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HayuHble uHTepecbI: 6eCnpoBOAHbIE CEHCOPHbIE CeTH.

BBEAEHUE

becnpoBoaHaa ceHcopHaa cetb (CC) — 370 pacnpepe-
NEHHaA, (AMOOPraHK3YIOLLYICA CeTb MHOXeCTBa JaTunkoB
(CeHCOpOB) M UCMOMHUTENbHBIX YCTPOIACTB, 06BEAUHEHHDIX
Mexay coboii nocpeacTBOM pajvokaHana. 06nactb nokpbITA
Nof06HOM CeTIN MOXET COCTABNATL OT HECKONbKUX METPOB A0
HECKONbKIIX KITIOMETPOB 3a CYeT CrocobHOCTIA peTpaHaIALIN
C000LLeHVIA OT OJHOTO JNemeHTa K Apyromy. O6befyHeHHble B
0ecnpoBOAHYHO CEHCOPHYIO CETb AATuMKIN 00pa3yIoT TeppUTOpU-
anbHO-PacNpefieNeHHyl0 CaMOOpraHK3yHLLYyCA cucTemy 6o-
pa, 06paboTKi 1 nepeaaun nHdopmavm. OCHOBHOIA 06MaCTbto
npuMeHeHia bCC ABNAETCA KOHTPONb 11 MOHUTOPUHT U3Mepse-
MbIX NapameTpoB du3nueckmx cpef 1 obbektos 1,2, 3].

Beuay 3HauntenbHoit cnoxHoctn bCC kak obbekTa
$opmanbHOro OMMcaHMA 1 NpoOeKTUPOBaHUA, 40 HACToA-
LLero BpeMeHIn OLeHKM 0xuaaemoro s¢pdekra ot Tex unm
WHBIX KOHCTPYKTUBHBIX PELUEHMIA 8, 3HAYUT U OT KanuTano-
BNOXEHWIA, HEOOXOAUMbBIX ANA WX peann3auinn, 06blYHO
0a31pyoTCA Ha 00LNX PacCyKAEHMAX, He NOAKPeneHHbIX
pacyeToM, KOria BAnAHMeE 0TAeNbHbIX GaKTOPOB OLeHNBa-
eTcA  uHTyuTuBHO. [lo3Tomy pa3pabotka Mogenein u
(peAcTB Ana aHanu3a QyHkumoHuposaHua bCC, ee ontu-
MU3aLNK MMEET aKTyasbHoe 3HaueHMe.

1. CUCTEMHDbIA AHANIN3 BCC

becnpoBoaHas ceHCOpHaA ceTb Kak 00beKT Mogenu-
POBaHNA NpeAcTaBAAeT 000/ CNOXKHYK ANHAMUYECKYIO
cictemy. [lna uccnenoBaHus Takux CUCTEM UCMONb3YeTcs
CMCTEMHDII aHanu3, 0CHOBHbIM CPeACTBOM KOTOPOro AB-
naeTca aekomno3uuna. B gaHHoit pabote 6bina BbinonHe-
Ha pekomnosuums bBCC  Ha  ocHoBe  00BEKTHO-
OpUeHTUPOBAHHOIO NOAX0Aa [4, 5].

becnpoBoaHaA ceHcopHas ceTb npefcTaBnsAeT coboil
pacnpefienéHHylo CeTb, COCTOALLYI0 U3 MHOMXeCTBA Y3/0B,
COfiepXaLLVX: MUKPOKOHTpONNEp, TpaHCMBep, JaTumKu (CeH-
COpbl) 11 MeMeHT NuTaHuA. Y3nbl 06beanHeHbl NoCPeaCTBOM
papuokaHana. 06nacTb MOKPbITUA CEHCOPHOI CeT MOXeT
COCTABMATb OT HECKOMbKUX METPOB [0 HECKONbKIX KUIOMeT-
POB 32 CYET PETPAHCIALIM COOOLLEHNI OT OFHOTO NeMeHTa K
Apyromy. Ha y3nax bCC QyHKLMOHMPYIOT NpUNOXeHNa, KoTo-
pble C onpeaeneHHoi NepUOANYHOCTbIO MPOU3BOAAT ONPOC
[ATuNKOB, Nepeaayy AaHHbIX N0 CETU 1 PETPAHUIALMIO NaKe-
TOB C JaHHbIMI JipYTUX Y3M0B.

B pesynbTate npoBedeHHOro CUCTEMHOTO aHanu3a
Bblfie/IeHbI ClefyloLLye TUNoBble KoMnoHeHTbl bCC:
y3en;

KaHan nepefauu AaHHbIX;
npunoXeHue;

(eTeBoil NPOTOKON;
HabnoaeMble ABNEHNA.

[ina MoZenupoBaHuA BbifeNeHHbIX TUMOBbIX KOMMO-
HenToB BCC pa3paboTaHbl COOTBETCTBYIOLME KNACChl 06bEK-
T0B. B (neiytoLLiem nyHKTe npefiCTaBeHbl 06beKTHble Moaeny
TUNOBbIX KOMMOHeHToB bCC, BbleneHHbIX ¢ NOMOLLbI0 06b-
eKTHO-OPMEHTPOBAHHOT0 aHanu3a. 3aTeM packpblBaeTcA
BHYTPeHHAA opraHu3auma obiei mogenu bCC.

2. PA3PABOTKA MOJIENEV

TUNOBbIX KOMMOHEHTOB bCC

Y3en bCC — 370 yCTPOMCTBO MpefHa3HaueHHoe AN
cbopa u nepBuUyHoil 06paboTki UHGOpMaLmMn 06 OKpy-
XKatoLLeil cpefie 1 nepefaym 1ol MHGOPMaLMI NO CETH Ha
Apyrue y3nbl.
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[na pa3paboTkn obbekTa onucbiBalowiero paboty
y3na bCC paccmoTpum nofpobHee uto oH U3 ceba npes-
(TaBnAerT.

Y3nbl 5CC npon3BoAATCA YKe HeCkoNbKO AecATUNETIN 1
MCNONb3YKTCA B Pa3NMuHbIX 00MacTAX — OT MOHUTOPUHTA
3eMAIeTPACEHNIA 0 BOEHHOTO Ha3HaueHUA. (oBpeMeHHble
MIHUTIOPHble Y37bl Hauanu paspabaTbiBatbea B 1998 rogy B
npoekTe Smartdust yHuBepcuTeTa bepknn npu noanepxke
arentctBa DARPA [6] n npoekte NASA Sensor Web [7]. OaHoit
U3 Leneit npoekta Smartdust 6610 Co3/aHNe aBTOHOMHOTO
U3MepUTENbHOT0 11 KOMMYHUKALMOHHOTO YCTPOIICTBA 00be-
MOM OAUH Kybuueckuit munnumetp. HecMoTpa Ha To uTo 37a
Lenb He Obina JOCTUrHYT, NPOEKT jaN CTapT MHOrMM UCCTe-
JioBaTeNbckum npoektam B obnactu bCC u okasan 6onbLuoe
BAUAHME HA Pa3BUTIAE 3TON TEXHONOTIAW.

OcHoBHbIMM KomnoHeHTamu y3na bCC AsnAtoTca
MUKDOKOHMPOJIIEp, MPaHcugep, NAMAMb,  UCMOYHUK
3/1eKmponumarus v oauH unu 6onee damyuk. OCTaHOBUM-
(A NOAPOOHee Ha PaCCMOTPEHIM ITUX SNIEMEHTOB.

Murkpoxosmponnep y3na bCC npegHasHauen ond nep-
BIYHOI 00paboTKM AaHHbIX, MOMyYaeMblX OT AATYMKOB W
yNpaBneHna Bem OCTaNbHbIMU KOMMOHeHTaMi y3na. Anb-
TepHaTMBOI UCNOMb30BaHMIO MUKPOKOHTPOANEPOB B Y3/ax
BCC moryT 1yXmuTb MUKpONpPOLLECcopbl, LGPOBbIe CUTHaNb-
Hble npoueccopbl, FPGA unmu ASIC. OgHako B nogasnAtoLLem
OONbLLUNHCTBE C1yYaeB WUCMONb3YKTCA MMEHHO MUKPOKOH-
TPOSNepbl M3-3a HEBbICOKOW CTOMMOCTY, Hanuuma nepude-
PUilHBIX YCTPOICTB, NPOCTOTbI MPOTPaMMUPOBAHNA U He-
onbLuoro notpebneHa sHeprian. Mukponpoueccopb obLLero
Ha3HaueHUs VMeIOT, Kak nmpasuno, bonbluee notpebneHue
yem MUKPOKOHTPOINIEpbI i, M03TOMY, B 00/bLLHCTBE ClyyaeB
He rogaTca ana npumeHedna B y3nax bCC. Ludposble cur-
HasbHble MPOLLeCCOpbl aKTUBHO MCMOMb3YKTCA ANA LUPOKO-
nonocHoin becnpoBopHoin KoMmyHmKaum, Ho bCC 0bbIuHO He
TpebytoT GoNbLLMX CKOpOCTel Nnepedaun AaHHbIX. [lostomy
MpeuMyLLeCTBa LNPPOBLIX CUTHANBHBIX MPOLIECCOPOB 06bIYHO
He MMeloT 60MblLOr0 3HaueHus AnA y3noB 6ecnpoBofHoil
ceHcopHoii cetin. FPGA unn ASIC moryT ObITb CKoHdUrypupoBa-
Hbl nog, TpeboBaHua bCC Ho 3To MMeeT ropasgo GonbLuyio
TPYA0EMKOCTb Yem MpU MCMONb30BAHNIA MUKPOKOHTPOMIe-
poB.

Tparcusep. Y3en BCC 00bIYHO MCMONb3YET Tak Ha3biBae-
Mblii cBoboAHbIit ISM auanasoH (aHrn. Industrial, Scientific,
Medical: nHayCTpUanbHbliA, HayuHbII 1 MeAULIMHCKNIA Avana-
30H) KOTOPbIiA 3aHUMAeT nonocy yactot ot 2400 o 2483,5 MI'y

B CLLIA v EBpone n ot 2471 o 2497 MI'u B finoHuu. B obwiem
Qlyyae anA 6ecnpoBOAHON KOMMYHMKALM MOTYT MCNONb30-
BaTbCA TaKMe CPefibl KaK PaAVouacToTa, ONTIYeCKUe CUTHanbI
W CUrHanbl B MHQpakpacHom AuanasoHe. [lnA onTuyeckoit
nepenaun TpebyeTcA MeHblue SHepri, OfHaKo TpebyeTca
npAMaA BIAUMOCTb M OHA YYBCTBUTEbHA K aTMOCHEPHbIM
yaoBuAM. [lepefaua B MHQpaKpacHOM [JuanasoHe Kpome
3TOT0 XapaKTepu3yeTcA HEeBbICOKON MPONYCKHOA CMOCOBHO-
ablo. lcnonb3oBaHne paguokaHana ABMAeTcA Hambonee
noaxogawwm ana bCC. 06biuHo B y3nax BCC ucnonb3ytotca
TPaHCMUTTEpbI U pecuiBepbl paboTaloLuye Ha He nLeH3upye-
MbIX Yactotax 173, 433, 868 wiu 915 My v 2.4 Tu. B 6onb-
LUIMHCTBE Y3M10B MCMOMb3YIOTCA TPaH(MBEPbI — YCTPOIACTBA
KoTopble 00beANHAIT (QYHKLMOHANBHOCTL 11 NepeaaTynkos
(TpaHCMUTTEPOB) 1 NPUEMHIKOB (pecBepoB). B moaenn stot
KOMMOHEHT npeAcTaBneH cBoiicTBamu «[lotpebnetue B pe-
Xume npuema», «lotpebnexue B pexume nepesaum», «flo-
TpebneHve B pexxime 0xuaaHua». Bce ocTanbHble BOICTBA
UMeloLLMe OTHOLLEHNE K npuemy 1 nepefaye AaHHbIX BbiHe-
CeHbl B Knacc «KaHan nepegauin JaHHbIX»

[lamame. [Ina uenu 3Heprocbepexenna y3nbl BCC
00bIYHO KOMMNEKTYITCA SHEProHe3aBUCMMON BHELLHeil Na-
MATbIO, BbINOSIHEHHO MO (DM3LW TeXHONOrM. JTa NaMATL
TaKxKe 0071a1aeT XOPOLLNM COOTHOLLIEHUEM LieHbl K 00bemy.
TpeboBaHuA K MaMATI CUNbHO 3aBUCAT OT KOHKPETHOMO Mpi-
NoXeHua AnA Kotoporo pa3pabatbiaetca bCC.

WcmoyHuk 3nekmponumanus. becnpoBoAHble CeHcop-
Hble CEeTI UCMIONb3YHTCA ANA Tex 3adau rae 3aTpyaHUTENbHO
i BooOLLEe HEBO3MOXKHO UCMONb30BaTb 00bIYHbIE MPOBOJ-
Hble ceTh 0e3 aBTOHOMHOro NuTaHNA. [103ToMy B HIX UCMONb-
3y10TCA ABTOHOMHbIE UCTOYHKIA IUTAHNA B BUZe baTapeli uin
akkymynatopoB. Kpome 31oro, y3nbl bCC yacto pacnonaratotca
B TPYAHOBOCTYMHbIX MeCTax, rae 3aMeHa W Moj3apajKa
batapeli ABNAeTCA 3aTpaTHOM onepauyeid. Mo3tomy K UcTou-
HUKY MATaHUA U SHEPronoTpebneHnio y3na npeabABnAlTcA
BbICOKVe TpeboBaHNA. Y3en noTpebnset sHepruio AnA cbema
MoKa3aHuii C AaTYMKOB, Nepeay AaHHbIX Mo ceT i 06paboT-
K daHHbIx. Hanbonee 3atpatHoil onepavveil ABNAETCA nepe-
J1aua JAaHHbIX N0 CeTI. 3aTpaTbl Ha Nepedayy 0AHOro Kunobuta
Ha ancraHumio 100 MeTpoB NpUMepHO paBHbI 3aTpaTam Ha
BbINONHEHMe TPeX MMIIVIOHOB UHCTPYKLMIA MUKPOKOHTpON-
nepom.

B KauecTBe CTOYHMKA InekTpoHeprum ana y3na bCC
MOTYT BbICTYNaTb KaK 00blYHble 6aTapen Tak 1 akKymyna-
Topbl. OHKM B (BOIO OYepedb KnaccupuuupyTca no Tumy
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NCNONb3yeMbIX NEKTPOXUMMYECKIX MaTepuanos. Boige-
naoT  Hukenb-kaamuesble  (NiCd), HUKenb-LMHKOBbIE
(NiZn), Hukenb-metannrugpuanole (NiMH) wu  nutuit-
noHHble (Li-ion). HekoTopble coBpemenHble y3nbl bCC
UMeT BO30OHOBAAEMbIE UCTOUHUKI SHEPTUN TaKue Kak
CONHeYHble Oatapeu, BUOPALMOHHbIE WCTOYHMKM WMAK
UCTOYHUKKM paboTalowiMe 3a CyeT pasHuMLbl Temnepatyp.
[na coepexenna sHeprum B y3nax bCC npumenatoTca
BCEBO3MOXHbIE TEXHUKIA.

INeKTpoNuTaHue ABNAETCA OHUM U3 KPUTAUYECKMX
pecypcos, Heobxogumbix ana pabotbl bCC. Mostomy Bo-
MpOCaM CBA3aHHbIM C YMeHbLLEHNeM noTpebneHns sHep-
TN W, B YaCTHOCTI, MOJENNPOBAHNA JHEpronoTpebnenns,
MOCBALLEHO MHOXeCTBO pabot. Hanpumep, B pabote [8]
NpeanaraTca maTeMaTuyeckue MOAENN PacxoaoBaHUA
3NEKTPOIHEPTIAN KaXKAbIM 13 NeMeHTOB CeTH, Ha 0CHOBa-
HUN KOTOPbIX CTPOUTCA 06LLaA MOAENb.

Hamuuku (CeHcopbl). laTumkn — 370 IneMeHT npe-
0bpasylowuii Habnioaaemylo BenyMHy (Hanpumep, Tem-
nepaTypy unn aasnexue) B yAoOHbIA ANA UCNONb30BaHUA
curHan. [ina ucnonb3oBauua B y3nax bCC ucnonb3yiotca
AaTUMKK UMeloLL/e Ha BbIXOAE aHanoroBblii oo Ludpo-
BOW 3NeKTpuueckuii curan. Ecnm mcnonb3yetca Hempe-
PbIBHDbIi AHANOrOBbIA CUrHAM, TO OH npeobpasyeTcA B
umdposoit ¢ nomolwbto ALIM n fanee nocrynaet B KOHTPON-
nep ana obpabotku. CoBpeMeHHble MUKPOKOHTPONAEPHI
ucnonb3yemble B y3nax bCC umeroT B (Boem CoCTaBe He-
ckonbko nunmie ALM. [atumkn wmcnonb3yemble B bCC
JOMKHbI UMeTb HeboMbLUoi pa3mep, NOTpebnATb Mano
3Heprum 1 ObITb NPUrOAHLIMI B COOTBETCTBYHOLLUX YCI0-
BUAX OKpYXatoLLei Cpeabl.

JlaTunkn paspenaT Ha TpU KaTeropui: naccuBHble
BCEHanpaBeHHble, MAacCMBHbIE HAMPaBEeHHble 1 aKTUB-
Hble AaTumku. llaccuBHble AaTUMKKM BbINONHAKT U3Mepe-
HUA 0€3 Kakux-1nbo MaHUNynALMIA C OKpyxatoLLeil cpeaoi
BO BpemA M3MepeHuA. B HUX pacxop 3neKTposHeprim
BbI3BaH TONMbKO HEOOXOAUMOCTbIO YCUNEHUA aHaNoroBo
(rHana. AKTMBHble [aTyiKi, HaNpoOTMB, aKTUBHO B3au-
MOZENCTBYIOT (O (pefoil BO BpemA u3mepeHni. Hanpu-
Mep, COHap Wnu pagap TpebyloT NOCTOAHHOrO Pacxofa
3Heprun. HanpaeneHHble AaTUMKIN BbINONHAIOT U3MEpeHNA
B OnpefefeHHOM OrpaHMYeHHOM HanpaBieHuu, Hanpu-
Mep, KaK B BUfieoKkamepe. BceHanpaBneHHble JaTunki He
UMEKT HanpaBfeHUa W AenalwT M3MepeHUA BO BCeX Ha-
npasneHuAX. bonbLIMHCTBO TeopeTnyeckmx paboT B obnac-
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T 5CC BbinoNHeHbl AnA C1yyas NAcCMBHbIX BCEHanpas-
NeHHbIX AaTunkoB. Hanpumep, B pabote [9] paccmatpuBa-
€TCA 3a/1a4a HaXOX[AEHNA ONTUMANbHOTO MOKPbITUA AaT-
yMKamu OnpeseneHHoi TeppuTopum.

B Haweii Mofenn [aTumku npeacTaBneHbl OTAeNb-
HbIM KNaccom 06beKToB «[laTuuK».

Takum obpazom, ana mogenuposanua y3na bCC BbI-
LeneHbl Tpu 06bekTa: «Y3en bCC», «cTrounmk anektponu-
TaHua», «[latunk». OCHOBHble CBOICTBA KMACCOB 3THUX
001beKTOB onucaHbl B Tabn. 1-3.

Tabnuya 1 -
OcHOBHbIe CBONCTBA Kiacca
“Y3en BCC” (Node)
HanmeHoBaHue
Nen/n . Tun
CBOICTBA
1 N aentudukartop (Tpoka
BekTop yka3ateneii Ha 00beKTbl
2 JlaTumkn by Y .
Knacca “[latunk
BekTop yka3ateneii Ha 06beKTbI
3 MpunoxeHue Y .
knacca “MpunoxeHue
BekTop yka3ateneii Ha 06beKTbI
4 | NcTouHMKN nUTaHmA " )
Knacca “WIctoyHuk nutaHus
BekTop yka3ateneii Ha 06beKTbI
5 (Ba3n " ”
knacca “KaHan
. Yka3ate/ib Ha 00beKT Knacca
6 CeteBoli npoToKon Y N Y
(eTeBoil npoTOKON
7 06bem namsTu Lienoe uncno
MoTpebnenue B pe-
8 BewjectBeHHoe uncno
Xume 06paboTkm
MoTpebneHue B pe-
9 P P BewjectBeHHoe uncno
XUMe npuema
MotpebneHue B pe-
10 P P BewiectBeHHOe yucno
XUMe nepefayn
Motpebnenue B xay-
1 P Ay BewiectBeHHOe yucno
LeM pexume
Tabnuya 2 -

OcHOBHbIe CBOMCTBA Knacca “UcTtouHmukK nn-
TaHuAa" (PowerSupply)

N2 n/n \HanmeHoBaHue cBoiiCTBa Tun
1 Ha3BaHue (tpoka
2 Onucanne (tpoka
3 Emkoctb BeLecTBeHHOE UNCN0
4 (amopazpan BewyectBeHHoe uncno
5 Bo306HoBnEHME BewecreHHoe uncno
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B KauectBe ucTouHuKa anekTponutaHua B y3nax bCC
00bluHO Mcnonb3yeTca 6ataped ranbBaHUYeCKUX INeMeH-
TOB UK akkymynaTop. MakcumanbHo BO3MOXHbIil nones-
Hblil 3apsAf aKKyMYnATOpa Ha3blBAaeTcA 3apAZHON EMKo-
CTbI0, WM NPOCTO EMKOCTbI0. EMKOCTb akkymynsTopa —
3T0 3apAf, 0TAABAEMbII NOSHOCTBIO 3aPAXKEHHBIM AKKY-
MynATOPOM Npu pa3psade A0 HaUMeHbLUero AonyCcTUMOro
HanpaxeHua. B caucteme (U EmKocTb akKyMynATOpoB
U3MepAIoT B KyNOHAX, HA MPaKTUKe YacTo MCnonb3yeTca
BHeCUCTeMHaA eauHuLa — amnep-vac. 1 A-u = 3600 Kn.
(BoiACTBO «EMKOCTb» Haluero Knacca MeeT Tin — BeLLiecT-
BEHHOE UMCI0 U BbIPaXaeT eMKOCTb B aMnep-yacax.

[ina KonuuecTBeHHOI OLeHKM camopaspaga bysem
UCMONb30BaThb BENMUYMHY NOTEPAHHOI 3a ONpefeneHHoe
BpeMsA eMKOCTH, BbIPaXKeHHYI0 B NPOLIEHTaX 0T HOMUHab-
HOI eMKOCTU. 3a NPOMEXYTOK BpEMEHN NpUMeM UHTep-
Ban BpeMeHH, paBHblli 0fHOMY MecALy. HecmoTpa Ha To,
yto, Hanpumep, Ana NiCd akkymynaTopoB cuutaetca fo-
nycTuMbIM camopaspsag A0 10% B TeueHue nepsbix 24
YacoB MOCNe OKOHYAHWM 3apAa, aKKYMYNATOPbI TaKoro
TNA He NPUMEHAIOTCA AnA aBTOHOMHbIX Y3108 BCC. [ina
NiMH akkymynATopoB camopaspAj HaMHOTO MeHblue, a
AnA Li-ion npeHe6pexumo Man 1 OLEeHNBAeTCA 3a MecALl.
(amopaspag B repmMeTu3NpoBaHHbIX CBUHLOBO-KUCTOTHBIX
akkymynsatopax cocrasnset 40% B rog npu 20 °C u 15%
npu 5 °C. Mpn 6onee BbiCOKUX TemnepaTypax XpaHeHus
camopaspaz ysenuuusaetcs: npu 40 °C batapen nuwarr-
340 % emkocti 3a 4-5 mecaues[10].

[ins KonuuecTBeHHOI OLieHKI BO300HOBNEHMA eMKO-
(i 6atapen npu MCNonb30BaHM BO306HOBNAEMbIX UC-
TOYHUKOB 3Heprum Byaem 1Cnonb30BaTh BeNYNHY Nony-
YEHHOI MM 3a ONpefeneHHoe BPemsA emKOCTH, Bblpa-
KEHHYI0 B MPOLIEHTaX 0T HOMUHANbHON eMKOCTI. 3a Npo-
MEXYTOK BpeMeHH, KaK 1 B Cfyyae camopaspaga, npumem
WUHTepBan BpeMeHU, PaBHblil 0OAHOMY MecALY.

3a nepefjauy AaHHbIX MEXAY y3namu 0TBeYaeT fec-
npoBoOHbIl Kaxasn. Tpu MoAenMpoBaHNM KaHana Heobxo-
AMMO YYMTbIBATb BEPOATHOCTU MOABAEHUA OWNOKA npu
nepedaye NakeToB. 3Ta BEPOATHOCTb PAcCUMTLIBAETCA HA
ocHose BennumHbl SINR (Signal to Interference plus Noise
Ratio) — OTHOLIEHMA MOLLHOCTU CUrHaNa K MOLLHOCTU
nomex 1 wyma. Bennumna SINR paccuntbiBaetca Ha ocHose
[AHHbIX 0 MOLLYHOCTYM NepefaTynuka 1 notepb Npu pacnpo-
CTPaHeHUN PaMoBOSH MeXay NepefaTuuKoM 1 npueMHu-
KOM.

Tabnuya 3 -
OcHOBHbIe cBONCTBa Knacca “Aatumk”
(Sensor)
N2 | HaumeHoBaHue cBOI-
Tun
n/n cTBa
1 Ha3BaHue (tpoka
2 Onuncanne (tpoka
Ykazatenb Ha 00bEKT Knacca
3 | Habniopaemoe asnexue
«Habmofaemoe ABneHne»

4 | Ou3nyeckas BennYMHa (Tpoka
3 | [lnutenbHocTb onpoca BewwecrBenHoe uncno

MoTpebneHue B pexume
4 BewwecrBeHHoe uncno

onpoca

MoTpebnenue B pexume

5 BewwecrBenHoe uncno
0XMaaHna
06bem pe3ynbTata
6 pesy. Lienoe uncno
onpoca

Mpn mogenupoBaHuu 6ecnpoBOAHOTO KaHana nepe-
a4y JaHHbIX HE0OX0AMMO 0YEHb OCTOPOXKHO MOAXOANTD K
BbIOOpY YPOBHA Aekomno3uwm mogenn. Tak kak becnpo-
BOZIHO KaHan ABNAETCA OUeHb CJIOXKHbIM 00BEKTOM, AN
€ro TOYHOTO MOZJENNUPOBAHMA HeobX0AMMO YuuTbIBATH
0YeHb MHOT0 pa3Ho00pa3HbiX (aKTOpPOB — TaKUX Kak
0C00EHHOCTI PacnpoOCTPaHeHUA PaAoBOSH B Pa3NNYHBIX
cpepax u nauawadt. OaHako, BKntoueHne B mogenb bCC
MoZenn naHawadTa U Mofenu pacnpocTpaHeHna BOH BO
MHOTUX Cy4asax MOoXeT ObiTb M30bITOuHbIM. [l03TOMY,
BBUAY 0O0MbLLOI BbIYMCIUTENBHOM CIOKHOCTIA COOTBETCT-
BYIOLLMX anropuTMOB MOJENUPOBAHNA, YacTO NPUMEHAIT
yNpOLLEHHble Moaenn.

B cywectBywwWmX CUMYNATOpaX MOXHO BCTPETUTb
MOZienu 6ecnpoBOAHbIX KaHANoB (BA3M C COBEPLUEHHO
pa3nuyHbIMU ypoBHAMM AeTaniu3auun. Tak B TOSSIM (Tiny
Operating System Simulator) ncnonb3yetca npocras mo-
Aenb ugeanbHoro npuemHika [11]. B ns-2 ucnonb3ylotca
MOZENN pacnpocTpaHeHna PaanoBosH: Mojenb CBOOOAHO-
0 NPOCTPAaHCTBA M MIOCKOW 3eMAN. ITO OTHOCMTENbHO
NpoCTble MoAenu, ONUCbIBALLIME 3aBUCMMOCTb MOLLHOCTH
CMTHana oT PaccToAHNA NPoCTbIMM QYHKLMAMN. B apyrux
moZenAx, Hanpumep B mogenn [aBpunenko u ap. [12],
NCNonb3yloTcA 6onee CNOXKHbIE 3aBUCMMOCTU YUUTbIBAIO-
LMe KaK XapaKTepucTuKIA NPUEMHIKA TaK 1 OKpYXatoLLiet
peppl. B 310/t Mopgenu BbigeneHbl ABa AOMNOAHUTENbHBIX
MOZyNA: MoZenb NaHAwadTa u Mojenb pacnpocTpaHeHns
paavoBonH. B mogenn naHpwadTa AnA npeAcTaBneHus
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[LaHHbIX 0 NOBEPXHOCTY UCMOMb3YIOTCA MACCMBbI JAHHbIX 0
BbICOTE B KaX [0l TouKe. Ha 0CHOBe 3TUX JaHHbIX FeHepu-
PYIOTCA AByMepHble NpouAM NOACTUNAIOLIEI NOBEPXHO-
(TN Ha Tpacce MeXay NPUEMHUKOM W MepefaTynkoMm.
llanee 3T faHHble UCNONb3yIOTCA B ON0Ke pacyeta pac-
NPOCTpaHeHUa PajvoBONH. JTa MOAeNb 0TBEYaeT 3a Bbl-
YyuCNeHre NOTepb NpU NOMOLL MeToAa napabonuyeckoro
YPaBHeHMA 1 BbIUMCNEHUA BEPOATHOCTU 61UTOBOII OLUNOKN
B 3aBMCMMOCTH 0T 3HayeHus SINR.

BoibpaHHbIli  HaMu  06bEKTHO-OPUEHTUPOBAHHbIN
noaxoa k noctpoeHuto mogenn bCC nozgonAet rnbko Bbl-
6upatb ypoBeHb Tpebyemoii IeKOMNO3NLIAN panoKaHana.
Tam, roe Jetanu pacnpocTpaHeHUA PajvoBONH MOXHO
npeacTaBUTb NPOCTO OAHUM WHTErpUPOBaHHBIM MOKa3a-
TefeM — BepOATHOCTbIO OLINOKN, HeobXoAumo BblbpaTb
UMEHHO 3TOT MOAXOA, TaK KaK OH obecneynBaeT Hanbonb-
LYKo NPOV3BOAUTENLHOCT CuMynATopa. Tam, rae Takas
rpy6aa Mofenb Henpuemnema— ee MOXHO 3aMeHUTb
bonee CNOXHOIN MOAENbIO paJMoKaHana.

OcHoBHble CBOMCTBA KNnacca 06bekToB “KaHan” npen-
(TaBneHbl B Tab. 4.

Tabnuya 4 —
OcHoBHble cBOoNCcTBa Knacca “Kanan”
(Channel)
N | HaumeHoBaHme
. Tun
n/n CBOIACTBa
1 Ha3BaHue (tpoka
YKazaTenib Ha 00beKT Knacca
2 WcTouHuk
«Y3en b(C»
3 Mpuensg YKa3aTenib Ha 00beKT Knacca
«Y3en b((»
BeposTHOCTb BO3HU- | YKa3aTeNb Ha 00bEKT peanusyto-
4 KHOBEHMS OLLNOKH LI.|,VII7I aJirfopuTm BbluncneHna
npu nepenave BEPOATHOCTU BOSHUKHOBEHMNA
nakera WMbKI NpU Nepeaye naketa
Mpu pa3pabotke npozpammHozo obecneyerus b(C
00blYHO  UCNONb3YeTcA  COOBITUIAHO-OpUEHTUPOBAHHOE

nporpammiupoBaxue [13]. 310 napagurma nporpammupo-
BaHIA, B KOTOPOIA BbINONHEHME NPOrpamMMbl ONpeaendeTcs
COOBITUAMY — CO0BLEHNAMIA APYTUX NPOTPaMM 1 MOTO-
KOB, COObITUAMM ONEpaLMOHHOA CUCTEMbI (Hanpumep,
NOCTYNAeHUEeM CETEBOr0 NaKeTa).
C0ObITUIHO-OPUEHTAPOBAHHOE  MPOrPaMMMPOBaHIAE
MOXHO TaKKe OnpeAeNTb, Kak crocob NoCTpoeHs KoMMbio-
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TepHoIi NporpamMMbl, MPU KOTOPOM B Koge (Kak npaBuno, B
FOfOBHOI QYHKLMM NPOrpaMMbl) ABHbIM 06pa3oMm BblaendeT-
(A TNABHbIA LMKN NPUNOXeHUA, TeN0 KOTOPOro COCTOUT U3
JBYX uacreii: BbIOOpKy coObITAA 11 00paboTKI COOBITHA.

[prynHamm NonynApHOCTIA AaHHOI NapajurMbl npo-
rpammupoBanua B bCC ABNAETCA aCMHXPOHHBIA pexum
KOMMYHUKaLMA B TaKWX CETAX U BblCOKAA BEPOATHOCTb
0TKa3a OTAENbHbIX y310B (NP1 3TOM 06LAA HAAEXKHOCTb
CMCTEMbI MOXET ObITb 0CTaTOYHO BbICOKOIA). 3TOT noaxoz
MO3BONUN PELLUTb HECKONbKO BaXHbIX Npobnem CyLyect-
BoBaBlmx B bCC: anHammyeckaa pekoHurypauma, MHo-
roaJpecHan paccbinka 1 ycTpaHeHme nepekpecTHbIX cBA3el
MeXzy KOMMOHeHTaMu.

MpuknagHble nporpammbl BCC pabotakoT Ha cneuma-
NN3MPOBAHHDBIX OMEPaLMOHHbIX CMCTEMAX MCMONb3YA TaK-
Xe  Bo3MOXHoctM 10 npomexyTouHoro  cnoA
(middleware). HecmoTpa Ha 6onbluoe pasHoobpasue BU-
0B nporpammHoro obecneyenna bCC, ocHOBHbIX 3ajay,
KOTOpble OHO BbINOJHAET, HEMHOTO:
nepuoanyYeckmin ONpoc AaTYNKOB;

BbIOOp COCeAHero y3na AnA nepefauum CeTeBoro na-
KeTa;

nepefaya CeTeBOro Nakerta onpefeneHHoOMy cocef-
Hemy y3ny;

nepefaya CeTeBOro NakeTa BCem COCEHMM y3nam;
NpOCyLUNBaHKe CeTH;

npuem CeTeBOro naketa;

npefo6paboTka AaHHbIX (arperauus).

[ina moaennpoBaHuA paboTbl NpunoxeHuil pazpabo-
TaHbl ABa Knacca 06bekToB: “Mpunoxenne” (Application) u
“CeteBoit npotokon” (Protocol). XapakTepuctuki 3Tux
KNaccoB npuBefeHbl B Tabnuuax 5 u 6.

Tabnuya 5 —
OcHoBHble cBONCTBa Knacca “lMpunoxeHve”
(Application)
Nen/n Haumeuvosa- Tun
HUe (BOICTBA
1 Ha3BaHue (Tpoka
3 Habniopgaemoe | YkasaTenb Ha 06beKT Knacca
ABNEHNe “Habniogaemoe agneHue”
[epuogny-
3 HOCTb ONpoCa BewecrBeHHoe uncno
J1aTuMKOB
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OnHOW 13 OCHOBHBIX YaCTeil CUCTEMHOTO MPOrPaMM-
Horo obecneuenna bCC agnaloTca npomokosbl nepedayu
0aHHbIX. B KauecTBe OCHOBHOTO MPOTOKO/A CETEBOIO yPOB-
HA B Tiny0S 2.x. ucnonb3yetca Collection Tree Protocol
(CTP) [14]. CTP aBnAeTcA AeliTarpaMMHbIM NPOTOKOOM C
ajipecauueii nwbomy yCTpoinCTBY rpynnbl AnA nepegaun
[aHHbIX OJHOMY W3 KOpHeil fepeBa ceTu. [IpeBoBMAHAA
CTPYKTypa ceTi obpasyetca bnarogapa 0cobeHHOCTU npo-
Tokona (TP. Mepeaaya AaHHbIX B W03, NOAKMOUYEHHbIIA K
0a30B0il CTaHUUM ABnAeTcA obwmum TpeboBaHuem Ans
noboii 5CC, noatomy KopHAMM AepeBa CeTM ABNAITCA
wnto3bl. Korga y y3na ectb faHHble, KOTOpble AOMKHbI
ObITb NepeiaHbl, OH NOCbINAET UX BBEpX N0 AepeBy B Ha-
npasnexun 6amxaiiero wiio3a. Kpome AanHbIX, KoTopble
y3eN NonyyaeT T CBOUX AATYMKOB, OH TaKXKe peTpaHuIN-
pyeT AaHHble, NepefiaHHble eMy ApYrumu y3namu. Takum
o0bpa3om obpasyetca AepeBo ceT. MHoraa, B 3aBMCMMOCTH
ot ocobeHHocT BCC, y3nbl AOMKHBI 6bITb B COCTOAHUM
06paboTaTb MakeTbl, KOTOPble MPOXOAAT yepe3 HUX A
T0ro, ut0bbl CO6paTh CTATUCTUKY, BBIYUCIUTL arperatbl,
UNN NPefoTBPATUTL N36bITOYHBIE Nepeaaun.

Paccmotpum  npouecc  GopmupoBaHuA  Jepesa
petpananaumii npotokona CTP. Kaxabin yzen B CTP co-
AepXuT Tabnuuy coceneid, B koTopoil xpanutca ID y3na n
€ro CTOUMOCTb Nnepefiaun. B kauectBe mMeTpukn ana crou-
MOCTY nepefauu UCnonb3yetca 3HayeHme ETX.

becnpoBoAHble ceHCOpHble ceTv noj ynpaBneHuem
JAHHOr0 NpoTOKoNa 06pa3yloT APEBOBNAHYH CTPYKTYPY, B
KOTOPOW LUNKO3bI ABNAKTCA KOPHAMU, @ CBHCOPHDBIE y37bl —
NNCTbAMMN. [INA reHepaLuy MapLLpyTOB Y3Mbl UCNOAb3YIOT
rpagneHT mappytusauum - ETX. KopeHb nmeet 3HaueHne
ETX paBHoe 0. ETX y3na paccumtbiBaetca kak cymma ETX
ero pogutenbckoro y3na u ETX cgasu ¢ Hum. Mpu Bbibope
pOAUTeNbCKOro y3na NpeanouTeHue OTAAETCA TOMY, rAe
3HayeHue ETX meHbLue.

MpuHuMnbI BbIbOpa peTpaHcMpylowero y3na B (TP
MOXHO ONKMCaTh CeAYILMMI NYHKTaMu:

— KOMAbIA y3en He3aBUCUMO onpejendeT MUHMMaNb-
HYI0 CYMMapHY0 CTOMMOCTb Nepeaaul;
KaX[blil y3en nepuoanyeckin paccbinaeT paccynTaH-
HYI0 UM MUHMMAIbHYI0 CYMMapHYI0 CTOUMOCTb (BO-
1M COCEAHUM Y3NaMm;
nonyyas MUHMMANbHYI 00LLYI0 CTOMMOCTb OT CO-
CeAHNX Y308, y3en 06HOBNAET MHPOPMALMIO O CBO-
el MUHUManNbHOI CTOUMOCTH, e 06HapyXmMBaeTcA

NYYLKiA NYTb U PacCbINaeT 3T0 HOBOE 3HaueHue Co-

cegam.

Ha 3Tane uHMUManu3aumm Kaxablii y3en ycraHaBu-
BaeT 3HaYeHue «HeonpegeneHHoe» AA (BOei CyMMapHOil
cToumocTi nepedaum K 6asosomy y3ny ETX. ba3oBbiit y3en
ycraHasnusaet cgoe ETX B 0. Korga cocegm nomyvart
coobueHme ot 6a30B0ro y3na, OHU 06HOBAAKT CBOU CTOM-
MOCTU nepefaun. Y3nbl, 00HOBMBLUME (BOE 3HaueHue
pacnpocTpaHaAKT 3Ty MHdopmauuio Aanblue no cetu. War
33 LWAroM Kaxablit y3en onpedenser MUHUMaNbHoe pac-
cToAHue K 6asoBomy y3ny. Ha puc. 1 usobpaxeHa aua-
rpamMma nocneaoBaTebHOCTY NPOLLECCa MHULMANU3ALMIA.

[ina MmofienupoBaHua npouecca nepefaun NakeTos B
bCC 6bin paspabotaH Knacc «CeteBoii mpoTokon». Ero
(BOIICTBA NpeACTaBNeHbI B Tabn. 6.

Tabnuya 6 —
OcHoBHbIe cBOICTBa Knacca “CeTeBoil npo-
Tokon” (Protocol)

Ne HaumeHoBaHue
. Tun
n/n CBOIICTBA
JlnuTenbHoCTb MHTEpBa-
1 Nna BpemeHu npotywu- BeLectBeHHOE uncno
BaHUA CeTH
[lnuTenbHoCTb HTEpBa-
2 N BpemeHu Mexay BewwecrBenHoe uncno
nepefayamu nakeToB
JlnutenbHocTb MHTEpBa-
3 112 BpeMeHu Mexay BewiectBeHHOE uncno
NPOCYLIMBAHUAMM CETH
YkazaTenb Ha 00bekT
Anroputm onpepenenua N
4 peanu3yloLLuii anro-
y3na nepefauu
puTM
’ Y3eno0 ‘ ’ Ysenl ‘ ’ Y3en2 ‘ ’ Y3en3 ‘ ’ Y3end ‘ ’ Y3en5 ‘
B i i i i i
| | | | |
. L L | | |
| | |
| | | |
.8 2 0
u | | |
| 1 | |
| | | |
I | 1 | |
| | | o

1

i

s

PucyHok 1 - Juazpamma nocsiedosamesieHOCMu npoyec-
ca popmupoeaHus depesa pempaHciayuu
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[lna MopenupoBaHnA npouecca CHATMA NOKa3aHWil
[IaTuNKoB, UX 06paboTKM U nepesaun Hamu Bbina paspa-
00TaHa Modesib HA6/I00aeM0o20 A8/eHUs. 3Ta MoAenb
ABNACTCA UCTOYHUKOM JAHHbIX ANA MoJeneli AaTunKoB.

Y3anbl BCC pabotalT ¢ nokasaHWAMK AaTUMKOB B
umdposoit popme. [laTumk NOAKNIOYEHHDI K MUKPOKOH-
Tponniepy MoXeT ObiTb aHaNOroBbIM, 0AHAKO ANA nepesa-
yu, XpaHeHua 1 06paboTKN nokasanmA Bceraa npeobpaso-
BbIBalOTCA B LudpoByld Gopmy. 103TOMY BbIXOAHON WH-
dopmaumeil Mogenu uccnesyemoro ABREHMA ABNAKTCA
BpeMeHHble pAAbl. Mcxoaa U3 3TOro MOXHO yTBepXaaTb,
YyTO NOCTPOEHME MOAENN UCCNeayeMOro ABNEHUA CBOAUTCA
K MOCTPOEHUIO MoZeneii CyyaitHbIX NpoLeccoB.

TpeboBaHMA K TOUHOCTU MOJeNN UCCIefyeMbIX AB-
NeHuil ana OONbLINHCTBA 33Jjay, BO3HMKAKOWNX NPy Npo-
ekTupoBaHun 1 ontumnsaumn bCC, HeBbicokue. Hanpu-
Mep, LA MOJeNNPOBaHNA CeTeBOr0 0OMeHa Ham Heobxo-
ANMO 3HATb TOMIbKO Pa3pAAHOCTb AaHHbIX. 0aHako, e
Ha y3nax NPUMEHAIOTCA KaKkue-nnbo MeToAbl OKaTUA faH-
HbIX C NOTepeil unu 6e3 NoTepu KauecTsa, T TpebOBaHNA K
TOYHOCT MOZeNM A0CTaTOYHO BbICOKW. B 3Tom cnyvae
HeoOX0AUMO Y4MTbIBAaTb W TPeH, U Ce30HHble C(OCTaB-
NAKoWe 1 C1yyaiiHble Bo3MyLLeHuA. Mo3tomy paspabatbl-
BaeMas MOAeNb MCCNeayemoro ABNEHNA AOMKHA ObiTb
J0CTAaTOYHO TMOKOIA.

Mogenu MoXHO CTPOUTb N0 BbIGOPOYHBIM AHHBIM
MOMyYeHHbIM OT peanbHblX AaTunkoB. OaHaKo BblGOPOY-
Hble [aHHble MOryT YAOBNETBOPATb Cpa3y HECKONbKUM
NNOTHOCTAM pacnpefieneHina BepOATHOCTEN, B (BA3M C YeM
MPUHATIE TOTO UAW MHOTO KOHKPETHOrO 3aKOHa pacnpepe-
NEHNA B KauyecTBe BEPOATHOCTHON MOAENM M3y4yaemoro
MPUPOAHOTO ABAEHNA MOUTY BCeraa runoteTuuHo. Hambo-
flee TOYHbIMI UMMTALMOHHBIMI MOJENAMU ABNATCA Te,
KOTOpble CO34al0TCA C YUeTOM TeopeTuyeckux npeanochl-
NOK, XapakTepu3ytoLmx Gpu3nyeckyto npupoay 13yvaemo-
ro ABNEHNA.

OcHoBHble (BOIICTBA Knacca 00bekToB «Habmiogae-
Moe ABIeHIe» NpeAcTaBeHbl B Tabn. 7

06bekT «Habntogaemoe ABNeHUe» peann3yeTca C uc-
Nob30BaHNeEM LabnoHa 00 beKTHOro NPorpaMM1poBaHIA
«(Tpaterua» KoTopblii N03BONAET MMOKO MeHATb BblbpaH-
Hblii anroputm mogenupoanua (I HezaBucMmo 0T oC-
TaNbHbIX 00HEKTOB MoAENN.
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Tabnuya 7 —
OcHOBHble cBOINCTBa Knacca “Habnogaemoe
asneHne” (Phenomena)

Ne HanmeHoBaHue Tun
n/n CBOICTBA
1 Ha3BaHue saBneHus (tpoka
2 | Ousnyeckas BennumHa (tpoka
3 | EAuHMUbI M3mepeHna (Tpoka
4 TouHocTb Lienoe uncno
5 | Pa3paaHOCTb AaHHbIX Llenoe uucno
y YKa3aTenb Ha 00beKT peanu-
Mogenb ciyvaiiHoro .
6 3yH0LLMIA ANTOPUTM BbIYMC-
npouecca .
neHua 3Haderuin (M

3. MOCTPOEHUE OBLLEA MOZENU BCC

0bwan obbekTHaa moaenb bCC noctpoeHa Kak cuc-
Tema B3alMopeCTBYHLLMX 06bEKTOB ee TUMOBLIX KOMMO-
HeHTOB. (XeMa B3aUMOoCBA3el KNaccoB 00bEKTOB Mojenu
bCCu3obpaxeHa Ha puc. 4.

Kaxppiit y3en 5CC B3anmopeicTByeT ¢ Mofenbio Ka-
Hana, MOAENbi0 WCTOYHMKA NUTAHUA, MOAENAMW Npo-
rpamMmHoro obecneyeHua u modenblo aatunka. B mogenu
nccneflyemoro ABNEHUA ONUCHIBAIOTCA 3aKOHbI M3MEHeHNA
napameTpoB OKpYXalolLieli Cpefbl, COOTBETCTBYHLLMX
3TOMy ABNeHM0. Hanpumep, 3aKoHbl M3MEHeHUA Temne-
paTypbl UK YPOBHA XMMUYECKOTO 3arpASHEHMA.

Mpn MoAENMPOBaHNM peanbHble NapameTpbl 06beK-
Ta 3aMeHAKTCA MOAEbHBIMIA. 3TO KacaeTca U peasbHoro
BpEMeHU: B Xofe MOJeNUPOBaHUA OHO NpeaCcTaBnAeTCA
NCKYCCTBEHHBIM (CMCTEMHBIM) BpeMeHeM, KOTOpoe Ha3sbl-
BaT MOZENbHBIM BPEMEHEM.

B KauectBe cnocoba npoaBMMKEHUA MOAENBbHOIO
BpemeHu BbibpaH npuHumn [15].

MpuHUMN peanu3yeT MexaHU3M NPOABIKEHMA MO-
AENbHOT0 BPeMeHU A MOAENU OpUEHTUPOBAHHOM Ha
cobbITUA, KoTOpaA GYHKUMOHUPYeT B HepaBHOMepHOil
LUKane BPEMEHW, NepenpbirnBaa 0T 0AHOr0 CobbITUA K
Apyromy. lpn 3TOM CYeTuMK MOAENbHOrO BpeMeHN nepe-
MeLLLAeTCA 0T TeKyLuero cobbiTua K 6nukaiiemy bynyuie-
My, He 0CTaHaBMBAACb B IPOMEXYTKaX MeXAY HUMMK.

TaK Kak B MofienupyeMom 06bekTe NpoUCXOAAT Na-
pannenbHble NpoLecchl, 4Tobbl He HapyLwanacb XpoHoNo-
ruyeckas nociefoBaTeNnbHOCTb COObITUIA, HaI0 MCMONb30-
BaTb MeXaHW3M MMMTaLUuM NapanneibHblX NPOLecCoB,
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KOTOPbIA Ha3blBAaeTCA MCeBAONApPaNNeNbHoil 06paboTKoil.
Mpy 3T0M MoAieNbHOE BPeMs 0CTaHABNNBAETCA 10 TeX Nop,
MoKa 0f1HO 3a APYruMm He 6yayT 06paboTaHbl Bce 0fHOBpE-
MEHHbI€ coObITHA.

Peanuzauua npuHuuna ana moAenn pacnpeneneH-
Hoit bCC BbIrnAAMUT Cnepytowmm obpasom. pexae Bcero,
COCTaBNAETCA KaneHaapb (ouepedpb) byaywmx cobbitmit —
MOMEHTOB UHULIAALIAN ONPOCOB ATYMKOB, B KOTOPOM OHM
COPTMPYIOTCA B XpOHONOrnyeckom nopsake. Cuetumk mo-
AeNbHOro BpemeHN ycTaHaenueaetca B “0”. 113 ouepean

Kanan nepe naun

Oyaywmx cobbITuii BbIOUpaeTca bnnxaiiluee, M MOfeNbHOe
BpeMA YCTaHABNNBAETCA Ha BpeMA (BepLUeHUA BblOPaHHO-
ro cobbiTuA. 3aTeM MOAENMPYETCA peakuua CUCTEMbI Ha
310 cobbiTve. pn 3TOM NOABNAKTCA HOBble COOLITA,
KoTOpble BKMKUYAIOTCA B KaneHaapb cobbiTuii, cobmiopas
XPOHONOTNYeCKMil NOPAROK. ITU CobbITUA Takxe nepecop-
TUPOBBIBAKTCA B XPOHONOTMYeCKom nopaake. Mocne 310ro
MOJieNIbHOe BpemA nepeaBUraeTcA Ha Onuxailwee cne-
Lytolee cobbiTue.

TIpunoxenne
JaHHBIX
Hpuem u nepedaya Vipastenue
naxemos i L
Popnuposanue . )
CeTepoll IpoTOKON <: depesa :.\v’ Vaen BCC L Onpoc__ ) JlaTuiK
Pempanciayu
Pacxodosanue Pezucmpayua snavenuil
2NeKMPOIHeDLUL DuzLMecKx seTuNUN

HCTOYHHE ITHTAaHHA

HadmogaeMoe ABIeHHe

PucyHok 4 — Cxema 83aumoces3eli s1emeHmo8 modenu 5CC

4, PA3PABOTKA ANTOPUTMA

MOJENUPOBAHUA BCC

cxopHoit nHGopmaumein ana anroputma Mofenu-
poBaHua bCC anatoTca:

1. MHOXecTBO y3N0B.

2. MHOXecTBO CBA3€li.

3. MHOXeCTBO NPUNOXKEHWIA.

6. MHOXeCTBO LWNH0308B.

5. Bpema mogenupoBanus.

BbixogHble faHHble anropuTMa MoAenupoBaHuA —
MHOMeCTBO OPUrMHANBHBIX NAKETOB JaHHbIX U MHOXECTBO

PETPAHCNALMA  MOPOXZIEHHDIX  QYHKLMOHNPOBAHUEM

CUCTeMbI 3a BpemAa MmoaennpoBaHua TMOa .

MoaenupoBanue bCC HauMHaeTcA C BBOAA MCXOAHON
nHdopmaun 06 y3nax, CBA3AX, NPUNOMKEHNAX U JaTUMKaX.
Mo MH$OpMaLMN 0 NPUNOXKEHNAX, NHTEHCUBHOCTY ONPOCOB
ANA KaX[0ro 0npoca BbIYUCNATCA MOMEHTbI UX NoABe-
Hua B BCC. 3T onpocbl MHULMMPYIOT Nepefayy nakeTos
AaHHbIX C pe3ynbTatami onpoca. MomeHTbl noABneHNA
3TUX NaKkeToB A0baBnAwTCA B Tabnuuy cobbituid. Tabnuua
cobbITUii NpeacTaBnAeT coboil CTPYKTypy, B KOTOPOIA Xpa-
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00000000
(A XA X XXX ]

HATCA TUN COObITUA, KOJ MaKkeTa 1 BpeMsA HaCTynieHus
cobbITnA.

(YeTuMk BpeMeHU YCTAaHABANBAETCA B HauanbHoe
NONOXEHME , U HAUMHAETCA OCHOBHOI LMKN MOAENMPOBa-
HUA, B KOTOPOM NPONCXOANT Bbibop bnuKaliLuero cobbiTus
U3 Tabnuubl CoObITUIA, YCTaHOBKA CYETUMKa BpeMeHU Ha
BpemMA HacTynneHua 6auxaiiwero cobbita, obpaboTka
o6bITUA, BO BPEMA KOTOPOA MOTYT GOPMUPOBATHCA HO-
Bble CobbITuA. Mocne 0bpaboTkn cobbITUA OHO yAanaeTca
13 TabnAnLbI COBBITHIA.

BbIBOJbl

1.bCC npenctaBnset coboli CNOXHYI0 CUCTeMy, ANA
aHanu3a ¥ MOJeNMPOBaHNA KOTOPOAl NPUMEHEH CUCTEM-
Hblil MOAX0/, NO3BOANBLLMA NONYUYUTD €e AeKOMMO3NLMI
B NpOCTpaHcTBe 061BEKTOB. BbigeneHbl TMMOBble KOMMO-
HeHTbl BCC: y3en, KaHan nmepefaunm AaHHbIX, UCTOYHMK

JINTEPATYPA:

NUTaHWUA, NporpamMmMHoe obecrneyeHine, ceTeBol NPOTOKON,
AATuuK, Habniofaemoe ABNeHMe.

2. Pa3paboTaHbl 06beKTHble MOZeNN TUNOBbIX KOM-
noHeHToB B(C, pa3paboTaHbl Kmaccbl COOTBETCTBYHLMX
00beKTOB, onpefeneHbl X C(BOICTBA C MCMONb30BaHNEM
00beKTHO-0PUEHTUPOBAHHOI0 NoAX0Aa 1 YHUGULIMPOBaH-
HOro A3blka mogenupoBaHua UML.

3. Paspab6oTaHa HoBaa mogenb bCC, noctpoeHHas Ha
0CHOBe 0ODBEKTHbIX MOZeNeil ee TUMOBbIX KOMMOHEHTOB,
KOTOpas B OT/INYME OT U3BECTHBIX YUUTHIBAET BO3MOXHbIE
U3MeHeHNA KOHOUrypauum ceTit 1 AUHaMUYeckine npoLec-
Cbl PeTpaHCNALN NAKeTOB, N03BONAET NPOU3BOAUTL aHa-
nu3 pabotbl 5CC ¢ pa3nnyHoii KoHQUrypaumeii.

4. Pa3pabotan anroputm mopenuposaHua bCC no-
3BONAIOLMIA NONYYaTb YMCUIEHHbIE OLEHKN NapameTpoB
dyHKumMoHMpoBaHuA bCC Ha OCHOBE MCXOAHBIX JAHHBIX 0
MOZIENMPYeMOil CMCTeMe: MHOXeCTBe Y3N0B, KaHanos
nepesayn AaHHbIX, AATYNKOB, CTOUHMKOB NuTaHuA u 110.
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