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3agaua 1. Cucrema Tesre(pOHHOM HyMepauu 1
CTPYKTYPbI MEKIYTOPOJHBIX M MECTHBIX TeJIe(POHHBIX
ceTen.

Hean padorbi: U3yunTh OCHOBHBbIC NMPUHIMIIBI MOCTPOCHHUSI 30HOBbIX
TeJIe(OHHBIX CeTEeH U CUCTEM Tele(pOHHON HyMepaluu.

Crpykrypa Teneponnoii Cern O6mero Iloabs3zoBanus PO

B Hacrosmee Bpemsa Ha teppuropun Poccuiickon @enepanuu OCylIeCTBISAECTCS I10-
ATAMHBIN MEepPexXo/ Ha HOBYIO CUCTEMY Tele(hOHHON HyMepalud B COOTBETCTBHH C MPHKA-
30M [1]. B cBsi3u ¢ Tem, 4TO 3TOT Nepexo 3ariaHupoBaHd Ha cpok 1o 2009 rox, B HacTos-
IIEM 3aJIaHUH MCMOJb3YETCS TEPMUHOJIOTUS U OTAENbHBIE MOJOKEHNS KaK HOBOH, TakK H
cTapoi cucteM Hymepauuu. Bo n30exxaHre myTaHULbl HUXKE 110 TEKCTY BCEra Mpy HaJK-
YUY HOBBIX U CTapbIX MOHATUIA B OCHOBHOM TEKCTE OYIyT MPUBOJUTHCA HOBBIE 3HAYEHHUS B
COOTBETCTBUU C MpHKa3oM [1], a psgom B ckoOKax mociie cioBa “mpexie’” OyaeT MpHBoO-
JUTBCS €r0 CTapblii SKBUBAJICHT.

B HacTosiiee Bpemsi TEppUTOPHUS CTPaHbI NOJIE€JIEHA HAa 83 30HBI CEMU3HAYHOW HyMe-
pamuu (mpexzae 89), Kaxxa0i U3 KOTOpBIX MPUCBOEH Tpex3HauHbll kog ABC. B kauectse
3HaKa A MOTYT OBITh MCIIOJIB30BaHbI JTI00OBIe IUPpPHI, Kpome 0 u 1 (mpexae - 1 u 2), a B Ka-
yectBe B u C - moOblie udpsl. B npenenax 30HbI Kakaplii aOOHEHT UMEET CEMU3HAYHbBIN
30HOBBIM HOMep abxxxxx. BHYTpH30HOBBIN KO/ ab mpucBanBaeTCs KaXKIOH CTOTBHICSYHOM
rpymnie HoMepoB. B kauectBe mepBoil mu@psl “a” MOryT OBITh HCIOJIB30BAHBI JIIOOBIE
uugpsl, kpome 0 u 1 (npexae O u §). BHyTpu CTOTBICAYHOM TpyNIbl A0OHEHTCKUI HOMED
MATU3HAYHBIN - XXXXX

Tak Kak 4UCJIO CTOTBHICAYHBIX TPYII B 30HE HyMEpPAIMK HE MOKET MPEBBIIIATH
80, To mpeaenbHasi €MKOCTh 30HOBOM CETH - 8§ MJIH. HOMEpoB. OT™MeTUM, 4TO 3TH 80
CTOTBICSYHBIX I'PYIIT PacHpeleseHbl 10 BCEM MECTHBIM CETSM 30HBI, T.€. IO BCEM
I'TC u CTC, a B kpynHbsix ['TC MokeT ObITh U HECKOJIBKO CTOTBICSYHBIX TPYIIIL,
KaXXJas1 U3 KOTOPBIX 00pa3yeT OTACIbHBINA y3JI0BOM paiioH.

B 3aBucumoctu ot emkoctu cetu Hymepaius Ha ['TC moxet ObITh 5-, 6- win 7-
3HayHOU. Ecim emkocTh cetu He npessimaet 10 Teic. HOMEpOB (HEpaOHUPOBAHHAS )

i 80 ThIC. HOMEPOB (palOHUPOBAHHAS ), TO UCIIOJIb3YETC S-3HauHasi HyMepanus. B
ciydae paionupoBanHoit cetn ¢ YBC (emkoctb 10 800 ThIC. HOMEPOB) HCIIOJIB3YETCS
IIECTU3HAYHAS HyMepalusi DXXXXX, rjie b onpeaenser Ko CTOThICSIYHOTO paiioHa.

Ecnu paccmarpuBaercst paiionupoBanHasi cetb ¢ YBC u YUC (emkocth A0 8
MJTH. HOMEPOB), TO MCIOJIB3YETCS CeMH3HauHas Hymepanus abxxxxX, rae ab - xon
croTeicsauHoro paiiona. Takas ['TC siBnsieTcsi OJHOBPEMEHHO M 30HOW CEMU3HAYHOU
HyMEpAaLHH.

CoBpemennsbie cTpykTypbl I'TC He conmepxat siBHO BblpaxeHHbIX YBC u YUC.
OyHKIIMOHAIBHO OHM BKJIIOYEHBI B COCTaB OMOPHO-TPAH3UTHBIX TelIe(OHHBIX CTaH-
uuid (OIITC), kak noka3zano Ha puc 1.1. OIITC sgBnsitOTCS TJIaBHBIM KOMMYHUKAI[U-
OHHBIM Y3JIOM B CBOEM Y3JIOBOM pPaiiOHE M, OJHOBPEMEHHO BBIMOJHAIOT (PYHKIMH
ATC nis cBoero teneoHHOro paiioHa.
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Ha I'TC nepBas uudpa Homepa He nomxHa HauuHathest ¢ 0 u 1 (mpexae -0 u 8).
Hudpa 0 (nmpexnae 8) siBasiercs npedukcom Bbixoga Ha T3YC - TpaH3UTHBIN 30HOBBII
y3en cBs3u (npexae - AMTC - aproMatuyeckast MeKIyropojHas tenedoHHas cTaH-
), a mudpa 1 (mpexae 0) UCnoyib3yeTcs B KauecTBE MepBoi MUGPBI HOMEPOB KC-
TPEHHBIX U CIPABOYHBIX CIIyk0. B mepcrnekTuBHON cucTeMe HyMepaluy B KaueCTBe
npeUKCOB BBIX0JIa HA MEXAYTOPOAHYIO U MEKIYHAPOAHYIO CETH OyAyT MCIOJIb30-
Bathbcs 0 i 00 cooTBeTcTBEeHHO (Tpekae 8 win 8-10), a BBIXOA Ha BCE SKCTPEHHBIC
CITyOBbI OyZIeT MPOU3BOAUTHCS MO €AMHOMY HOMepy 112.

JIns BBIXO/a HA 30HOBYIO CETh (MPH CBS3U C IPYrOll MECTHOM CEThIO TAaHHOU 30-
HBI HyMepaIuy, UMEoIIeH Ko ab, OTIIMYHBIN OT KOJIa UCXOMAIICH CeTH) HaOMpaeTCs
npeduxc 0 Berxoga Ha T3YC (npexnae 8 Beixon Ha AMTC), a 3aTem HOMep aOOHEHTA
ABCabxxxxx Bxozsiieir MECTHOH ceTH (IIPEeKIe BHYTPHU30HOBBIM MHIIEKC 2, a 3aTeM
HOMep aboHEeHTa abXXXXX BXOJSIIEH MECTHOH CETH).

JI71st BBIXO/Ia Ha MEXAYTOPOAHYIO CEeTh (IIPHU CBSI3M ¢ a0OHEHTOM MECTHOW CETH
Jpyroi 30HBI HyMmepaiuu, umeromei kogq ABC), HaOupaercs npedukc BbIXoaa Ha
T3VC (mpexne AMTC), 3areM AeCATU3HAYHBIM MEXKIYyrOpOIHBIM HOMEP aOOHEHTa
ABCabxxxxX. BbIxoa u3 30HOBOW CETH B MEXKIYTOPOIHYIO CETh OCYIICCTBIISICTCS
yepe3 TpaH3uTHbIN Mexayropoanbii y3en cBssu (TMrYC), npexae Y3en aBToMaTu-
yeckoit kommyTaruu (Y AK). Bbixos B MeXIyHapOJIHYIO CETh OCYIIECTBIIACTCS Yepes
Tpan3uTHbil MexayHapoaubIi y3en cBs3u (TMuYC), npexae MexayHaponHas Te-
nedounnas cranuus (MaTC).

OTtkpeiTass O€3MHAECKCHAs CUCTEMa HyMEpaluu MpearosaraetT Habop pa3HOro
yucna nudp Mpu CBSI3UM Ha Pas3IMYHBIX YPOBHSAX Hepapxuu ceTu. [IpuMmeHsieTcs Ha
CTC.

Kpome 6e3unnekcHoi cuctemsl a1t CTC MOryT nNpUMEHSIThCA OTKPBIThIE CH-
CTEeMBbI C UHJIEKCaMU BbIxoj1a Ha y3ioBbie (YC) unu Ha nentpaibHbie ctaniuu (LC).
BayTtpucranimonHas cBsi3b MpU 3TOM OCYIIECTBISETCS HAOOPOM TPEX3HAYHOTO HO-
Mepa. Takue cuctemMbl MeHee YIO0OHBI M MPUBOJAT K MOTEPSIM HOMEPHOW €MKOCTH
CTC. ITosToMy 3akphITas NSITU3HAYHASI CUCTEMA HyMEpPAIIUU CUUTAETCS MEPCIIEKTHB-
Hout st CTC.

Nnentudpukanus abonenros B THOIl PD

Jisg uaeHTuUKAIM OKOHEUHBIX 3JIEMEHTOB TeNe(OHHBIX CETEH CBSI3U UCHOJb3Y-
I0TCSI KOMOMHALIMK HU(PPOBBIX 0003HAYECHMIA:

- ko ctpansl (Kc) — ot 1 1o 3 gecsatuunsix 3HakoB (Poccuiickas ®@enepauus, Kc=7);

- xox 30HbI HyMepauuu (ABC — nis reorpadguyecku onpenenseMol 30HbI Hymepa-
uuu, DEF — nns reorpaduuecku He ompenensieMol 30HbI HyMepaluu) — 3 IE€CSITHYHBIX
3HaKa 11 PO;

- 30HOBBIH Tene(OHHBIN HOMED (X1 X2 X3 X4 X5 Xg X7) — 7 IECATHUHBIX 3HAKOB.

MecTHbIil TenehOHHBII HOMEP MOXKET BKJIIOYATh OT 3 A0 7 JNECATUYHBIX 3HAKOB U
COBMA/IaTh MO 3HAYHOCTHU C 30HOBBIM TeJIe()OHHBIM HOMEPOM WU OBITh 00JIee KOPOTKUM.

[TocnenoBarenbHOEe 0003HAYEHHE KOJA CTPaHbI, KOJa 30HBI HyMepaliu U 30HOBOTO
TenedOHHOTO HOMepa o0pazyeT MexayHaponHbiii TenedonHbi HOMep (NMH). Makcu-
MaJIbHOE YHUCJIO JECATUYHBIX 3HAKOB B MEXIYHApOJHOM HOMeEpe paBHO 15 Oe3 yuéra
MeXIyHapoaHoro npedukca [ImH.
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[TocnenoBarenbHOE 0003HAUYEHUE KOJIa 30HBI HyMEpPAILIUU, 30HOBOTO HOMEpa o0pasy-
€T HallMOHAJIBHBIA (3Hayanwmii) Tene@onnslii HoMmep NHan. MakcuMaiabHOE YUCIO Jecs-
TUYHBIX 3HAKOB B HAIIMOHAJIbHOM (3Hauarniem) Homepe PO pasno 10.

MexayHapoaHbiii TeleOHHBIH HOMEP OAHO3HAYHO OIpenessieT OKOHEYHBIH 3Jie-
MEHT CETH CBSA3U B MPEEIaX MUPOBBIX CETEU CBA3H.

HannonanbHbii TeneOHHBI HOMEP OJIHO3HAYHO OMPEEseT OKOHEUHBIA DJIEMEHT
CeTU MECTHOM TeNne(OHHOU CBSI3M WM CETH TMOJBHXKHOM CBSI3U B MpeEJeiax TePPUTOPUU
P®.

30HOBBII TENEPOHHBIA HOMEP OJHO3HAYHO OINPEHEISIET OKOHEYHBIM 3JIEMEHT CETU
MECTHOM Tene(OHHOU CBA3M B Mpeenax Tepputopun cyobekra PO.

MecTHblil TenedOHHBIIT HOMEP OJTHO3HAYHO OMpPENEsIeT OKOHEUHBIN AJIEMEHT CEeTH
MECTHOU Tene(OHHOW CBSA3M B Mpefesiax MyHHUIUIAIbHOTO 00pa3oBanus cyOobekra PO u
ropojia ¢peaepanbHOro 3HaYCHHUS.

JUis  yCTaHOBJIEHUSI MEXIYHAapOJHOTO TeNe(OHHOIO COEAMHEHUS MCIONb3yeTCs
MexayHapoanbii npedukc [Imu = 00.

Jlis yCTaHOBJIEHUSI MEKIyTOPOJHOTO U BHYTPU30HOBOI'O TEJIE(POHHOTO COEAMHEHUS
UCIOJIB3YETCsl HalMOHaNbHBIHN npedukc 11 = 0.

B cerax dukcupoBanHoi Tene@oHHON cBsi3u B PO ucnonb3yroTcs /iBa MjiaHa Hyme-
paLuu — OTKPBITBIN U 3aKPBITHIN.

[Tpu 3aKkpbITOM IJIaHE HyMepaluH TenepoHHOE COeTUHEHHE J1I000T0 BHUIa (MECTHOE,
BHYTPH30HOBOE, MEXIYTOPOIHOE) yCTaHABIMBAETCA HAOOPOM HallMOHAIBHOTO HOMepa. B
P® npwu ycTaHOBIIEHNH BHYTPU30HOBOI'O COECIMHEHUS MCIIOIB3YETCS 3aKPBITHIN IJIAH HY-
MEpalnH, IPU KOTOPOM KOJIMYECTBO JAECCATUYHBIX 3HAKOB B HAIMOHAIBHOM HOMEPE PABHO
10.

[Ipy OTKpBITOM IUIAHE HyMEpaluu MECTHOE TeleOHHOE COeIMHEHHE YCTaHABIIMBa-
eTcsi Ha0OpOM MECTHOI'O HOMEpa, a BHYTPU30HOBOE U MEXIYTOPOAHOE Tele(OHHBIE CO-
eIMHEHUS — Ha0OPOM HAIMOHAIBHOTO HOMEpa ¢ npeduxcom [1H.

[Tpu ycTaHOBIEHUM TEIEPOHHOTO COCAUHEHMS B CETU MOJBUKHOWU CBSA3M MCIIONb3Y-
€TCs 3aKPBITHIN IJIaH HyMepanuu ¢ nmpedukcom [1H.

30HOBBIA TeNe(POHHBI HOMEp, OJHO3HAYHO OIMPEICISIONINN OKOHEYHBIM 3JIEMEHT
MECTHOM CE€TH, B KOTOPOW HUCHOJB3YIOTCA 6-U, 5-U, 4-X U 3-X 3HA4YHBIE MECTHBIE HOMEPA,
JIOTIOJIHSIFOTCSI 10 7-1 3HAYHOTO HOMEpa IMyTEM 100aBJI€HUs 3HAKOB, PaBHBIX 3HAYEHUIO X1,
X1X2, X1X2X3, X1X2X3X4 30HOBOI'O HOMEpPA COOTBETCTBEHHO. [Ipu 3TOM X1 HE IOJKEH ObITh
paseH 0 nmu 1.

[Ipumep CTPYKTYpHOM CXE€MBI JBYX 30H CEMHU3HAYHOM HyMEpalUu, B KOTOPBIX
pacnosioxkeHo 1o aBe MecTHbIX cetu (CTC m I'TC), mokazan Ha puc. 1.1. Tam xe yka-
3aHbI TUIIBI 1 EMKOCTH MECTHBIX ceTed u ctanuui. g ['TC ¢ mecTtu3HauHOM Hymeparu-
€l B KaXIOM Y3J0BOM paiioHE CleAyeT MoKa3aTh He Ooublle IBYX-Tpéx craHuui. Ha pu-
CYHKE TPHUBEJICHBI MPUMEPHl 00pa3oBaHUs HaMOHAIBHBIX (10-M 3HAYHBIX) TenehOHHBIX
HOMEPOB.

O003HayeHMs1, KOTOPbIE HCIIOJIb30BAHBI B UEPTEKE:
['TC - ropoackas tenedoHHAs CETh;

CTC - cennckas TenedoHHas CETh;

TMrYC - TpaH3UTHBIA MEXAYTOPOAHBINA y3€J1 CBS3H;
YAK — y3en aBToMaTuueckoil KOMMYTaIlH;
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T3YC — TpaH3UTHBIN 30HOBBIN y3€I1 CBA3H;

AMTC - apToMaTuyeckasi MeX1yropojiHas TejaedoHHasi CTaHIUS;

VBC - y3en Bxogseit cBsizu ['TC;

HC, YC, OC - nenrpanbHas, y3jioBas u okoHeuHas ctaniuu CTC;

OIITC — onopHo-TpaH3uTHas TenedOHHAs CTAHIHU.

ATC - aBromatuueckue tenedonnsie cranumu ['TC. TlokazaHbl TpeyroJbHUKaMU C
uudpamu BHyTpU. [Ipu 3ToM ogHoM nudpoit o6o3nauenst ATC B paitonrpoBannbix ['TC
0e3 y31o000pazoBanusl, a AByMs 1udpamu — ATC B y310BbIX paiioHax. B nmepBom ciyyae B
['TC ucnonb3yercst 5-u 3HaYHasI HyMepalus, a BO-BTOPOM — 6-1 3HaUHasl.

MexnayropomHast  ceTh

TM ryC

3oHa
ABC=863

e e e, —————— -

" CTC-6T; ab=5

7\

3o0Ha
ABC=312

" I'TC-40T;
ab=72

! AMTC

K I'TC-130T N

43

_______________

(863)746-55-55

‘' YP-3;ab=63 YP-4; ab=74 ;

Puc. 1.1. IIpuMep CTpyKTYpHOW CX€MBbI JIBYX 30H CEMU3HAYHOW HYMEpPALUU.

KonTpoJuabHoe 3a1aHue
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1 . IIpuBecCTH CTPYKTYpy CETH B ABYX 30HAX CEMU3HAYHON HyMepalllH, B Kax-
JIOM U3 KOTOPBIX PACIOJIaraeTcs MO JBE MECTHBIX CeTH. EMKOCTH M THUIIBI MECTHBIX
cereil npuBeaeHsl B Ta0a. 1.1. Homep BapuanTa 1515 30HbI 1 onpenensercs no npej-
nocneanen nugpe mudpa, a 471 30HbI 2 — 1O MOCIETHEN.

2 . KosinyecTBO U eMKOCTh CTAaHIIUI MECTHBIX CETEH BBIOMPAIOTCS TaK, 4YTOObI
II0Ka3aTh CTPYKTYPY CETU U HyMepauuio a00HEHTOB. [Ipyu TOM nmoka3bIBaeTCs TaKoe
KOJIMYECTBO CTAHIUI, KOTOPOE /1aj10 Obl IpecTaBlIeHHE 00 0COOEHHOCTSIX MOCTpOE-
HUS CETU.

3. JlaTe HyMepa1uio abDOHEHTaM MECTHBIX CETEH, MPUHSB 3aKPBITYIO0 CUCTEMY
HyMmepanuu. BeiOpaTh KOl MECTHBIX CETEH U KOJABI 30H CEMU3HAYHON HyMEpPALIHH.

4 . B cooTBeTCTBHHM ¢ BEIOpaHHOM B 1.2 HyMepaIlieil HalucaTh MOCIe10BaTeb-
HOCTb 1IU(p, KOTOpble HabupaeT aOOHEHT MPHU OCYIIECTBICHUU:

a) MECTHOM CBSI3H,

0) BHYTPpU30HOBOH CBSI3H,

B) MEKIyTOPOJHOM CBS3H.

Ta6mumna 1.1. EMKOCTH U TUIIBI MECTHBIX CETEH

No Ba- | TUIBI 1 eMKOCTH MECTHBIX ceTel B | THUIIBI M eMKOCTH MECTHBIX CETEH
pUaH- | 30HE CEMHU3HAYHOW Hymepanuu | B 30HE CEMU3HAYHOM HyMEpaluu
Ta 2
1 CTC & teIC. 'TC 20 THIC. I'TC 120 teIC. I'TC 45
TBIC
2 I'TC 100 te1Cc. CTC 9 CTC 7 1eIC. I'TC 25 THIC.
TBIC.
3 I'TC 30 teI1C. I'TC 45 CTC 11 te1Cc. T'TC 85
TBIC. TBIC.
4 CTC 14 1e1Cc. I'TC 35 I'TC 8 teic; CTC 16,5
TBIC. TBIC.
5 | CTC 17,5 teic. I'TC 110 TbIC. I'TC 50 te1c.CTC 10,5
THIC.
6 | CTC 12,5 teic. I'TC 100 THIC. I'TC 25 te1c. CTC 17,5 THIC.
7 CTC 8.5 te1c. CTC 10 I'TC 95 te1C. I'TC 35 THIC.
TBIC
8 CTC 7 1e1C. I'TC 80 TBIC CTC 20 te1c. I'TC 45 TBIC
9 I'TC 25 te1Cc. CTC 17 I'TC 90 twIC. CTC 9,5
TBIC THIC.
10 I'TC 75 te1c. I'TC 30 CTC 10 tBIC. CTC 16,5 THIC.
THIC.




Jluteparypa.
1. TpeboBanust k MOPsIAKY MpOITycKa Tpaduka B TeIEPOHHOM ceTH OOIIEero Mmoiab30-
BaHus (IIpuka3z MunuctepcrBa UT u Csasu PO ot 08.08.2005r. Ne 98)

3ajgaua 2. AIrTOpUTM MOMCKA KpaT4yauuiero nmyTu Ha rpadge.

Heab pad0OThI: M3YUYUTH NPOLEAYPHI MOUCKA KpaTYaHIero myTy Ha rpade
1o ajaropuTMy J{MHKCTpPBHI.

[Touck kparyaiiiiero myTy Ha rpade siBIsIeTCs OJTHOM U3 HauboJIee UCTIOJIb3yEeMbIX
3a/1a4y BO BCEX CIIydasiX, KOT/Ia peajibHble CHCTEMbI OTOOPaXKAIOTCS KAKUM-JIHO00 Tpadom
(TpaHCIIOPTHBIE TIEPEBO3KH, IPOCKTUPOBAHNE KOMMYHHUKAIIUN U T.J1.). OCOOEHHO 4acTo
3a/1aya MoMcKa KpaTyauilero MyTH BOZHUKAET B TEJIEKOMMYHUKAIMOHHBIX CUCTEMAaX Kak
Ha ATale UX MPOCKTUPOBAHMUS, TaK U B MPOIIECCE IKCILUTyaTallMy MIPU BHIOOPE HAUTYUIIIETO
MyTH Tiepeaadr HHGOPMaIUK B CETAX C IPOU3BOJIBLHON CTPYKTYPOM.

B o6uiem Buje 3anaua hopmynupyetcs cieayromum oopazoM. [lycTs 3aaan mpous-
BostbHEIHN rpad G(N,V), umeronuii MHOXkecTBO N BepinH (Y3710B) U MHOKECTBO V BeT-
Bell. CTpykTypa rpada 3ajaHa MaTpulieH IJTMH BEeTBEeH A = || ajj || pasmepHocT N. Jlnuna
OTCYTCTBYIOIIEH BETBH YCIOBHO NMPUHUMAETCS paBHOM OeckoHeuHocTH. Ha rpade G BbI-
JEJSIIOTCS JIBE BEPIIUHBL: S — UCTOK U t — cTok. Heobxoaumo onpenenuTs MyTh OT BEPIIIH-
HBI S K BepIInHe t B BUJE YIIOPSIIOYECHHOM MOCIEI0BATEILHOCTH BETBEH TaKOW, YTOOBI
CyMMa JIJTMH 3TUX BETBEH Obljla HAMMEHBIIIEH U3 BCEX BO3MOKHBIX.

OuyeHb Ba)XHO OTMETHUTb, UTO B MPAKTUYECKUX 3aJa4ax JJIsl TEIEKOMMYHUKAIIMOHHBIX
ceTel Mo JUTMHOW BETBU (JIMHUU CBSA3U, (GU3MUECKOM 11eTH) HE 00s3aTeIbHO TOHUMATh
paccTosiHie MeXTy GU3HUECKIMU 00BEeKTaMu (HalpuMep, B KUJIoMeTpax). Takue paccTo-
siHUSI 0TOOpaxaroTcs Ha rpade, B OCHOBHOM, MPU MPOSKTUPOBAHUU KaOeIbHBIX Tpacc. A B
3a/1ayax, HalpyuMep, MaplIpyTU3alMU MaKeTOB MOJIb30BaTeNIe 0O0JIbIlEe HHTEPECYET
HAWJTYYIIUA MYTh B CMBICJIE BPEMEHHU JIOBEICHUS MTAKETOB, UM MMyTh, 00ECTICUNBAIOIIHIA
HauOOJIBIIYIO TPOMYCKHYIO CIIOCOOHOCTh TpaKTa WM, HAKOHEI, HeKoTopasi 00001EHHAs
XapaKTEePUCTHKA, YUUTHIBAIOIIAs 002 3TUX, a, BO3MOXKHO, U IPYTUX MapaMeTpoB (HaIEXK-
HOCTb, CTOUMOCTb, JDKUTTED).

OO0600EHHBIE XapaKTEPUCTUKH SBIIIOTCS HAaMOOJIEe aKTyaIbHBIMU B 3a/1a4ax MapIil-
pYTHU3aLIMH, TOCKOJIBKY COBPEMEHHBIE CETEBBIE TEXHOJIOTHH JOJIKHBI TAPAHTHUPOBATh
MOJIB30BATENSIM TpeOyemoe kauecTBo oociykuBanus (Q0S), a monp30BaTeah UMEET BO3-
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MOYKHOCTB ITPY YCTAHOBJIEHUH COCMHEHUS 3aKa3bIBaTh MMAPAMETPHI, HY>KHBIE JUIs IIepeia-
YU JaHHOW KOHKPETHOW MH(GOPMAIIUH.

AJTOPUTM KPATYAHMIIEIO ITYTH
B camoM 00111eM BHjie adrOpuTM KpaTdyaullero myTH, ONMCaHHbIN B [1], cogepxur
JIBa HTana:
(1) HauHEM ¢ TOro, YTO BCEM y3JIaM IPUIMIIEM IOMETKH BHaa (-, ¢(X)),
riae ¢(S)=0 u c(x)=o npu X # S (HaOMHUM, YTO CUMBOJIOM S MBI TIOMEUYaeM
y3€JI-UCTOK;
(2) monbITaeMcst OThICKaTh AYTY (Y,X), 11 KOTOPO#

c(y) +a(y,x) <c(x) 1)

(mpuuéM 31ech oo +a = o0). Ecnu Takas myra OyjeT HaiijieHa, "3MEHUM TIOMETKY B y3Jie X
Ha (Y, c(Y) + a(y,X)), T.€. MPOU3OIILIO YIYUIlICHHE XapaKTEPUCTUKH C(X) B CTOPOHY
yMmeHbieHusi. HoBast momeTka jyis y3ia X crana (Y, ¢(X)), KoTopasi 03HadaeT, 4YTo €CJId U3
y3J1a S ABUTAaThCS K Y31y X 4epe3 y3ell Y U 10 BETBH YX , TO pacCTOSIHUE OT S 10 X OyzeT
paBHO c(X).

Orar (2) moBTOpSAETCA 10 TEX NMOP, MOKA OYAyT HAXOAUTHCS AyTH (Y,X), yIydIlato-
IIMe XapaKkTepUuCcTUKu ¢(X) kakoro-imbo y3na X. Ecnu Takyro ayry 00Jibliie HAMTH HElb3s,
TO TPOILIECC 3aKOHYEH, & COBOKYITHOCTb MOMETOK (Y, ¢(X)) OMUIIET AEPEBO KpaTUanIIIuX
myTeH U3 y3i1a S B Kaxblid y3en X MHoxecTBa N.

OnucanHyo mpoleypy IpOUJUTIOCTPUPYEM Ha pUMeEpe BbIOOpa KpaTdaiiiiei aBTo-
noporu u3 Pocrosa 1o Kaszanu.

[IycTh B HEKOTOPBIA MOMEHT BPEMEHH CJIOKUIIACh CUTYallUsl, IPEICTaBICHHAs HA
puc. 2.1. 3aech CIIOMIHBIMY JIMHUSIMH ITOKa3aHbI IOPOTH, YKA3aHHBIE B MATPUIIE JITTUH
BeTBel A. Unciiamu OTMEYEeHBI JUTMHBI ATUX JOPOT B KM. [IyHKTUPHBIMU JTUHUSMH TTOKA-
3aHbI y’K€ HaWJICHHBIE JUIMHBI TyTel 0T PocToBa 110 3-X TOPOAOB. DTH ITyTHU MOTYT COJEP-
aTh OJIHY WM O0Jiee BETBEM.

C.IletepOypr

1500

1900
Mocksa
/1200 1800
2000
PoctoB-/{oH ExatepunOypr

Puc. 2.1. IIpumep BbiOOpa KpaTyaliero myTy Ha aBTOJI0pOrax
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[Ipeanonoxum, 4To HUKINYECKHUI MPOIIECC MPOCMOTPA BCEX TOPOJIOB BIIEPBBIE MO-
nomén k Kazanu. 3nauuts nomerka Kazanu pasna (-, ). [Ipumenum dopmyny (1) mms
Hamiero ciy4vas ¥ s BetBu C.116-Kazanb. [Tomyuum:

1900 + 1500 <o .

T.e. nomerka Kazanu ynyummiace u crana (C.I16, 3400). 1o o3Havaer, 4To eciu
exaThb u3 PoctoBa B Kazanp uepes C.I10, To nmuna mytu coctaBuT 3400KM.

[Tpumenum dhopmyny (1) nns BetBu ExatepunOypr-Kazans. [Tomydum:

2700 + 1800 > 3400.

T.e. nometka Kazanu He ynyumaercs, octaéres npexxneit (C.I16, 3400) u e3auth B
Kazanb uepe3 ExatepuHOypr Mbl He Oyaem.

[Mpumenum dopmyimy (1) nns BetBu MockBa-Ka3zans. [lomyunm:

1200 + 900 < 3400.

T.e. nomerka Kazanu ynyummiace u crana (Mocksa, 2100). 9T1o o3Ha4aeT, 4yTo ec-
nu exaTb u3 PoctoBa B Ka3zanb uepe3 MockBy, To airHa myTH coctaBut 2 100km.

Kak BuauM, anroputM o4eHb npocT. Hy»HO TOJIbKO OpraHM30BaTh HUKIHNYECKUI
IPOCMOTp BceX ropooB (0T AbakaHa 10 Spocnasis), a A KaXA0ro ropoja - BIOKEH-
HBIW IUKJI ¢ TpuMeHeHneM (popmyssl (1) as Bcex BXOASIIUX B HETO JOPOr (110 KOHEUHBIM
3HAYEHUSIM COOTBETCTBYIOLLETO CTOJI01a MaTpULIbI A).

Ho y aToro anroputma ecTh CylmecTBEHHbIH HeA0CTAaTOK. OH OYEHb AJTMHEH, OCOOCH-
HO JUIsl ceTell ¢ OOJIBIIMM YUCIIOM Y3JI0B M BeTBeil. Eciu juist cxemsl puc. 2.1 npeacTaBuTh,
YTO B KAKON-TO MOMEHT YJy4IlIHJIaCh MOMETKa MOCKBBI U cTajia, HarpuMep, (BopoHex,
1100), ToO HaYHYT yJIy4YIIaThCs BCE YK€ UMEIOIIMECS IOMETKH, KOTOPBIE UCIIOIb30BaIN
nomeTKy MockBbl (Opén, 1200). Ynyumenue nometku Kazanu MoXeT MPpUBECTH K BO3-
MOYHOCTH yJIy4IIuTh ToMeTku OMcka, Tomcka, MpkyTcka u mHOTHX npyrux. Ilomyqaer-
Cs1 MHOTOKPATHOE MPOXO0KIEHUE OJTHUX U TE€X KE Y3JIOB.

B coBpeMeHHBIX ceTax nepenavu JaHHBIX MaplIpyTU3aTOPhI MAKETOB JOKHBI yCIe-
BaTh IPOMYyCKaTh yepe3 ceOs AECITKU U Ja)ke COTHU MUJUIMOHOB MAaKeTOB B ceKkyHay. [Ipu
3TOM TaOJUIBl MaPIIPYTU3ALIUHU, OTIPEACISIONINE KaKOM MaKeT B KAKOe HallpaBJieHUE
HY’KHO BBI1aBaTh, MOT'YT IIOCTOSIHHO KOPPEKTUPOBATHCS B 3aBUCUMOCTH OT U3MEHEHUS CHU-
Tyauuu B cetu. Hanpumep, yBenuueHue JUIMHbI OYepeu MAKETOB MEXAYy KaKUMH-THO0
JBYMSI MApLIPYTU3aTOPAMHU MOXKET U3MEHUTDh PACHPEACICHUE KPAaTUaANIUX yTEN 110 BCEU
CETH U KKl MapLIPyTU3aTOP AOHKEH OYJET 3alyCcKaTh CBOIO IIPOrpaMMy IOUCKa
KpaT4yauIliero myTH.

[To3TOMY HEOTHOKPATHO MPEATPUHUMAINCH MOMBITKK pazpadoTaTh 6oJee apdex-
TUBHBIE AITOPUTMbI, UCKITIOUYAIOIIME HEOOXOAMMOCTh MHOTOKPATHOTO MPOXOXKICHUS O/1-
HUX U T€X ke y3710B. OHUM U3 TaKUX aIrOPUTMOB SBIISIETCS aITOpUTM JIUiiKCTpBI, KOTO-
PBIN HCTIOJIB3YETCS TOUTH BO BCEX COBPEMEHHBIX MapIIPyTH3ATOPaAX.

AJITOPUTM JUUKCTPBI

OcHoBHas uaes anroputma Jluitkctpsr (Dijkstra) coctout B ToM, 4TO BBOAUTCS TOHS-
THe “okpammBaHus’ pparMeHTOB rpada [2]. B HauanpHBIA MOMEHT OKpAIlleHa TOJIHKO
BEpIIMHA S (MCTOK). 3aTeM IIUKJIUYECKHU MIPU KAKIOM Ipolieaype mara 2 u3 HECKOJIbKUX
CMEXHBIX HEOKPAIICHHBIX BEPIIIMH BHIOMPAETCS BEPIIMHA C MUHUMAJIHLHON BETMUUHON
¢(X) ¥ MPOU3BOAUTCSI OKPALIMBAHUE ATOUM BEPIIMHBI U BETBH, COSUHSIONIEH 3Ty BEPIIUHY
C paHee okparieHHbIM parmenToM rpada. [Ipoiecc okpammBanus 3aKkaHYNBAETCS, KaK
TOJIBKO Oy/IeT oKparieHa BepimuHa t (CTok). Anroput™m JUHNKCTpBI TapaHTUPYET, YTO JJIS
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1000 OKpaIIEHHON BEPIIMHBI BETHYUHA C(X) HE MOKET OBITh yJIydIlleHa, T.€. YMEHBIIIe-
Ha. TakuM 00pazoM, UCKITIOUAETCa HEOOXOAUMOCTh MHOTOKPATHOTO aHAJIM3a OJJHUX U TE€X
K€ BEpILIUH rpada.

dopMaIn30BaHHOE ONMKMCAHKUE ATOPUTMA.
Ilar 1. ITpucBouth UCTOKY S Bec ¢(S) =0, a BceM oCTaIbHBIM BepIIuHaM ¢(X) = oo. [1pu-
CBOUTH IEPEMEHHOM Y 3Ha4YeHHE S, T.e. NPUHATH Y = S. OKpacuTh BEPIIHUHY S.
Hlar 2. [l kaxa0i HEOKpalIeHHOW BEpUIMHBI X TEepecYUTaTh BEIUUUHY C(X) CIeAylo-
UM 00pa3oMm:

c(x) =min { ¢(X), c(y) +a(y.x) }, )
X

r7Ie X — MHOXXECTBO HEOKPAIIEHHBIX BEpIITUH B Tpade.

OxpacuTh AyTy K BEIOpaHHOHM BEPIIMHE X U BEPIIUHY X U YKa3aTh IS X HaIpaBJie-
Hue k Y. [IpucBouTs Y 3HaYEHUE X, T.C. ¥ = X.
Ilar 3. Ecnu ctok t oka3zasncst okpaiieHHbIM, 3aKOHYUTh IPOLEYPY, €CIIN HET - IEPEUTH K
mary 2.

dakTUYECKH Ha IIare 2 Mbl UMEEM OJIHY BEPIIUHY Y (3TO MOCIEAHSS U3 OKpaIleH-
HBIX BEPIIKH) U TIOCTEIICHHO yOBbIBAKOIIee MHOXKECTBO BepinH X (oHO yObiBaeT oT N-1)
70 1) 1 MOXKHO MOKa3aTh, YTO MAKCUMAIHHO BO3MOKHOE YHCIIO IIUKJIOB HE MpEeBbIaecT M
=N(N-1)/2.

OTmeTuM, 4TO TIpoBepKe (2) TOKHBI OJIBEPraThCsl HE TOJIBKO BEPIIMHBI X , CBSI3aH-
HBIC C MTOCJICTHEH OKPAIICHHOW BEPITUHON Y , @ BCE HEOKPAIICHHBIC BEPIIUHBI X.

IIpumep. ITycts 3aman 7-u y3nosoii rpad G(N,V), Ha KOTOPOM BBIOpPAaHBI HCTOK S =3 H
cTtok t=35 (puc. 2.2).

6 2

Puc. 2.2. Ucxoausiii rpad. 1-i stan. Mctok S=3, cTok t=25.



12

JlnvHbl BeTBeH naHHOTO rpada mpeacTaBieHbl B MaTpule A = || ajj || . IIpn otcyT-
CTBUU BETBU PACCTOSIHUE MEX1Yy COOTBETCTBYIOIIMMH BEPILIMHAMU IPUHATO PaBHBIM Oec-
KOHEYHOCTH.

- 7 1 2 o o o
7 - 4 2 o 1
Il o - 4 o 4 o
A= 2 4 4 - o 3 1
v 2 o oo - o 4
o o 4 3 o - 2
o 1 o 1 4 2 -

[Ipouiecc okpammmBanus npeacTanieH B Tadm. 2.1 mo stanam. B Tabnuiie npeacras-
JICHBI IOMETKH JJIs1 K0 13 ceMu BepiirH. [lomeTka, moaydyeHHas npu OKpallMBaHUU
BEPILIUHBI, BBIAECICHA )KUPHBIM KYPCUBOM.

Ha nepBom sTame okpammBaercs BepuimHa y =S = 3.

Ha 2-m stane o ¢popmyiie (2) npousBoauTcst 6 npoBepok (Bepiunsl 1,2,4,5,6 u 7).
[Tpu 3TOM M3MeHsTCs Beca BepiivH 1,4 u 6 1 OyAeT BeIOpaHa M OKpallleHa BeplirHa 1, Kak
HauOoJiee OJIM3Kas K OKpaIlIeHHOW BEpIIMHE Y , U BETBb asi (puc. 2.3). [lomeTka Bepiu-
HbI | U3MeHUTCS ¢ 3HaUeHus (-,00) Ha 3HaueHue (3,1), kak moka3zaHo B Tadnuie 1, a BeIu-
YUHA y TPUMET 3Ha4€HUE BHOBb OKPAIIEHHOMN BEPIIUHEI, T.€. Y = 1.

1 [ 2

6 2

Puc. 2.3. Oxparmenssiii pparMeHT mociue 2-ro Jrara.

Ha 3-m stane nposepstoTcst Bepmunbl 2, 4, 5, 6 u 7. o dopmyne (2) Oyner BeiOpaHa
U OKpallieHa BepiiiHa 4 U BeTBb a14 (puc. 2.4). [lpunumaercs y = 4.



Puc. 2.4. Oxpamennsiii pparmeHT nociue 3-ro Jrara.

Ha 4-m stamne mposepstoTcst Bepiussl 2, 5, 6 u 7. [1o dopmyse (2) BeiOupaercs u
OKpammBaeTcs BepiunHa 7 U BeTBb 47 (puc. 2.5). [lpunumaercs y = 7.

Puc. 2.5. Okpamennsiii pparmeHT nociue 4-ro 3rara.

Ha 5-m stane npoepsitoTcst BepuinHsl 2, 5 u 6. [1o ¢popmye (2) BeiOupaeTcs u
OKpalmBaeTcs BepinHa 2 u BeTBb 72 (puc. 2.6). [lpunumaercs y = 2.



Puc. 2.6. Oxpamennsiid (pparMeHT nociue 5-ro 3rara.

Ha 6-m »sTame npoBepsieTcsi eIMHCTBEHHAs! HEOKPAILIEHHAs] BEPIIMHA 5, C KOTOPOU
cBs13aHa BepimuHa 2. [Ipon3BoauTcs okpammBaHue BepInHbl 5 U BeTBU 25. [Tockonbky

OKpAaIICHHBIM OKa3aJIcs CTOK t =5, mpolecc movcka KpaTdaiIiero myTy 3aBepuic¢H (puc.
2.7).

Puc. 2.7. OxpameHnsiid (pparMeHT nocie 3apepluaroiiero 6-ro sramna.

Tabnuma 2.1. DTansl okpammBanus GparMeHTOB rpada
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Howmep | 3nauenue H o e p a B € p Il U H

Tama | ISy 1 2 3 4 5 6 I
1 3 ('9 0 ) (' > OO) (_1 O) ('a oo) (" OO) ('9 OO) ('9 OO)
2 1 31) | (-, B4) | (-,0) | 35) | (-, )
3 4 (117) (1’3) (_ ) OO) (315) (_ > OO)
4 7 (1,7) (-,o) | (35 | (44)
3) 2 (7,5) (7,8) | (3,5)
6 5 (2.7)

Ha rpade puc. 2.7 kpaTyaifiiuii myTh IpocMaTpUBaeTcs Bu3yaibHo. OgHAKO, s
MalIMHHOM MPOIEAYPhl BBIOOpA MyTH HEOOXOJUMO MOJIB30BATHCS MMOJYYEHHBIMU B IIPO-
11eCCe IIOUCKA ITIOMETKAMU.

Utenue Ta0auIbl IPOU3BOAUTCS CIASTYIONIUM 00pa3oM:

- B BepiuHe 5 (cTok t) momeTka (2,7) 03Ha4aeT, 4To MyTh OT BEPIIMHBI 3 K BEPIIMHE
5, NPOXOIAIINNA Yepe3 BEPIINHY 2, PaBEH /-1 €IUHULIAM;
- nometka (7,5) B BepIIrHe 2 03HAYAET, YTO MyTh OT BEPIIUHBI 3 K BepILIUHE 2, TIPO-
XOJSIIMI Yepe3 BEPLINHY 7, paBEH 5-U eIUHULIAM;
- noMeTka (4,4) B BeplIrHe 7 03HAYAET, YTO MyTh OT BEPIIUHBI 3 K BeplIUHE 7, MPO-
XOJISIIINN uepe3 BepIIuHy 4, paBeH 4-u €MHULIAM;
- nometka (1,3) B BepiirHe 4 03HAYAET, YTO MyTh OT BEPIIUHBI 3 K BepiiuHe 4, mpo-
XOJSIIIMMN Yepe3 BepIIMHY |, paBeH 3-u eTMHUIAM;
- noMeTtka (3,1) B BepirHe 1 03Ha4yaeT, yTo MyTh OT BEPLIMHBI 3 K BepIuHE 1, ¢ KO-
TOPOM BEpIIMHA 3 CBsI3aHA HEMOCPEACTBEHHO, paBEH -1l eAMHULIE.

Heo6x01MMO MOMHHTB, UTO B pEajbHBIX CUTYAIUSX MaTpuUlla JUIMH BETBEH, B OTJIU-
Yue OT pACCMOTPEHHOM B JaHHOM IIPUMEPE MATPHUIIbI A, dallle BCEro ObIBAET HE CUMMET-
puyHa. DTO SBISACTCS CIASACTBHEM TOTO, YTO HE CUMMETPUIHBIMHU OBIBAIOT HH(GOPMAIIHOH-
HbIC MTOTOKH, a, CJICIOBATEIBLHO, U TAKKWE BaXKHbBIC MapaMeTPhl, ONPEACIISIONINE IJTHHbI
BETBEH, KaK BpeMs O)KHUJIaHHS TTaKeTaMU B OYEPEI WIIH BEIUIMHA CBOOOTHOM MPOITYCK-
HOM ciocoOHOCTH KaHaina. [ToaToMy HaiiieHHBIN B HallleM puMmepe myTh 3-1-4-7-2-5
JUTMHOW B 7 €AUHUI] 3TO UMEHHO MYTh OT BEPIIMHBI 3 K BEPIIUHE 5.

KoHTpoJsbHOe 3a1aHKe
OnpenenuTh KpaT4aiimii myTh 10 anroputMy JuikcTpsl 11 rpada (puc. 2.8) u
MaTpulIbl BECOB BETBEU A, MpeIcTaBiIeHHON Ha puc. 2.9.

30
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1 2 - 30 © 36 1 ©o o o
30 - 32 ® ® 2 o
2 6 © 32 - 34 o oo 3 o
A=1|36 o 34 - o o o 4
36 32 ]l © o o - f o d
oo 2 o o f - b o
7 8 ©w o 3 o ob - h
w o o 4 d o h -
4 3
34
Puc. 2.8. Puc. 2.9.

Homepa ucxoasiero 1 BXOASIIEro y3JI0B 10 BapuaHTaM 3a1aHUs MTPEICTABICHBI B
TalJ1. 2.2. 3HaueHus BecoB BeTBeit b, d u f -- B Tabn. 2.3. Bec BeTBH h onpenensiercs mo
dbopmyie:

chy=[2+9/2],

rjae g — mocieaHss mudpa TeKyIero roja, a 3Hakd | | 03Ha4aroT ISJTYI0 YacTh YHC-

na. Hanpumep, st 2007 roga c(h) = 5.

Tabnuia 2.2. Homepa y3710B HCTOKOB M CTOKOB IO BApHUAHTaM.

[Ipeanocnenuss mudpammppa [0]1(2(3/4(5/6]7|8|9
Howmep y31a uctoka, (S) 111(2(2/3|3|4/4|7|8
Howmep y31a cToka, (t) 317|4(8/1(5(2|6|1]|2

Tabmuma 2.3. Beca Beteti b,d u f B marpuiie A mo BapuaHnTam.

[Tocnenuss nmudpa mmdpa 0/1{2(3|/4/5|/6|7|8|9
Bec BetBu b —c(b) 5/7/6/8(6(5|8|7|/6|5
Bec BetBu d — c(d) 6/5/7/5/8|6|/6[6|5|7
Bec BetBu f— C(f) 7/6/5/6/5/8|5[|5|7|6

Jlureparypa.
1. ®opx C., ankepcon /. [ToToku B ceTsix. Mup, M, 1966.
2. Maiinuka 3. AIropuT™Mbl OITUMH3AIIMN Ha ceTsAX U rpadax. Mup, M, 1981.
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3agaua Ne3. IlocTpoeHue ropoackoi MyJabTHCEPBUCHOM
cetu Ha npuHounax NGN

HEJIb PABOTbBI: U3yunts npununnsl moaepausauuu I'TC nist nepeBona eé
B I'OPOACKYI0 MYJbTHCEPBHCHYIO ceTh ¢ TexHoiaoruaMu NGN. OcBoutb MeTOOMKY

no3rtanuoit moaepuusanuu I'TC.

BBenenue

B pasBuATHH 37€KTPOCBA3M MOKHO BBIJIEINTH HECKOJIBKO XapaKTEPHBIX NEPHOI0B
BPEMEHHU, B TEYEHUE KOTOPBIX HAYMHAJIACh MOJEPHHM3ALMUs TEICKOMMYHHUKAIIMOHHBIX Ce-
teil. CreneHb M3MEHEHWM Bcerna Obuta pasnnyHod. Hampumep, mepexon OT JaekagHO-
[IaroBbIX KOMMYTAalUMOHHBIX CTAHIUH K KOOPJWHATHBIM ObLI, HECOMHEHHO, BaKHBIM 3Ta-
IIOM pa3BUTHs Tesne(oHUU. 3aMEeHa KOOPAMHATHBIX KOMMYTALIMOHHBIX CTaHIMM Ha (-
pOBbIE - KauecTBEeHHas (0oJiee CyleCTBEHHAs) pEKOHCTPYKIUS Tee(OHHBIX CETEH.

ITepexon k NGN MOHO CUMTaTh paJMKaIbHON MOJECPHHU3ALNEH TEIEKOMMYHHKA-
LIMOHHOW CUCTEMBIL. MEHSIOTCS HE TOJBKO TEXHOJIOTMYECKUE IPUHLUIIBI ITIEPEAAYN U KOM-
MyTaluu. BecbMa cyllecTBEHHbIE M3MEHEHUS! MPOU30MIYT Ha PhIHKE MH(POKOMMYHHKA-

MUOHHBIX YCIIYT, B CUCTCMC TEXHUUYECKOM OKCIIIyaTallhu U HC TOJIBKO.

Oo0mue npunuunsl NGN

Konmnenmus NGN pa3pabaTeiBaeTcsl B TEUCHHE HECKOJIBKUX JIET, HO JI0 CHUX ITOp HE
chopMynMpoBaHO BHSATHOE OompeacieHue s "cetu cheayromiero mokoyierus". B 2003 r.
Ha OJTHOM M3 CEMHHApOB MexXayHapOoHOTO cOor3a 3JeKTpocBsizu (MCD) ¢ CMMBOIMYHBIM
Ha3BanneM "Next Generation Networks: What, When and How?" Obuto mpemioxeHo
OTIPE/ICJICHUE JIJIsl DTOT0 HAINPABJICHUS B PA3BUTUM WH(POKOMMYHUKAIIMOHHON CUCTEeMbI. B
onHoM m3 mybnukarmii [1] oHo mepeBeneno Tak: "CeTu CIEAYIOMIETO MOKOJICHUS - ATO
BCEOXBATHIBAIOIIEE MOHATHE JJII HHOPACTPYKTYPHI, PEATU3YIONICH MEePCIIEKTUBHBIC YCITY-
', KOTOPBIE JOJKHBI OBITH B OyAyleM npejjioxkenbl OnepaTopaM MOOUIIBHBIX U (PUKCH-
POBaHHBIX CETE€W OJHOBPEMEHHO C MPOJOJLKEHUEM MOJIEPKKHA BCEX CYHIECTBYIOUIUX Ha

CeroHsAIHUN neHb ycayr. CeTu CleAyroIIero MOKOJAEHUS HCIOIb3YIOT TEXHOJIOTUU Tie-



18
pemnadr ¥ KOMMyTanuu, 6a3upyroTcsi Ha (U3MUECKOM CJI0€ ONTUYECKUX KaHAJIOB, oOecIe-
YUBAIOT MOJTHOIIEHHOE B3aUMOJIEHCTBUE C CYIIECTBYIOLUIUMHU CETIMHU'".

ABTOp Apyrou cratbu [2], ocHOBBIBasiChb Ha pexkoMmeHgauuu MCD Y.2001, maet
HECKOJIbKO MHOe TojkoBaHue TepMuHa NGN: "OT1o ceTh Ha 6a3e MakeToB, KOTOpas CIO-
coOHa MPEeAOCTaBIATh YCIYTH DJEKTPOCBSA3U M MPEAOCTABIATh BO3MOKHOCTh UCIOJIB30-
BaTh HECKOJBKO IIMPOKOMOJOCHBIX, 00E€CTIEUNBAIOIINX KAUueCTBO OOCITYKMBAaHUS, TPAHC-
MOPTHBIX TEXHOJOTHH U B KOTOPOUW (PYHKIIMH, OTHOCSIIUECS K yCIIyraM, HE3aBUCHUMBI OT
HUKEJISKAIUX TEXHOJIOTHI, OTHOCSIIMXCS K TPAHCIIOPTHPOBKE'".

MoxHO mNpeanoxuTh Oonee mpocTyio TpakToBKy TepmuHa NGN, eciu Boc-
II0JIb30BaThCS ONPEICIICHHEM CETH, KOTOpas mojjepuBaeT odciayxuBanue "Triple-play
services" [3]. Ee MoxHO paccMaTpuBaTh Kak MYJbTHCEPBUCHYIO CETh, B KOTOPOU Mpeso-
CTaBJISIFIOTCSI OCHOBHBIC M JIOTIOJHUTEBHBIC YCIYTH 711 OOMEHa TpeMs BUIaMu HHQpopMa-
Uy (peyb, IaHHbIE W BHUJI€0). Takas MyJbTUCEPBUCHAS CETh OYJET SKOHOMHYHO YJOBJIE-
TBOPSTH TpeOOBaHUS BCEX IMOJIb30BaTENCH B 0003pruMON mepcrnekTuBe. Teneps onpenene-
Hue mia NGN opmymupyercs B 6onee npoctoit popme: NGN - 310 cerb, criocoOHas
obecnieunth o0ciyxuBanue suaa "Triple-play services" 3a cuet ucnoib30BaHust 000PyI0-
BaHUS Mepeayil ¥ KOMMYTAIlUA, OCHOBAaHHOTO HA IMAKETHBIX TEXHOJIOTHSX.

OynkimoHanbHO 0000meénHas ctpykTypa NGN npeacTaBisieTcss 4eThIpbMS TUIOC-
KOCTSIMU (YPOBHSIMU):

- TUIOCKOCTh YCIYT (MpUJiokeHuM): e€ 3a1auya — 00eCIeueHe BCEro CIeKTpa yCiayr
JIOCTYITHOTO Ha CETAX CJIEAYIOIIEro MOKOoJeHus. B OONbIIMHCTBE CllydaeB JJi peain3aliuu
YPOBHSI PUJIOKEHUN BBIJCISIOTCS OTACIBbHBIC CEPBEPHI U 0a3bl TaHHBIX;

- IJIOCKOCTh yIpaBJieHUsl (CeTh CHUTHAJIM3AIMU), O0OECTEUMBAIONIAS PEATU3AIUIO
MOJI30BATEIHCKUX 3aIIPOCOB MyTEM KOMMYTAIIUH MTaKETOB B TPAHCMOPTHOM ceTH. Bc€ To
MHOT000pa3ue yCTPONCTB, KOTOPBIC TPAHCIUPYIOT U KOMMYTHPYIOT TpadWK JTaHHBIX,
npeo0pa3yroT HHPOPMAIIHIO, 3aJI0KEHHYIO B MAKEThI, B CTAHAAPTHYIO Tele(OHHYIO CHT-
HAJIM3allAI0 U COCAMHECHUS, COMPATAIOT MU(GPOBBIC CETH PA3TMUYHON MPUPOII, TEPMUHHU-
pyIOT Ha cebe pasziuyHble BUILI Tpaduka, YIpaBIsSeTCs U3 OJHOIO0 MOIIHOTO siapa. ITO
SAPO CBsI3bIBaETCS ¢ MoHsATHeM Softswitch. OcHoBras dynkius Softswitch — ynpasnenune
coeauHeHueM aboHeHTa A ¢ aboHeHTOM b ¢ obecrnieueHueM nmapameTpoB KadyecTBa 00CITy-

JKUBaHUS,
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- 0a30Bas MJIOCKOCTh — TPAHCHOPTHASI CETh MaKeTHON nepegaur. OT TEXHOJIOTHUH,
UCIIOJIB3YEMBbIX HA 3TOM YPOBHE, BO MHOTOM 3aBUCHUT YPOBEHb PabOTHI BCEU CETH Cleay-
IOIIEro MOKOJIEHUS M KOJUYECTBO MPEOCTaBIsIEMbIX CEpBHCOB. B kauecTBe TpaHcropTta
MOTYT OBITh HCTIONB30BaHbI ceTt ATM, Ethernet u kak Hanbosee mepcrnekTuBHAS - TEXHO-
norus MPLS;

- MJIOCKOCTh a0OHEHTCKOTO JOCTYIIa, pealn3yromias Bce He0OXOMMbIE BUJIbI WH-
Tep(eiicoB B KaXK10i KOHKPETHOH ceTu. [To1 TepMHUHOM «JTOCTYI» MPEANOIaraeTcs O4eHb
HIMPOKOE MOHATUE OT HUPPOBBIX A0OHEHTCKUX JUHUHI 0 MOTPAHUYHBIX IUIIO30B U KOH-
BepTepoB curHanu3anuu. Jloctyn B o0ImieM ciydae — 3T0 BCE€ TO 000pyI0BaHHE, KOTOPOE
ces3bpiBaeT cetb NGN ¢ TpagummonabiMu TDM-ceTsimu u axke HEOOIBITMMY JIOKATBHBI-
MU CeTsIMU Tiepenayu naHHbX. [Ipuponma monkirodeHuss MoxeT ObITh paszHoit: DSL-
CUCTEMbI C MEIHOW KaOenbHON mapoi, CUCTEMbI HU(PPOBOro KaOEIbHOIO TEJIEBUICHUS,
oecnipoBoabie cucteMbl Wi-Fi 1 WIMAX, ontudeckne TEXHOJIOTHH TOCTYyIa (HapuMmep
PON). O6benuHseT UX BCEX OJIHO — B KA4eCTBE KOHEYHOrO HHTep(deiica aboOHEHTY TIpe1o-
craBisieTcst |P-mojakitoueHue, 4To Ja€T BO3MOXKHOCTh MCMOJIb30BAaTh MHTEIICKTYalbHbBIN
TEPMUHAJ C JOCTYIIOM K OOJIBIIIOMY YUCITY JOTOTHUTEIBHBIX CEPBUCOB.

Mognepnuzanus I'TC, uznoxxeHHas B JaHHOM paboTe, B OCHOBHOM, OMUCKHIBAET U3-
MEHEHHUS, TPOBOJIMMBIE B 0a30BOM IMIIOCKOCTH M TNIOCKOCTH YIIPABICHUS.

Mopens NGN, oTpakarormiasi TPUHIIUIIBEI TOCTPOSHUSI CETU, MOXET OBITh Tpe-
CTaBJICHa CTPYKTYpOM, mpuBeIeHHONW Ha puc. 1. OgHa U3 CYIIECTBEHHBIX OCOOCHHOCTEN
NGN - pazgenenue dhynkumii nepepaun [P-nmakeToB u ympaBiaeHust 3TuM mpoieccoM. [le-
penaya uHQpopMaIuu, B KOTOPO 3aMHTEPECOBAHBI MOJIb30BATENIN, OCYIIECTBISCTCS KOM-
mytaropamu nakeroB (KII). Bropas ¢yHKkuMs BO3jioKeHa Ha yCTPOMCTBA YIpaBIEHUS
(YY), B KauecTBEe KOTOPBIX HCIOJB3YIOTCA pPa3IUMYHbIC anmnapaTHO-IPOTrpaMMHBIE CpEl-
CTBA.

Mopnenb, npeacTaBieHHas Ha puc. 3.1, BKirodaetr B ce0si TpU KOMIIOHEHTA: MEX-
JTYyTOPOJHYIO ceTh U aBe MecTHbhIe ceTu. KonmmuectBo KII B kakmoM KOMIIOHEHTE ceTH Obl-
JI0O BBIOpaHO MPOM3BOJILHO. DTO CIIPABEIJIMBO TakXKe€ B OTHOIICHHM 4ucia Y'Y, KOTOpbIe
HEOOXOMUMBI JIJISl OMIPEICIICHUS] OCHOBHBIX aTprOyTOB coequHeHus. [Ipeanonaraercs, 4To

00a mosb30BaTeNs pacroiaraloT TepMHUHATIAMU ABYX TUIOB: TenedoHHbll anmapat (TA),
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HEOOXOMMBIN JUTsl TIepeiauu peun U nepcoHanbHbii kKoMmbioTep (I1K), o6ecneunBarommii
0oOMeEH JTaHHBIMU U TOJIyY€HHUE BUACOUH(DOPMALIHH.
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Puc. 3.1. Mojenb ceTu cneyromero NoKOJIEHuUs.

Tpu crpareruu ¢gopmupoBanus NGN

vy KOMIIaHHH, pGHII/IBIHeﬁ Co3gaTh CCTh CICAYIOHICTO ITIOKOJICHHA, CCThb PA3HBIC

CIOCOOBI peaau3aluy MOCTaBICHHOW 3agaun. MOKHO BBIICIUTH TPYU OCHOBHBIX Hampa-
BJICHUS JaJIbHEHIINX JeUcTBUM (puc. 3.2):
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o Crparerun dopmuposanns NGN
/ .

/ N

A
3a cuer CTPOHTENLCTRA Ha Gase resedonnoit cem Ha Gase apyrux ceredt
HOBOH BIMACHCHHON CCTH 06LIEro NoIL30BAHNA 00I1ICT0 NOAKLIOBAHKS

e %
|
i / \

K A
Hanomennas cers Meroa ametesns Octposa NGN

(Overlay network) (Substitution) (NGN islands)

Puc. 3.2. Knaccudukamus crpareruit popmuponanusi NGN.

HayaTh CTPOUTEIHLCTBO HOBOU BBIJEICHHON CETH, PYKOBOJCTBYSCH IMPUHIUIIAMH,
anpoOMpPOBAHHBIMU B HaYaJle JIEBIHOCTBIX TOJOB MPOLLIOro Beka Oneparopamu, KOTOPBIX
CTaJiv Ha3bIBaTh aJbTEPHATUBHBIMU;

MOJICpHU3UPOBATh TenehOHHYIO ceTh oOmero nosnb3oBanus (TOOII) B momHoM
cooTBeTcTBUM cO cTaHaapramu NGN;

co3nath NGN B pe3ynbTaTe peKOHCTPYKIHMU JPYroi CETH OOIIETOo MOJb30BaHUS
(HanpuMep, KabeIbHOTO TEJIEBHUICHNUS ).

TOOII no psiy npudrH NpeICcTaBiIsieTcsl HauboJiee BEpOsTHOM 6a30i1 A1 MOCTpo-
enusa NGN. Tem He MeHee OpPraHU3alMIO BBIICICHHOW CETU TaKKe CIEeNyeT paccMaTpu-
BaTh KaK OJIHO W3 MPAKTUYECKU 3HAUYUMBIX perieHuid. ToMy ecTh JBe NpuuuHbl. Bo-
nepBbIX, BbieneHHbIe ceTd NGN Hen3z0exHOo OyayT co31aBaThCsl B MHTEPECAX HEKOTOPBIX
criel(pUUECKUX KIUEHTCKUX TPpyIil. Bo-BTOpPHIX, CyIIECTBYET psij oOIUX perieHui (Ccu-
CTEMHOTO XapaKTepa) JIsl IOCTPOEHUS BBIACICHHON 1 HallokeHHoU ceteid. [loaTomy K Jie-
BOMY HIDKHEMY MPSIMOYTOJBHUKY Ha pUC. 3.2 HAMpaBlieHa MyHKTUPHAs CTPEKa U3 BEepX-

Hero OJ10Ka.
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Tpu ocnHoBHbie cTparerun popmupoBanuss NGN nepeuncieHbl B HIDKHEW 4acTd
puc. 3.2. Bbibop onTuManbHON CTpaTeTUu MOXKET OBITh CJENIaH IMyTeM aHalIn3a BCEX TpeX

AJIbTCPHATHUB.

Peanu3zanus crparerun ""Hamnoxkennas cern'

Cuenapuun peanuszanuu crpareruud "Hano)keHHas ceTb" MOYKHO pacCMOTPETh Ha
npumepe ['TC, nocTpoeHHON O NPUHLMUITY CBSI3M KOMMYTAallMOHHBIX CTaHIMI "Kaxkaas
kaxaoi". CeTu ¢ Takoh cTpyKkTypo# (puc. 3.3) co31aHbl BO MHOTHUX POCCUMCKUX TOPOJaX.
Oto paiionupoBanubie ['TC 6e3 y3moobpazoBanus. [Ipenmonaraercs, 4To HA MECTHOM
cranuuu (MC) moa HOMEPOM YEThIpE B ATOM CETU PACMOJIOKEHA TPAH3UTHAS CTaHIUS
(TC), uepe3 KOTOPYIO OCYIIECTBISETCS AOCTYN K CETH MEXAYTOPOJHOW M MEXIyHapoO.-
HOU TenedoHHOI cBsi3u. B nanHoi#l pabore abOpeBuatypa MC pacnpocTpaHseTcs: TOJIbKO

Ha palionHble ATC paccmatpuBaemoit I'TC, 1.e. Ha PATC.
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Puc. 3.3. Crpykrypa I'TC 6e3 y3110B.

JomyctuMm, 4to 3apaHee Obula ompenesieHa ontuMaiibHas cTpykrypa NGN (puc.
3.4). IIpennonoxum Taxxe, yTo NGN HaunHaeT GOPMUPOBATHCS C YPOBHS CETEH MEXIY-

HapOJHOU M MEXIYyropoaHou cBsizu. [loaTomy k MoMeHTy MojaepHu3anuu Hameid ['TC
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BMECTO aBTOMAaTUYECKON MeXayropogaHou tenedonnoit craniuun (AMTC) yxe ycTaHOB-
neH MmaructpanbHbiii kommyTatop (MK). O obecnieunBaer Tpan3ut IP-maketoB, comep-
)amux uHbopMalyoo Jrbdoro Buaa (pedb, JaHHBIC, BUJICO M UX KOMOWHAIUSA), B CETIX

MEKIyTOPOJHON U MEKAYHAPOIHOM CBS3H.

MK

MAKII O--._’Q. MAKI2

_,' ' \ \ . O =
- l O ;
& Softswitch X : \ MAKI13 ; g
xnacea 4 \ \ AK22 §
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MAK32 MAK33 7 “acea § O MAK24
x Softswitch xnacca 4 (MKJI2)
i omome« SIP(SIP-T)
MAKII
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:
MAK3I Z
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MAK23 E
&
MAK32

MAK24

¥ MK

Puc. 3.4. Ontumanshas ctpyktypa NGN.
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OTOT pUCYHOK (KaK M HECKOJIbKO CIEIYIOIIMX) COCTOUT W3 JIBYX IUIOCKOCTEH.
BepxHsis MI0CKOCTh WILTFOCTPUPYET OCHOBHBIE U3MEHEHM S, KacalolINeCs] CETH CUTHAIN3a-
iy, B HIOKHEH TII0CKOCTH MOKa3aHa CTPYKTypa CETH, 0 KOTOPOH mepenaeTcss nHpopMma-
s nmojs3oBateneit (st NGN sto [P-niakeTsr).

[IpeamnomnaraeTcsi, 9TO BCE TEPMHUHAIBI TOTCHIIUATBHBIX MTOJIH30BATENCH OyIyT
BKJIFOYEHBI B MYJbTHUCEpPBUCHBIE aOOHEeHTCKue KoHueHTpaTtopbl (MAK). B cetm NGN
kpome MAK u o6opynoBanus IP-cetn HeoOXoaum ere OJIMH 3JIEMEHT - MYJIbTHUCEPBHC-
HbI KoMMmyTaTop noctyma (MKJI), mpencraBnstoniuii codoit Softswitch kmacca 5. OtoT
KJIACC COOTBETCTBYET KOMMYTAIIMOHHOMY O0OPY/IOBaHUIO, KOTOpoe (GYHKIMOHUPYET Ha
YPOBHE MECTHBIX cTaHIui. JIjist curHanmu3anuu Ha yyactkax MAK - MK/, mexxny MK/, a
take mexay MKJI u Softswitch knacca 4 (kotopeiit ycranaBnupaetcsa Ha MK) npenamno-
jaraeTcs ucnoiab3oBanue npotokoyioB SIP unu SIP-T, HO BO3MOXKHBI U IpYyTHE PEILICHUS,
€CJIM OHU COOTBETCTBYIOT MEXKIYHAPOIHBIM CTaHIapTaM.

Coznmaane NGN, cTpyKkTypa KOTOpOH TOKa3aHa Ha puc. 3.4, MOXKET OBITh BBITIOJ-
HEHO pa3iWyHbIMH criocobamu. C MPaKTUYECKOW TOYKW 3pPEHUsS CIENYET BBIICIUTH TPU
cuenapust popmupoBanus NGN:

1) kaxxaass MC mociie pemeHusi 0 He0OX0IMMOCTH €€ 3aMeHBI 000py/10-

BaHneM NGN 0JHOMOMEHTHO BBIBOJMTCS U3 SKCILTyaTallUu;

2) Bce MC ocTaroTcs B KOMMEPYECKOM SKCIUTyaTalllK, a PSIAOM C Kax-
70 U3 HUX ycTaHaBiauBaercsa obopynoBanue NGN, B koTopoe mnepe-
KJIFOYAIOTCsl a0OHEHThI, 3aMHTEPECOBAHHbIC B OOCTY>KMBAaHUM BHUJIA
"Triple-play services";

3) KOMOMHUPOBAHHOE PEIICHHE, OCHOBAHHOE HAa COYETAHWU TEPBOTO U

BTOPOro CuCHapHeEB.

Cuenapmui 1

IepBrbIii 3TaN

Ha puc. 3.5 nokasan HauanbpHbIA dTan moaepHusamuu ['TC 6e3 y31moB i clieHa-
pusi, KOTOPBIM OCHOBAaH Ha OJHOMOMEHTHOM 3aMeHe kaxkaoi MC. B naHHOM npumepe 3a-

mene noiexkar PATC MC3 u MC4. B rpanunax IP-cetn m3o0pakeH TpaHCIOPTHBIN
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o3 MG (Media Gateway), kotopsiii o0ecrieunBaeT B3aumoeiicteue MAK co Bcemn
MC, ucnonp3yloIMMMH TEXHOJOTHIO "KomMMmyTanus KaHajioB". [lns anmammusza (yHKumi
MK]JI Heobxoaumo oOpaTuThes K BepxHel miockoctu puc. 3.5. lllects MC, HezaBucumo
OT THUIIA UCTIONH3YEMOTO 000PYIOBaHUS KOMMYTAITUH, MOTYT PacCMaTPUBATHCS KaK IMyHK-
Thl curHanmzanuu - SP (Signaling Point). Takas TpakToBka npesioxxena MCD npu paspa-
0oTke crnenudpukanuid a1g oOMeHa WHQopMamued Mo oO0IeMy KaHajdy CUTHaJIU3aluu
(OKC). Homepa SP u MC coBmnagarot. /s Hymepanuu MyHKTa CUTHAIU3aIu1, Pacioio-

»kenHoro Ha TC, Beienena nudpa "0".
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Puc. 3.5. Tlepssriit atan moaepuusaruu [ ' TC 6e3 y3noB. Cuenaputii .
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B ropone nauunnaetr dopmupoBatbes ceth [P, moaaep:kuBaroias nokasareid Ka-
yectBa oociyxuBanus (Quality of Service, QoS), kotopsie onpenenens 1151 NGN. Ilepe-
YeHb TAKUX IOKa3aTesield yCcTaHaBIMBaeT AAMuHUCTpanus cBsi3u. OCHOBaHUEM MJIS HOP-
MHUPOBAHMS 3TUX MOKA3aTENEN MOKET CIYKUTbh, HarpuMep, pexkomenaanuss MCO Y.1541.
Ha nayansHOM 3Tane co3mpanuss NGN B cetu [P MOKeT MCIOIB30BaThCS BCETO OJIUH KOM-
MyTtaTop. B paccmarpuBaeMoM mpumepe uetbipe KoHIeHTparopa MAK obGecneunBaror
oOcnyxuBaHue Bcex aDOHEHTOB, paHee BKiItoYeHHbIX B MC3 u MC4.

Crnenyet moa4epKHyTh, YTO JJII B3aUMOJICHCTBHS ¢ aHaIoroBeiMu MC HEoO0Xo1um
nuito3 curHanmzamuu  SG - (Signalling Gateway). Jleno B TOM, 4YTO KOMMYTaTOpbI
Softswitch He mogmep)uUBarOT MpollecChl 0OMEHa CUTHAJIAaMH YIIPABICHUS U B3aUMO/ICH-
CTBHUSI, KOTOPHIE UCIIOIB3YIOTCS B OT€YECTBEHHBIX aHAJOTOBBIX KOMMYTAIIMOHHBIX CTaH-
uusx. [Ipeanonaraercs, uro toaeko MCI mocTpoeHa Ha aHAJIOrOBOM KOMMYTAallMOHHOM
obopynoBanuu. CuctemMa CHUTHaJW3allUM, MPUHSTAS JUIsl POCCUMCKMX aHaloroBeix MC,
Ha3BaHa 37ech R2-R (mmm R1,5). Takoe o0o3HaueHue pacmim@poBbIBaE€TCA KaK POCCHIA-

CKasi BepcHsl cUCTeMbI curHanu3anuu R2, mpunstoin MCO.

Bropoii 3Ttan

Ha puc. 3.6 nmoka3aH oJuH U3 BO3MOKHBIX BAPUAHTOB JAJBHEHUIIETO MOCTPOECHUS
NGN. On paccmatpuBaeTcs Kak BTopou 3tan moaepHuzauuu ' TC nu ocHOBaH Ha 3amMeHe
JBYX KOMMYTaImoHHbIX cTaHiuii: MC1 u MC2. OngnoBpeMenHas 3ameHa 1Byx MC - ouH
13 BO3MOXHBIX BApUAHTOB Pa3BUTUSI TOPOJCKON MHPOKOMMYHMKAIIMOHHOW CHUCTEMBI B
COOTBETCTBHUU C BHIOpAHHBIM ClicHapueM. PerieHus Takoro pojaa MHTEPECHBI C TOUKH 3pe-
HUSI MUHUMU3AIMY 3aTpaT Ha CeTh NocTyna. OTpaBHOM TOYKOW /I BEIOOpA pariioHalb-
HOT'O PEUIEHNUS CIIYKUT BAPUAHT, PETYCMOTPEHHBIN ITporpamMmoint monepuusannu ['TC.

VYceranoBka MKJI1 moapa3zymeBaeT peKOHCTPYKIUIO CETH JIOCTYyNa, B KOTOPOM TO-
spisroTcs eme Tpu MAK. Mexny abonentamu cemu skcrutyatupyeMbix MAK undopma-
1M BCEX TUNOB mepenaercsi B Buje IP-makeToB. YnpaBisiOT BCEMU COCAUHEHUSIMU JIBa
MKJI. Tlepexoa k TeXHOJOTUH "KOMMYTAIHsS KaHAIOB" HEOOXOIUM TOJILKO ISl COSMHE-

HU, KOTOPBIE YCTAHABIMBAKOTCA C TEpMUHANaMu, BKIt0oYeHHbIMA B MC5 nnu B MC6.
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PanukanpHble N3MEHEHHUA CBONMCTBEHHBI CETU CUTrHaimM3anmu. Toabko mid MCS u
MC6 ucnonbp3yloTCsi CUCTEMBl CUTHAJIM3AIMU, PEAIM30BaHHBIC JIsi TEICPOHHOM CBS3H.
Bce ocranbnbie anementsl ropojckoi cet (MAK u MKJ/I) yxe B3auMOIeiCTBYIOT MEX-

Ty OO0 10 €AMHON CUCTeMe CUTHanMu3auu, npuasaTon st NGN.
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Puc. 3.6. Bropoii sran monepuuzanuu I'TC 6e3 y3noB. Crenapuii I.
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Tperuii 3Tan

CTpykTypa ceTu CTaHOBHUTCS Bce Ooiiee moxoxkeil Ha cTpykTypy NGN, dhopmupo-
BaHME KOTOPOU 3aBEPIAETCS Ha TPEThEM - 3AKIIOYUTENBHOM - ATane. ToT 3tan (puc. 3.7)
IPUBOJUT K CO3JAHUIO CETH CO CTPYKTYpO#, KOoTopas ObLia BBHIOpaHa B KauyeCTBE OII-
TUMalbHOTO pemienus (puc. 3.4). Bapuantsl monepuusaiuu ['TC B COOTBETCTBUM C pac-
CMaTpUBAEMBIM CIIEHApUEM MOTYT pPa3jInyaTbCsl TEMIAMU 3aMEHBI AKCIUTyaTHPYEMOTO
obopynoBanus kommyTaiuu, ducieHHocTeio MKJl 1 MAK B IP-cetn, a Takke npyrumu

aTpuOyTamu, He BIAUSIOUIMMU HA IPUHIIMUIBI TO3TanmHOro co3nanus NGN.
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-------- -OKCN? mimimim e «SIP(SIPT)

MAKIT - MK/

MAKI3

MAK22

CrpyKTypa soMMy TUpyestoll cern

MAK24

Puc. 3.7. Tpetnii atan monepuuzaiuu ['TC 6e3 y3nos. Cuenapuii .
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Crnenyer ynmoMmsiHyTh €II€ OJHY MPOOJEeMy - BBHIOOpP TEXHOJOTHN, HEOOXOIMMBIX
TUTSI TIOJIEPIKKH Tokazarenedt QoS. Drta 3amaya TpeOyeT HOMOHUTEILHOTO UCCIISTIOBAHMS.
Crnenyer, mpaBaa, OTMETHUTb, UTO 3aTpaThl Oneparopa Ha co3nanue cetu [P ¢ mogaepkkoi
QoS CyIecTBEeHHO MEHBIIE TeX MHBECTHUIINNA, KOTOPHIE MOTPEOYIOTCS I 3aMEHBI BCEX

MC u peanuzanuu COBPEMEHHOM CETH JIOCTYIIA.

Cuenapumii 2

Bropoii crieHapuii MOkeT OBITh IIPECTABICH C MOMOIIBIO MOJIENIN, TOKA3aHHOM Ha
puc. 3.8. OH HE COAEPIKUT BEPXHIOKO INIOCKOCTh, TaK KaK IPUHIIUIIBI IOCTPOEHUS CHCTEMBI
CUTHAJIM3AI[MU HE U3MEHSIOTCS. Pe3ynbTaT peasin3anuu 3TOTO CLEHApUs MOXHO paccMa-
TPUBATh KaK ONEPATHUBHOE CO3JAaHUE '"HAJOKEHHOM CETH', MOJB30BATENSAM KOTOPOMU N0-
CTYNHBI BCE€ BUABI 00CIy:XMBaHUs, BXojsmue B Habop "Triple-play services". Uucnen-
HOCTb TaKUX IOJIb30BaTeNIel OrpaHUYEHa: OHA ONPEEISIETCS YPOBHEM ILIATEKECTIOCOOHO-

ro crpoca Ha oociyxuBanue Buaa "Triple-play services”.

MCS MAKS Mk MAKA

k AMTC

Puc. 3.8. Bropoii cuienapuit mogepauzanuu ['TC 6e3 y310B.
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Cy1iecTBEeHHOE OTIAMYME OT MepBoro cueHapus coznanusg NGN cocTOUT B TOM, 4TO
napayienbHo (hopmupyercs "BTopas’ ceTh. ITO 00CTOATEILCTBO MOMUYEPKUBAET 3HAK "+
Ha puc. 3.8, pacroIOKEHHBIN MO/ CTPENIKOW, KoTopasi paszaenser stanbl pazsutus ['TC.
OueBHIHO, UTO CETh CUTHAJIN3AIMHU JOHKHA ObITh CO3/1aHA Cpa3y U MOYTH B MOJHOM 00b-
eme. Mexay kaxao MC u teM MAK, KOTOpBIH YCTaHOBJICH PSAIOM C HEH, JOJKHBI OBITh
oprann3oBaHbl TpakTel El1. @aktuuecku kaxabpli MAK CTaHOBHUTCS BBIHOCHBIM MOJIYJIEM
onHoi u3 MC, koropas obecrieuuBaet eMy Beixod B I'TC.
Cuenapmii 3
Tpernii cueHapuii peanuzauuu crparerud "HayloxeHHas ceTh' mpencTaBisieT Co-
0ol coueTaHue JBYX pELIEHUM, KOTOpbIe ObUIA paccMOTpeHbI Bhile. JIt000M U3 Tpex ciie-
HapueB obecnieunBaer popmupoBanne NGN, KoTopas 10KHA COOTBETCTBOBATh BCEM I10-

Ka3aTessiM KauyecTBa 0OCTyKMBaHUS MYJIbTUCEPBUCHOTO Tpaduka.

OO0mue 3ameyanus

Br100op pe3ynbTUpYIOIIEH CTPYKTYpPhl CETH — MPEAMET OTIASIBHOTO PEIICHHS, HE
BJIMSIFOIIMIA Ha M3JIOKEHHYI0 MeToauKy. [Ipeamonaraercs, uto Bce MKJ/I, nMeHnyembie B
NGN kak softswitch kmacca 5, moKHBI OBITH CBSAI3aHBI MEXIy COOOM IS 0OecreUeHHUs
BBICOKOM Hané&kHOoCTH cucTteMbl curHanu3anuu B ceth NGN. Kpome Toro, npenycmarpu-
BaeTCs OpraHU3allus ABYX HE3aBHCHMBIX HaIlpaBlIeHUH NIl oOMeHa uH(popMaluen ¢ 060-
pynoBanueM mexayropoanoit craniuun (AMTC), umenyemoit B NGN kak softswitch
Kjacca 4, KoTopas CKOpee BCero OyJeT pacrosaratbesi B IIEHTpE CyObekTa deepaiui.
Beixon k atomy softswitch gomken ocymectBistbes uepes pasabie MKJI. Takxke B uHTe-
pecax HaI&KHOCTU pekoMeHyeTcs kaxapii MAK nmoakmtoyats k cetu IP o 2-M He3aBu-

CUMBIM ITYTAM.

KoHTpoJbHoe 3a1aHue

Brimie onucana nmpoueaypa MoaepHu3anuu mectu-y3noBou ['TC, mpoBen€HHOM B
Tpu stana: MC3 u MC4 (1-i1 atan), MC1 u MC2 (2-i1 atan) u MC5 u MC6 (3-i1 sTan).

[Ipu BBIMOTHEHUN KOHTPOJIBHOTO 33JlaHus HEOOXOIUMO MPOBECTH MOJICPHU3AIUIO

BoCbMHU-Y3510BOM ['TC B yeThIpe 3Tana B MOCIEI0BATEIbHOCTH, YKAa3aHHOW JJISI KaXI0TO
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BapuaHnTa B Tabm. 3.1. Hampumep, nns mmdpa, okanuuBaromerocs mudpamu 18, mociemo-
BatenbHOCTH 3aMeHbl ATC Oyaer cnenytomas: 1-ii atam - 1-s u 4-1 ATC, 2-ii atam -2-1 1
3-1 ATC, 3-# atan — 5-1, 6-1, u 8-1 ATC u 4-i1 atan — 7-9 ATC. PexoMeHnyercss MEHITh
pacnosioxxenre MC B COOTBETCTBHUHU C UX TPYHIUPOBKON 1o 3Tanam. CxeMy cBsI3el Takas
NepecTaHOBKA HE MEHSIET, Tak Kak Bce MC coeTMHEHbI MEXIy COOOM MO cXeMe «Kaxas ¢
KaXXIION».

Pe3ynbpTaThl MOJEpHU3ALMH MIPEACTABUTh B CXEMaX, COCTOSIIMX U3 JIBYX IUIOCKO-
CTEH: MIOCKOCTh CUTHAJM3AIMM W IUIOCKOCTh Mepenayd hH(opMaluu, Mo aHaJIOTHH C
NpUBEACHHBIM BBINIC TPUMEPOM. MyIBTHCEPBUCHBIE Aa0OHEHTCKHE KOHIICHTPATOPHI
(MAK) pacnosiioxuTh 10 CETH MPOU3BOJIBHO C OOIIMM UX 4yuciIoM He MeHee 12. Yucno

MK]I momxHO OBITH HE MEHEE 3.

Tabnuna 3.1. BapuaHTsl pacnpezieieHus 3aMEHIEeMbIX CTaHIIMH 110 dTanam.

Howmepa BapuantoB | Homepa | O | 1 | 2 | 3 4 5| 6 7 8 9

JTaIlOB

Ne ATC no npen- l-vioran [1,214(13|34| 3 |23|24|134| 4 1

nocit. undpe umbpa | 2-ioran | 3,4 | 2,3 (2,4 |12 [1,24 (1,4 (13| 2 123234

Ne ATC 1o mmocn. 3-#sran | 7,8|6,8(58(6,7/578[57|56| 8 |568| 5

udpe mmdpa 4-ii oran | 5,61(57/6,7/58| 6 |68|78(56,7| 7 |6,7,8

KonTpoabHbIe BONPOCHI

1. Ha3naueHue MyJIbTHCEPBUCHBIX CETEH.

2. ChopmynupoBarh HazHaueHue 4-x miockocreid B ctpyktype NGN u onucath
MPUHLUIBI UX B3aUMOJICHCTBHSL.

3. Omnpenenuth nmoustus Softswitch u Triple-play services. I'ne ycranaBnuBaroTcs
KommyTatopbl Softswitch knacca 4 u Softswitch kmacca 5?

4. Ha3HaueHue MyJIbTUCEPBUCHOTO aboHEeHTCKoro KoHieHTparopa (MAK) u
MyJibTHCEpBUCHOTO KOMMyTaTopa goctymna (MK/I) B ctpykrype NGN.

5. Ompenenuth HazHadeHWE TpaHcmopTHOTo nuto3a (MG) u mumo3a curnanmsa-




32
uu (SG).
6. IMosicuuth paznuuue B TPEX OMUCAHHBIX BbIIIE clieHapusix mojaepHu3zanuu [ TC.

7. Ol'[peI[eJII/ITB eI, 10CTUTACMBIC B PC3YJILTATC OIMCAaHHOM B pa60Te MOACPHH-

3amuu ['TC.
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HUK CcBsa3U. 2005. Ne 4.

4. T'onpamreiin A.B., CokonoB H.A. I[logBogHas yacth aiicOepra mo MMEHU
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3amaua 4. Meroa pacnpeae/ieHUs IOTOKOB HATPY3-
ki Ha I'TC npu npoekTHPOBAHUU HOBOM CTAHIIMH.

Heab padorbi: U3yuynTh U IPUMEHUTH HA KOHKPETHOM IIPpUMepe
MeToa Panna mo ¢popMupoBaHnIo MeKCTAHIIMOHHBIX MOTOKOB B I'TC
IPH BKJIOYeHUHU B e€ coctaB HOBOM ATC.

B cootBercTBHE ¢ MeToiOM Parmma npeanonaraercs, 4TO BKIOYEHHUE HA CETH
HoBOU ATC He oka)keT BIMSHMS Ha OOLIUIM UCXOSAIINM TOTOK Harpy3KH B CYILIECT-
Byromux ATC. T.e. nisa cymectByronux ATC npou3oiaéT ToapKo nepepacnpesene-
HUE UCXOSIIEH HArpy3KH 0€3 U3MEHEHUs €€ BEJIMUMHbI, 8 Harpy3Ka Ha HOBYIO CTaH-
Mo OyIeT cO3/1aBaThCs 3a CUET MPONOPLUUOHAIBHOTO CHUYKEHUS Harpy3KH C CyIIe-
CTBYIOIIMX HANPABJIEHUH U Nepenayu ee Ha HanpasieHue kK Hoou ATC. IlycTe mat-
pHILIa TOTOKOB HArpy3Ku 10 BKItoueHus: HoBoi ATC pazmepHOCTH N*N UMEET BUA:

‘ z s 4 R yqu‘

(9 Yp -+ Y1) Z' Yij = Y
2 el Yy J*
b Y
i d s
R Lym ynz o 3 ynnj jot Inj " Y
/
ylxj ‘Z{y an Y i

Ncxongmume u Bxoadmue notoku Harpy3ku Ha ATC onpenenstorcs CcyMMUpPO-
BaHMEM COOTBETCTBYIOIIUX CTPOK M CTOJIOIOB MaTpuilbl. OO11as Harpy3Ka Ha CETH
paBHa CyMME 3JIEMEHTOB MaTPUIIBIL:

Homnyctum, uro HOBass (N + 1)-s1 ATC umeeT ucXoasnyro Harpy3ky Y1
PaBHYIO BXOJSIIECH, U BHYTPUCTAHIITUOHHYIO - Y n+1,n+1 -

Jliig opranu3anuu B Matpuue Yij crondna (N +1) Bxonsuiei Harpy3ku Ha
ATC+1, HEOOXOIUMO CHATH C UCXOZsIIeH Harpy3ku cymecTBytomux ATC Harpysky,
paBHY10 Bxozsen Harpy3ke HoBoil ATC, T.e.

Yn+1,Bx = Yni1— Yn+1,n+1
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Jlonst CHATON Harpy3Ku 3aBHCUT OT Beca BBOJAMMOM CTaHIIUU B Tele(OHHOM ceTH, T.€.
OT OTHONIEHUS €€ UCXOAIIECH HArpy3Ku K CyMMapHoOi Harpy3ke B cyuiectBytomeit [ ' TC.
PaccuutaeM koahPUIIEHT CHATUS HArpy3KH

Yaes = s 1, f1¢d
M 4
KOTOPBIN MOKA3bIBAET, KAKYIO YAaCTh HATPY3KU HEOOXOAMMO CHSTH C KaXKJIOTO U3

CYIIECTBYIOIIMX HaIpaBiieHUH U niepenats Ha HOBYt0 ATC. Toraa cronber; (n+1)
1utst HoBor ATC 3anuiieTcs cienyoummM o0pa3om:

X=

]

PR
Y X

Yineg = |50 X
[ Ynet, neq

a ctpoka (N+1) ms stoit ATC mpencTaBUTCs Kak:

/ % / '
Unu,j = [y,x, b0, oy Yo X y,m'm, (21

HoBas Matpuna pacnpezenenust Harpy3ku O0yieT UMeTh BU :

Ty“({-x) y{z (,- X) bl y{n (I-X) y{'x 2 'y{
yzc("x) oy (1=1)-. 9,,,(")!) X015

i = Y l¥) Yoo =X e Ypg (-0 G ¥ || L
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OOt MOTOK HArpy3KH Ha CETH YBETUYHIICS HA BEIUYUHY Y41 , @ 0OIIKE UC-
XOJSIIUE U BXOASIIUE MOTOKK Harpy3ku cymectBytonmx ATC octanuch Heu3MeH-
HBIMHU.

KonTpoJubHoe 3a1aHue

Ha I'TC nonxocBszHoM cTpyKTypsl ¢ mectbto ATC npoextupyercs ATC Ne7.
3ajana MaTpulla MOTOKOB HAarpy3Kku Mexay cymectByromumu ATC/ pazMepHOCTBIO
6x6 Dpr:

1 2 3 4 5 6
1 15 7 10 3) 6 11
2 4 20 12 8 5 7
3 6 11 25 8 6 9
4 5 7 12 19 3 8
S) 9 11 8 13 21 7
6 9 8 11 12 10 15

Hcxopsmas 1 BHYTPUCTAHUMOHHASL Harpy3ku npoektupyemoit ATC npencras-
jeHsl B Tabnuie. Bxogsuryro Ha ATC Harpy3ky npuMeM paBHON UCXOJSIIEH.

Tabnuma. cxondinas 1 BHyTpPUCTaHUMOHHASI HATPY3KHU 10 BapHaHTaM KOH-
TPOJILHOTO 33JIaHUS.

Tunel Harpy30k Harpysku B Opn. no Bapuantam
B mpoextupyemon |0 (1 (2 |3 |4 |5 |6 |7 |8 |9
ATC
Yuex , IO mocneauen |60 |70 |95 (84 (72 |59 |63 |48 |71 |68
nudpe mudpa
Y gucr. , TIO TIPE]I- 10 |15 |25 (20 |18 |17 |22 |19 |16 |14
noci. nudpe mudpa

Heo0Oxoaumo :
a) BKJIIOYUTH B CYHIECTBYIOIIYIO MAaTPUIly TOTOKOB HAarpy3KH COPOKY
Y CTOJIOCIT IJIs1 UCXOIAIIEH U BXOIAIeH Harpy3ku npoektupyemoit ATC;
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0) 1aTe nepepacrnpeieseHle MOTOKOB Harpy3KH MEX/y CYIIECTBYIOIUMHU
CTaHLMSAMHU, BbI3BaHHOE BKIIt0UeHHeM HOBoM ATC;

B) ONPENEINUTh UCXOASAIINE U BXOAAIINE NOTOKU Harpy3ku Ha kaxaoid ATC u
IO CETH B IEJIOM.

Jlurepartypa
HectepoBa A.B. Meroanueckue yka3zaHusi 0 pacué€ry pacupeeleHus Harpy3KH Ha

TOPOJCKUX TeACPOHHBIX ceTsaX ¢ moMorlnpio 9BM / B3DUC. — M., 1977



