXKAHHUE, BBEJIEHUE,
3AK/IIOYEHHUE, CITIMCOK UCITIOJIb30BAHHBIX HCTOYHUKOB, TIPUJIOKEHUE
JIOJI’KHBI HAQUUHATBHCS C HOBOTO JIUCTA.

Wx 3aronoBku ohopMIISIIOTCS nponucusimu oykeamu, wipugpmom 14 2K, pactionararorcs
8 cepedune cmpoku 6e3 mouku 6 Kouwye. JJOTIONHUTENLHBIN UHmMep8an nocie 3aroioBka - 12 nm.

OCHOBHYIO 4acTh paOOTHI pa3AeisAoT Ha pa3Aeibl, MoApa3Aesbl U, IPU HEOOXOAUMOCTH,
Ha ITYHKTEHI.

Kaxplii pa3aen HeoOX0JMMO HAUMHATh ¢ HOBOTO JiMcTa. Pa3iensl HyMepyroT apaOCKuMu
nudpamMu B mpenenax Bcero Tekcra. Ilocie Homepa u B KOHIIE 3arojlOBKa pasjiena mouka He
cmagumcsi.

Ecnu 3aronoBok coCTOUT U3 IBYX NMPEAJIOKEHUN, UX Pa3AEAIOT TOUKOU. [lepernocwl cnog
8 3a20/106KAX He OONYCKAIOMCA.

3arojoBKku paszienoB OGOpPMIISIIOTCS ¢ nponucHou Oykewl, wipugpmom 14 K, c
a63aunoro orcryna 1,25 cm. JlonoaHUTENbHBIN unmepsan nocie 3a20106ka - 6 nm.

(Ecnm 3aronoBok paszena 3aHUMAET JIB€ M OOJbIIee YHUCIO CTPOK, TO MHTEPBAT MEXIY
ITUMH CTPOKAMU — HOTYIMOPHBIM).




ITonpaznensl HyMepyroTCsl B Ipefenax Kaxaoro pasaena. Homep noxpasziena cocTouT u3
HOMEpa pasfiella U IOPSAOKOBOrO HOMEpa IOApaslelna, pas3feseHHbIX Todkou. Ilocie HOMepa
1oJipasziesia TOUKy HE CTaBsT.

3aroJoBKM NOJPA3/ENIOB I€4aTaroTcsl ¢ ab3alHOro OTCTYyNa, ¢ MPORUCHOU OyKebl
wipugpmom 12 7K, 6e3 TOUKM B KOHIIE 3ar0JIOBKa.

JIOnOJTHUTENbHBIN unmepean nepeo 3arojaoBKOM MoApasaena — 6 nm, nocie 3arojoBka - 6
nm.

IIyHKTBI HyMepyIOTCS B Ipeaenax Kakiaoro noxpaszgena. Homep myHkTa cocTOMT 3
HOMEpOB pasjena, NoJpasjiena U MyHKTa, pa3[eseHHbIX Toukoi. [locie Homepa MyHKTa TOUKY
HE CTaBsIT.

Henp3s nucars 3aroioBOK B KOHIE CTPAHULBI, €CIIM HAa HEM HE YMEIAIOTCs, 110 KpalHen
Mepe, ABE CTPOKHU TEKCTA, UAYLIETO 3a 3aT0JIOBKOM.

[Tpumep odopmileHus: 3aroJIOBKOB TEKCTA!

1 Pa3paboTka annapaTHbIX CPeICTB
11
125
1 .3}

2 TexHU4YeCKHE XapaKTePUCTHKH

21
22l Hymepanusi myHKTOB BTOPOro pa3jieja oT4era

Hymepanusi myHKTOB epBOro pasjiesa or4yera

2.3)

B mnoscHurenbHOW  3amuMcKe IOCNI€  TUTYJBHOIO  JIUCTAa  MOMELIAETCSl  JIMCT
COJEPKAHMUE, B KOTOPOM yKa3bIBalOTCS HOMEpa U HAMMEHOBAaHM pa3/IeoB, NOAPa3IeiIoB U
npunoxenui T/l ¢ ykazaHueM HOMEPOB CTPAHULL, T/1€ OHU HAaUMHAOTCSI.

Pazgenbl, moapasznensl 3amuchIBAlOTCS B COAEPKAHUM B TOYHOM COOTBETCTBHM C HUX
HAaUMEHOBAHUSIMU 0€3 COKPALEHUIN cmpoyHbIMU OYK8AMU KPOMe NEPBOTi NPONUCHOU.

IMepeuncienus

B TexcTe MOSCHUTENHHOM 3alUCKU MEPEUMCIICHUsT TPOU3BOAATCS ¢ a03alHOro OTCTYIA,
KaXXJI0€ C HOBOW CTPOKH C dedhucom.

[Tpumeps! HanucaHUs:

- TeKCT nosicuutenbHo 3anucku (I13) (c pucynkamu, Tabivuamu M T. 11.);

- IPUJIOKEHMS,

- IepeveHb TEPMUHOB;

- IEPEYEHb COKPALLEHUM;

- IepeyYeHb JIUTEPATYPHI.

[Ipn HEOOXOAMMOCTH CCBHUIKM B TEKCTE OTYETa HA OJWUH W3 DJIEMEHTOB IMEPEUYHCIICHUS
BMeCTO Jieduca CTaBATCS CTPOYHBIE OYKBBI B MOPSIKE PYCCKOTO andaBuTa, HAYMHAS ¢ OYKBBI a
(3a uckiroueHuemM OyKB 3, i, 0, 4, b, bl, b).

Jlis nanpHeWmed aeTtanu3alyy MEepedyrcIeHnid HeoOXOAMMO HCIOIb30BaTh apabckue
i dpeI, TOCIIE KOTOPBIX CTAaBUTCA CKOOKA, a 3alMHCh MPOW3BOIUTCS ¢ ab3aIHOTO OTCTYyMa, KaK
MOKAa3aHO B IIPUMEDPE.

[Ipu HeoOXoguMMOCTH NajdbHEWINEH JeTanu3allid TEPEYHCICHUH  HCTOIB3YIOTCS
apa0ckue 1upsl U CTPOUHBIE OYKBBI PYCCKOTO angaBuTa, Mociie KOTOPBIX CTaBATCS CKOOKH:

a)...;



0)...;
1)...;
2)...;
B).
[IpuMeps! HanMcaHus:
1) tekct nosicautensHoM 3amucku (I13) (¢ pucyHkamu, TaOIUIIAMHY | T. I1.);
2) TNPUIIOKCHUS,
3) mepeyeHb TEPMUHOB;
4) mepeyeHb COKPALICHUIA;
5) mepeveHb JTUTEPATYPBI.

[Ipumeps! HanMcaHus:

a) TekcT nosicnutenbHou 3anucku (I13) (¢ pucynkamu, TabiuiamMu u T. 11.);
0) MPUIIOKEHNUS,

B) IIEpeYEHb TEPMHUHOB;

T) IepeueHb COKpaIICHHI;

1) IEpEeUEHb JINTEPATYpBI.

CokpanieHus cjioB

CoxkpallieHue cioB B TEKCTe, Kak MpaBUIIO, HE Aomyckaercs. MckiroueHne cocTaBisioT
COKpAIIeHUS, OOIICTIPUHSATHIC B PYCCKOM SI3BIKE: T. €. (TO €CTh), U T. I. (M TOMY IMOA00HOE), U T.
1. (4 Tak ganee), u ap. (4 Apyrue).

[Tpu HEOOXOIUMOCTH MPUMEHEHHSI CIIEM(PUUECKIX TEPMHUHOB MM COKPALICHUN HYKHO
JaTh UX pa3bsICHEHHWE IMpU TMEpPBOM YHNOMHHAHMU. Hampumep «...co3gaHMe cHCTEM
aBromaruyeckoro npoexktupoBanus (CAIIP)». B mocnenyromiem TeKcTe NPUHSTHIE COKpAILEHUs
nunryTcsi 6e3 cKoOoK.

Dopmy.Jibl

CocTaBHOW 4acThIO TEKCTa IMOSICHUTEIbHOM 3alMCKU SBISIOTCA MaTeMaTUYecKue
(bopmyIbl 1 cooTHOIIEHUS. POpMYIIBI CO3AA0TCS B peakTope (hopMyi.
@opMyJIbl pacnoiararoT B CEpeIMHE CTPOKHU U BBIIEIAIOT U3 TEKCTa CBOOOHBIMU CTPOKAMHU.

[Tpumep odopmiteHHs pacueToB:
KonnuecTBo HaceneHus B 3aJJaHHOM IMYHKTE U MOTYMHEHHBIX OKPECTHOCTSIX C YYETOM
CpPEIHEero MpUpoCcTa HaceseHus onpezaensercs no Gopmyne (3.1):

B AHWE
H, = Ho (1 * m)* (3.1)

rae  Ho— uucno xxutenel Ha BpeMs IPOBEICHUS MepeNncy HaceleHus, ThIC. YellL.;

AH — cpenumii roJ0BOIl MPUPOCT HAceNEeHUS B AAHHOW MECTHOCTH, % (IpUHUMAeTCs
2...3%);

t— nepuon, OHpe,[[eHSIGMHﬁ KaK pa3HOCTb MCIKAY HAa3HAUYCHHBIM I'OJOM HCPCIICKTHBHOTO

MPOCKTUPOBAHHUA U ITOAOM IMPOBEACHUA MEPCTIMCHU HACCIICHUA, TOM.
]

2
H, = 32,6(1 + —) = 38,2 TeIC.HeJ.
100

PacmmgpoBka (Gopmyinbl, mpu HEOOXOJUMOCTH, MPUBOAUTCS HEMOCPEACTBEHHO O]
dopmynoil. B koHue ¢opMynbl cTaBUTCS 3amsTas, MOSICHEHHWE 3HAYEHHM CHMBOJIOB JAlOT C
HOBOH CTPOKH B TOH MOCIIEI0BATEILHOCTH, B KaKOI OHU MTPUBEICHBI B (popMyIe.



dopmynsl HYMEpPYIOTCS B mpeaenax pasaena. Homep (opmysisl cOCTOMT U3 HOMeEpa
pazziena W TMOPSAIKOBOrO Homepa (opMynsl B 3ToMm paszzaene. Homep ¢opmysbl B KpyIbIX
CKOOKaX MOMEINAeTCs B KPaifHEM MIPaBOM IOJIOKECHHH Ha CTPOKE.

Ccpuika B TeKCTe Ha popMyiy: «...B popmyie (3.1)».

Taoaunnl

[udposoii marepuan odopmisiercss B Buae Tabiun. Tabmuiy cienyer pacrojiaraTh
HETIOCPEICTBEHHO MOCIIE CCBUIKH Ha Hee.

Pa3mepsl TaOuui BBHIOMPAIOTCS MPOM3BOJIBHO, B 3aBUCHUMOCTH OT IPEICTaBIISIEMOIO
Marepuaia. Beicota CTpOK TabIHIbI TOJDKHA OBITH HE MEHEE 8 MM

Tabmuia 2.1 — HaumenoBanue Ta0InIbl

3aronoBku rpad

[TonzaromnoBku rpad

Ctpoku
(ropu3oHTaNbHbBIE

PAIIBI)

3arojoBku rpad M CTPOK TaOMUIBl JOJKHBI HAUMHATBCS C IPOMUCHOM OYKBBI, a
HO/3arojoBKU rpad — cO CTPOYHOHW OYKBBI, €CIIM OHHM COCTaBJISIOT OJHO MPEIJIOKEHUE C
3arosioBkoM. Eciiu moa3aronoBku rpad MMerOT caMOCTOSATENIbHOE 3HAYeHUE, TO UX HAUYMHAIOT C
IPONUCHON OYKBBI.

3aroJIOBKM yKa3blBalOT B €IMHCTBEHHOM 4uCIEe. B KOHIIE 3ar0JIOBKOB U IIOA3ar0JI0BKOB
TaOJINLbI TOUKH HE CTaBST.

PaznensaTe 3aronoBku OOKOBMKA U Trpad AMAaroHAIBHBIMU JMHUSAMHU He Jomyckaercs. I'pady

((HOMep 110 IOPAAKY» B Ta6n1/1uy BKJIFOYATb HE JOITYCKACTCH.

Tabmuupsr HymepyloTcst B mpenenax pasfena. Homep TaOmuIsl COCTOMT M3 HOMepa
paszena M MOpsSIKOBOrO HOMepa TaONHUIbl B 3TOM pasaene. Homep U HauMeHOBaHHE TaOJIUIIBI
cllelyeT IOMeNIaTh Haj TabIuIeil cieBa yepes Tupe.

[Tpumep opopmieHns TabIULIbL:

Tabnuma 3.1- J{nmuHa y4acTKOB Tpacchl

[IpoTsKEHHOCTh y4acTKa MPOEKTUPYEMOI Tun xaBerms
TPACChl, KM
0,084 JI1C-04-24A06-7,0
0,167 JI1C-04-24A06-7,0
0,301 JI1C-04-24A06-7,0
0,779 JI1C-04-24A06-7,0
OOmras gouHa kaoemnsa: 1,331 km JI1C-04-24A06-7,0

[Tpumeuanue — TonmuAy nuHUN TabIUIIBI 3a7aiTe 1 TIT.



Tabnuiy ¢ OONBIIMM YHCIOM CTPOK JOIYCKaeTcs MEPEHOCHUTh Ha apyrou ymct. [lpm
9TOM B TIEPBOM YacTHU TAOJMIIBI HUKHIO TOPU3OHTAIBHYIO JIMHUIO HE TpoBoaiT. Ham BTOpoi
yacThio cieBa numyT: «IIpogomxenue Tabmumbr 2.1%.

ITponomxenne Tabaursr 2. 1
Jlara HaunmenoBanue CTOMMOCTH

Pucynkn

I'paduueckuii MaTepuan pacroyiaratlotr, BO3MOXKHO, OJIKE K TEKCTY, B KOTOPOM O HEM
YIIOMHHAETCS.

Bce pucynku HyMepyroTes B pefenax pasjeina u A0JKHbI UMEeTh HauMeHoBanue, Homep
pPHCYHKa U €ro HAMMEHOBAHUE PacIoIararoT 0] pUCYHKOM CIIEIYIOLUM 00pa3oM:

1

0.9

0.3

ESI} -24 -18 -12 -4 0 6 12 18 24 30

PucyHok 2.12 — KprBas koadduumeHTa BOCNpUATAS peyn

CcbliKa B TEKCTE Ha PUCYHOK: «...B COOTBETCTBUU C PUCYHKOM 4.3».
Ecnu B pasgene BBEJEHWE ecTb pMCyHKW, TO OHN HYMEPYHOTCS KaK :
PucyHok B.1 — HasBaHue pucyHka

CnucoK HCNO0JIb30BAHHBIX HCTOYHHKOB

CHuCcoK HMCTOIB30BAaHHBIX HCTOYHUKOB MPHBOJTUTCS B KOHIIC TOSCHUTEIBHOW 3aITUCKH.
CHnHcoK HCIOJIb30BAHHBIX YY€OHUKOB, CIPABOYHUKOB, CTAaTel, CTAaHAAPTOB H Jp. CIEIyeT
pacrosiaraTth B TOPSIKE IMOSBICHUS CCBUIOK HAa MCTOYHHKH B TEKCT€ paOOTHI U HYMEpPOBAaTh
apa0bckumu 1udpamu 0e3 TOUKH, Meyararh ¢ ab03aIHOrO OTCTYTIA.

CHuCcoK JUTEepaTyphl JOKEH OBITh COCTaBieH B ajdaBuTHOM mopsake. CIHCOK aapecoB
cepBepoB Internet ykaspIBaeTCs IMOCIE JUTEPATyPHBIX HCTOYHUKOB. [Ipu yKkasaHuu BeO-aapeca
PEKOMEH/TyeTCs 1aBaTh 3aroj0BOK JJAHHOTO pecypca (3arojoBOK BEO-CTPaHHMIIbI).

ITpu cocTaBieHUH CIHCKA JIMTEPATyphl B al()aBUTHOM MOPSAKE CIEAYET MPHIACPKHBATHCS
CIIETYFOIIMX TTPABHIT:

1) 3aKkOHO/IaTENbHBIE AKTHI M TIOCTAHOBJICHHS IPaBUTENLCTBA PD;

2) crienalibHas HAyYHAs TUTEPaTypa;

3) MeTOIMYECKHUE, CITPABOYHBIC 1 HOPMATHBHBIC MaTePHaJIbl, CTAaThbH IEPUOTHUSCKON TICUATH.



JUIs MHOTOTHpaXXHOM JIUTEpAaTypbl NPU COCTABICHUM CIHACKA YKa3bIBAIOTCA: IIOJIHOE
Ha3BaHUE MCTOYHMKA, (PaMWIMS U MHULHKAJBI aBTOpA, U3ATEIBCTBO U T'0Jl BBIyCKa (A CTaTbu —
Ha3BaHUWE W3MaHUs U ero Homep). [lonHoe Ha3BaHHWE JTUTEPATYPHOTO HCTOYHHKA MPUBOAMUTCS B
Havajie KHUTH Ha 2-3 CTpaHule.

Jlis 3aKOHOJATENBHBIX AaKTOB HEOOXOJUMO YKa3blBaTh MX IOJIHOE€ Ha3BaHUE, MPUHSBIIMMA
OpraH U JaTy IpUHSTHS.

IIpn ykazanum aapecoB cepBepoB Internet cHauama ykasbIBaeTCs Ha3BaHHE OpraHU3ALNU,
KOTOPOU MPUHAJIEKUT CEPBEP, a 3aTEM €TO0 MOIHBIN aapec.

[Tpumepsl 3anuceit:

1 I'myxoB B. A. HccnenoBanue, pa3paboTka U IMOCTPOEHHE CHCTEMBI 3JEKTPOHHOM
JIOCTaBKH JIOKYMEHTOB B OnOimoTreke: ABroped. nuc. kana. TexH. Hayk. — HoBocubupck, 2000. —
18 c.

2 DxoHOMUKa U nonuTHKa Poccuu u rocynapctB OJMKHETo 3apy0exbs : aHAIUT. 0030p,
anp. 2007, Poc. akan. Hayk, MIH-T MHpPOBOIl SKOHOMHMKH U MYXAYHap. OTHOLIEHMH. — M. :
NMBMO, 2007. -39 c.

3 @enyxun B. U. DTHOMONMMTHYECKHE KOH(IMKTEI B COBpeMeHHOM Poccuu: Ha mpumepe
CeBepo-KaBkaskoro pervona : auc. ... Kaui. moauT. Hayk. — M., 2002. — c. 54-55.

4 OdunmansHbie IEPUOJUICSCKIE W3IaHUs : JJICKTPOHHBIN myTeBoauTeNb / Poc. Hail. 6-
Ka, LlenTp IPaBOBOM uH(pOpMaLIUH. [CIIo], 200520076. URL:
http://www .nlr.ru/lawcrnter/izd/index.html (nara oopamenus: 18.01.2007).

5 Jlorunosa JI. I'. CymHocCTh pe3ynbTaTa IOMOJIHUTEIHLHOTO oOpa3oBaHHs neTei //
OO6pa3oBaHue: UCCIEAOBAHO B MHUPE: MEXIyHap. Hayd. men. uHTepHeT-xypH. 21.10.03. URL:
http://www.oim.ru/reader.asp?nomer=366 (xara obparuenus: 17.04.07).

6 PeiHOk TpenmHroB HoBocmOmpcka: cBosi mrpa [DIeKTpoHHBIH pecypc]. — Pexum
noctyna: http://nsk.adme.ru/news/2006/07/03/2121.html (gara obpamenus: 17.10.08).

Od¢opmiieHue NpUI0KEHU I

HyMeparus IpHIoKeH #H 0CyIecTBIAETC PyCCKUME OykBaMu, kpoMe 6yks E, I, b, b,
bl, O.
B paznene COAEP)KAHUE na3zBanue npunoxeHus 0hopMIIaeTcs CaeayonM o0pa3om:

[MPUJIOXKXEHUE A — TuarpamMma Ki1accos

B camom npunoxenun, cioso IIPUJIOKEHUME A nuiercs xupHbIM HIpU(TOM 110
LIEHTPY, Ha CJIEAYIOLIEH CTPOKE IMUIIETCS HA3BAHUE IPUIIOKEHHUS, 110 LEHTPY KUPHBIM
npudToM, HalpuMep,

HNPUJIIOXKEHHUE A
JAuarpamma KjaccoB

Ecnu mpunoxeHue npooKaeTcs Ha CleAyIoeld CTpaHuIe, TO He0OOXOAUMO CBEPXY IO
LEHTPY, HEXUPHBIM HIPUPTOM HaNUcaTh CJIOBA:
ITponomxenue [lpunoxenns A

Ecyin B npujioKeHUH, HAIPUMeEP, B MPUIOKEHUH A eCTh TA0JMIbI, TO OHU HYMEPYIOTCSI KaK:
Taomuma A.1- HasBanue TaOInIIbl

Eciu B MPUIOKCHUHU €CTh PUCYHKHU, HAIIPUMED, B IIPHUIIOKCHUN A, TO OHU HYMCPYIOTCS KaK:



Pucynox A.1 — Ha3zanne pucynka
Kpurepum ouenku pedepara:

— OIEHKA «OTJIMYHO» BBICTABIIICTCS OOYYAIOIIEMYCsl, €CIH CTYIEHT IPEICTaBHUII
pedepar B COOTBETCTBHM C METOJWYCCKUMHU YKa3aHHsAMH, wuH(bopmanus B pedepare
chopmynupoBaHa OOOCHOBAaHHO, JIOTUMHO M IIOCIIEIOBATEIbHO, MPUMEHEH TBOPYECKHUI
MOJXOJl, YYTE€Hbl OCHOBHBIC HOPMATHUBHO-TIPABOBBIC JOKYMEHTHI 10 HWH(OPMAIMOHHOU
0€30I1aCHOCTH,

— OIICHKA «XOPOII0» BBICTABIIACTCS 00YYAIOMIEMYCsi, €CIIU CTYJICHT MPEACTaBUI pedepar
B COOTBETCTBHUHM C METOAMYECKMMH YKa3aHUsIMHU, nHGopmauus B pedepare chopmyrrpoBaHa
000CHOBaHHO, (HDOPMYJIIHMPOBKHA KOHKPETHBIC, TPUBEICHBI CCHUIKM HAa HOPMATHBHO-TIPABOBBIC
JOKYMEHTBI 110 HH(POPMALMOHHOM 0€30MacHOCTH, JOMYLIEHbB HEKOTOPhIE HETOYHOCTH, HMEETCS
oJlHa HerpyOas ommuoKa.

— OIEHKa «YyJOBJIETBOPUTEIHHO» BBICTABISIETCS OOYyYalOIIEMyCs, €CIU CTYIEHT
npencTaBwil pedepaT B COOTBETCTBHH C METOAMYSCKUMH YyKa3aHHWSAMH, HH(OpManus B
pedepare chopMylnrpoBaHa ¢ HapyIIEHUEM JIOTHKHU, HE MOIHAs, (GOpMYIUpPOBKa OOIIas WIu
HETOJTHASI, UMCIOTCS OJIHA WJIM JIBE HErpyOble OIMMOKHW, NPUBEICHBI HEBEPHBIC CCHUIKH HA
HOPMAaTHUBHO-TIPaBOBBIE JOKYMEHTHI 0 HH(POPMALIMOHHOW O€30MMaCHOCTH;

— OIIEHKA «HEYIOBJIETBOPUTEIHHO» BBICTABIIACTCS O0y4arOIIEMyCs, €CIM CTYICHT He
npelncTaBuil pedepar WIM BBIIOIHII €€ HEBEpHO, 0e3 HCIOIb30BAaHUS METOAMYECKUX
yKa3aHuM, OOOCHOBAaHUSI HEBEpHBIC, ClENaHbl TPyOble OMIMOKH, OTCYTCTBYIOT CCBHUIKH Ha
HOPMAaTUBHO-TIPABOBBIC JOKYMEHTHI 110 MHPOPMAIIMOHHOM 0€30IMacHOCTH.

6. OBPA3OBATEJIbBHBIE U THOOPMALIMOHHBIE TEXHOJIOTUHN

HpI/I peai3aniui  pa3jidIHbIX BHUIOB y‘IC6HOI>'I pa6OTLI nmo JUCHUIIIIMHE MOTYT
HCIIOJIB30BATHCS DJICKTPOHHOC O6y‘ICHI/Ie N JTUCTAaHIIMOHHBIC O6paBOBaTCJ'IBHI>I€ TCXHOJIOTHH.

6.1. O0pa3oBaTe/ibHbIE TEXHOJIOTUH

VY4eOHble 3aHATHS 1O JAMCUMUIUIMHE MOTYT IPOBOAMUTBCA €  IPUMEHEHHEM
UH(POPMALIMOHHO-TEJIEKOMMYHUKAIIMOHHBIX CETeH TNpU ONOCPEIOBAHHOM (Ha PACCTOSHHM)
WHTEPAKTUBHOM B3aUMOJICHCTBUU OOY4YaIOIIMXCS M IpernojaBaresis B pexumax on-line B
dopmax: BHICONEKIMH, JEKIUI-Tpe3eHTaINH, BUICOKOH(EPEHIINH, coOeceI0BaHNs B peKUME
yat, (hopyma, yaTa, BHIIIOJIHEHUSI BUPTYAJIbHBIX MPAKTHYECKUX U/WIH Ja00paTOpHBIX padoT U Ap.

MaxkcumanbHblE  00bEM 3aHATUH OOYyYarolerocss ¢ NPUMEHEHHUEM 3JIEKTPOHHBIX
00pa30BaTebHBIX TEXHOJIOTUN HE 0JKEH NpeBbIaTh 25%.

Tabauna 5 — O0pa3oBaTebHbIC TEXHOJIOTHH, HCIOJIb3yeMble NPH PeaJInu3aluHu yY4eOHbIX
3aHATHI

Paznen, Tema dopma yueOHOT0 3aHATHS
JTUCIIUATITAHBI (MOTYJIS) Jlexmmst [TpakTueckoe JlaGopaTtopHas
3aHSATHE, CEMHHAP pabota
Qusuueckue noas obvekmos u | O030pHas reKyus He 8bINOIHEHUE
npobeMbl 3auumol UHGopmayuu npeodycmMompeHo nabopamopuoi
pabomol
Ocnosbi  meopuu  ¢usuueckozo | Jlekyusa-ouanoe He 8bINOIHEHUE
noss npeoyCmMompeHo 1abopamopHou
pabomwl
DnexmpomacHumHule s181eHUs. Jlexyus He 8bINOIHEHUE
npeodycmMompeHo nabopamopuol
pabomol




Qusuueckue ocnogul | Ob30pHas nexkyus He 8bINOIHEHUE
@DYHKYUOHANbHBIX  NPOYECcco8 8 npeodycmompeHo nabopamopHotl
PAOUOINEKMPOHHBIX CPEOCMBAX pabomol
Qusuueckue OCHOBbL Jlexyus He 8bINOIHEHUE
aKycmu4eckux AejneHull npeoyCcCMOmpeHo nabopamopHo
pabomwl
Dusuueckue aghghexmoi 6 | Jlexyus-ouanoe He 8bINOJIHEHUE
MeXHU4ecKUx cucmemax npeodycmompeHo nabopamopHotl
pabomol

6.2. UnopManmoHHbIE TEXHOJIOTHH

[Ipu peanuzanuu pa3IUYHBIX BUAOB Y4eOHOW M BHEY4EOHOH pabOTHI HCIONB3YHOTCS
cileAyronye HHPOPMALMOHHbIE TEXHOJIOTHH:

- HCIIOJIb30BaHME BO3MOXKHOCTeH MHTepHeTa B ydueOHOM mporecce (HCIOIb30BaHHUE
UHPOPMALIMOHHOTO  caiiTa  mpenojaBaTens  (pacchlIka — 3aJaHMid,  IpeoCTaBIECHUE
BBINTOJIHEHHBIX PabOT, OTBETHI Ha BOTPOCHI, 03HAKOMJICHHE YJaIUXCs C OLCHKAMH U T.11.));

- HUCMOJIb30BaHUE DHJIEKTPOHHBIX YUYEOHMKOB M pa3IM4YHBIX CAaWTOB (HampuMep,
AIIEKTPOHHBIE OMOIMOTEKH, KyPHAIIBI U T.J.) KaK HICTOYHUKOB HH(pOpMAIu;

- HCII0JIb30BaHHE BO3MOXKHOCTEH 3JICKTPOHHOM MOYTHI IPENOAABATENS;

- HCII0JIb30BAHUE CPEJICTB Ipe/cTaBiIeHUs] yueOHOM MH(popMauuu (3JE€KTPOHHBIX
y4eOHBIX TOCOOUH U MPAKTUKYMOB, IPUMEHEHUE HOBBIX TEXHOJIOIMH Ul IPOBEIEHUS OYHBIX
(TpaAMLIMOHHBIX) JIEKLIUH U CEMUHAPOB C UCIIOJIb30BAaHUEM MPE3CHTALUHN U T.1.);

- UCIOJb30BAHUE HHTETPUPOBAHHBIX O0OPAa30BaTENIBHBIX Cpel, IJe TIJIaBHOM
COCTABIISIIONICH SBISIOTCS HE TOJBKO INPHMEHSEMBbIE TEXHOJIOTHH, HO M COJAEpKaTelbHas
4acTh, T.€. MHPOPMALIMOHHBIE PeCypChl (OCTYI K MUPOBBIM HH(GOPMALIMOHHBIM pecypcaM, Ha
0a3e KOTOPBIX CTPOUTCS YU€OHBIN TPoIIece);

- HCHOJb30BaHHE BUPTYaJIbHON oOydaromieil cpeabl (MM CHUCTEMBI YIPaBICHHS
ooyuenuem LMS Moodle «DOnekTpoHHOe 00pa3oBaHWe») WM HHBIX WH()OPMAIMOHHBIX
CHCTEM, CEPBHCOB U MECCEH]IKEPOB]

6.3. IlporpammHoe oOecnedyeHHne, COBPeMEHHbIe NPO(PeCCHOHAIbHBbIC 0a3bl JAAHHBIX H
nH(pOpMaNMOHHbIE CTIPABOYHBIE CHCTEMBbI
6.3.1. IlporpammHoe o0ecnieyeHne

HaumenoBaunue
MIPOTrPaMMHOI0
oOecrieueHns

Haznauenue

Adobe Reader | IIporpamMma it mpocMOTpa 3JIEKTPOHHBIX TOKYMEHTOB

[Tnardopma
JTMCTAHIIMOHHOTO
obyuenust LMS
Moodle

BupryanpHas oGyuatomias cpeaa

Mozilla FireFox | Bpaysep

Microsoft Office
2013, Microsoft
Office Project 2013,
Microsoft Office

Oducnas nporpamma




Visio 2013

7-zip | ApxuBarop

Microsoft Windows | Onepanronnas cucrema
7 Professional

Kaspersky Endpoint | CpeacTBo aHTUBHPYCHOM 3aIIUTHI
Security

6.3.2. CoBpemenHble mnpodeccHOHAIbHBIE 0a3bl JaHHBIX M HHGOPMAIHOHHbIE
CIIPaBOYHbIE CHCTEMbI
1. DnekTponnblii katanor Hayunoit Ombmmoreku AI'Y na 6aze MARK SQL HIIO
«Mudopm-cucrem»: https://library.asu.edu.ru.
2. DnexTpoHHbId Katanor «Hayuansie sxypaansr AI'Y»: http://journal.asu.edu.ru/.
3. YHuBepcajbHas CHpaBOYHO-WMH(GOPMAIMOHHAS IOJHOTEKCTOBash 0a3a  JIaHHBIX
nepuoanueckux u3ganuii OO0 «MBUCy: http://dlib.eastview.com/
4. DnexTpoHHO-OMOIMOTeuHas cuctema elibrary. http://elibrary.ru
5. CmpaBounas npaBoBas cuctrema KoncynsrantlInroc: http://www.consultant.ru
6. Mupopmanmonno-npaBoBoe obecneuenne «Cucrema ['APAHT»: http://garant-
astrakhan.ru

7. ®OHJ1 OHEHOYHbIX CPEACTB /151 IPOBEAEHUA TEKYIIEI'O KOHTPOJIA
N ITPOMEXYTOYHOU ATTECTAIIUM 11O JUCIHUIIVIMHE (MOAY JI1O)

7.1. llacopT (pOH/IA OLIEHOYHBIX CPEICTB.

IIpyn mpoBeneHUM TEKYIIEro KOHTPOJIS M MPOMEXYTOYHOM aTTECTalUM I0 JHUCLHUILINHE
(Monynio) «®Pu3nyeckre OCHOBBI 3allUThl MHPOPMALUU» NpoBepsieTcs cHOPMUPOBAHHOCTH Y
oOydaromuxcsi KOMIETEHIIUH, YKa3aHHbIX B pasjesie 3 HacTosIed MporpaMMbl. DTamHOCTh
(dbopMHpOBaHUs JAHHBIX KOMIIETEHLMH B IpoOLIECCe OCBOEHMsI 0Opa3oBaTENbHOM MpOrpamMMbl
OTpesieNIeTCsl TOCIEOBATENIbHBIM OCBOGHUEM JUCHMIUIMH (MOJyJei) M MHpPOXOXKICHHEM
IMPAKTHUK, a B INPOHECCC OCBOCHUSA AUCHMILINHBI (MOI[y.]'ISI) — IIOCJIEAOBATCIIbHBIM JOCTHKCHUEM
PE3yJIBbTATOB OCBOEHMS COJIEPIKATEIBbHO CBS3aHHBIX MEXITY COOOH pa3ziesnoB, TeM.

Tadauua 6 — CooTBeTCTBHE Pa3/1e/ioB, TeM IMCUUILIUHBI (MO1YJIs1),
pe3yJbTaTOB 00y4eHHs 110 JUCHHUILINHE (MOAYJ/II0) H OLCHOYHBIX CPEICTB

Kona xonTpoanpyemoit
KOMITETCHIINH (WU €€
JacTH)

HaunmenoBanue
OLIEHOYHOT'O CPEACTBA

Ne | Konrponupyemsie pa3zeibl (TEMBbI)
/1 IUCHUAIUINHBI*

dusnueckue MO OOBEKTOB U Bonpocsr pis
poOIeMBI 3aIIUTHI HHPOPMALIUU 00CYXJIEHHUS.

1. I[IK 2 TectupoBanue 1
JlaGopatopHas paborta 1
KonTponbnas pabora 1

OcHOBBI ~ Teopuu  (PU3UYECKOTO Bonpocer quis

TTOJISt oOCyXIeHUs.

2. IIK 2 TectupoBanue 2
Jlaboparopnast paboTa 2.
KontposnsHas pabora 2

DIIEKTPOMAarHUTHBIE SIBICHUS Bomnpocsr mis

3 K 2 00CYXJIeHHUS.
TectupoBanue 3
JlaGopatopHas pabora 3.



https://library.asu.edu.ru/
http://journal.asu.edu.ru/
http://dlib.eastview.com/
http://elibrary.ru/
http://www.consultant.ru/
http://garant-astrakhan.ru/
http://garant-astrakhan.ru/

Kontponbnas padoTta 3
Pegepar 1

dusnyeckue
(GYHKIMOHATIBHBIX
4. | pagMO3JIEKTPOHHBIX CPENICTBAX

OCHOBBI
IPOLIECCOB B

Bonpocsr gis
00CYyKIeHUSI.
TectupoBanue 4
JlaboparopHnas pabota 4.
Kontposbnas pabora 4

IIK 2

duznueckue
AKyCTHYECKHX SIBJICHUI

OCHOBBI Bomnpocsr pis
00CYXICHHS.
TectupoBanue 5
JlabopaTtopHast pabora 5.

Konrponsnas padora 5

IIK 2

dusnueckue
TEXHUYECKUX CUCTEMAX

3 dexTh B Bormpocsr TUTS
o0CYyKIeHUSI.
TectupoBanue 6
Jlaboparopuass pabora 6.
Kontposnbnas padora 6

Pedepar 2

IIK 2

7.2. Onucanue moxkasarejieil M KpUTepHeB OIEHUBAHMUS KOMIIETEHUMH, ONMCAHUE ILIKAJI

OICHUBAaHUSA

[Ipu pemieHUH KOMIUIEKCHOW CHUTYallMOHHOM 3aJaud MOKHO HCIOJNb30BaTh CIEAYIOIIHE
KpPUTEPUH OLICHKH.
Tadiamna 7 — Iloka3aTe/in OleHUBAHUSA Pe3yJIbTATOB 00y4eHUs B BU/E 3HAHUI

[IIxana Kpurepuu onenuBanus
OLICHUBAHUs
JEMOHCTPUpPYET TIiyOOKO€ 3HAaHUE TEOPETHUYECKOro MaTepuana, YMEHHE
5 00OCHOBAHHO M3J1araTb CBOM MBICJIU IO 00CYXJIa€MbIM BOMPOCaM, CIIOCOOHOCTh
«OTJIMYHO» | IIOJIHO, IIPaBUJIIBHO M APryMEHTHUPOBAHHO OTBEYaThb HA BOIPOCHI, IPHUBOJIUTH
IIPUMEPBI
4 JEMOHCTPUPYET 3HAHUE TEOPETUYECKOIO MaTepualla, €ro IOCIeL0BaTEIbHOE
«&opomoy U3JI0’KEHUE, CIIOCOOHOCTh TMPUBOAUTH MPHUMEPHI, JOMYCKAeT €IUHUYHBIE
OLIMOKH, HCTIpaBJIieMbl€ TIOCIIE 3aMEeUaHUsl IPENOAABATESI
3 JEMOHCTPHPYET  HEMOJHOE, (parMEeHTapHOE€  3HAaHUE  TEOPETHUYECKOIrO
«YIORIETBOPH MaTepuana, TpeOyrollee HaBOAAIIMX BOMPOCOB MpernojaBareis, JIOMycKaeT
TeNBHOY CYLIECTBEHHbIE OIIMOKM B €ro WU3JI0KEHUHU, 3aTPYyIHSETCS B IPUBEIACHUU
IPUMEPOB U (POPMYITHUPOBKE BHIBOJIOB
2 JIEMOHCTPHUPYET CYIIECTBEHHBIE POOEbl B 3HAHUU TEOPETUUECKOI0 MaTepHana,
«HEYJIOBIIETBO | HE CHOCOOEH €ro W3J0XKHTh U OTBETHTh Ha HABOJAIIME BOIPOCHI
PUTENBHO» | IPENOJABaTeNsl, HE MOKET IPUBECTH TPUMEPBI

Tadiuua 8 — ITokasaTe/im OLleHUBAHKUSA Pe3yJIbTATOB 00y4YeHHs B BU/IE¢ YMEHUM U BJIaJCHUH

[Mkana Kputepun oneHrnBanus
OILICHUBAHUS
JEMOHCTPHPYET CHOCOOHOCTh MPUMEHSATh 3HAHME TEOPETUYECKOro MaTepualia
5 IpU  BBIOJHEHUHW 3a/laHui, TIOCJIENOBATebHO W TPAaBUJIBHO BBIIOJIHSAET
«OTIUYHO» | 3a/laHUs], YMEET O0OCHOBAHHO W3JIaraThb CBOM MBICIU M JellaTh HEOOXOAMMbIE
BBIBO/JIbI
4 JE€MOHCTPHPYET CHOCOOHOCTh MPUMEHSATh 3HAHME TEOPETUYECKOro MaTepHualia
IpU  BBIOJHEHUHW 3a/laHui, TIOCJIENOBATebHO W TPAaBUJIBHO BBIIOJIHSET
«XOPOLIO»

3alaHus, YMCCT 000CHOBAHHO H3JIaraTh CBOM MBICIH H JACJIaTh H€O6XO,Z[I/IMBI€




BBIBOJIbI, JIONyCKAeT €AMHUYHBbIE OUIMOKH, UCHpaBisieMble MOCIE 3aMeyaHUs
npenojaBaTess
JEMOHCTPUPYET OTHEIbHbIE, HECUCTEMAaTU3UPOBAHHbIE HABBIKH, HE CIOCOOEH
3 IIPUMEHUTh 3HAHUE TEOPETUYECKOr0 MaTepuasa IpU BBIIOJHEHUU 3a/laHui,
«YIOBJICTBOPH | UCIIBITHIBAET 3aTPyJHEHUS U JOMYCKAeT OLIMOKU IMPHU BBIMOJHEHUH 3a/JaHUM,
TEILHO BBIIIOJHSET 3a/JlaHue IpU TOJCKa3Ke IpPEnojaBaTelis, 3aTpyIdHSETCS B
(hOopMyIIMPOBKE BHIBOJIOB
2 He CI0COOEH NPABUIIBHO BBIIIOJIHUTE 3aJJaHUE
«HEYIOBIIETBO
PHUTEIHLHOY

7.3. KoHTpoJibHBIC 3aJaHUsl WJIM HHbIE MaTepHaJbl, He00XOoAUMBbIe IS OLCHKH
pe3yJbTAaTOB 00yYeHHs 10 AUCHUIINHE (MOLYJII0)
Tema 1. ®uznueckne mojst 00bEKTOB M NMP00GJIeMbl 3alIUTHI HH(pOpMaUK
1. Bonpocwl ona oocysyicoenusn
OcCHOBHbIE IOHATHUS U ONIPEAETICHUS.
Mopenb pusnueckoro 3ddekra.
Mosenb B BUE «UE€PHOTO SLIUKAY.
CymHocTh mpoiiecca nepeaadyu nHGOpMaluu.
XapakTeprucTuka (PU3MIeCKHX TOJIeH 00bEKTOB
Ouznyeckue mpodaeMbl 3aTUTHl UHHOPMAIUH.
dusnueckue OCHOBBI 00pa30BaHUs KaHAJIOB YTEUKU HH(OPMAIIH.
CrtpykTypa KaHana yTe4ku HHPOpMAIUH.
Knaccudukanus rexanuecknx kaHanoB yreuku uadopmarnuu (TKY ).
Jlabopamopnas paboma 1

MNoOoooo~NoOTR~wWNE

KommnuiekT 3aganmii 1511 BBITIOJIHEHUS
JadoparopHoii padorsi 1
N3YUYEHUE JIASEPHOI'O YCTPOMCTBA, OBECIIEUUBAIOIIETO
PETICTPALIMIO PASTOBOPOB, BEAYIIUXCSA B IOMEIIEHUAX

1 Hean padoTsl

enpto pabGoThl sABIsETCS W3y4deHHE pabOTHI Jazepa, u3zydeHue spdexta mepemadu
pedeBoil HHPOPMAIIUHU € TTOMOIIBIO OTPAXKEHHOTO OT MOBEPXHOCTH OKOHHOTO CTEKJIA JIA3EPHOTO
U3ITy4eHUs, a TaKKe M3YYCHHE BO3MOXKHOCTH MPOTUBOJCHCTBUS CheMy TaKOW HHQpOpPMAIH C
MTOMOIIHIO 3BYKOTIOTJIONIAOIINX MaTEPHATIOB U KOHCTPYKITHH.

2 TeopeTuueckas 4acTh

JlazepHas pa3BeqKa sIBISETCS OJHUM U3 IIEPCIEKTUBHBIX BU10B POP.

Jlazepsl ObUIH CO3/1aHBI B ONTHYECKOM JMAIa30HEe 3JIEKTPOMAarHUTHBIX BOJH, B KOTOPBIN
Bxo1T uH(ppakpacusie (0,75 - 1000 mxm), Buaumeie (0,4 - 0,75 mxm) u ynbTpaduonerossie (0,1
- 0,4 mxm) BostHBI. Elie B Hauasne Beka OBLJIO YCTAaHOBJICHO, YTO B ONTHYECKOM JHAMMa30HE BOJH
MeNlbYallIie YacTUIbl MaTepuu - MOJIEKYJbl M aTOMbl - Onarojaps CJIOXHBIM IIPOLIECCaM,
MPOUCXOSAIIUM B HUX, U3TY4atOT 3JIEKTPOMAarHUTHBIE BOJIHBI U SIBJISIFOTCSI HOCUTEISIMU SHEPTUU.
3agava 3aKioyanach B TOM, YTOOBI HAWTH CIOCOOBI yIpaBlieHHs M HAKOIJICHUS 3JEKTPO-
MarHUTHOM PHEPruM, U3ITy4aeMOl aTOMaMH M MOJIEKyJIaMH, UMes B BUJY, YTO 3TO U3Iy4yeHUE
MOJKET IMPOHUCXOJUTh HE HENPEPHIBHO, a KBAHTAMHU M B IIMPOKOM ONTHYECKOM JAHMAIa30HE
4acToT.

Coserckue yuenoile H. I'. BacoB m A. M. IIpoxopoB BmepBble pemmiu mnpoliemy
MHIYIMPOBAHHOIO M3inydeHus B 1952 roay, 3a 4ro uMm m amepukaHckoMy ydeHomy U.TayHncy
Obuta mpucyxneHa HoOeneBckas mpemus (1964 1.). DTO OTKpBITHE SBHIOCH HAdajioM B
CO3aHUU TPUOOPOB, TEHEPUPYIOMIUX UHPPAKPACHBIE, BUIUMBIE U YIbTPa()UOIETOBBIC TyUH.




[TpuGopsl, paboTaromye Mo HOBOMY NMPUHIIMITY M TeHEPUPYIONIUE 0co0bIe TI0 CBOICTBaM
JTy4H, ObLTM Ha3BaHbl KBAHTOBO-MEXaHMYECKMMHU T'€HEpaTOpaMH ONTHYECKOIo JHAara3oHa BOJIH.
WX Ha3bIBAIOT TaKkKeE ONTUYECKUMH KBAHTOBBIMU F€HEPATOPAMH, COKPAILIEHHO - JIa3epaMH.

PaccmoTpuMm  pabGoTy Tenuii-HEOHOBOTO Jiazepa HEMPEphIBHOTO JAcHCTBUA. [ enuii-
HEOHOBBIE JIa3€phl U3ITYyYal0T MOHOXPOMAaTHUECKUN Ty4YOK MOLTHOCTBIO /10 HECKOJIBKUX JIECATKOB
MUJUTMBATT, pa0OTAIOT U B UMIYJIBCHOM, U B HEPEPHIBHOM PEXKUMAX, IPOYHBI U CPABHUTEIHHO
Oe3omacHbl B OKCIUTyaTalldd. OTH Ja3epbl TEHEPUPYIOT H3JIy4eHHE M B BUAUMOM, U B
uH(ppakpacHOi 00JacTsaX crnekTtpa. B Buaumon o6acTu crekTpa JJIMHA BOJHBI UX W3ITyYEHUS
MPUXOJUTCS Ha KPACHYIO YacTh crekTpa (A =632,8 uM), B uH(ppakpacHOH 00JaCTH CHEKTpa OHU
reHepupyT u3aydeHne Ha jaumuHax BoiaH 1150 m 3390 um. [IpuGopel Takoro tuma crajau
HauOoJee pacpoCTPaHEHHBIM BUIOM JIa3epa.

[IpuHnuMnUansHas cxema Trejii-HeOHOBOTO Jlazepa u3obpaxeHa Ha pucyHke 1.1. 3aech 1
- ra3opaspsHas CTEKIsSHHas TpyOKa JMaMETPOM HECKOJIbKO MHJUIMMETPOB M JUIMHOH OT
HECKOJIbKUX JIECATKOB CaHTHUMETpoB 10 1,5 merpa u Oonee. Topubl TpyOKH 3aMKHYTBHI
IUIOCKONApAJUIEIbHBIMU  [JIACTUHKAMHU, OpPUEHTHPOBAaHHBIMU IO YrioM bproctepa k ocu
TpyOKku. s wW3mydeHus, paclpoCTPAHSIONIETOCs BAOJIb OCH TPYOKH, MOJSPU30BAHHOTO B
IUTOCKOCTH TIaJICHNS CBETA Ha IJIACTUHKHU, KOA(POUIIMEHT OTPAXESHUS OT HUX PaBEH HYIIO.
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Pucynok 1.1

JlaBneHue renusi B TpyoOKe IPUMEPHO paBHO 1 MM pT.CT., 1aBieHue HeoHa -0,1 MM pT.cT.
TpyOka wumeer Kkaroa 2, HaKaJUBA€Mbli HU3KOBOJBTHBIM HCTOYHUKOM IIHTaHUS, U
IWIMHAPUYECKUH IMycTOoTenbl aHox 3. Mexay KaTroJoM M aHOJOM Ha TpyOKy mnojaercs
HanpspkeHue 1-2,5 kB. Pa3psnnbiii Tok B Hell paBeH HECKOJIBKUM JAECATKaM MILIUamIep.
Pazpsinnas TpyOKa renuu - HEOHOBOTO Jla3epa MOMELIAeTCsl MeXKAY 3epKaiamMu 4 u 5.

3epkana, OOBIYHO CEepUUYECKUe, IENAIOTCAd C MHOTOCIOWHBIMH JAHAJIEKTPUUESCKUMHU
HNOKPBITUSAMH, HMEIONIMMHU BBICOKME 3HAa4eHMs KOd(pQHUIMEHTa OTPaXEHUS U IOYTH He
00J1a/1a1011IMMHU TIOTJIOLIEHUEM CBETA.

ITpu HarpeTom KaToze TPYOKH M BKIFOUEHHOM aHOJHOM HampsKeHUU TpyOKa CBETUTCS U
B HEM OTYETIIMBO BHJEH Ta3opa3psHblii cTOiO po3oBoro 1Bera. [lo BHemHemy BHUAY
BKJIIOYEHHAs] TpyOKa BIIOJIHE aHAJOTMYHA Ta30pa3psAHBIM HEOHOBBIM PEKJIAMHBIM TpPyOKaM.
Ecnu depe3 crnekTpockon HaOIi0/1aTh HEHAIIPaBIEHHOE CBEYEHHE ATOW TPYOKH, TO OTYETIMBO
BHUJHA COBOKYIHOCTh MHOI'MX CIEKTPAJIbHBIX JIMHUN HEOHA, PAaCIOJIOXKEHHBIX B Pa3IMYHBIX
00JacTsIX BUAUMOTIO CIIEKTpa, U JKEJIThIe JIMHUU cBeueHus renus. [Ipu npaBunbHONM opueHTaun
yepe3 00a 3epkana (HO B 0OCOOEHHOCTH 4epe3 3epKaslo ¢ OONBIINM 3HaueHHeM Kod((uIeHTa
MPOIMYCKaHMs)  PACIpPOCTPAHSIOTCS  XOPOUIO  KOJJIMMHUPOBAHHBIE WHTEHCHBHBIE  IYUYKH
MOHOXPOMAaTHYECKOTo (KpacHOro) cBeTa ¢ JUIMHOW BOJHBI 632,8 HM. DTH My4YKH BO3HHKAIOT B
pe3ysbTaTe reHepaluy U3Ty4eHus Telnii-HEOHOBOT O J1a3epa.

Kpatko paccmMoTpuM mpolecchl, KOTOpble 00€CleurnBalOT HHBEPCHYIO 3aCEJICHHOCTb
YPOBHEW HEOHA.

Ha pucynke 1.2 mpuBeieHa ynpoIieHHas cxemMa YpoBHEH dHEpruy aToMa HeoHa (crpasa).
W3znyuennto ¢ anuHamu BoiaH 632,8 HM u 1150 HM cooTBercTBYIOT nepexoasl E, - E, u

E, — E,. [lomumo yposreit Es, Es3, Ez, E1, aTom HeoHa umeer eme 28 COCTOSIHUN ¢ SHEPIUSIMU
MeHblIIe, YeM E3 HO OHM Ul Hac HECYIIECTBEHHBI.
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Pucynok 1.2- DHepreTuueckue ypoBHU aTOMOB T'€Jiusl U HEOHA

B pesynbrare CTOIKHOBEHHMI C 3JEKTPOHAMH Ta30pa3psiAHON IIIa3Mbl 4acTb aTOMOB
BO30Y)K/IaeTCs, YTO OTMEUYECHO Ha pUCYHKE 1.2 BEPTHKAIbHBIMHU IIYHKTHPHBIMH cTpeskamu. [Ipu
OTIPE/ICNICHHBIX PEKUMAX pa3psiia 3TOT MPOIECC OKA3bIBACTCS JOCTATOYHBIM JIJIsi 00pa3oBaHUs
MHBEpPCHOM 3aceneHHocTH ypoBHer E2 u E1. Ognako ypoBHu Es, E1 u E3, E4 nepexonsl mexay
KoTopbIiMU oTBeUaroT A=632,8 u A =3390 Hm, 3aceneHsl He UHBEPCHO. [looXkeHne n3mMeHsercs,
ecnu B pa3psaaHylo TpyOky BBecTH renuid. ['enuit obmagaer HAByMS JOJNTOXHUBYIIUMHU
(MeracTaOMIBHBIME) cocTOSIHUSIME Ep, Es, TokazaHHBIMH Ha JICBOW YacTH; 3TH COCTOSHUS
BO30YXKIAIOTCSl MPH CTOJKHOBEHUSX C JJIEKTPOHAMH, M BBHUIY OOJBIION IMTEILHOCTU HX
CyILIECTBOBaHUSl KOHIIGHTpAlLlUS METAacTaOMJIbHBIX aTOMOB TelUs B pa3psie OYCHb BEIHUKA.
Oneprus Ez, E2 MeTacTaOMIIBHBIX COCTOSIHUI Teusl OYeHb OJIn3Ka K dHeprusM Es, E2 HeoHa, 4To
OJIarOIIPHUATHO IS TIepeIadrl YHEPTHUH BO30YKIACHUS OT TeIUsl K HEOHY IIPH UX CTOJKHOBEHUSIX.
OTH MPOLIECCHI MOKa3aHbl TOPU30HTAIBHBIMU CTPEIIKAMHU.

B pesynbpTare KOHIIEHTpalusi aTOMOB HEOHa, HaxoAsmmxcs Ha ypoBHsx Es, Ep, pesko
YBEJIMYMBAETCS, M BO3HMKAaEeT HWHBEpPCHas 3aceileHHocTh ypoBHe E3z u Ei, a pasHocthb
3acesnieHHocTer ypoBHell E1 u Ez yBennuuBaetcst B HeckoybKo pa3. Takum oOpa3zoM, 1o0aBiieHNe
renus K HeoHy (mpumepHo B mpomopruu 5:1-10:1) Becbma CyIecTBEHHO IJisi T€HEpaluu B
reIui-HEOHOBOM Jiazepe. TOuHBbIE KOJIMYECTBEHHBIE HWCCIEIOBAHMS IOKA3ald, YTO CTEIECHb
IPOCTPAHCTBEHHONW KOTE€PEHTHOCTH J,;, H3JIy4EHUs TIeUi-HEOHOBOTO Jla3epa IOYTH paBHA

enuuuie. Hanpumep, HeKorepeHTHas yacTh MoToka 1—y,, okasamach mopsaka 107° s Tex
TOYEK MMOMEPEYHOr0 CEYCHUS MyUKa, TJIe¢ UHTEHCUBHOCTH cocTaBiseT 0,1% OoT MakcuMalbHOM, a

AN Todek Ha ocu mopsmka 107°. Brarogaps BBICOKON KOT€PEHTHOCTH TeNlMii-HEOHOBBIH Nasep
CIIY’)KMT IPEBOCXOJHBIM HCTOYHHUKOM HENPEPHIBHOIO MOHOXPOMATHYECKOTO W3Iy4EHUS IS
UCCIIEIOBAaHMSI  BCAKOIO  poJia  HMHTEPPEpeHUIUH U  HUHTEePPEPEHIUOHHBIX  SIBICHUU.
MHoOrouncineHHble BapuaHThl TI'EIMH-HEOHOBOTO Jla3epa HAIUIM IPUMEHEHHE B CHCTEMAax
Ja3epHOM CBS3H, rojorpaduu, B akyCTOCKOIIMU U MHOTHX JPYTUX 00JACTSIX TEXHUKH.

IIpy wuCnonp30BaHMM JA3€PHOTO M3JIYYEHUs JJs [POCIYUIMBAaHUS Pa3rOBOPOB,
BEJYUINXCS B IOMEILEHUAX, Ja3epHbIA MY4YOK MCIONB3YeTCs AJIsi CKaHUPOBAHUS (B pEeXHUME
OTpPaKEHMs) TOBEPXHOCTU CTEKJIA, YYAaCTKH KOTOPOM HCHBITHIBAIOT MHKpPONEpPEMEICHHS,
CONPOBOXKAAKOUIUECS PACHPOCTPAHEHUEM aKYCTUIECKON BOJIHBI.

OnumeM  mpocTedmMi — ciay4yal  pacIpOCTpaHEHHsS B IOMEIIEHHUH  IJIOCKOM
MOHOXPOMAaTHYECKOH yIpYyroi BOJHBL. AMIUIUTYZA 3BYKOBOTO JIaBJIEHUSI U CKOPOCTh KoJeOaHU
B 9TOM CJIy4ae HE 3aBUCAT OT PACCTOSHUS, MPONJICHHOTO BOJHOM [2].

Tunosoe penieHHe BOJIHOBOTO YpaBHEHMS [JIsl TAKUX BOJH, PACIpPOCTPAHSIOLIUXCS B
MOJIO’KUTEILHOM HalpaBJI€HUH, JUIsl CKOPOCTHU KoJieOaHus

v=v_exp [i (Qt - EF)], (1.1)
re v= e CKOPOCTH KOJIeOaHMIl YacTHI] BO3/1yXa;

U - cMenieHre 9acTuIl BO3yXa MoJ1 JEHCTBUEM 3BYKOBOTO JTaBJICHUS,

V., - aMINIUTyJa CKOPOCTH KoJieOaHMit YaCTHII,



Q) - yrioBas yacrora konebanuit, Q = 21f ;
f- yactoTa 3ByKa;

kK - BomHOBOE uncio, K = —;
C

€ - CKOPOCTh PacCIpOCTPaHEeHHUs 3BYKa;
I' - paAnyc-BEKTOP.
Bripaxkenue 1715t 3ByKOBOTO J1aBJICHUS TAKOM BOJHBI MOXKET ObITh HAIIMCAHO B BUJIE:

p=p, exp[i(Qt - kt)], (1.2)
HpeJ'IOMJ'IeHI/IC 3BYKOBOI>'I BOJIHBI Ha I'paHULIC pa3Ji€iia BO3AYX - CTCKJIO IIPHUBEACT K TOMY,
YTO B 3aBUCHUMOCTH OT COOTHOIIICHUIA YI[CJIBHBIX aKYCTI/I‘IeCKI/IX COHpOTI/IBJICHI/Iﬁ 06GI/IX cpe;[
YacTh SHEPrUU TEpeusIeT M3 OJHOM Cpeabl B APYryro. 3BYKOBasi BOJIHA, PACHpPOCTPAHSSICh B
CTEKJIE, MOXKET OBITh ONKCaHa YPAaBHEHUEM JIBHXKCHHS YIIPYTON CPEJIbI.
Ucnons3oBanue 3akoHa P. T'yka amsg HW30TpOmHOrO TBEpAOro Tena (CTEKia),

. du
YCTaHABIIMBAIOLIETO CBA3b MEXKJY HaNpsukeHueM (o) u aedopmanueit (5 = O ) MoKas3aso,
X

yTo naedopmamms B YIPYrod TIUIOCKOW BOJIHE SBISIeTCS (QYHKIUMEH OJHONH KOOPJAHHATHI
(HampuMmep, X) ¥ BpEMEHH.

Jl1st aHanu3a pacrpoCTpaHSHUs YIIPYTUX BOJIH MOKHO OOpPaTUTHCS K OOIIMM YpaBHEHUSIM
JBUKEHUSI YIIPYTOM Cpe/ibl:

U, = %% (13)
PP = o
aO'ij .
rac — = CHJIa BHyTpeHHI/IX HaIIps’KCHUN CPEAbI,

I
U - yckopeHnue,
P - WIOTHOCTb CPEMBL.
Onucanue TIUIOCKOM MOHOXPOMATHMUECKOW YIPYrol BOJIHBI B CTEKJIE IS BEKTOpa
CMEILICHUS TaKOU BOJIHBI UMEET BUJL:

U, =U°explilkx -t (1.4)
rae ) - Kpyrosas 4acToTa.

[Toacranoskoit (1.4) B (1.3) nns koMnoHeHT BekTopa cmemieHus U, ObUIM TOTy4eHBI
CJIEIYIOIIME BBIPAXKEHHUSI:

ou, 1 3%, _o
x> ¢’ ot
ou, 1 9%U,

-— =0, (1.5
x? ¢ ot (15)
ou, 1 0%,

> "7 7 =0

ox® ¢ ot
e G = E'(l-v)

! pl+v)i-2v)’

E'- monyns FOnra, E' = i,

C = —E'
L 2p(1+v)’
j

Sy - ko3 durmeHT ynpyroi NogaTIMBOCTH,



V- koa¢unment Ilyaccona.

OTO BOJIHOBBIE YpaBHEHHUs B OJHOM u3MepeHuu, C| u Ct, - CKOPOCTH PacHpOCTPAHEHUS
BosiHbL. [lpuuem wu3 ypaBHenuwii (1.5) ciemyeT, 4TO CKOPOCTh pPacHpPOCTPaHEHUS BOJHBI
OKa3pIBaeTCs paznuuHoil st kommoHeHta Ui m komnoneHtoB Uz m Usz. Takum obGpazom,
yopyras BOJHAa B CTEKJIe MpeAcTaBiseT co00il Mo CylmecTBy TpU  HE3aBUCHUMO
pacpoCTpaHsOIIMecs] B OJTHOM HAMpaBlICHUH BOJIHBI, B 0JHOM U3 KOoTophix (U1) cmemienue
HaIlpaBJIEHO BJIOJb PACIpOCTpaHEeHHs BOJHBI, a B ABYX Apyrux (Ui m U2) cmerieHue ydactuil
CTEKJIa IPOUCXOJUT B IUIOCKOCTH, MEPICHIUKYIISIPHON HanpaBiIeHuto pactipoctpanenus. [leppas
BOJIHA, NIPOJAOJIbHAs, PACIPOCTPAHSIETCS CO CKOPOCTHIO €1, @ BTOpas M TPEThsl - MOIEPEUHBIE,
PacIpOCTPAHSIOTCS ¢ OUHAKOBOI CKOPOCTBIO €1, IPHUEM C1>Ct,

[TonydeHHOE COOTHOLIEHHE CIPABEJIUBO JUIS BOJH, PACIHPOCTPAHSIONIMXCSA B Cpee,
HEOTpaHMYEHHON BO BCEX HATPABJICHUSX.

[Tockonbky cbhbeM uHGOpPMALMU OCYIIECTBIAECTCS C OKOHHOTO CTEKJIa, MOBEPXHOCTb
KOTOPOTO OTpaHWYeHa, TOJIIMHA CTEKIa Majia MO CPaBHEHHWIO C pa3MepaMu B IBYX APYTUX
HAIPAaBIICHUSAX, AJUHA aKyCTUYECKOH BOJIHBI BEJHMKA [0 CPAaBHEHHUIO C TOJIIMHON CTEKJa, 3a
MOJIENIb CIIEAYEeT MPHUHATH ypaBHEHHUs jaedopmanuu TOHKOW TutacTuHkH. Camu nedopmanuu
CUMTAIOTCS MaJIbIMH, KPUTEPUEM MAJIOCTH AePOopMalluu SBISETCS MAJIOCTh CMEHICHHH TOYeK
TUTACTHHEI 110 CPABHEHHUIO C €€ TOIIIUHON.

bruto nmomyueHo BeIpakeHHe Ui MONMHON cBoOoaHOM »Heprun (F..) nepopmupoBanHOi
TUTACTHHKH B BUJIE:

E'h® 65 o2& (Y k¢ ok
"= 2?) ” o) aay) "o o [PV 49

rac h - TOJIIIKMHA ITIJIAaCTHUHKMH,

5 - CMCHICHHEC TOYCK I10 IOBECPXHOCTU BAOJIb KOOPAHWHATBI Z, I[e(bopMaI_[I/IH.

BLIpa)KeHI/IC (16) MOJIYYCHO U3 YCJIOBHUA, YTO INNIOCKOCTH X, ¥y COBIIAAACT C IIJIOCKOCTBLIO
Helle(bOpMI/IpOBaHHOI\/'I ITAaCTUHKH, KOMIIOHCHTBI CMCHICHUA TOYCK B IINIOCKOCTHU X, ) SABJIAIOTCA
BCIIMYMHAMMU BTOPOIro MopsaaKka MaJlOCTH IO CPaBHCHUIO C f u MOr'yT OBITH TTOJ0KEHBI PaBHBIMUA

HYJI10. BexTop cMmenenns Touek HeUTpaabHON OBEPXHOCTH:
U,=U,=0,U, =&(xy), (1.7

Hac HHTEPCCYCT (I)opMa, IpUHUMacMasn IUTIAaCTUHKOM I10JT BIMSHUEM IMPUITOKECHHBIX CHII,
BCIIMYHUHA é: ABIACTCA CMCIICHUEM TOYCK IIJIaCTUHKH, paCCManHBaeMOﬁ KaK IMOBCPXHOCTH IIpH

ee U3rubaHum.
VYpaBHeHHE paBHOBECHs IIJIACTUHKH, M3rHOAeMoOl NEHCTBYIOIIMMHM Ha HEE BHEIIHUMH
CHJIaMHU
DA’S =P, (1.8)
rae P - BHEWIHsA cujla, OTHECEHHas K €IMHUIE IUIOIIAJM MOBEPXHOCTU IUIACTUHKU U
HaIpaBJIEHHAs 110 HOPMAJIH K HEW;
A - nByxMepHbIi onieparop Jlamnaca;
D - ecTKOCTb MIaCTUHKH.
N3
= Eh -y (1.9)
12‘1—1/ )
I'pannunble 1 kpaeBble ycioBus s ypaBHeHus (1.8) Becbma cioxsbl. Jlyig ciydas,
KOTJa IJIaCTUHKAa MMEeT Kpyriylo ¢GopMy M Kpas ee 3ajieflaHbl, 3TH YCIOBUS 3HAUYUTEIILHO
YIPOILAIOTCS, U OlpeaeneHa fedopManus:

&=

rae f - mpunokeHHas cuia;
R - paanyc miacTUHKU.

1

8@{2(R2—r2) r2In r} (1.10)



Tak, i R = 0,15 m, h = 0,025 m, r = 0,5 m, nasnenus 0,05 Ila nonyyeno & =135-10"°
m. Takas nedopmanusi COOTBETCTBYET AaMIUIMTYJE IaBJIEHUS HOPMaJIbHOTO pa3roBopa Ha
paccTostHUU / M OT TUTACTUHKH.

Bounnbl, pacnpocTpaHsomuecss B TOHKHX IUIACTUHKAX, CYHIECTBEHHO OTIMYAIOTCS OT
BOJIH, PAaCIpOCTPAHSIONIMXCS B HEOTPAaHWYEHHOH cpene. B rmuracTMHKax MMEIOT MECTO BOJHEI
u3ruba, Mpu KOTOPHIX KOJCOAHUS MPOUCXOAAT B HAIMIPABICHUH, NEPIECHANKYIIPHOM IIIOCKOCTH
IUIACTUHKH, M CONPOBOXIAIOTCS ee u3rudom. Ilpumuem wuactora cBOOOIHBIX KoJeOaHUIt
IUTACTHHKH PONOPLIMOHATIbHA KBAJPaTy BOJIHOBOTO BEKTOpA, CKOPOCTh PACIIPOCTPAHEHHS BOJIH
U3ruda 1o IIaCTUHKE MPONOPIHOHANIBHA BOJHOBOMY BEKTOPY, a HE IMOCTOSIHHA, KaK JJIsl BOJH B

e :
HEOrpaHMYEHHON TPEXMEPHOM cpene: C = | ok, (1.11)
3,0‘1—1/ )

r7e ¢ - TPYNIoBas CKOPOCTb B M30TPOIHOHM cpeje, COBMANAIOIas C HalpaBICHHUEM
BOJIHOBOT'O BEKTOPA.

Yacrora BOJH M3rMba IJIACTHHKH COOTBETCTBYET YacCTOTE BBIHYXIAIOIIEH CHIIBI, T.C.
IUIOCKasi MOHOXPOMATHYeCKas BOJIHA AKYCTHYECKOTO TOJS  TIOMEIIEHHS  BBI3BIBACT
neproandeckue, ¢ yactoron f =270, ynpyrue nepopmaruu f(Q) MOBEPXHOCTHU cTekya. 13-

3a MHKpoaedopManuii MOBEPXHOCTH HU3MEHSETCs C 4YacTOTOM 3ByKa Yyros mnajaeHus (u
OTpaKEHHsI) CKAHUPYIOIIETO JIA3EPHOTO ITyUKa.

B03MOXHO NpennonokuTb, YTO OTPAKEHHBIA JIAa3€pHBIA MYyYOK H3-32 MEPHOAMYECKUX
U3MEHEHHH yTJia OTPayKEHHUsI, IoTaasi Ha BX0A (OTOYMHOXKUTEISA, TO B OOJIBIICH, TO B MEHBIIICH
CTENEHU MEPEeKPbIBACT IUIONIA/Jb BXOJHOTO OKHA ()OTOYMHOXHTENS, TEM CaMbIM H3MEHsA
najaoumii Ha (OTOKAaTO BXOJHON MOTOK CBETa, KOTOPHIN Jajee mpeodpa3yercsi B pa3BepTKy
3JIEKTPOHHOTO JIy4a.

VYcranoBka mepen  (OTOYMHOXKHTENEM OOBEKTHBAa TO3BOJISIET  C(HOKycHpOBATh
OTpa’KEeHHBIH JIa3€pHBIA MYYOK TaKUM 00pa3oM, 4TO pa3Mep ISITHA Ha BXOAE (POTOYMHOMKHUTEIS
CTaHOBUTCS B HECKOJIBKO (~ B 5...6) pa3 MEHbIIIE IJIOIMAIN €ro BX0JAHOTro okHa. C M3MeHEeHUueM
3BYKOBOI'O CHTHaJa IISITHO HE cMemiaercss Ha Hed. OJHako M B ITOM cilydyae Ha JKpaHe
ocimuiorpada Qukcupyercss wHbOpMalMs O 3BYKE, NEpeNaHHas OTPAKEHHBIM JIa3ePHBIM
YyYKOM.

OmnpenenM, M3MEHEHNE KaKUX TTapaMeTPOB OTPAKEHHOTO Ja3epHOTO M3ITyYCHUS MOXKET
nepeaaBaTh HHPOPMaLUIO 00 aKyCTHYECKOM TOJIe.

Omeitet  Bunepa wu  AfiBca, cBs3anHble ¢ (ororpaduueckum JIEUCTBHEM U
¢dorosnexTpuueckuM 3¢ddeKkTom, MoKa3aau, 4TO OHU CBSI3aHBI C 3JEKTPUUYECKUM BEKTOPOM
DIIEKTPOMArHUTHON BOJIHBL. EciM MCXOMUTH W3 DJEKTPOHHBIX IMPEICTABICHUH, TO 3TO JIETKO
HOHATH: OOJNBIIMHCTBO MPOLIECCOB, HAOIIOAAEMBIX B BELIECTBE MO/ ICHCTBUEM CBETa, CBA3AHBI C
€ro BO3JICHCTBUEM Ha 3JIEKTPOHbI. Tak, mpu GoTodpdexTe mpoucXoaUT BEIPhIBAHUE IIEKTPOHOB
U3 OCBELIaeMOoro Metayia. Tak Kak 3JIeKTPOHBI IPEACTABISIIOT OO0 3MeKTpHUUecKue 3aps/sl, TO
CHIIa, NIEHCTBYIONIAs HAa HHUX, OMPEACTSICTCS, B TMEPBYIO OYEpEb, DJICKTPUUIESCKAM ITOJIEM, T.C.
AIIEKTPUUYECKUM BEKTOPOM 3JIEKTPOMArHUTHOW BOJHBI, a JEMCTBUE MAarHUTHOTO BEKTOpa
HETIOCPEJICTBEHHO HE CKAa3bIBACTCS.

W3  BblIECKAa3aHHOTO  BBITEKAET  CIEAYIOIIas BEpOsATHAas  IOCJIEI0BaTEIbHOCTD
npeoOpazoBaHuii ”HGOPMAIUU O 3BYKOBOM IOJI€:

p(Q)— £(Q) - p(Q) > R(Q) > E,, (Q,0)—> 1(Q0)>U(Q)—> PQ)

rae go(Q) - yroJ najieHust (OTpa)xeHusl) Ja3epHOro MyyKa;

omp

E,.. (Q, a)) - BEKTOP HAMPSHKEHHOCTH DJIEKTPUUECKOTO MOJISI OTPAKEHHOTO MTy4Ka;
@ - KPyroBasi 4acTOTa JIa3€PHOTO U3ITYyUCHUS;

I(Q, a)) - THTEHCUBHOCTb OTPAKEHHOTO My4Ka;

U (Q) - IEPEMEHHOE HaNpsKEHUE 3BYKOBOW YaCTOTHI;

P(Q) - 3ByKkOBOE /1aBICHNE HA BHIXO/IE IMHAMHKA.



N3BecTHO, 4TO W3NMydeHHE ja3epa SBISETCS MONSIPU30BAaHHBIM. B o0meM ciydae srta
noJsipu3anusl  AJUIMITHYECKas. B oTiMuMe OT TIeOMETPUYECKHX 3aKOHOB, AMIUIATY/AbI
OTPKEHHOM W TMPEJIOMJICHHON BOJH 3aBHUCAT OT MOJSPHU3ALMUU TMAAIOMIEH BOJHBL. 3aKOHBI,
oTpeeNolIre HapaBieHHe pacpOCTPaHEHUS BOJIH, OJJHHU U T€ K€ MPH JIF000U MOJIIpU3aIiH.

3anuiieM U3BECTHBIC BHIPAKECHHUS 1JIs M JAI0IEH, OTPaXKEHHON U MPETOMIICHHOM BOJIH:

K [0 a
i ===,
E; exp[i(a)t—kit’s_i )]' Ji
E, expli(et—k, 7S, )] :Uﬂzﬂnl, (1.12)
E, expli(et —k, 7S, )] a; .
kd =q:En2,

rae C - CKOpOCTh CBET;

@ , Uj - 4aCTOTBI U CKOPOCTH BOJIH;

Ej - amnnuTye1 BONH;

N1, N2 - TOKA3aTeNH MPEIIOMIICHUS TPAaHUIHBIX CPET;

Sj - enMHUYHBIE BEKTOPHI, JEXKAIIUE B IUIOCKOCTU MaJeHUsi (HOpMalib K IIOCKOCTH
pasjena cpen), j=[i,r,d].

N3BectHbI hopmynbl DpeHerns, 1alolre COOTHOIICHUSI MEKTY aMIUIUTYIaMU TaaloleH,
OTPaKEHHOH W TPEIOMJICHHON BOJIH BEKTOpa HAINPSHKEHHOCTH SJIeKTpuyeckoro moiisa. OHu
MOJNYYEHbl HWCXOMA W3 PA3JIOKEHUs aMIUIMTY] Ha KOMIOHeHTel E, w E , nexamwue

COOTBETCTBEHHO B IUIOCKOCTH MAJICHUS U NEPIEHAUKYISIPHON K HEW INIOCKOCTH OTPAXKEHUS:
Ei=EjL.+Ej. (1.13)
@opMynbl OpeHens MO3BOJIAIOT PEIIWTH 3a7ady OTPaXEHUs U IPEIOMIICHUS CBETa
IIPOU3BOJILHON MOJISAPU3ALIHH.

R, = Ert__sinlo=v) 14
E.  sin(p+y)
£ _
R” _ _l’|| :_tg((D l//)’(115)
Ev  t9lp+y)
rIe @ - yroi MajeHus U OTPAKEHUS; |/ - YIOJl MPETOMIIEHHS.
[TOCKONBKY aMIUIMTY/Ia BEKTOPA HANPSKEHHOCTH DJIEKTPUYECKOTO OIS IaaroIero
nyuka Ej He M3MEHSETCs, @ YIIIbl @ U | B aKyCTHYECKOM II0Jie MOMEIIEHHs 3aBHCAT OT (),

kodpdumment @Ppenens R Takke Oymer 3aBucetb oT Q. CnemoBaTenbHO, BEKTOP
HANPSDKEHHOCTH AJIEKTPUYECKOTO OIS OTPAXKEHHOTO MyYKa MOKET OBITh 3allMCaH B BUJIE:

E, =[E..R, (Q)+E,R (@)]expliet -k, 1S, )]. (1.16)
N3meneunue AMIUIMTYABI BCKTOPAa BO BPCEMCHHU O3HAYACT BapHAllUI0O HWHTCHCUBHOCTH

IMy4Ka. 3Hepm${ CBE€Ta IJIsd OTpa)KeHHOI\/II BOJIHBI, MOKHUJAKOMasd €AMHHUIY IIJI0MAAN ITOBEPXHOCTU
B ¢IMHUIY BPEMCHU, BBIPAZUTCA COOTHOIICHUCM!

1, = i[ez (Q)+E2(Q)cos . (1.17)
87

Tl

)4 & BBIPpAXKXCHUA (117) CJICAYCT, YTO UBMCHCHUEC NHTCHCUBHOCTU OTPAKCHHOI'O JIA3CPHOT'0O
IMydkKa 3a CYCT HU3MCHCHHA aMIIIUTY/bI Er (Q) HECCT I/IH(bOpMaI_[I/IIO 00 AKYCTUYCCKOM IIOJIC
INOMCIICHHA.

Pabora (hoTOyMHOXKHUTENS CBsI3aHA C €r0 peaklueil Ha HM3MEHEHHE BXOAHOIO IOTOKa
ceera. [Ipuuem

d®=lo,,CoopdQ); . (1.18)



rae d® - U3MEHEHUE CBETOBOIO MOTOKA; O, - IJIOINAAb OKHA (POTOYMHOXKHTENS; (@ -

yrojia MExXAay HOpMaJlbl0 K INIOCKOCTHM OKHa M HaIIpaBJICHHUEM IIOTOKA, dQT - U3MCHCHHC

TEJIECHOTO YIJIa.

N3 dopmynsr (1.18) cremyeT, 4To M3MEHEHHE IIOTOKA CBS3aHO KaK C HM3MCHEHUEM
MHTEHCUBHOCTU W3-3a BapHvaluu Er, Tak U C U3MEHEHHEM JUarpaMMbl HANpPaBICHHOCTH H3-3a
U3MEHEHHUs1 COS¢. PacueTsl moka3aiu, 4TO 3TH KOMIIOHEHTHI IIPEACTABISIOT COOON BEITUYMHBI

OJTHOTO TIOPSI/IKA, CPABHUMBI 110 a0COJIOTHON BEJIMYMHE MEXKAY COOOii.

Takum oOpazom, Ui CO3MaHMSA TPOTHBOJACHCTBUS TakoOMy CheMy HH(MOpMAIUN
HEoOX0AMMO pa3pabaThiBaTh METO/IbI, MO3BOJISIONINE YMEHBIIHUTH JI0 HYJIsS R myTem co3nanus Ha
CTEKJIE CIIEUATLHOTO CJIOS TOKPBITHSL.

JIns  co3maHusi TPENSTCTBUSL Ui TPOCIYIIMBAHUS Pa3rOBOPOB, BEYIIUXCS B
NOMEIICHWH, C TIOMOIIBIO JIa3€PHOTO MW3JIyYCHHS BO3MOXKHO HCIOJIB30BaHHE  3BY-
KOIOTJIOIIAIOIIUNX MaTEPUAIOB U KOHCTPYKIIHIA TIepe]] OKOHHBIM CTEKJIOM B TIOMEILICHHH.

Kos¢dunmenTsl moriomeHus MaTepHanioB 3aBUCAT OT 4acTOThl. OOHM MaTepualbl
UMEIOT OOJIbIIICE MOTIIOIIEHHE Ha HU3KUX, APYTUE - Ha BBICOKHX, TPEThH - HA CPEIHUX YaCTOTAX.
Psix MaTepranioB nMeeT HEMOHOTOHHYIO 3aBHCUMOCTD KO3((UIMEHTA MOTJIONICHUS OT YaCTOTHI.
Bce 310 mo3Bosnsier moabupark 00Iee MOrIONICHUE B TIOMEIICHUU ONTUMAJIbHOW BEIMYHMHBI BO
BCEM  JMama3oHe 4yacTtoT. Jlnsd  mpemoTBpamieHusi — MPOCIHYyHIMBAaHUS B KadecTBe
3BYKOITOTJIOIIAIOIIETO MaTepHaa repell OKHOM MOYKHO HCIIOJIb30BaTh MOPHCTHIE MOTIIOINAOIINE
marepuansl. Ha pucynke 1.3 mnpuBeneHbl YaCTOTHBIE XapaKTEPUCTUKU KOI(P(HHUINEHTOB
HOTJIONICHUS] TOPUCTHIX MaTepuaios: 1 - IpanmupoBKa Ha OKHE, 2 - IpamMpOBKa HAa PACCTOSHUU
10 cM oT okHa.

Koaddurmentom moriomeHuss Marepuana Ha3blBaeTCs OTHOLICHUE IMOTJIOIICHHOM
SHEPruM 3BYKOBOH BOJHBI | K mafaromiei 3HepruH .o Ha MOBEPXHOCTH 3TOT0 MaTepuaa:

JUd mornoujaroniero MaTepuana ¢ pa3MepoM, CpaBHUMBIM € JJIMHHOW 3BYKOBOW BOJIHBI,
KOA(Q(UIMEHT TOIJIOMIEHUS 3aBUCUT OT COOTHOIIEHHS Mexay Humu. Koadduument
HOTJIOIEHUS MOPThEPHI ¢ HEOONBIIMMH pa3MepaMH 10 CPAaBHEHHIO C JUIMHOW 3BYKOBOW BOJIHBI
Oonble, 4eM MOpTbepbl ¢ OosbmMMU pa3MepaMu. [losTomy iydiiee 3BYKONOIVIOIIEHUE B
NOMEIIEHUU O0OEeCIeYnBaeTCs, €CIM UMETh Pl Y3KHX IOpPThEp, YEM OJHY IIUPOKYyIO (TpHU
paBHOI1 0011Iel HUPUHE).

W3 rpadukoB BUAHO, UYTO TOPHUCTbIE 3BYKOINOIJIOUIAIONIME MaTepHalbl JaloT
IPEUMYIIECTBEHHOE TIOMIONIeHHe B obOsactu BblcokuX dYactoT (>1000 I'm) wu ouenp
He3(pPEeKTUBHBI B HUKHEH YaCTH YaCTOTHOTO Jiara3oHa.
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Pucynok 1.3 - YactoTHbIe XapakTepUCTUKH KO03((PHIIMEeHTa TOTIIONIEHNS TOPUCTHIX
MaTepuasioB

B AaHHOM CJIyda€ MOKCT OBITh KCIIOJIb30BaHA TaKas KOHCTPYKIHA ITOTJIOIIAIOUICTO
MaTc€pHrajia KaKk p€30HaHCHEBIC IMOIJIOTUTEIN, OJJHUM M3 BUJ0OB KOTOPBIX ABJISACTCA MGM6paHHBIﬁ



OOrJI0TUTCIb - HaTSIHyTBIfI XOIJICT, HpI/IKpBIBaIOH_II/Iﬁ OKHO. MaKCI/IMYM TMOTJIOIICHUS ITOJIYYacTCA
Ha PC30HAHCHBIX YaCTOTaXx. Z[J'Iﬂ HaATAHYTOI'O XO0JICTa C crion P PE30HAHCHBIC YaCTOThI;

_k | F
<2l pth
IJie p - INIOTHOCTh MaTepraja X0JICTa;
I, b, t - nuHa, mMprHA ¥ TOMIIMHA TTOJOTHA;
K - mopsiIoK pe30HAHCHOM YaCTOTHI.
Taxk, nonotro pazmepom 2x1 M, Tommmuoi 2-107, mnoraoctsio 200 /M° | HaTsaHyTOE C

cunoit 1.6 H, naet nepByto pe3onancHyto yactoty S50 I'u, coorBercTBeHHO BTOpyto 100 I't1 11 T. 1.
Pe3onancusie nornorutenu 3¢ dextuBnbl B 001actu yactot <1000I 1.

3 Onucanue J1a00paTOPHOI YCTAHOBKH

JlaGopaTopHasi ycTaHOBKa JuIsi W3ydeHus (u3mdeckoro sddekra nepegadu ¢ MOMOIIBIO
Ja3epHOro IMydyka WHGOpMAIMKM O 3BYKOBOM YacToTe W Ui W3YYCHHUS  BIUSHUS
3BYKOMNOTJIONIAIONIMX MaTEPHAaJIOB PUBEICHA HAa pUCYHKE 1.4.
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Pucynok 1.4

YcraHoBKa COJEPHKHUT:

['ennii-HEOHOBBIH J1a3ep, 3aKPETUICHHBINA HA ONITUYECKOW CKaMbe;
Peiitep ¢ 3aKpeIIEHHON B HEM CTEKJITHHOU IIJIAaCTUHKOM;
Pelitep ¢ 3akperIeHHBIM AUHAMUKOM, ITOJKIOYEHHBIM K TEHEPATOPY 3BYKOBOM YaCTOTHI;
DOTOYMHOKUTEIB;

biok nutanus nasepa;

VICTOYHUK MTOCTOSITHHOTO TOKA JUIsl MUTaHUs (POTOYMHOXKHUTEIIS;
Ocmumnorpad;

Ycunurens;

JnHamuk;

I'enepaTop HM3KO4AaCTOTHBIN [ 3.

4 3aganue 1J1s1 BHIIOJHEHHUA PadoThI

JlanHble: C TeHepaTopa Ha JWHAMHUK TOJAETCSd TapMOHMYECKHN CHUTHAJI 3BYKOBOM
gacTtoThl: 1) 70 I'ty, 2) 200 I', 3) 500 'y

Paccunrtare BenmmuuHy aedopManui IUIACTHHKHU, €CITH JaBJICHHUE, IEUCTBYIONEE HA HEe,
COOTBETCTBYET OOBIYHOW denmoBeueckod peun. Paccunmrtates kodpduumentsr Dpenens u
HaMpPSHKEHHOCTh AJICKTPUYECKOTO TMOJIS OTPAKEHHOTO Tydyka Jiazepa NpH W3MEHEHUHW yTiia
nageHus Ha 10%, Ha 1 %, ecnu HAONpPsHKEHHOCTH AJEKTPUYECKOTO MOJIA MAJAIOLIEro IMydka
cocrasisgeT 10 B/m.



TpeOoBanus k oT4yeTy

Otyer J1ODKEH COAEp)KaTb PHUCYHOK J1a0OpaTOpHON yCTaHOBKH, €€ OIMCaHHE.
['paduuecku 0TOOpPA3UTh YACTOTHBIE XAPAKTEPUCTHKH KOA(PPHUIMEHTAa MOTJIOMEHHS MOPUCTHIX
MarepuasioB. [IpuBecT pe3ynbTaT TEOPETHUECKUX PacyeTOB.

3. Koumponvnan paooma 1

Bonpochb! kK KOHTPOJILHOI padoTe Ne 1
Mopenb pusnueckoro dddexra. 3akoHOMEPHOCTH TTposiBIeHUS DD,
DuU3nYeCcKUEe OCHOBBI TEXHUYECKUX CUCTEM. MOJIEb B BUJE «YEPHOTO SIIUKAY.
CymuHocTs npotecca nepeaadu MHGopMauu.
XapakTrepuctruka (pU3NIecKux mojieil 00bEKTOB.
dusnueckue 1noJis pa3IuuHON IPUPOBI KAK HOCUTEIN UH(OPMALIUH.
OnexTpuueckoe 1nojie. MaruutHoe mnose. DJIeKTpOMarHUTHOE 1oJie. AKYyCTHYECKOE TOJIE.
®dusnueckue npoodsieMsl 3alUThl HHPOPMALIUH.
dusnuecKkue OCHOBBI 00pa30BaHUs KaHAJIOB YTEUKU HH(DOPMAIIH.
CrpykTypa KaHana yTedkd MH)OpMaIiHu.
10 Knaccudukanus rexanuecknx kaHanos yreuku uadopmaruu (TKY ).
4. Tecm 1

CoNoO~WNE

Bonpocsl Tecta 1 mo teme 1
BaHk TecTOBBIX 3a/1aHNI pa3MellleH Ha caiiTe HeHTPa HU(PPOBOro o0yyeHHs
http://moodle.asu.edu.ru
1. Beibepute mpaBuibHBIN BapuaHT oTBeTa. KonmmuecTBO sHepruu, npoxoisuieit B 1 enuHuiry
BpeMeHU 4epe3 | enHuIly TUIoAau NePIeHINKYIIPHO HAIIPABICHUIO PAaCIpOCTPAHEHUS
NHTEHCUBHOCTH 3BYyKa
I'pomkocCTh 3ByKa
OtpaxkeHue 3ByKa

2. BceraBpre mpomnymieHHble cioBa. COBOKYNMHOCTh (PU3WYECKOTO TOJS, HECYIIEro
KOH(pHICHIIMATIbHYI0 HH(POPMAIMIO, U TEXHHUUYECKOTO CPEICTBA HAPYIIUTENs JUIs PErHCTpaluu
ATOrO MOJIS OMPEENAeTCs KaK TEXHUYECKUM KaHall yTeYKH NHPOpMaIUH.

3. BriOepure npaBwiIbHBIN BapraHT oTBeTa. O0IacTh GU3HUKH, B KOTOPOU UCCIICIYIOTCS YIIPyTUe
KoJIeOaHHs U BOJHBI OT CaMbIX HHM3KUX 4YacToT (ycnoBHO oT 0 I') 10 mpenenbHO BBICOKHMX
(1012-1013 T'm), mporecchl MX BO3OYKACHUS W PACIpOCTPAHCHHS, B3aUMOJICHCTBHE HX C
BEIIIECTBOM U pa3HOOOpa3Hble NPUMEHEHHUS

aKyCTHKa

OTpaXCHHE

ynpyras BOJIHA

AIIEKTPUYECTBO

4. BcraBpTe mnponyieHHble cloBa. CKpPBITHO YCTAHABIMBAEMOE TEXHUYECKOE CPEICTBO
OCYIIECTBIIEHUS YIPO3bl HHPOPMAIMH — 3TO 3aKJIaHOE YCTPOUCTBO.

5. BcraBbTe mpomymieHHsie cnoBa. MaTepraibHO-HH(POPMAIMOHHOE Pe0Opa3oBaHUE BEIIECTBA,
npu KOTOpOM (pu3MUecKkue BO3JACHCTBHE HAa OOBEKT MPHUBOJAUT K BO3SHHUKHOBEHHIO KaKOTO-TO
(U3UYECKOTO TOJIS UITH AEUCTBUS — 3TO hU3MIecKui Y EKT.

Tema 2. OcHOBBbI TEOPHH PU3HYECKOTO TOJIS
1. Bonpocul 014 odcysycoenusn
1) IToTOK BEKTOPHOTO MOJISI U €r0 PU3MYESCKUN CMBICII.
2) JluBepreHUUsl BEKTOPHOTO MOJS U €€ (PU3UUESCKHIA CMBICI.



3) Hupkynsiusi BEKTOPHOTO OIS U €€ (PU3NUESCKHIA CMBICI.

4) POTOp BEKTOPHOTO MOJIS ¥ €ro (GU3NIECKUil CMBICIT.

5) I'paguieHT CKaJIIPHOTO MOJIS U ero (PU3HYCCKHI CMBICI.

6) BoJsiHOBBIE MPOIIECCHI.

7) OGras kiaaccuuKaIus BOJH.

8) I'apMmoHHMYECKHE BOJIHBI M BOJHOBOE YPaBHCHHE

9) VYpaBHeHue mIockoi Oeryiieii BoJaHbl. BoHOBOE ypaBHEHHE.
10) BosiHOBBIC SIBIICHHS.

2. Jlabopamopnas paboma 2

KomnuekT 3aganuii 1J1s1 BHINOJTHEHUSs
JabopaTopHoii padoThI 2
Tema UBYYEHUE DOPDPEKTA MACKUPOBKH
BBenenue

[lepenaua wHOpMaAIMKM MO CHUCTEMaM BEIAHUS, TEIe()OHHOH CBS3H, 3BYKO3ANUCH WU
BOCIIPOM3BEJEHUS 3ByKa IpeJHa3HaueHa Uil denoBeka. Ilosromy 1 mpaBHIIBHOTO
NPOCKTHPOBAHMUS M SKCIUTyaTallii 3TUX CHCTEM HEOOXOMMO 3HATh CBOMCTBA CITyXa YelIOBEKa.

Opran cinyxa 4ejoBeKa SBIISIETCS CBOEOOpPa3HbIM INPUEMHHUKOM 3BYKa, PE3KO
OTJIMYAIOIIMMCA OT NPUEMHHUKOB 3BYyKa, CO3[aBa€MbIX YEJIOBEKOM. YXO uejoBeka olianaer
CBOMCTBAMM 4YaCTOTHOIO aHaJIW3aTOpa, JUCKPETHBIM BOCHPHUATHEM II0 YacTOTHOMY U
JAHAMUYECKOMY JMana3oHaM. Tak aHaJOroBbI 3BYKOBOW CHTHAJl —IPEBpAIIACTCS B
IIOCJIEOBATENBHOCTD DJIEKTPUYECKUX HMIIYJIBCOB JIBOMYHOrO Tuma. Bce »Tu omnepaunuu
OCYILECTBIISIFOTCS. BO BHYTPEHHEM yXe, B yIUTKe. B ynuTke HaxomuTcst GaswisipHas MeMOpaHa,
cocTodlIasi U3 OOJBIIOrO YMCIa BOJIOKOH, Cl1ab0 CBA3aHHBIX MeXAy coOoil. Broiab ocHOBHOM
MeMOpaHbl PACHOJIOKEHBI HEPBHBIE OKOHYAHUS, KaXI0€ M3 KOTOPBIX BO30YXKITAeTcs OT
IPUKOCHOBEHHUS] K HMM BOJIOKOH OCHOBHOM MeMOpaHbl, IOChLIas B CIyXOBOM LIEHTp Mo3ra
ANEKTPUYECKUE UMITYJIBCHI.

Tam >TH UMIYJIBCBI TOABEPTAIOTCS CI0KHOMY aHAIM3Y, B PE3YJIbTATE KOTOPOTO YEIOBEK
onpejenseT meperaBaeMoe cooOiieHne. BocnpuHuMaemblii CIyXOM YacTOTHBIM JMara3oH
orpa"uueH cHu3y yacrorou 16...20 I'n, a cBepxy - wacroroit 200001 .

Hean padoTsi

Lenbto maHHOW 51abOpaTOpHONW pPabOTHI SBIAETCS H3Y4YEHHUE BOCHPHUATHS YEIOBEKOM
3ByKa 10 aMIUIATY/E€ ¥ 4acTOTE: ONPEIECICHUE NOpora CIBIIIUMOCTH B YCIOBUSAX THUIIWHBI U B
YCIIOBUSX IIYyMOB U TIOMEX.

TeopeTuyeckas 4acTb

Ecnu  BOJOKHO OCHOBHOM MeMOpaHbl IpH CBOHUX KOJIEOAHHUSAX HE JOCTHraeT a0
Onmkaiiiiero K HeMy HEpBHOTO OKOHYAHUs, TO YEJIOBEK TaKoi 3ByK He cibluT. Ho Kak TOIbKO
OpU yBEIMYEHUM AaMIUIUTYIbl KOJIeOaHWH BOJIOKHA OHO KOCHETCS HEPBHOIO OKOHYaHMS,
IIPOM30MIET 3TO pa3apakeHne. HepBHOE OKOHUaHME cpa3y e HAYHET NOChIIATh AIEKTPUUYECKUE
UMITYJIbCHI B CITYXOBOM LIEHTP MO3ra, U 3BYK OYZET yCIbIIaH. DTOT CKauKOOOpPa3HbI mepexos
U3 CIBIIIMMOIO COCTOSIHUS B HECJTBIIIMMOE M OOpaTHO Ha3bIBalOT IMOPOTOM CIBIIIMMOCTH.
AOCONIOTHOE 3HAUEHHUE CIYXOBOTO OILIYIICHUS Ha IOPOre CIBIIIMMOCTH Mallo, HO BCE K€ UMEET
BIIOJIHE KOHEYHOE 3HadeHue. [lopor caslmmMocTH 3aBUCUT OT 4acToTel. Ha pucynke 2.1
IPUBENEHBl 3TH 3aBUCUMOCTH, IPHUYEM II0 OCH OpAMHAT OTJIOXKEHBI YPOBHH 3BYKOBOTO
JTaBJICHUS.
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Pucynok 2.1 - YacToTHas 3aBUCHMOCTb YPOBHEH IIOPOra CIIBIILIUMOCTH

1 - nns GuHAYPANBHOTO CIYIIAHUS, KOT/Ia AaBJIEHUE CO3/1a€TCsl MHOKECTBOM UCTOYHUKOB
3ByKa, OECHOpPSIOYHO PACHOJOKEHHBIX B TOPH3OHTAIBHOW TUIOCKOCTH BOKPYT TOJIOBBI
(muddy3HbII TOpPOT);

2 - nns OMHAypallbHOTO CHYIIAHUS, KOTAA JABJICHHE CO3[aeTCs MCTOYHHKOM 3BYKa,
pacmoI0KEHHBIM HA HEKOTOPOM PACCTOSIHUM Tepes ciuymiarenaeM ((ppoHTaIbHBIH OPOT);

3 - UIsI MOHOYPAJIbHOTO CIIYIIAHH, KOTJa IaBJICHHWE B YIIHOW PAKOBHHE CO3JACTCS C
MOMOIIBIO TeseoHa (IOpoT Mo JaBJICHUIO).

YacTo mpuxoanuTCst UMETh JIENI0 C PA3IMYHBIMH 3aBUCHMOCTSMH TTOPOTa CIBIIIUMOCTH OT
4yacToThl. Pa3Huiia Mexly HUMU OOYCIIOBJI€HA pa3jiMudeM B yCJIOBUSAX M3MEPEHUN mopora: AJis
OMHaypaJIbHOTO CJYIIAHWS, KOT/Ia JaBJIEHHE CO3JaeTCs MHOXXECTBOM HCTOYHUKOB 3BYKa,
PacMoI0KEHHBIX B TOPU30HTAIBHON MIIOCKOCTH BOKPYT T'OJIOBBI, AJI OMHAYPATIbHOTO CIYIIAHUS,
KOTJa JIaBJICHHE CO3/1aeTCsl MCTOUYHUKOM 3BYKa, PACIIOJIOKEHHBIM Ha HEKOTOPOM PAaCCTOSTHUU
nepes ciuymaTesieM, A7 MOHOYPaJbHOTO CIYyIIAaHUS, KOr/Ia JaBJICHWE B YIIHON paKOBUHE
CO3J1aeTcs C TIOMOIIBIO TeedoHa.

D¢ddexT MackupoBku. B ycraoBHsX IIymMa v MOMEX MOKHO HE YCIBIIIATh JaXKe TPOMKHUIMA
pasroBop, T.e. B YCIOBHSIX IIyMa M TOMEX IOPOT CIBIIMUMOCTH JJIS MpHeMa cliaboro 3ByKa
BO3pacTaeT. OJTO TMOBBIIIEHHE [OpOra CIBILIKUMOCTH Ha3bIBalOT MAaCKUPOBKOH. Bennunna
MaCKHPOBKH OTIPEIEISIETCS BETMYUHON MOBBIIICHUS TTOPOTa CIBIIIUMOCTH Il IPHHUMAEMOTO
3BYKOBOT'O CUTHAaJa

M=L —-L

n.c.ut n.c.m ! n.c.m

L =10lg'|i; L

0

=10Ig II—T .
0
rae |,=10"Bm/n*; L
HwuskodacToTHBIE TOHa CHIIbHEE MAacKHpPYIOT BBICOKOYACTOTHBIE, YeM Haobopor. Ha
pUCYHKe 2.2 IpUBEIeHbI KPHBbIE MACKHMPOBKH IS psiia YacTOT M yPOBHEH TOHOB.

L - YPOBHHU mOpoOTa CILIIUMOCTHU B TUIIHMHEC W ITIPHU ITOMEXaX.

n.cau’ n.c.m
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Pucynok 2.2 - KpuBble MaCKUPOBKH JJIS psiJia 4aCTOT U UX YPOBHEN

ITo ocu abcmuicc OTIOXKEHA YacTOTa MAacCKHPYEeMOTro TOHA, IO OCH OpAMHAT -BEeJIHMYMHA
MacKHpPOBKH (TapaMeTp KPUBBIX - YPOBEHb OILYIIEHHsS] MACKHUPYIOIIETO TOHA; BBEPXY KaXKIA0TO
rpaduka ykazaHa 4acTOTa MaCKHUPYIOLIETO TOHA).

IIpy pa3HOCTM YAacCTOT OKOJO HECKOJbKUX MAECATKOB Tepll BEJIWYMHA MAacCKHPOBKU
HAaYMHACT YMCHBINATHCA H3-3a 6I/I€HI/II\/’I, U IIpu paBCHCTBE YaCTOT OHa HMECT JIOKAIbHBIN
MUHUMYM. TOYHO Takue k€ JOKaJlbHble MUHUMYMBI HAOIIOJAIOTCAd W HAa YacTOTaX, KPaTHBIX
4aCcTOTEe MaCKHPYIOIIETro TOHa.

Onucanue J1a00PATOPHOH YCTAHOBKH

3 4
—
°
e &
]\ 2
Pucynok 2.3

B cocraB nabopaTopHO# yCTaHOBKH BXOJIHT:

1. U3mepuTenb ypoBHS HHTEHCUBHOCTH 3BYKa WJIM YPOBHS 3BYKOBOT'O JIaBJICHHUS;
2. Nunamuk (1);

3. Pyuka perynupoBaHHs 4aCTOTbI T€HEPATOPA;

4. ToHanbHBIN reHepaTop;

5. Pyuka peryinpoBaHus aMIIUTYAbl TOHAJIBHOTO CUTHAJIA;

6. dunamux (2);

7. I3mepuTenb ypoBHS HHTEHCUBHOCTU MAaCKUPYIOILErO TOHA;



8. BTopoil ToHaJIbHBII IeHepaTop WM LIyMOBOM reHepaTop.

3aanue /151 BHINOJHEHUsS] padoThl

Jannsie: yactora ocHoBHOTO ToHA fo=100 ', qmanasona n3amenenus: ot 100 ' mo 1200
' yepe3 200 I'; ot 1200 'y 1o 2800 I'ry uepes 400 I'w.

[TocTpouTh KPUBYIO OPOTA CIABIIIMMOCTH.

Jlannsie: yactota Mackupytomero ToHa fm=400 ', ypoBens 80 nb; yacToTa OCHOBHOTO
toHa 1200 I'm. Haittm mMuHUManbHBIA ypoBeHb 1 ToHa 1200 I'm, KOTOpBIA MOXET OBITh
yCTbIIIaH Ha (OHE MEeMIaomero (MaCKUPYIOIIEro) TOHa.

JlanHbie: yactoTa Mackupyroiiero ToHa fm=2400 I'u, ypoens 80 nb. yacTora 0OCHOBHOTO
tona 1200 I'm. Haiith munumaneHblii ypoBeHb aisi ToHa 2400 [, KOTOpBI MOXET OBITH
yCIbIaH Ha (OHE MENIArIIEro (MaCKUPYIOIIETro) TOHA.

TpeOoBaHusl K 0TYETY

OT4er JODKEH COJepKaTh ONMUCAHUE JIA0OPATOPHOU YCTAaHOBKU W TPH rpaduKa: KpuBas
MOpOra CJABIIIUMOCTH B TULITMHE, KPUBbIE MACKHUPOBKHU IS TOHOB
fm:100 FLI u fm:2500 FII

3. Koumponsnas paboma 2

Bonpochl kK KOHTPOJILHOI padoTe Ne 2
OneMeHTs! Teopuu 1o1st. OCHOBBI TEOPUU NOJS (PU3HUECKUE.
[ToToK BEKTOPHOTO MOJISA ¥ €r0 (PU3NIECKUNA CMBICIL.
JlMBepreH1ys BEKTOPHOTO IMOJIS U €€ PU3NUECKUN CMBICI.
Hupkynsuus BEKTOPHOIO MOJIS U €€ PU3NYECKHUIT CMBICIL.
Potop BekTOpHOTO NOJIS U €ro pU3nYecKuil CMbICI.
['pasueHT CKaIsAPHOTO OIS ¥ €r0 (PU3NIECKUN CMBICIT.
Bonnossle nporieccsl. O01mas kiaaccuuKaus BOJH.
Pacnpenenenue BoaH 1o yacTore.
I"'apmoHMUECKHE BOJIHBI U BOJTHOBOE ypaBHEHHE. OCHOBHBIE ONPEACICHUS.
10. YpaBHeHHE TUIOCKO OeryIiel BOTHBI.
11. BonHoBOE ypaBHEHUE.
12. BosHOBBIC SIBIICHUS.

CoNoOA~WNE

4. Tecm 2

Bonpocsl Tecta 2 no Teme 2
BaHK TecTOBBIX 3a1aHNI pa3MeleH Ha caiiTe HeHTpa HU(PPOBOro 00y4eHus
http://moodle.asu.edu.ru

1. 3anuch nHPOpMAIIMK HA HOCHUTEINS B BUAE (PU3UIECKUX TTOJIEH OCYIIECTBISCTCS TTOCPEICTBOM
mporecca

JIEMOTYJISIAN

MOIYJISIUA

OTpaKeHUS

uHTep(EepeHITIH BOIH

2. [ToTok BeKTOpa MOJI CKBO3b 3aMKHYTYIO TTOBEPXHOCTh MPSIMO MPOMOPIIMOHATIEH KOJTUYECTBY
HCTOYHHUKOB ITOJIA BHYTPH ITOBCPXHOCTH, T.C. B O6T)CMG, OrpaHM4YC€HHOM 3TOU IMOBEPXHOCTHIO -
3TO Teopema

Hanambepa

Octporpaackoro-I'aycca



Crokca
Jlammaca

3. Bpewms, 3a KOTOpOE OCYIIECTBIISICTCS TIOJHBIN ITUKIT KOJIeOaHHH
CKOPOCTb paclpoCTPAHEHHUSI BOJHBI B IAHHOU Cpejie

nepuo.1 KojiebaHui

qyacToTa KoJeOaHui

JUTMHA BOJIHBI

4. Hupkynsuuss BeKTOpa CHJBL MOJSI MO 3aMKHYTOMY KOHTYpPY, SBISIONIEMYCS TpaHULEH
HEKOTOpPOW IIOBEPXHOCTH, paBHa IOTOKY pOTOpa 3TOr0 BEKTOpa 4Yepe3 IMOBEPXHOCTH,

OTpaHUYEHHYIO 3TOM KPUBOH, B HANPaBICHUH HOPMAJIH - 3TO TeopemMa

Crokca
Octporpazackoro-I'aycca
Jlannaca

Janambepa

5. Bekropublit auddepeninanbHbli onepaTop HaJl BEKTOPHBIM MOJIEM — 3TO

poTop
JIUBEPICHITUS
rpaiueHT
CTaTop

Tema 3. J1eKTpOMArHUTHbIE AIBJICHUS

1. Bonpocwl ona oocysyicoenusn
1) OcCHOBBI 3JIEKTPUYCCKOTO B3aUMOJCHCTBHs. Bus
CpaBHHUTENbHAS XapaKTEePUCTHKA.

2) DIEKTPOCTATUYECKOE MOJIe, Ero XapaKTePUCTHKH U CBOMCTBA.

3) Teopema Octporpazackoro — ["aycca.

4) JleWcTBHE DIIEKTPUUYECKOTO TOJIS Ha BEIIECTRA.
5) IIpoBOIHHKHU B IIEKTPOCTATHICCKOM IOJIE.

6) KonnmeHcatopsl.

7) MarHuTtHbI€ MOJIsT 00OBEKTOB.

8) DnekTpoMarHUTHAsI WHIYKIIUS.

9) 3akon buo — CaBapa — Jlamaca.

10) Cunst Amrepa u Jloperia.

11) DaekTpoOMarHUTHBIC MOJISI M BOJIHBI.

12) BuxpeBoe 3JeKTPUUECKOE MOJIe, TOK CMEIICHHSI.
13) TlonsiTHE MEKTPOMArHUTHOM BOJIHBI, €€ XapaKTEPHCTHKH.

14) Tlonss neMeHTapHBIX H3Iydarenedl. 30HBI H3TydaTels.

AIIEKTPOMATHUTHOU TTPUPOJIBI.
15) DxpaHupoBaHKe IEKTPUUECKHUX TTOJIEH.
16) DxpaHUpOBaHWE MAarHUTHBIX TOJICH.
17) DrexkTpOMarHUTHOE SKPaHHUPOBAHHE.
2. Jlabopamopuas paboma 3

BJIEKTPUYECKUX TOJIEH, HX

OKpaHUpOBAaHHUE IOJEN

KommiekT 3a)1aHm”1 AJIA BBITIOJIHCHUHA

JJabopaTtopHou padoTnl 3

CIIEKTPAJIbHBIA AHAJIA3 CUTHAJIOB



1. Hesas padoTsl
Llenpto nmaHHOW pabOTHI SBISETCS OBJIAZCHUE HABBIKAMHU CIIEKTPAIBHOTO aHAIHM3a

CUTHAJIOB.
2. TeopeTnueckasi 4acThb
2.1. MaTeMaTH4eCKOe ONNMCAHHE CUTHAJIOB
[log curHazoM mNOHUMAIOT (GU3WYECKUH MpOLEcC, OTOOpaKAOUMKA HEKOTOPYIO
uHpOpMaLIMI0O WIM CcoOoOleHne. MareMaTuyecKdh CUTHaJd ONUChIBaeTcsd  (DyHKIMEH

OIMpECACIICHHOI'O THUIIA.

Amnanorosbsle curtainsl (AC) onucbIBalOTCA HENPEPHIBHON (MJIM KYyCOYHO-HENPEPHIBHON)
Gynkuuein Xa(t), mpuuem cama GyHKIHS U apryMeHT t MOTyT NMPHHHMATh JIIOObIC 3HAYCHHUS Ha
HEKOTOpLIX MHTepBatax BpeMenH. Ilpumep AC: Xa(t)=Ae™, A=1, o>0, BemectBenHo, 0<f,
npuBezaeH Ha puc.3.1.a.

X (t)

o071 -

x(nT)

nT &)

: 1
T 2T a7 t
8)
Puc. 3.1.

AHaJIOTOBBIE CHTHAJIBI UCTIONB3YIOTCS, HAPUMED, B TeJIe(HOHUH, paHOBEIIAHIH, TEIICBHUICHUH.

Huckperabie  curHasnbl  (JIC)  omuchIBalOTCS — pemieTdyaTbiIMH — (YHKIUSAMH — —
nocienoBarenbHOCTIMU — X(NT), Tae T=const — WHTEpBal AUCKpeTH3anuu, N — memnoe, N=0, 1, 2,
..; cama ¢yskius X(NT) MOoXKeT B TUCKPETHbIE MOMEHTHI NT TPUHUMATH TPOHM3BOJIHHBIE
3HAYEeHUs HAa HEKOTOPOM HHTEpBajie. JTH 3HaUeHUs (YHKIUH HA3bIBAIOTCS BHIOOPKAMH, WU
orcueramu ¢ynxumuu. Ha puc.3.1.6 mpuseneno rpaduueckoe uzodpaxenue JIC x(nT)=e"T,
a<0, BemectBeHHo, N=0, 1, 2,.... TIpumMepoM NMPUMEHEHHUS TUCKPETHBIX CHUTHAJIOB SBJISOTCS
CHCTEMBI C aMIUTHTYIHO-UMITYJIbCHOM Moy siuei. [locnenoBatensHocts X(NT) MOXKET OBITH U
KOHCUHOMW, COCTOSIIIEH W3 OmNpelesieHHOro koHeuHoro ymcia otcuetoB: X(0)=1, x(T)= -2,
X(2T)=3; KOHEUHYIO MMOCIIEeIOBATEILHOCTh MOXHO 3anucath B popme x(nT)={1, -2, 3}.

[{udpossie curnansl (L{C) mpeactaBistoT coO0H KBaHTOBAHHBIC MO YPOBHIO JUCKPETHBIC
CHUTHAJIBI W OINHUCBHIBAIOTCS KBAHTOBAHHBIMH pEIICTYATHIMH (PYHKIUAMH (KBAaHTOBAHHBIMH
MOCJIeI0BaTeNbHOCTAMHU) Xy(NT), MPUHUMAIOIIMMY B TUCKPETHBIC MOMEHTHI NT JIUIIIb KOHEYHBIH
P IMCKPETHBIX 3HAUCHHH — ypoBHeW kBaHTOBaHHS hi, hy,..., An. IIpuMep KBaHTOBaHHOTO




JMCKPETHOT'O CHUTHaNa mpuBeleH Ha puc.3.1.B. CBsa3p Mexny pemerdaroil ¢pynkuuein X(nT) u
KBaHTOBAaHHOM pemierdaroi ¢Qynkumend Xy (NT) ompenensercs HeMUHEHHON —(yHKIMEH
kBaHToBanusi Xu(NT)=F, (X(nT)). CymecTByloT pa3nuuHble CIOCOOBI BBHIOOpA (YHKIUH
KBaHTOBaHus. B mpocTeifiiem ciyyae, KOTJa UCIOMb3YETCsl KBAHTOBAHUE C MOCTOSIHHBIM LIaroM
Ah=hi- hi;=const , pyHKIUs KBAHTOBAaHHUS UMEET BU/T

h, +h
h, npu X(nT)S%,
h +h h., +h
X, ("T) = F (x(NT)) =4 i npu %q(nT)g%, (3.1)
hy +h
hy  npu %qmn.

Kaxnplii n3 ypoBHEH KBAaHTOBAaHUS KOJUPYETCS UYUCIOM, OOBIYHO HCIOJIB3YKOTCS JBOUYHbBIE
cuMBOJIbI 0, 1, ¥ KBaHTOBBIE OTCYEThI Xy(NT) KOJUPYIOTCS TBOMYHBIMHU YUCIAMHU C M pa3psiiaMH.
Yucno ypoBHeil kBaHTOBaHMs N M HauMeHbIEe 4YHCIO pa3psioB M JBOUYHBIX YHCEI,
KOJUPYIOIIHUX 9T YPOBHU, CBSA3aHbI COOTHOLLIEHUEM

m= int(log2 N), (3.2)

rae int(A) — HauMeHbIIee 1eNI0e YUCII0, He MeHbIlee yncia A.

I[IpumMepbl TUCKPETHBHIX CUTHAJIOB

PaccMOTpEM HEKOTOpbIE MIMPOKO MCIOJB3yEMbIE B TEOpHH LHU(PPOBOM 00pabOTKH
CHTHAJIOB TIOCJICIOBATEIIHOCTH.

1. Casur nocnenoBarenbHocti X(NT) mo ocu NT: mocnemoBarensHOCTh Y(NT)=X(NT-KT)
oOpasyercst ipu cusure nocienoparenbHoctu X(NT) Ha K orcyeroB Bmpaso (mpu K >0 ) wim
Bi1eBO (mpu K<O0).

2. JTuckpeTHas nenbTa-QyHKIUS (CIHHUYHBIN HMITYIIBC) OMPEIEISETCS COOTHOIIEHHEM

0 npun=Kk

snT-kT)=4 " | (3.3)
1npun=Kk

3. AHanuTHyecKkas 3amuch TocheaoBaTeNbHOCTU. W3 ompeneneHus TUCKPETHOW O-

q)YHKI_II/II/I CJIeayeT, 4TO nro0as IOCJICI10BAaTCIIBHOCTD X(nT) MOXET OBITh 3allMCaHa B BUIC
0

X("T)= 3 x(KT)5(nT —kT), (3.4)
k=—c0
TaK KaK BCC YWICHBI CYMMBEI ITpU k #N PaBHBI HYJIIO.
4. EI[I/IHI/I[IHaﬂ MOCJICA0OBATCIIBHOCTD OIMPEACIIACTCA COOTHOIICHHUEM

U (nT —kT) = 0Pun <k
1npun>Kk

5. DKCHOHEHIHATbHAsA MOCIeN0BaTeNbHOCTh ONpesenseTcs cooTHomenneM X(NT)=e*",
rJie B o0meM ciyyae o=c+j® - KomiuiekcHoe uncio. [Ipu ©=0 a=c - BemectBeHHoe u X(NT)
=eo"T=c" — BemlecTBEeHHAs CTENEHHAs MOCIEI0BATENLHOCTD.

6. [lepronyeckoil Ha3bIBAIOT MOCIECIOBATEIHLHOCTD X(NT), YIOBICTBOPSIOIIYIO YCIOBHIO
X(nT)= x(nT+mNT), rnie m u N — wmensie uucia, m=1, 2, 3, ..., NT (wm N) — mepuon
nocneaoBarenbHOCTH. [leproauueckyto mocae10BaTeNbHOCTh JOCTATOUYHO 3a/1aTh Ha UHTEpBaje
onHoro nepuona. Ilpu BbeIXoAe B pe3ynbTare CABUIA U3 MHTEpBAJa OJHOIO NEPHUOAA KaKOT0-TO
OTCYETa TOYHO TAaKOW K€ OTCYET BXOJUT B HMHTEPBAI C APYroro €ro KoHma. Takoil caBur
Ha3bIBACTCS KPYTOBBIM. 3aMETHM €IIle, YTO CABUT MIEPHOANYECKOr mocienoBateabHoctu X(NT) ¢
nepuogoM N Ha K >N 0TcUeTOB HeJb3s OTIIMYHUTE OT cABUIa Ha (k)mod N=K<N oTcueToB.

(3.5)

2.2. [TosryyeHue cnieKTpa CUrHaja



CnekTpoM BpeMeHHOW 3aBucHMOCTH ((yHkumu) X(f) Ha3bpIBaeTCs COBOKYITHOCTH €€
rapMOHMYECKUX COCTABISIOMUX (TAapMOHHUK), 00pa3yromux psin Dypoe.
CriekTpanbHBIN aHATN3 TePUOINYECKUX (PYHKIUH 3aKTI0UaeTCa B HAXOXKACHUN K03 (HUIIMEeHTOB
ak, bk pana @ypee

X(t) = %0 + 3 (a, cos2zkfyt + by sin 27kft). (36)
k=1

rie fi-uacrora moBTOpeHus (MM YacTOTA MEPBOM TapPMOHUKH ), K-HOMEp TapMOHUKH.
Koaddunments! psna Oypbe onpenensitoTcsi BBIPaKeHUSIMU

]
a, = % [ y(t) cos 2nkftdt, (3.7)
0

;
by, = %j y(t)sin 27kf;tdt (3.8)
0

rae T=1/fi-nepuos noBropenus nepuoauueckor Gpynkuuu X(t).

JInsi ONMUCAaHUST aHAJIOTOBBIX W JUCKPETHBIX CUTHAJIOB B YACTOTHOM OOJIACTH HCIIOJIB3YETCSI
anmapar npeobpazoBanusi dypoe. Cnektpom Xa(jw) aHamoroBoro curHana Xa(t) HasbIBaroOT
npsimoe peodpasoBanue Dypobe

Xa(jo) =[x, (t)e 1 dt. (3.9)
0
B cBoto ouepenp, cornacHo oopatHomMy peodpazoBanuo Dypre
1%, .
Xa () =— [ X, (jo)e'*dw. (3.10)
2r =,

[Tapa mpeoOpa3oBanuii i pemieTdyaTord QYHKIHHM (TUCKpETHON mocienoBareabHocT) X(NT)
UMEET BUJL:

X (€197 ) = px(nT)}= 3 x(nT)e InT . (3.11)
n=0
| _
x(nT) =X ()T )}:2_ [ X M)de, (3.12)
T _x
?

rie X(e'°T) Ha3BIBAIOT CIEKTPOM JMCKPETHOTO CUTHAIIA.
Ceoticmea cnekmpog OUCKPEMHbIX CUSHANLOG.

1. U3 (3.11) cnenyer, uro crektp X(6'°T) muckpeTHOH MOCIETOBATENBHOCTH SBISETCS
HEPHOANIECKOM (DYHKITHEH 110 4aCTOTE @ C MEPHOIOM, PAaBHBIM YaCTOTE JUCKPETHU3AIHMH:

. K27
27 joT Jj(@+k ?)T
ogp=—; X" )=X(e ), k=1, 2, 3, ... SIcHo, 4TO TaKKe MEPUOTMUECKHM
T

27

[0 4acTOTE C NEPUOLOM @ ;7 = ? ABIISIOTCA MOy criekTpa |[X(€/°T)| n pasza — aprymenr arg
X(el").

Kpome Toro, 1151 BeleCTBEHHBIX mocieaoBaTeabaocteit X(NT), kak caenyet u3 (3.11),

IX@EN|= [X(e1T)],

arg X(e°")= - arg X(e1*T),



T.. MOJIYJb CIIEKTpa BELIECTBEHHOW IOCIEIOBATEIBHOCTU SBJSIETCS 4YETHOW (yHKUMEH, a
apryMEHT — HEUeTHON (DYHKIIMEH 4acTOTHI.

2. OueBUAHO CBOMCTBO JIMHEHHOCTH MTpeoOpazoBanuii dypne.

3. Ipu casure crnexrpa X(e/T) mocnexosarensroctd X(NT) MO OCH YacTOT BIPABO Ha
BenmunHy 1 mnonmydaem crektp Y(eleT)= X(el©®J)T). Dromy cmektpy cormacuo (3.12)
COOTBETCTBYeT mocienoBarensHocth Y(NT)=e"X(nT), u, ciemoBaTeNbHO, CABHT CIIEKTpa IO
OCH YacTOT COOTBETCTBYET YMHOXKEHHIO mocienoBateabHocTd X(NT) Ha MOCIIEI0BATEIbHOCTh
gloanT,

4. Tlpu cnBure muckperHoro curaaiga X(NT) BmpaBo (T.e. IMpH 3aJCP)KKE MO BPEMEHH
curHama) Ha Ni orcyeroB noiaydaem curHan Y(nT)=x(nT-niT) m cormacuo (3.11) cmektp
3aJIepKAHHOTO CUTHAJIA

Y(eleh)= eldonT X(eleT), (3.13)

5. Iuckpernbiit curnan X(nT) u Momyns ero cmektpa | X(e/°T)| cBasambl criemyromeii
3aBUCUMOCTBIO (Teopema [lapceBaist)

T

o T .
> |x(nT)|? :IHX(eJ“’T‘zda) (3.14)
n=0 72N

Teopema KoTe1ibHUKOBA

AHAJIOTOBBI  CHTHANl ~ TUCKPETU3UPYETCs TpW TOMOUIM  JWCKpETH3aTropa, T.e.
aMIUIUTYIHO-UMITYJIbCHOTO JJIEMEHTa, pPEarupyrollero Ha JUCKPETHbIE PaBHOOTCTOSIINE
3HAYEHHUS] BXOJHOTO CuUTHasia B MomeHTHl t=nT, n=0, 1, 2, ... Ha BeIxome aumckperusaropa
obpasyercst  MoCieA0BaTeabHOCTh  BBIOOPOK X (nT)=xa(t)|=nT. HaobGopoT BoOccTaHOBICHHUE
AHAJIOrOBOrO CHUTrHala Xa(t) MO ero IUCKPETHOMY IIPEICTABICHUIO — IOCIEI0BATEIbHOCTH
BBIOOPOK X(NT) — CBOAUTCS K MCITOIB30BAHHMIO PA3THUHBIX HHTEPIOISIIMOHHBIX IPOLIEAYP.

[Tpu BBIOIIHEHNH HEKOTOPHIX YCIOBHUH, OMpEAEsIeMbIX TEOPEMOI OTCUETOB (TeopeMoi
KoTenbHuKOBa), onepanuu JUCKPETH3allMM M BOCCTAaHOBJIEHHUS B3aMMHO oOpaTHbl. CoriacHo
9TOM TeopeMe: eCii aHAIOTOBbIN curHal Xa(t) umeer orpanudeHubiil (GuHUTHBIN) criekTp Xa(jo),
T.€. Tako#, 4To Xa(J®)=0 mpu |o[>wo (ycroBHOE H300pakeHnEe MOYIIS CIIEKTPa AaHO Ha puc.2.a),
TO TaKO# CUTHAJ MOYKHO OJIHO3HAYHO MPEICTaBHUTh MOCIEA0BATEILHOCTHIO BhIOOpOK X(NT), n=0,

27
1,2, ...npu T =——, rae op=2nf>2wmo.

D
IIpu sTOM

> sinwgy (t —nT)
Xa()= > x(nT) 0
N=—o0 C{)O (t - nT)
OTKy/aa CJeayeT, uTo CUTHal Xa(t) MOKHO MONYyYHTh, €CIAM MPOMYCTUTH MOCIEI0BATEILHOCTD
X(nT) gyepe3 naeanbHbIl (HU3NUECKU HE pea3yeMblil) aHAJOTOBBIH (PUIBTP HUKHUX YaCTOT C

, (3.15)

o T o o .
4acTOTOU cpe3a @. =— W C aMImmTyaHo-yactoTHoil xapakrtepuctukoir (AUX) |[K(jo)|=T B
.

0JI0CE TPOITYCKAHUSL.
Crektp X(6'") mocnenosaremsHoCcTH X(NT), TIOMYYEHHOH B Pe3yibTaTe TUCKPETH3AINH C

27 .
4acTOTON (@ J] =  AQHaJoroBOro curHaia Xa(t), u cnektp Xa(j®) TOCIETHEro CBSI3aHbBI
COOTHOIIICHHUECM
ja)T 13 ;
X(e = ? Z a(J(@+ ko)) (3.16)



1
T.€. CHEKTp mociienoBateibHOCTH X(NT) paBeH ¢ TOYHOCTHIO 10 MHOXKHUTEJIS T CyMME€ CIIEKTPOB

COOTBETCTBYIOIIICTO CHUI'HAJIa Xa(t), CMCHICHHBIX II0 OCH 4YaCTOT Ha BCE€ BO3MOKHBIC 3HAUYCHUA

27
YaCTOThI, KPATHBIE YACTOTE IMCKPETUALMH @ ; = — .

T
Ha puc.3.1.6 u 6 npuBefeHO ycioBHOE M300paxkeHue Momyns crektpa [X(e/“")| muckperHoro
curHana X(NT) COOTBETCTBEHHO MJIsl Cly4aeB ®p>2mo U ®n<2mo. B mepBoM ciydae CHEKTp
JIMCKPETHOI'O CHTHAJIa COBIAIaeT B HHTEPBaJIC |®|<|®o| CO CIIEKTPOM aHAJIOTOBOIO CUTHAJIA, a BO
BTOPOM Cllyda€ HMEET MECTO SIBJICHHC HAJOKEHHUS CIEKTPOB, TMPH OSTOM  CIIEKTP
JIMCKPETU3UPOBAHHOIO CHUTHAJIA HE COBMAJaeT B MHTEpBaC |®|<|wo| C HCXOMHBIM CIEKTPOM
AHAJIOrOBOT'O CHUTHAJIA.

Takum 00pa3om, eciii aHAJIOTOBBII cUTHAI Xa(t) 001amaeT GUHUTHBIM cIeKTpoM Xa(j®) ¢
YacTOTOM cpe3a o, TO OH MOXeT ObiTh 0e3 moTepu HHPOPMALUHU MpeACTaBICH
noceoBareibHOCThIO X(NT) , moMydeHHOH B pe3ysbrare auckperu3anud AC ¢ 4acTOTOM

=200, (3.17)

HaoGopot, mo muckperHomy curHany x(nT) moxer OwiTh cormacHo (3.15) BoccTaHOBIEH
AHAJIOTOBBII CUTHAI Xa(t).

Bo muorux cnyvasx crektp Xa(jo) anamoroBoro curHana Xa(t) He comepxwut yacrory =0, a
COCpPENOTOUEH B HEKOTOPOH M0JIOCE 0£®Min<M=<Mmax<o0; TAKUM SBIISIETCS, HANPUMED, CIEKTP
paZnOCHUTHATIOB, MOAYJIMPOBAHHBIX MO aMmIUIUTyne win (aze. B 3TuX ciydasx uis TOYHOTO
NpPEJCTaBICHUS aAHAJIOTOBOIO CHTHAJIA IIOCJIEOBATEILHOCTEI0 BBIOOpOK ycioBus (3.17)
MPUBOJIUT K 3aBBIIICHHBIM 3HAYCHUSM HEOOXOTUMOW YaCTOTHI JAUCKPETU3AMMH, MEKIY TEM

21

JIOCTaTOYHO BBIOPATh YaCTOTY AUCKPETU3ALMU (D = ? , YAOBJICTBOPSIOILLYIO PABEHCTBAM

2w 2w
max <w;< min (3.18)
q q-1
_ @ max
rae o=1, 2, ..., Ex , puyeM 3anuch Ey[A] o3HayaeT «uenas 4acTb unuciaa Ay.

Omax ~ Pmin
Ecnu yacroTta nuckpernsanuu BeIOpaHa HEJOCTATOYHO BBICOKOM U (2.18) He ymoBneTBopsiercs,
TO UMEIOT MECTO HAJIOKEHHS CMEIEHHBIX CIIEKTPOB | B pesyibTate crektp X(e/°T) mckperHoro
Dp Pp -
CHTHAJIa B JMana3oHe | — —— ,—— | OTJMYacTCs OT CIeKTpa aHamoroporo curxana Xa(jo), T.e.

2

AUCKPCTU3AlUA aHAJIOTOBOI'0 CUTHAJIA IIPUBOJUT K IMMOTEPC I/IH(l)OpMaI_II/II/I.

2.3. luckperHoe npeodpasosanne Pypne
[Tycte X(NT) — mepuomudeckas mnocienoBarenbHocTh ¢ mepuomoM NT (mepuomx —N
orcueroB) T.e. X(NT)= x(nNT+mNT), m — uenoe. AuckperabiM npeodbpazoBanreM Dypoe (JII1D)
Ha3bIBAIOT MApy B3aUMHO-0/IHA3HAYHBIX MPEOOPa30BAHUIA:
N-1

X(k)=X(KkQ)= 3 x(nT)e *T k=0,1,2, ... N-1; (3.19)
n=0
1 jknQT
x(n) = x(nT) = N > X (kQ)e "™ n=0,1,2, ..., N-; (23.20)

k=0



rjae Qzﬁl—: - OCHOBHasi yactora mnpeoOpazoBanus (Oun [AIID), mpuuem (3.19) ompenenser

upsimoe JI1D, a (2.20) — obparnoe JIID. [Iuckpernoe npeodbpaszoBanre Pypbe X(K), kak u cama
HIOCJICIOBATENBHOCTD X(N), SIBIsieTCs IeproAndecKoi GyHkuuei no aprymenty K ¢ mepuogom N.
JTI® MoeT ObITh MCIIOIB30BAHO M IS MPEACTABICHUS mocienoBaTebHocTH X(NT) KOHEUHOH
mnel N, ompenenennoit npu n=0, 1, 2, ..., N-1 u paBHo#l Hyn10 BHe mHTepBaia[0, N-1].
JleiCTBUTENBFHO TaKyl0 MOCIEAOBATEIbHOCTh MOXKHO paccMaTpuBaTh KakK OJUH IEPUOJ
COOTBETCTBYIOIIECH TMEPUOJIUYECKON TOCIEAOBATEIPHOCTH W HCIIOJNB30BaTh MpeoOpazoBaHUs
(3.19), (3.20).

3aMeTuM, 9YTO €CIU CpPaBHHUTh CHEKTP KOHEYHOTO JTUCKPETHOTO CHUTHAJA, OMpPEeeIIIeMbIit
dopmymoit (3. 11) (¢ yaerom toro, uro X(NT)=0 mpu n<0 u n>N-1), u TP storo ke curHama
(3.19), To oueBuaHoO, uto JAI1D npencrapnser coboit N 0TCUETOB CHIEKTpa B3ATHIX HA MEPUOIE C

2 "
WHTEPBAJIOM JUCKPETH3AIlMM [0 YacTOTE, PAaBHBIM Q:ﬁ' [Toatomy cBoiictBa JII1D

AHaJIOTUYHBbI, IIPUBCACHHBIM BBIIIIC, CBOMCTBAM CIICKTPOB.

2.4. Beictpoe npeodopasoBanue Pypobe (BIID)
HuckperHoe npeodbpaszoBanre Pypbe X(K) KOHEUHOI MOCIET0BATEILHOCTH
X(nT), n=0, 1, 2, ..., N-1 onpenensercs cormacuo (3.19), (3.20):

N-1
X(K)= S x(nT)Wy* k=0, 1,2, ..., N-1; (3.21)
n=0
1 N-1 K
x(nT) = N X (KW™ , n=0,1,2, ..., N-1, (23.22)
k=0

.2
raec WN =€ )
npuyem Wy SBISIETCS TIEPHOAMYECKOM TOCHENOBATENBHOCTRIO ¢ TepuogoM N, Tak Kak
nk+mN
WI\(I ):Wl\r:k, m=0, +1, 42, .... Hemocpencreennoe Boruucienne MNP (3.21) mpu

KOMIUTIEKCHBIX 3HaueHusx X(NT) TpeOyer mis kaxmoro 3HadeHus K (N-1) ymuoxenuii u (N-1)
cnoxeHnit komriekcHbIX yncen wind 4(N-1) ymuoxennii u (2N-2) cnokeHUi JeiCTBUTENBbHBIX
umcen, a s Beex N smauenmit k=0, 1, 2, ..., N-1 TpeGyercs mpumepro N? ymuoxenuit u N
CJIO)KEHUI KOMIUIEKCHBIX uyucen. Takum oOpaszom, mius Oonbmmx 3HadeHud N (mopszaka
HECKOJIbKUX COTeH WM Thics4) mpsimoe BbluncieHue JII® TpebGyer BbINOJHEHHS BechMa
00bIIOr0 Yucla apuPMETUUYECKUX ONepaluid YMHOXKEHHS M CIIOKEHHUS, 4TO 3aTpyIHseT
peann3aluio BEIYUCIECHUS B PeaIbHOM MaclITade BpEMEHH MPOLIECCOB U CIIEKTPOB.

BricTpsiM npeobpazoBanneM Pypbe Ha3bIBAIOT HAOOP AJITOPUTMOB, peaIn3alus KOTOPIX
MIPUBOAMT K CYIIECTBEHHOMY YMEHBIIEHUIO BBIUACIUTENBHOU citoxxHOCTH 1. Mcxonnas nues
QITOPUTMOB COCTOUT B TOM, 4TO N-TOYeuHasi MOCJIEI0BaTeIbHOCTh pa30uBaeTcs Ha JiBe Oosee
KopoTkue, Harnpumep Ha JBe (N/2)-ToueuHbIX MOCIEA0BATEIbHOCTH, BhIUHCISIFOTCS JIIID st
3TUX OoJiee KOPOTKUX mocienoBarenbHocTedt U u3 3Tux JAId xoncrpyupyercs AP ucxomHoi
nocienoBarenbHocTH. [ nByx (N/2)-TouedHBIX MOCIIEIOBATENBHOCTEH TPeOyeTCs MPUMEPHO
(N/2)?*2=N?/2 yMHOXeHN# KOMIIEKCHBIX YHCEN, T.€. YHCI0 YMHOKEHHH ( a TaK ke CIIOKEHH)
YMEHBIIIAeTCS MPUMEPHO B 2 pasza. AHamorudyno BMmecto Bbruncienus JIIP (N/2)- toueunoit
MOCJIEA0BATENBHOCTH MOKHO BBIUHCIIUTD ALD TUISL IBYX (N/4)-Toueunsrx
MOCIe0BATENbHOCTEN M TaKUM 00pa3oM BHOBb COKpAaTUTh TpeOyemoe KOJIMYECTBO ONepanuit
yMHOXeHUs u cioxenusa. Eciu N=2Y, v>0 u nenoe, To mnpouecc ymeHblnenus pazmepa /AI1D
MOYET OBITh MPOAOIDKEH J0 TEX IMOp, MOKa HE OCTaHyTcs ToyibKo 2-TodeuHbie [I1D. IIpu sTom
obmiee uucno stanoB BerumcieHus JII® Oyaer paBuo v=l0goN pa3, a umcino TpeOyeMmbix
onepauuit 1s Beruucienus: N-toueunoit AI1® O6yner nopsaka Nv, T.e. yMeHbIIaeTCsl IPUMEPHO



B —— pa3. Tak mpu N=1000 mns npsimoro Beraucienus 1P cormacuo (2.21) tpeOyercs
log, N

npumepro N?=10° omepanuii KOMIUTEKCHBIX YMHOKEHHI U CIOXKEHHH, a TPH HCHOJIb30BAHUK

anroputmoB BII® Taxux omepamuii TpeGyercst Bcero mopsnka 104, T.e. 06bem BbIUHCIEHHIt

COKpAILAeTCs IPUMEPHO Ha J1Ba NOPSIKA.

CymecTBytoT pasnuusble anroputMmsl bII®, Hanpumep, MIMPOKO pPACIPOCTPaHEHbI
QITOPUTM C MPOPEKHUBAHUEM IO BPEMEHH, B KOTOPOM TpeOyeTcs NepecTaHOBKa OTCYETOB
BXOJIHOW TocienoBaresibHOCTH X(NT) ¥ alroput™M ¢ NPOPESIKUBAHUEM IO YaCTOTE, B KOTOPOM
TpeOyeTcs mepecTaHOBKa OTCUYETOB BBIXOAHOM nocnenosaresnbHocty X(k). B o6oux anropurmax
BII® Tpedyercs mpumepHno NI0g2N omeparnuii (KOMILUICKCHBIX YMHOXKCHHH) U 00a ajiropurma
MOTYT OBbITh peaM30BaHbl 110 CIOCO0Y C 3aMEIEHUEM, UCIONb3Ysl TOJIBKO OJMH MAacCHUB S4YEEK
aMsTH.

3. llopsinok BbINOJHEHUS PadOThI

HeobxonuMo rpadgudecku MpoU3BECTH aHATN3 CIICKTPOB PA3IMUHBIX BUIOB CUTHAJIOB!

1) cuHycOMAaIbHBIX KOICOAHUIT;

2) TpSIMOYTOJBbHBIX KOJICOAHUH CO CMEIICHUEM;

3) npsAMOYroJbHBIX KoJeOaHuil 6e3 CMEIICHNUS;

4) GeIoro myma.

Heo6xomuMo rpaduyecku n300pasuTh Moayib criektpa |X(e'“T)| muckpernoro curuama X(nT)
COOTBETCTBEHHO IS CITYy4acB Wa>2mo U Ma<2o.

4. TpeGoBaHus K 0TYETY

Otuer 1o paboTe T0JIKEH COAEPKATh:

1. Ha3Banwue u uenb paboThI;

2. OcHOBHBIE (HOPMYIIBI;

3. Pe3ynpTaThl MOIETMPOBAHUS B BUJIE PUCYHKOB HUCXOTHBIX CUTHAJIOB U X CIEKTPOB;
4. BrIBOAEIL.

5. KoHTpoJibHBIE BOIIPOCHI

B yewm 3akmiouaercs pa3innyure AUCKPETHOTO U U(POBOTO CUTHATIOB?

B uem 3akmtouaeTcst CyTh CIEKTPAIBLHOTO aHAJIU3a CUTHAJIOB?

HazoBuTe ocHOBHBIE pa3nuuusi OOBIYHOTO U JUCKPETHOTO IpeobpazoBanusi Oypbe.
Uro Takoe 6picTpoe npeodpazoBanue Oypre (bBI1D)?

Uro Takoe crieKkTp curHama?

Kakumu ocCHOBHBIMU CBOMCTBaMHU 00JIaJIal0T CIIEKTPHI CUTHAIOB?

ogakrwdE

3. Konmpoavnas paboma 3
Bonpocsl kK KOHTPOJIbHOM padoTe Ne 3
1. OCHOBBI DJIEKTPUYECKOTO B3aUMOACHCTBUA. BHIBI JIEKTPUYECKUX TOJNEH, UX
CpaBHMUTEJIbHAS XapaKTEPUCTUKA.
2. DIEKTpOCTaTHYECKOEe T0JIe, €r0 XapaKTePUCTUKU U cBoicTBa. Teopema OcTporpaackoro
—T'aycca.
3. JleficTBHE SJIEKTPUYECKOTO TIOJS Ha BemecTBa. [IPOBOAHHKH B 3JICKTPOCTATHUECKOM
nosie. KonzeHcaTopsl.
DnexTpuueckoe nojie B npoBogHuke. [Ipasuna Kupxroda.
MarHuTHbI€ 11011 00BEKTOB. DJIEKTPOMArHUTHasE UHAYKIUS.
MarsuTHOe 1ojie, ero XapakTepUCTUKHA. Buabl MarHUTHBIX mojed. BekTop MarHUTHON
MHIYKIMH B TOYKE OJHOPOJHOTO MarHUTHOIO MOJIA.

o oA
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CBoiicTBa JIMHUI MAarHUTHOW WHIYKIUU.

8. 3akon buo — CaBapa — Jlammaca. IlposiBnenue marautHOro mojisi. Cuinbl Ammepa u
Jlopenua.

9. CaoiicTBa MArHUTHOTO MOJISA. DJICKTPOMArHUTHAS UHAYKIIHS.

10. MarHuTHBIE HOCUTENIN UHPOPMALIUH.

11. BuxpeBoe 3JeKTpUYECKOE II0JIe, TOK cMeuleHus. [LIOTHOCTP TOKa MPOBOAMMOCTH.
[limoTHOCTH TOKA CMELIEHHS.

12. TlonsiTHe >ME€KTPOMArHUTHOW BOJIHBI, €€ XapaKTepUCTHUKU. OCHOBHBIE XapaKTEPUCTUKHU
AJIEKTPOMAarHuTHOM BOJIHBI. CBOMCTBA 3J1€KTPOMArHUTHBII BOJIH.

13. [lepeHoc sHEpruu AIEKTPOMArHUTHBIMU BOJHAMH. [lonsi sneMeHTapHbIX H3Iydarenei.
30HBI U3JTydaTesl.

14. DxpanupoBaHue MOJEH SIEKTPOMArHUTHON MPUPOJBI. DKPAHUPOBAHHUE SJICKTPUUECKUX
MOJIEN.

15. CriocoObl yMEHBIIIEHUS E€MKOCTHOM CBSI3M MEXAy TeidaMu (diaemMeHTamMu) A u b.
DKpaHUPOBAHUE MATHUTHBIX MOJIEH. DJIEKTPOMArHUTHOE SIKPAaHUPOBAHHE.

16. O0mrie NpUHIUIBI perucTpanuu UHPOPMATHUBHBIX XapaKTepUCTUK moieil. M3mepenue

XapaKTEPUCTHUK 3JIEKTPOMAarHUTHOTO MOJIS.

4. Tecm 3

Bonpocsl Tecta 3 no teme 3
Bank TecTOBBIX 3aJaHNIi pa3MellleH HA caliTe HEeHTPa HU(PPOBOro o0y4eHust
http://moodle.asu.edu.ru
1. BriOepure npaBuibHbII BapuaHT oTBeTa. BekTopHOE 1ose, poTop KOTOPOro paBeH HyIO
B JTF000# TOYKE, OHO HAa3bIBACTCS MOTCHIUAIBHBIM (0€3BUXPEBBIM) U MOXKET OBITH MPEICTABICHO
KaK I'paJIMeHT HEKOTOPOI'0 CKaJIIPHOTO 1oJis (T.€. MOTEHLHAIA)
DIIEKTPOCTATUYECKOE TI0JIe
DIIEKTPUUYECKOE TTOJIE
MarnuTHoe nosue
DNEeKTPOMarHuTHOE T0JIe

2. Bribepute mpaBWIbHBIA BapuaHT OTBETAa. BenwunHa, MPOMOPLUHOHAIBHAS CKOPOCTU
W3MEHEHUS IEPEMEHHOTO 3JIEKTPHUYECKOTO MOJIA B IUIEKTPUKE UIU BAKYYME, - 3TO

TOK CMEIICHUS

TOK IIPOBOJIUMOCTH

TOK IEPEMELIECHUS

TIOJTHBINA TOK

3. Bribepute mnpaBuibHBIM BapuaHT OTBETa. Bua SKpaHUpOBaHUS C HCIOJIB30BAHUEM
BUXPEBBIX TOKOB, KOTOPBIH 00ecreynBaeT 0JJHOBPEMEHHOE OCJabjieHHe KaK MarHUTHBIX, TaK U
AIEKTPUYECKUX TMOJIEH

JJIEKTPOMArHUTHOE

ANEKTPOCTATUYECKOE

JUHAMHYECKOE

ANEKTPUIECKOE

4. Boibepute mnpaBuUibHBIA  BapuaHT OTBeTa. BuxpeBble HUHIYKIMOHHBIE  TOKH,
BO3HMKAIOIIKE B IPOBOJAHMKAX IIPU U3MEHEHUU IIPOHU3BIBAIOIIErO UX MArHUTHOTO IIOJIA - 3TO
TOKU DyKO

Toxku Dapanes

Toxu "'aycca

Toxu Aparo



5. BriGepute npaBuibHbIN BapraHT oTBeTa. Bo3nukHoBeHue DJIC B mpoBOAAIIEM KOHTYPE
MIpU U3MEHEHUH B HEM CHJIBI TOKA - 3TO SIBJICHUE

CaMOMHIYKIUHU

MarHUTHOW UHAYKUHH

3JIEKTPOMAarHUTHON MHIYKIUU

BO3HUKHOBEHHUSI MATHUTHOTO TOTOKA

5. Pepepam 1

Tematuka pedepartos (1 cemectp)

dusnyueckue 1nosis pa3aIudyHoON IPUPObl KaK HOCUTEIN HH(popMaMKU 00 00beKTax

[ToTenuumanbHbie (cTaTUYECKKE) CUIIOBBIE TToJIsL. 3akoH HeroTona-Kynona.

HanpskeHHOCTB, TOTEHINAN IO U CBA3b MEKy HUMHU.

[ToTok BekTOpa HaNpPSKEHHOCTH, JUBepreHus. [[puHuun cynepno3uimy.

B3anmuble peBpaleHus dJEKTPUUECKUX U MATHUTHBIX MOJIEH. DJIEKTPOMAarHUTHOE 110J1€

- (hopma mMaTepuu.

6. Ilpunuuns! kiaccupukanuu GU3MUEcKux nojien kak Hocurened uHdopmaruu. [lonsTus
0 METOJIMKaX HW3MEPEHHUs XapaKTEePUCTHK (PU3MYECKHX IMOJIEH M O KOHIIETTyalbHBIX
IOJX0/1aX U3BJICYEHUS U3 HUX HH(POpMALMU 00 M3JIydarouX 00beKTax

7. DnexTpuyeckul  3apsAn  Tel,  JUCKPETHOCTh  3apsAla, 3aKOH  COXpaHEHUS.
DIEKTPOCTaTUYECKOE T10JI€, CUIIOBBIE JINHUU.

8. DnexTpuyecKkuil TOK, yCIOBHS BO3HUKHOBEHHS M €T0 XapPaKTEPUCTHUKH. DIIEKTpUUYECKas
LIeIb [IOCTOSIHHOI'O TOKA. DJIEKTPOIIPOBOJHOCTH IIPOBOJHHUKOB

9. MarHuTHbBIE CHIIOBBIC TTOJIsI. MarHUTHOE B3aMMO/ICHCTBUE TOKOB, 3aKOH AMIiepa.

10. IBurkeHue 3apsKEHHBIX YaCTHI B JIEKTPOCTATUYECKUX M MATHUTHBIX MOJISAX.

11. MarautHsblil nOTOK. SIBNeHHe caMOUHIYKIMHU. HIYKTUBHOCTb.

12. HamaranuuBaHue BemiecTBa. MarHUTHbIE BOCIPUUMYHUBOCTD U IPOHULIAEMOCTb.

13. Inamarnetusm. [lapamaraern3m. @eppomMarHeTusM.

14. T'mpomaruuTHbIle 3¢ (eKTsl. MarHuTHas 1ETb.

15. [lonHbIi1 2€KTpUYECKUN TOK

16. JluBepreH1ust MIOTHOCTH TOKa MPOBOAUMOCTH. HenpepbIBHOCTh MOHOTO TOKA.

17. ®uznueckuit CMbICH, YCIOBUS MPUMEHUMOCTH, IMOJHOTAa M COBMECTHOCTH CHCTEMBI
ypaBHeHul MakcBea.

18. ®opmynupoBKka 3aKOHa COXpPAHEHHWS DHEPTUU M TOHATHE TOTOKA 3JIEKTPOMArHUTHOU
DHEPIHUH.

19. Inockast cuHyconanbHas BoiHa. J[JTiHa BOJHEL, (pa30Bast CKOPOCTh, BOTHOBOE YHCIIO.

agrwdE

Tema 4. ®u3nyeckne 0CHOBbI (PYHKIHMOHAJIBHBIX NIPOLECCOB B PAIHO0ICKTPOHHBIX
cpeacTBax
1. Bonpocul 0na odcysycoenusn
1) TloHSTHS SIEKTPUUYCSCKHUX IeMel ¥ pagno31eKTpoHHbIX cpeacts (POC).
2) CxeMmsbl 3aMeIeHHsT (PU3MUECKHUX MTPOIIECCOB B AIMEKTPUYESCKUX LETISAX .
3) OcoOEHHOCTH ANEKTPUICCKHUX IIeTICH TEPEMEHHOTO TOKa.
4) DneKTpOMarHUTHBIC MPOIECCHI B MPOCTEUIINX LETSX MEPEMEHHOTO TOKa.
5) ®usnueckue Mporecchl B KoeOaTeIbHbIX KOHTYpax.
6) SlBnenue pe3oHaHca.
7) Tlapa3uTHbIE MPOIECCHI B JEKTPUUYCCKUX IETISIX PATHOIICKTPOHHBIX CPEJICTB.
8) TeHeparus 2JIEKTPOMArHUTHBIX KOJICOAHUH.
9) CBobojHbIe KOJIEOAHNUS B HICATLHOM KOJIeOaTeTbHOM KOHTYPE.
10) ITapa3uTtHast reHeparys.



11) I'enepamnus 3MEKTPOMArHUTHBIX BOJIH.

12) ®dusnveckue Mporecchl B pacipeieieHHbIX IETsX.

13) OcHOBHBIE TIOHSTHUS TCOPHU JTHHHBIX JIMHHHA.

14) TIporecchl MOAYIISAILUK U IEMOMYIISAIMHA CUTHAIOB.

15) IIpocTpaHCTBEHHAs M YaCTOTHAS CEJICKIUH.

16) Kinaccudukarius 3eKTpHUeCKUX (GUIBTPOB MO PACHIOIOKEHHIO MOJIOCHI MPOMYCKAHHUS.
2. Jlabopamopuasn paboma 4

KoMmiuiekT 3a1aHuii 1Jis1 BbINOJTHEHUSA
JabopaTtopHoii padoTsl 4
OUBNYECKHUE OCHOBBI AKYCTHYECKHUX KAHAJIOB YTEUKU
NHO®OPMALIUN

3ananue:;
1. I3yuuTh ucnoabp3zyemble AJis IepeXBaTa aKkyCTUYECKOro KaHajla TEXHUYECKUE CPE/ICTBa!

e MuHuaTIOpHbIE MUKPOQOHBI

e  MukpodoHBI HaNpaBIEHHOTO ACHCTBH. Tapaboindyeckue, TpyodaThie, MIIOCKHUE
aKycTuieckue (a3upoBaHHBIE PEIIETKH, OPTAHHOTO TUTIA, TPAJAUCHTHEIE.

e JluxktodoHbl

2. V3yunTh TEXHUUYECKUE CPECTBA [10/IaBJICHUS KaHAJIOB IepexBaTa UH(OpMALMU: TeHepaTOPOB
myma WNG-023, T'mom-3M, ANG-2000, lymotpon-3, R-200L, XAOC, ®opym, mis
nonasneHus: AMkTooHOB — bypaw -4, [lItopwm, Lllymorpon

3. V3yunTh TEXHHYECKHE CpPEICTBA OOHApPYXKEHHsSI YyTEYKH HWHPOPMALUU IO MPIMOMY
aKyCTHUYECKOMY KaHally:

e BusyanbHblil METO KOHTPOJIS ~-KOMILIEKT JOCMOTPOBBIX 3epkan [lonck-2, BOTOKOHHO-
ontuueckue suHgockomnsl DT-10-1,2, 9T-4-1,1.

e KOHTpOJIb C UCTIOIB30BAHUEM TEXHUYECKHUX CPEACTB. Llenp — ycTaHOBIEHNE HATUUNS
3aKJIQJHBIX YCTpoicTB U ux Jokanu3anus. [Ipumepsr: ST-0110, ST-031 «ITupanbsa»,
NR-900EM, TRD-800, O0b.

4. M3y4uTh aKyCTOBUOPAIIMOHHBIN KaHAJ M UCIOJIb3yEeMble TEXHUUECKUE CPE/ICTBA!

*  CTEeTOCKOIIbI,

* BHOpALMOHHBIEC JATYUKU:

* Moot (Ha creny), Cepn (Ha pamy), Koneiika (Ha crekino), KIIB-2 (ans cren u
nepekpoiThii), KIIB-8 (yauBepcanbhslii), PK 775.

5. U3y4uTh CpeAcTBa NMPOTHUBOAEUCTBHS IepexBaTy HMH(GOpPMAIMU IO aKyCTOBHOPALMOHHOMY
KaHaly

* Bubpanuonnoe 3amymienue: VNG-006DM, 3acnon, Kadbuner, [lltopm, SI-3001,
Hlopox-2, VNG -012GL, bapon-1O, BB 301...

*  MoOunbHble cucTeMsl 3amryminenus nomemenuit: ®on-B. ITopor-2M.

*  KoHTposb coCTOSIHUS BUOPOAKYyCTUYECKOTO KaHaJIa MOKET OCYIIECTBISAThCS:
HelMHENHbIN netexkrop Okrasa. [Inpokoarana3soHHbIN CIEKTPaIbHBINA KOPPEIATOP
OSCOR 0S-5000, armrapaTHO-TIPOTPAMMHBIH KOMIUIEKC BUOPOAKYCTUIECKIX H3MEPEHHH
VNK-012GL, akyctuueckuii 30u1-cTeTockon ALP-700.

* JlaTumku noxapHoi U oxpaHHO# curHanuzanuu: CU-1, PUJI-1.

6. M3YYUTh CpEJICTBA MPOTHUBOJACHCTBUS MepexBaTy MH(OPMAIMH MO aKyCTOAIEKTPHUECKOMY
KaHaiy:

*  BBICOKOYYBCTBHUTEJIbHBIC YCHIUTEIN HU3KOU YacTOThl, Hanpumep. [IKY-6M, AA-012GL

* TeHepalys HU3KOYAaCTOTHBIX CUTHAJIOB IO JIEKTPUUYECKUM LIETISIM C LEJIbI0 CO3JaHUs
MOMEX, MPENATCTBYIOMINX BBIIEICHUIO HH(POPMALIMOHHOTO (JIEKTPUUECKOT0) CUTHAJA.
ITpumep: reneparopst BB 301, bapon-1O

* NpUMEHeHHue (PUIBTPOB B ABYXNPOBOAHBIX JUHUAX. [Ipumep: ¢punbtp ['panut-8

7. M3y4UTh aKyCTOPaANO3JIEKTPOHHBIN KaHAJI U UCIOJIb3YEMbIE TEXHUYECKUE CPEACTBA:



e PMKOII

« PMK
* I'MK 140
8. U3YYUTHh TEXHHYECKHUE CPEJICTBA OOHAPYKEHUS PATHOMHKPO(POHOB
* NR-900 EM
* JlenbTa
*+ OSCOR 0SC-500
« CPM-700

9. HN3YUUTh TEXHUYCCKHUEC CPEACTBA IMOAABICHUA pa,I[I/IOMI/IKPO(l)OHOB:

10.

11.

12.

13.

14.

¢ CKOPIIMOH

« VNG-012GL
e Jlenena-3
« RS 1100

U3YYUTh aKyCTOMAPaMETPUICCKUI KaHAT U UCTIONb3YeMble TEXHUUECKUE CPECTBA!
* ANG-2000

*  Kpona 6000M

* AIIK «IIOUCK-O

« XPLORER-FM

e AV-3

*  Winradio 3100i-DSP
« [C-R8500

« GM 300

« GP 340

« MICOM

TexHuueckue cpercTBa 0OHapYKEHUs YTeUKH HH(POpMALMY 110 TapaMeTPUUYECKOMY KaHally
 LBD-50

+ RCC-2000
* ST 031 «IIupanbs»
* MAHI'YCT

TexHu4eckue cpecTBa MoJaBIeHUs YTEUKH HH(GOPMAIUH TI0 MapaMeTPUIECKOMY KaHaITy
*+ VNG-012GL

« I'POM-31-4
e OCII-1D-7A
« SI-8001

* SEL SP-21B2 «Cnektp»

+ SELSP-17/D

M3YYUTh aKyCTOONTHYECKUN KaHAJ U MCII0JIb3yeMble TEXHUUECKHUE CPEICTBA!

* nazepubie cuctemsl HKG GD-7800, PK-1035SS

*  Jlns co3nanust BUOPALIMOHHBIX KOJIEOAHUI CTEKOJI MOTYT OBITh UCIIOJIb30BaHbl IPUOOPBHI:
VNT-2, VN-GL

TexHuueckue cpencTBa 0OHapYKEHUsT YTEUKH HH(POPMAIIMK IO aKyCTOONTHYECKOMY KaHaTYy:

*  CKaHMPYIOUIMHA CHEKTPAIbHBIN KOPPEIATOp, YIIPaBIIeMblid HOPTATUBHBIM
MukpokomnbiorepoM OSCOR-5000, KoTOpBIi peTHa3HAuEH JUIsl BBHISIBICHUS
TEXHUUYECKUX CPEACTB cheMa HHpopmaluu, padotaromux B MK-nnanazone;

*  YHHBEpCAJIbHBIN NpUOOp 171 0OHAPYKEHUS Pa3IMUHBIX YCTPOHUCTB CKPHITOTO CheMa
uHpopmanu CPM-700, obecnieunBaroniuii oOHapyxeHne nctounukoB MK-n3nyuenus;

*  yHHBepcanbHbIA onckoBbId puoop ST 031 P «[Tupanbsy, KOTOpHIA 00ecTIeYnBaET
oOHapy-xenne UK-uzinydenus, u psit Apyrux.

U 3alO0JHUTH Tabnuiy 1
Tab6muna 1

Ne
/o

Ha3Banue Haznauenn | Texnuueck | 3HaueHue dyHknmoHanbHHI | Llena
TEXHUYECKOTO e ue TEXHUYECK | BO3MOXKHOCTH




cpencTBa XapakTepuc | ux
TUKH XapaKkTepuc
TUK

TpeGoBanus K 0T4ETY:

1. Otuer moipKeH cojepKaTh THTYJIBHBIM JIMCT C Ha3BaHWEM jabopaTopHbii padotel 1 ©.1.0O.
CTYJCHTA;

2. 3anoyiHeHHYIO TabuIty 1.

3. Criucok UCoab30BaHHON JIUTEPATYPhl U HMHTEPHET-UCTOYHHUKOB.

okrwn

o

10.
11.

12.

13.

14.
15.

16.
17.
18.

19.

4.

3. Konmpoavuasa paboma 4

Bonpochl kK KOHTPOJILHOI padoTe Ne 4
[lonsTuss snexTpuyecKkux wLened u paauolieKTpoHHbIX cpencts (POC). Cxewmsl
3aMeleHus] PU3NYECKUX MPOLIECCOB B JMEKTPHUUECKUX IIETISX.
OCoOEHHOCTH PIIEKTPUIECKHX IIETIeH TepeMEeHHOT0 TOKA.
DNeKTpOMarHuTHBIE MPOLIECCHI B MPOCTEUIINX LEMAX IEPEMEHHOTO TOKA.
dusnyueckue MpoIecchl B KoedaTeIbHbIX KOHTYpax. SIBICHUE pe30HaHCca.
Pe3onanc HanpsikeHui B mociaeq0BaTeIbHOM KOHTYpe. Pe30HaHC TOKOB B MapajuieIbHOM
KOHTYpE.
[TapazutHble mTpouEcChl B 3IIEKTPUUYECKUX LEMSIX PAAUOIIEKTPOHHBIX  CPEACTB.
[TapasutHas emKocTHas cCBA3b. [lapasuTHas WHAOYKTUBHAs CBA3b. [lapasuTHas
raJibBaHUYECKasl CBS3b.
I'enepamusi AMeKTpOMarHuTHBIX Koniebanuii. CBoOOAHBIE KOJEOaHUS B HICATHHOM
Kosie0aTeIbHOM KOHTYpE.
CoxpaHeHue »JHEpPrud TMpPU TapPMOHMYECKHX KoJieOaHUsAX. 3aTyxaHuWe CBOOOJHBIX
Kosie0aHU B peallbHOM Kojie0aTeIbHOM KOHTYpe.
BoinyxaeHHsle kojeOaHHMs B KojeOaTelnbHOM KOHType. YCTpPOWCTBAa TIeHepaluu
CHUHYCOUJAJIBHBIX KOJIEOaHUH.
[TapasuTHas renepanus. ['eHeparyst 37€KTPOMarHUTHBIX BOJIH.
Du3ndecKue NPOLECCHl B PACIPEAEIEHHBIX HEMsIX. OCHOBHbBIE IOHATHS TEOPUU AITMHHBIX
JINHUM.
Huddepennnansubie (TenerpadHbie) ypaBHEHHsS JIMHHON TUHUN. DU3HUYECKUN CMBICT
pelieHuii TenerpadHbIX ypaBHEHUH.
BonHoBBIE TIpOLIECCH] B JIMHUU € PAaclpeAc]eHHbIMU ITapaMeTpaMu. AHaIu3 U3MEHEHUS
BOJIH B IIPOCTPAHCTBE U BO BPEMEHU.
Pexxumbl pa®oThl MMHUU. J[TUHHBIC TMHUN B KAYECTBE KOJIEOATETbHBIX CHCTEM.
[Ipouieccyl MOYNALNMK U JEMOIYIAUNN CUTHANIOB. OCHOBBI MOAYJISILINY, IPEICTaBICHNE
curHasnoB. Bunel moaymsiiun. MatemaTueckoe NpeCTaBlIEeHUEe CUTHAJA.
AMIUIUTYAHO-MOIYIMPOBAaHHbIE KoJiebaHus. YacTOTHO-MOyIMpOBaHHBIE KOJIeOaHus.
Jemonymnsanus.
[IpocTtpancTBeHHass U yacToTHas ceneKuuu. OCHOBBI MPOCTPAHCTBEHHOW CEJEKIIUU.
YacroTHast punbTparms.
Krnaccudukanus snextpuyeckux (UIbTPOB MO PACHOJOKEHHUIO IMOJOCHI MPOMYCKaHMUS.
[Tokazarenu 4aCTOTHBIX (PUIHTPOB.
Tecm 4

Bonpocsl Tecra 4 mo reme 4
BaHK TecTOBBIX 3a1aHNii pa3MelleH Ha caiiTe HeHTpa HM(POBOro o0y4eHHs
http://moodle.asu.edu.ru




1. BeiOepure mnpaBWIbHBIA BapuaHT OTBeTa. VI3MeHeHuWe curHaima, MOpU KOTOPOM
CKa4K00Opa3HO MEHSETCS aMILIMTY/1a HECYILEro KojeOaHus

aMILIUTYIHAsE MAHUITYJISLIAS

UMITyJIbCHAs! MOJYJIALUS

aMILIUTYIHAsE MOIYJISLIAS

aMIUIMTYHAs JeMOLYJIALUS

2. Bribepute npaBuibHbI BapuaHT oTBeta. Konebanue, aMIuIuTy1a KOTOPOro M3MEHsIeTCs
BO BPEMEHH 110 KAKOMY-JIH00 3aKOHY

aMIUTUTYIHO-MO/IYJIMPOBaHHOE KoJIeOaHue

4acTOTHO-MOIYJIMPOBaHHOE KoJeOaHue

aMIUTUTYIHO-MOJIYJIUpYoLIee KoJieOaHue

nepuoImiecKoe KojaeOaHue

3. BriGepure npaBuibHBIN BapuaHT oTBera. KonebaHue, y KOTOpOro MTHOBEHHAs! 4acTOTa
M3MEHAETCS 110 3aKOHY MOJYJIMPYIOLIETO CUTHAIA

4aCTOTHO-MOJlyJIUPOBaHHOE KojleOaHue

aMILTUTYAHO-MOYJIMPOBAHHOE KoJIebaHue

rapMOHUYECKOE KoJieOaHue

nepuom4eckoe kojebaHue

4. Bribepute mnpaBuiibHBIA BapuaHT OTBeTa. Moaymnsius, B KOTOPOW TapMOHHUYECKas
HECYIIasi MOJIYJIUPYETCS] HEMPEPHIBHBIMU YIPABIAIONIUMU (MHGOPMAIIMOHHBIMU ) CUTHAJIAMU
aHaJIoroBas

HUMITYJIbCHAs

nudposas
MOJTyJINPOBAHHAS

S. OTHoIeHNe epruoia CIeJOBAaHUS UMITYJICOB K UX MPOJOJDKUTEIFHOCTH
CKBa)XKHOCTb

JTOOPOTHOCTH

MOIIIHOCTb

MMOMEXO0YCTOMYMBOCTh

Tema S. ®usuyeckne 0OCHOBBI AKYCTHYECKHUX SIBJICHHU I

1. Bonpocwl 013 oocyscoenus

1) XapakTepHcTHKa 3BYKOBBIX BOJHOBBIX TPOIIECCOB.

2) Vipyrue BOJHBI, UX XapaKTePUCTHKA.

3) JluneiiHble XapaKTEPUCTUKU aKYCTHYECKUX BOJH. DHEPreTHYCCKHE XapaKTePHUCTHKH
aKyCTUYECKUX BOJIH.

4) TlposiBiieHHE BOJHOBBIX CBOWCTB B aKyCTHYECKUX IMOJISX.

5) UndpasByk, yabTpa3ByK.

6) OCHOBBI aKyCTHKH.

7) OCHOBBI aKyCTHKH PEYH.

8) OCHOBBI aKyCTHKH CITyXa.

9) Crnenuduka aKkyCTUKHA TOMEUICHUH.

10) 3BYKOHU3OJISAIHS M 3BYKOIIOTJIONICHHUE.
2. Jlabopamopuas paboma 5

KomiuiekT 3aiaHunii 1Jis1 BbINOJTHEHHUSA
JadopaTopHoii padoThbI 5



OUBNYECKHUE OCHOBBI QJIEKTPUYECKUX KAHAJIOB YTEUKHA
NHO®OPMALIUN
3ananmue:
1. I3yuuTh ucnoabp3yembie AJis MPEeIOTBPALICHHUS YTEUKH HHPOPMAIUH 110 TeeOHHON JTUHUN
TEXHUUYECKUE CPEICTBA!
*  Cxpemb6iepsl cepun SCR-MI.2 hupmbr «Mackomy.
*  Ckpembuepsl «Opex A» I'pot, ['por-M (ans pabotsl ¢ Muan-ATC),

*  Pedepenr Basic (creruann3upoBaHHblii TeJaeGOHHBIN anmapar).

* ¢ uudpoBeIM KoaupoBaHueM, Hanpumep «Pedepent-basiky»

* IS OTpaHUYCHHMS OMacHBIX CUTHAIOB «KopyHay, «I'panut-VIL, MII-1», MII-1 (mns
aHajoroBbIX TejaehoHHBIX anmnapaToB); MII-11{A (m1s HudpoBBIX ¢ aBTOHOMHBIM
nutanuem); MIT-11JT (mst mudpoBeix ¢ muranuem ot MUHU-ATC).

»  Jlns 3amymiieHust TeneOHHON JIMHUU UCTIONB3YIOT u3nenus «baposepy, «bapsep-3»,
«bapwep-4», «SP- 17T», «IIpokpyct-2000»

* Jlnst yHUYTOXKEHUS CPEACTB CheMa HH(POPMAIUH, TaTbBAHMYECKH MTOAKIIOYSHHBIX K
JUHUM TeJeOHHON CBSI3U, UCTIOIB3YIOT PSAJ CPEACTB, HaripuMep mpudopsl Bugroaster,
Koopa.

2. Jlns mpoBepKH HaIMuWs TOAKIIOYEHHBIX K JHMHUM YCTPOWCTB Al cheMa HH(pOpMAIUU
UCTIONB3YIOTCS:
1) uaAMKATOPBI OCTOPOHHUX AekTpudeckux curranos (I1C4-5, Cxaunep-3, PT-030),
2)nokaTtopsl IpoBoAHbIX JUHUM (Bektop, AT-2T);
3) nerextopsl curnanos (JEC-11);
4) yka3zaTtenb mapbl (TpaccoMCKaTellb), MPEACTABISIIONUNA cOO0M TeHepaTop TECTOBOIO CUTHAlA,
MO3BOJIAIOIINN OOHAPYKUBATh JOMOJHUTENbHbIE OTBETBICHHUs OT ocHOBHOW nuHuUM (ULAN,
VYII-6);
5) ananuzatopsl Tenedonubix aunui (TITY-5, ®asopur, SP-18T, ULAN, LBD-50, AT-2). Onu
MO3BOJISIOT MTPOBOIUTH H3MEPEHHUE TApaMETPOB JTMHHMA:
— CONpPOTHBIICHHUE JMHUM (ITOCIIEIOBATEIHHO MOAKITIOUEHHBIE YCTPOHCTBA C
conpotuienueM oosiee 100 Owm;
— MapaJuiesIbHO MOAKIIOYEHHBIE YCTPOHUCTBA C COMPOTUBIICHUEM HE MeHee 4 MOM);
— CONpPOTHBIICHUE W30 Kabes;
— Tepexo/HbIe 3aTyXaHUs B Kabele;
6) ucnbiTaTeny KabenbHBIX JuHUN P5-A, P 5-8, P5-10, «Otkmmk» u Ap., MO3BOJSIONINE
BBISIBJISITH HEOJHOPOHOCTH JIMHUK;
7) kouTposuieps Tenedonusix muHui (KTJI-400)
8) wmasyorabapuTHble YCTPOWCTBA, OOCCICUMBAIOIINE IMOCTOSHHYI WHIUKAIMIO COCTOSHHS
TesneoHHO ceTH. D10, Hanpumep, npudop TCM-1
9)  mporpaMMHO-anmapaTHbI KOMIUIEKC MHOTO(QYHKI[MOHAIBHOTO HA3HAYEHHS KOMILICKC
«Kpona-5»
3. WByunTe wucnonp3dyemble I TMPEIOTBpAIICHHs YTeUYKH WHGOpMAIMH 10  IIETIsIM
AIIEKTPOTTUTAHUS

* cereBble puibTpbl, Hanpumep OCII1 O-7A, OCII-3D- HIA, JIOC-40-10, OI1-10 u np.

* 3amuTa 3JeKTPOCETH OT YTEUKU MHPOPMAILIMU MOXKET ObITh OCYILIECTBIIEHA C TIOMOIIBIO
rerepatopoB myma: Conara-C1, SP-41, SP-41C, Hukana-C, Ckut-C

4. AHanmu3 TPOXOASAIIMX TO DJIEKTPHUYECKUM IIEMSM CHTHAJIOB OCYIIECTBISIETCS C TTOMOIIBIO
Pa3IUYHBIX TPUOOPOB:
* PT-30 (mpueMHUK-0OHAPYKUTEINb AJIs TPOBOAHBIX KOMMYHHUKAIUHA),
* AT-2T (;toxatop 3JIeKTpUUYECKHX 1ieTeit),
RSIO00L (rmouckoBbIif MHOTO(QYHKITMOHATBHBIA KOMILIEKC),
Petic-105P (mopraTuBHbIii udpoBoOi pedriekToMeTp),
LBD-50 (ananu3aTop MpoOBOJHBIX KOMMYHUKAIIHIT),
ST-031 «IIupanbsi» (yHHBEpCAIBHBIN MMOMCKOBBINA TPHOOD).



5. CpencrBa KOHTPOJIS LETel 3a3eMIICHHS IS TPEJOTBPALICHUS YTEUKH HH(OpMaIiu
a"anmu3aTop rnpoBoaHbIx nuHMid (LBD-50, PPL-2 u np.)

U 3alOJHUTH Tabnuiy 1

Tabmnnna 1
Ne Haszsanue Haszumauenn | Texnuueck | 3HaueHue OynkuuoHanbsHbl | Llena
/I | TEXHUYECKOIO e ne TEXHUYECK | BO3MOYKHOCTHU
cpencTBa XapakTepuC | UxX
THKHA XapaKTepUC
THK

TpeOoBaHus K OTYETY:

1. OTder NOKEH CoAep KaTh TUTYJIBHBIN JUCT ¢ Ha3BaHUEM JlabopaTopHbiii padotsl u O.M1.0.
CTYJICHTA;

2. 3anonaHeHHyo Tadauy 1.

3. Crucok UCoab30BaHHON JIUTEPATYPhl U HHTEPHET-UCTOYHHUKOB.

3. Konmponavnasa paooma 5
Bonpochbl kK KOHTPOJILHOI padoTe Ne 5
XapakTeprucTUKa 3BYKOBBIX BOJTHOBBIX MTPOIECCOB.
VYupyrue BoJIHbI, UX XapaKTEPUCTUKA.
XapakTepHble 0COOEHHOCTH 3BYKOBBIX BOJIH.
JInHelHbIe XapaKTepUCTUKHU AKYCTHYECKUX BOJIH.
DHepreTnyeckre XapakTepUCTUKH aKyCTUYECKUX BOJIH.
[IposiBieHNE BOJHOBBIX CBOWCTB B aKyCTHUECKHX TOJIAX.
Wudpa3syk, ynpTpa3Byk. Cneunpuieckne 0coOOEHHOCTH YIbTPa3ByKa.
OcHoBsl akycTuku. [Iponecc o6pazoBaHus U BOCHPUSATHS PEUEBbIX CUTHAJIOB.
OcHOBBI akycTHKH pedyd. OTIMYUTENbHBIE OCOOCHHOCTH OOpa30BaHUS COTJIACHBIX
3BYKOB.
10. OCHOBBI aKyCTHKH CITyXa.
11. Cneundurika aKkyCTUKH MOMEIIECHUH.
12. 3BYKOHM3OJIAIMS U 3BYKOIIOTIIONICHHUE.

©ocoNooA~wWNE

4. Tecm 4

Bonpocsl Tecra 5 mo reme S
BaHk TecTOBBIX 3a1aHMI pa3MellleH HA caliTe HeHTPa HU(POBOro o0y4eHus
http://moodle.asu.edu.ru

1. BLI6CpI/ITC HpaBI/IHBHBIﬁ BapHWaHT OTBCTA. B AKYCTHKC OTHOIICHUC NHTCHCUBHOCTHU
OTpa)KeHHOI\/’I BOJIHBI K HHTCHCHUBHOCTH nanafomeﬁ Ha3bIBAKOT

KO3 PUIIMEHTOM OTpaKeHHUsI 3BYKOBOM BOJIHBI
YPOBHEM UHTEHCHBHOCTH 3BYKOBOW BOJIHBI
K03(PPHIIMEHTOM 3aTyXaHUs 3BYKOBOI BOJIHBI
YPOBHEM aKyCTHUYECKOT'O AaBJICHUS

2. BriOepuTe npaBWIbHBIN BapUaHT OTBETa. B TBEpIbIX TeIax 3BYKOBbBIC BOJHBI MOTYT
OBITH

MMPpOAOJIbHBIMHA
MONCpCUYHbIMU




OerymumMu

YIPYTUMU
MJIOCKUMU

3. Bri0epuTe npaBuiIbHBIA BApHAHT OTBETa. BO3HUKHOBEHHUE B )KUIKOCTH MACChI
MyJBCUPYIONIUX MY3bIPHKOB, 3aITOJIHEHHBIX TTAPOM, Ta30M HIIM UX CMECHIO - 3TO 3P PeKT
KaBUTAIIHH

T paKuu

HAIIOJHEHMS

HAJIOKEHUS

4. Bri6epute npaBusibHBINA BapraHT OTBeTa. BoiiHa, co3/1aBaeMas MpOTSKEHHBIM
HUCTOYHUKOM

HUIMHAPHUYCCKAasA
TUIOCKAs
chepuueckas
AIUTUIITAYECKAS

S. Br16epuTe npaBuibHBINA BapuaHT OTBETA. ['€oMeTpruyecKkue MECTO TOUEK, 10 KOTOPOro K
HEKOTOPOMY MOMEHTY BPEMEHH JOIIe] KojeOaTeIbHbIN MPOLecC, Ha3bIBAETCS

BOJIHOBBIM (ppOHTOM
BOJIHOBOU TIOBEPXHOCTBIO
¢a3oBbIM PpoHTOM
JIBYXBOJIHOBBIM ()POHTOM

Tema 6. ®uzndeckue 3PpPekThl B TEXHHNYECKUX CHCTEMAX
1. Bonpocwl 013 o6cyscoenusn
1) Knaccudukanus O3.
2) ®wusnueckue 3pHeKTh aKyCTOIIEKTPHUESCKOTO MPeodpa3oBaTes.
3) HuHaykTHBHBIE FeHEpaTOPHbIE MPeoOpa30BaTENH.
4) EMKOCTHBIC U MbE303JICKTPHUYECKUE MTPEOOPa30BATEIIH.
5) EMKOCTHBIC U ITbE303JICKTPUYECKHE TPe0Opa30BaTelIy.
6) D aKyCTOONTHYECKOTO MPeodpa3oBaTesis.
7) @D akycTOONTHYECKOTO MPeoOpa3oBaTers.
8) Kunaccudukanus npsiMbIX ONTUKO-JICKTPUIESCKUX MPEoOpa3oBaTesX.
9) doTOMPUEMHHKH.
10) ITpeobpa3oBanue HHPPAKPACHOTO U3IYUCHUS B BUAUMOE U3TyUCHHUE.
2. Jlabopamopuasa paboma 6
KommnuiekT 3aganuii 111 BbINOJTHEHMSI
J1abopaTopHoOi padoTsI 6
OU3BNYECKHUE OCHOBBI OIITUYECKUX
KAHAJIOB YTEYUKU UH®OPMALIUU

3aganue:
1. I3yuuTh UCHOIb3yeMbl€ AJIs CKPBITOTO HAOIIOACHHS TEXHUUECKHUE CPeJICTBa!
*  1puOOp HOYHOTO BHUJIEHUS,
* bunokibs HouHOTrO BUeHUs pupMbl Noctron
* Tenexamepa nHounoro BuaeHus «JIMHKC-120»
* Tenexamepa nounoro BuaeHus «JIMHKC-20».
* Tenexamepa HouHoro BuaeHus «CHU JIMHKCy.
2. cUCTeMBbl OOHAPYXEHUS ONITUYECKUX YCTPOUCTB.



1) JIazepHast TeneBU3MOHHAS cUCTeMa OOHAPYKEHUSI ONTHUECKUX YCTPOHCTB «Mupax».
2. JIokaTtop ONTHYECKUX YCTPOUCTB (KOMIaHUs « TPaHCKPUIIT).
3. mpubopsk! 175t oOHapykeHus paboTaronux Mukposuaeokamep, Hanpumep VCF-2000 «IRIS»,

U 3aroJIHUTH Tadbmuiy 1

Tabmuma 1
Ne Hassanue Haspmauenn | Texnuueck | 3HaueHue OynkuuoHanbHbl | Llena
/I | TEXHUYECKOIO e ne TEXHUYECK | BO3MOXKHOCTHU
cpencTBa XapakTepuC | UX
THKHA XapaKTepHC
THK

TpeGoBanus k oTuery:

1. OTueTr mOMKEH cofepKaTh TUTYJIbHBIN JIUCT C Ha3BaHUEM JabopaTtopHblil padotsl u ©.1.0.
CTYZIEHTa,

2. 3anonHeHHYo Taduuiy 1.

3. Criucok UCoab30BaHHON JIUTEPATYPhl U HMHTEPHET-UCTOYHHUKOB.

3. Konmpoavnaa paboma 6
Bonpocsl kK KOHTPOJIbHOM padoTe Ne 6

Knaccudukanus ©D.

dusnueckue 3(h(HeKThl aKyCTOIIEKTPUIECKOT0 MpeodpazoBaTes.
WNHaykTUBHBIE T€HEpPATOPHBIE TPEe0Opa30BaTEIH.

EMKOCTHBIE U ITbE303JIEKTpUYecKHe IpeoOpa3oBaTeu.

@D aKyCTOONTUYECKOT0 NMpeodpa3oBaTes.

Knaccugukanus npsMbIX ONTUKO-3JIEKTPUYECKHUX MPeoOpazoBaTesX.
DOTONPUEMHUKH.

ITpeoOpa3oBanue HH(PaKPACHOTO U3ITYUYEHUS B BUIMMOE U3TyUYeHHE.

Nk~ wWNE

15. 3ByKOBBIE BOJHBI, UMEIOIME YACTOTY BbIIIE BOCIPUHUMAEMbIX YEIOBEYECKUM YXOM (BBIIIE
20000 I'm)

UH(Pa3BYyK

THIIEP3BYK

3BYK

YABTPa3BYK
4. Tecm 6

Bonpocs! Tecra 6 o Teme 6
Bank TecTOBBIX 3aJaHMIi pa3MellleH HA caliTe LeHTPa HU(PPOBOro 00y4eHust
http://moodle.asu.edu.ru
1. BriOepure npaBuIIbHBIN BapuaHT OTBeTa. M3MeHeHNe HaMarHH4eHHOCTH MarHeTHKa Mo/

NeNCTBHEM MEXaHNYECKHX AepopMaliuii

apdexT Bunapu
3¢ HEeKT MarHUTOCTPUKITIH




s ekt Xomna

doTtorpdext

2. Br16epute npaBuibHBINA BapuaHT OTBETAa. M3MeHeHue 3J1eKTporpoBOJHOCTH
IIOJIYIIPOBOJIHUKOB IO/ JC€MCTBUEM KBAaHTOB U3JIy4CHHsI ONITUYECKOIO JUAIIa30HA - 9TO

BHYTpEeHHUH QoTorhdeKT
BHeImHUM poTtorddexT

s ekt Bumnapu

CJIOKHBIN BHYTpEeHHHH 3P ekt

3. Br16epute npaBuibHBIN BapuaHT oTBeTa. MHAYKIIMOHHAS CUCTEMA, 3JIEKTPUUECKHUM
KOHTYP KOTOPOH IIEpEMEIIAETCSI B MArHUTHOM I10JI€, IOPOKJICHHOM BHEIIIHUM 10 OTHOILLIEHHUIO K
KOHTYpYy uctounukom MJIC

AIIEKTPOJMHAMHYECKUI TPpeoOpa3oBaTeib
aKyCTHYECKHI peoOpa3oBaTeb
AIIEKTpUYECKUI peoOpa3oBaTelib
JIIEKTPOKMHETHYECKHUI peoOpa3oBaTeib
UCITyCKaHHUE IEKTPOHOB U3 TBEPAOTO Tela

4. Bri6epute npaBuiibHBINM BapraHT OTBeTa. McmyckaHue 31eKTPOHOB U3 TBEPAOIO Tela —
¢doTokaTona , B BakyyM 1o nerictBueM kBaHToB MK-u3nydenus - 3To

BHeIHUH poTorddexT
BHYTpeHHUH (poTorpdexT

s dext Xomna

MPOCTOM BHYTPEHHUHN dPdeKT

S. BriOepute npaBuiibHBINA BapuaHT oTBeTa. K KakoMy Kilaccy OTHOCSITCS HEeoOpaTuMble
IIPUEMHHUKH 3BYyKa, IPUHIIUI JEHCTBUSA KOTOPBIX OCHOBAH HAa NIPUMEHEHNH 3JIEKTPUYECKOTO
COIIPOTHUBIIEHUS UyBCTBUTEIIHOTO JIEMEHTA MO/ JIeHCTBUEM MEXaHUUECKUX JedopManuit
MIPUJIOKEHHOTO BO3/IEUCTBUS 3BYKOBBIM MOJIEM

TEH30PE3UCTHBHBIN TPeoOpa3oBaTeb
aKyCTOJIEKTPHUYECKHUIT IpeoOpa3oBaTelb

IIEKTPOKUHETHUYECKUI ITpeoOpa3oBaTeb
bE303JIEKTPUUECKUI Tpeodpa3zoBareib

5. Peghepam 2

Tematuka pedepartos (2 cemectp)

=

ITonstpusanus BoaH. PeanbHble CUTHAIBI, BOJHOBOMU MAaKeT. [ pyImnoBas CKOPOCTb.
2. Jucniepcusi. DHeprus BoiHBI, BekTop [loifHTHHTA. Hermockue BOHEI, paccesHue
DHEPIUH.

3. MHamKaTopbl 2I€eKTPOMarHUTHBIX W3TydeHui. Pamqmodactoromeps
4. PanuonpueMHbIe YCTpOWCTBa
5. OcHOBHBbIE CBOMCTBa 3JEKTPOMarHUTHbIX BOJH. [llkanma >M€KTPOMAarHUTHBIX BOJH U

0COOEHHOCTH pa3IMYHBIX YACTOTHBIX INANa30HOB.
6. OcobeHHOCTH ONIKHEH W JaimbHEW 30HBI OT M3IIydaTelsl JJIEKTPOMArHUTHBIX BOJIH.
Bnusinue nonocdeps! 1 3eMiIu Ha pacpOCTPaHEHUE PAAUOBOIIH.



© oo~

11.

12.
13.
14.
15.
16.
17.
18.
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27.
28.
29.
30.
31.
32.
33.
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OCHOBHBIE XapaKTEPUCTUKU BOITHOBOJOB. ONITHYECKAs CBSI3b.
JIBr>KeHHE 3JIEKTPOMArHUTHOW SHEPTUH BJIOJIb JIMHUH TTEPEIavH.
Jlazepsl, BUIBI U XapaKTEPUCTUKA

. DKBUBAJICHTHas CXeMa H YpaBHCHUA ,Z[ByXHpOBOI[HOﬁ JIMHUMA IICpCaaydu. HepBI/ILIHBIC n

BTOPUYHBIE ITAPAMETPHI ABYXIIPOBOJAHON JIMHUU.

[MpuHtMnBl W peanu3anusi  SJICKTPOMArHUTHOTO  ADKPAHUPOBAHHS NPUOOPOB |
nomenieHu, ero 3¢ dextuBHOCTL. TpeOOBaHUS K SKpaHAM M UX XaPAKTEPUCTUKH.
XapaKkTepUCTUKU 3BYKOBOTO MMOJISL. VICTOUHUKHN ¥ IPHEMHUKH 3BYKa.

Pacripoctpanenne 3Byka B pa3iIM4HBIX Cpeliax

PedeBoii curnai, ero ¢pusndeckue 1 HHGOPMAIIMOHHBIC XapaKTEPUCTHKH U TApaMeTPhI
3BYKOBOE M0JI€ B TIOMEIICHUSIX.

AKYCTHYECKHE XapaKTEPUCTHKH U TTapaMETPhl TIOMEIIICHHIA.

3BYKOOTpaXarofe U 3BYKOMOTJIOMIAOIINE MATEPHAIBI U KOHCTPYKITUH.

[ToHsTHE 3BYKOU3OIISAIIUH TOMEIICHUN, XapaKTEPUCTUKU 3BYKOU3OJISALIUN

IlepevyeHnb BONpocoB K 3k3ameny (3 cemecTp)
Monens ¢usndeckoro 3ddexra. 3akoHOMEPHOCTH TposiBIcHHS DD,
du3nyeckrue OCHOBBI TEXHUYECKUX CUCTEM. MOIeNb B BUJE «YEPHOTO SIIUKAY.
CymHOoCTb mporiecca nepeaayn nHHOpMaInu.
XapakTepucTuka (GU3NIecKHUX Mojeil 00bEeKTOB.
Ou3MUECKHUE MO PA3TUIHON TPUPOIBI KaK HOCUTENN HH()OPMAITHH.
DnexTpuueckoe mojie. MarHuTHoe mose. DIeKTPOMarHUTHOE ToJie. AKYCTHYECKOe TOJIe.
duznyeckue npoodaeMbl 3alIUTHl THHOPMALUH.
duznyeckrue OCHOBBI 00pa30BaHMsI KAaHAJIOB YTEUKU MH(POPMAIUH.
CrpykTypa KaHana yTeukd HH)OpMAaIIH.
Knaccudukanusa texuuueckux kaHanoB yreuku uapopmaruu (TKYN).
[ToToK BEKTOPHOTO TOJISA ¥ €T0 (PU3NIECKUNA CMBICIL.
JlMBepreHIsl BEKTOPHOTO IMOJIS M €€ (PU3NUECKU CMBICIT.
Hupkynsuus BEKTOPHOTO MOJIS U €€ (PU3NUECKHI CMBICIT.
Potop BekTOpHOTO NOJIS U €ro PU3HYECcKuil CMbICI.
['pamueHT ckaJIpHOTO TOJIS ¥ €70 PU3MUECKHUI CMBICTT.
BonHoBbIE IpoLIECCHI.
O6mr1as xknaccudukaius BoH. PactpeneneHue BOJIH 10 4acToTe.
I"apmMoHMUECKHE BOJIHBI U BOJTHOBOE ypaBHEHHE. OCHOBHBIE ONPEACICHUS.
VYpaBHeHMe MJI0CKON Oeryiei BOJHBI.
BonnoBoe ypaBHeHMe. BoaHOBBIE SIBIECHHUS.
OCHOBBI 3JIEKTPUYECKOIO B3aUMOJICHCTBUS.
Bunpsl anexTprudeckux mosei, ux cpaBHUTENbHAs XapaKTepPUCTHKA.
DNEeKTPOCTATUUECKOE MOJIE, €r0 XapaKTePUCTUKU U CBOMCTBA.
Teopema Octporpanckoro — ['aycca.
JleiicTBHE AIEKTPUYECKOTO TOJISI Ha BELIECTBA.
IIpoBoaHMKY B 351€KTpOCcTaTHUECKOM ToJie. KoHieHcaTOpBl.
DnexTpuueckoe nojie B npoBogHuke. [Ipasuna Kupxroda.
MarHuTHbI€ 110J11 00BEKTOB.
DneKTpOMarHuTHas MHIYKIIHS.
MarHuTHO€ 10JIe, €r0 XapaKTepUCTUKU. BUabI MArHUTHBIX TTOJIEH.
CgolicTBa JIMHUHA MarHUTHOW MHIYKIIUH.
3axoH buo — Casapa — Jlaruiaca.
[IposiBneHne MarHuTHOTO TOJISL.
Cunsl Amnepa u Jlopenua.
CpoiicTBa MarHUTHOTO TOJISL.
DNeKTpOMarHuTHas UHAYKIUS. MarHUTHbIE HOCUTEIN UH(OPMAIIHH.



37. BuxpeBoe 3JeKTpUYECKOe 10JIe, TOK CMELICHHUS.

38. IlnoTHOCTH TOKA IPOBOIUMOCTH. [1IOTHOCTH TOKa CMEILeHUs.

39. IloHsTHE MEKTPOMArHUTHON BOJIHBI, €€ XapaKTEPUCTUKH.

40. OCHOBHBIE XapaKTEPUCTUKU HIIEKTPOMArHUTHOM BOJIHBI.

41. CBoiicTBa JIEKTPOMAarHUTHBINA BOJIH.

42. IlepeHOC 2HEPruM NEKTPOMArHUTHBIMU BOJIHAMHU.

43. Tlonst aeMeHTapHbIX U3TydaTeneld. 30HbI U3ITydaTes.

44, DxpaHUpOBaHUE TTOJICH FIICKTPOMArHUTHON TIPUPOJIBI.

45. DKpaHUPOBAHUE IEKTPUUECKHUX IMOJICH.

46. CrtocoObl YMEHBIIICHHsI EMKOCTHOM CBSI3M MEXy TesaMu (dnemMeHTamu) A u b.
47. DKpaHUpPOBaHHE MAarHUTHBIX MOJIEH.

48. DeKTPOMarHUTHOE YKpPaHUPOBAHHUE.

49. O0ure TPUHIUIBI PETUCTPAIIN HH(POPMATUBHBIX XapAKTEPUCTUK MOJICH.
50. 3mepenne xapakTepUCTHK 3JIEKTPOMATHUTHOTO MOJIS.

Ilepeuens BonpocoB k 3k3ameHy (4 cemectp)
[TonsTHS SNMEKTPUYECKUX TIENeH U painodIeKTpOHHBIX cpeacTB (POC).
Cxembl 3aMeleHns (PU3NYECKUX MPOLIECCOB B 3JEKTPUUYECKUX LIETIAX.
OCOoOEHHOCTH PIIEKTPUIECKHX IIETIeH TepeMEeHHOT0 TOKA.
DNeKTpOMarHuTHbIE IPOLIECCHI B MPOCTEHIINX LENIX NEPEMEHHOT0 TOKA.
®dusnuecKue MpoIecchl B KOiIeOaTeIbHBIX KOHTYpaX.
SIBnenue pe3oHaHca. Pe3oHaHc HanpspKeHUi B OCIe10BaTeIbHOM KOHTYPE.
Pe3oHaHC TOKOB B mapayuieIbHOM KOHTYpE.
[TapazuTHble NPOLIECCHI B 3IEKTPUUYECKUX LIETISAX PaIUO3IEKTPOHHBIX CPE/ICTB.
[Tapa3uTHas eMKOCTHas CBS3b.
0. [Tapa3uTHas MHYKTUBHAs CBS3b.
11. ITapazuTHas rajibBaHUYECKas CBS3b.
12. T'enepanus 3J1eKTpOMarHUTHBIX KOJICOAHUH.
13. CBoOoHBIC KOJIEOAHUS B HICATHHOM KOJIEOATEIIEHOM KOHTYpE.
14. CoxpaHeHue 2Hepruy Npx rapMOHUYECKUX KOJIeOaHUIX.
15. 3aTryxanue cBOOOIHBIX KosieOaHUI B peabHOM K0JIe0aTeIbHOM KOHTYpE.
16. BoiHyx/1eHHbIE KOoJIeOaHus B KoJeOaTeTbHOM KOHTYpE.
17. YcrpoiicTBa reHepaliii CHHYCOUJAJIbHBIX KOJIeOaHuH.
18. ITapa3urtHas reneparus.
19. I'enepanus 351€KTPOMarHUTHBIX BOJTH.
20. dusnyeckue Mporecchl B pacipeeIeHHbIX HEeMsX.
21. OcHOBHBIE OHITHS TEOPUH JITUHHBIX JIMHUH.
22. lndepenmanpable (TenerpadHblie) ypaBHEHUS JUIMHHON JIMHUY.
23. ®u3HYEeCKHiA CMBICI PEIICHUH TeNerpa@HbIX ypaBHEHHH.
24. BoaHOBBIE IPOIIECCH] B JIMHUU C pacIipeeIeHHBIMU ITapaMeTpaMHu.
25. AHanu3 U3MEHEHUS BOJH B TIPOCTPAHCTBE M BO BPEMEHH.
26. Pesxumbl pabOThI JIMHUH.
27. JInMHHBIC TMHUY B KA4ECTBE KOJICOATEIHHBIX CHCTEM.
28. IIpotieccsl MOAYIALNMU U JEMOAYIIALUN CUTHAJIOB.
29. OCHOBBI MOJTYJISAIINH, TIPEACTABIICHUE CUTHAJIOB.
30. Buabsl Moaynsiuu. MaTeMaTHuecKoe MpeCTaBIeHHE CUTHAA.
31. AMIIIUTY/THO-MOTYTUPOBAHHBIE KOJIEOAHMSI.
32. YacTOTHO-MOyIUPOBAaHHBIE KOJIEOaHUS.
33. lemoxynsius.
34. IlpocTpaHCTBEHHAs U YaCTOTHasI celeKiuu. OCHOBBI IPOCTPAHCTBEHHON CENEKINH.
35. YacroTHas (puiIbTpanysi.
36. Kimaccudukanus 31eKTpuueckux GuibTpoB MO PACHOIOKEHHIO MOJIOCHI TPOMYCKAHUS.

BOoo~NoOR~WDNE



37.
38.
39.
40.
41.
42.

43.
44,
45.

46.
47.

48.

49.
50.

IToka3zaTeny 4aCTOTHBIX (PUIBTPOB.

XapakTepUCTUKA 3BYKOBBIX BOJHOBBIX IIPOLIECCOB.

VYupyrue BoJIHbI, UX XapaKTEPUCTUKA.

XapakTepHble 0COOEHHOCTH 3BYKOBBIX BOJIH.

JInnelHbIe XapaKTepUCTUKHU AKyCTHYECKUX BOJIH.

DOHepreTnyeckue XapakTepUCTUKN aKyCTHUECKUX BOJH. IIposiBieHne BOIHOBBIX CBOWCTB
B AKyCTHUYECKHX IOJIAX.

Wudpa3syk, ynprpa3Byk. Cneunpuyeckue 0coOOCHHOCTH YIbTPa3ByKa.

OcHoBbl akycTuku. [Ipouiecc oOpazoBaHus U BOCIPUSITUS PEUYEBBIX CUTHAJIOB.

OcHOBBl akycTuku pedd. OTauuuTeNbHble OCOOEHHOCTH O0Opa30BaHUS COIJIACHBIX
3BYKOB. OCHOBBI aKYCTHKHU CIIyXa.

Crnenuduka akyCTUKH TOMELIEHUH. 3BYKOU30JIALUS U 3BYKOIOIJIOLIEHHE.
Knaccudpukanus @3. Ouznueckue 3QPeKThl aKyCTOINIEKTPUISCKOTO MPeoOpa3oBaTes.
WMHnyKTUBHBIE FeHEpaTOpHbIE IPeoOpa3oBaTeu.

EmkocTHBIE U mbe3037eKTpuueckue mnpeoOpazoBaTenu. DO  aKycTOONTHYECKOTO
npeoOpa3oBarets.

Knaccudukanus mpsMbIX ONTHKO-3JIEKTPUYECKHX MpeodpazoBaTessix. @OTONMPHEMHUKH.
IIpeoOpa3oBanue HH(PaKPACHOTO U3ITYUYEHUS B BUIUMOE U3ITy4EHHE.

Ta6auna 9 — [lpuMepsl 011eHOYHBIX CPEACTB € KJIIOYAMH NPABUJIBLHBIX OTBETOB

Ne
/o

. Bpewms
Tun [IpaBuibHBIN P
DopMyIMpOBKA 3aJaHUS BBITIOJTHEHUS
3a/laHus OTBET (B MuHYTAX)

[1K-2. CriocoOeH BBIMOIHATH pabOThI [10 YCTAHOBKE, HACTPOUKE U TEXHUUYECKOMY
00CITy’)KUBAHHIO 3aILUIIEHHBIX TEXHUYECKUX CPEICTB 00pabOoTKU MH(OpMaIK

1.

3amanue | OcHOBY  mpuUOOpPOB  HOYHOTO 2 2
3aKpBITOTO | BUJEHMS COCTABIISET
THIIA 1. akycToonTHueckuii
npeoOpazoBaTeb
2. DJEKTPOHHO-ONTHYCCKHN
npeoOpazoBaTeb
3. (doToHHBII MIPUEMHHUK

ONTUYECKOTO U3ITYy4ECHHUS
4. ($OTOAIMHUCCHOHHBIN TPHOOP

VYerpoiicTBo, M3MEHSIOIIEe 4 2
napamMeTpsl HECYIIErOo CUTHaia B
COOTBETCTBUM C HW3MEHEHMUSIMHU
nepeaaBaeMoro
(uH(pOPMAIIOHHOTO) CUTHaJa,
Ha3bIBACTCS

1. nmaryuk

2. mpeobOpa3oBaTelb

3. mpubop

4. monynsTop

Monynauus BO3AYUIHOIO IOTOKA 4 2
3a cYeT KoJeOaHUW TOJIO0COBBIX
CBSI30K, YTO MCIIOJIb3YyeTCS MpHU
00pa30oBaHUM TJIACHBIX 3BYKOB M
3BOHKHUX COTJIACHBIX

1. UMIyNbCHBINA UCTOYHUK

2. apTUKYIALUS

3. TypOyJIEHTHBIN IIyM




Bpewms

Ne Tun [IpaBunbHBII
wn | sananms DopMyIHpOBKA 3aIaHUS oTBET BBITIOJTHEHUS
(B MuHyTaXx)
4. mupornecc poHarumn
4, Jlokanmuzamus aKyCTHYECKOTO 1 2
MOJII B 3aMKHYTOM TPOCTPAHCTBE
(momereHun )
1. 3Bykouzonsuus
2. Juddys3usa 3Byka
3. 3BYyKOIOTJIOMIEHUE
4. 3ByKO3aTyxaHUE
S. Kakue »s¢dexrtsi  mo3BossoT 3 2
MOJIyYUTh HEMOCPEJICTBEHHYIO
(YHKIMOHATIBHYIO CBSI3b MEXIY
M3MEHEHUEM BO3JICHCTBUS
UCXOTHOU (PU3UICCKON BEITUIMHBI
U 3JEKTPUUYECKUMHU, MAarHUTHBIMU
U JpYTMMHM  CBOWCTBAaMH U
napaMeTpamu BellecTBa
Buemnune 3¢ dextsr
Texandeckue 3¢ HeKThI
Buytpennue 3¢ dexrsr
duznueckue 3P heKThl
6. 3ananue | Harp onpenenenune «®dusmyeckoe | COBOKYIHOCTb 2
OTKPBITOTO | SIBJICHUE)» MIPOLIECCOB
THTIA MaTepHabHO-
MH(OPMAIIMOHHOTO
npeoOpa3oBaHus
BEIIECTB, MPU KOTOPOM
HE MIPOUCXOTUT
M3MEHEHHUH UX cOCTaBa U
obOpazoBaHue HOBBIX
BEIIECTB, a M3MEHSETCS
TOJIBKO arperaTHoe
COCTOSIHUE BEIIIECTB,
COITPOBOKIAFOTIIEECS
CKauyKOOOpa3HbIM
MU3MEHEHHEM CBOOOIHON
SHEPTUH, SHTPOTHH,
IUIOTHOCTH W JPYTUX
OCHOBHBIX  (DM3HUECKUX
CBOMCTB.
7. Jatp ompesieNieHUe | HeKeIaTenbHOe 2
«INEKTpOMAarHUTHas IIOMEXa buznveckue SIBJICHUE
158105 BO3JICHCTBUE
(bUBUYECKUX TIOJIeH U WX
MoaupuKamit oT
BHEIITHETO WITH
BHYTPEHHETO
HUCTOYHUKA, KOTOpOe
HapylIaeT HOPMAaJIbHYIO
pabory TEXHUYECKHUX




. Bpema
Ne Tun [IpaBunbHBII p
DopMyIMpOBKA 3aJaHUS BBITNIOJTHEHUS
n/m | 3agaHus OTBET
(B MuHyTaXx)

CPE/CTB, WJIH BBI3BIBACT
YXyALLIEHUE
TEXHUYECKUX
XapaKTePUCTHUK u
[1apaMeTpoB ITHX
CPEJICTB

8. JlaTb ompeneneHue akyCTHKH Hayka 0 3BYKE, 2
u3yvaroras

(GU3HYECKYI0  TIPUPOTY
3ByKa M MPOOJIEMBI,

CBSI3aHHBIE c ero
BO3HHUKHOBEHHEM,
pacmpocTpaHeHHUEM,
BOCIIPUSTHEM u
BO3ACHCTBUEM

9. JlaTh omnpeneneHue yTeuku HECaHKIIMOHUPOBAHHBIN 2
porecc nepeHoca
uHpopmauu oT
HCTOYHHUKA K
HECAHKIIMOHUPOBAHHOMY
10JIb30BATEIIO

10. Jlatb onpeeIcHue «kaHai | dusnueckuil myTh 2

YTCUKH» nepeHoca HMHQpOpMaIUu

OT €€ WCTOYHUKA K
HECAaHKI[MOHUPOBAHHOMY
I0JI30BATEII0

[TonHBI KOMIUIEKT OIICHOYHBIX MaTe€pUajoB MO aucuuiuiiae (Moaymio) (dhoupg
OIICHOYHBIX CPEJICTB) XPAaHUTCS B DIIEKTPOHHOM BHUJE Ha Kadeape, yTBepKIaroleil padouyro
POrpaMMy TUCITUTUTHHEI (MOYJIsl), U B LIeHTpe MOHUTOpPHHTA U ayIUTa Ka4eCTBa O0YICHHUS.

7.4. Metoauyeckue MaTepuajbl, onpeaejasiomye MnMpouelypbl OEeHMBAHUS Pe3yJIbTATOB
00y4eHHs 110 AUCHHUILIMHE (MOLYJII0)

MeTtoanyeckre peKOMEHIALUH 10 BbINOJHEHUIO JIa00PATOPHBIX U KOHTPOJIBHBIX padoT,
NMPOBEICHHI0 JK3aMeHa

OTueTt no 1abopaTopHoii padore

Ot4er no abopaTopHOil paboTe MPEACTABISAETCS B AJICKTPOHHOM BHJIE. 3alliTa OTYeTa
npoxoauT B (opMe JOKIaZa CTyIEHTa IO BBINOJIHEHHONM paboTe M OTBETOB Ha BOIPOCHI
npenogaBatens. B ciayyae, ecnu opopmiieHHe 0T4eTa U MOBEIEHUE CTYIEHTa BO BpEeMs 3aIlIUThI
COOTBCTCTBYIOT YKa3aHHBIM Tpe6OBaHI/I$IM, CTYACHT IIOJIYy4a€T MaKCHUMAaJbHOC KOJUYCCTBO
Oanmos.

OcHOBaHUAMU JI1 CHUXKCHUS KOJIMYECTBA OaJUI0OB B Auarra3oHe OT max nao0 min
SABIISIFOTCA:

- OTCYTCTBHE CIIMCKA UCIIOIB30BAaHHOM JINTEPATYPHI,

- HeOpEXKHOE BBHIMTOJTHEHUE,

- OTCYTCTBHE BBIBOJIOB.




OT4eT He MOXKET OBbITh MPUHAT U MOJICKHUT JOpabOTKe B Cllydae:

- OTCYTCTBHS HEOOXOAMMBIX Pa3/EeJIoB,

- OTCYTCTBHS HEOOXOAMMOTr0 TpaduuecKoro Marepuaa,

- HEBEPHBIX PE3yJIbTATOB pacyera.

B otyere 1o BhIONHEHHOM 1TaO0OPAaTOPHON pabOTe JOKHBI OBITh YKA3aHBI:
* TeMa J1abopaTopHOU paboTHI,
* MaKeT JIOKYMEHTOB B COOTBETCTBUU C TEMOH JIaOOPaTOPHON pabOTHI,
* HCIOJb30BaHHAs JINTEPATypa.

Kpurtepuu oneHku J1aGopaTopHbIX padoT:

— OLIEHKA «OTJIMYHOY» BBICTABJISIETCS 00yUaroeMycs, eClid CTYIEHT POJEMOHCTPUPOBAI
riyOOKHe 3HAHHUS TEOPETHUECKOTO MaTepuana U yMEHHE UX IPUMEHSITh, 0O0CHOBAHHO M3JIOKHUII
CBOMU MBICIIH, cJies1a]l He0OXOUMBbIE BBIBOIbI;

— OIICHKA «XOPOIII0» BBICTABIICTCS 00yUYaromeMycs, €ClIi CTYIACHT IPOJAEMOHCTPUPOBAI
ri1yOOKHe 3HaHMs TEOPETHUECKOro MaTepuana U yMeHHe UX IPUMEHSITh, 0OOCHOBAaHHO H3JI0KHUII
CBOM MBICIIH, C/Ieall HEOOXOIMMBIE BHIBOJIBI, JOMYIICHBI HEKOTOPBIE HETOYHOCTH, IMEETCSI O/THA
HerpyOas ommnoka;

— OIICHKA «YIOBJIETBOPUTEIHHOY» BBICTABISACTCS 00YJaIOIMEMYCsl, €CIIA CTYACHT OTBETHII
Ha BOIIPOCHI MPEUMYLIECTBEHHO BEpPHO, UMEIOTCA 3aTpyAHEHUs B (HOPMYJIUPOBKE BBIBOJIOB,
MMEIOTCS OJIHA WJIN JBE HETPYObl€ OLINOKY;

— OLIEHKA «HEY/IOBJIETBOPUTENILHO» BBICTABIIAETCS 00yUaroIeMycs, ecild CTyJeHT He Jall
OTBETHI Ha MOCTaBJICHHBIE BOMPOCH], 00OCHOBAHMsI HEBEPHBIE, JINOO JaH BEPHBIH OTBET O€3 ero
000CHOBaHMS, ClleaHbl IpyOble OUIMOKH, OTCYTCTBYIOT 3HAHHS 10 OCHOBaM (DU3UKHU.

KonTposbHbie padoThl

KontponpHas paboTa COCTOUT U3 2-X 3aJaHHIA.

OcHOBaHUSAMH 1151 CHUXKCHUS OLCHKH 3a 3aJaHHE SBISIOTCS:

- olMOKY B OOBSICHEHUSIX 1 KOMMEHTAPHSX ITPU BEPHO BHITIOJTHEHHOM 3a/IaHUU;

- HETIOJIHBIN OTBET I TEOPETUUYECKUI 3aaHU;

- HeOpEKHOE BBIITOIHEHHUE;

- MHOTOKPATHOE MEepPENUChIBAaHINE KOHTPOJIbHON PabOTHI.

3agaHue He MOXKET OBITh 3aCUYUTAHO, €CIIH:

- IaHbI JIBa HEBEPHBIX OTBETA HA TEOPETUUYECKUE BOIIPOCHI.
Kputepun o11eHKH KOHTPOJIbHBIX PadoT:

— OIIEHKAa «OTJIMYHO» BBICTABIIACTCS OOYyYarOMEeMyCs, €CIM CTYACHT MPOJAEMOHCTPHUPOBAI

IyOOKHe 3HAHUS TEOPETUYECKOTO MaTepualia U yMEHUE UX MPUMEHSTh, 000OCHOBAHHO M3JIOKHII
CBOHM MBICITH, CJIeJIajl HeOOXOANMbIEC BHIBOBI,

— OILIEHKA «XOPOILO)» BBICTABIACTCA O0YYaAIOLIEMYCs, €CIU CTYIEHT IPOJEMOHCTPUPOBAI
ri1yOOKHe 3HaHHUs TEOPETHUECKOro MaTepuana U yMEHHe UX IPUMEHSITb, 0O0CHOBAHHO M3JI0KHUII
CBOM MBICIIH, CAeJIal HE0OXOAUMBbIE BBIBObI, JOMYIIIEHBl HEKOTOPbIE HETOUHOCTH, UMEETCS OJIHA
Herpyoas ommnoka;

— OLICHKA «yOBJIETBOPUTEIILHO» BBICTABISETCA 00yJaroIEeMycsl, €CIM CTYJEHT OTBETHJI Ha
BONPOCHl TPEUMYIIECTBEHHO BEpHO, MMEIOTCS 3aTpyAHEHUs B (OPMYJIMPOBKE BBIBOJIOB,
UMEIOTCS OJTHA WU JIBE HETPYOble OLINOKY;

— OLIEHKA «HEYJOBJIETBOPUTEIILHOY» BBICTABISETCS OOYdYaIOLIEMYCsl, €ClIM CTYACHT He Jal
OTBETHI HA MOCTABJIEHHBIE BOTPOCHI, 00OCHOBAaHMSI HEBEPHBIE, TNOO JTaH BEPHBIN OTBET 0€3 ero
000CHOBaHUS, CJlIeJIaHbl IpyOble OIMOKH.

Kpurtepun ouenku recra:

- OLIEHKAa «OTJIMYHO» BBICTABISIETCS CTYJAEHTY, €CIIM OH yMeeT O0e301IHMO0YHO
CaMOCTOSITENIbHO 00pabaThiBaTh W WHTEPIPETHPOBATh JIAHHBIE MpPHU pEIIeHHWU 3a]ad, KaK B
CTaHJApTHOM, TaK U B HECTaHAPTHOU (OPMYITUPOBKE;



- OIICHKA «XOPOIIOY» BBICTABISACTCS CTYASHTY, €CIH OH yMeeT 0e30muO09HO
CaMOCTOSITENIbHO 00pabaTbiBaTh M HWHTEPIPETHPOBATh  JAHHBIE IPU pPEIICHUU 3a7ad B
CTaH/JapTHON CUTYyalluu WK 3a BepHoe pewieHue 75% - 89% 3ananuii Tecra;

- OILICHKAa «YJIOBJIETBOPUTEIHHOY» BBICTABISIETCSI CTYJEHTY, €CIIM OH yMEeT NpHu
pemieHnn 3amad4 oO0pabaThiBaTh JAHHBIE C OMOPOM Ha CIPABOYHBIE MATEPUAIBI M IOMOIIb
npernoaaBartesisi, BEpHO BBIMOIHIS pu 3ToM 60% - 74% paboThL.

- OIICHKA «HEY/IOBJICTBOPUTEIHHO» BBICTABISIETCA CTYACHTY, €CIIM OH HE YyMEeT
MpaBUILHO 00pabaThIBaTh JaHHBIE, BRIMOJIHIIT MeHee 60% 3amanuii Tecra.

- OIICHKA «3aYTE€HO» BBICTABIIACTCS CTYJICHTY, €CJIM TECT CTY/ACHTA OLICHEH HE HUXE YeM
«YAOBIETBOPUTEIBHOY;

- OLIEHKA «HE 3aU4TE€HO», €CJIM TECT OLIEHEH HUXKE YEM «YAOBJIETBOPUTEILHON.

JK3aMeH

DK3aMeH 3aKJII0YaeTcsl B MMCbMEHHOM OTBETE Ha 2 TEOPETUYECKHUX BOIPOCAa M YCTHOM
cobece0BaHNH 110 KKJOMY TEOPETHYECKOMY BOIIPOCY.

OCHOBaHUSAMM JUIsl CHUKEHHUS OLIEHKH 32 TEOPETHUECKUI BOIIPOC SBJISIIOTCS:

- HeOpEKHOE BBIIIOIHEHMUE;

- HEIIOJIHBIN OTBET;

- HAJIMYME MEJIKUX HETOYHOCTEH MIM He3HAYUTEIbHBIX UCKAXKEHHH (DaKTOB;

- HETOYHbIE O0BSICHEHUS NIPU COOECE]OBAHUMY;

- OTCYTCTBHME OTBETOB Ha 3a/IaHHbIE NPU cOOECceJOBaHUH BOIIPOCHI.

OneHuBaHHE CTYJEHTOB Ha 53K3aMEHE OCYIIECTBISETCS B  COOTBETCTBUE C
TpeboBanusaMu U KputepusiMua 100-0amTbHON MIKAJIBI. Y YUTHIBAIOTCS KaK PE3yIbTaThl TEKYIIETO
KOHTPOJIS, TAK M 3HAHMsI, HABBIKU U YMEHMSI, HEIIOCPEICTBEHHO IMOKa3aHHbIE CTYACHTaMH B X0J1€
IK3aMeHa.

B cootBercTBUUM ¢ OGaimbHO-peiTHHTOBOM cuctemoilr BAPC mo pucuumianHe OTBOIUTCS
100 6amtoB (40 GamnoB Ha Tekymue ¢Gopmbl KOHTpoids, 10 OamnoB Ha OoHychl u 50 GannoB
OTBOJUTCS Ha SK3aMEH),

O1eHrBaHUE CTYACHTOB Ha YK3aMEHE OCYILECTBIISIETCS B COOTBETCTBHE C TPEOOBAHUAMU
u kputepusimu 100-0ayuTbHOM MIKaNbl. YYUTHIBAIOTCS KaK Pe3yNbTaThl TEKYIIEro KOHTPOJIS, TaK
Y 3HaHUS, HABBIKM M YMEHUS, HETTOCPEICTBEHHO IMMOKa3aHHbIE CTYIEHTAMU B XO/1€ IK3aMeHa.

Kpurepnn onieHok Ha 3K3aMeHe:

40-50 6am1oB — CTYAEHT IIIyOOKO MOHUMAET MPOWICHHBII MaTepuall, OTBEYaeT YETKO U
BCECTOPOHHE, yMEET OLEHUBATh (PAKTBI, CAMOCTOSTEIBHO PACCYXKTAET, OTINYACTCS
CHOCOOHOCTHIO 0OOCHOBATH BBIBOJIBI U PA3BACHATH UX B JIOTHUECKOW MOCIEI0BATEIBHOCTH.

35-39 6amioB — CTYAEHT IITyOOKO MOHMMAET MPOUCHHBI MaTepuall, OTBEYAET YETKO U
BCECTOPOHHE, yMEeT OLIEHUBaThb (PAKTBI, CaMOCTOSTENbHO PACCYXAAET, OTINYAETCS
CIOCOOHOCTBI0 00OCHOBATH BBIBOJIBI U PA3bSICHATH WX B JIOTUYECKOH TOCIIEIOBATEILHOCTH, HO
JIOITyCKAeT OTAeIbHbIE HETOUHOCTH.

25-34 Gamnma — CTYAEHT IIyOOKO TIOHUMAET MPONJACHHBIM MaTepuall, OTBEYaeT YETKO U
BCECTOPOHHE, yMEeT OLIEHUBATh (PAKTBI, CAMOCTOSTENbHO PACCYXAAET, OTINYAETCS
CIOCOOHOCTHI0 00OCHOBATH BBIBOJIBI U PA3bsSICHATH WX B JIOTHYECKOH TOCIIEIOBATEILHOCTH, HO
JIOITyCKaeT HEKOTOphIe OLIMOKH O0IIero XapakTepa.

20-24 Oamnma — CTYyOEHT XOpOIIO MOHWMAeT MPOWICHHBIH MaTephall, HO HE MOXKET
TEOpeTUYEeCKH 000CHOBATh HEKOTOPHIE BBHIBOIBI.

15-19 OGamnoB — CTyAeHT OTBeYaeT B OCHOBHOM IIPaBHJIBHO, HO YYBCTBYETCS
MEXaHUYeCKOe 3ayunBaHUe MaTepuaina. |

1-14 OGammoB — B OTBETE CTYJACHTa WMEIOTCS CYIIECTBEHHBIE HEIOCTAaTKH, MaTepHal
OXBayeH «II0JIOBUHYATOY, B PACCYKICHHIX JOMYCKAIOTCS OMIMOKH. 1

0 OaymIoB — OTBET CTy/IEHTa MpaBWJIECH JIMIIb YaCTHYHO, NPHU PAa3bICHEHUH MaTepHalia
JIOITYCKAIOTCS CephEe3HBIE OLTUOKH.



6-9 6amIoB — CTyIEHT uMeeT oOIee MpeICTaBIeHHEe O TeMe, HO He yMeeT JIOTMYECKH
000CHOBATh CBOU MBICITH.
1-5 GannoB — CTYJEHT MMEET JIMIIb YaCTHYHOE MpejacTaBieHue o Teme. 0 6aioB — HeT

OTBETA.
Tadauna 10 — Texnonornyeckass Kapra peHTHHIOBBIX 02/1710B IO AUCHUILIHHE (MOAYJ/110) B

KaKA0M CeEMeCTpe

KonunuectBo MakcumaiibHOE Cpok
No KonTponupyemeie .
Wi MepOTpUATHS MEPOTPUSTHIA KOJIMYECTBO MpeJICTaBIIe
/ Ganbl OaytoB HUSA
OcHoBHOI 0JI0K
1. | Omeem na 3anamuu 3/3 9
2. | Buinoanenue nabopamoproii pabomuoi 3/3 9 ITo
3. | Boinonnenue koHmpoabHOU pabomol 3/3 9 pacnucanu
4. | Tecm 3/3 9 10
5. | Pegpepam 1/4 4
Bcero 40 -
Baok 6onycoB
6. | [locewenue 3auamuii 6e3 nponyckoe 1 3
7. | Ceoespemennoe  8blnonHeHue  8cex 1 3
3a0aHuti
8. | Akmuenocmv cmyoenma na 3aHAmuu 1 4
Bcero 10 -
JlonoaHuTENbHBIH 010K
9. | Orsamen | 50
Bcero 50 -
UTOro 100 -
Tab6auna 11 — Cucrema mrpagos (1 OAHOT0 3aHATHSA)
IToka3zarens bann
Ono3zoanue Ha 3ausmue -1
Hapywenue yuebnoti oucyunaunul -1
Hezomosnocmu K 3anamuio -2
Ilponyck 3ansamus 6e3 yeascumenibHOU NPULUHDL -2

Tadauna 12 — Ilkaja nepeBoaa PeMTHHIOBBIX 0aJJIOB B UTOTOBYIO OLICHKY 3a ceMeCcTp
10 JUCUMILIIMHE (MOTYJII0)

Cymma 6amioB Omnenka no 4-0aTpHOM 1IKaje

90-100 5 (oTIMYHO)

85-89

75-84 4 (xopo11o)

70-74

6569 3

60-64 (YIOBIETBOPUTEIHHO)
Hunxe 60 2 (Hey1OBJIETBOPUTEIILHO)

HpI/I peam3an JUCHUILIIAHBI (MO,Z[y.IISI) B 3aBUCUMOCTU OT YPOBHS IMOATOTOBJICHHOCTH
06yanOH_[I/IXC$[ MOTYT OBITH MCIIOJIb30BAHBI HHEIC q)OpMI)I, MCTOJbI KOHTPOJISI MU OLCHOYHBIC
cpeacTBa, UCXOas U3 KOHerTHOﬁ CUTyalllu.




8. YYHEBHO-METOANYECKOE U UTHOOPMALIMOHHOE OBECIIEYHEHUE
JUCHHUIIJIMHBI MOAYJIS)

8.1. OcHoBHas uTEpaTypa

1. ®usnueckue OCHOBHI NoNy4yeHus nHpopmanuu y4ued. mocodue / P.A. Axmemxkanos, A.U.
UYepenos. - M. : YMII XK/T, 2013. - URL:
http://www.studentlibrary.ru/book/ISBN9785999400789.html (95C «KoucynbTant
CTYJICHTa»).

2. ®usnyuecKkre OCHOBHI 3JICKTPOHUKH : TioJieBbie pubdopsl / Junenko C.U. - M. : MUCuC,
2016. - URL.: http://www.studentlibrary.ru/book/MI1S066.html (35C «KoncyasTant
CTYJICHTa»).

3. UmxenepHas akyctuka. Teopus u nmpakTuka 60pb0sI ¢ irymoM : yueOnuk / iBanos H.H.
- M. : Jloroc, 2008. - (HoBas yHuBepcuteTckas oubnmoreka). - URL:
http://www.studentlibrary.ru/book/ISBN9785987042860.html (9BC «KoHcynbranT
CTYJICHTa»).

4. OcHoBBI pOopMUpPOBaHUS, IEpeAaun U nprueMa HUPpoBoit unpopmanuu : yuedHoe
nocobue / B.W. JIy3un, H.I1. Hukutun, B.W. T'agzukosckuii. - M. : COJIOH-TIPECC,
2014. - URL: http://www.studentlibrary.ru/book/ISBN9785321019610.html (3BC
«KoHCynbTaHT CTyZEHTa»).

8.2. lonmosiHuTEIbHAS JIUTEPATYypPa

1. HWmxeHepHas akycTuka. Teopus u mpakTuka 60psObI ¢ mrymom: yuebnuk / iBanos H.U. -
M. : Jloroc, 2008. - (HoBas ynuBepcurerckas oubnuorexa). - URL:
http://www.studentlibrary.ru/book/ISBN9785987042860.html (95C «KoHucynbrant
CTYJICHTa»).

2. IHamumona, K.B. ®wusuka noxynpooauukos : yueOHuk / K. B. Illanumosa. - 4-¢ u3g. ;
ctep. - CII6. : Jlanb, 2010. - 400 c. (9 7k3.)

3. Emmdanos, 'I. ®wusuka tBepaoro Ttena : yuyedbnoe mocoodbue / I'. M. Enudanos. - 3-e
u3 . ; uctp. - CIIG. : Jlans, 2010. - 288 c. : un. - YueOuuku 1y1st By30B (24 9k3.)

4. CapepauHoB, A. A. UnpopmarnmonHas 6e30MacHOCTb NMPEeANnpUsaTHs: y4uel. mocodue as
By30B / A. A. CagepaunoB, B. A. Tpaiines, A. A. @enynos.- 2-e uza. - M.: [lamkos u K,
2005. - 336 c. (45 3K3.)

5. Mopo3sosa, H.IO. DnekTpoTexHuka M 371€KTpoHUKa : aon. M-Bom obOpazoBanus PO B
KadecTBe Y4eOHHMKAa Uil CTYIEHTOB OOpa30BaTENbHBIX YUPEKIECHUH CPEIHETo
npodeccuonanbHoro obpazosanus / H. FO. Mopo3zoBa. - 2-e u3a. ; crepeorun. - M. :
Axanemus, 2009. - 256 c. - (Cpennee npodeccnonansaoe odpa3osanue). - ISBN 978-5-
7695-6095-8 : 250-47 (12 3k3.)

6. CamempeB, I.B.  Kypc obOmeii ¢pusuku: B 4-x 1. T. 3. KBantoBas ontuka. ATOMHAs
¢uzuka. Gusuka TBepaOro Tena. GU3MKa aTOMHOTO SApa U 3JI€MEHTapHBIX YaCTHIL : JOIL.
Hayuno-Meron. coBetoM 1o ¢usuke M-Ba obpazoBanus u Hayku P® B kauecTBe yueo.
nocoOust Ui CTYJACHTOB BY30B, OOyUarOMIMXCs MO TeXH. U crel. / moj obm. pen. B.J.
CagenbeBa. - 2-¢ u3j. ; crep. - M. : Kaopye, 2012. - 366, [2] c. - ISBN 978-5-406-02590-
1 (T. 3) : 449-40. (2 5k3.)

7. Hosukos, 0.H. OCHOBHBIE TIOHATHS W 3aKOHBl TEOPUU LEMEH, METOAbl aHAIU3a
nporeccoB B Hendx : pek. YMO mo yH-TCKOMY MOJHUTEXH. 00pa30oBaHHIO B KauyecTBE
yae0. mocoOus JUTsl CTYASHTOB BHIINI. yueO. 3aBeneHuid..." Texunueckas gusuxa" / FO. H.
HoBukos. - 3-¢ u3a. ; ucrp. u gomn. - CI16.-M.-Kpacuonap : Jlans, 2011. - 368 c. : ui. -
(Yueb. misa By3oB. Crerr. ut.). - ISBN 978-5-8114-1184-9 : 749-98. (1 7k3.)

8.3. UuTepHeT-pecypchl, He00OX0AUMBbIE 1JI OCBOEHH S JUCUMILIMHBI (MOIYJISA)
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http://www.studentlibrary.ru/book/ISBN9785987042860.html

1. JileKTpoHHO-0nOnoTeynass  cucrema (OBC) 00O «IloamTexpecype»
«KoncyabTanT cryaeHTa». MHoronpogmibHbii o0pa3oBarenbHbll pecypc «KoHCynbTaHT
CTYJIGHTay SIBJIACTCS JEKTPOHHON OMOIMOTEUHON CHUCTEMOM, MPEIOCTABISAIONIEH JTOCTYI Yepes
cetb MHTepHET K y4yeOHOU nuTeparype U AOMOJHUTEIbHBIM MaTepHaliaM, MPUOOPETEeHHBIM Ha
OCHOBAHMU TIPSIMBIX JOTOBOPOB C MpaBooOmagarensiMu. Karanor B HacTosiee BpeMsi COAECPIKUT
okosio 15000 HanmenoBanuii. Www.studentlibrary.ru.

9. MATEPUAJIBHO-TEXHUYECKOE OBECIHEYHEHUE JUCLHHUIIJIMHBI
MOAYJIs)
Yyebnble ayautopuu, Oubmuoreku AI'Y, KOMIBIOTEpHBIE KJIACCHI, MYJbTHUMEIUWHbBIC
ayJIUTOPUH, TA00PATOPHH TSI POBENCHUS (PU3HUECKUX IKCTICPUMEHTOB.

Pabouas mporpamma AMCHUIUIMHBI (MOJYJIsl) IPU HEOOXOAMMOCTH MOXKET OBITh aJalTUPOBaHA
it oOydeHust (B TOM YHCIIE C MPUMEHEHHEM JUCTaHIIMOHHBIX 00pa30BATEIbHBIX TEXHOJIOTHIA)
JIMIL ¢ OTPaHUYEHHBIMU BO3MOXKHOCTSMU 3/10POBbs, MHBAIUAOB. [[i1s1 3TOrO Tpedyercs 3asBieHue
oOyyaromuxcs, SBJSAIOLIMXCS JHMIAMM € OIPAaHUYEHHBIMU BO3MOMKHOCTSIMH  3/10pPOBbBS,
WHBAJIMJAMH, WJIM HX 3aKOHHBIX IIPEACTABUTENEH W PEKOMEHAALMU IICHUXOJIOrO-MEAUKO-
neaarornyecko komuccuu. s MHBaJIMAOB cojlepskaHue padouel MporpaMMbl JUCLHUIIIMHBI
(Mozynsl) MOJMKET OINpEAeATbCA TAaKKE€ B COOTBETCTBUM C MHIAMBHMIYaIbHOH IpOrpamMmoin
peabunuTany UHBaIUAA (IpU HAJIUMYUN).


http://www.studentlibrary.ru/

