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Abstract. This study is devoted to the development of an intelligent navigation
seal aimed at improving the safety of cargo transportation and optimizing logistics
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processes 1in international transportation. This paper considers in detail the
innovative design of the de-vice, which includes an impact-resistant and moisture-
proof housing, an integrated electronic control and communication unit, and an
integrity control and locking system, which provides a high degree of protection
against unauthorized access. The study provides a comparative analysis of the
characteristics of mobile networks, which allows to determine the optimal
conditions for using the device, depending on the specifics of the route
and the requirements for the speed of information exchange. Special at-tention is
paid to the testing of the integrity control system, the results of which
demonstrated 100 % efficiency in detecting unauthorized attempts to open the seal.
In addition, the article includes an analysis of the data obtained during the user
survey, which revealed a high assess-ment of the ease of use as well as directions for
further improvements related to the specifics of installation and
interaction  with information systems. The results of the study show
that the developed navigation seal not only fully com-plies with the regulatory
requirements established by the Eurasian Economic Union but also surpasses
them wusing advanced technologies and materials. This study makes a
significant contribution to the development of cargo transportation security
systems and demonstrates the prospects of using innovative solutions in modern
logistics.

Key words: navigation seal, transport security, logistics, geolocation tracking,
unau-thorized access, navigation systems
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AHHoTamusi. Makana  XaublKapalblK  TachIMajjay  JKaFJaibiHzIa
KYK TachIMajJbIHBIH  KayilCI3MINiH  apTThIpyfa  JKOHE  JIOTMCTHKAJBIK
nporecTep/ii OHTalIaHbIpyFa OaFbITTAFaH  MHTEUIEKTYaJibl  HABUTALMSIIBIK
I0MOaHBI d3ipiieyre apHaiaFaH. JKyMbIcTa COKKbIFa TO3IM/I1 XKOHE bUIFANIFa TO31MI
KOPITyCThbl, MHTETpALlMsIIaHFAH 3JIEKTPOHJBI OacKkapy »XoHe OailjaHbIc OJIOTHIH,
COHJAN-aK pYKCaTChl3 KIpyJeH KOpPFayAbIH >KOFapbl JOpPEKECiH KaMTamachl3
€TeTIH TYTACTBIK NeH OekiTyai Oakpuiay >KYHeCiH KaMTUTBIH KYPbUIFBIHBIH
MHHOBAIMSUIBIK JM3alHBl emKel-TerKeln KapacTbIpbuiaabl. JKyMbicTa MOOWIIBII
KENMUIepIiH  CHUMaTTaMmajapblHa  CalbICTBIpMalbl  Taljay  Jkacamaisl, Oy
MapUIpyTThIH €peKLIeNiriHe >KOHE aKMapaT alMacy[blH >KeAeJairiHe KOHbUIaThIH
TananTtapra OalllaHBICTBl KYPBUIFBIHBI MaiianaHyablH OHTAllVIbl IIapT-TapblH
aHbIKTayFa MYMKIHIIK Oepeni. TyracThIKThl Oakbuiay >KyileciH —TecTiieyre
epeKllle Ha3zap ayJlapbulajibl, OHBIH HOTIDKENepl IJIOMOaHbl PYKCATChI3 ally
opekeT-Tepin anbikTayaa 100 % Tuimainikti kepcereni. CoHbIMEH KaTap, Makanaia
naiiana-HymbUIap/IblH cayajHaMachl Ke3iH/Ae alblHFaH JEpeKTepl Tanjgay Kipeai,
Oy naiina-naHy BIHFAWIBUIBIFBIHBIH JKOFapbl OarachlH aHBIKTayFa, COHAAN-aK
MOHTQXJIay >KOHE aKMapaTThIK KYHElIepMeH e3apa OpPEeKeTTeCy epeKIIeNiKTepiHe
OaliIaHbBICTBI OJIaH 91 MBICBIKTAY YILIIH MYMKIH OaFbITTap/bl KOPCETyre MyYMKIHIIK
Oepai. 3epTTey HOTHXKEJIepl 931pJICHI'eH HaBUralMsibIK IiomOa Eypasusibik 3Ko-
HOMUKAJIBIK 0J1aK OelNrijiereH HOPMaTUBTIK TaJlaTapFa TOJBIK Colikec KaHa KoiMaii,
O3BIK TEXHOJIOTHsJIap MEH MaTepuaiapisl NaijianaHy eceOlHEeH oJjapAaH achlll
TyceTiHiH kepceteni. Ocplaiiia, Makanza *YK TachIMalbl Kayilnci3AiriHiH KyheciH
JAMBITYFa alTapJIbIKTal yiec Koca bl X&oHE 3aMaHay! JOrMCTUKAAa HHHOBALIMSIIBIK
HIenIimMaepii KoJAaHy NMepCreKTUBACHIH KOPCETE .

Tyiiin ce3nep: HaBurauusmsik miomoOa, Kesik Kayinci3/iri, JorucTiKa, reo-
JIOKALMSUIBIK OaKbUIAy, PYKCATChI3 Kipy, HABUTALUAJIBIK XKYHesep

Moiiexk ce3nep ywin: A.3. Ailirmaram6eroB, C.K. XKymaramm, E.K.
Konsicbae, M.M. Onrapbaesa, 11.B Menemkuna. KAVIIICI3 XXOHE TUIMJII
JIOTUCTUKA YIIIH MHTEJUIEKTYAJIAbI HABUI'ALIMAJIBIK ITJIOMBAHBI
O3IPJIEY //XAJIBIKAPAJIBIK AKIIAPATTBIK JXOHE KOMMYHUKAIJIBIK
TEXHOJIOTUAJIAP XYPHAJIBL. 2025. T. 6. No. 21. 170-184 6er. (opsic
tinigge). https://doi.org/10.54309/1J1CT.2025.21.1.012.
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AnHoTanus. CtaThs MOCBsIIEHA pa3padOTKe HHTEUIEKTYyaIbHON HABUTalIMOHHOMN
IIOMOBI, TpEJIHA3HAYEHHOW JJIs TMOBBIIMICHUS O€30MaCHOCTH TPy30MEPEBO30K U
ONTUMM3AIMU JIOTHCTUYECKUX MPOLIECCOB B YCIOBHUIX MEXIYHAPOAHBIX MEPEBO3OK.
B pabore neranbHO paccMaTpuBaeTCsi MHHOBAI[MOHHAs KOHCTPYKLUS YCTpPOWCTBA,
BKJIIOYAOIIAsl YAAPOCTOMKUNA M BIAro3alllMIICHHBIH KOPIYC, HHTErPUPOBAHHBIN
9JIEKTPOHHBIN OJIOK YIPABJICHHUS U CBSI3H, a TAKXKE CUCTEMY KOHTPOJIS LEJIOCTHOCTU U
¢ukcanmu,  KoTopas  oOecmeyMBaeT  BBICOKYIO  CTENEHb  3allUThl  OT
HECAHKIIMOHUPOBAHHOIO J0cTyna. B paboTe mpoBOAUTCS CpaBHUTEIbHBIN aHAIN3
XapaKTEepPUCTUK MOOWIBHBIX CETeH, 4YTO MO3BOJSET ONPEACTUTh ONTHUMAJIbHBIC
YCIIOBHS ISl MCIIOJIb30BAaHUs YCTPOUCTBA B 3aBUCHMOCTH OT CIIEHU(PHUKU MapIIpyTa
U TpeOOBaHM K onepaTuBHOCTH oOMeHa nHpopmanueir. Ocoboe BHUMaHUE YIEIEHO
TECTUPOBAHUIO ~ CHUCTEMbl  KOHTPOJS  LEIOCTHOCTH, PE3yJbTaThl  KOTOPOTO
neMoHCTpupytoT 100 %-Hyto 3¢h(eKTUBHOCT, B  OOHAPYKEHMH  IOIBITOK
HECAHKIIMOHUPOBAHHOTO BCKPBITHS MI0MObI. KpoMe TOro, cTaThsi BKIIOYAET aHAIN3
JTAHHBIX, MOJYYEHHBIX B XOJ€ OIpoca IOJb30BaTENEH, YTO MO3BOJMIIO BBIIBUTH
BBICOKYIO OILIEHKY ya00CTBa SKCIUTyaTallud, a TakK-)X€ YKa3aTb Ha BO3MOXKHBIC
HanpaBJICHUS 7 JalNbHEHIINX J0paboTOK, CBSI3aHHBIE C 0COOCHHOCTAMU MOHTaXKa U
B3aUMOJICHCTBUA C HMH(DOPMAIMOHHBIMU CUCTEMaMH. Pe3ynpTaTbl HCCIEI0BaHMS
MIOKa3bIBAIOT, YTO pa3paboTaHHAs HABUTAIIMOHHAS IJIOMOA HE TOJIBKO MOJIHOCTHIO
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COOTBETCTBYET HOPMATHUBHBIM TpeOOBaHHSIM, YCTAaHOBIEHHBIM EBpa3zuiickum
SKOHOMHUYECKUM COIO30M, HO U TMPEBOCXOAUT HMX 3a CYET HCIOIb30BaHUS
MEPeIOBBIX TEXHOJOTMH U MaTepuanoB. Takum o0pazoMm, cTaThsi BHOCHUT
3HAYUTENbHBII BKJIAJ B pa3BUTHE CHUCTEM O€30MAaCHOCTH TPy30IEPEeBO30OK U
JEMOHCTPUPYET TMEPCHEeKTUBHOCTh MPUMEHEHHUS WHHOBAIIMOHHBIX pEIIeHUN B
COBPEMEHHOM JIOTUCTHKE.

KiioueBble ciioBa: HaBUralMoHHas MIoM0a, TpaHCHIOPTHasi 0€30MacHOCTb,
JIOTUCTHKA, TEOJNIOKAIMOHHBIN  TPEKWHT, HECAaHKIMOHHPOBAHHBIA  JOCTYII,
HABUTAIIMOHHBIE  CUCTEMBI

Jdass  uurupoBanusi: A.3. AilitmaramberoB, C.K. Xymaramu, E.K.
KonpicbaeB, @ M.M.  Ownrapbaea, WN.B. Menemkuna. PA3PABOTKA
MHTEJJIEKTY AJIbHOMN HABUT ALITUOHHOM [TJIOMBBbI JUIA
BE30ITACHOU nu DOOEKTUBHOMI JIOTUCTUKU//
MEXJTYHAPOJIHBIN KYPHAJL NHOOPMAILIMOHHBIX nu
KOMMYHUKAITMOHHBIX TEXHOJIOI'MH. 2025. T. 6. No. 21. Ctp. 170—184.
(Ha pyc.). https://doi.org/10.54309/1IJICT.2025.21.1.012.

bnazooapnocms. Paboma ewvinonnena npu GuUHAHCOBOU NOOOEpICKe
Komumema nayxu Munucmepcmea nayku u evicuieco odpasoeanus Pecnyonuxu
Kaszaxcman 6 pamxax koukypca Ha npocpammHo-yenesoe (GUHAHCUPOBAHUE NO
HAYYHbLIM, HAYYHO-MEXHUYeCKuM npozpammam Ha 2024-2026 2oovl, HPH
npoepammol  BR24992884 «Paspabomka onvimuoz2o 00pasya d1eKmpoHHO20
uoeHmu@uUKamopa ¢ yeavto OdibHetuell Opeanu3ayuu Ux npou3eo0Cmear.

BBenenue

Pa3Bute  MeEXIyHapoIHOW  JIOTHCTHKM W yBEJIMYCHHE  O00BEMOB
TPAHCTPAHUYHBIX TEPEBO30K CTaBAT TEpes CIENHATMCTaMU B JaHHOW 00JacTh
HOBBIC CIIOKHBIC 337]a4i. B cBeTe ATUX M3MEHEHUH pa3paboTka WHTEIUICKTYaIbHON
HaBUTAIIMOHHON TUIOMOBI MPHOOpETAaeT Ba)KHOE 3HAYCHHE, OCOOCHHO YYHTHIBAs
HOBBIC HOpPMaTUBHBIE TPeOOBaHMs, yCcTaHOBIICHHBIE penieHneM CoBeTta EBpa3zuiickoit
sKoHOMHUYeCcKOH komuccuu oT 4 wmronsg 2023 roma Ne 75 (Pemenue Coseta
EBpasuiickoii sxkoHOMHUYecko komuccuu oT 4 wurons 2023 roma Ne 75). Drtum
TpeOOBaHUS KAacarOTCs UCIOJb30BaHUS HABUTAIIMOHHBIX TJIOMO TSI OTCIIC)KMBAHUS
MepeMeNIeHUH Yyepe3 rPaHuIlbl TOCYIapCTB-WICHOB EBpa3niickoro "KOHOMUYECKOTO
coroza (EADC).

CoBpeMEeHHBIE YCJIOBHS TPEOYIOT OT HABHUTAIlMOHHBIX TUIOMO HE TOJBKO
BBITIOJTHEHHS 0a30BbIX (PYHKIIMH MOHUTOPUHTA, HO M BRICOKOM CTETICHH MHTETPaIlin
C aBTOMAaTH3UPOBAHHBIMH TAMOXXCHHBIMH M  JIOTUCTHYECKHUMH CHCTEMaMHU.
CymiecTByrone yCTpOMCTBA 4YacTO HE OOCCIEUYMBAIOT HEOOXOJAMMOTO YPOBHS
OTIEPaTUBHOTO pPEarupoBaHWs Ha WHIUJASHTHI WM TIOJHOIIEHHOW 3allluThl OT
HECAaHKITMOHUPOBAHHBIX JCHCTBUM, YTO JeJaeT aKTyaJlbHOM 3a/Jady CoO3JaHus
HaBUTAIMOHHOW INTOMOBI HOBOT'O ITOKOJICHHSI.

Tak, orepaTHBHOE MPUHSITHE COTJIAIICHUS O MPUMEHEHUH HaBUTAIIMOHHBIX
miaomM6 BeicimMu opranamMu EADC u wumHTerpamus WHGOPMAIIMOHHBIX ITOTOKOB
ONTHUMHU3UPYIOT  OW3HEC-TIPOIECChl  MEPEBO3KM  TPy30B. BaxHOW  yYacThiO
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CO3MaHUs E€AMHOTO TpaHCHOPTHOro mpoctpaHcTBa B EADC sBuseTcs pa3Butue
MYJIBTUMO/IaJIbHONW CUCTEMBI, TJ€ TEXHOJIOTUYECKUE U SHEPreTHUYEeCKHEe HHHOBAIINHY,
a TaKke UHPOPMAIIMOHHO-KOMMYHHUKAITMOHHBIE CHCTEMBI MOBBIINIAIOT 0€30IaCHOCTh
MEPEBO30K, a TEKTPOHHBIE TNIOMOBI CIOCOOCTBYIOT JIOCTaBKE Ipy3a B IIEIOCTHOCTH
u coxpanHoctH (batanosa, 2023).

Kpome  Toro, wuccnemoBaHus — TOKa3bpIBalOT, 4YTO  MPUMEHEHHE
UHTEIJICKTYyallbHBIX ~CHUCTEM  CIEKEHHUS TII03BOJISIET 3HAUMUTENbHO TOBBICUTH
3¢ (HeKTUBHOCTD TOTUCTUYECKHX MPOLIECCOB U MUHUMU3UPOBATh PUCKH, CBS3aHHBIE C
HECaHKIIMOHUPOBAHHBIM JIOCTYIIOM U yTpaToii rpy3a (Zhang u ap., 2021: 1123-1145;
Liwu ap., 2020: 87-105; Mavromatis, u zp., 2023).

B cBsi3u ¢ 3TMM HaBUTalMOHHBIE IMJIOMOBI YK€ AKTUBHO MPHUMEHSIIOTCS B
pa3MuYHBIX CTpaHaxX /Al KOHTPOJS 3a MepeMellleHneM ToBapoB. VX ocHoBHas
byHKIMSA 3akaodyaeTcs B O00ECNEYeHMH HAJAeKHOTO OTCIEKUBAHUS MapuipyTa
U TPEAOTBPAIllEHUH HECAHKIIMOHUPOBAHHOTO BCKPBITHS KOHTEeHHEepoB. OnHAKO
CYIIECTBYIOIINE CHCTEMbI UMEIOT PSi1 OTPAHUYEHHH, TAKUX KaK HU3Kas aBTOHOMHOCT,
HEJOCTaTOYHasl YCTOWYMBOCTh K BHEIIHUM BO3JCUCTBUAM U OTpaHUYEHHAs
UHTErpalus ¢ HHPOPMAIIMOHHBIMH CHCTEMaMU TaMO>KeHHOro KoHTpois (Ivanov u
ap., 2023: 221-239).

OpHuUM U3 HampaBlEeHUI ONTUMHU3ALUU SBISIETCS UCIIOIB30BAaHUE KOMOWHU-
pOBaHHBIX MoayJsel cBsi3u Ha 6aze GPRS. B ornuume ot pemennii Ha ocHoBe 4G,
OHM CHUKAIOT 3aTpaThl, YMEHBIIAIOT TabapuThl U SHEPronoTpedlieHne, OTKa3aBIINCh
OT OTJIENBLHBIX MOAYJICH /I 6 paarokananoB (Wang u ap., 2022: 56-78; Gonzalez u
ap., 2023: 98—120). [Ipu stom GPRS obecneunBaeT 10CTaTOUHYIO CBSA3b JJISI MOHH-
TOPUHTA COCTOSHUS TUIOMOBI U Mepe/iaur JaHHBIX B CHCTEMBI KOHTPOJIS.

Taxum 06pazom, pazpaboTka HABUTAITMOHHBIX TNIOMO HOBOTO TTOKOJIEHUS, UC-
nonp3ytonux sHeprodddexruBuasie GPRS-monynu, sBrnsercs BaKHBIM IIaroM B OII-
TUMU3ALIUK KOHTPOJIS 3a Tpy3omepeBo3kaMu. COBpeMEHHbIE HCCIeI0BaHus B 001acTH
TPAHCIOPTHOM 0€30MaCHOCTH aKIIEHTUPYIOT BHUMAHUE Ha MOBBIIIEHUN YCTOWYHBO-
CTH CHCTEM MOHHMTOpPHHIa K KuOepaTakam. Mcmonb3oBaHue TEXHOIOTUN pacrpese-
neHHbIx peectpoB (DLT) u mammHHOTO 00y4eHUS MUHUMH3UPYET PUCKH TOAIETKU
JTAHHBIX U HECAHKIIMOHUpPOBaHHOTO Aoctyna (Wang u np., 2022: 56-78). Bueapenue
MHOTOCIIOMHBIX KpUNITOrparuecKrX MPOTOKOJIOB B HABUTAIIMOHHBIE TUIOMOBI CyIIle-
CTBEHHO IMOBBIIIAET IOBEpUE K CUCTEME JIOTUCTUIECKOTO MOHUTOPHUHTA.

Kpome TOro, mnpumMeHeHHE UWHTEIJICKTYalbHBIX CEHCOpPOB, CIOCOOHBIX
¢bukcupoBaTh ~ HECAaHKIMOHHUPOBAHHOE  BCKpPBITHE  KOHTEHepa, HM3MEHEHHE
TEMIEPATypHOTO pEeXHMa M JIpyrde AaHOMalWM, 3HAYUTEIHHO TOBBIIIAET
MH(GOPMATUBHOCTh MOHUTOPUHTA U ONEPAaTUBHOCTH PEarupoBaHUs HA WHIUACHTHI
(Smith u ap., 2022: 202-219). CoBpemMeHHBIC JIOTHCTHYECKHUE IEMH TPEOyrOT
OECIIOBHOM HWHTErpaluy C HAlMOHAIBHBIMH U MEXIYHApOIHBIMH CHCTEMaMH
KOHTpOJS, a ucnoib3oBaHue loT-pemiennii u oONauyHbIX MIATGOPM TO3BOJSET
YCKOPHUTh TaMOKeHHOEe O(OpMIIEHHE M COKpaTuTh BpeMsi oOpabOTKH TPYy30B Ha
rpanunax (Chenwu ap.,2021: 140-159). Texnonoruu Big Datau Al natot Bo3m
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B PEKHMME PeaIbHOTO BPEMEHHU aHAIM3UPOBATh JaHHBIE O MEPEMEIICHUSX, BBISBIATh
MOTEHIMAIbHBIE YTPO3bl M ONTUMHU3UPOBATh MapHIPyThHI epeBo3ku (Gonzalez u ap.,
2023: 98-120).

HccnenoBanue HaleleHO Ha pa3paboOTKy TaKOro yCTpOMCTBA, KOTOpoe Obl
coueTalo B cebe nepeoBbie TOCTHKEHUS B 00J1aCTH 0€30MaCHOCTH U CBSI3U, OTBEYAs
IIPU 3TOM CTPOTUM MEXIYHAPOJHBIM U PETUOHANBLHBIM cTaHaapTaMm. [Ipennoxennas
HaBUTAIIMOHHAs TuIoMOa OyJeT oOcHaileHa (QYHKIHUSIMH, [PEBOCXOAAIIUMU
TPaJAULIMOHHBIE CUCTEMBbl MOHHTOPHMHIA, BKIOYas  yCOBEPIIEHCTBOBAaHHbBIC
MEXaHU3MbI KOHTPOJISI LIETOCTHOCTH U YIPABJICHUS TOCTYIIOM.

Llenpto maHHOM paboThI sBiseTCA pa3paboTKa HABUTALMOHHOW TIIOMOBI
HOBOTO TMOKOJICHHS, COOTBETCTBYIOIIEH MEKIYHAPOIHBIM CTaHAApTaM, IPUHSATHIM B
pamkax EADC.

Takum oOpa3om, TaHHOE UCCIIEIOBAHKUE HATTPABIICHO HA PEIIEHUE aKTyalbHBIX
3aga4, crosmux nepeg EADC, v ipeyioKUT HOBBIM ypOBEHb HHTETPALlH TEXHOJIOT UM
B IIPOLIECCHI O€30MACHOCTH U YIPABIEHUS TPAHCIOPTHBIMU MOTOKAMHU.

MarepuaJbl 1 METO/bI

Pa3paborana HaBurarmonHas miom0a, rmpeacrapisionias coboi ycTpoicTBo
C yIapOCTOMKMM U BIIaro3alllMIICHHBIM KOPIYCOM, COJEP>KalllUM 3JIEKTPOHHBIN
0J10K, KOMOWHUPOBAHHBII MOJYJb YIPaBICHUS U CBA3U, MOAYJb DIEKTPOIUTAHUS,
a TaK)Ke CUCTEMbl KOHTPOJISI 1 MEXaHU3MbI ypaBieHus pukcanueii. McciaenoBanue
1 pa3paboTKa MPOBOIUIOCH B TA0OPATOPHBIX YCIOBHIX C UCTIOIB30BAHUEM CTEH]IOB
JUIS MCTIBITAHWM Ha BUOpAIUIO, TEMIEPATypy M BIAKHOCTb, a TAK)KE€ Ha TECTOBBIX
UCTBITAHUSAX JIJIS1 OLIEHKHU PabOThl B PEabHBIX YCIOBHIX UCIOIB30BaAHUS.

JIst OLleHKM HaJIeKHOCTHU CHUCTEMBI KOHTPOJS LEIOCTHOCTH MPOBOIMINCH
KOHTPOJIMPYEMbI€ TOMBITKM HECAHKIIMOHUPOBAHHOTO JIOCTyMa K pa3paboTaHHOMN
HaBUTAIIMOHHON TioMOe. Mcrmonb3oBanachk crenuain3upoBaHHas amnmaparypa s
MMUTAIIH TTONBITOK B3JIOMa, U (PUKCUPOBANIACh YCIIEUTHOCTh KaXKION MOTBITKH.

Jlns oueHku yaoOCTBa HCHOJb30BaHUS W cOopa OOpaTHON CBS3H IO
HABUTAIIMOHHOW TUIOMOE OBUIM OpTraHMW30BaHbl OMPOCHl CPEAU COTPYIHHKOB
HNucTuTyTa KOCMHUYECKON TEXHUKH U TeXHOJoruil. Onpoc BKIIOYAN B ce€0si BOIPOCHI
0 (DYHKUMOHATBHOCTH, HAJAEKHOCTHU, MPOCTOTE HCIOIb30BAHUS HABUTAIMOHHOMN
wioMOb1. Llenbio ompoca ObUIO cOOpaTh MaKCHMajdbHO HIMPOKUN CHEKTP MHEHUN
U TPEJIOKEHHUH, KOTOpble MOTJU Obl OBITh HCIOJB30BaHBI I JaJbHEUIIETO
YIIy4IIEHUS HaBUTALMOHHOW TMIIOMOBI. YdyacThe paOOTHHKOB Jall0 BO3MOXHOCTH
y4ecTh pa3UYHbIe BapUAHTHl HCIIOJIB30BAHMS ITUIOMOBI B PEalbHBIX YCIOBUAX U
obecneunTh, 4TOOBI pa3paboTKa MaKCHMallbHO COOTBETCTBOBAaJIa TPEOOBAHUAM U
OKUJIAHHSIM KOHEYHBIX TMOJIh30BaTENICH.

Takxke B pamkKax HcclieZJoBaHHsS ObUla MpOBEIEeHA CpPaBHUTENbHAs OICHKA
MPOMYCKHOM CTIIOCOOHOCTH M 3aJepKKU nepenaun naHHbeiXx B ceTsax GPRS, 3G, 4G
u 5G. Jlnsg xaxaol TexXHONOruu ObUIM cOOpaHbl OPUEHTHPOBOYHBIE JAHHBIE IO
ckopoctu (I'6ut/cy 3anepxkke (Mc)IlonyueHHbIC 3HAUSHHUS YCPEAHSITHCH C YIETOM
BO3MOXKHBIX KOJICOAHUN B pEaIbHBIX YCIOBHUSAX dKCIUTyaTanuu. s BU3yaau3anuu
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JAHHBIX MCIOIB30BAJICS METOJI MOCTPOCHHS CTOIOUATHIX TUarpamMm, MO3BOJISIOMINN
HATJISIHO CPaBHUTH KAXKIYIO CETh MO JABYM MapaMerpam. Takoil moaxona mo3BOJINI
000CHOBATh BHIOOP ONTHUMANIbHOM TEXHOJIOTHH CBSI3U.

PesyabTaThl

B nmamnoii pabGoTe paccmaTtpuBaercss pa3paboTka HOBOM  Mozenu
HABUTAIIMOHHOW TUIOMOBI, MpeJHa3HauYeHHOW s obecreyeHus 0e30MacHOCTH
Ipy30B, TIEpEeMENIaeMbIX  Pa3HOOOpPA3HBIMH  TPAHCHOPTHBIMU  CPEICTBAMHU.
OcHOBHOE Ha3Ha4YeHHE JaHHOTO YCTPOMCTBA 3aKIIOYaeTCs B IUIOMOMPOBAHUU
9JIEMEHTOB TPAHCHOPTHBIX CPEACTB, TAaKUX KakK JBEPH, CUCTEMbl 3aKpbIBaHU, a
Tak)Ke CIeNHUaIn3upPOBaHHbIE KOHTEHHEPHI U BaroHbI, BKIIIOUYAs JKEJIE3HOI0POKHbBIC
IPy30BbI€ BaroHbI, IIUCTEPHBI U MITYPBaJIbl BATOHOB-XOMIEpOB. JlaHHbIE ycTpolicTBa
pEerJaMeHTHPYIOTCS CYIIECTBYIONIMMH TPaBHJIaMU TPAHCIOPTHUPOBKU TPY30B U
paccMaTpUBaIOTCS KaK Ba)KHBIE SJIEMEHTHI B CHCTEMax 0€301aCHOCTH, HAIIPABJIEHHBIX
Ha MPe0TBpAIIeHNe HECAHKIIMOHUPOBAHHOTO JOCTYTA K MIEPEBO3UMBIM TOBAPOM.

[Ipumenenne qaHHOW MOJAENHU TUIOMOBI TO3BOJISIET HE TOJIBKO (PUKCHPOBATH
(bakThl BCKPBITUS, HO W 3HAYUTEILHO TOBBICUTH YPOBEHb 3alllUTHl TPY30B OT
HECAaHKIMOHUPOBAHHBIX ~ JEUCTBUN  Oiarogapsi COBPEMEHHBIM  TEXHOJIOTHSIM
KOHTPOJISL. DTO 0COOEHHO aKTyallbHO B CBETE PACTYIIUX TPeOOBaHUI K O€30MaCHOCTH
TPAHCIIOPTHBIX TEPEBO30K Ha MEXKIYHApOJHOM YPOBHE M HEOOXOJUMOCTH
COOJIIOCHHSI CTPOTHX CTaHAAPTOB B 0OJIACTH JIOTUCTHKHU.

[Ipennoxkeno u pa3paboTaHO yCTPOMCTBO HABUTAIIMOHHOW TMJIOMOBI,
KOTOpO€ BKJIIOUYaeT B ce0s yAaponpouyHbli W BJIAro3allMIIEHHBIA KOPILyC.
BHyTpu kopryca pa3MenieH 3JIeKTpOHHBIA OJOK, KOTOpBIM MpencTaBisieT coloit
MOHOJIMTHOE BBIYMCIUTENBHOE YCTPONUCTBO, O0BbEeAUHAONIEE (PYHKIIMH yIPABICHUS
U KOMMYHHUKAIlUM 4Yepe3 BCTPOCHHYIO AaHTEHHY. OHepreTHuYeckas IMOoJCcHUcTeMa
YCTpOICTBa COCTOUT U3 OaTapen U MOy IS AJisg GecripoBoiHOM 3apsaku. KoHTponpHas
CUCTeMa BKJIOYAEeT AATYUK NI MOHUTOPHHTA COCTOSIHUS KOpIyca, TOTOTHEHHBII
JBYMsI TapaMy KaTyIIeK UHYKTUBHOCTH, PA3HECEHHBIX B IPOCTPAHCTBE U CIIOCOOHBIX
K JJIEKTPOMAarHUTHOMY B3aMMOJICHCTBHIO, C OOIIMM MarHUTOMPOBOJIOM, KOTOPBIi
UCTIONHSET (PYHKIIUIO TNIOMOUPOBOYHOTO TPOCA.

DnexkTpoMexaHuyeckuid  OMoK  mIoMObI  OCHAIleH  MeXaHHU3MOM
JNIEKTPOABUTaTEeNsl U 3allOPHBIM MEXaHU3MOM ¢ (UKcaTopoM JJsl  Tpoca,
yIOpaBiIsieMbIM CEPBOMOTOPOM. DTO MO3BOJSET MIIoMOe 00ecrednuTh MHOTOKPaTHOE
UCIIONb30BAaHME MEXaHMUYECKOro »JJeMEHTa IUIOMOMpPOBaHMs, H3TOTOBICHHOTO
U3 CTaJbHOTO TPOCA, KOTOPBIM HHTETPUPOBAH B KOpMHycC YycTpoicTBa. OOMeH
JTaHHBIMU ¢ MHPOPMAIIMOHHBIMU cUcTeMaMu ocyiecTisiercs yepe3 GPRS, a taxke
MpeaycCMOTpeHa BO3MOXKHOCTh ycTaHOBKM FLASH-nmamsatu o6semom 128 Mb unun
KapThl TaMsATH microSD aHamoru4Horo pasmepa.

[Ipumenenne mnporokonma GPRS B kOMOMHHpPOBaHHOM  MoOjyJe
CBS3M TMO3BOJIMJIO OTKA3aThCsi OT HCIOJIb30BAaHUS OTAEIBHOTO MOAYJS 1 6
paanokaHanoB, paboratomux 1o TexHonmoruu 4G. brmarogaps HCHoOnIb30BaHHUIO

GPRS, kotopslii oTiauvaercsi 60jee HU3KOH CTOMMOCTHIO, MEHBIIMMH Ta0apuIaMy
This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 ()
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U SHEPromnoTpedIeHUeM, YAAIOCh CYIIECTBEHHO COKPATUTh pa3Mephbl YCTPOUCTBA U,
COOTBETCTBEHHO, YMEHBIIUTH €0 MPOU3BOICTBEHHBIE 3aTPATHI.

Ha pucynke 1 mpeacraBieHa CTpPYKTypHas cxeMa pa3zpaboTaHHOU
HABUTAIIMOHHOW MJIOMOBI, JEMOHCTPUPYIOIIasi OCHOBHBIE KOMIIOHEHTHI YCTPOHCTBA
U MX B3aMMOCBS3b. JTa CXe€Ma IOKa3bIBaeT PACIOIOXKEHHE OCHOBHBIX AJIIEMEHTOB
BHYTPH YAAPOCTONKUI U BIIaro3alluiieHHOT0 KOPIyca, BKITI0Yast YIEKTPOHHBIHN OJ10K
C KOMOMHHPOBAaHHBIM MOJTYJIEM YIIPABIEHUS U CBSI3U, MEXaHU3MbI INIOMOUPOBAHUS U
KOHTPOJIS, @ TAKXKE CUCTEMY MUTaHUSI.

a) 0)

Puc. 1. PazpabotanHas HaBUTallMOHHAs IIOMOa (2 — CXeMaTHIeCKOe H300paKeHUe
HaBMIallMOHHOM I1JIOMOBI,
0 — MpaKTHYecKas peaan3anus)

Ha pucynke 1 jeranbHO TMOKa3aHa KOHCTPYKLHS —pa3zpaboTaHHOU
HABUTAIIMOHHOM TIJIOMOBI, BKJIOYAromie B ceOst uenblid psii QyHKIUMOHATIBHBIX
3JIEMEHTOB, Pa3MEUICHHbIX BHYTPU yJIapOCTOMKOTO M BJIAro3allMIEHHOr0 KOopIyca
1. BaXHBIM 3JEMEHTOM YCTpPOICTBa SBISETCS AJIEKTPOHHBIA OJOK 8, KOTOpBIN
BBITIOJTHSAET MHOXKECTBO 33/1a4 Ojaroaapsi MHTErpalud KOMOWHUPOBAHHOTO MOMIYJIS
YIOpaBJIEHUS! U CBSI3U C BCTPOCHHON aHTEHHOW 9. DTO yCTpOWCTBO CHOCOOHO HE
TOJIBKO KOHTPOJIUPOBATH MPOLECCHl BHYTPU MJIOMOBI, HO 1 0OMEHUBATHCS JaHHBIMU
C BHEIIHEH HHPOPMAIIMOHHON CUCTEMOIA.

Mexannyeckass 4YacThb IUIOMOBI BKJIIOYAET JJIEMEHT IJIOMOMpPOBaHUS
2, KOTOPBIA CBS3aH C TPOCOM 3. DTOT TPOC SBISIETCS OCHOBHBIM DJIEMEHTOM,
obecreunBarouM (HU3NIECKYIO IETOCTHOCTh TIOMOBI. CrcTteMa Qukcamnuu Tpoca
OCHAII[eHa MEXaHU3MOM 5 C CEpBOMOTOPOM, YTO MO3BOJISIET HAJEKHO OJIOKHPOBATh
WM OCBOOOXAATh TPOC B 3aBHCHUMOCTH OT KOMaHJ ynpaieHus. J[aHHas cucrema
o0yaiaeT BBICOKOM CTENEHBIO 3alUThl OT HECAHKIIMOHUPOBAHHBIX MOIMBITOK B3JIOMA.

gL |

)
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KoHnTponb 3a cocTossHueM KOpIlyca OCYIIECTBISICT AATYUK 7, KOTOPBIH
pearupyer Ha JHOObIEe MOMBITKH €r0 BCKPBHITHS. JTa (YHKIHS KPUTUYECKH BaskHA
JUTSL TIPEIOTBPAILIEHUS] HECAHKIITMOHUPOBAHHOTO JIOCTYIA K COJIEPKUMOMY TIIIOMOBI.
KomOunupoBaHHbIE MOAYNh 8, BKIOYAKIIUNA B ceOS MHKPOIPOrpaMMHOE
yrpaBlieHUE 1 00pabOTKy TaHHBIX, UTPAET HEHTPATBHYIO POJIb B PYHKIIMOHUPOBAHUHU
TIOMOBI, 00ecieurBas ee ornepaTUBHYI0 pabOTOCTIOCOOHOCTD.

[lutanme BceX KOMIIOHEHTOB IUIOMOBI OCYIIECTBISIET akkymymstop 10,
KOTOPBI pa3MellleH BHYTPH KoOpIlyca U CIocoO0eH oOecrnedynBaTh IIUTEIbHOE
ABTOHOMHOE (PYHKIIMOHHPOBaHKE 0€3 HE0OXOIUMOCTH BO BHEIIIHEH Moa3apsaIke. D10
obecreynBaeT HaJCKHOE U JOJITOBPEMEHHOE HCIIOJIb30BAHHUE TUIOMOBI B YCIOBHSIX,
/1€ TOCTYH K HICTOYHHUKAM MUTAHUS OTPAaHUYEH WA OTCYTCTBYET.

TakumoOpa3om,npecTaBieHHass HapUCyHKe | paspaboTaHHasi HABUTAITIOHHAS
wioM0Oa sIBJISeTCS MHOTO(QYHKIIMOHATIBHBIM yCTPOMCTBOM, MpEAHA3HAUYEHHBIM IS
o0ecreyeHnss BBICOKOW cTerneHH Oe30MacHOCTH MpPH TPAHCIOPTHPOBKE IEHHBIX
rpy30B, O1aroaapsi CBOeH MpoyMaHHON KOHCTPYKITHH.

Takxke B paMKax JaHHOTO HCCIEIOBAaHUS ObUIO MPOBEIEHO TECTUPOBAHHUE
pa3paboTaHHON HABUTALIMOHHOW MIIOMOBI C IENIbIO OLEHUTH €€ aBTOHOMHYIO paboTy
IIPU pa3IMYHbIX HHTEpBaJiaX MMepeIayu JaHHbIX, KOTOpas MpeCTaBlIeHa Ha PUCYHKE

2.
30
40
: ' '

Kascdwe 2 Fawcéved Kawcome !  Kawcowe 30

.
= =
B—h ek
== W

(eyTrH)

Bpems agToHoMHOH paboTs
{CyTHH)
(=1

Bpems apToHoMHOH pasoTLl

YICaT YTOT s R
HuTepean nepenatdy JaHHEIX HirTepsan nepenas 1 X
a) 6)

Puc. 2. ABTOHOMHOE BpeMs paOOThl HABUTAIIHOHHOM TTOMOBI TIPH Pa3IMYHBIX HHTEPBAJIAX Mepeladn TaHHBIX
(a — cTaHAApPTHBINA MapmpyT, 6 — KOPOTKHIA MapIIpyT)

HccnenoBanue pasfenuinock Ha aHaIW3 JBYX OCHOBHBIX CIICHApPHUEB:
CTaHJApTHBIE M KOPOTKHE MapUIpyThl MEpeBO30K. (s cTaHAapTHHIX MapLIpyTOB
wiomM0a JAeMOHCTPUPOBAja YBEJIWYEHHOE BpeMsl paboThl MpU pexUMax Iepeaadu
JAHHBIX Kaxjple 2 U 4 yaca, 4TO MOAYEPKHUBAET €€ CHOCOOHOCTh K JUINTENbHOU
pabote 0Ge3 MOMONHUTENBHOW 3aps/IKM, YTO HJIEAIBHO MOAXOAMUT JUIS JalbHUX
nepeBo3ok. [Ipn KOpOTKHX MapuipyTax, TpeOYIOLIIMX 4YacTylo Mepefady JaHHbIX
JUI. TOYHOTO OTCJIEKUBAHHSI MECTOTIOJIOKEHUS Ipy3a, MII0MOa HCII0JIb30BaJIach C

This work is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 @m
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uHTepBaiaMd B |1 vac m 30 MuUHYT. DTO CYIIECTBEHHO YMEHBIIAJIO BpeMs €
aBTOHOMHOM paboTel. Takas wuHOpManMs KpUTUYHA [ JIOTHCTUYECKUX
KOMIIAaHUN TpU HACTPOHKE MapaMeTpoB HABHUTAIMOHHBIX IJIOMO, C Y4eTOM
O0COOCHHOCTEH MapHIpyTOB M TpeOOBaHUM K KOHTPOIIIO 3a TPYy3aMHU.

B pamkax mpoBeIeHHOTO HMCCIIEJOBAHMS TAK)KE€ OBLTM BBIOJHEHBI TECTHI
CUCTEMBbl KOHTPOJISI IIEIOCTHOCTH HaBUTALIMOHHOW IJIOMOBI, HaIlpaBJICHHbIE Ha
OLICHKY €€ CTIIOCOOHOCTH 0OHAPYKUBATh HECAHKIITMOHUPOBAHHBIE MTOMBITKH BCKPBITHSL.
Pe3yabpTaThl 3TUX TECTOB BaXHBI 15 TOATBEPIKICHUS HAZAC)KHOCTH U 3 (HEKTUBHOCTH
TIOMOBI B YCIIOBUSIX PEAIbHOM 3KCIUTyaTalluy U MpeCTaBlIeHbl B Tabnuiie 1.

Tabmuua 1. Pe3ynpTaTsl TECTHPOBAHUS CHCTEMBI KOHTPOJIS IIETIOCTHOCTH HAaBUTAIIMOHHOW TITIOMOBI

Howmep Oo01mee yncio 3auKCUPOBAHHBIC TONBITKA OS¢ dexTuBHOCTE B %
TECTHPOBAHUS HOMIBITOK

Tecr 1 3 3 100 %

Tecr 2 4 4 100 %

Tecr 3 5 5 100 %

D¢ dexTuBHOCTH CHICTEMBI B OOHAPYKECHUN HECAHKIIMOHUPOBAHHBIX JICHCTBUI
nocturia 100 %, moaTBep:kas ee NCKIIOUUTENbHYI0 paboTOCTIOCOOHOCTD IaXe MpH
ydeTe BO3MOXKHBIX MOTPEUTHOCTEH M3MEepeHHid. DTO OAYEPKUBACT HA/ICKHOCTh Ha-
BUTALIMOHHOM TIIOMOBI B ITPEOTBPALICHUN HECAHKIIMOHUPOBAHHOTO JIOCTYTIA.

[Tocne  moarBepkaeHuss  A(PGEKTUBHOCTH  CHCTEMBl  OOHApY>KEHUS
HECAHKIIMOHMPOBAHHBIX JIEHCTBHMH, KakK TOKa3aHO B Tabmume |, WcciuenoBaHue
MEepenuIo K aHaJM3y TEXHOJOTHYECKHX AacCleKTOB pa3MYHBIX ceTel cBsizu. Kax
MIOKa3aHO HA PUCYHKE 3, aHaJIN3 MPOIMYCKHON CIOCOOHOCTHU U 33JIepXKEK B CETAX OT
GPRS 1o 5G obecnieunBaeT eHHbIE TaHHBIE /11 BBIOOPA ONTUMAIbHON TEXHOJIOTUU

JUISL TIepelayu JaHHBIX.

ey
§ 1 = 300
= o
2 08 2
206 & 200
2 5G i :
= 0.4 i ] 3G
100 4G
0.2 A G 1G
A GPRS
0 Tum cetn 0 GPES Tum cetn
a) 0)

Puc. 3. CpaBHUTEIBHBIN aHATM3 CKOPOCTH MEpeiaunl JaHHBIX U 3aJACPIKKH JUIS Pa3IMYHBIX CEeTeH

Ha pucynke 3 mpencTaBieH CpaBHUTCIBHBIN aHATN3 XapaKTEPUCTUK Pa3TMUHBIX
TEXHOJIOTMA MOOWIBHOW CBSI3M, HCIONB3YyeMBIX JUIS TIepeqadyd JJaHHbIX. Jluarpamma
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(a) nemoHcTpupyeT mpomyckHyio crnocoOHocts ceteit (GPRS, 3G, 4G, 5G), raoe
BUJIHO, YTO HamOoJiee HHU3KYI0 CKOPOCTh Iepeaadd JaHHbIX mokasbiBaeT GPRS,
toraa kak 5G obecrneynBaeT MaKCUMAaJIbHYIO POITYCKHYIO CITIOCOOHOCTB.

Huarpamma (6) JEMOHCTPUpPYET 3alepXKKy TMepelayd JaHHbIX IS
yKa3aHHbIX ceTedl. 3aech 3ametHo, yTo GPRS xapakrepusyercs HambOombiei
3aJEPXKKOM, YTO MOXKET HEraTUBHO CKa3bIBaThCS HA CKOPOCTH OOHOBJICHUS
uHpOpMalMu B pealbHOM BpeMeHH. B To xe Bpemsa texnomoruun 4G u 5G
3HAYUTEIBHO CHIDKAIOT 3aJepXkKKy, obecrieunBas Oojiee ONepaTUBHBIA OOMEH
JTAHHBIMU.

Oco0oe BHMMaHue cienyet yaenutb GPRS, Tak kak, HECMOTps Ha HU3KYIO
CKOpPOCTh IE€pellayl U BBICOKYI 3aJ€pKKy, 53Ta TEXHOJOTUs OCTaeTCs
BOCTPeOOBAHHOM B cHCTEMax ¢ OTPaHUMYCHHBIMH TPeOOBaHUSAMHU K 00BEMY JaHHBIX
U aBTOHOMHOCTHU paboThl ycTpoiicTBa. s HaBurammonHoi miomosr GPRS moxer
OBITh ONTUMAJIBHBIM PEUICHUEM B YCIOBHAX, I'JIeé KPUTHYHA 3HEProd(h(HEeKTUBHOCTh
U JUITENBHBIA CPOK aBTOHOMHOU paboTsl (Wang u np., 2022: 56-78; Gonzalez u
ap., 2023: 98—120). B paMkax gaHHOTO MCCIEAOBAHUS TaKKe ObLI MPOBEJEH OMPOC
cpeau paboTHUKOB MHCTUTYyTa KOCMHUYECKOW TEXHUKU U TEXHOJOTHH, PE3yJIbTaThl
KOTOPOTO MPEACTABIEHBI HA PUCYHKE 4.

JlerkocTe KPETLICHHA

TToHATHOCTE HHCTPVEINH

Obungi vpoEeHe yIobCcTEa

05% 06% 7% 08% 00% 100%

TIpomeHT MONO#MTENBHEIX OT3EIECE, %o

Puc. 4. Ouenka nokasatesneil y1o0cTBa HCIOIb30BaHHUS HABUTAIMOHHOM MII0MOBI

Takum oOpa3oM, Ha pHUCyHKEe 4 TOKa3aHbl pe3yJbTaThl OMpOCa MO TPEM
napameTpam ynoOCTBa HCHOJb30BAHWS HABUTAIIMOHHON IUIOMOBI: JIETKOCTH
KPEIUICHUs, TMOHSATHOCTH WMHCTPYKIMA M oOmemMy ypoBHIO ymobctBa. CoriacHo
NOJYYCHHBIM JIaHHBIM, OOJIBIIMHCTBO PECIOH/IEHTOB BBICOKO OLIEHWJIM BCE TpPHU
napameTpa: MoKas3aTesd MOJIOKHUTENIbHBIX OT3bIBOB Bapbupytotcs oT 97 % mo 100
%, 4YTO CBHIETENBCTBYET O TPOJYMAaHHOW KOHCTPYKUUH pa3zpaboTaHHOU
HaBUTAI[MOH-HOH MJI0MOBI M yI00HOM HHTep(delice ee IKCIUTyaTal|H.

Tem He MeHee, ocTaercs HeOOJNbINAsi JOJIA TOJb30BATENEH, OTMETUBIIMX
oTpeieIeHHbIe CIOKHOCTH. OHM MOTYT OBITh CBSI3aHBI C OCOOCHHOCTSIMA MOHTa)Ka
TUIOMOBI Ha pa3IMYHBIX THUIIAX TPAHCIIOPTHBIX CPEICTB. DTH 3aMEUaHUs yKa3bIBAIOT
Ha HEOOXOIMMOCTb OTMOJHUTEIHHOIO H3YyYEHHs I0JIb30BATEIBCKOTO OIbITA, a
TaKXKe Ha BO3MOXHOE COBEPIIEHCTBOBAHME KaK KOHCTPYKTHBHBIX 3JIEMEHTOB
YCTPOHCTBA, TaK W €ro MpoOrpaMMHOro obecredeHus, 4ToObl eme Oonee
YIPOCTUTH TPOLECC YCTAHOBKU M UHTETPALIUHU B IOTUCTUYECKHE TIPOIIECCHI.

Oobcyxnenne
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PaspaboranHasi HaBHranuMoHHas IUIOMOa TOJHOCTBIO  COOTBETCTBYET
TpeOoBaHUsM, ycTaHOBJIEHHBIM penienneM CoBera EBpasuiickoil s5KOHOMHYECKOU
komuccun ot 4 wuronsg 2023 roma Ne 75, mpeabsBIsIeMbIM K YCTPOWCTBaM,
MpelHa3HaYeHHBbIM JJI1 OTCIE)KUBAHMSI TPAHCTPAHUYHBIX TIEPEBO30K TPY30B B
pamkax rocynapcts-uieHoB EADC. Pa3paboTaHHoe yCcTpOHCTBO 00JiafaeT psaoM
O0COOEHHOCTEH, KOTOphIE JIENAa0T €r0 UCKIIOYUTEIBHO HA/IeKHBIM B AKCILTyaTalluu
1 3(¢(HEeKTUBHBIM B PEHICHUH MOCTABJICHHBIX 3a/1a4 M0 KOHTPOJIO U 0€30MacHOCTH
MEPEBO3UMBIX TOBAPOB.

PesynbTarhl uccienoBaHusi MOTYT ObITh MPUMEHEHBI B cdepe JIOTUCTUKH,
KOHTPOJISI ~ TPAHCHOPTHBIX  CPEACTB M MEKIYHAPOJIHBIX  TPy30MEepPEBO30OK.
Pa3paborannas HaBUTalMoHHas MI0M0a COOTBETCTBYET TpeboBanusM EBpazuiickoit
HKOHOMUYECKON KOMUCCHUU U MOKET OBITh UCTIOJIb30BaHa /1715l 00ecreYeHHs KOHTPOJIsS
MepeMeIeHuUs TPY30B, IPEIOTBPAIICHUS XUIICHUH 1 ONTUMHU3ALNN JTOTUCTHUECKHUX
nporueccoB. BriGop mpoTokona CBSI3M U peKHMMa Mepeaddl JTaHHBIX MOXKET ObITh
aJIalTHPOBaH B 3aBUCHMOCTH OT KOHKPETHBIX YCIOBUH TMepeBO3KH (TOPOACKUE
MapIIpyThl, MEKIYHApPOIHbIE MEPEBO3KU, KOHTPOJIb KOHTEHHEPOB Ha YAaEHHBIX
TEPPUTOPUSIX).

Takum o0pazom, pa3paboTaHHas HaBHUTAIlMOHHAs TIJoMOa HE TOJBKO
COOTBETCTBYET BCeM HOpMAaTHUBHBIM TpeboBanusiMm EADC, HO U MPEeBOCXOAUT UX
Omarojaps BHEAPEHUIO TMEPEAOBBIX TEXHOJIOTUH M MaTepuasoB, YTO JENacT ee
HE3aMEHHUMBIM HHCTPYMEHTOM B COBPEMEHHOM JIOTUCTUYECKOI HH(PACTPYKTYpeE.

OnHako OrpaHMYEHHUSIMH JAHHOTO WCCJIENOBAHUS SBISIOTCS HECKOJBKO
(bakToOpoB, KOTOPHIE MOTJIU MOBIUATH HA TOYHOCTh U JOCTOBEPHOCTH MOITYYEHHBIX
pe3ynbTaTtoB. Bo-mepBhIX, TECTUPOBAHUE CUCTEMBI MPOBOAUIIOCH B J1a0OPaTOPHBIX
U  KOHTPOJHMPYEMBIX YCJIOBUSAX, UYTO HE TMOJHOCTHIO OTpa)xxaeT peanbHbIe
AKCIUTyaTallMOHHBIE YCJIOBHUS, TaKHEe KaK HaJM4Yhe PaJuoOINOMEX, TeMIlepaTypHbIE
nepenagbl W MEXaHWYECKHE BO3JCUCTBUSA, KOTOPHIM MOXKET MOABEPraThCs
HABUTAIIMOHHAs MoMO0a B MpoIlecce TPAaHCIOPTUPOBKHU. BO-BTOpHIX, Mpu aHanM3e
MPOIMTYCKHOM CMOCOOHOCTH M 3aJep>KKH Tepeadyd JIaHHBIX HCIOJIb30BaIUCh
yCpeIHEHHbIE 3HAYEHUs, OCHOBaHHBIE HAa TEOPETHMUYECKUX JAHHBIX U pe3ylbTaTax
MpeIbIAyIINX uccueaoBanuii. OnHako hakTUYecKre MoKa3aTeIu MOTYT 3HAYUTEIbHO
BapbUPOBATHCS B 3aBUCIMOCTH OT YPOBHS CUTHAJA, 3arPy>KEHHOCTH 0a30BBIX CTAHIIUI
U XapaKTepUCTHK CETH KOHKPETHOro omeparopa. B-tpeTbux, o0beM TecToOB Ha
BCKPBITHE IJIOMOBI OB OTpaHUYeH HEOOBIITNM KOJTMYECTBOM MOMBITOK (0T 3 110 5 pa3
B KaX/IOM 3KCIIEpUMEHTE), UTO TpeOyeT AaabHEHIIero pacumpeHHOro TECTUPOBAHUS
B PAa3NUYHBIX CIEHAPHUIX BO3MOKHOTO HECAHKIIMOHUPOBAHHOTO BO3JIEHCTBUSI.
Otu QakTopbl HEOOXOIWMO YUUTHIBATH MPHU JATbHEHIIEM COBEPIICHCTBOBAHUU
YCTpOICTBA U IPOBEJICHUU TONOJTHUTENBHBIX UCIIBITAHUHN B TIOJIEBBIX YCIOBHSIX.

3akiioueHue

B xozne mpoBeneHHOro uccienoBaHus pa3paboTaHa HaBUTAlMOHHAs MoMOa
HOBOTO MOKOJICHUSI, 00J1aaromas y1apoCTOMKIM U BJIaro3alluIeHHbIM KOPITYCOM,
MHTETPUPOBAHHBIM JJIEKTPOHHBIM OJIOKOM YIpaBIEHUS U CBS3U. TecTUpOBaHUE
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CUCTEMBI KOHTPOJIS LIETOCTHOCTH TipoAeMoHcTpupoBaiio 100%-Hyro 3¢ hekTUBHOCTH
B OOHapy>KEHUH HECAHKI[MOHHPOBAHHBIX IMOMBITOK BCKPBITHUS, YTO MOATBEPHKIAET
BBICOKHI ypOBEHb 3allIUTHI MEPEBO3UMBIX I'py30B. [IpoBeeHHbBIN CpaBHUTEIbHBII
AQHAJIU3 CETEBbIX TEXHOJOTMM BBISIBUJI, YTO HECMOTPS Ha OTpaHUYEHHYIO
MPOMYCKHYIO CIMOCOOHOCTh M BBICOKYIO 3a7epkKy y GPRS, nannas texnomorus
OCTaeTCsl ONTHUMAJbHBIM peIllIeHueM il o0ecredeHus IMTEIbHOW aBTOHOMHOM
paboTsl ycTpoicTBa. Pe3ynmpTaThl ompoca, MPOBEIEHHOTO CPEeAd COTPYIHUKOB
HMHCTUTYyTa KOCMUYECKOW TEXHMKH M TEXHOJIOTHUM, MOKa3aldu BBICOKUH YpOBEHBb
YAOBJIETBOPEHHOCTH YI00CTBOM 3KCIUTyaTallud HaBUTAIMOHHOW TIOMOBI (oT 97
% no 100 %), 94TO CBHUIETENBCTBYET O MPOAYMAHHOW KOHCTPYKLIHMU M TPOCTOTE
UHTETpali YCTPONUCTBA B CYIIECTBYIOIIME JOTHCTUYECKHUE IMPOLIECChI, HECMOTPS
Ha BBISIBIICHHBIE OTAENbHBIE CIOKHOCTH, CBSA3aHHBIE C MOHTA)XOM Ha Pa3IUYHBIX
TUTAX TPAHCTIOPTHBIX CPeACTB. TakiKe /ISl MOBBIIICHHS] TOYHOCTH JIaHHBIX O padboTe
YCTPOICTBa CieIyeT MPOBECTHU TOTIOTHUTENbHbBIE UCIIBITAHUS B PEAIbHBIX YCIOBHSIX,
C y4eTOM BIUSHUS PAAMONOMEX, TEMIEPATYPHBIX MepenajgoB M MEXaHUYECKUX
BO3/ICHCTBHI, YTO MO3BOJIUT ONTUMHU3ZHPOBATH CHCTEMY KOHTPOJS IEIOCTHOCTH.
Kpome Toro, menecoobpazHo MpeaycMOTPETh BO3MOKHOCTh THOKOW HACTPOMKH
napaMeTpoB Mepeiayil IaHHBIX, POBO/Is BEIOOP TEXHOIOT Uil CBSI3U B 3aBUCUMOCTH OT
cnenudukyd MapupyToB. Takke BaKHO yCOBEPIIIEHCTBOBATH MOHTAXKHBIE 3JIEMEHTHI
u uHTepdeiic cucTeMbl MOHHMTOPHUHIA, YTO MO3BOJIUT YCTPAHUThH BBHISBICHHbBIC
CJIOHOCTH U MOBBICUTH YAOOCTBO 3KCIUTyaTalluu. TakuM 00pa3oM, MpeicTaBIeHHbIE
pe3yNbTaThl UCCIEAOBAaHUS JEMOHCTPUPYIOT, YTO pa3paboTaHHAsh HABUTAIIMOHHAsS
wioM0Oa SABIAETCS HAAECKHBIM U 3(PQPEKTUBHBIM HHCTPYMEHTOM Ui TMOBBIIICHHS
0€30MacHOCTH IPy30MEPEBO30K.
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