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1. Ilepevyenb KOMNETEHI U M HHAUKATOPOB UX JOCTHKECHHSA
ITponecc n3yueHns QUCHMIUIMHBI HAPaBJIeH Ha (JOpMUPOBAHUE CIEAYIOMINX KOMIIETCHIMMI!

Ko n naumeHoBanue
KOMIIETEHIIUU

Koa n HauMeHOBaHKE UHAUKATOPA
IOCTHKEHUS KOMITETEHIINI

Jran

[IpenmecTByromnme 3Tarbl
(c ykazanuem
JIMCIIUTLIINH)

[1K-12 Cnocoben
pa3pabaThiBaTh BapUAHTHI
KOHIICTIIUH ONTUYECKUX
CHCTEM CBSI3U u
OCYUIECTBJIATh aBTOPCKUM
HaI30p 3a COOJII0IEHUEM
[IPOEKTHBIX PEIICHUI

ITK-12.1 3naem: OCHOBHBIC TEXHOJOTHH
OINTHYCCKUX ceren, MPUHIUTIBI
MOJYJISIIIUU U JIMHEHHOTO KOJIMPOBAHUS B
ONTHYCCKUX CHCTEMaX, napameTpbl
TEXHOJIOTHI ONTHYECKUX CETEH, MPUHIIUIT
VIPABJICHUS ONTHYECKUMHU CHUCTEMaMHU,
OpraHU3aIMI0  ONTUYECKUX LUPPOBBIX
CETEH.

IIK-12.2  Ymeem:  XapaKkTepu3OBaTh
(bu3UYeCKue TPOIECCHl, MPOUCXOIAIINE
pu (dhopMHpOBaHUH, 00paboTke,
repeaayde, MpueMe CUTHAJIOB B Pa3JIMUHbIX
ONTHYECKUX CHUCTEMaX, aHaJIM3UPOBATH
crnocobsl U CUCTEMBI nepenadu
WHPOpMAIIUU 10 ONTHYECKUM  CETSM,
PKCIUTYaTUPOBATh 000pyI0BaHUS
ONTHYECKUX u(poBBIX CHCTEM,
KOH(PUTYPHPOBATH OINTHYECKHE
nu(poBbIE CETH B 3aBUCUMOCTH OT BHJIA
HCTIOIb3YeMOTO 000PYI0BAHUS.

IIK-12.3  Bnadeem:  HaBbIKaMHU
pacuera  OCHOBHBIX  IapaMETPOB
ONTUYECKOMN uudpoBoi CeTH,
HaBbIKaMU IPUMEHECHHUSI

TEOPETUYECKUX 3HAHUM Ha MPAKTHKE
OpU MPOEKTUPOBAHUU ONTUYECKHUX
U(POBBIX CUCTEM M 3KCIUTyaTalluu
00OpyZOBaHUSI ONTHYECKUX CETEH,
HaBbIKAMU HACTPOWKH NapaMeTpoB
ONTUYECKUX LHUPPOBBIX ceTell u
CUCTEM.

Oran 3
HopmaTuBHO-IpaBoBas
6a3a mpodeccuoHaNTbHON
nesitenbHOCTH. CeTu u
CHUCTEMBI ONITUYECKOTO
nocTyna

®dopma(bl) MPOMEKYTOYHON aTTECTALlMH 0 AUCLUIUIMHE: 3a4€eT, SK3aMeH.

2. lloka3zaTe/iu, KpUTEPHUH U MIKAJIbI OLleHUBAHUS KOMIETEeHIUH
2.1 Tloka3aTeneM OIICHMBAHMSI KOMIIETEHIIMH Ha 3Tamne UX (QOPMUPOBAHUA TPH H3YUCHHUH
JTUCHUIUTAHBI SBIIETCS YPOBEHb UX OCBOCHHSL.

Ixana
OLIEHUBAHUA

Pe3ynbrarsl 00ydeHus

JleckpunTopsl ypOBHEH
OCBOCHUS KOMITCTCHITUI

[1K-12 Cnoco6eH pa3pabaThiBaTh BApUAHTHI KOHUIEIIUI ONTUYECKUX CUCTEM CBS3H U
OCYHIECTBIISITh ABTOPCKHUM HAJ30P 3@ COONIOACHUEM MPOEKTHBIX PEIICHUM

Huskuit

IIK-12.1

3naem. OCHOBHBIE TexHoJoTHH | Cnabo 3naem:
(OpOTrOBBIN) | ONTHYECKUX CETeH, MPUHIUIBI MOAYISALUU U | ~-OCHOBHBIE TEXHOJIOTHH
YPOBEHb JMHEWHOTO  KOJUPOBAHMS B  ONTHUYECKUX | ONTUUYECKUX CETEH;
CUCTEMax, apaMeTpbl TEXHOJOTUN ONTHUYECKUX | - MPUHLHUIIBI MOIYJISILUN Hu
ceTed, MNPUHUMUII YOPABICHHUS ONTUYECKUMHU | JIMHEHMHOTO KOJUPOBaHUS B
CHCTEMaMH, OpraHu3aIuio OINITHYECKUX | ONNTHYECKUX CHCTEMAaX;




U(PPOBBIX CETEH.

IIK-12.2 Ymeem: XapaKTepU30BaTh
¢u3nyeckue TMPOIECChl, MPOUCXOAAIINE IPH
dhopmupoBannn, 00paboTKe, mepeaaye, npueMe
CHTHAJIOB B PA3JIMYHBIX ONTHYECKHX CHUCTEMAX,
aHAJM3UPOBATh CHOCOOBI M CHCTEMBI Ieperadn
uHbOpMAlUM [0  ONTHYECKUM  CEeTSM,
AKCIUTyaTUPOBAaTh OOOPYAOBAHUS ONTHYECKUX
U(pPOBBIX CHUCTEM, KOH(HUT'YpHUPOBATH
onTHYeCKUe MHU(POBHIE CETH B 3aBUCHMOCTH OT
BH/JIA UCMOJIb3yEMOI0 000PYI0BaHUS.

IIK-12.3 Bnadeem: HaBbIKaMH  pacuera
OCHOBHBIX IapaMETPOB ONTHYECKON LHUPPOBOI
CeTH, HABBIKAMH MPUMEHEHHS TEOPETHUECKUX
3HaHUH Ha TMPAKTHKE NPU TMPOCKTUPOBAHUH

ONTUYECKUX U (POBBIX cUCTEM "
SKCIUTyaTallul  0OOPYAOBAaHUS  ONTHUYECKUX
CeTel, HaBbIKAMM HACTPOWKM NapaMeTPOB

ONTUYECKUX HU(DPOBBIX CETEN U CUCTEM.

- IapaMeTpsl TEXHOJIOTUH
ONTUYECKUX CETEH;

- TIPHUHIIHI yIIpaBJICHUS
ONTUYECKUMU CUCTEMAMHU;

- OpraHu3aLuio ONTHYECKHUX
U(PPOBBIX CETEH.

Cnabo ymeem:

- XapaKTepu3oBaTh (pu3HUecKue
IPOLECCH, MPOUCXOAALINE IPU
dbopmupoBaHu, 00paboTke,
nepegade, IMpUEME CUTHAJIOB B
Ppa3IMYHBIX ONITHYECKUX
CUCTEMaX;

- QHAIM3WPOBATH  CIOCOOBI |

CUCTEMBI Tiepenayn HHPOpMaIuu
M0 ONITHYECKUM CETSIM;

- DIKCIUTyaTHPOBATh
000pyI0BaHUS

M (PPOBBIX CHUCTEM;
- KOH(UTYPHPOBATh OINTHUYECKUE
M (poBbIE CETH B 3aBUCUMOCTH OT
BHJIA HCITOJIB3YEMOTO
000pyI0BaHUS.

Cnaoo énaoeem:

- HaBBIKAMHU pacyeTa OCHOBHBIX

OIITUYCCKHUX

apameTpoB ONTUYECKOMN
nndpoBoii ceTu;

- HaBBIKAMU MIPUMEHEHUS
TEOPETUYECKUX 3HAHUM Ha

NPaKTUKE NpPHU TMPOEKTUPOBAHUH
ONTUYECKUX HUMPOBBIX CHUCTEM H

JKCIUTyaTaluu 000pynoBaHUS
OINTUYECKUX CETEH.

- HaBbIKAMHU HaCTPOUKH
napaMeTpoB ONTUYECKUX

1U(QPOBBIX CETEHl U CUCTEM.

Cpennunit
YPOBEHB

IIK-12.1 3naem:. OCHOBHBIE TEXHOJIOTHH
ONTHYECKUX CETCH, NMPHUHIUIBI MOIYJISAIUN H
JUHEHHOTO  KOJUPOBAHHS B  ONTHYCCKUX
CHUCTEMaXx, MapaMeTPhbl TEXHOJIOTHIA ONTHYCCKUX

CeTeil, MNPUHIMI YIOPABIECHUS ONTHYECKUMHU
CUCTEMaMH, OpraHU3aIUIo ONITUYECKUX
U(POBBIX CETEH.

IIK-12.2 Ymeem: XapakTepu3oBaTh

(¢u3nyecKue MPOLECChl, MPOUCXOMASIINE MPH
dhopmupoBanuu, oOpabOTKe, Tepeaaye, npueMe
CUTHAJIOB B Pa3NIMYHBIX ONTHYECKUX CUCTEMaX,
aHAJIM3UPOBAThH CIIOCOOBI M CHUCTEMBI Tepeaaun
uHpopMalud  TO  ONTUYECKUM  CETSIM,
AKCIUTYaTUPOBATh OO0OPYIOBaHUS ONTUYECKUX
U (HPOBBIX CHUCTEM, KOH(UTYpUPOBAThH
OTNTUYECKUE IU(PPOBBIE CETH B 3aBUCUMOCTH OT
BH/JIA UCTIOTB3YEMOT0 000PYI0BaHUS.

IIK-12.3 Bnaoeem: HaBbIKaMH pacyeTa
OCHOBHBIX NTapaMETPOB ONTHYECKOH HPPOBOIA

Cpeone 3naem:

-OCHOBHBIC TEXHOJIOTHH
ONTUYECKHX CETCH;

- TPUHIMIBI ~ MOIYISAIHUUA |
JUHEWHOTO  KOJUPOBaHHUS B
ONTUYECKUX CUCTEMaX;

- TIapameTpsbl TEXHOJIOT M
OTITUYECKUX CETCH;

- TIPUHIMI yIIPaBIICHHS
ONTUYECKUMU CHCTEMAMHU;

- OpraHu3aiuio ONITUYECKUX
U(POBBIX ceTeH.

Cpeone ymeem:

- XapakTepu3oBaTh (pU3UUECKHE
MPOLECCH, TMPOUCXOAAIINE TPHU
(dopmupoBaHuwy, o0OpaboTke,
nepegave, MpUeMe CUTHAJIOB B
pa3IMYHbIX OTNITHYECKUX
CUCTEMaX;




CETH, HaBbIKAMU IIPUMEHEHHUS TEOPETUUECKUX
3HaHUH Ha IIPAKTUKE [IPU IPOECKTUPOBAHUUN
ONTUYECKUX U(PPOBBIX CUCTEM U
SKCIUTyaTallii 000PYI0BaHUS ONITUYECKUX
CeTel, HaBbIKAMM HACTPOMKHU M1apaMeTpOB
ONTUYECKUX MU(PPOBBIX CETEH U CUCTEM. CeTei
U CHCTEM.

- aHaJIM3UpOBAaTh  CHOCOOBI U
CHCTEMBI Iepenaud MHpOpMaluu
110 OTITUYECKUM CETSIM;

- OKCIUTyaTHpPOBATh
000pyI0BaHUS
IU(POBBIX CUCTEM;
- KOH(UTYpHUPOBATH ONTHYECKHE
U(POBBIE CETU B 3aBUCUMOCTH OT
BUJIA UCTIOJIB3yEeMOTO
000pyI0BaHUS.

Cpeone enadeem:

- HaBBIKAMHU pacueTa OCHOBHBIX

OIITHYCCKHUX

apameTpoB OINTUYECKOMN
u(poBoOH ceTw;

- HaBBIKAMU MIPUMEHEHUS
TEOPETUUECKHUX 3HaHUI Ha

IIPAaKTUKE IIPU IPOEKTUPOBAHUU
ONTUYECKUX HU(MPOBBIX CUCTEM U

IKCILTyaTaluu 000py10BaHUA
ONTHYECKUX CETEH.

- HaBBIKAMHU HaCTPOMKH
apameTpoB ONTUYECKUX

U (QPOBBIX CETEH U CUCTEM.

Bricokmuit
YPOBEHb

IIK-12.1 3naem: OCHOBHBIE TEXHOJIOTHH
ONTHYECKUX CETeH, MPHUHIUIIEI MOIYISAIUA U
JUHEWHOTO  KOJUPOBAHHWS B  ONTHYECKUX
CHUCTEMax, TapaMeTphl TEXHOJOTUNA ONTHYECKHUX

CGTfoI, IDPUHOUIT YIIPABJIICHHUA OINTUYCCKUMU
CUCTEMaMH, OpraHU3aIUI0 ONTUYECKUX
U(POBBIX CETEH.

IIK-12.2 Ymeem: XapaKkTepu3oBaTh

(¢u3nyueckue MPOLECChl, MPOUCXOMASIINE MpPH
dbopmupoBanum, oOpaboTKe, Tiepenaye, mpuemMe
CUTHAJIOB B PA3JIMYHBIX ONTHYECKUX CUCTEMaXx,
aHAJIM3UPOBAThH CIIOCOOBI M CUCTEMBI Iepeaaun
uHdopmanuu 1O ONTUYECKUM CeTsIM,
AKCIUTYaTUPOBATh O0OPYIOBaHUS ONTHUYECKUX
U (POBBIX CHUCTEM, KOH(UTYpUPOBAThH
ONTUYECKUE IU(PPOBBIE CETU B 3aBUCUMOCTHU OT
BH/JIA UCTIOJIb3YEMOTr0 000PyI0BaHUS.

IIK-12.3 Braoeem: nHaBbIKaMU pacyera
OCHOBHBIX apaMETPOB ONTHYECKOH LHUPPOBOI
CETH, HaBBIKAMU TPUMEHEHUSI TEOPETUIECKUX
3HAHWUI HA TPAKTHUKE MPU MPOSKTUPOBAHUHU
ONTUYECKUX HU(POBBIX CUCTEM U
AKCIUTyaTaIlii 000pyIOBaHUS ONTUYECKUX
ceTeil, HaBbIKaMU HACTPOMKHU MapaMeTpoB
ONTUYECKUX HU(PPOBBIX CETEH U CHUCTEM.

3naem:

-OCHOBHBIE TEXHOJIOTUH
ONTHYECKUX CETEH;

- TPUHIUINBI ~ MOIYJSIIIUU U
JIMHENHOTO KOJIUPOBAaHUSA B
ONTUYECKUX CHUCTEMAX;

- MapameTpsl TEXHOJIOTUI
ONTUYECKHX CETCH;

- NPUHLHUI YIIPaBIICHUS
ONTHYECKUMHU CHUCTEMAMHU;

- OpraHH3aluIo ONTHYECKUX

M (ppOBBIX ceTe.
be3 nomowu npenooasamens

ymeem:
- XapaKTepu30BaTh (PU3HUECKHE
IPOIECCh, TMPOUCXOMASANINE TIPU
dbopmMupoBaHuH, 00paboTke,
nepeiadye, IMpHEME CUTHAJIOB B
pa3InYHBIX ONITUYECKUX
cUcTeMax;

- aHaJIM3UpPOBATh  CIOCOOBI W

CHCTEMBI Tepenaud HH(pOpManun
110 ONITUYECKUM CETSIM;

- 9KCIUTyaTHpPOBATh
000pynoBaHUS
U(PPOBBIX CUCTEM;
- KOH(UTYpUPOBAaTh ONTHYECKHE
I (QPOBBIE CETH B 3aBUCUMOCTH OT
BUJIA UCIIOJIB3YEMOTO
00opyI0BaHMUS.

Xopouwio énadeem:

- HaBBIKAMHU pacueTa OCHOBHBIX

OIITUYCCKUX




[apameTpoB OITUYECKOMN
1 poBoH ceTw;

- HaBbIKAMU MIPUMEHEHUS
TEOPETUUECKUX 3HAaHUM Ha

IPAKTUKE NPU NPOEKTUPOBAHUHU
ONTUYECKUX IUPPOBBIX CUCTEM H

AKCIUTyaTalluu o0opynoBaHus
ONTUYECKUX CETEH.

- HaBBIKAMHU HaCTPOMKHU
[apaMeTpoB ONTUYECKUX

IU(PPOBBIX CETEH U CHCTEM.

2.2 Tabnuia COOTBETCTBHS PE3YJIbTATOB MPOMEKYTOUHON aTTECTALUU 0 JUCUUIUIMHE YPOBHIO
sTana (OPMUPOBAHUS KOMITETESHITHN

[IIxana Kon unpkatopa YpoBeHb OCBOEHHUS
dopma KOHTPOJIS JIOCTHIKEHUS
OIICHUBAHUS . KOMITETEHITUU
KOMITETEHITU I
[1IK-12.1 HHU3KHUH
3auét 3auér I1K-12.2 HHU3KHUH
I1IK-12.3 HHU3KHUH
I1IK-12.1 HHU3KHUH
yIIOBJIETBOPUTEIILHO I1K-12.2 cpenHui
I1IK-12.3 HU3KHUH
I1IK-12.1 HU3KHUH
DK3amMeH XOpPOIIO I1K-12.2 cpenHui
I1K-12.3 cpeIHui
I1K-12.1 cpenHui
OTJINYHO I1K-12.2 BBICOKUI
I1K-12.3 BBICOKUI
I1K-12.1 HU3KHHN
YIOBJIETBOPUTEITHHO [1K-12.2 CpeIHUIA
I1K-12.3 HU3KHHN
Kypcosoe [1IK-12.1 cpez[HI/HzI
IPOCKTHPOBAHHE XOPOIIIO [1K-12.2 CpeI[HI/IIiI’
I1K-12.3 BBICOKHI
I1K-12.1 BBICOKMI
OTJINYHO I1K-12.2 BBICOKHI
I1K-12.3 BBICOKHI

3. Meroauyeckue MaTepuaJbl, onpeaeisonme npoueaypbl OeHNBaHUs

[Ipouecc oneHuBaHUS 3HAHWUN, YMEHUW, HABBIKOB M (WJIM) OMbITa JEATEIbHOCTH,
XapaKTepU3YIOMINX O3Talbl (OPMUPOBAHUSA KOMIETEHIIMM, MpeacTaBieH B Tabiuuax mo dopMam
oOyueHus:

OneHoYHbBIE
Tun 3aHsaTHSA Tema (pa3nen)
CpeacTBa

IIK-12.1 3naem:

OCHOBHBIC TCXHOJIOTHMHU OIITHYCCKHUX ceTeﬁ, MNPpUHOUIIBI MOIAYJIAIMU U
IIMHENHOTO KOOUPOBAaHHUA B ONTHYCCKUX CUCTCMAX, IMapaMCTPbI TEXHOJIOTHH ONTHYECKUX CeTeP’I,
IMIPUHOHAIT YIIPABJICHUS OIITUYCCKUMU CUCTEMAaMU, OPraHU3aluI0 OIITHYCCKUX I_[I/I(bPOBBIX CETeH.

Jlexius

Bce pasaciibl JUCHUIIIINHBL

Jluckyccus
DK3aMeH




Hccnenosanue npuniunos nocrpoerust MTC ¢ BPK
HccnenoBanue KOJIEKOB ¢ HEIIMHEMHOM IIKAJION
KBAHTOBAHUS
HccnenoBanue OCHOBHBIX XapaKTEPUCTUK UCTOYHUKOB
M3JTy4eHUs
HUccnenoBanue ocHOBHBIX xapakrepuctuk JIO/ u PIN JlaGoparopHast
JlaGopaTopHas
aGoTa ¢doroanona pabota
P HccenenoBanue oNTUYECKUX MOLYJISATOPOB 3amura
Jluneitnbie koast LICIT
ANropuTMBI (OPMUPOBAHUS MHOTOTIO3HITMOHHBIX BHJIOB
MOIYJIALIMA ONTHYECKON Hecylen
Uccnenoranue padotsl pereneparopa LICIT
WccnenoBanue npueMHUKOB IIUKIOBON CUHXPOHU3ALUU
HudpoBsie METOABI MOAYISAINH CUTHAJIOB
Pacuer nmapameTpoB J1a3epHOr0 UCTOUHUKA U3ITy4EHUS
[IpakTnueckas
Pacuer mapameTrpoB ¢oTonpueMHuKa
[IpakTuueckoe pabora.
Pacuer nmapameTpoB NpreMHOr0 ONTHYECKOTO MOIYJIS
3aHsTHE . NunuBuyaibHOE
JInneiusie konsl BOCII sajaHie
Pacuer nuneitnoro tpakta BOCII
Pa3paboTka ceTu TaKTOBOW CHHXPOHM3AIMH
Kypcosoe
IPOEKTUPOBAHHUE.
CamocrosTenpHas OTtyeTsl 1o
Bce paznensl AMCUUTUTAHBI
pabota MPAKTUYECKUM 1
1abopaTopHBIM
paboTam
IIK-12.2 Ymeem:  xapakrepu3oBaThb (U3MYECKHE  MPOLIECCHI, MPOUCXOMALIUE  TPU

dbopmupoBanum, oOpaboOTKe, Tepenade, MpUeMe CUTHAJIOB B PA3IMYHBIX ONTHYECKUX CHCTEMaXx,

QHATM3UPOBATH  CIIOCOOBI

N CHUCTEMBI

nepenaud  MHGOPMaLUMU MO ONTHYECKHM CETSM,

DKCILTYaTUPOBaTh  OOOPYAOBAaHUS  ONTHYECKUX IUMPOBBHIX CHCTEM, KOH(PHUTYpUpPOBATH
ONTHYECKHE ITU(POBBIC CETHU B 3aBUCUMOCTH OT BHJIa UCIIOIB3YEMOTO 000y I0BaHUS.
Jlexnms Bce pazaenbl IUCIUTLIMHBL Jluckyccus
P DJK3aMeH
Uccnenosanue npuniumnoB nocrpoenus MTC ¢ BPK
Hccnenosanne KOOEKOB ¢ HETUHEWNHOM IIIKATIOU
KBAaHTOBAHUS
HccnenoBanne 0CHOBHBIX XapaKTEPUCTUK UCTOYHHUKOB
W3Ty4EHUS
HccnenoBanue ocHOBHBIX xapakTtepuctuk JID/ u PIN JlaGopaTopHas
JlaGopaTopHas
aGoTa dhoToanona paboTta
P HccnenoBanue onTHYECKUX MOIYJISTOPOB 3amura
JIuneiiasie xoapr LICIT
AnropuT™Mbl POPMHPOBAHNS MHOTOIIO3UIIMOHHBIX BUIOB
MOIYJISIUNA ONTHYECCKON HEeCyIIeh
UccnenoBanue padotsl pereneparopa LICIT
HccnenoBanve npueMHUKOB IIMKJIOBOM CUHXPOHMU3AIIUHI
[udpoBbie METOABI MOAYJISIIMN CUTHAJIOB
Pacuer nmapameTpoB J1a3epHOr0 HCTOYHHUKA U3ITyUYECHHS
[IpakTnueckas
Pacuer mapameTpoB doTonpreMHUKa
[IpakTuueckoe paborTa.
Pacuer napameTpoB NpueMHOTO ONTHYECKOTO MOJIYJIS
3aHATHE . WNHauBHyaibHOE
Jluneitnbie koap1 BOCII
3a/ilaHue

Pacuer nuneitnoro tpakta BOCII
Pa3paboTka ceTr TaKTOBOW CHHXPOHM3AINH




CaMocTosITeabHAs
pabota

Bce paznensl AMCUUILTAHBI

KypcoBoe
POEKTUPOBAHHUE.
OTyeTsl 1O
MPAaKTUYECKUM U
1abopaTopHBIM
paboTam

IIK-12.3 Bnradeem: HaBbIKaMH pacyeTa OCHOBHBIX ITApaMETPOB ONTUYECKOH LU(POBOi
CETH, HaBbIKAMU IIPUMEHEHUS TEOPETUUECKUX 3HAHUM Ha IPAKTUKE MPU IPOEKTUPOBAHUU
ONITUYECKUX MU(PPOBBIX CUCTEM U IKCIUTyaTallud 000PYJOBAHHUS ONTHYECKHUX CETEH, HaBBIKAMHU
HACTPOMKH MapaMEeTPOB ONTHYECKHUX M (PPOBBIX CETEH M CUCTEM.

J{uckyccns
Jleknus Bce pa3nensl AMCUUILTAHBI
DJK3aMeH
Uccnenosanue npunuunos nocrpoerust MTC ¢ BPK
HccnenoBanue KOJIEKOB ¢ HEIIMHEMHON IIKAJION
KBAHTOBAHUS
HccnenoBanne 0CHOBHBIX XapaKTEPUCTUK HCTOUYHHUKOB
W3ITyYCHUS
UccnenoBanue ocHOBHBIX xapakTepucTuk JIO /] u PIN JlaGopaTopHas
JlaGopaTopHas
aGoTa dboToamnona paboTta
P HccnenoBanue onTuYeCKuX MOAYIATOPOB Samura
JIuneitasie koaer LICTT
AnropuT™Mbl JOPMHUPOBAHUS MHOTOTIO3UIIMOHHBIX BHIOB
MOTYJISIIIANA ONITUYECKOMN HECyIei
Uccnenoanue pabotsr pereneparopa LICII
HccnenoBanue mpueMHUKOB IUKJIIOBOW CHHXPOHU3AINHI
[udpoBbie METOABI MOAYJISIINN CUTHAJIOB
Pacuer mapameTpoB J1a3epHOTO HCTOYHHUKA U3ITyUCHHS
[IpakTnueckas
Pacuer mapameTpoB ¢oTonpueMHuKa
[IpakTHyeckoe paboTa.
Pacuer mapameTpoB NpreMHOI0 ONTUYECKOTO MOIYJIS
3aHATHE . WNHauBHyalbHOE
JInnerinbsie koasl BOCII sajanie
Pacuer nuneitnoro tpakta BOCII
Pa3paboTka ceTu TaKTOBOW CHHXPOHU3AIMH
Kypcosoe
[IPOEKTUPOBAHUE.
CamocTosiTenbHas OTueThl 110
Bce pa3znensl nucuumivHb
pabota [IPAKTUYECKUM U
1a00paTOPHBIM
paboTam

4. TunoBble KOHTPOJIbHbIE 3aJaHUS
[IpencTaBuTh OJIMH IPUMEP 33aHUS [0 KAXKIOMY THITY OLICHOYHBIX CPEJICTB I KaXKIOM
KOMITIETEHITNH, (popMHUpyeMOl JaHHOM TUCIUIUINHOM.

ITK-12 CnocoGeH pa3pabaTbiBaTh BApUAHTHl KOHIEMIUN OMTHYECKUX CUCTEM
CBSI3M M OCYIIIECTBIIATh aBTOPCKUN HAJ30P 3a COOJIIOICHUEM MPOCSKTHBIX PEIICHUN

IIK-12.1 3naem: OCHOBHBIE TEXHOJOTMH OONTUYECKUX CETEN, MPUHIIMOBI MOAVISAIIMYA U JIUHEHHOTO

KOJIMPOBAHUS B ONTHYSCKUX CUCTEMAX, TapaMeTPhbl TEXHOIOTUM ONTHIECKUX CETEM, MPUHITUIL

YIpaBJICHUA OIITHYCCKHMMHU CUCTCMAMHU, OPraHrM3alio ONNTHYCCKUX I_II/Id)DOBBIX CceTel.

Jlazep — npuOOp, TEHEPUPYIONIHI ONITHYECKOE KOTEPEHTHOE M3IyUeHHE Ha OCHOBE d(P(EKTa BHIHYKICHHOTO WUITH
crumynupoBannoro m3nydenus. (LASER, Light Amplification by Stimulated Emission of Radiation — a66peBuarypa

KoHncnekT Jiekuum Ha Temy «JIazepHbie 1MOABI»

BBIPA’XKCHUEC YCUJICHHUEC CBCTA BBIHYKJIACHHBIM I/I3Hy‘leHI/IeM).




CBOICTBO KOICPCHTHOCTU MU3JIYUCHHA Jia3€pa HNPCANOIaract CoriiaCoBaHHOC IMPOTCKaHWE BO BpPCMCHU U
MMPOCTPAHCTBE KOJIe0ATEIbHBIX MM BOJIHOBBIX MMponueccoB. I/I3J1yqaeMa>1 JIa3€pOM JJICKTPOMATrHUTHAs BOJIHA HA3bIBACTCA
KOFepeHTHOﬁ, €M €¢ aMIuIuTyda, 4acroTta, (1)333, HalpaBJICHUC PACHPOCTPAHCHUA U MNOJSIpU3alusa MOCTOSHHBI WIN
HU3MCHAIOTCA YIIOPAAOYCHHO.

Hpoueccm nepexoa0B MEKAY SJICKTPOHHBIMU COCTOSAHUAMU: TIOTTIOIICHUC (I)OTOHOB, CIIOHTAHHOC M3JIYyUCHHEC
(l)OTOHOB 1 CTUMYJIMPOBAHHOC U3JTYyUCHHC (I)OTOHOB MOXHO CBA3aTb MCKIY coboit YpaBHCHUEM DHHINTEeHHA:

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

rae E(f) — nonmHast sueprus GOTOHOB Ha €UHUILY OObeMa MaTepHaa;

Aj1 — KO3 QUIUCHT, ONPEeAeMbIN BEPOATHOCTHIO CITOHTAHHOTO IEPEX0/ia B CIUHUITY BPEMEHH ¢ YpOBHA Ec Ha
ypoBeHb Ey;

By w By — xo3ddumumeHTs, ompenenseMbie BEPOSTHOCTHIO BBIHYXKJICHHOIO IEpexoja JIICKTPOHOB C

sHepretudeckoro ypoBHsi Ec Ha Ey u HaoOopor; Takum oOpa3om, mpomsBenenue Bi,E(f) xapakrepusyer BeposSTHOCTBH
MOTJTOMIEHHs, a Tiporn3BeeHne By E() — BeposTHOCTD BBIHYKICHHOTO U3Ty4ICHHUS;

N1 u N2 — gncio Bo30yXI€HHBIX JIEKTPOHOB Ha ypoBHsX Ey u Ec.

Du3nUecKUil CMBICT ypaBHEHHs OMHIITENHAa MOXKHO NpPEJCTaBUTh Tak: JIeBas 4acTh OINpEIENSeT IMOITOIIEHUE
SHEPrvM BHEUTHEro ()OTOHHOTO ITOJIsl B €MHUILY BPEMEHH, a NpaBasi — MOJHYI0 YHEPTHIO, BHIEISEMYIO B BEIIECTBE B BHIE
CTUMYJIUPOBAHHOI'O U CLIOHTAHHOT'O U3Ty4eHus.

[lpn mpoxoXIeHWH BOJHBI 4Yepe3 cpeay, B eauHule oObema KoTopoil N1 3JIeKTpOHOB HaxomsTCsl B
SHepreTuueckoM cocTosHuu Ey u N2 31ekTpoHOB B cocTossHMM Ec OHa MOXXeT MOriomaTthesi WIM ycuiauBaThed. B
YCIOBHSAX TEPMOJIMHAMUYECKOTO paBHOBECHS HACEIEHHOCTh HIDKHEro ypoBHsS N; Beerna Oonbliie HacenEHHOCTH BEPXHETro
N,. ITosToMy BOJIHA TepsieT OOIbIIE SHEPTUH, YEM NPHOOPETAET, TO €CTh UMEET MECTO MOIJIOIIEHHE CBETA.

st Toro utoOs! iponieccsl CTU npeobiraganyt Hasx HOTIONIEHUEM HEOOXO0AMMO BBITIONHHUTD YCIOBHE:

CcTM  B,N,E(f) B,N,
110171 BLN,E(f) BN,

>1

[Tpu omuHakoBbIX Byg 11 B, MOMKHBI OBITH CO3aHBI YCIIOBUSI HHBEPCHOM HACEIEHHOCTH SHEPTETHYECKUX YPOBHEMH
N2 > N1, 4ro TpakTyercst Kak HEOOXOAUMOCTb BO30Yk ieHHs AeKTpoHOB. [Ipu N, > N; BeIHYXIeHHbIE Iepexoabl E. — E,
npeodaaloT U MOCTaBISIOT B CBETOBYIO BONIHY OOIbILIE DHEPIHH, YeM TepsieTcsl B pe3yibraTe nepexomoB E, — E..
N3nyyaemble B pe3yabTaTe BBIHYKACHHBIX IIEPEXOJ0B BOJIHBI 110 YACTOTE, HAIPABIICHUIO PACIPOCTPAHEHUS, MOIAPU3ALUU
u ¢a3e TOXKICCTBEHHBI INEPBHYHOW BOJNHE M, CJIEAOBAaTENbHO, KOTEPEHTHBI APYr Ipyry. VIMEHHO KOrepeHTHOCTb
BBIHYKIECHHOI'O U3J1y4eHHs IPUBOJUT K YCUIEHUIO CBETOBOI BOJIHBI B CpENE C MHBEPCUEN HACEIEHHOCTEH, a HE IIPOCTO K
JIOTIOJIHUTEJILHOMY H3JIydEHUIO HOBBIX BOJIH.

Cpeny ¢ uHBepcHeil HaceaEHHOCTEH Kakoi-TOO0 mapbl ypOBHEW, CIIOCOOHYIO YCHJIMBATH M3JIy4e€HHE, OOBIYHO
Ha3bIBAIOT aKTUBHOM WM JazepHoil. [Iponecc Bo3OyxieHUs cpeabl ¢ 1enbio BbimonHeHust yenosus N, > Nj — HasbIBaeTcs
HAaKa4YKOH, a BHEIIHUH UCTOUYHHUK BO30YKIEHNS — HICTOYHUKOM HAaKauKH.

B nonynpoBoJHuKaxX aKTUBHYIO CpPey BO3MOXKHO CO3/1aBaTh!

1) VH)KEKIMEW HOCUTEIIEH TOKA YePE3 3JIEKTPOHHO-IBIPOUHBIN NIEPEXOL;
2) ONTHYECKUM BO30YXK/ICHHEM

B TexHHMKE ONTHYECKMX CHUCTEM CBA3M HCTOYHMKOM HAKadK{ IIOJYNIPOBOJAHUKOBBIX MAaTepHaliOB SBJISETCS
HCTOYHHK IEKTPUUECKOTO TOKA.

W3 cooTHOIIEHNS

CTH _ BuNLE(f) _ BuE(T)
am AN, As

Bunno, uro mis npeodnamanuss CTU wan CIIM HeoOXOAMMO MONYYUTH BBICOKYIO KOHIEHTPAILMIO (DOTOHOB B
BEIIECTBE.

B nazepax B kadecTBe 00JaCTH MPOCTPAHCTBA, B KOTOPOW MPOMCXOAUT YBEIMUYCHUE JHEPrUU (POTOHA B CAMHHIIC
o0BbeMa 3a cuer crumynupoBanHoro nanyderns (E(f)>1) nucrmonb3yercst onriHueckuii pe3oHaTop (prcyHok 1).
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Pucynoxk 1 - Pesonarop ®@adpu-Ilepo

[IpocTedmyM ONTHYECKUM pe30HATOpoM siBisieTcs: pe3oHaTtop Padpu — Ilepo. Ero KoHCTpyKIus mpencraBiseT
JBA PACHOJIOKEHHBIX MapaJIebHO APYr APYry 3€pKana, BBIIOJHEHHBIX HA OCHOBE OTIOJMPOBAHHBIX TIpaHeH
MOTYIIPOBOJHUKOBOIO KPUCTAJLIA.

Hcxons w3 BBILICOTMEYEHHOT0, MOXKHO CJIeTIaTh BBIBOJ O CTPYKType Jazepa (pucyHok 2). Ilpum Manbix ToKax
HaKayky B aKTHBHOH oOnacty, nmogoono CH/I, Bo3HUKaeT crioHTaHHOE M3imydeHue. [Ipu aToM akTuBHAsE 00IacTh W3Iydaer
cnontannsle (oronsl (CIID) Bo Bce cTOpOHBI M OoJbIIast 4acTh 3Ty 001acTh Mokuaaer. Yacte OTOHOB CIOHTAHHOTO
W3TydeHus oTpassiTes oT 3epkaiia POII u mpolayT cTporo B INIOCKOCTH aKTUBHOM 00JIACTH K TIPOTHUBOITOJIOKHOMY 3€pKally.

CrioHTaHHOE W3JIyYeHHE OJHOr0 U3 BO30YKIAEHHBIX aTOMOB aKTHBHOW cpenpl (T. €. aroMa, HaxXOJIIEerocs Ha
ypoBHe E.), mpexne uem oHO BbIieT u3 00bEMa V, MOXKET BBI3BAaTh BHIHYXKIIEHHBIE NEPEXOJbl APYIHX BO30YKIEHHBIX
aTOMOB U BCIIEICTBUE 3TOTO YCUIIUTCS.

Ycunenue 3aBUCUT OT ITyTH, IPOXOIUMOI0 BOITHOM B cpelie, TO €CTh OT HanpaBieHus. Ecinyu moMecTUTs akTUBHYIO
cpeny B TPOCTEHINMI ONTHYECKHH pe30HaToOp, TO B HauOosjee OJaronpusiTHBIE YCIOBHS TIONaJaceT BOJHA,
pacnpocTpaHsomascs BAoIb ero ocu. MOTOHBI, CTaNKUBAasCh C 3JIEKTPOHAMH, OTHAIOT MM KBaHTHI dHepruu. llomydus
JIONIOJTHUTENIBHYIO 3HEPTUI0, HEKOTOPBIE IEKTPOHBI, HAXOAAILIMECs Ha YHEPreTHUECKUX YPOBHIX B 30HE IMPOBOJUMOCTH,
PEKOMOMHHPYIOT C IBIPKaMU BAJICHTHOH 30HBI. BHOBb BO3HHMKAIOT ()OTOHBI, HO B OTJIMYME OT CTIOHTAHHBIX, OHU SIBJISIFOTCS
crumynupoBaHHbIMU (CT®). KorepeHTHBIE BOJIHBI, paclpoCTpaHssICh BIIOJb OCH pe30HaTOpa, OY/AyT OTpakaThCsl OT 3epKall
MIEPIEHANKYIISIPHO MX TOBEPXHOCTH, U HHTEP(EpUPOBATH MEXKTY COOOM.

Hnmepgepenyueii 6on Ha3bIBACTICS SBJICHHUE HAJIOKEHUS BOJNH, NPU KOTOPOM IIPOUCXOAUT YCTOHUYMBOE BO
BpPEMEHH MX B3aWMHOE YCHJIEHHE B OJTHMX TOYKAaX IMPOCTPAHCTBA M OCIA0JIEHWE B JPYTMX B 3aBUCHMOCTH OT OTHOLICHUS
Mexay (azamu 3TuX BosH. VHTEp(heprpoBaTh MOTYT TOJILKO KOTEPEHTHBIE BOJHBI, KOTOPHIM COOTBETCTBYIOT KoJieOaHus,
COBEPLIAIOIIUECS BOJIb OJHOI'O M TOIO K€ WM OJIM3KUX HalpaBIEeHUI.

CucTema ana YBEeMHYeHHA
NNAOTHOCTH HOTOHOB

BewecTeo C
OTpEHATENE iq— +~— OTpaHaTaN:

HHEEPCHB MM
—
ATOMENM

11

YeTpoRCTED
ANA CO30aHNA
MHEEPCHEIX ATOMOE
[GELERLE)]

Pucynok 2 - O6mas cTpykrypa jiasepa

JlnuHa pezoHaTopa BbIOMpaeTcst TaKOi, 4YTOObI Ha HEll YKIIa/IbIBAJIOCh L[EJI0€ YMCIIO MOTYBOJH:
A _
L=—*q, rae g=1,2,... - 9UCJIO IIOIYBOIH
2

B pesympraTe KakIOro «IpPOXOJa» HHTEHCUBHOCTH BOJHBI YBeNMUYHMBaeTcs, Tak kak unciao CTd pacrer
JIaBUHOOOPa3HO, a IOCKOJIBKY YMCIIO 3JIEKTPOHHO-IBIPOYHBIX Map B €AMHULE O0beMa, He MEHsSeTCs, CTUMYJIHPOBAHHOE
U3JTy4eHHe HayMHaeT IpeodiafaTh Hall CIOHTaHHBIM. [IpH HEKOTOPOM IOPOroBOM TOKE HAKAYKH CIOHTAHHOE M3JIy4eHHE
OKOHYATENBHO ITOJaBIIIETCS, B PE30HATOPE YCTaHABIMBAETCS CTOSYAsl BOJIHA, & CKBO3b MOMYIPO3pavHbIe 3epKaia BEIXOAUT
MIOTOK KOTEPEHTHOT'O U3IIY4EeHHs. DTOT PEKUM Ha3bIBAlOT PEKMMOM I'eHEepaLliH Jia3epa.

B pe3oHaTopax MoryTt Bo30YKAaThCs KoJeOaHUs TONBKO ONPEAENICHHBIX JUIHH BOJIH M ONPENCICHHON CTPYKTYPBI,
oOpasyrone cTosuylo BONHY. UacTOTHI 3THX KoneOaHWI HA3BIBAIOTCS PE30HAHCHBIMH HJIM COOCTBEHHBIMH YaCTOTAMH
pe3oHaTopa, a KoilebaHWs MOIAMH pe3oHaTopa. Pe3oHaTop nasepa M CHCTEMBl ONTHYECKOH CBS3M JIOJDKEH OBITH
CKOHCTPYHUPOBAH TaKUM 00pa3oM, 4TOOBI B HEM COXPaHsIIOCH HEOOJIBIIOE YUCIO MO, @ OCTAJIbHBIC JOJDKHBI TacuThes. s
9TOr'0 PE30HATOPHI JIETAI0TCS OTKPBITBIMH.

Konctpykuust JIJI ®abdpu-Tlepo (FP) ¢ nBoiiHo# reTepocTpyKTypoil IpuBeIeHa Ha PUCYHKE 3.
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Pucynok 3 - Koncrpykius nasepa ¢ pesonatopom ®@adpu-Ilepo

[Ipy n3MeHeHHM BeNMYMHBI TOKA HAKAuKW B Jla3epe MPOMCXOIUT M3MEHEHHE CIIEKTPAIIbHOrO COCTaBa, 4TO IMPH
MOJIYJISIIIMM TOKa HAKaYKW MH()OPMALMOHHBIM CHTHAJIOM IMPUBOAMUT K TUHAMUUYECKOMY YIIUPEHHIO CIIEKTPa M MEPECKOKY
MaKCHMaJIbHON MOLIHOCTH M3JIy4eHHUs C OJHUX MOJ Ha JIpyrHe.

HIupokuii criekTp J1a3epHBIX MOJ 3aTPyAHSET Hpolece mnepeaadd MHPOPMAIMOHHBIX CHUTHAJIOB MO BOJIOKOHHO-
ONTHYECKUM JIMHUSIM CBSI3U M3-32 JIUCHEPCHU MMIYJIBCOB ONTHYECKOH MOIIHOCTH. [IJIsi TPEoqoNeHust 3TOH MpoOiIeMBbl
pa3paboTaHbl pa3IuvHbIC KOHCTPYKIMH OMHOMO/OBBIX Jia3epoB. Yaire apyrux npumensitot nazepsl tina POC (DFB).

B orimume ot nazepoB ®adpu-Ilepo B nazepax POC mnonoxwurenbHass oOpaTHasi CBsi3b, HeoOXoauMmas JUis
TeHepaluy JIa3epHOr0 M3JIY4EHUs, CO3/aeTcs He 3a CYeT 3€pKajl, JIOKAJbHO PaclofiOKEHHBIX Ha TOpliax pe3oHaTopa, a
oOpa3zyercst BHYyTpU camoro Jjazepa. B nazepax POC Ttakas cBsi3b BO3HHMKaeT Oiarofapsi pactpeielieHHOW CTPYKType Moj
Ha3BaHueM '"Todp". DTO rpaHMIA MEXAYy PE30HATOPOM M JIPYTHUM JAWAJIEKTpHYecKuM cioeM (pucyHok 4). Pe3onartop
obpazoBan Mexy nojoxkoi n+ InP p+InGaAsP. 'odp npencraBnser codoii (azoByro peuierky (onTudeckuii GpuibTp) ¢
OYEHb BBICOKOHW pa3periarolieil CiocoOHOCTBIO.

R
- |+
ANeKTpOq
ptInGassk
p*inP
— nGafsk [aK:I’MEIHbIIFI
CINOA)
n*inGaAsP
nTInP{noonoxa)
JA aneKTpo

war rochpa
{NeprognyecKos OTKNOHEHWE
NOKA3aTEeNA NPENOMNEHKA)

Pucynok 4 - Ctpykrypa nazepa POC

JUJ1s1 IOBBIIIEHHST MOIITHOCTH M3JIydeHUs! B OQHOMOAOBBIN Jazep POC MoxkeT ObITh BCTPOEGHO C OJHOTO U3 TOPLIOB
3epKalo.

B POC-na3epax monoxxurenbHas 00paTHast CBA3b 1O (JOTOHAM 00€CIIeUnBaeTCA paccesHUEM Ha HEOTHOPOIHOCTSIX
oOpa3yronmx ITU(GPaKIMOHHYIO pemeTKy. Ju@pakyus — COBOKYIHOCTh SBJICHHH, HaOIIOJaeMbIX IPH PacHpOCTpaHEHHH
CBETa B Cpele C PEe3KMMH HEOAHOPOAHOCTSIMH M CBA3aHHBIX C OTKIOHCHHSIMH OT 3aKOHOB T'€OMETPHYECKOH ONTHKU.
[lepepacmipenenenie NHTEHCUBHOCTH, BO3HHKAIOIIEE BCIICACTBHE CYNEPIO3UIMK BOJH, BO30Y)KIAEMBIX KOT€PEHTHBIMHU
HCTOYHHUKAMH, PACIHOJIOKEHHBIMH HENPEPBIBHO — AWGPAKIMA BOTH (KOHEUHBIM YHCIOM JHCKPETHBIX KOI'€pPEHTHBIX
HCTOYHUKOB - HHTEP(PEPESHIIHS).

B pesymbraTe audpakumu Ha peIIETKEe OCTAHYTCS TOJNBKO MOZBL, JUIMHA BOJIHBI KOTOPBIX KpaTHa HEPHOLY
pEeIIeTKH, TaK KakK JJIsl 9THX THIIOB BOJH HaOmomaercs cuH(paszHoe ciokeHne BomH audpaxkmnu. To ecTh meproandeckas
CTPYKTypa CIIocoOHa 00ECTIEYNTh CEIEKIIHI0 MO/ 1 OJHOMOJIOBBIH PEXXHM IeHEpaIHH.

YacroTa reHepanuy COOTBETCTBYIOLIAs JJIMHE BOJIHBI bparra:

f=fox 1+1 L,

2In.L

rae L- JJIMHA aKTUBHOI'O CJIOA C FOCI)pOM, C — CKOpPOCTb CBCTA B CBO6OZ[HOM IIPOCTPAHCTBE.



OtnnunrensHoit ocobenHnocthio PBO-nazepos (DBR) sisiercss T0, 4TO B HUX MEPUOAUYECKAs CTPYKTypa
BBIHECEHA 3a MPEJIC/Ibl AKTHBHON 00JIACTH.

B mocneanue rojipl NOBBIIEHHBIH nHTEpec pa3padboTuukoB BOCII BBI3BIBAIOT «BUKCEIB) - MONTYIPOBOHUKOBBIE
na3epsl ¢ BepTukaibHbiM pesonatopoM (VCSEL — vertical-cavity surface-emitting lasers). B takux naszepax (pucyHok 5)
pe3oHaTtop 00pa3oBaH JBYMsI OObeMHBIMH JAU(PAKIHOHHBIMU PpEIIETKaMHd bparra W u3iydeHwe TeHEepUpyercs B
HAMpaBJICHUH, MEPIEHANKYSIPHOM IUIOCKOCTH TOMJIOKKH, SBIISIONICHCS OCHOBAaHMEM TIeTepO- M KBAHTOBOPA3MEPHBIX
CJIOEB TIOJTYTIPOBOAHUKOB,

HUXHNA [ aKTUBHas! '
[ PBO }{ 0bAaCTb

Pucynoxk 5 — Jlazep ¢ BeptukansHbiMu pezoHatopamu (VCSEL)

Bnarogapst cBepXKOpPOTKOH JUIMHE pe30HATOpa, BUKCEIBl M'€HEPUPYIOT Ha OIHOHM NPOJONBHONW MOJE, NPH ITOM
JMaMeTp BBIXOJHOTrO Iy4Ka Jiazepa gocturaer 20-30 MKM, 4TO TO3BOJISIET OCYLIECTBISTH €ro AP(PEKTUBHYIO POKYCHPOBKY
B OJIHOMOJIOBOE BOJIOKHO. [1OpOTOBBIN TOK BUKCEIOB KpailHe Mal — J10 2-5 MA, MOIIHOCTh M3JIydeHus okono 1 MBT.
[IpunoxxeHneM 3JEKTPUYECKOrO IMOJIs B HANpPABICHUH OCH PE30HATOpa B HEKOTOPHIX (KOHCOJIBHBIX) BapuaHTax VCSEL
ylaeTcsi OCYIIECTBIATh TUIaBHYIO MEPECTPOMKY JUTHMHBI BOJIHBI TeHepaluy B mosioce JIMH BoiaH 1530 — 1560 uM. OTO
cOo371aeT BO3MOXXHOCTh d(Q(PEKTUBHOrO NMpUMEHeHus! BUKcenoB B nepcrekTuBHbIX BOCII co crieKkTpalibHBIM YIUIOTHEHHEM
(WDM u DWDM). OnHako, TEXHOJIOTHS W3TOTOBJICHHs TakuxX JjaszepoB s iuuH BoiH 1500-1610 um (Long Wave-
VCSEL, LW-VCSEL) eme HeroctaTouHO 0TpabOTaHa M3-3a CIIOKHOCTH M3TOTOBJICHUS 3epKall j1a3epa, 03TOMY OHH TOKa
MeHee PaclpOCTpaHEHbI.

TIK-12.2 Ymeem: XapakTepu3oBaTh GU3UYECKHAE MPOIIECCHL, IIPOUCXOISIINE TIPU

1]!0[2MI/I[20BaHI/II/I, O6[2360TKC, nepeaadyec, npueMe CUrHaJIOB B PA3JIMYHBIX ONTHYCCKUX CUCTEMAX,
AHAJIN3UPOBATH CIIOCOOBI U CUCTEMBI nepcaadyun HH{]!O[!M&![I/II/I 10 ONTHYCCKUM CCTAM,

DKCINIYATUPOBATL 000PYIOBAHKS ONTHYECKUX UPPOBLIX CUCTEM, KOHQUTYPHPOBATH ONITHIECKHE
LIM(POBLIE CETU B 3aBUCHMOCTH OT BHJA HCIOIL3YEMOI0 000PYI0BAHHUS.

ITPAKTUYECKOE 3AHATHUE

IMu¢posbie MeTOABI MOAYISIIUN CUTHAJIOB

1 Hean pa6oThl:

1.1 OcBoenne METOUKHN pacyera MapaMeTpoB MOTYIHUPYEMBIX HCTOYHHKOB ONITHYECKOT'O N3ITyICHHS.

2 IloaroroBka k padore:

2.1 W3yunTh KOHCTPYKLHUIO M OCHOBHBIC IapaMeTpbl MOIYJIATOPOB HCTOYHHMKOB H3IYYEHHUS IIO
JUTEpaType.
2.2 VI3y4nTh METOAUKY pacyera napaMeTpoB MOLYIHPYEMBIX HCTOUHUKOB U3IYUEHUS 110 JTUTEPATYPE.

3 3ananue:

[To nmanHbIM TaOmumbl 1 TOCTPOWTH 3aBHCHMOCTH BBIXOAHOH MOIIHOCTH HMCTOYHHKA ONTHYECKOTO
M3ITy4eHUS OT BEIUYMHBI JJIEKTPUYECKOr0 TOKA, MMPOTEKAIOIIEro Yepe3 Hero. PexoMeHayercst Ipu MOoCTPOSHUH
rpaduka P(I) yeptex BeimonHNUTh B MacmTade 1 mm : 0,2 MA 1 Imm : 1,5 mxBrT.

JUnst 3amaHHBIX (IO BapuUaHTy) TOKA CMEMICHUS W aMIUUTYIbl MOIYJIUPYIOUIMX OJHOMONSPHBIX
UMITYJIbCOB (TaOMHUIBI 2 U 3) ONpeAeauTh rpaduuecku N3MEHEHNE BBIXOJHOH MOIYIISIUOHHOW MOITHOCTHU Py
U Py, ¥ OLIpENenuTh TITyOMHY MOAYIISIIIMA TI0 TOKY
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[To mocTpoeHHO XapaKTepUCTUKE yKa3aTh BUJ UCTOYHHKA.

[onp3ysck MOCTPOEHHOW BaTT-aMIIEPHON XapaKTEpPUCTUKOM BHIOPATh TOK CMEIIEHHs TaK, YTOOBI CHTHAJ
¢ Im mpeoOpa3oBbIBaics B MOIIHOCTh M3JIydeHHs] Oe3 HCKakeHWi. OnpenenuTh TIIyOMHY MOLYISLUH M
MaKCHMaJbHYIO MOIIHOCTb M3JIy4E€HHUS B 3TOM CIIydae.

Tabmuna 1-Mcxonuble JaHHbBIE

Bapuanrtsi 1, 4, 7, 10, 13,16, 19
I, MA 0 5 10 15 18 20 22 24 26 28
P, MmxBT 0 18 35 50 65 90 180 230 310 360
Bapwuantsi 2, 5, 8, 11, 14,17, 20
I, MA 1 55 10,5 15,2 17,5 21 22 25,5 26,8 29,9
P, MxBT 0 12 31 52 60 95 170 235 320 370
Bapwmanrtsi 3, 6, 9, 12, 15, 18, 21
I, MA 0,5 45 11 17 19 23,5 25 28 29 32,2
P, MmxBT 0 19 36 58 69 98 192 248 360 390
Ta6nuua 2 - Ucxonuble JaHHbIE
Bapuant
Toxk cmenienus
1 2 3 4 5 6 7 8 9 10
I, MA 105 | 15 12 23 14 15 16 17,5 18 24
Bapuant
Toxk cmenienus
1 2 3 4 5 6 7 8 9 10
I, MA 115 | 14 145 | 205 | 155 | 185 | 19 21 20,0 22
Tab6muua 3-McxoaHbie TaHHbBIE
A Bapuant
MIUIMTY/Ia TOKAa MOIYJISIIAN
Y Y 1 | 23] a5 6 7] 8] 9 10
I, MA 20 9 18 7 6 15 4 13 2 1
Ang Bapuant
a TOKa MO
AR TORA MO ™ 12 [ 13 | 14 | 15 | 16 | 17 | 18 | 19 20
I, MA 19 16,5 20 6,5 45 | 115 | 105 | 55 5 3

4 KoHTpoJIbHbIE BOMPOCHI:

4.1 Yro Takoe MOIYISIIHS?

4.2 B 4eM COCTOUT NPUHLMITHAIBEHOE OTJIMYUE NPSIMOM U BHELIHEH MOLYISLHUNA ONTHYECKOTO U3ITy4YEeHUS?

4.3 B 4eM 3aKI04aercs CyIHOCTh MPSAMON MOAYIISILIMY B CXEMaX C HOIYNPOBOJAHUKOBBIMA HCTOUHUKAMU
ONTHYECKOI'0 U3IIy4CHHUS?

4.4 TloueMy mojsoca 4acToT MPHU OPSIMOKA MOAYJISILIUU OrpaHU4YeHa?

4.5 TloueMy IpOUCXOOUT UCKAXKEHUE CUTHAJIOB MPU IPAMON MOIYJIALIMU?

4.6 Uem oT/IMYAIOTCS MOAYJISILIUOHHBIEC XapPAKTEPUCTUKH CXEM C JIA3€POM U CBETOBOAOM?

4.7 Kakue BUIbl BHEIIHEH MOIYIIALIMKA ONTUYECKOrO U3JIyYCHUS IPUMEHSAIOTCS B CUCTEMAX Iepenayun’?

4.8 Yem oTIIMYaeTCs IIEKTPOONITUYECKHIA BHEIITHHI MOIYJIATOP OT IEKTPoadbcopOIrmoHHOro?

4.9 Kakue 1rymMbl BOSHUKAIOT [IPU MOIYJISLIAN?

4.10 Kak yMEHbLINTh HENIMHEUHBIE UCKAXKEHUS IPU MOIYJIALIMU?

4.11 Kak ycTpoeH nepenarouui OonTHYeCKUid MOAYIb?

4.12 C xakodl LeNbI0 B COCTaB IEPEIAIOLIETO ONTUYECKOrO MOIYNS BBOISITCS TEPMOIJATYUK H
TEPMOPEryIATOp?

4.13 Kakue 3JeKTpUYeCKUE U ONTUYECKUE XaPAKTEPUCTUKNA UMEET Nepeaaroluil ONTUYECKUNA MOAYIb?




5 Copepxanne oTyera:

5.1 Ileas padoTsI.

5.2 3apanue U HCXOAHBIE JaHHbIE.

5.3 I'padukn, nonyyeHHble B MHAUBUAYAIbHBIX 32JaHUAX.
5.4 BeiBoabI o padore.

5.5 OTBeTBI Ha KOHTPOJIbHBbIE BONPOCHI.

IIK-12.3 Bradeem: HaBBIKAMU pacueTa OCHOBHBIX HApAMETPOB OLNTHYECKON MG POBOH CETH,
HaBBLIKAMH IIPUMEHEHUS TEOPETUUECKUX 3HAHUMI HAa IPAKTUKE IIPU MPOEKTUPOBAHUN ONTUUECKUX
HH(POBBIX CHCTEM M DKCILIYATAILIMU 000PYA0BAHMS ONTUYSCKUX CETEM, HaBBIKAMU HACTPOUKHU
apaMeTPOB ONTHYECKUX IU(PPOBBIX CETEH U CUCTEM.

JIABOPATOPHASA PABOTA

HccnenoBanune npunnunos nocrpoennss MTC ¢ BPK

1 Hean paGoThi:
1.1 M3yunTh NPUHLIMIIBI TOCTPOEHUS CHCTEM Iepenadn ¢ BpeMEHHBIM pasjenenneM kananos (BPK).
1.2 Hccaenosath padory MTC ¢ BPK nytem HaOmro/ieHNs B pa3HBIX PEXXUMAX PAOOTHI CXEMBI.

2 IloaroTroBka K padore:

2.1 W3ydnTh TEOpETHUYECKUN MaTephaj, OTHOCSIIUICS K MAaHHOH padoTe Mo JuTeparype, KOHCIEKTY
JISKITAH, TIPUIIOKEHHS K 1ab0opaTopHOM padore.

2.2 IloaroTroBuTh OJIAHK OTYETA C OTBETAaMH Ha KOHTPOJIBHBIE BOMPOCHL. [Ipn HeoOXoammocTH, B oT4ETE
OTPa3UTh 3aTOTOBKM TaOIUII, Ma0IO0HBI U TOCTPOSHHS TPa(prKOB 3aBHCUMOCTH.

3 OcHOBHOe 000OpyaOBaHME:
3.1 IIpe3enTammonnas nmporpamma «BpeMeHHOE pa3aercHine KaHaJIOBy.
3.2 IlepcoHaBHBIA KOMITEIOTE.

4 MNopaaoK BbiNo/HEHUA paboTbl:

4.1 VByuuTh NpHIOKEHNE K METOAUICCKAM YKa3aHUSIM JaHHOHW JTaO0paTOPHON PaOOTHI.

4.2 Tlonw3ysch umutannonHoi moxpeiabio MTC ¢ BPK wu3yunre HpUHIMI BPEMEHHOIO pa3icicHHS
kaHamnoB. /[y aToro B MeHIO HEOOXOANMO BHIOPATh IMMyHKT «OMucaHUE CXeMBbI». B JaHHOM MyHKTE MPUBOIUTCS
ornrcanue nyxkanansHON cxembsl MTC ¢ BPK.

4.3 B momaroBoM pexxuMe HCCie[0BaTh paboTy CXEMBI.

4.4 3apucoBaTh B OTYETEe BPEMEHHBIE TUarpaMMbl pabOThl CXeMBI JJIsl CiTydasi, KOTJa Ha IpUeMe ecTh
WCKa)KSHHSI CUTHAJIA.

4.5 OTBeruTh Ha TpemIaraeMbie B IPOTrpaMMe TECTOBBIE KOHTPOJBHBIE BOIPOCH. Pe3ynbpTaThl OKa3aTh
TIPETI0/IaBaTeINo.

4.6 OdopMuUTH OTUET.

5 KoHTpoJibHbIE BONIPOCHI:

5.1 Onpenenure yactory muckpernsanu, ecau FCmax1=20 kI, Fecmax2=30 x['u?

5.2  Kakoii u3 AByX CHTHAJOB OyJeT mepeaaBaThcs KauecTBeHHee curHan A ¢ Fmax=1x['m wmu curaan
B ¢ Fmax=2 kI'u, ecau Fo=3 xl'11?

5.3 Ilepeuncnute ocHoBHbIe qocTonHcTBa MTC ¢ BPK.

6 Conepxxanue oruyera:

6.1 Llens paGoTHLI.

6.2 OTBETHI Ha BONPOCHI JIOMyCKa.

6.3 CtpykTypHas cxema nByxkaHainbHod MTC ¢ BPK, HazHaueHne y3moB.
6.4 Bpemennble quarpaMmbl paboThl CXEMBI B PEKUME HCKAKEHUI CUTHAIIOB.
6.5 IlpuunHa nckaxkenuit curuanos npu BPK.

6.6 OTBETHI HA KOHTPOJIBHBIE BOIIPOCHI.

6.7 BeiBozbI 10 padoTe.



TunoBoe 3a1aHne HA KypcOBoOe NPOEKTHPOBaHMe HA TeMy: «OnTH4yeckas
uupposasi IMHKMA nepenaum trexnoaorun PDH»

1) BeiOpath Tpaccy NMpOKIaIKu Kabess CBS3H.

2) IIpou3zBecTu BBIOOP THOKOTO MYJIBTUILICKCOPA B 3aBUCUMOCTH OT PAaCCUUTAHHOW MPOITYCKHOW
CIIOCOOHOCTH CETH.

3) IIpou3sBecTu BHIOOP ONTHYECKOTO KaOes CBSA3U B 3aBUCHMOCTH OT CIOCO0a IPOKIIAJIKH.

4) TIpou3BecTH pacyeT [UIMHBI PEreHEPAMOHHOTO Y4acTKa H KOJIMYECTBO PEreHepaTopoB.

5) IlocTpouth AuarpaMmy ypoBHEW CHrHaJja.

6) Pa3paboraTh cXeMy OpraHu3aliy CBSI3H.

7) TlpowusBecTH pacyeT HaIC)KHOCTU LHUPPOBOI TMHUH MIEPE/Iayu.

Tunosbie BONPOCHI K IK3aMeHY

[puamun nocrpoenus anmaparypsl ¢ UKM. Mepapxuu LICII. CtanaapTsl MI1€3H0XPOHHON HepapXuu.
AMILTUTYIHO-UMITYJIbCHAsI MOYJISIIUSL CUTHAA. YacToTa JUCKpEeTH3aIHH.
[Ikana kBanToBaHMs. OmmOKa KBAHTOBAHUSI.
Teopema KotenbHruKOBa. ITansl Mpeodpa3oBaHus aHAIOTOBOro curaana B UKM.
VYerpolicTBa TAKTOBOM CUHXPOHU3ALUY.
VYcrpoiicTBa HIUKIIOBOM CHHXPOHU3AIIMHY.
Jexonep ¢ HENMHENHOMN IKaJIOH KBAaHTOBAHUSI.
[Ipuemunkn nnkioBoi cuaxporu3anuu. Knaccudukanusa. OcaoBubie anemenTs! [T1C.
. Hudposoit motok En. CkopocTs nmepenaun JaHHBIX.
10 Hudposoit motok E1. ®opmar kaapa. CKOpocTh mepenadn JaHHBIX
11.0606mennas crpykrypHas cxema BOCII. Knaccudukamms BOCII. OcHOBHblE XapaKTEpPUCTHKH
BOCIL.
12 . Knaccudukanms onTuyeckux BojaokoH. 3atyxanue OB. [Iucnepcus OB.
13.Ceerousnyuatomiue quoasl. Ctpykrypa CU/, koncrpykuuu CU/J]. Xapakrepuctuku CU/I.
14.JTazepuasie quoasl. Koncrpykmuu JIJI. IlpuaImm mefictBus mazepHoro muoma ¢ pezonatopom Dadpu-
ITepo. Xapakrepuctuku JIJ| (BaTT-amrepHas, 1uarpaMMa HarmpaBIeHHOCTH, CIICKTP H3IyUEHHUS, CPOK CITYXKOBI).
Pacuer mapamMeTpoB MHOTOMO/IOBOT'O JIa3epa.
15.J1azeprasie muonmbl. Knmaccudukarms JIJI. IlpuHIMn aeficTBHs JIa3epHOTO TUONA C paclpenereHHOM
00paTHOM CBSI3BIO.
16.CrpykrypHas cxema [TOM. XapakTeprcTHKH.
17. Crpykrypa JI®J. Tpunimn neiictBus JaBuHHOrO (oTOmMOMA. PacrpesneneHne 3JIeKTPHIECKOro
nosst. Koaddunuent naBunnoro ymaoxxenus. Lllymsr hpoToanonos.

CoNoOR~wWNE

Tunosble 3agaun:

1. O6ocHOBaTh CTPYKTYpY Hukia nepenaun MKM-30 u mpoussectu pacuer f..

2. PaccunTaTh MHTEpBAJ BpeMEHH, B TeueHUU KoToporo B Tpakte MKM-120 mpousoiger N,,=20, ecnu
BEPOATHOCTH OIHOKH Py, =107, ommbku pacpeneneHsl paBHOMEPHO U HMEIOT OJMHOYHBIX XapaKTep.

3. Ilokazate BpemeHHyI auarpammy JjauHeHsix kotoB YIIM, KBII-3 u BH nna komosoit
nocienoBarenproct 01110110101000000000011011000001000000100001

4. JlexomupoBate KM xomOunammro 01100010 HemmHeWHBIM MeTomoM. M300pa3uTh CTPYKTYPHYIO
CXEeMY HEeTHMHEHHOTO JeKo/Iepa U JAaHHON KOJOBON KOMOMHAITHIH.

5. PaccunTarh mmpuHy TONOCH YacToT AF ogHOMOMOBOrO BOJOKHA JnuHON L=50 kM, ecnu ynembHas
mucniepeust OB I=3 nc/(HM*KkM), IIuprHa crieKTpa UCTOYHUKA AA=1 HM.

6. OnpenenuTs XapakTepPUCTUKA MHOIOMOZOBOIO ja3epa ¢ pe3oHatopom Pabpu-Ilepo, ecnu ckopocTb
ceeta c=3*10° M/c, manmuHa pe3oHaTopa L=150 wmkM, mokazatenb mpernomieHHs N=3,9, AmuHA BOJHBI
HEeHTpaIbHON Mol Ao =0,42 MKM, rTonoca JTuH BoIH AA=60 HM.

7. OnpenenuTh BeIM4YMHY (OTOTOKA Ha BBIXOAE (OTOAMONA, €CITM MOIIHOCTH M3nydeHus P,=8 MkBrT,
JuirHa BonHBI A=1310 HM, BHyTpeHH: kBaHTOBas Y dextuBHOCTH 1=0,7.

PaccunTaTh COBOKYNHYIO AMCIEPCHIO PETEHEPALIMOHHOIO y4YacTKa, €CJIM HIMPHHA CIIEKTPa MCTOYHHUKA
ALA=0,1 uM, XxpomaTrueckas aucnepcus OB JI=6 nc/(am*km), mmHa yuactka Lpy=100 km.



8. Ompenenutes mnuHy ydactka BOCII pereHepannm OrpaHMYeHHYIO 3aTyXaHHEM, €CJIM MOIIHOCTh
nepenaruuka +3abM, uyBcTBUTENEHOCTS TpreMHUKa — 30 nbM, morsorienue B BonokHe 0,22 nb/kwm.

IIpumep 3K3aMeHALIMOHHOTO OMJIeTA

®denepanbHOE areHTCTBO CBA3U
YpanbCKuil TEXHUYECKUI
WHCTUTYT CBSI3U U
nHpOopMaTHKH ((prran)
OI'bOY BO "Cubupckmuii
rOCyJapCTBEHHBIN YHUBEPCUTET
TEIEKOMMYHUKALUN U
nHpopMaTHKH"
B I. ExarepunOypre
(YpTHUCHU Cubl'YTU)

IK3aMeHAIMOHHBbIH OUJIeT YTBEPXJIAIO:
Ne 15 3ag. kadeapoit MDOC

o pucuuiuimae Onruueckue nudposble
TEJIEKOMMYHHUKAIIMOHHEIE CUCTEMBI

« 25 » nekabps 2019 r.

Hanpagienue 11.03.02 [poduns TeXHOJOTHH W CHCTEMBI ONTHYECKOW CBSI3U
®dakynerer MUY xypc_3  cemectp 6

1) exonep ¢ HENMHEWHOI MIKAIOH KBAHTOBAHHUS.

2) Jlazepusie auomsl. Konctpykuun JIJI. Tlpuniun aeiicTBUS azepHOro anona ¢ pesonaropom Pabpu-Ilepo.
Xapakrepuctuku JIJ (BaTT-ammnepHas, aAuarpaMMa HaIllpaBJICHHOCTH, CHEKTP H3Iy4eHHUs, CPOK CITY>KOBI).
Pacuer napamerpoB MHOIOMOJOBOIO JIa3epa.

3) TlokasaTh BpeMeHHYIO quarpaMmy JuHeRHbIXx koToB UITHW, KBII-3 u BH mis kKomoBoii TOCTEA0BATENBHOCTH
01110110101000000000011011000001000000100001

5. BaHK KOHTPOJIbHBIX 32JaHMH W HMHBIX MaTEPHAJIOB, HCHOJBb3YEeMBIX B Ipouecce
NpoueAypP TEKYLIero KOHTPOJIS H IPOMEKYTOYHOMH aTTeCTAlMU

[Ipencrasnen B anekTpoHHON MH(MOPMAITMOHHO-00pa3oBaTenbHOM cpeae no URI:
http://lwww.aup.uisi.ru.
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3aBeayromumii kadeapoii (pa3paboryuka) E.A.Cy660THH
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OIeHOYHbIE CPEICTBA PACCMOTPEHHI H yTBEPKICHBI Ha 3aceaHnH Kadenpst MIC
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3aBeayromnuii kadeapoii (pazpaboTunka) E.A.Cy660TnH

noaIMncCh WHHUIWAJIBI, (I)aMI/IJ'II/IFI
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