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IIYTHU PEHHEHUA ITPOBJEM CO3JIAHUSA
CETEBOM MMOJBOJAHOM CBS3HU U HO3UIIMOHUPOBAHUSI

Paccmompenvt ocnosHbie npobremvl co30anus cemegoil noo-
600HOU C643U, OCHOBHOe OMmauyuUe KOMOPOU Om MpaouUyuoHHOU
2UOPOAKYCIMUYECKOU C8:3U COCIOUM 8 OOHOBPEMEHHOM UHDOPMA-
YUOHHOM  83AUMOOCUCIEUY  DOILUIO20 YUCTA NPOCHPAHCMEEHHO
PA3HECEHHbIX  ADOHEHMO8,  GKLIoYaioweM O0OMeH  COOOuWeHUIMU
MeNHCOY HUMU U UX 8bICOKOMOYHOE NOZUYUOHUpOsanue. dmom akm
000asnsiem K CyujeCmsyroumum npobremam mpaouyuoHHOU uopo-
AKYCMUYeCcKol C6a3uU, 00YCNIOBIEHHVIM 8 OCHOBHOM CIONCHOCHBIO
U UBMEHYUBOCBIO 2UOPOAKYCIUYECKO20 KAHANA PACNPOCMPAHEHUs.
cucHana, pso Opyeux, Hanpumep, KOJU3UU 6 Cemu, BO3HUKAIOUjUe
npu 0OHOBPEMEHHOU nepedaye COOOUeHUll HeCKOJbKUMU ADOHeH-
mamy U mpedylowue RPUHAMUSL CHEYUATbHLIX OP2AHUSAYUOHHO-
MEXHUYECKUX Mep NO UX YCMPAHEHWIO0 (MUHUMUZAYUL), d MAaKdice
00YCNIOBNEHHYI0  OCOOEHHOCIAMU — 2UOPOAKYCIUYECKOU — CPedbl
CILOJICHYIO KOHpU2SYypayuro 30n NapHot 3auMHOU « CIbIUUMOCIUY
aboneHmos, umo eedem K HeOOXOOUMOCMU HemPUBUATLHOU
Mapupymu3ayuy ROMOK08 OAHHbIX OM UCHOYHUKA K HOTyYame-
mo. B pabome noxasarno, umo pewums 3mu 60npoCchl MOJiCEM pa3-
pabomka mMemooos QOpMUpOSanUs U U3IYYEHUS CUSHANIO8 CBS3U,
KOmopbule 3amem mpancihopmupyiomesi 8 npOmMoKoIbl 83aumooeti-
cmeusi abOHenmos npu nepeoave u npueme cooOWeHull u peausy-
10mes 8 YUPpPosvIxX 2UOPOAKYCMUYECKUX MOOeMAxX, 8 pe3ylbmame
NPespAMUBLUUXCS 6 CLOJICHBLE PAOUOIIEKMPOHHbIE YCIMPOUCTEA.

KiroueBbie cjioBa: aBTOHOMHBIN HEOOMTaeMBIN ITOJIBOJHBIA armIapar,
ceTeBast I0/IBOAHAS CBSI3b, IMIPOAKYCTHUECKUI MOJEM.

BBeaenne

DKCIUTyaTalusi pecypcoB MOpE M OKEaHOB JJIS MPOU3BOJCTBA MPOIYKTOB MUTA-
HUSI, TOOBIYM TIOJIE3HBIX UCKOMAEMbIX W JPYTHX MaTepHalioB, & TAK)Ke MOHUTOPHHT
U yNOpaplieHUE MpoLeccaMyd U3MEHEHMs KJIMMaTa U MPeIoTBpAIICHUE OMacHOTO 3a-
TPS3HECHUS OKPYKAIOUICH CpPEbl SBIISIOTCS TI00ATBHBIMU 33/1a4yaMy, KOTOPBIC TPH-
BJICKAIOT K ceOe Bce OOIbIIIe BHUMAHMSL.

B 10 >xe BpeMsi OKeaHBI K MOPSI IO CHX TIOp MOTHOCTHIO He n3ydeHbl. CITyTHUKOBBIC
TEXHOJIOTHH JUCTAHIIMOHHOTO 30HAMPOBAHUS OOCCIICYMBAIOT OOJIBIIYIO TEPPUTOPHUIO
MOKPBITHS, HO B chepe UCCIieTOBaHUs TIYOHH X BO3MOXXHOCTH BEChMa OTPaHUYCHBI.
B neioM oHM TpHUTOIHBI JHIIE AJIS U3yYEHUS] XapaKTEPUCTHK M CBOICTB MOBEPXHO-
CTU OKeaHa. B cBOIO ouepenb, CEHCOPHBIE CUCTEMBI, MPEAHA3HAYCHHBIC IJIs1 TIOJIBOI-

Keokan Koncrantun 'eopruesnd. JJokTop TeXHHYecKHX Hayk, qupekrop, Evologics GmbH (Bepiun,
I'epmanus) u gupexrop mo Hayke, AO «JlabopaTopusi THAPOAKYCTHYECKON TEJIEMETPHU W HAaBUTAIIUIDY
(C.-IlerepOypr, Poccus).
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HBIX HCCIEOBaHUA, MOTYT 3(Q(PEKTHBHO HCIIOIH30BATHCS TMPAKTHUECKH HA THOOOM
rTyOWHe, OJHAKO AMAaIa3oH UX MOKPHITHS BeChMa OrpaHnyeH.

Jnst uiccnenoBaHusT MOPCKHUX TITyOWH MOMCK ITyTeH pacuIMpeHHs TEPPUTOPHH TO-
KPBITHS CEHCOPHBIX CUCTEM BBITIOHIETCS TI0 CIETYIOINM HAIPaBICHUSIM:

® [IOCTPOCHHE YHUBEPCAIBHBIX MAaJOMEPHBIX M MPOCTHIX B SKCIUTyaTaIlMH JOHHBIX
MOJIyJIeH, OCHAIIEHHBIX CPEICTBAMH THIPOAKyCTUYECKON CBA3HM M OOECTeunBa-
IOLIMX MHOXKECTBEHHOE HCIIOJB30BAHUE, MPOJOIDKUTEIFHOE aBTOHOMHOE (PYHK-
LUOHUPOBAHUE, MAJIO3aTPATHOE Pa3BEPTHIBAHUE, CBEPTHIBAHKE U ITEPEMEILICHHE;

® CO3JaHME MaJOMEPHBIX M MPOCTHIX B IKCIUTyaTallid aBTOHOMHBIX HEOOMTAaEMBIX
noaBoAHbIX ammaparoB (AHITA) HEBBICOKOW CTOMMOCTH, CIIOCOOHBIX aanTHPO-
BaTh/ONTHMU3UPOBATh B3aUMHOE PACIOIOKEHHE B IPYINEe HA MapIIpyTe CIEI0-
BaHUs U 32 CYET 3TOrO CO3[aBaTh MOOMIBHYIO CETh PACIPEACICHHBIX CEHCOPOB
C IIPOCTPAHCTBEHHOW JIUCKPETU3AIMEHN JOCTATOUYHOM MIJIOTHOCTH;

e pa3paboTka aJIaATUBHBIX METOJIOB BEIOOPOYHOTO 00CIIeIOBaHMSI MOPCKHX paio-
HOB C ONTHUMH3AIMEH MPOCTPAHCTBEHHOTO PACIIpEIeIeHUsT TIOBOIHBIX amiapa-
TOB/CEHCOPOB B MOOWJIBHOW MJIM CMEIIAHHON CETH IJISl HAWIYYIIeTrO0 M3Y4eHUs
OTACTBHBIX SIBJICHUH BO BPEMEHH M IMPOCTPAHCTBE (BPEMEHHOI'O W MPOCTpaH-
CTBEHHOTO M3MEHEHHUI WHTEPECYIOIIETO SIBICHUS).

Hapsiny ¢ paspabotkoit Mmanomepubix Henoporux AHITA 1 5KOHOMHUYHBIX CEHCO-
POB (aKyCTHYECKHX, PaTIUOHYKIHIHBIX, aHATU3aTOPOB COACPKaHMUS PAaCTBOPEHHOTO
KHCIIOpPO/Ia, YIIIEKUCIIOTO Ta3a, YIIIeBOAOPOAa U T.J.) UPE3BBIUANHO BaYKHBIM SIBIISIET-
Csl CO3/IaHUE TEXHOJOTHH THIPOAKyCTHYECKOH CBS3HM, 00ecrednBaronieil onepaTus-
HBI 00MeH mH(pOpMaLuel ¢ y3naMu paclpelesieHHON CEHCOPHOW CHCTeMBbI (CEeTH)
M CETEBBIX Y3JIOB MEXY COOOH, a TaK)Ke UX BEICOKOTOYHOE TMO3HUITMOHUPOBaHHE, pea-
TU3yeMOoe IyTeM U3MEpPEHHS TEKYIIETO PACCTOSHIS MEXIY Y3JIaMH CETH.

Hcnonb3oBaHre MHOXECTBA YCTPOUCTB THAPOAKYCTHIECKOM CBSA3U CO CIy4aitHBIM
B3aMIMHBIM TTEPEKPBITHEM 30H «CIBIIIMMOCTHY JIOJDKHO, KAK MUHUMYM, 00€CTICUnBaTh
MHOJKECTBEHHBIN JTOCTYN K Cpelle pachpOCTpaHeHHs CHTHaia (B 4acTHOCTH, paspe-
IICHUE KOJUTM3HH TPU MIPHEME ITAKETOB JaHHBIX), & TAK)KE MapIIPyTH3AIHIO TOTOKOB
JaHHBIX OT UCTOYHHKA K Toyrydarenro. B obmem ciyyae ais cOopa napopmanmum ot
YCTaHOBJICHHBIX Ha OOJIBIIIOM PACCTOSHHU Pa3HOPOIHBIX CTAIMOHAPHBIX W/UIIA MO-
OWIBHBIX CPEACTB KaK Ha MOBEPXHOCTH, TaK M MO BOAOW HEOOXOAMMBIM YCIOBHEM
SABIISIETCS co3aHKe Habopa (cTeka) CreqUaIM3UpPOBaHHBIX MPOTOKOJIOB YIPABICHUS
JOCTYIIOM U CETEBBIX IPOTOKOJIOB, CIIOCOOHBIX 00eceunTh 3P (HEKTUBHOE (YHKIHO-
HUPOBaHUE B THAPOAKYCTHIECKOH Cpeie.

[lepeuncnenHsle 3a1a4n BXOIAT B 00JacTh, pacCMaTpUBAEMYIO Pa3AeioM TUIPO-
AKyCTHKH, HA3bIBAEMBIM CETEBOM 1moBoAHOM cBs3bio (CIIC).

B nmemom pazsutue Texnonoruit CIIC 0o0ycioBieHO HE TOTBKO HEOOXOIUMOCTHIO
PEIINTh HECKONBKO YacTHBIX 3amad. Co3maHue THOKMX W MHOTO()YHKIIMOHAIBHBIX
THIPOAKyCTHYECKHX CETel MO3BOJIUT 00ECIIEUUTh COBMECTHOE/TPYIIIOBOE UCIIOIb30-
BaHHE CTAlMOHAPHBIX U MOOMIBHBIX CUCTEM, HAIIPUMeEp JJIS:

® [POBEJCHHUS MAaCIITAOHBIX MOIBOJHBIX HAYYHBIX HCCIEAOBAHUH B CIEAYIOMINX
o0yacTsIX: okeaHorpadus, OKeaHOJIOTUs, THAPO(PHU3HUKA, TEONOTHs, MOJBOIHAS
apXeoJIOTHs, OXpaHa MPUPOABI — C BO3MOKHOCTBIO JOCTaTOYHOH (aJanTHBHOI)
MIPOCTPAHCTBEHHON NUCKPETU3ALMH UCCIIEAYEMBIX pailoHOB [1-7];

® [IOWCKa TOJBOIHBIX MECTOPOXKACHUH YTIIEBOJOPOIOB METOJOM CEHCMOPa3BEIKU
¢ npumeHenueM rpymisl AHITA B xauecTBe HOcUTENEM MPUEMHUKOB CEHCMOCHT-
HayoB [§], a Tarke OOIIMPHOTO U TIATETBLHOTO 00CIEA0BaHM AHA MIEpe]] HAYaIoM
paboT mo 1o0kIYe YIIeBOJOPOAOB Ha mienb(e W MPOKIAAKE MOJBOAHBIX TPYOO-
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MIPOBOJIOB, MH(OPMAITMIOHHO-KOMMYHHUKAIIMOHHON TOMJIEPKKH paboT 1O TIpo-
KJIa/IKe TTOBOJIHBIX Kabemel, B YaCTHOCTH TOMO JIbAOM; OOCIEIOBaHHS MTOIBOI-
HBIX COOPYKEHHA, TOOBIBAIONIUX TLIAT(HOPM U TPyOOIIPOBOJIOB;
® CO3MaHMs CETEBBIX (CETEIEHTPUICCKUX) CHCTEM (TTOJICH M3 MHOYKECTBA 3assKOPEH-
HBIX JIH00 Iper(yIOIUX aBTOHOMHBIX THAPOAKyCTUUECKUX cTaHimii) [9, 10] wiu
pacrpeneneHHbIX MOOMIIBHBIX aHTeHH Ha 0a3ze rpynmsl AHITA mipu pemenun 3a-
Jlad OCBEIICHUS MOJIBOJHON 0OCTaHOBKH, OXPaHbI BOJHOTO palilOHa, MaCIITa0HO-
T'O MOWCKA MOTCHIIMAIBHO OMACHBIX OOBEKTOB HA JHE U B TOJIIE BOJBI, MOMCKA
Ha OOIIMPHOM MOPCKOM IPOCTPAHCTBE 3aTOHYBIIMX Kopalield M caMoJIeTOB
[11], co3nanus ynpaBiasieMbIX MUHHBIX TTOJIEH;
® TMO3UIMOHUpPOBaHUS W opueHTUpoBaHus AHIIA ¢ ucnonp3oBaHHEM CHTHAIIOB
HECKOJIBKMX JIOHHBIX MAasKOB-OTBETYMKOB TPH JOCTaBKE PA3JIMYHBIX TPY30B
B TPYIHOJOCTYITHBIC TIOABOTHBIC paiionsl [12].
Hexotopsie Tunossie mpumepsl npuMmenenns CIIC nmpuBenaeHs! Ha puc. 1

CyIIHO Ha OBEPXHOCTH
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Puc. 1. TunoBble npuMepbl IPUMEHEHUS CETEBOI TOABOIHOMN CBSI3U

Jna pemenns nepeuncieHHbIX U Apyrux 3agad CIIC momkHa ynoBIEeTBOPATH PA-
Ny TPAJUIMOHHBIX TPEOOBaHUH, BO MHOTOM HCKITIOYAIONIUX APYT APYTa, MPebsIBIIs-
€MBIX K TUAPOAKYCTHUECKOU CBSI3U, K KOTOPBIM OTHOCSITCS

® BBICOKAsI HAJE)KHOCTh CBS3M B CIOKHBIX THJIPOAKYCTHUUYECKHUX YCIOBHUSIX U IpU
OJTHOBPEMEHHOM HMH()OPMAIMOHHOM B3aUMOJICHCTBHH OOJBIIOTO YHCIa Koppe-

CIIOH/ICHTOB;
00JIbIIas TaTbHOCTh CBS3U MPU BBICOKOW CKOPOCTH 0OMEHA TaHHBIMU

o
BBICOKOTOYHOC B3aWMMHOC IMMO3UIHUOHUPOBAHUC KOPPCCIIOHACHTOB B IMPOILECCE

00MEHa JTaHHBIMH,
OTpaHHYCHHBIC Ta0apUThl W DJHEProOMOTPEOICHUE CETEBOrO 00OPYIOBAHUS

MpeJHa3HaYeHHOT 0 ISl yCTaHOBKU Ha Manorabaputasie AHITA
Lenbto paboThl siBisieTcst 0030p myteit pemeHust npodiaem CIIC ¢ ogHOBpeMeH-
HBIM U3JI0KEHHEM PsJla OPUTHHAIBHBIX PE3YyIbTaTOB B YACTH CTPYKTYPBI MOJEMA JJIs

CEeTCBOU HO,Z[BO,I[HOﬁ CBs3U U pCAJIM3YyCMbIX UM ITPOTOKOJIOB CBA3U

OcodenHocTd HUGPOBOIi TUAPOAKYCTUIECKON CBSI3H

AKTHUBHOE Pa3BUTHE THAPOAKYCTHUECKON CBSI3M HAYAJIOCH C MOSBICHUEM TOJIBO/I-
Horo ¢utota. 3a 6osee yeM 100 JieT TEXHOIOIMU MPOJLIIAIM yTh OT MOABOIHOIO KO-
JIOKOJIa IO aIallTUBHOMN CBS3U C UCTIOJIB30BAHUEM CIIOKHBIX KOJIUPOBAHHBIX CUTHAJIOB
U C paguycoM JEUCTBUS 10 HECKOJIBKHUX COTEeH KuinoMmeTpoB [13]. Bmecte ¢ Tem, He-
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CMOTpSI Ha BCE OYEBHIHBIE JOCTHIKEHHUS, Y THAPOAKYCTUIECKON CBSA3H OCTAIOCHh OTHO
CYIIECTBEHHOE OTPaHWYCHHE — BO3MOXHOCTBH CBSI3BIBATHCS OJHOBPEMEHHO TOJBKO
C OJTHUM KOPPECTIOHACHTOM. J[aHHBIM OTpaHHUYEHUEM MOXHO MPEHEOPeUb, €CITU PeUb
HJIET O CBSI3M MEXJTy TTO/IBOJIHBIMH JIOJKAMH W/ HAJIBOJHBIMU KOPAOJISIMU, HO OHO
KPUTHYHO JIJI51 TIOABOTHBIX CETEBBIX U POOOTOTEXHUYECKUX CHUCTEM, B KOTOPBIX HAJH-
Yhe OJHOBPEMCHHOW CBSI3M M B3aMHOTO TO3HIIMOHMPOBAHHS MHOXKECTBA KOppe-
CHOHJICHTOB JIPYT C JPYTOM SIBJIICTCS IPUHITUITHAIEHO HEOOXOANMBIM.

B pesynbpraTe Havanmock nHTeHCHBHOE pasBuThe CIIC, mo3Bossronie 00beINHATE
Ha CETeBO OCHOBE OOIBIIOE KOIUYECTBO MOIBOHBIX a0OHEHTOB, COBMECTHO pPEIIaro-
IIMX TIOCTABJICHHYIO 3a/1a4y. B HaydHO-TEXHUYECKOH JInTepaType 1o aHAJIOTHH C yCTO-
SIBITUMCSI TEPMHHOM «HHTepHET Bemiei» (Internet of Things — IoTs), mpeaiokeHHbIM
aMepuKaHCKuM yueHbIM KeBuaoM DmtonoM B 1999 rony u mompa3yMeBaroOmuM ceTe-
BOC OOBEIMHEHHE PA3IMYHBIX YCTPONCTB HA MPOM3BOJICTBE U B OBITY, MOSIBHIICS TEP-
MUH «UHTEpHET NoABOAHKIX Bemei» (Internet of Underwater Things — IoUTs) [14], mo
CYTH DKBUBAJICHTHBIA IOHATHIO «CETEBAs MIOABOHAS CBSI3bY.

B mienom, kakoe Obl u3HUECKOE TMOJIC HU UCIIOJIL30BATIOCH, Tiepeaada Iu(ppoBhIX
JTAHHBIX TIOJT BOJOM SIBJISIETCS BEChbMa CIIOXKHOHW 3amaueil. M3-3a CHIBHOTO 3aTyXaHus
B COJICHOU BOJIE Tepeava pajroBOIH sl IM(PPOBOI CBA3M B OKeaHE BO3MOXKHA JIUIIh
Ha OYeHb HEOOJBIIINE PACCTOSHUA (OT EIUHMIL IO AECATKOB METPOB B 3aBHCHMOCTH OT
4acToThI). B cHity OONBIIOro paccerBaHUs M 3aTyXaHUsI CBETOBOTO CUTHAJIA B MOPCKOU
BOJIE TIepesiava JaHHBIX C TIOMOIIBIO ONTHYECKHX METOJIOB OCYIIECTBIISICTCS JIMIIH Ha
JVICTAHIIMY TIOPS/IKA IECITKOB METPOB, a Y /IHA, B 00JIaKe TOHHBIX OTJIOKEHHH, pacCcTo-
STHUE MOXET COKPAIIAThCS J0 JACCATKOB WU JaXKe SIUHUI] CAHTUMETPOB. BBy 3TOTO
THIIPOAKyCTHUYECKas CBS3b, CUTHAIBI KOTOPOW MOTYT PacIpOCTPAHATHCS HA JECSTKH,
COTHH ¥ AK€ THICSIH KIitoMeTpoB [ 13, 15], o6magaet 60bIINM IPEUMYTIIECTBOM.

Tem He MEHEE CO3[aHUIO TEXHUYECKHUX CPEJCTB THIPOAKYyCTUYCCKOU CBSI3M TIpe-
MATCTBYET MHOXKECTBO CIEIU(PHUYHBIX (IT0 CPABHEHUIO C PaIuoCBs3bio) 3hdekToB
THAPOAKYCTHYECKOM Cpebl, TAKUX KaK CHIIBHO OTpaHMYeHHas 10JIoca 4acTOT, KOTO-
pasi MOXET MCIOJIh30BaThCAd Ha MPaKTHUKE JJIS Mepeiadyd CUTHaja, JINTENbHBIEe 3a-
JICPKKU PACIPOCTPAHCHHS THIPOAKyCTUYSCKOTO CHTHANA (CKOPOCTh paclpoCTpaHe-
HUS Ha [T HOPSAKOB MEHBIIIE, YeM Y PaJlOCHTHalIa), peBepoepalus (peBepOeparius
BIiepenn) OOJIBIION HHTEHCUBHOCTH M JITUTENIEHOCTH, 00pa30BaHNe MPOTSIKEHHBIX 30H
TEHU, 3aMHUpaHMs CUTHAJA BCICICTBUE €0 MHOTOJIYYEBOTO PACIPOCTPaHEHUS, 00Tb-
IIMe JOIUICPOBCKUE WMCKAXKCHUs (YaCTOTHBIM CABUT M JOIJIEPOBCKOE PaCIIUPECHUE
CHEeKTpa CUrHaia), ObICTpasi N3MEHYMBOCTh XapaKTEPUCTUK THAPOAKYCTUIECKOH Cpe-
IIB1, pa3nuyme (aCUMMETPHS) XapaKTePUCTHK IPUHUMAEMOT0 CUTHAIA Ha MPOTHUBOIIO-
JIO)KHBIX CTOPOHAX THIPOAKYCTHUYECKOTO KaHaya CBs3H, OOYCIIOBJICHHAS MPOCTpaH-
CTBEHHO-BPEMEHHBIMH MCKaKEHUSMHU CBS3HOTO CHTHAJIA, KOTOPbIE BHOCHT Cpefla €ro
pacrpocTpaHeHus. 3aMeTHM, 4TO ToJ| peBepOepainuell B THIPOaKyCTHISCKON CBSI3U
MMOHUMAIOTCS OTPAXKEHUS CBA3HOTO CHUTHAJIAa OT HEOJHOPOTHOCTEH Cpelbl pacipo-
CTpaHEeHUs, KOTOPBIC MPUXOAT B TOUKY MpHEMa, KaK MPaBIIIO, C HEKOTOPBIM 3aria3-
IBIBAHWEM ¥, BO3MOJKHO, C JIOTIEPOBCKAM MCKA)KEHHUEM TI0 OTHOIIEHHUIO K MPSIMOMY
CBSI3HOMY CHTHAIIy ¥ BHOCST UCKaykeHus B Hero [110].

Hanmnune nomo0HOTO pona 3¢ (heKToB B cpelie paCpoCTPaHEHHSI CO3/IACT CIIOKHOCTH
Ipy pa3paboTKe TAKUX METOIOB THAPOAKYCTUYECKOW CBSI3H, KOTOpBIE OB OIMHAKOBO
X0opomio (GYHKIIMOHUPOBAIN B CAMBIX pa3HOOOPA3HBIX YCIOBUSX PACTIPOCTPAHEHHS CHT -
Hana. B cBsI3u ¢ 3TUM, YTOOBI YCTPaHUTH MOCICACTBUS BIUSHUS CPEMbI, B THAPOAKY-
CTHYECKOH CBSI3HM HCIIONIB3YETCSI MHOYKECTBO YaCTHBIX METOZOB U MX KOMOWHAITUH:

e  (opMupoBanue u 00pabOTKa THAPOAKYCTHIECKOTO CUTHAJIA BRICOKOH TTOMEXO-
YCTOMYHNBOCTH (OOBIYHO MUPOKOTIOIOCHBIX CUTHAJIOB);
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®  yIOpaBlICeHUE JIOCTYIIOM K CpeJie C YYETOM CHEeNU(UKH pacpOCTpaHECHUS TH/I-
POaKyCTUYECKOTO CUTHAJIA;
e  cereBas MaplIPYTH3alWs JAHHBIX C y4ETOM MHOTONYYEBOCTH M BPEMEHHOM
W3MEHYUBOCTH CPeJIbl PacpOCTPAHCHUS;
®  TPAHCIOPT JAaHHBIX B YCIOBUAX JUTUTCIHHBIX 3aJCPKEK B UX JIOCTABKE M pa3-
PBIBOB CBSI3HOCTH CETH.
BHeapenne 3THX METOJIOB OOYCIIOBHJIO MOBCEMECTHBIN TepexoJ] Ha IH(POBYIO
ruapoakycTuaeckyro cBssb (LII'AC).
Hwxe aHanmm3upyroTcss OCHOBHBIC HAIPABIICHUS, TIO KOTOPBIM MPOUCXOIUT Pa3BU-
e metoaos LII'AC.

Metoas! ¢popmMupoBaHusi 1 00pad0TKH CUTHAJIA

CoBpeMeHHbIe METOABI (DOPMUPOBAHUSA M O0PAaOOTKH CHTHAlIa IMO3BOJISIFOT BECTH
OTIEPATUBHBIN y4eT M MPOTHBOCTOSTH BO3/IEHCTBHUIO MHOTOYYEBOTO paccemBaHus (3a-
MHUpaHUsIM, MEKCHUMBOJILHON uHTepdepentnn) [16—18], HomIepoBCKUM HCKaKEHUIM
(YacTOTHBIM COBHIaM M PacUIMPEHHIO JOIIIEPOBCKOro crektpa) [19-21], a Taxke cra-
HOBATCSL Ooyiee APQPEKTHBHBIMU C TOYKH 3peHHUs MHOoTpebieHus sHepruu [22-30]
Y yIeIbHON TUIOTHOCTH TEepefadd JaHHBIX B CHJIBHO OTPaHMYEHHOW IMOJIOCE YACTOT
[27, 31-34].

B nenom, ans MOBBIIEHUST YCTOWYMBOCTH CHUTHAIOB K BO3JEHCTBHIO MHOTOJIyYe-
BOTO paccenBaHus paspadoruuku ycTpoicTB I[I'AC niryT amsTepHATHBBI MPUHAMA-
IOIUM 3KBaJIaii3epaM KIIACCUYECKON CTPYKTYpbl. OTHUM W3 TaKUX aJIbTEPHATHBHBIX
BapUaHTOB SBIIIETCS TaK Ha3bIBAGMBIM pa3pekeHHBIN dkBanaizep [17, 18]. CoorBer-
CTBYIOIINI aJITOPUTM 0OECTIEUMBAECT PabOTOCTIOCOOHOCTD dKBayIaii3epa mpu o0paboTke
MEHBIIIEr0 YMciia BECOBBIX KO3((UIMEHTOB MPUHIMAEMBIX CHT'HAIOB (Jajiee — BECOB),
a TaKKe MEHBIIETO YHCIIa WX BBIMOIHAEMBIX OOHOBJICHHN. biaronapst yMEHbBIICHUIO
Yrclia BECOB dKBaslaiizepa OH criocoOeH Ooiee omepaTHBHO OTCIIEKUBATH U3MEHEHNE
yCIoBHH mpreMa curnana. Kpome Toro, yMeHbIIaeTCsi MOITHOCTD IIyMa, MOCTYTAal0-
LIETO Ha €ro BXO/.

Jyis moBbIeHUs HEeprerudeckoi addexrusnoctu cucteMm LIITAC ObicTpoe pas-
BHUTHE TIONYYMJIO HANpaBICHWE MTEPATHBHOTO BBIPABHMBAHHSA CKBO3HOW aMIUIHTY.I-
HO-4acTOTHOH XapakTepucTuku (AUX) kaHama C TOMOIIBI0 TypOOdIKBaIai3epoB
[21, 24, 27, 28, 35].

Jl1a TOBBIIEHUST HAEKHOCTH PabOThl KOT€PEHTHOTO NMPHUEMHHKA KIACCHYECKHUE
SKBanai3epbl A0pabaThIBAIOTCS YCTPOWCTBAMU IPEeaoOpabOTKH, TO3BOJSIOMIUMHI
KOMOMHHPOBAaTh MHOXXECTBO PAa3HECEHHBIX B MPOCTPAHCTBE KAHAJIOB, IO KOTOPHIM
MIPUHAMAIOTCSI CUTHAIIBI CBSI3U. JlJIs yIIydIeHns XapaKkTepUCTHK MPUHIMAEMOTO CHT-
Hajla B YCJIOBHSAX TPOJOJDKUTEIBHON peBepOepanuu W AOTUIEPOBCKUX HCKaKEHUH
pa3pabaThIBalOTCS CPEICTBA aTaNTUBHOTO (DOPMUPOBAHUS IHArpaMMEl HarpaBiIcH-
HOCTH TIPUEMO-TIEPEIaroNX aHTeHH, YTO TO3BOJSET YIPOCTUTH 00PAaOOTKY U TOBBI-
CUTh JTOCTOBEPHOCTh NEKOMWPOBaHMS curHama cBs3u [27, 32, 35-37]. Kpome Toro,
CO3JAI0TCS METOJbl MHOXXECTBEHHOTO H3JIyYCHHs W/WIM MHOKECTBEHHOTO NpueMa
C MCTIOJIb30BaHNEM NPOCTPAHCTBEHHO-BPEMEHHOM Moaysiunu curnana [38—41, 72].

Kaxxapiii MeTon GhopMupoBaHUsS U 00paOOTKH CHrHajla MOXKET C OOJIbIICH WM
MeHbIIEH 3PPEeKTUBHOCTRIO 0OecreunBaTh OOMEH JaHHBIMH B COCIUHEHUH «TOYKA—
TOYKa», T.c. Mexay aByms ycrpoiictBamu I[['’AC. Tem He MeHee Takue METOMBI
0OBIYHO HE O0ECIEYMBAIOT OJHOBPEMEHHYIO padOTy MHOXKECTBAa yCTPOMCTB B 30HE
B3aMIMHOTO TOKPBITHS (MJIM O0OECIeYnBalOT B OYEHb OTPAaHUYEHHBIX Ipejesax,

110 T'upockonus u nasueayus. Tom 27, Ne 2 (105), 2019



Ilymu pewienus npobrem co30anus cemesoti NOOBOOHOU C8:A3U U NOSUYUOHUPOBAHUS

HaTlpUMep OJTHOBPEMEHHO MOXeT (YHKIIMOHHPOBATh JIUIIb HEOOJNBIIOE YHCIIO
YCTPOMCTB 3a CUET pa3JesieHUs] YaCTOTHOW TOJOCHI MEXIy HUMH, YTO, OJHAKO, IIPH-
BOJIMT K 3HAYUTEILHOMY CHUKCHHIO ITPOU3BOAUTEIHLHOCTH KAXKOTO U3 HUX).

IIpo0aemMsI co3nanusi TMPPOBBIX TMIPOAKYCTHYECCKHX ceTell U UX pelieHne

CymiecTByeT 4eTblpe OCHOBHBIX BapHaHTa COBMECTHOTO HCIIONB30BAHUSA OOIIEH
CpPeIBI CBSA3H MEXTy HECKOJIBKIMH y3JaMU B CETH:

e yacTtoTHOe pasaeneHue kaHanoB (Frequency Division Multiple Access —
FDMA), npu KoTOpoM Ajsl KaXI0TO y3J1a CBSA3U BBIAETSAETCS CBOS YHHKaJIbHas
MOJIOCa YaCTOT, TaK YTO HECKOJIbKO TEepeIarolluX/IPUHUMAIOIINX YCTPONCTB
MOTyT paboTaTh 6€3 MoMeX OJTHOBPEMEHHO B PAa3HBIX MTOJIOCAX YACTOT;

e BpeMeHHOe paszencHue kananoB (Time Division Multiple Access — TDMA),
MpU KOTOPOM BCE Y3JIBl CBS3U MEPEAaloT/IPUHUMAIOT B OJHOM IOJIOCE YacToT,
HO B Pa3HOE BpPEMs;

e kozoBoe pasaenenue kaHaoB (Code Division Multiple Access — CDMA), npu
KOTOPOM HECKOJIBKO Y3JIOB MePeIaloT/IPUHIMAIOT OJTHOBPEMEHHO B OJTHHX H TEX
e TI0JIOCAaX YacTOT, HO C Pa3HBIM KOJUPOBAaHHEM (MOAYJISIIMEN) CHMBOJIOB, I1e-
penaBaeMbIX Pa3HBIMU Y3JIaMH;

® [POCTPAHCTBEHHOE pa3lelicHue KaHaioB (Space Division Multiple Access —
SDMA), ripu KOTOPOM TIepeiada/IiprueM COOOIICHUH MEXIY KaKIOW Tapoi y3II0B
OCYIIIECTBIISIETCS] B CIIEIMANBHO C(POPMHUPOBAHHBIX Y3KHX, HE MEPEKPBHIBAIOIINXCS
C IPYTMMU TlapaMy TUarpaMMax HarpaBJICHHOCTH U3ITyYarOIX/ TIPHEMHBIX aHTCHH.

Bce 311 cr1oco0b1 MyIBTUTUIEKCUPOBAHMS ITUPOKO MPUMEHSIOTCS B HA3EeMHBIX Oec-
MIPOBOAHEIX ceTsx. Hampumep, cotoBeie cetn GSM BToporo mokojieHus (2G) UCIoIb-
3y1oT TDMA, mobunsnblie cetn 3G UMTS — CDMA, a coBpemennsbie cetu 4G LTE —
Orthogonal Frequency Division Multiple Access (OFDMA) u Single Carrier Frequency
Division Multiple Access (SC-FDMA), rae 610ku pecypcoB, Ha3HAYCHHBIC Pa3HBIM
MOJIB30BATEISAM, Pa3/IeNeHbl KaK M0 YacToTe, TaK 1Mo BpeMeHu. [loMmumo 3Toro, MHO-
THe COBpEMEHHBbIC Ha3eMHbIE OECHpPOBOAHBIE CETH MCIOJIB3YIOT MPOCTPAHCTBEHHOE
pasfesieHne KaHAJIOB C TIOMOINBI0O MHOTOAHTEHHBIX YCTPONHCTB M METOOB Iepenadn
Ha ocHoBe TexHojoruu MIMO (Multiple Input Multiple Output), 4TOOBI MOBBICUTH
CKOpPOCTh TIEpeadr JaHHBIX, MPEIOCTABISEMYIO MOJB30BATEIISIM CETel (Hampumep,
cotoBbie cet Ha ocHoBe Massive MIMO u IEEE 802.11 Wi-Fi cetu ¢ MHOTOaHTEH-
HBIMH TOYKaMU JOCTYTIA).

Bwmecre ¢ Tem dpyHnameHTanpHbIe (PM3WYECKHE OTPaHUYEHUS MTOIBOJTHOTO aKyCTH-
YECKOT0 KaHalla CBS3M HE MO3BOJISIOT MPUMEHSATh METOIbI MHOXKECTBEHHOTO JOCTYIIa
CTOJIb k€ 2P hEeKTUBHO, KaK B HA3eMHBIX paanoceTsx. Mcnoms3oBanne FDMA B run-
POaKyCTHYECKUX CETSAX OTPAHUYCHO Y3KOH TMOJIOCON UCIONIb3YEMbIX YacTOT, APOOHTH
KOTOPYIO Ha elie 0ojiee y3KHe MOJIOCHI HEelenecoo0pa3Ho, MOCKoNIbKy [42, 107], Bo-
MEPBBIX, PE3KO COKpAIIAeTCs CKOPOCTh IMepenayr MH()OpPMAaIlnu, a BO-BTOPHIX, NpPHU
CY>KEHHH TIOJIOCHI YacTOT MOBBIMIAETCS PUCK CEJEKTHBHBIX 3aMHUpPaHUIl TIPU pacIpo-
CTpaHEHHUH CBSI3HOT'O CUTHAJIA B MHOTOJTyYeBOM KaHaJe.

UcnonszoBanue CDMA AJi1 MHOXECTBEHHOTO JOCTYNA B TUAPOAKYCTUUECKUX Ce-
1x [108] Toxe ropasno MeHee 3QpGHEKTUBHO, YeM B HA3EMHBIX PAIHOCETSIX, IOCKOIb-
Ky OoubpIue 3a/ep>KKH MPUX0Ja CUTHAJIOB OT Pa3HBIX IMEpelaTYNKOB 3HAYUTEIHHO
YCIIOKHSIOT TOAJIEPKAaHUE OPTOTOHAIBLHOCTH WCIONB3YEeMBbIX KOMOB. B kmaccudye-
ckoM CDMA, nanpumep 3G UMTS, 4uro6sr >hPeKTHBHO MOMABIATH ITOMEXH, BCE
CHUMBOJIBI OT HECKOJIbKHX Y3JIOB JIOJDKHBI MPUHUMATBCS CHHXPOHHO. B mpoTtnBHOM
CJydae 3HAYUTEIHHO CHIDKACTCS OTHOIICHUE «CUTHATI—TITYM).
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JIJI TOCTHIKEHHS IPOCTPAHCTBEHHOI'O MYJIbTUIUIEKCUPOBAHHUS C MCIIOJIb30BAHUEM
METOOB TPEABAPUTEILHOTO KomupoBaHUs W BhIpaBHUBaHUA MIMO [109] HEoOX0-
JIUMO TOYHOE 3HAHUE XaPaKTCPUCTHK KaHajda Ha MOMEHT Mepeladd MEXIy Kaaou
napoii y310B. OIleHKa XapaKTePUCTUK KaHajga MOXKET ObITh BBIMOJHEHA TOJBKO IIPH-
eMHHKOM. B pe3yibTare npoCTpaHCTBEHHOE MYJIBTUILICKCUPOBAHHUE B THIPOAKYCTH-
YECKUX CETSAX OCYIIECTBUMO IPHU MPHUEME CUTHAJIOB OT HECKOJIBKUX Pa3HECCHHBIX y3-
JIOB, HO TPYJHO pealiu3yeMo TpH Iepeladye CUTHAIOB Pa3HBIM y3JaM, TOCKOJBKY
TpeOyeT mpeABapUTEIbHON Mepeaayn OT MPUEMHHKA MEPEAaTIYMKy M3MEPEHHBIX Te-
KYIIMX XapaKTePUCTHK KaHAJIOB.

[To cpaBHEHHUIO C YACTOTHBIM, KOJOBBIM U MTPOCTPAHCTBECHHBIM Pa3/ICICHUSIMH Ka-
HaJIOB BpeMEHHOE SIBIISCTCS 0OJiee MPOCTBIM W THOKUM METOIOM MHOXKECTBEHHOTO
JOCTyMa K Cpelie, MOCKOIBbKY OHO IO3BOJISCT CO3[aBaTh CKOJIBKO YTOJHO OpPTOTO-
HaJIBHBIX KaHAJIOB C MEPEMEHHOW IMPOIYCKHOW CIOCOOHOCTHIO, HE OTPAHUYCHHBIX
IIUPUHON UCTIOIB3YEMOH TIOJIOCHI YaCTOT M HE TPEOYIONUX CHHXPOHHOCTH MTPUHSATHIX
CHMBOJIOB WJIM TIEpeAayd OT IPUEMHHUKA MEePEAaTUMKy U3MEPEHHBIX TEKYIIHX XapaK-
Tepuctuk kaHana. Beumy storo B CIIC Hambomee pacrnpocTpaHEHBI METOJbI, OCHO-
BaHHBIC HAa BPEMEHHOM pa3JICIICHUU KAHAJIOB, KOTOPhIE MOXXHO OOBCIUHHUTH B JIBS
IPYIIbI, pacCMaTPUBaeMbIe HUXKE: METOJIbI HAa OCHOBE PacCIUMCaHMs Iepeaad U MeTo-
JIbI HA OCHOBE KOHKYPEHIIHH 3a JOCTYII K Cpejie.

Memooul ynpasnenusi 00Cmynom K cpeoe Ha 0CHO8e PACNUCAHUS nepeday

OmHUM W3 TPOCTEUIIMX W Haubojee paclpOCTPAHCHHBIX METOJOB YIIPABICHUS
noctynom k cpene (Medium Access Control — MAC) sBusercs TDMA-
MYJIETUIUIEKCHPOBAHME ¢ pazaeicHreM 1o Bpemenn. B TDMA kaxnoMy y3imy Ha3Hava-
€TCS OTJCIBHBIN MePHOIUIECKUIA BPEMEHHON UHTEPBAI (CJIOT), B TCYCHUE KOTOPOTO OH
MOXET Tepe/aBaTh MakeT 0e3 OMEX OT JIPYTUX Y3JIOB B CETH, KaK IMOKa3aHO Ha puc. 1.
OTOT BPEMEHHOU CJIOT COACPIKHUT 3aIUTHBINA MHTEPBAJl, KOTOPHIH KOMIICHCHPYET 3a-
JEPXKKW pacrpOoCTPaHEHHsI CUTHAJIOB, BHECEHHBIX B paclUCaHMe, a Takxke Jpeid da-
COB KaXJoro u3 y31oB cetd. OOBIYHO 3TOT Ipei) coCTaBIsIeT MOpsAKa JECATKOB
MHUKPOCEKYH/I 32 CEKYHIY, YTO MOXET CHJIBHO OTPAaHHYHUTh aBTOHOMHOCTH IOJBOJI-
HOW CeTH WJIM BBI3BaTh HEOOXOIUMOCTh CYIIECTBEHHOTO YBEITUYEHUS 3aIIUTHBIX WH-
TepBaJIOB. TeM HE MeHee pa3lielieHUe BO BPEMEHH CUMTACTCS HaJleKHBIM U 3 (dek-
TUBHBIM 1OAX0I0M K MAC, 0COOEHHO B YCIIOBHSX BBICOKOH HAarpy3KH Ha CETh, IJIC
0oJIpIIas 9YacTh CIOTOB UCTIONB3YETCs IS Iepeiad MakeToB JaHHBIX. B kadecTBe oc-
HOBHOTO HeIOcTaTka (KpOMe MpPOTSLKEHHOTO 3alllUTHOTO WHTEpBaja) OTMEYaeTCs
JUTUTENIbHAS 3aJIep>KKa pacCIpOCTPAHCHUS THAPOAKYCTHUECKOTO CUTHANIA, YTO SIBIISCT-
¢ QyHIaMEHTaNbHOH mpobsieMoit mpu npuMeHeHnrn TDMA B ruapoakyCTHUECKUX
CEeTSX B OTJIMYKE OT OOBIYHBIX Ha3eMHBIX paguoceTei. Eciu AMnTenbHOCTh 3aIuTHO-
ro WHTepBaja u3-3a Japetiha 9acoB CO BPEMEHEM CTAaHOBUTCS YIPABISIEMOW BEIHYH-
HON BCJIECTBUE Pa3BUTHUA TEXHUKH, B YACTHOCTH YCTAHOBKM aTOMHBIX 4YacOB Ha
KaXIOM JJOHHOM Y3JIe, TO HU3Kasg CKOPOCTh PacCIpOCTPAaHEHHs THAPOAKYCTHIECKOTO
curHaia (Ha TSATh MOPSIKOB HUXKE CKOPOCTH CBETa) HE IMO3BOJSET COKPATUTH JIH-
TEIBHOCTH 3alIUTHOTO MHTEpBaJIa JO MajlO3HAYUMON BEJIMUYMHBI. DTO 03HAYAET, YTO,
BO-TIEPBBIX, MPOITYCKHAsI CIIOCOOHOCTh KJIacCCHYECKUX MpoTokoiioB TDMA B ruapo-
AKyCTHYECKUX CETSIX 3HAYUTEIHHO YMEHBIIIAETCS 3a CUET OOJBIIUX 3aIlUTHBIX HWH-
TEPBAJIIOB, HEOOXOIUMBIX JJII KOMIICHCAIIUN JUIHTENBHBIX 33JePKEK paclpocTpaHe-
HUA 3ByKa [42, 43], Kak TIoKa3aHO HA pHC. 2. BO-BTOPHIX, pOCT MPOAOIHKUTEIEHOCTH
TDMA-c10TOB M3-3a 3aIIUTHBIX WHTEPBAJIOB YBEIMYHBACT OOIIYIO UTHTEIHLHOCTH
BpeMeHHoro kagapa TDMA, To ecTh MHOCIEAOBATENBHOCTH CIOTOB, HA3HAYCHHBIX
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KoMy y31y B ceTd. [Ipu 60oipmux pasmMepax CeTH 3TO MOXET IMPUBOANTH K HEHO-
MYCTHUMO OOJILIIMM 33/IepP’KKaM B JIOCTaBKE MAKETOB, MMOCKOIBKY KaXIbIA y3em JI0JI-
JKEH KJIaTh CICIYIOIIEH BO3MOKHOCTH CBOCH IMepeiayn, KOTOpasi OOBIYHO BO3HHUKAET
0oJIWH pa3 3a kaxasii TDMA-kanp.

SamHTHBIA

V V1 Her makeroB  :
L TIepeniaTH

vl

% \\\ i | VV2HermakeroB
/ N | DATA1
\ Y4 ‘ WL Mepeadn

: Hnrepdep eﬂ:r:tux

2 : :
P epery O ‘ :
: \\ : P OO OTROUO VOO U T
(8} — [ DATAL b DATA 2
v3 H

V1 cnor Y2 cror V3 cnor : V1 cnor H Y2 cnor

S O

__TE)M_A Kaap

Bpema
Puc. 2. TunoBoi npumep MyJIbTHUILIEKCHPOBAHUS ¢ BpeMEeHHBIM paszaeneHueM (TDMA),
TZie KKIO0MY y3JIy Ha3Ha4aeTcs OTAeIbHBII BpeMEHHON HHTepBa A Iepeaad,
[P KOTOPOM HE NPOUCXOJHUT KOJUIU3UH

CymecTByeT MHOYKECTBO ITyOJIMKANNi, TOCBSIIEHHBIX CO3/JTAaHUIO TaKUX TPapUKOB
nepegaan TDMA, KoTopbIe HaIlpaBJICHBI HA MPEOIOJICHNE HETATUBHOTO BO3ICHCTBUS
JUTUTENBHBIX 3aJCPKEK CUTHAJA Ha MPOU3BOUTEIILHOCTh CETH. DTO YACTO O3HAYACT,
YTO TpeAsIaraeMbie PEIICHUS OTPAHUYMBAIOTCS KOHKPETHBIM THUIIOM TOITOJIOTHU CETH
WIM ONPEICSIICHHBIM TUIIOM IakeTHoro Tpaduka. Hampumep, B [44] mpemioxeH Me-
TOJA co3/laHus rpaduKoB meperad Uil CHEIUATLHOTO CiIydas THUAPOAKyCTUYECKHIX
CeTel C JIMHEHHOW TOMOJOTHEH, KOTOPblE MAaKCHMH3HPYIOT MPOIYCKHYIO CIIO0C00-
HOCTH ceTd. B [45] Te ke aBTOPBI CTPOAT rpaduku MaKCHMH3AITUHN TTPOITYCKHON CII0-
COOHOCTH IJISl CETEH ¢ pemeTdaTol TOMOJIOTHEH, KOTOPhIE UCIIONB3YIOT JUITHTEILHBIC
3aJIEP’KKH PACIPOCTPAHCHUS CHTHAJIOB JJIsi OCYIICCTBICHHUS HECKOJIBKHX Tepeaad
omHOBpeMeHHO. B [46] mpemnmokeHa aHATOTWYHAS WIES HCIOJIB30BAHMS THHHBIX
3a/lep)KeK PacIpOCTPaHEHUS! CUTHAIOB Ui 00eCredeHUs] BO3MOXKHOCTH OJHOBpE-
MEHHOTO MCIOJh30BaHMsI BPEMEHHBIX CIOTOB B ad-hoc-cersax. Tak, makeTsl, epeia-
BacMbIC JBYMs Y3JIaMHU B OJTHO U TO K€ BPEMs, MOTYT JIOCTHYhL MPUEMHHKA B pa3HOE
BpeMs (T.e. 63 KOJUTH3HH), €CITH Pa3TUIaroTCs 3aIep>KKH PacTIpOCTPAHCHHS CUTHAJIA.
Eme onun npruMep u3 n3BecTHHIX MpoTokonoB MAC Ha OCHOBE paciucaHus Iepeaad,
MpeHA3HAYCHHBIX MMEHHO I THIAPOAKYCTHYECKHUX CETeH, — 3TO TaK Ha3bIBaeMBIN
Staggered TDMA Underwater MAC Protocol (STUMP) [47]. OH KOMIGHCUPYET Bpe-
MEHHyI0 NpuBsi3ky TDMA Ha KaXJIoM y3Jie Ha OCHOBE 3HAHUW O 3aJIep’KKaxX pacrpo-
CTpaHEHUS U TAKUM 00pa30M 00EeCTIeYrBAaET BEICOKYIO ITPOITYCKHYIO CIIOCOOHOCTh CETH.

OcHoBHO# HenmocTaTok momxona TDMA 3akimoyaeTcss B HEOOXOUMOCTH CHHXPO-
HU3AIMH YaCcOB MEXAY y3JIaMH CETH, YTO B OTIMYHE OT HA3eMHBIX PaJHOCHCTEM YaCTO
SIBIISICTCS. CIIOHOMW 3a/layell B YCIOBHUSX TUAPOAKYCTUYECKHX CETEH U3-3a JUIUTENb-
HBIX 33JICPKEK PaCHpPOCTPAHCHUsI CUTHAIOB, U3MCHSIONIUXCS BO BPEMEHHU MapaMeT-
POB KaHAJIOB, MHOTOJIYY€BOTO PACIPOCTPAHEHUS H HEOOXOAUMOCTH TIepeIaBaTh CIIy-
JKeOHBIC TTAKETHI, 00HEM KOTOPHIX SBJISETCS HOCTaTOYHO OoybmuM [42, 48].

Hcnonr3oBanne aroMHbIX 4acoB (chip-scale atomic clocks) [49] sBnsercs anbrep-
HAaTHBHBIM CIOCOOOM OOeCTIeYeHrs] TOYHON CHHXPOHU3AIMHA BPEMEHH CETEBBIX Y3JIOB
B TEYEHHE IUTEIBHBIX IEPHONIOB, HO ATO HEOCYIIECTBUMO BO MHOTHX CIIydasX,
B YaCTHOCTH, HM3-32 MX YPE3MEPHOU CTOMMOCTH, BBICOKOTO MOTPEOIICHUS MOITHOCTH
U cTapeHus kpuctania [50, 51].
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N3-3a coKHOCTH CHHXPOHHU3AINH Y3JI0B THAPOAKYCTHIECKUX CETe BO MHOTHX pa-
60Tax, mocBsIIeHHBIX MpoTokoidaM MAC Ha OCHOBE pacHHCaHHs, U3Y4aeTCs BO3MOXK-
HOCTb CHHM3WUTHh TOYHOCTb CHHXPOHHU3ALUH Y3JIOB — KaK MPaBUIIO, 33 CUET HEKOTOPOrO
YMEHBIIICHHUS TIPOU3BOIUTEILHOCTH ceTi. Hanpumep, B [47] TOka3aHO, YTO OITMCAHHBINA
panee nmpotokoa STUMP MokeT o6ecniednTh JOCTATOYHYIO MMPOU3BOAUTEIIHFHOCTD JaKe
NpY OMIMOKAaX B CHHXPOHHM3ALMH Y3JI0B M HETOUHBIX 3HAHMSX 33/IePKEK PacIpoCTpaHe-
Hus curdanoB. B [52] npeanoxen anroputv UW-FLASHR, xoTopblii o3BossET y31am
OTIEPATHBHO IMONYYaTh BPEMEHHBIE CIOTHI JUIA TIepeladr JTaHHBIX C HEOOIBIIUM KOJIH-
4eCTBOM KOH(IMKTOB, 0€3 HEOOXOIUMOCTH IEHTPAIN30BAHHOTO YIIPABIICHHUS, TOYHOM
CHUHXPOHHU3AIIUH YaCOB U TOYHOTO 3HAHUS 33/IeP’KEK paclpocTpaHeHus curaaioB. OH
o0ecrnedrBaeT MPOIyCKHYI0 CITOCOOHOCTH ceTH 10 80% OT MakCHMalbHOM MPOU3BO-
JTUTETFHOCTH KaHalla, OJIHAKO OHA 3HAYNTEIHHO CHM)KAETCS MIPHU POCTE JITUTEbHOCTH
3aJiep>KeK paclpoCTPaHEHHUs] CUTHAJIOB M OoJiee KOPOTKUX mMakeTax. Hampumep, npu
50-0aliTOBBIX MaKeTax U CKOPOCTH Mepeaadyn 15 KOUT/c ¢ MaKCUMaIbHOM 3aAePKKON
pacnpoctpanenus B 1 ¢ nporycknas criocoonoct UW-FLASHR namaet no 10%.

Eme oquH Bua MpOTOKOJIOB Ha OCHOBE pacliCaHMs MAKETOB, HETABHO TPEIOKEH-
HBIH, MpeArnoiaraeT MOJHOE OTCYTCTBHE CHHXPOHM3ALMHA MEXIy CETEBBIMH Yy3JIaMH.
OTH MPOTOKOJBI OOECTICYNBAIOT BHICOKYIO TIPOIYCKHYIO CIIOCOOHOCTh, HO IIEHOM orpa-
HUYEHUS OTHX DPEUICHWA KOHKPETHBIMH CLEHApUSMH U THIIAMH TOIOJIOTHU CETH.
Hanpumep, Tak HaseiBaemblii Transmit Delay Allocation (TDA-MAC) mpotokod,
MIPEIIOKCHHBIN B [53] ¥ IpOBEpeHHBIN Ha MpakTUKE B [54], paboTaeT Ha OCHOBE OJI-
HOTO BEIYIIEro y3Ja, Mepeialoniero MHUPOKOBEIIATENbHBIN MaKeT yIPaBICHUS BCEM
OCTaJIbHBIM y37IaM ¢ 3ampocoM aaHHbIX (request for data — REQ) u ¢ mHCTpyKUuei
OTIPaBUTh MAaKeT 3THX JaHHBIX 00paTHO BeAyIIEMy Y3Jy IOCJe OIpelesIeHHOW 3a-
TEP’KKH, KaK MTOKa3aHo Ha puc. 3.

Bemymmuit
y3en

DATA 1 A !

| DATA 2 ;l DATA 3 )'{

DATA 1

=(8)
~(8)

3azmepiKKa

Bpewmsa

Puc. 3. Miunoctpaiys HSCHHXPOHM30BaHHOTO IJIAHUPOBAHUS TIepeay
MIAKEeTOB ¢ HcIoiab30BaHKeM nporokona TDA-MAC

Benymuiil y3en nepemaeT MHUPOKOBENIATENBHBIN MAKET, KOTOPBINA JAaeT BCEM APY-
TUM y3JlaM JIOKQJIbHYIO TPUBS3KY BpeMEHU. [[MUTenbHbIe 3aepKKU PacIpOCTpaHe-
HUSA THAPOAKYCTHUYECKUX CUTHAIOB KOMIICHCUPYIOTCS 32 CUET YMEHBIICHUS 3aJICPIKKU
nepesayn Ha JaHHOM y3J1e, 3apaHee YKa3aHHOH BEIYIIUM y3JIOM. DTH 3aJEepPiKKH Ie-
peIavuu pacCUUTHIBAIOTCS BEAYIUM Yy3JIOM 3apaHee Ha OCHOBAHUM €ro 3HaHUU O 3a-
JIEpXKKaxX pacrpocTpaHeHusi CUTHANIOB. [Ipu GONBIIOM KOJUYECTBE y3JI0B /MU J0-
cTaToYHOM mmTensbHoCTH MakeToB TDA-MAC gocturaeT MpOITyCKHON CITOCOOHOCTH
ceTH, OIMM3KOM K TEOPETHIECKOMY MakCUMyMy. BMecTe ¢ TeM ero nmpuMeHeHHe orpa-
HUYEHO LICHTPAIU30BAaHHBIMU CETEBBIMU TOTIOJIOTUSIMU, TJ€ BCE CETEBBIC y3JIbl UMEIOT
CBA3b C LIEHTPAJILHBIM BEIYIIUM y3JI0M. PaboTa Tex ke aBTOpOB B [55] pacuimpsieT
TDA-MAC 10 TOmOJOTHH, IMO3BOJSIONINX HEKOTOPHIM y3JIaM TOJKIIIOUUTHECS K Be-
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IOyIIEMy y3Jy 4epe3 APYrou y3es, KOTOPbIH BBINOIHIET QyHKIHIO peie. [Ipu sToM
BBICOKAsI IIPOITyCKHAs CTIOCOOHOCTh YKa3aHHOTO MPOTOKOJIA IO-TIPEXKHEMY 3aBUCUT OT
CETH, B OCHOBHOM COCTOSIIIIEN U3 COEANHEHUN «MHOT'O-K-OTHOMY».

B [56] mpemmoxken mpotokonm Assymetric Propagation Delay-Aware TDMA
(APD-TDMA), KoTOpHBIi 00ecTieYnBacT HECHHXPOHN30BAHHOE TUTAHUPOBAHHUE TIEpe-
Jiad, UCTIONB3Ys TOT )K€ MPUHIMII OTJIOKEHHOTO OTBETa HAa MIMPOKOBEIATEIbHBIN Ia-
keT, monooHbii TDA-MAC, HO pacmupsieT ero 10 cereil ¢ MOOMJIBHBIMHU Y3J1aMHu.
B Hagane xaxoro nMKIa rmepenad MmakeT YIpaBIeHUS OT BEAYIIETO y3J1a COAEPIKHUT
nH(popMaIuio 00 0OHOBIEHHBIX 33/IeP)KKaX Mepenad, yUUTHIBAIOMINX MEPEIBIKEHUS
y370B. [Ipu aToM, Kak U B n3HavanbHOU Bepcun TDA-MAC, npuMeHeHHue 3TOro npo-
TOKOJIa TaK)K€ OTPAaHUYCHO [EHTPATH30BAHHBIMH CETSIMH, TJ€ BEIyIINUH y3e1 Hampsi-
MYIO COEHEH CO BCEMH OCTAIbHBIMH y3JIaMH.

[TonBoAs UTOT pacCMOTPEHUIO METOAOB YIIPABIECHUS AOCTYIIOM K CPEie HA OCHOBE
pacnucaHus nepenad, MOXKHO KOHCTAaTHPOBaTh, YTO pasHbIE CETH TPEOYIOT pas3iind-
HBIX pelIeHuH, KaKA0e U3 KOTOPBIX aJalTHPOBAHO K KOHKPETHOMY THITY TOIOJIOTHH
CeTU U MaKETHOMY TpaHUKy BCIEACTBHE (PYHIAMEHTAILHOIO OTPAHUYEHHS] CKOPOCTH
pacmpocTpaneHus 3Byka. Haubonee ynoOHBIE ¢ TOUKH 3pEHHUS TOMOJIOTHH CETH TPO-
tokosibtl TDMA, Kak npaBUjIo, 3HAUYUTEIBHO MeHee 3((EeKTUBHBI U3-3a PE3KOT0 yBE-
JTUYEHUS TPOJIOIDKUTEIFHOCTH HHTEpBaia 0e3/1eHCTBHSL.

Tem He MeHee, HECMOTPS Ha ropa3lo MEHBIIYIO HMPOMYCKHYIO CIIOCOOHOCTH Mpo-
ToK0J10B TDMA 110 CpaBHEHUIO C Ha3€MHBIMH OCCIIPOBOAHBIMH CETSIMHU, OHH HEPEII-
KO SIBJISIIOTCS JIYYIIMM BBIOOPOM IPH BBICOKOM ypOBHeE HakeTHoro tpaduka u B CIIC,
MOCKOJIBKY OHH [0 ONpENENICHUI0 M30eraloT KOJUIM3UM M KOHKYPEHLHH 33 JOCTYII
K cpelle MEeXAy HECKOJIBKUMH y3namu ceTd. Emie omHOo orpaHuueHue OOJBLIIMHCTBA
potokoioB TDMA B THAPOAKYCTHYECKUX CETSIX — 3TO HEOOXOAMMOCTH CHHXPOHU-
3allMi 4acoB Ha Pa3HBIX YCTPOHCTBAX, XOTA MpPU 3HAYUTEIHHOM YBETUUEHHH JJIMHEI
TAMA-kaapa B CIIC BpICOKas TOYHOCTh CHHXPOHH3ALMU YacoOB JUIS YCIIEHIHOTO
pasjiesicHus KaHana 1o BPEMEHH 4acTo He Tpedyercs.

IIpomokonvl Ha 0cHO8e KOHKYPeHYulU 3a O0CMYN K cpeoe

HecnHXpOHN30BaHHBIA METOJ OCTYNA K THIPOAKYCTHUECKOMY KaHATIy IPEeAro-
JlaraeT B OCHOBHOM NPUMEHEHHE JIPYroro kiacca mporokoioB MAC, ocHOBaHHOTO
Ha KOHKYPEHIIMH 32 TOCTYII K CpeJie CPeAN HECKOIBKUX Y3JI0B CETH.

Ha puc. 4 mokasaH THIIOBOI pUMeEp JOCTYTIA K Cpe/ie HA OCHOBE KOHKYPEHIIUH, T/1e
y3eJ1, KOTOPBIH JOJDKEH OTIPABUTh MAKET, CHavala IepeaeT NpeanoiaraeMoMy Imoity-
YaTeJio KOPOTKUI KOHTPOJIBHBIN TakeT, 0ObIYHO Ha3biBaeMblid Request-to-Send (RTS).

V1 oTkiIampIBaeT mepenady

V1 xpaer orBer CTS
S seimis o ey s e

-

) s M N ey s
(*84) o o {RTS}{CTS ] DATAS [ {ACK}
vl R | /

e L e
(B8) k&
V2 |
Vi3

e e D e o >
V3 EIeT 0cBOGOKIACHHA KaHATA V3 xaer V3 pe3epBHpPYET KaHAI H OTIPABILAET JaHHEIE

oteer CTS

Bpemsa

Puc. 4. Tunosoii npumep npotoxosia MAC Ha 0CHOBe pe3epBHPOBaHUS KaHaita, Tae 18a y3ia (Y1 u Y3)
IIBITAIOTCS 3apE3ePBUPOBATh KaHAI UL [Iepejayull I1aKeTa JaHHbIX Y311y Y2.
JlnmvTenbHbIe 3a/Iep>KKH pacpocTpaHeHHs THAPOAKyCTHIECKIX CUTHAIOB BBI3EIBAIOT Ooliee
BBICOKYIO BEPOATHOCTb KOJUTM3HI MAaKeTOB U 00JIee AMUTENbHBIE TIEPUO/IBI POCTOS HA KaHaje
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Ecam neneBo#t y3en npuHUMaeT 3ToT makeT RTS 6e3 Koyummi3uid, To mpeaocTaBIsieT
JOCTYI K KaHally MCXOJHOTO y3Illa IMyTeM oTBeTa ¢ momolnkio nakera Clear-to-Send
(CTS). Korna ucxomHslil y3el1-UCTOYHUK NpUHUMaET angpecoBaHHbIl emy CTS, oH
MOJKET HCIIONIb30BaTh KaHAN CBS3H, 3ape3€pPBHUPOBAHHBIA HCKIIOYUTENIHHO MJISI €ro
nepenaun. TeM BpeMeHEM Bce MpodHe Y37bl, KoTopble momyuaror CTS, He aapeco-
BaHHBIA UM, OTKJIQJBIBAIOT CBOM Tepeaadu, MOTOMY YTO KaHaj 3ape3epBUPOBAH IS
napyroro y3na. [locrme mpreMa makera JaHHBIX MPUHITO OTIPABIATH KOPOTKOE IMOJ-
tBeprkaeHue (Acknowledgement — ACK) ucxomHoMy y3iy 00 YCIHEIIHOM TOCTaBKe.
OTOT MOAXOA PE3epBHPOBAaHUS KaHalla OOECTeYMBAaeT HAJEKHBIA IOCTYH K cCpele
M BBICOKYIO MPOITYCKHYIO CIIOCOOHOCTh B HA3€MHBIX PAJUOCETSX, B CBSI3U C YEM OH
HCIIONB3yeTCsl, HanpuMep, B kommepuecknx ceTsax [EEE 802.11 Wi-Fi [57]. Bmecte
C TeM Ha puc. 4 BHJHA OTPAaHUYCHHOCTH MPOIYCKHOW CITIOCOOHOCTH MPOTOKOJIOB Ha
ocHoBe RTS/CTS, npuMeHSIeMbIX B TUAPOAKYCTHIECKHX CETSAX C ropaszo OoJiee JAu-
TEJIHHBIMU 33/ICP)KKAMH PACIIPOCTPAHCHUSI CUTHAJIOB 110 CPABHEHHIO C PaTMOCETIMU.
Jlonst BpeMeHH, 3aTpadyuBacMoro Ha Iepeaady W MoJdydeHHe TOoJIe3HOH WHpOopMaIun
(maKeToOB MAaHHBIX), CPAaBHUTEIHHO HEBEJIMKA HM3-33 JUIMTEIBHBIX MEPHOAOB O€3/Ieii-
cTBUs, Koraa y3en oxunaer orBetHbld makeT CTS mwin ACK. Kpome Toro, B ruapo-
AKyCTHYECKUX CETAX 3HAUUTEIHHO YBEIMINBACTCS BEPOSITHOCTh CTOJIKHOBEHUS TMaKe-
toB RTS u3-3a mo3anero oOHapyxenus nakeroB RTS/CTS ot apyrux ysiaoB, 4To
00yCIIOBIIEHO MAJIOM BEITUYMHOW CKOPOCTH 3BYyKa. BEpOSITHOCTh KOJUTU3WUH CTpPEeMH-
TEJIHHO BO3PACTAET C YBEIMYEHUEM KOJIMYECTBA Y3JIOB B CETH, YTO YACTO MPHUBOIUT
K OYeHBb HU3KOH MPOITYCKHOM CTIOCOOHOCTH KaHaa.

Ha puc. 5 mokasan apyroil K1acCH4ecKHii Croco0 paspemieHus KOH(DIUKTOB Js
nocrymna k kananmy — Carrier Sense Multiple Access (CSMA) [58]. OcHoBHas wujes
CSMA 3akimodaercss B TOM, YTO JIIOOOMY Y31y, KOTOPBIA XOYET MOIYYUTH JTOCTYII
K 00IlleMy KaHay, CHauaia HeoOXOAMMO MPOCITyIIaTh TEKYIIHEe MepeIadn Ha KaHae,
YTOOBI ONPEACIUTD, 3aHIT OH WIH CBOOOJICH. TONBKO KOT/]a Ha KaHalle He OOHapyKe-
HO Tiepenad, JaHHBIN y3eJ HauyMHAeT CBOIO COOCTBEHHYIO Iepefady. DTOT IOAXO[
Xoporro paboTaeT, ecii 3aepKKH PaclpOCTPAHEHHUs CUTHAIA KOPOTKHE, TO €CTh KOT/Aa
Y3JI6I MOTYT OOHAPYKHTh HOBBIC TIEpe/laud B KaHAJIC MTOYTH MIHOBEHHO. Kak mokaszaHo
Ha puc. 4, CTOCOOHOCTH Y3JI0B K OOHAPYKEHUIO TEKYIUX Iepeaad OrpaHndeHa CKO-
POCTBIO 3BYKa.

Kanan ceobogen: Kommasms obHapyxeHa
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Bpemsa

Puc. 5. TunoBoit mpumep HOCTyNA K Cpeie Ha OCHOBE MIPOCITYIIMBAHUS CPEMEL,
IpeIe YeM repeaBath nakers! JaHHbIX (Carrier Sense Multiple Access — CSMA).
JUnTenbHbIe 3aepKKH PacIIpoCTPaHEHHs THIPOAKYCTHIECKUX CHIHAIOB
YBEJIMYMBAIOT BEPOSTHOCTD CTOJIKHOBEHHUS [IAKETOB
U3-32 33/IePIKKH IIpU OOHAPYKEHHUH Hepesiay ¢ JPYTHX y3JI0B
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Hwmxe onmcansl apyrue HanOojee U3BECTHBIC MpUMephI TpoTokoioB MAC Ha oc-
HOBE KOHKYPEHIIMH, KOTOPbIE HAIpaBJIeHbI Ha PEIICHNE TaKUX 3a/1a4, KaK Pe3epBUpPO-
BaHHE KaHAJIOB U MPOCIYIINBaHUE TIOABOAHON aKyCTUUECKOW CPEeabl.

Tax, Carrier-Sense Multiple Access-Aloha (CSMA-Aloha) [59] oTHOCHTCS K KiTaccy
MIPOTOKOJIOB YIPABJIEHHUS C HEKOOPAMHUPOBAHHBIM JTOCTYIIOM K CPEJIE U SIBISIETCS yCO-
BEPIICHCTBOBAHHBIM BapHaHTOM LIMPOKO PacIpOCTPAHEHHOTO B PaJAMOCBSI3H MPOTOKO-
na Aloha [60] HecoriacOBaHHOTO MPOW3BOJILHOTO JIOCTYNA K KaHATy, TIPU KOTOPOM
JIF000M y3€J1, UMEIONTHM TaKeT I Tepeaayn, IepeaacT ero 0e3 3aIepKKH. Y COBep-
IIICHCTBOBaHME COCTOWT B TOM, YTO TEpe] Mepeaadeii TaHHBIX B THAPOAKYCTUIECKYIO
Cpely pacrpoCTpaHEHUs KaKIbIH y3elI CeTH B TeUCHUE NICEBAOCIYYaiHOTO MHTEepBaia
BpPEMEHH TIBITAETCS ONPENENTUTh, SBJISIETCS JIM Cpea CBOOOAHON OT aKTHBHOCTH COCE-
HUX y370B. Ecnm kaHan 3aHsT, TO Nepeaaya MmakeTa JaHHBIX OTKIIAJbIBAETCS HA TICEB-
JociydaifHoe BpeMs, 0 TeX HOp MOKa KaHal He OKaxeTcs cBoOomHBIM. MHTepBan
BBIOMpaeTCA TMCEBAOCTYYaliHBIM BO M30€XaHWE CHHXPOHM3ALUH MOMBITOK JOCTYNa
K Cpejie MHOKEeCTBOM y370B. CliefyeT OTMETHTD, YTO UCTIOIH30BAHUE TUITUIHOTO IS
IUpPOBOH PaguoOCBA3M OallaHca MEXIY JUTMTEIbHOCTHIO HHTEpBaIa MPOCTYIIMBAHUS
CpeIbl U UTUTEIHHOCTHIO TMAKEeTa JAHHBIX MOXET MPHUBOAUTH K 3HAYUTEIHLHOMY CHU-
JKEHHIO TPOIYCKHOM CIIOCOOHOCTH CETU B THAPOAKYCTHUECKOH cpeze. B atom ciyuae
WCTIONIB3YeTCA CPAaBHUTENBHO KOPOTKUN MHTEPBAN MPOCIYIINBAHUS, ISl TOTO YTOOBI
UCKJIIOUHUTH Tepeady cOOCTBEHHOTO CHT'Haja B TO BpEMs, KOTJla B OKPECTHOCTH pas-
MEIIeHHS TEKYIIETO y3Jia MPOUCXOANT PAaCIpPOCTPAHEHHE CHTHANIA OT OJTHOTO M3 «CO-
cenei». brmaromgaps 3ToMy OOJBIIMHCTBA KOJTH3UH MPUHAMAEMBIX MMAKETOB JAaHHBIX
Ha BCEX y3JIaX CETH yIaeTcsi N30eKaTh.

DACAP [61, 62] — HECHHXPOHHBII IPOTOKOJI YIPABIEHUSI TOCTYIIOM K Cpefe, Oc-
HOBAaHHBIN Ha KBUTHPOBAHWW MHOKECTBA OTIENBHHBIX COCAMHEHWH MEXIy y3J1aMu
cetu. Jns ocymiecTBieHUs OOMeHa JaHHBIMH y3el-HCTOYHHK, HAMEPEBAIOIINIACS Tie-
penaTth JaHHBIE COCEIHEMY Yy3Iy, TeHEpHpYeT 3alpoc Ha paspelieHue nepenadu. [lo-
JTydaTteih (COCeTHUHN y3ei) OTBEUACT CIIY)KCOHBIM MAaKETOM, Pa3peIIaloIIiM Tepeaady
JIaHHBIX. B ciiydae xorga cpasy mocie 3Toro OH OOHAapYyKMBAeT aKTHUBHOCTH B CpeJie
pacmpocTpaHeHusi, KOTopasi MOKET MPUBECTH K KOJUIM3WH, OH TE€HEPHUPYET KPaTKui
MpexynpeanTeNbHbIi curaai. [locne momydeHus curaana, pa3pernammero nepeaady
JAHHBIX, Y3€JI-UCTOYHHUK BBIACPKUBAET KPAaTKyIo may3y. Eciau B TedeHne 3Toif may3bl
OH OOHApPYXMBAaET aKTHBHOCTh COCEIHUX Y3JIOB WM KPATKUH MpenynpeauTeIbHBIN
CUTHAJ Y3Ja-TIOJTydaTels, repenadya NaHHBIX OTKIAJbIBACTCS Ha TEPUOJ, KOTOPHIH
3aBHCHUT OT JATbHOCTH MEXIY MCTOYHMKOM M ToxydaresnemM (Oiaromapsi IByHampaB-
JIEHHOMY KBUTHPOBAHHIO 3Ta JAIbHOCTD ABJISETCS M3BECTHON BenmuuHON). MHTEpBa
BbIOMpaeTcs Tak, 4YTOOBl TapaHTHUPOBATh OTCYTCTBUE KOIU3UH. OOBIYHO AJIsl coxXpa-
HEHUS BBICOKOW MPOIMYCKHOM CITOCOOHOCTH CETH MHHWUMANbHAs JITUTENFHOCTh OTJIO-
KEHHOTO MHTEpBAJIa BPEMEHH BBIOMPAETCS OAMHAKOBOHM IJIsl BCEX Y3JIOB M PAaBHOM
JIBOMHOMY BPEMCHH PACIpPOCTPAHCHHS CHTHAJIA MEXIY ONMKAUIINME Y3JIaMH CETH.
Ecnu paccrosiaus MexIy y3/aMu COM3MEPUMEBI C pa3HeceHHeM Haubosiee yaaleHHBIX
Y3JI0B, ATUTEIHFHOCTh OTJIOKEHHOTO WHTEpBajla BPEMEHH BHIOHMpaeTcs Kak JABOWHOE
BpeMs pacpOCTpaHEHHs CHUTHala MEX Iy HanOosee yaaJeHHBIMU Y3JaMH.

T-Lohi [63] sBnsieTcss mMpOTOKOJIOM yNpaBieHUs AOCTYIIOM K cpeie, OCHOBaH-
HBIM Ha UCTOJB30BaHUU CIY>KEOHBIX TOHOB ISl pe3epBHPOBAHUS KaHAlla U pa3pe-
IIeHUS] KOHKYPEHTHBIX 3aIpOCOB Ha JIOCTYI K KaHAJy OT MHOXKECTBA y3JI0B CETH.
st oOHapy>KeHHUs! KOJUIM3UN M OLICHKH YHCIIa «COTIEPHUKOBY MCIOJIb3YeTCsl MeXa-
HU3M pa3pemieHus] KOJUIM3HWMA, YYUTHIBAIOMIUN MPOCTPAaHCTBEHHO-BPEMEHHYIO HeE-
OTIPENICIICHHOCTh U OOJBINYIO0 JTATEHTHOCTh JOCTABKH IAaKETOB JaHHBIX. Mcmonb3o-
BaHue npotokoia T-Lohi mo3Bonser 1ocTn4b CpaBHUTEIBHO BBICOKOH MPOMYCKHOM
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CIIOCOOHOCTH CETH B IIMPOKOM JUAINa30HE 3HAYEHWH 3arpy3Kd CETH JaHHBIMHU IO-
JIE3HOU Harpy3KH.

Aloha with Collision Avoidance (Aloha-CA) [64] — BapuanT npotokomna Aloha,
YCOBEpPIIIEHCTBOBAHHEIN 3a CUET BKIIIOUEHHS B HETO MEXaHU3Ma pa3pelieHus: KOJIIH-
3uidi. CyTb yCOBEPIIEHCTBOBAHUS COCTOUT B TOM, YTO B OTCYTCTBHE NAHHBIX IS TIe-
pelayu KakKIblid y3eJI CETH HAXOIHUTCS B PEXKUME MPOCITYIIUBAHUS CPEABI pacipo-
cTpaHeHus curHanma. OOpadaThIBaeTCs KaXKIIbI CUTHAJ, MMOCTYHAIOIIUN B TPaKT, BHE
3aBHCHMOCTH OT TOTO, KOMY OH HampaBmisercs. C y9eToM M3BECTHON HABbHOCTH O
y3Ja-1oJTydaTeNs MakeTa JaHHBIX OLIEHUBAETCS BpEMs, B T€UCHHE KOTOPOTO Cpela
pacnpoCcTpaHeHUs MOXKET ObITh 3aHSTa €r0 OTBETHHIM curHaOM. Kaxnbiit yzen dop-
MUpyeT 0a3y NaHHBIX, COJEpIKAIIlyl0 WHPOPMAIUIO O BPEMEHU 3aHATOCTH KaHaja
CHUTHAJIAMH COCETHHX y3JI0B. [Ipy Hamm4Iuu NaHHBIX IS IepeJadu y3ell CeTH OXKHAIAaeT
OCBOOOXKJICHUSI CPEIIbI PACIPOCTPAHCHUS OT CUTHAJIOB COCCAHUX Y3IIOB U IMPOBEPSET
COOCTBEHHYIO 0a3y NaHHBIX, C MMOMOIIBIO KOTOPOH YCTaHABIMBAET, YTO €T0 HM3ITyde-
HUE B TEKYIIM MOMEHT He MpPHBEIET K KOJUIM3HSIM MU MPHEME NaHHBIX APYTUMHU
y31amu ceTd. [Ipu BBIIOJHEHWH ATHX YCJIOBHH OH OCYIIECTBISICT JOCTYI K Cpejie
pacnpocTpaHeHUs U nepeacT nanHbie. OTINYUTEILHON YePTOM MPOTOKOJIA SBISCTCS
OTCYTCTBHE HEOOXOIMMOCTH KBHUTHPOBAHHS MPUHUMAEMBIX TAKETOB NAHHBIX, CHH-
XPOHHU3AIMH Y3JI0B CETH U TIepellavd CITy)KeOHBIX TOHOB. AJITOPUTM MOXKET OBITh pe-
QIM30BaH Ha MaJOMPOU3BOAMTEIHLHOM (M MAIIOMOTPEOJISIONIEM) TPOIleccope C He-
0O0JIBIINM KOJTMYECTBOM JIOCTYITHOM MaMSTH.

Aloha with Advance Notification (Aloha-AN) [64] — BapuaHT npoTokosa Aloha,
YCOBEPIICHCTBOBAHHBIN MyTEM BKJIIOYCHHUS B HErO0 MEXaHWU3Ma yBEIOMIICHUS COCE]I-
HUX Y3JI0B O TPEJCTOAIIEM IIUKJIIE TIepeayn NaHHbIX. [IpoToko mogo0eH MpoTOKOITY
Aloha-CA. Otiuune COCTOMT B TOM, 4YTO MEpe] Iepeaadell makeTa JaHHBIX Y3el,
MPETESHAYIONUI Ha JIOCTYI K CPEJe PaclpOCTPaHCHUS, TEHEPUPYET KOPOTKUH CIy-
XKEOHBIN TMaKeT-yBEJOMJICHHE O MPEICTOAIICH Tepeaade W depe3 HEKOTOPOe BpeMs
Ha4YMHAET Mepenavyy AaHHbIX. [lakeT-yBemomileHHe MO3BOJIAET COCEAHUM Yy3JIaM Olle-
HUTH WHTEPBAJl BpEMEHH, Ha KOTOPOM THApPOaKyCTHUecKas cpena Oyaer 3ansra. llpu
peaiM3anuy MpOTOKOJIa HET HEOOXOJUMOCTH B KBUTHPOBAaHWUU NMPUHUMACMBIX TTaKe-
TOB M CHHXPOHHM3AIIMW Y3JI0OB CETH, OJHAKO TPEeOOBAaHHSA K pecypcaM BBIYUCIHTENS
0oJ1ee BHICOKHE.

Reservation based MAC (R-MAC) [65] — mpoTOKoJ ynpaBieHus JOCTYIIOM K Cpe-
e, coAepKaIvii Tpu (aspl: ONpeAeICHUE 3aIEPKKU PacTIPOCTPAHECHUS MaKeTa JaHHBIX
B CETH, PE3epPBUPOBAHUE MIEPHOIA JIOCTYTIA K Cpelie, Tepenady JaHHBIX. 3/IeCh B TeUe-
HHE MEPBHIX JABYX (a3 Mo CyTH OCYIIECTBISIETCS CHHXPOHU3AIMS PabOThI COCEAHUX
y37I0B ceTu. Peanmu3zaius Takoro nmpoTokojia 00eceyuBacT paBHbIC BOSMOXKHOCTH IS
BCEX Y3JI0B B PE3€pPBHPOBAHUU JIOCTYIA K Cpe/ie, a TAaKXKE XapaKTepPH3yeTCsl CpaBHU-
TEJIHHO BBICOKOW IHEpreTndeckor 3¢ (eKTHBHOCTHIO W TO3BOJISIET TOCTUTATh TIIA-
TEJIHHOTO TUTAHWPOBAaHUS BPEMEHHU JOCTYIA K Cpele KKABIM Y3JIOM IS TOJTHOTO
WCKITIOYCHUS KOJUTH3HA. BMecTe ¢ TeM mpoTOKoJI TpeOyeT mepeaadyu CpaBHUTEIBHO
OO0JBIIOTO YHCIA CIY)KEOHBIX CHUTHAJIOB M XapaKTEPH3YeTCS MOBOJBHO IMPOIOILKH-
TEIHHBIMU 3a/ICPKKaMU JJOCTABKH CUTHAIA OT UCTOYHHKA K KOHCUHOMY ITOJTy4aTeIto.

[Mporokon Slotted Floor Acquisition Multiple Access (Slotted FAMA) [66] BbI-
MONHsIeT (QYHKIMH TPOCITYIIUBAHHUSA CpEJIbl, KOHKYPEHIIMH 3a JOCTYI K cpeje
RTS/CTS/ACK u CHHXpOHHU3AIMK CTPYKTYPHI Kaapa ¢ OTIACIbHBIMH BPEMCHHBIMH
uHTepBanamu, HazHaueHHbIMU A RTS, CTS, nepenaun JaHHBIX U TOITBEPKACHUS
(ACK). On pa3paboTaH CHEIHAIIBHO IJIs THAPOAKYCTUIECKUX CETeH, 9TOOBI obecte-
YUTHh 3HAYUTEIHHYIO SKOHOMHIO SHEPTHH IO CPAaBHEHHUIO C MICXOIHBIM MPOTOKOJIIOM
FAMA [67] 3a cuer ymenblieHus jyunbl naketoB RTS u CTS. Tem He MeHee mpoTO-
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KOJ TaKkKe WMeeT HHU3KYIO0 MPOIYCKHYIO CIIOCOOHOCTH, BBI3BAHHYIO JNIHUTEIHHBIMU
3aJIep’KKaMy paclpOCTPaHEHHs aKyCTHYECKIX CHUTHAIIOB.

[TogBonast UTOT PacCMOTPEHUIO MPOTOKOJIOB HA OCHOBE KOHKYPEHIIMM 3a JTOCTYI
K CcpeJie, MOKHO KOHCTAaTUPOBaTh, UTO B OTJIMYME OT MPOTOKOJIOB TUa TDMA Mmeto-
IBI JOCTyTa K Cpelie Ha OCHOBE MPOM3BOJIBHBIX TEpefad, pe3epBUPOBAaHUS KaHala
Y TPOCITYIIUBAHUS CPEIBI OOBIYHO OoJiee MPUMEHUMBI K Pa3IMYHBIM CETEBBIM TOIIO-
JIOTUSIM U B TICJIOM CIIOCOOHBI CHU3UTH 3a/ICPIKKH JIOCTaBKH IMakeToB. Bmecte ¢ TeM
JUTATENBHBIE 33JIEPKKH PACIPOCTPAaHEHHUS THIPOAKyCTHIECKIX CUTHAJIOB 3HAYUTEIb-
HO OTPaHUYMBAIOT CIIOCOOHOCTH y3JIOB K OOHApYKEHUIO APYTUX Mepeaad, YTO MOBBI-
IIaeT BEPOATHOCTh KOJLTU3UI U CHIXKAET IPOITYCKHYIO CIIOCOOHOCTh CETH.

B cBs3u ¢ 3TUM MPOTOKOIIBEI HA OCHOBE KOHKYPEHIIMH 32 JOCTYI K Cpeie IIeNeco-
00pa3HO MPUMEHSTH PU HU3KOM YPOBHE TpaduKa MakeToB U, COOTBETCTBEHHO, HU3-
KOW BEPOSTHOCTH HANWYMA JABYX WM OoJliee Y3JIOB CETH, OJHOBPEMEHHO HYKIAI0-
IIUXCS B JOCTYIIC K Cpelie ISl Tiepeadn NTaHHbIX. Hanmpumep, Takue mpoTOKOIbI 60-
Jiee YMECTHBI U WCIOJB30BaHMS B TOJBOJIHBIX CEHCOPHBIX CETSX, TIe Mepeaadn
JAHHBIX TPOUCXOJSAT TOJILKO MPHU OOHAPYKCHUU OTHOCHUTEIIEHO PEIKUX CITYYalHBIX
MIPOUCIIECTBUN, HATTPUMEDP MOBBIIICHHON CEHCMUYECKON aKTUBHOCTH WJIM U3MEHEHUM
JABJICHUS, TEMIepaTyphl WM APYTUX HapaMeTpOB, MPEBBIMAIONINX HOPMAaTbHBII
Jrama3oH paboTsl MOABOAHON MHPPACTPYKTYpHL. B cBOIO ouepens, mpyu MPUMEHEHUH
CIIC B ciyyasx, T1ie OXuaeMbIil TpadUk MakeToB OoJiee MPECKa3yeM, peryispeH
W/WIIN BBICOK, TPOTOKOIEI THIIa TDMA, omnuicaHHble B IPEABIIYIIEM ITOIpa3ieie, sB-
JIIOTCSL HAMHOTO Oosiee 3((GEKTUBHBIM PEIICHUEM, ITOCKOJIBKY ITO3BOJIIOT U30eraTh
KOHKYPEHIIUU 3a JJOCTYII K CpeJie.

Memoowr mapupymuzayuu

Jns Toro 4roObl TMAPOAKYCTHYECKasi CeTh OXBaTblBajia OOJNBIINE MPOCTPAHCTBA
B Mope, TpeOyeTcs, HOMUMO CIeNUATU3UPOBAHHBIX IPOTOKOJIOB YPOBHS YIPaBICHHS
JOCTYIIOM K CpeJie, HAJTM4Ne CHEUATN3UPOBAHHBIX (JUIS YCIOBHH THAPOAKYCTHICCKOM
Cpenbl) CETeBBIX MPOTOKONOB. Jle7I0 B TOM, 4TO M3-3a (PU3MYECKUX OCOOCHHOCTEH BOJ-
HOM cpezbl (HanprMep, BEPTUKAIBHOTO PAcIIpeieNieH!ss CKOPOCTH 3ByKa) B HEH MOXKET
HaOmoaTbcsd 00pa3oBaHME MPOTSHKEHHBIX 30H T'MAPOAKyCTHYECKOW TeHH. B cBs3m
C OCOOCHHOCTSIMH pellaeMod 3ajaud (Hampumep, MpH ABMKCHHHM NPHEMHHUKA-
nepeaaTynka) MOKeT HaOI0AaThCs TakxKe OBICTPOE W3MEHEHUE Pa3MepOB 30H THIPO-
aKyCTMUYECKON OCBEIIEHHOCTH M MX CllydallHO€ uepejoBaHHE C 30HaMH TeHH. B pe-
3yIbTaTe XapaKTEPUCTHKU CHTHAIOB B TOYKE INPHEMa MOTYT OBICTPO MEHSTHCS.
B Takux ycnoBusix mepenada JaHHBIX MEXKIY UCTOYHUKAMHU U MOTy4aTeIsiMU, B OCO-
OEHHOCTH Pa3HECEHHBIMU Ha OOJBIIOE PACCTOSHIE, TAPAHTHPOBATHCS HE MOXKET M3-32
OTCYTCTBHS HJIM HCUYE3AIOIIE MAJOr0 YPOBHS CUT'HAJIA B TOUKE MPUEMa.

HeoOxoguMocTs mepenayn JaHHBIX B THIPOAKYCTHUYECKOW CETH, IJS KOTOPOH
XapaKTepHbI TOCTOSHHO M3MEHSIIOIINECS YCIIOBHS M3JyUYeHUs] M IpUeMa CHTHAJIOB,
MOBJIEKJIA 32 cOOOW B IOCHENHEEe BPEMs Pa3BUTHE CIICIHATM3MPOBAHHBIX CETEBBIX
METOJOB, KOTOPBIE CIIOCOOHBI YYHUTHIBATH M HCIOIB30BaTh CIy4YailHBIM 00pa3zom
MEHSIOIIEeCsS YUCIIO «COCEACH» — Y3JIOB CETH, HaXOIAuXcs B 007acTH B3aUMHOMN
WIIA OTHOCTOPOHHEH «CIBIIIMMOCTI» M3-32 aCHMMETPHH XapaKTEPUCTUK KaHaIa CBS-
3. BakHBIM HampaBiIeHHEM B CO3/IaHHU CETEBBIX METOIOB CBSI3U SBISCTCS pas3pa-
00TKa anropuTMoB (HOpMHUPOBaHUS Tak Ha3biBaeMbIX ad-hoc-ceteii [68].

B nienom HampasiieHHe, B KOTOPOM Pa3BHBAIOTCS CETEBBIC MPOTOKOJIBI, — 9TO JOCTH-
’KEHHe AMHAMUYECKON MapuIpyTH3aliH, MacIITaOMpyeMOCTH, CHIDKEHNS TOTPeOIeHNs
SHEPrUY Ha TIOMCK MapIIpPyTOB M YMEHBLICHUS 331€PKEK JOCTAaBKH OT UCTOUYHHKA K KO-
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HeYHOMY mosrydatemo. Hanbomnee pacnpocTpaHeHHbIe B IU(BPOBOM THAPOAKYCTHYIE-
CKO¥1 CBSI3M MMPOTOKOJIBI YIIPABJICHUS JOCTYIIOM K CpE/ie IPUBEICHBI HILKE.

Sequence Number Controlled Flooding (SNCF) [69, 70], niu npoTOKOI 3aTOIIe-
HUS C YIpPaBIEHHEM IO MOPSIIKOBOMY HOMEpPY, — yCOBEPIIEHCTBOBAHHBIA BapHaHT
0a30BOTO MPOTOKOJIA 3aTOIUICHUS [71], KOTOPBIA HCKITIOYaeT (aTaabHOE MeperoTHe-
HUE CETH JIAaBUHOW MEPENPUHUMAEMBIX U MEPEHANPABIICMbIX MAaKEeTOB NaHHBIX. [1e-
peHarpaBisieMble TaKeThl CHa0XKaloTCsl HOMEPOM M aJIpECOM MEPEeAaloIero y3ia ce-
TH. [Ipn moayyeHny rmakeTa IPUHUMAIOITNI y3e]I CpaBHUBAET €ro HOMep ¢ TabauIei
HOMEpOB YK€ MepenpaBieHHbIX NakeToB. JlanbHelel nepegaye nojiexar ToJIbKo
MaKeThl C HOBBIMU HOMEpPaMHU.

Dynamic Probabilistic Flooding (DPFlood) [72] — nmpoTokoj MapIipyTr3aiuu, oc-
HOBAaHHBIN Ha JUHAMHYECKOM BEPOSITHOCTHOM 3aToruieHuH. [IpoTokon mpuHMMaeT
pElIeHre O TICPEHANPABIICHUH MOCTYIHBIIETO TAKeTa JaHHBIX, UCXOMAS U3 TEKYIIETo
YHciIa COCETHUX Y3JIOB (YMCiia JOCTYMHBIX coequHeHMit). Ha ocHOBe 3TOrO 1IIsl Kax-
JIOTO y3J1a TEHEPHUPYETCsl 3HAUEHUE BEPOSITHOCTH, C KOTOPOW OH OTIIPABIISAET JaNbIlIe
MO0 CETU TMOCIEAHUN MOCTYIHBIIUN MAKeT JaHHBIX. YeM OoJblliee YHCIIO «COCEHCH»
MMEET y3eJ CETH, TeM HUXKE BEPOSTHOCThH MEPEOTIPABKH UM TIOCICIHETO MPUHITOTO
MakeTa JaHHBIX. brmaromaps 3ToMy CyIIECTBEHHO COKpAIlaeTcsl KOIWYECTBO M30BI-
TOYHOM MH(OPMALIUH, TIEPEIABAEMOM B CETH.

Information Carrying Based Routing Protocol (ICRP) [73, 74] ocHoBaH Ha mepe-
Jade COBMEIICHHBIX MAaKETOB CO CIIy)XKeOHOW uH(popMaIel W JaHHBIMHU ITOJIC3HOMH
Harpy3ku. Y 3TOrO BHJa MPOTOKOJIOB CITy>K€OHBIE NaHHBbIE, TpeAHa3HAuYEHHBIC IS
YCTaHOBJICHUSI MapIIpyTa AOCTaBKH JaHHBIX, MEPEIAIOTCI KaK YacTh MaKeTa C JIaHHbI-
MU TIOJIC3HOM Harpy3ku. biarogaps 3ToMy MeXaHM3M MapIIpyTH3alUU U Tepenadyu
JAHHBIX SBISAETCS 3(P(EKTUBHBIM C TOYKH 3PEHUS TIOTPEOICHUSI SJHEPTUN U XapaKTe-
pU3yeTCs OTHOCUTEIIBHO MaJIBIM BpeMEeHeM MapuipyTu3anuu. OH He 3aBUCHUT OT YHC-
JIa YYACTHUKOB CETH W MX B3aMMHOTO PACIIOJIOKEHUS U, COOTBETCTBEHHO, JIETKO Mac-
MTa0UpyETCs JUIs IPOU3BOJIBHOTO KOJIMYECTBA YYACTHUKOB, UX MPOCTPAHCTBEHHOTO
pasHeceH sl U/UITi MOOMIIBHOCTH.

Focused Beam Routing (FBR) [75] — npoTOKOJ «COCPEAOTOUCHHON» MapIIpyTH3a-
WY, Peai3YIONINNA PacIpeeseHHbIH aJrOpuT™M, TI0 KOTOPOMY MapIIpyT yCTaHaBIIH-
BaeTcd MWHAMUYECKH IMPH MPOXOKIECHUH TaKeTa JaHHBIX B HAMpPaBICHUH KOHEYHOTO
MOJTyYaTelis. Y CTAaHOBJICHHE MapIIpyTa MPOUCXOIUT MOWHTEPBAILHO C 33JICHCTBOBA-
HUEM Ha KaXKJIOM WHTEpPBajJe CPaBHUTEIHHO HEOOJBIIOro Yncia y3ioB cetd. IIpoTo-
KOJI obecrieuynBaeT MacITaOUpoBaHUe M (PYHKIIMOHUPOBAHUE MHOTOMPOJIETHBIX JIU-
HUH CBA3M C MEpenprueMaMHy MPHU MOKPBITHH OONBIINX MpocTpaHCTB Mops. [Ipu aTom
Y3JIbI CBSI3M MOTYT OBITh KaK CTATHYECKUMU, TaK ¥ MOOWILHBIMU. Peanu3anus mpoTo-
KOJa TpeAroiaraeT BO3MOXKHOCTh yd4eTa B3aUMOBIHSHHS COOBITUH Ha CETEBOM
YPOBHE M YPOBHE YIIPABJICHUS JTOCTYIIOM K Cpefle Ui MUHUMHU3AINUN YIeIBHOTO T0-
TpeONIeHUs SJHSPTUHU, HEOOXOIUMOM sl TIEpeIayll TAHHBIX T0JIe3HOM Harpy3ku. Oco-
OEHHOCTBIO ATOTO MPOTOKOJIA MapLIPYTH3aLKHU ABJSETCS HEOOXOIUMOCTh allpHOPHO-
T'O OTIpPeIeTICHHSI MECTOITOJIOKEHHUS ICTOYHNKA U TIOTyJaTessl JaHHBIX.

Hop-by-Hop Dynamic Addressing Based (H2-DAB) [76] — npoTokon MapiipyTu-
3alli¥, OCHOBAaHHBI Ha aJrOPUTME 3aTOIUICHUS W JVMHAMUYECKOU aapecaliuu y3JI0B
cetu. IIpu pacrpocTpaHeHNH MakeTa AaHHBIX aITOPUTM IPUCBAWUBAET MACHTU(UKA-
TOp KaXJIOMY Y311y CETH. Y HUKAIbHBIN HACHTU(PUKATOP COOTBETCTBYET HOMEPY TpO-
JIeTa W €ro JIOTHYECKOMY YIAJICHUIO OT y3J1a — UCTOYHMKA JaHHBIX. [IpoTokon He
TpeOyeT HHPOPMAITUH O PACTIONIOKEHHHU Y3JIOB CETH M UX MPOCTPAHCTBEHHOM pa3He-
CeHUH (COOTBETCTBEHHO, JIETKO MACIITA0OUPYETCs) M JOMYyCKAeT HAJTUIHEe MHOXKECTBA
KOHEYHBIX MOy4arenei NaHHBIX. OTINYUTETHLHOW OCOOCHHOCTBHIO SIBIISETCS BO3-
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MOXXHOCTh ONTHMH3AITUHU (10 COBMECTHOMY KPHUTEPHIO) dHEPTOTOTPEOICHUS U Bpe-
MEHH JIOCTaBKH JJAaHHBIX B CETH.

Channel-Aware Routing Protocol (CARP) [77] — mpoTokos1 MapIipyTU3aiuu, 0OCHO-
BaHHBI Ha BEJCHUHU TAOJIMIIbI UCTOPUM COCAMHEHHMH C aKTyalu3alpeld uH(opMaruu
0 KaueCTBE COCTUHCHHMN C COCETHUMH y3idamu. Ha ocHOBe 3To# mH(MOpMAaIiu anro-
PUTM NIPUHUMAET PEIICHUE O NaTbHEHIIIEM HAPABICHUY JAHHBIX KQXKIBIM Y3JIOM CETH.

Low Overhead Routing Protocol (LOARP) [78] — npoTokon MapLipyTH3aIlH C MU-
HUMH3ALKEN pa3MepoB CIYKEOHBIX MAKETOB JUII CaMOOPTaHHU3YIOUIMXCS ITUHAMUYE-
CKMX CeTed. YCTaHOBJIEHHE IyTH MPOMCXOIWT IO 3ampocy, B Pe3yibTare KOTOPOTO
CITyEOHBII MaKeT paclpoCTPaHAETCs B CETH B PEKUME IIMPOKOBEIIAHUS C IepenpHe-
MOM TIO aJITOPUTMY 3aTOIUICHHUS O IOCTIKEHHS KOHEYHOTro monydarens. CripaBka
0 BBIOPaHHOM ITyTH BO3BPAIAETCS B YHUKACTOBOM PEXKHME IO YCTAaHOBICHHOMY Y-
TH. B ceTH BBIMONMHsETCS OLIEHKA €€ MPOU3BOIUTEIBHOCTH MO KPUTEPUSIM OMTOBOI
CKOPOCTH TIepeladul JaHHBIX, BEPOSTHOCTH JOCTaBKU IMAKETOB JAHHBIX, 3aJCPKKH
pacnpocTpaHeHHs TTaKeTa OT UCTOYHHKA K TOJTydaTelio, OTHOIICHUS pa3Mepa MaKeTa
C TOJIE3HBIMU JAHHBIMU K pa3Mepy CO CIIy>KEOHBIM COOOIIEHHEM.

Multipath Power control Transmission (MPT) [79] — npoTokon MapipyTu3anuu
C ONTHMH3ANWEH SHEPTHH JJI1 MHOTONPOJIETHON TOCTaBKHM JaHHBIX. lIpu ycTaHoBie-
HUU TYTH y3el-MCTOYHUK 3aIyCKaeT IIUKJ MepeIaddl JaHHBIX B CETH IO aJTOPUTMY
3aTOIUICHHUS U TOCIIE MPOXOKIACHUS MaKeTa OMpeaesisieT MHOXKECTBO CYIECTBYIOIINX
IyTeH JDOCTaBKW JaHHBIX KOHEYHOMY Ioyydarento. Ha ocHOBe 3Toi mHGbOpMaIiu
Y3€I-UCTOYHUK aHAIM3UPYeT CYMMAapHYIO MPOTSIKEHHOCTh IPOJIETOB U HEOOXOIH-
MYIO SHEPTHUIO JUIS MEepeadyd JaHHBIX M0 KKIAOMY W3 myTed. ONTUMAalbHBIA MyTh
BBIOMpaeTcs Ha OCHOBE KOMIPOMHKCCA MEXKIY DHEpro3arpaTaMH M 3aJepKKOH HO-
CTaBKH JIaHHBIX KOHEYHOMY ITOJTy4aTelIo.

[Mporokon Source routing for Underwater Networks (SUN) [80] — nuHamuueckas
MapIIpyTH3aIus s YCTAaHOBICHUS IyTeH Mepeiaynl NaHHBIX, OTCICKUBAHHS Kade-
CTBEHHBIX XapaKTEPUCTUK ITUX ITyTEH C MpeloCcTaBlIcHHEM UCTOUYHHUKY MpaBa BEIOOpa
MyTHA Tepefadn KaXkIoro IMakeTa NaHHBIX. OTIMYUTEeNbHBIE YePTHI: UCIOIh30BAHNE
nporpamMmmHoro kapkaca DESERT ¢ OTKpPBITBIM HMCXOJHBIM KOJOM W HCIOIHEHUE
MPOrpaMMBbl MapIIPYTHU3ALMK HEMOCPENCTBEHHO Ha ammapaTHOW Tuiatdopme THIPO-
aAKyCTHYIECKOT0 MosieMa TexHojoruu S2C.

[porokon Distributed Underwater Clustering Scheme (DUCS) [81] — mapiipytu-
3alusl 10 paclpeneieHHON MOABOAHOM KiacTepHOW cxeme. B oTnuume OT mpyrux
MIPOTOKOJIOB AJITOPUTM 3aTOTUICHHUS JUIsl TIOMCKa MapIIpyTa 31eCh HE HCIONB3YETCH.
BryTpH Kmactepa onpenemnstoTcs BEAYITUN U BeIOMbIe y3ibl. BeIOOp Bemymiero oc-
HOBBIBACTCSl Ha BEIMUYMHE OCTATOYHOrO 3apsijia MUTAIOLIEH OaTtaped W COBOKYIHOMH
JUTAHE TTyTel nepeaavn JaHHBIX BHYTpH Kiactepa. Ha sTame ycraHoBieHHs Mapuipy-
Ta OOMEH CIy>KeOHBIMH TaKeTaMH MHHHMajieH. OTIMYuTeNnbHas depTa MPOTOKOJa
COCTOUT B OOBEAMHEHHUHU JAaHHBIX Ha y3JaX CETH AJS COKpalleHHus o0beMa N30bITOU-
HOW MH(OPMAITUY MPU €€ JaTbHEHIIIeM TPOJIBIIKEHUY B CETH.

B kxadectBe omHON W3 MEPCHEKTHBHBIX AlbTEPHATHUB pa3padaThIBacTCs OMOHMYE-
CKMI MOAXOX K MapLIPyTH3alUH C JIOKaJu3alued B CeTH MOOWIBHOTO Yy3ia-
noryyaTelis JaHHbIX Phero-trail [82].

W3 kpaTtkoro omucaHust pa3HOOOpPA3HBIX MPOTOKOJIOB TPEX NMPUBEACHHBIX BHIIIE
YPOBHEH CleAyeT, YTO K HACTOSIIEMY BPEMEHH CJIOXHJIACh COJHIHAS OCHOBA IS
CO3JJaHMS THIIPOAKYCTHYECKHUX CETel, CIOCOOHBIX BBIOIHATEH Camble pa3HOOOpa3HbIe
3amaun. [Ipu 3TOM KOMOMHHPOBAaHNE MHOYKECTBA MPOTOKOJIOB Pa3HBIX YPOBHEH Mpei-
CTaBJIseT co00# THOKMI MHCTPYMEHT IJISI HACTPOWKHU MTapaMeTPOB MPOU3BOAUTEIHHO-
CTH TUAPOAKYCTUYECKOH CETH.
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IIpoToxoJibl (pU3NIECKOT0 YPOBHS, peaiu3yeMblie B CpeAcTBaxX
HU(ppPOBOH THAPOAKYCTHUECKON CBA3M

[Iporokoisl pusnyeckoro yposHs ycrpoiictea LII'AC, kak HpaBUiIO, UCIOIb3YIOT
ITOPUTMBI (OPMHPOBAHUSI U 00pabOTKH CUTHAIIA, HE MOJUICKANINEe U3MEHEHHUIO CO
CTOPOHBI MoJIb30BaTeist. OOBIYHO aNnrOpUTMBl (PU3UYECKOTO YPOBHS HampaBlieHbl Ha
JOCTIKEHHE KOMIPOMHUCCA MEXAY CKOPOCThIO W HAJEKHOCTBIO Tepelauyr JaHHBIX.
Hanpumep, HekorepeHTHBIC METOABI (pOopMHpOBaHMS M 00pabOTKK curHaia [83—88]
00ecrneurBaoT BBHICOKYIO BEPOATHOCTh JOCTAaBKH JAHHBIX IMOYYaTEeNIo, T.. HU3KYIO
BEPOSITHOCTh OMTOBON OIIMOKH, HO HEBBICOKYIO CKOPOCTh TMepefayn JaHHbIX (HOpsI-
Ka coTeH OuT B cexkyHmy). Haob6opot, KorepeHTHBIE METOABI (POPMUPOBAHUSI B 0Opa-
0otku curhHaia [16-32, 35-40] xapakTepu3yOTCs BHICOKOW BEPOSITHOCTBIO OUTOBOM
omKOKH, HO CPaBHUTEIHHO BBICOKOH CKOPOCTBIO Mepelauyd JaHHBIX (OT eAWHHI [0
JICCSTKOB KWJIOOHUT B CeKyHAy). IlepBble ciocoOHBI oOecreunBaTh MU(POBYIO CBSI3b
B YCIIOBHUSIX OBICTPOH M3MEHYHMBOCTH XapaKTEPUCTHK MPUHUMAEMOTO CHTHama (Io-
TJIEPOBCKUX MCKaKEHUI — YACTOTHBIX CABUTOB U JOIUIEPOBCKOTO PaCIIMPEHHS CIICK-
Tpa), BTOpbIE — IU(POBYIO CBSI3b B YCIOBHAX MHOTOJIyYEBOI'O PACCEUBAHUS CUTHAIA,
MPUBOJIAIIETO K 3aMUPAHUAM M MEKCUMBOJIEHOW HHTEP(EPEHINH, HO HE JOITyCKAIOT
OOJIBIIION M3MEHYMBOCTH YCIIOBUH MpHEMa CUTHANA (XOpOIIo paboTaroT B MEIJICHHO
MEHSIIOIIUXCS YCIOBHUSAX). ANbTEpHATUBHBIE — THOpPHUAHbIE (TTOMYKOT€PEHTHBIE) — Me-
Toanl (hopmupoBaHus U oOpaboTkm curHama [89-94] cnocoOHBI obecreuynBaTh Kak
CPaBHHUTEIHHO HU3KYIO BEPOSITHOCTH OMTOBOM OIIMOKH, TaK M CPaBHHUTEIHHO BHICO-
KYIO CKOPOCTh TIepellaur JaHHBIX (BBICOKYIO 3()()EeKTHBHOCTH UCTIONB30BAHHUS CUIBHO
OTpaHMUYEHHOH MOJOCH YACTOT FHIPOAKyCTHYECKOTO CUTHANA).

B moboMm ciydae, crmocoObl U alfOPUTMBI (POPMHUPOBAHKS M 00paOOTKH CHUTHAjIA
(peanmu3oBaHHBIE B BHIIE MTPOTOKOJIOB (PU3UYECKOTO YPOBHS) JEKAaT B OCHOBE CO37a-
Hus yerporictBa LII'AC. Kaxapiii anropuT™ NoABIsAETCS B Pe3yIbTaTe UCCICIOBAHUI
0c00EHHOCTEH THAPOaKyCTHYECKON cpebl pacnpocTpaneHus curuaia. C ygeTom Ta-
KHX pe3yJIbTaTOB MPOMBIIUIEHHBIH MTpou3BoanuTens ycrpoicTB LII'AC co3naer HOBa-
TOPCKHE TEXHOJIOTHH, Pealln3ysl OAMH WM HECKOJIBKO METO/OB, a TAKXKE BBITIOTHSIET
HACTPOMKY YCTPOMCTB IIsl paOOTHI B OIPENENIEHHBIX (M3BECTHBIX) YCIOBHAX THIPO-
aKyCTHYECKOW CpeJlbl WIIM 3aKIIaJIbIBAET BO3MOXHOCTH JUISI Pa0OThl B HEM3BECTHBIX
yCIoBUsAX (IIMPOKOM JIMana3oHe yciuoBuii) cpensl. OT paboToCIOCOOHOCTH aNropuT-
Ma (PU3UYECKOT0 YPOBHS 3aBUCUT yCHEIIHOE (PYHKIIMOHMPOBAHHE M MPOU3BOAUTEIIb-
HOCTB BCEH cucTeMbl. B CBs3U ¢ 3TUM peann3oBaHHbIE METObI (PU3NUECKOTO YPOBHS
TTOCTABJIAIOTCS B cocTaBe ycTpoicTB III'AC B BUIe 3aKOHYCHHBIX U 3aKPBITHIX PeIIie-
HUAN (MCXOTHBIA KO MPOTPaMMBI TTOJIK30BATENIO HE MpeaocTapisercs). Ilomp3oBare-
JII0 TIPEAOCTABIIAETCS JIUIIb BO3MOXKHOCTH BBIOOpa MOJIENH YCTPOHCTBA, peaTn3yro-
LIETO TOT WJIM MHOH anroput™ GopMHUPOBaHUs, 00pabOTKH U MOMEXO03aLIUIICHHOCTH
CHUTHaja, a TakXKe BbIOOpa mapaMeTpoB pabOTHl YCTPOHCTBA.

IIpu sToM ob6nacte mpumeneHus yctpoiictB LII'AC, coaepKamux TOJNBKO JHIIb
ITOPUTMBI (DU3UYIECKOTO YPOBHS, OpaHHMYUBACTCS Nepeaadyell TaHHBIX B COCAMHE-
HAW «TOYKa—TOYKa» B 30HE HMX B3aUMHOTO TOKPBITHA (peer-to-peer, wim p2p),
HalpuMep B TIpefeinax OAHOW 30HBI THAPOAKYCTHUIECKOH ocBemeHHocTH. Pabota
MHOECTBA TAKUX YCTPOICTB B 30HE B3aMMHOI'O TIOKPBITHS HE 00eCTIeunBaeTCsl.

Memoowl ynpasnenus docmynom K cpede pacnpocmpaHeHus.
2UOPOAKYCINUYECKO20 CUSHANA

st paboThl MHOXECTBA YCTPOWCTB B OAHOW 30HE MOKPBITHS TPeOYIOTCSI METOABI
YIPaBJIEHUs AOCTYNIOM K cpefie, 0OecleunBaoLie pa3pellieHue KOJUIN3UM MexX 1y Ha-
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KeTaMH JaHHBIX. BMmecTe ¢ TeM, peanu3ys 3TH METOIbI, IPOM3BOAMTENN YCTPOICTB
HI'AC 00BIYHO TPEIOCTABIISIOT ITOJIB30BATEIIO JIUIITh CaMblIe TIPOCTHIE (0a30BBIE) BO3-
MOKHOCTH ¥ COOTBETCTBYIONIHIA MHTEP(EHC, YTOOBI OH CaMOCTOSATENHHO (popMupoBa
COOCTBEHHBIE CIIENMANN3UPOBAHHBIE ATOPUTMBI YIIPABJICHHUS TOCTYIIOM K CpeJie.

OOBIYHO 3TO OOBACHICTCS TEM, UTO CYIIECTBYET OOJBIIIOE KOTMYECTBO Pa3HOPOIHBIX
3a7a4, Kaxaas U3 KOTOPHIX TpeOyeT CO3MaHMs CHEIUATM3UPOBAHHON Pa3HOBUIHOCTH
TOTO WJIM WHOTO MPOTOKOJIAa YIPABJICHHUS TOCTYIIOM K cpeze. Hampumep, amst ocyiecTs-
JICH!s] MHOYKECTBEHHOTO JIOCTYTIA K CpeJie pacipoCTpaHEHHUsI MOT'YT OBITh JKENaTeIbHBIMH
OIIpE/ICIEHHBIA MOPSAIOK MM MPUOPUTET OOMEHa AaHHBIMI, WM 00eCIeueHre Ouepei-
HOCTH paclpoOCTPaHEHHS IMOTOKOB JIAHHBIX. B TeneMeTprueckux 3a1auax Mmpu repeaade
(KOHTPOJIBHOM) CEHCOPHOH HMH(OPMALMK KBUTHPOBAHUE JOCTABKH MOXKET HE Tpebo-
BaThCA, T.€. TIOydaTelsi MHTEPECYET JIUIIb TOCTYIUICHHE CaMbIX CBEXKHX ITaKETOB JIaH-
HBIX. BMecTe ¢ TeM B ciiydae HEOOXOJUMOCTH MOBTOPHOM JOCTABKU TMaKeTa JaHHBIX,
€CITM OH TIOCTYIHJI MTOBPESKICHHBIM, KBUTHPOBAHKUE BCE-Taku OyJieT HyXHO. B wacTHO-
CTH, peub WJIET O CUTYAIlNH, KO/ JJAHHBIE OOJBIIOTO pa3Mepa CKUMAIOTCS B pa3OHBa-
IOTCS HA TIAKETHI U HA CTOPOHE IMOJTyYaTells U3-3a MOBPSKACHUS OJTHOTO TMAKeTa CTaHO-
BUTCSI HEBO3MOXHBIM JICKOMIIPIMUPOBAHUE BCEH COBOKYITHOCTH TPUHSTHIX JAHHBIX.

B 3amauvax ynpaneHus pu niepejade ynpapisiomuX Bo3eHCTBUI siBHAs mepe/ia-
Ya KBHUTAHIIMU, BO3MOXXHO, HEe TOHA100uTCs. Tak, MpH JUCTAaHIIMOHHOM YIIPaBICHUU
BEHTHWJIEM TTOJIBOHOTO TPyOOIIPOBOJIa PEe3yIbTaT BUIUM U Oe3 kBuTaHiuu. [lepenada
YIIPABISIIONINX BO3IEHCTBUN MIIM KOMAaH]] MOXET BCE XK€ TpeOOBaTh SBHOW JOCTAaBKHU
KBUTAHITMH, B YaCTHOCTH NpH m3MeHeHnn muccun AHITA omeparopy ciemyer mo-
CPEICTBOM KBUTHPOBaHUS yOeauTbes B ToM, uto AHITA mpuHsII K CBEJCHHUIO KOMaH-
JIy ¥ TIPUCTYITWII K €€ UCTIOTHCHUIO.,

Crnenyet, oIHaKO, OTMETHTbh, YTO, UMESI B PACTIOPSHKECHUH JIUIIb CaMble MPOCTHIE
(6a30BBIC) BO3MOXKHOCTH CO3/IaTh CAMOCTOSTEIEHO aJITOPUTMBI YIPABJICHUS JOCTY-
MOM K CpeJie, MOJIb30BaTeNb YaCTO CTAIIKMBACTCSA C HEOOXOJAMMOCTBIO BIOXKHUTH 3HA-
YUTETbHBIE MaTepUaNbHBIE CPEICTBA HA CO3JAaHHE JIOTIONHUTEIBHOTO alapaTHOTO
obecIieueHus M OTIaTy TPYIa BHICOKOKBATN(HUIIMPOBAHHOTO CIICHATUCTA. DTO MPH-
BOJHT K CEPhE3HBIM OTPAHHUYCHUSIM Kpyra OpraHHW3alluii, yYacTBYIOIIUX B Pa3BUTHUU
MOJIBOJTHBIX ~ TEXHOJOTWH, Bce damle TpeOys MIMPOKOW  WHPOPMAIMOHHO-
KOMMYHUKALIMOHHOM MOAJEPKKHU MOJ BOJAOW, OCHOBAHHOM Ha HMCIOIb30BAHUU MHO-
YKECTBa OHOBPEMEHHO JeiicTByromux ycTpoiicTB LII'AC B oHOMN 30HE TOKPHITHSL.

Jna npeojosieHUs OTpaHWYEHUH B IMpHUMEHEeHUHM MHoxecTBa ycTpoictB LI'AC
B TIOCJIEJTHHE TOMIBI BCe OOJIbIEe PacpOCTpaHEHHE TOTyYaeT pa3padoTKa Ieyoro ps-
na (cTeka) MPOTOKOJIOB YIIPaBJICHHUS JOCTYIIOM K cpeie, KOTOphIe HEe TPeOyIOT OT
MOJIL30BAaTEIIS CEPhE3HBIX 3aTPaT M MPEIOCTABIISIOT BO3MOXKHOCTH BHIOOpA U3 COCTaBa
TaKoro cTeka HamboJiee MOAXOMAIINX MPOTOKOJIIOB U UX HACTPOWKH MO TpeOOBaHHUS
TeKymiel 3amaun. B gactHOCTH, psin cymectBytommx cpeacts LIIAC [95, 96] 6pum
JOTIOJIHEHBI CTEKOM TPOTOKOJIOB YIPABJICHUS JOCTYIIOM K CpeZie M Pa3MeleHbI HeIo-
CPEACTBEHHO HA alMapaTHOW IUIaTPOpMe TUAPOAKYCTUICSCKOTO MOJeMa. DTOT TOAXO]]
He TpeOyeT OT MOJB30BaTeNsl CO3MAAaHHUS JOTOJHUTEIBHO alapaTHOTO OOECIeUeHMS.
OOmupHBI KOMaHIHBIA WHTEP(HEHC TO3BOJSET TONH30BATEIIO TOMYYUTH JIOCTYI
K COOTBETCTBYIOIIEH 00JIACTH anmapaTHOH miaTgopMbl THIPOAKYCTUIECKOTO MOIeMa
JUTS HACTPOMKHU M MCTOJIB30BaHHUA (PYHKIMOHATBHBIX BO3MOXHOCTEH pa3MemeHHOTO
Ha HEW CTeKa MPOTOKOJIOB. UTOOBI OBICTPO M C HANMEHBIINMH 3aTpaTaMH CO3/aTh
COOCTBEHHBIC TPHUIIOKEHUS, TMOJB30BATENIb TAKKE MOXKET MOJIYYUTh JOCTYN K TaK
Ha3piBaeMoMy «sandbox» [97] — BBIUYMCIHMTENLHOMY pECypCy Ha amnmapaTHoO-
MpOrpaMMHON TIaTdopMe THAPOAKYCTUIECKOTO0 MOAEMa C MPeayCTaHOBICHHBIM
MPOrPpaMMHBIM 00ECTICUEHUEM U OOJIBIITUM TIPOCTPAHCTBOM ITAMSTH.
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J1a paboTeI MHOXKECTBA YCTPOMCTB B CETEBOM HCIIOJIHEHUH B YCIOBHUSAX MEpLAIO-
IIMX 30H TOKPBITHS HEOOXOAMMO FKCIIOJIb30BaHWE CIIENHNATN3UPOBAHHBIX CETEBBIX
MTPOTOKOJIOB — MPOTOKOJIOB YPOBHS CETEBOr0 KOMMYyTaTopa (cereBoro ypoBHs). [Ipu
3TOM ISl peaju3alii COOCTBEHHBIX MPOTOKOJIOB CETEBOTO YPOBHS MPOMBIIICHHBIE
npom3BoauTenn ycTpocTB L[ITAC OOBIYHO TOXE MPEIOCTABIISIOT ITOH30BATEIIO
JIUIIb OYeHb OTpaHUYEHHBIC BO3MOKHOCTA. OOBICHSETCS 3TO TEM JK€: YHUBEPCATh-
HOTO MPOTOKOJIA, TPUTOAHOTO JUTsl PA0OTHI B IPOU3BOJBHBIX YCIOBUSIX C MPOU3BOJIb-
HOW THUAPOAKYCTHYECKON CEThI0, HE CYIIECTBYET; PasHOPOIHBIE IMOJIB30BATENILCKUE
3a/la4u¥ TIPEIBSBIAIOT K CETEBBIM MPOTOKOJIAM OOJBIIOI Ha0Op CyIIECTBEHHO Pa3Hs-
mmxcs TpeboBanuii. Tak, B JUHAMHYECKUX 3a7adaX MHpPEoiaracTcsi MOCTOSHHOE
W3MEHEHHUE TOIOJIOTHU CETH, YTO TpeOyeT HEelpecTaHHOro OOHOBJICHHS MapIIpyTa
JOCTaBKHM JaHHBIX. B OMHMX cTaTWdeckux 3ajadax MOXKeT TpeOOBaThCS JOCTAaBKa
JAHHBIX 110 CAaMOMY OBICTPOMY IYTH, B APYTUX — IO CAMOMY SKOHOMHUYHOMY (HAIIPH-
Mep, C TOYKU 3PECHUs SHEepPronoTpedseHus). Pasnudnsie TpeOoBaHUs 00YCIIaBIUBAIOT
pa3HyIO JIOTUKY MPOJBWKEHHUS JAHHBIX B CETH W, COOTBETCTBEHHO, pealn3aluy pas-
HBIX CETEBBIX MPOTOKOJIOB. B mociiesiHee BpeMs mpeMeTOM MHOXKECTBa UCCIIEA0BA-
Hult sBnsercs BaxkHas B [IIAC ad-hoc-ceth [68] (muHamMuyeckasi, caMOOPTraHU3YIO-
masics) — AelEeHTPaTN30BaHHAs CeTh, HE UMEIOIIas MOCTOSHHON CTPYKTYpHI. 3amada
KJIMEHTCKOTO YCTPONCTBA — COEAUHATHCS «Ha JeTy». Kaxkaplid y3eqm Takol ceT J10JI-
JKEH OBITh CIIOCOOCH TIePEChUIATh JaHHBIC, MPEIHA3HAYCHHBIC APYTUM y3iaMm. [1pu stom
OTIpe/ieNIeHHe TOT0, KaKOMY Y3y MepechliaTh JaHHbIE, TOKHO IMPOU3BOIUTHCS TUHA-
MHUYECKH, HA OCHOBE CBSI3HOCTH CeTH. B [TOToTHeHre K CKa3aHHOMY Pa3HbIE THITBI 3a-
Jlad MOTYT TpeOOBaTh ONTUMU3AIMN/OTPAaHHYCHHS pa3Mepa CITy)KeOHOW UH(OpMAIH,
B YACTHOCTH 3aroJIOBKOB, COITPOBOXKIAIOIINX Tepeady MOJIe3HbIX JaHHBIX MO THAPO-
aKyCTHYECKOMY KaHaITy.

B Hacrosiiee BpeMsi He CyIIEeCTBYeT KaKOW-THO0 YHUBEPCAILHOW peain3aluu ce-
TEBOTO IMPOTOKOJA, OTBEYAIOIIEIO0 MHOXKECTBY Pa3sHOPOAHBIX TpeOoBaHuil. Tem He
MeHee, Kak M B cITydae ¢ YIpaBlIeHHEM JOCTYIIOM K Cpefie, TOJIh30BaTelh BEIHYXKICH
CaMOCTOSITEIBEHO CO3/1aBaTh COOCTBEHHBIC CIICIUATU3UPOBAHHBIC CETEBBIC ATOPUT-
MBI, UTO BJICUET 32 CO00 OOJBIIINE MaTepUAIILHBIC 3aTPATHI.

st mpeogonenus orpanndeHuit npumeHeHus [IIAC B pasHOpPOIHBIX 3adadax,
a TakkKe JUIs THOKOTO ¥ SKOHOMHUYHOTO pelIeHUs MPUKIIaTHON 3aJa4i T0Ih30BaTEeNs
B JIOTIOJTHEHHUE K MPOTOKOJIaM yrnpasieHus noctynoM k cpene LII'AC runpoakycruye-
CKHE MOJAEMBI MOTYT JOMOJHATHCS MHOTOCJIOWHBIM CTEKOM CETEBBIX IMPOTOKOJIOB,
pa3MeEIICHHBIM HEMTOCPEACTBEHHO Ha ammapaTHoi miardopme Mmomema [95, 96].

IIpomoxkonvl mpancnopmuozo yposus

JIJist TOCTPOSHUS THIPOAKYCTHUECKIX CETeH Ha MPAKTUKE MCIOIb3YIOTCS METO/IbI
TPAHCIIOPTHOTO YPOBHS JOCTaBKM JaHHBIX. [lpW peamu3anuu MpPOTOKOJIOB TPaHC-
MMOPTHOTO YPOBHS MPOMBIIUICHHBIE MMPOU3BOJUTEIN OOBIYHO HE OCHAIIAIOT yCTPOWM-
ctBa [II'AC kakumu-1u00 CIeNUaATH3UPOBAHHBIMU BO3MOXHOCTSIMU. [lob30BaTeis
BEIHYXKJICH CaMOCTOSITEIBHO pa3pabaThiBaTh W PEAU30BBIBATH MPOTOKOIBI 3TOTO
yYpoBHsI. B IOZIBOAHBIX MPHUIOKECHUAX X HATMYUE HEOOXOUMO JJIsl PELICHUS CPaBHU-
TENILHO HEOOIBINIOT0, HO BEChMa BaYKHOTO Kpyra 3aj1a4, 8 UMEHHO 0OMeHa JJAHHBIMH:

®  C MEPUOJUYECKH JOCTYIHBIM PaJUOTHIPOAKYCTUIECKAM CETMEHTOM CETH Ha
MOBEPXHOCTH BOJBI W/WIIA MEX]y M30JMPOBAHHBIMH CETMEHTAMH ITOJIBOJTHON
TUIPOAKYCTHUECKOM ceTH (3amaun tuna Data Muling);

e  MCEXIY sSYeKaMu mesh-cereit;
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® [0 CEeTH, JOMYCKAIOMEH INTENbHbIE 3aePKKH M Pa3phIBBl COEAMHEHUN MEXK-
Ny y3J1aMU CETH Ha MapiipyTe ooMeHa (3amauu tuma Delay/Disruption Tolerant
Network — DNT) ¢ koHEYHBIM (IOCTATOYHO OOJBIINM) HJIH OCCKOHEUHBIM
«CPOKOM TOJHOCTH TEePEIaBaCMbIX JaHHBIX.

B xauectBe mpumepa peanuzaniy MPOTOKOJOB TPAHCHOPTHOTO YPOBHS MOKHO
Ha3BaTh L{['’AC Texnonoruu S2C, B coctaB mporpamMmHoro kapkaca EviNS kotopoit
BKJIFOUEH MTPOTOKOJ TpaHCHOpPTHOTO ypoBHs Tuna DTN. Peanuzanus 3Toro mpoToko-
Jla OCHOBaHa Ha WCIOJE30BAHUH XOPOIIO PAa3BUTOIO MPOTPAMMHOI0 KOHCTPYKTHBA
DTN2 [98, 99], pacupocTpaHSIeMOro TakKKe B BHJE MPOTPaAaMMHOTO OOeCIeUCHHS
C OTKPBITHIM ITPOTPAMMHBIM KOJOM U TIOCTPOSHHOT'O Ha OCHOBE KapKaCHOTO MOAX0/1a.
3a cueT BO3MOXKHOCTH PACHIMPEHUS MPOTPAaMMHOTO KapkKaca KOMOWHAIIMU TTPOTOKO-
JIOB TIpOorpaMMHOT0 KOHCTpykKTHBa DTN2 WMHTErpHpoBaHBI C MPOTPaMMHEIM KapKa-
coMm EvViNS uepe3 KoHBEpreHTHBIC THE3/1a ’TOT0 KOHCTPYKTHUBA.

BooOmie npruMeHeHHe TEXHOJOTHH MPOTPaMMHOTO Kapkaca, OO0BEIUHSIOUIETO
MHOKECTBO Pa3pa0O0TaHHBIX MPOTOKOJIOB M BCIIOMOTATEIbHBIX KOMIIOHEHTOB, SIBJIS-
€TCSI MOIITHBIM CPEICTBOM PACHIMPEHHS MPOTPaMMHOTO 00€CIIeYeHUsI THAPOAKYCTH-
YECKOr0 MOJIeMa W MPEBpaIleHUs] €ro B MHOTO(YHKITMOHAITHPHOE U MHOTOYPOBHEBOC
ceTeBoe ycrpoiictBo. Co3maHMe TaKOrO KapKaca TaKXKe CIY>KUT LENH OOJIerdeHUs
nanpHe#mero pazsutus CIIC.

[IpumepomM Takoro moaxoja sBISETCS MporpaMMHbBINA Kapkac EViNS [96], B koTo-
POM KaKfas U3 MPOrpaMM, peaTH3yIoNIas OMPeIeICHHBIH MTPOTOKOJ, MOKET COCTOSITh
W3 JIByX YacTeil: mepBas, MOCTOSHHAs, 4acTh — KapKacHas, He M3MEHSIOMasci OT
KOH(UTypaluu K KOHQUTypaiuu, HO Hecylas B cebe rHe3/a, Iie pa3Meniaercsi BTO-
pasi, IepeMeHHas1, 9aCTh — CMCHHBIC MOIYJIH (VT TOYKH PACIIUPEHUS).

Jlyia perieHns CrenraaTn3upoBaHHbBIX MMOJE30BATEIIECKUX 33/1a4 U TIOATOTOBKH CO-
OTBETCTBYIOIMX NpmiokeHni EViINS ucnosHeH B BHIE OTKPHITOTO UCXOTHOTO TIPO-
IpaMMHOTO KOJ[a, TTOCTaBIAEMOro Yepe3 AeKTPoHHBINH pecypc Github [95]. B oTHO-
IIICHUH UCXO/IHOTO KOJIa IEHCTBYET OTKpBITas obmienoctymHas smnen3us GPL/MIT.

Brnarogapsi ToMy monp3oBaTenh CIIOCOOEH KaK BBHIOMpATh MOIXOISIINN CyIIe-
CTBYIOIIMH TPOTOKOJ WM KOMOMHAIIMIO TaKWX MPOTOKOJIOB M HAcTpamBaTh MX Ha
penieHre cOOCTBEHHOH 3a7auu, TaK U HAACTPauBaTh, MOAU(DUIINPOBATE U PACIITUPSATH
YK€ CYIIECTBYIOIINE WM CO3JaBaTh M pa3MemaTh IJIs NCIIOHEHUs (HeTIOCpeICTBEH-
HO Ha anmapaTHOW MmiaTdhopMe THAPOAKYCTHICCKOTO MOJIEeMa) COOCTBEHHBIC TOMOJI-
HUTENEHBIC MTPOTOKOJBL. [Ipu 3TOM pa3paboTka CreUau3UPOBAHHBIX TPUI0KCHUH,
WX TECTHPOBAHWE M TPAKTUYECKOE HCIOJIB30BAHUE MOTYT OCYIIECTBIATHCSA TaKKE
MPSIMO Ha armapaTHO-IPOrpaMMHON TIaT(hopMe THAPOAKYCTHIECKOTO MOJIEMa B MO-
nyie «sandbox» U mapauieabHO ¢ 3TUM Ha IiaThopMme J1abopaTOPHOrO SMYJISTopa
THIpoaKycTHYeckoro moaema [97]. Orta mnadopma npeacraBiseT coboi mporpaMm-
HBIH CEpBHC, NOCTYIHBIN uepe3 MHTepHeT, a (U3MUSCKU — BHEIIHUN MPOLECCOPHBIN
MOJIYJIb WIH yAaJeHHBIN KOMITBIOTEP C MPOrPaMMHBIM OOeCieueHHUEeM, NICHTUIHBIM
TOMY, YTO UCIIOJB3YETCS THIPOAKYCTHUECKUM MOJICMOM.

Bnarogapst kapkacHOMY TIOCTPOSHHIO CO3/IaHUE CaMbIX PA3HOOOPAa3HBIX MOJIb30Ba-
TEIBCKUX THAPOAKYCTHUECKHUX CETeW MyTeM KOMOWHHPOBAHHS YK€ MMILIEMEHTHPO-
BaHHBIX B EVINS npoTokon0B pa3zHbIX ypoBHEH (C BO3MOXKHOCTBIO TOJIB30BaTEIBCKON
HACTPOMKU MapaMeTpOB MPOU3BOIUTEIBEHOCTH CETH) SBIISETCS 3aJla4eii, KOTOpas MO-
JKET pemaThCsl HeOOIBIINM KOJIJIEKTUBOM TOJIF30BaTeNei 32 KOPOTKOE BPEMSL.

B 10 e Bpems ciiemyeT OTMETHTh, 9TO BapuaHT pereHus npoodnem CIIC, ocHo-
BaHHBIA HA IMUPOKOM MPUMEHEHUM CICIHUAIN3UPOBAHHOTO MPOrPaMMHOTO KapKaca,
He ABJISIETCS] €MHCTBEHHBIM M FICUEPITBIBAIOIINM H MOXET JOMOIHATHCS U KOMOWHH-
pOBaThCA C APYTUMHE PEIICHUSMHU.
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CTpyKTypa ruJpoaKyCcTH4eCKOro MojieMa, 00ecneunBaInero
CeTeBYI0 MOJABOJHYIO CBSI3b

lunpoakycTrueckrue MOJIEMBI SIBIISTFOTCS HEOOXOIUMBIM aTPHOYTOM THIPOAKyCTH-
4YeCcKOl cBs3M BOOOIIE M CETEBOM MOJABOJAHON CBs3M B 4YacTHOCTH. [lepBoHavaIbHO
CPaBHUTEIBHO MPOCTHIE aHAIOTOBBIE YCTPOMCTBA, CeiiYac OHU IMPEICTABISIOT COOOM
CJIO’KHBIE anMapaTHO-IIPOrpaMMHBIE KOMIUIEKCHI, KOTOPBIE CIYXKaT CPEICTBOM pealln-
3allii ONUCAaHHBIX BhIlle MeTonoB CIIC.

MoneMm ecth y kaxkaoro abonenta CIIC, mpu 3TOM B OAHOH CETH, KaK IPaBUIIO,
aOGOHEHTHI 000PYAYIOTCA OJHOTUITHBIMUA MOJEMaMH, KOTOPHIE MOTIEpEMEHHO Tepea-
10T ¥ TIPUHUMAIOT COOOIIICHUSI.

Hecmotps Ha paznuuusi, MOJEMBI, BEITYCKaeMbIe Pa3HBIMU IPOU3BOIUTEIISIMH,
MMEIOT OJHOTHITHYIO CTPYKTYpy. B KadecTBe mpumepa pacCMOTPUM MOJEM KOMITa-
Huu Evologics, peanu3yromnumii TEXHOJIOTHIO YaCTOTHOM pa3BepTKH Hecylieh (Sweep-
Spread Carrier — S2C) [100]. YkpynHeHHas! CTPYKTypHasi cXxeMa 3TOr0 MoJeMa MpH-
BelleHa Ha puc. 6.
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Puc. 6. YkpynHeHHas CTpyKTypHasl CXeMa JBYX FHIPOAKyCTUUYECKUX MOAEMOB,
CBSI3aHHBIX CPEJION paclpOCTPaHEHUsI CUTHAIA.
DA — snekTpoakycTHdeckuil TpakT, BM — nponeccop BeHTUIBHON MaTpUILIbL,
CII — mudpooii curaansHbi nponeccop, LITIM — rieHTpaIbHBIH IPOIEeCCOPHBIA MOIYIIb,
I'A — rugpoakycTHUECKHN KaHa

MoneMm uMeeT aHaJorOBYIO M MHU(POBYIO YacTH, KaKaas U3 KOTOPBIX COCTOUT W3
Tpex MojmyJiell. AHajoroBas 4acTh MpPEJCTABIICHA 3JICKTPOAKYCTUYCCKUM TPAKTOM
(DA), comeprkamuM yCHIIATETh MOIITHOCTH (BKITIOYACMBIN TTPH U3IYUYCHUN CUTHAJIOR),
MIPEAYCHUINTENb (BKIIOYACMBIA MPU MPUEME CHTHAIOB) M TPUEMOU3IIydaTeih, padbo-
TAIOIIUM B IIMPOKOM MOJIOCE YaCTOT.

[udpoBas wacTh yCTpOHCTBA COCTOMT M3 MPOIECCOpPAa BEHTHUJIBHONW MAaTpPHIIBI
(BM), uudpoBoro curnaiabpaoro mpoieccopa (CII) u 1eHTpanbHOIo MpOIECCOPHOTO
monyis (IITIM). Takast apxuTekTypa 00yCIIOBICHA JIOTUYECKUM pa3JIelICHUEM 3aj1ad,
pelIaeMbIX KaXKIBIM YPOBHEM, a TaKXKe IEIeCO00pa3sHOCThIO HCIIONIE30BaHUS COOT-
BETCTBYIOIIUX ITPOLIECCOPOB IS UX PEIICHUSI.

Hudposoii CII B koMOuHamuu ¢ mnporeccopoM BM peanusyioT GyHKIME Qu3nde-
ckoro ypoBHS, a LIIIM — ¢pyHKIMM KaHAJIEHOTO YPOBHSL.

[Iponieccoprl, KOTOpBIE HCIONB3YIOTCS MJIS allllapaTHON pean3aliy KaKIoro U3
CTPYKTYpPHBIX SJIEMEHTOB MOJIEMa, HEMPEPHIBHO COBEPIICHCTBYIOTCS. [IpumepHO pa3
B JIBa TOJIa MPOUCXOIAT CYIICCTBEHHBIC U3MCHEHUS B apXUTEKTYPE U MPOU3BOUTEIH-
HOCTH BCTPaMBaEMbIX MPOLIECCOPOB. B COOTBETCTBHYU C 3THIM MPOUCXOUT YCOBEPIIICH-
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CTBOBaHHE MOJIEMOB (M3MEHSIIOTCS TaO0apUThI, MAapaMeTPhl MTOTPEOJICHNST SHEPTUH, BbI-
YHCIIUTENbHAsT TIPOU3BOJIUTENILHOCTL). TeM He MeHee He BCe HOBIIECTBA M3 OONACTH
BCTPauBACMBIX IPOIECCOPOB HCIIOIB3YIOTCS MPH CO3J[AHUW HOBBIX BEPCHU MOJICMOB.
[Mpu4uHa COCTOUT B TOM, YTO BBICOKOIPOW3BOUTEIHLHBIC MPOIECCOPHI XapaKTepU3y-
FOTCS BBICOKHIM ITOTPEOJIEHUEM SHEPruu. DTo 00yClaBIMBAcT YMEHBIICHUE IEPHOJIA
ABTOHOMHOCTH MOJIEMa WJIM HEOOXOIMMOCTh YBEIIHUCHUSI EMKOCTH MTUTAIONICH OaTtapen
(a 3HAUMT, Beca, rabapuTOB U CTOMMOCTH KaK €€ CaMol, TaK U €€ KOpITyca).

Ha mpakTrke JUisi U3rOTOBJICHUS MPOMBIIIICHHOT'O MOJIeMa BBEIOUPAIOTCSI TIpoIiec-
COpBl C MHHUMAJILHO HEOOXOIUMOMN MPOU3BOIUTEIBHOCTBIO JUISI peliaeMol 3a/1aun
(c HEOONBIIUM 3aITacoM), YTO IMO3BOJICT MPOU3BOJUTH IKOHOMUYHBIC, MAIOMIOTPEO-
JISIOIIME B MasiorabapuTHBIC yCTpoicTBa.

IIyTn noseimenns paguyca aeiicteusi CIIC npn ogHOBpeMeHHOM
MOBBIIIEHUH CKOPOCTH 00MeHa TaHHBIMHU

YBenuueHue paanyca ISHCTBHS THAPOAKYCTHUSCKOTO MOJEMa BJICUET 3a COOOM
HEO0OXOJJUMOCTh CHIDKEHUSI pabouell 4acTOTHI U, COOTBETCTBEHHO, YMCHBIIICHUS JO-
CTYMHOHN ToJIockl 9acToT. [lo 3Toit mpuumne pacmupenne paamyca nericreus CIIC
TIPU OJTHOBPEMEHHOM ITOBBIIICHUN CKOPOCTH 0OMEHa (MITH XOTsI OBl COXPaHEHUS CKO-
poctr 0OMeHa Ha JOCTATOYHOM YPOBHE) BO3MOKHO JIUIIb 3a CUET YBEIIMYCHHUS YUCIIA
THAPOAKYCTHICCKUX MOJIEMOB (y3JI0B THAPOAKYCTHIECKUX ceTH), oopasyromntux CIIC
¥ pabOoTaIONNX HA CPAaBHUTEIHHO BBICOKHX YacCTOTaX.

Cnenyet umeth B Buay, uto CIIC ¢ OOMBIIMM YUCIIOM y3JI0B YBEIIMYUBACT MOKPHI-
THE, OJTHAKO aBTOMATUYECCKH HE TMPUBOANT K YBEIMYCHUIO TPOIYCKHON CIIOCOOHOCTH
CIIC.

C uenbio noBeImeHUs ckopocTu ooMeHa nanHbIMu CIIC MoryT OBITH TpeAnpuHS-
THI CICIUANBbHBIC MEPBI, TAKWE KaK opraHuzanus cotoBod cTpykTypsl CIIC. B atom
ciIydae, 1o BCei BEpOATHOCTH, MOTPEOYIOTCS HAOOPHI MPOTOKOIIOB JOCTYIIA K THIPO-
aKyCTHYECKOW Cpene, KOTOphle OyAyT paziauyaThCs MO Ha3HAUYEHWIO — Ui oOMeHa
JTAHHBIMU BHYTPU OJTHOM COTHI HITH MEXKIY OTICIEHBIMUA COTaMU CETH.

IMockonbKy COTOBasi CTPYKTypa CETH TO3BOJIICT BECTH OOMEH JaHHBIMH B He-
CKOJBKUX (WM JakKe BCEX) COTaX OJHOBPEMEHHO, OOIIasi MPOMyCcKHasi CITIOCOOHOCTD
CIIC nomxHa BO3pacTH.

Kpome Ttoro, B cocraBe CIIC coTOBOI CTPYKTYyphl Ha Pa3IHUYHBIX MO HArpys3Kke
y4acTKax MOTYT OBITh MPEAYCMOTpPEHBI pa3Hble MPOTOKOJIBI OOMEHa JaHHBIMHU,
B HanOOJBINIEH CTENEeHN OTBEYAIOINE HArpy3Ke COOTBETCTBYIOIIETO ydacTka. Hampu-
Mep, Py 0OMEHE HEOOJBIIIMM KOJUYECTBOM JIAHHBIX BHYTPH OJHOW COTHI MOXKET OBITh
nmpeaycMoTpeHa komOuHaius mnpotokosioB CSMA-Aloha + SNCF, a mpu oOmene
CPaBHUTEIBHO OONBITUMU 00BEMaMH MEXKIY coTaMU (HaIpuMep, CEHCOPHBIMU JaH-
HBIMH, HAKOIIJICHHBIMHM B OTJENBHBIX COTaX) MOXET HCIIOJIB30BATHCS MPOTOKOIN pPe-
JeHOM ceTH, 00pa3yeMoil MocienoBaTeNbHOCTRIO p2p-coenuHeHnii. CTaHmapTHBIX
npotokoio miist CIIC, ocHOBaHHOM Ha OpraHW3alldX ITOCIIEIOBATEIIFHOCTH P2p, TIOKa
He cymiecTByeT. JJii OCYIIECTBICHUS TakoW BO3MOXKHOCTA MOXET IMOHAJ0OHUTHCS
pa3paboTka JABYX MOIU(PHUKAINI MPOTOKOJIOB, CIIOCOOHBIX OIPENEISITh IMapameTphl
cBsazHOCTH CIIC 1 OoCyIIecTBIATh TOMCK MapIIPYyTOB M YCTAaHABINBATH ONTHMAaJIbHBIE
MapUIpyThl JUIsl TIepellayd JAHHBIX OTHOCHTENHLHO OOJbIUX 00heMOB. ONTHMAIb-
HOCTh MapIIpyTa OMPEACIeTCS M0 HECKOJbKUM KPUTEPHSIM ONTHMHU3AIUU, HATIPH-
Mep M0 MUHHUMAJBHOH 3aJiepKKe Tepeqadr JaHHBIX, MUHUMAIbHOMY MOTPEOICHHTO
SHEPTUH WM MaKCUMaTbHON CKPBITHOCTH ceaHca CBs3H. [I0CKOIbKy p2p-coeTnHEHUS
CIOCOOHBI OTEPATUBHO YYUTHIBATH XApaKTEPUCTUKH THUAPOAKYCTUYECKOIO KaHala
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CBSI3U U yCTaHABIMBATh CKOPOCTH IMEPENavn JAHHBIX, MAKCHMAITBHO BO3MOXKHBIC IS
TEeKYIIUX YCJIOBHH CBsI3H, 00mIas npomyckHas criocodrocts CIIC coToBO# CTPYKTY-
pBI OYJIET TaKk)Ke BO3paCTaTh.

JIONOJTHUTENFHONH BO3MOYKHOCTBIO SIBIISIETCS] UCIIOJIb30BAHUE THIPOAKYCTUICCKHUX
MOJIEMOB pa3IMYHBIX YACTOTHBIX JUAMA30HOB JUIS OCYIICCTBICHUS Pa3HBIX 3a/adu
CETEBOM CBSI3U, B YACTHOCTH 00JIee BBICOKOYACTOTHBIX MOJIEMOB JIJIi OOMEHA JTaHHbI-
MU BHYTPHU OJIHOH COTHI M 00JIee HU3KOYACTOTHBIX — JIJII OOMEHA JaHHBIMH MEKITY
pasubiMu cotamu. OTHOBpeMeHHasI Iiepeiavya JaHHBIX B JIBYX YaCTOTHBIX JTHAITa30HAX
CMOXET 00eCIeUnTh JaTbHEHIIINM POCT MPOIMTYCKHOM CIIOCOOHOCTH CETH.

Iyt ymeHbIIeHUS TA6APUTOB U IHEPTrONOTPEOIEHUSI
CeTeBOro 000pyI0BaHUS

D¢ dexTuBHBI cnO0CO0 YMEHBIIMTH rabapuThl M SHEPromnoTpeOiIeHue CEeTeBOro
000pyIOBaHMs — MaKCUMallbHAs anmapaTHas ¥ IpoTrpaMMHAas MHTETPaIlis ero MOIy-
neir. C 5TOH Lenblo HEOOXOAMMO CO3/aTh ANMapaTHO-NPOrPaMMHYIO IIaThopMmy,
CIOCOOHYIO BBIMIOJHITH MHOKECTBO (DYHKIHH, CBSI3aHHBIX HETIOCPEICTBEHHO C TH[-
POaKyCTHYECKMM MOJIEMOM, MTPOTOKOJAMH YIPaBICHHUA JOCTYIIOM K Cpelie W MPOTO-
KOJaMH MapUIpyTH3aIlH, a TAKXKE CO CIEIUAIN3UPOBAHHBIMH TOJIB30BATEIHCKUMHU
MPUIOKEHUSIMH U IpaliBepaMy JOMOJHUTEIBLHOTO (MHTETPUPYEMOT0) 000PYAOBaHHS.

Pa3HOBHAHOCTSIMH TIPOTPAMMHBIX CPEACTB, TMPEAOCTABISIONINX IOJIb30BATENIO
BO3MOXKHOCTh CO3/IaHUS, Pa3MEUIEHHS M IKCIUTyaTallid COOCTBEHHBIX MPHUIIOKEHHIA,
SBISIIOTCA pa3paboTaHHBbIE B IOCIEAHEE NECSATUIETHE CIEIHMaINu3UpPOBAHHBIE IMPO-
rpaMMHBIE KapKachl 1 KOHCTPYKTHUBBI C OTKPBITHIM MPOTPAMMHBIM KOAOM U apXHUTEK-
typoit, Hanpumep SUNSET [101] u DESERT [102], comepskamue HaOOphI CETEBBIX
npotokoinos 1yt CIIC. Bmecte ¢ TeM yrmoMsHyThIe IPOrpaMMHBIE KapKachl TPeOYIOT
HAJINYMS BBICOKOTIPOM3BOAUTENHFHOTO MPOLECCOPHOTO MOAYJS M, COOTBETCTBEHHO,
3HAYUTEIHFHOTO 3HEPTOMOTPEONICHNS, YTO 3aTPyIHSAET WX NpPUMEHEHHE B KadecTBE
cocTaBHOM Wactu mporpammuoro obecnedenms CIIC, mpegHazHadeHHOW IS TIPO-
JOJKUTETIBHOTO aBTOHOMHOTO ()YHKLIIMOHUPOBAHHUS CETH.

AJBTEpHATHBHBIM BapUaHTOM CIYXXUT PACCMOTPEHHBIH BBIIIE MPOTPAMMHBIN Kap-
kac EVINS [96], He TpeOyromuii BHICOKOIIPOU3BOAUTEIBHOIO IPOIIECCOpa B CIIOCO0-
HBIH paboTaTh MPSAMO Ha aNIapaTHOW IUIATPOpPME THAPOAKYCTHYECKOTO MOAEMa.
EviNS He TONBKO ympoIlnaeT Mmojb30BaTe0 3aa4dy 0 CO3JaHUI0 KAaCTOMH3HPOBAH-
HOW THIPOAKyCTUYECKOW CETH, HO M TIO3BOJIICT N30aBUTHCS OT HEOOXOJMMOCTH pas-
pabOTKH M BKITIOYEHHS B COCTaB CETEBOTO y3J1a IMPOMEXYTOYHOTO amapaTHoro obec-
MEYeHUs, B YaCTHOCTH BCIIOMOTATEIBHOI'O MPOLECCOPHOIO MOAYJS Ul MHTETPALUU
CEHCOPOB W THApPOAaKycTHYeckoro MomeMa. Ecim mporpammubie kapkackl SUNSET
[101] w DESERT [102] TpeOyroT HAIHYHS BHICOKOIIPOU3BOIUTEIHLHOTO MTPOIIECCOPHOTO
MOJyJIs, TIO9TOMY pPa3sMeIIaloTcsa B OTICIBHOM T€PMETHYHOM KOPITYCE M OCHAILAIOTCS
OaTtapeell BHICOKOH €MKOCTH, TOABOJHBIMU CIICHATN3UPOBAHHBIMU pa3beMaMu M Ka-
OensMu TSl TOIKITIOYSHHS K THAPOAKYCTHYECKOMY MOJIEMY, TO IPH HCIIOJIb30BaHUHU
EviNS Bo BceMm 3TOM HET HEOOXOOMMOCTH, KPOME TOTO, MIPOTPAMMHBIN KapKac 103-
BOJISIET PEATM30BBIBATh Pa3lUYHBIC CETEBBIC MPOTOKOJBI M MOJIH30BATEIBCKUE TPU-
JIO’KEHUS, a TAKKe HHTETPUPOBATD AOMOIHUTEIFHOE 000py/TOBaHHE.

Coznanme Takod armapaTHO-IPOrPaMMHOM TIAT(HOPMBI a0 BO3MOXKHOCTh YMEHb-
LIMTh CTOMMOCTb U BecorabapUTHbBIE XapaKTEPHUCTHKU Y3JIOB THIPOAKYCTUUECKON CETH,
YTO, B CBOIO OY€pe/ib, IPUBENO K CHIDKEHHIO TPEOOBAaHN K TOHHAKHOCTH M OCHAIIICHUIO
TUIABCPE/ICTB, MEPUOANIECKH OOCTYKUBAIOIINX CETH, U 33 CUET 3TOr0 — K COKPAIEHHIO
TEKYILUX SKCIUTyaTalIMOHHBIX PACXOA0B Ha CoAepKaHNe HHPPACTPYKTYPEIL.
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Oco0eHHOCTD MMOA00HOTO KapKaca 3aKIII0UaeTCsl TAkKe B HU3KOM TIOPOTE BXOXK]IE-
HUSI TI0JIL30BATENSI B IPOIECC CO3JIaHMS MOJTb30BATENILCKUX MpHiIokeHuil. Hanpumep,
JUISL CO3/IaHUS TIOJh30BATEIBCKOTO TMPIIIOKEHUS HET HEOOXOJAMMOCTH MPUBIICYCHUS
BBICOKOKBAJTU(UIIMPOBAHHBIX MIPOTPAMMICTOB BCTPaMBaEeMbIX cHCTeM. BaskeH u Oec-
TUTATHBIN JOCTYI K MPOTpaMMHOMY Kapkacy. Bce 3To Takke crocoOCTBYeT CHUKe-
HUIO CTOMMOCTH TPOU3BOIUMOT0 CETEBOI0 000PYIOBaHUSI.

HMcnoab3oBanue MOABOAHON ONTUYECKOM CBSI3M 1JIs1 MOBBIILIEHMST
CKOpPOCTH 00MeHa TaHHBIMHU

H3BecTHO, YTO THAPOAKyCTHYECKas CBSI3b MMEET )KeCTKHE (GU3NIECKUE OTpaHU-
YeHHS TI0 CKOPOCTH Tepenavn nHpopManuu, 00ycIoBIeHHbIE OTHOCUTEIHHO Y3KOU
MOJIOCOW YacCTOT CBS3HBIX CHUTHAJIOB. DTH OTPaHHYEHHS TEM JKECTUe, YeM OOJIbIIe
paccrosiaue Mexay koppecnonaeHtamu. CornacHo K.E. llennony [103], noreHuu-
anbpHas yaelbHas (pUBeICeHHAS K Tojioce 9acToT 1 1) CKopoCTh mepeaadn TaHHbBIX
IIPU OTHOILIEHUU «cUrHai—nomexa» 10 n1b Ha BeIXoA€ NMHEMHON YACTU MPUEMHOTO
TpakTta coctaBiseT 3,5 out/c/I'u. B ruapoakycTuueckoil cBsi3u € y4eToM ee (pusnde-
CKMX OTPaHWYEHHH PeajbHO MOCTIKHMAS yJeNbHas CKOPOCTh Mepenadyn JaHHbIX Jie-
*uT B npeneiax 0,01...0,3 out/c/T'u. YuurtbiBas, 4To paboyas 1mojioca 4acToT 3ByKO-
MOABOJHOM CBS3M B 3aBUCUMOCTU OT Hecyled vacToTel coctaBiseT 1...30 k[,
MOJKHO CZENaTh BBIBOJ, YTO peasibHasi CKOPOCTh Mepefadr TaHHBIX M0 THAPOAKyCTH-
YeCKOMY KaHally He npesbimaet 10 Kout/c.

VYkazaHHas CKOPOCTh HE TO3BOJISIET PEIINTh TAKUE aKTyajbHbBIC 3aJla4dl TOJBOJI-
HOW pOOOTOTEXHUKH, KaK:

e orepaTHBHAs mepeAada OOJBIINX MACCHBOB CEHCOPHBIX JTAHHBIX (B YAaCTHOCTH, Ie-
penavya MacCcHBa JaHHBIX pa3MepoM 1 MeTabUT MOXKET 3aHATH HECKOJILKO MUHYT);

e peanbHO-BpeMeHHas mepenaua BuaeomsoOpaxkeHus ¢ AHIIA, obGcaenyromero
JTHO, Ha OOPT CyJHa ynpaBieHUs (B YaCTHOCTH, Iiepe/iada 3aITMCaHHBIX KOPOTKHX
(hparMeHTOB BUCO MOXET 3aHUMAaTh HECKOJIBKO MUHYT).

J1J1s1 TOBBIIIEHHSI OTIEPATHBHOCTH TIepeiavyr IaHHBIX CKOPOCTh JIOJKHA OBITh yBe-
JTUYeHa KaKk MUHUMYM Ha MTOPSAIOK.

OnmHUM U3 TyTel JTOCTWXKEHHS 3TOW IeTH SIBISICTCS] IPUMEHEHHE TIOABOIHON OITH-
YEeCKOM CBSI3M, KOTOpAs 32 CYET WCIIOJIb30BAHUS MIMPOKOH TOJIOCHI YacTOT MO3BOJISET
00ecTieunTh BBICOKYIO CKOPOCTh Tepefadn AaHHBIX, YTO, OJJHAKO, COMPOBOKIAETCS Pi-
JIOM CYIIECTBEHHBIX (DM3NYECKUX orpaHudeHuil. OCHOBHBIM M3 HUX SIBIISCTCS OTPaHU-
YeHHAas! JUCTAHIMS TIepeaull JaHHBIX, KOTOpask 3aBUCHT KaK OT (PU3MYECKuX (pakTopoB
(TmaBHBIM 00pa30oM OT MPO3PAYHOCTH BOJBI), TAK M OT XapaKTEPHCTUK MPUMEHIEMOMN
anmapatypbl. B HacTosiiee BpeMs 3KCIIEpUMEHTATBHO TOATBEPXKICHHAS adbHOCTH
HA/ISKHOMW Tepeiayn TAaHHBIX TI0 THIPOONTUIECKOMY KaHaly Mexay aByms AHITA Tu-
na MEDUSA cocrapisier 10...15 M npu ckopoctu 20...200 Kout/c [104, 105]. Bmecrte
C TEM B psijic McciaenoBannid (Hanpumep, B [106]) yTBepikmaeTces, 9To MpH IPUMEHEHUN
CHEIUATFHBIX TEXHHYECKUX PEHICHUH NATbHOCTh THAPOONTUYCCKON CBSI3M MOXKHO TO-
BbIcUTh 710 100 M, a CKOpOCTH Mepeaun JaHHBIX J0BeCTH 10 MouT/c u naxe mo 'our/c.

Eme oganM orpanndeHneM SBIsSETCS y3KUH CEKTOP YTIIOB, B KOTOPOM OCYIIIECTB-
JITFOTCS Tiepejiadya U MPUeM ONTHYSCKOTO CHTHAJa, YTO BJICYET 3a CO0OM HEeoOXOmu-
MOCTh TOYHOTO B3aMMHOTO ITO3UITMOHUPOBAHUS TIOJIBOTHBIX KOPPECIIOHICHTOB.

[Tockonpky HampaBiieHHEe THAPOONTHYECKOW CBSI3M B HACTOsIIEe BpeMs OypHO
pa3BHBaeTCsA, MOXKHO MPOrHo3upoBarh, uto AHIIA B Hemaaexkom Oyayiiem OymayT
OCHAIIICHEI alapaTypoil MoABOJHON KOMOWHUPOBAHHOH (aKyCTOONITHYECKOH) CBA3H.
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3akiaiouenue

[Mudposast ceTeBas MOABOAHAS CBSI3b SBJISACTCS HEOOXOAUMBIM HHCTPYMEHTOM HC-
CJICZIOBaHHS U OCBOCHUS OkeaHa. Ee OCHOBHOE OTJIMYHE OT TPaJAUIMOHHON THAPOAKY-
CTHYECKON CBSI3U COCTOUT B OJIHOBPEMEHHOM WH(POPMAIMOHHOM B3aWMOJICHCTBUH
OOJBIIIOr0 YKCia MPOCTPAHCTBEHHO PA3HECCHHBIX A00OHEHTOB. DTOT (hakT J00aBIsACT
K mpobyieMaM TPaTUIIMOHHON THAPOAKYCTHUSCKON CBSI3U, CBSI3AHHBIM B OCHOBHOM CO
CJIO)KHOCTBIO W TOCTOSIHHON W3MEHYMBOCTHIO THIPOAKYCTHYECKOTO KaHalla Pacrpo-
CTpaHEHUS CUTHANA, PsJI CYIIECTBEHHBIX TPOOIIeM:

® KOJUIM3WH B CETH, BO3HHKAIOIIUE MPH OJHOBPEMCHHOW Mepeaaye COOOINEHMMA
HECKOJBKHUMU a0DOHEHTAMH M TPEOYIONIUE TPUHSITHS CICIUATBHBIX OPraHU3aIH-
OHHO-TEXHUYECKHX MEp IO UX YCTPAHCHUIO (MUHIUMU3AIIH);

e 00yCIIOBIICHHAS 0COOCHHOCTSIMH THAPOAKYCTHUECKOM CPelIbl CIIOKHAS KOHPHUTypa-
ITUSI 30H MAPHOM B3aUMHOM CIBIITAMOCTH A00HEHTOB, YTO BEJET K HEOOXOJMMOCTH
HETPUBUATBHON MapIIPYTH3AIMHA TOTOKOB TAHHBIX OT HCTOYHUKA K TIOyYaTEeIIo.

Pelienre mepeyrcIeHHBIX MPOOJIEM 3aKITIOUACTCs B pa3paboTke MeToJ0B (HopMu-
POBaHUS U M3IMYUYCHUs] CUTHAJIOB CBSI3H, KOTOPBIC 3aTEM CTAHOBSATCS MTPOTOKOJIAMH B3a-
UMOJICHCTBISI aDOHEHTOB TMPHU TIepeIaue U MPUeMe COOOIICHUI U Pealnu3yroTes B -
POBBIX THAPOAKYCTHYECKMX MOJIEMaX, KOTOPhIC, B CBOIO OYepeib, MPEBPAIAFOTCS
B CJIOXKHBIC PaIN03JIEKTPOHHBIE YCTPOHCTRA.

B pa6ore chopmynupoBaHbl mpodeMbl HUMPOBOH CETEBOW MOABOIHON CBSI3H U
MPUBEACH 0030p MyTel UX pellieHHs, MHOTHE U3 KOTOPBIX YXKe ceifuac yCremrHo pea-
JU3YIOTCS Ha TIPaKTHKE.

Paboma ewinonrnena npu wacmuunou nodoepoicke Poccutickoeo ¢ponoa
pynoamenmanohwix uccredosanut (npoexkm 19-08-00324).
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Abstract. The paper addresses the main problems related to the development of underwater

communication network which differs from the traditional underwater acoustic com-
munication in simultaneous information interoperability of a large number of spatially
separated nodes, including data exchange between them, as well as their high-
precision positioning. While the problems of traditional acoustic communication are
generally associated with the complexity and variability of acoustic channel for signal
propagation, the underwater communication network faces a number of additional
significant problems such as collisions in the network, occurring during simultaneous
transmission of messages from several nodes and requiring special managerial and
engineering measures for their elimination (mitigation); another problem is complex
configuration of the zones of binary mutual “audibility” of nodes, caused by specif-
ic features of underwater acoustic environment and requiring the nontrivial routing
of data flows from source to recipient. It is demonstrated in the paper that these
problems can be solved by developing the techniques of communication signals
generation and emission, which then form the protocols of nodes’ interaction during
transmission and receipt of messages, and are implemented in digital acoustic mo-
dems that have ultimately developed into complex radio-electronic devices.

Key words: underwater unmanned autonomous vehicle, underwater communication network,
underwater acoustic modem.
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