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METO[ CUHTE3A YCIYI B 3ADAYAX KOMIMbIOTEPHOWU TENE®OHUU

Abstract: The opportunity of computer telephony tasks formalization and synthesis of these services "in the air" is
analyzed. The main task of these researches is creation of means and the technologies providing universal
completeness of synthesized systems at different levels of designing. The method of the big systems decomposition is
applied for this purpose to the general task of computer telephony services granting. The method of formal objects
synthesis for creation of computer telephony services is offered by means of Petri’'s network.
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AHomauis: AHanisyembcs Moxnusicms ¢hopmarnisauii 3adady KoMm'romepHoI meneghoHii 3 Memoro cuHmesy rocriye,
wo npedcmasnsaomecs "Ha nbomy". [0no8How 3adadvero yux ocnidKeHb € CMBOpPeHHST 3acobie i mexHonoeil, sKi
3abesrieuyrome yHigepcalibHy MO8HOMY CUHMEe308aHUX CUCMeM Ha PIi3HUX PiHSIX MpoekmyeaHHs. [ns uso2o 00
3aearnbHOi 3adaui HadaHHSI nocslye KoMimtomepHoi menieghoHii 3acmocosyembcsi Memod OeKOMMOo3uUjl 8esluKux
cucmem. 3anporioHo8aHo Memod cuHmesy ¢opmanbHux o06'ekmig Ond hopMysaHHs M0Cy2 KOMITHOMepHOI
meneghoHii 3a dornomoezoro mepex Nempi.

Knro4oei cnoea: komriomepHa menegoHis, cuHmes, mepexa lNempi, dekomnoauuis, ghopmarnisayisi.

AHHOMauyust: AHanusupyemcsi 803MOXHOCMb opMarnu3ayuu 3adady KoMrblomepHol meneoHuU ¢ Uerblo
cuHmesa npedocmaesnsemMbix ycrye «Ha semy». [nasHol 3aladveli smux uccriedosaHull sierisiemcsi co3daHue
cpedcme u mexHosnoeul, obecrieqyugarouUX yHUBEPCalbHYH MOTHOMY CUHME3UPYyeMbIX CUCMEM Ha pa3HbIX YPOBHSIX
npoekmuposaHus. [ns amoeo k obwel 3adayqe npedocmassieHusi ycrya KOMnbomepHoU mesegoHuUU npuMeHsemcsi
mMemod Oekomnosuyuu 6onbwux cucmem. [lpednoxeH Mmemod cuHmesa opmarbHbix 00bekmos Oris
gopmuposaHusi ycriye KoMrbomepHoU menegoHuU npu rnomowu cemed lNempu.

Knrodeenle cnoea: komrnbiomepHasi meneghoHusi, cuHmes, cemb [lempu, dekomno3uyusi, thopmanu3dayusi.

1. BBegeHue

KomnbloTepHon TenedoHnen HasblBaeTCa TEXHOMOMS, B KOTOPOW KOMMbIOTEPHbIE pecypchbl (annapartypa
N nporpaMmHoe obecnevyeHne) NpMMeEHSITCS Ans 06paboTku MCXoOAWMX U BXOOSALMX COOBLEeHun, a
Takke Ona ynpasneHna TenedoHHbIM coeguHeHneM. K oTpacnu KOMNbloTEPHON TenedoHnn OTHOCATCS
caMble pa3Hble TEXHOMOMMU: KOMMbITEPHO-TeNeMOHHan MHTerpaunsi, MHTepakTBHas obpaboTka ronoca,
roriocoBasi moyTa, aBTOCEKpeTapb, pacno3HaBaHue pedn, npeobpasoBaHue TekcTa-peyn, obpaboTka
dakcumMunbHbIX  cooblleHun, obpaboTka 3BYKOBOro CurHana, BUOEOKOHEpeHUMU, ayaumoTekcT,
"03ByuMBaHve [AaHHbIX", LUEHTpbl TenedoHHOro o6CnyXnBaHUs, CnpaBOYHble CTOMbl, a Takke
TpaguLMOHHasa KOMMYyTauus TenedOHHbIX BbI3OBOB M yNpaBneHne coeanHeHuem [1].

B HacTosllee Bpemsi KOMMbloTepHas TenedoHus OBbICTPbIMW TeMnamMu pasBMBaeTCH BO BCEX
pa3BuUTbIX CTpaHax Mupa. Cpean MW3BECTHbIX (OMPM, OCHOBHOW MNPOAYKLUMEN KOTOPbIX SABMSAKTCS
annapaTtHO—MporpaMMHblE CPeACTBa KOMMbOTEPHOW TenedoHMM, MOXHO Ha3BaTb Takme upMbl, Kak
Dialogic, VocalTec, AT&T, CISCO un gp. Cneumncukaums xapaKTepuUCTUK CPeACcTB KOMMbITEPHOW
TenedoHUn pernameHTMpyeTcsa craHgaptamm SCSA (Signal Computing System Architecture), H.320 u
H.323. SCSA [2] — aTo cTaHaapT, pernameHTUpYyIoLWmMIiA annapaTtHoe U NnporpaMmmMHoe obecneyeHve, B TO
Bpems kak H.320 n H.323 [3] perynupytoT TeXHUYecKkne getany obmMeHa AaHHbIMU.

K coxaneHuio, B YKpauMHe HayyHO-NpuknagHole uUccrnepoBaHus B 3ToW obnactu BepyTtcd
HeJoCTaTOYHO MHTeHcmBHO. OgHa M3 nepBbiX OTEYECTBEHHbIX pa3paboTok BbinonHeHa B 1993 rogy B
WHcTutyTe KkunbepHetnkn HAH YkpauHbl [4]. Ha puc. 1 nokaszaHo ¢oTO onbITHOro obpasua nnatbl
KOMMNbIOTEPHO-TENEMOHHOW WHTerpauun. B nocnegywowme rogbl Ha OCHOBaHWM 3ToW nnaTbl 6bin
paspaboTaH 4eTbipexkaHamnbHbI WHTENNEKTyamnbHbI KOHTPOMNMAEep CO BCTPOEHHbIM MPOLECCOPOM
uudposon obpaboTkm curHanos. [danbHenwmne uccrnenoBaHuss B 3Tol obnactu 6binu cBs3aHbl C

co3gaHnemM MHCTpyMeEeHTalrlbHOro Kommnriekca ansd pa3pa60TKm Tpe6yeMb|x np|/|n0>|<eH|/||7|. OpHako CKOpO
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BblSICHMNIacb HeobXOAMMOCTb peanu3auun QYHKUMOHANbHO  MOMHOW CUCTEeMbl, 4YTO ObycnosnuBaeT
nposefeHne rnyboknx uccnefoBaHWM ANs CO34aHMs TeOopeTMKO-NPUKNagHon nnatgopmbl CUHTE3a
TpebyeMbix pelleHuin. B gaHHOWM cTaTbe ONMCbIBAKOTCS  pe3ynbTaTbl MCCNenoBaHWWA, MOCBSLLEHHbIX

CUHTE3Y (DYHKUMOHArNbHO MOSHOrO Habopa O0GbLEKTHO-OPUEHTUMPOBAHHLIX KOMMOHEHTOB KOMMbIOTEPHOM

TenegoHuu.
m 2. NocTaHoBKa 3aaaun
L '”;
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el i 4 KomnbloTepHass TenedoHna sBRNSIETCA COCTaBHOW  4acTblo

"
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f\l - WHTENnNeKTyanbHbIX CeTel, AN KOTOPbIX OAHOM M3 [NaBHbIX

u
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% % ocobeHHOCTEN SABNSAETCA  BO3MOXHOCTb dhopmMmpoBaHus
\, V‘ npegocTaBnsgeMblX ycnyr «Ha nety». EctecTBeHHO, agekBaTHble
Puc.1. AQAnTepbl KOMNIOTEPHON BO3MOXHOCTM  AOMMKHbl  ObITb  npucywn M cpeactsam
TenegoHum KOMMblOTEPHOWN TenedoHun. HecmMoTpsi Ha TO, YTO B nocrnegHue
rogbl CO34aHO OOCTaTOYHO OOMblUIOEe KONMUYECTBO annapaTHbIX CPeacTB, NPOrpamMMHbIX NPUNOXEHUN, a
Takke NpobrneMHO—OPUEHTUPOBAHHbLIX ONePaLMOHHBLIX CUCTEM [5], A0 HACTOALLEro BpeMEHU NpakTU4ecKku
OTCYTCTBYIOT Hay4yHO—OBOCHOBaHHbIE MNOAXOAbl K MPOEKTUPOBAHUIO CUCTEM NPeAoCTaBfeHus ycnyr
KOMMbOTEPHO-TENEOHHOM nHTerpauun. Mo aton npuunHe B MIHCTUTYTE KMbepHeTukn nm. B.M. MywkoBa
B paMKax Hay4HbIX WCCMedoBaHUM MO TeMe «TeopeTuKo-NpuKragHble acnekTbl WHTENNeKTyanbHbIX
cucTem»  BedyTcs paboTbl MO CO34aHWMI0 HayvyHO-MPUKNagHOW 6asbl COBPEMEHHOW KOMMbIOTEPHOWM
TenecdoHun. B pamkax OaHHOW CTaTbWM OMUCBLIBAKOTCH pe3ynbTaTthbl, MOMy4YeHHble B 06facTu cuHTesa
noTpebuTenbCknX PYHKUUN KOMMbIOTEPHOW TenedoHun, nyTeM MOOEenMpoBaHUs 3TUX YyHKUMA Ha 6ase
ceten [letpu. MMaBHOW 3ajayen TakMx WCCNEAOBaHUN SIBNSIETCA CO34aHWE CPEenCTB W TEeXHOMOorum,
obecneumnBaoLMX yHMBEpPCAarnbHYK MOMHOTY Ha pasHbIX YPOBHAX MPOEKTUPOBaHWS cuctem. K atum
YPOBHSAM OTHOCATCS: YPOBEHb NPOrpamMMMpOBaHUS, YpPOBEHb (POPMUPOBAHUSA U MNOMb30BATEMNbCKUNA
YPOBEHb HacCTpPoOWKM Heobxoaummbix ycnyr. [lostomy Kk ofwen 3agjade npedocTaBneHus  ycnyr
KOMMNbIOTEPHON TenedoHNM NPUMEHSETCA MeTod AeKOMMo3uumy Oomnblunx cuctemM. OTO no3sonder
npeactaBnsaTe obwyw 3agadyy B BuAe Tpex CTpaTtudMuupoBaHHbLIX YpPOBHEW, 4To obecne4vvBaeT
BO3MOXHOCTb, C OOHOW CTOPOHbl, aBTOHOMHO WCCNeaoBaTb OTAENbHble CTpaTbl U yy4uTbiBaTb
obLecncTeMHble 0COBEHHOCTH, C OPYrON.

C HayyHO-nNpuMKNagHoOW TOYKM 3pEeHUs, KOMMbIOTEpPHasa TenegoHus peanusyeTcsd Ha OCHOBe
CMNOXHbIX (PYHKUMOHanNbHLIX cuctem [6]. Kak niobas dyHKUMOHanNbHas cuctema OHa BKMyaeT B cebsd
COBOKYMHOCTb  annapaTHO-MpPOrpaMMHbLIX ~ PecypcoB, WX  MEeTodoB, CBOWMCTB U COObITWN,
pernameHTUpyLWmnx  QyHKUMOHaNbHO-NpoueaypHble  XapakTepUCTUKU onepaunoHHom cpeabl
KOMMNbOTEPHON TenedoHnn.

Ons peweHns 3agady onTumm3aumMm paboTbl CUCTEMBI, C TOYKM 3PEHUS OPraHM3OBaHHOCTU
onepauuoHHOW cpefbl, a Takke Ana pa3paboTkm HOBbIX (YHKUMOHAmMbHbLIX CUCTEM Heobxoaumo
CVHTE3UpoBaThb (popMarbHble CUCTEMbI, HA OCHOBE KOTOPbIX CO3al0TCH KOHKPETHbIE MPUMOXEHMS.

Cnepyet OoTMeTUTb, YTO 3ajada CUHTEe3a npefocTaBnsieMbiX ycnyr Ha 6ase yHKUMOHANbHO

NOJSTHOM cpenbl HEe MOXeT ObITb pewieHa HUKakmnmn 3BPUCTUHECKUMU MeTOoOaMW. 310 oGycnosnmsaeT
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NCNONb30BaHNE N3BECTHbIX METOAOB NPUKNAAHOW MaTeMaTUKW, MO3BONSALLMX MOAENUPOBAThL CNOXHbIE
cucTteMbl. AHanNu3 nokasan, YTo AN pelleHus JaHHOW 3afayvm Hanbonee agekBaTHOM SIBNSETCH cucTema
MOAEeNMPoOBaHUsa Ha ocHoBe ceTen lNeTpu.

Ons peanusauum metoga cuHTe3da HeobxoaMmo 0606LWMTE pecypcbl CUCTEMbI, UX MeToAdbl U
CBOWCTBa, a 3areM opmanui3oBaTtb WX W CUHTE3MPOBaATb U3 (HOpPManIM30BaHHbIX OOBHEKTOB
yHMBEpCamnbHYyl0 CUCTEMY, KOoTopas Mo yHKUMOHanNbHOCTM OydeT ajekBaTHa LUeneBblM 3agadyam

KOMMNblOTEPHOWN TenedoHnn.

3. MeToabl pelieHUA 3aga4vm

Mpn dopmanuaaumm CrnoXHbIX MNPOLECCOB, SBMEHUA UM  OYHKLMOHAmMNbHbIX CUCTEM BO MHOMMX
NPUKNagHbIX 06nacTax BO3HWMKAKOT 3adadn, B KOTOPbIX YMCIO MNEPEMEHHbIX W CBA3EW K3MepsaeTcs
COTHSIMMW, TbiCS4aMU U Aaxe MHOrMMU Tbicsyamn. OgHOM M3 Takmx OyHKLMOHAmMbHbBIX CUCTEM SIBMSETCS
KOMNbtoTepHas TenedoHus, rae CyLecTBYIOT AECATKN pasnuyHbIX 3a4a4y, COTHU METOAOB UX peLleHus 1
MHOXECTBO pa3fM4YHbIX YCTPOWCTB, KOTOPbIE UCMONb3YHOTCS B KOMMNBbIOTEPHON TenedoHuH.

OfHVMM 13 MepcrneKkTUBHbIX METOAOB MCCredoBaHU aHanormyHbiX CUCTEM SIBNSETCA MeToa
Aekomnosnuun 3agad 6omnblon pasMepHOCTU [7], MO3BONSAIOWMIN 3aMEHUTbL pelueHne ofHon 60onbLUon
3aJaym pelleHeM Cepun MeHbLUUX 3a4ad, rapaHTMpys Npu 9TOM aAeKkBaTHOCTb KOHEYHbIX pe3yrbTaToB.

B ocHoBe pgekomnosvuum nexvt BblgeneHve 13 (QYHKUMOHANbHOW CTPYKTYpPbl OTHOCUTENBHO
CaMOCTOSATENbHbIX 3NIEMEHTOB (0OBEKTOB). ATU 3NIEMEHTLI MOTYT arperMpoBatbCsi U B Gornee KpyrnHble.
Cnegylowum ypoBHEM arpermpoBaHus SBISIeTCS NogcucTtemMa — COBOKYMHOCTb 3afad, BblAEneHHas no
onpegeneHHomy npu3Haky. [py 3TOM 3agaya npegocTaBneHUs ycnyr MpeacTaBnsieT MHTepdeic
nonb3oBartens MyHKUNOHANbHON CUCTEMBI.

Ons pekoMnosvumy YHKLMOHANBbHOW CUCTEMbl  KOMMbIOTEPHON TenedoHUW Ha OTAelNbHble
afiekBaTHble COCTaBNALLME UCMONb30BaNNCb TP OCHOBHbIX MPUHLMNEA: OO BEKTHBIN, (DYHKLUMOHAMbHbIV 1
CTPYKTYPHbIN.

OGBbEeKTHBIN NPUHLMN NogpasyMeBaeT AEKOMMNO3MLMIO CUCTEMbI B (PYHKLMOHANbHO-NpoLEeaypHbIe
00BbeKTbl, M3 KOTOPbIX MOryT ObiTb «CODpaHbl» OTAenbHble MOA3agayvn KOMMbHOTEPHOW TernedoHuw.
Kaxabli 06bekT gomkeH obnagaTtb NpUM3HaKoM, rapaHTUPYIOWMM ero NPUHaANeXHoOCTb K KOMMNbIOTEPHOM
TenedoHun. MHTerpaums aTux o6 beKTOB C 06 bEKTHO-OPUEHTUPOBAHHBIMU MOAYNAMU cpeabl peanv3auum
3aay KOMMbIOTEPHOM TenegoHNM COCTaBNsET CyTb YHUBEPCAIbHO MOMHON CUCTEMBI.

®yHKUMOHANbHBIN NPUHUMN NoAapas3ymMeBaeT BblAefeHne B NoAcucTeMy 3agay KOHKPETHOro
KapTexa yHKUMOHaNbLHO-NpoueaypHbIX OOBLEKTOB, MpPeACTaBMAALWMX CyTb MoA3agavy KOMMbIOTEPHON
TenecoHun. COBOKYMHOCTb Takux KapTexen onpegensieT MOMHOTY MoA3agay, KoTopble SBMASITCH
6a3oBbIMM  DYHKLMOHANbHO-3aKOHYEHHBIMW  MOAYNSMW AN CO34aHWs MNpefonpeaernieHHbIX YChyr,
npegocTaBnsieMbIX MONb30BATENAM.

W, HakoHel, CTPYKTYpHbIA NPUHLMN AeKOMMNo3uuMKn npegnonaraet pa3brveHne yHKUMOHaNbHON
NoACUCTEMbI Ha OTAENbHble CTPYKTYpHblE COCTaBnsloliMe, MO3BONSALIME peanu3oBaTb KOHKpPETHble

cpeabl (*)yHKU,I/IOHMpOBaHMH 3agad KOMI'IbPOTepHOI;I TeJ'Ie(*)OHI/II/I. CprKTypHaﬂ AEeKoOMNOo3numnAa no3BondeT
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co3fgaBaTb pacnpefeneHHble CUCTEMbl KOMMbIOTEPHOW TenedoHUM ¢ y4eToM TpeboBaHUN KOHKPETHbIX
BU13HeC-NPUMNOXEeHUI B KOPNopaTUBHLIX CUCTEMAX.

M3 BblleckasaHHOro criegyeTt, YTO MeToh OeKOMMO3MUMW B LENIOM COCTOUT M3 pPasfioXeHus
(YHKUMOHANBHOW CUCTEMbBI Ha WMepapxXmyeckue ypoBHM (CTpaTbl), KaXKObIA U3 KOTOPbIX MMEET CBOU
NOrNKO-anropuTMmnYeckme ocobeHHoCTU. [eKomno3numst BbIMOMHAETCS 4O TeX Mop, Nnoka He obpasyoTcs
dopmManbHble O00LEKTbl, peanuaylolue OCHOBHbIE (YHKUUM wunn  Oa3oBble OENCTBUS CUCTEMBbI,
JanbHenLwas AekoMno3nums Ans KoTopbiX TepsieT (PUsnyecknin CMbICN CBSA3M C AaHHOW (DYHKLMOHANbHOM
cuctemoi. MHbiMm cnosamu, niobon opmarnbHbii 00 BLEKT AOMKEH CoAepXaTb NPU3HaK NpUHaANEXHOCTH
K Jgekomnosvpyemon cucteme. Takum ob6pasoMm, d¢opmanbHble 06bekTbl npeacTaBnsoT cobow
anropuTMMYECKN OMMUCaAHHbLIE 3SfIEMEHTbI HWKHEro YPOBHSA (OYHKUMOHANbHOW CUCTEMBI, KOTOPbIE Kak
MUHUMYM cogepXaT OOWH TMpU3HaK, MO KOTOPOMY MOXHO ONpeaenuTb WX NPUHAANEXHOCTb K
nccnegyemon cucteme (puc. 2).

Mpn cospaHum  dopmanbHbiX OOBEKTOB  METOA0M

PDyHKLMOHaNbHas
cuctema

AeKoMno3nunn BO3HUKaAET oaHa U3 NMPaKTUYEeCKUX np06neM — 3TO

Moasapaun
Sanasm BbIOGOP MUHMMAarbHOrO MM JOCTAaTOYHOIO YPOBHS AEKOMMO3ULINN,
2’;’5:22?”“ npu KOTOPOM OOBeKkTbl OyayT (PYHKLUMOHANBHO LEMNOCTHLIMUA C
TOYKN 3PEHUst peLleHWst NMOCTaBMeHHOW 3adadn. MuHMManbHbIN
YPOBEHb AEKOMMO3ULMMK Lienecoobpa3Ho NpoBoAWUTL OO YPOBHS
CUCTEMHbIX PECYPCOB AaHHOW onepaumnoHHon cpedbl (06beKToB,
METOOOB, CTaHAapToB). OTWM CUCTEMHbIE PECYPCbl  [AOMKHbI
cogepxaTtb (pyHKLMOHANbHO-NPOLEeaypHblE CPpeacTBa CBS3U C
MOOYNSAMU  OPYrMX — Mepapxuyeckux  ypoBHen. Ecnmn ke

Puc. 2. Nepapxuyeckne ypoBHu
CyllecTByOLLME OOBLEKTbI He YAOBMETBOPSIOT MO Kakum-nubo

YHKLMOHANbHOW CUCTEMbI
yCroBusiM, TO criefyeT npou3BoanTb Aekomnosuumio aanee. lNpu
3TOM CO3[al0TCA HOBble METOAbl, anropuTMbl U NPOTOKONbI 0OMeHa, Ha 6a3e KOTOpbIX CUHTE3UPYIOTCA
TpebyemMble 06BHEKTDI.

YpPOBHU AEKOMMNO3ULMM NOKa3aHbl Ha puc. 3.

3apgava

[ekomnosnums
'

e > ="
3%
P

[ekomnoanuus
A4

O6BbeKTbl MUHUMaNbHOTO YPOBHS AeKOMNO3NLIMK (CyLLl,eCTByIO%VIe 06beKTbI)

T

LOexomnosunums
.

OBbeKTbl MAKCHMANbHOTO YPOBHS AEKOMMO3NLMM (HOBbIE METOAbI, ANropUTMbI 1 Np.)
. e Kk i ; . _i ;
%

Puc. 3. YpoBHM gekomMnoanumu ( — Npu3Hak NPUHaANeXHOCTU 3N1EMEHTOB K JaHHOW PYHKLMOHArbLHOW cucteme)
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UTak, npn OekoMno3nunn Kaxpaaa 3afdada BOCMPUHMMAaETCA KaK COBOKYMHOCTb noAa3agad

M
s=|Js . rae S -i=nonsanaya sanawm S.
i=1

Kaxgaa u3 3agad, B KOHEYHOM cYeTe, COCTOUT U3 COBOKYMHOCTU 00BEKTOB, UMEHLUX CBOU

CBOWCTBA, MeToabl U cobbITUS, a Takke cpenbl nx B3aMMOLENCTBUSA, KOTOpble onpenendrT ycnoBusa
d)yHKLI,I/IOHI/IpOBaHI/IH obbekToB B pamMKax JaHHOM noas3agayun, T.e. S Ha Nn-oM KOHeYyHOM Liare

AeKkoMmno3nunm npeacrtaBnaeT
n
s=UJo,{r.E.,M},
=1

roe P — COBOKYMHOCTb CBOWCTB, XapakTepusylolMx OOBLEeKT; E — COBOKYMHOCTb COObITUN,
pernaMeHTUpylLnX  ycroBus  (PyHKUMOHMPOBaHUA o06bekta; M — COBOKYyMHOCTb  METOHOB,
XapakTepusyLnx BO3MOXHOCTM 06paboTkM KOMMbIOTEPHO—TENEMOHHON WHGOPMaLUM B peanbHOM
mMacLiTabe BpeMeHu.

dopManbHO, UCXOAst M3 CaMOW CYTU KOMMbIOTEPHOW TenedoHuW, BCe ee 3afaun U OO0BbEeKThbl
NMPOUCXOAAT OT OBYX POOUTENbCKMX KMAcCOB: 3afadv, KOTOpble pellawTcs bnarogapsi KOMMNblTEpPy U
BXOAALUMX B HEro annapaTHbIX CPeAcTB (HAa30BEM WX KOMMbIOTEPHbIE 3agayun), M 3adayn, KOTopble
peluatoTcs brarogapsa normdeckomy (BUpTyarnbHOMY) TenedoHy (Ha30BEM MX KOMMYTALMOHHLIE 3adauyn).
Cxema Takoro npeacraBieHnsi KOMNbOTEPHON TenedoHun nokasaHa Ha puc. 4. KonnyectBo 00bHEKTOB B

cxXemMe He ABNAeTCA KOHEeYHbIM, HO AOCTAaTO4YHbIM A4 HarnaaHoro npunmepa.

O0BeKTHI JIOrHYECKOro

OMlIblOTepa
HpOpMAaus

O0BLEKTHI JTOrHYECKOro TeaedoHa
CoenuHenne

Jlo6aBUTH
aboHeHTa

Ioa3agauu Jorn4yeckoro rejedona -
CTaHOBHUTH 3anuck 3ByKa
COEIMHEHUE BocniponsseneHne
Habupats HOME
3ByKa 24M JIOTHYECKOr0 KOMILIOTEPA
XpaHeHue OtobpaxeHne
O6paboTka p

3agaun Jormyeckoro reaedona

O3BOHMTE ™ 7 ITpunsaTe
OTOBOPHUTB 3BOHOK
10K

[ KoMmnbrorepHas renedonus }

Puc. 4. Cxema dyHKLMOHANBHOM CUCTEMbI KOMMBLIOTEPHOW TENEMOHUN C TOYKU 3PEHNS NTOrMYECKOro
KoMMbtoTepa 1 TenedgoHa

KomnbloTep B OTHOLWIEHWM K OAHHOW Mpobreme MOHMMAEeTCsl Kak COBOKYMHOCTb annapaTtHo-
nporpaMmHoro obecneveHusl, KOTOpoe HeNocpeaCcTBEHHO TpebyeTca aAng pelleHns 3agad KOMMNbTEPHOWM
TenedoHun. JNlormdyeckmit TenedoH B JaHHOM crnyyae — 3T0 He TenedoH B annapaTHOM uUnv on3nYeckom
CMbICNe, a 06BHEKT, KOTOPbLIA NOMMYECKM UK (PYHKLIMOHANBHO BbINOMHAET BCe PYHKLNM KOMMYTUPYIOLLErO

YCTPOMCTBA B CpeacTBax KOMMbIOTEPHOW TenedoHUN.
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Heobxoanmo 3ameTuTb, YTO KOMMbIOTEPHbIE 3ajayn ABRAOTCA 6a3oBbIMM M NPUCYTCTBYIOT B
Kaxgon 3ajave KOMNbOTEPHOW TenedoHWM MOMHOCTbID WMAM  YacTMYHO, B TO BpeMs  Kak
KOMMYHVKaUMOHHbIE 3adayn Yalle BCEero MpucyLlM TOMbKO OOHOW KaKOW-TO 3adaye W sBNSAKTCA
XapakTepusywLlMMn Onsi AaHHOW 3ajadn KoMnbloTepHon TenedoHun. MHaye npaBoMepHO Obinio Obl
3as1BUTb, YTO Mbl UMEeM [efno He C KOMMbIOTEPHON TenedoHnen, a ¢ UHTeNNeKTyanbHbIM TenedoHOM
(TenedoH, Co BCTPOEHHbLIM NPOLIECCOPOM, KOTOPbIA MOXET peLlaTh onpeaenieHHbIA Kpyr 3agady).

LleHTpanbHbIM  CTEpXHEM KOMMYTAUWOHHbIX 3ajay sBRsieTCA CcoeduHeHue, T.e. BCe
KOMMYTaLMOHHbIE 3ajaun pa3BuTbl Ang paboTbl C COeQUHEHWEeM, Hanpumep, CO3fdaHue COoefVHEeHUs,
OXuaaHue CoeauHEHUs, KOHTPONb coeauHeHus. [pu AeKoMNO3NLUKN KOMMNBIOTEPHBbIX 33434 Mbl Nonyyaem
Tpu 6as3oBbIX 3agayun: XpaHeHue, obpaboTka u oTobpaxeHwe AaHHbIX (MHOpMauUM), Ha KOTOPbIX
OCHOBBIBAlOTCA BCe OCTanbHble 3agaun. [1o3aToMy Ans KOMMbHTEPHbIX 3agady OCHOBOMONAralLym
GhakTOpOM SBRSETCA MHpopMaLMs OT normdeckoro TeredoHa.

B menctBuTenbHOCTU, B KOMMbIOTEPHOW TeNedOHMU, KOHEYHO Xe, He CyLLecTBYeT 3a4ad TOSbKO
KOMMbIOTEPHbIX UMW TONBKO TenedoHHbIX. 3agaun KOMNbIOTEPHON TeNedOHUN — 3TO CMOXHbINA KOMMEKC
B3aMMoencTema ¢opManbHbIX OBBHEKTOB MOrnMyeckoro KommnbloTepa v TenedoHa. [1oaToMy OCHOBHOWM
3afayen popmanusalmmn KOMnbITEPHON TenedoHMn ecTb abcTparmpoBaHue pecypcoB OT annapaTtHon U
nporpaMMHOM nNnaTtopMbl U BblAENEeHUne WX OCHOBHbIX yHKUUN. [dekomnosupyss 3Tu pecypcesbl,
cosgatwTcs opmarbHble OOBbEKTbl Kak anropuTMUYEcKMe 3MEeMEHTbl, Ha OCHOBE KOTOPbIX MOryT
co3gaBaTbCs 06 bEKTHO-OPUEHTUPOBAHHbLIE KOMIMOHEHTHI (Kak NMporpamMmmHble, Tak U annapaTHble).

Ha puc. 5 nokasaH npumep AeKOMNO3vMUMW OOHOW M3 3aday KOMMbHTEPHOW TenegoHun —

rONoOCOBOW MOYTHI.
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Pwuc. 5. lekomnosnuusa ans rofiocoBon noyTbl

W3 puc. 5 BUAHO, YTO HEKOTOPbIE U3 NoA3afad coaepXkaT OaUHAKOBble OOBEKTLI, YTO CTaHOBUTCA
BO3MOXHbIM ©Onarogaps pasnuuussM B (PYHKUMOHAmNbHbBIX YCIOBMSAX 3TMX OOBEKTOB, KOTOpble
dopMUpYOTCS Cpedov UX B3aMMOAEWNCTBUS. TakuM 00pas3oM, AN HOpMasbHOro (PyHKLMOHMPOBaHMS
CUCTEMBbI HEOBX0ANMO, YTOObI KaXkabl oopMarbHbIA 0OBHEKT MMEN CBOO Cpeay YCITOBUN.

Mog cpemon ycnoBW MOHUMAETCH COBOKYMHOCTb PasfiMyHbIX YCHOBUMA YHKUMOHUMPOBAHUA
0b6beKkTa, OCHOBAHHbLIX Ha MHTErPUPOBaHHbIX MEeTodax M anropuTMax, KoTopble He TONbKO OonpeaensioT
Mozenb noBeaeHus obbekTa, HO 1 pernaMeHTUMpYT NOPSAOK B3auMOOEeNCTBUSA C APYrMMUM OO BbEKTaMU.

Bclo coBOKYNHOCTb YCNOBUI MOXHO pa3fenuTb Ha TPy OCHOBOMNoOnarawLme rpynmnbl: BpeMEHHbIe,

XpOHOosiorn4yeckme n napameTpmnyeckme, npencraBrieHHble B q)opmyne
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roe E; — cpepa ycnosuit; T, — BpemeHHble ycnoBus; H,; — xpoHomnornyeckue ycnosus;

P; - napameTpunyeckue ycrnosusi.

Cpepna ycnosun saBnseTcst MHTepdencom B3anMmoaencTenst 06bektTa ¢ BHELUHUMKN obbekTamu, T.e.
Ha TpebyemMble YyCroOBUSA HAXoaAUTCH OTKIMK, @ OCTanbHble UTHOPUPYIOTCA.

M3 BbllenepeyncneHHoro CTaHOBUTCHA OYEBUOHBIM, YTO Npexae YyeM HaudHeTca paborta nwboro
obbekTa KOMMbIOTEPHOM TenedgoHuu, emy Heobxoaumo nepefaTb onpeaeneHHble napameTpol. Janee
cucTemMa unu caM oObEKT, MCNoNb3ys cpedy YCIoBWI, NPy MOMOLUM B HEM peanu3oBaHHbIX METOOO0B U
anropMTMOB MpPOBeEpPSET Hanunune Tpebdyembix (ONS HEero) ycrioBUMM U yKe Mocre 3Toro nvbo HadMHaeT
BbINMOSIHATL CBOW 3agadvy, NMbo BblgaeT cooblleHne O HefocTaTke napameTpoB unm coobuieHue o0
ownbke. XoTs, KOHEYHO, OOBLEKT MOXET M He cpasy BbIMOMHATL MOCTABMEHHYIO 3ajady, Hanpumep, npu
YCTaHOBKE BPEMEHHbLIX PaMOK, a HaXOAUTbCS B PEXMME OXUOAHWUSA, HO 3TO TOXe cuuTaeTcs pabounm
PEXUMOM.

Arneopumm cuHme3sa. ocne BbINOAHEHNSA MOMAHON 4EKOMMO3MUNN (DYHKLMOHANBbHOW CUCTEMbI Ha
dopmarnbHble 00beKTbl POPMUPYETCA MHOXECTBO OOBLEKTOB, KaxAbli U3 KOTOpbIX Obnagaetr CBOUMMU
MeTogamMu, CBOWCTBaMW, a TakKkKe MMEeT cpefy YCnoBui, koTopasa dopMmupyeT pexum pabotbl u
B3aumoencTBust ¢ nwobbiM ApyruM obbektoM. W3 3aTux dopmanbHbiX OOBLEKTOB CUHTE3UpyeTCs
yHMBepcanbHas cuctema, MAEHTUYHas MnepBOHaYanbHOW; YHUBEPCANbHOCTb 3aKMyaeTcs B TOM, 4TO
CYHTE3UpPOBaHHble OOBLEKTbI NPAKTUYECKN He 3aBUCAT OT MNporpaMmHo-annapaTtHoM nnatgopmbl, T.e.
MHOIMe U3 06BEKTOB CUCTEMbI MOTYT HE CyLLLECTBOBaTb (PU3MYECKN UNU MOTYT KOMMOHOBATbCA U3 OPYruxX
0b6beKToB.

OcHoBbl anroputma cuHTesa coctaBnsioT cetu [letpu. Cetn lNeTpu — 3TO MHCTPYMEHT Ans
MaTeMaTn4eckoro MoaennpoBaHusa U UCCNegoBaHMs CNOXHbIX cucTeMm. Llenb npegcraBneHnst cuctembl B
Bnge cetu lNeTpn 1 nocnefyowero aHanuasa 3Tol CeTU COCTOUT B MOSTYYEHUM BaKHOW UHAOpPMaLUK O
CTPYKTYpPE U AUHaMWUYECKOM MOBeAEHVMM MOOENNPYEMON CMCTEMbI. OTa MHopMauus ncnone3yetcsa Ans
OLEHKN  (DYHKUMOHANbHOCTM  MOAENMPYEMOW CUCTEMbI W BbIpabOTKM MNPEanoXeHWhn Mo ee
yCOBEPLUEHCTBOBaHUIO 1 onTumMm3auum [8, 9].

MopenupoBaHue cuctem cetamu [leTpu npexage Bcero 06ycnoBneHo HeobXxoAUMOCTbIO
nposefeHus rnybokoro uccrnegoBaHuss WMX noeedeHus. Ha ocHoBe nocTpoeHHon cetu [leTpwu
opmanm3oBaHHON (yHMBEpPCarbHOW) CUCTEMbI, peanusytollern YHKLUUN KOMNbIOTEPHON TenedoHuu,
MOXHO MNPOM3BECTM Ka4YeCTBEHHbIN aHanu3 CUCTEMbl — TO €CTb OUEeHUTb ee (YHKUMOHANbHYHO
LLeJTOCTHOCTb 1 paboTOCNOCOBHOCTb.

MogenupoBaHne 3agad KomnbloTepHoW TenedoHun B ceTax [leTpyu ocyliecTBnseTca Ha
cobbiTUNHOM ypoBHe [8]. [nsa aToro onpenensalTcd, Kakne AEWCTBUMS MPOUCXOOAT B CUCTEME, Kakue
COCTOSIHUSA MNpeaLlecTBoBany 3TUM AENCTBUSAM U KakMe COCTOSIHUSA NpUMET CucTema nocrie BbiMofHeHUs
aencteus. BbinonHeHne cobbiTHOM Mogenu B ceTsax [leTpu onucbiBaeT noBedeHWe CUCTEMb
KOMMbIOTEPHOW TenedoHun. AHanu3 pes3ynbTaToB BbINOMHEHUS MOXET MoKa3aTb, B KakuMX COCTOSAHUSIX

rlpe6b|Bana nnu He rlpe6b|Bana cucrtemMa, Kakme CoCToAaHUA B nNpuHUuUne He JOCTUXKUMbI.
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B paHHOM cnyyae ans o6bLEKTHO-OPMEHTUPOBaAHHOW cpefbl COObITUAHBIM YPOBHEM $IBMRSIETCSA
BbllleonuMcaHHasa yHKUMOHanbHass cpeda ycnosu. OcHoBon co3gaHusa cetn [leTpu saBndetcd
onpegernenue ycrnosuin (nos3mumm B cetu lNMeTpu) 1 cobbiTnin (Nepexodbl) Npu OnMcaHum Kaxaon M3 3agad
(obbekToB). Takmm obpasom, co3gaHHash OOBEKTHO-OPUEHTUPOBaAHHAA cpeda OnucbiBaeTcs He
COBOKYMHOCTbK CBOWCTB, COObLITUIA, METOA0B U (PYHKLMOHAIbHbLIX YCIOBUIN OOBEKTOB, a B BUAE YCITOBUM U
cobbITM. TO eCcTb AN KaXaoro obbekTa BEpHO crieqylollee: CBOWCTBa M MeTodbl 0ObeKTa BbICTynawT
ycrnosusamu (nosvuunamm) anga cetu MNetpu, a cobbiTva 1 cpefa PYHKUNOHANbHbLIX YCNOBUA — COBbITUAMMU.

B cetun lNMeTpu ycnosus moaenupyroTcs nosvuusmu, cobbitns — nepexogamu. Npu aToM BXoabl
nepexoda 4€BRSIOTCA NpeaycrnoBuMsMM COOTBETCTBYOLLEro cobbiTUS, BbIXOAbl — MOCTYCNOBUSIMUA.
Bo3HMKHOBEHME COBLITMA MOOENUPYETCs 3anmyCcKOM COOTBETCTBYHOLLEro nepexoaa. BeinonHeHne ycrosus
npencraBnsieTcd ULIKON B MO3WLMK, COOTBETCTBYIOLLEWN 3TOMY YCroBuI0. 3amnyck nepexoja yganser
dvWwKM, npeacTaBnsAlWMNEe BbLIMONHEHVWE NPeAycrioBui, u obpa3yeT HOBble (ULIKKA, KOTOpble
NpeacTaBnsitoT BbIMOSHEHWE NOCTYCIOBUINA.

Utak, paccMoTpuM npuMepbl COCTaBfeHUa Moaenen nnu cneumdukauni Anss OCHOBHbIX 3adad
komnbtoTepHon TenedgoHun, CALL ROUTING un ronocosasi noyta, B cetsx [letpu. Ona ymeHbLLeHUA
rPOMO3KOCTUN CXeM CUHTEe3 Byaem nokasbiBaTb HE Ha OOBLEKTHOM YpPOBHE, a Ha ypoBHe Moasajad, XoTd
npucyTcTBue opMarnbHbiX OOBLEKTOB MoApasyMeBaeTCsl, WX MOXHO OTcrneauTb Mo cobbiTuaAM B

CUHTE3NPOBAHHOW cucTeme B ceTu [eTpu.

Tabnuua 1. CALL ROUTING c Touku 3peHus ceTten NMeTpu

O6paboTka Bxoaswmx TenedoHHbIX 3BOHKOB | Obpabotka  mcxogswwux | Pabota ¢ ronocoBbiMu
TenedOHHbIX 3BOHKOB COO0OLLEHNAMM

OxunpaHue 3BOHKa MpoBepka  TenedoHHoW | [NpountaTb rorocoBsoe

CoeguHeHve NHUK coobuieHune

OnpepneneHune Homepa Habop Homepa (ToHOBbIN | [eHepupoBaTb CoObBLLEHMS

[Mpuem TOHOBLIX CUrHanoB (Koa u / MNYNbCHBIN) (y Bac X Ha cuerty,

yrnpasnsoLime) OnpegeneHne «3aHATO» MNononHeHune cyeTa,

3anpawmBaHue napons
MaoeHTndukaums aboHeHTa
PacnosHaBaHue ronoca
MNepeagpecauuns 3BOHKa
Mprem ronocoBoro coobLeHns
Onpepnenenue Tapndmrkaummn
[Monoxutb TpybKy

OnpegeneHne nogHATUSA

3apaBCcTByNTE M T.4.)

TpyOkn y aboHeHTa
Mpuem/nepenava
TOHOBOTO KoAa
OpraHusauus
coeguHeHus
Monoxutb TpyoKy

Ha ocHoBe BblLLlenepevYncrnedHHbix 3aga4d 1 nogsagay MOXHO NOCTPOUTb Ta6nmu,y, BKn4awLwy B

cebs ycnosus n cobbiTns B cetax Metpu ana CALL ROUTING (tabn. 2).

Tabnuua 2. Ycnosus n cobbiTusa Ans CMCTEMbl MapLUpyTU3aLmnMm 3B0OHKOB

YcnoBus: P

CobbiTna: T

MapLwpyTursaums 3BOHKOB
PacnosHaBaHve Homepa
CoepguHeHune ¢ aboHEHTOM
MpourpbiBaHne NpuBETCTBUS
Mpuem koga aBTOpPU3aLUN
PacnosHaBaHne aboHeHTa
MpoBepka cyeTa

Mpruem HOMepa A03BOHaA

Se@moa0oTy

ONoU~WNE

Bxogswmm 3BOHOK

Hayano yctaHoBneHusi coeguHeHus
Homep He pacnosHaH

Homep pacnosHaH — 310 X-aboHeHT

Homep pacnosHaH — 3TO Nonb3oBaTeb rOI0COBON NOYThI

CoeavHeHne ocyLlecTBEHO
OBHapyxeH pa3pbIB COeaNHEHMS
MpuBeTCTBME NPOMTPaHO

©
(o2}
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CoeamnHeHve nNo Homepy
Tapudmkauus B peanbHOM BpeMeHU
Monoxutb TpyoKY

eHepauus WUHAMBUOYANbHOIO
coo0LLIEeHUS

BocnpousesegeHue cooOLLeHns
UHAMBUAOYyanbHoe

Monoxmute  Tpybky  (ocBoboanTb
NHWNIO)

9.

10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.
21.
22.
23.

Kog aBTOpM3aumm npuHAT

Koa He npuHAaT

ABOHEHT pacno3HaH

ABOHEHT He pacno3HaH

Cuet HyneBon

CueT He HyneBoWn

Homep He npuHAaT

Homep npuHaT

CoegunHeHune ¢ TpebyemMbiM HOMEPOM He YCTaHOBMEHO
CoegunHeHune ¢ TpebyemMbiM HOMEPOM YCTaHOBMNEHO
Cuet 06HYyneH

WHavnBuayansHoe coobLleHne creHepupoBaHo
WHanBuayansHoe coobLeHne BOCnpon3BeaeHo
Tpybka nonoxeHa (coegnHEHNE pa3opBaHO)
OcTaHOB CMCTEMBI TOSTOCOBOW NOYTHI

Takoe npeacTaBreHMe CUCTEMbI

nerko mogenuposatb ceTblo [leTpu. Mogenb cucTemsl

MapLUpyTU3aLmMmn 3BOHKOB, NMOCTPOEHHas B ceTax NeTpy no AaHHbIM Tabnuy, npeacTaBneHa Ha puc. 6.

Puc. 6. Mozenb cucTeMbl MapLUpyTU3aLmMm 3BOHKOB B ceTsix [MeTpu

Tabnuua 3. NonocoBas noyta ¢ TOYKM 3peHns ceten MNeTpu

O6paboTka BXxoasLLmMX TeNneOHHbIX 3BOHKOB

PaboTa ¢ ronocoBbiMy COOOLLEHUSIMMN

[eXNelNelNe]

OxupaHue 3BOHKa
CoegnHeHune

KoHTponb 3a coeanMHeHnemM
OnpepeneHne Homepa

o} 3anucaTb ronocoBoe coobLleHne

o} MpountaTtb ronocoeoe cooblieHne

0 CosnaHune Lanku rofiocoBbIX
COO0LLIEHUI
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[Mprem TOHOBbIX CUrHanNoB (KoA v ynpasnsawLme) | o "eHepupoBaTb coobLieHuns (Awmk nycT,
OnpepgeneHune aboHeHTa y Bac X coobLeHuni n 1.4.)

PacnosHaBaHue ronoca
lMepeagpecauns 3BOHKa
Mprem ronocoBoro coobLLeHnst
MonoxnTtb TPyoKY

O O0Oo0OOo0O0Oo

Ha ocHoBe BhbIlENEPEUYNCIEHHbIX 3a4ay MOXHO MOCTPOUTb Tabnuuy, BKMOYalowWwy B cebs

ycroBusi n cobbiTus B ceTsx lNetpu (Tadn. 4).

Tabnuua 4. YcnoBusi n cobbiTUsSt AN CUCTEMbI FTOJTOCOBOM MOYTHI

Ycnosus: P Cob6biTusa: T
a. Pexum oxumpaHus (nepesoga) 3BOHKa 1. Bxogswmin 3BOHOK
b. JluHua 3aHATa 2. 3BOHOK NepeHanpasrneH Ha cepBep rofoCoBOM NOYThI
c. Bxopawmn 3BOHOK 3. Homep He pacnosHaH
d. PacnosHaBaHue Homepa 4. Homep pacrnosHaH — 3To X-abOoHeHT
e. CoeguHeHune c aboHEeHTOM 5. Homep pacnosHaH — 3TO nofb3oBaTenb 0JI0COBON
f. TNpourpbiBaHne NpMBETCTBUS noyThl
g. CosgaHue wankm coobLeHnn 6. CoeguHeHMe OCyLLIECTBIIEHO
h. 3anucb cooblenns 7. OBHapyXeH pa3pblB COEQNHEHNS
i. [lMpvem koga aBTOPU3ALIUM 8. lNpuBeTcTBME NpOUrpaHo
j- Monoxwutb Tpybky 9. Wanka co3gaHa
k. PacnosHaBaHue aboHeHTa 10. OctaHoB 3anucu
.  TeHepauus nHausmayansHoro | 11. Kop aBTopu3sauuun NpuHAT
coobLeHus 12. ABOHEHT pacno3HaH
m. BocnpousseageHue coobueHunsa | 13. ABOHEHT He pacno3HaH
nHAMBUAYyanbHoe 14. NngmeugyansHoe coobLieHne creHepMpoBaHo
n. [puem koga ansa paboTbl C MEHIO 15. NngmeugyansHoe coobLeHne BocnponssegeHo
0. BbinonHeHune npouenyp mMeHo 16. MeHto: Bnepea
p. PacnosHaBaHue ronoca 17. MeHto: Hasag
g. KomaHga He pacnosHaHa, 4YTo genatb? 18. MeHto: npocnywaTtb
r. Monoxwutb TpybKy (0cBO6OANTL NUHMIO) 19. MeHto: yoanutb
20. MeHto: nepeHanpaBuTb
21. MeHto: ynpaBneHue rorocom
22. 'onocoBas KoMaHA4a NpuHATa
23. onocoBas KOMaH4a He pacno3HaHa
24. OTMeHa ronocoBoro ynpasneHusi
25. NonocoBas KomMaHaa elle pa3s
26. MNpogomkeHne paboTbl C MEHIO
27. Tpybka nonoxeHa (coeanHeHne pa3opBaHo)

Mogenb cnctemMbl roflocoBOKM NOYTLI, MOCTPOEHHas B ceTax eTpu, npeacrasneHa Ha puc. 7.

OCHOBHbIM MPEUMYLLLECTBOM CUHTE3a 3agay KOMMNbOTepHON TernedoHuun B cetu lNeTpu aenseTcs
BO3MOXHOCTb NpoBeaeHus rnybokoro nccnegoBaHnst nx nosefeHns [6], a Takke BO3MOXHOCTU NPOBEPKM
CBOWICTB CamMOW MOAENU, Takmx Kak KOHNUKT pyHKunoHanbHocTen, ageanok (DeadlLock), saumknusaHue,
noTepsi OpUrMHanbHON (YHKLMOHANbHOCTW, Henpeackasyemoe noBedeHue, KOHMMUKT MO pecypCHbIM
TpeboBaHuaM U T.n. [na npoBefeHWs Takoro UccneaoBaHys B NEPBYO ovepedb UCNOoMb3YyITCA MeToab!
aHanusa CBOWCTB camux ceTewn lNeTpu. ATOT noaxon npegnonaraeTt noflydeHne CBeOEHUA O CBOMCTBaX
peanbHOW CUCTEMbI U3 aHanuMsa onpefenéHHbIX CBOWCTB Mogenupylowen cetn lleTpu, a WMEHHO:
OrpaHM4YeHHOCTb, 6€e30NacHOCTb, COXPaHEHNE, aKTUBHOCTb, AOCTMKMMOCTb, MOKPbIBAEMOCTb, XUBYYECTb U

T.40. PaccmoTpum wmeTon aHanmsa ceten [leTpu, KOTOpbIM OCHOBaH Ha WCMNONb30BaHuMM depeesa
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docmuxumocmu. [epeBo OOCTMXKMMOCTM MpPeacTaBnsieT Bce AOCTMXKMMbIE MapKupoBku ceTu Metpu, a

TakKXke BCEBO3MOXHble nocnenoBaTesibHOCTU 3anyCKoB €€ nepexoaos.

Puc. 7. Mogenb cuctemMbl rosilocoBOK NoYThl B ceTax MeTpu

AHanunsnpys gepeBo OOCTUXMMOCTU Ans OBYX 3a4ay KOMMbIOTEPHOW TenedoHUKU, KOTopoe He
NnpuBeaEHO 30eCb N3-3a FPOMO3OKOCTU, MPUXOANM K CrieaytoL MM BbIBOAAM:
— 00e Moaenu ABnsTCS OrpaHNYEeHHbIMU;
— 00e mogenu aBnsaTcsa 6e3onacHbIMY;
— BCEe Nnepexofbl SABMSITCS NOTEHUMANBHO XUBbIMU;
— TYMWKN OTCYTCTBYIOT;
— BCE NO3ULNN ABMSIOTCA OCTMXKUMBIMU;
— mofenu obnagatoT CBOMCTBOM NMOBTOPAEMOCTY;
— B3aVMHbIM UCKIKOYEHMEM B [AaHHbIX MOAENAX SABMASETCS TO, YTO NUHUA He MOXeT ObITb
OAHOBPEMEHHO 3aHsATa 1 cBOOOAHA.
Ha npvmepe atnx mogenen AByxX 3agay KOMMNbHOTEPHOW TenedOoHMM MOXHO AenaTb BblBOAbI O
TOM, YTO:
1. B paHHOM cucteme 0a30BbIMU SABMSKOTCA KOMMYHWUKALMOHHbIE (YHKUMK, MPUYEM CaMblii
rMaBHbIN OOBHLEKT — COeANHEHME.
2. TlNocnepoBaTenbHOCTb MNPUBEAEHHbIX B MOAENSX MYHKUUA HEe MOXET W3MEHSATbCA B
3aBMCUMMOCTM OT noTpebHocTen nonb3oBaTtensd (NpPorpaMMucTa) UMM >Xe 3aBUCUMT OT annapaTHbIX

BO3MOXHOCTEN. [1nda Toro, 4tobbl UBMEHUTL nopAAaoK, Heo6xoauMMo co3gaBaTh HOBYKO MOAenb.
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3. [Ins peweHus BbILLENINOXEHHbIX Npobnem HeobxoguMmo paspaboTaTb nNpu NOMOLWM CETU
MeTpn yHMBepcanbHyO cCUCTEMY, KOTopasi nNpu Jo6aBneHnM HEKOTOPbLIX OOBLEKTOB MITM MCMOMb30BaHWM
yXKe CYLWEeCTBYIOLWNX MOXET pelwlaTtb ApyrMe 3agavv KOMMbITEPHOW TenedoHuKn, a Takke B KOTOPOW
OygdeT cyuwecTBoBaTb BO3MOXHOCTb M3MEHEHUSI Nopsigka CriedoBaHUSA noasagady 0e3 nepecTpounkn BCewn
Mozenu.

4. Ha ocHoBe nepevuncrneHHbIX B Mogensax o6bekToB (Mog3anad), KoTopble ykasaHbl NO3MLMSMU B
mogenn cetu [leTpu, pekomeHgyeTcss co3gaTb OOBEKTHO-OPUMEHTMPOBAHHbIE KOMMOHEHTHI  AMA
NMOCTPOEHMSI MHCTPYMEHTarbHOrO KOMMekca peanuaaumm yHKUUA KOMNbIOTEPHOW TeNnedoHNN.

Onsa nnnioctpauun metoga cvHTe3a Obina co3gaHa nporpamma, MHTepdenc KOTopon nokasaH Ha
puc. 8. Kak BMAHO U3 pUCYHKa, B MporpamMe Ha MpMMEpe rofloCOBOWM MOYTbl peann3oBaH (MokasaH)
CMHTE3 HOBbIX 3aday KOMMbOTEPHOM TenedoHun. [na 3SToro MCMNosb3ylTCs OMucaHHble Bbille
anroputMbl (MeToapbl) AEKOMMO3MLMK AN TONIOBOM MOYThl, @ TakkKe CUHTEe3MpoBaHHas B ceTax [leTpu
MOZENb, peanuayoLlas 3aaqun roflocCoBon NoYThI.

Mpu paboTte ¢ nporpammon BbibupaeTca ogHa M3 yxe CYLLIEeCTBYIOLLMX 3agay rornocoBOW MOYTbI

Unn xXe MOXHO 3arpy3utb paHee CO30aHHYyK 3adady. OTa 3apaya oTobpaxaeTca cnpaBa Kak

COBOKYMHOCTb OBBLEKTOB UNU nopsafad, U3 KOTOpbIX
nonb3oBatefle  MOXET BblbpaTb HyXHble eMy U
NepeMecTuTb MX B JIEBYK KOJOHKY Afsl COCTaBlEHWUSI
HOBOW 3aga4n.

Nocne cocTtaBneHnss HOBOWM 3ajayn  ee
HeobxoOuMO nNpPoOBEPUTb Ha  (PYHKUMOHAINbHOCTL U
OTCYTCTBME KOH(NMKTa (PYHKUMOHanNbLHOCTWU. [ns atoro

NPUMEHAETCA paHee COoCTaBlieHHadaA MoJdellb B CeTAX

I'IeTpM M NCNONb3YKHTCA COOTBETCTBYHOLLNE mMeToabl

aHanusa ceten [letpu. Ecnn obHapyxunBaeTcsa owwmbka,

nonb3oBateNlb O HeW yBegoMnsieTcs, a Takke

Puc. 8. MHTepdeiic nporpaMmbl nonb3oBaTenb Nofny4yaeT NPOCTENLIME yKa3aHus O TOM,
Kak 37O OWMOKN MOXHO nsbexaTb

CdopmupoBaHHble paboune (roToBble) 3ajadun MOXHO COXpaHATb Ans  nocregyoLlero
NCNONb30BaHUA.

B pnaHHOM nporpamme elle He peann3oBaHa BO3MOXHOCTb 3arnycka COCTaBMneHHbIX 3a4ad, T.K. 9Ta
nporpamma criyxwuna ans 4eMOHCTpaL MM BO3MOXHOCTU UCNONb30BaHUA cetelt [eTpu npu cuHTese 3agad
KOMMNbOTEPHOWN TenedoHnn.

M3 cyHKUMOHaNbLHOW cpedbl YCrOBUIA BMOSIHE FIOMTMYHO BbITEKAET pacnucaHue 3anpocoB, Mpwu
koTopoM obecneunBaeTcsl HopMarnbHas paboTa MHCTPYMEHTaNbHOW cpefbl CMHTE3a MeTO40B U (PYHKLMI
KOMMNbIOTEPHON TenedoHun. PacnucaHve 3anpocoB — 3TO forMyeckast nocrnefoBaTefnibHOCTb 3agad
(noasagay) KOMMbIOTEPHOW TenedOoHUN, HapyLleHne KOTOPOW MOXeT NpuBOAUTb K owmnbkam unu cbotro
CUCTEMbI B LLENOM.

Mpyvyem npu nomowM NPOrpaMMUPOBaHMS  3TU  KOMMOHEHTbl CMOryT noadepXuBatb

MaKCcumarnbHO€E KOJNMM4eCTBO CTaHOAPTOB annapaTHbIX CpeacTB U BeCb nepexoa OT oAHon annapaTHO|7|

100 ISSN 1028-9763. MaTemaTu4Hi MawmHu i cuctemu, 2004, Ne 3



OCHOBbI Ha apyryto. [Ona nonb3oBaTtens 310 OyaeT O3HavyaTb He3HaYUTENbHOE M3MEHEeHWe CBOWCTB
00 BEKTHO-OPNEHTMPOBAHHOIO KOMMOHEHTa. XOTa Ha caMOM fene npu 3atom 6yaeT MCNonb30BaTbCs
abcontoTHO APYrov NporpaMMHbIv Ko, ApyrMe KoMaH4bl NPOrpaMMHOro B3aMMOAENCTBUSA C annapaTHbIMU
cpegcTteaMn U COBCEM Apyrue MHTepdencol.

Hanpumep, MnkpodoH Oblim MOAKMNIOYEH B rHE340 MOAeMa, a 3aTeM Nofb3oBaTernb NepeknyaeT
€ero B 3BYKOBYIO kapTy, mocrne 4yero Heobxogumo 3amMeHWTb B OOBHEKTHO-OPUEHTMPOBAHHOW KOMMOHEHTE
«YCTPOWCTBO 3anuncu» CBOWCTBO «MOAKMOYEHNE YCTPOMCTBa» C «MOAEM» Ha «3ByKoBas kapTa». B
nporpaMMHOM >Xe nMnaHe B MNepBOM Ccry4yae nAnd 3anucu 3ByKa WCMNONb30BanuUCb KOMaHAb!
B3aMMOJEWNCTBUSA C MOPTOM, K KOTOpOMY Bbin npucoeguHeH mogem n AT-komaHabl Mogema, a BO BTOPOM

criyyae 3anvcb GyAeT NPOMCXOAUTb M3 BXOAA 3BYKOBOM kapTbl API KOMaHgaMuy onepawlMoHHON cpeabl.

4. BbiBOAbI

B paboTe paccmoTpeHbl hopMarnbHble METOAbI, KOTOPbIE NO3BOMST aHanM3MpoBaTh, 4EKOMNO3NPOBaTh,
CYHTE3UpoBaTb M OLEHUBATb (PYHKLMOHANBHOCTb CMOXHbIX PEaKTUBHbIX CUCTEM Ha MNpuvMepe 3ajaun
KOMMbIOTEPHOW TenedoHuu.

[Mocne BbINONHEHWUSI MOMHON AEKOMMNO3ULUN (PYHKLMOHANbLHOW CUCTEMbI U3 (popManmn3oBaHHbIX
00BEKTOB MOXHO CUMHTE3MpOBaTb hopMarbHyto Modenb B ceTsix [eTpu. U yxe Ha ocHoBe 3TOM MoAenu
MOXHO MNPOBOAUTL MHOXECTBO pPa3fUYHbIX WCCNedoBaHWiA, TakuxX, Kak MpoBepKa LIENOCTHOCTH,
hyHKLMOHANBbHOCTM U paLUMOHanbHOCTW.

Bnarogapsi Takomy nogxogy MOXHO OydeT ynydwaTb yXe pearnbHO CYLEeCTBYKWLIME 3agayu
KOMMbIOTEPHOW TenedoHUK, a Takke CUHTEe3MpoBaTb abCoNOTHO HOBbIE peLLEeHNS.

Ha ocHoBe paHHOM paboTbl MOXHO cAenaTtb BbIBOAbI O TOM, YTO MpeanoXeHHbIn MeTon
uenecoobpasHo MCMonb30oBaTb HE TONMbKO B 3ajayax KOMMbITEPHOW TenedoHuMu, HO U B OpYrux
npuknagHbiX 06MnacTsiXx, B KOTOPbIX MPUCYTCTBYIOT MHOrO(YHKLIMOHANbHbIE CUCTEMHbIE pPecypcbl
MPUIOXEHNS.

B pmanbHenwux uccrnegoBaHusX NiaHuMpyeTcs M3ydnTb BO3MOXHOCTb CUHTE3a YHUBEPCAITbHON
opMann3oBaHHON cUCTEMbI AN (POPMUPOBAHUSA YCIYr KOMMbIOTEPHON TenedoHnn «Ha neTy» ¢ y4eToM

3aKMYEHNN 1 peKOMeH,EI,aLI,I/IVI Ha OCHOBE BLILLEN3NOXEHHbIX UCCIEA0BaHUN.
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