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1. IlepeyeHb KOMNETEHIUH W HHANKATOPOB MX 10CTHKECHUS
[Ipouiecc n3yueHus AUCUMILIMHBI HAIPpaBlieH Ha (OPMHUPOBAHUE CIAEAYIOIUX KOMITETEHITHI:

Kon u naumeHnoBanue Kon n naumenoBanue Oran [IpenmecTByromiue 3tarsl (C
KOMIIETEHIINH MHAMKATOpa TOCTHKEHUS yKa3aHHUEM JHMCLUILINH)
KOMIETECHIIUI

K-1 Cnocoben K | IIK-1.1 3naTh: 4 1 sran

SKCILTyaTaluu U | -TEXHOJIOTUH OcHOBBI TEOpHH LieTIEH

Pa3BUTHIO CETEBBbIX | TPAHCIIOPTHBIX cerei 2 3tan

mwiargopM, CHUCTEM U | CBSI3U, OCOOCHHOCTH U3 OcHoBBI TEOpUU

ceTell nepenayu JaHHBIX MOCTPOEHUSI, JOCTOMHCTBA 3JIEKTPOMArHUTHBIX TOJIEH U BOJH,
u HEJ0CTaTKH, ux BBenenue BO  omepanMoHHYIO
XapaKTEPUCTUKHU u cucreMy UNIX Bomn, [lakets
00JacTh MPUMEHEHUS; OPUKIAJHBIX  [POrpaMM  BOJIH,
-METOJIUKY pacueToB SI3bIKM  MPOrpaMMHPOBAHUS BOJIH,
mapamMeTpoB B  paMKax OcHoBBI MOCTPOCHUS
npoexktupoBanus TCC; MH(POKOMMYHUKAIIMOHHBIX CHCTEM
IIK-1.2 YMmeTh: U ceTteil BoJiH, Teopus CBA3U BOJIH,
- JaTh XapaKTEepPUCTUKY OcHOBBI ONTHUYECKOU CBSI3H,
TPaHCIOPTHOM ceTu CxeMoTexHuKa
CBSI3H, TEJIEeKOMMYHUKAIIMOHHBIX
- [IPOEKTUPOBATH u YCTPOMCTB, BrruucnurensHas
paccuuThHIBaTh apaMeTphbl TeXHHUKa ¥  UHGOPMAIMOHHbBIE
B paMKax CTPOUTEIhCTBA TEXHOJOTMH, MUKpOIpoIeccopHast
TCC; TEXHHKA B CUCTEMAaX CBS3U
-BBIOUpATh Ty WU HHYIO 3 sTan
TEXHOJIOTHIO noJt OnTo351eKTpOHUKA u
[IOCTABJICHHbIE 1LIEU U HaHodoToHMKa,  Hampasistoniue
3a/1auH. cucteMbl  3neKkTpocBasu, Certu
IIK-1.3 Baagetnb: CBSI3M M CHUCTEMbl KOMMYTALIHUH.
- 3HAHUSMHU O MPHUHIIUIIAX MHorokaHaabHbIE
OpraHu3auu TCC, TEJIEKOMMYHUKAIMOHHBIE CUCTEMBI,
0COOEHHOCTEMH ux TexHnonoruu udpoBoro
MIPUMEHEHUS noj TesnepaauoBelIaHuts,
MOCTaBJIEHHbIE UEMH U DNEKTPONUTAHUE  YCTPOUCTB H
3a/1a4y; CUCTEM TEeNIEKOMMYHHUKAITUH,
-HaBbIKaMHU CereBble TEXHOJIOTHHU
MPOCKTUPOBAHUS u BBICOKOCKOPOCTHOM nepegaqn
pacyera mapaMeTpoB B JNaHHbIX, 3MepeHuss B ONTHYECKUX
paMKax  CTpPOMTEIbCTBA ceTsix, MeToapl U cpeacTBa
TCC. n3Mmepennii B TKC

IK-6 CnocoGen | ITK-6.1 3HaTh: 2 1 sTan

MIPOBOJIUTH aHaJIU3 | - HEJIMHEHHBbIE SBIICHMUS, ®u3znueckre OCHOBBI PaTUOCBS3H,

CTATUCTUYECKUX JAHHBIX O | mposiBiisiembie B TCC; CrnyTHUKOBBIE M paJHOpesICiHbIC

pabote TPAHCIIOPTHOM | -  XapaKTEpUCTUKH U CHUCTEMBI CBSI3U

CeTH, OCYILIECTBJIATH | MapaMeTpbl KaHalla CBSA3U

Tekymyro akcmyaranuto | TCC;

" TEXHUYECKOE | -METOJIUKY W aJITOPUTMBI

o0cTyKBaHUE TTOBBIIICHUS KauecTBa

o0opyIoBaHUs cBs3u B kaHaie TCC.

TpaHcnopTHbix cered U | [IK-6.2 Ymersn:

ceTeil mepefauyd JaHHBIX | - JTEMOHCTPUPOBATH

JUTSt MOJAJEPKaHUS | CIOCOOHOCTh U

roKasaresieu KadecTBa | TOTOBHOCTh penmTh

paboThel ceTu B mpexaenax | 0Oy 3a/1auy,

HOPMATHBHBIX 3HAYCHUH, | CBA3AHHYIO c




BBISIBJICHUS pa3paboTKoii,
HEHUCIPaBHOCTEH, IIPOEKTUPOBAHUEM, u
BbIpabOTKH TpeanoxeHuii | skcruryaraimeir TCC Ha
o ONTUMU3ALMH | OCHOBE JeHCTBYIOIUX
HCIIOJIb30BAaHUSl PECYPCOB | HOPMATUBHBIX
000pyI0BaHUs JOKYMEHTOB;
- PUMEHSTh
TEOpPETUYECKHE U
9KCIIEPUMEHTAIIbHBIE
METOABl  HCCIIEOBAaHUS
JUIL  OCBOEHMSI  HOBBIX
nepcnektuBHbIX TCC;
-pa3pabarbiBaTh  CXEMBbI

JTOKYMEHTOB
ctpoutensctBo TCC.
IK-6.3 Baragers:

MPOEKTHOM
JOKYMEHTAaIluU
peanuzanuu TCC.

KaCcaromuxcsa IPOCKTHBIX

- HaBBIKaMH COCTaBJICHUA

- HaBbIKaMH OICHOYHBIX

pacdeToB OCHOBHBIX
apaMeTpoB TpaKTa,
kaHana cBsa3u TCC;

-HaBBIKAMH  Pa3pabOTKH

CXCM OpraHu3aliuu CBA3H.

Ha

®opma(bl) MPOMEKYTOUHON aTTECTAIUU MO AUCIUILIIUHE:

9K3aMCH.

2. Iloka3aTejn, KPpUTEPUM H IIKAJIbI OLEHUBAHNS KOMIIETeHIH I

2.1 IlokazareneM OIICHMBaHMsS KOMIIETEHUMH Ha d3Tane uX (OPMUPOBAHUS TPH H3YyUYEHUU

AUCHUIUIUHEI SIBJISICTCA YPOBCHDb HX OCBOCHMUA.

[Mkana Pe3ynbrarel 00yueHus JleckpunTOpHI ypOBHEN
OIICHUBAHHUS OCBOEHUSI KOMITETCHIINI
ITK-1 CriocoGeH K 3KCIUTyaTaluy U Pa3BUTHIO CETEBBIX IUIaT(OPM, CUCTEM U CETel nepenadn
JAHHBIX
Husknii IIK-1.1 3nars: Cnabo 3HaeT TEXHOJIOTUH TPAHCHOPTHBIX
(OpOroBbI) | -TEXHOJIOTUM TPAHCIIOPTHBIX CeTeH | ceTei CBsI3H, 0COOEHHOCTH u3
YPOBEHb CBS3H, 0COOEHHOCTH U3 | IOCTPOEHHUs, JOCTOMHCTBA U HENOCTATKH,
ITOCTPOEHH, JIOCTOMHCTBA U | X XapaKTEPUCTUKU u o0nacTb

HE/IOCTAaTKU, X XapaKTePUCTUKU U
00acTh MPUMEHEHUS;

-METOJIUKY pacyeToB IapaMeTpoB B
pamkax npoexktupoBanusi TCC;
IIK-1.2 Ymern:

- JaTh XapaKTEPUCTHKY
TPAHCHOPTHOH CETH CBA3H;

- TPOCKTHPOBATH W PACCUUTHIBATH

HapaMmeTpsl B pamKax
ctpoutensctBa TCC;
-BBIOMpATH Ty  WIH UHYIO

TEXHOJIOTHIO II0J  ITOCTAaBJICHHBIC
Sk 1 3aJa49u.

npumeHeHus. Ilnoxo opuentupyercs B
Meroaunke pacdyetoB mnapamerpoB TCC B
pamkax npoektupoBanus TCC.

Cnabo ymeer XapaKTePUCTUKY
TPaHCIIOPTHON CETH CBSI3H.
[IpoekTupoBaHue U pacyeTbl MapaMeTpoB
TTC B pamkax crpourensctBa TCC nmeer
pedepaTuBHBI XapakTep, B pacuerax
UMEIOTCS TPYOble OMIMOKH, M PE3yJIbTaThl
pacueToB HE KOPPEIHPYIOT CO CXEMaMH,
BbIOpaHHBIM ~ oOopynoBanuem.  Ilnoxo
OPUEHTHUPYETCS B BBIOOpE TOW WM WHOMN
TEXHOJIOTMHM IIOJI NOCTABJICHHBIE IIEJIN H

J1aTh




IIK-1.3 Baagern:

- 3HAHUAMU 0 HpI/IHL[I/IHaX
opranuzanuun TCC, ocobGeHHOCTEH
nux HpI/IMCHCHI/ISI 104 IMTOCTAaBJICHHBIC
LIEJIM U 3a7a4H;

-HaBbIKaMHA HpOCKTI/IpOBaHI/ISI 158
pacdyera TapamMeTpOB B paMKax
ctpoutenbcta TCC.

3a7auu.

Cnabo BnameeT 3HAHUSMHU O TMPUHIUIAX
opranuzanun  TCC, ocoOeHHOCTEeH UX
MPUMEHECHHSI O]l TIOCTABJICHHBIC IIETH U
3agaun. Cnabo BllageeT  HaBBIKAMH
MIPOCKTHPOBAHMSI U pacueTa mapameTpoB B
pamkax crpoutensctBa TCC.

Cpennuit
YPOBEHB

IIK-1.1 3nare:

-TEXHOJIOTUU TPAHCIIOPTHBIX CceTeil
CBSI3H, 0COOEHHOCTH u3
MIOCTPOCHHS, JIOCTOMHCTBA u
HEJOCTaTKH, UX XapaKTCPUCTUKU U
00JacTh MPUMEHEHHS,;

-METOAMKY PacyeToB MapaMeTpoOB B
pamkax npoexktupoBanus TCC;
IK-1.2 YmeTn:

- JaTh XapaKTePUCTHKY
TPAHCIIOPTHOM CETH CBSI3H;

- TPOEKTHPOBATh W PACCUUTHIBATH
napameTpsl B pamKax
ctpoutensctBa TCC;

-BBIOMPATH Ty WK UHYIO
TEXHOJIOTHIO TIOJI TIOCTABJICHHBIC
LeH U 33JIa4H.

IIK-1.3 Baaners:

- 3HAHHUSIMU 0 MIPUHIIAIIAX
opranuzanuu TCC, ocoOGeHHOCTEH
WX MPUMEHEHHS 0] MOCTABJICHHBIE
LIEU U 3aJa4H;

-HaBbIKAMU  TMPOCKTUPOBAHUS U
pacuera TmapamMeTpoB B paMKax
ctpoutenbcta TCC.

CpenHe 3HaeT TEXHOJIOTMH TPAHCIIOPTHBIX
cereit CBSI3H, 0COOEHHOCTH u3
IIOCTPOEHHUSI, JOCTOMHCTBA U HEIOCTATKH,
ux XapaKTePUCTUKU U o0racTb
npuMeHeHus. OpueHTUpPYETCs B METOUKE
pacueroB mnapamerpoB TCC B pamkax
IIPOEKTUPOBAHMUS TCC, HO c
MIPUMEHEHUEM METOJIMYECKIX YKa3aHUM.

CpenHe ymeer [naTh XapaKTEPUCTUKY
TPAHCIIOPTHON CeTH CBSI3H.
[IpoekTupoBaHue U pacyeTbl MapaMeTpoB
TTC B pamkax ctpoutensctBa TCC nmeer
B MEHbIIEH CTeNeHu pedepaTUBHBIN
XapakTep, B pacueTax MMEIOTCSA OLIMOKH,
U pe3yiapTaThl pacueToB B OoJjbluel
CTEIIEHH KOPPEIMPYIOT €O CXEMaMH,
BbIOpaHHBIM  0OopynoBanueM. Cpenne
OpPHEHTUpPYETCs B BbIOOpE TOH WM MHOM
TEXHOJOIMM IIOJ{ IOCTABJIEHHBIE LIEIU U
3aJ1a4H.

Cpenne BianeeT 3HAHUSAMU O MPUHIUIIAX
opranuzanun  TCC, ocoOeHHOCTEH UX
MIPUMEHEHHUSI IO MOCTaBJIEHHBIC e U
3agaun. CpeaHe BiajgeeT  HaBbIKAMH
MIPOCKTUPOBAHUS U pacueTa mapaMeTpoB B
pamkax crpoutenbcrBa TCC.

Bricokuii
YPOBEHD

IIK-1.1 3nars:

-TEXHOJIOTUM TPAHCIIOPTHBIX CeTei
CBSI3H, 0COOEHHOCTH u3
MOCTPOCHHUS, JIOCTOWHCTBA "
HE/IOCTAaTKU, X XapaKTePUCTUKU U
00acTh MPUMEHEHUS;

-METOJIMKY pacyeToB MapamMeTpoB B
pamkax npoexktupoBanusi TCC;
IIK-1.2 Ymern:

- naThb XapaKTEPUCTHKY
TPAHCIOPTHO CETH CBA3H;

- TPOCKTHPOBATH W PACCUUTHIBATH

HapaMmeTpsl B pamKax
ctpoutensctBa TCC;
-BBIOMpATH Ty  WIH UHYIO

TEXHOJIOTHIO II0J  ITOCTAaBJICHHBIC
Sk 1 3aJa49u.

Xoporo 3HaeT TEXHOJIOTUH
TPAaHCIIOPTHBIX CETEeH CBSI3U, 0COOCHHOCTH
U3  TOCTPOEHHUs,  JOCTOMHCTBA U
HE/JIOCTaTKH, WX  XapaKTePUCTHKH U
obnacte npuMeHeHus. OpHUEeHTHpYeTCs B
MeTouke pacueroB mnapamerpoB TCC B
pamkax mnpoektupoanus TCC, 06e3
MIPUMEHEHHSI METOJJMUECKUX YKa3aHHH.

YmMmeer J1aTh XapaKTEPUCTUKY
TPaHCIIOPTHON CETH CBSI3H.
[IpoekTupoBaHue U pacyeTbl MapaMeTpoB
TTC B pamkax crpourensctBa TCC nmeer
XapakTep 3aBEpILIEHHOr0 IPOEKTa, B
pacuerax  MMEIOTCS  HE3HAUUTEJIbHBIE
OMOKK, UM  pe3ynbTaTbl  pPacyeToB
KOPPEIUPYIOT CO CXEMaMH, BbIOpaHHBIM
o0opynoBaHueM. XOpOIIO OPUEHTHPYETCs
B BBIOOpE TOW WJIM MHOM TEXHOJIOTHH TIOJT




IIK-1.3 Baagern:

- 3HAHUAMU 0 HpI/IHL[I/IHaX
opranuzanuun TCC, ocobGeHHOCTEH
nux HpI/IMCHCHI/ISI 104 IMTOCTAaBJICHHBIC
LIEJIM U 3a7a4H;

-HaBbIKaMHA HpOCKTI/IpOBaHI/ISI 158
pacdyera TapamMeTpOB B paMKax
ctpoutenscTBa TCC.

IIOCTABJICHHBIC LICJIN U 3a/Ja4H.

OdeHp XOpOILIO BIAACET 3HAHUSMU O
MPUHIIMIAX OpraHu3alu TCC,
OCOOCHHOCTEH WX TPUMEHEHHUS O]
MOCTaBJICHHBIE LI€TU U 3ajaud. Brazgeer
HaBBIKAMH TIPOCKTUPOBAHUS W pacueTa
apaMeTpoB TCC B paMKax
crpoutensctBa TCC 6e3 mnpuMeHeHUs
METOJIMYECKUX YKa3aHUM.

IIK-6 CrniocoGeH mMpoBOAWTH aHAIM3 CTATUCTUYECKHUX JAaHHBIX O paboTe TPaHCHOPTHOH ceTw,

OCYILICCTBIIATE TCEKYLIYIO

OKCILTyaTalluli0O M TEXHUYCCKOC O6CJ'Iy>KI/IBaHI/Ie 060py,HOBaHI/IH

TPAHCIIOPTHBIX CETEd M CeTed INepelayd JaHHBIX Ul NOAJAEpKaHUs IOKa3zaTeled KadecTBa
paloThl ceTH B Mpenenax HOPMATHBHBIX 3HAUYEHUH, BBIABICHMS HEHMCIIPABHOCTEH, BBIPAOOTKHU
MPEJUIOKEHUH 10 ONTUMHU3AIMH UCTIOIH30BAHUS PECYPCOB 000PYIOBAHUS

Huzkuit IIK-6.1 3narth: Cmabo 3HaeT HEIWHCHHBIC SIBJICHUS,
(moporosbIil) | - HEJIMHEHHBIE siBiieHus, | npossisieMble B TCC, XxapakTepuUCTUKU U
YPOBEHb nposiBiisiemblie B TCC; napameTpsbl kaHana cBsizu TCC, MeTOIUKY
- XapaKTEepUCTHKUW M TMapaMeTphl | U aJITOPUTMBI MOBBIIICHUS KaueCTBa CBSA3U
kaHaja cBsa3u TCC; B kaHane TCC.
-METOJIUKY u AITOPUTMBI
MOBBILICHUST KayecTBa CBS3H B
kanaie TCC. Cnabo ymeeT JNEMOHCTPUPOBATH
IK-6.2 YmeTn: CIIOCOOHOCTh M TOTOBHOCTH  PEIIUTh
- JIEMOHCTPUPOBATh CIOCOOHOCTH U | JIIOOYIO 3a1auy, CBSA3aHHYIO c
TOTOBHOCTb PELIUTH JHOOYIO 33/1a4y, | pa3pabOTKOM,  IPOEKTHPOBAaHHEM, U
CBS3aHHYIO c pa3paboTkoi, | skcruryarammeir  TCC  Ha  OCHOBE
MIPOEKTUPOBAHUEM, U | ACHCTBYIOLINX HOPMAaTUBHBIX
skcruryataner TCC Ha ocHoBe | mokymeHtoB. Ciabo yMmeeT NpPHUMEHSThH
NEHCTBYIOIINX HOPMATHUBHBIX | TECOPETUYECKUE M IKCIEPUMEHTAIbHBIC
JIOKYMEHTOB; METOAbl HCCJICAOBAHUS JJII OCBOCHUS
- IPUMEHATb TEOPETUYECKUME U | HOBBIX mepcrekTuBHbIX TCC. VYmeer
AKCIIEPUMEHTAJIbHbBIC METOIBI | pa3padaTblBaTh  CXEMBbI  KACAIOIIMXCS
UCCIIEIOBAHMSI JUIsl OCBOEHUS HOBBIX | IMPOEKTHBIX JIOKYMEHTOB Ha
nepcnekTuBHbIX TCC; ctpoutenbectBO TCC TOIBKO C MOMOIIBIO
-pa3zpabartbIBaTh CXEMBI | TIperoaaBaTers.
KacCaroIuxcst MMPOEKTHBIX
JOKYMEHTOB Ha  CTPOUTEIHCTBO
TCC. Cmabo BiameeT HABBIKAMH COCTaBJIEHUS
IIK-6.3 Biagern: IIPOEKTHOM JOKYMEHTAllUU pPealu3aluu
- HaBBIKAMU cocrasiieHus | TCC.
MPOEKTHOM TOKyMEHTanuu | Cnabo BiajeeT HaBBIKAMH OILIEHOYHBIX
peanmuzanuu TCC. pacyeToB OCHOBHBIX IMapaMeTPOB TPaKTa,
- HaBBIKAMM OIICHOYHBIX pacyeToB | kaHama cBs3u TCC. Cnabo Biameer
OCHOBHBIX  MMAapaMETPOB  TPaKTa, | HAaBBIKAMH Pa3pabOTKH CXEM OpraHU3aIluu
kaHana cBszu TCC; CBSI3H, TOJILKO c MOMOIIBIO
-HaBbIKaMH pa3paboTku CXEM | TIperno/1aBaTersi.
OpraHu3alliu CBS3H.
Cpennuit IIK-6.1 3nartb: CpenHe 3HaeT HEIUHEWHBIE SBJICHUS,
YPOBEHb - HEJTMHENUHbIE siBieHus, | nposiBisiemble B TCC, XapaKTepUCTUKU U

nposiisieMble B TCC;
- XapakTEepUCTUKH M IapameTpsl
kagaja cBs3u TCC;

-METOAUKY u AITOPUTMBI
MOBBIIIEHUS KAdyeCcTBAa CBI3U B
kanaie TCC.

napaMmeTpsl kaHana cBsizu TCC, MeTouKy
U QITOPUTMBI MOBBILICHUS Ka4eCTBa CBSA3U
B kanaiie TCC.

Cpenne YMEET JIEMOHCTPUPOBATh




IIK-6.2 YMmeTh:
- IIEMOHCTPHUPOBAThH CIIOCOOHOCTH U
TOTOBHOCTb PELIUTH JHOOYIO 33134y,

CBSI3aHHYIO c pa3paboTKOH,
MIPOEKTUPOBAHHUEM, 51
skcruryaranued TCC Ha ocHOBe
NENCTBYIOLIUX HOPMAaTUBHBIX
JIOKYMEHTOB;

- TPUMCHITh TEOPETHYECKHE U
AKCIICPUMEHTAJIbHBIC METOBI

HCCIIE0BAHUS ISl OCBOCHHS HOBBIX
nepcnektuBHbiX TCC;

-pa3pabatbIBaTh CXEMBI
Kacaronuxcs MPOEKTHBIX
JJOKYMEHTOB Ha  CTPOUTEIHCTBO
TCC.

II1K-6.3 Baagern:

- HaBBIKAMH COCTaBJICHHUS
MPOEKTHOM JOKYMEHTAlUU

peanuzauuu TCC.
- HaBBIKAMH OIICHOYHBIX pPaCcUeTOB

CIOCOOHOCTh M TOTOBHOCTH  PEIIUThH
00yI0 3a/1auy, CBSI3aHHYIO c
pa3paboTKoii, MPOEKTUPOBAHUEM, u
AKCIUTyaTanuen TCC Ha OCHOBE
JENUCTBYIOLIUX HOPMAaTUBHBIX
nokymeHToB. CpenaHe ymeeT NpHUMEHSTh
TEOPETUUECKHE U IKCIEPUMEHTAIbHbBIC
METOAbLI HCCIIENOBAHUA IJIS OCBOEHHUS
HOBBIX mnepcnektuBHbIX TCC. Vmeer
pa3pabaThiBaTh ~ CXEMBl  KacCaroIIHUXCS
MIPOEKTHBIX JIOKyMEHTOB Ha
ctpoutenbcTBO TCC TOJMBKO C MOMONIBIO
METOJIMYCCKUX yKa3aHWUW M C HEOOINBIION
ITOMOIIIIO TTPETIO/IaBATEIIS.

CpenHe BiajeeT HaBBIKAMU COCTABIICHHS
IIPOEKTHOM JOKYMEHTALlMM pean3aluu
TCC.

CpenHe BiageeT HaBbIKAMU OLEHOYHBIX
pacueToB OCHOBHBIX MAapaMETPOB TpPAKTa,

OCHOBHBIX  IIapaM€TpOB  TpakTa, | kaHasa cBs3u TCC. CpenHe BiageeT
kaHana cszu TCC; HaBbIKaMU pa3pabOTKU CXEM OpraHU3aluU
-HaBBIKAMH pa3paboTKu CXEM | CBS3M, C TIOMOIIBIO  METOAMYECKUX
OpraHu3aIfy CBS3H. yKa3aHUMH.
Bricokuii IIK-6.1 3nath: XOopouio 3HAET HEJIWMHEWHBIE SIBJIICHUS,
yYpOBEHb - HEeJMHEWHbIE sBiieHus, | mposBisieMbie B TCC, XxapakTepUCTUKU U

npossisieMslie B TCC;
- XapaKTepUCTHKH W TapaMeTpbl
kaHajua css3u TCC;

-METOAUKY u AITOPUTMBI
MOBBIIIEHHUST Ka4yecTBa CBSI3U B
kanaine TCC.

ITK-6.2 YMmeTh:

- ACMOHCTPHUPOBATH CIIOCOOHOCTH
TOTOBHOCTH PCIINTDH J'II-O6YIO 3azaqy,

CBSI3aHHYIO C pa3paboTKOH,
MIPOEKTUPOBAHUEM, "
skcrutyatanuein TCC Ha ocHOBe
JeUCTBYIOIIUX HOPMAaTUBHBIX
JIOKYMEHTOB;

- TPUMEHATh TEOPEeTHUYECKHEe |
OKCIICPUMCHTAJIBHBIC METOAbI

WCCIIEIOBaHM JJI1 OCBOCHHUS HOBBIX
nepcnekTuBHbBIX TCC;

-pa3zpabartbIBaTh CXEMBI
KaCarnIiunuxcs HpOGKTHLIX
JOKYMEHTOB Ha  CTPOUTEIHCTBO
TCC.

IIK-6.3 Baagern:

- HaBbIKaAMH COCTaBJICHUS
MIPOEKTHOMI JIOKyMEHTAIUU

peamuzanuu TCC.
- HaBBIKAMH OIIEHOYHBIX PACUETOB
OCHOBHBIX  IIapaMETpOB  TPAaKTa,

napameTpsl KaHana cBsizu TCC, MeToauKy
Y aJTOPUTMBI MOBBIIICHHS Ka4yecTBa CBS3U
B kanaie TCC.

Xopouio yMeer
CIIOCOOHOCTP W TOTOBHOCTb  PEIIUTH
mo0yro 3ajauy, CBSI3aHHYIO c
pa3paboOTKOHM,  MPOEKTUpPOBAHUEM, U
skcrryataqueit  TCC  Ha  ocHOBe
NENCTBYIOINX HOPMAaTHBHBIX
JOKYMEHTOB. XOpOILIO yMEET INPHUMEHATH
TEOPETUYECKHE M OSKCIIEPUMEHTAJIbHbIE
METOJIbl HUCCJIEOBAaHUS JUISI OCBOCHMS
HOBBIX mnepcnektuBHbIX TCC. Vwmeer
CaMOCTOSITENILHO pa3padaTbIBaTh CXEMbI
KacarolMXCsl MPOEKTHBIX JOKYMEHTOB Ha
ctpoutensctBo TCC.

ACMOHCTPUPOBATH

XopoIo BiIaeeT HaBbIKAMU COCTABJICHUS
MPOEKTHON JOKYMEHTAIlUU pealn3aluu
TCC.

Xopolo BiajieeT HAaBBIKAMH OLIEHOYHBIX
pacyeToB OCHOBHBIX IMapaMETPOB TPaKTa,
kanana cBa3u TCC. Bnanmeer HaBBIKAMH
pa3pabOTKH CXE€M OpraHU3aIu CBS3U
CaMOCTOSTEIHHO




kaHajua cBs3u TCC;
-HaBbIKAMH pa3paboTKu cXeM
OpraHH3aIiH CBSI3U.

2.2 Tabnuia COOTBETCTBHUS PE3yJIbTATOB MIPOMEKYTOUYHON aTTECTAIIMH 1O AUCITUTUTHHE YPOBHIO
sTana GopMUPOBAHUS KOMIICTCHIINN

Ilkana Kox nrpixatopa VpoBeHb 0OCBOEHUS
dopma KOHTPOJIA JOCTHKEHHUS
OLICHUBaHUS N KOMITETECHIIUHN
KOMIIETEHIUH
IIK-1.1 HU3KW
I1K-1.2 Cp@I[HPIfI
Y/IOBJIETBOPUTEIILHO IK-1.3 HU3KUHA
IIK-6.1 HU3KHAH
I1K-6.2 Cp@I[HPIfI
[1K-6.3 HU3KWI
IIK-1.1 Cp@I[HPIfI
HK-12 CpeIIHI/If/’I
KypcoBoii mpoekt XOPOIIIO [1K-1.3 HU3KHI
HK-G]. CpeIIHI/If/’I
I1K-6.2 CpCI[HHﬁ
I1K-63 HU3KHAH
IIK-1.1 BBICOKHH
[IK-1.2 BBICOKHH
OTJIMYHO I1K-1.3 cpesHui
[1IK-6.1 BBICOKHI
I1K-6.2 BBICOKHI
HK-63 CpeIIHI/If/'I
I[IK-1.1 HU3KHAH
[IK-1.2 HU3KUH
YAOBIICTBOPHTEIHLHO IK-1.3 HU3KHH
I1K-6.1 HU3KHUH
I1K-6.2 HU3KHAH
I1K-6.3 HU3KHUH
HK-ll Cpe}lHl/If/'I
HK'12 CpeI[HI/Iﬁ
DK3aMeH XOpOIIO I1K-1.3 HU3KHH
HK'61 CpeI[HI/Iﬁ
HK-62 CpeJIHl/If/'I
I1K-6.3 HU3KHUH
I[IK-1.1 BBICOKHM
[IK-1.2 BBICOKHH
OTTHYIHO I1K-1.3 BBICOKHI
I1K-6.1 BBICOKHH
[1K-6.2 BBICOKHM
I1K-6.3 BBICOKHH




3. Meroan4eckue MaTepHaJibl, ONpeaesiioue npoue1ypbl OLeHUBAHUS

[Ipomniecc  omneHuWBaHWs 3HAHWN, YMEHWW, HABBHIKOB M (WJIM) ONBITa JACATEIHHOCTH,
XapaKTepU3YIOIUX dTanbl (OpPMUPOBAHUS KOMIETEHIMH, HpeAcTaBieH B Tabiuuax mo Gopmam
oOy4eHMSI:

Tun 3ausaTus Tema (pa3aen) OueHovHbIe
cpecTBa
ITK-1 CriocoGeH K 3KCIUTyaTalluy U Pa3BUTHIO CETEBBIX IIATGOPM, CUCTEM U CETel mepenadyu
JTAHHBIX
Jlexusa Bce paznenbl AMCHUILIAHBI Ox3ameH, KI1
JlaGopatopHnas TexHosorus rpydboro CeKTpaaIbHOTO YIUIOTHCHHS Jlaboparopuas
pabora CWDM pabora. 3ammura
UccnenoBanue ontudeckoro myisturiekcopa AWG nabopaTropHoOit
HccnenoBanne onTu4eckoro KOHBEpTepa Ha OCHOBE paboThI
1518(0)
Uccnenosanue cetu WDM KoJIbLIEBOU TOIIOJIOTUHA
[IpakTnueckue «Pa3paboTka cxembl opranusainuu cBs3u cetu WDM» [IpakTrueckoe
3aHATUA «Pacuet moTpeGHOro Yncia JUIMH BOJIH CUCTEMBI 3aHATHE.
DWDM)» NunuBunyansHoOE
«PacueT naMHBI pereHepalnoHHOro y4yacTKa 3aJlaHue.
ONTHUYECKUX CETEW
«Pacuer OroKeTa BpeMeHU HapacTaHUsI CUCTEMbD)
«Pa3paboTka ceTu TaKTOBOW CHHXPOHHU3ALI
CamocrositenbHas | Bee pa3aensl AMCHUIUIMHBI Jlaboparopnas
pabora pabora,
MIPAKTUYECKHE
3aHATUSA,
sx3ameH, KII

IIK-6 CrniocoGeH mMpoBOAWTH aHAIHM3 CTATUCTUYECKHUX JAaHHBIX O paboTe TPaHCIOPTHOH CeTH,

OCYHICCTBIIATL TCKYLIYIO

OKCIUTyaTallUkl0O W TCEXHUYCCKOC O6CJIy>I(I/IBaHI/Ie O60py,HOBaHI/I$I

TPAHCIIOPTHBIX CETEH M CeTed MNepelayd NaHHBIX Ul HMOAJAEpXaHWs IOKa3zaTeled KadecTBa
palboThl ceTH B Mpenenax HOPMAaTHBHBIX 3HAUYEHUH, BBIABICHMS HEHMCIIPABHOCTEH, BBIPAOOTKHU
IIPEJII0KEHUH 110 ONITUMU3ALIMU UCIOJIb30BaHUS PECYPCOB 000PYy10BaHUS

Jlexknusa Bce pazgenbl quciurinHb Ox3ameHn, KI1
Jlaboparopnas TexHonorus rpy0oro CeKTpaabHOTO YIUIOTHEHHS JlaGopaTopHas
pabora CWDM pabota. 3ammra
HccnenoBanue ontuieckoro myasturuiekcopa AWG nabopaTtopHoOit
HccnenoBanue onTuuecKOro KOHBEPTEPA Ha OCHOBE paboTsI
[0y
Hccnenosanue cetn WDM KOJb1IEBOM TOMOJIOTUHN
[IpakTnueckue «Pa3paboTtka cxembl opraHu3anuu cBsizu cetu WDM» [IpakTrueckoe
3aHSITHS «Pacdet moTpeOHOTro Yncia JJIMH BOJIH CUCTEMBI 3aHSITHE.
DWDM)» NunuBunyansHoe
«Pacuer JIMHBI pereHepalmoOHHOrO yyacTKa 3a/1aHue.
ONTUYECKUX CETEI»
«Pacuer Oro/KeTa BpEMEHU HapacTaHUsI CHCTEMBI
«Pa3paboTka ceTr TaKTOBOW CHHXPOHH3AIII
CamocrositenpHas | Bee pazaensl quCHUITMHBL JlaGopaTopHas
pabota pabora,
MPAKTUYECKUE
3aHATHS,
sk3ameH, KI1




4. TunoBble KOHTPOJIbLHBIE 32IaHUS
IIpencraBuTh OMH IPUMED 3aJaHUA IO KaXKIOMY THITY OLICHOYHBIX CPENCTB I KayKIOU
KOMIIETEHINH, (POPMUPYEMOM TaHHOH TUCIIUILIIHHOM.

IK-1 Cnocoben x sxcniayamayuu u pazeumuio cemesvlx niam@opm, cucmem u cemeti nepeoasu
OAHHbIX

IK-6 Cnocoben nposooumsv ananusz cmamucmuieckux OaGHHbIX 0 pabome mpaHcnopmHol cemu,
oOCyuecmenams meKywyro dKCHILYamayuio u mexuuyeckoe 00Cuyxcusanue 060py0o68anus
MPAHCNOPMHBIX cemell U cemell nepedaiu OAHHbIX 0l NO0OePIHCAHUS NOKA3ameriell Kauecmaea
pabomol cemu 8 npedenax HOPpMAamuEHbIX 3HAYEHUN, 8bIAGIEHUS HEUCHPABHOCMEN, 8bIPAOOMKU
NPeON0IACEHUT NO ONMUMUZAYUU UCHONILI0BAHUSL PECYPCO8 000PYO0BAHUS

Koncnekr jexkuuu Ha Temy «OcHoBbI TexHoJ0run WDM»

CnexrpasibHOe yrutoTHeHue kaHanoB (Wavelength division multiplexing, WDM, OykBaibHO
MYJIbTUIUIEKCUPOBAHUE C pa3felieHueM 10 JUIMHE BOJIHBI) — TEXHOJOIHs, I03BOJISIOIIAs
OJTHOBPEMEHHO II€pe/laBaTh HECKOJbKO HH(OPMALMOHHBIX KaHAJIOB IO OJHOMY OINTHYECKOMY
BOJIOKHY Ha Pa3HbIX HECYIIUX YACTOTaX.

TpaauMOHHBIE TEXHOJIOTUU TEIEKOMMYHHUKALUN MTO3BOJIAIOT 0 OAHOMY ONTHYECKOMY BOJIOKHY
nepeaaTrh TONbKO OauH curHaji. CyTh e TEXHOJIOTHH CIIEKTPAIBHOTO, WM ONTHYECKOTO YIUIOTHEHUS
3aKJIIOYAeTCs. B BO3MOXXHOCTH OpraHM3allMM MHOXECTBa pa3lieibHbIX curHanoB SDH mo ogHomy
BOJIOKHY, &, CJIEJOBATEJIbHO, MHOTOKPATHOM YBEJIMYEHUU MIPOITYCKHOW CIIOCOOHOCTH JIMHUU CBSI3H.

OCHOBBI 3TOH TEXHOJIOTMH OBLIM 3aJI0KeHBI B 1958, eme m0 mosBIeHHS camMoOil BOJIOKOHHOM
ontuku. OnHako mpomuio okoiso 20 J5eT, mpexkae 4YeM ObUIM CO3/[aHbl TNEepBbIE KOMIIOHEHTHI
MYJBTUIUIEKCHBIX cucTeM. [lepBoHavyanbHO OHU CO3AAaBAUCH AJIs JaOOPaTOPHBIX HCCIEIOBaHUM, U
mumb B 1980 romy TexHOJOrMs cHeKTpajlbHOro ymiaoTHeHus WDM Obina npemioxeHa ais
TEJICeKOMMYHUKALUWA. A ellle uepe3 MATh JIET B UCCienoBaTeNbckoM 1eHTpe komnanun AT&T Obuia
pealin30BaHa TEXHOJOTHUSl IUIOTHOrO crekTpanpHoro yrutotHeHHs (Dense Wavelength Division
Multiplexing, DWDM), koraa yaanoch B OJAHOM ONTHYECKOM BOJIOKHE co3naTh 10 kaHamoB mo 2
Gbps.

Texnonorus WDM 103BOJISIET CYIIECTBEHHO YBEJIWYUTH MPOMYCKHYIO CIIOCOOHOCTh KaHama (K
2009 rogy nmocturHyta CKOpocTh 15,5 TOWT/C), mpuueM OHA TMO3BOJSET WCIONB30BATh YKE
MPOJIOKEHHBIE  BOJIOKOHHO-ONTHYECKUE JuHUU. bmaromaps WDM  ynmaercs  opraHu3oBaTh
JBYCTOPOHHIOIO MHOTOKAHaJbHYIO Iepefauy Tpaduka MO OJHOMY BOJIOKHY (B OOBIUHBIX JMHMSIX
MCIOJIb3YETCs Mapa BOJIOKOH — JJIs IEpejaud B MPSIMOM U OOpPaTHOM HampaBIEHUSX).

B mpocreiimeM ciryqae KakIbli JA3€pHBIN MEPEAATYNK N€HEPUPYET CUTHAI Ha OIPEACIICHHON
4acTOT€ M3 YAaCTOTHOIO IUIaHa. Bce 3TH curHanbl mepes TeM, Kak BBOJSTCS B ONTHYECKOE BOJOKHO
o0beuHstoTes MynbTuiiekcopom (MUX). Ha npueMHOM KOHIIE CUTHaIbl aHAJIOTUYHO PA3/EsSIOTCs
nemynbTaiekcopom (DEMUX). 3nech, Takxke, kak U B SDH ceTsix, MymbTHUIUIEKCOp SIBISETCS
KJIFOUEBBIM 3JIEMEHTOM.

[TepenaBaemsrii mo TexHonorun WDM cBeTOBOI MOTOK, COCTOUT U3 PA3TUYHBIX JUTUH BOJH (A).

b ONTHYRCKOE BONOKHO /\ A

Pucynoxk1 — IIpuanun nepenaun curaanos 8 WDM

To ecTp Mo OHOMY BOJIOKHY MOXKHO IepenaBaTh 0Oojiee COTHM CTaHJApTHHIX KaHaloB. Tak,
anmapartypa, wucnoiszyemass npu noctpoeHun DWDM-cetn Komnanum TpancTeneKom, B
MaKCHMaJIbHOW KOH(UTYpaIlH MMO3BOJISIET 3a/1ecTBOBATh 10 160 AJTMH BOJH.

[MpunnunuansHas cxema WDM nocrarouno npocta. [[ns Toro 4roObl opraHu3oBaTh B OJHOM



BOJIOKHE HECKOJBKO ONTHYECKUX KaHajioB curHaiel SDH «okpammBarmoT», TO €CThb MEHSIOT
ONTHUYECKYIO JUIMHY BOJHBI ISl KaKIOTO TaKoro curhana. «OKpalleHHbBIe» CHUTHAIBI CMEIINBAIOTCS
IIpY IIOMOIIM MYJBTUIUIEKCOpPA M IMEPEAaroTCs B ONTUYECKYI JIMHUIO. B KOHEYHOM IIyHKTE
HPOUCXOANUT OOpaTHas ONepanus - «OKpalleHHbIe» cuUrHaibl SDH BBIIENsroTcs M3 TPYIIIOBOTO
CHTHAJIa ¥ TIePEaroTCs NOTPEOUTEITIO.

OnmH4ecKmi
AeMyNETHNNEKCOR

A
ONTHYECKOE BONOKHO

A 3
OnTUYecKMi
MYNLTANNEKCOP

A Az As
PucyHnok 2 -MynbTUILIEKCUPOBAHUE — AEMYJIbTUILTIEKCUPOBaHUE cUrHaJioB B WDM

EcrecTBeHHO, 4TO AJ TOro 4ToObl MepenaBaTh IO OAHOMY BOJIOKHY MHOXKECTBO BOJHOBBIX
MOTOKOB, TexHoioruss WDM obecrnieueHa obOopymoBaHueM 0c000il TOYHOCTH. Tak, MOTpenrHocTh
JUIMHBI BOJIHBI, KOTOPYIO 00€CHEeUMBACT CTAaHAAPTHBIN Jiazep, MPUMEHsAEMbIH B TEIEKOMMYHHUKAIHSIX,
IPUMEPHO B CTO pa3 Oorbie, ueM Tpedyercs B cucteme WDM.

ITo mMepe mpoXokKIeHHs MO ONTUYECKOMY BOJIOKHY CHTHAJI MOCTENEHHO 3aryxaer. [[ng Toro
9TOOBI €0 YCHUJIMTb, UCTIONB3YIOTCS ONTHYECKUE YCHIIMTENU. DTO MO3BOJSIET NEpeaaBaTh JaHHBIC Ha
paccrosHus 10 4000 kM Ge3 mepeBojJa ONTUYECKOI'O CHUIHAjla B AJIEKTPUYECKHM (11 CpaBHEHUS, B
SDH st1o paccrosinue He npesbimaer 200 xm). [IpeumymectsBa WDM odeBHaHBI. DTa TEXHOJIOTHUS
MO3BOJISICT MOJNYYUTh HauOojiee MaclITaOHBIH M PEHTA0EIbHBIN CHOCO0 pPACHIMPEHUs I10JIOCHI
MPOIYCKaHMs BOJIOKOHHO-ONITUYECKUX KaHAJIOB B COTHH pa3. IIpomyckHy0 ClIOCOOHOCTh ONTHYECKUX
JUHUNA Ha ocHOBe cucteM WDM MOXHO HapaluBaTh, IOCTENEHHO 100aBIIsAs 10 MEpe pa3BUTUS CETU B
YK€ CyIIecTByIolee O00OpYyJIOBaHHE HOBBIE ONTHYECKHE KaHaJbL. THIIOBOW cocTaB 00OpYHOBaHUS
IpeacTaBiIsieT co0oi HEOoO0XOAMMOE KOJIMYECTBO ONTHUYECKHX TPAHCIOHAEPOB, OCYLIECTBISIOIINX
npeoOpa3oBaHne JUIMH BOJH W ONTHYECKUH MYJIBTHIUIEKCOP, CMEIIMBAIONIMKA WX BCE B OJIUH
MYJIbTUCIEKTPAIbHbBIN CUTHAI.

OnTHYacKWA ONTH4ECKHA
MYNBTHUNAEKCOD ASMYNBTHANEKCOPR

BO-130 e

P, TR
THYECHMN CHAHUTEN r i
. y ; -

TpaHENOHASR
[(npecSpasoBaTens
ONTHHECKOND CHIHANA)

L
~ 2000 wm

KnneuTexos o60pyaonanse
KnuauTcxoe ofopygosanee

Pucynok 3 — Cucrema nepengaun WDM



JIABOPATOPHAS PABOTA
TexnoJsiorusi rpyooro cnekrpaiabHoro ynjorienuss CWDM

1 eab padoThIi:
1.1 V3y4uTh MPUHIUIBI TIOCTPOCHUS M Pa0OTHI TEXHOJIOTUU IPYOOTO BOITHOBOTO CIIEKTPAILHOTO
ymiotHenust CWDM.

2 IloaroroBka Kk padore:

2.1 VI3yuuTh TEOPETUUECKHI MaTepra, OTHOCSIIUNACS K TaHHOW paboTe MO KOHCIIEKTY JICKIUH,
JUTEpaType U NPUIIOKEHHIO 1.

2.2 IloaroToBUTH OJaHK OTYETA.

3 OcHoBHOe 000py/I0BaHKE:
3.1 IlepcoHaNIbHBIN KOMIIBIOTEP.

4 ITopsinoK BHINOJHEHUsSI Pa0OThI:

4.1 BxiounTe nepcoHadbHbIN KommbloTep. 3amycture nporpammy CWDM.exe. Ilpoiiaure tect
JIOITyCKa.

4.2 U3yunte TeopeTnueckuil Matepuai. B otuere orpa3uTs:

-CTpYyKTypHYyI0 cxemy cetu CWDM,;

-KaHATBHBIN vacToTHRIM TwiaH CWDM (Tabmuma u cnekTporpaMma TpyIIOBOTO CHUTHAJA
CWDM);

-koMmoHeHThI crucreMbl CWDM (ykazaTpe TOIBKO KOMIIOHEHTHI, 0€3 PHCYHKOB U TIOSICHEHHH );

-CTPYKTypHasl CXeMa TPAaHCIOHAepa U BpeMEHHbIE 1uarpaMMbl, MOSICHAIOLINE NPUHLUI paboThI;

-XapaKTEPUCTUKU ONTUUECKUX YCHIIUTENEH (Tabauua).

4.3. Pemmre 3a1a4uM ¢ NOSCHEHUAMU. Pe3ynbTaThl pacyeToB OTPa3uTh B OTUETE

4.4 Ilpoiiaute KOHTPOJIbHBIN TECT, PE3YIbTAT TOKAKHUTE MIPENOJABATEIIO.

4.5 TIpoBepka 3HaHUH MO U3yYEHHOMY MaTepuana:

1) ma crpykrypHoii cxeme cetu CWDM, a umMeHHO, Ha BXOJ€ M BBIXOJE KaXI0ro OJoka
MOJIIMCATh 3HAYE€HHUE JUIUH BOJIH;

2) B macurabe, Ha OJHOW JuarpamMme, M300pa3uTh (POPMBI ONTUYECKOTO CHUTHajla KaHAJOB
CWDM B kaxaol Touke (Ha BXoje ¥ Beixoze 00ka) cxembl cett CWDM;

3) no TaOJIMYHBIM 3HAUEHUSM XapaKTEPUCTUK ONTHUYECKUX YCHWIIUTEIEH MOCTPOUTH BOJIHOBYIO
aMIUTUTY/AHYIO XapaKTePUCTHUKY.

4.6 OTBeThTE Ha KOHTPOJIbHBIE BOIIPOCHI.

4.7 Cnenath BBIBOJBI 110 J1a00paTopHOM padote. B BbiBoge oTpasuth HazHaueHue cetu CWDM,
JIOCTOMHCTBA U HEJOCTATKH, 1aJIbHOCTh CBS3H U I'JIe IPUMEHSETCS (Ha KaKHUX CETSX CBS3H).

4.8 OdopmMuTte OTYET.

5 Conep:xanue oT4era:

5.1 Llenb paboThI.

5.2 CtpyktypHas cxema cetu CWDM.

5.3 KananpHbIil 4aCTOTHBIN IUIaH.

5.4 KommnonenTts! cucrembl CWDM.

5.5 CrpykTypHasi cxema TPaHCIOHJEpa W BPEMEHHBIC TUArpaMMBbl, TOSCHSIOIINE MPUHIHI
paboThI.

5.6 XapakTepUCTHUKH ONTHYECKUX YCWIHTENEH. AMIUIUTYIHO-BOJHOBAas XapaKTEPHCTHKA
yeunurenst EDFA, IITIOY u pamanosckoro OY.

5.7 Pemenue 3anad.

5.8 BeiBoIbI 10 JTaOOpaTOpHOI padorte.

5.9 OTBeTHI Ha KOHTPOJIBHBIE BOITPOCHI.

6 KonTposibHBIEC BONIPOCHI:
6.1 Yro Takoe TpaHcHoHzep?
6.2 VI3 Kak#uX 3JI€MEHTOB COCTOUT TPAHCIIOHEP?



6.3 Kakue tunsl ycunuteneit npumensitorcs Ha cetsx CWDM u nmouemy?

6.4 Kakue Tunsl ycuauTeNne npuMeHstorest Ha cetssx DWDM u nouemy?

6.5 KakoBa MakcuMasbHas MpOMycKHasi criocoOHocTh cucteMbl CWDM?

6.6 KakoBo paccTossHue MeXay ONTHYECKUMH Hecyumu B cucteme CWDM?.

6.7 Kakue ontuueckne MyJIbTUIUIEKCOPBI HCHIOJB3YIoTCs B cuctemax CWDM?

6.8 Kakoii Tun pereHeparopa ucmnoiib3yercs B Tpancnonepe cucrembl CWDM u mouemy?

HNPAKTUYECKOE 3AHATHUE
Pa3paborka cxembl opranusanum cBsizu cetu WDM

1 Hean padoThI:
1.1 [HomyunTs HaBBIKU B pa3paboTku cxembl cetd WDM 1o 3a1aHHBIM UCXOAHBIM JJAHHBIM.

2 IloaroroBka K padore:

2.1.M3yunTh TEOpETHYECKUA MaTepuay, OTHOCAIIMKUCS K JTaHHOM paboTe MO JUTEeparype u
KOHCIIEKTY JIEKLHM.

2.2.0TBETUTH HA BOMPOCHI JAOIMYCKa:

-4TO Takoe uHTepderic?

-KaK Ha cxeMe 0003HA4YaeTCsl ONTOBOJIOKHO?

-KaK Ha cxeMe 0003Ha4aeTcsl ONTHYECKUN MYIIbTUILUIEKCOP M YCHITUTEIh?

-KaK Ha cxeMe 0003HA4YaeTCsl ONTUYECKUN KOHHEKTOP?

-KaK Ha cxemax 0003HayaroTcsi MyJIbTUIUIEKCOpbl SDH (TepMuHanbHBI W BBOAA BBIBOJA), C
yKa3aHHWEM OCHOBHBIX IUTaT?

-KaK Ha cxeMe 0003Ha4YaeTcsi ONTHYECKUI Kpocc?

-KaK Ha cxeMe 0003HavYaeTcs ONTUYECKUN KOHBepTep MynbTuiLiekcopa WDM?

-KaK Ha cxeMe o0o3Havaercs Oycrep, mpeayCHIuTeNb 1 THHEeHHbINH yermntens BOCIT?

-KaKHe mapaMeTphl CETH CBSI3U YKA3bIBAIOTCS B CXEME OpPraHU3aI[iH CBSI3U?

2.3.IloaroToBUTH OJaHK OTYETA.

3 [lopsi 10K BBINOIHEHUS paOOTHI:

3.1 Pazpaboraiite cxemy opranuzanuu cBsizu cuctembl WDM, ecnu M3BECTHO KOIHMYECTBO
KaHAJIOB, MPOITYCKHAs CIIOCOOHOCTh KaHaJla JAHHBIX, PACCTOSIHHE MEXIYy HACEJICHHBIMH ITyHKTaMH,
tornosioruss cetd. McxonHble paHHble NpeAcTaBieHbl B Tabmune 1. Onruyeckue yCHIHUTENN
ycTaHaBnuBarTCs yepe3 kaxapie 40, 80 nmu 120 kM.

Tabmuma 1 — UcxoaHbie TaHHBIE

Bapuant 1123|456 |7]8]9]10
Paccrosiaue Mex 1y HacelleHHBIMHU 1-2 90 | 95 |100|110|105| 85 | 98 |100| 92 | 93
IYHKTaMH, KM 2-3 |200|200|160|132| 50 |250/120|193| 82 | 80

3-4 182|173 | 90 |254|147|152]193|201|100 | 200

4-5 99 |280| 90 [254|142|169| 71 |154|150 160

5-6 88 [174]296]201/100|213| 80 | 99 | 200|180

6-1 301| 99 [199]104 /207 241|242 |187|204|320

Egg;[/}éCKH&H CIOCOOHOCTH KaHala JaHHbIX B, 25110 |10 |25|25| 10 | 40 | 10 | 40 | 2.5
KonnuecTBO KaHaI0B (JIJIMH BOJIH) 1-2 6|1 (5|7 |1]|7|5]4]5]|3
MEXTy HACEJICHHBIMH ITyHKTaMHU 2-3 116 |76 |5|7]6|1]|4]1
3-4 5147|718 |73 |7 4|4
4-5 7162 |6|2]2|8|8|3]1
PaccrostHre MeX Ty HaCeTICHHBIMH 5-6 3148|7382 |5|5]8
MTyHKTaM#, KM 6-1 2 13|16 |3| 7|6 |3]|3|7
Tonomorust cetn 1123|412 |3 4|12
Bapuant 11 |12 |13 |14 | 15|16 | 17 |18 | 19| 20
PaccrosiHre Mexly HaceJIeHHbIMU ‘ 1-2 66 |169| 68 |118| 98 |162|179| 86 |129 | 123




MYHKTaMH, KM 2-3 |140]228 123|212 164|112 130|190 |148| 88

3-4 176124169 | 75 |178 |86 | 90 | 93 | 77 | 180

4-5 1109142182 |146 239| 61 |221|170| 99 | 148

5-6 | 76 |158 110| 60 |151| 84 146 |155| 75 | 235

6-1 [128 |59 [140]196| 58 |206 | 69 | 88 | 227|233

[TpomyckHast ciocoOHOCTH KaHalla JaHHBIX B,

I'Out/c

KonngecTBo kaHaioB (JUTMH BOJIH) 1-2 7182 |5 |6 |7 |86 |56

MEXy HaCEJIEHHBIMU TYHKTaMHU 2-3 7157|1342 |1|3]|5
3-4 118|526 |3 |6 |4]|]1] 4
4-5 1 /6 |41 |53 |3 |2 /|54
5-6 116 |1 2|7 |12 ]4]|3]|3
6-1 312|176 |1]2|8]|8]|5

Tomnonorus cetu 1112|3412 |3 |4]1]| 2

Ilpumeuanue: 1 — konplieBas; 2 — TYCUCTas; 3 — paAMATIbLHO-KOJIbIEBAsA;, 4 — ITUHHAS

Ha pucynkax 1 npencraBinensl npumepssie tononorun BOCII, Ha pucyHke 2 mpeacTaBliieH

npumep cereoro yzen WDM.
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Pucynoxk 1 — Tononoruu BOJIC a) xonbIiieBas; 0) MMHHAS; B) YIUIOMIEHHOE KOJIBIIO; T') SUEHUCTAsT; 1)
paauanbHO-KOJIblIeBast
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(MynbTHILIEKCOP BBOJA-BbIBOJA)
Pucynok 2 — Cxema cereBoro y3na WDM
3.2 Jlnia BBITIOJIHEHUS 3aJjaHus, IEPEHECUTE B OTUYET CTPYKTYpHYIO cxemy Tomojoruu BOJIC.
Cxemy u300pa3uth Ha IUIOmaAU Bcero yucra. [loanucars Mpou3BONIbHO HyMEpAlHUI0 OKOHEUHBIX U

MIPOMEKYTOUHO (HACENEHHBIX) MYHKTOB. PsiO0M, ¢ Ka)XIbIM peOpOM TOIIOJIOTUN YKAKUTE KapaHIaIlIoM
KOJIMYECTBO MEPENABAEMBIX ONTHYECKUX KaHAJIOB, KaK II0Ka3aHO Ha PUCYHKE 3.
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Pucynok 3 — Ilpumep pa3merka onTH4ecKUX KaHainoB Mexay yznamu WDM

3.3 Tlocne 3TOro, HyJHO MOKa3aTh CBS3M (KaHAI) MEXIY BCEMH BO3MOXXHBIMU Y3JIaMH CETH.
Kanan nokaspIBaeTcsi CTpeaKaMu, OJIHa CTpesiKa — OJUH ONTHYecKui kaHal. To ecTh, eciau B mpumepe
(pucyHok 3) Ha y4acTke y3ie 3 U 4 OpraHusyercs 5 KaHajoB, TO, IIOKa3bIBa€Ma CBS3b ONTHYECKHE
KaHaJbl (CBA3M) 3 y371a C JII0OBIMHU APYTUMU y3J1aMH, Kak I0Ka3aHo Ha pucyHke 4. [lonmucats HoMepa
KaHaJIOB Ha BXOJ€ M BbIXOJe KaHaia. KomuuyecTBO KaHaloB (CTPENOK) HE JOJHKHO MPEBBIAThH
YKa3aHHOMY YHCITy KaHAJIOB SA MEXKIY y3JIaMH.
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Pucynok 4 — [Ipumep pa3meTka ONTUYECKUX KaHAJIOB CBSI3U y3J71a 3 ¢ Apyrumu y3namu cea3u WDM

[Tocnenyromas pazmerka kaHanoB cBsizu ¢ y3namu WDM BeimonHstoTcst aHanoruvHo. Tak, as
y4yacTka y3en 4 u 6 ocTtajicsi OOUH ONTUYECKUU KaHaja, JJIsl MpUMeEpa, MyCTh y3€l CBSI3H 6 MMeEeT
COeIMHEHHE C y3JI0B 1 uepe3 y3en 4, kak MOKa3aHO Ha pucyHKe 5. JlJig TaHHOTO KaHajla yKa3bIBaeM
HoMmep kaHana. Ha ydactke y3en 1 u 4 mepenaercst Tpu JJIMHBI BOJHBI A1,2,5, Ha ydacTke y3en 4 u 6
nepeaeTcs OJ{Ha JUTMHA BOJIHEI A4, TOT1a, KaHATY, OPTaHU3yeMOMY MEXAy | 1 6 y37I0M MPOXOASIIEro
TPaH3UTOM 4epes 4 y3en, MpucBauBaeTcss Homep A3.
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Pucynok 4 — [Ipumep pa3mMeTKa ONTUYECKUX KaHAJIOB CBSI3U y3ia 6 ¢ Apyrumu y3namu cBszu WDM

3.4. Ilocne Pa3SMCTKH OIITUYCCKUX KaHAJIOB, I/I306pa3I/ITB CXEMY OpraHu3zalvuio CBA3HU, 3dMCHUM

OKpYKHOCTH (rpaduueckoe 0003HaUCHUE y371a CBA3H) Ha CTPYKTYPY CETEBOTO yIiia, KOTOpasl MoKa3aHa
Ha pucyHke 2. [Ipumep npejcraBieH Ha PUCYHKE 5.
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Pucynok 5 — ITpumep cxemsl opranuzanuu cssizu cetn WDM

3.5 PaspaboraiiTe KaHaIbHO-YAaCTOTHBIA IUIAH Ui CXEMBbI OpraHu3anuu cBsizu. [lis storo,
3amosHUTE Tabwiy 2. 3HaYeHHe JTUH BOJH B3Th U3 pekomernammu ITU-T G.694.



Tabnuna 1 — KanaabHBINM 4aCTOTHBIN IUIaH

Howmep kanana 3Ha4YeHue, HM

Al

A2

A3

A

4 Coaep:xanue oT4yera:
4.1 Uenp paboTHI.
4.2 OTBeThl Ha BOMPOCHI JOMYCKA.
4.3 Cxembl: OpraHu3aluy CBSI3U, Pa3METKU ONTHYECKUX KaHAJIOB.
4.4 KananbHo-yacToTHBIHN 1u1aH cuctembl WDM.
4.5 OtBeThl Ha KOHTPOJIbHBIE PAOOTHI.

S KoHTpoJ/bHBIE BONIPOCHI:

5.1 Yro Takoe texuonorun WDM?

5.2 HazoBute ocHOBHBIE KOMITOHEHTHI cuctembl WDM?

5.3 Ha xakwue BujbI noApasaensercs texnonorus XWDM?

5.4 CKkoJIbKO KaHAJIOB MOXHO opranu3osats B cuicteme CWDM/DWDM?

5.5 Kak paccuntbiBaeTcsi MaKCUMalbHasl MPOITycKHas crnocooHocts cucrembl WDM?
5.6 Uto Takoe TpaHcmoHaep?

3anaHue HA KYPCOBOM MPOEKT
«Opranuzanus TpaHcnopTHOM ceTH cBsizu DWDM)»

. BeIOpath Tpaccy npokyiaKu ONTHYECKOTo Kabes.

. Onpenenuts yucio anuH BojaH cuctreMbl DWDM, pazpaboTtaTh KaHaJIbHO-4AaCTOTHBII I1J1aH.
. IlpousBectu BbIOOp 000pyaoBaHus. JlaTh XapakKTEpUCTUKY 00OPYOBaHUS.

. IIpoussectu Be160p BOK. Jlath xapakrepuctuxy BOK.

. Paccuutare sHepreTruueckuil 0anaHc CUCTEMBI M JUarpaMMy ypOBHEH.

. Paccuurarp 0r0/keT BpeMEHM HapacTaHUs.

. Paccuutarh AnuHy pereHepalnnoHHOro yyacTka.

. Pa3paboraTh cxeMy opraHuzanuu CBs3H.

coO~NOO1TOT DN

IIpumepHBIe BOIPOCHI I MOATOTOBKH K IK3aMEHY

Onrtuueckoe BosiokHOo. OkHa npo3paunoctu. Kimaccudukanus. 3atyxanue. lucnepcus.

Knaccudukanus OB (G.652, G.653, G.654 u G.655). Xapakrepuctuku OB.

OnTuueckue kadenu cBsi3u. Y coBUs NMPOoKIaku. OCHOBHbIE XapaKTEPUCTUKH.

Knaccudukanus coBpemennsix BOCII. CpaBHeHune, XapakTepUCTHKH.

Mopenb B3anMOJENCTBHS TPAHCIIOPTHBIX TEXHOJIOTHH.

XapakTepUCTUKU COBPEMEHHBIX MYIbTUCEPBUCHBIX ceTell. Kpurepuum BbeIOOpa ceTeBBIX
TEXHOJIOTHH.

JIunevinple Tpaktel  OCII.  CrpykrypHas cxema. Perpanciostoper OCII.  ®axkropsl,
OTIpeEISIONINE ITMHY PETeHEPALMOHHOIO U YCUIIUTENBHOTO Y4acTKa.

TexHonOrMYecKre cou TPaHCIOPTHOH ceTh. TpeboBaHMs K TpaHCHOPTHBIM ceTsiM. HenocraTku
OIITUKO-BOJIOKOHHBIX CETEH.

Monens ontuueckoit TpancnoptHoit cetu. Jlocrouncrsa OTN.

Ontuueckne ycwnurenu st OCII. Hasnauenwe, xknaccudukarusi, NPUHIUI JICHCTBUSL.
Xapaxkrepuctuku OV.

Ontuueckue kpocc-kommytaropbl (OKK). UYersipe ypoBHS CKOpOCTEH MNEPEKIIOUEHUS.
[Toxazarenu, xapakrepusyromue padoty OKK.

Tunsl 6a30BBIX U MHOTOKAaCKaJHBIX KpOCC-KOMMYTaTOpoB. [IpuHiiun neicTBus.

OnTuyeckuii  MyJbTUIUIEKCOP, AEMYJIbTHILUIEKCOP. TEXHOIOrMH M CXEMBbl pealn3aluu



MYJIBTUIUIEKCOPHBIX Moyneill. TexHomorus MyJIbTUIIIICKCUPOBAHUS HA OCHOBE MHTEP(EPEHIIMOHHBIX
(buIBTPOB.

Ontuyeckoe MyJIbTUIUICKCUPOBAHWE C paszjeieHueM 1o jmuHam BoaH MPJIB (WDM).
CrpykrypHas cxema cuctembl ¢ WDM, HazHaueHUE 2JI€MEHTOB.

Kananbnsiii (uactotHsiif) mian cuctembl WDM. CranpaptusupoBanHblii 1uana3oH. PaszHoc
ONTHYECKUX Hecymux. Yucno kananos. [IpakTuka ucrnoap30BaHusl.

Knaccupukanus WDM Ha ocHoBe kaHampHOrO IUIaHa. I[lpemmymnectBa W HEJIOCTATKU
texHonoruit WDM.

[Ipo6nemsr HamexuHoctTn BOJIC. OcHoBHBIE TOKa3aTedd HAASKHOCTH. TpeOoBaHUS K
OoKa3aTesiM HaaexHocTh U rotoBHocT BOJIC.

VY3kononocHsle U mupokonosocHsie WDM.

Tpancnonnepsl ¥ KoHBepTOpbl AnuH BoiH. Hasuauenuwe. CrpykTypHass cxema. [IpunHimn
paboTHL.

Kommnencaropel aucnepcun. Hasnauenme. CtpykTypHas cxema. [lpuHnum pabGotel. Mecto
YCTaHOBKH.

CpenctBa, METOIbI MOAYJISILIMM U KOAUPOBAHUS B ONTHYECKUX CUCTEMAX.

Buael Mmonynsiuuii 1 KOOUPOBAHMUS.

Mopynsius B 0THOBOTHOBBIX U MHOTOBOJIHOBBIX BOCII. Monymsmus ASK u FSK. Moaynsius
DP-QPSK.

Ceru TMN. IIpotokouns! ynpasienus cetsimu (SNMP, CLI, Telnet) Untepdetice ynpapnenus F,
X, Q. Dnement menemxkep. CereBort meHemkep. [lonstue arent, meHemkep. Cxembl pean3anuu
yIPaBJICHUS ONTUYECKIUMH CETIMHU.

Opranuzanus gmaHonposieTHoi cett DWDM. Oco6ennoctu. [Ipumensiemoe 060pyaoBaHue.

IIpumepHbIe 3a1a4u:

1) dano: ontuueckoe BOJIOKHO ctaHgapta G.655, crpoutenbHas AJMHA ONTUYECKOro Kadens 4
KM, BBOJMIMAasi MOIIIHOCTb ONTHYECKOTO CHUTHAJa B BOJIOKHO — 10 1b, 9yBCTBUTEIHHOCTH (OTOAMONA -
231b. OnpenenuTs AJIMHY pereHepalioOHHOrO y4acTKa.

2) OmpenenuTs MOTEPH, BHOCHUMBIE  ONTHYECKHM  MYJBTHUIUIEKCOPOM,  KOJIHYECTBO
MYJIbTHUILICKCUPOBAHHBIX KaHaIoB (STM - 64) - 28, u3 Hux 3aneiicrBoBaHo - 20.

3) OnpenenuTh 3aTyxaHue ONTHYECKON JMHUM, ainuHa aJuHuu 110 kM, amuaa BosHbl 1550 HM,
T BosiokHa (5.653, ckopocts nmotoka 90 I'6ut/c.

4) OmnpenenuTh TPYIINOBYIO CKOPOCTh ONTHYECKOro curHana texHojsorun DWDM, ecnu
MyJbTHILIEKCHpYoTes 88 moTokoB STM — 16.

5) OmnpenenuTh MaKCHMAaJIbHYIO MOIIHOCTh ONTHYECKOTO KaHaja. MOIIHOCTh CHTHaJlia Ha
BbIXOJIe OycTepa paBHa — 17 nb. Hucino MynbTHIDIEKCHPOBaHHBIX KaHanoB (STM — 64) 49.



IIpumep FK3aMeHANIMOHHOTO OUJIETA

IK3aMeHANMOHHBbIN OUIeT YTBEPXIAIO:
Ne 18 3aB. kadpenpoit MDOC
YpTUCH Cubl'YTU

o pucuuiuinae TpancnopTHele cetd | « 27 » nekabps 2019 r.
CBSI3U

Hampasnenue 11.03.02 [Ipoduns TpaHCOPTHBIC CETH U CUCTEMBI CBSI3M Y poBeHb bakanaBpuar
@akynsrer UMY xypc_3 cemectp 7

1) CrangapTusupyomye opraHu3aliy U CTaHIapThl CeTel CBS3H.

2) Buasl Mogymnsuumii u kogupoBanus B DWDM u CWDM..

3) OmnpenenuTh MaKCUMaJbHYIO MOIIHOCTH onTudeckoro kanaira DWDM Beomumoro B
OINTOBOJIOKHO. YKCII0 MyJIbTHILIEKCUPOBaHHBIX KaHaoB (STM — 64) 49.

5. BaHK KOHTPOJIbHBIX 3aJaHHIl M WHBIX MATEPHAJOB, HCHOJb3YeMbIX B IpoIecce
Npoueayp TeKylIero KOHTPOJIsi U MPOMEKYTOUHOI aTTecTaluu

[IpencraBnen B 2JIEKTpOHHOH  WHGPOpPMAIMOHHO-OOpazoBatenbHOM  cpene 1o  URIL:
http://www.aup.uisi.ru.







O1eHOUHBIE CPEACTBA PACCMOTPEHBI U YTBEPXKACHBI Ha 3aceqannu Kadeapst MOC

31.05.2021 r IIpotokon Ne 13

3aBenyroumii kadeapoit (pazpadboTunka) E.W. 'amiioménon

IIOAIMHCH HWHHULIKAJIbI, (l)aMI/IJ'H/ISI

31.05.2021 L.




