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Ony0mkoBana:
—  C OmMUEMOM 0 MeHCOYHAPOOHOM noucke (cmames 21.3)

HOH Tepegaye JAHHBIX, MOJYYCHHBIX C BHCIIHUX JATYHKOB, B YCIOBHAX CBEPXHU3KHX TEMIEPATYD H B3PHIBOONIACHBIX Cpenax. TexHu-
YECKUM PE3YIbTaTOM, MPOABJLIOIIUMCS IIPH PEIICHUH BHIICYKA3AHHOI 3a7a4H, ABICTCS IMOBBIICHHE HAICKHOCTH YCTPOHCTBA, 3a
c4eT 00ecIeUeHNUS €T0 PAOOTOCTIOCOOHOCTH B CBEPXHH3KHX TEMIEPATypaxX. YCTPOIHCTBO OECIpPOBOIHOIN IEpeIayul JAHHBIX, IPEIHA-
3HAYCHHOE A1 pA0OTHI B YCIOBHAX CBEPXHH3KHX TEMIICPATY P, COACPKALIEE B3PEIBO3ALIUTHEIN KOPITYC, BHY TPH KOTOPOTO YCTAaHOBIIC-
HA NEYaTHAs IUIATa, HA KOTOPOI PACIOIOKEHBI TIIABHEIH MUKPOKOHTPOIIIEP, MHKPOKOHTPOIUIED YIIPABICHUS IIPUEMOTICPEIATIHKOM,
MOy JIb MPHEMOIIEPEIATIHKA, HCTOUHHK MUTAHUSA, BHY TPEHHHUH JATYHK TEMIIEPATYPHI, HATPEBATEILHBIE 2JIEMEHTHI, PA3BEMBI, IIPEIHA-
3HAUCHHBIC /IS HOJK/IIOUCHHA BHEIMHUX JATUHKOB.
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CMOCOB N YCTPOUCTBO BECNPOBOAHOW NMEPEJAYM OAHHbLIX

OBNACTb TEXHUKA

[1] [laHHOe TexHuuyeckoe pelueHve, B obLueM, oTHocuTcsa k BecnpoBoaHow
nepefade [aHHbIX, a B 4acTHOCTW, K GecnpoBogHol nepegaye AaHHbIX,
NONYYEHHbIX C BHELUHMX OATYMKOB B YCIOBUsiX paboTbl BO B3pbIBOOMACHbLIX

cpefax v Npy CBEPXHU3KUX TeMnepaTtypax.

YPOBEHb TEXHUKA

[2] B HacTosillee Bpemsi opraHuMsauns MOHUTOPUHIra TEXHONOrMYECKUX
napaMeTpoB M coCTOsiHUsi obopypoBaHuAa Ha 6Gase 6ecnpoBoAHbIX ceTen
npuobpetaetr Bce  Honblylo nonynsapHocCTb BO BCeX  cdpepax
xusHepeaTenbHocTu. Passutue loT (Internet of Thing) TexHonornn nossonuno
pewnTb npobneMbl MOHMTOPUMHra paboTbl KPUTUYECKN BaXHbIX OOBLEKTOB B
TpyaHodocTynHbix Mectax. C passutunem loT TexHonormi B OTAENbHLIA
cerMmeHT Bbligenunucb cetn cemeictea LPWAN (Low Power Wide Area
Networks) — 6ecnpoBogHasi TexHonorus nepegavv Hebonbwmx No obbemy
AaHHbIX HA OanbHWEe paccTosiHuA, paspaboTaHHas Ans pacnpeaeneHHbIX ceTen
TeneMeTpun, MeXxmaluMHHOro B3aumogencTesust 1 UHTepHeta selyen. LPWAN
ABNsAeTCA OAHOW M3 OecnpoBoAHbLIX TexHosorun, obecrneumsaloWunxX cpegy
cbopa AaHHbIX C pa3nUYHOro obopyaoBaHMA: AATYMKOB, CHETYMKOB U CEHCOPOB.
OcHoBHble npobnemsl LPWAN 3aknioyanucb B OTCYTCTBUM YHUDULMPOBAHHOIO
npotokona, obecneumBalowero eauHbli dopmart nepefaqn AaHHbIX An|
pasHbIX Npou3BoAUTENEN YCTPOWCTB M AOCTATOMHO BblcOKoe noTpebneHve
MOLLHOCTM Npu Nepefade LaHHbIX Ha OCHOBE Takow cuctembl. B cneactsuu
Yyero, B CKOPOM BpEMEHU MOsiBUNacb HOBas TEXHONOrUs 3aHeproadpdeKkTUBHbLIX
ceteii panbHero paguyca gencteus — LoRaWAN (Long Range Wide Area
Nerwork). TexHonorms LoRaWAN nossonuna nogkniodaTb pasfunyHbie
n3meputenoHble npeobpasoBaTteny, TakMe Kak paTtivku, Ha 6onblume
paccTosAHus, npeanaras Npu 3ToM onTuMarnibHoe BpeMs aBTOHOMHOW paboTsl 1
MUHMManbHbIe TpeboBaHus K uHpacTpyktype. BHeppeHue cuctem
MOHUTOpUHra Ha ocHose LORaWAN B MNpOMBbILINEHHbIX OTpacnax, Taknx Kak

cenbcKkoe XO35NCTBO, ﬂ,06bl‘—la HerTM M rasa M T.N., NO3BOJINIIO [MOBbLICUTbL
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NPOU3BOAUTENBHOCTb, CHU3WUTb TpyaosaTpaTbl Ha cOOp W aHanua AaHHbIX,
KOHTponupoBaTb U3HOC 060OpyAoBaHUsA, 3a CYET uYero CBOEBPEMEHHO
npegoTepalwjate aBapun, NOBLICUTbL TOYHOCTbL 3aMEpPOB WU MHoroe gpyroe. He
CMOTPSA Ha wupokoe passutne ceteir LoRaWAN, no-npexHemy cyulecTByloT
npobrnembl 3KcnnyaTtauunm CUCTEM MOHUTOPUHIA B arpeccuBHbIX cpepax,
HanpumMep, B B3PbIBOOMACHLIX cpeaax Wumnm npu CBEpPXHU3KUX TemnepaTypax.
MosTtomy npumeHeHne 6ecnpoBOAHbIX YCTPOWCTB Mepefadn nokasaHwuin
pasnu4YHbIX 3MepuTenbHbIX NpeobpasoBaTeneil B arpeccMBHbIX cpefax umeet
BECbMa CyLLeCTBEHHOE 3HauYeHue.

[3] U3 ypoBHA TexHUKM M3BEeCTeH gatyuk Temnepatypbl Bera TO-11 (cm.
https://shop.nag.ru/catalog/28584. oRaWAN/31448.Schyotchiki-datchiki-
radiomodemy/26741.Vega-TD-11#link-description). YKa3aHHbIN AaTymK
npeacraenser cobon nepepaowee LoRaWAN ycTpoMCTBO C  BHELUHUMM
N3MepuUTENbHbIM 3NEMEHTOM. YCTPOWCTBO MOXET BbIXOAUTbL HAa CBA3b C
3ajaHHbiM MepuoAoM W nepefaeaTb MokKasaHWss TemnepaTypbl B CeTb
LoRaWAN™. DnemeHTOM nuTaHus ONs TepMogaTymka CAyXWT BnasHHaA
HbaTtapes. MuHumanbHas pabouvas TemnepaTypa nepegawoLlero yctpoucTsa
coctasnaetr -40 °C. Kopnyc nepepawowero yctponctesa obnapaer
nbinesnaro3awueHHOCTbIO.

[4] HepgoctaTkoM Takoro pelweHnst SBNAETCA TO, 4YTO MUHUManbHas
pabouas TemnepaTypa nepegatowero yctpounctea (-40 °C) He npegHasHa4eHa
ANA nepegayun nokasaHuii gaTynka B CBEPXHU3KUX TemnepaTtypax (oT -40 °C u
Hwke). Opyrmm cylleCTBEHHbIM HeAOCTaTKOM SIBASAETCA TO, YTO YKa3aHHbIN
AaTyuK He npeaHasHadYeH ana paboTel BO B3pbiBoONacHbIX cpegax. Euwe ogHum
He[OCTaTKOM ABMSAETCA OTCYTCTBUE BApMaTUBHOCTU NapameTpoB U3MEpPSAEMbIX
BENIMYUH N OTCYTCTBME BO3IMOXKHOCTU NOAKIIOYEHMS HECKOSTbKUX AATUYNKOB.

[5] N3 ypoBHA TEXHUKK, TaKkKe, U3BECTEH B3pbiBO3aLUMLLUEHHbIA OaTvUK,
BbIMNOSTHEHHBIA C BO3MOXHOCTbLIO nepefayn AaHHbix 1o npotokony LoRaWAN,
packpbiTbih B nateHTe Kutas CN 109587650 A (NINGXIA RUIBO NETWORK
CO LTD), onybn. 05.04.2019. VYkasaHHbIA JaTyuk npeacrasnset cobon
nepepaowee LoRaWAN ycTpoMcTBO C  BHEWHUMW  U3MEPUTESbHBIMU
anemMeHTamMu. YkasaHHOe Mepegatollee YCTpOWCTBO cnocobHo obpabatbiBaTth
AaHHble MOKasaHWi pfaTunka Temnepatypbl u  Bubpockopoctu. Kopnyc

nepeaawouwero yCTpOVICTBa U nogknwo4vaembiXx AOaTHUKOB BbINOJIHEHBI BO
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B3PbIBO3ALLUUTHOM WCMONIHEHUN, 3a CYeT WCNONb30BaHWA B3PbIBO3ALLNTHOMO
Kopnyca, a TaKke WCNoNb3oBaHUA KOHCTPYKTUBHbLIX anemeHToB (6artapes,
MUKPOKOHTPONNEP U T.A.), M3rOTOBMNEHHbLIX U3 XapOCTONKUX MaTtepuanos, Bce
3NeMEeHTbl YCTPOWUCTBA 3aNMThi KOMNAyHAOM.

[6] HepoctaTkom ykasaHHOrO pelleHus fABnseTcs To, YTo nepepatoliee
YCTPOWCTBO HEe npegHasHayeHO ANd  3KchnyatauMm B CBEPXHU3KUX
TemnepaTtypax (o1 -40 °C 1 Huxe).

[7] OBwuUmM HegoCTaTKOM CYLLECTBYIOLUMX peELUeHUn B AaHHoW obnactu
ABNAeTCA OTcyTcTBME OecnpoBoAdHbLIX YCTPOWCTB Mepedadvu nokasaHui
patynkoB no cetam LoRaWAN, npegHasHadeHHbIX AnA aKcnnyatauun B
arpeccuMBHbIX cpefax, B 4acTHocTM Ana paboTbl B YCNOBUAX CBEPXHU3KUX
TeMnepaTtyp, B TOM 4YuCne N BO B3pbIBOOMNACHbIX cpefax. Takke, Takoro poaa
YCTPOWCTBO AOMKHO UMETb ANUTENbHLIA CPOK CNYXDObl 1 UMETb BO3MOXXHOCTb

yAaneHHon KoHdurypauuu.

CYWHOCTb TEXHNYECKOIO PEWLEHNA

[8] [JaHHoe TexHuU4yecKkoe PpellueHWe HanpaBneHo Ha YycTpaHeHue
HeAOCTaTKOB, NPUCYLLUX CYLUECTBYIOLLMM pEeLLUEHWUAM, U3BECTHbIM W3 YPOBHSA
TEXHUKN.

[9] PelweHnem TexHuveckon npobnembl uUNNM TexHU4eckon 3agayen
ABNAETCA co3gaHue HOBOro ycTpolictBa 6ecnpoBogHOM nepefayun OaHHbIX,
npegHasHa4veHHoro Ans paboTkl B yCNOBUAX CBEPXHU3KUX TEMNEpaTyp.

[10] TexHuyeckum  pesynbTaToM, NPOSBASIOWMMCA  NpU  peLieHun
BblLLUEyKa3aHHOW 3ajayun, SABNSAETCA NOBbILEHUE HaAEXHOCTUM YCTPOWCTBA, 3a
cyeT obecneveHnss ero paboTocnocobHOCTU B YCNOBUAX CBEPXHU3KMX
TemnepaTyp U B3pbIBOOMACHbIX cCpeaax.

[11] Ewe oAHMM TexHM4YeckumMm pes3ynbTaToM, nNPOSABNSOWUMCA NpU
peweHun BbllUeyKasaHHOW 3ajayn, SABNAETCS pacluMpeHwe apceHana
TEXHUYECKUX CPeACTB AaHHOIo0 HasHa4YeHuUs.

[12] YKkasaHHble TexHudeckue pesynbTaTthl gocturalotca  6naropaps
ocyLLecTBNeHUo ycTponcTBa HecnposBoaHOW nepepayn AaHHbIX B YCNOBUAX
CBEPXHU3KUX TemnepaTyp, coaepXxallero B3pbliBO3aLMTHbLIA KOPMYC, BHYTPW
KOTOPOro yCTaHOBSIEHA NevyaTHasi nnaTa, Ha KOTOPOW pPacnosioXeHbl: [MaBHbI

MUKPOKOHTpOInep, BbINOMHEHHbLIA C BO3MOXHOCTbIO O6pa6OTKI/1 AaHHbIX,
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MONYYeHHbIX OT BHEWHUX JAaT4YNKOB U YCTAHOBKM Mepuoaa OTnpaBku
MONYYEHHbIX fAaHHbIX, MPU 3TOM [NaBHbLIA MWKPOKOHTPOMNNEP BbLIMNOMHEH C
BO3MOXHOCTLIO  B3aUMOLEWNCTBUSE C  MUKPOKOHTPONMEPOM  ynpasneHus
npuemMonepenaTyNKom, BHYTPEHHUM AaTYNKOM Temnepartypbl "
HarpeBaTenNbHbIMU aneMeHTamu; MUKPOKOHTpoOnnep ynpasrneHus
npuemonepenaTtyMkoM, BbINOMIHEHHBIA C BO3MOXHOCTbLIO akTusBauuu nepen
nepuoaoM OTNpaBKU AaHHbIX W yNpaBneHMs Moaynem npuemonepepaTyunka
ANA nepefayn AaHHbIX No 6ecnpoBOAHOMY KaHany Ha BHEWHee YCTPOWCTBO;
MOAynb npuemonepefartyuka, BbINOMHEHHbLIR C BO3MOXHOCTbIO Mepeaayu
AaHHbIX no 6ecnpoBofHOMY KaHany Ha BHELUHEee YCTPOWCTBO; MCTOYHUK
NUTaHWUA; BHYTPEHHUA OaTyuK TemnepaTypbl, BbINONHEHHbIW C BO3MOXHOCTBIO
nepegadn faHHbIX O TeMnepaType OKpyXalollen cpefbl BHYTpU Kopfnyca Ha
rMaBHbI MUKPOKOHTPONNEP; HarpesaTernbHble 3rIeMEHTbI, PacnonoXeHHbIe Noa
MUKPOKOHTPONNEPOM  yNpaBneHUA  MpuemMonepenaTtyukoMm U Moayrnem
npuemonepenatymka; pasbeMbl, nNpeaHasHavyeHHble Ans  NOAKYEHUsA
BHELWIHUX AaTyUKOB, NPU 3TOM [MNaBHbIA MUKPOKOHTpPONNEpP BbINOMHEH C
BO3MOXHOCTbIO CpaBHEHUSA LaHHbIX, NOMNYYEHHbIX OT BHYTPEHHEero part4yuka
TemnepaTtypbl, C 3a4aHHbIM NOPOroBbIM 3HAYEHUEM TEMNEpPaTYPbI OKpyXaloLwen
cpedbl BHYTPU Kopryca nepep HacTynneHWem nepuoaa OTnpaBku AAHHbIX U
aKTUBaUMKM HarpeBaTeNbHbIX 3NIEMEHTOB HA OCHOBE pe3ynbTaToB CPaBHEHUA.
[13] B oaHOM K3 4acTHbiX BapyMaHTOB peanu3auuu yCTpouCTBa pa3beMsbl
ANA NOAKMNIOYEHNA BHELUHUX OATYMKOB NpeactaBnsaloT coboi pasbembl ANS
NOAKNIOYEHUA MO MEHbLUEN Mepe OAHOro U3 AaTyukoB, BblbuMpaembix U3
rpynnbl: gaT4uK Temnepartypbl, 4aTYMK BUOPOCKOPOCTU UNK AaTYUK AAaBNEHUS.
[14] B Apyrom YyacTHOM BapuaHTte peanusaumu ycTpoucTea
MUKPOKOHTpoONnep ynpasneHus npuemonepeaaTymKkom, MoAaynb
npuemonepenartymka W HarpesaTesnbHble 3NeMeHTbl Tennou3onupoBaHbl OT
OCTanbHbIX KOMNOHEHTOB NeYaTHOW NnaTbl.

[15] B opyrom yactHOM BapuaHTe peanusauun yCTpoUcTBa Tennousonauma
npeacraenseT coboi Bbipe3bl B NeYaTHOW NnaTe No KOHTYpPY pacnonoxeHus
MWUKPOKOHTponnepa ynpasneHus npuemonepenaTynkom, mMoayns

npuemMmonepenatynka n HarpepatesribHbIX 3J/IEMEHTOB.
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[16] B agpyrom 4acTHOM BapuaHTe peanusauunm ycTpoucTBa MoAynb
npuvémonepepardmka BbINOMHEH C BO3MOXHOCTbIO nNepegaydyn AaHHbIX Mo
npotokony LoRaWAN.
[17] B apyrom 4acTHOM BapuaHTe peanusauun YCTpPOUCTBa MOpPOrosoe
3HayeHue TemnepaTypbl OKpyXalowen cpeabl BHyTpU Kopnyca npeacTtaBnser
cobon MuHuManbHoe 3HadeHue pabodein TemnepaTypbl MUKPOKOHTponnepa
ynpaBneHusa npvemonepesaTtimkoM 1 Moaynsa npuémonepegartymka.
[18] B Aapyrom 4actHOM BapuaHTe peanusauyMm YCTpOWCTBa Kopnyc
YyCTPOWCTBA BbIMONHEH MbiNeBnaro3awuLLeHHbIM.
[19] B aopyrom 4acTHOM BapuaHTe peanusauuu yCTPOWCTBA B MeYaTHYIo
nnaty [AONONHUTENbHO BBeAEeHbl WCKPO3aWWUTHbIE LUEenu, pacnonoXeHHble
MeXAY WCTOYHMKOM nNUTaHWs, pasbeMamu Ans  NOAKNIOYEHUS BHELIHUX
AaTYNKOB U rNAaBHBLIM MUKPOKOHTPONSIEPOM.
[20] Takke ykasaHHble TexHu4eckune pesynbtaThl AOCTUraloTCA 3a c4yeT
ocyuwjecTteneHms cnocoba 6GecnpoBogHOW nepefadn [aHHbIX B YCMOBUSX
CBEPXHU3KMX TemnepaTtyp, BbINOMHAEMOro C MNOMOLWbBID  YCTpOWUCTBa
BecnpoBogHON Nepeaayn AaHHbIX, U coaepXKaLlero aTansl, Ha KOTOpPbIX:
e YCTaHaBNUBAKT BPEMEHHOW nepuos OTNpaBkKM AaHHbIX Ha
BHELLHee YCTPOUCTBO;
e cobupaloT fAaHHble OT MO MeHbLUed Mepe OAHOro BHELUHero
AaTyuKa;
® aKTUBUPYIOT MUKPOKOHTpoOnnep ynpasneHus
npuemonepenaTinkom, rfnaBHbIN MUKPOKOHTpONnep U Moaynb
npuemonepenaTynka nepen HacTynneHWeMm YCTaHOBMEHHOro
BpeMEHHOIro nepuoja oTnpaBky AaHHbIX;
e MONy4alT AaHHble O TeMnepaType OKpyXalowen cpefibl BHYyTpu
Kopnyca Ha rnaBHOM MUKPOKOHTpoOrnepe oT BHyTPEHHEero aatyuka
TemnepaTtypbl;
e CpaBHMBAOT MNpU NOMOLUM  [NABHOTO  MUKPOKOHTpoOMnepa
nony4YeHHble AaHHbIE O TeMMepaType OKpyXKaloLllen cpeabl BHYTpH
Kopnyca C 3ajaHHbIM MOPOroBbIM 3Ha4YeHMEeM TemnepaTypbl

OKpy>KatoLLieit cpefbl BHYTPY Kopryca;
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e aKTUBUPYIOT HarpeBaTeflbHble 3ME€MEHTbI, NPU NOMOLUWN FNaBHOro
MUKPOKOHTpOMepa, pacnofoXeHHble Nof MWKPOKOHTPOSINepoMm
ynpasneHus npuemonepenaTyMKom " Moaynem
npuemMonepenartynka, Npu CHWKEHUN TeMmnepaTypbl OKpy>KatoLen
cpefbl BHYTpPM KOpryca HwXe 3afaHHOro noporoBoro 3Ha4deHus
TemnepaTypbl OKpy)XXatloLlen cpeabl BHYTPU Kopnyca;

e OCYLLUECTBRAIOT NpoBepKy AOCTMXKEHUA TemnepaTypsbl
oKpyXaiLwen cpefbl BHYTPU Kopnyca 3HA4YeHUIo paBHOMY
NOPOroBOMY 3HaYeHWIO TemnepaTypbl OKpyXawlowen cpeapbl
BHYTPW Kopnyca; v

® OCYLECTBNAIOT Nepefavy AaHHbIX HA BHELWHee YyCTPOUCTBO.

[21] B 4yacTtHoOM BapuaHTe ocywiecTBneHuss cnocoba no MeHblen mepe
OAMH BHELUHUK AaTyuMK npeacTaBnsieT cobo No MeHbiueld Mepe OAUH U3
AaTynKoB, BbliOMpaemMblx W3 Tpynnbl:  AatynK  Temnepartypbl, AaTyuk
BUBpPOCKOPOCTU NN AaTUMK AaBNEHUS.

[22] B Apyrom yacTHOM BapuaHTe ocyllecTBneHus cnocoba nepepada
AaHHbIX Ha BHELWWHee YCTPONCTBO ocyliecTBnseTca no npotokony LoRaWAN.
[23] B Apyrom 4acTHOM BapuaHTe ocyllecTsneHus cnocoba noporoesoe
3HayeHue TemnepaTypbl OKpyXaloLlen cpefbl BHYTPU Kopnyca npegcrasnser
coboil MMHUManbHOE 3HayeHue paboyen TemnepaTypbl MUKPOKOHTpornnepa
ynpasfneHua npueMonepenaT4nkomM n Moaynsa npuemonepeaaTymka.

[24] B agpyrom vactHOM BapuaHTe ocyllecTBneHus cnocoba BHellHee
YCTPOWCTBO BbIOMpaeTca W3 rpynnbl: NepcoHanbHLIN KOMMbIOTEP, CcepBep,
CMapTdOH, NiaHLWweT, HOCUMOE YMHOE YCTPOMNCTBO.

[25] B gpyrom  4acTHOM BapuMaHTe  OCyL|eCTBNEeHus cnocoba
MUKPOKOHTpONNEp  ynpasBneHus npvemonepenaTymKkom n rnaBHbIA
MUKPOKOHTpONNep coaep>at BHYTPEHHNE Yachl.

[26] B apyrom 4acTtHOm BapuaHTe ocywlecTBneHus cnocoba akTtvBauma
MUKPOKOHTpOMepa ynpasneHUs  npuemMonepepaTtyukom U [NaBHOro
MUKPOKOHTpOMepa NpoUCXoAuT Hes3asucMmo Apyr OT gpyra npu MOMOLYM

BHYTPEHHUX 4YacCoB.
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KPATKOE OMUCAHWE YEPTEXEN

[27] Mpu3HakK U NpenmyLLecTBa HacToOSALLEro TeXHUYECKOro pelernsa dyayT
pacKkpbiTbl Aanee w3 nNPUBOAMMOIO HWXe nogpobHOro onucaHus U
npunaraemblx YEPTEXEN, Ha KOTOPbIX:

[28] Ha dur. 1 nokasaH npumep peanusauum yctporcTsa GecnpoBOAHOW
nepeaayn AaHHbIX, C NOAKMOUYEHHBIMW BHELLHUMW JaTYnKamu.

[29] Ha &dur. 2 nokasaHa CTpykTypHasi cxema ycTtpovctBa GecnpoBogHou
nepenayun gaHHbIX.

[30] Ha dur. 3 nokasaHa GrioK-Cxema BbINOMHEHUA 3asBMEeHHOro crnocoba

6ecnpoBoAHOI NepefaYn AaHHBIX.

NnoaPOBHOE ONMMNCAHUE

[31] Huxe OyayT onucaHbl TEpMUHbI W MOHATUA, Heobxoaumble ANs
peanusauuu HacTORALLEro TEXHUYECKOro peLleHus.

[32] Jatumk — cobupaTtenbHbli TEepMWUH, KOTOPbIA MOXET O3HavaTb:
n3MepuTenbHbIN npeobpasoBaTtens; nepBUYHbIN n3mepuTernbHbIn
npeobpasoBaTerib; YyBCTBUTENbHbLIA 3NTEMEHT.

[33] UsmepnTenbHbii  nNpeobpasoBaTtenb — TEexXHUWYEecKkoe CpeacTBo C
HOPMUPYEMbBIMKM  METPOJIOTMYECKUMM  XapaKTepucTukamn, crnyxatlee Aans
npeobpas3oBaHWsi U3MEPAEMOW BENWYMHbI B APYryl0  BENUYMHY Unn
N3MepUTENbHLIN curHan, yoobHbin Ans obpaboTkun, xpaHeHus, AanbHEenLmnx
npeobpasoBaHuin, UHANKaUUN NN Nepeaayu.

[34] B3apbiBo3awmLeHHoe anekTpoobopyaoBaHue — anekrpoobopyaoBaHue,
B KOTOPOM MNpenycMOTPEHbl KOHCTPYKTUBHbIE Mepbl MO YCTpaHeHWio unu
3aTpygHEeHuUio BO3MOXHOCTH BOCNamMeHeHus (npwm aKkcnayaTaumm)
OKpY>KaloLLei ero B3pbLIBOONAcHON CMECH.

[35] Ha dwur. 1 nokasaH npumep peanusauum yctponctsa GecnpoBoaHOM
nepegaun paHHblx 100, npegHasHavyeHHoro Ana paboTbl B YCNoBUSAX
CBEPXHU3KUX TemnepaTyp W B3pbiBOONAacHLIX cpefax. YkasaHHoe YCTPOWCTBO
100 BbLINONHEHO B B3pbIBO3ALMTHOM Kopnyce, cogepawem pasbembl 103,
npegHasHa4YeHHble ANSA NOAKMIOYEHUA BHELWHUX AATYMKOB, TaKUX Kak, JaTdyuku
Temnepatypbl 101, patumkm BuGpockopocTu 102, paaTyukm pasneHus (He
nokasaHbl) U T.4. Bonee geTanbHoe onucaHne KOHCTPYKTUBHbLIX 0COBeHHoCcTen

ycTponcTtea 100 packpbiBaeTcs Ha dur.2.
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[36] B3pbiBO3aLUUTHLIN Kopnyc MOXeT ObITb BbINOJTHEH "3
HW3KOYrNepPOANCTOI CTanu ¢ NoNnacupHbLIM NOKPbITUEM, HEPXaBEIOLEN cTanu
AIS| 304, nonuacdhupHOro nnacTuka, apMUpPOBAHHOIO CTEKIOBOSIOKHOM C
YyrnepoaHbIM HanonHUTENem, NMToro anioMUHUA C MOPOLLKOBbLIM MOKPLITUEM U
T.N. HE OrpaHNYNBANAChH.

[37] Takxke, Kopnyc yCTpONCTBA MOXeT obnapgatb
nbinesnaro3awmLeHHOCTbIO (CTeneHb 3awuTbl He Hxke IP 65). [loa cTeneHbto
3aWmMTbl  MOHUMAaEeTCs crnocob 3awmThl, nNpPOBEpsieMbld  cTaHA4apTHbIMK
MeToAaMM UCNbITaHU, KoTopbii obecneumBaeTca obonoykon OT Aoctyna K
onacHbIM YacTAM (ONacHbIM TOKOBEAYLUUM U OMACHbIM MEXaHUYECKUM HacTAM),
nonagaHusl BHELLHUX TBEPAbIX NpeaMeTOB U/Mnn BoAbl BHYTPb 060n104kn. 3TO
AOCTUIaeTCs, Hanpumep, 3a CYeT NOKPbITUA TOKOBEAYLLUX 3NIEMEHTOB CXEeMbl
NakoMm W/nnu NOKpbITUA COCTaBHbIX YacTeln Kopnyca yCTpONCTBa CNOEM PE3NHbI,
npegoTBpallaoleM nonagaHus BHyTpb Bnarn Crenedb 3awmTbl P 65
BbiOMpaeTcs Kak MWHUMArbHbIA Knacc repMeTMsauum Kopnyca yCTpOWCTBa,
obecneunBaloWnin  NOMHYK 3alUTy OT NPOHUKHOBEHUA MbIIN W 3aWUTY OT
CTpyM BOAbI CO BCEX HanpaBneHui.

[38] B kayecTBe BHelUHWX [aTYMKOB, MOINyT WcCnonb3oBaTbCcA Mniobble
BHELLHWE cpeacrtea namMepeHus, Hanpumep, nameputenecHble
npeobpasoBaTtenu, 4yBCTBUTENbHbIE 3neMeHTbl. BHewHne pativku moryt
npeactaBnATe  cobol, Hanpumep, AaTyukn  TemnepaTypbl,  AaTyUKK
andpdepeHumanbHOro  AaBfieHnsi,  AaTtyuknm  u3bbiTovHoro/abcontoTHOro
OaBneHus, AaT4YnKU 3arasoBaHHOCTW, AaTYUKU OKpyxalowen cpefbl, AaTYMKK
BUOpPOCKOPOCTU, TENSIOBU3OPLI, pacxogoMepsl, AaTyuk Xonna u T.n. Kopnyca
AaT4YNKOB MOryT ObiTb BbINOMHEHbI B B3pbIBO3ALUTHOM WUCNOMHEHUU AN
obecnevyeHnss BO3MOXHOCTM WX 3KCnfyaTauMm B arpeccuBHOW cpefje.
MoaknioueHue BHeLWHUX aaTymkoB K yctpouctey 100 ocywjecTernsieTca yepes
pasbemsbl 103.

[39] B oaHom BapuaHTe ocyuwiecTtsrneHns yctpouctso 100 copepxut 4
pasbeMa Ans  NOAKMIOYEHUA BHELWHUX [OaTyYuKoB, OfHAKoO BapWaHThbl
OCYLLUECTBJIEHUSA HE OrpPaHU4YMBAIOTCS TOMNbKO 3TUM NPUMEPOM U MOXeET ObiTb
ucnonb3oBaHo niboe AONyCTUMOE NOrMKON MWKPOKOHTpoONNnepa KonuMyecTBO
pasbemMoB, Hanpumep, 1 pasbem, 2 pasbema, 3 pasbema u 1.4. Pasbemsbl

pacnonaraloTcs Ha KOpnyce YyCTpOWCTBA W COEAUHEHbl C  [NaBHbIM
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MUKpoKoHTponnepom 203 (cMm. ®ur.2). B kadectBe pasbemos 103 moryT
ucronb3oBaTtbcs NoOble OTBETHblE pa3beMbl, KOTOpbie MNO3BOMAKT co3aaTth
HaOeXHbI 3NEeKTPUYECKUIA KOHTaKT U ero repmeTudHyto sawuty. Haubonee
pacnpocTpaHeHHbIMM 13  MNPOMBILLNEHHbIX Pa3beMoB, KOTOpble  MOryT
ucnonb3oBaTtbca, asnaTca M8, M12, M16 u M23 n T.4.

[40] YctpouictBo 100 npepHasHadeHo pAna ©OecnpoBoAHOW nepepayn
DaHHbIX, MONYYEHHbIX OT BHELWHWX [OAaT4YNKOB B YCNOBUAX CBEPXHUIKUX
Temnepatyp. YnomsiHytoe yctpoicteo 100 moxeT ObITb yCTaHOBNEHO B
oTAaneHHbIX OT HAaCeneHHbIX MYHKTOB MecTax, Hanpumep, B Mectax Ao0biuu
HedTU U rasa, MeTeocTaHUnsX, HeTAHbIX NnaTtdopmax, B WaxTax, a Takke B
MecTax C arpeccuMBHOW OKpyXawllerh cpegoin (B3pblBoonacHas cpeaa,
CBEPXHM3KME TemnepaTtypbl) ANS OCYLIeCTBNEHUA MOHWTOPUHra 3afjaHHbIX
napameTpoB U aBTOMATU3UPOBAHHON OTMPAaBKN NOMYYEHHbIX NapamMeTpoB Ha
BHELIHee ycTpoucTBo. Kak npaBuno, YycTaHOBKa Takoro YCTpPOWCTBa
NPOU3BOAUTCA BPY4HYIO.

[41] [Ana obecneyeHuss gnNUTenbHOro cpoka crnyxobl yctporctea 100, a
TaKke BO3MOXHOCTU €ro YyAaneHHOro pacronoXeHus, nepefada AaHHbIX
npeMMyLLecTBEeHHO ocyillecTBnseTca no cetn LoRaWAN, opHako ans
cneynanucTa o4YEBUAHO, YTO HACTOSILLEe peLUeHNe He orpaHNYnBaeTCA TOMNbKO
OfHUM CTaHOapTOM nepefayun [faHHbIX U MOXeT 6biTb MCnonb3oBaHO nboe
cpeacTteo 6ecnpoBogHoO nepepayvn AaHHbIX, Hanpumep, GSM mogem, GPRS
mogem, LTE mopgem, 5G moaem, mogynb cnyTHukoson cesisu, NFC mogynb,
Bluetooth w/unn BLE moayne, Wi-Fi mogynb n gp.

[42] Kpome Toro, yctporicteo 100 AononHUTENLHO MOXET coAepXaTb
cpeacTBa cnyTHMKoBoW Hasurauuu, Hanpumep, GPS, NIOHACC, BeiDou,
Galileo.

[43] Takke, yctporctBo 100 BbINONMHEHO C BO3MOXHOCTbIO HACTPOWKU
NepuoanYHOCTA OTNpaBku COOpaHHbIX AaHHbIX Ha BHELIHee YCTPOWCTBO,
Hanpumep, pas3 B 10 MuH, pa3 B 1 vyac, pa3 B 24 vyaca n T.0. B
aBTOMaTU3NPOBaHHOM pexume. B nepuogbl BpemeHW, Korga oTnpaBka He
OCYLLECTBNAETCS, BCE KOMMOHeHTbl ycTpouctea 100 moryt HaxoouTbcA B
aHeprocHeperarLLeM UK «CRALLEM» PEXUME, NN NOMHOCTLIO oTKNoYaThes. B

KavyecTBe BHeLWHEero yCTpOVICTBa MOXET ObiTb UCNONb30BaH nepCOHaHbelﬁ
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KOMMNblOTEP, cepBep, CMapTdOH, NnaHwWweT, HOCUMMOE YMHOe YCTPOMWCTBO,
MapLlpyTu3aTop, y3en cBsasu U T.4.

[44] Yctponcteo 100 AOMONHUTENBHO BbINOSIHEHO C  BO3MOXHOCTbLIO
noadepXku Takux npotokonos, kak Google Protobuf u T1.n., obecneunsaroLmx
nepenavy CTPYKTYPUPOBaHHbIX AaHHbIX C  MWUHUMAamNbHbIM  pa3MepoMm
coobLeHus.

[45] OcHoBo# ocobeHHocTblo ycTponctea 100 sBnsAeTcAa BO3MOXHOCTb €ro
aKcnnyaTauum B arpeccMBHOW cpefe, TakoW Kak B3pbiBOONacHas cpepa w/vnu
cBepxHuskue Temnepatypbl (Huke -40 °C). 310 pocTuraetcs 3a cueT
KOHCTPYKTUBHbIX 0cobeHHocTen ycTpourcTea 100, a uMeHHO 3a cYeT BBEAEHUA B
cxemy yctponctea 100 rnaBHOro mukpokoHTporuiepa 203, HarpesaTenbHbIX
anemeHToB 206 M BHYTPEHHEro AaTyuka TemnepaTypbl, onucaHHbix 6onee
noapobHo Ha dur. 2, a TaKke 3a cYeT BbiNOMHEeHWs kopryca yctporcTtea 100 B
B3PbIBO3ALYMTHOM  UCMOMHEHUNW U COEOMHEHUS  3NEMEHTOB  CXEMb,
HaxXoASALWMNXCA MO HaNpsHKeHWeM, C rmaBHbIM MUKPOKOHTponnepom 203 yepes
nckposalwmTHble uenu 204 (dur. 2).

[46] KoHcTpykuus yctponctea 100, onucanHas Ha dur. 2 nossonser
pewunts npobnemy, 3aknovalowylcsa B TOM, 4YTO  cyullecTByowime
npuemonepegatTimkn LoORaWAN cnocobHbl paboTaTe TONbKO B TEMNepaTypHOM
AvanasoHe no -40 °C. Kak nokasbiBaloT NpakTU4EecKue UCMbITaHUS U3BECTHbIX
U3 YPOBHA TEeXHWKU YCTpPOWCTB Ans 6ecnpoBOAHON nepefayvn nokasaHuin
BHELLUHUX AaTYMKOB, NPU CHKEHUU TEMNepaTypbl OKpyXatowwen cpeabl Huxe -
40 °C, BCe WU3BECTHble W3 YPOBHA TEXHUKA MUKPOKOHTpoONnepbl u
npuemonepeaaTimkmn pusmyeckn He cnocobHbI BbINOAHATL DYHKLMK Nepeaayu,
T.K. «3amep3atnT». [103TOMy B KayecTBe MOPOroBOro 3Ha4yeHus TemnepaTtypbl
oKpyXatoLien cpefgbl, NpU  KOTOPOM YyKa3aHHblE KOMMOHEHTbl CrMOCOOHbI
BbINOMHATL nNepefady QAOaHHbIX, uenecoobpasHo BbibupaTb MWHUMarbHbIE
3Ha4YeHusA pabouux  TemnepaTtyp MUKPOKOHTPOSINEPOB  yNpaBfeHus
npvemMonepegatynmkaMu u moaynen npuemonepegartyumnka. Takum obpasom, Ans
MUKPOKOHTpOsNepa  ynpasneHus npuemonepefaT4NKom n MoAayns
npuémonepenarymka, MU3BECTHbIX U3 YPOBHS TEXHUKM, MOPOroBoe 3HavyeHue
MUHUManbHON paboyeln TemnepaTypbl OKpyXxatoLlen cpeabl cocrasnseT -40 °C,

OoQHaKo cneunanucTty odYeBungHO, HTO MNpU Bbl60pe KOMNOHEHTOB nepepavn C
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APYTMM  MMHUMalbHbIM  3HaYeHvem pabodvei Temnepartypbl, NOPOroeoe
3HaYeHne TaKKe U3MEHUTCH Ha 3Ty MUHMManbHyo pabodyto TemnepaTypy.

[47] BeepeHne wuckposawuTHbIX Uenein 204, a Takke WUCNonb3oBaHue
B3pblBO3AWMTHOrO Kopnyca ycTtporctea 100 no3sonseT OTHECTU YyKasaHHoe
ycTtpoicteo 100 k knaccy B3peiBo3awutbl 1ExiallCT4, yto Takxe, nomumo
HEeNnoCcpeACTBEHHON BO3MOXHOCTM ucnonb3oBaHuA ycTtponctea 100 Bo
B3pbIBOONACHLIX Ccpefdax, AaeT BO3MOXHOCTb MUCMonb3oBaTk YCTPOWCTBO
6ecnpoBogHO nepegavn paHHbix 100 B mectax, rae TpebyeTca cTporoe
cooTBeTCcTBUE Ucnonb3yemblx Nnpubopos MOCTam.

[48] Ha our. 2 nokasaHa cTpykTypHas cxema 6ecnpoBOAHOro yCTpoWCcTBa
nepegayn aaHHbix 100. YcTpoictBo GecnposogHon nepegauyn aaHHbix 100
COAEPXUT B3PbIBO3ALMTHLIA KOpMyc, coAepxaliMih ne4yaTHylo nnaty, Ha
KOoTopoOu pacnonoXeHb.i: Moaynb npuemMonepeaaTymka - 201,
MUKPOKOHTpONNep ynpaBneHus npuemonepepatynkom — 202, rnaBHbIA
MUKpoKoHTponnep — 203, nckposawuTHble uenu — 204, BHYTPEHHUA OaT4yuK
Temnepatypbl — 205, HarpeBaTensHble anemeHTbl — 206, pasbembl Ans
NOAKNIoYEeHUS BHeLLHUX aaTymkoB — 103, ucTouHUK nutaHua — 207.

[49] OnemeHTbl 3asBneHHoro yctponctea 100 GecnpoBogHoW nepepayn
AaHHbIX DUKCUMPYIOTCA Mexay coboi U HECYLLMMWU anemMeHTamMu KOHCTPYKUUK, C
MOMOLLIbIO LLUMPOKOTO crnekTpa cbopoyHbIX onepauuin, Hanpumep, CBUHYNBaHWS,
COuNeHeHns, Ccrnanku, CcKnenku W ap., B 3aBucumoctn ot Haunbonee
noaxoaswero cnocoba kpenneHnsa anemMeHToB.

[50] maBHbI MUKpokoHTponnep 203 coeAuHeH C MUKPOKOHTPONNIEpOM
ynpaBneHus npvemonepegatynkom 202, BHyTPEHHUM AaTYUKOM TemnepaTypbl
205, HarpeBaTenbHbiMu 3nemeHTamm 206, wucTovyHuMkoM nuTaHua 207,
pazbeMaMu Ons noAknioveHus BHewHux aaTtyukoB 103. B oaHom BapwaHTe
OCyLLEeCTBNEHU MUKpokoHTponnep 203 coeAnHEH ¢ MCTOMHUKOM nutaHusa 207
N pasbemamm ONs NOAKMKYEHWs  BHewHWx aatumkoB 103 uepes
nckposawmTtHele Uenu 204. Pasbembl gns noaxnioveHUss BHELUHMX AaT4YuKoB
103 MoryT ObITb BbINOMHEHbI B BUAE pa3beMOB AN NOAKTIOHEHUA NO MEHbLIEN
Mepe OAHOro M3 AaTyukoB, BbliBUpaembix M3 rpynnbl: AaT4YUK TemnepaTypbl,
AaTynk BUOPOCKOPOCTU UNU AaTyvK AaBneHus.

[51] maBHbIA MuUkpokoHTponnep 203 MOXET ABNATbBCA MPOLIECCOPOM,

MUKponpoueccopom, KOHTpONNepom n T.4. He orpaHn4mBancCob,
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obecneunsatollem paboTy B arpecCuBHON cpede (CBepXHU3KMe TemnepaTypbl).
MukpokoHTponnep 203 moxeT cogepXxatb NamsATb U cpeactea obpaboTku
curHana gnsi BbiNOMHEHUS MALUMHOYUTAEMbIX WHCTPYKUUKA, NpednucbiBaloLlnx
BbIMOMHATb aTanbl cnocoba 6ecnposogHon nepefayvut AaHHbIX.

[52] MoryT  nNpuUMEHATLCA  pasnuyHble  TUNbl  MWKPOKOHTPOINEpPOB.,
npucnocobneHHbIx ans paboTbl B arpeccuBHOW cpeae (Npy TemnepaType HUxe
— 40 °C), Hanpumep, mukpokoHTponnepbl ATMEGA u T.4. MukpokoHTponnep
203, Tarkke, cogepxut AL BbinonHawowmin npeobpasoBaHve CUrHanos,
Nony4eHHbIX C AaTtumkoB. MwukpokoHTponnep 203, TaKke, BbIMONHEH C
BO3MOXHOCTbLIO YCTaHOBKW Mepuofa OTNpaBKW AaHHbIX, B3aUMOAEWCTBUA C
BHELULHUMMW YCTPOWCTBAMW, MONy4YeHUA [AaHHbIX C BHYTPEHHEro Jaryuvka
TemnepaTypbl 205, cpaBHEHMA yKa3aHHbIX OaHHbIX C MOPOroBbIM 3HaYeHUEM
AONYCTMMOW TeMmnepaTtypbl OKpyXalollen cpefbl BHYTPU Kopnyca yCTpoucTsa
100 u akTMBauum HarpeBaTefnbHbIX anemeHToB 206 Ha OCHOBe pe3ynbTaToB
CpaBHEHWSI.

[53] NcTouHnk nutanua 207 MOXET ABNATLCA MOPO3OCTOMKUM UCTOYHUKOM
NMATaAHUA, TakKUM KaKk CbE&MHas aBTOHOMHAA Oartapesi, BHELWHUA WCTOYHUK
nuTaHusa u T7.4. Pabo4yas TeMnepaTypa Takoro UCTOYHMKA AOMKHA BbITh HUXKE -
40 °C, ansa obecne4veHus KoppekTHoun paboTbl ycTponctaa 100. MoposocTonkue
UCTOYHUKN NUTAHUSA U3BECTHbI N3 YPOBHA TEXHWKA WU LUMPOKO NCMOMb3YIOTCA B
HacTosiLee BpeMs.

[54] WckposawmThble uenn 204 BBOAATCA B CXeMy YCTpoucTBa Ans
OrpaHuyYeHns npeaensLHON 3Heprun, KoTopas HakannueaeTcs B Mnpolecce
aKcnnyatauun u ee pacceuBaHusi, onyckasl ypOBEHb HWXKE YeM HauMeHbluas
BENUYMHaA JHepruu, Heobxogumas OnA BOCMNaMEHEeHWss BO B3PbIBOONACHOW
cpepe. WckposawmtHble uenu 204 Taike npefoTBpallaloT BO3HUKHOBEHWE
WUCKpbl MpUM  MEXaHW4YeCcKoM KOMMyTauuu LuUenu, Haxogsaweucsa nop
Hanps)KeHUEM, Harnpumep, NpU WX pacfofioXeHun B Havbonee KPUTUYHBIX
anemMeHTax uenu, Takux Kak UCTOYHWK NUTaHWA, rMaBHbIA MUKPOKOHTpoOMNep,
pasbeMbl ON1A MOAKMIOMEHUA BHELUHUX [AaTyUMKOB W T.M., YTO yBenu4ymMsaeT
0e30nacHOCTb M HaAEeXHOCTb 3KCnayaTauMy BCEro yCTpomucTea.

[55] MuKpoKoHTpONNep ynpaeneHna npuemonepenatinkom 202 coegnHeH ¢
moayrnem 201 wn MOXeT SHABNATbCA, Hanpumep, npuemonepeaaTinkom c

TexHonorve wmogynsumn LoRa, obecneuvBarowem 6onbllylo AanbHOCTb
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nepepayn AaHHbix, paboTawowero oT 6aTapeHoro nNUTaHuA, YCTOWYMBLIM K
NHTepdEepEHUMOHHBIM TOMEXaM, Hanpumep, npuemonepeaaTinkom SX127X ot
Semtech. Ons cneuyvanucta B AaHHOW obnactv TeXHWKM OYEeBWAHO, 4TO
MUKpOoKOHTponnep 202 n moaynb 101 moryT cdmsnyecku 6biTb 06beanHEHbI U
UMeTb TOMbKO nornyeckoe pasgenenne. MukpokoHTponnep 202, TaKke
COAEPXUT BHYTPEHHWUE Yackl, Hanpumep, KBapLeBble 4achl, BbINONHEHHbIE C
BO3MOXHOCTbIO OTNpPaBkM curHana o npobyxaeHun B 3adaHHbIA  nepuoa
OTNpaBkN JaHHbIX.

[56] Mepuvon oTnpaBKU AaHHbIX yCTaHABNMBAETCA HA MUKPOKOHTponnep 203
u oTnpaBnaeTcs Ha MukpokoHTponnep 202. [ins obecneyeHns He3aBMCUMOCTH
npobyxaeHusa, MukpokoHTponnep 203 Takke MoxeT ObiITb obopyaoBaH
BHYTPEHHMMW Yacamy, BbINOMHEHHbLIMW C BO3MOXHOCTbIO NMojauu curHana o
npobyxgeHun B Tpebyembii nepuosd BpemeHn. Hanuume y  Kaxaoro
MuKkpokoHTponnepa 202 wu 203 cobcTBeHHbIx 4acoB obecneyusaet
He3aBMCMMOCTb NpoOYXAeHUs ykasaHHbiIX koHTpomnnepos 202 u 203 apyr
OTHOCUTENbLHO Apyra. YCTaHOBKa 3anfnaHWpoBaHHOW OTNpaBKN AaHHbIX Ha
MUKpOKOHTponnep 203, MOXeT OCYyLIeCTBNATLCA 4epe3  uHTepdenc
ycTpoiicTBa, Hanpumep, 4yepe3 uHtepdpenc UART n T1.4. Takaa ycrtaHoBKa
nepvoaa OTNpaBKM AaHHbIX MOXET ObITb 3ajaHa HenocpeACTBEHHO B MOMEHT |
yCTaHOBKM YCTPOWCTBa B 30HE MOHUTOpPUHra. Taioke, nepuo oTnpaBku AaHHbIX
MOXeT OblTb 3a4aH yAaneHHO 4Yepe3 BHeLUHee YCTPOWCTBO C MOMOLLbIO
npunoxeHns, nocpeacTsom Beb-6paysepa u 1.4.

[57] B pexxume aBTOMaTM3MpoOBaHHOW 3annaHUpOBaHHOW OTNPaBKU AaHHbIX
aHepronoTpebneHne koMnoHeHToB ycTpoictea 100 cHuxkaeTca 4O MUHUMYyMa
3a cyeT nepexoda B 3HeprocbeperaoLwmii UM «CRAWMn» pexxmm Unu nonHoro
OTKITIOMEHMUSA YKa3aHHbIX KOMMNOHEHTOB.

[58] BHyTpeHHUA pgaTuuk Temnepatypbl 205 pacrionaraetcsi Ha nevyaTHOW
nnate yctporictea 100. datumk 205 BbINONMHEH C BO3MOXHOCTLIO OTNpaBKu
JaHHbIX O TeMnepaType OKpyXalLle cpeabl BHYyTpU kopnyca ycrtponctea 100
Ha rnaBHbli MUKpokoHTponnep 203. Pabouuit TemnepaTypHbIM AuanasoH
Takoro patyvMka Takke JomkeH obecneyuBaTtb ero paboTty B yCnoBusixX
cBepxHU3kux Temnepatyp (Hmwxe -40°C). Kak 6b110 onucaHo paHee, JaTyvky,
umetowme pabouyo TemnepaTtypy B Takux AuanasoHax LLMPOKO W3BECTHbI 3

YPOBHS TEXHUKM.
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[59] B kadectBe HarpeBaTeslbHbIX 3nemeHToB 206 moryT ObITb
NCNONb30BaHbl PE3NCTOPbLI, TPAH3UCTOPblI U UHbIE 3NEKTPOHHbLIE KOMMOHEHTHI,
KoTopble obecneyvBaloT TENSOBbLIAENEHNE NPU NpoTekaHnn Toka. Kpome Toro,
HarpeBaTenbHble 3nemeHTbl 206 BbibupatoTcAa Takum obpasom, 4YTOObI
obecneunBaTb 3anac No MOLWHOCTU Npu HarpeBe MNpOoTEeKalWUM Yepes HUX
TOKOM, a KOHCTpyKUuus kopnyca obecneyMBaeT MaKCMManbHO HU3Koe
TepMUYeCcKoe COMpOTMBIIEHNE B YacTM KOHTAKTa Kopnyca C nevyaTHoW nnaTon.
KonuuectBo HarpeBaTenbHbix anemeHToB 206, pasmewaembiXx Ha nnaTte,
3aBUCUT OT KONu4ecTea npuemonepenatroLnx 3NeMeHTosB.

[60] [anee nepeiigem K pacCMOTPEHWUI0 HECKONMbKMX cueHapues paboTbl
yctporictea 100. CueHapuii 1 paboTtbl yctponctBa 100 HauvHaeTca c
HacTynneHus 3annaHMpOBaHHOIO nepuoaa OoTnpaBKu OaHHbIX.
MukpokoHTponnep 202 nony4aeT curHan oOT BHYTPEHHUX 4YacoB Ha
npobyxaeHune U MuKpokoHTponnep 202 BbIXOAUT W3 ChsLLEro pexvuma
(akTuBnpyetcs). Nanee mukpokoHTponnep 203 Tawke nonyyaer curHan o
npobyXaeHun ¢ co6CTBEHHbIX BHYTPEHHUX YacoB. CTOUT OTMETUTb, YTO CUrHan
0 NPOBYXAEHUN C BHYTPEHHUX YACOB KaXKOOro U3 MUKpOKoHTponnepos 202 u
203 noctynaet paHblue TpebGyemoro BpeMeHu oTnpasku, Hanpumep, 3a 1
cekyHay. OTo caenaHo ans Toro, 4Tobbl BCe KOMMNOHeHTb! ycTpoitctBa 100
ycnenuv BblIiTU U3 3HeprocbeperaioLllero pexmuma n obMeHaTbCA Apyr ¢ Apyrom
haHHbiMKU.  TMocne npobyxaeHusa MukpokoHTponnep 203 onpawuvBaet
BHYTPEHHWA paTynk TemnepaTtypbl 205 ©“ cpaBHMBaeT MOMyYeHHbIE C
ykasaHHoro gatuyvka 205 paHHble 0 TemnepaTtype OoKpyXatoLlein cpefbl BHYTpU
kopnyca (T°yer-ea) C NOPOrOBbIM 3HAYEHNEM TEMNEpaTypbl OKpyXaloLlen cpeabl
BHYTpY kopnyca (T °nopor).

[61] Mpu Ttemnepatype T°ycrsa Gonbwe TC°nopor MUKpOKOHTpOnnep 203
oBbMeHMBaeTCcA AaHHbIMM ANA nepedadn ¢ MUKpokoHTponnepom 202, u
MUKpOKOHTponnep 202 coBepLiaeT oTnpasKy AaHHbIX Npyu nomolum moayna 201
Ha BHeLUHee yCTpoMCTBO. B ogHOM BapuaHTe ocyllecTBneHus nepen obMmeHom
OaHHbIX MeXay MuKpokoHTponnepamu 203 u 202, mukpokoHTponnep 203
nogaeT curHan nposepku paboTocnocobHOCTM Ha MukpokoHTponnep 202.
Mocne ycnewHol oTnpaBkum JdaHHbIX ycTponcteo 100 norpyxaetca B
3HeprocbeperatoLwuii pexxum 4o HacTynneHus crnegyoLero nepnoga oTnpaBku

AaHHbIX.
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[62] Ctoutr OTMETUTb, 4TO MUKpOKOHTponnep 203 BbINONHEH C
BO3MOXHOCTBLIO MONYYEHUA OaHHbIX C BHELWHWX AATYMKOB B CMSALEM pexunme
nwobsbIM N3 N3BECTHBIX CNOCOBOB, Hanpumep, NOCPEeACTBOM 3anucu AaHHbIX B
Kaw  namsTb, Jnmbo B cneunanusvMpoBaHHyld  obnacTtb  namaTu,
npefHasHa4YeHHylw ANA  XpaHeHua  paHHbix. [locne  npobyxaeHus,
MukpokoHTponnep 203 ocywecTtBnAeT o6paboTKy MONYyYEHHbIX AAHHBLIX U UX
AanbHenwyto oTnpaBky Ha MUKpoKoHTponnep 202 ansa nepegayn.

[63] Tenepb paccMOTpuUM BTOpON cueHapuin paboTbl ycTponctea 100. lNMpwu
HacTynneHuu 3annaHWpoBaHHOTO nepuoaa oTnpasku AaHHbIX
MUKpOKOHTponnep 202 nony4aeT curHan oOT BHYTPEHHMX YacoB Ha
npobyxaeHue. OgHako, npu T°yersa HWXKE T°nopor, MUKpPOKOHTpoOnnep 202 un
moaynb 201 He akTMBMpYylTCH, T.K., Kak 6bino onucaHo BbiWe, B KayecTse
T°nopor  BbibUpaeTcs MuHUManbHoe paboyee 3HavyeHne TemnepaTypbl
MukpokoHTponnepa 202 u mogyna 201. [lpu aTom MukpokoHTposinep 203
TaKKke nofnyvaeT curHan o npobyxaeHnn ¢ coOB6CTBEHHbIX BHYTPEHHUX 4acoB W,
T.K. OH cneuncduumpoaH pans paboTbl B Takux TemnepaTtypax (Kak
ynomuHanocb Bbilwe), npodyxpgaetca. MwukpokoHTponnep 203 onpawwusBaeTr
Aatyuk 205 u cpaBHMBaEeT nofyyYeHHble C ykasaHHoro gardmka 205 gaHHble 0
TemnepaTtype okpyxawwen cpeabl BHyTpu kopnyca (T°ycrsa) C MOPOroBbIM
3Ha4YeHMeM TemnepaTypbl OKpyxawllen cpefbl BHYTpU kopnyca (T nopor). Tak
Kak T°ycr-sa HXKE T °nopor, TO MUKPOKOHTpONNEp 203 akTusnpyeT HarpeBaTefbHbIe
anemeHTbl 206, koTopble pacnonarawTca Ha nnate yctponctsa 100 nop
KPUTUYHBIMU K TemnepaTypHOMYy 3HaudeHuto paboTbl dnemMeHTamu, a UMEHHO
nog MuKpokoHTponnepom 202 n mogynem 201.

[64] Ons YMEHbLLEHUNA TennoBbIX noTtepsb, obycnoBneHHbIX
pacnpocTpaHeHMeM Tenna Ha BCK Me4YaTHyl nnaTy, HarpesaTeribHble
anemeHTbl 206, a Takke MukpokoHTponnep 202 n mogynb 201 moryT ObiTb
N30NMpoBaHbl TennoBbiMu HapbepaMu OT OCTaNbHbIX 3NEMEHTOB nNeYaTHoW
nnaTbl. B kayecTBe TennoBbix 6apbepoB MOTYT ObiTb UCMOMNb30OBaHbLI BbipE3bI B
nevYaTHOM nnaTte No KOHTYpy MUKpokoHTponnepa 202 n mogynsa 201.

[65] BosBpalwlasncbh K cueHapuio 2, akTuBauusi HarpeBaTefNbHbIX 3N1eMEHTOB
206 nossonsier 6bICTPO NOBbLICUTL T°yer-sa [0  3HA4YEHUS T nopor. [lpwm
OOCTMXKEHUM 3HAYEHUA TCnopor, PABHOMO MUHUMaNbHOW pabodein Temnepatype

komnoHeHToB 202 n 201, ykasaHHble KOMNOHEHTbI 202 1 201 «oTorpeBatoTca» U
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aktueupytotcs. Kpome TOro, npu AoCTUXEHUWN T°yer-ea 3HAUYEHWIO pPaBHOMY
T°nopor, MUKpOKOHTpoONnep 203 nogaeT curHan npoBepku Ha MUKPOKOHTponnep
202. CurHan npoBepkn CNyXuT Ans noaTeepxaeHus paboTtocnocobHocTu
MuKpokoHTponnepa 202. MukpokoHTponnep 202 BbINOMHEH C BO3MOXHOCTbLIO
OoTBETa Ha YyKasaHHbil curHan nposepkn. CurHan npoBepKn MOXeT
npeactaenate coboit nwbo OBYCTOPOHHUA OOMeH WHdopMaunen mexay
yKasaHHbIMU MUKpOKOHTpornnepamn 202 n 203.

[66] MukpokoHTponnep 203  ynpaBnseT  akTuBauuein/aeaxktuBauuven
HarpeBaTenbHbIX anemeHToB 206 Ha OCHOBE MOHUTOpPUHra TemnepaTtypbl
oKkpyXatowen cpeabl BHyTpu kopnyca yctpouctea (T °ycr-sa). [locne npuHATUA
pewenunss 06 akTuBauun HarpeBaTesnbHbIX 3nemMeHToB 206, MUKPOKOHTpoNNep
203 B peanbHOM BpeMeHu nosfiydaeT pAaHHble ¢ gatdumka 205 o T°yersa.
HarpeBaTtentHble anemeHnTbl 206 ocTaloTcA aKTMBHBIMU A0 NOAHATUA T yer-sa
Bbile T°nopor HA 3HA4YeHWEe T°mer, rA€ T°mer — rUCTEpesnc TemnepaTtypsbl
komnoHeHToB 202 un 201. lloa ructepesvcoMm TemnepaTypbl MOHUMAETCH
CBOWCTBO  (PU3MYECKMX CUCTEM, NPXM  KOTOPOM  BfvsHME nepexopa
OCYyWEeCTBNSETC C HEKOTOopoih 3agepxkon. B HekoTopbIx BapuaHTax
ocywlectBneHusa T°mer MOXET ObiTb paBeH 3-4 °C. 3HayeHue T°mer 3apaHee
3agaeTca C NOMOLLLIO NPOrpaMMHbIX CPeAcTB Ha MUKpOKOHTponnepe 203.
Mocne poctukeHns  TC°ycrea 3HAYEHMS, paBHOrO  T°nopor  + T rucr,
MUKPOKOHTponnep 203 oTnpasnseT NPOBEPOYHbIN curHan Ha
MuKpokoHTponnep 202, noaaep)xusasi Npu 3TOM AOCTUTHYTYIO Temnepartypy.
Monyuse oOTBET OT MuKpokoHTponnepa 202, wmukpokoHTponnep 203
noaaepxveaeT T°ycr-sa HA 3HAYEHUN HE MeHbLIE T nopor + T°mer HA NPOTAXEHUU
BCEro LMKna nepenaum gaHebix. [locne nonyyexnuns curHana o6 ycneluHon
nepegade QAaHHbIX OT MWKpokoHTponnepa 202, mukpokoHTponnep 203
JeaKkTUBUPYET HarpesaTenbHble aneMmeHTbl 206.

[67] B elwie ogHom BapuaHTe OCyWECTBMNEHUA akTUBauus HarpesaTenbHbIX
anemeHToB 206 3aBUCUT OT TOro, HACKONBLKO T°ycrea HWXE T°nopor. B 3TOM
BapWaHTe OCYLLECTBMEHUS Mocne onpoca MWUKpoKoHTponnepom 203 gatyuka
205, ykasaHHblii MUKpOkOoHTpornep 203, Ha OCHOBE CpaBHEHUS MNONy4YeHHOW
T°yer-sa € T nopor BBIMUCNSAET BPEMS, 32 KOTOPOE HarpesaTenbHbie anemeHTbl 206
crnocobHbl HarpeTb MUkpokoHTponnep 202 u moayne 201 A0 UX MUHUMaNbLHOTO

3HauyeHuss pabouyer TemnepaTtypbl, KOTOpoe paBHO T°nopor + T°rucr. B
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3aBUCUMOCTM OT TpebyemMoro BpemMeHu Harpesa, MUKpokoHTpornnep 203
aKTUBMpPYEeT  HarpeBaTeflbHble anemeHTol 206. B 3tomM  BapuaHTte
OCYLLECTBMIEHMA HECMOTPSi Ha TO, YTO NpobyxaeHne MukpokoHTponnepa 203
NPOUCXOANT TakKXKe paHblue 3a4aHHOrO BpEMEHWN OTNpPaBku AaHHbIX, Hanpumep,
3a 1 cekyHAy QAO OTNpaBKW, aKTMBauus HarpesaTenbHbIX anemeHToB 206
NPOUCXOAUT COrMacHO BbIMMCNEHHOMY BpemMeHuW Harpesa. B atom cny4ae
noaaepxaHve pabovein Temnepatypbl komnoHeHToB 202 1 201 He TpebyeTcs,
T.K. MUKpokoHTponnep 202 n 201 «oTorpeBaloTCs» CTPOro K 3afjaHHOMY
nepuopgy oTnpaeku AaHHbix. Kpome Toro, npn HebonbLuoi pasHuue mexay T yer-
sa U T°nopor TpebyeTcs ropasfgo MeHblue BpPEeMEeHM Ha HarpeB nepeparowmx
anemeHToB 202 1 201 A0 MMHMMaNbLHOrO 3Ha4YeHus nx padoyen TemnepaTypsl,
YTO 3KOHOMWUT BHEpPru, NoTpebnsaemylo HarpesaTenbHbIMU anemeHTamun 206 1
AOMNOMHUTENBHO YBENMYUBAET ANUTENBHOCTL BpeMeHu paboTtsl ycTpoincTtea 100
OT CbEMHOI0 UCTOYHWKA NUTaHWUS.

[68] Mocne npoBepku paboTocnocobHOCTU MUKpOKOHTponnepa 202,
MukpokoHTponnep 203 obmeHuBaeTcss ¢ MUKpOKOHTponnepom 202 aaHHbIMW,
KoTopble HeobxoguMMo nepepaTb M NpPoOUCXOAUT UX OTNpaBka Mpu MOMOLLM
moaynst 201 Ha BHellHee ycTpoicTBo. CneunanucTy B 3TOM 0BnacTu TEXHUKN
OyaeTt oueBUAHO, YTO NpoBepka paboTrocnocobHOCTM MUKPOKOHTponnepa 202
MOXET NPOXoAuTb OLHOBPEMEHHO C OOMEHOM AaHHbLIMU MeXAy YKa3aHHbIMU
MukpokoHTponnepamu 202 n 203. MNocne oTnpaBku AaHHbIX MUKPOKOHTpoOnep
202 nopaet curHan o6 ycnewHoW oTnpaBke pAaHHbIX, W ycTtpounctso 100
nepexoaut B  3Heprocbeperalowmi/cnawMn - pexum o cneaylouiero
HacTynfneHna neproaa oTrnpaBku AaHHbIX. Ha aTomM cueHapuii 2 3aBepluaeTcs.
[69] [Mpu HacTynneHuuM BpeMeHV NOBTOPHOW OTMpaBKM AaHHbIX (nepuoaa
OTNpaBKM Q[OaHHbIX) Ha OCHOBE TeMmnepaTypbl OKpyXalowen cpegbl BHYTpU
Kopryca ycTponcTsa BblbupaeTca OOWH W3 ONUCaHHbLIX Bbille CuUeHapueBs
nepefayv AaHHbIX.

[70] Ha our. 3 npepcraeneHbl aTanel cnocoba 6ecnposogHoW nepepayn
AAHHbIX B  YCNOBUSIX CBEPXHU3KUX TemnepaTyp. YKasaHHbii cnocob
OecnpoBogHOM nepefayn [AaHHbIX BbINOSIHAETCA C MOMOLULIO YCTPOWCTBA
BecnpoBogHON Nepefayn gaHHbIX, KOTopoe 6biNo ONUCaHO BbILLE.

[71] Ha atane 301 ocywecTensaeTca ycTaHOBKa nepuoaa oTnpaBKUA AaHHbIX,

nony4vyeHHbIX C€ BHeWHNX OaT4yUKOB. ﬂepmo,q oTnpaBKM AOaHHbIX MOXET
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ycTaHaBnNuBaTbCA Ha MMUKpPOKOHTpornepe 203 nocpefcTBOM UWHTepdeiica
ycTpovictea 100 ¢ NOMOLLbIO py4HOW yCTaHOBKM ykaszaHHoro yctpoinctsa 100 B
MOMEHT €ero pacnofioXeHuss B 3afaHHOW reorpacdudeckon Touke w/vnu
yAaneHHo, NOCPEeACTBOM B3aUMOAENCTBUS C BHELHWM YCTPOWCTBOM 4Yepes
npunoxenne wwunun Beb-6paysep. WHTepdeinc yctporctea 100 moxeTr
npeacTaenATe coboit, Hanpumep, uHTepcenic UART. [llocne ycraHOBKW
nepvoga oTnpaBKK AaHHbIX YCTPOWCTBO 100 paboTaeTt B
aHeprocbeperawiiem/cnswiem pexume. Takoh pexMm B 3HaYMTENbHOW
CTENEHWN 3KOHOMUT 3apsf CLEMHOIO UCTOYHMKA NUTaHWA U npoanesaeT BpeMs
paboTbl.

[72] Ha atane 302 ocyuwectensaeTca cbop AaHHbIX OT BHELIHUX OATYUKOB.
COop [aHHbIX OCYLLECTBNSETCA MUKPOKOHTponnepom 203 nocpeacTBoM
ornpoca BHELWHMX AaTYNKOB WNM B aBTOMaTuiMpoBaHHoOM pexume. Cb6op
AaHHbLIX Tawke BKIOYAeT Wx npeobpasosaHne npu nomowwm AL Ha
MUKPOKOHTponnepe 203 w ganbHenwyiw o6paboTky B NpUrogHblid - Ans
nepenayn copmart. Npn cbope AaHHbIX B aBTOMaTU3NPOBAHHOM pexume, Kak
OblNO0  onucaHo Bbiwe, MUKpokoHTponnep 203 MoOXeT HaxoguTbCs B
aHeprochbeperawLwlem/cnawem pexume, a obpaboTka cobpaHHbIX AaHHbIX
oCyllecTBNsieTCA B MOMEHT akTuBaumu mukpokoHTponnepa 203. MNpu cbope
AaHHbIX NocpeacTBOM ONpoca BHELWHMX AatyukoB cbop n obpaboTka AaHHbIX C
[aTYMKOB  NPOUCXOAWUT Nocfne Bbixoda  MUKpokoHTponnepa 203 u3
aHeprocbeperaLlero pexwuma, HENoCpeacTBEeHHO nepef  HacTynneHnem
nepuopa oTnpaBku AaHHbIX.

[73] Ha atane 303 ocyulecTBnseTcs akTuBauma ynpasnsowmx KOMMNOHEHTOB
yctporictea 100. [lepeg HactynneHnem nepuogda oOTNpaBkM  AaHHbIX
npoucxoauT aKTusayus MUWKPOKOHTponnepa ynpasneHus
npuemonepepatymkom 202, rnaBHOro MukpokoHTponnepa 203 wn moayns
npuemonepegatynka 201. 3a npeponpenerneHHoe BpemMs A0 HacTynneHus
nepuoda OTNpaBKU [AaHHbIX, Hanpumep, 3a 1 cekyHAy [0 HacTynneHus,
BHYTPEHHME yYacbl MUKpOKOHTponnepa 203 nocbinalT CUrHan Ha ykasaHHbIN
MUKpokoHTponnep 203 o Bbixoge M3 3HeprocHeperatowero pexuma (curHan o
NpobyXXaeHuK), aHanoru4yHbIA CuUrHam nocbiNnalwT W  BHYTPEHHWE 4achl

MUKpokoHTponnepa 202. MwukpokoHTponnepbl 202 n 203 akTMBupyloTcA
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HesaBuCMMO Apyr oT apyra. MwukpokoHTponnep 202 nocne npobyxaeHus
noceinaeTt curHan o npobyxxaeHun moaynio 201.

[74] Ha astane 304 nony4aloT AaHHbIE O TeMnepaType OKpyXalwLlluen cpenbl
BHyTpU Kopnyca (T°ycr-sa). [locne npobyxaeHus, rnaBHbIn MUKPOKOHTpoONNep
203 onpawuBaeT BHYTPEHHUM AaTyuk Temnepatypbl 205 1 nonyyaeT 3HayeHne
T°yer-sa B HACTOAWMIN MOMEHT BpeMeHun. Onpoc aaTyuka 205 Takke npoucxoguT
AO HaCTynneHus nepumoga oTnpaBkn AaHHbIX.

[758] Ha atane 305 ocywlecTBnAlT CpaBHEHUWE NOJSIYYEHHOW TemnepaTypbl
okpyxawwlen cpeabi BHyTpu kopnyca (T°ycrea) C 3afaHHbIM NOPOroBbLIM
3HayeHMeMm TemnepaTypbl OKpyXatwouwen cpeabl BHyTpu kopnyca (T °nopor).
CpaBHeHue ocyLecTBnseTCA MUKpOKOHTponnepom 203. B  kavectse
MOPOroBOro 3HA4YeHUs TemnepaTypbl OKpyXawwen cpeabl BbibupaeTcs
MUHMManbHas paboyas Temnepartypa MuUkpokoHTponnepa 202 v moaynsa 201.
B ogHoM BapuaHTe oOCywecTBNeHUs 3HavYeHne MUuHuMMmarnbHon paboyen
TemnepaTypbl MUkpokoHTponnepa 202 n moayna 201 HaxoguTca B AgManasoHe
oT -37°C po -40°C. Takoe 3Ha4yeHne TemnepaTtypbl obycrnaBsnusaeTca TeM, 4YTO
anemeHTHas ©0asa ykasaHHbIX nepegawowmx anemeHToB 202 u 201 He
cneuncuuympoaHa ana pabotbl B Gonee HU3KUX Temnepartypax W, npu
ONnycKaHUW TemnepaTypbl BHYTPW KOprnyca YCTPOWCTBA HUXE YyKa3aHHOro
AnanasoHa, oHa 3amep3aeT u nepecrtaet paboTtars.

[76] Ecnu T°ycr-sa Bbiwe T nopor, TO cnoco® nepexoanTt Ha aTan 307.

[77] Ha srane 307 npoucxogut nposepka  paboTtocnocobHocTn
MUKpokoHTponnepa 202. YkasaHHas npoBepka nNpPoOUCXOAUT nNpu NOMOLLM
MukpokoHTponnepa 203. B kayectBe curhana nposepku paboTocnocobHocTy,
Hanpumep, MoOXeT ObiTb 3anpoc OTnpaBkM MakeTa AaHHbIX, KOTOpbIA
CreHepupoBaH MUKpokoHTponnepom 203, Ha MukpokoHTponnep 202. B
KadecTBe OTBeTa OT MUKPOKOHTponnepa 202 moxeT ObiTb noaTeBepXxaeHue
NPUHATUA yKasaHHoro 3anpoca. lNocrne nonydyeHust oTBeTa cnocob nepexoauT
Ha aTan 308.

[78] Ha astane 308 wmukpokoHTponnep 203 obmeHuBaeTCA OaHHbIMU C
MUKpokoHTponsniepom 202 n ykasaHHbIM MUKpokoHTponnep 202 cosepliaer
3annaHNpoBaHHYIO OTNPAaBKY AaHHbIX Ha BHELIHEEe YCTPOWCTBO MpU MoMOLUU
moayns 201. B ogHom BapuaHTe ocywecteneHna atan 307 n atan 308 moryT

6biTb 0bObeguHeHbl. BHewHee ycTpoicTBO BbIOMpaeTca K3 rpynnel:
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nepcoHanbHbIA KOMNbIOTEP, CEpBEp, CMapT(OH, NMaHLWeT, HOCUMOe YMHOoe
YCTPOWUCTBO U T.A.

[79] Ecnu T°ycr-sa HUXE T nopor, TO cNocob nepexoanTt Ha aTan 306.

[80] Ha oatane 306 MukpokoHTponnep 203 Ha OCHOBe pe3ynbTaToB
cCpaBHeHUsl, nonyyYeHHblXx Ha 3Ttane 305, akTMBupyeT HarpeBaTenbHble
anemeHTbl 206, KoTOpble pacnonarawTca Ha nnate ycTtponctea 100 nop
KPUTUYHBIMU K TeMnepaTypHOMY 3HadeHuto paboTbl 3nemMeHTamMu, a UMEHHO
noa MukpokoHTpornnepom 202 n mogynem 201. MukpokoHTponnep 203 B
peanbHOM BpeMeHu nonyyvaeT fdaHHble ¢ gatumka 205 o T°yersa.
HarpeBartenbHble anemeHTbl 206 OCTAlOTCA aKTUBHBIMU 00 MNOAHATUA T °yer-sa
BbllE TC°nopor HA 3HA4YeHUEe T°rcr, rA€ T°mer — rUCTEPE3NC TemnepaTtypbl
koMnoHeHToB 202 un 201. 3HadeHMe T°mer 3afaeTcs NpPOrpamMMHO  Ha
MUKpOKoHTpornnepe 203 no aHanorMm ¢ nepuoaoMm oTnpasku AaHHbiX. Mocne
DOCTUXKEHURA T°yer-sa 3HAYEHURA, paBHOroO T°nopor + T °rmer, MUKPOKOHTPONNep 203
noggepXueaeT LOOCTUTHYTYIO TemnepaTypy Ha nNpOTsXKEHUMUM BCEro uukna
nepepayun gaHHbIX.

[81] B ewe ogHOM BapuaHTe OCYLLECTBNEHUSA aKTUBaLUSA HarpeBaTesbHbIX
anemeHToB 206 3aBUCUT OT TOro, HackKomnbKO T°yer-ea HUXE T°nopor. B aTOM
BapuaHTe OCyLlecTBNEHUs nocne onpoca MUKpokoHTponnepom 203 patyvka
205, ykasaHHbIn MUKpOKOHTponnep 203, Ha OCHOBE CpaBHEHUA MNOMNYy4YEeHHOM
T°yer-sa € T nopor BIYUCNIAET BPEMS, 3a KOTOpPOE HarpesaTenbHble anemeHTbl 206
cnocoBHbl HarpeTb MUkpokoHTponnep 202 n mogyne 201 A0 NX MUHUMAaNbHOrO
3HayeHusa paboyel TemnepaTtypbl.

[82] TMMpn pocTmxkeHUU TCycr-sa 3HAYEHUA, PaBHOIO T°nopor + T°mer, CNOCOO
nepexoauT Ha atan 307. Ha stane 307, kak 66110 onucaHo Bbille, NPOUCXOAUT
npoBepka paboTocnocobHOCTU MUKpPOKOHTponnepa 202.

[83] TMMocne ycnewHoi npoBepkn MUKPOKOHTponnepa 202 npoucxoauT
3annaHnpoBaHHasa oTnpaBka AaHHbIX HA BHELUHEE YCTPOWCTBO COrfacHoO aTtany
308, koTopbI Takke Obin onucaH Bbiwe. Mpwn 3aBeplueHUN 3annaHNPOBaAHHOM
oTnNpaBkM W nogayn curHana o6 ycnewHoWn oTnpaBke AaHHbIX OT
MUKpPOKOHTponnepa 202 Ha MUKpokoHTposnnep . 203, yKasaHHbIN

MUKPOKOHTPONNEP AEaKTUBUPYET HarpeeaTtesbHble anemeHTbl 206.
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[84] Mo 3aBepweHutio Bcex aTanoB cnocoba 6ecnposogHoW nepeaayn
AaHHbIX ycTpoucTtBo 100 norpyxaetca B aHeprocOeperawowiin pexum Ao
HacTynneHusa cneayiowero nepuoga oTnpaBku AaHHbIX.

[85] Takmm obpasom B npeAcTaBNEHHbIX MaTepuanax 3asBkuM OnucaHbl
ycTpoicTBO u crnocob6 6GecnpoBogHOW nepefayn [aHHbIX B YCNOBUAX
CBEPXHU3KUX TemnepaTyp.

[86] Moaudurkauunn n  ynyduweHus BbILWEONNCaHHbIX BapuaHTOB
OCYLLECTBNIEHUA  HACTOSILLEro  TEXHMYECKOro  pelweHus  byayT  ACHbI
cneunanuctam B JdaHHoW obnactu TexHuku. [pealwlecTsylollee onucaHue
npeacTaBfeHo TOMbKO B Ka4ecTBe NpuMepa U He HeceT HUKaKUX orpaHnuyeHui
ANA  Uenerh OCYLECTBNEHUA MHbIX YacTHbIX BapuWaHTOB BOMMOLLEHNA
3aABMEHHOIO0  TEXHMYECKOrOo  pelleHWs, He  BbIXOAALWEero 3a pamMKu
ucnpawmsaemoro obbema npaBoBOM OxpaHbl. KOHCTPYKTUBHbIE 3MNEMEHTHI,
Takne Kak MUKPOKOHTposnnepbl, 6noku, mogynu v T.4., ONUCaHHblE BbIlLe U
ncnonb3yemble B JaHHOM TEXHUYECKOM peLLEeHUN, MOTyT BbITb peanu3oBaHbl C
MOMOLLBIO  3NEKTPOHHbIX KOMMOHEHTOB, UWCMNOMb3yeMbiX AN Cco3jaHusA

LMpPOBLIX MHTErpanbHbIX CXEM.
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®OPMYNA

1. YcTtpowncteo 6ecnpoBogHOn nepefaym AaHHbIX B YCNOBUSX CBEPXHU3KUX

Temnepartyp, cogepaLlee:

e B3pbIBO3ALUUTHBIA KOPNYC, BHYTPM KOTOPOrO YCTaHOBSIEHA NeYaTHas

nnara, Ha KOTOpOI7I pacnosioXeHsobl.

O

rMaBHbIA MUKPOKOHTPOSNEP, BbINOMHEHHbLIA C BO3MOXXHOCTbIO
06paboTkn paHHbIX, MOSIYYEHHBIX OT BHELWUHUX AATYMKOB U
YCTaHOBKM nepunoga oTnpasKu NonyYeHHbIX AaHHbIX, NpU 3TOM
rMaBHbIA  MUKPOKOHTPONNEP BbINOMHEH C BO3MOXHOCTbLIO
B3aUMOLEACTBUA C  MWUKPOKOHTPOMMEPOM  ynpaBneHus
npuemonepeaaTynkom, BHYTPEHHUM AaTYMKOM Temnepartypbl
W HarpeBaTesibHbIMU 3fieMeHTaMW;

MUKPOKOHTpONNep ynpasneHuns npvemMonepeaaTymkomMm,
BbINONMHEHHbBIA C BO3MOXHOCTbLIO aKkTusauun nepen nepnogom
OoTnpaBkn AaHHbIX n ynpasneHuna Moaynem
npuemMonepenaTyunka ans nepegayiu AaHHbIX no
6ecnpoBogHOMY KaHany Ha BHeLUHee YCTPOUCTBO;

MoZyfb NnpuemonepegaTymka, BbINONHEHHbIA C BO3MOXXHOCTbIO
nepenayn faHHblx No GecnpoBogHOMY KaHany Ha BHelUHee
YCTPOWCTBO;

NUCTOYHUK NUTAHUS;

BHYTPEHHUN  AaTyMk  TemnepaTypbl, BbINOJIHEHHbIA C
BO3MOXHOCTbIO  MNepefaynm  AaHHbIX O  Temnepartype
OKpyXalolen cpedbl BHYTPM  Kopryca Ha  rnaBHbIiA
MWUKPOKOHTpONNep;

HarpeBaTenbHble SMEMEHTHI, pacnonoXeHHble noa
MUKPOKOHTPOMNNEPOM YynpasrieHuss npuemonepefaTimkom wu
MoZynem npuemonepenaTymka;

pasbeMbl, nNpegHasHayeHHble ANA NOAKMIOYMEHUA BHELUHMX

[aTYMKOB;

npu 3TOM rnaBHbIN MUKPOKOHTpONNEep BbiNOJNIHEH C BO3MOXHOCTbLIO

CpaBHEHUA AaHHbIX, NOJTIY4HEeHHbIX oT BHYTpEHHEro AaTyuka
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TemnepaTypbl, C 3ajaHHbiM MOPOroBbIM 3HA4YEHUEM TemnepaTypbl
OKpyXalollen cpenbl BHYTpM Kopnyca nepeg HacTynneHunem nepuoga
OTNPaBKN AaHHbIX U aKTUBaLMW HarpeBaTenbHbIX 3MIEMEHTOB HA OCHOBE
pe3ynbTaToB CpaBHEHUS.

2. Ycrtponucteo no n.1, xapakrepusywweecs TeM, 4YTO pasbemMbl AN
NOAKMNIOYEHUSA BHELUHUX AaTYUKOB NpeactaBnsaoT cobon pasbembl Ans
NOAKNIOYEHUA NO MEHbLUER Mepe OAHOro M3 AaTYMKOB, BblibUpaeMbix U3
rpynnbl: gaTtdnk TemnepaTypbl, AaTyuuk BUOPOCKOPOCTU WNM  AaTHUK
AaBNEeHuA.

3. YctporictBo no n.1, xapakrepusyloweeca TeM, YTO MUKPOKOHTponnep
ynpaBneHua npuemMonepeaaTdnkoMm, Modynb npuemornepenarTymka wu
HarpeBaTesibHble  3NIEMEHTbl  TEennoU3OoNUPOBaAHbI  OT  OCTalbHbIX
KOMMOHEHTOB NeYyaTHou nnaTbl.

4. YcTpoicTBOo NoO N.3, xapakTtepusyloweecs Tem, 4YTOo Tennounsonsuus
npeacrtaBnAeTr coboll Bblpe3bl B MNevyaTHOM nnate no  KOHTypy
pacnonoXeHua MUKPOKOHTponnepa yrnpaeneHus npuemonepenaTymkom,
MOAYNA npuemornepenaTymka u HarpeBaTefNbHbIX 3N1IEMEHTOB.

5. YctporictBO no n.1, xapakTepusywowieeca Tem, HYTO MoAaynb
npuémMonepenaTtymka BhINOMHEH C BO3MOXXHOCTBIO Nepegadyv AaHHbIX No
npoTtokony LoRaWAN.

6. YctpoicTtBo no n.1, xapakrepusyrLwieecs TeM, YTO NOPOroBoe 3Ha4YeHne
TemnepaTypbl OKpyXawllelh cpeabl BHYTPM Kopnyca npeacTaensieT
coboi MWHUMansLHoe 3HayeHune pabouen Temneparypsl
MUKPOKOHTpONNepa YynpaBneHua npuemMonepepaTyMkom U  Moayns
npuémonepeaarymka.

7. YCTpPOWCTBO NO N.1, xapakTepusylouleeca TeM, YTO KOpnyc ycTpouncTea
BbIMOMAHEH NbiNeBnarosalyeHHbIM.

8. YcTpoicTBo no n.1, xapakrepusyloweeca TeM, YTO B MNevaTHylo nnarty
OOMNOSIHUTENBHO BBEAEHbl UWCKPO3aWMUTHbIE LUENnW, PpacronoXeHHble
MEXAY WCTOYHUKOM MUTaHWA, pa3bemamun ANA NOAKNIOYEHUA BHELLUHUX
AaT4YNKOB U FNaBHbLIM MUKPOKOHTPONNEPOM.

9. Cnocob6 6ecnpoBogHO nepepayvn OaHHbIX B YCNOBUAX CBEPXHU3KMX

TemnepaTtyp, BbINOJSIHAEMbI C MOMOLLbIO YCTpoicTBa BecnpoBogHOM
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nepefayn gaHHbix no nobomy n3 nn. 1-8 1 coaepxalluin atanbl, Ha
KOTOpPbIX:

e yCTaHaBNUBAOT BPEMEHHOW nepuwod OTNPaBKX [AaHHbIX Ha
BHELLUHEE YCTPOWUCTBO;

e coOMpaloT AaHHble OT MO MEHbLEeA Mepe OJHOro BHELUHEro
AaTynKa;

e aKTUBUPYIOT MUKPOKOHTpoONnNep ynpasneHus
NpUeMONEpeaaTyUKOM, rNaBHbIA MUKPOKOHTPONSEP WU MOAYIb
npuemonepegartyMka nepej HacTynneHWeM YCTaHOBNEHHOro
BPEMEHHOr0 Nepnoaa oTnpaBku AAHHbIX;

e MOMy4YaldT AaHHblE O TemnepaType OKpyXaiolwleihn cpeabl BHYTpU
Koprnyca Ha rflaBHOM MUKPOKOHTpOSNepe OT BHYTPEHHEro AaTyuka
TemnepaTypbl;

e CpaBHMBaAOT NpU  MNOMOLM [MABHOMO  MUKPOKOHTponnepa
Nnony4YeHHbIe AaHHbIe O TeMnepaType oKpyXatoLlen cpefbl BHYTpU
Kopnyca C 3ajaHHbiM [OpPOroBbiM 3HA4YeHWEM TemnepaTtypbl
oKpyXKaloLlen cpebl BHyTPU Kopnyca;

e aKTUBUPYIOT HarpeBaTefibHble 3MIeMEHTbI, NPU NOMOLUM NAaBHOro
MUKPOKOHTpONNepa, pacrnonoXeHHblE No4 MUKPOKOHTPONIEPOM
ynpasneHus npuemMonepenaT4Mkom n Moaynem
npyemonepeaartyunka, npyu CHWKEHUN TemnepaTypbl OKpy>KatoLlen
cpelbl BHYTPU Kopnyca HWXe 3afaHHOro NoporoBOro 3HayeHus
TEMnepaTypbl OKpyXaloLen cpefbl BHYTPU KOpyca;

e ocyulecTBnsaiT npoBepKy AOCTWKEHUSA TemnepaTypbl
OKpyXalLlen cpepbl BHYTPU KOpryca 3Ha4YeHuI0 paBHOMY
NMoOporoBoMy 3Ha4YeHWI0 TemnepaTypbl OKpyXawLllen cpegpbl
BHYTpW Kopnyca, 1

e OCYLUECTBRAIOT Nepedavy gaHHbIX HA BHELLUHEE YCTPOWUCTEBO.

10.Cnocob no n.9, xapakrepusylLwmnca TemM, 4To No MeHbLUen Mepe OAUH
BHELUHNA aaTyuk npeacTtasnsieT cobol No MeHblehn Mepe OoAvH U3
AaTyunkoB, Bblbupaembix W3 Tpynnbl: AaTyUK Temnepartypbl, AaTyuk

BM6pOCKOpOCTI/I nny gaTtyuk gaBrneHnA.
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11.Cnocob no n.9, xapakrepuaylowumuca TeMm, YTOo nepepada AaHHbIX Ha
BHELUHEE YCTPOUCTBO ocyllecTensieTca no npotokony LoRaWAN.

12.Cnocob no n.9, xapakTepusylowWMncs TEM, YTO MOPOroBoe 3HaYeHue
TemnepaTypbl OKpyXalllen cpeabl BHYTpPU Kopnyca npeactasnsier
cobon MWHUMansLHoe 3Ha4veHune pabouen Temnepartyphbl
MUKPOKOHTpONIepa YynpaBneHus npuemMonepegaTyukoMm WU  moayns
npuemonepeaarTymka.

13.Cnocob no n.10, xapakTepusyrLMica TeM, YTO BHELWIHee YCTPOWCTBO
BbIOMpaeTcs M3 rpynnbl: NepcoHarnbHbI KOMNbIOTEP, cepBep, CMapTdOH,
nnaHweT, HOCMMOE YMHOE YCTPOUCTBO.

14.Cnoco6 no n.9, xapakTepusylLMNUCA TEeM, UYTO MUKPOKOHTponnep
yrnpaBneHua npuemonepegaTdMkoMm U MaBHbi  MWUKPOKOHTponnep
cofepxaT BHYTPEHHUE Yachbl.

15.Cnoco6 no n.14, xapakTepusywwmnca Tem, 4YTO akTusauusa
MUKPOKOHTpONMepa ynpaeneHus npuemMonepegaTtynkom W rnaBHOro
MUKPOKOHTpONNEpa MNPOUCXOAUT He3aBUCUMO pApyr OT Apyra npw

NOMOLLN BHYTPEHHNX 4YaCcoB.
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o Ja9H WA HpI/IOpI/ITeTa, HO HpI/IBe}:[eH:HHﬁ JUIA IOHAMAaHWA l'lpI/]]'HJ;[/]IIa HIA

TCOpHHM, Ha KOTOPHEIX OCHOBBIBACTCS H300PCTCHIE
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YPOBHEM, B CPABHCHHH C JIOKYMCHTOM, B3ATHIM B OTACIBHOCTH

“Y” JIOKYMEHT, MMEIOTTHI HAUG0JIEE OIM3KOE OTHOIIEHUE K ITPEMETY TIOMCKA;
3BJICHHOE H300pPETEHNE HE 00IaAacT H300PETATSIECKIUM YPOBHEM, KOT/IA
JIOKYMCHT B3AT B COUCTAHWE C O/HHM MM HECKOJIBKUMM JOKYMCHTAMHE TOM K&
KaTeroOpyHM, Takas KOMOHHAINMA JJOKyMCHTOB OMCBHIHA LT CLCIHATACTA

“&”  JOKyMEHT, SBJITIOUTHHACS TATCHTOM-aHaIOTOM

Jlata eHCTBUTEILHOTO 3aBSPIICHIS MEXIYHAPOIHOTO OUCKA

14 nmexabpst 2020 (14.12.2020)

llaTa OTIPABKHA HACTOAIICTO OTUCTA O MCKIYHAPOIHOM ITOUCKE

17 mexabpst 2020 (17.12.2020)
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