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B HacTosiiiei paboTe onuceiBaeTcs cucteMa aproMarusannu nogaun CO, ms abo-
paTopHOTO MHKYOaTOpa KJIETOK, KOTOpast MO3BOJIMT M3TOTOBUTH MHKYOATOP C KOHTPO-
smmpyeMbIM ypoBHeM CO, U3 IOCTYIHOro j1abopatopHoro obopynosanus. Peryiarop
CO, CKOHCTPYUPOBaH B J1aOOPATOPHBIX YCJIOBMSIX U3 MPOCTBIX KOMIIOHEHTOB C MC-
MOJIb30BAaHMEM amIiapaTHO-TIPOrpaMMHOi riaTdopmMbl Arduino 1 MOXeT ObITh MHTE-
IPUPOBaH B JJAOOPATOPHBII TepMOCTaT. B cTaThe onmcaHbl pe3yJbTaThl TECTOBBIX IKC-
MEePUMEHTOB Ha KYJbTypaX KJIETOK, KOTOPbIe NEMOHCTPUPYIOT pabOTOCIIOCOOHOCTh
koHcTpyKIMH. [Tockonbky CO,-MHKYOAaTOpHI SIBISIIOTCS BaKHBIM M PacpOCTpaHeH-
HBIM Hay4YHbIM OOOpYyHOBaHUEM, IMPEACTaBICHHAasl B cTaTbe MHGbOpPMALIMS O Hallei
pa3paboTke OyAeT MoJjie3Ha IMPOKOMY KPYTy UcclieoBaTeIeii.

Kniouesvie croea: CO,»-uHKy0aTop, peryndarop koHueHTpauuu CO,, KyJabTypbl KIETOK
DOI: 10.31857/S0869813922120135

BBEAEHUWE

KieTouHble KyJbTypbl B MOCJIEAHUE TOMbI UCIIOIB3YIOTCS IS MHOXECTBA Pa3IMYHBIX
Hay4YHbIX U MEIUIIMHCKUX UccienoBaHuii. KyabTHBUpOBaHUE CTBOJIOBBIX KJIETOK OTKPBI-
BaeT IIMPOKKE BO3MOXHOCTH JIJTI peTeHepaliv MOBPEKICHHBIX TKAHEH, BOCCTAHOBJICHUIO
yTpadeHHBIX opraHoB [ 1]. B HaydHO-1MccenoBaTenbCKMX LesIX KYTbTUBUPOBAHUE KIIETOK
TO3BOJISIET UCCIIEI0BATh ITPOIIECCHl OHTOTEHEe3a U B3aUMOJIEHCTBIE MEXIY KJIETKaMU pas-
JIMYHBIX TKaHe [2, 3]. KyabTuBUpOBaHUE pa3IMYHBIX JUHUN PAKOBBIX KJIETOK MO3BOJISIET
yBeINYUTh 3¢ GHEeKTUBHOCTH ITOMCKA METOJOB M TTOAXOI0B 17151 00PBOBI ¢ 3a001eBaHNEM pa-
KOM, BECTH MEPCOHATU3UPOBAHHOE JIeueH1Ee OOJbHBIX, TPOBOAUTH UCCIIEIOBAHUSI HOBBIX
JIEKapCTBEHHBIX TiperapaTtoB [4]. Takke KJIeTOUHBbIE KYJIbTYPhI TTO3BOJISIOT MUCCIEI0BATh
B3aMMOJIEHICTBME HAaHOYACTHUIL ¢ KiieTKaMHM [5]. KieTku B KynbType JeTKO AOCTYITHBI ISt
Pa3IMYHBIX MAHUMYJISIIAN W TPUKU3HEHHOTO HAOONEHUSI C TTOMOIIBI0O MUKPOCKOTIA.
Jl1s1 BeIpalMBaHusl KyJIbTyp KJIETOK MCIIOJIb3YIOT Ouoaornyeckue nuHkyoaropsl. MHKy6a-
TOPbI MPUMEHSIIOTCS B HAYYHBIX U MEAULIMHCKUX JIAOOpATOPUSIX IS KYJIbTUBUPOBAHMUS
0akTepuii U KJIETOK Pa3IMYHBbIX TKaHEW MPU KOHTPOJIE COMepXKaHMS YIJIEKUCIIOro rasa,
ornpeneieHHOM 3HAaYeHUH TeMITepaTyphl U MPH 3aJaHHOM YPOBHE BJIAXKHOCTH B MHKY0ATO-
pe. MHKyGaTOphl mj1s1 0aKTepUaIbHBIX KYJIBTYP OoJiee MPOCThIC M ACIIeBbIe IIPHUOOPHI U

1 HononuutenbHas nHGoOpMaLust st 3Toit cratbu noctymnHa o doi 10.31857/S0869813922120135 ans aBropu-
30BaHHBIX MOJIb30BATEJIEH.



1726 CYCIJIOB u np.

MpPEeACTaB/ISIIOT CO0O0I IpoCThie TepMmocTatupyemble IkKadbl. CyliecTByeT MHOXKECTBO
KOHCTPYKLMI MOJOOHBIX TEPMOCTATOB, U BO MHOTHMX JIaOOpaTOpHUsiX UMeeTcs ogooHoe
000pynoBaHNe, KOTOPOE IIUPOKO MPUMEHSIETCSI B 1abOpaTOpHOIi padboTe. DTU UHKYOATO-
Pbl OTJIMYHO TIOAXOMAT JIJIsl BhIPAIIIMBAHUSI M PA3IUYHBIX MAHUITYJISIIUN C OaKTEepUSMU.
OpnHako 111 paboThl C KJIETKAMU MJIEKOTTUTAIONIMX (HArpuMep, OIyXOJeBbIMU KIJIETKAMU
YyesJ0BeKa, KJIETKAaMU MBIIIY MW KPBICHI U T.1.), TPEOYIOTCS MHKYOATOPbI, KOTOPbIE KOH-
TPOJIUPYIOT KaK TEMIIEpATypy, Tak U cogepxxanue CO, B okpyxatoleM Bosayxe. [lonnep-
xxaHue KoHIeHTparu CO, Ha ypoBHe 5% HeoOXomuMo Wis moanepkaHus pH oOBIHBIX
cpen s KyTbTUBUPOBAaHUS KJIETOK MiekomuTaoimux (Hanpumep, IMEM) [6]. LleHa ta-
KMX MHKYO0ATOpPOB 3HAaYMTEeIbHA. 3aaya JaHHOTO MCCEA0BaHUS COCTOsIa B pa3paboTKe
npocToit cucreMbl KOHTposist onayu CO,, KoTopasi Mo3BoJIuIa Obl MPEBPATUTH OOBIYHBIH
TEpPMOCTAT B MHKYOATOP C aBTOMaTUYECKUM KOHTPOJIEM YPOBHSI 3TOro ra3a. EcTb HecKob-
KO IyOJIMKALNii, OMUCHIBAIOLINX CPaBHUTENBHO NpocTble CO,-MHKYOaTOpbl, HO OHU OMU-
CBIBAIOT U3TOTOBJIEHUE HOBBIX CIIELIMATU3UPOBAHHBIX YCTPOICTB [7—9]. 3nech Mbl npensia-
raeM 1opaboTaTh yxe UMelolleecsl B JJabopatropuy 060pynoBaHKe, YTO HAMHOTO Tpolle,
JelieBne U He 3aiiMeT MHoro BpemeHU. [Tockonbky CO,-MHKYOATOPHI SBISIOTCS BaXKHBIM
Hay4YHbIM 00OpyIOBaHueM, TMpeacTaBIeHHasl B cTaTbe MH(OopMalus O Hallleil pa3paboTke
OyIeT MoJjie3Ha MPOKOMY KPYyTy UCC/IeAoBaTeei.

METOAbI UCCIEJOBAHUA

PaszpaboranHas cucrema KOHTpoJist KOHUeHTpauuu CO, peasin3oBaHa Ha 6a3e npo-
MmeluieHHoro CO,-unky6aTtopa ULAB Monenn UT-8050. B ucxonHoil KoMIuieKTauuu B
JAHHOI MOJeNN OTCYTCTBYET AaTyuK KoHleHTpauuu CO,, a cucteMa Nojayu ra3a pery-
JIMpYEeTCsl 0 OMNpeneIeHHOMY aJTOPUTMY, UCXOSI U3 BPEMEHHbBIX MPOMEXYTKOB, Ha KO-
TOpPBbIE OTKPbIBAJIACh IBEPb MHKYOaTOpa, 6€3 KOHTPOJIs1 coaepkaHus KoHUueHTpauuu CO,
B ra3oBOIl cMecu BO BHYTPEHHe# Kamepe MHKybaTopa. HecMoTpsi Ha yCTaHOBIEHHBIH
YIUIOTHUTENb HA IBEPU MHKyOaTopa, B TeUeHUE CyTOK Ipoucxoauia yreuka CO,, KoTo-
PYIO HE yIaBaJloCh CKOMIIEHCUPOBAaTh. DTO CKa3bIBAJIOCh HA KAYECTBE POCTA KIETOUHBIX
KYJIBTYpP. BbUIO pellieHo MOTHOCThIO 3aMEHUTH IITATHYIO cUcTeMY nonauu raza. lllratHas
cucTteMa TepMOCTa0WJIM3alMK Oblla OCTaBleHa 0e3 U3MEHEHMI, TaK KaK OHa HEIJIOXO
CIIpaBJISJIaCh CO CBOEH 3a1ayeid.

OCHOBHbBIE KOMITOHEHTBI CUCTEMbI KOHTPOJISI ITOAAYY MpeaCTaBIeHbl Ha puc. 1.

Pezynamop konuyenmpavyuu CO, 6 kamepe unkybamopa

B kauecTtBe aHanmm3atopa kKoHreHTpanuu CO, ObIT UCIONb30BaH HEAWCIIEPCUOHHBIN
nHdpakpacHbiii ceHcop MH-Z16 ¢ otnenbHbIM MHTepdeiicHbiM amantepom 12C/UART
(Winsen, Kuraii). KirroueBoIMM KOMIIOHEHTaMM JaTYMKa SBJISTIOTCS MH(PaKpaCHBIN KC-
TOYHUK (CBETOIMOM), U3MEPUTEIbHASI KaMepa WIN CBeTOBasl TpyOKa, (OUILTP IJIMHBI BOJI-
HBbI 1 M”HPpaKpacHbIi AeTekTop. OKpyXaloliuii BO3AyX €CTECTBEHHBIM 00pa3oM IornagaeT
B U3MEPUTENIbHYIO KaMmepy, 3aTeM KoHueHTpauust CO, B BO3Iyxe U3MepsIeTCs 3IeKTPOOII-
TUYECKUM ITyTeM Oyarofapsi MOIJIOIEHUIO ONpeae/leHHOM MIMHBI BOJHBI B MH(MpaKpac-
HOM creKTpe. MHTeHCUBHOCTh MH(DPAKPaCHOTO U3JTyUYeHMSI, C KOTOPOIi JIyd OT MCTOUHUKA
JOCTUTaeT AETEKTOpa, 06paTHO NMponopLroHaibHa KOHIIeHTpauuu CO, B U3MEPUTENBHOM
KaMepe naTynka. MosieKyJsIbl IpYTMX ra30B He MOIVIONIAI0T CBET Ha BHIOPAHHOM IJTUHE BOJI-
HbI, TaK YTO OHU HE MOTYT MOBJUSATH Ha KOJIMYECTBO CBETA, MOMAAAIOIIET0 Ha AETEKTOP.
HanHblit ceHcop CO, ObLT BBIOPAH UCXOMS U3 CIENYIOLINX €r0 IPEUMYIIECTB:

1) xopol1uasi cCeJIeKTUBHOCTb U OTCYTCTBME 3aBUCUMOCTH OT CONIEPXKaHUsSI KUCIOPOa,
obicTpoe Bpems oTkiuka (<30 ¢), 10CcTaTOYHO BbICOKast TOUYHOCTh (£50 ppm U AIuTENb-
HBII CPOK CIIyKObI (6oJiee 5 J1eT);
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Puc. 1. O61as cxema MHKy6aTopa ¢ peryiaropoM KoHueHTpauuu CO,. AnnapaTHO-nporpaMMmHasi iardopma
(Arduino Uno), xamepa uHKy6aTopa (Incubator), xunkokpuctamuimueckuit aucnneit (LCD), cencop CO,
(CO, sensor), anantep cencopa CO, (I2C/UART adapter), 371eKTpoMarHMTHbI# Ki1anaH (solenoid valve), 6an-

soH CO; ¢ penyKTOpOM.

2) B OT/IYME OT XUMUIeCKNX JaTINKOB CO,, 3TOT JaTYMK HE HYXKIAETCS B TIOCTOSTHHO
BKJIIOUEHHOM HarpeBaTe/IbHOM 3JIEMEHTE U MO3TOMY MMEET HU3KOE SHEPronoTpedieHue;

3) maTyuK MMeeT 3aBOACKYIO KaJIMOPOBKY M HACTPOEH Ha HEOOXOMMMBIN JMaIta3oH
koHueHTpauuit CO, (0—10%), npu 3TOM B JaTYMKe MPEAyCMOTPEHA JIerKasi CaMOCTOSI -
TelbHAask KaTMOPOBKA, KOTOPAsT OCYIIECTBISIETCS MyTeM HaXkaTusl CeNaIbHON KHOITKH
Ha uHTepdeiicHoM amanrepe 12C/UART;

4) undpakpacHsiii ceHcop u aganrtep [12C/UART u3rotoBiieHbl B BUIE OTIEIbHBIX
6JI0KOB, YTO TTO3BOJIMJIO PAa3MECTUTh BHYTpHU KaMepsl CO,-NHKybaTOpa HeloCpeaCTBEeH-
HO caM MH(MpaKpacHbIil CEHCOP, a OCTAIBHYIO YaCTh, BKJIIOYAsl COeNUHUTEbHBIE IIPOBO-
Ila, BBIHECTU HapyXy;

5) maT4vK MMeeT MpUeMJIeMBbIii TSI HAIlIUX YCJIOBUI 9KCIUTyaTallMy THara3oH pabo-
yux temnepatyp (0—50°C) u BnaxxHoctu (0—95%), a TakKe ycTOMUMB K KPATKOBPEMEH -
HOMY TOBBIILIEHUIO TemIiepaTypsl B CO, nakybarope no 100°C, Heobxonumomy IS Tie-
PUOINYECKON CTEPUITN3AIIMU KaMepBhl.

ABTOMaTH3alMsl KOHTPOIst KoHLeHTpauuu CO, B Kamepe MHKybaTopa Oblia peain3o-
BaHa Ha 6a3e ammaparHo-nporpaMMHoi ratdopMel Arduino Uno R3. Ynpasienue nat-
yrkoM KoHueHTpauuu CO, MH-Z16 ocyilecTBIIsieTcs: ¢ MOMOILBIO MOCIeN0BATEIbHOTO
uHrepdeiica nepenauu naHHbix (UART). JanHble o KoHueHTpauuu CO, B Kamepe UHKY-
6aropa BeiBoasaTcd Ha XKK-gucreit LCD 1602 no muHe 12C. Tlpu cHUXXEHUU ITOpOTro-
BOTO 3HaUeHUsI KoHIeHTpauu CO, B KaMepe, KOTOPHIi 3a1aeTcs IPOrPaMMHEBIM ITyTeM,
npoussoauTcs nogaya CO, U3 6a/UIoHa MO MHEBMOMAarucTpaiu 4yepes3 3JeKTPOMarHuT-
Herit kiranan Burkert 6105 (Fluidcontrolsystems, I'epmanust). JlaBjieHue Ha BXOJAE DJIEK-
TPOMArHUTHOTO KJlallaHa yCTaHABAWBAJIOCh MPU MOMOIIN CTAHAAPTHOTO PEAyKTOpa Ha
6amnone u cocrasisuio 0.05 MPa. OTkpbiTue 371€KTPOMarHUTHOTO KJjlarmaHa IMpOW3BO-
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IUTCS MyTeM MOoJayM Ha HEro curHaja c uugpoBoro nopra Arduino, ycueHHOro Ha ou-
nonsipHoM TpaH3ucTope KT829A.

Biiok-cxemMa aBTOMaTM3anuy KOHTpoJss KoHIeHTpaunn CO, B KaMepe MHKyOaropa
npuBeneHa Ha puc. 1. [IporpaMMHBIiT KO U1 aBTOMaTU3allM KOHTPOJISI KOHLIEHTpalluu
YIJIEKHCIIOTO Ta3a B KaMepe MHKybaTopa npeacTtasiieH B [TpuioxkeHnn.

Kynomypa kaemok
[ns rectupoBanust paboTel perysitopa CO, ObLIA UCIOIB30BAHbI IEPBUYHBIE KYJIb-
TYpPbl MOTOHEWPOHOB KpHhICHL. [TonydyeHre KylabTyp MPOBOIWIN MO METOY, OITMCAHHOMY
Hamu paHee [10]. KiieTku BbICaXXMBaad Ha KyJbTYpajbHbIe 6-JTYHOUHBIE IJIAHIIETHI U
BBIpAIIMBaJIM 10 IIPOBEASCHUS dKCIIepUMeHTa B TedeHue 7 nHeit B cpene JIMEM, conmep-
Kaniei (heHOMOBBIN KPaCHBIM.

PE3VJIBTATHI UCCIIEAOBAHUA

N3BecTHO, 4YTO onTUMasIbHbIE MoKa3aTeau pH cpeabl 1ist BeIpalliliBaHUsI KYJIbTUBUPY-
eMBbIX KJIETOK cocTaBJsItOT 7.2—7.4 [11]. [ToBblllIeHUE WU MOHUKEHUE YPOBHSI KUCJIOT-
HOCTM KpaitHe HexeJsatesibHO. s HelTpasim3almuu U30bITKAa MOHOB BOAOPONA U MO~
NIep>KaHUsI ONITUMAJIbHOTO YPOBHSI KUCJIIOTHOCTU CPEebl KyJbTUBUPOBAHUS MPUHSITO UC-
OJIb30BaTh Oy(epHYI CHUCTeMy Ha OCHOBe OmKapOoHaTa HaTpus. s mommepskaHMs
MpaBUIbHOTO GajlaHca B aHHOU cucteMe Heooxoaum CO, B KoHIleHTpauuu 5—10%.

bukap6oHaTHast OydepHast cucteMa obecrieumBaeT MOCTOSIHHBINA ypoBeHb pH paBHO-
BECHBIM COOTHOLIeHHeM Mexay OumkapooHatoM HaTpusi (NaHCO;) B KyabTypanbHOI
cpene u CO, B UHKYOaTOpe, MPU 3TOM OHAa SBJISIETCS HELOPOIOil U HETOKCUYHOMW IJIs1
kJeTok. B pesynbrare noBbiieHust KoHueHTpauuu CO, B ra3oBoii dase yBeauunBaeTcs
xonmyecTBO CO,, paCTBOPEHHOTO B MUTATENBHOI cpefie, UTO BeleT K POCTY KOHLIEHTpa-
uuu H,CO3 u nonnxenuto pH. Hanpotus, eciu koHueHntpauusst CO, razoBoil ¢asbl
cHIKeHa, To pH moBHIIIaeTcs 3a cueT ooparHoit peakuum [12, 13]

HCO3 < CO, + OH .

st orcnexvBanus usMeHeHuit pH B mipoliecce KyJIbTUBUPOBaHMSI UCTIOJNB3YIOT (heHO-
JIOBBI KPACHBII — KUCIIOTHO-OCHOBHBII WHAMKATOP, HOOABIISIEMBII B MATATEIbHBIE CPE-
nbl. [Tpn HU3koMm ypoBHe pH dheHomoBbIN KpacHBIN TPpHOOpeTaeT KeJITyI0 OKpPacKy, Torna
KakK Mpu BBICOKUX YpOBHsIX pH OH MMeeT myprnypHbIi LIBET, SPKO-KPacHbI LIBET CPebl
cootBeTcTBYeT pH 7.4, onTMMalIbHOMY JJIS1 KYJIBTUBUPOBAHUSI KJIETOK KMBOTHBIX [11].

ITpu paGoTe ¢ Ky1bTUBUPYEMBIMU KJIeTKaMu CHUXeHue ypoBHs1 CO, B UHKyOaTope
CBSI3aHO HE TOJILKO C €r0 PACXOAOBAHUEM B XOJIE BBILICYITOMSIHYTOM peakluy Mpyu aKTH-
BalMU KJIETOYHOTO MeTaboJiu3Ma, HO U C €r0 BBIXOJAOM M3 KaMephbl NMPU OTKPbIBAHUU
nBeplibl MHKyO6aTtopa. [1o HauM TaHHBIM, OTKpBITHE ABeplibl Ha 30 ¢ MPUBOAUT K CHU-
xxeHmto conepxanust CO, ¢ ncxonusix 5% no 1.2 £ 0.1%. [1pu ycTaHOBICHHBIX HACTPOIi-
kax perynsaropa CO, BoccTaHoBieHUE 6a30Boro ypoBHs CO, NPOUCXOAUT B CPEAHEM 3a
25 muH (puc. 2a). I1pu nanpHeiiieil pabore 6e3 OTKpbIBaHUS ABEPLIbI MHKYyOaTopa 6a3o-
BBIl ypOBEHb MOMIEPKUBACTCS IIUTeIbHOE BpeMsi (puc. 2b). [Ipouiecc BoccTaHOBIEHUS
koHUeHTpauuu CO, nocsae OTKPBITUS ABEPLBI MOXHO YCKOPUTH MPOrPaMMHBIM METO-
JIOM, YBeJIMYMBasi BpeMsl OTKpPbIBaHUS KjanaHa. B Hamem ciyyae 25 MUH SIBJISITIOCH [10-
CTaTOYHBIM BPEMEHEM JIJIsl YCTAHOBJICHUSI CTAallMOHAPHBIX YCJIOBUIA U TOYUHOCTHU KOHIIEH-
tpauuu CO,.

Jnst npoepku pabotocnocobHocTu peryngaropa CO, HaMu ObUT NPOBENEH P KOH-
TPOJIBHBIX 9KCTIEPUMEHTOB.

HMukyOupoBaHue MUTATEbHBIX CPEl B TEpMOCTaTe B TeueHUe 12 4 TIpU OTKIIFIOYEHHOM
peryastope CO, He BbI3bIBJIO U3BMEHEHUS LIBETa MHAMKATOpa (puc. 3a), Torna Kak npu
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Puc. 2. lunamuka conepxanusa CO, B uHKybarope. (a) — rmocne cHukeHus conepxanusg CO, Npu oTKpbIBa-

HUM OBepIIbl NHKyOaTopa. (b) — B TeueHUne Tpex CYyTOK 0e3 OTKPbIBAaHUSI ABEPIIbI MTHKYOAaTOpA.

noaxkioyeHHoM perynsitope CO, HabmofanyM U3MEHeHWe OKpallMBaHUs pacTBoOpa C
IypITypHOTO 10 OJiemHO-po3oBoro (puc. 3b). AHanm3 pH moka3zaji, 4To IIypITypHBIil IIBET
COOTBETCTBOBAJI 3HaYeHUIO 8.7, Torma Kak 6;71emHo-po30Bbiii — 7.0.

Jlanee aKCIIepMMEeHT ObUT IIOBTOPEH C MEPBUYHOMN KYJIbTYpOil MOTOHEHMPOHOB. MHKY-
OvpoBaHMeE KJIETOK B TEpMOCTaTe B TeueHue 12 4 npu noakioyeHHoM peryisitope CO,
CTIOCOOCTBOBAJIO COXPAHEHMIO TDIOTHOCTH M YPOBHS SKM3HECTIOCOOHOCTH KYJIBTYPHI (pHC. 4a),
Toraa Kak oTkjtoueHue perynsitopa CO, NpUBOAWIO K TMOEIN KJIETOK U OTPBIBAHUIO UX
oT cyocTtpara (puc. 4b).

OBCYXIEHMUE PE3YJIbTATOB

B Hacroseit pa60Te MbI IPEATIOXKHNIN ITPOCTYIO CUCTEMY IJId aBTOMAaTU3allUN KOH-
TPOJIA KOHLICHTpalnun COZ, KOTOPYIO MOKHO MCITIOJB30BaThb A4 U3TOTOBJIICHUA ITPOCTO-
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In a thermostat without CO, (pH 8.7) In a thermostat with a CO, supply (pH 7.0)

Puc. 3. Vi3ameHeHue 1iBeTa MUTATENbHOM Cpeibl, colepkallieit uHankarop ypoBHst pH, yepe3 12 u nuukyGauuu B

TepMOCTaTe C BLIKJIIOYEHHBIM (@) ¥ BKII0YeHHbIM (b) perynsitopom CO;.

Puc. 4. [lepBruHas KyJbTypa MOTOHEHPOHOB KpPbICHI Yepe3 12 4 MHKyOaluu B TepMOCTATe C BKIIOYEHHBIM (2) 1

BbIKJIIOUeHHEIM (b) perynsitopom CO,. Pasmep mikanst — 20 MkM.

ro u Hepopororo CO,-uHKy6aTopa /Uisl BbIpAllMBAaHUS KJIETOYHBIX KyJIbTyp. Peryasitrop
koHLeHTpauuu CO, peaau3oBaH Ha AOCTYNHOM miuaTtdopme Arduino, Jierko HacTpauBa-
€TCsl U MOXKET UCIOJIb30BaThCsl B TaOOPATOPHOI NMPaKTUKE B YUEOHBIX 3aBEACHUSIX U UC-
cJieoBaTeIbCKUX JJabopaTtopusix. B oTinume ot y>ke onrMcaHHbIX YCTPOWCTB, HAlll MHKY-
O0arop oTauvaeTcs 6osiee MPOCTOM U TMOKOI KOHCTPYKIIMEI 3a CUET TOro, YTO MbI Ipe-
JlaraeM yCOBEPIICHCTBOBaHUE yXXe MMeIollerocsi B Jabopatopuu obopynoBaHus [7—9].
CTOUT OTMETUTD, UTO JUISI CTAOMJIbHOM pabOThl MHKYyOaTopa KJIEeTOK HeoOX0auMo obec-
MEeYnTh PABHOMEPHBIN HArpeB W paclipe/iesieHue rasa 1o BceMy o0beMy Kamepbl. JTo
obecrneunBaeTcsi HaJM4rMeM BEHTUWISITOpa, UM OOBIYHO OO0OPYIYIOTCSI CTaHIapTHBIE Tep-
moctatbl. [Ipu 3TOM HEoOXOMMMO CIEenUTh 32 TEPMETUYHOCTHIO KamMepbl MHKyOaTopa.
OOBIYHO TEPMOCTATHl UMEIOT CTEKJISTHHYIO IBEph C YIUTOTHUTeneM. Hannyue yreuek ra-
30BOI1 cMecu OyneT KOMIIEHCUPOBATbCS aBTOMAaTUYECKU, HO MoBausieT Ha pacxon CO,.
Ecau HeoOxommMo Iomaep:KMBaTh OIMpENe/IeHHYIO BIaXXKHOCTh B KaMepe MHKyOaTopa,
MOXHO MCITOJIb30BaTh €CTECTBEHHOE McnapeHue. JJIsi 3TOro pacrojioXUTh Ha HYXKHEH
MOJIKE KaMepbl OTKPHITYIO EMKOCTb C BOJOI M, U3MEHSISI TUIOIIAIb MCTIAapEHUST, PETYIIu -
poBaTh BIaXHOCTb. MBI mpoTecTHpoBaiu cobpaHHbIii CO,-MHKYOaTOp U MPOJEMOH-
cTpupoBaiu 3(p(HeKTUBHOCTH €ro paboThl Ha MPUMEPE BbIpalllUBaHUST TIEPBUYHON KYJb-



[TPOCTON PETYJIATOP IMOJIAUU CO, 1731

TYypbl MOTOHEPOHOB. [1py moMoIIu pa3paboTaHHOTO PETYJISITOpA BO3MOXHO MOANEPKI-
BaTh HeoOxonuMyo KoHUeHTpaunio CO, B MHKyOaTope B aBTOMaTHYECKOM PEXVME B
TeYeHUe IJTUTEIbHOTO BpeMeHU. CHucTeMa TT03BOJISIET PeTyIMpoBaTh Ioavy rasa 3a cueT
nepenporpaMMUPOBAHSI KOHTPOJIIEpa M alanTUPOBaTh €€ ISl pa3TuYHbIX IKCTIEPUMEH-
TaJIbHBIX 3a1a4. Hanpumep, npouecc BocctaHoBieHUs KoHLeHTpauun CO, rocie OTKPbI-

THS ABEPIIBI MOXXHO YCKOPUTD IMPOTPaMMHBIM METOIOM, YBEJIMUMBas BPeMST OTKPBIBAaHUS
kianaHa. bbuto mokasaHo, 4to B uHkyo6arope ¢ 5% CO, nepBUYHAas KyJIbTYpa MOTOHEPO-
HOB HOPMaJIbHO Pa3BUBAETCS, B TO BpeMsl KaK Ta e KyJbTypa He ITPOIeMOHCTpUpoBaa
pocT B 00bIYHOM MHKYOaTope 0e3 peryisitopa conepxanust CO,. Takum o6pa3oM, peia-
raeMbIil HAaMU TTOIIXOJ TT03BOJISIET U3TOTOBUTH Herioporoit CO,-MHKy0AaTOp TS BhIpaIBa-
HUS KJIETOYHBIX KYJIBTYP Y CYIIIECTBEHHO COKOHOMUThD OIOMXKET UCCIIeOBAHUIA.
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Simple CO, Regulator for Laboratory Cell Incubator from Available Components

M. A. Suslov?, G. V. Sibgatullina?, and D. V. Samigullin® * *

9 Kazan Institute of Biochemistry and Biophysics, FRC Kazan Scientific Center, Russian Academy of Sciences,
Kazan, Russia
bKazan National Research Technical University named after A.N. Tupolev — KAI, Kazan, Russia
*e-mail: samid75@mail.ru

In this paper, we describe a CO, automation system for a laboratory cell incubator that
will allow the production of a controlled CO, incubator from available laboratory equip-
ment. The CO, controller is laboratory-built from simple components using the Ardui-
no hardware/software platform and can be integrated into a laboratory thermostat. The
article describes the results of test experiments on cell cultures, which demonstrate the
performance of the design. Since CO, incubators are important and widespread scientif-
ic equipment, the information about our development presented in the article will be
useful for a wide range of researchers.

Keywords: CO,-incubator, CO, concentration controller, cell culture
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