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XMeNbHUIBKHIT HAlIOHAIBHU YHIBEPCUTET

PO3POBKA ITPOT'PAMHOI'O 3ABE3ITEYEHHS PEAJIIBALIL AJITOPUTMY
KPUNITOI'PA®IYHOI'O HEPETBOPEHHSI B IPONECOPHUX CHCTEMAX
JJIsA CUCTEM IHTEPHETY PEYEH

IIpucmpoi InmepHemy peveli nocmynogo po3wupowms 30Hy €8020 3acmocysaHHsl. [lpucmpoi sukoHytoms 3adayy
360py iHgopmayii, HakonuyeHHss ma nepedavy 0o [HWuUX npucmpois i3 3acmocysaHHsM Opomosux ma 6e30pomosux
mexHos0eitl. [lokazaHo, wo das npucmpois IoT makodc Moxicymsb sucmasasamucs sumozu wodo 3abeaneyeHHs HadiliHocmi
ma kpunmocmiilikocmi daHux. /[las peanizayii 3a0ayi wu@pysaHHs MOHCYMb BUKOPUCINOBY8AMUCH SIK CUMEMpPUYHi, mak i
acumempuyHi npomokKo/u. 3anponoHO8AHO BUKOPUCMO8Y8AMU ACUMEeMPU4HULl NPOMOKOA HA 6a3i eainmuyHuUx kpusux. B
pobomi eUKOHAHA OYIHKa anapamuux sampam 045 peaaizayii 610Ky kpunmozpag@iyHo20 nepemeopeHHs i3 3acmocy8aHHAM
8- ma 32-6imHux koHmposepig 01 kaouie dosxcuHorw 32 ma 64 6imu ma pizHux 6s40kie daHux. [lokasaHo npakmu4Hy
MOKHCAUBICMb BUKOHAHHS makoi po6omu.
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IMPLEMENTATION OF CRYPTOGRAPHIC TRANSFORMATION ALGORITHM
IN PROCESSOR SYSTEMS FOR THE INTERNET OF THINGS

Devices for Internet of Things are gradually expanding their scope. Those devices perform the task of collecting information,
accumulating and transmitting to other devices with use of wired and wireless technologies. It has been shown that IoT devices can also be
required to ensure the reliability and cryptographic stability of data. Both symmetric and asymmetric protocols can be used to implement
the encryption task. Block encryption is a substitution based on the block alphabet, which can be mono- or polyalphabetic. Block symmetric
encryption is most widely used in the transmission of information over the network, including for packet exchange systems.

It is proposed to use an asymmetric protocol based on elliptic curves. To assess the potential performance of data processing
algorithms by the encryption algorithm, you need to determine the actions that use the most CPU time. Such actions include operations of
bringing in a degree. To sum up, algorithms are used, the purpose of which is to perform actions on short numbers, the bit size of which is
proportional to the bit size of the processor system. Processing time of alphabet values for 8-bit controllers defined. The paper estimates the
hardware costs for the implementation of the cryptographic conversion unit using 8-bit and 32-bit controllers for 32 and 64 bits length keys
and for different data sizes blocks. ZigBee modules often work in the mode of interval data transmission, such as transmission in the interval
of minutes or even hours, in which case, it is established that the 8-bit controller will provide work on encryption and its transmission to the
main module. The practical possibility of performing such work is shown. It is seen that the use of 32-bit architecture allows us to archive
more than 70 times speed advantage.

Keywords: cryptosecurity, asymmetric encryption.

Beryn

CroronHi y cBiTi y chepi nepemadi indopmarlii Bu3HaumMIacs CTabilbHA TEHACHIIS HA MOCHICHHS PO
TEeXHIYHUX 3aCO0IB 3aXHCTy NaHWX. TeHIEHIlS 30BCIM HE BHUIAIKOBA: HEOTHOPA3OBi IOCHIHKEHHS B 00NACTi
Oe3meKn TaHuX MMOKa3alld, 0 BUKOPUCTAHHS TEXHIYHUX 3aCO0iB i3 eleMeHTaMu Kpunrorpadii T03BoJsE 3BECTH 10
MiHIMyMy a00 BHKIIOYNTH HETATUBHHH BIDIMB caMoOl HEHaJiiiHOI JaHKW B cucTemi Joguad. [Ipu mpomy,
OpraHizamliss PO3MONIICHOT MepeXi KOHTPON 1 Iepemadi 3a JJOTOMOTOI0 TEXHIYHHX 3aco0iB  0OXOTUTHCS
CIIO)KMBAYEB] 3HAYHO JIENIEBIIE, a HAAIHHICTD 11 BUIIA.

IcTropu4HO, TP CTBOPEHHI CHCTEM pO3MOIINICHOTO KOHTPOJIIO OCHOBHA yBara NPUAUIAIACA TaKUM
acIeKTaM, sK:

- aBTOMAaTH3aIlifl, SKa JO3BOJISIE 10 MIHIMyMY CIPOCTHTH MPOIIECH BBEICHHS OO0'€KTIB Il OXOpOHY,
CKOPOTHTH OOCITyrOBYIOUHIA MEPCOHA; CYTTEBO CKOPOTHTH KIUJIBKICTh HENPABIMBUX TPUBOT Yepe3 BTPy4YaHHS B
poboTy cuctemu;

- KOHTpPOJIb KaHaly 3B“I3Ky, IO 3abe3meuye BHUCOKY IOCTOBIPHICTH Mepelnadi i BHUKIIOUAE BTpaTy
BXJIMBOI iHpoOpMaIlii;

- po3poOka MIMPOKOi raMMH OO'€KTOBMX NPHUCTPOIB 3 PI3HUMH (YHKIIOHAIFHUMH 1 CEPBICHUMH
MOXITUBOCTSIMH, 1110 JI03BOJISIOTH 3a/{0BOJILHATH MOTPEON HAHIIMPIINX BEPCTB HACEIICHHSI.

ToMmy B HUISX MOJATBIIOr0 PO3BUTKY 1 BJOCKOHAJICHHS cHCTeM 300py Ta nepenadi iHdopmanii 10 HOBHX
PO3pOOOK OCTAHHIM YacoM HpeJl IBIISIIOTHCS 10JaTKOBI BUMOTH:

- IMITOCTIHKICT 1 KpPHUITO3aXHCT, CHCTEMH, IO 3a0e3MedyloTh CTIHKICTh O HECAHKI[IOHOBAaHOT'O
«0bx01ry» 1 00yMOBJIEHI TOSBOIO «KBali(hiKOBaHUX» BTpy4aHs (puc. 1);

- BHCOKa iHQPOPMATHUBHICTH CHCTEMH, 110 3a0e3nedye GOpMyBaHHS CUTHANIB PO BTPYYAHHS B CHUTBHUH
MOTIK TAaHUX MEPExi;

- MOXJIMBICTH iHTerpariii CHCTEMH 3 ONITOBOJIOKOHHHUMH KaHAaJaMH 3B'A3KYy, 0OyMOBJICHa BBEJCHHHSM B
eKCILTyaTallito MmiIIpHEMCTBAMH 3B'SI3Ky HOBUX MU(PPOBUX TEXHOJIOTIH mepeaadi iHdopMmarrii;
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- yHidikaIis CTBOPIOBAHUX TEXHIYHUX ‘ ’ ‘ | ‘ ‘
3ac00iB, TOOTO MOMJIMBICTH O0'€HAHHS PI3HUX M4 M3 M2 IV|1 MO

IPUCTPOIB B €AVHUA IPOrpaMHO-anapaTHUN
KOMIUIEKC 300py Ta nepenaui indpopmarii.

I
Onni 6 i iif, bitN| ... |bit3|bit2 | bit1 |Bit0
e 2 Soporssessonrt o [P [0S N ToIB0] [ 7 1
I

po3po0disiiacs K HA3BKOIIBHIKICHA JIHIS 3B'S3KY
U1 00'€THAHHS B MEPEXKy pi3HUX MaTdukis [1, 2].
CrocoBHO 3acTocyBaHHS ZigBee 11e MOXyTh OyTH \ \ | ‘ C ‘ C ‘
ATIUKA OXOPOHHOI 1 MOKeKHOI CHTHAmi3amii, N I L____ 1 0
JaTduKM  300py  TeleMeTpHuHOi  iH(opMmarlii, Puc. 1. PoGora 610noro mugpysanns
JATIUKA METUYHUX CITy>KO Ta iHIIi.

IIpuanun 3axucty iHgopmanii B TeJleKOMyHikalliiHUX cHCTeMAaX.

Bisioune mugpyBaHHs JJsl CHCTEM TeJIeKOMYHikamii

bnoune mudpyBaHHsS € pi3HOBUAOM CHUMETPUYHOTO INU(PYBaHHS, SIKE BUKOHYE IO Haja rpynamu Oit
3aJ1aHOi JIOBKMHHU — OJIOKaMu, 110 B 3arajJbHOMY MaroTh JIOBXKHHY 0JI0Ka B Mexax 64—256 OiT.

SIKIII0 BIAKPUTHI TEKCT MA€ MEHINY JOBXKUHY, HiXK JIOBKHMHA 3a1aHOTO OJI0Ka, TO TIepe/ u(pyBaHHIM Liei
0JI0K JIOTIOBHIOETHCS HE3HAUYIOK0 iH(opMalier. [HakiIe kaxy4u, 0104He mKUppyBaHHS SIBISE COOOIO MiZICTAHOBKY
Ha OCHOBI OyouHOTO an(aBiTy, SKHi MOXe OyTH MOHO- abo >k momiandaBiTHuM. HaifOinpmoro 3acTocyBaHHS
OmoyHe cuMeTpuYHe MUpyBaHHA HAOYIIO B mepenadi iHpopMalii Mepext., B TOMY YHCII I CHCTEM ITaKeTHOTO
o0Miny. PoboTy 61mouHOTO mudpyBaHHS MOYKHA MPEICTaBUTH HACTYTHIM YrHOM [2, 3] (puc. 1).

Brounnii mudp 3maTHUI 3ammdpyBaTH OJHUM KIIOYEM OJHE YW HaBiTh JIEKiJIbKa IIOBIIOMIICHB, SIKi B
3aranpHii cyMmi iX JOBXHWH OyIyTh OLTBIIMMH, aHDK IOBXHHA Kifoda mudpyBaHHI. OMHAK MOCTaE€ MHUTAHHS IIPO
HaAiWHICT Takoro mmdpyBanHs. llle oganM 3 MiHyCiB O109HOTO MG PYBAHHS € Majia IMBHUAKICT MHU(PPYBaHHS, B
MOPIBHSHHI 3 TOTOKOBUM LIH(PYBaHHSM.

Inrepuer peueii (IoT) icHye meHIe 15 pokiB, aje pO3BHBAETHCS 3 BEIMYE3HOIO MIBHUAKICTIO. OTHOUACHO 3
HOBOBBCICHHSAMH BUHHMKAIOTh CEPHO3HI MpoOIeMH, 10 MOB's3aHi 3 iHPOPMAIIHHOW OC3MeKor. AJTOPUTMH, HA
SKHMX 3aCHOBaHa Cy4acHa KpurTorpadis, 3aHaaTo CKJIaHi Ta BUKOPHCTOBYIOTh 0araTo pecypcis, a iX BUKOPHCTaHHS
€ CKJIaJTHUM 3aBJaHHSM JJIsl MaJIONOTYKHUX npouecis [HTepHeTy peueid [2, 5, 6, 11].

Tak, komnanist Hewlett Packard nposena nocnimxenns, ta B 2015 poui BusiBuia, mo 70 % npuctpois loT
MAaIOTh BPa3JIMBOCTI Y Oe3Melli CBOIX MapoJiB, iCHYIOTh MPoOiieMH 3 MH(PyBaHHAM JaHUX 1 3 TO3BOJOM AOCTYIY i
Oararo mo iame. Tak, IOT maB momToBX IS PO3BUTKY HOBOI riku kpunrorpadii — Low Weight Cryptography,
LWC. Ha croropHi € 61m3pKk0 50 HU3BKOPECYPCHUX ANTOPUTMIB, ajie B OLTBIIOCTI BOHM a0COMIOTHO HETPUAATHI IS
BUKOPHCTaHHS. PO3poOHNMKM YacTo HE MalOTh 3MOTM OOpaTH aJITOPUTM 1 UM 3MOXE BiH NpaliOBaTH HA NECBHOMY
npuctpoi. Ha puc. 2 mokaszaHo jesiki aIropuTMH Ta iX 3aCTOCYBaHHS.

176-bit, Ha ocHOBI1
SPONGENT AES
64-bit, Ha OCHOBI AIrOPUTMHU
PHOTON AES XEIIyBaHHS
LESAMNTA - 128-bit, Ha ocHOBI
Lw AES c .
UMETPUYHI
PRESENT 80, 128-bit ungpu
ANTOPUTMU
SPECK 64-256-bit 6iokoBoro
mudpyBaHHSI
CLEFIA 128-bit
AITOPUTM
TRIVIUM 64-128-bit [TOTOKOBOTO
mudpyBaHHST
aropuT™ AcuMeTpUYHHIT
Eninmuuni xpusi 128-bit [TOTOKOBOTO P
mudp
mudpyBaHHSI

Puc. 2. Light Weight Cryptography (LWC) aaroputmu
(uacTuna) [5-9]

VY acumeTpuuHii Kpunrorpadii BAKOPUCTOBYIOTECS HACTYIIHI oneparii anreOpu i anropurmu [10]:

- QITOPUTMHU IIEPEBIPKHU YHCIIa Ha IPOCTOTY;

- omepauii anreOpu Ha/l BEIMKUMH YHCIAMHU: MOAYJIbHE MHOXEHHS, MOJIyJIbHE MiTHECEHHS JI0 CTETICHS,
3HAXODKEHHS 3QJTMIIKY Bif TiJICHHsI, 0OYMCIICHHSI 3BOPOTHOTO YHCJIA IO MOYJTIO.

Haii6inpm Tpy1OMiCTKHMH OIEpaIliiMi B aCUMETpUYHINA Kpunrorpadii € omepaii MOy TbHOTO MHOXESHHS
BEJIMKHX YUCEI 1 MOIYJIFHOTO TiTHECEHHS 0 CTENEeHs BEJIMKHIX YHCEI.

Po3pobka nporpamMHoro 3aée3neyenHsi kKpunrorpadgiunux onepaunii
Crnig 3a3Ha4UTH, M0 MOMAYJIbHE ITiTHECEHHsI IO CTENEHsS CKJIANAEThes 3 iTepallidiHol IMOCHiIOBHOCTI

116 Herald of Khmelnytskyi national university, Issue 5, 2020 (289)



TexHIvHI HaQyKU

ISSN 2307-5732

MOAYJIBHUX MHOXEHb. SIKIIO BpaxyBaTH, IO MIiAHECEHHS OO CTeNeHs B KpuUnTorpadidHuX anropuTMax
3aCTOCOBYETBCS SIK O€3IOCEepeHbO, Tak 1 MOOIiYHO (TIepeBipka Ha MPOCTOTY, OOYMCIICHHS 3BOPOTHOrO 4YHMCIIA IO
MOJIyJIIO Ta iH.), TO CTa€ OYEBHIHUM, IO TOJOBHHMM 3aBIAHHSM, sSIK€ HEOOXIIHO peanizyBaTu B apu(METHUHOMY
CHIBIIPOLIECOPI, ABJISIETHCS allapaTHE MOJIYJIbHE MHOKEHHS BEJIUKHX yrcen [9]:

M = ab (modn),

a, b — MHOXXHUKH;
M — noOyToK;
n — MOAYJIB (TIPOCTE YHCIO);

e

a, b, M < n; yci BeIMYMHU — BEIMKI IO3UTHUBHI LTI YUCIIA.

Bu3znauyeHHs anapaTHUX BUTPAT Ha 00paxyHOK omepanii
BukoHaeMO BHM3HaueHHs OOUYMCIIOBaJbHOI cKiagHocTi. PisnuHMid vac s oOpaxyHKY ajdasiTiB st

METOY CINTHYHUX KPUBUX BU3HAYAETHCS K (puc. 3):

T,(n)=
4 (n) fCPU

ne n — PO3MIPHICTb O4iKyBaHOTO an(aBiTy;

2
n-t,+n" -,

, CCKyH[,

7, — omepaniiiHa cki1aaHICTh 00paxyHKy ofHOi OykBH andapity;

7, — KUIBKICTb ONepalii 111 BUKOHaHHS MaTeMaTHYHOT ONepaliil MoIIyKy;

Jepy — WBUAKOMISA IpoLEcopa.

[Tepenaua indopmanii B cucremax IEEE 802.15.4 ZigBee BinOyBaeTbcs i3 BAKOPUCTAHHSAM OJIOKIB IaHHX.

Po3Mip KOpHUCHOI YacTHHH 3QJISKHUTh BiJl TOBXKHHH CIY)KOOBHX
momiB. Bepcis crammapry 802.15.4b mepenmbauae mepemady
iHpopMamiiHOro ONOKY MOBXKMHOKO 63 Oaiitu. Ili3Hima Bepcis
craamapty  802.15.4b  mo3Bomsie  30UIBIIUTH ~ KOpPHUCHE
HAaBaHTaXCHHA (peiiMa, KOJIH BHKOPHCTOBYIOTBCS KOPOTKI
agpecu (16 6it 3amicte 64). B mpomy Bumagky o0'eM maHUX
nopiBHioBatuMe 114 Gaiitam. B Takomy Bumazaky 3poctae oocsr
KOPHCHUX JIaHUX.

Jliss  OIiHIOBaHHS MOTEHIIHOT Mpale3gaTHOCTI ISt
ITOPUTMIB OOpOOKHM JaHMX 32 &ITOPUTMOM INU(PYBaHHS,
MNOTPIOHO BU3HAYMTH [ii, 110 BUKOPHCTOBYIOTh HaiOlibIIe
nporiecopHoro yacy. Jlo Takux i BIZHOCSTBCS —oOmeparii
MiABENCHHS B  CTymiHb. J[nd TmmigBeNeHHS B  CTYIiHb

int pwr mod(int a,

{

}

int b, int m)
int r=1;

as$=m;
while

{
if

(b)

(b&l
r=(r*a) %m;
a=(a*a) sm;

b>>=1;
}

return r;

Puc. 3. Peanizauist a1ropuT™y nigBefeHHs B CTYNiHb a”

BUKOPHCTOBYIOTBCSI QJIITOPUTMH, MeTa SKHX BUKOHATH Jii HAJ KOPOTKMMH YHCIaMH, PO3PSIHICTh SKUX
CHIBpO3MIipHA 3 PO3PSIOHICTIO IMPOIECOPHOI cHcTeMH. SIK MOXHa MmoOa4nTh 3 pUC. 3, MiABENCHHSI B CTYIIHbB
CKJIAa€ThCs 3 PAMY Ail — 3cyBY (MHOKEHHs) Ta AiteHHs. OTiHKa BUTpAaT Yacy HaBeJlleHa B Ta0. 1

Tabmums 1
Omnepauiiini BUTpaTH Ha 00PaXyYHOK OJHOI MaTeMaTHYHOI onepanii
Tun npouecopa 7) , TAKTH 7; ,TaKTH ‘ fCPU , MI'ng
Kitrou 32 GiTa
8-6it, AVR RISC 24 140 24
32-6it, ARM RISC 7 42 200
Kirou 64 bita
8-6it, AVR RISC 180 2270 24
32-6it, ARM RISC 33 320 200

PesynbraT MozmeIOBaHHS yacy ISl ONPAIfOBaHHS po3Mipy Oyioka Bix 32 1o 256 Gaiit nmokazaHo Ha puc. 3

Ta puc. 4., a IeTaJIbHI BiJOMOCTI — B Ta0OIHIII 2.

0’70"130 CEK 0,01
0,60 oot
0,50 o
0,40

0,30 A —e—8bit,32key 001
0,20 o —B— g.bit, 6akey 0,00
0,10 0,00

o P e )v
0,00 - s — 1 010K, OaiiTu 0,00
0 100 200 300

Puc. 4. O6uncienns andasitiB ais 8-6iTHOr0 KOHTpOIEpa

9ac, ceK

—&— 32-bit, 32key

—— 32-bit, 64key

0

AM 610K, Gaiiri

100 200 300

Puc. 5. O6uncnenns aadasitis 1151 32-6iTHOr0 KOHTpOIEpa
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Sk BumHO 3 puc. 3 Ta puc. 4 nus 8-6iTHOTO KOHTPOJIEpa, Yac 0OpaxyHKy OJHOTO 3HaYeHHs andaBity ais 8-
OITHMX KOHTpOJIEPIB € CyTTEBMM 3HAueHHAM. B 3aranmpHOMY BHMIHO, IO 3acTocyBaHHs 32-0iTHOi apXiTeKTypu
JI03BOJIsIE OTpUMaTH Oinb Hixk 70 pa3oBy mepesary.

Takum yuHOM, 3 Tabnwii 2 BHIHO, MO TUTBKK A 8-OITHOTO KOHTpOJIepa 3 KIoueM B 64 OiTh He
JIOCSITAETHCSI MOXKITMBICTH 0OpOOKH OJIOKIB 3a 1 cexyHuy.

Tabnuus 2
MudpyBaHHd Ta MiAr0TOBKA JaHUX JJIA nepeaadyi 3rigno cranaapris 8§02.15.4b Ta 802.15.4a
. 802.15.4b 802.15.4a
Po3wmip Gioxy - — - —
madpyBanns, 6iTH Yac HllIFOTOBE(H KIJI.bKICTL Yac HII[I‘OTOBIEI/I KIH.BKICTL
0J10Ky, 63 GaliT OsokiB3a 1 ¢ 0J10Ky, 127 GalT OstokiB 3a 1 ¢
8-0iTHHIi KoHTpoOJEp, KI10Y 32 6iTH
32 0,020808 48,05 0,041947 23,83
64 0,083012 12,04 0,167342 5,97
96 0,186611 5,35 0,376184 2,65
128 0,331605 3,01 0,668474 1,49
160 0,517994 1,93 1,044211 0,95
192 0,745779 1,34 1,503396 0,66
224 1,014959 0,98 2,046028 0,48
256 1,325533 0,75 2,672107 0,37
8-0iTHMIi KOHTpOJIEp, KIAK0Y 64 OiTH
32 0,336428 2,97 0,678197 1,47
64 1,34405 0,74 2,709435 0,36
96 3,022866 0,33 6,093714 0,16
128 5,372875 0,186 10,83103 0,092
160 8,394078 0,119 16,9214 0,059
192 12,08647 0,082 24,3648 0,041
224 16,45006 0,060 33,16124 0,030
256 21,48485 0,046 43,31073 0,023
32-6iTHuii KOHTpOJEp, K114 32 OiTn
32 0,000749 1335,12 0,00151 662,30
64 0,002988 334,64 0,006024 166,00
96 0,006718 148,86 0,013542 73,84
128 0,011937 83,77 0,024064 41,55
160 0,018647 53,62 0,03759 26,60
192 0,026847 37,24 0,054121 18,47
224 0,036538 27,36 0,073655 13,57
256 0,047718 20,95 0,096194 10,39
32-0iTHHI KOHTpOJIEP, K104 64 6iTH
32 0,005695 175,58 0,011481 87,09
64 0,022745 43,96 0,045851 21,80
96 0,051148 19,55 0,103109 9,69
128 0,090906 11,00 0,183255 5,45
160 0,142018 7,04 0,28629 3,49
192 0,204484 4,89 0,412213 2,42
224 0,278304 3,59 0,561025 1,78
256 0,363478 2,75 0,732725 1,36

BpaxoByroun, mo moxyni ZigBee uacrto mpamoroTe B peXuMi IHTEpBaIBHOI Iepenadl JaHHX, SK-TO
mepesada B iHTEpBali XBWJIMH ab0 HaBiTh T'OAMH, TO B TaKOMY BHIIaJIKy BCTAHOBJIEHO, IO 8-OiTHMII KOHTpoJEp
3a0e3meunTh poOOTY 3 MU(PYBaHHS Ta epeaadi il Ha OCHOBHHIA MOIYJb.

BucHoBku

Sk mokazaHo B TaOnuii, OJOYHMII AITOPUTM MiATOTOBNIOE OJOKM aaHux, kpatHi 2" Galit. Ane B
crannaprax 802.15.4a ta 802.15.4b posmip Osoky € 127 ta 63 Gaiity, a TOMy Ipu nepeaadi gaHux Oyae HeoOXiaHO
pobuTH BUpiBHIOBaHHS 10 Oinbmioro posmipy. Tak, mpu nepenadi 64 610Ky gaHUX Oyae BUKOPHUCTAHO OAMH OJIOK
127 Oaiitr — a, omxe "momanux" OaiitiB Oyne 63, maibke 50%. Jlnsg O1oky B 96 OaiiT — 3aiiBux noTpiOHO 31 OalT
(25% Big 3aranpHOTO 00CATY Makery). Tomy 0oOCST KOPHUCHHUX HaHUX AU cTaHaapTty ZigBee Oyne 3HauHO MEHIIMM
HiX 00cAT mepenanux ganux. Jkmo 3a craagaprom §02.15.4 mBHIKICTh Hepenavi qaHux ckiagae g0 250 kbit/c, To
peasibHa MIBUIAKICTH OyIe 3MEHIIIeHa Yepe3 HassBHICTh "nogaHux" O0anTiB, 0 HE HECYTh KOPUCHOTO HAaBaHTAKCHHS.
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