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1. Ilepevyenb KOMNETEHI U M HHAUKATOPOB UX J0CTHKECHHSA
[Tponecc n3yyeHHs QUCUMIUIMHBI HAIPaBJIeH Ha GopMUpOBaHHUE CIEIYIONTNX KOMIETECHIIHNA:

Kon n naumenoBanue Kon u naumenoBanme Oran [IpemuiecTByroIME 3TAIEI (C
KOMITETEHIIUU WHJIUKATOPA TOCTHXKEHUS YKa3aHUEM JTUCITUILINH )
KOMIIETCHIIM I
nK-1 Crniocoben k | IK-1.13naer: 4 1 atan
SKCIUTyaTallid ¥  Pa3BUTHIO | UCTOYHUKA M MPHUEMHHUKU OCHOBBI TeOpUH TIeTICH
CEeTEBBIX IIAT(GOpPM, CUCTEM M | ONTHYSCKOrO0  H3ITyUYCHHS, 2 aTan
ceTell mepeaaun TaHHBIX TIPUHIUATIBI MIOCTPOCHHUS OHOBBI  TEOPUHM  DJIEKTPOMATHUTHBIX
annaparypel ¥ CUCTEM s nmojied W BOJH, BeeaeHuwe BO
BOJIOKOHHO-OIITUYECKUX oneparnuonnyto cucremy UNIX Boiw,
JTUHHH CBSI3H, ux [TakeTsl IPUKIAAHBIX MIPOrPAMM BOJIH,
XapaKTEePUCTHUKY; SI3pIKM  TpOrpaMMHUPOBAHUS  BOJH,
IK-1.2 Ymeer: OCHOBBI MTOCTPOCHUS
ONpENENATh U HU3MEPATH WH()OKOMMYHHKAIIMOHHBIX CHUCTEM H
napamMerphl OJJHOBOTHOBOTO cereii BomH, Teopus CBS3M BOJH,
u MHOTOBOJTHOBOTO OCHOBHI ONITHYECKOH CBSI3W,
nuneitHoro Tpakta BOCII CxeMoTexXHUKA
IIK-1.3 Baageer: TEJICKOMMYHUKAIIMOHHBIX  YCTPOMCTB,
HaBBIKAMH  TEXHHYECKOU BrerancnurensHas TEXHHUKA u
SKCIUTyaTaIliy 3HAHUSIMHA O UH(OPMAITHOHHBIC TEXHOJIOTHH,
MPUHITUTIAX paboThI MukponporieccopHasi ~ T€XHHKa B
UCTOYHUKOB  M3JIYUYCHHUS, CHCTEMAax CBSI3H
(oTorprEeMHBIX YCTPOWCT, 3 atan
ONITHYECKHUX yYCHITUTEIICH; OnTodeKTpoHNKa W HaHO(OTOHHUKA,
Hampapnsromme CUCTEMBI
3JIeKTpOocBsI3n, CeTH CBSI3M U CHUCTEMBI
KOMMYTAITiu. MHoroKaHaJIbHEBIE
TEIEKOMMYHUKAIIMOHHBIE  CHUCTEMBI,
TexHomoruu ppoBOro
TeJepaiioBeIaHusl, DJIEKTPOIHUTAaHNE
YCTPOMCTB u CHCTEM
TEJIEKOMM YHHUKAIHH, CereBnie
TEXHOJIOTUH BBICOKOCKOPOCTHOM
mepefadn  JaHHBIX, VI3MepeHus B
ONTUYECKHX  CeTsAX, Meromgpl H
cpencrea m3mepennii B TKC
IK-6 Cnocoben mpoBoauth | ITK-6.1 3naer: 2 1 atan
aHanmu3 CTAaTUCTHUYECKUX | - HEITUHEWHBIE SBIICHUS Ou3ndyeckie OCHOBBI  PaJHOCBS3H,
TAHHBIX 0 paboTe | mposBIsEMbIE B CroyTHHKOBEIE W paaHOperneiHbIe
TPaHCIIOPTHOU CeTH, | ONTOBOJOKOHHBIX CUCTEMBI CBSI3U
OCYIIIECTBIISITH TEKYIIYIO | CBETOBOJAX;
IKCIUTyaTallMi0 ¥ TEXHUYECKOE | -  BHUABI  CIICIUATBHOMN
o0cCIyXKrBaHHE 000PYIOBaHUS | M3MEPHUTEIHHON
TPAHCIIOPTHBIX CETed U ceTell | ammapaTypsbl.
nepenayu JAHHBIX g | IK-6.2 Ymeer:
moAep KaHmsl  TOKazaTenel | - JIEMOHCTPHUPOBAThH
KauecTBa pabOTBl CETH B | CIIOCOOHOCTh U TOTOBHOCTH
mpeenax HOPMATHBHBIX | PEIUTh JIOOYIO0 3aaady,
3HAYCHUMH, BBISIBJICHUS | CBS3aHHYIO C pa3pabOTKOH,
HEHCIPABHOCTEH, BBIPAOOTKH | TMPOEKTHPOBAHUEM, u
NPEAI0KEHUM no | skcrmnyatanueil BOCII Ha
OITUMU3AIIUN HCITONE30BAHUS | OCHOBE T CTBYIOIIHX
pecypcoB 000pyIOBaHHS HOPMaTHUBHBIX
JIOKYMEHTOB;
- MIPUMEHSTh
TEOPETHUYECKUE u
JKCIIEpUMEHTAIIbHBIE

METOAbI MCCIICAOBAHUA I
OCBOCHMUA HOBBIX




I1K-1.3 Baageer:

nepcnektuBHbIX BOCII.

- HaBBIKaAMH COCTAaBJICHUS

HOPMATUBHOU
JIOKyMEHTaIUHU.

- HaBBIKAMH OLIEHOYHBIX
pacueroB OCHOBHBIX
[1apaMeTpoOB  BOJOKOHHO-
OIITHUYECKOr0  JIMHEHHOro
TpaKTa.

®opma(bl) MPOMEKYTOUHON aTTECTALMU 0 JUCLMILIIMHE: IK3aMEH.

2. HOKa3aTeJ'II/I, KPUTECPHUH AU HIKAJbBI ONCHUBAHUA KOMIIeTeHIIM i

2.1 Tloka3aTeneMm OIICHMBAHUS KOMIIETCHIMH Ha dJTame WX (HOPMUPOBAHUS TPH H3YUYCHHUH

AVCHUIIIMHBI SABJIACTCA YPOBCHDb UX OCBOCHMUA.

[IIxana Pe3ynbrarel 00ydenus JeckpunTopsl ypoBHEN
OLICHUBAHUS OCBOCHMSI KOMIIETEHIINI
IIK-1 Crioco0eH K SKCIUTyaTaliy ¥ pa3BUTHIO CETEBBIX MIATHOPM, CUCTEM U CEeTel Mepeadn JaHHBIX
Huzkuii K-1.1 3naer: Cnabo 3HaeT WCTOYHUKH U TPUEMHUKH
(TOpOTOBKIii) | MCTOYHUKH M IPUEMHHUKH ONTHYECKOrO | ONTHYECKOro U3JIy4EHUs, HPUHLUIIBI
YPOBEHb W3ITydeHUs, TPMHLMIE TOCTPOEHHS | NMOCTPOGHHMA amNapaTyphl W CHCTEM i
armnapaTrypsl 1 CUCTEM JJId BOJIOKOHHO-| BOJIOKOHHO-OIITHYCCKUX JIMHUM CBA3U, HUX
OIITHYCCKUX JIMHUH CBsI31, HX | XapaKTCPUCTUKH.
XapaKTEpPUCTHKY;
IIK-1.2 Ymeer: Cnabo ompenenser M M3MepseT HapaMeTphl
ONPEACIAT W U3MEPATH MAapaMETPbl | OTHOBOJIHOBOI'O u MHOTOBOJTHOBOT'O
OJHOBOJIHOBOI'O M  MHOT'OBOJIHOBOI'O | JTMHEWHOrO TpakTa BOCII
nuHelnoro Tpakta BOCII
ITK-1.3 Brianeer: Cnabo BiajieeT 3HAHUSAMH O MPHHIHIIAX
BHAHWAMA O  NPUMHIMNAX  PabOTEI | paGoTE HCTOUHMKOB H3TYYCHHS,
MCTOYHHUKOB M3IY4CHHUA, | hoTOmpHEMHBIX YCTPOICT, ONITHIECKHX
(hoTorprueMHBIX _ YCTPOHCTB, | yepmreneit;
ONTHYECKUX YCUIIUTEICH;
Cpenunit IIK-1.1 3uaer: CpenHe 3HaeT WCTOYHUKU M TPUEMHUKH
YPOBEHB WCTOYHHMKU ¥ MIPUEMHHKHU ONTHYECKOTO | ONTHYECKOr0 U3ITy4CHHS, HPHHIAITBI
W3JIy4CHUS, TPHHIMIBI IOCTPOCHUS | MOCTPOCHMS AammapaTtypbl M CHCTEM JUIS
anmapaTtypsl ¥ CHCTEM JUIsl BOJIOKOHHO- | BOJIOKOHHO-ONTHYECKHX JIMHHUH CBSI3M, HUX
ONTHUYECKUX  JIMHUH  CBS3M,  MX| XapaKTEPUCTHKH.
XapaKTEePUCTHKY;
IIK-1.2 ¥Ymeer: CpenHe ompesenser U U3MepseT MapaMeTphl
ONpEACIATh W M3MEPATH MApPaMETPbI | OHOBOJIHOBOI'O Hu MHOT'OBOJIHOBOT'O
OIHOBOIIHOBOTO M  MHOTOBOJIHOBOTO | JIHHEHHOTO TpaKTa BOCII
nmuHeinoro Tpakra BOCII
ITK-1.3 Biianeer: CpenHe BiajieeT 3HAHUSAMH O IPUHIHIIAX
3HAHMAMM O  TPHHIMIAX  PAOOTHI | haGOTE HCTOUHIKOB H3/IyYeHNUS,
MCTOIHUKOB | SIYHCHHS, | oTonmpieMHBIX yCTPONCT, ONTHYECKUX
(I)OTOHpHel\iI’HLIX YCTPOHCT, ONTHYECKHX | yopyTeneii;
YCHITHTENEH;
Bricokuii IK-1.1 3naer: 3HAaeT UCTOYHUKN U NMPUEMHUKH ONTHYECKOTO
YpPOBEHb MCTOYHHMKU M MPUEMHHUKHU ONTHYECKOTO | H3Iy4CHHUS, TPHHIMIIBI HOCTPOCHUS
W3Jy4YCHUs, TPHHIMIBI TOCTPOCHUS | ammapaTrypbl M CHCTEM Ul  BOJOKOHHO-
anmapaTtypsl ¥ CHCTEM JUIsl BOJIOKOHHO- | ONTHYECKUX JMHUN CBSI3H, ux
ONTHUYECKUX  JIMHHH  CBS3M,  HMX| XapaKTePUCTHKH.
XapaKTePUCTHKY;

IIK-1.2 Ymeer:

ONIPENeNsITh M M3MEPSATh MapaMeTpbl
OJJHOBOJTHOBOI'O W MHOTOBOJIHOBOT'O
nuHelHoro Tpakta BOCII

IIK-1.3 Baaneer:

3HaHUAMHU O MpUHIHUIIAX pa6OTLI

OdeHp XOpOLIO ONpeAenseT W Hu3MepsieT
napameTpsl OJJHOBOJIHOBOT'O u
MHOT'OBOJIHOBOTO JTHHENWHOro Tpakta BOCII

Bna;[eeT 3HAHUAMUA O ITPUHOHUIIAX pa60TBI




HUCTOYHHUKOB U3JIy4CHHUs],
(hOTOIPHEMHBIX YCTPOICT, ONTHYECKHX
YCUJIATENEH;

HCTOYHUKOB U3TYUCHHA, (bOTOHpI/ICMHbIX
YCTpOﬁCT, OIITHYCCKUX yCI/IJII/ITCJIeﬁ;

IIK-6 Cmocoben

MNpOBOAWUTL aHAJIMW3 CTATUCTUYCCKHUX HOaHHBIX O pa60Te TpaHCHOpTHOﬁ CCTH,

OCYHICCTBJIATL TCKYIIYIO OKCIUTyaTallUI0O U TCXHUYCCKOC 06CJ'Iy)KI/IBaHI/I€ O6OI)YI[OB3HI/ISI TPaHCIIOPTHBIX
cerel U cereit nepeaavyu AJaHHBIX IJId HOAACPKaHHWA MoKa3aTejell KauecTBa pa6OTBI CCTU B IIpeaciiax
HOPMATHUBHBIX 3Ha‘leHHI>'I, BBISABJICHU S HeHCHpaBHOCTefI, BI)Ipa6OTKI/I HpCI[J'IO)KeHI/Iﬁ 10 OINTHMU3AIINH
HCII0JIL30BaHMA pEeCypCOB O6OPYI[OB3HI/IH

Huzkuii K-6.1 3naer: Cnabo  3HaeT  HENMHEHHbIE  SIBJICHUS
(IIOpOTOBEIif) | - HENHMHEHHbIE SBJIEHUs NPOSBISEMbIE | NPOSBISEMblE B OITOBOJIOKOHHBIX
YPOBEHb B ONITOBOTIOKOHHEIX CBETOBOJAX; _| cmetoBoziax,  BHIbI CHEUATBHOM
- BUJIBI CIEIHMAIBHON HM3MEPUTEILHON | M3MEPUTEIBLHON almaparyphl.
anmaparypsi.
ITK-6.2 Ymeer: Cnabo yMmeeT IeMOHCTPUPOBAThH CIIOCOOHOCTH
- JISMOHCTPHPOBATh CIOCOOHOCTB M| i  rorOBHOCTH pemHTh JHOOYI0  3a7auy,
TOTOBHOCTh PCIINTE JHOOYIO 331249y, | cpgsammyio c Pa3paBOTKOi,
CBSA3aHHYIO ¢ pa3pa60TK017£, NPOEKTHPOBaHUWEM, M 3KcrutyaTanuein BOCII
NIpOCKTUPOBAHUEM, M IKCIUIyATAUMCH | ya  ocHOBe /EHCTBYIONIMX HOPMATHBHBIX
BOCIT Ha ocHOBe ZREHCTBYIOIMX| joxymentoB. CiaGo  yMeeT — NPHMEHSTH
HOPMaTHBHBIX TOKYMCHTOB, TEOPETUYECKME U DKCIIEPUMEHTAIIbHBIE
- TIpUMCHATH  TCOPETUHCCKUC M| vetonpr wccneq0BaHUs 1JIi OCBOEHHS HOBBIX
SKCIIEPUMEHTAIIBHBIE METOB! | pepcrextuprpx BOCIL
MCCIIE/IOBAHUS JUISL OCBOEHHS HOBBIX
nepcriektuBHBIX BOCII.
TIK-1.3 Braneer: Cnabo BrajeeT HaBBIKAMH COCTABJIEHUS
) HaBBIKAMH COCTABNCHIA | 4 opMATHBHONH  JOKyMEHTAIMH,  HABBIKAMH
HOPMATHBHOM JOKYMCHTALHH. OIIEHOYHBIX PACYETOB OCHOBHBIX IAPaMETPOB
- HABBIKAMIT  OUCHOWHBIX  PACHCTOB | b6k 0 HO-ONTHYECKOrO IMHEHHOTO TPAKTA.
OCHOBHBIX ~ [aPaMETPOB  BOJOKOHHO-
ONTHUYECKOT0 JINHEMHOTO TPAKTA.
Cpennun IIK-6.1 3uaer: CpemHe  3HaeT  HENUHEHHBIE  SABJICHUA
YPOBEHB - HENWHEHHbIC SABICHUS TPOABISEMbIC | MPOSBIAEMbIC B ONTOBOJIOKOHHBIX
B OIITOBOJIOKOHHBIX CBETOBOJIAX; CBETOBO/IAX, BHJIBI CIENUAaBHOM
- BUJBI CHEIUAIBbHON U3MEPUTENBHON | M3MEPUTEILHOMN anmaparyphl.
arnmaparypsi.
ITK-6.2 Ymeer: Cpenne ymeer JE€MOHCTPHUPOBATH
- JIMOHCTPHPOBATH  CMIOCOOHOCTB M | ¢rocoGHOCTD M TOTOBHOCTb PEIIMTH JHOGYIO
FOTOBHOCTh PEIIHUTH JIHO0YIO 3184, | sanauy,  cBssaHHYlo ¢ paspabOTKOil,
CBA3aHHYIO ¢ pa3pa60TK0H“, NPOEKTUPOBAHKEM, M dKcruryaTanuedn BOCII
IIPOCKTUPOBAHUCM, M OSKCIUIyATAUMCH | gy  ocHOBe MAEHCTBYIONMIMX HOPMATHBHBIX
BOCIT ma ocHOBe MEHCTBYIOUIMX | joxymvento. CaGo —yMeeT — IPHMEHSATH
HOPMAaTUBHBIX TOKYyMCHTOB, TEOPETUYECKME W DKCIIEPHMEHTAIIbHBIE
- TPUMECHATH  TCOPETHHUCCKUC M| neTonpl MCCAENOBAHMS VIS OCBOCHMS HOBBIX
3KCIIEPUMEHTAIIbHBIE METOIBI | pepcrextupmpx BOCIL
UCCIIEIOBAHUS IS OCBOCHHS HOBBIX
nepcaexktuBHbIX BOCIL.
TIK-1.3 Brapeer: CpemHe Biajeer HaBBIKAMU  COCTABIICHUS
) HaBbIKAMH COCTABICHUA | 5 pMaTHBHOIM JOKYMEHTALIIHL
HOpMATHBHOH JOKYMCHTALUTH. Brazeer HaBBIKAMH OIEHOYHBIX DPAacyeToB
- HABBIKAMI ~ OLCHOMHBIX — PACUCTOB | 0y oppprx apaMeTpoB BOJIOKOHHO-
OCHOBHBIX ~ TApaMETPOB  BOIOKOHHO™ | 11rpryeckoro IMHEHHOTO TakTa.
ONITHYECKOTO JIMHEWHOTO TPAKTA.
Bricoxknii IK-6.1 3naer: 3HAaeT HEMUHEWHBIE SBICHHS MPOSBISEMBIEC B
YpOBEHb - HEJMHEHHbIE ABJIEHUS TPOABISIEMBIE | ONTOBOIOKOHHBIX CBETOBOIAX, BUJIBI

B OIITOBOJIOKOHHEIX CBETOBOIAX;
- BUJBI CHEIUATBHON H3MEPUTEIHHOMN
anmaparypbl.
ITK-6.2 Ymeer:

- JIEMOHCTPHPOBATH
TOTOBHOCTh PEIIUTh

CIIOCOOHOCTh U
moOyro 3amgady,

CTeUaIIbHONW U3MEPUTEIILHON anmnapaTypbl.

YMeer [eMOHCTPUPOBaTh CIIOCOOHOCTH U
FOTOBHOCTh  PEMTh  JIIOOYI0  3ajady,
CBSI3aHHYIO c pa3paboTKoi,
poeKTHpoBaHueM, M 3kcruryatanuedl BOCII




CBsA3aHHYIO C paspa60TK0171, Ha OCHOBC ,E[eﬁCTBy}OH_[HX HOPMATHUBHBIX

MIPOEKTUPOBAHUEM, W OSKCIUTyaTaluell | JOKYMEHTOB. YwMmeer MIPUMEHSATh
BOCII Ha ocHOBe JAEHCTBYIOIIMX | TEOPETHUYECKHE u JKCIIEpUMEHTANIbHBIE
HOPMAaTUBHBIX TOKYMEHTOB; METOJbl UCCIIEAOBAHUS ISl OCBOEHHUS HOBBIX
- TOpuUMeHATh  Teopermdeckue U | nepcrnekTuBHbIX BOCII.

JKCIIEpUMEHTAIIbHBIE METOIBI

WCCIIEIOBAHMS JUIA OCBOEHMSI HOBBIX

nepcnekTuBHbix BOCIL Bnaneer HaBBIKAMU COCTaBJICHUS
ITK-1.3 Bianeer: HOPMATHBHOM  JOKYMEHTAllMM, HABBIKAMHU
- HaBbIKaMH COCTABJICHHUA | OLIEHOYHBIX PacuyeTOB OCHOBHBIX ITapaMETPOB
HOPMATHBHOM JIOKYMCHTALIUH. BOJIOKOHHO-OIITUYECKOr0 JINHEHHOT' O TPAKTa.

= HaBbIKaMH OLICHOYHbIX pacyeToB
OCHOBHBIX  IapaMETPOB  BOJIOKOHHO-
ONTHUYECKOT0 JINHEMHOTO TPAKTA.

2.2 Tabnuia COOTBETCTBHS PE3YJIbTATOB MPOMEKYTOUYHOU aTTECTALMU 0 JUCUUIUIMHE YPOBHIO
sTana GopMUpOBaHUS KOMIETEHIIUN

[kaia Kon unwkatopa YpoBeHb 0CBOEHUS
dopma KOHTPOJIS IOCTHIKEHUS
OLICHUBAHMUS N KOMIIETEHIIHN
KOMIIETEHITUH
TIK-1.1 HU3KWH
IIK-1.2 HHU3KHUH
YIOBJIETBOPUTEITHHO IK-1.3 HU3KHH
TIK-6.1 HU3KHUH
T1K-6.2 HU3KHUH
I1K-6.3 HU3KHUH
IK-1.1 CpeTHHM
I1K-1.2 cpenHui
I1K-1.3 HU3KHHN
OK3aMeH XOPOIIO K61 P —
[1K-6.2 CpeIHUIA
I1K-63 HU3KHHN
IIK-1.1 BBICOKMI
I1K-1.2 BBICOKUI
S [1K-1.3 CpeIHUIA
I1K-6.1 BBICOKHI
I1K-6.2 BBICOKHI
[1K-6.3 CpeIHUI




3. MeToanyeckue MaTepuaJibl, ONpeaeIsiionye NpoueIypbl OlleHUBAHUS

[Iponiecc oneHuBaHWs 3HAHUW, YMEHUN, HABBIKOB M (WJIM) OMNbITa JAESITEIBHOCTH,
XapaKTePU3YIOMIMX 3Talbl (OPMUPOBAHUS KOMIIETCHIIMH, MPEICTaBICH B Ta0uuuax mo GopMam
oOyueHus:

Tun 3ansaTus Tema (pa3nen) OueHouHbIe
cpeacTBa
IIK-1 Cnocoben k OKCIUTyaTallul U Pa3BUTUIO CETCBBIX HHaT(bOpM, CHCTEM U ceTel nepeaadn JaHHbIX
Jlexknus Bce paznensl AuCUUILIAHbB DK3aMeH
JlabopaTopHas HccnenoBanue OCHOBHBIX XapaKTEPUCTUK UCTOYHUKOB | JlaboparopHas
pabora W3ITydeHUs pabota. 3amura
Hccnenosanune ontuueckux moayiastopoB BOCII nabopaTopHOr
HccnenoBanue OCHOBHBIX XapaKTEPUCTUK MPUEMHOTO | pabOThI
ONTHYECKOTO MOIYJIA
OnTuyeckue yCHIUTEN!
HccnenoBanue noysipu3alliOHHONM MOJIOBOW TIUCTIEPCHU
PMD
[IpakTnueckue Pacuer mapameTpoB siazepHOro ucrouHuka usnydenua | [Ipakrtuueckoe
3aHATHUS Pacuer mapameTpoB MOIyTHPYyEMOTO UCTOUYHUKA 3aHATHE.
W3ITYYCHUS NunuBunyanbHOE
Pacuer mapameTrpoB ¢oTonpueMHuKa 3a/laHHE.
Pacuer mapameTpoB MpueMHOTO ONTHYECKOTO MOy
Pacuer nuneitnoro tpakta BOCIIT
CamocrositenbHas | Bee paznesnbl JuCIUILIMHBI JlaGopaTtopHuas
pabota pabora,
MIPaKTUYECKHE
3aHATHS,
sk3ameH, JIKP

IIK-6 Crocoben

MPOBOJANTH AaHAJNM3 CTATUCTHYECKHX JAHHBIX O paboTe TPaHCIOPTHOM CETH,
OCYIIECTBIIATh TEKYIIYI0 SKCILTyaTallMi0 U TEXHUYECKOe OOCTyXKHBaHHE 00OPYIOBAaHHS TPAHCIOPTHBIX
cerei W ceTel mepenayw NAHHBIX IS MOUIEpP)KaHMA TMOKa3aTeneil kadecTBa pabOTHI CETH B Tpeienax
HOPMATHUBHBIX 3HAYECHWH, BBISABICHHUS HEUCIPABHOCTEH, BBIPAOOTKM NPEIOKEHUN M0 ONTHMH3AINN
WCIIOJIb30BaHMS PECYPCOB 000PYTOBaHUS

Jleknus Bce paznensl AMCHUILIAHBI DK3aMeH
JlabopaTopHas HccnenoBanne 0CHOBHBIX XapaKTEPUCTUK UCTOYHUKOB | JlaGoparopHas
pabota H3TyYCHHUS paboTa. 3ammuTa
Uccnenosanue ontuueckux moayiaaropos BOCII nabopaTopHOH
HccnenoBanue OCHOBHBIX XapaKTEPUCTUK MPUEMHOTO | paboThI
ONTUYECKOTO MOy
OnTHyeckue yCUIuTeNIu
HccnenoBanue noiasipu3aliMOHHON MOIOBO IUcCIIepCUn
PMD
[IpakTueckue Pacuer mapameTpoB j1a3epHOro UCTOUHMKA u3inyueHus | [Ipaktuueckoe
3aHATUA Pacuer mapameTpoB MOy IHUpPYEMOTO UCTOUHUKA 3aHATHE.
W3ITy4eHUst NuauBuayansHoe
Pacuer mapameTpoB doTonprueMHUKa 3aJlaHue.
Pacyer mapameTpoB NpueMHOT0 ONTHYECKOTO MOIYJIs
Pacuer nuneitnoro tpakta BOCII
CamocrositensHas | Bee pa3gens! AUCIUIUIMHBI Jlaboparopnast
pabota paOora,
MPaKTUYECKHE
3aHATHS,
sk3ameH, JIKP




4. TunoBble KOHTPOJIbHBIE 32IaHUS
IIpencraBuTh OAMH IpUMEp 3aJaHUS 110 KAKIOMY TUITY OLIEHOYHBIX CPEICTB Ul KaXKI0H1
KOMIETEHINH, (POPMUPYEMON TaHHOH TUCIUTUTMHOM.

MK-1 Cnocoben x sxchayamayuu u pazeumuio cemesguix niamgpopm, cucmem u cemeti nepeoayu OaHHbIX

MK-6 Cnocobern nposodums anaiu3 Cmamucmuieckux OAHHbIX 0 pabome mpaHCnOPMHOU cemu,
0CYWecmensinG MeKywyio IKCHIYAMmAayuro t MexHu4eckoe 00Ciylcusanue 060pyo08anus mpaHCROPMHbIX
cemeil u cemell nepedayu OAHHLIX 05l ROOOEPICAHUSL NOKA3AmMenell Kauecmea pabomsl cemu 8 npeoeax
HOPMAMUBHBIX 3HAYEHULL, BbISLCHUS HEUCTPABHOCMEN, BbIPAOOMKU NPEOLONCEHUL NO ONMUMUZAYUU
UCNONIb306AHUS PECYPCO8 000PYO0BAHUSL

KoHcnekT nexkuun Ha Temy «JlazepHbie AMOABDY

Jlazep — mpubop, TeHEPUPYIOIHIA ONTHYECKOE KOTCPEHTHOES U3TyICHUE Ha OCHOBE 3((EKTa BHIHYKICHHOTO WA
crumynupoBanHoro manydenus. (LASER, Light Amplification by Stimulated Emission of Radiation — a66peBuarypa
BBIPAXKCHHE YCHJICHHE CBETA BHIHYKICHHBIM H3JIyUCHUEM).

CBOICTBO KOTEPEHTHOCTH M3JIY4CHHUs Jla3epa MpEeAroNaraeT COrllacOBaHHOE NpPOTEKaHWe BO BPEMEHH W
MIPOCTPAHCTBE KoJieOATENbHBIX MM BOJHOBBIX INpOIECcCOB. V3aydaemas a3epoM dJIEKTPOMAarHWTHAs BOJTHA Ha3bIBAETCS
KOTEpEeHTHOM, €ClIM €€ aMIUINTYHAa, 4YacroTa, (haza, HampaBJCHHE PacIpOCTPaHEHHs M IOJSPU3ALMS ITOCTOSHHBI HIIH
W3MEHSIOTCS YIOPSI0YEHHO.

[porecchl mepexoJ0B MEXIy 3JIEKTPOHHBIMH COCTOSHUSIMH: TIOTJIOLICHUE (DOTOHOB, CIIOHTAHHOE H3Iy4eHHE
(DOTOHOB M CTUMYJIMPOBAHHOE H3JTy4eHHE (POTOHOB MOJKHO CBSI3aTh MeX /1y cO00l ypaBHeHHEM DWHINTEHHA!

Blz*Nl*E(f):Bn*Nz*E(f)+A21*N2

rae E(f) — monmHas sHeprus GOTOHOB Ha eAUHUIY OObEMa MaTepHaa;

Az — KodQuIHEeHT, onpeensieMblii BEpOITHOCTHIO CIIOHTAHHOTO NEpexo/ia B AWHUILY BpeMEHH ¢ ypoBHs Ec Ha
ypoBeHb Ey;

By u Bi; — kxoadduumentsi, onpenenseMbie BEpOSTHOCTHIO BBIHYXKICHHOI'O Iepexojia dJEKTPOHOB C
sHepreruueckoro ypoBus Ec Ha Ey u HaoOopor; Takum oOpa3om, mpousBenenue Bi,E(f) xapakrepuzyer BeposTHOCTBH
HOTJIOIIEHHS, a mpom3BeeHue By E(f) — BeposTHOCTD BBIHYKICHHOTO H3TYICHHUS;

N1 u N2 — uncio Bo30yxIeHHBIX JIEKTPOHOB Ha ypoBHsX Ey u Ec.

Ou3HUECKHI CMBICT YpaBHEHHs ODWHINTEHHA MOXXHO NPEICTaBUTh TaK: JIeBas YacTh ONpEAEISIeT MOIIOMIEHUE
SHEPIrUH BHEUIHETO ()OTOHHOT'O MOJIA B €IMHHUILY BPEMEHH, a MpaBast — IOJIHYIO SHEPTHIO, BEIACIAEMYIO B BELIECTBE B BUAE
CTUMY/IMPOBAHHOIO U CIIOHTAHHOI'O M3JTy4EHHS.

[Ipy TDpOXOXXKAEHUH BOJHBI dYepe3 cpeay, B enuHHune oObemMa KoTopod N1 5SIeKTpOHOB HaxomsTcs B
SHEpPreTUueckoM cocTossHUM Ey u N2 37eKTpoHOB B cocTosiHMM Ec OHa MOXET MOrioImaThCsi WM yCHIUBaThca. B
YCIOBHAX TEPMOJAMHAMUUECKOTO paBHOBECHUS HACENEHHOCTh HIDKHErO ypoBHs N; Beerna Goinblile HacenEHHOCTH BEPXHETO
N,. [losTomMy BonHA TepsieT OONbIIE YHEPTUH, YeM IPHOOPETAET, TO €CTh IMEET MECTO MOTJIOIICHUE CBETA.

Jast Toro uto6s! mponeccsl CTU npeobnanany Hal MOTIOMICHHEM HEOOXOIUMO BBITOIHUTE YCIIOBHE:

CTH__BuN,E(f) _ByN,
1ori1 - B,N,E(f)  B,N,

[Ipu ommHAaKOBEIX Byy 11 By AOMKHBI OBITH CO3IAHBI YCIOBUS HHBEPCHOW HACETICHHOCTH YHEPTETHUECKIX YPOBHEH
N2 > N1, 4ro TpakTyercst Kak HEOOXOAUMOCTh BO30YXk AeHH s AeKTpoHOB. [Ipu Ny > N; BeIHYXIeHHbIE TIepexobl E. — E,
Mpeo0IalaloT W MOCTABJIIOT B CBETOBYIO BOJIHY OOJNBINE SHEPTHH, YeM TepsieTcsl B pe3yabraTe nepexomoB E, — E..
W3zmygaeMble B pe3ynbTaTe BBIHYXKICHHBIX IIEPEXO/I0B BOIHEI 110 YAaCTOTE, HAMPABICHUIO PACIIPOCTPAHEHNUS, TOMAPU3ALNN
u (¢a3e TOXKICCTBEHHBI IEPBHYHOW BOJHE M, CIIEIOBATEIbHO, KOT€PEHTHHI Ipyr Apyry. VIMEHHO KOrepeHTHOCTb
BBIHYKICHHOI'O U3J1y4eHHs IPUBOAUT K YCUIECHUIO CBETOBOI BOJIHBI B CPENE ¢ MHBEPCUEN HACEIEHHOCTEH, a HE POCTO K
JIOTIOJTHUTEIIEHOMY M3JIydEHHUIO HOBBIX BOJH.

Cpeny ¢ uHBepcHell HaceIEHHOCTEH KaKOH-TMOO Maphl YPOBHEW, CIIOCOOHYIO YCHJIMBATh W3Ty4eHHE, OOBIYHO
Ha3bIBAIOT aKTUBHOM WM Ja3zepHoi. [Ipomecc Bo3OyXIeHNs cpeabl ¢ menbio BeimonHeHust yenosus N, > N; — HazpiBaeTcs
HaKayKOH, a BHEIIHUH UCTOYHHUK BO30YKICHNS — UICTOYHUKOM HaKadKH.

B nomynpoBogHMKaxX aKTHBHYIO CpeNy BO3MOXKHO CO3/1aBaTh:

1) HMHXEKIMEN HOCUTENEN TOKa Yepe3 JIEKTPOHHO-IIBIPOUHBIN NepeXoz;
2) ONTHYECKUM BO30YK/IEHHEM

B TexHHMKE ONTHYECKMX CHCTEM CBS3M HCTOYHHKOM HAKAa4K{ IIOJYNPOBOIHHWKOBBIX MAaTEpUasoB SIBIISIETCS
HCTOYHHK JIEKTPUIECKOTO TOKA.

W3 cooTHOMIEHNS



CTi _ ByNE(f) _ BLE()
i AN, Ay

Bumno, uto mns npeobmaganns CTU wan CIIM HeoOXOmUMO MOTYYHTH BHICOKYIO KOHIICHTPAIHIO ()OTOHOB B
BEIIECTBE.

B nmazepax B xadecTBe 00JaCTH MPOCTPAHCTBA, B KOTOPOW NMPOUCXOANT YBEIMUEHHE SHEPTUH (POTOHA B EIUHHUIIE
oObeMa 3a cuer ctumynupoBanHoro usnydenus (E(f)>1) ucrnone3yercs ontuaeckuii pe3oHaTop (pUCyHOK 1).
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Pucynok 1 - Pezonatop ®@adpu-Ilepo

[pocreiimumM onTHYECKUM pe30HATOpoM siBisieTcs: pesoHaTtop Padpu — Ilepo. Ero KoHCTpyKuus mpencTaBiseT
JIBa PACHOJIOKEHHBIX MapaljebHO ApPYr APYry 3epKajia, BBIIOJIHEHHBIX HA OCHOBE OTIONIHMPOBAaHHBIX TIpaHel
IIOJTYITPOBOJHUKOBOI'O KPUCTAJLIA.

Hcxofst U3 BBINICOTMEYEHHOTO, MOKHO CIIETaTh BBIBOJ O CTPYKType naszepa (pucyHok 2). Ilpu Maibix Tokax
HaKayKy B aKTUBHOH o0nactH, noqoono CHJI, Bo3HHKaeT crioHTaHHOE u3nydeHue. [Ipu aToM akTuBHAsE 00JIACTh U3TydaeT
criontannblie (oronsl (CIID) Bo Bce cTOpoHBI M Oobliasi 4acTh 3Ty 001acTh Nokuaaer. Yacth pOTOHOB CIOHTAHHOTO
U3ITy4eHUs 0Tpassrcs oT 3epkaia POII u npoiiayT CTPOro B MIOCKOCTH aKTHBHOW 00JIACTH K ITPOTUBOIIOIOKHOMY 3€pKay.

CrioHTaHHOE W3JIyYeHHE OJHOr0 U3 BO30YKIEHHBIX aTOMOB aKTHBHOH cpeibl (T. €. aroMa, HaXOJIIerocs Ha
ypoBHe E.), mpexnue uem oHO BbliigeT u3 o0béMa V, MOXKET BBI3BaTh BBIHYXIIEHHBIC MEPEXOJIbl APYTUX BO30YKIEHHBIX
aTOMOB U BCIIEACTBUE ITOrO YCUIIUTCS.

Ycunenne 3aBUCUT OT IIyTH, IPOXOAMMOI0 BOITHOM B CPEJle, TO €CTh OT HampasiieHUs. ECiIM IOMECTUTh aKTUBHYIO
cpely B IpPOCTEHIIMH ONTHYECKUWH pe3oHaTop, TO B Haubosee OIarompusATHBIE YCIOBUS IONagaeT BOJHA,

pacnpocTpaHsomascs BOOJIb €ro OCH.
CHCTEME AN YBENHYEHMA
MNOTHOCTH CbOTOHOE

oTpEKATENE ] 4—— Beuecteo ¢ +— X oTpaxarens
P WHEED CHBIMM P
—

dToMaMK

[ 11

YeTpoRCTED
ANA CO30aHNA
MHEED CHEIX ATOMOR
[Hakaqka)

Pucynok 2 - O0mias cTpykTypa nasepa

@DOTOHBI, CTANKUBasCh C JNIEKTPOHAMH, OTAAIOT MM KBaHTHI 3HEpruu. [IonMyduB NOMONHUTENBHYIO 3HEPIHIO,
HEKOTOPBIE 3JIEKTPOHBI, HAXOAAIINECS HAa HEPTeTHIECKNX YPOBHSX B 30HE IMPOBOIMMOCTH, PEKOMOMHHUPYIOT C IABIPKAMHU
BaJICHTHOH 30HBI. BHOBb BO3HHMKAIOT (DOTOHBI, HO B OTJIMYHE OT CIIOHTAHHBIX, OHH SIBIIIOTCA cTEMYAupoBaHHEIMU (CT®).
KorepeHTHbIE BONHBI, paclpoCTpaHssICh BIONb OCH PE30HATOpa, OyLyT OTpa)KaTbCsl OT 3€pKall MEPIEHAMKYISIPHO HX
MIOBEPXHOCTH, 1 MHTEP(EPUPOBATH MEKTY COOOH.

HUnmepgepenyueti 6onn Ha3pIBaeTCs SBICHHE HAIOKEHHS BOJH, IPH KOTOPOM HPOMCXOOUT YCTOWYHBOE BO
BPEMEHH MX B3aWMHOE YCHJICHHE B OJHHMX TOYKAaX IIPOCTPAHCTBA M OCIAOICHHE B APYTUX B 3aBHCHMOCTH OT OTHOIIEHHSA
Mexay (azamu 3Tux BosH. MIHTEp(heprpoBaTh MOTYT TOJIBKO KOT€PEHTHBIE BOJIHBI, KOTOPBIM COOTBETCTBYIOT KOJICOAHMS,
COBEpIIAIOIIKECS BIOIb OHOTO M TOTO XK€ WIN OJIM3KNX HANPaBICHHH.

JnvHa pe3oHaTopa BEIOMpaeTCs TaKoi, YTOOBI Ha HEH YKIIAIBIBAJIOCh IIEI0E YUCIIO TIOTYBOIH:

L= %*q ,rae g=1,2,... - 9ucIio MOTyBOIH

B PEIYIbTATE KAXKIAOTO «IPOXOJd» HHTCHCUBHOCTb BOJHBI YBCIMYMBACTCA, TAaK KaK YHCIO CTo pacter
J'IaBI/IHOO6p83HO, a HOCKOJIbKY YHCJIO JJICKTPOHHO-ABIPOYHBIX MAap B CAWHUIIC 06'L€Ma, HE MCHSCTCA, CTUMYJIIUPOBAHHOC



M3JIydeHNEe HauMHAeT IpeodiasaTh Haj CIOHTaHHBIM. [Ipyn HEKOTOpPOM MOPOrOBOM TOKE HAKAYKH CIIOHTAHHOE M3Ty4EeHHE
OKOHYATEJIFHO MOAABIISIETCSI, B PE30HATOPE YCTAHABIMBACTCS CTOSYAst BOJIHA, & CKBO3b IOJIYIIPO3PAYHBIC 3€pKajia BEIXOIUT
MIOTOK KOT'€PEHTHOT'0 U3Ty4eHHUs. DTOT PEKUM Ha3bIBAIOT PEKUMOM T€HEpaIH Jlazepa.

B pe3onaTopax MoryT Bo30yXIaThCst KOIEOaHUs TOJIBKO ONPENETICHHBIX JUTMH BOJIH U ONPENEIIEHHOW CTPYKTYPHI,
oOpaszyromye CTosidylo BOJNHY. YacToThl 3THX KoieOaHWH Ha3bIBAIOTCSl PE30HAHCHBIMU HJIM COOCTBEHHBIMH YacTOTaMH
pe3oHaropa, a KojeOaHWsT MonaMu pe3oHaTopa. Pe3oHarop masepa Ui CHCTEMBl ONTHYECKOW CBSI3W JOIDKEH OBITh
CKOHCTPYHPOBAH TaKMM 00pa3oM, YTOOBI B HEM COXPAHSUIOCH HEOOIBIIOE YHCIIO MOJI, @ OCTAJIbHBIC TOJDKHBI TaCUThCA. J{i1st
9TOT0 PE30HATOPHI JETAIOTCS OTKPHITHIMU.

Konctpykuust JIJ] ®@abpu-Tlepo (FP) ¢ nBoiiHO# reTepocTpyKTypoii IpuBeieHa Ha PUCYHKE 3.
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Pucynok 3 - Koncrpykuus nazepa c pezonaropom ®adpu-Ilepo

HpI/I N3MCHCHUUN BCIIMYMHBI TOKAa HAKAaYKU B JIa3€p€ MPOUCXOAUT U3MEHCHUC CIICKTPaJIbHOro COCTaBa, YTO NpHU
MOAYJISIIIMK TOKa HAKa4Kd MH(OPMALMOHHBIM CUTHAJIOM MPUBOAUT K JTUHAMHYECKOMY YIIUPEHHIO CIIEKTPa M MEPECKOKY
MAaKCHUMaJIbHOW MOILHOCTH U3JIy4EHUS C OOHUX MOJ Ha Apyrue.

HIupokuii crieKkTp Ja3epHBIX MOJ 3aTPYAHSET Hpolece mepeaadd MHPOPMAIMOHHBIX CHUTHAJIOB MO BOJOKOHHO-
OINTHYECKUM JIMHUSM CBSI3M W3-3a JUCIIEPCHU MMITYJIbCOB ONTHUYECKONM MOIIHOCTH. [ mpeomoneHust 3Tol mpodieMbl
pa3paboTaHbl pa3IuvHbIe KOHCTPYKIIMH OMHOMOIOBBIX JiazepoB. Yarre apyrux npumensitot aazepsl tama POC (DFB).

B orimume ot nazepoB @Dadpu-Ilepo B nazepax POC nonoxkwurenbHas oOpaTHas CBsI3b, HEOOXOIUMAast IS
reHepalMy Ja3epHOr0 M3JIyYeHHUs, cO3JaeTcs He 3a CHeT 3epKall, JIOKAIbHO PACIONOXKEHHBIX Ha TOpLAX pe30HaTopa, a
obpa3yercs BHYTpU camoro na3epa. B mazepax POC rtakas cBs3b BO3HHKAeT Oiaronapsi pacnpenesicHHON CTPYKType oA
Ha3BaHueM '"rodp". DTO rpaHHIa MEXIY PE30HATOPOM U JPYrUM JHAJIEKTpUUECKHM cioeM (pucyHok 4). Pezonatop
obpazoBan Mexy noanoxkoi n+ InP p+InGaAsP. 'odp npeacraBnsier codoii hazoByro pemerky (onTHYeckuii puibTp) ¢
OYEHb BBICOKOH pa3periarolieii CiocoOHOCTBIO.
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war rocppa
(NeprogMYeckoe OTKNOHEHWE
NoKa3aTENA NPENOMIEHWA)

Pucynok 4 - Ctpykrypa nazepa POC

JI71s1 TIOBBITIICHUS] MOLITHOCTH M3JIY4eHHsI B OMHOMOJIOBBIH Jazep POC MoxkeT ObITh BCTPOEHO C OHOTO M3 TOPLIOB
3epKaIo.

B POC-na3epax monoxurenbHas 00paTHas CBSI3b 110 (OTOHAM 00ECIICUNBACTCS paccesHUeM Ha HEOAHOPOIHOCTSIX
00pa3yrommx IUQpPaKkIHOHHYIO PeIIeTKy. Jugpaxyus — COBOKYIMHOCTh SBJICHUHN, HAOIIOMaeMBIX MPH PACIPOCTPAHCHHUH
CBEeTa B Cpele C PE3KMMH HEOJHOPOJHOCTSIMH M CBS3aHHBIX C OTKIOHCHHSMH OT 3aKOHOB I'€OMETPHYECKOH ONTHKH.
[NepepacnpesenieHne MHTEHCHBHOCTH, BO3ZHHKAIONIECE BCIEICTBHE CYIEPIIO3UIMU BOJH, BO30YXKIaEMbBIX KOTCPEHTHBIMHU
WCTOYHHKAMH, DPAaCIHONIOKEHHBIMH HENPEPHIBHO — AM(PPAKUUs BONH (KOHEYHBIM YHCIOM JUCKPETHBIX KOT€PEHTHBIX
HCTOYHHKOB - HHTEP(EPEHIIHSA).



B pesynbrare mudpakiud Ha PEUIeTKE OCTAHYTCS TOABKO MOJIbI, JUITHHA BOJHBI KOTOPBHIX KpaTHA MEPHOLY
PEIIEeTKH, TaK KaK JJIsl STUX THIIOB BOJH HaOmoaaeTcs cuHpasHoe cinoxeHue BoiH qudpaximu. To ecTh MepuognvecKas
CTPYKTYpa CocOOHa 00ECIIEUUTD CEIEKIMI0 MOJ] M OTHOMOJIOBBII PEXKUM T'eHEPaIHH.

YacToTa reHepanuy COOTBETCTBYIOIIAs [UTHHE BOITHBI bparra:

f=fox+ 1+1 e

2| n.L

rae L — mrHa akTHBHOTO €J10s1 ¢ TOPpPOM, ¢ — CKOPOCTh CBETa B CBOOOHOM MPOCTPAHCTBE.

OrmnmnuurenbHOl ocobeHHocThi0 PBO-naszepor (DBR) sBisietcss To, YTO B HUX MEepHOAMYECKas CTPYKTypa
BBIHECEHA 3a MPeJIeNIbl aKTHBHOM O0IaCTH.

B nocnieanue rojp! noBwIeHHbIH nHTEpec pazpaborunkoB BOCII BHI3BIBAIOT «BUKCEIBD) - MOIYIIPOBOTHUKOBBIE
nasepsl ¢ BepTukaibHbiM pezoHaTtopoM (VCSEL — vertical-cavity surface-emitting lasers). B takux nasepax (pucyHOK 5)
pe3oHaTtop o0Opa3oBaH ABYMsI OOBbEMHBIMH JM(PAaKIMOHHBIMU peIleTKaMu bparra u wu3nmydeHwe reHepupyercss B
HaIpaBJICHUH, MEPIEHANKYISIPHOM IDIOCKOCTH TOMIOXKKH, SIBISIIOLIEHCS OCHOBaHMEM TeTepO- W KBAHTOBOPa3MEpPHBIX
CJIOEB TOJTYTIPOBOAHUKOB.

Bnaromapst cBepXKOpOTKOH JUIMHE pe30HAaTOpa, BUKCEIBl ICHEPUPYIOT Ha OJHOW MPOAOJIBHON MOE, IPH 3TOM
JMaMeTp BBIXOJHOTO ITy4Ka Jiazepa gocturaer 20-30 MKM, 4TO IMO3BOJISIET OCYHIECTBIAT €ro 3 deKTUBHYIO (POKYCHPOBKY
B OJIHOMOJIOBOE BOJIOKHO. [1OpOTOBBIN TOK BUKCEIOB KpaiiHe Mal — J10 2-5 MA, MOIIHOCTh M3JIydeHus okoino 1 MBT.
[IpunoxxeHneM 3JEKTPUYECKOrO IMOJIs B HANpPABICHUH OCH PE30HATOpa B HEKOTOPHIX (KOHCOJIBHBIX) BapuaHTax VCSEL
ylaeTcsi OCYIIECTBIATh TUIaBHYIO MEPECTPOMKY JUTMHBI BOJHBI TeHepaluu B mosoce AauH BoiaH 1530 — 1560 um. OTo
co371aeT BO3MOXXHOCTh d(PEKTUBHOrO NMPUMEHEHHUsT BUKcelloB B nepcneKTuBHBIX BOCII co crieKTpalibHBIM YIUIOTHEHHEM
(WDM u DWDM). OnHako, TeXHOJIOTHsI W3rOTOBJICHHS TAKUX Ja3epoB ajis aiuH BoiH 1500-1610 um (Long Wave-
VCSEL, LW-VCSEL) eme HenoctaTo4yHO 0TpabOTaHa M3-3a CII0KHOCTH M3TOTOBJIEHUS 3epKall j1a3epa, I03TOMY OHH TOKa
MeHee PaclpOCTpaHEHbI.

””*“”“J{ [ aKTUBHasl |
[ PBO 0bAaCTbL

Pucynok 5 — Jlazep ¢ BeptukansHbiMu pezonatopamu (VCSEL)



JIABOPATOPHASA PABOTA

HccaenoBanue 0CHOBHBIX XapaKTEPUCTUK UCTOYHHKOB U3JTYUYCHUSHA

1 Hesn padoTsI:

1.1. DxcriepuMeHTaIbHOE H3MEPEHHE OCHOBHBIX XapaKTEPUCTHUK NCTOUHHKOB M3TyIEHHS.
1.2. CpaBHeHMe XapaKTepUCTHK Ja3epHOr0 ANOAA U CBETOM3IYJAOLIEro THOAA.

1.3. M3yuuTth KOHCTPYKIHMIO UCTOYHUKOB M3JTydeHHs, Hcrmonb3yeMbix B BOCII.

2 IloaroroBka K padore:

2.1. V3yynTh TEOpETHYCCKHI MaTephall, OTHOCAIIMKACA K JaHHOW paboTe MO JUTepaTrype, KOHCICKTY JICKITHH,
METOAMYCCKIM YKa3aHUsIM K HACTOSIIICH TabopaTopHOiA paboTe.

2.2. J1y11 caMOIIpOBEPKH TOTOBHOCTH K BBIMIOJIHEHHIO pabOTHI CHOPMYIMPOBATH OTBETH HA KOHTPOJIBHBIE BOTIPOCH
JIOIycKa K pabore.

2.2.1 Kakue UCTOYHHKHY U3TydeHus npuMmenstorcs 8 BOCII?

2.2.2 Kakue TpeOoBaHUsI MPEABIBISIOTCS K HICTOUHUKAM W3JTy4eHUS ?

2.2.3 OcHOBHBIE XapaKTEPUCTUKH UCTOYHUKOB M3JTy4eHUs?

2.2.4 C xakoil 11eJIbI0 B COCTaB MEePeIaoIEro ONTUIECKOr0 MOIYJIS BBOJSTCS TEPMOAATYUK U TEPMOPETYISTOP?

2.3. Tlonp3ysace Tabmmied 2, OmpeneuTe MOIYNPOBOJHUKOBBIM MaTepuaj, W3 KOTOPOr0 MOXKHO HM3TOTOBHTH
WCTOYHMK W3JTY4EHUS C 3aJ]aHHOH JUTHHOW BOJIHBI A.

Hcxonnbie naHubie cM. B Tabauue 1. BapuanT onpenensiercs mocneaneii nudpoi mopsiikoBoro HoMepa B )KypHae.

2.4, TlonroToBUTH OJIAHK OTYETa

Tabnuna 1 - MicxoHble aHHBIE 10 BAPHAHTAM

Bapuant 0 1 2 3 4 5 6 7 8 9
A, MKM 1,3 1,55 0,85 1,55 0,85 1,3 1,3 1,55 0,85 1,55

Tabmuna 2 - MaTepuaisl Ul M3TOTOBJICHUS] HCTOYHUKOB M3TY4EeHUS

Marepuai Ge Si AlP AlAs AlSb GaP GaAs GaSh InP InAs InSh
Eg, oB 0,66 1,11 2,45 2,16 1,58 2,20 1,42 0,73 1,35 0,36 0,17

3 OcHOBHOE 000OpYy/10BaHUE:
3.1 YueOHas jabopaTtopHasi ycraHOBKa « Mojiellb ONTHYECKOTo JIMHEHOro TpakTay (1mit.);
3.2 TlepcoHanbHBII KOMIBIOTED.

4 ITopsiaoK BBINOJIHEHUSI Pa0OThI:

4.1. VI3yunTh NpUIIOKEHUE K JAHHOH J1a00paTOpHOI padore.

4.2. Vcnionp3ys y4eOHYIO 1a00paTOpHYIO YCTaHOBKY «llcciaeqoBaHNe XapaKTEPUCTUK ONTUYECKUX MCTOYHUKOB U
(hOTOIMOIOBY HKCIEPUMEHTAIBHO UCCIIEA0BATh BAaTT-aMIICPHYIO XapaKTEePUCTHKY CBETOM3IYJAIOIEero JHOA.

[Ipu u3MepeHun UCIONB3YIOTCS CIASTYIONINE FIIEMEHTHI (PHCYHOK 1):

-3JIEKTPOHHBIHN 010K «bok numanus uznyvamens BITHy;
-3JICKTPOHHBIHN OJIOK «DOomonpuemMrury,
-ceeromsnydaromuii muon CJ1;

-porommon O/12;

4.2.1 Toxpknrounts cBetouznyyaronwii muox CJ] ¢ momombio coeanHutensHoro kabens k BIIM. Coenunenue
OCYILECTBIIETCS C IOMOIIBIO Pa3beMa, OI0YHAs YaCTh KOTOPOro PACIIONOXKEeHa Ha JIMIEBOM MaHemH.

4.2.2 YCcTaHOBHTH:

-PYYKy NOTEHIMOMETPA PEryIUPOBKH TOKA Hakaykyd Ha JuueBoil nmaHenu BIIM B kpaliHee NOJOKEHUE MPOTHUB
YaCOBOM CTpEJIKH;

-KHOIIOYHBIH MEPEKIII0YATENh IPEAEIOB N3MEHEHHUSI TOKA HAKAYKH — B TIoNIoxkeHue 50 MA.

4.2.3 BxarounTs TyMOIEp «ceThy» Ha nuieBoi manenu 61oka BITW. IIpu aTom 3aropaercst ero mojcBeTKa.

4.2.4 Tlonxmounth ¢(oronpuemuuk DJI2 ¢ MOMOIIBIO COSTUHHUTENHHOrO KaOedss K HIEKTPOHHOMY OJOKY
«®PoronpueMHuKk». CoelMHEHHE OCYIIECTBISETCS C IOMOINBIO pa3beMa, OJOYHas 4YacTh KOTOPOTO DPACHONOKEHA Ha
JUIEBOI TMaHEeNW. YCTaHOBUTH KHOIIOYHBIM TMEPEKIIoYaTeNlb BHIOOpa IMPEIENIOB M3MEPEHUS ONTHYECKOW MOITHOCTH B
monoxeHne 1 (MakcuManbHAS 9yBCTBUTEIHLHOCTD).

4.2.5 TlpousBectu m3MepeHns BaTT-aMIiepHoi Xxapakrepuctuku CUJI. 3Meperus mpoBoauTh m3MeHss I, ¢ marom
W3MEHEHWs, COTIacHo Tabmume 3. JlaHHbIe I3MEpeHnd 3aHECTH B Ta0IHITy 3.

Tabmuna 3 - Pe3synbraThl HccleIOBaHMUs BATT - aMIEPHOH XapaKTePUCTHKH HCTOYHHUKOB M3Jyd CHUS

I (MA) 0,5 2,5 3,5 5 10 20 23 25 25,5 26 26,5 27 27,5
P(ot.exn.)
CUa
P(ot.en.)
JIA




4.2.6 YCTaHOBHUTH PYYKYy HOTEHIMOMETpPA PErYIMPOBKM TOKA Hakaukd Ha nuneBod nanenu BIIM B kpaiinee
TIOJIO’KEHHE TIPOTHB YaCOBOW CTPEJKH.
4.3. Vcnonp3ys yaeOHyI0 1abopaTopHyIo ycTaHOBKY «lccienoBanne XapakTepUCTHK ONTHYECKUX HCTOYHHKOB U
(hOTOANOOBY HKCIIEPUMEHTAILHO NCCIIEIOBATh BaTT-aMIIEPHYIO XapaKTePHCTHKY JIa3epHOro AHOJIA.
[Tpn m3MepeHnn UCIONB3YIOTCS CIEAYIONINE HIIEMEHTHI (PUCYHOK 1):
-3JIEKTPOHHBIN OJI0K «bok numanus uznyyamens BITHy;
-3JIEKTPOHHBIHN OJIOK «DomonpuemHury,

-na3epHbiil nuon JI/12;
-poromron ®J11;

-nonspusarop I11.

4.3.1 Toaxmounth na3epublii jguon JIJI2 ¢ momomipio coenmHuTenbHOro kabems k BIIM. Coenunenue
OCYIIECTBIISIETCSl C TIOMOIIBIO pa3zbeMa, OJIOYHAs YacTh KOTOPOrO paclojioKeHa Ha JIMIEBON MaHedH. Y CTaHOBUTH
KHOITOYHBIN TIepeKIIouaTeNb MPeIelIoB N3MEHEHHs TOKa HAaKa4KH — B TIoJloxkeHune 50 MA.

4.3.2 Tlomxmounth ¢(oronpuemHuk DJ[1 ¢ MOMOMBIO COSTUHHUTENHHOTO Kadens K JIIEKTPOHHOMY OJIOKYy
«®Doronpremunk». CoennHEHUE OCYIIECTBIAETCS C IMOMOIIBIO pa3beMa, OJIOYHAsh 4acTh KOTOPOrO paclojoKeHa Ha
JIMLIEBON IIaHETH. YCTAaHOBHTh KHOIIOYHBIM IEpEeKNIIoYaTellb BBIOOpa IPEIENoB M3MEPEHHs ONTHYECKOW MOIIHOCTH B
nonokeHne 1 (MakcuMasbHast 49yBCTBUTEIBHOCTB ).

4.3.3 C nomoibio NOTEHIIMOMETPa TOKA HAKaYKH YCTAHOBUTH €ro 3HaUeHue, paBHoOe 25 MA.

4.3.4 BpamieHueM mosspusatopa, pacnoyiiokeHHoro mexnay JIJI2 u ®J[1 ycTaHOBHTH CTPENKY HU3MEPHUTEIBHOTO
npudopa «OnTHyeckass MOIHOCTB» Ha OTMETKY 1.

4.3.5 TlpousBectn n3MepeHus: BaTT-aMnepHoi xapakrepuctuku JIJ[. Miamepenuns npoBoants u3mensst I, ¢ marom
W3MEHEHHs1, corllacHo Tabnuue 3. JlaHHble U3MepPEeHUH 3aHECTH B Ta0uILy 3.

4.3.6 YcTaHOBUTH PYUYKY IOTEHIIMOMETpa DEryJHpOBKM TOKa Hakadku Ha JymieBod nanenu BIIM B kpaiinee
MOJIOKEHWE MPOTUB YacOBOW CTPENIKM, OTKAaTh KHOMOYHBIA MeEpeKIouaTenb IPeliefioB M3MEHEHUs] TOKa HaKayKH,
BBIKITIOUUTH TyMOJIEp «CeTh» Ha JIMIeBou naHen 61o0ka BIIW, oTkinrounts coenuanTenbHbIN Kabens ot BITN.

4.3.7 OTKaTh KHOMOYHBIA MEPEKITI0YaTeNh BEIOOPA YyBCTBUTENLHOCTH HA AJIEKTPOHHOM OJioke «DOTONpHEeMHHK,
BBIKJIIOUUTH TyMOJEp «CEeTh» Ha JIMIEBOW TMaHenu OJIOKa, OTKIIOYHTh COEIMHHUTENBHBIH Kabemb oOT OJoka
«DOTONPUEMHHKY.

4. 4 ITpouzBectu 00pabOTKY pe3y/IbTATOB U3MEPEHHUH.

4.4.1.11o u3MepeHHBIM 3HAYEHHUSIM MOCTPOUTH 3aBUCUMOCTh ONTHUYECKONH MOIIHOCTH P B OTHOCHUTENBHBIX €IMHULIAX
oT Toka Hakauku I, nos JIJT u CUL.

4.4.2.TTo mOCTPOEHHBIM 3aBUCHMOCTSIM OIPEICTUTh:

-3HaueHus TokoB JI/I2 u CJI, cooTBeTCTBYIONINE HAYaTy TeHEpaIliy N3TydeHNUS;

-3HaYEeHHUE IIOPOrOBOI0 TOKA ;) COOTBETCTBYIOIIEE U3TIOMY BaTT-aMIIEPHON XapaKTEPUCTHKHU JIa3€PHOTO TUOAA;

-Ka4eCTBEHHBIC OTJINYHS BaTT-aMIIepHbIX Xapakrepuctuk JII2 u C/I.

4.5. Vicnonp3yst nmporpaMMHoe obecriedenune tabopaTopHoi paboTsl «MccnenoBanue XapakTepucTUK UCTOUHUKOB
M3Ty4EHUsD NOIYYUTh OMYCK K UCCIIEI0BAHUIO.

4.5.1 TIpousBecTH UCCIIEAOBAHUE OCHOBHBIX XapAKTEPUCTHK UCTOUHHKOB M3JTydCHUS:

1) Barr-ammepHoii xapakrepuctuku (BAX) ceeromsmyuarorero auoaa (CUJI) u moaynpoBOAHUKOBOTO Ja3epa
(IITT) mpu AByX TeMIiepaTypax;

2) nuarpammsl HanpasieHHoctd CUJL u T

3) cnekrpanpsHOil xapaxkrepuctuku CH/[ u MHOrOMO10BOTO M1 0tHOMO0BOrO TTITJI.

4.5.2. VI3y4uTs:

1)  xomcrpykuuio CHUJI;

2)  kouctpykumio TTTLT.

4.6 OdopMuUThH OTHET.

5 KoHTpoJibHBIE BONIPOCHI:

5.1 YUem ornmyaeTcsi KOT€pEHTHBIA UCTOYHUK M3ITYUEHISI OT HEKOTEPEHTHOT0?

5.2 YUeM oTIMYArOTCS KOHCTPYKIIMH U XapaKTEPUCTHKHU TOPIIEBOro 1 moBepxHocTHOro CH1JI?
5.3 Yem ormmmuaercs nazep or CU?

5.4 Kaxue Tumsl na3zepos ucnonb3yorces B BOCII?

5.5 Uro moka3pIBaeT nuarpaMma HampasieHHoOcTH m3nydenus CHUJI u mazepa?

5.6 Ykaxure nocronHncTBa u Henoctatku CU/] n mazepa.

6 Coaep:xanue oT4yeTa:

6.1. Lenb paGoTHI.

6.2. OTBeTHI Ha BOIIPOCHI JIOITyCKa K padoTe.

6.3. Pe3ynbTaThl BRIIOHEHHS 3aIaHUS 10 ITYHKTY 2.3.

6.4. Tabnmma pe3ynpTaToB m3Mmeperns BAX nicrounnkoB uznydenus. [ padguku BAX.
6.5 Pe3ynmbTaThl BRIIOMHEHUS 33JaHUS TI0 MYHKTY 4.4.2.

6.6 I'padmx BAX CUJ] mnst qByx Temrmeparyp.

6.7 I'padmx BAX TITIJI mis nByx TeMriepatyp.

6.8. Inarpamma nanpasieanocta CH/I.

6.9. Inarpamma namnpasneanocts [T,

7.10. Cxema U3MEpPUTEIFHON YCTaHOBKH JUISl CHATHS CIIEKTPAIBGHOM XapaKTePUCTUKH HCTOYHHKOB.



6.11. CnexrpanbHas xapakrepuctuka CHU/I.

6.12 CriexTpanbHas XapaKT€pUCTHKa MHOTOMOJOBOrO Jia3epa. Pe3ynbraTel pacuera mapameTpoB.
6.13 CriexTpanbHas XapaKTepHUCTHKAa OTHOMOOBOIO Jla3epa. Pe3ynbTaTel pacueTa IIUPUHEI CIEKTPA.
6.14. OTBETHI Ha KOHTPOJIBHBIE BOMPOCHI.

6.15 BeiBox 1o pabore.

INPAKTUYECKOE 3AHATHUE

Pacyer mapaMeTpoB NPHEMHOI0 ONITHYECKOr0 MOAYJISI

1 Meas pa6oTsI:
1.1 OcBoeHUE METOTUKHU pacyeTa MapaMeTpoB MPUEMHOTO ONITUHIECKOTO MOTYJIS.

2 TloaroroBka K pa6ore:

2.1 M3y4nTh KOHCTPYKLHMIO M OCHOBHBIE NMapaMeTphl MpueMHbIX onTuueckux moxyneir BOCII mo murepatype u
KOHCIIEKTY JIEKIUH.

3 3apanue:

Omnpenenure MONOCY MPOMYCKaHUS W OTHOIIGHHE CHTHAJ/IIyM Ui (POTONPHUEMHOrO YCTPOWCTBA, COAEPKAIIEro
unrerpupytoniuii (MY) unu tTpancumnenancHelid yeunurens u ¢poromerekrop (JI®J] unu p-i-n). McxonHsie HaHHBIE MO
BapHaHTaM NpHBe/IeHbI B Tabnmniax 1 u 2.

Tabnuna 1 - MicxonHsle naHHbIE (XapaKTEPUCTUKH MepeIadn)

Bapuanr
XapakTepUCTUKHU NIepeaaun

1 2 3 4 5 6 7 8 9 10

PnEp, JIBM 0 -3 +3 -6 +8 '2 0 +2 +10 '4

L, xm 50 40 70 30 80 45 60 70 90 36

o, n1b/xM 03 | 04 0,3 034 | 0,26 | 042 | 06 | 0,38 | 0,24 | 0,5

Bapuanr
XapakTepUCTUKHU NIepeaaun

11 12 13 14 15 16 17 18 19 20
Prigp, abM 0,5 35| +35 | 65 | 45 | -25 | -0,5 -2 -1 -2,5

L, xm 50 40 70 30 80 45 60 70 90 36

o, 1b/xkm 03 | 04 0,3 034 | 0,26 | 042 | 06 | 0,38 | 0,24 | 0,5

Tabnuna 2 - Vcxonnsie nanneie (xapakrepuctuku OITY)
Bapuant
Xapakrepuctuku OITY

1 2 3 4 5 6 7 8 9 10
Tun O] p-i-n | JOI | p-i-n | J®I | p-i-n | JDJ | p-i-n | JOOA | p-i-n | JIDI
Tun ycunurens ny ™y ny ™y ny ™my ny ™y ny ™y
R5, kOM 1000 100 1200 90 1400 110 1600 80 1800 120

Cy, n® 2,0 3,2 1,6 3.8 15 3,5 2,2 3,9 2,4 4,2

TBH 0,38 0,7 0,5 0,8 0,44 0,75 0,52 0,6 0,55 0,65

M 1 20 1 15 1 24 1 8 1 10

Fiu(M) 1 6 1 7 1 8 1 9 1 4
T 280 290 300 310 320 290 280 270 300 315
i 2 3 4 5 6 7 2 8 9 4
Kyc 1000 100 1200 150 1400 90 3000 140 2000 180
Bapuant
Xapakrepuctuku OITY

11 12 13 14 15 16 17 18 19 20
Tun O] p-i-n | JOI | p-i-n | JOO | p-i-n | JOA | p-i-n | JOO | p-i-n | JOI
Tun ycunurens ny ™y ny ™y ny ™y ny ™y ny T™ny
R5, kOM 1050 250 1150 195 1155 195 1650 85 1850 125




Cy, 10 2,1 3,1 15 3,4 1,3 3,7 2,7 3,7 2,1 4,1
MBH 0,34 0,5 0,3 0,7 0,35 | 0,47 0,49 0,5 0,48 | 0,61
M 2 18 2 18 7 23 2 7 2 11
Fi(M) 2 4 2 8 2 9 2 7 2 5
T 285 275 325 325 305 285 295 265 315 285
M 4 2 5 5 5 2 7 9 8 5
Kyc 1050 150 1250 | 250 1150 95 3200 | 440 500 780

4 KoHTpOJILHbIE BONPOCHI:

4.1 Yem orimyaercs npsimoe (OTOAETEKTHPOBAHUE OT (POTOJETEKTUPOBAHUS C TIpeoOpa3oBaHueM?

4.2 Kakwe ¢QyHKIMOHANBHBIE OJOKM BXOOIT B cxeMmy (oronpuemHoro ycrpoicrea (PIIY) c npsambim
JETEKTUPOBaHUEM?

4.3 Kakue BHJIBI IPEABAPUTENBHBIX YCUINUTEIEH IPUMEHSIOTCS B (DOTOIPHEMHBIX YCTpOHCTBaX?

4.4 VI3 xaKux 3JEMEHTOB COCTOHUT BXOAHAS LIeNb (POTOMPUEMHOI'0 YCTPOHCTBA C MPSMBIM JIETEKTUPOBAHUEM?

4.5 Kak ycrpoeHa BXo/Hasi 11eTlb (POTONPHEMHOr0 yCTPOWCTBA IETEKTUPOBAHUS C TIpeoOpa3oBaHueM?

4.6 Kak cooTHOCATCS MEXAY COOOH 3JIEKTPpUIECcKast U ONTHYECKask OJIOCHl YacToT npornyckanus OITY?

4.7 Yem ompenenseTcs BeIMYHNHA COOTHOIICHHS CUTHA/TIyM Ha Bbixone PITY?

4.8 Kakum 00pa3oM BBITIOIHSIETCS TPOTHBOLTYMOBast Koppekuus B PITY?

4.9 Yro npencrasiseTr cob0i KBaHTOBBIH Mpezen (OTOAETEKTHPOBaHUS?

4.10 Yem oTiinuaeTcsi TOMOJUHHBIN MPUEM CHTHaJIa OT rerepoauuHoro B OITY ¢ mpeodpa3oBanuem?

4.11 Yro ucnone3yercs A1l BOCCTAHOBIICHUSI U poBoro curHaia mocie OITY?

5 Meroanueckue peKoOMeHIaUuu:

JIJ'IH pEeUICHU 3aJa4u HCO6X0)II/IMO BHUMATEJIbHO U3YyUNUTh KOHCIEKT HCKHHFI o llaHHOﬁ TEMATHUKCE.

ITonoca vacror ycunenus @IIY ¢ Y orpanuuena nomocoi npomyckanus BxoaHou uenu OIIY u Haxomurcs us
cooTtHoIeHus (4.1):

1
ﬂFmr = -
25-R,-C, O
[Tonoca vacror ycunenust @IIY ¢ TUY orpanudeHa 1nojaocoi NpoyCKaHusl YCUIUTENS U HAaXOAUTCS U3
cooTHomeHus (4.2):
EYC
AF, € ——7~

®DOTOTOK JeTEeKTOpa CO3/IaeTCs MaIAI0NIeH ONTHYECKOI MOIIHOCTBIO U 3aBUCUT OT Tula (orojerekropa. Bennunna
(oToToKa BhIUUCIseTCS U3 cooTHomeHu (4.3) u (4.4).

I. = '3"r]B=H':M
] I
hf ' ©)
pm:Pm-llZ)_'U"l'[c‘:I"]I ()

rae  h—mnocrosunas [1nanka;

€ — 3aps AICKTPOHA;

TNpH - BHYTPEHHSISI KBaHTOBas 3P (hEeKTUBHOCTD;

M — ko3¢ urnent ymuoxernns JIO/;

Prp — MOILLIHOCTE cUTHAJIA HA PUEM;

Prep — MOIIHOCTE CHTHAIA Ha Mepenauye;

0 - KWJIOMETPUIECKOE 3aTyXaHNE ONTOBOJIOKHA,

L — mmuHa KaOenbpHON TUHUN.

s Beraucnenns: ocHOBHBIX IyMoB DIV, a 3To KBaHTOBBIH M TEITOBOI ITyMBI, HEOOXOIIMO BOCIIOIH30BATHCS
cootHomeHusIMH (4.5) 1 (4.6):

Puiks. = 2e X M® x Ig, X AF x Fi(M), (5)




_HET app.

P].T.[T
R, , (6)

rne K=1,38%*10 = Jx/x — mocrosiHHas bonpimana.
OTHOIIIEHUE CUTHAJI/IITYM BBIYUCISACTCS U3 cooTHOIICHUS (7):

L

4T
2E'Fm|:1'1{:|':[§ +W'Dm 'ﬁnF

C/AI =

()

6 Conep:xanue oTyera:

6.1 Ilenp pabOTHL

6.2 3afgaHue U UCXOAHBIE JAHHBIE.

6.3 Pacuer mapaMeTpoB MPUEMHOI'0 OITHYECKOT'0 MOAYJISL, (POPMYJIBI.

6.4 I'pacuky, nomydeHHbIE TPU BHIOJIHEHUH WHANBUYyJIbHBIX 33aHui (rpauK uMIynbca Ha (hoHe nryma).
6.5 CTpyKTypHas cxema MPUEMHOI0 ONITUYECKOT0 MOIYJISI.

6.6 BriBogp! 110 padorTe.

6.7 OTBeTHI Ha KOHTPOJIbHBIE BOMIPOCHI.



HpnMepm,Ie BOIIPOCHI AJI MOATOTOBKH K 3K3aMEHY IO TMCHUIIJINHE

«B0JIOKOHHO-ONITHYECKHE CHCTEMbI nepeaavam»

1) O6obuiennas crpykrypHas cxema BOCII. Knaccudukarms BOCIIL. Ocuohbie xapaktepuctuku BOCTI.

2) CaoiicTBa MOJYIMPOBOTHAKOBBIX MAaTepHaioB. Marepualibl Uil W3TOTOBJICHUS HWCTOYHHKOB, TPHEMHHKOB
OINTHYECKOT0 N3JTY4CHHUS U BOTHOBOJIOB.

3) Kuaccudukanus ontuueckux BonokoH. 3atyxanue OB. Tucnepcus OB.

4) Jly4eBoil TNPUHIMII PAaCHPOCTPAHEHHS OJICKTPOMATHUTHOH OSHEPrHH MO ABYXCIOHMHOMY W TPaJUCHTHOMY
BOJIOKHAM.

5) Omntuueckue kabenu. Konerpykius OK. Knaccuduxkamms OK.

6) TpeOoBaHMS K HMCTOYHHKAM W3Iy4eHHUs. [IPHHIMI JEWCTBUS KOTEPEHTHBIX U HEKOTEPEHTHBIX HCTOYHUKOB
OINTHYECKOT0 U3JTydEHHUS.

7) Wcrounuku cBera. Tpebopanus k Matepuany UC. Pacuer AinHbI BONHBI U3TydCHHS.

8) Caeromsnyuatomue guoansl. Ctpykrypa CUJI, koucrpykimu CUJL. Xapakrepuctuku CUJI.

9) Jlazepusie auomsl. Konctpykuuu JIJI. Ilpunnun aeiictBust nasepHoro auoma ¢ pesonHaropom Pabpu-Ilepo.
Xapakrepuctuku JIJI (BaTT-ammepHas, AuarpaMMma HalpaBJICHHOCTH, CIEKTp M3JIy4eHHUs, CpOK ciyxOs1). Pacuer
rapamMmeTpoB MHOTOMOJIOBOI"O JIazepa.

10)JTazepubie muomsl. Kiaccudurauus JIJI. Tlpunimn AeficTBUS a3epHOrO AMOAA C PACIPECTIeHHOW 00paTHOM
CBSI3BIO.

11) Crpykryphas cxema [IOM. XapaKkTepuCTHKH.

12) ®oronerekropel BOCII. ®ortoamoasl Tuma pP-i-n, pacmpeaeneHre HAMpsHKEHHOCTH JIICKTPUYECKOrO OIS
[MpuHIMO AeHCTBHS TOTYIPOBOAHUKOBOrO P-i-n dhotomuona. Xapakrepuctuku DJI.

13)Crpykrypa JIOJ. Tlpununun jaeiictBus gaBUHHOTO (oroauona. PacmpeneneHue 3IEKTPUYECKOTO MOJSL
Kosdpduument naBunHoro ymuoxenus. Lllymsl ¢poToanozos.

14) Y cunutenu GOTONPHEMHBIX YCTPOHCTB. CXeMbI BKITIOUEHHUS (POTOTHOIOB.

15)TIpuemMubie onTHYecKrue MOAYIH. MeToapl POTOAETEKTHPOBAHUS (TIPSIMOE IETEKTUPOBAHNE U IETEKTUPOBAHKE C
npeobpazoBanuem). OcHoBHbIe Xapakrepuctiku [IpOM.

16) Ctpykryphas cxema [IpOM ¢ npsiMbIM (DOTONETEKTUPOBAHHUEM.

17)Monysstius u3ydeHus: uctouHnkoB. Kimaccudukanus Buaos Mopynsiuuu. [TpuHuun npsmMoid Moayssiiuu. TUIibl
onTryeckux MoaynstopoB. [Tpunnun aeficteus DOM Ha ocHoBe stueiiku [Tokkenbca u nHTEpdepomerpa Maxa-3enepa.

18) TpeOoBanusi K JIMHEHHBIM CHTHAaIaM ONTHYECKHX CHCTeM mepenaud. Krmaccupukanus KOIOB U WX
XapaKTepPUCTUKH. AHAJIM3 U CPABHEHUE KOJOB. AJITOPUTMbI (DOPMUPOBAHUs CUTHAJIOB B JiMHEiHbIX kogax BOCII kmacca
mBnB, 1B2B, kob1 co BcTaBKaMu.

19) JIuneiinpiii Tpakt BOCII. THIBI ONTHYECKHX PETPAHCISATOPOB.

20) CtpykrypHast cxema JHHEHHOTO TpakTa i posoit BOCII, Ha3HaueHHE Y3II0B 1 TPEOOBAHUS K HUM.

21)CtpykTypHast cxeMa ¥ IPHHINI aeiicTBus perpancisitopa BOCII-pereneparopa.

22)TIpunnun  ontideckoro ycwienus. Kiaccuduranmst ontnuecknx yemmurenein (OY). BOY Ha ocHoBe
PEIOKO3eMENbHBIX DJIEMEHTOB: KOHCTPYKLMSA, MPUHIMII OEHCTBHA, CXEMa ONTHYECKOTO peTpaHCIATopa Ha 3pOHEeBOM
yCUIIUTEIIE.

23)®akTopbl, OrPaHUYUBAIONIME OaJbHOCTH CcBsi3u. OmNpefencHHe MIMHBL PEreHepPalOHHOIO  ydacTKa
onHoBoHoBOM BOCII.

24)MeTtopl yIULIOTHEHHST BOIOKOHHO-ONTHYECKHUX JINHUI CBSI3H.

25) CriexTpasbpHoe yIutoTHeHHe. JIoOCTOMHCTBA 3TOr0 METOIA.



IIpumep 7K3aMeHANIMOHHOTO OWJIEeTA

deneparbHOE areHTCTBO CBSI3U
VYpanbckuil TEXHUYECKUN UHCTUTYT 9K3aMeHAIMOHHLIN OHJIEeT VTBEPXJIALO:
CBsI3M 1 uH(pOopMaTHKH (rman) Ne 17 3aB. xadenpoit MOC
OI'BOY BO "Cubupckuii
TrOCYIApCTBEHHBIA YHUBEPCUTET 0 JUcLUIUIHE BonokoHHO-onTHYECKHE «_27 » nexabps 2019 .
TEJIEKOMM yHUKAITUHA 1 CHCTEMBI Ilepesiauu
nHdopmaTuku”
B I. EkatepunOypre
(YpTUCH Cubl'YTHN)

Hampasnenne 11.03.02 Ilpoduns TpaHCHIOPTHBIC CETH M CUCTEMEI CBI3H YposeHs bakanappuar daxynbTer
UHuy xypc_4 cemectp 7

1) TpeboBaHus K JIMHEHHBIM CHTHAJaM ONTHYECKUX CHCTeM mepefadyd. Kraccupukaims KOTOB M HX
XapaKTepPUCTUKH. AHAJIM3 U CPaBHEHHE KOJOB. AJITOPUTMBI ()OPMUPOBAHUS CHTHAJIOB B JIMHEHHBIX Kogax BOCII kmacca
mBnB, 1B2B, koabl co BcTaBKaMHu.

2) TpeOoBaHWsI K HMCTOYHHUKAM H3TydeHHst. [IpUHIMM JEHCTBHS KOTEPEHTHBIX M HEKOTEPEHTHBIX HCTOYHHKOB
OIITHYECKOT0 U3ITy4EHHUS.

5. BaHk KOHTPOJBHBIX 3aJaHUIl M HMHBIX MAaTepPHAJIOB, HCHOJb3yeMbIX B Ipolecce
MpoLeayp TeKYIIEro KOHTPOJISA U MPOMEKYTOUYHOM aTTecTanun

[IpencraBnen B snekTpoHHOW  MHGOPMAMOHHO-OOpa3oBaTenbHOM cpene 1o  URI:
http://www.aup.uisi.ru.







OIeHOYHbIE CPEICTBA PACCMOTPEHHI H yTBEPKICHBI Ha 3aceaHnH Kadenpst MIC
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3aBeayromnuii kadeapoii (pazpaboTunka) E.A.Cy660TnH
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