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Oo0Ona u3 ocHoBHbiIX nompeb6Hocmeli 4yenoseka nompebHocmb B obujeHuu.
YHusepcanbHbiM cpedcmsom obuwjeHUa ABAAIOMCA KOMMyHUKayuu, obecneyusaro-
ujue nepedavy UHhOpMaYUU C NOMOU{bIO COBPEMEHHbIX CPEOCMB CBA3U, BHIHYAIO-
wux kKomnbiomep. Ob6was cxema nepedayu uHgpopmayuu maxosa: UCMOYHUK
UHhopmayuu KaHan cBA3U npuemHuk (nonydamenb) uHgpopmayuu. OCHOBHbIMU
ycmpoiicmsamu 0na 6bicmpoii nepedayu uHghopmayuu Ha 6onbuiue pacCMoAHUA B
Hacmosujee Bpems AB/AAOMCA mesezpag, paduo, menepoH, menesusUOHHbIL
nepedamyuk, meneKOMMYHUKAUUOHHble cemu Ha 6ase BbIYUCIUMENbHbIX cucmem.
lepedaya unghopmayuu mexdy Komnbromepamu cyujecmsyem ¢ camo2o MomMeHma
Bo3HUKHOBeHuas IBM. Ona nossonsem opzanHu3osams cosmecmHyio pabomy
omOenbHbIX KOMNbIOMEPOB, peuiamp OOHY 3a0a4yy C NOMOWbIO HECKObKUX KOM-
nblomepos, COBMECMHO UCNO/Nb308amMb pecypcbl U peuiamp MHOX¥ecmBo Opyaux
npobnem. o0 KomnbiomepHOli cembl0 NOHUMAIOM KOMNJEKC anNNapamHpix U
npozpammHbIX cpedcms, NnpedHa3Ha4YeHHbIX 01 obmeHa uHgpopmayueii u docmyna
nonb3osameneii k eduHbim pecypcam cemu. OCHOBHOe Ha3HA4YeHUe KOMNbIOMEPHbIX
cemeii obecneyumb cosmecmHbiii docmyn nonb3osameneii ¥k uH¢gpopmayuu (6asam
OaHHbIX, OokyMeHmam u m.0.) u pecypcam (¥Mecmrue OUCKU, NPUHMEPbI, HAKONU-
menu CD-ROM, modembi, Bbixod B 2mobanbHyto cemb u m.0.). Lenp cmambu
nocmpoeHue mamemamudeckoli MoOenu KOMNbIOMePHbIX cemeli ¢ UCNOIb30BAHUEM
mamemamuyeckKux Memod9os.

Kmouyesnbie cnosa: KOMNbOMEePHAA cemb, monosiocus, ZdeJ, KOM6UHGmOPUKG.

134



KomnbtoTtepHas cetb (aHrn. Computer NetWork, ot net cetb n work pabota)
COBOKYMHOCTb KOMMbIOTEPOB, COENUHEHHbIX C MOMOLLbIO KaHanoB CBA3N M
CPEeACTB KOMMyTaLUW B €4UHYIO cucTeMy gna obmeHa coobLueHuAMM U JocTyna
nonb3oBaTeneil kK NPorpamMmmHbIM, TEXHUYECKUM, MH(POPMALMOHHBIM U OpraHu3a-
LIMOHHbIM pecypcam ceTu[1-3]. KomMnbioTepHyto ceTb NPefCcTaBnAOT Kak COBOKYIM-
HOCTb Yy310B (KOMMbIOTEPOB M CETEBOro 06OPYAOBAaHUA) U COELUHAIOLMX WX
BeTBeil (kaHanoB cBA3n). BeTBb ceTn 3TO NyTb, COEAMHAIOLLMIA ABa CMEMHbIX
y3na. Pa3nuuatoT y3nbl OKOHEYHble, pacroNoMeHHble B KOHLEe TONbKO OfHOM
BETBM, NPOMEXYTOYHbIE, PaCrnoNoMKeHHbIe Ha KOHLax bonee 4yem OfHON BETBU, U
CMEXHble Takne y3Nbl COeMHEHbI NO KpaiiHeil Mepe OfHUM NYTEM, He Copepa-
MM HUKaKMUX Bpyrux y3nos. KomnbtoTepbl MOryT 06beAnHATLCA B CETb pasHbl-
MU criocobamu.

Mo TepputopunanbHoii pacnpoctpaHeHHocT. PAN (Personal Area Network)
nepcoHanbHas CeTb, MpefHa3sHayeHHas [AfA B3auMOLENCTBUA  pasAnyHbIX
ycTpoiicte, npuHagnexawmx opHomy Bnagenbuy. JIBC (LAN, Local Area
Network) nokanbHble ceTu, UMetOLLME 3aMKHYTYHO WHAPACTPYKTYPY AO BbIXOAa
Ha noctaBLmKoB ycnyr. TepmuH «LAN» MOMeT onucbiBaTb U ManeHbKyto odguc-
HYtO Ce€Tb, W CeTb ypOBHA 6ONLLLOro 3aBOAA, 3aHWMAIOLLLErO HECKONbKO COTEH
rekTapoB. 3apybexHble UCTOYHUKM Jal0T pame OGNU3KYIO OLLEHKY OKOMO LUeCcTu
munb (10 km) B papuyce. JlokanbHble CETU ABAAIOTCA CETAMMU 3aKPbITOro TWna,
AOCTYM K HUM pa3peluéH TONbKO OrpaHW4YeHHOMY Kpyry nonb3oBaTeneil, Ans
KoTopblx paboTa B Takoii CeTU HEMOCPELCTBEHHO CBA3aHa C UX NPodeccMoHanb-
Hoii peatenbHocTblo. CAN (Campus Area Network kamnycHaa ceTb) obbepuHAeT
nokanbHble ceTn 6aM3Ko pacnonoeHHblx 3paHuii. MAN (Metropolitan Area
Network) ropopckue cetn Memay Yy4YpemKfeHWAMUM B Mpefenax OAJHOro Wmu
HECKONbKUX FOPOJOB, CBA3bIBAIOLLME MHOTO JIOKaNbHbIX BbIYMCIUTENBHbIX Ce-
Teil., WAN (Wide Area Network) rnobanbHas ceTb, nmokpbiBatowias GonbLuve
reorpadu4yeckne pervoHbl, BKOYaloLne B CebA Kak NOKalbHble CETW, Tak K
npoymne TeNeKOMMYHUKALMOHHbIE CETU U YCTPOICTBaA.
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Mpumep WAN cetn c kommyTaumeii naketos (Frame relay), yepes KoTopyto
MOryT «pa3roBapuBaTb» Memay Cob0ii pas3nnyHble KOMMbIOTEPHbIE CETW.
[nobanbHble ceTn ABNAOTCA OTKPbITbIMU U OPUEHTUPOBaHbl Ha obcnyxuBaHue
ntobbix nonb3oBateneil. TepMUH «KOpropaTUBHAA CETb» TaKke WUCMonb3yeTcA B
nutepatype pnAa 0603HayeHWA OObeAMHEHUA HECKONbKUX CceTell, Kamjaa w3
KOTOPbIX MOMET ObITb MOCTPOEHAa Ha PasfMyHbIX TEXHUYECKUX, NPOrPamMMHbIX 1
MHPOPMALIMOHHbBIX MPUHLMNAX.

Mo apxutektype. Knuent-cepsep. (aHrn. Client-server) BbluncnutenbHaa
UNn ceTeBas apXMTEKTypa, B KOTOPOW 3afaHuA WM ceTeBas Harpyska pacnpe-
AeneHbl Mexy NocTaBLLMKaMM YCyr, Ha3blBaeMbIMU CEPBEpPaMU, U 3aKasymKamm
YCnyr, HasblBaembiMU KnveHTamu. PU3nyYeckn KIMeHT W cepBep 3TO Mporpam-
MHoe obecneyeHne. Ob6bIYHO OHM B3aMMOLENCTBYHOT Yepe3 KOMMbHOTEPHYHO CETb
MOCPeACcTBOM CeTeBbIX MPOTOKONOB M HAaXO@ATCA Ha Pa3HbiX BbIYUCAUTENbHbIX
MallMHax, HO MOrYT BbIMOMHATLCA TaK¥e M Ha OAHOI MalmHe. [lporpammbi
cepBepa, OMWAAIOT OT KAWEHTCKUX MporpaMm 3amnpocbl U MPefoCcTaBAAT UM
CBOM pecypcbl B BWUAE JaHHbIX (Hanpumep, 3arpy3ka aiinoB nocpencTeom
HTTP, FTP, BitTorrent, notokoBoe mynbTumegma unu pabota c 6a3amn gaHHbIX)
Unn cepBUCHbIX PyHKUMI (Hanpumep, paboTa C 3NeKTPOHHOW NoYToW, obLyeHne
NMOCPEACTBOM CUCTEM MrHOBEHHOro obmeHa coobLieHuAMK, MNpocMoTp web-
CTpaHuL, BO BCEMUPHOI1 NayTUHE).

Noruyeckuii n dmsmnyeckniti cnocobbl coefMHEHNA KOMMbIOTEPOB, Kabeneii u
APYrvX KOMMOHEHTOB, B LLENIOM COCTaBAIOLLMX CETb, Ha3bIBAETCA ee TOMONOoruneil.
Tononorna xapakTepusyeT CBOICTBa ceTeld, He 3aBucALLMe OT Ux pasmepos. [1pu
3TOM He y4MTbIBaeTCcA NMPOU3BOAMUTENBHOCTb U MPUHLMN paboTbl 3TUX O6BEKTOB,
WX TUMbl, OAWHbI KaHanoB, XOTA MPW MNPOEKTUPOBaHUKU 3TN (PaKTOpPbl OYEHb
BaMHbl.
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B matematuke ecTb Takoe MOHATUE, Kak «rpagp» 3TO MHOMKECTBO BepLUMH
(Touek) n pebep (coegumHeHunii mexpy napamu BepluuH). Tononorua cetn 310
KoHdurypauua rpadpa, BepLUIMHaM KOTOPOro COOTBETCTBYHOT KOHEYHbIE Y3bl
ceTn (KomnbioTepbl) U OMMyHMKaLMOHHOe 0bopygoBaHMe (MapLupyTu3aTopbl), a
pebpam CoefMHEHNA (MMHUW) MeM LY BEPLUMHAMM.

B peanbHoil MWU3HWM NMHKMA CeTU XapaKTepU3yeTca elle W CBOei AJNHOI
(0ocobeHHO 3TO BaMHO B MPOBOAHbIX CETAX [NA MPOKNAAKN NUHUM HEOObXOAUMO
3HaTb, CKONbKO MpoBOAa (kabenA) HyMHO 3aKynuTb). HO B BblliEyKazaHHOM
TEKCTe BOMpOCa [AJIMHE AMHUM 3HAYeHMA He npupaeTca. Y Hac ecTb NATb
MapLUpyTM3aToOpoB (BeplunH rpada), Mempy KoTopbiMu TpebyeTca MpoBOAUTH
nuHun (pebpa rpaca). [na pabotbl ¢ rpadamm U MHOMKeCTBaMu B maTemaTtuke
CyLLLeCTBYeT pasfen nog HasBaHuem «kombuHaTopuka» KombuHatopuka apnaetca
4acTbto OuckKpemHol maTemaTUKu (3TO pasfien mMaTemMaTuMKW, UMEROLLMIi aeno ¢
KOHEYHbIM YMCNOM 3Ha4YeHWil, B OTIMYME OT HenpepbisHOU maTemaTukm). Kak
cnefyet M3 HasBaHWA, KOMOMHaTOpMKa MMeeT [eno C KOMOMHAUMAMKU 3HaYeHWid
(obbekToB).

3apava.[3] NaTb mappyTn3aTopoB HEOOXOAUMO COEfUHUTb B MOACETb C
ABYXTOYEYHbIM coeAuMHeHnem. Kaxible gBa MapLupyTusaTtopa pa3paboTymku
MOTYT COEUHUTbL BbICOKOCKOPOCTHOW, CPefHECKOPOCTHOW, HWU3KOCKOPOCTHOM
NUHWEN MU HUKaK He coepuHATb. [Npepgnonoxum, kKomnbrotepy Tpebyerca 100
MC ANA MOAENVMpOBaHWA U aHanusa Kamjoii Toronorun. CKONbKO KOMMbIOTEp-
HOro BpemeHW noHapobutca pnAa Bblbopa BapuaHTa, nyuylle BCEro CooT-
BETCTBYIOLLLETO OXMAaeMoli Harpy3ke?

Pewenne. CHayvana nocymTaem, CKONMbKO NIMHMIA MOMKHO MPOBECTU MEKAY
KaXAblMM ABYMA BepLUMHamMK (MapLupyTu3atopamu) Haweii cetu. KoHeyHo, 310
MOXHO caenatb NpAMbIM nepebopom Ha pucyHke. Huxe HapucoBaHa ceTb, B
KoTopoii 06o3HayeHbl MapLupyTu3atopbl Toukamn A, B, B, I n [l. Bce Toukm

nonapHoO COE€AUHEHbI NNHUAMWN!
A
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Mpun nopcyete npambim nepebopom nonyyaetca 10 nuHwnii. Ho, B npuHumne,
MOMHO rnonpoboBaTb HaillTu dopmyny pAna noboro Konnyectea BEpPLUMH.
PaccmoTpum Haww cnyyail ¢ naTbto BeplumMHamu. HayHem npoBoguTb NMHUM U3
Toukn A. U3 31Ol ToukM Mbl cmoxem nposecTn 4 nuuun: AB, AB, Al n A[l.
Tenepb npoBegem nuHUM U3 Toukn bB. M3 3TOil TOYKM Mbl cmoem Tenepb
nposectu nuwb Tpu auHumn: bB, BI, Bl (nMHua BA yxe nposeaeHa paHee nogj,
HasBaHuem AB). Tenepb npoBepfem nuHuUM K3 Touku B. U3 37Ol TOYKM MbI
cmoxeMm Tenepb nposecty nuwb age nuHun: Bl n B (nvHum BA n BB yxe
npoeefeHbl paHee nof HassaHuamn AB n BB). Tenepb nposegem nuHumn us
To4kM [. VI3 3TOI TOYKM Mbl CMOMEM Tenepb NMPOBECTU NULIb OAHY nAuHuto: [[]
(nmmHun TA, TB v B yxe nposepeHbl paHee). M3 octaBleiica Touku [ mbl He
CMOMeM Tenepb MpoBecTM HW opHoii nuHum (nunum OA, A6, OB w AI
nposefeHbl paHee). To ecTb NPW KONMYECTBE BEPLUMH B O LUTYK [NA HaXOMAEeHMA
yncna NMHUIA MeXAy 3TUMU BEPLUMHAMKU HaM HYMHO MOCNEA0BaTENbHO CNOMUTb
yucna 4, 3, 2, 1 n 0. Unn naobopot: O, 1, 2, 3 n 4. 310 apucpmetnyeckas
nporpeccua c warom 1. Cymma nepsbix N uneHoB apudmeTnyeckoii nporpeccun
BbIYMCNAETCA MO cnepytoLleil popmyne:

& +ay
2

roe a nepBblil uneH nporpeccuun, ay N-ii uneH nporpeccuu.

S= N

B Hawem cnyvae a; = 0, a av = N 1, npu atom nonyyaetca cnepyroLlaa
dhopmyna:
_N(N-D)
2

S

[posepum.

[na opHoii Bepwmnkbl: (11) *1/2 =0 (Touka)

[na pByx BepwuH: (21) * 2 /2 =1 (nuHunAa)

[Ina tpex BepwuH: (3 1) * 3 /2 = 3 (TpeyronbHuK)

[ina yetbipex BeplimH: (4 1) * 4 /2 = 6 (NpAMOYronbHUK)

[ina natv BepwuH (Haw cnyyaid): (51) *5/2=10

[na wectn BepwmH: (6 1) * 6 /2 =15 n Tak panee.

Tenepb nopcuynTaem obLuee KONMYECTBO BO3MOMHbIX TOMOMOMMIA CETU Npw
yKasaHHbIX B TeKcTe Bonpoca ycnosuax. Wtak, npu 5 maplupyTtusatopax y Hac
MoxeT 6biTb 10 NuHWIA, Kaxpaa U3 KOTopbIX MOeT bbITb OfHOro U3 4-x BULOB:
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BbICOKOCKOPOCTHaA, CPeJHECKOPOCTHasA, HWU3KOCKOPOCTHad W AWHWKM BoOOLLE
MOMeET He OblITb.

Mpu mopenupoBaHWM U aHanu3e TOMONOrMU YKa3aHHOI CeTU KoMMbroTep
AomxkeH nepebpaTb BCce BapuaHTbl TOMONOrMK CeTH, oTbpacbiBad Mpu 3TOM Te,
KoTopble He 6yayT paboTtatb BoobLie M Te, KoTopble 6ymyT paboTatb, HO
OKayTca HeaPPEeKTUBHbLIMU.

Kak noacuntatb 310 KonmMyectBo? [lNA 3TOro MOMHO UCMONb30BaTb OfHO U3
OCHOBHbIX MpaBuA KOMOMHATOPWKMN MPaBUIO YMHOMEHUA. [lepByto NTMHUIO MOMHO
cpenatb O[LHOrO M3 NepeyncneHHbIx Bbille 4-x BUAOB. [pn Kamaom u3s atux 4-x
BbIGOPOB BUAA NMHUM CNEAYIOLLYIO IMHUIO TOXKE MOMHO CAenaTb OAHOro u3 4-x
BUAOB. TO eCTb Ha KaX[OM ClefyroLLem Lware fepeBa BbIOOPOB KONMYECTBO €ro
BETOYEK YMHOMaeTcA Ha 4:

G P

Homepa
RAPMAHT OF

1 2 3 10
ark oepesa sxifopos

Monyyaerca, 4To obLiee KonMYecTBO BapuaHTOB Tonomorun cetn Oyper
paBHO npousBepeHuto 4 * 4 * 4 * | n Tak panee, 1o ectb paBHo 410. B tepmu-
Hax KOMOMHATOPMKM 3TO Ha3bIBAETCA «HAXOMIEHNEM KONMYECTBA pPa3MELLLEHWIA C
nosTopeHnamn un3 4 no 10»

Takum obpa3om, KOMMbIOTEP NPV MOLENMPOBaHWM W aHanuse TOMonoruu
BaHHoii ceTn ponxeH nepebpatb 410 BapuaHTOB, 3aTpaTUB Ha KamAapblii BapuaHT
100 mc. A 3TO 3HauWT, 4YTO BCEro KOMMbIOTEP 3aTpaTuT Ha 3Ty paboTy cnepyro-
LLlee KONNYECTBO BPEMEHMU:

40 *100mc =1 048 576 * 0,1 c =104 857,6 c :3600= 29,127y

oTtBeT. 29,1274

B 3akntouyeHne OTMETMM HTO MWMIIMOH C XBOCTUKOM BapuaHTOB BXOJAT U
«Hepabouune» BapuaHTbl Tornonorun cetn. Hanpumep, BapuaHT BoobLLe 6e3 nu-
HWIA, UM BapWaHTbl, MPU KOTOPbIX KakMe-TO U3 MapLLPYTU3aTOPOB OKaMyTCA He
NPUCOEAMNHEHHbIMA K CETWU, UK BapuaHTbl, NMpU KOTOpbIX OyAyT cyliecTBoBaTb
HECKONbKO He COeAMHEHHbIX ApYr C Apyrom yacteii cetn. «Pabouynmm» BapuaH-
TaMu TOMONOMMWU CETU A CYMTalD TakWe BapuaHTbl, NPU KOTOPbIX OT OJHOro
MapLLpyTM3aTopa no NMHUAM MOXHO fobpaTbca [0 ntoboro Apyroro mapLupyTu-
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3aTopa B CETW, Aame eCnnM U He Hanpamylo, a Yepe3 OAWH WU HECKONbKO Npo-
MEXYTOYHbIX MapLupyTM3aTopoB. B Hawem cnyyae npepnonaraercsa, 4TO
KoMMbtoTep nepebupaeT Bce BapuaHTbl, OTKMAbIBaA Hepabouue.
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One of the basic human needs is the need for communication. Communication is a
universal tool of interaction, which enables the transmission of information through
modern means of communication, including computers. The general information
transmission scheme is as follows: the source of information, the communication
channel, and the recipient (receiver) of information. The main devices for the rapid
transmission of information over long distances are currently the telegraph, radio,
telephone, television transmitter, and telecommunication networks based on computer
systems. The transfer of information between computers has existed since the very
beginning of the computer. It allows you to organize joint work of separate computers,
solve a single task with the help of several computers, share resources and addressing
numerous other issuess. A computer network is understood as a set of hardware and
software designed to exchange information and access users to common network
resources. The main purpose of computer networks is to provide users with joint access
to information (databases, documents, etc.) and resources (hard drives, printers, CD-
ROM drives, modems, access to the global network, etc.). The purpose of the article is to
build a mathematical model of computer networks using mathematical methods.
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