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Acomianisi KOpUCTYBauiB YKPaiHCbKOI HAYKOBO-0CBITHBOI TeJIEKOMYHIKAIIiTHOT
mepexi «YPAH»

Bucsimneno pezynomamu uxomanus npoexmy 3 NiOKIOUeHHS YHigepcumemis i HAYKOBUX
ycmanog 00 mepedici « YPAHY, skuil eéxnouae peanizayicto 8010KOHHO-ONMUYHUX JIHIU 38 83KV 6
micmax Ykpainu ma eupiuwye 3aoauy 63aemos’cOHanus 3 Ilan-€8ponelicbkor0 HAYKO80-0C8IMHBLOIO
mepedci GEANT na weuoxocmsx oo 10 I'6im/c. Ilooani pe3yromamu 00cniodncenb 8i10MOBOCMIUKUX
80JIOKOHHO-ONMUYHUX MEPEHCEGUX CMPYKMYP 1 GNPOBAONCEHHS MEPENCe8UX Cepeici@ NPUKIAOHO20
DIBHAL.

Knrouogi cnoea: tenexomyHikaiii, IHTepHET, BOJIOKOHHO-ONTHYHI JIiHII 3B’SI3Ky, Mepeka
YPAH, GEANT.

Busnauyenns npood.iemu

Cranom Ha 2005 p. ykpaiHCbKi BUEH1 HE MaJIl MOKJIMBOCTI IPOBOIUTH, KOONIEPYIOUHCH SIK MK
co0010, Tak 1 3 3aXiIHUMU HAyKOBUMHU KOJIEKTHBAMM, CIUIbHI JOCHIPKEHHS B KIIIOUOBUX Tally3siX
(GbyHIaMEHTaIbHOI 1 NMPUKIAJAHOI HAYKH, IO MPOAYKYIOTh BEIMKI IMOTOKU TEIEMETPUYHUX JAHUX 1
noTpeOyIoTh rirabiTHUX KaHAIIB Nepeadl JaHUX 1 CyIepKoMIT oTepiB abo rpiaiB s ix oopooku. Lle
¢bi3uKa BHCOKMX €HEprid 1 pamiamiiiHa Oe3neka, paaioacTpOHOMIS 1 KOCMIYHI JOCIIHKCHHS,
aepoJMHaMiKa 1 KOHCTPYIOBaHHS JITaJbHUX amapari, omip marepiajiiB 1 OyJiBeibHa IHXKEHEpIs,
reoJIOTis 1 PO3BiJKa KOPUCHUX KOMAJIWH, OKEAHOJIOTHsI 1 mepeadadeHHs MOTOod, OI0TEXHOJOTIl 1
TeleMeIuIMHa TOLIO.

Taka cutyairist npu3BoAMIIa 10 BKpald HeOaKaHUX ISl YKpaiHU €KOHOMIYHUX, MOJITHYHHUX 1
coljajJbHUX HACIIAKIB, a caMe:

- J10 3HaYHOrOo OOMEKEHHS HayKOBOTO CIIBPOOITHULTBA 3 KpaiHamMu €BpoIu; BUTICHEHHS
BITUYM3HSHUX HAyKOBUX YCTAaHOB 3 NPIOPUTETHHUX Tajly3edl B JOCHIIKEHHS JIPYropsaHol
TEMaTUKU 1, SIK HACIIJOK, MOCTYIOBOI BTpaTH HAyKOBO-TEXHIYHOI'O MOTEHIIAly KpaiHu.
30KpeMa, BIJCYTHICTb MOJKJIMBOCTI BIIPOBA/XKYBATH 1 BUKOPUCTOBYBATH I€pEBAaru TaKUX
HOBUX TEXHOJIOTIH, SIK TPily, IPU3BOJUTH JI0 3HEIIHEHHS BITUYM3HSIHUX PO3POOOK B raiysi
CYIEPKOMIT FOTEPIB, 110 € MIPSMOIO 3arpo3010 ISl HalllOHATBLHO1T 0€3MEeKH;

- 10 TMEepelIKoJl HaJaHHI0 PIBHMX MOXJIMBOCTEH i peaizalii HayKOBOTO MNOTEHIIaly
BUeHUMM Hamoi kpaiHu. lle monminae cnojaiBaHHS Ha y4dacTh YKpaiHu B po30yaoBi
CHUIBHOTO €BPONEHCHKOr0 HAyKOBO-AOCIIIHUIBKOIO MPOCTOPY 1 CTaBUTh M CYMHIB ii
MOAAJIBILY y4acTh Y Ipolecax €BpO-aTIaHTUYHOI IHTerparlii;

- J10 BUMYILIEHOCTI JUIsl YKPaiHChKUX BUEHUX 1 CHELaliCTIB BUDKDKATH Ha poOOTY 3a KOPAOH
JUI IOCTYIY SIK JI0 Cy4acCHHMX JIOCJIITHUIBKUX MPOEKTIB TaK 1 O CBITOBUX 1H(GOPMALIHHUX
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pecypciB, 110 MPU3BOAUTH 10 “BUTOKY MO3KIB” 13 KpaiHu. YacTo emirparis € Jyisi BYSHOTO
€IMHUM 3aco00M 30epertu npodeciiiny kBamigikailiio 1 peanxizyBaTH CBOI IHTEIEKTyallbHI
MO>KJIUBOCTI.

IIpyyvHY BUHUKHEHHS NPO0IeMHU.

OpHOI0O 13 OCHOBHMX INpPHYMH TaKUX SIBUI B BITUM3HSHIM Hayui Oyno “Benuke uudpose
posnutenns” (“great digital divide”) 3a BHU3HAUEHHSAM 3aXiTHUX AHAIITHKIB. TeIeKOMYyHIKAIliHI
MepeKi, COKUBauYaMH SIKMX € HAyKOB1 Ta HAYKOBO-OCBITH1 YCTaHOBU YKpaiHu, 0a3yBaluCh IOJOBHUM
YMHOM Ha JIOPOrMX KaHajax Mepefadl JaHuX, SKI HaJaloThCsl MICIIEBUMHU OIllepaTopamu
€JIEKTPO3B’A3KYy 1 MAalOTh IPOMYCKHI CIHPOMOXHOCTI B KUI0OITH 1 MerabiTu B cekyHay. Lle He
BIJIOBIAA€ MYJbTU-TIra0ITHUM IIBUIKOCTSIM HAYKOBO-OCBITHIX MEPEX 3aXIAHUX KpaiH, sIK1 3a3BHUYail
0a3yl0ThCsI Ha BJIACHII BOJIOKOHHO-ONTUYHIN 1HPpacTpykTypi [1]. B mif cutyanii 1ociitHUIBK] Fpynu
13 kpain €C npakTU4YHO BiApi3aHi B NMOTEHUIMHUX NApTHEPIB B HAaIIl JepxaBi MPOCTO i3-3a
00OMeXeHb TeIEKOMYHIKALIHUX MEPEeXK.

Merta npoekry

Metoro TpOEKTy € MOJEpHi3allia YKpaiHChbKOi HAyKOBO-OCBITHBOI MEpEkl, sSKa HaJIacTh
MOXKJIUBICTh YKPAiHChKI HAYKOBO-OCBITHIM CIUIBHOTI BUPIIIYBATH BAXKJIMBI 3a/1a4l PO3BUTKY HAYKH 1
OCBITH:

- CTBOPUTH CEpPEJOBUILE BUCOKOUIBUAKICHOTO OOMIHY 1H(GOpMALI€0 A BHUPILICHHS
KUTTEBO HEOOXITHUX, HAWBAXIMBIIIKX Ul HAI[IOHAJILHOT OCBITH 1 HAYKHU 3aBJaHb, B TOMY
YHCJIl PO3BUTKY TEXHOJOTI Ta JOCIAUDKEHb B Tally3l CYNEpKOMIT'IOTEpIB Ta TIpil-
TEXHOJIOT1M, MacoBOi po3cepemkeHoi OOpoOKM 1HQoOpMalil, AOCTYI [0 TIJI00aJIbHUX
HayKOBO-TEXHOJIOTTUHUX 0a3 JaHUX Ta CYNEPKOMII IOTEPHUX PECYPCIB;

- BHUBECTH OCBITY Ha HOBUU Cy4yaCHUN pIBEHb SIKOCTI, €(EKTHMBHOCTi, METOJIB HAaBYaHHS,
MacoBOTO 1 IHJMBIAYaai30BaHOTO, OJM3BKOTO 1 OE3MOCEePEAHBOr0 JOCTYIY IO JUKEpel
3HaHb 1 OCBITHBOI 1H(GoOpMalii Ha Bcii Teputopii VYKpaiHH He3aJlekKHO Bij
MICLI€3HAaX0/KEHHS IIKOJIH, TeXHIKyMy, yi BH3. BnpoBanuTtu nucranuiiine HaB4aHHS SIK y
BUIIUX TakK 1 B CEPEIHIX IIKOJIAX, 110 MigHIME SIKICTh OCBITH, 3pOOUTH JOCTYIHICTh OCBITH
HE3aJIeKHUM B1JI MICIISI IPOKUBAHHSL.

- KOOTEpYBaTHUCS HAYKOBUM KOJICKTMBAM YKpaiHH MDK CO0OI0 1 3 3aXiTHUMHU HAyKOBUMU
KOJICKTUBAMH B IPOBEJICHHI CIUJIbHUX HAYKOBHUX JOCIIKEHb B KIIFOUOBUX Tally3siX HayKH,
TEXHIKH 1 TEXHOJIOTi;

- IIHUPOKO 1 TJIMOOKO PO3MOBCIOKYBaTH 1H(GOpPMALINHI MOTOKM HAyKOBO-OCBITHBOTO
XapaKTepy — OPraHI30BYBAaTH JOCTYI JI0 CBITOBHUX EJIEKTPOHHUX O010ii0TeK, 0a3 AaHMX,
HAayKOBUX Ta OCBITHIX HOPTaNiB, JUCTAHLIMHUX Ta TPEHAXEPHUX CEPBEPIB, IMPOBOIUTH
JOUCTAHLIMHI JIeKIil Ta Bigeo-KoH(pepeHIi, 3a0e3nedyBaTd MPOLEC TUCTAHIIMHOIO
HaBYaHHS,

daxropu, AKi 0yJM NPUITHATI 10 yBaru niga yac po3podKH NpoeKTy
Ocobausocmi no6y008uU HAYIOHAILHUX HAYKOBO-0CBIMHIX Mepexc €8ponu

Hocig kpain €Bpomnu mokasye, mo MNpodieMa BHCOKOMIBUIKICHOTO OOMIHY TaHMMH MK
HayKOBUMH Ta HaAyKOBO-OCBITHIMU YCTaHOBaMH BUPIIYETbCS CTBOPEHHSIM 00’€HAHOI HalllOHAIbHOI
HayKOBO-OCBITHBOI TEJIEKOMYHIKAIIMHOT Mepexki, $SKa OXOIUII0E OCHOBHI HAayKOB1 IHCTHTYIII 1
yHiBepcuteTu. HaykoBo-0CBITHI Mepexi KpaiH €Bponu o00’e€qHaHi MK CO00I0 B MYNbTI-TIraliTHY
mepexxy GEANT .
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Taki Mepexl HE € TEeIEKOMYHIKAlIHHUMU MepeXaMH 3arajlbHOro KOPUCTYBaHHSI — JOCTYII J10
HUX HAJA€ThCs JIMILIE HAYKOBUM 1 OCBITHIM yCTaHOBaM. 3aBJsSKH 3HAYHOMY 3aracy B MPOIMYCKHIH
CIPOMO’KHOCTI KaHaJliIB HAyKOBO-OCBITHI MEPEXK1 3/1aTHI IPUMMAaTH MIKOB1 HABaHTAXKEHHS TpadiKy, 110
3HAYHO MEPEBUILYIOTh MOr0 CepeHbOI000BI 3HAUEHHS. 3HAYHMI 3amac MpOMyCcKHOI CIPOMOKHOCT1
JI03BOJISIE BUKOPHUCTOBYBATH HAYKOBO-OCBITHI Mepexl Takoxk 1 Juis mogadl Tpadiky IHTepHer ix
cnoxkuBayaM. Tomy GEANT mae kuibka numo3iB a0 IHrepHer. Ane juid mepenadi KOMEpIIMHOIO
tpan3utHoro Iutepuer-tpadiky GEANT He BuKOpUCTOBYeThCS. SIK BHMHSTOK, JOMYCKAa€ThCS
MIAKIIOYEHHS 10 Hal[lOHaJbHUX HAyKOBO-OCBITHIX MepexX 3 MeToro nojaayi [HTepHer-Tpadika s
3arajibHOOCBITHIX IIKUI, MY3€iB, IHIINX 3aKIaJiB KYJIbTYypH TOMIO.

Ilepesacu mepeorc, bazosanux na CEF-inghpacmpyxmypi

Curyaris, sika CKiIajlach 3 YKpaiHChKOIO HayKOBO-OCBITHBOIO MEPEKEIO € THUIIOBOIO JJI BCIX
KpaiH MOCT-pajIHCHKOr0 MPOCTOpy. i aHamis OyB IpoBeleHHIl B paMKax €BPOIEHCHKOro IPOEKTIB
SERENATE [3] ta PORTA OPTICA [4] nin erinoto €Bporneiickkoi Komicii 1 Tpanc-eBponencpkoi
acowianii HaykoBo-0oCBITHIX Mepexk TERENA. Ananiz sicHO mokasye, 1110 1}0 HETaTUBHY CUTYaIlilO
MOXKE MepedopoTH JIMIIEe Mepexil OO0 BUKOPUCTAHHS IHPPACTPYKTypHu, Oa30BaHOI Ha TEMHHUX
ONTOBOJIOKOHHUX Ka0eyaX, TOOTO Takux Kabensx, B SKi M0Jayy CBITJa 3 CUTHAJIOM 3[IMCHIOE caMm
kopuctyBau (Customer Empowered Fibre, CEF). Ilo3utuBHuii mocBig po30yaoBU 1 eKcIuTyatailii
HayKOBO-OCBITHUX Mepex B KpaiHax LlenTpanbnoi €Bponu (ITonbmii, Yropumau 1 ocobauBo Yexii)
JOBOJIUTH, 10 MPU OTPUMAaHHI HAllIOHAIBHOIO HAYKOBO-OCBITHHOIO MEPEXKEI0 JOCTYIY 10 TEMHOIO
ONTOBOJIOKHa BOHAa MOXE B paMKax TOro > OHOKeTy HeralHo 30UIBIIUTH CBOIO MPOAYKTUBHICTH
oupiie HiX B 100 pasis.

Cepen mepeBar, ski HaOyBa€ HayKOBO-OCBITHS Mepexa, 1o ©O0a3yerbcs Ha CEF-
1HQPACTPYKTYPi, CIiJ] BIA3HAUNTH:

- TPOIYCKHY CIIPOMOYKHICTh B JIECATKH T1iradiT 3a CEKyHIY;

- cBOOONYy B MaHEBpPYBaHHI MpPH 3MIHAX MEPEKEBOI TOIMOJIOTII; MOXKJIUBICTh €()EKTHBHOTO
MEHEPKMEHTY 1H()OopMaIiifHUX MOTOKIB;

- e(exTUBHI EKOHOMIYHI LUISXU po3noauty 3aTpat Ha yrpumanHs (WDM, TDM Ttomio);

- BUIbHUU BUOIp KaHAJIBHOTO aKTUBHOTO OOJaAHAHHS, MOXJHMBICTH HOTO IEPECTAaHOBOK,
MOJIepHi3allii, MPOEKTYBaHHs; MOXJIMUBICTh POOOTH 3 JKEpelaMHu CBITJIa PI3HUX YacTOT
(trexnonorus Dense wavelength division multiplexing, DWDM), sika Ha cboroiHi 103BOJIsIE
yepe3 0/IHE BOJIOKHO Iepe/laBaTy CUTHAIM Ha 0aratbox (BiA JECSTKIB 10 COTE€Hb) HECYYUX
gactotax. [Iporpec y BupoOHunTBI oOnamHands tuny DWDM nyxe mBugkuii 1 #oro
3aMiHa abo MoJiepHi3allis He TOoTpedye MOEpHI3allil ONTOBOJOKOHHOI IHPPACTPYKTYpH;

- cTaOUIbHY IIHY JOBTOCTPOKOBOT OPEHIM ONTUYHUX BOJIOKOH a00 00CIyroByBaHHs Ka0OesiB

- 1, HacaMKiHEellb, BUKOPUCTaHHs caMme MEePBUHHOI 1HPPACTPYKTYpH, HA BIAMIHY B OpeHIU
MOTOKIB TMepeadl JaHuX y KOMEPIIMHUX OMepaTopiB €IeKTPO3B’sI3Ky, CTUMYIIIOE MPOTPEC
Yy HayKOBO-OCBITHIM MeEpexi, 03BOJsie i OyTH TOJIrOHOM [UIs ampoOariii HOBUX
iHpOpMaLIHUX Ta CYNEPKOMII IOTEPHUX TEXHOJIOTIM, a He mpumyllye il HTM Ha KpOK
o337y BiJ BXKE€ KOMEpLIATI30BaHUX TEXHIYHUX pilleHb. TMUM caMUM HayKOBO-OCBITHS
Mepeska cama IiITpUMyBaTUME IIPoLeC BHECEHHS IHHOBALIIN 10 BCIi KpaiHi.

Ioceio pozsumky Yecbkoi Hayko80-0c8imub0oi Mepedrci

Yecbka HaykoBo-0CBITHS Mepeska CESNET — iiMmoBipHO Kpamuii nmpukiiaj 31 CBITOBUX JI1IEPiB
CEF-mepex. lle — pesynbratr 4-piaHoi poboTH, minrpumaHoi yHiBepcuTeTtamu, AH 1 maiixe Bcima
BJIACHMKAaMU TEMHOI'O ONTOBOJIOKHA B Yexil.

[Touarox Oyno mnoknazeHo B 1999 poui, xomu CESNET B3susia B openpy 323 km
ONTOBOJIOKOHHOTO Kabemo MK [Iparoto 1 bpHo Ta opraHizyBajga B HbOMY Iepefauy JaHUX Ha
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mBuakocti 2.5 I'6it/c. B et moment CESNET nmotpanuna y cuTyarlito, KOJIi BOHa €KCILTyaTyBasia
JIBa COpPTU TIriOITHUX IIHIM: Ha OPEHIOBAHWX TEMHUX OINTOBOJIOKOHHHX JKHJIAX 3 KIHIIEBUM
KaHAJIOYTBOPIOIOYUM OO0JIaHAHHSM, siKe KOHTPOJot0Thes mepconasom CESNET, ta Ha opengoBaHuX
rirabiTHUX MOTOKaX, M0 KOHTPOJIIOIOTHCA OMEpPaTOpPaMH €JIEKTPO3B’sA3KYy. 3’ACYBaJIOCS, IO OpEeHa
TEMHOTO ONTOBOJIOKHA 1 BUKOPUCTAHHS BJIACHOTO KAHAJOYTBOPIOOYOro OOJa/JHAHHS Ma€ 3HA4H1 5K
€KOHOMIYHI, TaK 1 TEXHIYHI IepeBaru. 30KpeMa, Taka Mepexa MPONOHYye HE TUIbKU OuIbII
MPOJIYKTUBHHUM CepBIC, aje TakoX 1 HEOOXiOqHYy THYYKICTh B HaJaHHI CEpBICIB 3a PO3KIAJIOM
(3’eqHAHHS 3 YHIKQIBHUMHM JOCHITHUIBKUMU IHCTPYMEHTAMH, OpraHizallis BiIJaJIEHOTO CEepeIoBHILA
HayKOBOTO CIIBPOOITHUIITBA, MPOBEACHHS Bi1€0-KOH(EPEHIIIH TOLI0).

[Tounnaroun 3 2002 p. CESNET nocnigoBHo nepeBoauth mepexy Ha CEF-iHdpacTpykTypy.
Ha Bigminy Bia iHmmx CEF-mepex mo Bceomy cBity, CESNET Bupimmina cyTT€eBO 3MEHLIUTH
KUIBKICTh TOYOK pereHepanii CuUrHajly B3A0BXK JiHil. 3amicTb 3Bu4aiiHuX 80 KM pereHeparopu
BcTaHOBMIOIOTECS depe3 150-200 1 HaBith 10 300 kM. Taka TexHika 3HAYHO 3MEHILIYE BUTpPATH Ha
OTIEPYBaHHSI, 110 IY’KE€ BOXKJIMBO B YMOBaX OpaKy TEXHIYHOTO MEPCOHANY, 0013HAHOTO Ha ONTHYHOMY
oOnanHaHHI. SIK HaCIIOK — apXITEeKTypa Mepexl aJanToBaHa TakK, 00 MIHIMI3yBaTH KUIbKICTb
pereHeparopiB, TOMy IO BY3JIM KOMYTallli HayKOBO-OCBITHBOI MEPEX1 po3MillleHl 6€310CepeIHbO B
YHIBEpCUTETaX.

Cranom Ha 2004 p. CESNET BukopucroByBasia 3600 KM TEMHOTO ONTOBOJIOKHA. BUThIIICTH 3
HbOrO — y (dopmi HagnoBrux cermeHTiB Oe3 perenepatopiB (CESNET 3aiimae B npomMy nuTaHHI
JIKYI04y MO3UIIII0 B CBIT1), IpUUOMY TriralbiTHI MOTOKHU peani3ytoThes Tulbku Ha CEF-indpactpykTypi:
BCl KOHTPAKTU Ha OpeHAY TirabiTHUX CEpBICIB y ONEpaTopiB €lIEeKTPO3B’A3Ky mnpumnuHeHl. Ha mixii
[Ipara-bpHO BUKOpPUCTOBYETHCSI BUTOTOBJIEHE BJIIACHUMHU CWJIaMU OOJIaAHAHHS ISl MOJayl CBITJIA B
kabeunb, 1o 3a0e3neuye Ha Ot HDK 300-kUTOMETpOBIM NUIBHUII Nepenady notoky 10 I'Git/c Oe3
MPOMDKHUX pereHepartopiB. CremiaJbHO Uil 3’€IHAHHS MaJluX BY3JIIB MEpPEX1 BHUKOPHUCTOBYIOTHCS
cerMeHTH ojHoBoslokoHHMX JiiHIA 100 MOit/c. CESNET 3’ennana CEF-nminiamu  10I°61t/c 31
Crnogaipkoto Ta [TobChbKO10 HalllOHATBHUMH HayKOBO-OCBITHIMHU MEPEXKAMH.

CESNET ¢inancyerscsi nepkaBoro 1 mpaitoe pasom 13 crnemianicramu 3 Kanagu, CIIA Ta
Hinepmannis Ha moOynoBi riobanshoi asmOma-mepexi GLIF (Global Lambda Integrated Facility).
3aBasSKH TaKUM JOCTDKEHHSIM YUexis Mae BUCOKHI aBTOPUTET 1 J0Opy pemyTailito B €BpONeichbKoMy
npoexti GEANT.

Iloceio pozsumxy [lonbcbkoi HAYK080-0C8iMHbOI Mepedici

[Tonbcbka HaykoBo-ocBiTHS Mepexki PIONIER Oyna 3anmouatrkoBana B 1999 poui 3aBasiku
nporpaMi JlepKaBHOTO KOMITETY HayKOBHMX AOCHIKeHb. OCHOBHHM MPIOPUTETOM IPOTpamMu crajia
po30yioBa Cy4acHO1 BOJIOKOHHO-ONTHYHOI Mepexi MpoTspkHICTIO moHaa 5000 kM, 3 sSKUX OJIU3BKO
2500 kM MpOKJIaAA€ThCS 1O BIACHIN KaHAJ13aIlii.

Mepexa 3’eaHye MDK co0oro0 21 Mepexy perioHaJpHOrO piBHA, B TOMYy uucial 12
CYNMEpPKOMIT FOTEpHUX MEHTPiB. TexXHOoorii, MmO BUKOPHUCTOBYIOTHCS, 3a0€3MEUyIOTh IIBUIKICTH
nepenaui nanux n*10 ['6ir/c.

Mepexa PIONIER 3B’sf3aHa ONTHYHMMM KaHalaM{ 3 HalIOHAJBHUMU HAyKOBO-OCBITHIMH
Mepexamu B Himedunni, Yexii ta JIutei. B 2008 pomui [Tonschka HAYyKOBO-OCBITHS MEpEXKa 3aBEpIIHIIa
poOOTH MO MPOKJIA/L1 BOJOKOHHO-ONTHYHOT JIHIT 3B’ 513Ky BiJ JItoOmiHa 10 MyHKTa nepeTuHy YKpaiHo-
[Tonscekoro mepxaBHOro KopaoHy ['pedenne / PaBa-Pychka 3 METOIO BCTAHOBIICHHS B3a€EMO3’ € THAHHS
3 mepexeto YPAH. Cranom Ha nucronan 2009 p. e B3aeMo3’€JHaHHS €KCIUTYaTy€eThCSl HA HIBUIKOCT1
1 I'61t/c. [Tnanyerbes HaBecHi 2010 p. 30u1bmMTH Horo mBHaKicTs A0 10 ['6it/c.
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Tenoenyii 6 po3eumky mexuHoo2iu meieKoMyHiKayitl.

CrtaH TEXHOJIOT1H TEIEKOMYHIKAIIA iX MOMXJIMBOCTI Ta MPECIEKTUBHU PO3BUTKY MOKA3YIOTh, 1110
ICHYIOTh JIeKUJIbKa TEXHOJIOTIM, LI0 BHUKOPUCTYBYIOTHCA B peajiaslii JocTyny aOOHEHTIB [0
TEJIEKOMYHIKaHUX MEpex:

- ONTUYHE BOJIOKHO,

- ONTHUYHI Ta PaJIOONTUYHI MOBITPSIHI KaHAJIM HAPABIEHOTO 3BSA3KY
- CYIYTHUKOBI KaHaJIu

- panio-COTOBI CHCTEMH

- TpaAMIiiiH1 HA3eMH1 KaHaJI Yepe3 MiJH1 Kaberl.

SIkmo BpaxyBaTH BUMOTHM /0 KaHaJiB JJIs IMIJKIIOYEHHS HAyKOBO-OCBITHIX Oprasizailii, e
OCHOBHUM € IIBUJIKICTH B ACCATKIB 10 THCSY MOIT/C 13 3a0e3MeueHHsM SKOCTi, Oe3MepepBHOCTI 1
HAJIMHOCTI, TO aIbTEPHATHUBY ONTUYHOMY HIJKIIOYCHHIO HEMAE.

Konkypentom mMornu 6 OyTd ONTHYHI MOBITPSIHI CHCTEMH, ajie iX 3aJeKHICTh BiJ[ MOTOJHUX
YMOB (CHII, TyMaH) 1 BUMOTH /0 HpsIMOi BUAMMOCTI OOMEXYIOTh Ta 3BYXKYIOTh 3aCTOCYBAaHHS LUX
TEXHOJIOT'1H, 0COOIMBO B MICHKMX 30HAaX.

Benuka BapTiCTh CYMyTHUKOBHMX KaHAIIB 1 BIACYTHICTh TEHACHIIIN Ha 11 3HMYKEHHS 0OMEKYIOTh
Ta 3BY)KYIOTh 3aCTOCYBaHHS ITUX TEXHOJOTIH.

Eipui Tpancsiiiai cucreM aoxcroponnsoro tuny (WiFi, WiMax Ta noi6H1), MaloTh BEIUKI
OOMEXEeHHSI M0 IIBUJIKOCTI 3aBJISKM CYTTEBUM 4YacCTOTHUM OOMEXKEHHSM Ha 3arajibHy CMYTy
[epeaBaIbHOTO BY3JIa.

PaniocucreMu coToBOro TUIy MarOTh HaBITH OUIbIIT OOMEKEHHS MO MIBUAKOCTI, 10 U edipHI,
OCKUIbKM BUKOPUCTOBYTH OUIbIII JOBXUHU XBWIb, ajieé 3aBIsku edexry nudpaxuii (orudanHHs
MEPEIKO/) YCIIIIIHO BUKOPUCTYBYIOTbCS B MICHKHX 30HAaX Ul HEBEJTUKUX IIBUIKOCTEH.

MOo3KHO CTBEpAXKYBaTH, 1110 B IEPCIEKTHUB] CYITYTHUKOBI 1 paJloCUCTEMH JOCTYITY 3aJIUIIATHCS
OCHOBHHUM 3ac000M 3BSI3KY 3 MOOUIBHUMH 00€KTaMH 1 iX Tak 1 MOTPiOHO MO3UIIIOHYBATH.

Po30ynoBa mepeskeBoi indppacrpykrypun YPAH
Buympiwnvomicovki 6onoxonno-onmuuni mepexci YPAH

[Ipotsrom 2004-2009 pp. B mepexi YPAH mocnimoBHo BimOyBaBcs mepexim Ha CEF-
TEXHOJIOTIT B BOJIOKOHHO-ONTUYHMX Mepekax B Mictax YkpaiHu. CbhOrojHi MNpakTU4YHO BCl
MIIKITIOYEHHS] KOpucTyBadiB 10 Mepexi YPAH 3nilicHeH1 BUKITIOYHO 1O BOJIOKOHHO-ONITUYHUX JIHISX
3B’s13Ky. PoOoTu BukoHyBanuch Acouiauiero YPAH nHa 3amoBnenHs MiHicTepcTBa OCBITH 1 HayKu

VkpaiHu, a TakoX 3a paxyHOK LUIbOBUX IH(PACTPYKTYpHHUX TPAHTIB HAyKOBOTO JEMapTaAMEHTY
HATO.

Cranom Ha muctonan 2009 p. meperxxa YPAH napaxoBye:

- BHyTpilIHbOMICHKI Mepexi (“Metropolitan Area Networks”, MAN) Ha BOJOKOOHO-
ONTUYHUX JIHISIX 3B 43Ky B 15 micrax,

- 250 kM BiIacHHMX OIITHMYHUX KaOeiiB Bix 2 10 24 Kui,

- 78 miIKIIOYeHUX HAyKOBUX Ta OCBITHIX YCTaHOB,

- 160 Touok MiIKJIFOUEHHS A0 BOJIOKOHHO-ONTUYHUX MOPTIB

- 1 TI'6ir/c cepBic 6a3oBanuii Ha Texnojorii CEF.
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Ha Mau. 1 ta 2 HaBeneH1 Ik IPUKIIaJl BOJIOKOHHO-oNTHYHI iHGpacTpykTypu YPAH B IlonTasi 1
XMEeNbHUILKOMY, SIK1 € TUIIOBUMU. BHYTPITHLOMICHKI BOJIOKOOHO-ONTHYHI MEPEX1 B IHIIHUX MICTaX
HaBeJeHi Ha caiiti YPAH [2].

ANl

= O 0~

22 0 0.4 0.5 1.2 1.6 2 kn

Man. 1. Buympiwnvomicoka 6o10koono-onmuuna mepexca YPAH ¢ [lonmagi

Byzon Mibkwmicekoro 3B's3ky: ¢urigs BAT "Ykprenexkom", kKiMHaTa CTOPOHHIX OIEpaTOpiB
KCO-2 - J)KostHeBa, 33

[TontaBchbkuil BiiCbKOBUM IHCTUTYT 3B"3KY - 31HKIBCbKa, 44

[TontaBchbkuil yHIBEpCUTET CIIOKUBUOT Koonepauii - Koas, 3

[TontaBcbka nepkaBHa ArpapHa akazaemis - CkoBopoau, 1/3

[TontaBchbkuil nep:kaBHUN NeAArorYHUM yHiBepcUTET - OCTpOrpajachkoro, 2
[TonTaBchbkuTii HalioHaNbHUN TexHiuHUM yHIBepcuteT M. FO. Kowmpatioka (ITHTYVY) -
[leproTpaBHeBwmii npocri., 24

[TontaBchbka nepkaBHA IOpUAMUHA akajemis - [lepmoTpaBHeBuii mpocr., 14

VYkpaiHcbka MeAMYHA CTOMATOoJIOT YHa akaaemis - [llleBuenka, 23

[THTY, Uentp nicnssaurmioMHoi ocBity - JKoBTHeBa, 42

. MbkHaponHUH HayKOBO-T€XHIYHUH yHIBepcuTeT, [losnraBchkuili I1HCTUTYT Oi3HeCcy -

CinHa, 7
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Man.2. Buympiwnvomicvka 8on1okoono-onmuuna mepexca YPAH ¢ Xuenvnuyvkomy

By3zon mixmicekoro 3B's13ky: ¢utist 3AT Hararpyn - CoGopHa, 34

XMeNbHUIBKUN T'YMaHITapHO-TIeJaroriyHui ICTUTYT - [IpockypoBcbkoro mignuwis, 139
XMeNbHUIIbKUN YHIBEPCUTET YIPaBIIiHHS Ta Mpasa - TeaTpajibHa, 8

XMenbHUIbKE 00acHe yrpaBiiHHs OcBiTH 1 Hayku - CobopHa, 92

XMenbHUIbKA MIChbKa TOUKa 0OMIHY IHTepHET-TpadiKOM: TEXHIYHUI Mai1aHduK
XMenbHUIbK-IHPoKOM - Bononumupceska, 68

6. XMenpHULBKHUI HallloOHAJIbHUN yHIBepcuTeT - KaM'sHenpka, 110

Nk W=

Tunosa TOmoJIOrisl BHYTPIUITHLOMICHKOT MEPEXK1 1 PO3MILLIEHHS B Hill 00J1alHAHHS NIPEACTaBIIEH1
Ha Man. 3. B pasi, gKII0 B MICTI € TOUYKH HIAKIIOYEHHS KOPUCTYBauiB, po3cepe/keHl reorpadiuHo,
JOLUIBHO 3aMICTh OJIHOTO LEHTPAJBbHOTO KOMYTAaTOPYy 3aCTOCOBYBAaTHM KUIbKAa KOMYTAaTOpIB, IO
pO3TaIllOBaHl B PI3HUX TOYKaX (BY3Jax) 1 3B’d3aHI MDK COOOI0 Ha MIBUAKOCTAX He MeHuie 1 '6it/c.
(Mau. 4). 3 Touku 30py CTOPOHHBOTO CIOCTEpiradya Taka rpyma KOMYTaTOpIB BUTJISANAE K €IUHHI
po3cepeHKeHI KOMYyTaTop (KOMyTalllifHe 1MoJie).
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AO LeHTpansHoro
esysna ¥PAH B Knesi
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KomyTatop oneparopa

MiKMicbKOro 3B'A3KY

Komytatop YPAH

M M BonoKoHHo-oNTUYHA NiHIiA
3B'ASKY 3 MefiaKoHEepTepamKn

o
® MapwpyTusatop ¥YPAH
o

O
== = = == MapIupyTH3aTop KOpUCTYBada
. Ta HOro NoKanbHa Mepexa

Man. 3. Tunosa mononocis 6HympiHbOMICbKOI Mepedici i po3miujenHst 8 Hitl 0ONAOHAHHS

AO© LeHTpansHoro
esysna ¥PAH B Knesi

]

Man. 4. Tunosa mononocis 6HYMpiUHLOMICLKOIL Mepedici 3 EOUHUM KOMYMAYIUHUM NOJleM
13 KIIbKOX KOMYmMamopis, 6KII04eHUX 8 Kilbye
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OCHOBHHMM JKEpEJIOM HEHaAIMHOCTI TaKOro KOMYTALIHHOTO IMOJIi € BiIMOBa aKTUBHOI'O
obnmagHaHHsA BY3JIB a00 mpoOieMH 3 €NEeKTPOXUBIEHHAM Bysna. (CraTMcThKa eKCIuTyaTtarii
BOJIOKOHHO-ONTHUYHUX JIIHIA 3B’S3KYy CBIIYHUTbH, 10 BUIMAAKU MOUIKOPKEHHS BOJIOKOH TPAIUIIIOTHCA
BKpall piKo 1 MpU LbOMY, 3a3BU4Yail, HE € paNTOBUMH, a ImepeadadyeHi Hamepes 1 MOB’sA3aHi 3
PEMOHTHUMHU POOOTaMU Ha MICBKMX HII3EMHUX Mepekax. ToMy TOMOJOrIUHI CTPYKTYpU MIABUIIEHOT
HAJIMHOCTI, 10 EKCIUTyaTyloThcsi B Mepexi YPAH, natoTe MOXJIMBICTD HEHTpali3yBaTH, TOJIOBHUM
YUHOM, BIJIMOBH CaMe€ aKTMBHOTO OOJIaHAHHS BY3JI1B MEPEXKI.

l'onoBHuM akTUBHUM mnpuctpoem y By3ni € Ethernet-komyraTtop, mo mae sk MIHIMyM 2
ONTUYHUX MOPTHU IJis 3a0€e3MeYeHHs] MaricTpajabHUX 3B’43KiB. KoMyTatopu miaTpuMyOTh IPOTOKOJIN
SpanTree 802.1p (STP), uum 3abe3neuyerbcsi pe3epByBaHHs Tpadiky Ha piBHI VLAN Ta
OanmaHCyBaHHS HaBaHTa)XxeHHs cerMeHTIB Mepexi Ta VLAN 3a nporokosiom 802.1q.

[Ipu Buxoxi 3 mamy oOnagHaHHS OJHOTO 3 BY3JIB (HANPHUKIAJT, BHACIIIOK NPUIUHEHHS
YKUBJICHHS] MICBKO1 €JIEKTPOMEPEX1) KUIbIIEBI CTPYKTYPH BOJOKOHHO-ONTHYHUX MEPEX 3a0€3eUyI0Th
Mpane3/1aTHICTh OMOPHOI MEpekl Ta 3B SA3HICTh MDK COOOK0 pEITH BY3JIB, ajleé KOPUCTYBadi, IO
MIKIIOYEH] 10 By3Ja, 1110 BUNIIOB 13 J1aly, 3BUYaiHO, BTPAayatoTh MOKJIMBICTh OTPUMAHHS OYyAb-IKUX
CEPBICIB.

3 METOI 3JIEIICBIICHHS BOJIOKOHHO-ONTHYHI CTPYKTYPH YacTO BHUKOHYIOTHCS KUIBIICBUMH
TUTBKH 3a TOIOJIOTIYHOIO O3HAKOI0, TOOTO Tmepefadya ONTHYHUX CHUTHAIIB BiI By3JIa J0 By3Ja
3MIIHCHIOETHCS Yepe3 pi3Hi (I3UYH1 BOJIOKHA, ajle OJIHOTO i Toro k kabemnto (Mad. 5).

A0 UeHTpaneHore OoOOoOoO
(=) (o (e ey

esysna ¥PAH B Knesi

Man.5. Opeanizayis 102i4H020 Kilbysi MIdC 8V31AMU KOMYMAYILUHO20 NOJIS
3 BUKOPUCMAHHAM JHCUJL TULUE 0OHO20 Kabeto
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Misxcmicoxi openoosani kanaiu YPAH

Mbkmicbki kaHanu nepenayl njaHux YPAH openzoBaHi y CTOpPOHHIX OInepaTtopiB 3B 3Ky 1
oprasizoBaHi Ha 2-My piBH1 MoJieni OSI 3a Texnonoriero Ethernet. Ctanom Ha nuctonan 2009 p. BoHu

XapaKTepU3yBAIUCh:

- KubkicTs 3’ennanux MicT Ykpainu: 15

- Cymapna nosxwuna: nonana 3300 km

- 3aranpHa MPOIMYyCKHA CIPOMOXHICTh: 10 ['6it/c

- 3akonTpakToBaHi cMyru: Big 15 M6it/c mo 1 I'6it/c 10 KOxKHOTO MiCTa
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Man.6. 3akonmpaxkmosani cmyau mixcmicokux kananie YPAH

Lioxnouenns mepesici YPAH 0o nan-E€sponeticbkoi Haykogo-ocsimmuboi mepesici GEANT
3 MOUKOI0 83a€M03 ' €OHanHs 6 M. [losnans (Ilonvwa)

[Tan-€Bpomneiicbka HAyKOBO-OCBITHSI MEpeXka € BUCOKOIIBHJIKICHOIO MEPEKEI0, LII0 HapaxoBye
6nu3bko 30 MaricTpanbHUX MaplIpyTHU3aTOPIB, pO3TAIIOBAHUX B PI3HUX KpaiHax 3axigHoi €Bporu, sKi
3’¢qHaHI MDK CcO00I0 MYJbTUTITabITHUMHU KaHajgamMu mepenadi nanux [1]. 00’egnye O6mmspko 40
HaIllOHAJTLHUX HAyKOBO-OCBITHIX MeEpeX CBpoOmH, MiI0YM 3a MPUHIUIIOM «OJHA KpaiHa — OJHa
HalloHaJibHa Mepexka». HaiOmwxuuit 1o VYkpainu mapmpyruzatop GEANT 3Haxoautbes B M.
[To3naHni, [lonpma Ha TexHiHOMY MaiinaHuuky [loabchkoi HaykoBo-0cBiTHBOT Mepexi PIONIER.

3amaua migxmoueHHs Mmepexi YPAH no GEANT cnpornryBanack 3aBIsku JIt00 SI3HOCTI KOJIET 3
PIONIER: mpu opranizamii kaHamy 3 YKpaiHu A0 OyAb-IKOTO 3 TEXHIYHUX MaWJaHYMKIB, BOHHU

CaMOCTIMHO BUPIIIYBaJIM 3a7auy TO0BEJAEHH 11boro kaHany a0 Mapuipyruzaropa GEANT B Ilo3HaHi.

Bzaemos’eqnannst YPAH-GEANT Oyno 3xailicHeHo B 2 craii.
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Ha nepmiit cranii, y Bepecui 2007 p. Oyno opranizoBaHo opeHnoBanuii kanain STM-1 (motok
SDH 155 M6it/c, inkancynsoBanuii [P-notok 100 M6irt/c) Bin uentpansHoro By3na YPAH B Kuesi
texuigyHoro Marganunka PIONIER B Oynimi Centrum LIM B Bapmagi. [Ipotsirom poxy mpomyckHa
CIIPOMOXKHICTB IIbOTO B3a€MO3’€THAHHS Oyia BUYEpIIaHa.

B rpynni 2008 p. xanan no BapumaBu 0yno 3ynuHEHO 1 Ha Opyrii crajii opraHi3oBaHO HOBUM
karan 1 ['6it/c 3a texnomorieto CEF po texninoro maitmanunka PIONIER B I'pebennomy. 3
VYkpaincpkoro 00Ky KaHaj Oyj0 MOJAaHO Yepe3 MIKHAPOIHUN BOJIOKOHHO-ONTHYHUM Kabenb JIbBIB —
['pebenne, nBa ONTUYHKUX BOJIOKHA B IKOMY Ha Toi 4yac Oynu npuadani Acouiauiero YPAH.

KaGenp nmounHaeTscss Ha TexHIYHOMY MaiigaHuuky BAT «Ykprpancuadra» y JIbBOBI MO BYIL
Jlinuncwkoro, 12 Ta 3akiHuyeTbcsi Ha TexHiYHOMY Maiinanunky PIONIER B M. I'pebenne nmoOnusy
npukopoaoHHoro mnepexoay Pasa-Pycpka (Vkpaina) / I'pebenne (Ilonbmia). JloekuHa Kabenro
cTaHOBUTH 79 kM. ONITHYHI BOJIOKHA OJTHOMOJIOBI, BIITIOB1Ial0Th OCTaHHIN Bepcii pekomenaamii G.652
MDKHApOHOT CHUIKM €NeKTPO3B’SI3KYy, 3rAHO 3 peQIeKTOMETPUYHUM TECTYBAaHHSM 3arajbHe
3aryxaHHs Ha xBuil 1550 um cranoButh 17 1b (0,22 nb/xm)

BumiproBanns nonsipusauiiinoi mogoBoi aucnepcii (PMD) He npoBoanianch, OCKUIBKH BOHH
MalTh BXKJIWBE 3HAYCHHS JIMIIE JUIsi BUCOKOMIBUIKICHMX Mepex 3 TexHosorie:o DWDM, o
npaiorTh Ha mBHAKOCTIX 10 I'6it/c abo Bumie. (ONTHYHMI CUTHAJI MOXE OyTH pO3IICTPICHUN Ha
NIBI OPTOTOHAJBbHI MOJSPU3ALMHI MOJAM, IO MEPEMINIYIOTbCS B3J0BXK BOJIOKHA 3 PI3HUMH
mBUUIKOCTAMU. Lle mpu3BOIuTh MO PO3LIMPEHHS IMIYJbCY, L0 BUSIBISIETbCS SIK OITOBA MOMUJIKA
micst pereHepanii curnany. Skujo PMD nepeBuiitye neBHUi mopir, To BeIM4YMHA KoediieHTy 01ToBOT
MIOMWJIKH IIBHJKO 3pOCTa€, 0OMEXYIOUN JTOBXKUHY JiHIT a00 MakcMMasibHy HIBUIKICTH nepenaui. Ha
noBxkuHax Omm3bko 80 kM 1 mBuakocTsax | ['6iT/c mo KoXKHOMY 3 BOJIOKOH Taki MpoOJIeMHU HE €
aKTyaJIbHUMH).

3a mporHo3om, NpormyckHa cupoMoxHicT 1 I'6iT/c xanany JIbBiB-I'pebenne Oyne BuyepriaHa
HaBecHl 2010 poky. BO6auaerbcs AOUUIBHUM TPETIO 1 HOJAAibINl CTaali PO3IMIMUPEHHS CMYTU
3/1IMCHIOBATH HACTYITHUM YHMHOM.

Ha tperiii craniii umanyerbes BctanoBut XFP-momyni 10 I'6it/c Ha 80 kM Ha JBOX KIHIIAX
napu BoJiokOH JIpBiB-I'pebenne, 1 TuM camum 3abe3neunTH B3aemo3’enHanHs YPAH-PIONIER
JOCTaTHLOIO CMYTO0 Ha niepiona 10 2011-2012 pp.

UerBepra cramis mnepenbaudae BcraHoBieHHS DWDM-oOmangnanHs Ha 000X KIHIAX Mapu
BOJIOKOH 1 3’eqHaHHs Ha BYy31nl B ['pebennomy 3 DWDM-y3znom PIONIER. Sk Bapiant
MOXKepo3riisaaaTiuch BctaHoBieHHs: DWDM-o0nannanns Ha By3i1i YPAH y JIbBoBi1 1 opeHia A-kaHalliB
Bix [lo3nani uepes ['pebenne no JIbBoBa. M0kIJIMBO, CTaHE EKOHOMIYHO BUIIPABIAHOIO 1€ i OpeHaa A-
kaHaniB JIpBiB-KuiB. JlerampHa po3poOka wyeTBepTOi cCTajli, BKIOYAOYM 11 EKOHOMIYHE
obrpynTtyBanHs, Oyzae 3podieHa B 2010-2011 pp. 3Baxkaroun Ha OYIKyBaHHS CYTTEBOTO 3HIDKCHHS I[IHU
Ha DWDM-o06nagHanHs.

Oco6auBocti mapmpytusanii Tpadiky GEANT B mepexi YPAH

Ocooausocmi mpaghixy GEANT. Bumoeu 0o obaaonanmus eyznie YPAH

[TopiBHsIHO 3 IHTEepHET KaHalaMM 3arajlbHOTO IMPU3HAYEHHS, KaHAJIW JUIsl HAYKOBUX MEpex
MIOBUHHI XapaKTepHU3yBaTUCh 3HAYHUM 3allacoM MPONMYCKHOI 3JaTHOCTI MOPIBHSHO 3 CEpeAHIM
HaBaHTaXeHHSAM. Lle moB’s13aHO 3 0COOIUBOCTSIMU HAayKOBOro Tpadiky, sIKHH Mae BHOYXomoOimHUil
XapakTep, 0COOIMBO MPU OOMIHY MDK CYNEPKOMII FOTEpaMH, MPU 0OpOOIll HAYKOBOI TEIEMETPUUIHOT

1HpopMarlii.
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3 uiei npuynHU 00JIaHaHHS, 10 3a0e3Iedye KaHaJId HayKOBOi Mepexi, IOBUHHE MaTH 3MOTY
perymoBaTi Tpadik 3a o3Hakamu [P-agpec B makerax, miATpUMYBaTU JEKUIbKa Yepr B KaHAJIbHUX
HampsIMKax, MaTH MOXJIMBICTh PEryJIIOBaHHS HIBUIKOCTI HE HAa OCHOBI peakilii Ha NpoNaJaHHs
MIAKETIB, SIK T€ Ma€ Miclle B OCHOBHOMY B [HTepHeT-KaHanax 3BHYallHOTO TUIY, a BUKOPHCTOBYBAaTH
TEXHOJIOT1I0 nepeaaBaHHs nakeTiB kepyBaHHs (ICMP npoTokoi) Ha OCHOBI BUMIPIOBAHHS TapaMeTPiB
yepr. Take peryntoBaHHs MPaKTUYHO BUKIIIOYAE MPONaJaHHS AKETIB.

[IpucTpiii, MmO BUKOHYE 3a3Ha4yeHl 3aBIaHHS, BIIHOCHUTHCS /IO KJIacy poyTepiB 1 3abe3medye
BUKOHaHHA (yHKIIN Ha 3-My (MepexxkeBomy) piBHI mojneni OSI. Jloctatabo, mo0 ¢yHKIIT poyrepa
BHKOHYBAJIMCh HA JIBOX CTOPOHAX KaHaTy 0€3 BIATAYy)KEeHb. SIKIIO KaHaJI CTPYKTYPHO CKJIAAHHUH, TO Ha
2-My piBHI Mepexi (110 3a0e3neuyeTbes, sk npaBuiio, Ethernet-komyraTopamu), MponyckHi 31aTHOCTI1
BCIX MPOMDKHHX JIAHOK NOBUHH1 OyTH OUTbIIMMU, HDK BUOpaHa MBUAKICTh KaHAITY 3-TO PIBHSL.

3okpema, kaHai Bin YPAH no GEANT na npinsuui yepe3 [lonbiny mpoxoauTh yepe3 KaHai
PIONIER 2-ro piBus 10 I'6it/c. B npomy kanami npucytHi BHyTpimHI ooMiHu mepexi PIONIER,
30kpeMa Tpadik 10 cynepkomi‘torepHux 1eHtpiB [lonbur. TeopernuHo MoBIpHA cuUTyallis, KOJIU
MIKOBE 3HAUEHHS BHYTPIIIHBOTO MOJIbChKOTO Tpadiky aocsarHe 10 I'611/c 1 Ha KOPOTKHiL yac 0OMEKUTH
HIBUAKICTh KaHaly B Ykpainy. [Ipu ubomy ICMP perymioBanHs He Oyne, Tak sIK MepeBaHTAXCHHS
Oyne BUHUKATH Ha 2-my piBHI Mepexi. [I[o0 3amobirtu npoMy, HEOOXiTHO BKIIOYUTH PETYTIOBAHHS
Tpadiky Ha iHTepdeicax komyraropiB 1 ['6ir/c 3agomomororo ¢ynkiii FlowControl. s dynkimis
perymoe Tpadik MIISTXOM IepelaBaHHs KepyoUunx ¢ppeliMiB 2-ro piBHS Ha iHTepdeiic nepeaaBaya npu
3pOCTaHHI1 4epru (ppenmis.

[Ile oxgna BaxumBa mociyra, sika Hagaerbcsi B GEANT, € HamanHs rapaHToBaHOl CMYTrd 3
MIHIMaJIbHUM KOJIMBAaHHSM B 3aTpumill nakeTiB. Llg QyHkuis peanizyerbcss Ha 3-My piBHI Mepexi i
MIATPUMYETbCA Ha 2-My 3a Jonomororo komOiHamii ¢yskuiii RateLimit Ta NetFlow. ®ynkuis
RateLimit TakoX NMOBHMHHA MIATPUMYBATHChb KOMYTAaTOPAMH, SIKI BUKOPHUCTOBYIOTHCS B HAYKOBUX
Mepexax.

Komyraropu, mo niaATpuMyoTh BKa3zaHi QyHKI1, BITHOCITHCS 10 Smart Kjacy.
Biookpemnenns mapwpymis npoxooocennss mpagixy GEANT 6 mepeoci YPAH

[Tonitukn GEANT mno BigHOmIeHHIO 0 Tpadika AOCHTh Mpo3opa: dyepe3 kaHamu GEANT ne
MIOBUHEH NPOXOAUTU Tpadik, 110 BUHUKAE MDK JIBOMa KoMepLiiHUMU opraHizamisiMu. Tpadik Mix
KOMEPIIIMHOIO 1 HEKOMEPLIHHOI0 OpraHi3alli€lo J03BOJISETHCS.

Ockitbku kopuctyBaul YPAH oanouacHo oxepxytots sik nociyru GEANT, Tak 1 mocinyru
noctyny ao IaTepHer, To B pasi, koiiu kopuctyBaueM YPAH crae HeHaykoBa opranizailisi, BUHHKAE
3aB/IaHHS BIJOKPEMJIEHHS il KOMepLIHHOTO Tpadiky BiJ pElITH HAyKOBOTO Tpadiky 1 HampaBiICHHS
Horo TUIbKU B IHTEpHET-KaHANIH.

TakuM yuHOM, IpU MIAKIIOYEHHI HaykoBoi Mepexi 10 GEANT BuHMKae 3aBIaHHS
napajenbHOi MapuipyTu3aiii no kanauax mepexi ognodacHo GEANT-tpadiky Ta Internet-tpadixy.
BiapizauTi 01uH Bix 0JTHOTO MOJKHA 3a Ti€to o3Hakoto, o B GEANT-Tpadixy npunaitmui onxa 3 IP-
aapec — Source [P a6o Destination IP — HamexuTh 10 MpoCTOpy aapec HAYKOBUX OpraHizaiii, a y
Internet-tpacdixy 06uaB1 axpecu HaneKaThb KOMEPIIMHUM KOPUCTYBadaM.

[IpoGnema mosArse B TOMYy, IO MAapHIPyTH JOMEHHOi Mapuipyrusainii nporokosny BGP4
6a3yrotbes uuie Ha Destination [P-anpecax. Ilpu mapuipyrusanii BUxiiHoro tpagiky pi3HOTO THUILY
KOpHUCTYBauiB (KOMEpLIHHUX Ta HayKOBO-OCBITHIX) MOTPIOHO BpaxoByBatu Source IP anpecu, abo x
iHTepdelicu, 3 AKX BUXOIUTH Tpadik.

12
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BpaxyBanus Source IP azapec 3acraBisie BukopuctoByBaTtu Tak 3BaHuM Policy-routing. Lle
CTAaTUYHO 3aJaHa Mapripytu3saiis aisa 01okiB [P-anpec komepuiiinux kopuctyBadiB. s mapmpyrHa
iHpopMaLlii HE 3aJeXKUTh BIA MapUIpyTiB, MO (QOPMYIOTBCS MPOTOKOJIAMU ABTOMATHUYHOL
Mapipyruzauii B Tomy uuciai 1 BGP4. 1 B npomy Henosik nporo cnocoOy. Ilpu 3mini IP-agpec
KOpHUCTYBaya MoTpiOHO BpyUHY MEpeNalmTyBaTi pOyTHHT Tabauli Ha poyTepi YPAH.

[HIIUM KOpPEeKTHMM MUISXOM BHUPIMICHHS MPOOJIEMH € BUIUIEHHS OKPEMOro poyTepa Juis
KOMEPIIMHUX KOPHUCTYBauiB SIK Ha LIEHTpaJIbHOMY BY3J1 B KueBi, Tak 1 B perioHanbHuX By3nax. [lpu
bOMY JBa pOyTEpH 3’€JIHAHI OJMH 3 OJHHMM, yepe3 Lied 3B'SI30K MOCTYNAaITh aHOHCU Bi poyTepa
IaTepuer no poyrepa GEANT, a 3BopoTHOro aHoncy Hemae. Heomik npboro muisixy o4eBUIHUN — BIH
noTpedye N0JaTKOBUX TEXHIYHUX 3aCO0IB.

Tperiii nUIAX — BUKOPUCTAaHHS pOyTepiB 3 JBOMa TabiauismMu Mapupyrusauii. Lle nporpamue
pileHHsT He MOTpeOye TOMATKOBUX TEXHIYHMX 3aco0iB, aje peanizye (GakTUYHO JB1 TapesenbHi
Mepeki Ha OJIHOMY Habopi poyrepiB 1 kKaHamiB. [Ipu 1ipoMy TexHiuHI 3acO0M poyTepiB MOTPeOYIOTh
Maike BJIIBIUl OUIbIIIE OTMEPAaTHBHOI IMaM’sAT1 Ta IMIBUIAKOMIII mpoiiecopiB. OCOONIHMBO 1€ CTOCYETHCS
LEHTPAIBHOTO BY3J1a, JIe peaizyeTbest podoTa B pexxumi FullView.

Buxopucmanns npomoxony BGP kopucmyeauamu mepesci YPAH

[Iporoxon BGP (Border Gateway Protocol) mojke BHKOpHUCTOBYBAaTUChH JIsi PE3EPBYBAHHS
MIAKIIOYEHb KIIIEHTIB, fAKI MaroThb BiacHi aBTOHOMHI cucreMu (AC). Takuil KJI€EHT NOBUHEH
BcraHoBUTH BGP-cecii 3 kinbkoma mapuipyruzaropamu YPAH. Ha Man. 7 300paxeHo Taky cxemy,
0 BUKOPHUCTOBYETHCS JUIsl MIAKIIOYeHHs HarioHanbHOTrO aBialliifHOrO YHIBEPCUTETY JI0 MEpexi
YPAH 1 nHactynHoro nigkiatoueHHs 10 mepexi GEANT.

NAU-NET

Man.7. Cxema pezepsysanus 3a 0onomozoro BGP
13
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3o0pakeH1 MapUIpyTH3aTOPU MalOTh HACTYIHY KOH(DIrypariio:

# Router NAU

router bgp 34776

neighbor 212.111.203.1 remote-as 12687
neighbor 212.111.203.3 remote-as 12687

# Router KPR0
router bgp 12687
neighbor 212.111.203.2 remote-as 34776

# Router KVR0
router bgp 12687
neighbor 212.111.203.2 remote-as 34776

Komanaun MaroTh HacTyIHUIN 3MICT:

router bgp 34776 — KOMaH/a, O aKTUBYE Ha MapuipyTusaropi npotokos BGP, 1 Bctanosmtoe
JUTsl HBOTO aBTOHOMHY cuctemy 34776

neighbor 212.111.203.1 remote-as 12678 — TakuMm 4MHOM BcTaHOBIIOEThCs BGP-cecis 3 cycigniMm
MapipyTtuzaTopoM YPAH, gxuii HalneXuTh 10 aBTOHOMHOI cucteMu 12687

Takum ymHOM, Mapipytuzatop HamionanmeHoro apiamiiiHoro yHiBepcuteTy (NAU) mepenae
anoHc BiacHoi AC mapmpyruszaropam YPAH (KVRO ta KPRO), a BoHM mepecmiaroTh WOTO Aajli B
GEANT. BigmoBimHo, MaemMo J1Ba MOXJHMBI MapmpyTu BXimHoro tpadiky. IIpotoxosom BGP
BHU3HAYAETHCS MOHATTS «HalKpamioro mapuipyry» (best path) Ta pesepBHHX MaplIpyTiB Ha BUMNAI0K
oro BigMoBU. KepyBaHHS BHOOPOM «HAWKPAIIOTO MapHIPyTy» BIAOYBA€TbCS 3a JOMOMOTOIO
BCTAHOBJICHHS CIIeLlaIbHUX aTpUOyTIB. 30Kpema, y MpHUKiIail, U0 PO3IIISIAETHCS B JAHOMY PO3JILIi,
BUKOPHUCTOBYeThcs napamerp « Weight Attributey.

BiH € noxanbHUM 7151 IPUCTPOIO, HA IKOMY BIH HAJIAIITOBYETHCS 1 HE MEPENAETHCS B TAOINULIAX
MapIpyTU3alii Ha HII1 MAPIIPYTU3ATOPH.

Mapupyt 3 OutbiiuM 3HadeHHs «Weight Attribute» mae nepeBary Haj IHIIUMU MapUIpyTaMu,
10 BEAYTh J0 Ti€1 %K TOYKH.

IcHye nekinbka METOIIB BCTAaHOBJIEHHS JaHOoro arpudyry. B maHomy Bumaaky
BUKOPHUCTOBYETbC KoMaHa Neighbor Weight Command:

# Router NAU

router bgp 34776

neighbor 212.111.203.1 remote-as 12678
neighbor 212.111.203.1 weight 500
neighbor 212.111.203.3 remote-as 12687
neighbor 212.111.203.3 weight 1000

Jlana xoH}irypanis BCTaHOBIIO€ BaroBui koedinieHT 500 g BCiX MapuIpyTiB OTPUMAaHHX 3
mapipyruzaropa «KPRO», ta 1000 — nns mapuipytis 3 «KVRO». Takum unHoM, npioputeTHuM Oyjie
BU3HA4YeHO MapuipyT yepe3 mapupyruzarop KVRO, a pezepsaum — uepe3 KPRO.

To6to, NAU 0Oyne Buxomutu B GEANT uepe3 mapmpyruzarop KVRO, ane B pasi Buxoay 3i
CTPOIO OCTAaHHBOTO JaHi OyayTh mepenaBatucs kaHaioMm depe3 mapupyruzatop KPRO. IlepeGynosa
MapIpyTy BiaOynerses nicis toro, sk Mbk NAU ta KVRO 3HukHyTh «keepalive messages».
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JMoaarkosuii cepic BIBJIIO: goctyn 10 jgineHsiiHux MaTepiajiiB BUIABHUITB HAYKOBOL
JiTepaTypH (KoJieKIiil })KypHAaJIiB B eJIeKTPOHHOMY BUIJIfA/I) /IS KOPUCTYBa4iB Mepeski
YPAH.

Acomianiero YPAH nanoromxeno cepsic BIBJIIO — nananus noctyny 10 €1eKTPOHHUX BepCiit
HayKOBHX YpHaJIIB 3a MEPEITIKOM, Y3r0HKEHUM 3 MIHICTEpCTBOM OCBITH 1 HAyKH YKpaiHu.

3rigHo 3 JUEH31SIMM BUJABLIB Ha JOCTYN HAyKOBUX Ta OCBITHIX OpraHizauil YkpaiHu a0
€JIEKTPOHHUX HAyKOBHUX IyOumikaiiil, npuadanuMu MIHICTEPCTBOM OCBITH 1 HayKu YKpaiHH, Takuil
cepBic HagaeTbcs Jume 3 obmexxkeHoro uucna IP-agpec mepexi YPAH (agpecu 13 cyO-mepexi
212.111.207.0/24, To610 212.111.207.XXX, 1€ XXX - YKCJIO B MEkKax Bif 1 10 254), 110 CTAHOBUTH OJIOK
aapec biblio.uran.

JlocTynn 110 €NEeKTPOHHMX HAyKOBHX IyOiiKaliid, Haxallb, HEMOXKJHMBO OpraHizyBaTH O0e3
noctyny A0 Bcboro I[HTepHer. basu naHux >KypHaJbHUX MyOJiKaliil po3MOpPOIIeHI MO 3HAYHIN
MHOXXMHI He3B'si3HuUX [P-agpec, 1 TEXHIYHO HEMOXXJIMBO OpPraHi3yBaTH pPO3AUICHHS Tpadiky
eJIEKTpOHHUX 010:110TeK 1 BCiei pemrtu. PuibTpallist aapec 3A1CHIOEThCS TUIBKA Ha CTOPOH1 BUIABIIIB, 1
Yroau 3 HUMH IepeadavaroTh JUIle NpUHOM HUMHU 3anuTiB 13 Onoky IP-anpec biblio.uran, ane He
3a00pOHSIOTE IM Ha CBOEMY OOIi B OyIb-SKMI MOMEHT 3MIHIOBATH Ha CBIM PO3CYJ TEXHOJIOTIIO
30epiranHs Ta 0OpOOKU JaHUX, PO3MIIIYIOUYH X ONTUMAJIbHUM YMHOM Ha JIOBUIBHUX CEpBEpax.

Jnia abonentiB Mepexi YPAH, mo orpumytots uepe3 YPAH nocryn no Iurepuer, Tpancusiis
ixuix [P-anpec B 6510k biblio.uran 301CHIOETHCS aBTOMAaTUYHO.

Bcim  iHmmM opranizamisiv, 3allikaBJI€HUM B OTPUMaHHI TaKOTO CEpBICY, HEOOXITHO
nigkmountuch 10 Mepexi YPAH 1 cratu 11 aGonentom, ykiactu 3 Acormrianiero YPAH norosip Ha
HAJaHHS TEJIEKOMYHIKalIHHUX IMOCIYT, 32 SKUM IpUadaTu cMyry Aoctymy Ao IHrepHer. Acouianis
YPAH Hajmae miaTHi MOCAyrd JMIIE€ 3 IepeAadl JaHUuX 10 TEJIEKOMYHIKAlIHHUX Mepexax, a
KOPHUCTYBaHHSI BilacHe 1H(popMauiiHuUMU pecypcamu (iHaHCYeThbcsi MiHICTEPCTBOM OCBITH 1 HAyKH
VYkpainu 1 11 aboHeHTiB YPAH € 6e3k01ITOBHUM.

g noctyny no 0i0ii0oTE€UYHUX pecypciB B IHTEpHET BHUKOPHCTOBYEThCS Kemupyrouuid http
npoxci-cepep Sqiud, sSIKUii HAJIAIITOBAHO 3 ypaXyBaHHSIM JBYX OCHOBHUX BUMOT:

- Jlns yeix ayTeHTH(IKOBaHUX KOPUCTYBauiB, 1[0 MAlOTh JOCTYI A0 0101I0TEYHUX pecypciB,
BUKOHYETbCS MIJMIHA BUXIJHOTO aJipecy Ha OJMH 3 3aKpIIUICHUX 3a I[UM KOPUCTYBayeM
aapecoM 13 010Ky biblio.uran.

- Ilpokci cepBep 3abe3neuye aHOHIMHICTH KOPUCTYBayiB Ta MEPEX, IO KOPHUCTYIOTbCS
CBOIMH BHYTPILIHbOMEPEKEBUMHU ITPOKCi-CEPBEPAMHU.

CIIHCOK BUKOPUHCTAHHUX /I’KEPEJI

http://www.geant2.net

http://www.uran.ua

http://www.serenate.org

http://www.porta-optica.org
http://www.cisco.com/en/US/tech/tk365/technologies_configuration_example09186a00800945bf
.shtml#conf3

6. http://www.cisco.com/en/US/tech/tk365/tk80/tsd technology support sub-protocol home.html
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