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TepMoMeTpbl NabopaTopHbIe 31EKTPOHHbIE LTA MpoTOKON CBA3M C KOMMbIOTEPOM V2.1

HacTosilee onucaHne pacnpocTpaHsieTcs Ha «TepMoOMeTpbl nabopaTopHble 3NEKTPOHHbIE
LTA» 1 coaepxuT cBeaeHus, Heobxoanmble ans pa3paboTky NpuKIagHOro nNporpaMMHoOro obecne-
yeHusa (MO), NnpeaHa3Ha4YeHHOro ANa ynpaBieHns paboTol TepMOMETpa B COCTaBe MPOrpaMMHO-
annapaTHbIX KOMMIEKCOB.

M3roToBUTENb OCTABMSET 3a COHOM npaBo BHOCUTb B MPOTOKO/1 UISMEHEHUSA, HE 3aTparmea-
lOLne onncaHHbIE HMXXE CI)YHKLI,MM.

1 MOAKJIIOMEHUE U HACTPOMKA

1.1 USB

1.1.1 TepmoMeTp MoXeT 6blTb noaknoveH Kk USB nopTy KomnbioTepa C MOMOLbK CTaH-
AapTHOro kabens ans nepudepuiiHbIX YCTPONCTB C pa3beMaMu Tuna A 1 microB.

1.1.2 Tak Kak TepMOMETp ABNSeTcs CTaHAapTHbIM HID-COBMECTMMbIM YCTPOWCTBOM, TO
HaCTpoWKa ApalBepOoB OMEpPALMOHHON CUCTEMbI BbIMOSHSETCS aBTOMATUYECKU NpW NepBOM Moa-
KntoveHnn TepMoMeTpa kK USB nopTy KomnbioTepa.

1.1.3 Ina obneryeHua HanucaHusa npuknagHoro MO cneagyeT mcnonb3oBaTb 6ubnmnoTeky
1ta.dll, B KOTOPOM HaxoasTca HeobxoamMble yHKLUMM ANs 0BMeHa AaHHLIMU C TEPMOMETPOM.

1.1.4 Nporpamma LtaGraph coAep>XUT KOMaHAHYI KOHCOMb, C MOMOLLbIO KOTOPOW MOXHO
OTMPaBNATb TEPMOMETPY Ntobble KOMaHAbI.

1.2 Bluetooth

1.2.1 Ecnv TepMOMETP OMUMOHANLHO OCHalleH Bluetooth nHTepdeinicom, To OH MOXET 6bITb
NOAK/OYEH K N0BOMY yCTPONCTBY noaaepxumeatolleMy ctaHaapT Bluetooth 4.0 Low Energy (BLE).

2 OBLWAA NHOOPMALNA

O6MeH AaHHbIMW C TEPMOMETPOM BbIMOSHAETCS NO MHMUMATMBE KOMMbIOTEpa (XOocTa) nyTem
nepefayy COOTBETCTBYHOLWEN koMaHAabl. KoMaHzaa npeactaensieT cobowt cTtpoky ASCII cMMBOSIOB
3aKaH4uuMBatoLLyrocs cumBosioM Hoeor cTpoku ('\n', kog 10). OTBET Ha KOMaHAy TEpMOMETP OT-
npaBnsieT CTPOKOM, 3akaHumBatowencs napov cumeonoB '\nEOT' (kog cumona EOT = 0x04).
BHyTpW CTpokM OTBETa TakXXe MOryT BCTPEYaTbCS CUMBOJIbI HOBOW CTPOKM.

2.1 [puHATbIE cornawleHus

[anee no TeKCTy Npu HanMcaHWM KOMaHA, 3aBepLuarolmii cuMBon koManabl ('\n') n oTeeTta
("\nEOT") 6yayT onyckaTtbcs.

Mpy onucaHuUM CMHTAKCMCA KOMaHA B YriOBbIX CKOBKax <> yKa3blBalOTCA 06s3aTefbHble
napaMeTpbl; B KBaapaTHbIX Ckobkax [] HeobsizaTenbHble NapaMeTpbl; B GuUrypHbix ckobkax {} ao-
MyCTUMbI/A HABOp NapaMeTPOB, Pa3AeNeHHbIX CUMBOJIOM '|', U3 KOTOPbIX BbIOpaTb HY)KHO OAMH.
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2.2 dopmMaT KOMaHAbI

2.2.1 KoMaHaa MoXeT 6bITb 3anMcaHa Kak 3arfiaBHbIMKU, Tak U CTPOYHbIMK ByKBaMu.
2.2.2 CTpoKa KOMaH/bl COCTOUT M3 TOKEHOB, pa3aefieHHbIX npobenamu.

B obuiem cnyyae komaHaa UMeeT BuAa:
cmd prml prm2 prmN

raoe cmd — UMSt KOMaHAbl; prmX — MapaMeTpbl KOMaHApbI.

2.3 ®opmart oTBeTa

dopmaT 0TBETA 3aBUCUT OT KOHKPETHON KOMaHAbl. OB6bIYHO 3TO YMCI0 UK Habop uncen.
B cnyyae BO3HMKHOBEHMSA owmnboK OTBET byaeT UMeTb BUA:
[Exx]: coobuweHue 06 owmbke
rae xx — Ko owunbku.
Cnncok BO3MOXHbIX OLWNOOK.
[EO1]: Hen3BecTHasa koMaHaa. BeeauTe 'help' ans nonyyeHns cnmvcka A4OCTYMNHbIX KOMaHA.
[EO2]: nHAekc BHe AonycTMMOoro Avana3oHa.
[EO3]: HemonyCTUMbIA HOMEP M3MEPUTENBHOMO KaHana.
[EO4]: HegonycCTUMBbIV NapaMeTp KOMaHAbI.
[EO5]: HeponyCTMMbIM TeMMepaTypHbIN KO3hPULMEHT.
[E06]: HeponyCTUMblEe NapaMeTpbl PunbTpa.
[E07]: HeponyCcTMMOE 3HaYeHue.
[EO8]: owwnbka BO Bpems nporpammupoBaHus flash namaTu.
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3 NoAAEP>XWBAEMBbLIE 3AMNPOCHI

3.1 HELP — cn1coK AOCTYMNHbIX KOMaHA

help

BbIBOAWT CNMUCOK AOCTYMHbIX KOMAH/.

3.2 T — 3HaueHue TeMnepaTypbl

t [n]

BbIBOAMT 3HaueHne TeMnepaTypbl B 060MX UM YKa3aHHOM KaHare.

n — HOMep KaHana, Yicno B AvanasoHe [1, 2]. Ecnv He ykasaHo, TO 3HauyeHue TemMnepaTtypbl
BbIBOAWUTCS [N ABYX KaHasoB.

Ecnm gaTumk He noakioYveH Unn noepexaeH, 3HaveHne 6yaet Inf. ECnv HencnpaseH M3Mepu-
TeNbHbIN Npeobpa3oBaTesb, TO 3Ha4YeHne byaet NaN.

MpuMepbl.

3anpoc: t1

oTBeT: 37.235
3anpoc: t

oTBeT: 37.235 88.658

3.3 R — 3HauyeHue CONpPOTUBJIEHUA

r [n]

BblBOAMT 3HaYeHMe ConpoTUB/IEHNS B obonx mnu YKa3aHHOM KaHarle.

n — HOMep KaHana, Y1cno B avanasoHe [1, 2]. Ecnm He ykasaHo, TO 3Ha4YeHWe CONpPOTUBIIEHUS
BbIBOAMTCS ANS ABYX KaHasloB.

Ecnn gatumnk He noakNoYeH 1nv noBpexaeH, 3HadveHne byaet Inf. Ecnn HencnpaseH AL, To
3HayeHue byaet NaNn.

MNpumepsl.

3anpoc: ril

oTBeT: 115.2354

3anpoc: r

OTBeT: 115.2354 130.6758
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3.4 TR — 3HaueHue TeMnepaTypbl U CONPOTUBJIEHUSA

tr [n]

BbiBOOUT 3Ha4eHne TemMnepaTypbl U COMPOTUBIEHNSA A1 obounx mnm YKa3aHHOro KaHana.

n — HOMep KaHana, Y1cno B AvanasoHe [1, 2]. Ecnu He ykasaHo, TO 3HaueHWs BbIBOAATCA A4S
[ABYX KaHanos.

Ecnu pgaTtumk He NOAKNIOYEH MK NOBpeXaeH, 3HadeHns 6yayT Inf. Ecnn HencnpaseH AL, To
3HayeHus 6yayT NaN.

MpuMepbl.

3anpoc: tr 1

OTBeT: 37.235 115.2354

3anpoc: tr

oTBeT: 37.235 115.2354 88.658 130.6758

3.5 M — ¢pyHKUMA OT TeMnepaTypbl

m{ dt | min | avg | max } [n]

BbiBOAUT 3Ha4eHne y|<a3aHH0171 CbYHKLI,VIVI OT TEMNEpaTypbl ANns obonx mnu YKa3aHHOro KaHana.

dt — pasHOCTb TEMNepaTyp Mexay MepBbIM U BTOPbIM KaHasioM; NapamMeTp n UTHOPUPYETCS;
min — MMHMMasIbHOE 3HaUYeHNe TEMNEePATYpPbl C MOMEHTA BK/IOUEHUS TEPMOMETPA;

avg — CpeaHee 3HaYeHne TeMnepaTypbl C MOMEHTA BK/IOUYEHNS;

max — MaKCMMa/lbHOE 3HaYeHne TeMnepaTypbl C MOMEHTa BKJTIOYEHNS;

n — HOMep KaHana, Y4cno B AvanasoHe [1, 2]. Ecnu He YKa3aHo, TO 3Ha4eHue BbIBOAUTCA A4
ABYX KaHa/o0B.

MNpumepsl.

3anpoc: m dt

oTBeT: 0.014

3anpoc: m avg 1
oTBeT: 37.235
3anpoc: m max

oTBeT: 39.173 91.874



TepMoMeTpbl NabopaTopHbIe 31EKTPOHHbIE LTA MpoTOKON CBA3M C KOMMbIOTEPOM V2.1

3.6 GET_TCOEF — uteHue 3HaueHuit ko3(ppuLMeHTOB ANnsa pacueTta
TeMnepaTypbl

get_tcoef <n>

BbiBOAUT 3HaueHus1 KoadduumeHToB PyHKUMKN KanneHaapa-BaH [io3eHa, Mcnonb3yemblx Ans pac-
yeTa TeMnepaTypbl B YKa3aHHOM KaHane, B Buae: RO A B C

n — HOMep KaHana, Y1Mcno B AvanasoHe [1, 2].

Mpumep.
3anpoc: get_tcoef 1
OTBeT: 100.0004 3.9083E-3 -5.775E-7 -4.183E-12

3.7 SET_TCOEF — 3anucb 3HaueHu ko3 (PpuLMeHTOB ANia pacueTa
TeMnepaTypbl

set_tcoef <n> <RO> <A> <B> <C>

YcTaHaBnmBaeT HoBble kK03 duumeHTbl hyHKUnKM KanneHgapa-BaH [o3eHa aAns pacyeTa Temnepa-
TYpbl B YKa3aHHOM KaHane. MNpu oTCyTCTBMM OWIMGOK BbIBOAUT OK, B MPOTUBHOM C/lly4yae COOTBET-
cTBytowee coobueHne 06 owwmnbke.

n — HOMEep KaHana, Y1cno B AvanasoHe [1, 2].

RO, A, B, C— 3HayeHus COOTBETCTBYIOLWMX KOIDDULUNEHTOB.

MNpuMepbl.

3anpoc: set_tcoef 1 100.0004 3.9083E-3 -5.775E-7 -4.183E-12
oTBeT: oK

3anpoc: set_tcoef 1 100.0004 3.E9083E-3 -5.775E-7 -4.183E-12
oTBeT: [E@®5]: Invalid factor value
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3.8 FILTER — ynpaBneHue ¢punbtpaumen

filter [val]

Ecnn napameTtp val He yKkasaH, TO BblBOAUT npu3Hak (0 nnu 1) BkoveHa nu punbTpauns pe-
3yNbTATOB U3MEpEHNS.

Ecnn napameTp val yka3aH, To Bbik/todaeT (val=0) nnu skaodaeT (val=1) punstpaumio. Mpu
OTCYTCTBMM OWMOOK BbIBOANUT OK, B NPOTMBHOM C/ly4ae COOTBETCTBYIOLLEe coobLieHne 06 owmnbke.

val = [0, 1].

3HayeHure no ymonuyaHuio 0, hunbTpaums BbIK/IOYEHa.

MpuMepbl.

3anpoc: filter
oTBeT: (%]
3anpoc: filter 1
oTBeT: oK

3.9 GET_FPARAM — yteHue napameTpos unbTpa

get_fparam <n>

BblBOAMT 3HaueHMs NapaMeTpoB MuUnbTpa A5 YKa3aHHOro kaHana B Buae: length threshold,
roe length = [1, 100] — rnybuHa dunbTpa (3HaveHne no ymonyaxuio 10);

threshold = [0, 100] °C — nopor ¢wunbTpa (3HaveHune no ymonyanuo 0.2°C);

n — HOMep KaHana, Y4cno B AManasoHe [1, 2].

Mpumep.
3anpoc: get_fparam 1
oTBeT: 10 0.2
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3.10 SET_FPARAM — 3anucb napameTpoB punbTpa

set_fparam <n> <length> <threshold>

YcTaHaBNMBAET HOBbIE NapaMeTpbl GUIbTPa B YKa3aHHOM KaHane. Npu oTCyTCcTBMM OLIMOOK BbIBO-
AWT OK, B MPOTMBHOM C/ly4ae COOTBETCTBYIoLWee coobuieHne 06 owmnbke.

n — HOMep KaHana, Yucno B AvanasoHe [1, 2].
length = [1, 100] — rnybuHa punbTpa (3Ha4YeHne no ymonyaxuio 10);
threshold = [@, 100] °C — nopor ¢punbTpa (3Ha4YeHne no ymonyaxumio 0.2°C);

Mpumep.
3anpoc: set_fparam 1 50 0.2
oTBeT: oK

3.11 TIME — ynpasneHue BpeMeHHbIMU NnepuoaamMm

time { sample | shutdown | log } [val]
Ecnu napameTp val He yka3aH, TO BO3BPaLLAET 3HaYeHMe COOTBETCTBYIOLLErO Nepuoaa BpEMEHM.

Ecnn napameTp val ykasaH, TO yCTaHaB/IMBAEeT HOBOE 3HAYeHMe COOTBETCTBYHOLLEro nepnoaa
BpeMeHW. Npu OTCYTCTBUM OLUMOOK BbIBOAUT OK, B MPOTMBHOM C/lly4ae COOTBETCTBYOLLEE cooble-
Hue 06 oLwwmnbke.

sample — nepuoa naMepeHus. jnanasoH JOMyCTUMbIX 3HaYeHun [1, 3600] c. 3HayeHue no
ymonyauuio 1.

shutdown — neproza aBTOBbLIK/IIOYEHMS] TEpMOMETPa Npu 6e3aencTemn. nanasoH A0NyCTUMbIX
3HayeHU [0, 64800] MuH. 3HaueHue no ymonuyaHuto 0, YTO COOTBETCTBYET OTCYTCTBUIO aBTOBbI-
KntoyeHus. 3HadeHne 64800 cooTBeTCcTBYET 45 AHAM: 64800 = 45°24-60.

log — war normpoBaHus. unanasoH A0MNYyCTUMbIX 3HAYeHUA [1, 3600]. 3HayeHne No yMOI4YaHuIo
10. 3HayeHne 1 COOTBETCTBYET COXPAHEHUIO pe3ynbTaTa Npy KaXKAOM U3MepeHuu. 3HayeHue 2 co-
OTBETCTBYET COXPAHEHUIO pe3ynbTaTa KaXKAoro BTOPOro U3MepeHns un T.4.

MNpumepsl.

3anpoc: time sample
oTBeT: 1

3anpoc: time shutdown 60
oTBeT: oK



TepMoMeTpbl NabopaTopHbIe 31EKTPOHHbIE LTA MpoTOKON CBA3M C KOMMbIOTEPOM V2.1

3.12 TUNIT — pa3MepHOCTb rpagyca TeMnepartypbl

tunit [val]

Ecnv napameTp val He ykasaH, TO BO3BpalLaeT TeKyLLyl0 pa3MEpPHOCTb Fpagyca — cMMBON C Anst
rpagyca uenbcusi, cuMBon F Ans rpagyca dapeHreiTa.

Ecnn napameTp val ykasaH, TO yCTaHaB/IMBAET HOBYIO pa3MepPHOCTb rpaayca. Npu oTcyTCcTBUM
OLWKMB0K BbIBOAMT OK, B MPOTMBHOM C/ly4ae COOTBETCTBYOLEee coobuieHne 06 owmbke.

val = C wim F

3HayeHune No ymonyaHuio C.

MpuMepbl.

3anpoc: tunit
oTBeT: C
3anpoc: tunit F
oTBeT: oK

3.13 DECIMAL — KO/1M4YecTBO 3HAKOB NocJie AeCATUYHOMN TOUKH

decimal [val]

Ecnv napameTp val He ykasaH, TO BO3BpaLLAET TeKYLLEE KOMIMUYECTBO 3HAKOB NOC/E AECATUYHOM
TOYKM, MUCNOJIb3YEMbIX NMPU 0TOBPaXKEHUN TeMMepaTypbl.

Ecnun napameTp val ykasaH, TO YCTaHaB/IMBAET HOBOE KO/IMYECTBO 3HAKOB Moc/e AECATUYHOW TOY-
Ku. Mpun oTCyTCTBMM OLIMOOK BbIBOAMT OK, B MPOTUBHOM C/lly4ae COOTBETCTBYoLee coobuieHre 06
owmbke.

val — YMCN0 3HAKOB MOC/E TOYKK, YMC/IO B AvManasoHe [1, 3].

3Ha4veHne No yMo4YaHuio 2.

MNpumepsl.

3anpoc: decimal
oTBeT: 2

3anpoc: decimal 3
oTBeT: oK

10
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3.14 LOG — ynpaBseHue 1ormposaHueM

log { count | clr | at <idx> | range <idx@> <idx1l> | enable [val] }

OcylLLecTBNSIET yrpaB/ieHNe NIOrMpPoBaHNEM.

count — BbIBOAUT KOIMYECTBO 3aMUCeN B IOre Ha AaHHbIA MOMEHT.
clr — cTUpaeT BCe 3anncu B Nnore.

at <idx> — BbIBOAUT 3HaYeHMe U3 fiora No yKasaHHOMY UHAEKCY. idx AO/DKEH HaxoauTca B Aua-
nasoHe [1, size], rae size — KOMMYECTBO 3anvcen B nore (pesynbTaT BbIMOSIHEHMS 3anpoca
log count).

range <idx@> <idx1> — BbIBOAUT 3Ha4YE€HWA U3 /I0ra B yKa3aHHOM AMarna3oHe MHOEKCOB. idx9,
idx1 AoMKHbI HAaXo0AUTbCA B AManal3oHe [1, size], rae size — KOMMYECTBO 3anucen B nore (pe-
3yNbTaT BbINOSIHEHWS 3anpoca log count).

enable [val] — ecnu val He yKasaH, TO BbIBOAMT Npu3Hak (0 unam 1) BKIOYEHO 1 Nornposa-
Hue. Ecnn val ykasaH, To Bblkao4aeT (val=0) unun Bknto4daet (val=1) normposaHue.

Ecnun y TepMoMeTpa ABa KaHana, TO 3Ha4YeHMEe U3 flora BbIBOAWTCA B BUAE ABYX YMCEN Yepe3 npo-
6en.

MpuMepbl.

3anpoc: log enable 1

oTBeT: oK

3anpoc: log count

oTBeT: 17

3anpoc: log at 3

oTBeT: 24.275

3anpoc: log range 2 4

oTBeT: 24.123\n 24.275\n 24.567

11
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3.15 SCRIPT — ynpaBneHue CKpUnTomM

script { info | start | stop | autostart [val] | pass <bla-bla>
| eeprom [clr | size | idx] [val] }
OcCyLLEeCTBNSIET YNpPaBIeHUE CKPUMTOM.

CKpVNT — 3TO MOJMIb30BaTENbCKUIA KOA, 3arpy>XaeMblli B TEPMOMETP W BbIMOJIHSIEMbIN BCTPOEHHOMN
BUPTyanbHOW MaLUNHON.

info — BbIBOAUT MHOPMALMIO O COCTOSIHUM CKpUMTa B BUAE 3-X uncen: size started error.
Foe size — pa3Mep Koaa ckpunTa B 6aiitax. ECin ckpunT He obHapy)XeH, TO paBeH Hyno. start-
ed — 3anyweH ckpunT (3HayeHne paBHO 1) Unun HeT (3HaveHune paBHo 0) Ha UCMONHEHME.

error — KOA OLWMWOKM, BO3HUKLLIEN NPU BbINOSTHEHUM CKPUMTA.

start — 3anyckaeT CKpMMT Ha MUCMOMHEHWE, eCNIN OH eCTb U elle He 3anylleH. MHaye Huyero He
henaer.

stop — OCTaHaBMMBAET BbIMNOJIHEHME CKPUNTA, €CNIN OH eCTb U YXKe BbINoNHAeTca. MiHavye Hu4vero
HE Aenaer.

autostart [val] — ecnun val He ykasaH, TO BblBOAUT Npu3Hak (0 unu 1) BKKOYEH 1M aBToCTapT
CKpWnTa npu BKIOYEHUN TepMoMeTpa. Ecnv val ykasaH, TO Bblk/toyaeT (val=0) unn BKIOYaeT
(val=1) aBTOCTapT.

pass <bla-bla> — 3aBeplUaeT CTPOKYy <bla-bla> CMMBOMIOM '\n' U NepeaaeT ee BO BXOAHOW
6ydep BMpTYanbHON MalmMHbI. Ecnv MecTa Bo BXOAHOM 6ydepe He XBaTaeT, TO NINLHWUE AaHHbIE
oTbpacbiBatoTcs. Monb30BaTENbCKMI CKPUMT MOXET MO CBOEMY XKENAHMIO YNTATb AaHHbIE U3 By-
depa n obpabaTbiBaTb UX B COOTBETCTBUM C HEKOTOPLIM asirOPUTMOM.

eeprom [clr | size | idx] [val] — MaHUNYAMpYeT AOCTYNHLIMU ANS CKPUMTA AYeliKaMm
3HEepProHe3aBUCMMOW NaMaTw.

Ecnn napamMeTpoB HET, TO BbIBOAMT COAEPXKMMOE BCEX iUYEEK MaMsaTh Yepes npoben.
clr — CTUpaET COAEPXKMMOE BCEX SUEEK MAMSITY;
size — BbIBOAWT KOJIMYECTBO AOCTYMHbIX A5 UCMOJIb30BaHMS AUEEK NamsTH;

idx — MHAEKC AYerkn NaMsTU ANs YTEHUS UK 3anncun. ViHaeKC A0MKEH HaxXoaAMTLCS B AMana3oHe
[1, size].

val — umucno Tvna int32_t, koTopoe 6yAeT 3anMcaHo B SiUElKy NMaMsiTU C MHAEKCOM idx. Ecnm
val OTCyTCTBYET, TO BbIBOAMTCS TEKYLLEE 3HAUEHUE YKa3aHHOWN AYENKM NaMsITy.
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3.16 UBAT — HanpsixeHue 6aTtapeun

ubat

BosBpallaeT 3HaueHne HanpskeHus 6aTtapeu, B.

Mpumep.
3anpoc: ubat
oTBeT: 2,542

3.17 HAS2 — HanuMuue BTOpPOro KaHana

has2

BosBpallaeT npusHak Hannumsi BTOPOro M3MepUTENIbHOIO KaHana.

3HayeHnto 0 COOTBETCTBYET OTCYTCTBME, 3HAUEHNI0 1 — HanMuyMe BTOPOro KaHasa B TepMOMeTpe.

Mpumep.
3anpoc: has2
oTBeT: 1
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3.18 VERSION — Bepcus BcTpoeHHoro No

version

BbiBOAUT HOMep Bepcun BCTpoeHHoro MO.

Mpumep.
3anpoc: version
oTBeT: 4.2.3-3

3.19 SERIAL — 3aBoaCKOW HOMEp TepMOMeTpa

serial

BbIBOAWT 3aBOACKON HOMEP TEPMOMETpA.

MNpumep.
3anpoc: serial
oTBeT: 354232
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