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MN3YYEHUE ITPUHIUIIOB AIPECOBAHMUS B IP-CETAX

1. Ileab padoThI: M3y4nTh OCHOBHBIE NPHUHLMILI axpecoBanus B |P-
ceTsiX B mpoTokosax |Pv4, Bkitouast agpecoBaHuE K CETSIM, HOJCETSIM U OTAEIb-
HBIM YCTPOMCTBaM (XOCTam).

2. OcHOBHbBIE MOJIOKEHUSA CHCTEMBbI aJpecoBaHus Bepcun IPv4

[IpoTokoisl agpecanuu B Bepcuu IPv4 uznoxena B pekomenaamnusax: RFC
791, RFC 950, RFC 1518.

2.1. IP-angpeca.

VY kaxporo xocra u Mapuipytuzaropa B Internet ects IP-agpec, cocrosmuii u3
HOMEpa CEeTU U HoMepa XocTa (cTporo rorops, |IP-aapec npucBanBaeTcsi He Bcemy
MapIIpyTH3aTOPY, & KaXJAOMY €T0 TOPTY).

Tabmuna 1. CTpykTypa aipecoB pa3InyHbIX KJIACCOB

K| 1-Gaitr | 2+Gailr | 3-iGalit | AefiGaiir | P oi0n AApecos
XocTa

A | 0| Necern Ne xocTa 110 1207?215'2.35(;.255

Bl e Yexoers |10l assassss

¢ |10 e x0ets |0 25585059

D |1110 AZpec TPYINIE! MHPOKOBEIAHN 110 2(?,;.222542.02'2;.)255

E |10 10 24725535515

Bce IP-anpeca umerot nnuny 32 Outa M MCHOJIB3YIOTCS B MOJsAX AApec OT-
npaButesst U Anpec nonyuarens IP-makeros. Mcnonssyemsie mis IP-agpeca dop-
MaThbl TTOKa3aHbl B Ta0. 1.

®opmMmar kinacca D mpeaHazHaueH uisi MHOTOQAPECHOM pacchUIKH. Ajpeca,
HaunHarommecs ¢ 11110, 3apezepBupoBansbl ajist Oyaymiero npumeHeHus. B Hacto-
aiee Bpems ¢ Internet coeanHeHbl COTHH THICSY CETEH, U 3TO YMCIIO yIBauBaETCA
Kkl ron. Homepa ceTsim Bo m30exaHue KOH(GIMKTOB Ha3HAYAIOTCA CETEBBIM
undopmanuonnsiM neaTpom (NIC, Network Information Center).

Uucnennoctu ceteit u XxocToB B kiaccax A, B u C npencraBnens! B Tab. 2.




Taomuna 2. Yncna cereil 1 XOCTOB B KJlaccax

Knacc cetn Yucio cetet Yucao X0CToB
A 126 ~ 16 miH.
B 16382 ~ 65 THBIC.
C ~ 2 MIIH. 254

CereBble aapeca, sBistoniecs: 32-pa3psaHbIMU YMCIAMU, 3allUCHIBAIOTCS B
BU/JIC YETHIPEX JECATUUHBIX YUCEN, COOTBETCTBYIOIIUX OTAEIbHBIM OaliTaM, passe-
A€HHbIX Toukamu. Hampumep, mectHanuatepuunsiid aapec C0290614 3amuceiBa-
ercst kak 192.41.6.20. Haumensmmii IP-agpec Boirsiaut kak 0.0.0.0 (32 HyneBbIx
paspsina), a HanOosbmuit — 255.255.255.255 (32 enuHUYHBIX pa3psiaa).

IP-anpec 0.0.0.0 ucnons3yercsi XoCTOM TOJIbKO mNpu 3arpyske. IP-agpeca ¢
HYJIEBBIM HOMEPOM CETH 0003HAYaroT TEKYIIYI0 CeTh. Takoil aapec MO3BOJSET
MammHaM oOpaniaThCsi K XOCTaM COOCTBEHHOW CETH, He 3Has €€ HoMepa (HO OHU
JIOJKHBI 3HATh €€ KJIACC M CKOJIBKO HYJIEH HMCMOJb30BaTh). Apec, COCTOSIIHUMN W30
BCEX €IMHUI], 00ECIeYBaeT IMPOKOBEUIAHUE B Ipesenax TeKyuen (0ObIYHO JI0-
KaJIbHOW) ceTH. AJlpeca, B KOTOPbIX yKa3aHa Ce€Th, HO CO BCEMH €IMHUIIAMU B I0JIE
HOMEpa XOCTa, 00ECHEeUnBalOT IIMPOKOBEUIAaHUE B MIpeaenax Jo00oN ynaaéHHON
JIOKAJILHOM CceTH, COeAMHEHHOM ¢ Internet.

Anpec 192.168.0.0 (agpec knacca B) ucnonb3yercst TOIbKO BHYTPH JIOKAJIb-
HbIX cerell. [Ipu Beinadye nakera B Internet stot agpec (agpec otnpaBuTens) 3ame-
HseTca Ha |P-ampec BBIXOHOTO MapuIpyTU3aTopa. AHAJIOTMYHO, PU BXOJE MaKe-
ta B JIBC IP-ampec BxoaHOro MapuipytuzaTopa 3aMeHsETCS Ha ajpec BHJa
192.168.0.0. IIpouenypy 3amMeHBl aApECcOB BBINNOJHAET CIEHUAIBHBIA CEpBEp-
MOCPEAHUK (IPOKCHU-CEPBED).

Haxomner, Bce agpeca Buga 127.XX.Yy.ZZ 3ape3epBUPOBAHBI AJIs1 TECTUPOBAHUS
CETEBOT0 MPOrPaMMHOI0 obecredeHus: MeToAoM nuierda. OTnpasisiemMbie MO 3TO-
My aJpecy NakeTbl HE MOMaJaroT B JIMHUIO, a 00pabdaThIBAIOTCS JIOKAIbHO KaK
BXOJIHBIE MTAKETHI.

2.2. lloxncern

Kak Obu10 Moka3aHo, y BCEX XOCTOB JJAHHOM CETH JOJIKEH ObITh OJUH U TOT
e HoMep ceTu. ITo cBoicTBO |IP-aapecanuu MoxxeT BbI3BaTh MpOOJIEMBI IPU PO-
cte cetu. Hanpumep, npeacraBpTe NMpeanpuaTHE, HadaBIliee MOJKIOUYeHue K In-
ternet ¢ cetu kiacca C. Co BpeMEHEM YHCIIO KOMIBIOTEPOB MPEANPUSITUS MOKET
PEBBICUTH 254 U oTpedyeTcs BTopas ceTh kinacca C mwiu naxe kinacca B. B kax-
JIOM M3 HOBBIX CETEH JOJKEH OBITh CBOM CETEBOM aJpec W CBON MapIIpyTH3ATOP.
Bc€ 3T0 CyIIecTBEHHO YCIOXKHSIET YIPABICHUE CETIMU TIPEANPUATHS, OCOOCHHO B
YaCTH aKTyaJbHOCTH BHYTPEHHHX aIpecoB cerer mpeanpusatus 1 Internet (O6s-
3aTeNbHbIA KOHTAKT ¢ CeTeBbIM HH(pOpMaImonHbiM 1IeHTpoM — NIC),

Pemenue »tux mpobieM COCTOUT B pa3OMEHMHM CETH Ha HECKOJBKO YacTei
JUISL BHYTPEHHET0 HCIIOJB30BaHUs, HO TaK, 4TOOBI JIJII BHEIIHETO MHUpa dTa CETh



poJ0JKajga JEeHCTBOBATh KaK €uHasi CeTh. DTH YacTH CETU MPUHATO HA3bIBaTh
«TIOICETSAMM.

Hampumep, B Ta0n. 3 npeacTasieH ajpec CeTH Kiacca B npennpustus, B Ko-
TOpoM U3 16-u pa3psagoB 3-ro u 4-ro 6alTOB anpeca 6 pa3psa0B BBIACICHBI IS
0003HAYEHHUS aJPECOB MOCETEH.

Tabnuna 3. Mepapxuueckas ctpykrypa aapeca: Cerb-Iloncers-XocT

Agnpec cetu Anpec nojaceTu Anpec xocTa
111111111
1111111111111111 111111 .
000010 O0O0O11001 000010010
001000

1111111111111111111111 0000000000

130 50 8 36

IP-anpec npencrasnen B 1BoM4HOM (3-51 CTpOKA) U AECATUYHOM (5-1 CTpOKa)
dopmax. B uerBEépTOil CTpOKE MpHUBEACHA MacKa MOACETH, C IOMOIIbIO KOTOPOi
MO>KHO OT/IEJIUTh HOMEP MOJICETH OT HOMepa XocTa. B Tabnwuiie npeacrasieH 4-x
oanitabIi IP-ampec 130.50.8.36. C momorpto Macku 3-i OalT agpeca pa3aenseTcs
Ha yacTu: 6 pa3psioB OTHOCATCA K ajpecy nojaceTtH (moacets Ne 8), a 1Ba paspsna
BMECTE C IBYyMS paspsnamu 4-ro Oaiita onpenenstor aapec xocra (Ne 36). Jlannas
Macka cofepkutT 22 eaunHuilbl U 10 Hysneil. B ueTbipéxOaiiTHOM MpeacTaBICHUH
310 255.255.252.0. bonee KOMNAKTHO aApeC ¢ MACKOW MPEACTABIISIETCS B BUAE aJI-
peca ¢ ceteBbIM npedukcom: 130.50.32.36/22. Takum oOpa3om, 0JIHa U Ta Ke Mac-
Ka MOXET ObITh IPEICTABIICHA B TPEX BapUAHTAX:

- B nBonyHOoM Kome —11111111111111111111110000000000;

- B JeCATUYHOM KoJe — 255.255.252.0;

- B BUJie ceTeBoro npedukca /22 (41CIio JIEBbIX €IUHHIL).

YToObl MOHATH, KaK (PYHKIHUOHUPYIOT MOJACETH, CIEAYEeT PacCMOTPETh MpPO-
necc 00paboTku |P-makeToB MapmpyTH3aTOpoM. Y KakJIOTO MapiipyTuzaTopa
ecTh Tabymia mapmpytuzanuu (TM), conepxkamas IP-anpeca cereir u IP-anpeca
XOCTOB. AZipeca ceTell MO3BOJISIOT MOJdy4YaTh JOCTYH K YAAJIEHHBIM CETSIM, a ajpe-
ca XOCTOB — 00paIaThCs K JOKaIbHBIM XocTaM. C KaXIpIM aJpecoM CBSI3aH ceTe-
BOM MHTep(deiic maHHOTO MapiIpyTu3aTopa (HampuMmep, ajapec mopra), TpuMeHs-
IOIUNACS IS TIOMyYEHUsI JOCTYTA K MMyHKTY Ha3HA4YCHHS U JIpyras CiIy)KeOHasi WH-

dbopmarus.




Koraa IP-naker moctymaer Ha MapHipyTH3aTop, aapec MnoixydaTesns, yKa3aH-
HbI B makere, umerca B TM. Ecnu maker oTnpaBisieTcsl B YAAIEHHYIO CETh, OH
NepechbUIaeTCsl CIeNYIONIeMY MapIIpyTHU3aTopy Mo HHTEep(eicy, yka3aHHOMY B
TM. Eciu nmakeT npeaHazHayeH JOKaAIbHOMY XOCTY (T.€. B JIOKAJIbHOW CETH MapIl-
pyTH3aTOpa), OH MOCHUIAETCS HANPAMYIO ajapecaTy. Eciin Homep ceTd, B KOTOPYIO
MOChUIAETCs MakeT, B TM He COIepKUTCs, MAaKET NEPECHIIACTCS MapIIPyTU3ATOPY
o0 yMOJIYaHHIO, ¢ Oosiee moApoOHBIMHU TaOnmuiamu. TakoW anropuTM O3HAYAET,
YTO KaXIblii MaplUIPyTU3ATOP JOJKEH YUUTHIBATH TOJBKO APYTHME CETU U JIOKAJb-
HBIE XOCTHI, @ HE MAPhl «CETh, XOCT», YTO 3HAUYUTEIIBHO COKpaIaet pasmep TM.

[Ipu pa3buenuu cetu Ha nojcet TM u3smenstorcs. [1pu aToM kK HUM 100aB-
JISIFOTCSL HOBBIE CTPOKHM BHJA «3Ta CETh, MOACETh, 0» M «3Ta CETh, 3TA IMOJICETH,
xocT». Takum oOpa3zoMm, MapIIpyTH3aTOP B KAK/OM MOJICETH 3HAET, KaK MOIYYHUTh
JIOCTYI KO BCEM OCTaJbHBIM MOJCETAM M KO BCEM XocTaM cBoeu mojcetu. [lo-
JPOOHOCTH O XOCTax JPYrHUX MOJICETe eMy 3HaTh HE HYXHO. Bc€ 4To HyXHO
MaplIpyTHU3aTOPy — 3TO, ONPEAEIIUB KJIACC CETH, HAJIOKUTh MacKy mojcety Ha |P-
aZpec makeTa, 4ToObl, yJadIuB HOMEP XOCTa, MOJYYUTh HOMEP IMOJCETU, KOTOPHIi
3ateM unierca B TM. Hanpumep, naket, Hanpasistomuiics o ajapecy 130.50.15.6,
npuOBIBAET Ha MapuIpyTu3arop nojceru 5. [locne HanoxxeHus macku 22 ero aapec
npespamaercs B 130.50.12.0, uro o3HadaeT moacerb 3. AApec 3TOM MOACETH
HaxoauTcss B TM u mapmipyTuzaTop Mojcetd S5 u30aBieH OT HEOOXOAUMOCTH
3HATh XOCTHI MOACETH 3. DTUMHU XOCTaMU 3alUMETCSA MapLIPYTU3aTOP 3-i MOJCETH
(umenHo B ero TM cozeprkatcs agpeca 3TUX XOCTOB).

Jns 3amaHusi MHOTOYPOBHEBOM CTPYKTYPBI IOJICETEN HUCHOJIB3YKOTCS MAaCKU
nepeMeHHou nuHbl. Hampumep, aapec ¢ npedukcom 130.50.15.6/16 Ha BepxHEM
(6a3oBOM) ypoBHE CeTH, Ha |-M ypOBHE TOJACETe W3MEHSETCs Ha ajapec
130.50.15.6/20, T.e. nns BeiOOpa onHoM U3 16-u moaceTelt BoieneHsbl 4 paspsaa (¢
16-ro mo 19-#). B mannom mpumepe 310 nojcets Ne (. Ecniu Ha BTOpoM ypOBHE
nojceTel HeOOXOIUMO OpPraHU30BaTh A0 32-X TOJACETEH, TO Macka U3MEHUTCS —
130.50.15.6/25, T1.e. Beiaensercs S pa3psanoB (¢ 20-ro no 24-it). B nannoMm npume-
pe ato oacets Ne 30.

2.3. BriBoasl

[Iporokon IP pemaer 3amauy moctaBku cOOOIEHUN MEXIY y3JaMU COCTaB-
HOU ceTH. I10CKOJIbKY OH SIBIISIETCS JIEUTarpaMMHBIM, TO HE JA€T HUKAKUX rapaH-
THH HAJEKHOM TOCTAaBKU COOOIICHUM.

BaxxHol ocobeHHOCThIO TpoToKOoa |P, oTinyaromield ero ot Apyrux ceTeBbiX
MPOTOKOJIOB, HAPUMEP OT CETEBOTo npotokoia IPX; sBisercs ero cnocoOHOCTh
BBINIOJIHATHh JUHAMUYECKYIO (PparMeHTAIMIO MMAKETOB MPH Mepeaadye ux MexIy ce-
TSAMU C Pa3IMYHBIMHU, MAKCUMAIIBHO JOMYCTUMBIMU 3HAYEHUSMU JUTUHBI TIOJIS JJaH-
HBIX Kajapos (MTU).

Maxkcumanbras quHa |P-makera coctamsier 65 535 GaidT. 3aroloBOK 0ObIU-
HO uMeeT IauHy 20 6alT U coaep UT NHPOPMAIUIO O CETEBBIX aapecax OTIpaBU-



TEeJS U TOJIydaTelis, mapaMeTpbl ()parMeHTaluu, BpeMs )KMU3HU MaKeTa, KOHTPOJIb-
HYIO CYMMY U HEKOTOpPBIE JPyTHe MapaMeTphl.

Bun tabmuubr |P-mapmipyTuzanuu 3aBUCHUT OT KOHKPETHOW peanu3aliiu
Mapuipytuszaropa. HecMoTpsi Ha 3HaYMTeNbHbIE BHEUIHUE Pa3IN4uMs BBIBOJIMMBIX
Ha DKpaH TaOJML, BCE OHU BKJIIOYAIOT JIBa 00S3aTENbHBIX MOJIs, 0€3 KOTOPhIX HE-
BO3MO>KHO BBITIONHATh MapIIPyTHU3AIMIO, — 3TO MOJS aAPEecOB HA3HAYEHUS U CJie-
JYIOIIET0 MaplIpyTH3aTOpa.

3anucu B TabJIMIly MapUIPyTU3ALMK MOTYT MOCTYNaTh U3 Pa3HbIX UCTOYHU-
KoB. Bo-mepBbix, B pe3ylbTrare KOHGUTYPUPOBAHUS MPOrpaMMHOE oOecrieueHue
creka TCP/IP 3anocuT B TaOiMILy 3aMMCH O HETIOCPEACTBEHHO MOJIKIIOYEHHBIX Ce-
TAX U MapIIpyTU3aTOpax Mo yMOJYaHUIO, a TaKXkKe 3arnucu 00 ocoObIx aapecax. Bo-
BTOPBIX, AJIMUHUCTPATOP BPYUHYIO 3aHOCUT 3aIHUCH O CIIENU(PUUECKUX MapIIpyTax
U 0 MapuipyTe 1o YMOJIYaHUIO. B-TpeTbux, MPOTOKOIBI MapIIpyTH3allUd aBTOMa-
TUYECKU 3aHOCST B TAOJIUILy TUHAMUYECKHE 3aITUCH 00 UMEIOIIUXCS MapIIpyTax.

O@deKTUBHBIM CpeACTBOM CTpyKTypu3auuu |P-ceTeil sBisitoTCS Macku.
Macku o3BOJISIIOT Pa3AesiuTh OJIHY CETh Ha HECKOJIBKO MOJICETe Ui 0O0BEIUHUTD
HECKOJIBKO CeTel B OJIHY 00Jiee KPYITHYIO CETb.

3HauuTenpHas posib B Oyayuiem |P-cereld OTBOIUTCS TEXHOJIOTHH OECKIacco-
Boii MexnomenHor MapmipyTtusanun (CIDR), koTopas pemaer nBe OCHOBHBIE 3a-
naun. IlepBas cocrout B Oojiee 3KOHOMHOM pPacXoOJI0BaHUE apPECHOTO MPOCTPaH-
CTBa, BTOpasi — B YMEHbIIIEHUU YHUCJIa 3amuceil B Tabiuiax (0JHa 3aluch MOXKET
IPEJICTaBISITh MHOKECTBO CETEH, 00bEAMHEHHBIX OOLTUM MPe(pUKCOM).

B navane 90-x romoB crek npotokosioB TCP/IP cTonmkHyscs ¢ cepbe3HbIMU
mpo0emMaMu, KOTOpPbIE HEllb3sl ObLIIO0 peruTh 0e3 n3MeHenus popmara IP-nakera u
Joruku o6paboTku moseit 3aronoska IP-maketoB. B pesynsraTe coobmectBo MH-
TEpHETa PEIniIo CO3/1aTh HOBYIO Bepcuio rpotokoia IP (IPv6), BeiOpaB B kauecTse
OCHOBHBIX II€JIe MOJEpPHHU3ALNUU CO3JaHHE MacIITaOUpyeMON CXEMbl aJpecaluu;
MOBBIIIICHUE MPOITYCKHOM CITIOCOOHOCTH CETH 3a CUET COKpaIIleHus paboT, BHITION-
HSIEMBIX MapIIPyTHU3aTOPaMU; MPEAOCTABICHUE TapaHTUN KaueCTBa TPAHCTIOPTHBIX
yCIyT; oOecreueHne 3aiuThl JaHHbBIX, TepeaBaeMbIX Mo ceTH. Kpatkue cBeneHus
o npoTtokoJe IPv6 npencraBieHbl B MpUIOKEHUH.

Huxe paccMOTpeHO HECKOJIBKO MPUMEPOB UCTOIb30BaHus |P-anpecanuu.

3. HpI/IMepI)I Ha3HAYCHUA aAPE€COB MOJACECTAM M yCTPOﬁCTBaM

IMpumep 1. 512 noacereii (IP-aapec kiaacca B)

[IpeAnonoxum, 4TO OPraHU3alUu AJis €€ KOPIOPATUBHOW CETH Ha3HAYEH Cce-
teBoit HoMep 140.25.0.0/16. IIpu 3TOM OpraHuszanusi IIAHUPYET Pa3leiuTh CETh
Ha HECKOJIbKO MOJACETeH, KaxkJaas M3 KOTOpBhIX AOKHA MOAAepKuBaTh 10 60
YCTPOMCTB.



OnpeneneHue MacKH MOACETH U PACHIMPEHHOI0 CeTeBOro nmpedukca

Ha mepBoM miare HEOOXOAMMO OMPEIEIUTh YUCIO OUTOB, TPEOYEMBIX IS
uaeHtudukamuu 60 ycTpoicTB B mojacetu. Panee Mbl mokasaiu, 4To aJpec KOH-
KPETHOTO YCTPOMCTBA UMEET OMPEAEICHHOE IBOMYHOE MPEICTABICHUE U BEPXHSSA
IpaHUIA aPECHOTO MTPOCTPAHCTBA JIJIsl YCTPOUCTB OJHOM MOJCETH MPEICTABISAETCS
CTEIEHbIO JIBOWKU. DTO, B YACTHOCTH, O3HAYAET, YTO HEBO3MOKHO BBIICIIUTH al-
pECHOE MPOCTPAHCTBO POBHO JI1sl 60 ycTpOWCTB, Tak kKak 60 — He cTeneHb ABOM-
Kku. bnwxkaiimas cBepxy creneHb — 310 64=2 . Ha camoM Jnene, K 4HCILy
YCTPOMCTB HYXHO MPUOABUTH 2, TaK KakK aJipeca, CoJepKalliue TOIbKO HYJIW WU
TOJIBKO €AVHUIIbI, HE UCIIOJIB3YIOTCS JUIsl aJpecallii OTAEIbHbBIX YCTPOMCTB. 3/1€Ch
MBI BUJIMM, YTO HEOOXOAMMBIN 3asien ecTh: 60+2=62<64. OqHako, yJq0BICTBOPSS
CYILLECTBYIOLLIME HA CErOAHS MOTPEOHOCTH MO YUCTY paboyux MeCT, TaKOM BbIOOD
HE OCTaBJIET aJPECHOTO MPOCTPAHCTBA JIJIsi BO3MOKHOI'O POCTa MOJCETH (B HAJU-
YU UMEETCSI BCEro 2 CBOOOMHBIX azapeca). M xoTs cienyroiasi CTENEeHb JTIBOUKU
paBHa 128 (2 ) u uKci0 aApecoB yCTPOUCTB OyAeT paBHO 2-2=126, TO €CTh HAMHO-
ro Oosibllie TPeOYEMOIo B HACTOSIILIUKA MOMEHT, CETEBOM aJIMUHUCTPATOP BbIOMpAET
MMEHHO 3TO aJ[PECHOE MPOCTPAHCTBO M mosrydaeT 66 (126-60) 10moJHUTETHHBIX
aJpecoB JUIA KaKIou mojaceTH. Takod BRIOOp O3HAYAET, UTO IMOJIE aJipeca YCTPOu-
CTBa 3aiiMeT 7 OUT.

Ha BTOpOM Imare omnpesensercs Macka MoICeTH U IJIMHA PaCIIUPEHHOTO CeTe-
Boro npedukca. Tak kak st uaeHTU(UKAIUU YCTPOUCTB U3 32-paspsanHoro |P-
azipeca peIeHo BBIACIUTh 7 OUT, TO TMOJIydaeM pacIIMpPEHHBIA ceTeBOil mpedukc
paBHbIil /25 (32-7=25). Takoi 25-pa3psaHblii pacHIMpEeHHBIH ceTeBOM mpedukc
MOJKET OBITh BBIPAKEH B JECATHYHO-TOYCUHOM IPEICTABICHUH MACKOHW IMOACETH
255.255.255.128. Ha puc. 1 noka3zaHa 3anuch MacKy MOACETH U PACIIMPEHHOTO
ceteBoro npedukca. Cm. Takxke aHaioruuynble pucynku B yactu Il «Crex mporo-
kosioB TCP/IP».

Howmep non- | Homep ycTpoii-

CerteBoii npedukc
CeTH CTBa

140.25.0.0/16 10001100. 00011001. 00000000.0 140.25.0.0/16

255.255.255.128 | 11111111, 11111111, 11111111.1 | 255.255.255.128

HJIM JKBUBAJICHTHAaA 3aIlIUCh

25-0UTOBBIN pacIIMPEHHBIN CETEBOM mpe- Howmep ycTpoii-
buxc CTBa

140.25.0.0/25 10001100. | 100011001. | 00000000.0 140.25.0.0/25

Puc. 1. Onpenenenue Mackud TMOJCETH U PACHIUPEHHOTO CETEBOIO
npedukca




Mgl BUUM, 4TO 25-pa3psiiHbIi pacIIMpEHHBIH Ipe(UKC MpeanogaraeT Bbl-
nenenue 9 o6ut aia uaeHTudUKaIMu nojacerei. Temnepb MOKHO BBIYUCIUTD KOJIH-
4ECTBO MACHTH(PUIUPYEMBIX mozaceTeit: 2°=512, To ecTh AeBATH OUTOB TO3BOJIAIOT
Ha3HauuTh aapeca 512 nmoacersMm. [loHATHO, YTO CETEBOM aAMUHUCTPATOP UMEET
HEKOTOPYIO CBOOOJY NEUCTBUN MpPHU OMPENEICHUH COOTHOIICHUS YHUCJIa UJICHTH-
buupyemMbIX yCTPOMCTB U Uncia nojceTei. Brinensist 6onbiiiee 9ucio OUT B Moje
UACHTU(UKAIIMYA YCTPONUCTB, aAIMUHUCTPATOP MOKET BKIIIOYATh B MOJACETH OOJIbIIE
ycrpoiicTB. C Apyroil CTOpOHBI, YEM MEHBLIE OUT BBLAEIEHO AJI UAECHTU(UKALUN
YCTPOMCTB, TeM OOJIbLIE MOJACETEN MOXKET co3/1aTh agMuUHHUCTpaTop. Bee 3aBucur
OT TEKYILUX TPEOOBaHUI OPraHU3ALHH.

Onpenesenue HOMEpPOB mojceTel

Brinenennsie 512 noxncerent nponymepyem ot 0 mo 511. Ecnm Beinenuts 9
pa3psiAOB Il ABOMYHOTO MPEACTABIEHUS AecATUUHbIX yncel ot 0 1o 511, to mo-
ayqaum: 0 (000000000),, 1 (000000001),, 2 (000000010),, 3 (000000011),,..., 511
(111111111),. Hampumep, ais onpenaesieHus mojaceTd Homep 3 (#3) cereBoit an-
MUHHUCTPATOP pa3MelaeT JBou4Hoe npeactasienue ynciaa 3 (000000011), B 9 6u-
Tax HoMepa nojcetd. Homepa nozacereit uist paccMaTpuBaeMoro npumepa npuBo-
JATCs HWKE. B KakoMm azpece KypCUBOM BBIJEIEH PACIIMPEHHBIM CETEBOU Mpe-
(duKc Bcero aapeca, B TO BpeMs Kak 9-OUTOBOE MpeACcTaBiIeHUE MOJIsI HOMepa MO/I-
CETH BBIJIETICHO MOIYKUPHBIM IIPUPTOM.

bazoas cerp: 10001100.00011001.00000000.00000000 = 140.25.0.0/16
[Toacers #0:  10001100.00011001.00000000.00000000 = 140.25.0.0/25
[Moacers #1:  10001100.00011001.00000000.10000000 = 140.25.0.128/25
IMoacers #2:  10001100.00011001.00000001.00000000 = 140.25.1.0/25
[Moacers #3:  10001100.00011001.00000001.10000000 = 140.25.1.128/25
[Moacers #4: 10001100.00011001.00000010.00000000 = 140.25.2.0/25
[Moacers #5:  10001100.00011001.00000010.10000000 = 140.25.2.128/25
[Toacers #6:  10001100.00011001.00000011.00000000 = 140.25.3.0/25
[Moacers #7:  10001100.00011001.00000011.10000000 = 140.25.3.128/25
[Moxcers #8:  10001100.00011001.00000100.00000000 = 140.25.4.0/25
[Moxcers #9:  10001100.00011001.00000100.10000000 = 140.25.4.128/25

IToncers 10001100.00011001.11111111.00000000 = 140.25.255.0/25
[Toncers 10001100.00011001.11111111.10000000 = 140.25.255.128/25
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OnpeneseHue apecoB YCTPOICTB

Wrak, agMuHUCTpATOp BBLAECTWI 7 OUTOB AJA MIEHTU(UKALUN YCTPOHCTB B
KaXJIOM MOJICeTH. DTO O3HA4YaeT, YTO KaxKJas MOJACETh uMmeer 126 ampecoB st
UIEHTU(PUKAIIUN YCTPOUCTB. YCTpOHCTBa B MOJACETH HyMepyrorcs oT 1 mo 126.
[IpuBenem mepedeHb aApecoB YCTPOMCTB sl moaceTu #3. [lpu 3ToM KypcuBOM
BBIJICJICH PACIIMPEHHBIN CeTeBOM mpedukc, B TO BpeMsl KakK MOITYXUPHBIM IpUd-

TOM TIOKa3aHO 7-pa3psIHOE MOJie HOMepa yCTPONCTBA.

IToncers #3:

VYerpoiicTBo #1
YcerpoiicTBO #2
VYerpoiicTBo #3
YcerporicTBo #4
YcrpoiicTBo #5
YcerpoiictBo #6

YcerpoicTBo #62
VYcerpoiicTBo #63
YcrpoiicTBo #64
YerpoicTBo #65

VYcerpoiicTBo #62
YcrpoiicTBo #63
VYerpoiicTBo #64
YerpoicTBo #65

10001100.00011001.00000001.10000000 = 140.25.1.128/25
10001100.00011001.00000001.10000001 = 140.25.1.129/25
10001100.00011001.00000001.10000010 = 140.25.1.130/25
10001100.00011001.00000001.10000011 = 140.25.1.131/25
10001100.00011001.00000001.10000100 = 140.25.1.132/25
10001100.00011001.00000001.10000101 = 140.25.1.133/25
10001100.00011001.00000001.10000110 = 140.25.1.134/25

10001100.00011001.00000001.10111110 = 140.25.1.190/25
10001100.00011001.00000001.10111111 = 140.25.1.191/25
10001100.00011001.00000001.11000000 = 140.25.1.192/25
10001100.00011001.00000001.11000001 = 140.25.1.193/25

10001100.00011001.00000001.10111110 = 140.25.1.190/25
10001100.00011001.00000001.10111111 = 140.25.1.191/25
10001100.00011001.00000001.11000000 = 140.25.1.192/25
10001100.00011001.00000001.11000001 = 140.25.1.193/25

OnpeneneHue MIPOKOBENIATEIHLHOTO afpeca

Jlns moaceTy #3 mMpoKOBENIaTeILHBIM aIpecoM OyIeT aipec, B KOTOPOM BCE

OUTBHI TIOJIT HOMEpa YCTPOMCTBA YCTAHOBJICHBI B €TUHUILY:

10001100.00011001.00000001.11111111 = 140.25.1.255.

Crenyer OTMETUTD, YTO IIMPOKOBEUIATEIIBHBIN aApec JJisl MOACETH #3 POBHO

Ha eJIMHUITY MEHbIIe 6a30Boro aapeca nojacetu #4 (140.25.2.0).

IIpumep 2. 8 noxacereii (IP-agpec kinacca B)

N3menum cutyauuro. Ilycte opranuszanuu Ha3HA4eH CETEBOM  alpec

132.45.0.0/16.

AJIMUHHCTpaTOpy NopydeHo copmupoBath § noacerent. s naeHtudukanum ta-
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KOTO KOJIMYECTBA IMojceTel TpedyeTcs 3 Outa. B 3TOM ciiyyae paciiupeHHBIN ce-
TeBor mpedurc Oynet paBeH /19 (macka moacetn 255.255.224.0). IIpuBenem an-
peca 3TUX MoJIceTel B IBOWYHOM U JICCATUIHOM IPE/ICTABICHUSX

IMoncets #0: 10000100.00101101.00000000.00000000 = 132.45.0.0/19
IMoncers #1: 10000100.00101101.00100000.00000000 = 132.45.32.0/19
[Moncers #2: 10000100.00101101.01000000.00000000 = 132.45.64.0/19
[Moncers #3: 10000100.00101101.01100000.00000000 = 132.45.96.0/19
Ioncets #4: 10000100.00101101.10000000.00000000 = 132.45.128.0/19
Ioncets #5: 10000100.00101101.10100000.00000000 = 132.45.160.0/19
IMoncets #6: 10000100.00101101.11000000.00000000 = 132.45.192.0/19
IMoncers #7: 10000100.00101101.11100000.00000000 = 132.45.224.0/19

Tenepy ompenenum azapeca yctpoiictB mis moacetu #3 (132.45.96.0/19 —
10000100.00101101.01100000.00000000):

[Toncers #3: 10000100.00101101.01100000.00000000 = 132.45.96.0/19
YcrpoiicTso #1: 10000100.00101101.01100000.00000001 = 132.45.96.1/19
VYerpoiicTBo #2: 10000100.00101101.01100000.00000010 = 132.45.96.2/19
YerpoiicTBo #3: 10000100.00101101.01100000.00000011 = 132.45.96.3/19

.S}éTDOﬁCTBO #8190: 10000100.00101101.01100000.11111110 = 132.45.96.254/19

OmnpenenuM MIMPOKOBEIIATEIbHBIN aapec st mojacetH #3 (132.45.96.0/19):
10000100.00101101.01111111.11112111 = 132.45.127.255/19.
IMpumep 3. 8 noacereii (IP-agpec kiacca C)

[Iponenaem Te xe onepanuu s cereBoro aapeca 200.35.1.0/24. Ilycth Tak-
Ke B KXKJIOH MOJICETH HEOOXOAUMO MPEITyCMOTPETh apeCHOe MPOCTPAHCTBO IS
20 yctpotictB. Tpebyercs onpeaenuTh pacMpeHHbIA ceTeBoi npeduke. g ux
uaCHTH(DUKAIMK TPeOYyeTCss MUHUMYM MSATh OUT. [103TOMY paciiMpeHHbIH ceTeBOH
npedukc Oyaer pasen /27 (32-5=27).

OTBEeTUM Ha CJIEIYIOLIUE BOIPOCHI:
e  KakoBo MakcMMaJIbHOE KOJIMYECTBO YCTPOMCTB, KOTOPHIE MOTYT CYIIECTBOBATh
B KQXKJIOHM ITOJICETU?
MakcuMaNbHOE KOIMYECTBO YCTPOMCTB B KaIoW moncetd paBHo 30 (2° — 2 =
=32-2=230).
e  KakoBo MakcuMaJIbHOE YHCIIO MOJCETEH, KOTOPbIE MOTYT ObITh C(POPMUPOBAHBI
CETEBBIM aJIMUHHCTPATOPOM?
MakcuManbEHOe YKCIIo noceTeit pasHo 8 (23).

[IpuBeneM HoMepa MONYYArOIIMXCSA IOACETEH B JABOMYHOM M JECATUYHOM
IIPEICTAaBIICHUAX:

[Moncers #0: 11001000.00100011.00000001.00000000 = 200.35.1.0/27
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[Toncets #1: 11001000.00100011.00000001.00100000 = 200.35.1.35/27
[Toncets #2: 11001000.00100011.00000001.01000000 = 200.35.1.64/27
[Toncets #3: 11001000.00100011.00000001.01100000 = 200.35.1.96/27
[Toxncers #4: 11001000.00100011.00000001.10000000 = 200.35.1.128/27
[Toxncets #5: 11001000.00100011.00000001.10100000 = 200.35.1.160/27
[Toncets #6: 11001000.00100011.00000001.11000000 = 200.35.1.192/27
[Toncets #7: 11001000.00100011.00000001.11100000 = 200.35.1.224/27

[TpuBeneM CIHMCOK aApecoB YCTPOMCTB, KOTOPBIE MOTYT OBITh OTIPE/ICIICHBI B TIOI-
cetu #6 (200.35.1.192/27):

[Toncets #6: 11001000.00100011.00000001.11000000 = 200.35.1.192/27
YerpoiictBo #1:  11001000.00100011.00000001.11000001 = 200.35.1.193/27
Yerpoiicto #2:  11001000.00100011.00000001.11000010 = 200.35.1.194/27
Yerpoiicto #3:  11001000.00100011.00000001.11000011 = 200.35.1.195/27

Yerpoiicto #29:  11001000.00100011.00000001.11011101 = 200.35.1.221/27
Yerpoiictso #30:  11001000.00100011.00000001.11011110 = 200.35.1.222/27

[[IupokoBemarenpubiii  aapec s moacetu  200.35.1.192/27  pasen
11001000.00100011.00000001.11011111 = 200.35.1.223/27

IIpumep 4. Ucnosib30BaHMe MACKH MOACETH MEPEMEHHOM JJIHHbI

[Ipeamnomnoxum, 94TO opranu3amuu ObuT BeieeH aapec cetu 140.25.0.0/16
(IP-ampec xacca B), 1 oHa TIIaHUPYET UCIOJIB30BATh MACKH MOJICETH MEPEMEHHOMN
mmHbl. Ha prc.2 mokasaHa cxema BBIJICICHUS aApecoB s TOJCETEeH ITOi opra-
HU3AIWH.
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140.25.0.0/16
0 1 2 e, 13 14 _15_
0 1 3. 31
0_ I 14 15
0 1 . 30 31

Puc. 2. Ctparerus BblI€JICHHS TIOJCETEN

[IepBbIil mar B mporecce BbIAEIEHUS MOJCETEN COCTOUT B JE€JIEHUU OCHOBHO-
ro cereBoro azapeca (140.25.0.0/16) na 16 aapecHbIX 0JIOKOB (ITOACETEH) PaBHOTO
pa3Mepa. 3areMm nojaceTh #1 genurtcs Ha 32 aapecHbIX OJ0Ka paBHOrO pasmepa, a
nojaceth #14 pgenurca Ha 16 aapecHbIX OJIOKOB paBHOTO pa3Mepa (IOACETeN HHUX-
Hero ypoBHs). [IpomexxyTounsie cetu #2—13 He nenstcs. [lomydeHHast mojaceTh
HWKHEro ypOBHs, Hanmpumep, 14-1 noncets B 14-ii moacetu (0003HAUMM €€ Kak
#14-14) nenutcs Ha 8 agpecHBIX OJIOKOB (TIOJACETEN) paBHOTO pa3Mepa, KOTOpPbIe
00pa3yloT MOACETH CleNyIoUero ypoBHs. TakuMm o0Opa3oM B CeTH OpraHu3aliu
IUIAHUPYETCS. UCIOJb30BaTh 74 MOACETH, KaKJas U3 KOTOPBIX OyJeT MOIAep>Ku-
BaTh HEOOXOAMMOE KOJIMYECTBO YCTPOMCTB.

3TOT mpoLecc NOAPOOHO pacCMaTPUBACTCSI HUXKE.

Onpenenenue 16 noacerei

[IepBbIM IarOM B MPOLECCE BBIACICHUS MMOJCETEN SBIAECTCS JIEIEHUE CETEBO-
ro aJpECHOr0 MPOCTPAHCTBA HA 16 agpecHBIX OJIOKOB PaBHOTO pa3mepa (puc. 3).
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140.25.0.0/16
0 1 2 13 14 15
0. 1 ... 30 31
0 1 14 15
0 1 ... 6 7

Puc. 3. Beinenenue 16 noacereit s agpeca 140.25.0.0/16

Tak kak 16 = 2% 10 morpebyercs YeThpe OUTa, YTOOBI UACHTU(GUIUPOBATE
KXY U3 3TUX 16 mojacerer. DTO 03HAYAET, YTO OPraHU3als HY>KJIA€TCA B 4Ue-
ThIpEX OMTaX WM B PACIIMPEHHOM ceTeBOM Ipedukce paBHoM /20, 11l TOTO, 4TO-
Obl BbIIEUTh 16 mojacereit. Kaxknas M3 3TUX MOJCETEH MPENCTABISIET CMEXKHBIN
ook m3 2'2 (32-20=12) azmpecoB yctpoiicTs. TakuMm 06pa3oM Mbl HOIyYaeM
212 2 = 4094 ycTpolicTs.

Hwxe npuBomsarcs »tu 16 mojacerei, BbIIENEHHBIE W3 aJIpecHOro OJoka
140.25.0.0/16. Tannsie noacetn HymepyroTtes ot 0 1o 15. KypcuBHas yacTh Kax-
JIOTO ajpeca UACHTU(UIIMPYET PACIIMPEHHBIM CETeBOM mpedukc, B TO Bpems Kak
MOJTY>KHUpHBIE TTUGPHI 3a1a10T 4-OUTOBBIN HOMEP MOJICETH:

basoBas cerp: ~ 10001100.00011001.00000000.00000000 = 140.25.0.0/16
[Moncers #0: 10001100.00011001.00000000.00000000 = 140.25.0.0/20
[Moncers #1: 10001100.00011001.00010000.00000000 = 140.25.16.0/20
[Toncers #2: 10001100.00011001.00100000.00000000 = 140.25.32.0/20
[Toncers #3: 10001100.00011001.00110000.00000000 = 140.25.48.0/20
[Toncets #4: 10001100.00011001.01000000.00000000 = 140.25.64.0/20

[Toxcers #13:  10001100.00011001.11010000.00000000 = 140.25.208.0/20
[Moxcers #14:  10001100.00011001.11100000.00000000 = 140.25.224.0/20
[Moacers #15:  10001100.00011001.11110000.00000000 = 140.25.240.0/20

OmnpenesieHue apecoB YCTPOICTB B MOACETHAX

OnpenenuM ajapeca yCTPOHUCTB, KOTOPbIE MOTYT OBITh Ha3HAYEHBI B TIOJICETH
#3 (140.25.48.0/20) (puc. 4).
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140.25.0.0/16

0 1 2 13 14 15
0 1 30_ 31
0 1 14 15
0 1 ... 6 7

Puc. 4. Onpenenenue agpecoB ycTpoicTB B nojcetu #3 (140.25.48.0/20)

Tak kak moje HoMepa yCTpoMCTBa B MOACETH #3 cOCTOUT U3 12 OUT, BO3MOXK-
HBI
4 094 (22 -2) KOPPEKTHBIX aJPECOB YCTPOMCTB. Y CTpoiicTBa HyMepYIOTCs OT 1 10
4 094. Anpeca yCTpOUCTB I NOJACETH #3 NMpUBOAATCS Huke. KypcuBHas yacthb
KaXXJ0ro aapeca UICHTUPUIUPYET PACIIMPEHHBIM CETEBOM MpePUKC, B TO BpeMs
KaK MOy XUpHbIe HU(pBI 3a1at0T 12-pa3psIHblii HOMEpP yCTPOUCTBA.

[Toxncers #3: 10001100.00011001.00110000.00000000 = 140.25.48.0/20
YcerpoucTso #1: 10001100.00011001.00110000.00000001 = 140.25.48.1/20
YcrpoicTso #2: 10001100.00011001.00110000.00000010 = 140.25.48.2/20
YcrpoicTso #3: 10001100.00011001.00110000.00000011 = 140.25.48.3/20

Yerpoiicteo #4093:  10001100.00011001.00111111.11111101 =
140.25.63.253/20

Ycrpotictso #4094: 10001100.00011001.00111111.11111110 =
140.25.63.254/20

[[InpokoBemaTeabHbIN agpec s MOJICeTH #3 — 3TO TOT, B KOTOPOM BCe Ou-
Thl B TI0JIE HOMEpa YCTPOWCTBA YCTAHOBJEHBI B €AUHUILYy, TO €CTh
10001100.00011001. 00111111.11111111 = 140.25.63.255. Cnenyer OTMETHTb,
YTO IMIUPOKO-BEMIATEIILHBIN aJpec s MOACETH #3 POBHO Ha AMHUILY MEHbIIE Oa-
30BOTO ajpeca st noacetu #4 (140.25.64.0).

OnpeneneHue noaceTell HUKHETO YPOBHS

JlaBaiiTe ompenenuM IMOJCETH HUKHETO YpOBHS (MOJCETH TOACETEH) s
nonacetru #14 (140.25.224.0/20). ITocie Toro kak OCHOBHOM CETEBOM aapec pasfe-
JIEH Ha IIECTHAJIATh MOJceTel, mojacerh #14 memurcs Ha 16 agpecHbIX OJIOKOB
paBHOTO pasmepa (puc.S).
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Tak xak 16=2%, T0, 4TOOBI UACHTUPUITPOBATh KAXKAYIO U3 3THX 16 mojceTeH,
TpeOyroTCs erie 4eThipe OuTa. DTO 03HAYAET, YTO OpraHU3anus OyJeT JOJIKHA HC-
MOJIb30BaTh PACIIUPEHHBIN ceTeBoil npedukc, paBHbl /24. Hike mpuBoasatcs 16
nojicetel u3 aapecHoro 61oka 140.25.224.0/20, kotopsie HymepyroTcst oT 0 1o 15.
KypcuBHas yacth KaXXJ0To ajpeca MOJCETH HMKHErO YPOBHS UJICHTHU(PULIHUPYET
pacIIMpPEHHBIN ceTeBOM Mpe(dUKC, B TO BpeMs KaK MOJIYKHUPHBIE MU(PPHI MTOKA3bI-
BAIOT
4-0UTOBOE MOJIE MOJICETH HUKHETO YPOBHSI.

140.25.0.0/16
0 1 2 13 14 15
_0_ 1 30 31
0 1 14 15
0 1 . 6 7

Puc. 5. Onpenenenue noaceTell HUKHETO YPOBHS I 1ojiceTu #14
(140.25.224.0/20)
IMoacers #14:  10001100.00011001.11100000.00000000 = 140.25.224.0/20
IMoacers #14-0:  10001100.00011001.11100000.00000000 = 140.25.224.0/24
[Moncers #14-1:  10001100.00011001.11100001.00000000 = 140.25.225.0/24
[Moncers #14-2:  10001100.00011001.11100010.00000000 = 140.25.226.0/24
[Moxcers #14-3: 10001100.00011001.11100011.00000000 = 140.25.227.0/24
[Moacers #14-4:  10001100.00011001.11100100.00000000 = 140.25.228.0/24

IMoacers #14-  10001100.00011001.11101110.00000000 = 140.25.238.0/24
[Moacers #14-  10001100.00011001.11101111.00000000 = 140.25.239.0/24

OnpenesieHue aapecoB YCTPOMCTB B MOACETAX HUKHET0 YPOBHS

Tenepp cnemyer ompeneianTh aapeca, KOTOPbIE MOTYT OBbITh Ha3HAUCHBI
YCTPOMCTBAM B TIOJCETAX HIDKHETO YpoBHs, Hampumep #14-3 (140.25.227.0/24)

(puc. 6).



17

140.25.0.0/16

0 1 2 13 14 _15_
o 1 ... 30_ 31
0 1 .. 3. ... 14 15
0 1 6 7

Puc. 6. Onpenenenue aapecoB ycTpoicTB B mojcetn #14-3 (140.25.227.0/24)

B noacetn HuxHero ypoBHs #14-3 MOXHO MCHOJIb30BaTh 8 OUT JJIs 3aaHUs
aIpeCoB YCTPOMCTB. DTO O3HAYAET, UTO Kak/as MOJACETh HUKHETO YpoBHs #14-3
MOKET TIOIepXKUBaTh 010K U3 254 anpecos ycrpoiicts (28-2), koTopsle Hymepy-
1otrcst oT 1 1o 254. Anpeca ycrpolictB B noacetu #14-3 npuBoastcsa Hrxke. Kyp-
CHUBHAs 4YacTh KaXJIOro ajpeca UACHTUPUIMPYET PACHIUPEHHBIA CETeBOW IMpe-
¢buKCc, B TO BpeMs Kak MOJTYKUPHBIE IIUQPPHI 33/1al0T 8-OUTOBBIM HOMEP YCTPOIMCTBA
(TO ecTh PENCTaBISIOT CO00H MoJie HOMepa YCTPONCTBA).

[Moncers #14-3 10001100.00011001.11100011.00000000 = 140.25.227.0/24
YcerpoicTso #1 10001100.00011001.11100011.00000001 = 140.25.227.1/24
YcrpoicTso #2 10001100.00011001.11100011.00000010 = 140.25.227.2/24
YerpoiicTso #3 10001100.00011001.11100011.00000011 = 140.25.227.3/24
YcrpoiictBo #4 10001100.00011001.11100011.00000100 = 140.25.227.4/24
YcerpoiicTBo #5 10001100.00011001.11100011.00000101 = 140.25.227.5/24

VYerpoiicteo #253:  10001100.00011001.11100011.11111101 =
VYerpoiicteo #254:  10001100.00011001.11100011.11111110 =

[[InpokoBemaTeabHbIN aapec s nojaceTu #14-3 — 3T0 TOT, B KOTOPOM BCe
OWTHI B 1T0JIE HOMEPA YCTPOUCTBA YCTAHOBJICHBI B €IUHUILY:

10001100.00011001.11100011.11111111=140.25.227.255.

[[InpokoBemaTenbHbIil anpec A noaceTu #14-3 poBHO Ha €AUMHUILY MEHb-
1re, ueM 0a30BbIit aapec s noacetu #14-4 (140.25.228.0).
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JanbHelee pazoneHue nojaceTeil HUZKHEro ypoBHs

UtoOsI Jrydiie pa3o0paThCsi ¢ HA3HAYCHUEM TI0JICeTEH HIKHETO YPOBHS, pac-
CMOTPHUM CITy4daid, KOT/a B TIOJICETH HIKHETO YPOBHS (B HAIIEM CITydae — BTOPOTO
YPOBHSI), B CBOIO OY€PEIb, BBOJSATCS MOACETH.

[Tocne Toro kak mojceTs #14 ObuTa pasmencHa Ha MIECTHAIIATH TOJCETEH
HUKHETO YPOBHsI (MOA-TIoiceTel), moa-mojacets #14-14 (140.25.238.0/24) nenmurcs
Ha 8 aJpecHBIX OJIOKOB paBHOTO pasmepa (puc. 113.7).

[IIupokoBemaTeIbHBIA aapec s MoAceTH #14-3 poBHO Ha €IUHUILY MCHb-
1re, yem 0a3oBbIi anapec s mojacetu #14-4 (140.25.228.0).

JlanbHelimee pa3ouenue mojacereid HUKHEr0 YPOBHS

Urto0bl Jyuriie pa3o0paThesi ¢ HA3HAUECHUEM IOJICETEH HUKHETO YPOBHSI, pac-
CMOTPHM CJIydYail, KOTJia B MMOJICETH HIKHErO YPOBHA (B HAILIEM CITy4yae — BTOPOTO
YPOBHS1), B CBOIO O4€pE/Ib, BBOJSTCS MOJICETH.

[Tocne Toro kak mojicets #14 Oblia pa3/ieneHa Ha MIECTHAALATh MOJICETeH HUXK-
HEro ypoBHs (MoJi-nojceTei), noa-nojacets #14-14 (140.25.238.0/24) nenutcs Ha 8
aJipeCHBIX OJIOKOB paBHOTO pazmepa (puc. 7).

140.25.0.0/16
0 1 2 e _13_ 14 _15_
_0_ 1 30 31
0 1 ... 3 ... 14 15
0 1 6 7

Puc. 7. JaneHeunmas pekypcus B ACJIEHUH MOICETEN

Tak kak 8=23, T0, 4TOOBI HACHTU)UIMPOBATH KAKIYIO U3 STUX & MOACETEH, 10-
TIOJTHUTENIBHO TpeOyeTcss Tpu Ourta. ITO 03HAYAET, YTO OPTraHU3AIMs JOJKHA HC-
M0JIb30BaTh PaCIIMPEHHBINA ceTeBOM mpedukc, paBHbIi /27. Anpeca 3Tux 8 mojce-
Tel u3 agapecHoro Onoka 140.25.238.0/24 npusenens! Hioke. [loncetn HyMepyroTcs OT
0 no 7. KypcuBHasg 4acTh Kaxa0ro ajpeca MOMA-TIOA-TIOJICETH HACHTU(DUIIUPYET
paciIMpeHHbIN CeTeBOM Mpe(HKC, B TO BpeMs KaK MOTYKUPHbIE ITUGPHI YKa3bIBAIOT
3-OUTOBBIN HOMEP MOA-TIOJI-TTOICETH.
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[Moacets #14-14:  10001100.00011001.11101110.00000000 = 140.25.238.0/24
[Moncets #14-14-0: 10001100.00011001.11101110.00000000 = 140.25.238.0/27
[MToncets #14-14-1: 10001100.00011001.11101110.00100000 = 140.25.238.32/27
[Moncers #14-14-2: 10001100.00011001.11101110.01000000 = 140.25.238.64/27
[Moncers #14-14-3: 10001100.00011001.11101110.01100000 = 140.25.238.96/27
[Toncers #14-14-4: 10001100.00011001.11101110.10000000 =

[Toncers #14-14-5: 10001100.00011001.11101110.10100000 =

[Toncers #14-14-6: 10001100.00011001.11101110.11000000 =

[Toncers #14-14-7: 10001100.00011001.11101110.11100000 =

OnpenesieHne apecoB yCTPOICTB

Tenepb, HaKOHEI, JaBaliTe OMpPEACIMM ajpeca yCTPOUCTB B mojcetu #14-
14-2 (140.25.238.64/27) (puc. 8).

140.25.0.0/16

_0_ 1 2 13 14 15
0 1 _30_ 31
_0_ 1 . 3 ... 14 _15_
i ... 2 ... 6_ _7

Puc. 8. Onpenenenre aapecoB ycTpoHcTB B nmojaceTn #14-14-2 (140.25.238.64/27)

Kaxxnast U3 mojceTeil TpeThero ypoBHsS B MOJICETH BTOPOro ypoBHs #14-14
UMeEeT 5 OUTOB JJIs 3aJ1aHUS aJIPECOB YCTPOUCTB. DTO 03HAYAET, YTO KAXKast U3 ITUX
IoJIceTel MOKET HOANEPKUBATh 10 30 ampecoB ycTpoicTs (2°-2), KOTOphle HyMe-
pytores oT 1 1o 30. Axapeca ycrpoiicTB it mojcetr #14-14-2 npuBOATCS HIKE.
KypcuBHast yacTh KaK70ro ajapeca WACHTUDUIMPYET PAaCHIMPEHHBIN CETEBOW Tpe-
¢buKc, B TO BpeMsl Kak MOTy>KUpHbIE IU(PBI 32/1a10T 5S-OUTOBBIN HOMEP YCTPOUCTBA:

IToncers #14-14- 10001100.00011001.11101110.01000000 = 140.25.238.64/27
2:

VYerpoiicto #1: 10001100.00011001.11101110.01000001 = 140.25.238.65/27
YcrpoiicTBo #2: 10001100.00011001.11101110.01000010 = 140.25.238.66/27
YcrpoiicTBo #3: 10001100.00011001.11101110.01000011 = 140.25.238.67/27
YcrpoiicTo #4: 10001100.00011001.11101110.01000100 = 140.25.238.68/27
YcrpoiicTo #5: 10001100.00011001.11101110.01000101 = 140.25.238.69/27

Ycerpoiicto #29:  10001100.00011001.11101110.01011101 = 140.25.238.93/27
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Yerpoiicto #30:  10001100.00011001.11101110.01011110 = 140.25.238.94/27

[upokoBemmaTenbHplii aapec s moacetu #14-14-2 — 10T, B KOTOPOM Bce
OWTHI B II0JIE€ HOMEPA YCTPONCTBA YCTAHOBIICHBI B EAMHUILY:

10001100.00011001.11011100.01011111 = 140.25.238.95.

[IIupokoBemaTenbHblil agpec aias noacetn #14-14-2 poBHO Ha eIUHUILY
MeHbIIe 0a30Boro aapeca nojcetn #14-14-3 (140.25.238.96).

IIpumep 5. Ucnosib30BaHMe MACKH NOACETH NEPEeMEHHON IJTUHBI

[Ipeanonoxkum, dYTO OpraHu3anuu ObUT  BBIJCIEH CETEBOM  aapec
140.25.0.0/16, u oHa MJIaHUPYET MCIIOJIH30BATH MACKU MOJICETH NIEPEMEHHOM JJIH-
Hbl. Ha puc. 9 noka3zana cxema BbIACICHUS TOACETEN AJISl 3TOM OPTaHU3ALNH.

140.25.0.0/16
0 1 2 3 5 6 7
0o 1 ... 30 31
0 T 14 15
0 1 . 6 7

Puc. 9. Ctparerus BblIEICHUS MTOJACETEMN

[lepBbIii IIar npyu OpraHu3aluy MOJACETEN COCTOUT B JIEJIEHUH OCHOBHOTO CE-
TEBOr0 ajpeca Ha 8 aJipeCHbIX OJIOKOB PaBHOTO pa3Mepa. 3areMm MojaceTh #1 ne-
auTcsa Ha 32 ajnpecHbIX OJI0Ka paBHOTO pa3Mepa, a mojceTh #6 aenurcs Ha 16 aa-
pECHBIX OJIOKOB PaBHOTO pa3Mmepa. 3aTeM MOJYyYMBIIHECS MOACETH HUKHETO YPOB-
Hsl, HalpUMeED, MOJCETh #6-14, nensTcs Ha 8 aApeCHBIX OJIOKOB paBHOTO pa3Mepa.

Omnpenenum BoceMb nojceTeit cetu ¢ aapecom 140.25.0.0/16.

bazosas cers: 10001100.00011001.00000000.00000000 = 140.25.0.0/16
[Moxcers #0:  10001100.00011001.00000000.00000000 = 140.25.0.0/16
[Moacers #1:  10001100.00011001.00100000.00000000 = 140.25.32.0/16
[Moacers #2:  10001100.00011001.01000000.00000000 = 140.25.64.0/16
[Moacers #3:  10001100.00011001.01100000.00000000 = 140.25.96.0/16
[Moxcers #4:  10001100.00011001.10000000.00000000 = 140.25.128.0/16
[Moxcers #5:  10001100.00011001.10100000.00000000 = 140.25.160.0/16


http://140.25.238.95/

[Toncets #6:
[Toncers #7:
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10001100.00011001.11000000.00000000 = 140.25.192.0/16
10001100.00011001.11100000.00000000 = 140.25.224.0/16

[TpuBeneM CIUCOK aIpecoB yCTPOMCTB, KOTOPHIE MOTYT UCIIOJIB30BATHCS B
nozacetu #3 (140.25.96.0):

[Toncers #3:

VYcerpoiicTBo #1:
YcerpoiicTBo #2:
YcTpoticTBo #3:

10001100.00011001.01100000.00000000 = 140.25.96.0/19
10001100.00011001.01100000.00000001 = 140.25.96.1/19
10001100.00011001.01100000.00000010 = 140.25.96.2/19
10001100.00011001.01100000.00000011 = 140.25.96.3/19

Verpoiictso#8189: 10001100.00011001.01111111.11111101

140.25.127.253/19

YcrpoiictBo#8190: 10001100.00011001.01111111.11111110

140.25.127.254/19

Onpenenum mupoKoBemaTeNbHbIN aapec 1 nojacetu #3 (140.25.96.0):
10001100.00011001.01111111.11111111 = 140.25.127.255

Omnpenenum 16 nojacereit HUXXKHETO YpoBHS B ojcetu #6 (140.25.192.0/92):

IToncers #6:

IToncets #6-0:
IToxcers #6-1:
IToxcets #6-2:
IToxcets #6-3:
IToncets #6-4:

[MToncers #6-14:
IToncers #6-15:

10001100.00011001.11000000.00000000 = 140.25.192.0/23
10001100.00011001.11000000.00000000 = 140.25.192.0/23
10001100.00011001.11000010.00000000 = 140.25.194.0/23
10001100.00011001.11000100.00000000 = 140.25.196.0/23
10001100.00011001.11000110.00000000 = 140.25.198.0/23
10001100.00011001.11001000.00000000 = 140.25.200.0/23

10001100.00011001.11011100.00000000 = 140.25.220.0/23
10001100.00011001.11011110.00000000 = 140.25.222.0/23

[TpuBeneM CIHUCOK aapecoB YCTPOMCTB, KOTOPBIE MOTYT HCIOJIb30BAaThCS B
TIOJICETH HIDKHETO ypoBHS #6-3 (140.25.198.0/23):

[Toncers #6-3:

YcerpoiicTBo #1:
YcrpoiicTBo #2:
VYerpoiicTBo #3:
YcrpoiicTBo #4:
Y cTpoiicTBO #5:

VYerpoiictBo #509:
VYerpoiictBo #510:

10001100.00011001.11000110.00000000 = 140.25.198.2/23
10001100.00011001.11000110.00000001 = 140.25.198.1/23
10001100.00011001.11000110.00000010 = 140.25.198.2/23
10001100.00011001.11000110.0000011 = 140.25.198.3/23
10001100.00011001.11000110.0000100 = 140.25.198.4/23
10001100.00011001.11000110.0000101 = 140.25.198.5/53

10001100.00011001.11000111.11111101
10001100.00011001.11000111.11111110
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Onpeaenum MIMPOKOBEIIATEIbHBINA aipec JJIs MOJCeTH HUKHETo YPOBHS #6-3
(140.25.198.0/23):

10001100.00011001.11000111.11111111 = 140.25.199.255

OmnpenenuM BOCEMb MOJCETEH TPETHETO YPOBHS AJIsl TOJICETH BTOPOTO YPOBHS
#6-14 (140.25.220.0/23):

[Toxncers #6: 10001100.00011001.11011100.00000000 = 140.25.220.0/23
[Togcers #6-14- 10001100.00011001.11000000.00000000 = 140.25.220.0/26
[Togcers #6-14- 10001100.00011001.11000010.01000000 = 140.25.220.64/26
[Togcers #6-14- 10001100.00011001.11000100.10000000 = 140.25.220.128/26
[Toacers #6-14- 10001100.00011001.11000110.11000000 = 140.25.220.192/26
[Toacers #6-14- 10001100.00011001.11001001.00000000 = 140.25.221.0/26
[Togcers #6-14- 10001100.00011001.11001001.10000000 = 140.25.221.64/26
[logcers #6-14- 10001100.00011001.11011101.10000000 = 140.25.221.128/26
[logcers #6-14- 10001100.00011001.11011110.11000000 = 140.25.221.192/26

[IpuBeaeM CIHCOK aJPECOB YCTPOWCTB, KOTOPHIC MOTYT HCIIOJIB30BaThCS B
TIOJICETH HIDKHETO YpoBHs #6-14-2 (140.25.220.128/26):

[Toacers #6-14-2:  10001100.00011001.11000110.00000000 = 140.25.198.2/23
VYerpoiicTo #1: 10001100.00011001.11000110.10000001 = 140.25.198.1/23
VYcrpoiicTBo #2: 10001100.00011001.11000110.10000010 = 140.25.198.2/23
VYcerpoiicTBo #3: 10001100.00011001.11000110.1000011 = 140.25.198.3/23
YcerpoiicTBo #4: 10001100.00011001.11000110.1000100 = 140.25.198.4/23
YceTpoiicTBo #5: 10001100.00011001.11000110.1000101 = 140.25.198.5/53

VYerpoiicteo #61:  10001100.00011001.11000111.10111101
YerpoiictBo #62: 10001100.00011001.11000111.10111110

OnpenennuM MUPOKOBEATENbHBINA apec AJIsl MOJICETH HUKHETO YPOBHS #6-
14-2 (140.25.198.0/23):

10001100.00011001.11011100.10111111 = 140.25.220.191

Jlyist GoJiee METAIbHOTO O3HAKOMJICHHS C TIPOLICTypaMH BBIICIICHUS TTOJCETEH
U OTIPEICTICHUS aJ]PECOB YCTPOMCTB B OpPraHU3aIH, MOKHO TTOPEKOMEH/I0BATh 00-
pPaTUTHCS K UCTOYHUKAM, YKAa3aHHBIM B CITUCKE JINTEPATYPHI.
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4, KonTpouabHoe 3a1anne

KoHTponbsHOE 3a1aHue npeaycMaTpuBaeT pacipeielieHue MacoK MepeMEeHHOM
JUTMHBI IS OpTraHW3allMd 3-X YPOBHEBOW CTPYKTYPHI MOJCETEH, TOJIOO0HONU TeM,
KOTOpbIE OBUIM pacCMOTPEHBI B TpuMepax 4 u 5.

B tabn. 4 npencraBieHbl BApUaHThl KOHTPOJIBHBIX 3aJJaHUM, B KOTOPBIX yKa-
3aHBl HOMEpPA MOJACETEN B pPa3IMYHBIX YPOBHSX. B COOTBETCTBUM C NpPHUHATON
CTPYKTYpOil 00O3HAYEHHI CETh, MPEJICTABICHHAS B IPUMEPE 5, MOIYYUT 0003HAa-
yenue «B,6,14,6». O061miee yuciao nojcerel B KakoM-JIMO0 YpOBHE JOJKHO OTpe-
JIENATHCS. KaK MUHUMaJIbHO BO3MOXKHOe. Hampumep, nojicetb HoMep 5 B JaHHOM
KOHTPOJILHOM 33JlaHuU OYyJIeT HaXOJUThCS B COCTaBe §-M MojiceTei, 0003HaYaeMbIX
3-Msl pa3psIaMHu.

[lo pe3ynbraTaM pacuy€TOB HYXHO BBIOpaTh ajpec 0a30BOM CETH W OIpee-
JUTh aapeca 3-X mojceTel (BMecTe ¢ npeukcamu), a TakKKe HAUTH MaKCUMAJIbHO
BO3MOKHO€ YHCJIO YCTPOMCTB B MOACETH HIXKHEro ypoBHs. Kpome Toro, B 32-x
Pa3psIHOM MOJIe HEOOXO0IUMO JIFOOBIM CLIOCOOOM OTMETHUTh Pa3psi/ibl, BbIICICHHBIC

JU1si 0003HaUeHUsI CeTH, nojcerel u ycrporcrBa. Hanpumep: 1011110000010100
1100 101 10001 0001.

Tabnuua 4. BapranTsl KOHTPOJIBHBIX 3aIaHUM

Howmep HomMepa mopagceren
Kiace cetn = > =
BapwuanTa 1-# ypoBeHb 2-11 ypOBEHb 3-ii ypOBEHb

01 A 74 17 25
02 B 17 7 5

03 A 65 27 33
04 B 8 12 16
05 A 100 40 60
06 B 15 14 6

07 A 90 50 30
08 B 7 19 8

09 A 64 80 70
10 B 14 20 12
11 A 40 90 110
12 B 18 6 14
13 A 70 72 107
14 B 25 7 10
15 A 95 59 101
16 B 12 4 30
17 A 85 99 115
18 B 10 8 35
19 A 32 128 64
20 B 11 17 18
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S. Bonpocs! 1 3aganus 1J151 JOMalIHel MOATOTOBKH

1. B uem nposiBisieTCsl HEHAZEKHOCTH MpoToKoa 1P?

2. CpaBHHTE TaOIMITy MOCTa WJIM KOMMYTaToOpa C TaOJIUIIEH MapIIpyTH3aTo-
pa. Kakum o6pazom ¢opmupyrotcs 3Tu Tabmuiel? Kakyro uHpoOpManumo coaep-
xat? OT 4yero 3aBUCUT UX 00BEM?

3. PaccMoTpum mapuipytuzatop Ha Mmaructpanu WurtepHera. Kakue 3amucu
coJiep>KaTcs B TOJIe aJjpeca Ha3HAYeHUs €ro TabJIMIbl MapiipyTu3anuu? BapuaHnTel
OTBETOB:

e HOMepa Bcex cereit inTepHera;

e HOMEpa HEKOTOPBIX ceTeil IHTepHeTa;

e HOMEpAa HEKOTOPBIX CETEH W IOJIHBIE aJpeca HEKOTOPBIX KOHEYHBIX y3JI0B
WuTepHera, 17151 KOTOPBIX ONPEENIEeHbI crienn(UuuecKne MappyThl;

e cnenuanbHblie aapeca tuna 127.0.0.0 wnm 255.255.255.255.

4.CKOJIBKO 3amucel 0 MapIipyTax o yMOJIYaHUIO MOXKET BKJIKOYATh TaOIHIa
MapIIpyTU3aLnun?

S5.ITpuBeauTe mpUMeEpbI, KOTJa MOXET BO3HUKHYTh HEOOXOAUMOCTb B HC-
M0JIb30BAaHUU CHENU(PUUECKUX MAPIIPYTOB?

6.Ilepenaetcst nmu B IP-makere Macka B Te€X CIIydasx, KOTJla MapuIpyTHU3alUs
peanu3yercs C UCIOJIb30BAHUEM MacOK?

7.IMeeTca M CBA3b MEXIYy UIMHOW mpedukca HempepbBHOro myna IP-
aJpeCcoOB U YHCIIOM aIPECOB, BXOIAIIMUX B 3TOT IIyJ1?

8.Ilouemy B 3amucu O MapuipyTe MO YMOJYaHHMIO B KayecTBE ajpeca CEeTu
Ha3HayeHus yacto ykaszbiBaercs 0.0.0.0 ¢ mackoii 0.0.0.0?7

9. Kakue 31eMeHTbI CETH MOTYT BBINIOJIHATH (hparMeHTaiuo? Bapuanrtel ot-
BETOB:

® TOJIbKO KOMIBIOTEPHI;

® TOJIbKO MapIIpyTHU3aTOPHI;

® KOMIIBIOTEPBI, MAPIIPYTU3ATOPbI, MOCTbI, KOMMYTaTOPBI;

® KOMIIBIOTEPHI U MapLIPyTU3ATOPHI.

10. Yto mpou3onaeT, eciu npu rnepeaade nakera oH Obu1 GparMeHTUPOBAH U
OJIMH U3 ()parMeHTOB HE JOUIEN JI0 y3Jia Ha3HAYEeHUsI MOCTIe UCTeUeHUsI TaiiM-ayTa?
BapuaHTbl OTBETOB:

e Monynb IP y3nma-oTnpaBuTens MOBTOPUT Tepenady Hemomieamero dpar-
MEHTa;

e Moayisb IP y3ma-oTnpaBuTens MOBTOPUT NEpPEAAady BCErO MAKeTa, B COCTAB
KOTOPOTO BXOJWJI HEIOIIEIINN (hparMeHT;

e Moayib IP y3ma-nonydarens oTOpOCUT Bce MOJTydeHHBIE (PparMeHThI TaKe-
Ta, B KOTOPOM TNOTEpsJICSA OJUH (parMeHt, a Moayis IP y3na-ornpaBurens He Oy-
JeT NPEeANPUHUMATh HUKAKUX JEUCTBUM 110 IOBTOPHOM I€peade JaHHOIO MaKeTa.

11. Ha puc. 1 nmoka3aH KOMIOBIOTEp C ABYMsI CETEBBIMH aJlaliTepamMu, K KOTO-
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PBIM TIOJICOCMHEHBI J1Ba cerMeHTa. KommbroTep padoraeT moxa ynpasicaueM Win-
dows 2000. MoxeT JIn KOMITBIOTEp A B OJTHOM CETMEHTEe OOMCHHBATHCS JTAHHBIMH
C KoMIIbIoTepoM B, npunaasiexaiiem IpyroMmy cerMmeHry?

12. MoxeT a¥ U3MEHHUTHh OTBET Ha MPEABIAYIIUNA BOMPOC TOT (HaKT, 4TO B

CETMEHTaX WUCIOJB3YIOTCSl pa3Hble KaHaJIbHBIC TPOTOKOJILI, HanpuMep Ethernet u
Token Ring?

13. BepHo nu yTBep:KAEHHE, YTO IIMPOKOBEIIATENbHAS PACCBHLIKA SBISETCS
YaCTHBIM CITy4aeM IpynmnoBoil paccbuiku? [Tpou3BoibHON pacchliku?
14. MoxeT 11 oAuH ceTeBol MHTep(deiic UMEeTh OJJHOBPEMEHHO HECKOJIBKO

IPV6-anpecoB pa3HBIX THIOB: YHUKAIBHBIA aJpec, aapec MPOW3BOJBHON pacChLI-
KW, TPyHIIOBOM aapec?

Windows 2000

CeteBble
aganTepbl

KoHueHTpaTopsbl

Komnbiotep A Komnbiotep B

Pa6bouwve
cTaHumu

Puc. 10. /IBa ceTeBbIX CErMeHTa, COEAUHEHHBIE KOMIIBIOTEPOM
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I[puioxenue

IHporokou IPv6

B navane 90-x romoB crek npotokosioB TCP/IP cTonkHysCs ¢ cepbe3HBIMU
npobiemamu. MiMeHHO B 3TO BpeMsi HA4allOCh aKTUBHOE MPOMBIILICHHOE HCIOJb-
30BaHHe MHTepHeTa: mepexo] K IMOCTPOEHUIO CETel MpEeANpUATH Ha OCHOBE
TpaHcnopra MHTepHeTa, MpUMEHEHNE BEO-TEXHOJIOTMU Ui JOCTyIa K Kopropa-
TUBHOH MH(OpMalKHY, BEJCHNUE JJIEKTPOHHON KoMMepIuu yepe3 HTepHeT, BHE -
penne MHTepHeTa B MHAYCTPHUIO pa3BlIeUeHH (pacrpocTpaHeHHEe BUACO(UIBMOB,
3BYKO3aIuceld, ”HTEPAKTUBHBIC UTPHI).

Bce 3T0 mpuBeno k pe3koMy poCTy 4Yuciia y3JI0B ceTH (B Havdane 90-x rojioB
HOBBIN y3en B HTepHeTe mosiBisiics Kaxapie 30 ceKyH), U3MEHEHHIO XapaKkTepa
Tpaduka U K Y>KECTOUCHUIO TpeOOBAaHUH, MPEABIBISIEMbIX K Ka4eCTBY OOCITY>KHU-
BaHUs CETHIO €€ MOJIb30BaTENEeH.

Hanpasnenus moaepuu3anuu crexka TCP/IP

CoobmiectBo MHTepHeTa, a BCied 3a HUM M BECh TEIEKOMMYHUKAIMOHHBIN
MUp, Ha4aJId peliaTh HOBBIE 33[]a4M MMyTEM CO3JaHMs HOBBIX MPOTOKOJIOB JJIsl CTe-
ka TCP/IP, Takux kKak mpoTOKOJ pe3epBupoBaHusi pecypco (RSVP), 3anunien-
Heiii potokoi IP (IPSec), mpotokon kommyTtanuu Metok (MPLS) u 1. . OgHako
BEIYIIUM CHEIUATNCTaM OBLJIO SICHO, YTO TOJIBKO 3a CUET JOOABJIEHUS HOBBIX MPO-
ToKoJIoB TexHosioruto TCP/IP pa3BuBaTh HENb3s — HYKHO PEUIUTHCS HAa MOJEP-
HU3AINIO Cep/IIIeBUHBI cTeKa, IpoTokosa IP. HexkoTopeie npobieMbr Henb3si ObLIO
pemmTh 6e3 u3mMeHenus: popmara |P-makera u goruku 06pabOTKU MOJIEH 3aroaoB-
ka |P-naketoB. Haubonee oueBuaHOM mpoOiaeMoil Takoro pojia Obuta mpoOiema
nepunura IP-anpecoB, KOTOPYIO HEBO3MOKHO CHSITh, HE PACIIMPUB pa3Mep NoJien
aIpeCoB UCTOYHUKA U TPHUEMHHUKA.

Kputuke crama Bce yaiie MOJBEpPraThCsi MACIITAOMPYEMOCTh MapUIpyTH3a-
1un. J{eno B Tom, 4TO OBICTPBIN POCT CETH BBI3BAJ MEPErpy3Ky MaplIpyTU3aTOpPOB,
KOTOpPBIE JTOJKHBI YK€ CETOAHs 00pabaThiBaTh B CBOMX TA0IMIIaX MapIIpyTH3AIUH
MH(OPMAIUIO O HECKOJIBKUX JECATKAX ThICAY HOMEPOB CETEM, /1a elle peliaTh He-
KOTOpbIE BCTIOMOTaTeNIbHbIE 33/a4d, TaKUe, HAlpuMep, KaKk (parMeHTanus mnake-
TOoB. HekoTopblie u3 npejiaraeMbIx perieHui JaHHOM MpoOIeMbl TakkKe TpeboBau
BHECEHUS U3MEHEHUI B TpOTOKOII P,

Hapsiny ¢ mo6aBnenreM HOBBIX (DYHKIIM HEMOCPEICTBEHHO B mpoTokos IP
HE0OX0IMMO OBLTO 00ECTIEYUTHh €r0 TECHOE B3aMMOJICHCTBUE C HOBBIMU MPOTOKO-
namu — wieHamu creka TCP/IP, uto Takke TpeboBano m00aBIeHHS B 3ar0JIOBOK
IP HOBBIX MoJIEH, 00pabOTKY KOTOPBIX OCYIIECTBIISUIM Obl 3TH MPOTOKOJbL. Hamnpu-
Mep, aiisa padbotel RSVP 6bu10 kenatenbHO BBe[eHHE B 3arojoBok |P mosst meTku
MOTOKA, a I ImpoTokoJia |IPSeC — crnenuanbHbIX TOJICH A1l Iepeayu JaHHBIX,
MOACP>KUBAIOIINX €r0 (PYHKIIMHU 00eCTIeueHUs] O€301IaCHOCTH.

B pe3ynbrare coobuiectBo MHTEpHETA MOCIE JOCTATOYHO JOJITOr0 00CyXie-
HUS PEIIWIO MOABEPTHYTh NpoToKoa IP ceppe3Hoii nepepaboTke, BHIOpaB B Kaue-
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CTBE OCHOBHBIX II€JICH MOJICPHU3AIUU:

- CO3/IaHH€ MacIITaOMPYyEMOIl CXEMBI a/Ipecalliy;

- COKpailleHue oobemMa paboT, BHITOIHAEMBIX MapIIPyTH3aTOPaAMU;

- IPEJOCTABIICHUE TAPAHTHI KaueCTBA TPAHCIIOPTHBIX YCIYT;

- obecrieueHne 3alnThl JaHHBIX, IePe1aBaeMbIX 0 CETH.

AKTHUBHBIE pabOTHI MO MOJEpHHU3AIMH MpoTokona IP u pa3paboTke HOBBIX,
ACCOLMMPOBAHHBIX C HUM, IPOTOKOJIOB Hadanuch B 1992 roxy. B 310 Bpems co-
oOmiecTBy MHTEepHETa OBLITN MPEAJIOKEHBI HECKOJIBKO aJIbTEPHATUBHBIX BAPUAHTOB
npotokoja |IP HoBoro mokoienus: IPv7 (paspaborunk — Ullman), TUBA
(Callon), ENCAPS (R. Hinden), SIP (S. Deering) u PIP (Francis).

B pesyneraTe HanpaBnenus ENCAPS, SIP u PIP B 1993 roay cnunuce B
equHoe mnpeoxenue SIPP, kotopoe B mrone 1994 roma Ha ceccum cooOiiecTBa
WuTepHeTa ObUIO NPUHATO B KAYECTBE OCHOBBI JJIs CO3JaHMs MPOTOKoJaa |P Ho-
Boro moxoJjienusi (Next Generation Internet Protocol, IPng). Ceiiuac uamie mis
o0o3HaueHus1 HoBoM Bepcu |IP ucnonsiyercst abOpeBuatypa IPv6.

JlokymenTom, dukcupytonuMm nossieane [Pv6, cram RFC 1752, ba3ossrii
HaOop npotokoioB [Pv6 6b11 npunsT IETF B centsiope 1995 roga. B arycre 1998
rojia ObUIM MPUHATHI IEPECMOTPEHHBIE BEPCUH TPYIIIBI CTAHIAPTOB, OMPEACIISIO-
mmx Kak oburyro apxutektypy IPvo (RFC 2460), Tak u ero oTneiIbHBIC aceKTHl,
HanpuMmep cucteMy anapecanuu (RFC 2373).

MacmTa6preMa${ CUCTCMaA aJipcCallun

Hogas, mecrast Bepcust mpotokosia IP (IPv6) BHecna cyliecTBeHHbIE HU3MEHE-
HUs B cuctemy anpecaruu |P-ceteit (RFC 2373). U, npexe Bcero, 3T0 KOCHYJIOCh
YBEIMYCHHS Pa3psSIHOCTH ajapeca.

B IPV6 - ampec coctout u3 128 Our, wim 16 6aiiT. ITO JaET BO3MOKHOCTH
MIPOHYMEPOBATh OTPOMHOE KOJIMYECTBO y3JIOB:

340 282 366 920 938 463 463 374 607 431 762 211 456.

Macmmtab 5Toro 4ymcia WUTIOCTPUPYET, HApUMep, Takoh (akT: eciu pasje-
JIUTH 3TO TEOPETUUYECKU BO3MOMXKHOE KOJIMYECTBO |P-aipecoB Mexy BCEMU >KHUTE-
asMu 3emi (2 UX CeTOAHS NMPUMEPHO 6 MIIIHAPIIOB), TO Ha KAXKIOTO U3 HUX
pUAETCS HEBOOOPA3UMO, €CIIM HE CKa3aTh OECCMBICIEHHO OOJBIIOE KOJIWYECTBO
IP-anpecos — 5,7 x 10?8! OueBnmHO, YTO TaKOE 3HAYUTENLHOE YBEIUUEHHE JIJTH-
HBI ajjpeca ObUIO CIeNaHO HE TOJBKO M JaKe HE CTOJBKO JJIS CHATHS TPOOJICMBI
neduimTa aapecos.
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['maBHOW 1eNbI0 U3MEHEHHUS] CUCTEMbl ajpecalu ObLIO HE MEXaHUYeCKOe
YBEIMYCHHUE aJPECHOTO MPOCTPAHCTBA, a TOBBIMICHUE 3(PPEKTUBHOCTH PabOTHI
crexa TCP/IP B nienom.

BmecTo npexkHUX BYX YpPOBHEH mepapxuu aapeca (HOMEp CETH U HOMEp y3-
na) B IPv6 nmeercst 4 ypoBHS, U3 KOTOPBIX TPH YPOBHSI HCIOJIB3YIOTCS JUISl HJICH-
TU(UKAIIN CeTeH, a OUH — I UACHTU(PUKAIIMK Y3JI0B CETH. 3a CUET yBEIHYIE-
HUSl YUCJIa YPOBHEHW MEpapXuu B aJpece HOBBIM MPOTOKON 3(dexkTuBHO moaaep-
xuBaeT TexHojoruio CIDR (Classless Inter-Domain Routing, beckinaccoBast Mex-
JIOMEHHasi MapiipyTuszaius). biaarogaps 3ToMy, a TakKe yCOBEpPIIEHCTBOBAHHOM
CUCTEME TPYIIIOBOM aJIpeCcallii U BBEJECHUIO HOBOT'O TUIIOB aJIpECOB HOBAsl BEPCHs
IP mo3BossieT CHU3UTH 3aTpaThl HA MAPUIPYTU3ALIHIO.

[Tpou3onuin ¥ YUCTO BHEUIHME W3MEHEHUS — pa3pabOTUMKHU CTaHAapTa
IPEJIOKIINA UCHOIb30BaTh BMECTO JIECATUYHOM IIECTHAALATEPUUHYIO opMy 3a-
nucH IP-aapeca. Kaxpie yeTbipe mecTHaquaTepuyHble HUPPHI OTACIAIOTCA APYT
OT JIpyra IBoeTouneM. BOT kak, Hanpumep, MOKET BBITIIAAETh aapec [Pvo6:

FEDC:0A98:0:0:0:0:7654:3210.

Ecnu B agpece numeeTcst IMHHAS MOCIEA0BATENIbHOCTD HYJIEH, TO 3aIIUCh aJl-
peca MOKHO COKpaTuTh. Hampumep, NpuBEIEHHBIN BBILIE apeC MOXKHO 3aIUCaTh
U TaK:

FEDC:0A98::7654:3210.

CokpailieHue B BUAE JBYX JABOETOUMU (i) MOXKET yNOTpeOJSATHCSA B ajapece
TOJIBKO OJIMH pa3. MOXKHO TakXe OIyCKAaTh HE3HAYalllUe HYJIM B Hadaje KaKJI0ro
nosis aapeca, Hanpumep, BMecto FEDC:0A98::7654:3210 MoXHO TTHMCaTh

FEDC:A98::7654:3210.

st cereld, monnepsxkuBatonux 0oe Bepcuu npotokoina (IPv4 u [Pv6), paspe-
IIaeTCs MCIIOJIB30BaTh ISl MIIAAmuX 4 OalT TpamunuoHHyro mia IPv4 necstud-
Hyto 3anuck: 0:0:0:0:0:FFFF:129.144.52.38 wm ::FFFF:129.144.52.38.

B noBo# Bepcun [Pv6 mpenyCMOTpEHO TpU OCHOBHBIX THIIA aIPECOB: UHIU-
BUJIyaJIbHBIE aJ[peca, TPYNIOBbIE aJipeca U aapeca MPOU3BOJIBHON pacchlIkd. Tum
azpeca ompeaesseTcss 3HaYeHUEM HECKOJIbKUX CTapliuX OUTOB ajapeca, KOTOphIe
Ha3BaHbI NpedukcoM popmara.

0 MuauBuayanasHselii aapec (Unicast) ompenensieT YHHUKAIbHBIA UIACHTUDU-
KaTop OTAENbHOr0 MHTep(erica KOHEYHOTo y3Jia Wik Mapuipytuzatopa. Haznaue-
HUE aJpeca 3TOro TUIA COBIAJAET C HA3HAYEHUEM YHUKAJIBHBIX aJIpECOB B BEPCUU
IPV4 - ¢ ux momoIpio makeThl JOCTABISIFOTCS OMpenelieHHOMYy HHTepdeicy y3na
Ha3HayeHusa. B Bepcuu IPv6, B oTimume ot Bepcuu [Pv4, oTCyTCTBYeT MOHSITHE
kiacca cetu (A, B, C u D) u cBsizanHOe ¢ HUM (PUKCUPOBAHHOE pa3OUeHHe aapeca
Ha HOMEp CETH M HOMEp y3J1a Mo rpaHuiaM 0aiitoB. UnauBuayanbHbIe agpeca Je-
JSITCSL Ha HECKOJIBKO TOJATUIIOB ISl OTPAKEHUS CHEHU(PUKUA HEKOTOPHIX YacTo
BCTPEYAIOUINXCSI B COBPEMEHHBIX CETSIX CUTYyaIlUil.

0 I'pynnoBoii agpec (multicast) IPv6 ananoruueH mo Ha3HAYCHHUIO TPYIIIO-
BoMy aznpecy IPv4. OH waeHTHGUUUpPYET Trpynmy HUHTEpPEicoB, OTHOCAIIUXCS,
KaK MpaBujo, K pa3HbIM y3iaM. [lakeT ¢ Takum aapecoM JOCTaBIISIETCS BCEM HH-
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TepdericaMm ¢ 3TuM aapecoM. ['pynmoBeie aapeca ucnonb3dytorea B [Pvo nis 3ame-
HbI HIMPOKOBEIIATEIBHBIX aIPECOB — JIJISL 3TOTO BBOJMUTCS aJAPEC 0COOOM IPYIIIHI,
00BbeUHAOIIEH Bce HHTEP(ENHCHI TOICETH.

m [IpousBosbHON paccbuiku (anycast) — 3To HOBBIM THIT ajipeca, KOTOPHIH
TaK e, Kak ¥ TPYMIOBOi ajipec, onpeaensieT rpynmy uaTepderico. O1Hako maker
C TaKHM aJpecoM JOCTaBISIETCA JTIOOOMY U3 MHTEp(EHCOB IPYIIbl, KaK MPaBUIo,
«OnuKalilieMy» B COOTBETCTBUM C METPUKOW, UCMOJb3yeMOIl MPOTOKOJIAMHU Map-
mpytr3auud. CUHTaKCUYECKH aJIpeC MPOU3BOJIBHON PACCHUIKM HUYEM HE OTJIMYa-
€TCS OT MHAMBHUAYAJBbHOIO aJpeca U Ha3HAYAEeTCs U3 TOrO K€ AUana3oHa aJpecoB.
AJlpec TpOU3BOJILHOM PAaCCBUIKM MOXET OBITh Ha3HA4YeH TOJIbKO HHTepdeicam
MapuipyTtuzaropa. MHTepdeiicbl MapuipyTU3aTopoB, BXOJSIIUE B OJHY TPYIIITY
MPOU3BOJIBHON PACCHUIKH, UMEIOT WHIANBUIYaJIbHBIE aJpeca U, KpOMe TOr0, OOIIHii
aZpec TPYIIIbI POU3BOJIBHON PacChUIKU. AJlpeca TaKOro TUIla OPUEHTUPOBAHBI Ha
MapUIpyTH3aLHUI0 OT HWCTOYHHKA, MPHU KOTOPON MapHIpyT MPOXOXKACHUS IaKeTa
OINpeeNsieTcsl y3JI0M-OTIPaBUTENIEM IyTeM ykazaHus IP-agpecoB Bcex mpomexy-
TOYHBIX MAPLIPYTU3aTOPOB. Hampumep, MOCTAaBIIKMK yCIyT MOXKET IPUCBOUTH BCEM
CBOMM MapuUIpyTHU3aTOpaM OJHMH U TOT K€ aApec MPOU3BOJIBHON PACCHIIKA U CO00-
mUTh ero adoHeHTam. Ecnu aOOHEHT »kenaeT, yToObl €ro MakeThl MepeaaBajiuch
Yyepes CeTh ITOr0 MOCTABIIMKA YCIYT, TO €My JOCTATOYHO YKa3aTh 3TOT aJpec B
LEMOYKE aJ[PECOB MApUIpyTa OT MCTOYHHUKA, M MaKeT OyleT mepenaH depes Oyiu-
YKaWIIM MapIIpyTU3aTOP TaHHOTO mocTaBuiuka yciyr. Tak xe kak u B [Pv4, B
IPv6 unmeroTcsi Tak Ha3blBacMble YACTHbIE aJpeca, MpPEIHA3HAYEHHBIEC ISl HC-
MOJIb30BaHUSI B aBTOHOMHBIX ceTsAX. B otiinuue ot Bepcuu [Pv4 B Bepcuu IPv6 3T
azpeca MpeICTaBIICHbI IByMs Pa3HOBUIHOCTSMMU:

O Apeca JIOKAJbHBIX CeTel, He pa3de/IeHHbIX HA MOACETH, COACPKAT
TOJIbKO 64-pa3psiHoe noJie uaeHTuduKaropa uaTepdeiica, a ocTalbHBIC Pa3PsIIbI,
Kpome npedukca popmarta, TOJKHBI OBITH HYJIEBBIMHU, TTIOCKOJIBKY MMOTPEOHOCTH B
HOMEpE MOJACETH 3[1€Ch OTCYTCTBYET.

O Aapeca JIOKAJbHBIX ceTeil, pa3JiejieHHbIX HA MOJACETH, COJEpXkKaT MO
CPAaBHEHUIO C MPEABIAYIIMMH aJpecaMy AOMOIHUTENbHOE IByX0alTOBOE MOJE HO-
Mepa MOACETH.

OCHOBHBIM MOATUIIOM WHIWBHUAYAJBHOIO aJIpeca SBIIAECTCS IJI00aIbHbINA ar-
perupyemMblii YHUKAJbHBIA aapec. Takue agpeca MOTYT arperupoBaTbCs s
YIPOLIEHHS] MAPLIPYTHU3aLKMKU. B OTiIMUME OT yHUKAJIbHBIX aJIpECOB y3JI0B BEPCUHU
[Pv4, xoTOpBIE COCTOST M3 ABYX IMOJIEH — HOMEpa CETH W HOMepa y3Jia, TI100aib-
HBIE arperupyemMble yHUKalbHbIe aapeca [Pv6 umerot 6osee CloXHYIO CTPYKTYDY,
BKJIIOYAIOIIYIO 11ecTh noJieit (puc. I11).

o Ipeduxc popmara (Format Prefix, FP) mms sroro tuma agpecoB umeet
pasmep Tpu 6urta u 3HadeHue 001. Cremyromue Tpu MOJISI — arperupoBaHuUs BepX-
Hero (Top-Level Aggregation, TLA), crnenyromero (Next-Level Aggregation,
NLA) u mectHoro (Site-Level Aggregation, SLA) ypoBHei# — ONMUCHIBAIOT TPH
YPOBHS UJEHTU(PUKAIIUU CETEH.
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3 13 8 24 16 64

FP TLA NLA SLA pnentudukartop uHtepdeiica

Puc. I11. CtpykTtypa rio0anbHOTO arperupyeMoro
YHUKaJIBHOTO ajipeca B nakete [Pv6

O Mose TLA npeanasHaueHo s UACHTU(DUKAIIMA CETEH CaMBIX KPYIHBIX
MOCTaBIIMKOB yciayr. KoHKkpeTHOe 3HaueHHne 3TOro MmoJjisi MpeCcTaBiIseT co00il 00-
Y0 YaCcTh aAPECOB, KOTOPHIMHU PACMOJIATAECT JAHHBIM MOCTABIIMK yCiayr. CpaBHU-
TEJIbHO HEOOJIBIIIOE KOJUYECTBO Pa3psA/ioB, OTBEACHHBIX Mo 3TO moje (13), BbI-
OpaHO clelHalIbHO JJIsl OTPAaHUYEHHUs pazMepa TaOJul MaplIpyTU3alMU B Maru-
CTPAJIBHBIX MapIIpyTH3aTOpax CaMoOro BEpXHEro ypoBHs MHrepHera. OTO mose
II03BOJISIET NepeHyMepoBaTh 8196 ceTeil MOCTaBIMKOB YCIyI BEPXHErO YPOBHs, a
3HAYUT, YUCIIO 3aMHUCEN, ONMUCHIBAIOIINX MAPIIPYThl MEKIY 3TUMH CETSIMH, TaKKe
Oyznet orpanuueHo 3HaueHueM 8196, 4To yCKOpUT pabOTy MarucTpaibHBIX Mapill-
pytuzaropoB. Cneayromue 8 pa3psioB 3ape3epBUpPOBaHbl Ha Oyayliee Ui pac-
mUpeHust pu Heobxoaumoctu mosst TLA.

0 Iose NLA npennazHadeHo JUIsl HyMepaluu ceTed CpeAHUX U MEJIKHUX I10-
CTaBUIMKOB YCIyr. 3HaUuTeNIbHbIN pa3mep noist NLA no3BossieT mytem arperupo-
BaHMUS aJIPECOB OTPA3UTh MHOTOYPOBHEBYIO HEPAPXUIO MOCTABUIUKOB YCIIYT.

0 IMoae SLA mpemHa3HadeHO IS aapecariy MoACETeH OTIeILHOTO a00HCH-
Ta, HalpUMep IMOACETEN OJHOW KopropaTuBHOW cetu. IIpenmomaraercs, 4ro mo-
CTaBUIMK YCJIyT Ha3HA4aeT HEKOTOPOMY MPEINPHUSATHUIO HOMEP €ro CETH, COCTOs-
il u3 puxkcuposanHoro 3HadeHus nojerd TLA u NLA, koTopble B COBOKYITHOCTH
SBJIAFOTCSL AaHAJIOrOM HOMepa cetu Bepcuu [IPv4. OctanbHas yacTs agpeca — moJis
SLA u uaentudukarop uatepdeiica — mocTynaer B pacopsHKEHUe aIMUHUCTPA-
TOpa KOPHOPATUBHOW CETH, KOTOPHIH MOJHOCTHIO OepeT Ha cebsi hopMHUpOBaHUE
aJpeca U HE JIOJDKEH COIVIACOBBIBATH 3TOT IPOLECC C MOCTAaBIMMKOM ycuyr. ITpu-
4yeM, 1ojie uaeHTu(ukaropa uaTepdeiica UMeeT BIOJHE ONpEesIEHHOe Ha3Haue-
HUE — OHO JOJDKHO XpaHWMTh (pu3uueckuid aapec ysna. Ha sTom ypoBHE Taxke
MOJKHO arperupoBath ajipeca HeOOJbIINX MoAceTed B 0ojiee KpyImHbIE OJICETH, U
pasmep nodist SLA B 16 Out obecrieynBaeT 10CTaTOYHYIO CBOOOAY M THOKOCTH MO-
CTPOEHUS BHYTPUKOPIOPATUBHON UEPAPXUU aIPECOB.

0 UpenTnduxarop uHTepdeiica sSBIsSECTCS aHAIONOM HOMepa y3na B [Pv4.
Otrnmuuuem Bepcuu IPv6 siBnsiercs To, 4TO B OOLIEM cilydyae MACHTHU(PUKATOP WH-
Tepdelica MpoCcTO COBMAJAET C €ro JIOKAJbHBIM (amnmapaTHbIM) aJpecoM, a He
MPEACTaBIIET COOOW MPOU3BOJILHO HA3HAUYECHHBINH aJIMUHUCTPATOPOM HOMED y3Ja.
Unentudukarop uaTepdeiica umeer nauHy 64 Outa, 4TO MO3BOJIAECT MOMECTUTH
tyna MAC-anpec (48 6ur), anpec X.25 (no 60 6uT), anpec koHeunoro y3ina ATM
(48 6uT) um Homep BupTyansHOTO coenuHeHuss ATM (o 28 6wuT), a Takxke, Bepo-
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ATHO, 1aCT BO3MOKHOCTb MCHOJIb30BaTh JOKAJIBHBIE aJpeca TEXHOJIOIHM, KOTOphIE
MOTYT MOSIBUTHCS B Oyaymiem. Takoi moaxon B ctuie nporokona IPX nemaer He-
HY>KHBIM, TIpoTokosl ARP, mockonbKy mporeaypa otoopaxenus IP-agpeca Ha Jo-
KaJbHBINA aJIpec CTAHOBUTCS TPUBUAIBHON — OHA CBOAMTCA K MPOCTOMY OTOpAChI-
BaHUIO cTapuieil yactu agpeca. Kpome Toro, B OOJNBUIMHCTBE CIy4YaeB OTIAJAcT
HEOOXOJMMOCTh PYYHOTO KOH(UTYPUPOBAHUS KOHEUYHBIX Y3JI0B, TaK KaK MIIaj-
HIYIO YacTh ajipeca — HAeHTU(UKATOp HHTEepdeiica — y3el y3HaeT OT amnmapary-
pBI (ceTeBoro aganTepa U T. II.), a CTApIIYI0 — HOMEP HOJCETH — €My COOOIIaeT
MapIIpyTU3aTop.

OueBHIHO, UTO MPU TAKOM M300UIIMH CETEH, KOTOPOE MPETOCTABISAETCS KIIH-
eHTy B [IPv6, coBepiIeHHO TepsieT CMBICI ONEpalys HUCIOJIb30BAHUS MACOK IS
paszeseHns ceTeil Ha MOJICeTH, B TO BpeMs Kak oOpaTHas mpoueaypa — o0beau-
HEHHUE MojJceTel — mpuodperaeT ocoboe 3HaueHue. PazpaboTunku CTaHIapTOB
[Pv6 cuuTaroT, 4TO arperupoBaHHUE aPECOB SIBISETCS OCHOBHBIM CIIOCOOOM 3(h-
(eKTUBHOTO UCTIOIB30BAHUS aIPECHOTO MPOCTPAHCTBA B HOBOM BEPCHU MPOTOKOJIA
IP.

IIpumep

[IycTh KMMEHT MOMy4Yri OT MOCTAaBIIMKA YCIIyT Iyt aapecoB [Pv6, onpenens-
€MBIi CIeAYIOIMHNM NpePUKCOM:

20:0A:00:C9:74:05/48.

JaBaiiTe npoBezeM aHayiu3 3Toro yucia. [lockonbky ero neppoie 3 Ourta pas-

Hel 001, crmemoBareiabHO, 3TO TJIOOATBHBIA arperupyeMbli YHUKAIBHBIA aapec
(puc. I12).

MNpeduxckl nposaitnepos 48 6ur Ann koHewHoro aboneHTa 80 Gu
3 13 8 24 16 64
FP TLA Peaepa NLA SLA | WaeHTudukaTop uHTEpeic

Mpecukc nposangepa Monwb3oeatens B kavyecTse agpec
20:0A:00:C9:74:05/48 MOXeET yana:
agpecosatb - MAC-agpec;
6onee 65 000 - ATM-agpec;
cete - TenedoHHbIN Ho!

- IPv4-agpec U T. n
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Puc. I12. [Ipumep rino0GanbHOT0 arperupyeMoro ajapeca

AJpec 3TOT NPUHAJIEKUT IMOCTABIIUKY YCIYT BEPXHETO YPOBHA, Y KOTOPOTO
Bce cetu umerotr mnpeduxc 20:0A/16. OH MOXKET BBIACIUTH MOCTABIIMKY YCIYT
BTOPOTO YPOBHSI HEKOTOPBIN Hana3oH aApecoB ¢ o0mmM npegurcom, oOpa3oBaH-
HBIM €ro COOCTBEHHBIM mpedukcoMm, a Takxke vactbio moias NLA. Jlnuna moss
NLA, oTtBomumas moja mpedukc, omnpeaensieTcss MacKod, KOTOPYIO MOCTaBIIUK
YCIIyT BEPXHETO YPOBHS TaKXe JOJDKEH COOOLIUTh CBOEMY KIIMEHTY — MOCTaBIIH-
Ky yCIIyT BTOpOro ypoBHs. IlycTh B JaHHOM IpuMepe mMacka COCTOMUT u3 32 eau-
HUI[ B CTApIIMX paspsiax, a pe3yibTUPYIOMUNA NMpedUKC MOCTABIIMKA YCIYT BTO-
pOTO YPOBHSI UMEET BU/L:

20:0A:00:C9/32.

B pacnopskeHun nocraBIMKa yCIIyI BTOPOTO YPOBHS ocTaercs 16 pa3psaos
nosis NLA 111 Hymepaiuu ceteil CBOMX KIMEHTOB. B kadyecTBe KIMEHTOB MOTYT
BBICTYTIATh MOCTABIIMKUA YCIYT TPEThEero W O0Jjiee HU3KUX YPOBHEH, a TaKkKe KO-
HEYHbIE A0OHEHTHl — MPEANPUATHS U opraHuzauuu. IlycTs, Hapumep, cienyo-
nuit Oait (01110100) B mone NLA mocTaBmuK yciayr UCIIOJIB30BAJ JIJIs MIepeIadn
MOCTABIIUKY YCIyT 00Jiee HU3KOTO (TPEThEro) YpOBHs, a TOT, B CBOIO OUEpEh, UC-
noJsib3oBai nocaeaHuil 6anT nmons NLA st Ha3HaueHus mysa agpecoB KIUEHTY.
Takum oOpa3oM, ¢ y4yacTHEM IOCTABIIMKOB YCIYr TpeX YypoBHEHl Obu1 cdop-
mupoBaH npedukc 20:0A:00:C9:74:05/48, koTOpbII NOTYUNIT KIUEHT.

[Ipotokon IPv6 ocTaBisieT B MOJHOM paclopshKEHUW KiiueHTa 2 Oaiita (mose
SLA) mis Hymepauuu ceteit u 8 6aiT (mone maeHtudukatopa unrepdeiica) s
HyMepauuu y3J0B. MiMes Takol OrpOMHBINM Juana3oH HOMEPOB MOJCETEH, aaMHU-
HUCTPATOpP MOXKET HCIOJIb30BaTh €ro mno-pasHoMy. OH MOXKET BbIOpaTh MPOCTYIO
IUIOCKYK) OPraHMU3alMI0 CBOEW CETH, Ha3Hadas KaKI0h HMMEIOUIEHCS ITOACETH
OMpeIeJICHHOE 3HAaUeHUE U3 auana3oHa B 65 535 aapecoB, UTHOPUPYS OCTaBIIUE-
csi. B xpynHbIx ceTsix 6omnee 3(hPeKTUBHBIM COCOOOM (COKpAIIAOIIUM pPa3MephI
Ta0JIMI KOPHOPATUBHBIX MAapLIPYTU3aTOPOB) MOXKET OKA3aThCsA HEpapXUvecKas
CTPYKTYpH3allKs CETU Ha OCHOBE arperupoBaHusi aapecoB. B aToM ciiydyae ucnosb-
3yetcs Ta ke TexHosorusi CIDR, HO y)ke HE MOCTaBIIMKOM YCIYT, a aIMUHUCTpA-
TOPOM KOPIIOPATUBHOW CETH.

[TomuMoO OAPOOHO PacCMOTPEHHOTO BbILIE TNI00ATBHOTO arperupyeMoro aj-
peca, CyHUIECTBYIOT U APYTHe Pa3HOBUIHOCTH MHAMBUIYAJBHOTO aJpeca.

Anpec oopatnoii metsu 0:0:0:0:0:0:0:1 urpaer B Bepcuu IPv6 Ty ke podb,
yto u aapec 127.0.0.1 B Bepcuu IPv4, T.e. 3ape3epBUpOBaH JJis TECTUPOBAHUS CE-
TEBOr0 IPOTrPaMMHOT0 00ECIICUCHHS METOA0M IIIeH(a.

0 HeonmpeneneHHbIH aapec, COCTOSIINAN U3 OAHUX HYJIEH, SABJISETCS aHAJO-
rom ajapeca 0.0.0.0 nmpotokosa IPv4. DToT aapec MOKeT MosBiIAThCA B |P-nmakeTax
TOJILKO B Kau€CTBE aJipeca HCTOUYHMKA, M ATO 0O3HAYaeT, YTO MaKeT MOCiaH JI0 TOro,
Kak y3en wm3yunn cBod IP-agpec (mampumep, mo momyudenuss ero or DHCP-
cepBepa).

[Ipenamonaraercsi, 4To AOBOJBHO OOJIBIIIOE BpeMsi OyAyT COCYIIECTBOBATh
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octpoBku MHTEpHETa, paboTatouiue no npotokony IPv6, u ocransHas yacte WH-
TepHeTa, paboTatomias Ha Bepcuu [Pv4. [lns Toro yToOsl Y3161, MOAAEPKUBAIOIINE
Bepcuto [Pv6, Mornu ucnosib30BaTh TEXHUKY Nepenadn naketoB IPv6 uepes cerb
[Pv4 B aBTOMaTHYECKOM pEKUME, pa3padOTaH ClelUaIbHBINA MOATUII aJIPECOB, KO-
Topblie nepeHocart |Pv4-anpec B mmagmux 4-x Oaitax |Pv6-agpeca, a B crapmmx
12 Gaiitax anmpeca conepxkart Hynu (puc. [13). Takue nnauBUAYabHBIE apeca Jie-
JAI0T OYeHb MPOCTOM Mpoleaypy NpeoOpa3oBaHUs aIpecoB MEXIY IBYMS BEPCH-
smu ipotokoia IP u HaseiBarotcst |PV4-coBmecTumbiMu C |PV6-agpecamu.

IPv4-agpec (4 6anTa)

| e |

00000000000...0000000000000

-
12 6ant

S
UcxoaHbin IPv6-agpec (16 6ainT)
(IPv4-coBmecTumbivi IPvB-anpec)

Puc. I13. [Ipeo6pazoBanue IPv6 B IPv4

Jlnst pemienust oOpaTHoi 3anaun — nepenaun |Pv4-nakero uepes yactu Ma-
TepHeTa, paboraromue 10 mporokony |IPv6, — mnpennasnauen IPv4-
oTo0pa:keHHsblii B IPV6-aapec. DToT TUMN agpeca Mo-mpexHEMY COJIEPXKHUT B 4-X
miaamux Oaitax IPv4-aapec, B crapmmx 10-Tu Galitax — HynH, a B 5-M U 6-M
Oaittax |Pv6-anpeca — eauHUIIBI, KOTOPHIE MOKA3BIBAIOT, YTO y3€J OIS KUBACT
TOJBKO 4-10 Bepcuto npotokoiia IP (puc. [14).

Pabota mo merammzamuu moatunoB |PV6-aapecoB erie maneka OoT 3aBepiiie-
Hus. CerofHsi omnpesereHo Ha3HaueHue Tojibko 15 % aapecHOro mpocTpaHCTBa
IPv6, a ocTaBiascsi 4acTh aipecoB €IIe KAET CBOCH ouepeau, YTOObl HAUTH MpU-
MEHEHHE TS pEIICHUS OJTHOM M3 MHOTOUYMCIICHHBIX TIpoOiem MHaTepHeTa.
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IPv6 (16 Gait)

(IPv4-oTobpaxeHHblit IPvB-agpec)

.
-
0000....... 00000000000{1117%7..1.11111
\ /6 Bant S BanT: i

i | |
10 Gant i A |

[ ——
- -

WcxopHbiit IPv4-agpec (4 baita)
Puc. I14. [Ipeo6pazoBanue IPv4 B IPv6

['ubkuit hopmat 3aroiaoBka

OnHoll M3 OCHOBHBIX Ilesiel u3MeHeHust ¢opmara 3arojioBka B IPv6 Obu1o
CHI)KCHUE HAKJIAJHBIX PAaCXOJI0B, TO €CTh YMEHbIICHHE Oo0bemMa CIIy>KeOHOW WH-
dbopmaru, nepenaBacMon ¢ KaxabiM makeTom. Jjist 3Toro B HoBoM npotokosie |P
OBbLTM BBEJICHBI MOHSATUS OCHOBHOTO M JOMOJHUTEIBHOTO 3arojoBKOB. OCHOBHOM
3aroJ0BOK MPUCYTCTBYET BCEr/a, a JOMOJHUTEIIbHBIC SIBIISIIOTCS OMIIMOHABHBIMH.
JlonoJIHUTENbHBIE 3ar0JIOBKU MOTYT COJAEp)KaTh, HampuMep, HHQPOpMAIUI0 O
(dbparMeHTalMy HCXOJHOIO IaKeTa, MOJHBIM MapuIpyT CIEeIOBaHUS TMaKeTa MpH
MapuIpyTU3alui OT UCTOYHUKA, HHPOpMAIIUIO0, HEOOXOIUMYIO JJIsS 3aIIUThI Mepe-
JIaBa€MbIX JIaHHBIX.

OcHOBHO¥ 3aroJjioBOK nMeeT (pukcupoBaHHywo 1iauHy B 40 6aiiT, ero dop-
Mar nokasaH Ha puc. I15.

IHose cienyrwmero 3aroJiOBKa COOTBETCTBYET MO HA3HAYECHHIO TOJIIO MPO-
TokojJa B Bepcuu IPv4 u ompegensier TUN 3aroyioBKa, KOTOPbIA CIEAYET 3a JlaH-
HbIM. KaXap1ii cieayrommui JONOJIHUTENIBHBIN 3ar0J0BOK TAKKE COJIEPKUT IOJIE
cienytomiero 3aroyioBka. Ecnu IP-maker He cOMEpKUT TOMOTHUTEIBHBIX 3ar0JI0B-
KOB, TO B 3TOM MoJie OyJeT 3HaueHue, 3aKkperieHHoe 3a mpotokosom 1CP, UDP,
RIP, OSPF unmu apyrum, onpeneieHHbIM B cTanaapte [Pv4.

B npennoxenusx mo noBoay npotokona [Pvé Gpurypupyror nmoka cienyroiue
THUIIBI JJOTIOJIHUTEJIbHBIX 3aT0JIOBKOB:

0 3aroJI0BOK MapHIPYTH3aUMHU — YKa3aHHUE MOJTHOTO MapIIpyTa Mpu Maplii-
pyTH3aIUU OT UICTOUYHHKA;

O 3aroJiOBOK (pparMeHTanMu — UHpOpMaIs, OTHOCSIIAsACA K (pparMeHTa-
uuu |P-nakera (mosie 00pabaThiBaeTCs TOJBKO B KOHEUHBIX y371aX);

O 3aroJI0BOK ayTeHTu(pukanuu — uHopmaims, HeoOxoaumast sl ayTeH-
TU(DUKAIIMA KOHEYHBIX Y3JIOB M OOECTIEeUeHMs IEeTOCTHOCTU conepkumoro |P-
MaKETOB;

O 3aroJI0BOK CHCTeMbl 0e30MacHOCTH — WH(OpMaIusa, HeoOXoauMast IS
oOecrieueHns KOHPUICHIIMATIBHOCTH TIEPEIaBaeMbIX JaHHBIX MyTeM MU(pOBaHUS
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U e pprupoBaHus;

O cneuquaJbHbIe MapaMeTpbl — IMapaMeTpbl, HEOOXOAUMBIE ISl MOCIIE0-
BaTeJIbHON 00pabOTKH MAKETOB HA KAXK/I0OM PETPAHCISLUOHHOM YYacTKE;

O mapaMeTpbl MOJIy4YaTeJsi — JOIMOJHUTENbHAas WHbopMaus s y3ja
Ha3HAYCHMUSI.

4 Gavita

3aronoBok MaplwpyTusaumu

3aronosok hparmeHTauum

Anpec UCTOYHMKA

(16 GaiT) 3aronosok ayTeHTuduKaumum
3aronosok cuctembl 6eaonacHocTu
> 40¢
[ononHutensHble AaHHbIe
Anpec npuemHuka ONs yana HasHa4YeHus

(16 6aiir)

J

Puc. I15. ®opmart 0CHOBHOTO 3aro- Puc. I[16. CtpykTtypa |IPV6-nakera
JIOBKA
Takum o6pazom, |P-makeT MoKeT UMETh, HarpuMep, popMart, OKa3aHHBINA Ha
puc. I16.

[TockonbKy AJI1 MapLIpyTU3aLUU MTaKeTa 00A3aTENbHBIM SIBISIETCS TOJIBKO OC-
HOBHOI 3arojoBOK (IOYTH BCE JIONOJIHUTEIbHBIE 3arojOBKHM 00padaThIBAIOTCS
TOJIBKO B KOHEUHBIX y3J1aX), 3TO CHWXKAeT Harpy3Ky Ha mapuipytuzatopsl. C apy-
ol CTOPOHBI, BO3MO>XHOCTb HMCIOJIb30BaHUS OOJIBILIOTO KOJIMYECTBA JIOMOJIHU-
TEJIbHBIX MapaMEeTPOB paclIupseT QyHKIHMOHAIBHOCTh MpoToKoJa IP u nenaet ero
OTKPBITHIM 1711 BHEPEHUSI HOBBIX MEXaHU3MOB.

CHuKeHue Harpy3Ky Ha MapiipyTU3aTOPhI

Jl1st Toro 4ToOBl MOBBICUTH MPOU3BOIUTEILHOCTh MApIIPYTU3aTOPOB MHTEp-
HETa B YaCTH BBIIOJIHEHHUS UX OCHOBHOM (DYHKIIMM — MPOJBMKEHHS MAKETOB, B
Bepcuu [Pv6 mpennpuHsAT psg Mep mo 0CBOOOXKIECHHIO MapIIPyTU3aTOPOB OT HE-
KOTOPBIX BCIIOMOTaTENbHBIX 3a/1a4.

o [lepenecenue QpyHkuM pparMeHTaMU C MAPIIPYTU3aTOPOB HA KOHEUHbBIE
y31bl. Koneunsie y31bl B Bepcuu [Pv6 00s3aHbI HAliTH MUHUMAaJIbHOE 3HAYEHUE
MTU (anmnHa nakeTra) BAOJb BCETO MyTH, COSAUHSAIONIETO UCXOHBIN Y3€] C Y3JI0M
Ha3HaveHus (3Ta TeXHHKa 1oj HazBanuem Path MTU Discovery yxe ucrnonb3yert-
csi B [Pv4). Mapmpytuzatopsr [IPv6 He BBITONHSIOT ()parMeHTaINIo, a TOIBKO TO0-
ceutatoT |CMP-cooOmmenne « CAUIKoM JUIMHHBIN TAKeT) KOHEYHOMY Y3y, KOTO-
PBIN TOJDKEH YMEHBIIUTh pa3Mep MaKeTa.

e ArperupoBaHuE€ aJpecoB, BEAYLIEEC K YMEHBIICHHUIO pa3Mepa aJpecHbIX
Ta0JIMI MapUIPyTU3aTOPOB, a 3HAYUT, — K COKPAILEHUIO BPEMEHH MPOCMOTpa U
oOHoBneHUs1 Tabyuil. [Ipu 3TOM Takke cokparmaercs ciy>keOHbIN Tpaduk, co3a-
BAE€MbI MPOTOKOJIAMU MapIIPyTU3ALNH.
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e [llupokoe MCIONB30BAaHME MApPUIPYTU3ALMH OT MUCTOYHHUKA, MPU KOTOPOH
y3€JI-UCTOYHUK 3aJaeT MOJIHBIIA MaplIpyT NPOXOKIEHUS MaKeTa yepe3 ceTu. Takas
TEXHHKa OCBOOOXKIAaeT MapUIPyTHU3aTOPbl OT HEOOXOAMMOCTH MPOCMOTpa ajapec-
HBIX TaOJIHI] IPU BBIOOPE CIIETYIONIET0 MapIIPyTHU3aTOPA.

e Ortka3 oT 00pabOTKU HE 00sI3aTEIBHBIX TAPAMETPOB 3ar0JIOBKA.

e lcnonp3oBanne B KauecTBe HOMepa y3ima ero MAC-aapeca, 94To u30aBiseT
MapuIpyTU3aTOPhl OT HEOOXOIUMOCTU MPUMEHSATH TTpoTokos ARP.

Hogas Bepcus nportokona IP, sBistomascs coctaBHON 4acThio npoekTa [Pvo,
IpeaiaraeT BCTPOECHHBIE CPEJICTBA 3alIUThl JaHHBIX. Pa3mernienre cpeacTB 3allu-
Thl HA CETEBOM YPOBHE JI€JIA€T UX MPO3PAYHBIMU JIJIS1 IPHIIOKEHHH, TaK KaK MEXITY
ypoBHeM |P u mpuioxkeHneM Bcerjga OyaeT paboTaTh MPOTOKOJ TPAHCHOPTHOTO
ypoBHsl. [Ipunoxenus nepenucsiBaTh pu 3ToM He npuaercs. Hosast Bepcus mpo-
Tokoja IP co BcTpoeHHbIMU cpeicTBaMu oOecrieueHus] 0€30IaCHOCTH Ha3bIBACTCS
IPSec (Security Internet Protocol — 3amuiiennsiii mpotokoi IP).

[Tepexon ot Bepcuum IPv4 k Bepcun IPv6 Tonpko HaumHaeTca. CeromHs yxe
CyIecTBYIOT (hparmMeHThl HTEepHETa, B KOTOPHIX MapIIpPyTU3ATOPHI MOJIEPKUBA-
I0T 00€ BepCcUU NPOTOKOJA. DTU (parMEHThl 0ObEIUHEHBI MEXAy coOO0il uepes
HuTepHeT, 00pa3ys Tak Ha3bIBaeMylo MarucTpaib 6Bone.
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