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IIposedeno ananiz npomoxonie
Mapupymusayii, wo 6UKOPUCMOEY-
1omocsa Yy 6e30pomosux ceHCopHO-aK-
myamopnux mepescax (6CAM). Po3-
2naHYymo npouec eubopy edexmusno-
20 nmpomoxony mapupymusayii 0
3acmocyeanis 6 NONbOBUX CEHCOPHUX
Mepedcax 3 N0OKANI3AUIEI0 eleMeHmi6
Memoodom ananizy iepapxii. Buseneno
enepeoepexmuenuii npomoxon mapui-
pymu3ayii Ha 0CHOBI MiCys po3Imauy-
eanns eysnie BCAM

Kntouosi cnoea: cencopna mepe-
Jca, mapupymusayis, kpumepii 6u6o-
DY, enepeoedpexmuenicmo, memod ana-
i3y iepapxii, excnepm
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IIposeden ananus npomoxonos
Mapupymusayuu, UCNONbL3YEMbIX 6
becnpo6odnvIx cencopro-axmyamop-
noix cemax (BbCAC). Paccmompen
npouecc évtoopa 3pPexmuenozo npo-
moxona mapupymu3ayuu 0ns npume-
HeHUsL 6 NOJNe6bIX CEeHCOPHLIX CemAxX
C JoKanusayuei 31eMeHmos Memo-
dom ananuza uepapxuii. B peaynoma-
me CpasHUMeNbHO20 aHANU3A EblOpan
anepeosppexmuenviii  npomoxon
Mapupymu3sayuu Ha 0CHO6e MECMOno-
noxcenus yanoe bCAC

Kniouegvie cnosa: cencopnasn cemo,
Mapupymusayus, Kxpumepuu 6vibopa,
anep203pPexmuenocmo, memod ana-
au3a uepapxuii, Ikcnepm
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1. Beenenue

B HacTosiiee BpeMsi aKTHBHOE DPa3BUTHE IOJIY4HJIH
6ecpoBonnbie ceHcopHo-akTyaTopHble cetu (BCAC),
KOTOpble 3(p(eKTHUBHO UCIIONB3YIOTCS AJIS PElIeH U IPH-
KJaJHBIX 3a7ad paclpesieJieHHoro c6opa nHMDOPMALNH
0 KOHTPOJHPYEMOM TapamMeTpe B CeTAX MOHMTOPHH-
ra ¥ KOHTpoJs. Takue ceTH SABIAAIOTCA TOMOTEHHBIMH,
CaMOOPraHU3YOIUMUCS, OAHOPAHTOBBIMY, C SYEHCTOH
TOIOJIOTUEH, Y3JIbl KOTOPBIX CIOCOOHBI K PEeTPAHCIIALUU
uHpopMauu. ABTOHOMHBIE UCTOYHUKH IIUTAaHUSA y3JI0B
B 9TMX CETSX HAKJIAABIBAIOT KE€CTKHE OTPaHUYEHHS IIO
3Hepro3¢GGeKTUBHOCTU Ha IPOTOKOJIBI MapIIPy TU3AI[MH.
IMoaTomy nass BCAC BaxkxHBIMU ABAAIOTCA 3alady Maplil-
pytusauuu [1, 2], B yacTHOCTH, IOUCKA ONTHMAaJIbHBIX
¢ TOYKY 3peHusi sHeproad@PexTUBHOCTU MapIIPyTOB U
MOKCKa MapIIpPyTOB, 00eClevYrBaOIIUX MaKCHUMaJbHOE
BpeMs X u3Hu ceT. [[09TOMY MOsBUIOCH 6OIBIIOE YHCTIO
Pa3HbBIX TIPOTOKOJIOB MapUIPYTHU3AUU. DTO OIpPE/eNnIeT
aKTyaJbHOCTh BBIOOpA NMPEANOYTHUTETHHOTO BapHaHTa
MPOTOKOJIa MapUIPYTHU3AUHU 719 KOHKPETHOH peannsa-
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nuu. Cpefiu APYTMX METOAOB AJsi BIGOpa TPearodTH-
TeJIBHOrO BapuaHTa MapIIpyTU3alluu OCOOBIN MHTepec
NpeacTaB/iseT HCIOJb30BaHUE MeTOZa aHa/lusa uepap-
xuii [3, 4].

2. AHa/u3 JIMTEPATYPHBIX AAHHBIX H IOCTAHOBKA
npo6IeMbl

Wcnonb3oBaHue [Jisi MaplipyTu3auuu HHGOpManuu
B 6€CIIPOBOAHBIX CEHCOPHBIX CETAX aJTOPHUTMOB M MPO-
TOKOJIOB, KOTOpble MCIIOJb3YIOTCS B APYrux Gecmpo-
BOJIHBIX CETAX, 3a4aCTYIO He SBJSETCS BO3MOXHBIM U
060cHOBaHHBIM. BO-TepBBIX, YUCIO y3J0B CEHCOPHOM
CETH MOXET AOCTUTATh HECKOJIBKUX THICAY, YTO HE II03BO-
€T UCMONb30BaTh YHUKAJIbHBIN MAEHTUDHKATOD AN
KaX1oro u3 Hux. IloaTOMy 4Yalle BCEro MCIOJb3yeTCs
MAC (Medium Access Control) agpec uiu KOopAHHATHI
y3a, TeM 6oJiee, YTO 3TU JAHHBIE YXKe COCTaBAAIOT 4acTh
T0JIe3HOM HaTrpy3KH coobueH . Bo-BTOPHIX, CTPYKTypa
CeTH TMOCTOSHHO U3MEHIETCS, YTO TPpeOyeT OT IPOTOKO-




JIOB PeaKTHBHOCTH. B-TpeTbux, B CHJIy aBTOHOMHOCTH
HUCTOYHHUKOB NHMTAHUS Y3JI0OB BCETAa aKTyaJbHa 3ajada
obecrieyeHUs] IHEPTeTUYECKOH 3D PEeKTUBHOCTH TI060T0
aJTOPUTMa U IPOTOKOA [2].

Ilpu ananu3e paccMaTpUBAIHCH TPOTOKOJIBI, KOTOPBIE
B TOM MJIM MHOU cTeneHu oTBevaiot TpeboBanusm BCAC.
g noucka HPeANOYTUTENbHOIO BapUaHTa NPOTOKOJA
MapUIPyTH3alUH U3 HEKOTOPOrO MHOXECTBA CYIECTBY-
IOIIMX paccMaTPUBAJIUCh TaKue: Mepapxuueckue [5-7],
reorpacduyeckne mporokoasl [6, 8—11], ¢ MmHOTOMyTEBOM
MapmpyTtusanuei [11], mpotokoas ynpasaenus [12], oc-
HOBaHHBIE Ha corjacoBaHuy [5, 6], Ha 3ampocax [5, 12],
Ha KauecTBe 00cayxuBanus [5, 13] u nocaenosartesbHbie
nporoxousl [14]. OxHako Bo Bcex paboTax, NOCBSIIIEHHbIX
0630py npoTtokosoB Mapupytuszanuu BCAC, B Tom unce
[2], oTmedanocs, 9TO BEIGOP OMHOTO U3 HUX — TO OTAE]b-
Hafd HepelleHHas 3afavya. Ha ocHose [15] a1 npuMeHeHust
B mosneBsix BCAC Haubosiee MOAXOASAIIMMHU BHIOPAHBI
IPOTOKOJIbI MapIIPyTH3allu{, PaCCMOTPEHHblE HUXeE B
pasaesne 4. 1.

CyuiecTBYIOT pa3Hble METOAbI BBI6OPA €AMHCTBEHHOTO
MpPeJNO0YTHTETBHOTO IPOEKTHOTO BADHAHTA: HA OCHOBE Te-
OPHHU Pa3MBITHIX MHOXECTB, GYHKI[UH IIEHHOCTH, JIEKCO-
rpadMYeCKUX COOTHOIIEHHH, IKCIIEPTHOTO OI€HUBAHUS,
MeTox aHanu3a uepapxuii. B pa6ore [16] nmpoBenen cpas-
HUTEJbHBIH aHAJIN3 3TUX METOJLOB U Ol pezeieH Hauboee
a3 dexTuBHBI — MeTOA aHaauza uepapxuil. Iloatomy
A7 pelieHHs: cHOPMYNTMPOBAHHOM aKTyaJabHOU 3amadyu
BBIOOpa NPEANOYTUTEIBHOTO BAPUAHTA MapIIPyTU3AMUK
B BCAC npensoxeHo UCTIO530BaTh UMEHHO 3TOT METO/I.

3. Ilean u 3aaYn UCCIEIOBAHUSA

Ilenpio uccenoBanus GBI BHIGOP IIPEATIOYTUTENBHO-
rO BapyaHTa NPOTOKOJIOB MapIIpyTH3aluKu B GeCIpoBO-
JHBIX CEHCOPHO-aKTYaTOPHBIX CETSX.

3ajmauu HccIe0BaHUS:

— 0030p ¥ CPaBHEHHE XaPAKTEPUCTHK CYIECTBY IOIUX
IpoToK0J10B Mapuipytuszauuu B BCAC;

— BBIOOpP MPEAIOYTUTETHHOTO IIPOTOKOJIA MAPUIPYTH-
3aIlMM Ha OCHOBE IIOJYYEHHBIX XapaKTEPUCTUK U CyOb-
eKTHBHBIX OIIEHOK 3KCIIEPTOB C MCIOJIb30BAHNEM METOMA
aHayu3a uepapxui.

4. AHaiu3 aIrOpUTMOB MapUIPYTH3AIHH U METO/IOB
BHIOOpA NPEANOYTHTENLHOTO BAPHAHTA CPEH HUX

4. 1. 0630p nporokoos mapmpytuzauud 8 BCAC

Bricoxum cnpocom nig npunoxenuit BCAC ucnoss-
3YIOTCs1 3 BUZA aJITOPUTMOB:

— LleHTPaJIM30BaHHbIE AJTOPUTMBI: OCHOBAHBI HAa TOM,
4TO OAMH y3eJ o6JafiaeT 3HAHUSAMHU 000 BCeH ceTu. ITH
aJITOPUTMBI UCIOJIB3YIOTCS KpaliHe peiKo H3-32 3HAYU-
TeJIbHBIX DHEPTo3aTpaT Ha Tepefadyy <IIaBHOMY Y3Jy»
nH(OpMalNU O COCTOSTHUU BCEH CETH;

— pacmpezesieHHble aJrOPUTMBL: B OTJIUYHE OT IIpe-
JBIIYIIETO AJITOPUTMA, CBSI3b MOAAEPXKUBAETCS 33 CYET
obmeHa nHGoOpMaL el MEXAY y3IaMHy;

— aJATOPUTMBI, OCHOBAaHHBIE Ha MECTOIOJOXEHWUU:
Y3JBl MCHOJIB3YIOT MHGPOPManuio 06 orpaHWYeHHOH 06-
JIaCTH BOKPYT HUX WM HCTIONB3YIOT 3Ty HHDOPMAIUIO s
JIOKaJIbHOW MapIIpy TH3aLHH.

IlapagurMa ajnropuTMa MaplLIpyTH3aLUU SBJISIETCS
BaXXHBIM ()aKTOPOM /51 BBI6OPa IPOTOKOJIA MapIIpyTH-
3al[MU AJIS1 KCTIOJIb30BAHUS B KOHKpeTHOU ceTu. Ecoiu uc-
M0JIb30BATh AJITOPUTMBI, IPETHA3HAYEHHbIE /151 PpaBGOTHI ¢
OTrpaHWYEHHON 06J1aCThIO, TO HEOOXOAMMO ONTHUMU3UPO-
BaTh CBSI3U MeXAy cocexnumu ysuaamu. C 1pyroii ctopo-
HBI, 1151 IEHTPAJIN30BaHHBIX aJITOPUTMOB MHOXECTBO CO-
0b1eH N, IepeJaBaeMbIX TOJBKO Ha IEHTPAJbHBI y3el,
SIBJIsIeTCSl IpeuMyliecTBOM. Vcmosb3oBaHMe pacipene-
JIEHHBIX aJITOPUTMOB TpebyeT HaflexkKHOM U 3 HEKTUBHOMN
CBS3W MEX/y JNIOOBIMU MapaMu y370B. B cBoio ouepesns,
aJITOPUTMBI Ha OCHOBE MECTOTIOJIOXKEHU, 3D (HEKTHBHOCTD
KOTOpPbIX 00eciednBaeTcs 3HaHueM reorpa)uyecKux Ko-
opauHaT, Hanpumep, ¢ nomoupio GPS, nenawoT peurenue
6osiee IOPOTHM.

Sensor Protocols for Information via Negotiation (SPIN)
[5, 7] siBNsieTCs aHanTUBHBIM IPOTOKOJIOM, KOTOPBIH MO-
3BOJISIET CTPOMTH MapUIpyTHl mepegadyud WHpOpManuu c
BBICOKOU 3HepreTuueckoi addextupuoctoio. Cetu, uc-
nosb3yomue 1potokosn SPIN, paGoTalT ¢ BHICOKOYPOB-
HEeBBIMH IECKDUIITOPAMU AAHHBIX — MeTa-AaHHBIMU. [{1s
TOro 9TOGBI MCKJIIOYUTD Nepeiady u3bbTOYHOI nHpOpMa-
1Y, B CETH MCMOJb3YIOTCS COTJIACOBaHWE MeTa-aHHbBIX
M 3HAHUSI O JOCTYIHBIX pecypcax. JTO MO3BOJISET y3JIaM
adpdexTUBHO pacmpenensaTs MHGOPMANHUIO MEXAY pe-
TPAHCJASATOPAMY C OTPAHUYEHHBIM UCTOYHUKOM NIUTAHUS.

Direcied Diffusion [5] — n1poTOKOJI, OpDUEHTHPOBAHHBLI
Ha nanuble (data-centric). B ceTsix, uCIOAB3yIOIUX AaH-
HBIH IIPOTOKOJI AJISI MapUIPYTU3al[MM, CEHCODHBIE Y3JIBI
UCTIONIB3YIOT CBSI3KY <«aTpubyT-3HaueHues. [l momyde-
HUS JAHHBIX y3€J reHepHpyeT 3ampoc Mo OnpeaeeHHON
cxeme, n0100HO paboTe 6a3bl NAHHBIX, TAE Y3JIbl BBICTY-
AT B pojie syeek AaHHBIX. OOBIYHO MCTOYHMKOM Ta-
KUX 3anpocoB sBisercsa 6aszoBas cranuus (BC). Yaus
XPaHAT IpeAbIAYIINe 3aIPOCHL, a IPU IOJIy4YeHUU HOBOTO
OOGHOBJISIOT K3II 3aMPOCOB, YTO MO3BOJISIET ONPENENATh
CKOpOCTH Tlepenayn qauubix. Korzga ysen nonyvaer coob-
IIeHHe-3aNpPOC, OH aKTUBU3UPYET AAaTYUK cOOpa MaHHBIX
M YCTAaHABJIMBAET COEAMHEHHE C Y3JIOM-OTIIPABUTEJIEM.
Takas cBsI3b Ha3bIBA€TCS 'PAJUEHTOM M XapaKTepU3yeT-
€5 CKOPOCTBIO Nepefiayyl TaHHBIX, MPOAOIKUTEIbHOCTHIO
U BpEMEHEM OKOHYAHUS CeaHca CBA3U. IIpu mosydyeHUU
3ampoca y3es CTapaeTcs YCTAaHOBUTH KaK MOXHO GOJIbIie
rpaaueHToB B HanpaBaeHuu Kk BC. /[ moucka onTuMasib-
HOT'O MCIOJIb3YIOTCSI HOJIOXUTENbHbIE U OTPULATEIbHBIE
nozxkpenseHust. Takxke aJropuT™ noapasyMmeBaeT paboty
¢ ABYMS BHAAMH TPaJUEHTOB: «pa3BeAbIBATEJbHBIH» U
rpanueHT AaHHBIX. IlepBHIll NpeqHa3HayeH AJIS HacTPOM-
KU MapuipyTa, a BTOPOH — /151 OTIIPABKHU JaHHBIX.

Rumor Routing [5]. DTOT aAropuTM moApa3yMeBaeT
ucrnonas3oBanue 3anpocos ot BC, koTopsie pacmpocTpa-
HSIIOTCSI [I0 BCEY CETH y3JiaM, KOTOpble Hab10aa1u coObi-
THSI, OTPa’keHHble B 3anpoce. /[ys aTOro yses, KOTOpbIi
¢dbukcupyer u3MeHeHHe KOHTPOJIMPYEMOTO IapaMeTpa,
TepefiaeT IMaKeT — areHT. ATeHThl PaCIPOCTPAHSIOTCS O
CEeTH, arPerupysi JAHHbIE OT APYTUX Y3JI0B € COOBITUSIMMY, B
Hanpasieann BC. J[ns usberanus o6pasoBaHus METENb,
areHThl XPaHAT CIIUCOK NOCeeHHbIX y310B. [loMmumo no-
cTaBKU HHGOPMAIUY, aTeHThI I03BOJISIOT IOAAEPXKUBATH
aKTyaJIbHblE 3HAHUS O CETU KaXXIBIM y3JI0M, OOHOBIIAS
nHbopManuio u3 arenta. TeM He MeHee, HEKOTOPBIE Y3JIbI
MOTYT He TOoJIy4aTh 3Ty MHGOPMAIHIO, T.K. aTeHT pac-
MPOCTPaHSeTCS MeXAY HEKOTOPBIMU COCETHUMH Y3JaMHU
cIy4JaiHBIM 06pa3oM.




Low Energy Adaptive Clustering Hierarchy (LEACH)
[5-7]. B anroputme LEACH ponb riassl KjacTepa Ie-
PUOAMYECKH BBIIIOJHSIOT PasHble y3/Bl CETU [JIsI PaB-
HOMEPHOTO WCMOJb30BaHus dHepruu. IlpenmymiecTso
LEACH B ucnonb30BaHWUM NIUKJIOB. B KaxaoM mukie
3aHOBO BHIGMpaeTcs IJ1aBa KjiacTepa U3 4yciia y3J/o0B, KO-
TOpble HeOBLIU TIaBaMU KJIacTEPOB, U IJIs obecredeHus
IPOILEHTA IJIaB KJACTEPOB OTHOCHTEIBHO OOIIEro yucia
y3710B ceTU. 3aTeM IJaBa KJIacTepa pacchljaeT pacnuca-
HHe 14 focTyna ¢ BpemeHHbIM paspenenneM (TDMA)
BHYTPH KjacTepa. JTO IMO3BOJSAET y371aM BKJIIOYaTh Ie-
penauy TOJBKO TOT/a, KOTAa IJlaBa KJIacTepa cBoOOAeH.
Take I1aBa KJacTepa OTBE4YaeT 3a arPeranuio JaHHBIX,
[OJTyYEHHBIX OT Y3JI0B CBOET0 KJIACTEPa, /151 yCTPAHEHU s
1U30bITOYHOCTH.

Threshold Sensitive Energy Efficient Sensor Network
Protocol (TEEN) [5] B oTnn4ue OT MEpapXUYECKUX
MPOTOKOJIOB MCIIONB3YETCA AN PEAKTUBHBIX CETEi, KO-
TOpble HEMEIJIEHHO PEarupyloT Ha U3MEHEHUE Pa3ainy-
HBIX NMapaMeTpoB. B 3TOM IpOTOKOJIEe IaaBa KJacTepa
paccrinaet noporosbie 3Hauerus (hard u soft), mpu mo-
CTUXEHHHU KOTODPHIX y3eJ nepenaeT undopmanuio. Ecan
napameTp u3 Habopa aTpubyTOB AOCTUTAET XECTKOTO
MOPOTOBOTO 3HAYEHHSA, y3eNl BKJOYaeT MepefaTdukK U
mepenaer JaHHblE. 3aTeM APYTHeE Y3Jbl MepealoT AaH-
HBIE B COOTBETCTBYIOLIEM BPEMEHHOM IIPOMEXKYTKE DU
BHIIIOJIHEHU U CJIEAYIOIUX YCIOBUI: TeKylllee 3HaYeHue
aTpubyToB 6Gonbme hard mopora u Tekymiee 3HayeHHe
aTpubyTa OTIMYaAETCs OT 33JaHHOTO 3HaYEeHUsI Ha BeJIH-
4HHY, paBHYI0 UK 601bIYI0, YeM soft mopor. Obe cTpa-
TeTMM HANPaBJIEHB HA YMEHbIIEHUE 3aTpPaT IHEPTHH HA
nepenayy coobueHui. :

OCHOBHBIM HEJOCTATKOM 3TOrO AJITOPUTMA SABJISAETCA
TO, YTO €CJIM KOHTPOJIMPYEMOe 3HaueHKe He NOCTUTHET I0-
POTOBOTO YPOBHSL, TO y3JIbl He OYAYT CBA3BIBATHCS MEXAY
co60il, ToNb30BaTeNb He TOJYYUT HUKAKOU HHGPOpMa-
1uu U He 6yeT OCBENOMJIEH O PaGOTOCIOCOOHOCTH CETH.
TakuMm 06pa3oM, AaHHBIH aJIrOPUTM He IPUMEHUM IS
IpUJIOXKEHHUH, Tae Tepefada nHGOPMALUM TOIXKHA ObITh
peryJspHa.

Power-Efficient Gathering in Sensor Information
Systems (PEGASIS) [5] cuuTaercsa yaydylieHHEM ajro-
purma LEACH. BmecTto pacnpeneneHus y3Ja0B B KJja-
cTepbl OH TIpefycMaTpuBaeT (OPMHpOBaHHUE LENOYeK
CEHCOPHBIX y3710B. Ha 0CHOBE 9TO CTPYKTYPhl Kax AbLi
y3es mepeiaeT ¥ NPUHMMaeT HHPOPMALUIO TOJIBKO OT
omHOro 6aMXaluIero coCcefAHero ysaa. JTO NMO3BOJSIET
peryniupoBaTh MOLIHOCTDH Nepelaud. Y3eJ BLINOJHSET
arperanuio JaHHBIX, NMePeChTaeT MX IO LeIoYKe 10
6a30B0ii cTaHIMK. B KaXXZ0M IUKJIe TOJbKO ONUH y3es
13 [eI0YKHY B3auMoeiicTByeT ¢ 6asosoii ctannuei. Lle-
II0YKa CTPOUTCS C MAKCUMaabHOH 3(PDEKTUBHOCTHIO 1O
9Heprosarparam.

Self-Organizing Protocol (SOP) [12, 14] mpoToxox
MapIpyTHU3alM¥ U CaMOOPTaHU3alUM HCIOJNb3YeTCS
B TE€TEPOTEHHBIX CEHCOPHBIX CETAX C MOANEPXKKON KaK
CTAI[MOHAPHBIX, TaK ¥ MOGUIBHBIX y370B. OKOHEUYHbIE
IaTYuKH, KoTopbie cobupaioT uHdopmanuo o6 arpu-
6yTax OKpysKalolleil cpeibl, Iepefal0T AaHHblE OIpe-
ZeNeHHOMY YHUCJy Y3JI0B, KOTODbIE BBINOJHSIOT POJb
MapmpyTu3zatopoB. OHM SABIAIOTCA CTAalUOHAPHBIMU
1 06pa3yioT OCHOBHYIO ceTh koMMyHuKanuu. Cobpan-
Hble laHHBIE MepeflaloTCs MapuipyTH3aTopaMu Ha 60-
nee MomHble 6a30Bble cTaHIUK. KaXXAbIil OKOHEYHBIH

y3es JO/KeH UMeTh BO3MOXHOCTH CBA3AThCA XOTs Gbl
¢ OJHUM MapIIPyTH3aTOPOM, YTOOBI OBITH YaCTHIO AAH-
HO# ceHCOpHOI ceTH. OKOHEYHBIE Y3JBl MOTYT GBITH
UIAEHTHPHUIUPOBAHBI TIOCPEACTBOM afipeca MapupyTH-
3aTopa, KOTOPOMY OHU TlepefaioT uHpopManuio. TakuM
o6pasom, popmMupyeTCs MepapXuyecKasi apXUTEKTYypa,
rZie TPYIIB Y3108 GOPMUPYOTCA U 00bEIUHAIOTCS 110
He0bOXOAUMOCTH.

Geographic Adaptive Fidelity (GAF) [5, 10] — nporo-
KOJI, HalpaBJEHHBIM Ha ONTUMHU3AIHUIO IPOU3BOAUTETb-
Hoctu BCAC 3a cyeT moyucKa 9KBMBAaJIEHTHBIX y3JI0B, C
TOYKH 3peHMs Tepenayd HHGoOpMaluu. JKBUBAJIEHT-
HBIMH CYUTAIOTCS TaKUe Y3JIbl, KOTOPbleé MOTYT IOJAEP-
JKUBATh CBA3b OJHUM M T€M XK€ MHOXECTBOM COCEHUX
y3710B. JI/Is OIpesieleH s 9KBUBAIEHTHBIX y3JI0B HE06-
XOLMMO 3HaTh T106anbHOE (VJIM, IO KpaliHel Mepe, JIO-
KaJbHOE) MecTonoJokeHHe y3710B cetn. Dopmupyercs
BUPTyaJbHAs CETKa C TAKMM Pa3MepoM sueek, 4ToGH
BCE Y3J/Ibl SYEUKU MOIIH B3aMMOJAEHCTBOBATD C Y3/IaMHU
cocenHell u Hao6opoT. TakuM 06pa3oM, y3Jibl B OQHOM
sueiike — sKBUBajeHTHble. [l obecnedeHus sHEPro-
3 HeKTUBHOCTH TOJIBKO OJMH U3 Y3JIOB B sUeliKe 6yner
0becreynBaTh CBsI3b, B TO BPeMs Kak OCTaJbHbIe OyayT
pe3epBHBIMU.

Geographicand Energy and Aware Routing (GEAR) [8]
aJITOPUTM MapLIPYTH3aLuy, KOTOPBIA TaKXXe OCHOBaH Ha
3HAHUU MECTOIIOJIOXKEeHU y3J10B. JIokanusanus mpoucxo-
IIAT C TIOMOIIBIO CHCTEM 71002 TbHOTO NO3UIIHOHUPOBAHU
WM JPYTUM CHCTeM. Bpi6op y3na-peTpaHCAsTOpa A
MOCTPOEHM I MapIIPyTa OCHOBBIBAETCA HAa 9BPUCTHYECKOM
BBI6OPE M3 MHOXECTBA COCEAHUX y3710B. MapumpyTel, mo-
cTpoeHHble ¢ ucnosib3oBanueM nporoxona GEAR, obpa-
3yIOTCS 3a CUET PEKYPCUBHOII reorpaduyeckoii nepenayu
HakeTa BHYTPH CEHCOPHOTO onisA. TakiM 06pa3oM, 10CTH-
raeTcs BHICOKas 9HeProaddeKTUBHOCTH NPHU UCIIOJIb30BaA-
HUU B O{HOPAHTOBBIX CETAX.

Sequential Assignment Routing (SAR) [5] onuu us
IepBHIX MPOTOKOJIOB MaplIpyTH3alluK B 6€CIPOBOAHBIX
CEHCOPHBIX CETAX, KOTOPbIi obecrmeynBaeT IOHATHE
Quality Of Service (QoS — xauecTBO ycJyr) KpUTepueB
MapmpyTusauuy. OH 6a3upyeTcs Ha BBICTaBJIEHUHU aTpHU-
6yTOB ypOBHSA IPUOPUTETA KaX10T0 makera. Kpome Toro,
CBA3M ¥ MapIIPyThl UMEIOT METPUKY, XaPaKTEPH3Y Iy IO
MX BO3MOXHOCTh 06€CTIeYUTh KaueCTBO 00CTyKHBaHUS.
ITa MeTpUKa OIpeeisieTcs 3alepKKaMU U 9HEpProsarpa-
taMu. Ha ocHOBe aropuTMa CO3/1a€TCA AEPEBO MapIIpPY-
TOB ¢ KOpHeM B ofxHoM hop'e ot 6a3oBoit cranuuu. s
3TOTO yYUTHIBAIOTCS HECKOJIBKO MIapaMeTPOB, TAKUX KaK
IMPUOPUTET MAKETOB, YHEPTeTHYECKUE PECYPCHI, TOKa3a-
tenu QoS. Takxke IPOTOKOJ NEPHOANYECKH aKTyaNTU3H-
PYeT MapuIpyThl, YTOOBI pearupoBaTh Ha BBIXOA U3 CTPOA
OJHOTO U3 aKTUBHBIX Y3JIOB.

A Stateless Protocol for Real-Time Communication in
Sensor Networks (SPEED) [13] — npoTtokou, Takxe obe-
cneunBaomuit QoS. Jlns ero pabotsl TpeGyercs, YTOGH
KaX/BIH y3en coXpaHsaJ HHPOPMAIUIO O CBOMX COCEAAX
W WCIIONB30Baj JaHHble 06 MX reorpaduyecKoM TO0JIO-
JKeHUU [ nmoucka nyteil. KpoMe Toro, npotokos crpe-
MHUTCS 00€eClednTh ONPEAENEHHYI0 CKOPOCTb AOCTABKU
Kaxzporo makera. Takum 06pa3oM, MOXHO 3apaHee Ole-
HUTH 3a/ePXY [POXOXAEHUS MaKeTa OT OTIHPABUTENSA K
MOJTy4aTesII0, Pa3/le/IuB PACCTOSTHIE Ha CKOPOCTD MaKeTa.
Takxe SPEED mo3BosseT HaX0AUTh 06XOXHbBIE MapIIPy-
TH B C/Iy4ae Meperpy3ok ceTd. Monysab Mapmipy TH3alluu




B nporokosie SPEED nasmBaercs Stateless Geographic
Non-Deterministic Forwarding (SNFG) u pa6oraet c
4eTBIPbMSI APYTMMHM MOAYJSIMH Ha CETEBOM YPOBHE.
Ornenka 3aiepXK¥ Ha KaX/OM y3Jie OCHOBBIBAeTCS Ha
oTIpesieIEeHUH BPEMEHHU, KOTOPOe MPOIILIO TocJIe 3aTpoca
MOATBEPXKACHUS IOJYUYeHUs IepefaHHOro HakKeTa JaH-
HbiX. Mcxonst u3 sHauenus 3anepxku, SNFG BeiOupaer
y3€J, KOTODBbIil OTBeyaeT TPeGOBaHUSIM IO CKOPOCTHU
06paborku. Eciu TakOBOro HeT, PaCCMaTPUBAIOTCS CO-
Ce/[HHe Y3JIbl.

B rta6s. 1 mpeactaBieHs XapaKTEPUCTHKH BBIOGOPKH
MPOTOKOJIOB MapIIPY TH3AUH.

IlpuBenennblie B Tab1. 1 maHHbIE UCIONB30BAHBL NIPU
CPaBHEHUHU IIPOTOKOJIOB MapILIPYyTHU3aLlUU METOJOM aHa-
Ju3a MepapXuil, B 4aCTHOCTH, IPU (POPMHPOBAHUH Ma-
TPHII NapPHbIX CPAaBHEHU IIPOTOKOJIOB C Y4ETOM MHEHUM
9KCIIEepPTOB.

4. 2. Meto aHaan3a Hepapxuil 1 METO/ SKCIEPTHOTO
OlLIeHHBAHHU /I BHIOOPA NMPEANOYTHTEILHOIO BapHaHTa
nporokosa Mapmpyrtusanuu BCAC

Meton ananusa uepapxuit (MAW) cocTout B mexom-
MO3UIIMK TPO6JEMBl BBIOOPA TMPEANOYTHTENBHOTO BapH-
aHTa TMPOTOKOJIAa MapUIPyTHU3allMM Ha TPOCTHIE COCTaB-
JA0IMKE YaCTH U MOJYYEHUM CYXACHHUH IKCIEpPTOB IIO
IapHBIM CPABHEHUSIM 3JIeMEHTOB IIpobJieMbl Boibopa [3, 4],
KOTOpBbIE IIPEJCTABIISAIOTCS B BUE MATPHIIBI
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T/ @; — OLEHKH IIaPHbIX CPABHEHHH 3J1EMEHTOB.

OueHku NapHBIX CPABHEHWI 9JIEMEHTOB a; HaXOAAT-
€ C UCIONb30BaHUEM CYyOBEKTHBHBIX CYXIEHHI 3KC-
TIepTOB, YHCJIEHHO OIpefessieMblX 10 HIKaJe OTHOCHU-
TEJbHOM BaXXHOCTH 37eMeHTOB [3, 4]. B xauecTBe MepsI
COTJIACOBAHHOCTY CYXJIEHHUH aKkcmepTa paccMaTpUBa-
10T oTHoueHue coraacoBanHoctu (OC). Ecau Bennyu-
Ha OC<0,15, TOo cTemneHb COTJACOBAaHHOCTH CYXIAEHUI
9KCIEPTOB CJIEAYeT CIUTATh NpueMyieMoii. B mporuBHOM
cly4ae 3KCIIepTaM PEKOMEHAYeTCs NEePeCMOTPETh CBOU
CYyXIeHUs.

B pesyabrate 06paboTku mosydyeHHBIX MaTpuisl (1)
T0JTy4ai0T KOMIIOHEHTbI COGCTBEHHOTO BeKTOpa V; U rJo-
6a/1bHOrO BEKTOpa IPHOPUTETOB P,

P.=

v- n n
. —Si v n/‘rjaﬁ,szz;vj, 2)
P

rie N — YMCJIO CPABHUBAEMBIX BAaPMAHTOB IIPOTOKOJIOB
MapUIpyTU3alUU.

Tabnuua 1
0606L1eHHblE XapaKTEPUCTUKKU PACCMOTPEHHbBIX NPOTOKO/I0B MapLUPYTHU3aLIMK
LIpoToko.ib lotpe- Arpe- Macurra- Mnoxe-
Cornaco- Jlokanmsa- CnoxnocTh
Ne | mapumpyTu- | MoGuibHOCTD | Gristemask ranust QoS 6upye- | CTBEHHOCTh
BaHHOCTb st CTPYKTYPbI P
3a1u MOII[HOCTD JIAHHBIX MOCTb nyTei
Orpanu- Orpanu-
N1 SPIN Bosmoxia Jla Jla Ilet Ilet IIuskas Jla
YeHHA YeHHa
- Directed Orpanu- Orpanu-
N2 Diffusion OrpannyeHna feotoiin Ja Ja Het Her Hwusxkas eiiE Jla
N3 Rum_or Oueusoipz- || Heoupens- Her Jla Het Her Huskas Xopormas Her
Routing HUYEHHA JieHa
Dukcvporan- | Makcu- Basine
N4 LEACH e BC - Her Jla Jla Het Y3J1b1 Xopomas Her
KJacrepa
(Dukcuposai- | Munumans- Lnquirrye
N5 TEEN =1 Her Jla Her Her y3Jibl K71a- | Xoporias Her
nole bC Ha
crepa
Duxkcuporan- | Makcu-
N6 PEGASIS Her Het Ha Her Huskas Xopomas Her
nsie bC MaJibHa
N7 SoP Ter He e | . Mo Ier Ter Her | Ilmskas | Iluskas et
N8 GAF Orpanuuciia Oq?:::- Iler Iler Jla Iler IIuskas Xopormas Iler
N9 GEAR OrpaHnyeHHa Qrpane: Her Het Jla Het Huskas Drpai Her
UeHHa YeHHa
N10 |  SAR Her He Ja Jla Her fia | Cobmm o i Her
ornpeziesieHa YeHHA
N11 SPEED Her e Her Her Jla Jla Cpennss S Jla
orpe/iesieHa P YeHHA




Ilo MaKCHUMaIbHOMY 3HAYEHUIO KOMIIOHEHT rJ106ab-
HOTO BEKTOpPa MPHOPUTETOB BHIOUMpaeTCA eIMHCTBEH-
HBIH NPEeANOYTUTENbHBIH BapHAHT IPOTOKOJA MapIupy-
TH3aIHUH.

5. Pezyabrathl BbIGOpa nporokona Mmapmpyrusanuu BCAC
METO/IOM aHAJIM3a HePapXHil U HX 00CyKAeHHe

PaccMOTpUM 0cOOEHHOCTH TPUMEHEeHUs MeToJa aHa-
JM3a MepapxXuil Ui BHIOOpa €[HHCTBEHHOTO TpeNoy-
TUTEAbHOrO TpoToKoaa Mapumpyrtusanuun BCAC c yue-
TOM COBOKYIIHOCTHU IIOKa3aTeslell KayecTBa. Bulio B3saTO
11 npoTokos0B MapwpyTusauuu (tabs. 1). B tabm. 2 npu-
BeZleHa MaTpUIla NMapHBIX CPAaBHEHUH 3TUX IPOTOKOJIOB
MmapmpyTusanuu sxcnepra Nel mo tabm 1 cormacho (1),
3aTeM BBIYMCJIEHB COOCTBEHHBIH BEKTOD W BEKTOD IIPHU-
oputetoB cornacHo (2). OTHoLIeHHE COTJaCOBaHHOCTU
IJIsl BCEX MATpPULl B HOPMe. AHAJIOTMYHO IOCTPOEHBI Ma-
TPHUILbI IAPHBIX CpaBHeHUIT akcnepTaMu Ne2 — Ne10.

B 1a6a. 2 nokasaHbl pe3y/bTaTbhl 00pabOTKH OLEHKU
MaTpPHUI HapHBIX CPABHEHUH NECATU SKCIEPTOB U BEKTOP
NPUOPUTETOB COIMIACHO (2) M 3aTeM BBIYUCIIEH CPeAHUU
BexkTop npuoputetos (3). [IpeacTaBaeH BHIGOP Mpeanod-
THUTEJHHOTO BapiaHTa IPOTOKOJIa MapPIIPyTH3AIMH C yUe-
TOM MHEHU S 9KCIIEPTOB Ha ocHOBe MAN.

W3 tabua. 3 BuaHo, uTo cormacio MAW npeanourtu-
TeJbHBIM BAPUAHTOM MapIIPyTH3aLMH SBJSAETCA NPOTO-
ko mapupyTtusanuu N9 — GEAR, KoTOp»Iii COOTBETCTBY-
€T MaKCHMaJIbHO#M KOMIIOHEHTH BeKTOPa IIPUOPUTETOB.

JIOCTOMHCTBOM HMCIIONb30BAaHMUSA METOJa aHanu3a ue-
papxuii s BeI60Opa NPEAIOYTHTENLHOTO BapuaHTa Ipo-
TOKOJIa MapLIPYyTU3ALUY SIBJISETCS y4eT CYXAEHUH DKC-
nepToB U nocaexayiouias (GopManuszoBaHHas Ipouenypa
06paboTKK IOJYYEHHBIX AAHHBIX IS PelleHMsA TaKon
3a/1a4y BbI6Opa. DTOT METO/ MOXeET ObITh IPHUMEHEeH IpU
NMPOEKTUPOBAHUM GECIIPOBOHBIX CEHCOPHO-aKTYaTOPHBIX
cereii. [Tocsie cooTBETCTBYIONIEH AOPAOOTKY STOT METOM
TaKe MOXeT ObITh MCII0JIb30BaH IPU CPAaBHEHUH U BbIOO-
pe APYTHUX CPEeCTB TeJEKOMMYHUKAI[UH.

Tabnuua 2
Martpuua napHbix CpaBHEHUIM NPOTOKO/IOB MapLUpyTHU3auuu akcnepTa Ne 1
Net N1 N2 N3 N4 N5 N6 N7 N8 N9 N10 N11 V;j Pp;
N1 1 1/3 1/2 1/5 1/6 3 2 1/7 1/9 4 5 0,661 0,038
N2 3 1 2 1/2 1/4 4 3 1/5 1/6 6 7 1,258 0,073
N3 2 1/2 1 1/3 1/4 5 3 1/6 1/7 5 6 0,988 | 0,057
N4 5 2 3 1 1/2 5 4 1/3 1/4 6 7 1,88 | 0,109
N5 6 4 4 2 1 6 5 1/2 1/3 5 6 2,543 0,148
N6 1/3 1/4 1/5 1/5 1/6 1y 172 1/5 1/8 2 3 0,399 | 0,023
N7 1/2 1/3 1/3 1/4 1/5 2 1 1/6 1/7 3 4 0,555 | 0,031
N8 7 5 6 3 2 5 6 1 1/2 7 8 3,529 0,205
N9 9 6 7 4 3 8 7 2 1 8 9 4,87 0,283
N10 1/4 1/6 1/5 1/6 1/5 1/2 1/3 1/7 1/8 1 2 0,297 | 0,018
N11 1/5 1/7 1/6 1/7 1/6 1/3 1/4 1/8 1/9 1/2 1 0,222 | 0,0129
Tabnuua 3
Bbibop npeanoututensHoro npotokona mapipyTtusauun BCAC metogom akcnepTHOro oueHWBaHWS
TG OueHky napHbix cpaBHenuii 10 sxcnepros (Pj) Cpennss olieHKa
KOTbL Ne 1 Ne 2 Ne 3 Ne 4 Ne 5 Ne 6 Ne 7 Ne 8 Ne 9 Ne 10 Bmf 3 z:f;(;frgm];
N1 0,03 0,04 0,05 0,04 0,04 0,04 0,03 0,04 0,04 0,05 0,0442
N2 0,07 0,07 0,07 0,08 0,07 0,08 0,07 0,05 0,09 0,08 0,077
N3 0,05 0,04 0,05 0,05 0,05 0,05 0,05 0,08 0,06 0,04 0,0589
N4 0,10 0,10 0,13 0,05 0,11 0,1 0,1 0,11 0,14 0,10 0,1103
N5 0,14 0,16 0,09 0,15 0,15 0,15 0,15 0,15 0,10 0,15 0,1426
N6 0,02 0,02 0,03 0,02 0,02 0,02 0,02 0,02 0,02 0,02 0,0237
N7 0,03 0,03 0,03 0,03 0,03 0,02 0,01 0,02 0,03 0,03 0,0299
N8 0,20 0,19 0,23 0,2 0,19 0,19 0,22 0,2 0,19 0,20 0,2076
N9 0,28 0,27 0,25 0,29 0,27 0,27 0,26 0,26 0,26 0,26 0,2721
N10 0,01 0,01 0,02 0,02 0,07 0,01 0,01 0,01 0,01 0,01 0,023
N1t 0,01 0,01 0,01 0,02 0,01 0,01 0,01 0,01 0,01 0,01 0,0145




6. Brisozp1 aHTa nporokosa Mmapupyrusanuu B BCAC. B pesynbrare

npuMeHennss MAU BpIOpaH NpeANOYTHTENbHBIN BADHAHT

IlpoBeneH cpaBHUTEeNBHBIN aHAJM3 XapaKTePUCTUK  INpoTokosia Mapuipytusdanuu — GEAR (mporoxon map-
11 npotokonos mapmpyTusanuu B BCAC. PaccMoTpeds!  pyTH3allMM, OCHOBAaHHBIHM HA 3HAHUY KaXXBIM Y37I0M CBO-
MpakTUYeCKHe OCOOEHHOCTH NMPHUMEHEHHs METOAa aHa-  €ro MEeCTONOJIOXKEHU Y3JI0B) [JIsI IPUMEHEHHS B MOTIEBHIX
Jau3a uepapxuil aus Beibopa npexanouyrutesapnoro Bapu-  BCAC c nokanusanueil 31¢MeHTOB.
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