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AHHOTaLMsA

B maHHOU cTaThe pacCMaTpHBAaKOTCS TeOpeTUUeCKHe aceKThl U NPaKTUUecKoe NpUMeHeHNe
npoTtokosia LoRaWAN B pa3nuuHbix cdepax, BK/IOYass MeAWLUHCKHE TeXHOJOTMU M CUCTEMBI
Wnrepueta Beweli (IoT). OcHoBHOe BHUMaHMe ypensieTcss xapakrepuctukam LoRaWAN, ero
nperMylllecTBaM M OrpaHUUYEHMsIM, a TakKe TIepcrekTvBaM pasBuTus. Ha ocHoBe aHammsa
CYI[ECTBYIOIIMX pelleHUd, B ToM uMcie Iiatdopmbel CubeCell, ob6cyxzmatoTcss TpUMepsI
TIPUMEHEHHs1 [JaHHOW TeXHOJIOTHH, BKJIOUasi MeTO/bl HEMHBAa3WBHOTO MOHWUTOPWHIA YPOBHS
IJIFOKO3BI.

Brenenne

LoRaWAN (Long Range Wide Area Network) sBnsercs ogHum wu3 Haubosee
TIepCIIeKTUBHBIX TPOTOKOJIOB OecripoBogHOM cBsi3u it [oT. Ero OCHOBHBIE TpeuMyIecTBa
BK/TFOUAIOT HU3KOe HeprornotpedsieHne, IMMPOKUI OXBAT U BBICOKYIO TMPOIMYCKHYIO CIIOCOOHOCTH B
YCJIOBUSIX HU3KOUYACTOTHOTO CIIeKTpa. B nmocieHee fecsituieTye TeXHOMOTUS aKTUBHO BHeIPSIETCS B
pa3/uuHble 00/1aCTH, OT YMHBIX T'OPOZIOB [0 MEAWIMHBI, UTO JejaeT e€ Ba)KHBIM 3/IeMEHTOM
Lu¢poBoy TpaHchopMaruu [2].

[Tprumenenvie LoORaWAN B MeJULIMHCKUX CUCTEMAX.

OpHMM W3 aKTyasbHBIX HarpaB/ieHWM ucronb3oBaHuss LoRaWAN sBisieTcss MeJULMHCKAN
IoT. Tlpumepom cmy»<aT YCTpPOWCTBa [J/s1 HEWHBAa3WBHOIO MOHUTOPUHIA YPOBHS TJIFOKO3bI,
ucrionb3ytoiye Tmatrpopmy CubeCell. [IaHHble cuCTeMbl TI03BOJISIIOT TallieHTaM M BpauaM
nojyyatb WH(OPMAI[MI0 B DPeXHUMe peaslbHOTO BpEeMeHH, CHIKas HeOoOXOAMMOCTbh YaCThIX
MOCeIlleHU MeIULIMHCKUX YUPeXXIeHUN.

OcHoBHbIe xapakTepucTuki LoRaWAN.

[Tpotokon LoRaWAN ocHOBaH Ha TeXHOJIOTHH LIMPOKOII0/1I0CHOM Moy isituu Chirp Spread
Spectrum (CSS), obecrieurBaroIeli BBICOKYIO YCTOHUMBOCTb K IYMy W OOJBIINYIO [JaJbHOCTh
niepeziauu JaHHbIX. KmtoueBbie ocobeHHocT LORaWAN:

Huskoe »sHepromoTpebieHre — YCTPOWCTBA MOTyT paboTath OT Oarapeii B TeueHue
HECKOJIbKUX JIeT.

[lanbHOCTH CBSI3K — 10 15 KM B Ce/TbCKOW MECTHOCTH U /10 5 KM B FTOPOJICKOM CpeJe.

[Mogpep)kka MaciTabupyembiX ceTeill — BO3MOYKHOCTb TIOAK/IIOUEHUSI ThICSY YCTPOWCTB K
O/IHOM CeTH.

be3ormacHocTh — ucronb3opadue 128-6utHoro AES-mmmdbposanus [3].

[TnaTdhopma CubeCell.

[Tnata CubeCell, paspaboranHast kommanueit Heltec, npescrapiseT co00if KOMITAKTHOE M
5Hepro3pdekTrBHOE  YCTPOWCTBO, TMpeAHa3HaueHHoe [y pa3pabotku loT-pemeHuit c
ucriosnib3oBaHueM LoRaWAN. OcHOBHBIe XapaKTepUCTUKU:
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OcHoBaHa Ha MUKpOKOHTposuiepe ASR6501, KoTopeiii oObeaunsier LoRa-moayne wu
TpoLieccop.

[Togmep>kka HU3KOTO SHEPrornoTpeb/ieHus, uTo JesiaeT eé WeaJbHOW /i aBTOHOMHBIX
CEHCOPHBIX CUCTEM.

Bcrpoennsiii LoRa-TpaHcuBep it 6eCripoBOfHOM repefiaun JaHHbIX.

'MOKOCTb B TIOAK/IIOYEHWM JATUYMKOB, BK/IIOYAs ONTUYECKHWE CEHCOphbl, UTO JesaeT eé
TIOAXO/ASIIIeN [/l CUCTeM MOHUTOpHHra [4].

MeTto/11iKa HCC/ieJOBaHUM

Br160p MeTo/ia He MTHBa3WBHOT'O MOHUTOPUHI'A YPOBHSI IVIFOKO3BI.

Cy1ecTByeT HeCKOJIbKO METOJ0B He UHBA3MBHOI'O M3MepeHUs! YPOBHS IJIOKO3bl, KOTOPbIe
OT/INYAIOTCS IPUHLIAIIOM paboThl ¥ TOUHOCTHIO (Tabsmia 1):

NIR-CrieKTpoCcKomnus — aHa/Iu3 OTPaKEHHOT0 UH(PAKPaCHOTO U3Ty4YeHusl.

brvoumnenaHcHbIM aHamM3 — H3MepeHue CONpPOTHB/IEHWs TKaHed OpraHvsMa IIpU
TIPOIYCKaHUM €/1ab0ro 3/1eKTPUYEeCKOro TOKa.
PaguouacToTHble MeTOZABI — HCIIO/Ib30BaHWE 37eKTPOMAarHUTHBIX BOJH [iIS1  OLIEHKU

KOHI[eHTpAl[1H TJIFOKO3bI [1].

Tabsuria 1. CpaBHeHMe MeTO/IOB HEMHBAa3WBHOTO U3MEPEHHsI TJIFOKO3bI

Metop [TpuHuMn IIpeumyiijecta Hepnocratku
paboThI
NIR- Ananus Be3bosie3HeHHOCT UyBCTBUTENIBHOC
CTMEKTPOCKOMHUS TIOTJIOILIEHUSI b, BBICOKAsi TOUHOCTb Tb K BHEIIIHUM YCJIOBUSIM
HMH(PaKpPacHOTo
U3/Ty4YeHUsT KOXKel
buoumneancH Nsmepenne IIpocroTta OrpannueHHast
bIM aHa/TN3 CONPOTHUB/IEHUS peanusaluy, HHU3Kasl | TOYHOCTh
TKaHel opraHmusMa CTOMMOCTh
PagyiouacToTHBI Ncnonb3oBaH Bricokas Bricokue
€ METO/bI Ve PpaZMOBOMH [JIsl | IPOHUKAIOLAs TpeboBaHUS K
aHasv3a TKaHe CTIOCOOHOCTH KambpoBKe

Cnexktpsl KpoBu B NIR-nuanasone.

CnekTpsbl nornoieHus: KpoBy B Aramna3oHe 900—1700 HM MoKasbIBarOT, YTO IJIFOKO3a UMEET
BbIp@)KEeHHbIE TIOJIOCHI MOTJIoeHuss B Auarna3oHax 950-1050 um u 1550-1650 HM, uTO [esnaet
BO3MOJKHBIM €€ [1eTeKLMI0 C MOMOLbI0 COOTBETCTBYHOIUX CEHCOPOB. Ba)KHO yuMThIBaTh, UTO BOJa
(H,0) Ttakke wuMeeT cuIbHBIe TOf0Chl TorsomeHusi B NIR, uTo TpebyeT WCIO/Ib30BaHUS
CrieL{Ma/bHBIX aJITOPUTMOB KOppeKimH [1].

OCHOBHBIEe XapaKTepUCTHKHU MOTJIOLeHUsI KPOBU B Pa3/IMYHBIX CIIEKTPAIbHbIX AUara30oHax:

Y® (200400 BM) — akTtuBHO mornomatoT Oenku, THK u HekoTOpble opraHhYecKue
COeJJMHEeHMUS.

Bugumeiii  (400-700 HM) — B OCHOBHOM OTpeJe/isieTCs TreMOrj00MHOM, pa3HHWIla B
nornowenny Hb u HbO2 ncrnonb3yeTcs B My IbCOKCUMETPUM.

bmwxkuuii UK (700-2500 um, NIR) — katoueBOl [uaria3oH Jjisi aHaau3a BOJbI, TJTHOKO3bI,
JUIUAJ0B U OenKoB.

Hatuviku a5t NIR-CieKTpoCKOMNUu.

[nst v3MepeHUs ypPOBHSI TJIFOKO3bl HCIOMb3yOTC cBetoauosl (LED) u doToauopsl,
paboTarorue B Auamnazoxne 9001700 HM:
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OSRAM SFH 4735 — auamna3od 1300-1450 HM, yacTo mMpuUMeHsieTCsI B OMOMeIUIIMHCKUX
YCTPOMCTBAX.

Hamamatsu G1738 — doTtoguoz ¢ auariazoHoMm 900—1700 HM, BbICOKasi UyBCTBUTE/IbHOCTb.

Excelitas VTB1012BH — ¢oTozeTeKTop A/ MeAULIMHCKUX U3MepeHU.

Vishay VEML7700 — faTuuk /st usmepeHust iHTeHcuBHOCTH MIK-cBeTa.

Wcnonb3oBanne LLoRaWAN B 3THX CHCTeMax II03BOJIsIET 00eCreunTh OecrpoBOAHYHO
nepejiauy JaHHbIX C CEHCOPOB B peajlbHOM BpEMEHM, UTO [e/aeT BO3MOXXHBIM HeMpepbIBHbIN
MOHHTOPHHI COCTOSTHUS TaljeHTa 6e3 Heo6X0AMMOCTH UHBA3UBHBIX TIpoLieyp (PUCYHOK 1).

LoRaWAN' |

CubeCell

Gluose
Sensor

PucyHok 1. CTpyKTypHas cxema CUCTeMbl HeMHBAa3UBHOI'O MOHUTOPUHIA [VIFOKO3bI HA OCHOBE
NIR-criektpockoruu ¥ LoRaWAN

O6ocHOBaHKe

B manHo#t paboTe BbIOpaH MeTOJ, CIIeKTPOCKOIHU B OyKHEM WH(paKpacHOM Auaria3oHe
(NIR), Tak Kak OH IO3BOJIsIeT IO/y4YaTb TOUHbIE pe3y/bTaThl 0e3 HeoOXOAWMOCTH WHBA3WBHBIX
nporieayp. CubeCell, 6maromaps cBoeil TMOAJEP)KKE Ppa3/AYHBIX [JaTUMKOB W HHU3KOMY
SHeproroTped/IeHHI0, UieanbHO MOAXOAUT AJisi paboTel ¢ NIR-ceHCcOopamu, UTO [leflaeT 3TOT METO/
HanbosIiee ONTUMAaJTBHBIM st uHTerpaiui ¢ LoRaWAN [4].

Bri160op onTuManbHOM 06/1aCTH U3MepeHwUsl.

711 MOCTV>KEHUS BBICOKOW TOYHOCTU M3MEPeHH BaXXHO BBIOPATh MOAXO/SIIYIO 30HY IS
NpocBeurBaHus (Tabsuiia 2).

Tabnuria 2. CpeHsisi TOMIIMHA KOXKU B BBIOPAHHBIX 00J1aCTsIX

Ob6nacth TonmuHa KoXxu OcobeHHOCTH
(M)

Mouka yxa 0.5-0.7 TOHKMI C/10H, XOpOLLIUI KPOBOTOK

KoHuuk nasnela 1.0-2.0 Karmmnnsipel  6/1M3KO, HO BO3MOXKHBI
oMOKY U3-3a JIaBJIeHUs

IIpenmieuse 1.0-2.5 MeHbllle COCYZIOB, HO CTaOWIBHBIN
CUTHa/

Me>xnasnblieBble 0.8-1.5 ToHKasi Ko)Ka, HO BO3MOXXHbI BHeIITHHe

obmactu TIOMEeXU
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3ak/roueHue

Bri6bop MeTtoga NIR-criekTpockonuu B couetanuu ¢ Tuiatdopmoii CubeCell 1 LoRaWAN
TIpe/ICTaB/sieT OO0 MepCIeKTUBHOE PellieHue /i HEMHBAa3UBHOTO MOHUTOPUHIA YPOBHS T/TFOKO3bI.
ITaHHBIA TIOAXO[ T03BOJIIeT pa3pabaThiBaTh KOMIIAKTHbIE, 3HEPro3(hdeKTUBHbIE W AOCTYITHBIE
YCTPOKMCTBA, KOTOpPbIE MOTYT TIPUMEHSTHCSA KaK B MEAULUHCKUX YUPEXKIEHUSX, TaK U B JOMAIIIHUX
yCJIOBUSIX.

Byayuue uccnenoBaHvsi OyAyT HaripaB/ieHbl Ha OMTUMH3ALMIO aJrOPUTMOB 00pabOTKU
CUTHA/IOB ¥ TIOBBIIEHWE TOYHOCTU W3MepeHUM C Y4YéTOM B/MsSHUS BHEIIHUX (HaKTOpPOB
(TeMriepaTypbl, YpOBHS TMApaTaliiu U T. [1.).
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KABBUTJAYBIIII AHTEHHAJIAP/IbIH )KX¥MbIC ITPUHIIUIITEPI MEH
TEXHUKAJIBIK CUIIATTAMAJIAPBIHA IIOJIY

Tanraryibl AMaHal
’KymabaeBa Asya Bel0TKbI3b1
amanaitalgatuly@mail.ru
JLLH. T'ymuneB atbiHzarbl Eypasust YITThIK YHUBEPCUTETI
«6B06219-PagroTexHuka, 371eKTPOHHKA KoHe Te/IEKOMMYHHUKALHsI» OKBITY
Oarjap/iaMachIHbIH 1- KypC CTyeHTTepi
Fouibivu ketekini — KanbivMrasuesa U. A.

Ka3ipri 3aMaHFbI TeJIeKOMMYHHUKALUS JKylienepiHe KaObUIaFbIlll aHTeHHAaIap MaHbI3/bI Pel
atkapazibl. Ojiap /1eKTPOMAarHUTTIK TOJMKbIHAAPABI THiIM/i KaOblIar, oapbl paJuoKa0bUIAaFbIIIT
KYPBbUIFbL/IapFa JKeTKi3e[i. AHTeHHaHbIH >KYMbIC THUIMZIIICL OHBIH, TEXHUKA/bIK MapamMeTprepiHe,
COHBIH, ilIiHZIe THIM/Ii Y3BbIHABIFbIHA OAMTAHbICTHI.

Kabbingayiiiel aHTeHHa/IapblH MaHbI3bl TEXHUKAJIBIK CHUIaTTaMasnapbl — KYMbIC iCTeUTiH
JKULTIK auana3oHsl. Meicanel, FM anteHHanapsl 87,5-108 MI'L UK [gUara3oHbIHAA KYMBIC
icTeizi, TeneBU3UAIBIK aHTeHHasmap 48-862 MI'Ll auama3oHbIHZA CUTHAM KaObLimauael, Wi-Fi
anteHHanapsl 2,4 I'T'n xaHe 5 [Ty quanasongapeiy, an GPS antenHanaper 1,227 I'T'y xane 1,575
[Ty >kuinikTepiH makjanaHaZibl. AHTeHHaHbIH, KOJJAaHY cajacbl OHBIH JKYMBIC >KULJIIriHe
OalinaHbICThI aHBIKTAAAbI [1].

AHTeHHaHBIH, Tarbl 0ip MaHBI3Jbl TTapaMeTpi — OaFBITTHIK JUarpaMMachl. bap/biK OaFbITThI
KaOBI/IJalThIH aHTeHHasIap (MbICasibl, aBTOKOJTiK aHTeHHas1aphl) Oap/bIK OaFbITTaH CUTHAJ KaObligai
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