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«AHTeHHbI, CBY - ycTponicTBa U NX TEXHONOTNU»

HacTosdwasa nporpamma 6asumpyeTca Ha KpaTKOM MacnopTe chneyuanbHoCTU
05.12.07 ®” Ha BY30BCKMX AUCLUMNINHAX, COOTBETCTBYHLWMX TrOCYyAapCTBEHHOMY
obpasoBaTte/ibHOMY CTaHAapTy MO HanpaB/ieHNIO «PagnoTexXHUKa»: 3NeKTpoLMHaAMKKa U
pacnpocTpaHeHne paAnoBOH; ycTpocTBa CBY M aHTEHHbI; pagnoTexXHUYecKne Lenm
M CUTHasbl; YCTPOINCTBA FEeHEPUPOBaHUS N (OPMUPOBAHUA CUTHA/MNOB; YCTPOMNCTBA
npvemMa M npeobpa3oBaHUs CUTHaNOB; 3/1IEKTPOHMKA, CXEMOTEXHMKA aHanoroBbIX
3NEeKTPOHHbIX YCTPOWCTB; BbIUNCNUTENbHbIE yCTpoMCcTBa " CUCTEMBI;
pagnoTeXHUYECKNE CUCTEMDI.

1. O6was Teopus aHTeHH 1 CBY-ycTpoincTs

YpaBHeHMa MakcBenna Ansa HectauMoHapHbIX M MOHOXPOMaTUYeCKUX MOei.
MatepuanbHble ypaBHEHWS WU TUMbl cped. BeKTOpHble M CKansipHble MNOTeHUWansbl
3NeKTPOMarHMTHOro noss. BONHOBble YypaBHEHUA W ypaBHeHMA [enbMronbLa.
[paHWYHble YCNOBMA. JHEPrus 3MeKTPOMArHUTHOro nong. Teopema YMoBa-
MOMHTUHTA.

MocTaHOBKA 3afia4y 3/IEKTPOANHAMWUKN, METOAbl WX peweHus. BHYTpeHHVe wu
BHELLHME 3aJa4n 3NeKTpogMHaMUKK. Teopema eUHCTBEHHOCTH.

CB06OOAHbIE 3/1EKTPOMArHUTHbIE BOJIHbI KakK pelleHus O4HOPOAHbIX YpPaBHEHWUN
3NeKTPOAMHAMUKN B pasHbIX cUcTeMax KoopAauHaT. oCKuMe O4HOPOAHbIe BOJMHbLI B
M30TPOMHbLIX cpefax C notepaMuM M 6e3 NOoTepb M B FMPOTPONHLIX cpefax (nnasma u
(heppuT NpU  HaNMuMKU NoAMarHM4YMBaHmA). BpalweHue nNAOCKOCTU nNonspusayum,
pe30HaHCHOe nornoujeHne. HemoHOXpoMaTUYeCKMe BOMHbI B AWUCMEPTUPYOLLNX
cpefax. BonHbl B aKTMBHbIX cpefax; NpeAcTaBfieHWe O BOJIHOBbIX MNpoleccax B
HeNIMHeNHbIX cpefaX. [MafeHWe MIOCKOW OAHOPOAHOIN BOJSIHbI Ha MIOCKYK rpaHuuy
pasfena OfHOPOAHbIX M30TPOMHbIX cpea. [ABOHOE NpenomeHne Ha rpaHuLe pasgena c
rMPOTPOMHONW Cpesoi.

NokanbHO-NNockue BOJIHbI " reomeTpuyeckas onTuKa. BnusHune
HEO4HOPOAHOCTN CpeAbl Ha pacnpoCTpaHeHWe PaAvOBONH. YpaBHEHUS 3liKOHana W
nepeHoca. YpaBHeHWe nydya. COMpOBOXAAKOLWMIA TpexrpaHHUK PpeHens Ha nyue.
3MeHeHMe nonapusauum BAOAb fiyda. BO3HUKHOBEHWe KaycTuK. Pedpakuus B
HEO4HOPOAHbIX cpefax.

PacnpocTpaHeHue paguvoBOIH B NPUPOAHbLIX YCNOBUAX. BnusHWe 3eMHOWA
MOBEPXHOCTW,  Tponmocepbl, MOHOCHEPbI, KOCMUYECKOro  MPOCTPaHCTBa  Ha
pacnpocTpaHeHWe paguoBONH. PacnpocTpaHeHMe pagnoBONH B ypbaHM3MPOBaHHbLIX
30Hax.

N3nyyeHne 3N1eKTPOMArHUTHBLIX BOSIH. ONIeMEeHTapHble usnydatenn. BAmKHAS K
JanbHAS  30Hbl. Teopema 3KBMBAIEHTHOCTW, 3KBUBANEHTHbIE  MOBEPXHOCTHbIE
NCTOYHUKM.

ANeKTpoMarHMTHOE Mone 3aflaHHOro pacrnpefenieHns BO30Y>KAatoLMX TOKOB B
CBOOOAHOM npocTpaHcTBe. MpUHLMNbI B3aMMO3aMeHSEMOCTI NOMeR, 3NeKTPUYECKUX U
MarHUTHbIX TOKOB, MPUHUWUN [ABOMCTBEHHOCTW. [IPUMHUMN 3NEKTPOANHAMUYECKOTO
nogobusa. CeefleHne 3afgavyv 006 WM3YYEHUU aHTEHH K WHTEerpasbHbIM W WHTErpo-
AndgepeHUnanbHbIM YpaBHEHUAM.

fABneHna n 3agadun audgpakymm. Crtporas nocTaHOBKa AUMPaKUMOHHbLIX 3adad.
Angpakuma Ha uunuHgpe, wape W KauHe. VHTerpanbHble ypaBHEHWs B 3afjavax
Andpakummn 1 BO3OYXAEHUA TeNn CNOXKHOW (opMbl. ACUMNTOTMYECKME MeTOoAbl B



KBa3nMoONTMYeCKOW obnactn: npubnuxeHune [onreHca-Knpxroga n reometpuyeckas
Teopusa Angpakymn.

UncneHHble MeToAdbl 3NeKTpoAnMHaMuKK. [locTaHOBKa 3afjayu, npefcTaBfeHue
nonen, anropuTMmsaums  3agavy  BO3OYXAEHUA,  U3NYYEHUA U Andpakuum
3NEeKTPOMarHUTHbIX NOMEN N BOJH.

MpoekunoHHble MeTodbl. [pouecc by6HoBa—FanépknHa. [1poeKUNOHHOE
HafoXXeHne rpaHUYHbIX ycnoBuil. CeefeHMe 3afavynM K PacCMOTPEHUID TPaHMYHbIX
YCNOBUINA.

[vcKpeTn3aymoHHble MeToAbl. JeKOMMNO3MLMOHHbBIN NpuHLMn. MatemaTuyeckoe
MO/JeNnnpoBaHMe CMOXHbIX CTPYKTYP.

2. Teopua u TexHuka CBY-ycTpoincTs

YpaBHeHNa  3NeKTpoAMHaMUKW AN HanpasisgemblXx  BOMH.  Teopua M
Knaccugmkauma  cBOO6OAHbIX BOMIH B MPOAO/bHO-PErYIAPHbIX  HanpaBAAKLLNX
cucTemax.

Tunbl  HanpasnawWwmMx cuctem. [lonble UM KOoakKCUanibHble  BOSIHOBOAbI.
OnanekTpnyeckne BOMIHOBOAbI U IMHUN MOBEPXHOCTHbLIX BOSIH. [10/ible BOMHOBOAbLI C
YaCTUYHbLIM  AU3NEKTPUYECKUM U TUPOTPOMHbLIM  3anosiHeHuem. [10N0CKOBble U
MWUKPOMOJ/IOCKOBbIE JIMHUW, LLefNeBble WU KOMjaHapHble BOMHOBOAbLI. OnNTUYecKune
BO/IHOBOAbI, CBETOBOAbl. 3amMeansawLWme CTPYKTYpbl. VICKYCCTBEHHbLIE AUN3NTEKTPUKN.
KBasnonTuyeckue HanpasndloLLMe CUCTEMBI.

TexXHNYecKne XapakTepMCTUKM U OCOBEHHOCTU KOHCTPyMpoBaHMA (uUaepos

pasNUHbIX [1ana3oHoB. KOHCTPYKTUBHO-TEXHONIOT MYECKME 0CO6EHHOCTU
MWUKPOMO/IOCKOBLIX JIMHUIA.
Teopus 3NEKTPOMArHUTHbIX PE30HATOpPOB. Monble PE30HATOPbI.

AnanekTpnyeckne 1 (heppuToBble PE30HATOPbl. Pe30HaTopbl Ha OCHOBE MAaHapHbIX
CTPYKTYp. OTKPbIThIE KBA3UOMNTUUYECKNE PE3OHATOPBI.

TexHUYecKMe XapakTepUCTUKM MU 0COBEHHOCTM KOHCTPYMPOBAHUS Pe30HATOPOB
Pa3NYHbIX TUMOB.

Teopust  CMOXHbLIX  BOMHOBOAHbIX YCTPOWCTB. MHOroMof0Bble  MaTpULLbI
paccesiHusi, MPOBOAMMOCTM U conpoTMBNeHUs. OCHOBHble CBOICTBA OJHOMO/OBbIX
MaTpuLl.

"OKBUBA/IEHTHbIE CXEMbl BONHOBOAHbLIX YCTPOWCTB. SNEMEHTbl Teopun Lenein
CBUY. KpyroBble guarpaMMbl MoHbIX CONPOTUBNEHWIA 1 NPOBOAUMOCTENA,

MpumeHeHMe 06LLEl TEOPUUN CNOXHbBIX BOTHOBOAHbLIX YCTPOWCTB M Teopuu Lienei
CBY npu Mcnonb3oBaHNMU Pa3MUHbIX HANPaBASAKLLNX CUCTEM.,

dunaepHble YCTPONCTBA U UX 3NeMeHTbl. MeToflbl COrnacoBaHUs. Y3KOMONOCHOe
M LIMPOKOMONIOCHOE corfacoBaHue. OrpaHWYeHWs Ha MOMOCY  COr/acoBaHus.
Cornacytowime anemMeHTbl ANs NMHWUIA pas3HbIX TUMOB.

OnemeHTbl BO36YX/EHMS BOJIHOBOJOB W pe3oHaTopoB. COeAWHEHUS NUHWIA
nepefaun, nepexofHble 3NEeMEeHTbl, BpallaloLlMecs COYneHeHUs. Pa3BeTBNeHUS,
MOCTOBble COeAMHeHNs. HanpaBneHHble OTBETBUTENN.

YcTpoiicTBa pPerynnpoBaHus amnauTydHblX, (asoBblX W MONSAPM3ALMOHHbIX
XapakTepucTuK. ATTeHtoaTopbl, hasoBpallaTenu, Nonspun3aTopsbl.

YcTpoiicTBa € npuMeHeHWeM  (eppuToB. BonHOBOAHbLIE, KOaKCUanbHbIe,
MO/IOCKOBbIE W  MWKPOMONIOCKOBbLIE (ha3oBpallaTeny, BEHTUAW, LUPKYNATOPbl U
OrpaHuYnTenNu.



KomMMyTaunoHHble YCTPONCTBa, NPUMEHEHWE (DeppuUTOB U MOAYNPOBOAHUKOBBIX
3N1EMeHTOB. AHTEHHbIe NepeknoyaTenn.

YacToTHble (UAbLTPbI, 3/IeMEHTbl Teopun W  Knaccugpukauma. Peanunsauuns
(MNbTPOB B BUAE BONIHOBOAHbLIX, KOaKCWaibHbIX, MOSIOCKOBbLIX M MWKPOMOIOCKOBbIX
KOHCTPYKUMIA. MNepecTpanBaemble (UNbTPBI.

MpuHUUNBI NOCTPOEHUSA U MeTOAbl MPOEKTUPOBAHUA NPUEMO - nNepefaloLmx
yctporicte  CBU. OcobeHHOCTM  aKTUBHbIX  CBY-ycTpoiicTB Ha  OCHOBE
MOMYNPOBOAHUKOBbIX M MWHMATIOPHbLIX  BaKyyMHbIX nNpubopoB  (reHepartopsl,
YMHOXUWUTENN 4acToTbl, Manowymsawmne ycunutenun). [MpumMeHeHne OUNONAPHBLIX W
MONEBbLIX TPAH3UCTOPOB, NABUHHO-MPONETHbLIX AMOA0B, TYHHE/IbHbLIX AMOAOB U AMOA0B
["aHHa.

OcobeHHOCTH MOLLHbIX CBY-ycTpoiicTts (KNUCTPOHHbIE ycunutennu,
MarHeTPOHHbIe reHepaTopbl U reHepatopsbl Ha JIEB n JIOB).

MMaccuBHble HenuMHelHble CBY ycTpolicTBa Ha NONynpoBOAHUKOBBLIX npubopax.
TpaH3UCTOpPHbIE U ANOAHBbIE Npeobpa3oBaTeniv 4acToThl.

Teopns 1 TexHMKa nepefavym CUTHanOB MO BOSIOKOHHO-OMNTUYECKUM JINHUAM
CBA3N.

MpumeHeHne CBY-yCcTpOMCTB M CUCTEM B TEXHONOIMM NPOU3BOACTBA, GUONOrnm
n MeguLnHe.

YuncneHHbI 3NeKTPOLUHAMUYECKUA paCYET OCHOBHbIX TUNoB CBY-ycTpoicTs.

3. Teopuns N TeXHUKA aHTEHHbIX YCTPOICTB N CUCTEM

Teopusa aHTeHH. [1pMEMHas 1 nepefaroLas aHTEHHbI, UX OCHOBHbIE MapameTpbl K
TEXHUYECKNe Xapaktepuctukm. COOTHOLLEHUE peXxMOoB NpUEMa MU nepefaydn, Teopema
B3aMMHOCTN. D(P(eKTUBHAA MOBEPXHOCTb aHTeHHbl. O6paTHOe M3Ny4yeHne NPUemMHON
aHTeHHbI. MpnbnmKeHne 3aaHHbIX TOKOB N NMPUMEHEHNE CBeAEeHUA 06 3neMeHTapHbIX
n3nyyatensax B TEOPUN aHTEHH. YUeT B/IUAHUSA 3eMHON NOBEPXHOCTU U 3KPaHOB.

CuctemMa OAHOTUMHBLIX wu3ny4datened. Teopema MNepeMHOXEHUS Auarpamm.
OKBUBANIEHTHbIe PeELETKU. HenpepbiBHblE pacnpegeneHua. BaunaHve amnauTyaHo-
(ba3oBOro pacnpejgenieHMsa nons W KOHUrypauuy aneptypbl Ha OCHOBHble
XapaKTepucTukKu aHTeHH. CTaTUCTUYECKME XapaKTEPUCTUKN aHTEHH.

MHOro3neMeHTHble aHTeHHbl (pPewwéTkn). B3anmmopaencTBme 31EMEHTOB, METO[
HaBOAUMbIX 3.4.C. B MPUGIMXKEHUN 3a[JaHHbIX TOKOB.

da3npoBaHHble  aHTeHHble peweTkn (PAP). YactoTHoe, (pa3oBoe MU
(hpazoyacToTHOe CKaHMpoBaHue. [AUCKPETHbIN U AUCKPETHO-KOMMYTALUNOHHBIA MeTOfbI.
MpnbnmxeHne 6eCKOHEYHOW peweTkn, Teopema Pnoke. MHOrosnyyeBble aHTEHHbIE
peLeTKu.

Bonpocbl cuHTe3a aHTeHH. CBepxHanpas/ieHHOCTb. TWNbl aHTEHH U UX
peannsauunsa B pasIMyHbIX Anana3oHax BOJH.

AHTEHHbI [/IMHHBLIX, CPefHUX W KOPOTKUX BOSIH. BubpaTtopHble aHTEHHbI A/
anana3oHoB KB 1 YKB. AHTEHHbl 6eryuleil BoMHbl AUCKPETHOrO0 M HENpPepbIBHOIO
TWUNOB.

CnupanbHble, AM3NEKTPUYECKME N PeOPUCTO-CTEPXKHEBbLIE aHTEHHbl. YacToTHO-
He3aBUCUMble aHTeHHbl. PynopHble, 3epKanbHble, JNINH30BbIe, LiefNeBble W Apyrue
aHTeHHbl CBUY.

AHTEHHble PELIETKU C 3INEKTPOHHbLIM CKaHupoBaHMeM. CUCTeMbl YyrnpasieHus
®AP, npumeHeHne (HeppuTOB M NMOAYNPOBOLAHMKOBbLIX 3/1EMEHTOB. AKTUBHbIE PELLETKN
(ADPAP). Mpuemo-nepeparowme mogynn. CamopoKycupyroLwmeca aHTeHHbIe CUCTEMbI.



Manowymsawmne aHTeHHblE CUCTEMbl. AHTEHHbl C MOZenuMpyeMbiMU MapaMeTpamMu.
ApanTuBHblE aHTEHHbl. AHTEHHbl A1 LWWPOKOMONOCHbIX CUTHaNoB. AHTEHHbIE
CUCTEMBI c perynmpyembimMu nonapusaLMoHHbIMU XapakTepucTukamu.
MoOHOMMNYNbCHbIE AHTEHHbIE CUCTEMBI.

[dnarpammoobpasoBaHme ®AP C NMOMOLWbIO OMNTUYECKUX MeTOA0B. BOMOKOHHO-
onTuyeckne M rubpuiHble  guarpammoobpasyroume  cxembl  (4OC) DAP.
PafnoonTUUYECKNE aHTEeHHbI.

Y4éT 0COBEHHOCTE pacnpoCTpaHeHUs PajgMoBOIH W PaCMONIOXEHUSA AHTEHHbI.
Bonpocbl HaAEXHOCTN aHTEHHO-(DUAEPHBIX YCTPOMCTB.

3mepeHre napameTpoB aHTeHHO-(PUAEPHbLIX YCTPONCTB.

lMpYMeHeHWe aHTEHHbIX YCTPOWCTB W CUCTEM B TEXHO/IOTMM MPOM3BOACTBA,
évonornn n meguUnHe.

UNCNEHHbIN  3NeKTPOAMHAMUYECKUA pacyYéT OCHOBHbIX TWMOB aAHTEHHbIX
YCTPOWCTB U CUCTEM.

4. MpoeKTUpoBaHe 1 onTUMM3auna aHTeHH M CBY-ycTpoiicTB, a Takxke
TEXHOMI0rMA X NPON3BOACTBA

CoBpeMeHHble KOMMbKOTEPHble TEXHONOTNMM TMNPOEKTUPOBAHWUA, pacyéTa W
ONTUMM3aALUN aHTEHHbIX U CBY - yCTPOWCTB LWMPOKOro npumeHeHus. Mogenm
6a30BbIX 3/1EMEHTOB Pa3HbIX YpPOBHeil. CocTaB/ieHNne MOAeNN CMI0XHOro 06bekTa.

TexHonorna n3rotToBneHns aHTeHH n CBY-ycTpoicTBs.

MeTo/bl TEXHONOMMN KOHCTPYUPOBaHUSA aHTeHH n CBY-yCcTpoicTB.

MeToAbl TEXHONOTMU KOHCTPYUPOBAHUA UHTErpasbHbiX cxem CBY.
«CUCTEMbI, CETU U YCTPOICTBA TE/IEKOMMYHUKaLNIA»

HacTtosdwasa nporpamma 6a3mpyetca Ha KpaTKOM nacnopTe creunanbHOCTy
05.12.13 ¥“ Ha BY30BCKUX AUCLUUMNANHAX, COOTBETCTBYHLIMX TOCYAaPCTBEHHOMY
ob6pa3oBaTe/ibHOMY cTaHOapTy no HanpaBnNeHNIO «TeneKoMMYHUKauum»:
MaTemMaTUYeCKMe MOAEeNn COOOLLLEHWUN, CUTHANOB, NOMEX U MOTOKOB COGbITWIA; OCHOBBI
TEOpUN MOAyNAUMM U AEMOAYNAUMW; KaHanbl CBSA3W; OCHOBbI Teopuwu mnepegayvu
MH(OpMaLKUmM; OCHOBblI TEOPUW KOAWPOBAHUA; MNPUEM HEMNPEPbLIBHbIX COOOLLEHWNIN;
LUNGPOBbIE METOAbl MNepefayn HenpepbiBHbIX COO0OLLEHWIA; UndpoBas 06paboTKa
CUTHaNoB;, Teopus MHOroKaHanbHOW nepefayn CoO6WEHNIA; OCHOBbI MOCTPOEHUS
TeNEKOMMYHWUKALMOHHBIX CUCTEM W CeTeil; CeTU CBA3M.

1. MaTemaTnyeckme mMofenn coobLLLEHWIA, CUTHA0B, MOMEX U MOTOKOB
Co6bITUN

1.1. Coo06uleHunsa, CcurHanbl, MOMeXW, TMOTOKM COObITUA KaK Cny4vailHble
npoueccbl. HecTaunoHapHble M rayccoBckme mogenun. Npeobpa3oBaHue CAyuYaiiHbIX
BE/IMYMH M C/yYalHbIX NPOLIECCOB.

1.2. CnekTpa/bHble MpeAcCTaBNeHUA AETEPMUHUPOBAHHBLIX U C/yYalHbIX
npoLeccos.

1.3. KoppensiunoHHble n 3HepreTUYeckume XapaKTePUCTUKM
AETEPMUHMPOBAHHBIX W CAy4YaillHbIX npoueccoB Mogenb CAYyYalHOro CUHXPOHHOIO
ABOMYHOrO curHana 6e3 namatu Mopgenb peyeBoro MCTOYHMKA.

1.4. Ormnbatrowas n asa npouecca, aHaIMTUYECKMIA (KOMNNEKCHbIN) CUrHan,
KBaZipaTypHble KOMMOHEeHTbl PacnpegeneHne orubatouweir m ¢asbl rayccoBckoro
Cny4valHoOro npouecca.



1.5. JInHelHble nNpOCTpaHCTBa NpeAcTaB/eHUs  CUTHaNoB, MPOCTPAHCTBO
EBknnpa, unobepta n XemmuHra  [lpefctaBneHve  LeTEPMUHUPOBAHHBLIX  W©
CnyyarHbIX npoLeccoB vyepe3 0606LWeHHbIN pag Pypbe. basnc ®Pypbe M KoTenbHUKOBA.
[AvnckpeTusaumnsa yHKUMUA HENPEPbIBHOIO aprymeHTa.

16. OO6wmne cBefeHMs O CAy4vallHbIX TOYeYHbIX npoueccax. Mogenb
OAHO/IMHENHON CUCTEMbI 06CNYXMBaAHWA.

1.7.  TlyaccoHOBCKMin npouecc PacnpegeneHne TlyaccoHa W OpnaHra.
O606LLEHHbIN MyacCOHOBCKMI npouecc.

1.8. MpodunnbTpOBaHHbIA NyacCOHOBCKMIA NpoLecc.

1.9. TlpocTeillune onepaunmmnm Hag MyacCOHOBCKMM MPOLLECCOM JIMHENHOe
npeobpasoBaHMe CYMMUPOBaHMWe MYyaCCOHOBCKMX MOTOKOB, paspexeHue MOTOKa,
paHgoMu3aLusa.

2. OCHOBbI TEOPUN MOAYNALUN U AEMOLYNALUN

21 Bwugbl mMoaynauMum nNpu rapMoHMYeckoin Hecywein. AM, &M, YM.
Ocob6eHHOCTN 6anaHCHOW M O4HOMONOCHON MoAaynsauun FonyyeHmne MOAYNNPOBAHHbIX
CUTHaNI0B B NapaMeTpuYecKnUX M HeMHerWHbIX cxemax CnekTpbl MOLY/MPOBAHHbIX
curHanos. KoppensauuMoHHble U 3HepreTMyeckue XapakTepUCTUKM MOLYMPOBAHHbIX
CUTHaNIOB MpW CAy4yanHOM NEPBUYHOM CUrHane. AHaiMTMYecKas 3anucb CUrHana Ha
BbIXO4e nepefaryMka Mpu W30XPOHHOW nepejaye AUCKPETHbIX COOOLEHUIA npu
NIMHEWHDBIX N HENMHENHbIX Bugax mMogynsumu llocnepoBaTenbHblA U napansiefibHbliA
(MHOro4acToTHbIN) MeTO/ CKOPOCTHOW Mepefayvn ANCKPETHbIX COOOLLEHNUIA.

2.2 [Jemopynauma (OeTeKTUpOBaHME) nNpW  MNOMOLLM  MapamMeTPUyeckmx Mu
He/IMHEeNHbIX cxeM OTHOLWIEHMEe CUTHan/Wym Ha BbIXoAe"nunHenHoro" petektopa AM
CUTHana, OTHOLIEHMEe CUTHa, WYM Ha BbIX04e (a30BOro (4aCTOTHOrO) AeTeKTopa.

2.3 Uundposasa mogynaumsa n geMogynaums.

3. KaHanbl cBa3n

3.1 Knaccugumkayms KaHanoB CBA3W MO UCMNOJIb3yeMbIM HYaCTOTHBLIM AuanasoHam,
Mo XapakTepy CUrHasoB Ha BXOZE W BbIXOAe KaHana

3.2 TlpoxoxpaeHue [eTEPMUHUPOBAHHBLIX W  C/yYalHbIX MPOLECCOB Yepes
NNHEWHble cTaymoHapHble KaHanbl  (uenu). OCO6EHHOCTb MPOXOXKAEHUS CUTHANOB
yepes Y3KOMOJIOCHble KaHanbl, MeTo4 HW3KOYaCTOTHOro 3KBMBasneHTa. Metog
KOMM/IEKCHOWN ornbaroLlein npu pacyete NPOXoXAeHUS Y3KOMOMOCHbIX BO3AENCTBUMNA.

3.3 [lpoxoxfeHne CcWUrHasoB 4epe3 JIMHEWHble  C/yyaliHble  KaHasbl,
MHOr0/lyYeBble KaHaslbl CBA3MW.

3.4 ApanTMBHble TMOMEXM B KaHanax CBA3M  (PAYKTyauMOHHbIe LUYMbI,
COCPeflOTOYEHHbIE MO CNEKTPY W MUMNY/bCHble MNOMeXu KBaHTOBble LWYMbl B
ONTMYECKMX KaHanax.

3.5 MaremaTnyeckne MOLENN HENPepbIBHbIX, AUCKPETHbIX W HenpepbliBHO-
AVNCKPETHbIX KaHasoB.

3.6 Mogenn HenpepbIBHbIX KaHa/oB C Y4eTOM [OM/IepPOBCKOr0 CMELLEHUA
4acToThl.

3.7 OMgeKT OTpakeHWs, MOrAOWEHNUA U pacCcesHUA B pagmokaHanax u ux
mMatematuyeckne mogenn SPpeKTUBHaA NaoLLaab paccesHNs 00bEKTOB.

3.8 Mogenn npocTpaHCTBEHHO-BPEMEHHbIX KaHaoB.

3.9 MeToa nepeMeHHbIX COCTOAHUSA AN OMNUCAHUA MCTOYHUKOB COOOLLEHWA,
KaHanoBs CBA3N (CMrHanoB) MapKoBCKMe MOAENN.

4. OCHOBbI TeopuKn nepegayn MHgopmaLmn



4.1 VIHpopmayMOHHble mnapameTpbl COO6WEHWMA W curHanos. WIHhopmauus
AVCKPETHOro0 UCTOYHUKA.

4.2 B3aumHaa vHgpopMauuna. AudpepeHunanbHad aHTPONMA 418 HEMPepbIBHOrO
MCTOYHMKA (CUTHana).

4.3 A(pheKTMBHOE KOAUPOBAHME AUCKPETHBIX COOBLLEHNIA.

4.4 MponyckKHas cnocobHOCTb KaHana CBA3W.

4.5 OcHOBHag TeopemMa KogmpoBaHua LLIeHHOHa AnA KaHana c noMexamu.

5. OCHOBBbI TEOPUU KOANPOBaHUA

5.1 Ha3HayeHune n Knaccugumkaumns Kogos.

5.2 HepaBHOMepHble 3h(PeKTUBHbIE KOAbI.

5.3 MprHUKUNBI MOMEXOYCTOMYMBOTO KOANPOBAHMUS.

5.4 JIHelHble ABONYHbIE G6/10YHbIE KOfbI.

5.5 HekoTopble pasHOBUAHOCTU CUCTeMaTUYEeCKUX KOJ0B.

5.6 OKBMBasfieHTHass BEPOATHOCTb OLWIMOKW MPU CpaBHEHUU Pas3fINYHbIX CUCTEM,
9KBMBA/IEHTHOE OTHOLUEHME CUTHAN/LWYM.

6. Teopua npuema AUCKPETHbIX COOBLLLEHWNA.

6.1 NMpuem CUTHANOB Kak CTaTUCTUYeCKaa 3ajavya pa3inyeHna rmnoTes.

6.2 KpuTepun KayecTBa 1 npasmna npueMa UCKPETHbIX COO6LEHUA MUHUMYMA
CpefHero pucka, MUHUMYyMa CcpefHeli BepOSITHOCTU owunbku, HelmaHa-MNupcoHa.
MpaBuno MakcuMmanbHOro npasgonofobus. Mpasuao 0606LWEHHOT0 MakKCUManbHOro
npasgonoaooums.

6.3 ONTUMasbHbIN anropuTM MO3NEMEHTHOrO nNpueMa B AeTEPMUHUPOBAHHOM
OfHO/lyYeBOM KaHane ¢ afAWTUBHbIM TayCCOBCKMM 6enbiM LWYMOM (KOrepeHTHbIN
npvem).

6.4 Peanusauua anroputMa ONTUManbHOro npuemMa Ha OCHOBE COr/1acoOBaHHbIX
(hMNbTPOB.

6.5 TlloTeHynanbHas MNOMEXOYCTOMUYMBOCTb  MO3NIEMEHTHOrNO  MpuvemMa B
LEeTEPMUHNPOBAHHOM O[HOJIy4EeBOM KaHa/sie C aALUTUBHbLIM TayCCOBCKUM 6efibiM
LUYMOM. JHepreTMYeCcKMin BbIATPbIW Mepexoja OT Of4HOW CUCTeMbl nepejayvu
COO0OLLEHNIA K APYTOMN.

6.6 lMpuem curHanoB C HeonpegeneHHoW a3oil (HEKOTEPEHTHbIA  Npuem),
anropnTm 0606LeHHOro MakcMmManbHOro npasgonofobus.

6.7 Mprem ANCKPETHbIX COOOLEHWI B KaHanax C 3amumpaHusaMU, pasHeCceHHbIN
npuem TloHATME 06  ONTMManbHOM  NpUeMe  AUCKPETHbIX  COOOLWeHun B
NPOCTPaHCTBEHHO-BpeMeHHbIX KaHanax.

6.8 TlMpuem [UCKPeTHbIX COOOLEHNA B KaHamax C COCPefOTOYEHHLIMU 1
NMMNYNbCHLIMU MOMEXaMu.

6.9 AnropuT™M ONTMMaNbHOrO MpPUEMa B LEAOM W MO3NEMEHTHOrO Npuema B
AEeTePMUHNUPOBAHHOM MHOrO/ly4eBOM KaHane (KaHane € namATbio) M aggauTUBHBIM
rayccoBCKMM 6efibiM LWYMOM. cnofib3oBaHMe 06paTHOM CBA3W MO PELUEHUIO.

6.10 Anroputm noanemeHTHoro npuema Knosckoro-Hukonaesa n Butepou B
MHOroy4eBOM feTepMUHUPOBAHHOM KaHase. OueHKa UX MOMEXOYCTOMYMBOCTU MpU
NCMoMb30BaHUM [ABOWYHbLIX CUTHaNOB B [JeTEPMUHUPOBAHHOM KaHane € afAuTUBHbLIM
raycCoBCKMM 6e/ibIM LUYMOM.

6.11 AHaiiM3 MOMexXoyCTOMYMBOCTM MNpUeMa LAUCKPETHbIX CO06LeHn. Paboyas
XapakKTepucTmka OOHapyxutenss BepoATHOCTb OWMOKM  MpU  KOTFEPEHTHOM W
HEKOrepeHTHOM pPa3NyeHunn.



6.12 OCc06eHHOCTK nepefayvn AUCKPETHbLIX COOOLLEHMIA MO ONTUYECKUM KaHanam
CBA3N. PacyeT MOMexXOoyCTOMYMBOCTM Mpuema [ABOUYHBIX CUIHANOB B OMNTUYECKOM
KaHasne npu MoAynAauMM UHTEHCUBHOCTH.

7. Mpuem HenpepbIBHbIX COO6LLLEHWIA

7.1 Kputepuih  ONTUMANbHOCTM  OLUEHWUBAHUA  OTAE/IbHbIX  HEMPepbIBHbIX
napameTpoOB CUrHana n npuema HernpepbIBHbIX COOOLLEHNA.

7.2 OnTMManbHOe KOrepeHTHOE W HEKOrepeHTHOe OueHuBaHWe OTAeNbHbIX
napameTpoB curHana. AHanM3 KayecTsa OLEHOK.

7.3 OnTManbHaa AeMoAynAuMA HenpepbiBHbIX CUTHAOB.

7.4 TIoMexX0yCTOMYMBOCTb CUCTEM Mepefayn HernpepbiBHbIX COOOLWEHUA  Mpu
cnabbix nomexax Moporosblin ahMEKT NPU CUNLHON MOMEXE.

7.5 OnTumanbHasa NUHenNHas (UIbTPauUns HenpepbiBHbIX COO6LWEHNA. PunbTp
KanmaHa.

7.6 ONeMeHTbl TEOPUU HENTMHENHOWN unbTpauun.

8. LlnhpoBble MeToAbl Nepefayn HenpepbIBHbIX COOOLLLEHWIA

8.1 O6uwme cBefeHNs 0 LM POBOI Nepefaye HEMPEPbLIBHbIX COOBLLEHWNIA.

8.2 NMomexoycToinumeocTtb VMIKM.

8.3 Mepefava HenpepbiBHbIX CO06WeEHNI ¢ npeackasaHvem: ANKM n genbTa-
MOAYNALNS.

9. Undposas o6paboTKa CUrHasoB

9.1 Mojgenn  [OUCKPeTHbIX  CcUrHanoB. MoAynuMpoBaHHblE  UMNY/bCHbIE
nocnefoBaTesibHOCTU, UX CNeKTpaibHble MJOTHOCTU. BOCCTaHOB/IEHME HEMpPepbIBHOIO
CUrHasa no MOAYNMPOBAHHOW WMNYNbCHOW  nocnefoBatenbHocTU.  OnpegeneHve
CMeKTpa aHanoroBoro CUrHana no COBOKYMHOCTU OTCYETOB.

9.2 inckpetnsauns nepuognyecknx curHanos. MNMpamoe n obpatHoe AUCKPEeTHOe
npeobpasoBaHne ®Pypbe. ANroputMm 6bICTPOro npeobpasoBaHna Pypbe [UcKpeTHas
CBepTKa.

9.3 Teopusa z-npeobpasoBaHus. MNMpamoe un obpaTtHoe z-npeobpasoBaHune CBA3b
c npeobpasosaHuem Jlannaca n ®ypoe. CBOIKCTBA Z-Npeobpa3oBaHUA.

9.4 Undgposble (unbTpbl. KBaHTOBaHMe curHana B Lid. ANroputM vMHeNnHON
unpoBoin  unbTpaymmn. YacToTHbIA Ko3a@uuneHT nepegaun LP. CuctemHas
hyHKumnsa Lo,

9.5 Peanusauma anroputMoB uUuppoBor unbTpaunn. TpaHcBepcanbHbld LI,
cucTeMHas (PYHKUMA, UMMNY/NbCHAA M 4YaCTOTHAA XapakKTepucTukun. PekypcusHble LI®.
CuctemHas PyHKUMA, ee peann3aumsa. YCTONUMBOCTb PeKYpPCUMBHbIX LI® MmnynbcHas
XapaKTepucTmKa pekypcmsHoro Lid.

9.6 CuHTE3 JIMHEWHbIX UMPPOBbLIX (WUALTPOB. MeToA MHBAPUAHTHbIX
UMMY/NIbCHbIX ~ XapakTepuctnk.  CuHTes Ll®  Ha  OCHOBe  AuUCKpeTm3auuu
AN epeHUnanbLHOro ypaBHeHUs aHaioroBon uenn. Metof MHBapUaHTHbIX YaCTOTHbIX
XapaKTepucTumk.

9.7 BNusiHMe KBaHTOBaHUA CUrHana Ha paboty Lid

10. Teopmsa MHOrokaHas bHOW nepefayn COO6LLEHWNA

10.1 OCcHOBbI TeOpUKM pasfeneHnsa CUrHanos.

10.2 YacToTHOe, BpeMeHHOe 1 (pa3oBoe pa3feneHne CMrHanos.

10.3 PasgeneHune curHanos no gopme.

10.4 Cnocobbl pasfeneHns CUTHaN0B B aCMHXPOHHbLIX afipeCHbIX CUCTEMAX CBA3MN,

10.5 KombrHauMoHHOe pa3fieNeHne CUTHaoB.



11. OCHOBbI MOCTPOEHUA TEIEKOMMYHUKALWOHHbIX CUCTEM U CeTel

11.1 Cuctema 3neKTpocBs3n Poccuinickoin deaepaunm 1 ee NOACUCTEMBI.

11.2 Cuctembl  cBA3W  0OWeEro  nofb30BaHMA:  TefepOHHOW  CBA3W,
AOKYMEHTaNbHOMW 3NeKTPOCBA3M, pacnpefeneHns nporpaMMm  3BYKOBOrO  BelllaHWs,
pacnpefefnieHns TefleBU3MOHHbLIX Nporpamm, NoABMXXHOW pagnoCcBA3m

11.3 CpepcTtBa CUCTEM CBA3U: TeXHUYECKUE, NPOrpaMMHble, METOANYECKNE,

NH(OPMALMOHHbIE, OpraHn3aLnoHHbIE.

11.4 CuctemHble TpeboBaHMS K B3auMoyBs3aHHON ceTu cBasn (BCC).

115 TlepBuyHble cetn BCC: knaccugpmkauma, nNPUHUMNIBLI  NOCTPOEHMUSA,
XapaKTepUCTUKN TUMNOBbLIX KaHanoB nepegayn U rpynnoBbiX TPaKTOB.

11.6 CucTembl nepefayn: ¢ 4aCTOTHbIM WU BPEMEHHbLIM pa3fe/ieHMeM KaHanos,
BOJ/IOKOHHO-OMNTUYECKUNE, paguopeneHble, CNYTHUKOBbIE.

11.7 AHanorosble N LN(POBbIE CUCTEMbI KOMMYTaLUN.

11.8 TpMHUMMbI NOCTPOEHUS KOMMYTaUNOHHbIX CeTeil: KOMMYyTauunm KaHasos,
COOOLLEHNIA, NAKETOB

11.9 iHTerpayma BTOPUYHbLIX CETEN.

11.10 NHTephencsl

11.11 LndpoBble CeTM MWHTerpanbHoOro 06CnyXuBaHMA (LLUMPOKOMO0OCHasA
KOMMYyTauma Ha ocHoBe TexHonorum ATM, apxutektypa PDH n SDH)

11.12 NHTennekTyasbHble CETU

11.13 TllepcnekTuBbl Pa3BUTUA TeIeKOMMYHUKALNOHHbLIX CeTeil B POCCUINCKOW
depepauunm

12. CeTn cBA3N

12.1 Knaccumkaymsa v MNPUHUUNBLI NMOCTPOEHUSA CeTel CBA3M Pas/IMYHOro
HasHauYeHUs, KOMMYTUPYyeMble U HEKOMMYTUPYEMbIE CETHU.

12.2 CeMnypoBHeBas MOfeflb B3aMMOLENCTBUA OTKPbITbIX CUCTEM, CUCTEMbI
CUTHann3aunn, HTepgercol, NPOTOKObI.

12.3 Cetun goctyna (texHonorum xDSL, CDMA)

12.4 CeTun nepefaym gaHHbix (texHonorum X -25, FrameRelay)

12.5 3Bonouma LUPPOBbLIX MHTErpasibHbIX CETeN CBA3N, UHTENNIEKTYaNbHble CETU

12.6 HoBble MH(OpMaLNOHHbIe TexHonornm (Internet, anekTpoHHaa noyta, IP -
TenegoHuns)

12.7 CoToBble CeTU CBA3W, CTaHAAPTbl COTOBbIX CETEN

12.8 MeTofbl aHann3a, CMHTe3a 1 ONTUMU3ALUN CTPYKTYPbI CeTein CBA3M

12.9 Cuctembl ynpasnieHusa cetaMmu cBsasn (KoHuenuusa TMN)

12.10 MopenupoBaHue ceTeil cBsi3n Ha 9BM

«TBepaoTenbHasa 3NeKTPOHUKA, PafN03NEKTPOHHbIE KOMMOHEHTbI, MUKPO - U
HaHO3/MEeKTPOHUKA, NPMOOPbI HA KBAHTOBbIX a(heKTax»
KOMMOHEHTbI, MUKPO - N HAHO3NEKTPOHUKA, NPN60pbI HA KBAHTOBbIX
apdekTax

1. OCHOBbI KMHETMYECKOI Teopuu maTepuun. 3aKOH pacrnpefeneHus vactuy Mo
CKOPOCTSIM 1 ero OnbITHas MpoBepka. CpefHss AnvMHa cBoGoAHOro npob6era, cpegHee
YMCNO CTONKHOBEHUIA. DKCMEepUMeEHTaNbHOE ONpeAeneHne CKopocTeld YacTul,

2. Mpobnema nepeHoca. Auddy3ns, TeNONPOBOAHOCTb U BHYTPEHHEE TPeHue
rasos.



3. Knaccuyeckas Teopusi TensoéMKOCTeN rasoB. Tens0EMKOCTU TBEPAbIX Terl.
OCHOBbI KBAHTOBOW TEOPUM Ten TEMNN0EMKOCTH.

4. PeanbHble rasbl. YpaBHeHne BaH-gep-Baanbca. KpuTtunyeckaa Temnepatypa.
Kputnyeckoe coctosHne. OCHOBHble BOMPOCbI  (U3UKU  HU3KUX  TeMMepaTyp.
CBepxTekyyecTb renus (uccnegosaHnsa Kanuvubl). Teopua SlaHgay.

5. TepBoe M BTOpOe Hayano TepmoguHamuku., Ob6bpaTuMble U HeobpaTUMble
npoueccol. LUnkn KapHo. SHTponua. MNMpumepbl NPUMEHEHNUS NMEPBOro U BTOPOro Hayar
TepmogMHaMnkun. CTaTUCTUYECKOEe TONIKOBaHMWe BTOPOro Havana.

6. OnekTpuyeckoe none. Teopema OcTporpagckoro-laycca B MHTerpasbHON U
andepeHumansHoin opmax. lorpaHuyHble ycnosusa. lloTeHuman. PacnpefeneHue
MOTEHLWAN0B Monsa Mpu HaiuyuMyM NPOCTPAHCTBEHHOro 3apsfa M 6e3 Hero. SHeprus
3/1IEKTPUYECKOro nons.

7. [QuanekTpukun. Mogenb auanektpuka. CpefHee [eilCcTBylolee Tone.
KonnyecTBeHHOE COOTHOLUEHME MEXAY [AM3NEKTPUYECKON MPOHMLAEMOCTbIO U
MOJIEKYNIAPHOI nonspusaumein. BansHne temnepaTypbl. Mgen MeTof0B onpefenieHns
AWNONbHBLIX MOMEHTOB. [WN3NEKTPUKU B MNEPEMEHHBLIX BbICOKOYACTOTHLIX MNONAX.
Avcnepcna AManeKTpnUYecKon NpoHMLaeMOoCTH U NOT/IOLLLEHME.

8. MeTannuyeckaa nposogumocTb. Knaccuyeckas Teopusa npoBoAUMOCTU. 3aKOH
Owma n Axoynda-/leHua. CBA3b 3N1eKTPO- U Tena0MNpPOBOAHOCTU. TepMO3NEKTPUYECTBO
3aTpygHeHUa KnacCU4YecKOoW 3MeKTPOHHOW Teopun W OCHOBHble WAEVN KBAHTOBOM
Teopun.

9. DneKTpoHHasa amuccus. PaboTta Bbixoda. TepMO3IeKTPOHHbIN 3apagd. Popmyna
borycnasckoro-J/leHrmiopa. BTopu4yHasa 3NeKTPOHHaa 3MUcCUA. ABTOINEKTPOHHASA
amuccus.

10. DOnekTpuyeckme TOKM B BaKyyMe. 3IJIEKTPOHHbIE faMmnbl. YCWUeHue
3NEKTPUYECKNX CUTHAMOB, 3NIeKTpuyeckme payktyaumn. Ctatnyeckme u JuHaMmnyeckme
XapaKTePUCTUKN. Y CUNNTENbHOE AeACTBMUE Nnamn.

11. DNeKTPUYECKMin TOK B raszax. HecamocTtosTenbHasd NpoBoAMMOCTb. Mpubop ¢
rasosbiM paspsagomMm. CamocToATeNlbHaA 3N1EKTPONPOBOAMMOCTL. Pa3paj B paspa>KeHHbIX
rasax.

12. 1BmxKeHMe 3apaXKeHHbIX YacTUL, B 3/IEKTPUYECKOM U MarHUTHOM nonax. Cuna
JlopeHua. MarHuTHOe mnofie ABuxylleroca 3apsaga. ddgekt Xonna. OnpepeneHue
3apAfa anektpoHa. OCHOBHble  MAen  3M1eKTPOHHOW  ONTUKWU.  ONIEKTPOHHbIN
ocuunnorpadg.

13. OCHOBbI 3N1eKTpoAUHAMUKK. PacyéT MarHUTHOro nosis TOKa B 06OWeM w
OCHOBHbIX YacCTHbIX cny4daax. MarHutHoe none [ABMXKYLWMXCA 3apagoB. OnbIT
JiixeBanbja. MarHeTnsm. lNpupoga  MarHM4YeHwus. MonekynsipHble  TOKW.
MapamarHetnam. Teopusi JlaHxeBeHa. [uamarHeTusm. 3aBUCUMOCTb MarHUTHOM
MPOHULAeMOCTM OT 4yacToTbl® PaboTbl ApkaabeBa. Teopema Jlapmopa. Pab6oTbl
CtonetoBa. CoBpeMeHHble MpeAcTaB/ieHMA 0 NpuUpoae peppoMarHeTuama.

14. 3OneKTpomMarHuTHas WHAYKUUSA. BoO3HMKHOBeHuMe 30C npu [ABUXKEHUN
NPOBOAHMKA B MarHutHoMm none. 34C WHAYKUUM WU NOHAEPMATOPHLIE  CUNbI.
MepemMeHHbIN TOK. B3aumMHas wuHAyKuuMa TOKoB. CamoumHayKuus. TOK B uUenu C
OMWYECKNM CONPOTUB/IEHNEM, EMKOCTbIO N UHAYKTUBHOCTLIO.

15. KBasucTtauuoHapHble  TOKW. 3aMKHYTbIi ~ KonebaTenbHbIA  KOHTYP.
OnddepeHunansHoe ypaBHeHue KonebaTenbHOro KoHTypa. CBO60AHble KonebaHus.
fBfieHNe pe3oHaHca. JHeprua KonebaHui.



16. Co6CTBEHHbIE 3/IeKTpUYecKkme KonebaHmsa. 3aTyxaHue KonebaHuii. Y paBHeHue
COOCTBEHHbIX 3MEKTPUYECKUX KOonebaHUin. ABTOKo/lebaTeNlbHble CUCTEMBI. .JlammnoBble
reHeparopbl. OO6paTHas cBA3b. YC/OBMEe CamMOBO30YXXAeHUsA. PenakcauWoHHbIe
KoniebaHus.

17. BbIHY)XAeHHble anekTpuyeckue kKonebanus. Cnyyan 4yMcTo Nepuopnyeckom
BbIHY)JalOLWen 3/IeKTPOABMXKYLLEA CUMbl.  YCnoBue pe3oHaHca. KoMmmnsekcHble
COMpPOTUBNEHNS.

18. 9nekTpomarHuTHble BOMHbLL. ['nMnote3a MakcBenna v eé onbiTHad NpoBepKa
(onbITbl JiXeHBaNNbAa). YpaBHeHne Makceenna. Teopema YMmoBa-IoiTuHra. PaboThl
Neb6epneBa. 1306peTeHne paano MNonosbiM. OCHOBbI 3/IEKTPOMArHUTHOW TEOPUM CBETA.

19. 2neKTpoOMarHUTHbIE BOJIHbI BAO/ML MPOBOAOB. PacnpefeneHne CUCTEMBI.
YpaBHeHWe [AIMHHON NUHMK. berywmne un crTosume BOMHbI. BOnHOBOAbI M MX
NPUMEHeHMe.

20. CB0060AHble 3/1eKTPOMAarHMTHble BOMHbI.  ObGpa3oBaHWe CBOOOAHbLIX
3NeKTPOMAarHUTHbIX BOJSIH. ONieMeHTapHbIA annonb. CBeTAWMIACA 3NeKTPoH. [aBneHue
3NEeKTPOMAarHUTHLIX BOJH.

21 .NpMeHeHne 3NeKTPOMArHUTHbIX BOMH A4 uenei cBasu.  [puHUMN
paguoceasn. PaguonpuémHuk. [eTepoauHHbIA  NpUEMHMK. CynepreTepoAuHHbIN
NPUEMHMK. MMOHATME O pagnonoKaLun.

22.IHTepepeHuns cBeTa. KorepeHTHOCTb. JKCnepuMeHTanbLHoe
OCYLLEeCTBNIeHNEe WHTepepeHUuMn cBeTa. VIHTepepeHUMOHHbIe Mpubopbl M UX
NPUMeHeHNe B CMNEeKTPOCKOMWUK, B TOYUYHbIX W3MEpPeHuax, MeTponorun. OnbIT
MaiKenbCOHa-crneunanbHblA NPUHLUN OTHOCUTENBHOCTMW.

23. Anpakuma. MpuHunn MonreHca-PpeHkend. Audpakuna ®peHens (Kpyrnoe
oTBepcTue). Audpakumnsa oT wenm B napansienbHblX nyyax. AndpakymMoHHaa peLleTka.
Paspellatolad CcrnocobHOCTb OMNTMYECKMX MpubopoB. Audpakums pPeHTreHOBCKUX
nyyen. OCHOBHble MeTO/Abl CTPYKTYPHOIO aHasim3a.

24. Tondpusaums cBeTa. [BOiMHOe nydenpenomneHue. TllongpusaunoHHbIe
npnoéopbl. MNacTUHKM B YETBEPTb BOJIHbI M MONBO/MHbI. KOHAEHCOPSI.

25. [Oucnepcua cBeTa. HopmanbHad W aHoOManbHaa Aaucnepcud. MeTobl
HabntoaeHns. CBA3M MeX/ay aHOMasibHOW aucnepcuerd n agcopbumein. IneKTpoHHas
Teopus gucnepcun. MonekynapHoe paccesHue cBeTa. Teopus KBAHTOB U Knaccmuyeckas
Teopua TennoBoe W3NyyYeHWe U ero 3akoHbl. Knaccuyeckad u KBaHTOBas (popmyIibl
n3nyyveHuna n onblT Ctonetosa. OnbIT BaBuioBa N0 06HapPYXXeHUIO (DOTOHHOW NPUPOAbI
cBeTa.

26. Odekt KomntoHa. OnbiTel ®paHka ¥ [epua. Aupakuma 31eKTPOHOB.
[BOMCTBEHHAaA Npupoja YacTuu,.

27. Teopua bopa. JlMHeilHble cnekTpbl. ®opmyna banbHepa. Teopus
3ommepenbaa. [oHATME O  MOJIeKYNAPHbIX  crekTpax. OCHOBHbIE MOJIOXEHNS
KBAHTOBOW TEOPUW NTy4UCTON 3Heprun. KoMOUHMPOBAHHOE paccesHWe N ero OTKPbITUE
NaHpac6eprom, MaHgenbwtaMom 1 PomaHoM.

28. OCHOBbI BO/IHOBOM MexaHMKW. YpaBHeHue LUpeanHrepa u peweHue 3agayn
06 ocuunnatope M atome Bogopoga. lMpuHuwmn Tlaynn n nepuogmyeckas cucTema
3/1EMEHTOB.

29. OCHOBbI y4yeHUs 06 aTOMHOM ffpe. PagnMoakTUBHble ABNeHUA. 3oTonus
HepaanoaKTUBHbLIX 3/1eMEHTOB macc-cnekrtporpad. MpoxoxaeHune yepes
MOTEHUMaNbHbIA Gapbep W Teopus pagMoakTUBHOro pacnaga. MeTtobl NONy4YeHUs



ObICTpbIX 4acTuy. Linknotpot bertatpoH. VICKycCTBEHHOe paclienneHve saep.
CTtpoeHne agpa. Kocmunyeckue nyun. Hosble 3nemeHTbl. CaMOMNpPoOn3BONbLHOE [efeHune
Aapa. MNpakTnyeckoe NCNoNb30BaHME aTOMHOI 3HEPTUN.

[JoNoNHNTENbHbLIE BONPOCHLI N0 cneynanbHOCTU

1. OcHOBbl KBaHTOBOW Teopunm TBepgoro Tena. [locTtaHoBKa 3afayw.
Apnabatnyeckoe npubnuxeHue. CaefeHWe 3afauyv K OLHO3NEKTPOHHON (MeTof,
Xaptpu-®oka). BonHoBasa pyHkumnsa (pyHkuma bnoxa) gnsa 3neKTpoHa B TPEXMEPHOM
Kpuctanne. PelleHne 3ajayMm O CMeKTpe 3SHEepruuM 3/eKTpPoHa B KpUCTanne:
npubnmxeHne cnaboin cBA3M, MNPUOAMXKEHME CUNBLHOW CBA3W. [MOHATME O 30Hax
BpunntoaHa. MocTpoeHne 30H bpunntoaHa. MoHATUE 3 PEKTUBHON MacCbl HOCUTENEA.
[MepeHOpMUpOBKa Macc.

Ycnosua bopHa-KapmaHa, AWCKPETHOCTb 3Heprunm B [03BOJIEHHbLIX 30HaX.
BblpaXXeHUs CrekTpa 3HEprum HocuTenem ANnd  c/iyyad MpoCTOM  rpaHe- U
006bEMHOLEHTPUPOBAHHOMW KYOMYECKUX pPeLleToK. JHepreTmyeckas 30HA repmMaHus u
KpemMHUs (6e3 BbiBOAA). BAusHMe HapylweHUn B KpUCTae Ha 3HEPTEeTUYECKYHO CXEMY.
[Mpumecn uvyXepoHbIX aTtoMOB B MoaynpoBogHukax. [pumecn 3 u 4 rpynn B
repMaHuM UM KpemHuWU. YpoBHM Tamma (pewweHne Ans OQHOMEPHOM MoAenw).
[MoBEPXHOCTHAA MPOBOAMMOCTbL. JIOKannM30BaHHbIEe COCTOAHUA 3N1EKTPOHOB (3KCUTOHBI,
MONAPOHbI).

2. CTatuctuka 3/1eKTPOHOB W AbIPOK B MONAYNPOBOAHMKAX. PacnpefeneHue
depmun. YpoBHN depmun. Pa3oBblii 06beM. HKUCN0 COCTOAHUIA. DdhheKTUBHAA macca no
MJIOTHOCTU COCTOSAHWIA. PaBHOBECHas KOHUEHTpauusa HOCUTEeNel B HEBbIPOXAEHHOM
NoONynpoBoAHNKe. YpoBeHb PepMn A1  HEBbLIPOXKAEHHOro cnyyasd. Cnydan
BbIpOXAEeHUSA. KpuTepuin BbIpOXAEHMS.

3. KuHeTnyeckme npoueccbl B aroMHbIX MONYNpoBOAHMKAX. KuHeTuyeckoe
ypaBHeHue BonbumaHa. Bpem4 penakcayuu. SNeKTPONpPOBOAHOCTb.
TennonposogHocTsb. Tepmo3/4C.

4. HepaBHOBECHbLIE HOCUTENN B MOMYNPOBOAHUKAX. Penakcalumnsa HepaBHOBECHbIX
HOCUTeNeN B C/lyyae NMHENHON N KBagpaTuveckoi pekoMbuHaumii. Bpemsa penakcayumu
HepaBHOBECHbIX HOCUTeNeln. BpemMs XXU3HU HOCUTeNeN.

YpaBHeHMe HenpepbIBHOCTM A1 HEPABHOBECHbLIX HOCUTENEN. PelleHne 3aga4um o
HepaBHOBECHbLIX HOCUTENAX B CTaUWOHapHOM c/lyyae Npu OTCYTCTBUU BbIPOXAEHUA
(nony4yeHne cucTeMbl ypaBHeHWn). MeTofbl NOMy4YeHUs HePaBHOBECHbLIX HOCUTENEMN.
Ponib HepaBHOBECHbLIX HOCUTENen B NONYNPOBOAHNKOBLIX Npubopax.

5. KOoHTakTHble fBNeHUs (HEBbIPOXAEHHbIW cnyyai). ObpasoBaHne 06BLEMHOIO
3apsfa B 061acTn KOHTaKTa, ero pacyer.

AvoaHasa un guddy3noHHas Teopus BbINPAMIEHUS B KOHTAKTe NONYMNpPoBOAHMKA C
MeTa/i/iIoM. BonbTamnepHas xapakTepucTuka naeanbHoro TOHKOro romorepexoga.

KBaHTOBbIN pasmepHbI agekT Xosnna.

6. TyHHeNbHble 3((PeKkTbl B KOHTakTax (MeTanfn-nofynpoBOAHUK, BaKyyMm-
TBEPAOE Teno, MonynpoBOAHUK-NOMYNPOBOAHUK) Y 06/11aCTU UCNO/b30BAHUA ABNEHUNI
TYHHENMPOBaHUSA NPU CO34aHUN YCTPONCTB M UCCelOBaHUAX CBOMCTB MaTepuasios.

/. bunonapHole TpaH3uctopbl. MAIM TpaH3ucTopbl. [loneBble TPaH3UCTOPbLI C
6apbepom LLIOTTKN.

8. OCHOBT/1 TBEPAOTENLHOW 31eKTPOHMKU CBY. MonynpoBOAHNKOBbIE aKTUBHbIE
M naccuBHble NPUGOpPLI ANnd TexHukn CBY.



CBUY-npubopbl Ha ocHOoBe agpekTa NaHHa. ManocurHanbHas Teopusa adekTa
FaHHa. Kputepuin  Kpemepa. ManocurHanbHbli  MmnegaHc auoda [aHHa (B
6e3anddhy3noHHOM npubnnxeHnn). BavaHue auddys3nmm Ha XapKTEPUCTUKK [uofja
MaHHa. Pexxnmbl paboTbl AMoaoB MaHHa.

CBY- npubopbl Ha NaBUHHO-MPONETHbIX Agunogax (JIMA). J1aBUHHO-MPONETHbLIN
anod. OnTuManbHbIR yron nponeta. ManocurHanbHbld umnegadc JSMNA. JlaBUHHO-

Kntouesble (TRAPPAT) agunoabl.
CBY- npnbopbl Ha TYHHENbHbIX Anoaax. PusnyeckKnin MexaHn3m BO3HUKHOBEHUS

oTpuUAaTe/IbHOr0 CONPOTUBNEHUSA B TYHHENIBHOM Aunoje.

CBY- npubopbl Ha OGULOMAPHBLIX W MOMEBbIX TPaH3UCTOPaxX. JKBUBANEHTHbIE
cxembl 6unonspHoro u nongHoro CBY-TpaH3ucTopoB. PaKTOpbl, OrpaHnyuBaoLLue
pabounin gmana3oH 4vactoT CBY-ycTpoilcTB Ha TpaH3ucTopax. XapakTepuctnknCBU-
TPaH3MCTOPOB B peXXnme 60/bLIOro curHana.

9. HaHO31eKTpoHUKa. MeToabl (DOPMUPOBAHNSA KBAHTOBO-Pa3MeEPHbIX CTPYKTYP.
JHepreTnyeckas CTPYKTypa KBaHTOBO-pasMepHbIX MOAYNPOBOAHUKOBLIX KPUCTas/OoB.
JHepreTnyeckas CTpPyKTypa 3-X W 2-MepPHbIX MONYNPOBOAHUKOBbLIX KPUCTas/OB.
OHepreTnyeckad CTpykKtypa 1- u  0-MepHbIX MONYNPOBOAHWUKOBbLIX KPUCTas/OB.
CTatuctmka paBHOBECHbLIX  3/IEKTPOHOB W AbIPOK B KBaHTOBO-pa3MepHbIX
NoMynpoBOAHMUKOBbLIX KpucTannax. MAOTHOCTb COCTOSIHWUIA, pacrpefeneHne HoOCUTeNen
3apaga no aHeprusam.

10. fABNIeHMA nepeHoca B KBaHTOBO-Pa3MepPHbIX CTPYKTypax. KBaHTOBbIN 3(hekT
Xonna. TyHHenuMpoBaHWe 3/1eKTPOHOB 4epe3 [ABYXOapbepHYH KBaHTOBYH CTPYKTYpY.
MexaHn3m nocnefosateNlbHOro TyHHenupoBaHuA. CedeHne Pepmun. MexaHU3M
PEe30HaHCHOI0 TYHHENNPOBAHUA. DHEPreTUUYECKNIA CMEeKTP 3N1EeKTPOHA B KBAHTOBOW AMe.
Bpems XXU3HW 3/1eKTPOHA B KBAHTOBOWN AMe. “ECTECTBEHHas” LUMPUHA YPOBHS 3HEPrun
B KBaHTOBON fMe [ABKC. BnusHue paccesiHAA HOCUTeNei 3apsija Ha BPemst XKWU3HU
3NeKTPOHA W LWMUPUHY YPOBHA 3Heprum B KBaHTOBOW fme [ABKC. [MpoxoxaeHue
3NeKTPOHHON BONHbI 4Yepe3 ABKC B6AM3M pe3oHaHca. 30HHblE Avarpammbl U BOJbT-
amrnepHble Xxapaktepuctuknm PTO Ha ocHoBe ABKC ¢ npsamMoyronbHOW KBaHTOBOM
AMOA.

11. OnTuyeckMe CBOWCTBA KBAaHTOBO-PasMepHbIX  CTPYKTyp.  CnekTpbl
MOrNOWEHNA KBAHTOBO-pa3MepPHbIX CTPYKTYP. IKCUTOHHbLIA MexaHM3M MOr/oLeHuns
OMTNYECKOr0 N3NYUYEHUA B KBAHTOBO-Pa3MEPHbIX FeTepPOCTPYKTYypax.

12. TMonynpoBOAHMKOBLIE Nas3epbl C KBaHTOBO-pPasMepHbIMU CTPYKTYypamMu.
Nasepbl Ha KBAHTOBbIX AMaX, OrpaHWYEHHbIX KOPOTKOMEPUOLHbLIMU CBEPXpeLleTKaMM.
VHXeKUNOHHbIe nasepbl HA KBAHTOBbIX TOYKax. OCHOBHble MpenMyLLeCcTBa nasepa Ha
KBAHTOBbIX TOYKax. ®oTonpuemHnkn MK-gnanasoHa Ha OCHOBe KBAaHTOBO-pa3MepHbIX
CTPYKTYP.

13. CBepxnpoBoAMMOCTbL. BbicOKOTEMMepaTypHaa CBepXnpoBOAUMOCTb.
JIMTEPATYPA

«AHTeHHbI, CBY - ycTpoicTBa N X TEXHOIOTNN»

1 MumeHos KO.B., BonbmaH B.N., MypaBuos A.[l. TexHnyeckaa anektpogmHammka /
Mop pea. HFO.B. MumeHoBa. M.: Pagno n cBasb, 2000.

2. NeTpoB b.M. 3neKTpogMHaMuMKa 1 pacnpocTpaHeHne pagnoBonH. M.: Paguo u cBAsb,
2000.



3. backakoB C./. DnekTpoAnHamMunKa U pacnpocTpaHeHue pagnoBosiH. M.: Beicw. WK.,
1992.
4. Hukonbckuin B.B., Hukonbckas T.A. 3nekTpoaAnMHammkKa W pacnpocTpaHeHune
pagmoBosiH. M.: Hayka, 1989.
5. Npuropbes A.[. SnekTpogmHamumka n TexHnka CBY. M.: Bbicw. wk., 1990.
6. YepeHkoBa E.JL, YepHbiwoB O.B. PacnpocTpaHeHne paanoBosH. M.: Pagmo u cBAsb,
1988.
7. AHTeHHbI 1 ycTpoiicTa CY. MpoekTnpoBaHue $asmpoBaHHbIX aHTEHHbIX PELUBTOK
/ Nog pen. A.X. BockpeceHckoro. M.: Pagno v cBasb, 1994.
8. AHTeHHbI 1 ycTpoicTtea CBY: YuebHuk ansa sysos/ Mop pen.A.MN. BocKpeceHCKOro.
M: MAIW, 1999.
9. backakoB C./N. PagnotexHuyeckne uenu n curHanbsl. M.: Bbicw. wk., 2000.
10. TwuxoHoB B.W., Xapucos B.H. CrtaTuUCTUYeCKMid aHainM3 W CUHTE3
PagnoOTEXHUYECKUX YCTPOMUCTB U cucteM. M.: Pagno u cBsAsb, 1991.
11. Kpbinos K.W., MpokoneHko B.T., TapnbikoB B.A. OCHOBblI Nna3epHOW TeXHUKNU. J1.:
MawmnHocTpoeHue, 1990.
12. fesaTtkoB H.A., TonaHT M.B., beuknin O.B. MunnnmeTpoBble BOSHbI U UX POJb B
npoueccax XunsHegeatenoHoctn. M.: Pagmo n ceasb, 1991.
13. Kyrywes A.M., lTony6esa H.C., MutpoxuH B.N. OCHOBbI 3/IEKTPOHUKMN.
14. DneKTpoANHaAMMUKA M pacnpocTpaHeHMe pagnoBO/iH: Y4yebHoe nocobue A1s BY30B.
M. : N3p-80 MI'TY nm. H.O. baymaHa, 2001.

«CuncTeMbl, CETU N YCTPOMCTBA Te/IEKOMMYHUKALNA»

OcHoBHada nuTepaTypa

1 3toko A.l'., Knosckuin A.4., Llazapos M.B., ®uHk J1.M. Teopus nepefaym CUrHanos.
YuyebHuk gns BY3o08. M., Pagno u css3sb, 1986 r., 304 c.
2. MakapoB A.A. Cratuctuyeckas Teopua  pagMOTEXHUYECKUX  CUCTEM.
Yyeb6.nocobne/CnblryYTW, Hosocmbupck, 2007 r., 114 c.
3. N'pogHeB N.U., BepHuk CM. JIunnu cesasun.M., Pagmo u ceasb, 1988, 544 c.
4. NarytnH B.C., CtenaHoB C.H. TenetTpa®yMKMynbTUCEPBUCHLTX CeTe cBA3U. M.,
Paguno un csasb, 2000 r., 320 c.
5.MpomakoB KO.A. CTaHAapTbl' CUCTEMbI NMOABMXHON pagunocesasn. M., OKo-TpeHAas,
2000 r., 239 c.
6.CnyTHMKOBaa cBA3b W BewaHue. CnpaBoyHuK. Nog pen. J/1.4. Kantopa., M., Pagno u
cBs3b, 1998 r., 344 c.
7. Pagnonepepatoume ycrtpoictea./lMog peq. B.B. Waxrunbgana, M.: Paano n cBssb,
1996 r. 540 c.
8. PagnonpuemHble ycTponctea. MNog pes. H.H. ®omuHa. M., Pagno un cssAsb, 1996 r.,
510c.
9. ®okuH B.I'. OnTuyeckme cuUCTEMbl Nepefaym W TPaAHCMOPTHble ceTu. M., 3Ko-
TpeHzas, 2008 r., 288 c.
10. ®pumaH P. BonokoHHO-oNTUYeckne cetn. 3-e msgaHue, M., TexHochepa, 2007 r.,
496 c.
11. 3acnaBckuii K.E. BONOKOHHO-OMTUYECKME CUCTEMbI Mepefayn CO CNEKTPaibHbIM
yNAoTHeHneM. Y4yebHoe nocobre YMO, Hosocubupck, CnelryTiA, 2005 r., 136 c.
12. luctBuH A.B., luctenH B.H., LLBbipkoB [.B. OnTuyeckne BOMIOKHA A8 NIMHUIA
csasn. M., JIECAP apt, 2003 r., 288 c.



13. baknaHoB WN.I'. SDH-NGSDH: npakTunyeckuii B3rnag Ha pasBuTme TPaHCMOPTHbIX
ceteit., M., MeTtporTek, 2006 r. 736 C.
14. Epwos B.A., Ky3HeyoB HA. MynbTucepBuUCHbIE TeNEKOMMYHUKALWOHHbLIE CETWU.,
M., N34-80 MI'TY nm. H.3. baymaHa, 2003 r., 432 c.
15. HdasbigknH  T1.H., KontyHoB M.H., PbbkkoB A.B. TaktoBad ceTeBaf
CUHXpoHM3auma. M., Sko-TpeHas, 2004 r., 205 c.
[lononHnTenbHas

1. PYKOBOACTBO MO TEXHO/IOrMAM 00beANHEHHbIX CeTel, 4-e nsganue. Mep. ¢ aHrn. M.,
N3paTenbckuii gom «Bunbamc», 2005 r., 1040 c.
2. Hukynbckuii U.E. OnTuueckne MHTepmencol LUMPOBLIX KOMMYTaLMOHHBIX CTaHLWIA
n cetn goctyna., M., TexHocdepa, 2006 r., 251 c.
3. TenekoMMyHUKauUWOHHble cucteMbl UK cetn. Tom 3. MynbTUCepBUCHbIE
cetn./Bennuko B.B, Cy660TuH E.A., LWysanos B.MM., Apocnasuyes A.®. YuebHoe
nocobme YMO., M., Topsayas nnuHus - Tenekom, 2005 r., 592 c.
4. baknaHoB W.I'. TexHonorna ADSL/ADSL2+: Teopua 1 npakTuka npumMeHeHus. M.,
MeTtpoTek, 2007 r., 384 c.
5. pebewkoB A.KO. CtaHAapTbl U TEXHONOMUKN yrpaBneHUs ceTaMn cBssn., M., JKo-
TpeHas, 2003 r., 288 c.
6. Obimapcknii A.C., Kpytsakosa H.M., AHoBckunin .. YnpaBneHne ceTaMM CBA3MW:
NPUHUNNBI,  NPOTOKONbI,  MpUKNagHble  3ajaun., M., NTL  «MobunbHble
KOMMYHUKauuu», 2003 r., 384 c.
7. TonbawTeitH B.C, Cokonos. B.A.. ABTOMaTuMyeckass KOMMyTaumsa. «AKageMus»,
2007 r., 272 c.
8. baknaHoB W.I' NGN: npuHUMNbI NOCTPOEHUA U opraHmsaunn., M., OKo-TpeHAs,
2008 r., 399 c.
9. Makapos  A.A. Mpuébbinos  B.I'L MomexoycToiumBoe  KoAMpOBaHWUe:
MoHorp./Cnel'YTW - r. HoBocubupck, 2005 r., 186 c.
10. CnpaBOYHUK Mo pagunopeneiHon cessn./nog pes. bopognua C.B., n3a. 2-e nepepab.
n gon., M, Pagno n ceasb, 1981 r., 416 c.
11. HocoB B.W. PagunopeneinHble NUHUM CUHXPOHHON umdpoBon mnepapxmmn. OCHOBBbI
UM(ppoBOA Nepefayn cUrHanoB wm nocTpoeHuns PPJI: Yye6.nocobme. YMO Mo chned.
CBasb/CnolryTW., Hoesocubupck, 2006 r., 223 c.
12. CnyTHMKoBaa cBA3b M BewaHne: CnpaBoyHUK (nof ped. KaHtopa J1.4.). 3-e u3g.
M.:Pagno un cBasb, 1998 r., 528 c.
13. ButHep B.W., lMonos [.H. HopmupoBaHue KayecTBa Te/IEKOMMYHWUKALNOHHbLIX
ycnyr. M.: Nopayaa nuHua-Tenekom. 2004 r., 306 c.
14. Kpyk B.W., TMonaHToHOyno B.H., Lysanos B.[. TeneKoMMyHMKaLMOHHbIE
cucTembl U cetn. Tom 1., M.: Topavaa nuHua-Tenekom, 2004 r., 647 c.
15. FonbawTerH A.b., FonbawTeitH B.C. TexHonorns un npotokonsl MPLS., «<BXB -
CaHkT-lNeTepbypr», 2005 r., 301 c.

" TBeppoTenbHasa 3N1eKTPOHUKA, PaAN03NEKTPOHHbIE KOMMNOHEHTbI, MUKPO-

N HAHO3NEKTPOHMKA, NPUbopPbl HA KBAHTOBbLIX 3dypekTax ™

1 Y. Kuttenb "BBegeHne B usnky teepaoro tena: M.,"Hayka",1978. 791 c.

2. K. Hail "®dusnyeckme cBOMCTBA KPUCTaN/IOB M UX OMMUCAHME NPU MOMOLLM
TeH30poB 1 MaTpuy".M."Mup", 1967.

3. A.N. AHcenbMm. BBefeHue B Teoputo nonynposogHnKos. M.: Hayka, 1978.



4.

B.JI. boHu-bpyesny, C.I' KanawHukoB. ®dusnka noaynpoBOLHNKOB.

M3p.Hayka,M., 1977.

5.

KoHyann 3. KWHeTMYeckue CBOWCTBA MOMYNPOBOAHUKOB B CU/bHbIX

anekTpuyeckmnx nonax. M.: Mup, 1970.

6.
M.: Munp
7.

T. Mocc, I'. bapenn, b. 2nnuc. MonynpoBoLHMKOBaA OMTO3/NEKTPOHMKA.

, 1976.

["A. "

CMONeHCKun, H.H. KpallHuK. CerHeToa/IeKTpUKK

aHTUCErHeTo3aNeKTpukn. M.: Hayka, 1968.

8.

YxaHoB KO.M. OnTuyeckme cBoilcTBa NOMYyNpoBOAHMKOB. M.: Hayka, 1977.

9.

®dununc Ox. ONTUYeckne CNeKTpbl TBEPAbLIX TeN B 06/1aCTU COOCTBEHHOIO

nornoweHua.M.,"Mup",1968.

10

boHu-Bpyesny  B.J1., 3BaruH  W.1.,, MwupoHoB A.[l. [JomeHHad

aneKTpuyeckas HeyCcTOMUYMBOCTb B NonynpoBogHunkax. M., Hayka, 1972.

11, &. k. bnatt. ®n3mKa 3NeKTPOHHON MPOBOAMMOCTU B TBepPAbIX Tenax. M.
Mwup,1971.

12.  Wannmosa K.B. du3nka nonynpoBoAHMKOB. M.: DHeproatommnsgar, 1985.

13.  ®wuctyns B. . BegeHue B (hM3uMKy nonynposogHnkos. M.:. Bebicwias

Wwkona. 1984. 351 c.
14.
Y. Kuttens. KBaHTOBasA Teopus TBepAbiX Ten. M3a-so. Hayka., 1967 .

15.

1981.

16.

aHrn. M.

17.
18.
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19.
20.

cBeTa. M

21,
22,
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: Mup, 1992. 479 c.
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Fm66c X. OnTnyeckas 6UCTabUNIbHOCTbL. YNpaB/ieHNe CBETOM C MOMOLLbHO
.. Mwup, 1988.
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HaUuMOHHbIMKW npoueccamn. M.: Munp, 1991,

E.B. by3aHeBa. MUKPOCTPYKTYpbl MHTErpasibHON 3eKTPOHUKK. M.: Paguno
1990. 304 c.
CtenaHeHKo W.I1. OcHOBbl MUKpPO3neKTpoHuku. M.: Cos. paguo, 1980.
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