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HocrnimKeHHa iHTenekTyanbHOI CUCTEMU BUMIPIOBaHHSA AioKkcuay ByrneLto,
CTeHay BunpobyBaHHA ripHUYOPATYBaNbHOI anapaTypu

OpnHUM 13 OCHOBHbIX HanpaereHuin «lporpaMmmbl HAY4HO-TEXHUHECKOrO pa3BuTKA [JoHeLkom obnacti Ha
nepuog o 2020 roga» NpegycMOTPEHO HapallMBaHMe 00OblMM YIS HAa OCHOBE TEXHUMYECKOro nepe-
BOOPY>KEHUSI YTONbHbIX LIAXT M BHEOPEHUsSI NPOrPECCMBHON TexHonorun. Pabota B yromnbHbIX LuaxTax
OCTaEeTCs CNOXHbIM 1 OnacHbIM TpyAoM. C pocToM MyOuHbI pa3paboToK KaMEHHOTO YITIS YBENUUMBAETCs
ra3o0HOCHOCTb BbIpabOoTOK, TeMrepaTypa MacToB U BaXXHOCTb MOPOM, a TaKKe YacToTa U MHTEHCYBHOCTb
ra3ogMHaMUYECKMX MPOSIBIEHWI, YTO BEAET K MOBbILLEHUKO OMaCHOCTY NPpU BeAEHUM FOpHbIX paboT. B Takmx
ycroBusix ocoboe 3HayeHve npuobpeTaer Bonpoc obecnedeHust LaxTepoB U ropHocnacaTenbHbIX
Cnyx0 CpencTBaMn HOVMBUOYaSIbHOW 3aLMThl M KOHTPOSS, ONEPaTUBHOIO MOHUTOPUHIA COCTOSIHUS JKU3HE-
OEeATeNbHOCTN PabOTHMKOB, BCTPaMBaEMbIX B aBTOHOMHbIE U30NVPYHOLLME AblXaTenbHble annaparbl.
KnioueBble cnoBa: CTpyKTypHasi cxema, npnbop, KOHLEHTpaumsl, NPOTOTUM, MPOEKTUPOBAHME.

One of the main directions of "The Program of Donetsk region scientific and technical development for the
period until 2020" provides for increasing coal production based on technical re-equipment of coal mines
and introduction of advanced technology. Work in coal mines remains a difficult and dangerous one. As
the coal mining depth increases, the gas content of workings, the temperature of seams and the moisture
of rocks, as well as the frequency and intensity of gas-dynamic flows grow; this leads to increased danger
of mining. In such conditions the problem of providing miners and mine-rescue services with personal
protective and monitoring equipment embedded in autonomous insulating respirators for on-line
monitoring health of workers acquires special importance.

Key words: block diagram, device, concentration, prototype, design.

OpfHyM 3 OCHOBHMX HanpsiMKiB «[porpamMu HayKoBO-TEXHIYHOIO po3BuTKy [loHeupKoi obnacTi Ha nepioa
0o 2020 poky» nepegbaveHo HapoLlyBaHHS BUAODYTKy BYTiNMs Ha OCHOBI TEXHIYHOTO NEpeo30pOEHHSsT
BYTINIbHUX LLAXT i BIPOBaPKEHHS NMPOrpecMBHOI TexHonorii. PoboTa B BYriNbHMX LWIAXTax 3anuvLLaeTbes
cKnagHol i HebeaneyHolo npauetn. C pocToM MubuHM po3poboK Kam'sHOro BYTiNNSA 36iMnbLUyeETbCS
ra3oHOCHICTb BUPODOK, TeMnepaTtypa nnacTiB i BOMONCTb Nopig, a Tak camMo YacToTa Ta iHTEHCUBHICTb
rasoMHamiyHUX NposiBiB, LLIO Bede A0 MiABULWEHHSA Hebesnekn npu BedeHHi ripcbkmx pobiT. B Takmx
yMOBax OCOOMMBOro 3Ha4YeHHs HabyBalOTb NUTAHHSA 3abe3neqeHHs LaxTapiB i PATYBanbHWKIB CIyX0
3acobamMu iHOMBILYANbHOMO 3aXMCTY i KOHTPOSO, OMEPaTMBHOIO MOHITOPUHIY CTaHy XUTTEAIANbHOCTI
npauiBHWKiB, BOYJOBaHNX B aBTOHOMHI i30MHOK0MI AMxarbHi anaparu.

Knro4oBi cnoBa: CTpykTypHa cxema, npunag, KOHUeHTpaLis, NpoToTuUM, NPOeKTyBaHHS.
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CnpaBoyHas MHdopmauus: B HalleM peruoHe ¢ XOpoIo pa3BUTOM CUCTEMOM YrOJIbHON
MPOMBIIIIEHHOCTH, BCE 0oJiee aKkTyalbHa HEOOXOAMMOCTh Pa3spadOTKH 00OpYIOBAHHS MHIUBU-
JyaJbHOM 3alllUThI, B TOM YHCIIE U aBTOHOMHBIX HM30JIMPYIOLIUX JbIXaTeNbHBIX anmnaparoB. Bo
BpeMsl aBapuil Ha YroJbHO JOOBIBAIOUIMX MPEANPUATHSIX 4YacTO ObIBAE€T TaK, 4YTO BO3YX,
KOTOPBIM JIbIIIAT IIAXTEPhl WIN CHAcaTEIH, CUIIBHO 3arpsi3HEH METaHOM, YTOJIbHOM IbLIbio. B
TaKUX CIIy4asX Kak pa3 M CTOUT NPUMEHATh WHIUBHUIYAJIbHbIE CPEICTBA 3alUTHI.
PazpabarsiBaeMbIii IPUOOP JOIDKEH KOHTPOJIMPOBATH MapaMeTphl BBIIABAEMOTO JMOKCHIA yIJe-
poza U MOKa3blBaTh MX KOHLIEHTPALMIO U PUTM JbIXaHUS HAa MHIUKATOPE OTOOPaKEHUS MH-
(dopmarun, TomMoras criacaresisiM 1 pabOTHHKaM OTCIIC)KHUBATh TEKYIIIEE COCTOSHUE YEJIOBEKA.

Llenbto AaHHOW paboThbl SIBIISIIOTCS UCCIEIOBAaHUS U Pa3pabOTKH MHTEIIEKTyaIbHOU
CHCTEMbI U3MEpPEHUS AUOKCUA YIiiepoJia, CTEH 1a UCIIBITAaHUs TOPHOCIIacaTeNIbHOM armapa-
TYpbl, aHAJIN3 U 0030p METOJIOB M YCTPOICTB KOHTPOJISI KOHLIEHTPALUH YIITIEKKCIIOrO ra3a.

Marepuansi u metoabl: Llenbio pa3paboTKH ABISIETCST OTOOpa)XKEHUE MOJYyYEHHOM WH-
(opmaLuy u3MepeHusl U MHTErpalysl HOBbIX TEXHUUECKUX 371eMeHTOB. [Iprbop npenHazHaueH
JUISl '3MEPEHUS KOHLIEHTpaLMH JUOKCH/IA YIIIepo/ia TOPHOCIIAcaTeNbHOIO 000PYI0BAHMS.

[Tpubop noKEH COCTOATH U3 CIASAYIOMINX YacTe:

— KaHaJl U3MEpEeHUs ONTUYECKON MpoObl — MpeHa3HAYEHHBIN Ul U3MEPEHHUs KOH-
LEHTPALUU JUOKCH/IA YTIIepO/Ia;

— MYJIbTHUIUIEKCOP aHAJOTOBBIX CUTHAJIOB — MpeJHa3HAYECHHBIN JJI MOO0YepEeaHOTO
MOAKIIIOUEHUSI U3MEPUTENBHBIX KaHAJIOB KO BXOly Lin(dpoBoii yacTu mpudopa;

— aHajoro-nudpoBoii mpeodpazoBaTerb;

— MHUKpPOIIPOLIECCOPHBIN OJIOK — NMpeIHAa3HAYEHHBIN U1 ONPEEIeHUs KOHIIEHTPALuU
U3MEPSEMOTO BEIECTBA U BBIBOJA PE3yJbTaTa HA HHIUKALHUIO.
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Pucynok 1 — @yHKkIMOHaIbHAS CTPYKTYpHAs cxema Mpubopa KOHTPOJIS JUOKCHUIA
yriepoja:
HII — UCTOUYHUK IUTAHUS,
I'en.HY — ucnons3yercs U1 reHepalny CUHYCOUJAIbHbBIX CUTHAJIOB;

Q" — MCTOYHHUK H3JTY4YCHMUA,

HI — razoBas KIoBeTa, paboyasi U CpaBHUTEIbHBIE KIOBETHI,

@np. — yeTpoMCTBO MpeoOpa3oBaHUs BXOJHBIX CUTHAJIOB OT MEPBUYHBIX JATYUKOB B
YHU(PHUIIMPOBAHHBIE CUTHAJIBI CTAHJIAPTHBIX TUAMA30HOB;

RC VYc¢ — mns ycunenus nonydeHHbIX curHanoB oT HIT (Hopmupyrommii mpeoOpaso-
BaTelb);
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[Ipen.yc.d. — mpegycmmrens GOTOTOKA,

I (nerexrop) — st mpeoOpa3oBaHkst MO TYJIMPOBAHHBIX KOJICOaHUI HECYIIel 4acToThl B
KOJIe0aHUs C YaCTOTOW MOJYJIMPYIOIIETO CUTHAA;

Hmp. — Hopmupyromuii mpeobpasoBartelb;

®HY — ucnosb3yercs i NIPOIMYCKAaHUSI HU3KOYACTOTHBIX COCTABIIOIIMUX CIIEKTPA
MIPOXOJIALIET0 Yepe3 HEro CUrHasla U 0caabsioniee BbICOKOUYAaCTOTHBIE,

MAC — mMynbTUILIIEKCOD;

ALII — oy npeoOpa3oBaHUs aHATOTOBOTO CUTHANA B IIM(POBOH;

MIIC— MUKPOKOHTpOJLIED;

JNIOU — i oroOpaxkeHust 00pabOTaHHBIX CUTHAJIOB.

PesynbTatbl: ['a30Bas cpena npeacTaBieHa B BUIE TPEXKOMIIOHEHTHON CMECH U3 a30Ta,
KHCJIOpO/Ia M YIJIEKHCIIOTO ra3a M napoB BoJbl. CIIEKTp MOTJIOLIEHHS YIJIEKHCIIOTo rasa,
MIPUBEACHHBIN Ha pHUC. 2, MpEACTaBlIeH B IIMPOKOM JMaNa3oHE MOTJIOUIEHUS JUOKCHIA
yriiepoaa B Mk [1].
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Pucynox 3 — Ilosioca nornomenust CO2 B paitone 4,235 mxm. wim 2350 cvt
KoaddunmenT nornoienus yriekucioro ra3a anmpoKCUMHUPYETCs MOAETBIO.
Kaxxnas nunus cnektpa onucbiBaercs opMynoii (koutyp Jlopenca)
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= [K ( )dv — uHTerpaNbHas MHTEHCHBHOCTD i-if JMHHUH; b, — nonymupuHa
0

JINHWH; Auj — IEHTp JIMHUHU.

Kosduuuent nornomenns K({A) monocel BeIpakaeTcs cymMoii Ko3(pQUIMEHTOB
MOTJIOIIEHUS OT/AeNbHbIX JuHUM. [losoca nmornomenus B paiione 4,3 MkM (puc.3) Onuchl-
BaeTcs (pyHKUMEH:
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JIMCKpETHBIN CHEKTP aNIPOKCUMHUPYETCS WHTETPAIBHBIM CIIEKTPOM MOTJIOIICHUS,
YCPEAHEHUEM IO KAKJIOW JIMHUM B BUJIE COOTHOLICHUN:

K(1) = aa- (AaPT)? - AadCG,(1)- e~ *AC0a(A)-2aPT, 3)

raec tid — HHTEHCHEHOCTL CHEKTPEHLHOﬁ JIHHHH,

["a3oBo3yIIIHAS Cpe/ia MPEICTABIACTCS B BUIEC CTPYKTYPHOTO KOMIIOHEHTA — ONITHYECKOTO
KaHana ¢ kodpdunuentom mepenaqn T:

D(4,Ceo,) =1+ KCe0, (1) - Ceo,, (4)
TT(4,Cqp,) = e PP Cooa), (5)

CriekTpanbHas XapaKTepUCTHKA ONITUYECKOT0 KaHajla IpuUBe/ieHa Ha puc. 4

1
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3
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Pucynok 4 — I'padmk ko3ddummenta nporyckarus OK npu pazmmanbix konnentparmsx CO05:
D [A, Cen, jl — ONTHYECKAasl INIOTHOCTh U TT[A, Cen, jl — K03 HUIMEHT IpOImyCKaHUs
HOTJIOIAOLIEH Cpebl

CHeKTpaJ‘IBHaH IIJIOTHOCTH BBIXOJHOT'O ITOTOKA OK Ol'IpeI[eJ'IHeTC}I
FerxOK(A, Coo, ) = fu(A) - TT(A4, Cep,). (6)

CrnekrtpanbHas II0THOCTh BhIXOHOTO noToka OK npuBeseHa Ha puc. S
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Pucynox 5 — I'paduk criekTpanbHON INIOTHOCTH BBIXOJHOTO NoToka OK
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B mporecce pa3paboTku yCcTpoWCTBa BO3HHMKAET MOTPEOHOCTH B OINPEACICHHUH I10-
IPEIIHOCTEN M3MEPEHUs W YyIydlleHUs II0Ka3aTelled NMPOEKTHPYEMOIO YCTPOWCTBA, AJIA
9TOTO IPUMEHSIOT METO/bl MATEMATHYECKOTO MOJICIIMPOBAHHUS.

Pucynox 6 — CtpykTypHast MOAEIh pa3padaTbIBAEMOT0 YCTPOICTBa KOHTPOJIS
TMOKCHJIA YIIIEpoaa:
[TNII — nepBrYHBIN U3MEPUTETBHBIN ITPEOOpa30BaTEND;
YOAC — ycTpoiicTBO 00pabOTKH aHaJIOr0BOIO CUTHANIA;
OVILC — ycrpoiicTBo 00paboTKH 1I(PPOBOTO CUTHATIA;
YOPH — ycTpoicTBO 0TOOpaXke€HUS pe3yJIbTaTOB U3MEPEHMUSL.

EEDZ = "?(KDDlOZI (7)
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Pucynok 7 — 3aBUCUMOCTb KOHIIEHTPAIIMHU TMOKCHIA yriepoaa
Y 3HA4YEeHUsI IECATUUHOTO KO/1a

ANTOpUTM MOJTyYEHHS Pe3yIbTaTOB U3MEPEHUS

0.010945
5E02413 % 1078 -
£.99044 * 107° Co, = Zy=o[dq *(KOD10G,)9]
1624888 % 1071

Hudposas MoaeIb HE YyIUTHIBAET:

— IIyMBI aninapaTyphl,

— TeMIIepaTypHbIE CMEIEHNs CUTHAIIOB B OY;

— BO3MYILEHHMS, BIIMSIOUIME HAa W3MEPUTENBbHBIA Mporecc (CTaOWIBHOCTh IMOTOKA
n3Mepenuss CU/1, BnusHUS U3MEHEHUs] aTMOC(EPHOro JaBJICHHs U TeMIEepaTyphbl, sBICHUE
JeTpajjallii ONTO3JIEKTPOHHBIX IPUOOPOB) U T. 1.

BrisiBneHne norpemHocTell N3MepeHus BBIIIOJIHEHO METOJIOM CIIMYEHUS PE3YJIbTaTOB
n3MepeHus (MOJEINPOBAHMS) C ICTUHHBIMU 3HAYEHUAMU U3MEPEHUN KOHLEHTPALUHU yIile-
Kuciaoro rasa. /is 3ajaHus HauXyALIEro peKMMa H3MEPUTENIBHOTO Ipoliecca MOJEIb
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BXOJIHOT'O CHUTHAJIa UMEET 3aKOH HOPMAJIbHOTO PACIpE/ICICHUs 3HAUCHHH U3MEPSIeMOii Be-
munHbl (KoHreHTpaiuu CF;). Tlapamerpsl morpemHocTr 00pabaThIBATKMCH TIO CIIEMYIOIICH
METO/IMKE:

Sx = Covrpy, —Commy, - (8)
[Tpou3BOAMM OLICHKY JUCIICPCHH:
Dz = i m &, — ma)e, 9)
Onenusaem C.K.O
as =D . (10)

BeimostHsieM OIeHKY MaKCUMaJIbHOTO 3HAYEHHSI TIOTPEITHOCTH
smax = |mez| + tff - @z, (11)

[IpuBeneM 3HauE€HHE MAaKCUMaJIbHOW MOTPEITHOCTH

Eaire 4
= —_— i}
. 100%. (12)
IIpuBenennble 3HAY€HUS MOTPEMHOCTH cocTaBumu ymax = 0,08%; t#; — moBepuUTENLHBIE
TpaHUIlBI HOPMHPOBAHHOW BeMWYMHBI pacnpenencHuit Crerogenta, mpu [ = 0,95;

tf; = 1,96. Ecan Obl B x01€ paboThl ObLT y4TEH PsA BO3SMYLIEHHH, TO METPOJOTMYECKUE
OIICHKH OKa3alHch Oojiee ONM3KUE K pealbHBIM T'a30aHATMTHYECKUM CPEICTBaM HM3Mepe-
HUS, ¥ UMEJT OBl 3HAYCHMSI TIOTPEITHOCTH T1e-10 1-2%.

BbiBoAbI

1. B nporuecce uccnenoBanus U pa3pabOTKU UHTEIUIEKTYaJIbHOW CUCTEMbI H3MEPEHUs
JIMOKCHJIA YIIIepo/ia, CTeH/1a UCTIbITaHUs TOPHOCIIACATEIbHOM anmaparypsl, BBIIOIHEH aHAIM3 U
0030p METOJIOB M YCTPONUCTB KOHTPOJIS KOHLUEHTPALMHU YIIEKUCIoro raza. OueHeHbl MeTpoJio-
I'MYECKHE XapaKTePUCTUKU NPEUI0KEHHOW KOHCTPYKIMU U3MEpUTENsl B BUJIE IBYX OJIOKOB:
BBIHOCHOT'O pa3MELIaeMOro Ha JbIXaTeJbHOM alapare U OTIEIBHOro 0J0Ka, B KOTOPOM
pa3MelIleHbl JIEKTPOHHbBIE CXEMbl M MPEJCTABISIOTCA pe3yiabTaThl u3Mepenus. Lludpossie
y3J1bl CTPYIIMPOBAHbI BOKPYT MUKPOIIPOLIECCOPHOTO YCTPOICTBA, HA KOTOPOE BO3JIOKEH bl
(GyHKUMU YOpaBieHUs HpolleccaMd HM3MEPEHHMH Kak KaHajga W3MEpEHHs KOHLIEHTpPAlHH
YTJIEKUCIIOTO Ta3a, TaK U JPYruX KaHaJoB.

2. PazpaboTaHHBIMU METOZaMH MaT€MaTHYECKOIO MOJIEIUPOBAHMS HOTYyUYEHbI: OLEHKU
METPOJIOTHUECKUX XapaKTEepUCTUK; MpalyMpOBaHHAs XapaKTepPUCTHKA N3MEPUTENIBHOTO KaHasla
U OLICHKH 3HAUYE€HUI HE UCKIIFOUEHHOM YacTH MOTPEIIHOCTH.

3. lanbHeiinyto paboTy MIaHUPYETCsl IPOJOJDKUTh B HAIIPABJICHUH TOBBILICHUS TOY-
HOCTH METOJla WM3MEPUTEIBHOW CHCTEMBl [IMOKCHJA YIJIEPOJa C LEJIbI0 YBEIMYEHUS
ObICTpOJICCTBUS N3MepeHHs KoHIeHTpauuu C'd;.
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RESUME
L. V. Kulshun, M. G. Hlamov, I. Y. Denischenko
Research of an Intelligent System for Measuring Carbon Dioxide, Test Bench
For Mine Rescue Equipment

Background: The device is designed to control parameters of exhaled carbon dioxide,
reflecting its concentration and breathing rate as well as to display the information, helping
rescuers and workers to keep track of the current state of a person.

Materials and methods: The purpose of the development is monitoring health of workers
with the help of personal protective and monitoring equipment embedded in autonomous
insulating respirators; displaying information of measurements; and integrating new technical
elements. The instrument is designed to measure the concentration of carbon dioxide for mine-
rescue equipment.

The device shall consist of the following components:

— optical probe measuring channel designed to measure the concentration of carbon
dioxide

— analog multiplexer designed for serial connection of measuring channels to
the input of the device digital component;

— analog-to-digital converter;

— microprocessor unit designed to determine the substance concentration and display
the results.

The method represented by the block diagram implies: a source of narrow-band
radiation with radiation spectrum coincident with carbon dioxide absorption spectrum;
an optical circuit providing irradiation of air-gas mixture; a photodetector providing optical
radiation flux conversion into signals convenient for further processing with release of
information about the concentration of carbon dioxide. Optical flow modulation is
provided to reduce the noise level of the detector and the signal processing unit.
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The modulation scheme involves structural calculation of transducer output signal for
voltage concentration, using the Matchcad.

Results: Any existing analog, namely the EMMA Emergency Capnometer which is
an on-line compact autonomous respiratory analyzer used in ambulance, emergency and
intensive care units for monitoring intubation procedures and concentration of CO2, has
a high cost of several hundred dollars. The urgency of the research lies in the fact that our
own development is ten times more economical and it is not inferior to the analog.

Conclusion: During the development of carbon dioxide measurement technology for
test bench of simulating respiration, the methods and devices for monitoring concentration
of carbon dioxide are analyzed and overviewed. Metrological characteristics of
the proposed design of the meter, consisting of two blocks (the remote block placed on
respirators, and the separate block containing electronic circuits and displaying the results
of measurements) are estimated. Digital units are grouped around the microprocessor unit
controlling measurement processes of the channel for measuring the carbon dioxide
concentration and other channels. The graded characteristic of the measuring channel and
the values of the residual error term are obtained.

Further research is directed at increasing the accuracy of the method for carbon
dioxide measuring system in order to speed up the measurement of CO2 concentration.

CraTbsa noctynuna B pegakumo 06.02.2017..
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