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1. BBE.[I.EHl1E 

rnaBHhIM (ocHOB!fhIM) Ha11pasnem1eM B pa:mnnm cospeMeHHhIX Ce'I'eii scex 

ypOBHeii .HBJI.He'I'C.H II0BblllleHHe HX 11po11yCKHOH CIIOC06HOCTH, MaCIIITa6npyeMOCTb H 

rapaHTHp0BaHH0e KatJeCTB0 o6cnyxmBaHH.H, 'ITO oco6eHHO Ba)K}IO ,!Vl.H BHe,D;peHH.H CH

CTeM MYJihTHMe,D;Ha. B TO speM.H KaK BbllJHCJIHTeJihHa.H M0lllH0CTb cospeMeHHhIX MH

Kp0llp0QeccopoB ,!l;0CTHrae'I' C0THH MHJIJIH0H0B 011epaQHH B CeKYH,D;Y, CK0p0CTb 11epe

,!l;alJH HH<pOpMaQHH 110 Ce'I'.HM CTaH0BHTC.H {(Y3KHM MeCT0M» 11pH C03,D;aHHH pac11pe,!1;e

JieHHbIX BbllJHCJIHTeJibHblX CHCTeM. B HaCT0.Hlllee BpeM.H pa3pa60TaHa n BHe,D;p.He'I'C.H 

ce'I'eBa.H a1111apaTYPa Ha 6aJe ATM-TeXHonornn, 06ec11etJnsa10ma.H 11po11ycKHYIO c110-

co6HocTh OT COTeH M6HT ,!1;0 HeCK0JibKHX f6HT B ceKyH,D;y, ,!Vl.H BHe,D;peHH.H KOTopoii He

o6xo,D;HMO 06ec11etJHTh 11naBHhIH 11epexo,!I; OT cymecTByIOllJHX MHorotJncneHHhIX Ce'I'eii 

cTaH,D;aprn IEE802.XX. O,D;HHM ~3 TaKHX 3cp<peKTHBHhIX IIYTeii 3,D;eCh .HBAAe'I'C.H 11epe

XQ,!I; Ha K0MMYTHpyeMbie TeXH0JI0rHH ,!Vl.H cymecTByIOllJHX CTaH,D;apT0B 11epe,D;alJH ,!l;aH

HhIX C II0CJie,!l;ylOllJHM 11epeX0,!l;0M Ha C03,!l;anne JI0KaJibHhlX H rno6aJibHbIX Ce'I'eii Ha 

6a3e e,!l;irnoro CTaH,D;apTa C HCII0Jlb30BaHHeM ATM-TeXHOJIOrHH. Co CT0p0Hbl II0Jlb30-

BaTeJI.H pecypcbl TaKOH Ce'I'H 6y,D;YT TaK )Ke ,!l;0CTYIIHbl, KaK 11aM.HTb Ha TBep,!l;bIX ,!l;HCKaX 

o6bllJHOro II0Jlb30BaTeAA IIK. KaK CJie,!l;CTBHe 3Toro, TeJieK0MMYHHKaQHH 6JIH)Katt111ero 

6y,D;yl1Jero 6YAYT 06ec11etJliBaTb KatJeCTBeHH0e TeJieBH,D;eHHe BbICOKOH lJe'I'K0CTH, o6pa-

60TKY H pac1103HaBaHtte pe'IH, BbIC0K0KatJeCTBeHHbie TeJieKOH<pepeHQHH, C03,D;aHHe 

6bICTpO,D;eiiCTBYIOlllHX TpHITepHbIX CHCTeM B 3KCllepHMeHTax 110 qJH3HKe BblC0KHX 

3Heprnii H T.,!J;. 

2. O6~NI XAPAKTEPl1CTl1KA ATM-TEXHOnor1111 [I] 

O,!l;HHM H3 0CH0BHbIX He,D;0CTaTK0B CHHXp0HH0ro c11oco6a KOMMYTaQHH }lBJl}le'fC.H 

TO, 'ITO TaKa.H TeXHHKa M0)Ke'f HCII0Jlb30BaTbC.H ,!Vl.H 11epe,D;alJH ,!l;aHHbIX, CJie,D;yeMblX C 

O,!l;HHaKOBOH CK0p0CTblO, B TO speM.H Kl_lK B peaJibH0CTH 3T0 11pHB0,!l;HT K cymecTBeH

HhIM II0Tep.HM 11po11ycKHOH c11oco6HOCTH KaHaJI0B. THIIHlJHbIM 11pHMepoM M0)Ke'f 

6bITb 11epe,D;atJa ,!l;aHHbIX a Tem:<pOHHH, TeJieBH,D;eHHH tt ,!l;p., CK0p0CTb 11epe,D;alJH K0TO

pbIX M0)Ke'f MeH.HTbC.H OT 64 K6HT/c ,!l;0 140 M6HT/c tt 6onee. HeKOTOpble llaKe'I'bl MO~ 

soo6me He C0,!l;ep)KaTb HHKaKoii HH<pOpMaQHH, a Ha KOMMYTaTOpHOH CTaHQHH ace paB

H0 ,!Vl.H HHX BbI,D;eAAe'I'C.H BpeMeHH0e 0KH0 •. KpoMe Toro, TeXHHKa 11epe,D;alJH HH<pOpMa-
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Puc. I. Poer rrporrycKHoii crroco6Hocrn ceTeii 

lI rrpott3B0,l{lITeJibHOCTII MlIKporrpoueccopoB. 

IIIIC - rronoca rrporrycKaHttH ccreii, EM -
6bicrpo,neiiCTBHe MttKporrpoueccopoB, 

MOIIC - MHJIJIH0H orrepauuii B ceKYff.zzy 

I.Urn .D.OCTHrna TaKoro ypoBmI, '-ITO HC

nOJihJyeMbie paHee cnoco6b1 nepe.n.a'-IH 

HHlpOpMaUHH He Y.D.OBJieTBOpHIOT Bee 

B03paCTaIOIUHM rpe6oBaHHHM. IIo OnTo

BOJIOKOHHOMY Ka6eJIIO C HCnOJih30BaHH

eM CTaH,n.apTHhIX cpe,n.CTB :meKrpOHHKH 

MO)KHO no.n..n.ep)KHBaTh .n.o 32000 TeJie

cpoHHhIX Bhl30BOB H .n.o ThICH'-IH uucppo

BhIX TeJieBH3HOHHhIX KaHaJIOB. IIpo

nycKHaa cnoco6HOCTh onTOBOJIOKHa no-

3BOJlaeT nepe,n.aBaTh .n.o I 0 12 6ttT/c, 

npttMettaa MYJihTHnJieKCHYIO Mo,n.y ne

pe,n.a'-IH ,n.aHHhIX C HCnOJih30BaHHeM He-

CKOJihKHX '-IaCTOT. TeXHHKa nepe,n.a'-IH 
,n.aHHhIX C HCnOJih30BaHHeM BHTOH napbl npOBO,D.OB HMeeT MaKCHMaJihHYIO CKOpOCTh 

nepe,n.a'-IH I 0
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6ttT/c B o6bI'-IHhIX JIOKaJihHhIX CeTHX. Ha puc. I npHBe,n.eH rpaq>HK, HJIJIIO

crpupyiomuu pOCT nponycKHOH cnoco6HOCTH COBpeMeHHhIX cereu H npOH3BO,D.H

TeJihHOCTH MHKponpoueccopoB B MOIIC (MHJIJIHOH onepauuu B ceKyH,n.y). Btt.n.Ho, 

'-ITO npOH3BO,D.HTeJihHOCTh COBpeMeHHhIX MHKpOnpoueccopOB MO)KeT 6bITh a,n.eKBaT

HOH CKOpOCTH nepe,n.a'-IH ,n.aHHhIX no CeTHM B CJIY'-Iae npHMeHeHHH onTOBOJIOKHa [2]. 

Cero,n.tta HaH60Jiee nepcneKTHBHOH TeXHOJIOrHett IlOCTpOeHHH CeTett HBJlaeTCH 

acuHxpoHHhitt naKeTHhIH cnoco6 nepe,n.a'-IH, HJIH ATM-cnoco6 {ATM -Asine Transi

er MC?de). ,[{Be opraHHJauuu, CCITT (Comite' Consultatif International de Te'le'gra

phie et Te'le'phonie) H ITU {International Telecommunications Union), B 1990 r. [3] 

pa3pa6oTanH ATM-TexHonormo ,n.m TenecpoHHH. 3aTeM ATM-FORUM B 1991 r. 

npe,D.JIO)KHJI HCnOJih30BaTh :ny TeXHOJIOrHIO B BhI'-IHCJIHTeJihHhIX CeTHX [ 4 ]. IIocJie,D.HHe 

HOBOCTH ATM-FORUM, Kacaiomueca ,n.aHHoro HanpaBJieHHH, MO)KHO HattTH B ceru 

Internet [5]. B 3TOH TeXHOJIOrHH HCnOJih30BaHhI Bee JIY'-IIIIHe ,D.OCTH)KeHHH Tpex COBpe

MeHHhIX 6aJOBhIX TeXHOJIOrHii: nonynpOBO,D.HIIKOBOH TeXHOJIOrHH, BOJIOKOHHO-OnTH

'-IeCKOH TeXHOJIOrHH H nporpaMMHOro o6ecne'-IeHHH, n03BOJIRIOIUHe cymecTBeHHO no

BhICHTh nponycKHYIO cnoco6HOCTh cereu nyTeM 3cpcpeKTHBHOro HCnOJih30BaHHH Bcex 

pecypcoB CeTH BCeMH HCTO'-IHHKaMH HHcpopMaUHH. ACHHXpOHHhIM OH HaJhIBaeTCH no

TOMY, '-ITO HMeIOT MeCTO aCHHXpOHHhie onepauuu Me)K,D.y TaKTOBhIMH HMnyJihCaMH HC

TO'-IHHKOB ,n.aHHhIX H nptteMHHKOM ,n.aHHhIX. B OTJIH'-IHe OT .n.pyrux cereu, KOTOphie He 

MOryT pacumpHThCH He TOJlhKO no TeXHOJIOrH'-IeCKHM npH'-IHHaM, HOH B CHJIY apxuTeK

TyphI, ATM-CeTh TeOpeTH'-IeCKH MO)KeT pacumpHThCH .n.o 6eCKOHe'-IHOCTH. 

ATM - 3TO CTaH,D.apr, pa3pa6oTaHHhIH ,D.JIH Bhl'-IHCJIHTeJihHhIX H TeJieKOMMYHHKa

UHOHHhlX BhlCOKonpOH3BO,D.HTeJibHhIX cereu, KOTOphie no.n..n.ep)KHBaIOT MYJihTHMe,D.Ha, 

pacnpe.n.eneHHhie BhI'-IHCJIHTeJihHhle CeTH, H r.n.e IIHq>OpMaUHH npe,n.cTaBmeTCH TOJlhKO 

B uucppoBou cpopMe. I1cnoJih30BaHtte ATM-cTaH,n.apra npe.n.nonaraer Manyio Ja,n.ep)K

KY, KOMMyrauuio naKeTOB npaKTH'-IeCKH 6e3 6noKHpOBKH H pa6ory C paJJIH'-IHhIMH no-
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rpe6HTeJIHMH. OHa n03BOJiaeT ,D.OBOJihHO npOCTO HapamHBaTh nonocy nponycKaHHH H 

nepe,n.aBaTh no o,n.Hoii ceru paJJIH'-IHYIO no cBoeu npupo.n.e HHcpopMauuio, TaKYIO KaK 

,n.aHHhie, BH,D.eo, 3BYK, rpacpHKY, TeKCThI HT • .n.. C QeJihIO ,D.OCTH)KeHHH rH6KOCTH H BhI

COKOH nponycKHOH cnoco6HOCTH HCnOJih3YeTCH cnoco6 nepe,n.a'-IH HHq>OpMaQHH C no

MO!Uh!O He6oJihlIIHX naKeTOB cpHKCHpOBaHHOH ,D.JIHHhI, npH KOTOpOM .n.aHHbie nepe.n.a

IOTCH B co'-IeraHHH co cn~e6Hoii HHcpopMauHeii. TipttMeHHTeJihHO K A TM-TexHono

rnH TaKHe naKeThI o6hI'-IHO HaJhIBaIOTCH H'-IettKaMH (cells). 

CaMa no ce6e H,n.ea naKerHoro cnoco~a nepe,n.a'-IH ,n.aHHhIX ucnonhJOBanach eme B 

60-x ro.n.ax B CeTH THna X.25 [6]. O,n.HaKo HeBbICOKM Ha,D.e)KHOCTh HCnOJihJyeMhIX 

3JieKrpOHHhIX KOMnOHeHTOB CKaJhIBaJiaCh Ha Ha,D.e)KHOCTH CeTH. B CBOIO O'-Iepe,n.h 3TO 

npHBO,D.HJIO K Heo6xo,n.HMOCTH ycJIO)KHeHHH npOTOKOJia c QeJihIO o6Hap~eHHH Olllll-

6oK BO BpeMH nepe,n.a'-IH u Heo6xo,n.HMOCTH KOHrpom npoxo)K)l.eHHH HHcpopimuHH K 

npHeMHHKY ,n.aHHhIX. KpoMe Toro, B HeKOTOpbIX CeTHX c naKeTHhIM cnoco6oM nepe.n.a

'-IH HCnOJihJyerca· TaK Ha3bIBaeMhIH datagram-MeTO.D. rpaHcnoprttpOBKH naKeTOB, npH 

KOTOpOM Ka)K,[J.hlll naKeT nOCbJJiaeTCH II npHHHMaeTCH B COOTBeTCTBHH C a.n.peCOM KO

He'-IHOH CTaHUHH, co.n.ep)KameMCH B naKeTe, He3aBHCIIMO O,D.HH OT .n.pyroro H 6e3 no.n.

rnep)K,[J.eHHH .D.Q.CTaBKH. 3,n.eCh Mhl HMeeM npHMOH aHanor o6hI'-IHOH nO'-IThI. ,L{pyrHMH 

CJIOBaMH, TaKOH MeTO.D. ,D.OCTaBKH naKeTOB HaJhIBaeTCH «,L{oCTaBKa 6e3 no.n.rnep)K,[J.eHHH 

coe,n.HHeHHH» ( connectionless service). 

B lllllpOKOH3BeCTHOH JIOKaJihHOH BhI'-IHCJIHTeJihHOH CeTH (JIBC) EJepHeT B naKeTe 

nepeMeHHOH ,D.JIHHhI Hapa.n.y C ,n.aHHhIMH co,n.ep)KHTCH TaK)Ke a.n.pec IICTO'-IHHKa H npH

eMHHKa HHlpOpMaUHH. IIpH 3TOM He nposepaeTCH .n.ocrynHOCTh ycrpoucrna HaJHa'-Ie

HHH, a npOCTO nocbIJiaeTCH naKeT C HHq>OpMaQHeii Ha o6myio MarncTpaJih. Bee 3TO B 

KOHe'-IHOM HTOre CKaJhIBaeTCH Ha nponycKHOH cnoco6HOCTH CeTII s uenoM. KpoMe 

Toro, naKeThl HMeIOT nepeMeHHYIO ,D.JIHHY H co.n.ep)KaT a.n.peca IICTO'-IHIIKOB H npHeMHII

KOB ,n.aHHhIX. IIpH 3TOM ~ce ycTpOHCTBa CeTII nposepHIOT COOTBeTCTBHe CBoero a.n.peca 

H a,n.peca HaJHa'-IeHHH. B ATM-ceru ucnOJihJyerca npHHUHn BHpTyanhHoro coe,n.HHe

HHH, KOTOphlll JaKJIIO'-IaeTCH B TOM, '-ITO npe,n.BapHTeJihHO C noMOIUhlO CHrHaJihHOro 

npOTOKOJia KOHq>Hrypupyerca no onpe.n.eneHHhIM npaBHJiaM BllpTyaJihHOe coe,n.HHe

HHe. KaK TOJlhKO CTaHUHH-HCTO'-IHHK onpe,n.eJIHeT .n.ocrynHOCTh CTaHQHH-npHeMHHKa, 

Me)K)l.y HHMH ycTaHaBJIHBaeTCH coe,D.HHeHHe. CospeMeHHM TeXHOJIOrHH n03BOJIHeT 

ycTaHOBHTh TaKOe coe,n.HHeHHe 3a BeCbMa KOpOTKOe BpeMH. 3.n.ech ~e Mhl HMeeM npH

Mep nepe.n.a'-IH uucppoBOH HHq>OpMaUHH, optteHTHpoBaHHOH Ha npe,n.BapHTeJihHOe co

e,D.HHeHHe (c·onnection-oriented service). IIpH TaKoii CBH3H rapaHrnpyerca 6eJonac

HOCTh or HecaHKQHOHHpOBaHHOrO no,D.KJIIO'-IeHHH K ,n.aHHOMY KaHany rpeTbero a6oHeH

Ta. B pa.n.e pa6oT [7-9] npH nOHCHeHHH npHHUHna pa60Thl ATM-CeTH npHBO,D.IITCH 

aHaJIOrHH pa60Thl o6hI_'-IHOH TenecpoHHOH CBH3ll C nepe,n.a'-Iett ,n.aHHhIX C noMOIUhIO 

ATM-ceTH. BHa'-Iane co6ece.!1HHKH (KoHe'-IHhie cTaHQHH) ,n.oJI)KHhI JapemcrpupoBaTh

ca, T. e. nony'-IHTh CBOH TenecpoHHbie HOMepa. ,L{anee, ,D.JIH Toro, '-IT06hI Ha'-IaTh pa3ro

B0p, O,D.HH co6ece,D.HHK ,D.OJI)KeH n03BOHHTh .n.pyroMy. IIocne 3TOro CeTh 6y,n.er 3HaTh Me-
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CTO pacaOJIO)KeHIDI KOHe'IHOii CTam.urn H nyTh, no KOTopoMy MO)KHO nepe.uaBaTh HH

q>OpMaumo. 

3. IlPOTOKOJibl ATM-TEXHOJIOfHH 

Htt)Ke KpaTKO 6y.l.(eT paccMOTpeHa cyTh CTaH.llaprn. 11.ue» acnHxpoHHoro cnoco6a 

nepe.ua'IH MaJihIMH naKeTaMH q>HKCHpOBaHHOH .llJIHHhI B03HHKJia B 1974 r. H HCil0Jlh30-

BaJiaCh B L(Hq>posoii TeJieq>OHHOH CBH3H [10]. B HaCTO»mee BpeM» OHa npuMeHHeTCH B 

cer.11x c BhICOKoii nponycKHoii cnoco6ttocThIO Tuna ISDN u B-ISDN (B-ISDN -

Broad Integrated Digital- Network- HHTerpaJihHaH cerh c mupoKoii nponycKttoii 

cnoco6ttocThIO). Cyrh CTaH.llapra ATM no.upo6tto H3JIO)Ketta B [11,12], a TaK)Ke B ce

pHH CTaTeii [13-21]. CTatt.uapr ATM MO)KHO Harn»J.(HO npe.ucrnBHTh B BH.lle MO.UeJIH 

[13], KOTOpM HMeeT HeKOTOpoe CXO.UCTBO c OSI-MO,l.(eJihlO u co.uep)KHT 'leThipe IlJiaT

q>OpMhI (puc.2): IlOJlh30BaTeJihCKYIO - .llJIJI nepe.ua'IH HHq>OpMal(HH IlOJlh30BaTeJIJI, 

KOHTPOJihHYIO - .llJIH o6pa60TKH KOHTpOJihHOii HHq>OpMal(HH, nJiaTq>OpMy CeTeBoro 

B3aHMO.UeiiCTBHH - .llJIJI BhIIl0JIHeHHH Bcex CeTeBhIX q>yHKL(HH H IlJlaTq>OpMy ynpaBJie

HIDI ~ .llJIH ynpaBJieHHH TpeMH npe.UhI.UYlllHMH IlJlaTq>OpMaMH. Bee nJiaTq>OpMhI 

ATM-Mo.ue11u pa3.ue11etthI Ha 'leThipe ypoBHH: q>H3H'leCKHii yposetth, ATM-yposetth, 

yposetth a.uamauuu (AALn - ATM Adaption Layer, n = l - 5- HHJleKc) H noJih3o

BaTeJihCKHii yposetth. Mhl Ha'!HeM c onucaHIDI ATM-ypoBH», KOTOphiii »BJI»erc» 06-

lllHM .llJIJI Bcex norpe6HTeJieii H He 3aBHCHT OT q>H3H'leCKOH cpe.uhl nepe.ua'IH. Ott OTBe

'laeT 3a C03.UaHHe ATM-»'!eeK, nyre.M npHeMa 48-6aiiTHhIX H'leeK C ypOBHH a.uanTal(HH 

- H .uo6aBJIJ1eT 5-6aiiTHhiii 3aro110-L fl':J . BOK [11,12,14]. Ilpn'leM Ha :noM ,L / /1i yposue ""''""'• ue o6pa6an,rna-

ncB 
K n nn · lOTCH, a nepe.uaIOTCH Ha BhIXOJ.(

Hhie noprhl K0MMyrarnpttoii 
CTaHL(HH. llo11uoGameA6CKuv 'ipo&t>16 

':JpoCeHb aaanmaquu 

':fpo8t.H6 I/TM· 

cpuJu'-(ec,ruu 
':Jpo8efl6 

nc 
ncpc 

PHc. 2. ATM-Monem,. IIII - noJihJOBaTem,cKa» rmaT

qiopMa, KIT - KOHTPOJihHa» nJiaTqiopMa, IICB - nJiaT

qiopMa CeTeBoro B3alfMO,!leiicTBlfll, IIY - nJiaTqiOpMa 

ynpaBJieHHll, ITC - no,zzypoBeHb cxo.uHMOCTH; II<l>C -

no,zzypoBeHb qilf31f'leCKOH cpe,!lbI 
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Ha puc.3 npnBe,l.(eH qiopMaT 

ATM-»'leiiKH. IlpHHHTO, 'ITO HH

qiopMauu» (pe'lh, HJ06pa)KeHID1 

H .up.) nepe,l.(aeTCH C IlOMOll(hlO 

' MaJihIX, lpHKCHpOBaHHOH .llJIHHhI 

H'!eeK, COJ.(ep)Kall(HX 53 6aiiTa, 

cpe.l.(H KOTOphIX 48 6aiira Hecyr 

J.(aHHhie, KOTOphie Ha,l.(O nepe

J.(aTh qepe3 CeTh, H 5 6aiiTOB HC

Il0Jlh3JIOTCJI B Ka'leCTBe 3aro

JIOBKa. TaKHM _o6pa30M, .llJIJI 

Toro, 'IT06hI yMeHhillHTh BpeMH 

npoxo)l(JleHIDI :epe3 KOMMyra-

-----Soaum ----- ----48 oaum 

GPCIVPI IVCIIPTI ICL.P IHEC /1.aHHbte 

' 8 16 3 Boum1 

3 o?. 0110CoK 

PHc. 3. CTPYKTYPa JJ'leHKlf (.!laHHhie If 3aroJIOB~K). GPC-pe3epBHbie pa3pll.!lhI; VPI
H.UeHTHqilfKaTop BlfpTyaJibHOro nyTlf; VCI - lf,!leHTlfqiHKaTOp BHpTyaJibHOI'O KaHana; 

PTI - nneHTmpHKaTOp HHqiopMaunoHHOH 'laCTH JJ'leil:Kn; CLP-:- pa3pll.!l .!lJlll Ja,!laHHll 

npnopHTeTa JJ'leil:Kn; HEC - cnH.upoM KoppeKTnpy101uero KO.Ila 

vcr=a VcI=G VCT=X VCI=':f VCI= Z 

I 
I KCBK'-...._ 

---~ - -------i 
Pnc. 4. IIpnMep BlfpTyaJibHOro KaHaJia MeJK,Zzy KOHe'IHbIMH CTaH
UlfllMH An B. Kl- K4 - KOMMYTaTOphl, JIBK - JIHHK ( CBll3h) 
BHpTyaJibHoro KaHana, KCBK - KOHe'IHhIH nyTh BHpTyaJihHOro 
KaHana 

TOPHYIO CTaHL(HIO, HHq>OpMal(HOHHOe none Jl'leiiKH BhI6paHO OTHOCHTeJihHO MaJihIM. 

TaKoii pa3Mep H'leHKH rapaHTHpyer TO, 'ITO OHa M0)KeT 6hITh CKOMMyrHpoBaHa 

ATM-KOMMyraTopoM 3a o'leHh Koponmii npoMe)KJTOK speMeHH. KpoMe-Toro, Ma-

11eHhKHe Jl'leHKH Il03BOJIJIIOT MJJlhTHilJleKCHpoBaTh J.(aHHhle, rOJIOC H BH.lleO B 0,l.(HOM 

KaHaJie nepe,l.(a'IH. B CBOIO oqepe.uh 3 6aiiTa (24 6HThI), OTHOCJlll(HeCH K 3aroJI0BKY 

(VPI H VPC), npe.l.(CTaBJIJIIOT co6oii BHPTYaJihHhlii Mpec, c noMOlllhIO Kornporo Ha 

KOMMJTaTOpHoii CTaHL(HH 3a,l.(aeTCH Mapmpyr TOH HJIH HHOH Jl'leHKH . .[(pymMH CJIOBa

MH, MapmpyrH3al(IDI ocymeCTBJIJleTCJI npe)l(Jle Bcero C IlOMOll(hlO 3aroJIOBKa Jl'leiiKH. 

TaKoii npouecc no11y'IHJ1 Ha3BaHHe aBTOMapmpyrH3aUHH (self-routing). Ilptt'leM 16 

6HT BHpryaJihHoro 3aro110BKa {VCT) 3a.ua10T BHPTYaJihHhlii KaHaJI (a.l.(pec OT BXOJ.(HOii 

TO'IKH HJIH JIHHKa K BhIXOJ.(H0MY JIHHKJ KOMMyraTOpHoii CTaHL(HH). B CBOIO oqepe.l.(h 8 

6HT 3aro110BK~ (VPI) onpe.l.(eJIJIIOT BHPTYaJihHhiii nyrh BttyrpH KOMMyrarnpttoii CTaH

UHH. TaKoe.pa3.ue11eHHe 3aro110BKa Ha .UBe 'laCTH, VCT H VPI, no3BOJIJleT B cnyqae He

o6xo.l.(HMOCTH rpynnupoBaTb onpe.ueneHHOe KOJIH'leCTBO BHPTYaJihHhIX KaHaJI0B, BhI

IlOJIHJITh BHyrpeHHIOIO KOMMyral(HIO OT,l.(eJibHhIX KaHaJI0B KOMMyraTopttoii CTaHL(HH C 

L(eJihlO no11y'leHID1 o6mero .BHPTYaJihHOro IlJTH B CeTH (puc. 4 H 5) ( CM. IlOJ.(p06Hoe 

onttcaHHe ATM-cTaH.uaprn [l 11). 

B npouecce npoxo)KJ.(eHIDI naKera Ha KOMMyrarnpHoii cTaHUHH eMy npucBaHBaeT

c.11 HOBhIH BHPTYaJihHhIH a.l.(pec HT . .u. (no11araeM, 'ITO B CeTH HMeeTCH HeCKOJihKO KOM-
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'Z 'Z 2 
Pnc. 5. IJpnMep coei:tHHeHHH BHJJTYaJJbHbIX ny

Tefi. p, pl, p2, q, q2, r, r2 - BHJJTYaJJhHbie nyrn, 

AnB- KOHeqHhleCTaHUHH,KI-K3- KOM

MYTaTophl 

MyraTopHbIX CTaHIJHH, C II0M0IIJblO K0-

T0pbIX np0IICX0.L(llT nepe,naqa .8tJeeK OT 

nepB0HCT0lJHHKa K K0HetJH0MY II0'Ipe-

6HTeJIIO ). Ba)KHO 0TMeTHTb, 'ITO 3HatJe

HH.8 VCT H VPI B 3aro11oaKe .atJeiiKH He 

.8BIDUOTC.8 HH a,npecoM HCT0lJHHKa, HH 

a,npeC0M npHeMHHKa HHq>OpMaIJHH. OHH 

1103B0IDIIOT K0MMyraTopy 3a,naBaTb 

Mapwpyr .8lJeHKH B CeTH H M0I)'T Me

H.8TbC.8 Ha KIDIC,I\0M K0MMyraTope 

.ATM-ceTH. ,[(pyrnMH cJioBaMH, KoM6H

HaQH.a VPI/VCI .HBMeTc.a cBoero po,na 

nacnopT0M ATM-.atJeiiKH, c noM0IIJhIO 

K0Toporo oHa H,neHTHq>HIJHpyeTc.a H nepe,naeTc.a qepe3 ATM-ceTb B HY)KH0M Hanpa

BJieHHH [15]. TeM caMbIM ,naeTC.8 0TBeT Ha Bonpoc: KaKHM o6pa30M npH orpaHHtJeH

HbIX 3HatJeHH.HX VCI = 65536H VPI = 256MO)KHO noMep)KHBaTb B CeTH 6ecKoHetJHoe 

lJHCJI0 YC'fPOHCTB? B [15,16] .L(eTaJibH0 paccMa'IpHBaeTC.8 B0npoc 0 TOM, KaKHM o6pa-

30M KOM6HHaIJH.8 VCI / VPI HCII0Jih3yeTc.a ,nIDI tt,neHTHq>HKaIJHH pa3JIHtJHhIX coe,nH

HeHHH. 

PacCMO'IpHM npHMep. Ha pHc.6 npHae,neHa 6110K-cxeMa ATM-ceTH, cocT0.811Ja.H H3 

'Ipex K0HetJHhIX craHIJHii KCI- KC3, KOT0pb1e o,nHoapeMeHH0 .8BIDIIOTC.8 HCT0tJHIIKa

MH" npHeMHHKaMH ,naHHbIX, .nBYX ATM-KOMMyraTOpOB Kl-K2, pa6oTa K0T0pbIX 

011HCbIBaeTc11 c noM0IIJhlO coOTBeTCTBYIOIIJHX HM Ta6JIHIJ coe,nHHeHHn Tl-T2. Ko

HetJHble CTaHIJHH 110.L(KJIIOlJeHbl B CeTb C II0M0IIJblO HHTepq>eiicoB IIO'Ipe6HTeJI.8 Mil, 
npHtJeM CTaHIJH.8 KCI II0CbIJiaeT B CeTb H npHHHMaeT ,L(Be pa3JIHlJHble 110 CB0eMy Ha-

3HatJeHHIO 3a,natJH AH B, ,nIDI K0TOpbIX ycTaH0BJieHhI coe,nnHeHH.8 co CTaHIJH.HMH KCI 

H KC2 qepe3 K0MMyraTOpbI Kl H K2 cooTBeTCTBeHH0. M ttao6opoT, CTaHIJHll KC2 H 

KC3 Moryr noc1,maTh ,naHHbie Ha CTaHIJHIO KC I. M3 pHcyHKa Btt,nH0, tJto y Ka)K.L(oii 3a

,natJH HMeeTc.a cBoe coe,nHHeHHe. TaK, 3a_naqa A Ha cTaHQHH KC I nepe,naeT H nocbIJiaeT 

,naHHhie OT 3a,natJH A Ha CTaHIJHH KC3 c noM0IIJhIO Tex )Ke 3HatJeHHH VPI = 5 H 

VCI = 3Q C ,npyroii cropoHhI, 3a_naqa A CTaHIJHH KC3 nepe,naeT H npHHHMaeT ,naHHhie 

OT 3a,natJH A Ha CTaHIJHH KC I qepe3 TY )Ke caMy10 napy VPI = 28 H VCI = 53. IlpHtJeM 

BeJIHlJHHbl VPI/VCI HMeIOT T0JlbK0 JI0KaJibH0e 3HatJeHHe H CMblCJI - T0JlbK0 ,nID1 q>H-

3HlJeCKH B3aHM0CB113aHHhIX II0PT0B. KoM6HHaIJR.8 VPINCI c03,naeTc11 HHTepq>eiicoM 

II0Jlb30BaTeJUI H K0MMyraTOp0M. KpHTepHeM M.8 HX BhI6opa CJI~HT CJie,nyIDIQHH CB0-

60,nHbIH nyrh H CJit:.L(ylOIIJHH cao6o,nHhlH KaHaJI, 'ITO .8BllileTC.8 CJie,nCTBHeM Toro, 'ITO 

K0MMyraIJH.8 ,naHHbIX B ATM-KOMMyraTope H0CHT CTaTHCTHtJeCKHH xapaKTep. ECJIH 

yqeCTb, 'ITO 0.L(HH BHPTYaJihHblH nyrb M0)KeT co,nep)KaTb .no 2
16 

BHpzyaJibHblX KaHaJI0B 

H JII06a.a K0HelJHa.8 CTaHQH.8 - .no 2 
8 

BHpzyaJibHblX nyreii, TO II0JiytJaeTC.8, 'ITO JI106a11 

KC M0)KeT II0Mep)KHBaTb 0,L(H0BpeMeHH0 (ecTecTBeHHO, C YtJeT0M CTaTHCTHlJeCK0ro 

6 

YPI= 5 
VCI=30 

KC1 

fl 

B 

VCI=l.8 
YPI=S 

KC 2 

Kl 

8 
Inn~ J_vPr=22 

vcr=42 

kC3 VPI=28 
fl J1n I VCI=53 

Tf 

exoa 
nopT VP[ VCI 

s><oa 0 5 30 
8blXOa 7 4 32 6blXOa 

Bxoa 0 5 L.8 Bxoo 
~ 8&/xoa 7 I. 31. BblXOa 

. 
• ,qTJ,1- <jpof,eH6 

6 

L. 

5 

6 

7 

nopr 
sxoa O 
Bbtxoa 2 
Bx.oo O 
BbtXOB 3 

T2 

VPI 
4 
23 
4 

28 

vcr 
32 Bxoa 
42 86txoa 
34 Bxod 
53 Bb/XOB 

RTM- YpoCeH6 

Puc. 6. EnoK-CXeMa, HJIJIIOCTpHpyIOIUall B33HMO)leHCTBHe TPeX KoHeq

HbIX cTaHUHfi KCI- KC3 B ATM-cern. Kl,K2 - KOMMYTaTopHhle 

CTaHUHH1 Tl,T2 - rn6nHUhI BHPTYaJJbHhIX coei:tHHeHHfi1 A,B - 11c

ToqH11KH B33HMO)leHCTBHll ( 3a)laqu) 

BpeMeHH0ro MYJibTHIIJieKCiipOBaHH.8) 16 777 216 coe,nHHeHHH qepe3 0.L(IIH nopT, 110-

CK0JibKY Ka)K.L(bIH H3 HIIX a CeTH HMeeT o,nHH H TOT )Ke Ha6op 3HatJeHRH VPINCT. Mc

noJih3yeMhie B A TM-TeXHOJIOrmt K0MMyraTOpbl HMe!OT CBOHCTBO, npll K0T0p0M Ka

)1(.L(blH _II0PT pa6oTaeT napaJIJieJibH0 H He3aBHCIIM0 0.L(IIH OT ,npyroro. 

O6pa11JMCh K pHc.3, Mbl BH.L(HM, 'ITO o,nHa 6Hrn 3aro11oaKa CLK npe,nHaJHatJeHa 

,nIDI 3a,naHH.8 npR0pHTeTa coo611JeHH.8 H HCII0Jlh3YeTC.8 B npoIJecce II0.8BJieHH.8 nepe

ll0JIHeHH.8. Ha KOMMYTaTOpHOH CTaHIJIIH. ,[(pyrnMH CJI0BaMH, npnopnTeTHb!H 6I1T onpe

,neMeT, KaKy!O H3 .8tJeeK nponyCTHTb B c11yqae B03HllKH0BeHll.8 3aTopa. ,[(1111 II0BbIIIIe

HH.8 .L(0CT0BepH0CTH nepe,natJH .8tJeHKH B 3aroJI0BKe BbI,L(eJieH0 8 6HT M.8 CllH,npoMa IJll

KJIHlJeCK0I'O KoppeKTnpy1011Jero K0,na C IJeJiblO K0ppeKIJHH H o6ttapy)KeHH.8 OIIII160K 

(HEC). B TO )Ke apeM.8 HH<popMaIJHOHHM tJaCTh naKeTa He 3a11JH11JeHa OT 0111I160K, 110-

CK0JihKY npe,n11011araeTC.8, 'ITO Bep0.8TH0CTb II0TepH .8lJeHKH C YtJeT0M KatJeCTBa coape

MeHHOH 11011ynpOBO.L(HllKOBOH TeXH0JI0rHH C0CTaBIDleT 1 o-8 
- 10-

12
• XoT.8 H C MaJIOH 

aep0.8TH0CTblO B ATM-CeTH B03M0)KHbl TPII BH,na 01111160K: OIIIIl6KH B 0T,L(eJibHb!X pa3-

p11,nax, 110Tep11 .8tJeHKH BCJie,nCTBlle OIIIIl60K B 3aroJI0BKe H II0Tep.8 ,naHHb!X B npouecce 
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eeo,na HtJeiiKH e 6yqiepHy10 naMHTb Ha KOMMyraTOpHoii CTaHl.{HH. TpH 6mbl {PTI) Hc

noJih3YIOTCH ,nJIH H,neHTlfqJHKal..{lflf lfHqJOpMal..{HOHHOH tJaCTlf H'IeHKlf. Ha3HatJeHHe qe

Tb!pex 6m (GPC) eme ndJIHOCTblO He onpe,neJieHO, If OHlf MOI)'T HCnOJib3,0BaTbCH qia

KyJibTaTHBHO. TaKHM o6pa30M, qiyHKl..{lflf 3aroJIOBKa H'IettKlf crporo orpaHlf'{eHbl, 'ITO 

n03BOJIHeT KOMMyraTOpHOH CTaHl..{lflf 6blcrpo MYJibTlfnJieKCHpoeaTb paJJIH'IHbie nyrH 

npoXO)K,,neHHH gqeeK. 

ATM-H'IettKlf nocrynaIOT Ha BXO,nbl KOMMyraTOpHOH CTaHl..{lflf B npOH3B0JlbHbie 

MOMeHTbl epeMeHH (,nHHaMH'IeCKH) H KOMMYTHPYIOTCH C nOMOll..{blO ClfrHaJibHOro npo

TOKOJia, xpaHHll..{erocg B naMHTlf KOMMyraTopa. IlpH 3TOM BbIXO,nHOH gqeiiKe, npHCBalf

BaeTCH HOBbJH BHP'fYaJibHblH 3aroJIOBOK. 8 CJIO)KHOH CeTlf H'IettKa MO)KeT nonytJaTb no

oqepe,nHO HeCKOJibKO BHP'fYaJibHbIX a,npecoe. Ceo6o,nHbie CBH3lf MOryT 6bJTb HCnOJib-

3QBaHbl ,nJIH nepe,natJH ,npyrHX gqeeK, 'ITO npHBO,nlfT K 3qJqJeKTHBHOMY HCnOJib30BaHlflO 

pecypcoe KOMMyraTOpHoii craHQHH. O,nHHM H3 npeHMymecre ATM-cnoco6a nepe,na

'III, KOTopoe .nenaer ero KOHKypeHTOCnoco6HblM H nepcneKTHBHbIM, HBJIHeTCH ero pac

umpHeMOCTb If B03MO)KHOCTb c03,naBaTb rII6KHe CeTlf ,nJIH nepe,natJH PaJJIH'IHOH no 

ceoeii npIIpo,ne lfHqJOpMal..{lflf c BblCOKOH nponyCKHOH cnoco6HOCTblO. OcHOBHblMlf 

He,nOCTaTKaMH ATM-cnoco6a KOMMyTal..{HH no cpaeHeHHIO c ,npyrHMlf MeTO,naMH HBJIH

IOTCH B03MO)KHOCTb nOHBJieHIIH 3aTopoe B KOMMyraTOpHOH CTaHl..{lfH H 6onee CJIO)KHaH 

cxeMa KOMMyraQHlf. 3aTOpbl MOI)'T B03HHKaTb B TOM cnyqae, Kor,na BCJie,nCTBHe CTaTH

CTH'IeCKOro xapaKTepa nocryOJieHHH gqeeK, CKOpOCTb nocryOJieHIIH naKeTOB npeBbl

waeT arperaTHyIO nponycKHYIO cnoco6HOCTb KOMMYTaTOpHOH CTaHl..{lflf. O6bI'IHO 3a

TOpbl lfCKJIIO'IalOTCH nyreM IICnOJib30BaHIIH 6yqiepHbIX 3Y Ha exo,naxlBbIXO,nax KOMMY

TaTopHbJX CTaHl..{HH. 

Ta6nttua I.Ta6nnuacoe,nnHeHHH 

CBJ!JH Bxom,1 VCI B1,1XO,lll,I VCI 

A I a I u 
B I b 2 V 

C I C 2 X 
D 2 d I y 
E 2 d . I z 

C nOMOll..{blO Ta6JIHl..{bl 1 H pHc.7 HJIJIIOCrpHpyercH npHHl..{IIn KOMMyraQHH gqeeK c 

noMOil..\bIO ATM-KOMMyraTOpa [17] • ..sltJeiiKH KOMMYTHPYIDTCH Me)K,,ny exo,nHbIMH II Bbl

xo,nHblMH nopraMH KOMMyraTOpHOH CTaHl..{lfH C noMOll..{blO BHP'fYaJibHOro lfH,nHKaTopa 

CBH3lf (VPINCI), KOTOpbIH co,nep)KHTCH e JaronoeKe naKera. KoMMyraTOpHaH CTaHQIIH 

co,nep)KHT Ta6JIHI..\Y coe,nHHeHHtt, c noMOil..\bIO KOTopoii naKeT KOMMyrttpyercH Ha Bbl

xo,nHoii nopr. KpoMe Toro, BblXO,nHOH H'IettKe C nOMOll..{blO KOliTpOJIJiepa npHCBaIIBaeT

CH Hoeoe 3HatJeHHe VPINCT, ecnu JTO Heo6xo,nHMO. 
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Bxoai.1 Bi;n,oa6, 

Pnc. 7. IlpHMep acHHXpoHHOro cnoco6a KOMMYfaUHH ,rqeeK. a, b, c, d, e - JaronoBKII 

BX0AHbIX ,rqeeK, ,[{3 - ,llernmpparop JaronoBKa, K - KOHTponnep, Y3H3 - ycrpou

cTBo JaHeCeHHJI H0B!,IX JaronoBKOB, u, v, X, y, Z - 3aron0BKH Bl,IX0,nHl,IX naKe'fOB ,naH

Hl,IX, A, D, B, C - BHp-ryan1,H1,1e KaHan1,1, YIUI -ycraH0BKa nym ,rqefiKH 

B 3aBHClfMOCTII OT cnoco6a, nocpe,nCTBOM KOToporo ycTaHaBJIHBalOTCH Ta6JIHl..{bl 

coe,nHHeHHH e ATM-KOMMyraTOpe, B03MO)l(Hbl ,nea ocHOBHblX THna coe,nHHeHIIH [16]. 

IlocTOHHHble BHPTYaJibHble coe,nIIHeHIIH, 3a,naeaeMbie epyqHyIO, H KOMMyrHpyeMble 

coe,nHHeHIIH, ycTaHaBJIIIBaeMble aeTOMaTH'IeCKII nocpe,nCTBOM npOTOKOJia ClfrHaJIH3a

l..{lflf, KOTOpblii IlOCbJJiaeTCH B KOHeqHoe ycrpottCTBO, rpe6y10mee ycTaHOBIITb coe,nII

HeHHe. B Ka)K,,noM ATM-KOMMyraTOpe ,noJI)KeH co,nep)KaTbCH npoQeccop cHrnanlI3al..{H

" If ynpaBJieHIIH 3anpocaMH, C IlOMOll..{blO KOTOporo ycraHaBJIIIBalOTCH coe,nHHeHIIH 

B,nOJib eceii Qeno'IKlf OT CTaHl..{lfH-lfCTO'IHIIKa ,no CTaHl..{lfH-npIIeMHHKa. B CBOIO oqepe,nb 

CTaHl..{lfH-npHeMHlfK MO)KeT OTKJIOHlfTb lfJilf npIIHHTb 3anpoc Ha coe,nHHeHIIe . 

,[(JUI CIIrHaJibHOro npOTOKOJia ycTaHOBJieHbl qJHKCHpyeMble 3HatJeHIIH VPI = 0 If 
VCI = 5, c noMOil..\bIO KOTOpbIX pe3epeHpyercH rpaqiHK (KaHan) .nJIH npoTOKona cHrna

JIH3al\IIH. Ilocne ycTaHOBJieHIIH coe,nIIHeHHH no 3TOMY )Ke rpaqiHKy 6y,nyr nocrynaTb 

ece HHqiopMaQHOHHbie HtJeiiKH. Bee VCI co 3HatJeHHeM Meiiee 32 3ape3epeHpoeaHbl 

.nJIH pa3JIH'IHbJX Qeneii ynpaBJieHIIH. 

KaK OTMetJaeTCH e [18], eonpoc o TOM, K KaKoMy lI3 ceMH ypoeHeii OSI-Mo,neJIH 

CJie,nyer OTHOCHTb ATM-ypoBeHb, OCTaeTCH OTKpblTbJM. no MHeHlflO O,nHIIX cnel..{Ha

JIIICTOB ATM-ypoeeHb JaHIIMaeT npOTOKOJI BTOporo (KaHaJihHoro) ypoeHH OSI-Mo,ne

JIH. ,[{pyrHe· cnel..{lfaJilfCTbl OTMetJaIOT, 'ITO ATM-ypoeeHb o6na,naer e 6oJibWlfHCTBe 

ceoeM xapaKTepHCTIIKaMH rperbero, cereeoro ypoeHH, TaKoro KaK IP (Internet Proto

col), 0 tJeM CBH,neTeJibCTBYeT 6oJibWaH CJIO)KHOCTb npoQe,nyp a,npecal..{IIlf If Mapwpyru-

3al..{HH, KOTOpble He 3aBIICHT OT TOro, pa6oTalOT Jllf ,npyrHe npOTOKOJlbl cereeoro ypOBHH 

qepe3 ATM-cerb HJIH HeT. B ,naHHoii pa60Te o6cy)K,,naIOTcH TaK)Ke npoTOKOJibl Mapw

pyrmal..{HH ATM .nJIH cHrHaJibHbIX 3anpocoe qepe3 Y3JlbI KOMMyraQHH ceTII. Ha pIIc.8 

npHee,neHa cxeMa npoxo)K,,neHIIH HHqJOpMal..{HH C BblCWlfX ypoBHeii qepe3 ATM-Mo,neJib 

nocne ycTaHOBKlf npe,neapHTeJibHOro coe,nHHeHIIH [15]. K Il0Jlb30BaTeJibCKHM ,naHHbJM 
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1.aauH6/f! /,(01.I( Oauma 

TCP 
I TCP- Jazono&oK I iJaHH61~ / 1oz<t oouma/ I 

re p-natcern- (Oll&tfaum 

I IP- 3azonoloK 21( oouma TCP -30ZOAO&oir 21/ 6,vma I iJOHH611!. {102/{ oauma) I 
IP IP-na,rem- (072 tfaurna 

I KI IP- 301.onoSOK 2'1 oaumol TCP- Jozono&o,r 21( oauma I iJaHH611!. { fOZI( oacimaJI /(' I 
/IIILS 

'\ noaypoCeH6 C xoaur,ocmu / 

l11ALS SAR - 46 ooum ! x 2.3 j'(tU/rU 

noaYpoCeu, ceu,euma4uu 
u peacceHtl/lt.1po&auu11 

I/TH 
IITH- f/'ftU/CO 

Is aauml 46 oaum I 
'f'UJU'ltCJCUU 

noBvpo&tH6 cxo:J·mocmu (SlltlET, 1tt,{S6,8s/106) 

</>u~u'ftCKOfl cpeilo ;fumafl napa, onmo&o1101r:uo u T. n) 

':lpOClfU 

PHC. 8. CxeMa IIpOXO)K,L{eHHJI HH<popMaUHH C BbICII1HX ypOBHefi qepe3 ATM-Mo,{eJIJ,. 

K - KOHTpom,HLie pa3pll,{LI, IP -HHTepHeT-rrporoKOJI, TCP - ( Transition Control 

Protocol - rrpoTOKOJI KOHTPOJIJI rrepexo.na), SAR- rrpouecc cerMeHTaUHH, acceM6JIH

poBaHHll H peacceM6JIHpOBaHHJI rraKeTOB B JlqefiKH H Hao6opOT; 4B/5B H 8B/10B -
rrpouecc npeo6paJoBaHHJI IIOCJie,{oBaTeJibHbIX KO,{OB: qeTbipe 6HTbI B IIJ!Tb 6HT H BO

ceMb 6HT a .necl!Th 6HT 

pa3MepoM 1024 6aiiTa ,Ao6aamnoTC.ll TCP-/IP-3aronoBKII, B pe3yJibTaTe qero nonyqa
eTC.ll IP-naKeT .AJIIIHoii 1072 6aiirn . .[(anee no.AypoaeHh cxo,AIIMOCTII ypoBH.ll a,AamauII
II AAL5 no,AroTaBJIIIBaeT IP-naKeT K cerMeHTaQIIII. IlpII 3TOM ,Ao6aBJI.J1eTC.J1 KOHTPOJib
HaJI IIH<popMal.llI.ll. C noMOil{bIO no,AypOBH.ll cerMeHTal.lIIII cpopMIIpyIOTC.ll ATM-.lltieii
KII. Or ypoBH.ll ATM .ll'leiiKII noczynaioT Ha <plI3II'leCKIIii ypoaeHb. 

«l>HJH'leCKnii yposeHL ATM-Mo,AeJiu. '1>II3II'leCKIIii ypoBeHh orneqacr 3a nepe
,Aa'ly .ll'leeK qepe3 cpe.Ay nepe,Aa'III. Boo6me roaop.ll, B .AOKJMeHTax He npe.AyCMOTPeH 
CTaH,AaPT Ha <plI3II'leCKJIO cpe,Ay. ECTb HeKOTOpbie peKOMeH,AaUIIII, onpe,AeJI.JIIOil{IIe 
TIIIl <plI3II'leCKOH cpe,Ahl, no Koropoii npoIICXO,AIIT nepe,Aa'la .Jl'leeK. Otta COCTOIIT II3 
.ABYX no,Aypoatteii. IlepBbiii no.AypoaeHb onpe,AeJI.JleT cKopoCTb nepe,Aa'III. CKopocTb 
nepe,Aa'III MO)KeT cocTaBJI.JITb 155 M6IIT/c, 622 M6IITlc II 2,5 f6IIT/c. B caoio oqepe,Ab 
BTopoii no,AypOBeHb CTaH,AaPTa ATM 3a,AaeT <pII3II'leCKJIO cpe,Ay, C IlOMOil{blO KOTopoii 
BblllOJIH.JleTC.JI no6HTOBaJI nepe,Aa'la. Onpe,AeJieHbl TaK)Ke BpeMeHHble napaM~hl. 
Ilpe,AnO'ITeHne OT,AaeTC.ll CTaH.AaPTHOMY CHHXpOHHOMY onTH'leCKOMY Kattany 
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SONET/SDH [ 19), peKoMeH,AyeMoMy M.ll npnMeHeHII.ll B Ka'lecrne O,AHoro H3 HHTep
cpeiicoa, KOTOpblH MO)KeT 6b!Tb HCilOJib30BaH KaK B JIOKaJibHblX, TaK II rno6aJibHhlX 
CeT.JIX. 

YposeHL a,AanTauun. YpoaeHb a,AanTaUIIH o6ecne'IHBaeT ,Aoczyn nmpopMaunn 
IlOJib30BaTeJI.JI K KOMMJTaTOpaM ATM " onpe,AeJI.JleT, KaKIIM o6pa30M OH HaCTpanaaeT
CH Ha KOHKpeTHble npttMeHeHII.JI, CBH3aHHble C BpeMeHHblMH napaM~aMH: IlOCTOHH
Ha.JI CKOpOCTb nepe,Aa'III HJIH nepeMeHHaJI CKOpOCTb nepe,Aa'IH (HanpnMep, BH,AeOHH
cpopMaUHH), He06XO,AHMOCTb B peaJibHOM apeMeHH HJIH HeT n T. ,A.(11,12,14). Bcero Ha 
,AaHH0M ypoBHe HMeeTCH nHTb MO.AH<pHKauiiii npoToKona AAL l-AAL5. ,[(JIH nepe,Aa
'IH ,AaHHblX ueJiblMH 6JIOKaMH, COCTOHil{HMH H3 ATM-H'leeK 6e3 3aroJI0BKa, HCil0Jib3Y
eTCH nporoKoJI AAL5. IIpn 3TOM H'leiiKH eMK0CTblO 48 6aiiT M0rYT nepe,AaBaTbCH 6,!lo
KaMn eMK0CTblO ,AO 64 K6aiiT. B CB0IO oqepe,Ab AAL-ypoaeHb pa36HT eme Ha ,ABa Il0,A
ypoBH.JI: o,AHH no.AypoaeHb o6ecne'IIIBaeT pa36opey n c6opey 6011b1IJIIX naKeT0B B 
.Jl'leHKII, a BTOpoii no,AypoaeHb o6ecne'IIIBaeT CIIHXp0HII3al.lIIIO ,AJIH pa3JIII'IHbIX THil0B 
HH<pOpMaUHII. CYTb ypoBHH a,AanTaUIIH no,Apo6Ho 0llIICaHa a (11,14). 

Cocras annapa"JYpLI. Ha pIIc.9 npnae,AeHa CTPYKTYPHal! cxeMa TIIIlII'IHOii 
JIBC-ccrn, B Koropoii IIcnoJib3YeTC.ll ATM-crnH.AaPT. Otta cocronT H3 B0CbMH pa6o
'IIIX CTaHUHii (nepcoHaJibHLIX 3BM - K0He'IHbIX CTaHUHii KC) n .ABYX ATM-KOMMy
rnropoB [20). Ka)K.Aal! ATM-ceTb M0)KeT HMeTb 6011b11Joe.KOJIH'lecrno K0MMyrnropoa n 
K0He'IHbIX YCTPOHCTB, o6pa3yH .Tono11om10 Tnna «3Be3,Aa» n O,AHopo.AHYIO CTPYKTYPY· 
ATM-KoMMyrnrophl, KaK npaBHJIO, K0MMYTHPYIOT H'leiiKH 6e3 6110KnpoBKH, no3T0MY 
Bee KOHe'IHhle YCTPOHCTBa (napaMH) M0rJT 0,AH0BpeMeHHO B3aHMO,AeHCTBOBaTb C no
M0il{blO .ABYX CTaH.AaPTHhlX ycTPoiicrn: HHTepcpeiica noJih30BaTeJI.JI (MII), K0HCTpyK-

KC IHn 

KC IHn 

KC t>1n 

KC IHn 

IITM
KOMM':lmamge 

l1TM
KOMHIJl1'10mop 

KC 

KC 

Hnl KC 

Mnl KC 

Pttc. 9. THIIH'IHaii apxHTeKTypa ATM-ceTH. KC - KOHeqHLie 

CTaHUHH, HTI - HHTep<pefic mrrpe6HTeJIJ1, MH - Me:lKKOMMy

rnropHblH HHTep<pefic 
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THBHO BblllOJIHeHHOro a BH.lle CTaH,llapTHOH nnaTLI, COBMeCTHMOH c pa6o'iett (KOHe'i

Hoii) cram.tueii, u Me)KCeTeaoro HHTepipeiica (MH), KOTopLiii, no cymecrny, npe,llcTa

BWieT co6oii HHTepipeiic, COe,llHWUOII.tHH co6oii ,llBa KOMMJTaTOpa. I<:aK BHJlHO H3 

puc.9, HHTepqieiicbl IlOJib30BaTeneii -:no Te MeCTa, r,lle 3aKaH'IHBaeTCR CeTb. B npo-

1.{ecce nepe,lla'IH ,llaHHbIX y'iaCTByIOT TOJibKO HCTO'IHHK ,llaHHLIX, KOMMJTaTopbI, KOTO

pble pacnonaraIOTCR B y3nax CeTH, H npueMHHK ,llaHHblX. <l>opMbl R'ieeK ~ Ha3BaH

HblX HHTepqieiicoB HMeIOT HeKOTOpbie OTJIH'{Hjl, 3-ro KacaeTCR nepBbIX 'ieTbipex 6ttT 

GPI, KOTOpLie B R'ie«Kax MH ucnoJIL3YIOTCR MR pacnmpeHHR nong aupryanLHoro 

"YT" VPI. KpoMe CTaH.llaPTHoro Hil B ce-ru MOrJT HcnonL30BaTLCR HHTepq>eiicLI ~ 
no~IO'ieHHR JIBC Tuna E3epHeT, onTOBOJIOKOHHLitt HHTepqieiic u .llP, unu Hil 

C MyJILTHOJieKcopaMH ~ IlO,llKnIO'ieHHR HeCKOJibKHX JIBC K MarHCTpanLHOH 

ATM-ce-ru. 

B [21-23] paccMaTpHBaIOTCR BOilpOCbl MexaHH3Ma B3aHMO,llettCTBHjJ "npHHl.{H

Ilbl a,llpecaQHH u cttrHanH3aQHH B CeTRX ATM. TaK, 3anpoc Ha coe,llttHeHue OT KoHe'I

Hoii CTaHl.{HH-HCTO'iHHKa pacnpocTpaIDieTCR 'iepe3 CeTb ,llO Tex nop, IlOKa He ycTaHO

BHTCR CBR3b, 0 'ieM CTaHl.{HjJ-fiOJiy'iaTeJIL IlOCLinaeT OTBeTHOe coo611.teHHe, eCJIH OHa 

CB060,llHa. OnHCbIBaeTCR TaIOKe npoTOKOJI npoaepKH COCTORHHjl rononoruu CeTH -

P-NNI. 

Kaqecreo 06CJ1y;KHBaHH.R ff BonpocLI na,lle*HOCTH. B COOTBeTCTBHH co CTaH

,llaPTOM KO.llbl, ucnpaBWIIOII.tHe onm6Ku B ATM-TexHonoruu, ucnonL3YIOTCR B 3aro

JIOBKe R'iettKH u npoToKone ALLS ( 0611.tM npoaepKa Ha aecL 6noK R'ieeK). Ha,lle)KHOCTL 

fl 

K1 K2 

0 
UJ 

1<3 K4 

F 

KC 

PHc. 10. ErroK-cXeMa ATM-ccrH c KoppeKUHefi noape)l(,l{eHHH a 

JIHHHllX CBll3H HJJH B KOMM)'TaTOpax. Kl - K4 - KOMM)'TaTO

PLI, KC - KOHe'IHall CTaHUHll, A, B, C, D, E, F - JanacH1,1e 

coe,llHHeHHll. ToHKHMH JJHHHJIMH ITOKaJaHI,I OCHOBHI,Ie coe,llH

HeHHll 
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ATM-CeTH o6ycnoaneHa npe)K,lle Bcero BbICOKHM ypoBHeM COBpeMeHHOH KOMIIbIOTep

HOH TeXHOJIOrHH. Onpe,lleJieHHblll BH.ll onm6oK MO)KeT B03HHKaTL H3-3a IIHKOBbIX Ha

rpy30K Ha ATM-KOMMJTaTopax, 'ITO RBJIReTCR CJIC,llCTBHeM Toro, 'ITO ace IlOTpe6HTe

JIH ATM-ceTH MOrJT IlOJib30BaTbCR O,llHOBpeMeHHO BCeMH pecypcaMH. Ilpu IlHKOBbIX 

Harpy3Kax MOrJT B03HHKaTL noTepu R'ieeK. O,llHaKO BepORTHOCTb IlOTepu R'ieHKH 

BeCbMa Mana u COCTaBJIReT OT 8-10 ,llO 10-12. 
B ATM-TexHonoruu, B OTJIH'itte OT onToaonoKOHHOro HHTepcpeiica, OTCyTCTBYeT 

.lly6nupoBaHue q>H3H'ieCKHX CBR3eii. KaK"nOKa3aHo B [24-26], B ATM-ceTH ,llonycKa

IOTCR o6pb1Bbl cpH3H'ieCKHX KaHaJIOB 6e3 HapymeHug pa6orocnoco6HOCTH CeTH. 3-ro 

Ka'ieCTBO ,llOCTuraeTCR 3a C'ieT CBOHCTB ATM-KOMMJTaTopoB, " ero Heo6XO,llHM~ yqu

TLIBaTb B npo1.tecce npoeKTHpoaaHHR ATM-ceTu. KaK cneeye-r H3 puc. I 0, B cnytjae 06-

pLrna Ka6e.JJJ1 B HapymaeTCR CBR3L Me)K.lly KOMMyTaTOpaMH Kl u K4. O,llHaKo 3a C'ieT 

CBR3ett Me)K.lly KOMMyTaTOpaMH Kl u K2 unu K3 u K4 {)KttpHLie JIHHHH) cucTeMa 6y.lleT 

pa60TaTb KOppeKTHO. AHaJIOrH'iHO npo6neMa pemaeTCR a TpMHl.{HOHHblX JIBC, IlO,ll

KnIO'iaeMLIX K ATM-ceTRM [26). 
ATM FORUM onpe,llenun TpH HeraTHBHLIX napaMeTpa, xapaKTepH3yromux Ka'ie

CTBO o6CJIJ)KHBaHHR QoS ( Quality of Service): 3a,llep)l(Ka B nepe,llatJe R'iettKH, aapua-

1.tHR B 3a,llepJKKe R'leiii<H " OTHOllieHHe IIOTepRHHblX R'ieeK K nepe,llaHHLIM. 3a,llep)KKa B 

nepe,lla'le H'iettKH onpe,llellileTCR KaK BpeMR nepe,lla'IH Me)K,llY OKOHetJHbIMH yCTpOH

CTBaMH, Be,llyll.tHMH ,llttanor. ,[(aHHblH napaMCTp 3aBHCHT OT CKOpOCTH nepe,lla'IH H Bpe

MeHH npocrog B O'iepe,llRX Ha BXO,llaxlBLIXO,llax KOMMyTaropa. BapHal.{UR 3a,llep)KKH 

R'iettKH RBIDieTCR cpyHKl.{Hett 3a,llep)KKH MYJILTHIIJieKCllpOBaHHR npu KOMMJTal.{llll 

gqettKll OT BXO,lla ATM-KOMMJTaTOpa Ha O,llHH BblXO,ll ll Bapttal.{Hll 3a,llep)KKH B oqepe

MX Ha ero BXO,llaX lI BblXO,llax. lITo KaCaeTCR TpeTbero napaMCTpa, TO OH 3aBHCHT OT pa-

6oTbl anropHTMa, ycTpaHRIOII.tero 3aTOpbI B KOMMyTaTOpe. Eonee ,lleTaJibHO 3TH aonpo

Cbl ll3JIO)KeHLI B [27]. 

4. KOMMYTATOPHblE CTAHQHH 11 KOMMYTATOPbl 

KoMMyraTOpuLie craHQHH (Switch fabric). KoMMJTaTOpHLie CTaHI.tHH npe,llCTa

BIDIIOT co6oii annapaTHLie ceTH, npe,llHa3HatJeHHLie ~ napanneJILHOtt nepe,lla'ltt ,llaH

HLIX OT N BXO,llOB Ha M BblXO,llOB. KoMMyTaTopHble CTaHl.{llll npHMeHHTeJibHO K 

ATM-cnoco6y nepe,lla'itt npe,llCTaBIDIIOT co6oii JlOBOJILHO CJIO)KHble ycTpoiicraa, 

ocHoBy KOT<>pbIX coCTaBJJJIIOT napanneJILHLie KOMMyTaTOpLI. OcHOBHLie Tpe6oBaHHH K 

KOMMyTaTOpHblM CTaHQHRM 3aKnIOtJaIOTCR B cneeyromeM: 

- arperaTHM, T.e. cyMMapHM nponyCKHM cnoco6HOCTb ,llOJI)KHa COCTaBJJJITb ,lle-

CRTKH lI 6onee r6HT/c; 

- 6onLmoe KOJiuqecTBO BXO,lloB/awxo,llOB (cawme 16); 
- B03MO)KHOCTb KOMMyTal.{Hll ,llaHHblX B o6oux HanpaBJieHHRX; 

- pacmupReMOCTb no 'IHCJIY BXO,llOWBbIXO,llOB; 
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- B03MO)Kff0CTb 6bICTpOro npOXO)l(,U.CHIDI Jl'ICCK B CJiyqae B03HHKHOBCHIDI 3a

ropos; 

- apxHTeKT)'pa KOMMyraTOpHbIX CTaHI.UIH ,nOJI)Kffa o6ecne'IHBaTb peiKHM BblpaB

HHBaHIDI 'IaCTOTbI DOCTyllJICHIDI Jl'ICCK B 3KCTJJCMaJihHhlX ycnosm1x. 

. Y'IHThIBM HepaBHOMepHoe noczyllJieHue Jl'IeeK B ATM-KOMMYTaTOpax, ace-TaKH 

B03HHKalOT ,nsa THna 6JIOKHpOBOK: MOKHpOBKa Ha Bblxo.nax H 6JIOKHpOBKa Ha Bxo,nax. 

IlepBbIH THO 6JIOKHpOBKH B03HHKaeT B TeX CJIY'JMX, Korona COBna,naIOT XOTJI 61,1 ,nBa 

a.npeca nptteMHHKOB ,naHHhlX. B 3TOM cJiy'Iae Jl'ICHKH 6y.nYT npoxo,nHTh o,nHH u Te )KC 

flYTH H Il03TOMY B KOHQe KOHQOB BCTpeTJITCJI. TaKaH 6JIOKHpOBKa MOiKeT 6h1Th ycTpa

HeHa DYTCM ycTaHOBKH oqepe,neii Ha BhlXO,nax C IlOMOlllhlO CDCQHaJihHOH cxeMbl. H HC

IlOJih30BaHHJI 6yqiepHblX 3anoMHHa10mux YCTJJOHCTB. BHyTpeHHHJI 6JIOKHpOBKa MOiKeT 

B03HHKffYTh B Tex CJIY'JMX, KOr,na nyTH XOTH 61,1 ,nsyx Jl'IeeK nepeceKaIOTCJI BHYTJJH 

KOMMYTaTOpa. J136eiKaTb TaKHe 6JIOKHpOBKH MOiKHO nYTeM npHMeHeHHJI cneQHaJIH3H

poBaHHOro npoQeccopa Ha BXO,nax KOMMYTaTOpHOH CTaHQHH. O,nHaKO B JII060M CJiy'Iae 

3TO npHBO,nHT K YMCHhlllCHHIO nponyCKHOH cnoco6HOCTH KOMMYTaTOpHOH CTaHQHH. 

B ,nocTynHOii Jmrepawe o,nHa H3 KOMMYTaTOpHhIX CTaHQHH, pa3pa6oTaHHM 

qiupMott «ALKATEL», onucaHa B [28,29]. OHa coCTOHT m ,nsyx q>YHKQHOHaJILHLIX 

6JIOKOB, IlOCTJJOCHHhlX DO MO,nyJILHOMY DpHHQHDY, - BXO,nHoro H BhlXO,nHOro 6JIOKa. 

Bxo.nttoii 6JIOK COCTOHT H3 128 MO,nynett-TepMHHaTOpOB, 06ecnequsa10mux npueM, 

nepe,naqy u o6pa60TKy Jl'ICeK u napanJieJibHhlX 128X 128-KOMMYTaTOpOB, KOTOpble 

o6ecne'IttBalOT KOMMYTaQHIO ,naHHhlX, noczyna10mux co CKOpOCThlO 155 M6HT/c Ha 

Ka)l(,U.hlH H3 BXO,nOB. TaKHM o6pa30M, arperaTHaJ:I IlOJIOCa nponycKaHIDI CTaHQHH co

CTaBJIHeT I 55X 128, T.e. CBblllle I 00 r6HT/C. Me)l(,U.y BXO,nHLIMH H BbIXO,nHhIMH 6JIOKaMH 

HMCIOTCJI eme ,nsa 6JIOKa KOMMYTaTopoB, C03,naHHhIX Ha OCHOBe o,nHOKpHCTaJihHhIX na

paJIJI'eJihHbIX 32X 32-KOMMYTa'TOpoB c B03MO)KffOCThIO HapamusaHHJI 'IHCJia sxo

,nos/ahlxo,nos. IloMHMO o6hI'IHOro peiKttMa pa6oThl, 06ecnequsa10mero napanneJih

Hy10 KOMMYTaQHIO Jl'ICCK (B o6meM cnyqae H C pa3HOH 3a_nepiKKOH OT KaHaJia K KaHa

ny), HMeeTCJI TaIOKe B03MOiKHOCTh B cnyqae Heo6xo,nHMOCTH KOMMYTHpOBaTh ,naHHhle 

«OT o,nHOro Ha Bee» (pa,nuosemaTeJihHbIH peiKHM) HJIH KOMMYTHPOBaTh JII06y10 KOM6H

HaQHIO H3 n sxo,nos Han Bhixo,noB. Bxo,nhI u BhIXO,nhI ATM-KOMMYTaropa o6ecnequ

BaIOT npeo6pa3oBaHHe BXO,nHoro IlOCJie,noBaTCJlhHOro Ko,na a 8-pa3pll,nttbIH napaJIJICJih

HblH KO,n H Hao6opOT. B 3aBHCHMOCTH OT 3Ha'ICHIDI 3arOJIOBKa H ,npyroii CJIYiKe6HOH HH

q>opMaQHH BXO,nHaH Jl'ICHKa nepe,naeTCJI . Ha TJJH pa3JIH'IHblX HanpaBJICHIDI. Au.ii 
06ecne'ICHIDI peiKHMa COCTJ13aHIDI Me)l(,U.y Jl'ICHKaMH H ycTaHOBKH O'Iepe,neii MeiK)l.y 

HHMH HMCeTCJI 6JIOK naMHTH eMKOCThlO 2 K6aiiT. B Ka'IeCTBe BpeMeHHOH naMHTH He

pe,nKO ucnoJih3YIOT c,nsuroBhie perHCTphI, 06ecnequaa10mue Manoe speMH ,noczyna. 

Apxunicrypa napaJIJJMLHLIX KOMMyraTopoB. KaK YiKC OTMC'IaJIOCh Bhime, na

paJIJieJihHhIC (KOM6ttijaTOpHhle [32]) KOMMYTaTOpbI JIBJIHIOTCJI OCHOBHOH 'IaCThlO KOM

MyTaTOpHbIX crnHQHtt. KoMMYTnposaTh ll'IettKH MOiKHO, ucnoJih3Yll 06my10 muHy, 

,nsyxnopTOBLie 3an0Mttna10mue ycTpottcTBa, MaTptt'IHhie KOMMYTaTophI ( crossbar 

switches), KOMMYHHKaQHOHHhie CeTH, C03,naaaeMLie Ha 6a3e 2X 2-KOMMYTaTopoB, H TaK 

Ha3hIBaeMLie KOMMYTaTOphl C nepeKpeCTHhIMH CBJl3JIMH (crosspoint switches) [30]. 
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Pnc. 11. liJJOK-cxeMa O.llH~pll3pll.llHOro 32 x 32-KOMMyraropa mrra 
«crosspoint». KoHcj>. - BXO,ll KOHcj>HrypaUHOHHOfO pemcrpa, 3arp. -
3arpY3Ka, 8h16. - BLI6opKa, ,[{eKO,ll. - ,lleWHcj>parop, KoHcj>. pe
fHCTp. - KOHcj>HrypaUHOHHLIH pemcrp, Ilporp. - rrporpaMMHLIH pe
mcTp, Bx. a.np. - BXO,llhl Mll KO,llOB a.npecoB, 81,16. a.np. - Bhl60pKa 

a.npeca 

Ilocne,nHHH THn KOMMYTaTOpOB C03,naeTCJI Ha OCHOBe MYJJhTHilJICKCOpOB. OHU HMCIOT 

HaHMCHhlllYIO 3a_nepiKKY no cpaBHCHHIO C BhI1UeynoMJ1HYThIMH THnaMH KOMMYTaTO

poB. O6ma,i mttHa He no,nxo,nuT .nJIH KOMMyraQuu .naHHhIX B ATM-ceTJIX B cuny orpa

HH'ICHHOCTH no,nKJIIO'IaCMhlX K Heu ofo,eKTOB H MaJioro 61,1CTpo,neiiCTBHJI, nocKOJILKY 

HeB03MOiKHO o,nHOBpeMeHHO KOMMYTHPOBaTh HCCKOJihKO KaHaJIOB. Ilo3TOMY 6onee 

nepcneKTHBHhIMH JIBJIHIOTCJI nocne,nHHe TJJH THna napanneJihHhIX KOMMYTaTOpOB, ap

XHTeKTypa KOTOphlX 6y,neT pacCMOTpeHa Ha KOHKpeTHhIX npuMepax. McrnpuqecKHM 

npOTOTHnOM MaTpH'IHOro KOMMYTaTopa JIBJIJleTCJI KOMMYTaTop TeJieq>OllHOH CTaHQHH, 

r,ne oneparop spy'IHYIO ocymecTBJIJIJI CBJl3H MeiK,ll.y a6oHeHTaMH. TipuMeHeHue Haxo

.nJIT TaIOKe MaTpH'IHLie KOMMYTaTOpbI, BhIIlOJIHJICMhle no TCXHOJIOrHH nepenporpaM

MHpyeMbIX ~OrH'ICCKHX MaTpHQ [31]. B Y3JiaX MaTpHQhI pacnoJIOiKCHhl JIOrH'IeCKHe 

Jl'IeHKH H TJ)HrrepbI. MaTpHQa HMeeT 48 BXO,nHhIX u 48 BhlXO,nHhIX nopTOB. TIYTeM 

nporpaMMHpOBaHIDI coe,nuHeHHH H 3aHeceHHJI ,naHHhlX B COOTBeTCTBYIOlllHC Jl'ICHKH 

MOiKHO 6hICTJJO MCHHTb BhlnOJIHHCMhle q>yHKQHH MaTpH'IHOro KOMMYTaTOpa. TiepBM 

aepcu,i ycTpOHCTBa pa6oTaeT c qacTOTOH I 00 MrQ. Hanuque Ha KpHCTanne 6aHKa na

MHTH, COCTOJllllCM H3 nporpaMMHpyeMblX TpHrrepoB, nOJBOJIJleT peanH30BaTh KOH

TpOJih 3a npaBHJlbHOCThlO pa60Thl KOMMYTaTopa C nOMOlllhlO CTaH,napTHOro npoTOKO

Jia nocne,noBaTeJihHOro THna, cneQHaJihHO npe,nHa3Ha'ICHHoro ,nJIH KOHTpOJIH 60JihlUHX 

HHTerpanLHhlX MHKpocxeM. B MaTpH'IHhlX KOMMYTaTopax axo,nttoii curiian B 3aBucu-
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MOCTII OT Il03UUUU KOMM}'TupyeMoro 3JieMeHTa MO)KeT npoXO.z:tUTh ace JIOrH'{eCKUe 

3JieMeHThl, pacnOJIO)KeHHhJe B CTPOKaX (CTOJI6uax) MaTPUUhl, u Il03TOMY 6bICTPO.z:teii

CTBUe KOMM}'TaTopa yMeHblllaeTCJI C pOCTOM •mcna ero BXO,AOBIBhJXO,AOB, 

KoMM}'TaTOphI u ceTu, coJ,naaaeMhle Ha 6aJe 2X 2-nepeKmo•mTeneii, paccMoTPe

Hhl a o63ope [30). KaK OTMe'!aeTCJI a .z:taHHOH pa60Te, MH KOMM}'Tauuu ATM-J1'ieeK 

MO)KHO UCilOJih30BaTb MHOroKacKa,AHhle KOMM}'TaTOpbI Tuna «6aHhJIH», «.z:teJihTa» u 

«CeTh Kno3a», C03.z:taaaeMbJe Ha OCHOBe 2X 2-KOMM}'TaTOpoa u 06na,na10mue CBOHCTBa

MU aBToMaplllp}'TH3auuu. IlpaKTU'ieCKH 3TO 3Ha'!UT, 'ITO HeT Heo6xo.z:tUMOCTU B o6meM 

K08TpOJIJiepe ,lUIH ynpaaneHUjj npoxo)K,AeHUeM Jl'ieeK OT BXO,AOB Ha BhJXO,Ahl, IlOCKOJih

Ky Ka)K,AM R'ieiiKa KOMM}'TaTOpa ynpaBJIReTCR O,AHUM 6UTOM a.npeca npueMHUKa. B 

CBOIO O'iepe,nh TaKM apxuTeKT)'pa KOMM}'TaTOpOB o6ecnequaaeT ux BhICOKOe 6hJCTpO

,neiicrnue. O.z:tHaKo 3a,nep)KKa B TaKUX YCTPOHCTBax yaeJIU'iUBaeTCR C pOCTOM 'iUCJia 

BXO.z:tOBIBhIXO.z:tOB KOMMyrnrnpa. 

Ha puc.11 npuae,neHa 6noK-cxeMa KOMM}'TaTOpa 32 x 32 HanpaaneHUR Tttna 

«crosspoint», BhJilOJIHeHHOro a au.n.e 6oJibllJOH UHTerpanbHOH MUKpocxeMbI [30). KoM

M}'TaTOp MO)KeT 6hJTh ucnoJib30BaH ,nJIR 0,AHOBpeMeHHOH KOMM}'Tauuu 32 0,AHOpa3pR.z:t

HhIX CJIOB Ha 32 HanpaBJieHHR. IlpuMeHeHue TaKOro KOMM}'TaTOpa a ATM-CeTJIX, r,ne 

,naHHhle nepe,naIOTCR B BU.z:te nocne,noaaTeJihHOro KO.z:ta, Il03BOJIReT UCilOJih30BaTh ,lUIH 

nepe_naqu umpopMauuu C 32 Ha 32 HanpaaJieHUR 0,AHOBpeMeHHO. Mo,nyJih COCTOUT U3 

32 MYJihTUilJieKcopoa u 2 KOHqrnrypauuoHHhlX perncTpOB, Il03B0JIRIOlllUX C03,naaaTh 

pa3JIU'iHhie pe)KUMhl pa6oThl KOMM}'TaTOpa, u a 'iaCTHOCTII pa,nuoaemaTeJihHhJH pe

)KUM. Bu,nHO, 'ITO 3a,nep)KKa B TaKoM KOMM}'TaTope npaKTU'ieCKU He 3aBUCUT OT KOJIU

qecrna BXO.z:tOBIBhIXO,AOB. 

OnucaHHhJH a [32,33) MeTO.z:t IlOCTPOeHHR napaJIJieJihHhJX KOMM}'TaTOpOB UMeeT 

PJl.z:t npUHUUilUaJihHhIX OTJIU'iUH OT H3BeCTHhJX. Ilpe)K.Ae acero ,naHHhle He nepeKJIIO'ia

IOTCR OT BXO,AOB Ha BhJXO.z:thI, a npeo6pa3yIOTCR a KO,AOBhle CJIOBa ,npyrHX KO,AOB, Ha.z:t KO

TOphIMU BhIIlOJIHRIOTCR noruqecKue onepauuu, HanpuMep coana,neHue. Il03TOMY He 

TPe6yeTcR qiopMupoaaHUR a,npecoa nepe,naT'iUKOB, a a,npeca npueMHUKOB nony'iaIOT

CR B pe3yJihTaTe BhIIlOJIHeHHR npOCThJX JIOrH'ieCKUX onepauuii. KpoMe TOro, npe,nnara

eMhie KOMM}'TaTOphl o6na,naIOT KOppeKTHPYIOlllUMU CBOHCTBaMU. B Ka'iecrne KOppeK

rnpyIOlllUX KO,AOB UCilOJih3YIOTCR KO.Ahl A,naMapa [32) u EqX-KO.z:thl [33). 

IlpnMeHeHue HCKYCCTBeHHhlX ueiipOHHhlX CeTeii. B Te'!eHue IIOCJie,nuux ,necR
.TU JleT cymecTBeHHO B03poc UHTepec K HeiipOHHhIM CeTRM U ux npaKTU'ieCKOMY npu

MeHeHUIO (cM. o63ophl [34--35)). CaMhIH coaepllleHHhlii KOMnhIOTep TPY.z:tH? cpaa

HUTh C 'ieJIOBe'ieCKUM M03roM OTHIO,Ah He TOJihKO IlOTOMY, 'ITO OH co,nep)KUT ruraHT

CKOe KOJIU'ieCTBO (XOTR u BeChMa Me,nJieHHhIX) noruqeCKHX R'ieeK-HeiipOHOB. 

IlpUHUUilUaJihHOe OTJIU'!Ue npe)K,Ae acero COCTOHT B Tune BhJilOJIHReMOH JIOrHKU, Bhl

COKOH CTeneHU napaJIJieJIH3Ma U CBR3HOCTH Me)K.Ay HeiipoHaMU. KpoMe Toro, ,naHHhle B 

HeiipOHHhJX CeTRX KaK B ecTeCTBeHHhIX, TaK u UCKJCCTBeHHhJX He co,nep)KaTCR B OT

,neJihHOM 6JIOKe naMRTU, KaK B o6hJ'iHOM KOMIIbIOTepe. OHu pacnpe,neJieHhJ, 3anoMUHa

IOTCR u co,nep)KaTCR B aecax. Ilo3TOMY B HeiipOHHhJX CeTRX He B03HUKaeT npo6JieMhl 
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Puc. 12. DJIOK-CXeMa KOHTJ)OJIJiepa Ha OCHOBe HCKyCCTBeHHOH 

Heil:poHHoil: ceTH. YYOI01 - YCTJ>OH~Bo yCTaHoBKH o'iepe.z:teil: 

KOMMYTaUHH gqeeK, HHC - HCKyCCTBeHHM Heil:poHHaH CeTh, 

MK - MaTJ)tt'iHLiil: KOMMYTaTOp, BM3 - axo.z:tHM MaTJ)ttua Ja

npocoa, OKM - OnTHMaJibHaH KOmfmrypaUHOHHM MaTpuua, 

a, b, c, d - naKeTbI .z:taHHbIX 

KOMMJmUUU UHq>OpMauuu, IlOCKOJihKY 3Ta q>YHKUHR COBMell{eHa C BhJ'iUCJieHHRMU. 

B TO )Ke apeMR pR.z:t OTMe'ieHHhIX Ka'ieCTB HeiipoHHhIX CeTeii MO)KeT 6b1Tb UCIIOJih30BaH 

MH OilTUMU3al.(UU 3a,Aa'i, CBR3aHHhIX C ynpaBJieHUeM o6oeKTaMU. 
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TaK, B [36--3$] npe.L(Jlaraerc» npnMeHHTh HeiipoHHYJO CeTh Tttna «Xompttnh,na» 

.nM ynpaBneHBR KOMMyraTOpoM Tttna «6aHh»H». C 3T0H uenhJO pa:1pa6ornH KOHTpon

nep, BhlilOJIHeHHhlll B Btt,ne HHTerpaJibHOH MHKpocxeMhl tt co,nep)KalllHH 8X 8-HeiipoH

HYIO CeTh. IloKa:JaHO, KaKHM o6pa:30M MO)KHO HCilOJlh30BaTh HettpOHHYIO CeTh .nM 

ynpaBneHUR KOMMyraTopaMH Ha 60JihIIIOe '-IHCJIO BXO,nOBIBhlXO,nOB. IIpo6neMa 0IlTH

MH3aQHH nponycKHOH cnoco6HOCTH KOMMyraTOpa Tttna «6aHh»H» llllJIIOCTPHPYeTC» c 

IlOMOlllhlO pttc.12. Ha pncyHKe IlOKaJaHO, KaKHM o6pa:30M 3anpochl Ha o6cny)KttBaHtte 

BXO,nHhIX naKeTOB c IlOMOlllhlO N x N-MaTPHqHoro KOMMyraTopa MOryr 6hITh npe.ncrn

BneHhl B Btt.ne N xN-,nBonqHoii BXO.nttoii MaTPHUhI JanpocoB r(N = 4). CTPOKH n 

CTOJI6Qbl MaTPHUhl r accounnpyIOTc» c BXO,naMH n BhIXo,naMH KOMMyraTopa COOTBeT

CTBeHHO H 3a,naIOTC» OT YCTPOHCTBa ycTaHOBKH oqepe,neii KOMMyraunn »qeeK 

(YYOI01). Ecnn Ha Bxo,nax KOMMyraTOpa ttMeerc» xoT» 6hl o,nHa »qeiiKa, KOTopy10 He

o6xo,nnMo nepe,naTh OT Bxo,na i Ha BhlXO,n }, TO 3JieMeHT MaTPHUhl rij = 1, B npOTHBHOM 

cnyqae rij = 0. B CBOIO oqepe,nh npoXO)K,neHHe »qeiiKH CKB03h KOMMyraTop MO)KHO TaK

)Ke OilHCaTh C IlOMOlllhlO N XN-,nBonqHblX OilTHMaJihHhIX KOH<pttrypaunoHHhIX Ma

TPHU (OKM). IloJHUHH e,nttHHU B MaTPnuax OKM noKaJhIBaIOT «OTKphIThie» nepece

qeHBR, T.e. cij = 1, H-3aKphIThie, ecnn cij = 0. TaKHM 06pa:10M, npo6neMa Haxo)K,ne

HH» OilTHMaJlhHhIX MapIIIpyroB H, COOTBeTCTBeHHo; yBennqeHtte nponycKHOH 

cnoco6HOCTH KOMMyraTopa CBO,nHTC» K Haxo)K,neHHIO OilTHMaJlhHhIX KOH<pttrypaunoH

HhIX MaTPHU. 3-rtt MaTPHUhl, KaK cne,nyer H3 pnc.12, nptt HaJIO)KeHHH ,npyr Ha ,npyra 

,naIOT ncxo,nHy10 MaTPHUY 3anpoc0B. <l>yHKUHH HeiipoHHoii cern coBMeCTHO c YYO101 

CBO,n»TC» K BhlqncneHHIO OilTHMaJihHOH KOH<pttrypaUHOHHOH MaTPHUhl. IIpnqeM .nM 

IlOCTPOeHUR HettpOHHOH CeTH HCil0Jlh3YIOTC» cneQHaJlhHbie »qeiiKH-HettpOHhl. OcHOB

HOe CBOHCTBO TaKOH HeiipoHHOH CeTH COCTOHT B TOM, qTo nocne BKnJOqeHH» Hanp»)Ke

HH» IlHTaHH» B pe3yJihTaTe COCT»3aTeJihHOCTH TOJihKO o,nHH HettpOH OCTaeTC» BKnlO

qeHHhIM, qTo o6ecneqnBaeT aKTHBaQHIO TOJihKO o,nHoro BhIXO,na HettpOHHOH CeTH. 

KOMMep11eCKHe pa3pa60TKH. B [30,39] npttBe,neH o63op, IlOCB»llleHHhlll nepBO

MY IlOKOJieHHIO pa:3pa60TOK napruineJihHhlX KOMMyraTopoB, BhIIlOJIHeHHhIX B BH,ne 

611C. IIapaM~hl HeKOTOphIX H3 HHX npttBe,neHbl B Ta6JI. 2 [39]. 

B CB»3H C TeM, qTo HCilOJlh3yerc» MHO)KeCTBO cereii, HMelOlllHX pa:3JIHqHhie CTaH

,napThl, B CJIO)KHBIIIeiic» cnryaunn npe,ncrnBn»erc» uenecoo6pa:3HhIM pa:1pa6aThIBaTh 

H HCilOJlh30BaTb pa:3Hhle no Knaccy KOMMyraTOphl H ,npyroe ceTeBoe o6opy,noBaHtte. Ilo 

3TOMY nptt3HaKy BhI,nen»erc» qerh1pe Knacca ATM-KOMMyTaTOpoB. 

• KoMMyraTopb1 »qeeK M» HacTOJihHhIX cncTeM (desktop switch). KaK npaBuno, 

OHH HMeIOT <pttKcnpoBaHHYJO apxttTeKTYPY· lllaccn HMeer 1-2 6hICTPhIX noPTa n 
npe,nHaJHaqeHhl M» np»Moro BKnJOqeHUR B JIBC nepCOHaJlhHhIX KOMilhJOTepOB. 

• KoMMyraTOphI »qeeK ,nn» pa6oqnx rpynn (workgroup switch). XapaKTepHJyJOT

c», KaK npaBttnO, apxuTeKTYPOH C <pHKCttpoBaHHhIM KOJIHqeCTBOM IlOPTOB ,nn» cerMeH

TOB n yJnoB. HeKOTophie ycTPoiicTBa HMeIOT BCTpoeHHhie MapIIIpyrttJaTophI. 

• MarttCTPaJihHhie KOMMYTaTopHhie cTaHUHH MacIIIrn6a rno6aJihHoii cern (back

bone switch). B KOMMYTaTOphl ,naHHOro Knacca BCTPOeHhI MapIIIpyrliJaTOphI npOTOKO

JIOB CeTH Internet H cpe,nCTBa IlOCTPOeHH» BHPTYaJihHhIX cereii. 
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Ta6nnua 2. IIapaMerpLI HeKOTOpLIX EMC Jl)Ill ATM-cnoco6a KOMM)'TaUHH 

<l>HpMa 

AT&T 

Fujitsu 

IBM 

IGT 

YCTpOHCTBO 

Phoenix T7650 
2 X 2-KOMM)'THpyeMaJI 
Ma-rpnua rnna cross-
point 

MB86680 4 x 4 c as-
T0Mapwpyr. 

Prizma 16 x 16 
HanpaeneHHii 

WAC-188A 8 X8 
HanpaeneHHii 

Tri Quint I TQ 801 16 x 16 rnna 
Semiconductor crosspoint 

ATM-q>yHKUHH KoMMeHTapHH. U:eHa 

ABTOMapwpyrmaUHJI. HcnonLJyeTcl! B He-
KacKa,nnpyeMLIH. IIo- 6om,WHX KOMMyra-
noca nponycKaHHll TOpHLIX CTaHUHJIX 
320M6HT/c U:eHa 25$ 

KacKa,!lHpyeMLIH .no U:eHa 70$ 
32 x 32. IIonoca npo-
nycKaHHJI 155 M6HT/c 

1400 M6HT/c Ha O.!lHH 
TI0PT C naMJITLIO. 
HMeercll 6y¢epHoe 

, 2,4 X 106 TpaHJHCTO-
poB. 472 BLIBO,!la 

3Y. KacKa.nnpyeMLiii. 
Pa.nnoeemaTeJILH1>1ii 
pe)KHM. ABToMapw-
pyr. AIIC = 
6,4 f6HTIC 

IIonoca nponycKaHHll I U:eHa 76$ 
155 M6HT/c Ha O,!lHH 
noPT. HMeeTcl! 06maJ1 
naMJITL H naMJITL THna 
FIFO Ha BLIX0.!lHLIX 
KaHanax.KoH-rponL 
Jarnpoe. KacKa,!lHpye-
MLiii. O6ecne•rneaer 
IlJITL ypoBHeii npH0-
pHTeTa 

AIIC 1,2 f6ttT/c. I 100$ 
HMeeTCJI OilTH'IeCKHH 
KaHan. 803M0)KHLI 
KOHq>HrypaUHH rnna 
«CeTL Kno3a» H 
«.!leJILTa» 

AIIC - arperaTHaJI nponycKHaJI cnoco6HoCTL. IGT - Integrated T_elecom Technology. 

Hap»,ny C ~TM-KOMMyraTOpHbIMH CTaHUBRMH p».n <pttpM BhmycKaer TaK:)Ke 

rn6pttMhie CTaHUHH. TaK, pa:3pa60TKa [40]ttMeer qerhlpe noPTa M» cern Token Ring, 

16 nopToB .nM cern Ethernet n ,naa noPTa M» ATM-cern . .L{nJi MOHttTopnpoBaHBR 
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A TM-ce-ru qmpMa «Xhlonerr TiaKKap.1v> pa3pa6ornna aHanHJarnp HPE5200A. B 
[41) npHB0~HTCJI CBO~HM rn6mu-1a, co~ep)KaIIWH napaMeTPhl annaparyphl, Bhmyc
KaeMbie qmpMoii «Cisco Systems» MH ATM-ceTeii. Knacc K0MMYTaTopos BKmoqa
e-r B ce6H K0MMYTaT0phl MH pa60'IHX rpynn, K0MMYTaTOphl CeTH npe~npttHTHH H 
K0MMYTaTOphl KopnopaTHBHOH CeTH. 

5. ATM-TEXHOJIOfIDI l1 JIOKAJlhHbIE Bblql1CJil1TEJibHblE CETH 

3MyJIJ1UHJ1 JIBC B ATM-ceTL. 3MymnttH JIBC HBnHeTCH 3cpcpeKTHBHhIM cpek 
CTBOM Il0~KllIO'leHHJI llOKallhHOH CeTH K CeTH, Bh!IlOnHeHHOH B ATM-crn~apYe. 
TipH 3T0M pewaIOTCJI ~Be Ja~a'ltt: COJ~aHHe H Il0~KllIO'leHHe ~e cymecrnyIOmttx 
ce-reii '1epe3 KOMMYTaTOp K ATM-ce-rtt. HanpttMep, TaKtte CTaH~apYHhie ce-rtt c 
npHHl.lHilHallhH0 HHhlM cnoco6oM TpaHcnopTttp0BKH np0TOK0ll0B, KaK E3epHeT, Ha
xo~mHXCJI s O~HOM no~paJ~eneHHH, M0ryT o6MeHHBaThCJI ~aHHhIMH c cepsepaMH 
ATM-ce-rtt, pacnono)KeHHoii s ~pyroM J~aHHH. Tiptt 3TOM see nonhJ0BaTenhCKHe 
nporpaMMhI coxpaHHIOTCH. C 3Toii l.lellhIO ATM FORUM B 1995 r. peKoMeH~osan 
crnH.i{aprny10 cttcTeMy 3MYllHl-lHH (LANE -Local Area Network Emulation) [ I 2], KO
rnpM cocToHT HJ ~syx KOMnoHeHTos: LEC (Lan Emulation Client) H LES (Lan Em
ulation Servers). LANE-KlltteHThl - 3TO IlO~KllIO'leHHbie K ceTH ATM MOCThl, KOM
MYTaTOphl, MapwpYTH3aTOph! H KOMilhIOTephl Ha pa60'IHX MeCTaX [42). Hx cpyHKl-lHH 
JaKllIO'laIOTCJI s TOM, 'IT06hI TPaHcnttpOBaTh naKeThl s H'leHKH tt Hao6opoT tt COJ~a
BaTh supryanhHhie coe~ttHeHHH. LANE-cepsttChI Haxo~TCH s ce-ru, Ha BhI~eneH
HhIX cepsepax H Ha IlO~KllIO'leHHhIX K pa6o'IHM rpynnaM ycTpOHCTBax B 3Mynttpye
Mh!X JIBC. OHtt noMoraIOT LANE-KntteHTaM TpaHcnuposaTh ~peca H coJ~asaTh 
WHpOKOBemaTenhHh!H pe)KHM. B [43,44) npHBO~TCJI 6noK-CXeMhl IlO~KllIO'leHHH 
JIBC, Bh!IlOnHeHHhie B CTaH~apYax E3epHeT, H OilTOBOllOKOHHhlH HHTepcpeiic K ceTH, 
BhmonHeHHoii s cTa~apYe ATM. 

BupTyaJILHLie JIBC. KOMMYTHpyeMaH TeXHOllOrHJI O'leHh 3cpcpeKTHBHO HC
nonhJyeTCJI ~ nocTPOeHHH BttpryanhHhIX JIBC [45-47). CYTh sttpryanhHhIX 
JIBC JaKnIO'laeTcH B TOM, 'ITO cerMeHThI JIBC o6be~HHHIOTCH He no TeppttTopttanh
HOMY, a no nortt'!eCKOMY npttHl.lttny, T.e. Ha OCHOBe o6mux HHTepecoB nonh30BaTe
neii, pacnono)KeHHhlX Ha pa3llH'IHhlX 3Ta)KaX HnH B pa3llH'IHhIX 3~aHHJIX. TioMHMO 
noro coJ~aHtte sttpryanhHhIX JIBC noJsonHeT pewaTh cne~y10mue 3~aqu: 

- BhI~eneHHe cerMeHTOB, pa60TaIOmttx c KOH!pH~eHl-lHallhHhIMH ~aHHhIMH; 
- ysentt'leHtte nponycKHoii cnoco6i-iocTtt JIBC; 

- 3cpcpeKTHBHOe peweHtte npo6neMhl H3MeHeHHHMH B CeTH, TaK KaK H3MeHe-
HHH s pa3MemeHHH noTPe6ttTeneii ocymecTBmIOTCJI nO~KllIO'leHtteM CTaHl-lHH K 
nopry 6ntt)Kaiiwero KOMMYTarnpa H HaCTPOiiKoii 3TOro noprn Ha coOTBeTCTBy10-
my10 supryanhHYIO JIBC [45). 
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OcHosoii sttpryanhHhIX ceTeii cn~aT KOHcpttrypttpyeMhie KOMMYTaTOphI. Hc
nonhJYeMhie cxeMhI ~ cOJ~aHHH sttpryanhHhlX ce-reii onucaHhI B [46,47). Hau6onee 
3cpcpeKTHBHO supryanhHhie JIBC peanHJyIOTcH c noMomhIO ATM-KOMMYTarnpos. 

6. 3AKJIIOqEHl1E 

AHanH3 llHTeparyphI noKaJhIBaeT, 'ITO ~ospeMeHHhie Bhl'IHCllHTenhHhle CeTH HMe
IOT HHJKYIO nponycKHYIO cnoco6HOCTh H nnoxoe Ka'!ecrno o6cnJ,KHBaHHH. l1cnonh3o
BaHtte KOMMYTttpyeMhIX TexHonorttii, H npe~e scero ATM-TeXHonortttt, noJsome-r 
COJ~asaTh 6hICTPO~eiicTByIOmtte ceTH, s KOTOphIX no O~HOMJ KaHany MO)KeT nepe~a
BaThCJI Beeb cneKTp cospeMeHHOH HH!pOpMal.lHH, BKllIO'laH ~aHHhie H MYllhTHMe~Ha B 
1-lH!ppOBOH cpopMe. OcHOBHM npo6neMa 3~eCh HOCHT 'IHCTO opraHtt3al.lHOHHhlH H q>H
HaHCOBhlH xapaKTep. Y'IHThIBM noKa eme BhICOKYIO CTOHMOCTh HOBOH TexHonorHH H 
HallH'IHe orpOMHOro KOllH'leCTBa HCnOllhJyeMhlX JIBC, B MH)Kaiiwee speMH MO)KHO 
O)K~aTh nnaBHoro nepexo~a · K ATM-TexHonortttt. B nepcneKTttse B 6ntt)Kaiiwue 
IlHTh-~eCHTh lleT MO)KHO O)KH~aTh COJ~aHHH noKanbHhIX tt rno6anhHhlX cereii Ha 6aJe 
e~ttHoro crn~aprn - ATM. 
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