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AHanu3 BBIABIXaEMOTI'0 BO3/yXa SBIISIETCSI aKTUBHO Pa3BHUBAIOLIEHCS 00JIaCThI0 HEMHBAa3HMBHOW Me-
JTUIIMHCKOM MUAarHOCTHUKHU. Tako# MOIXOA TO3BOMSACT M3Y4aTh AMHAMHUKY (DH3MOIOTHYECKHUX TIPOIECCOB B
OpraHM3Me YeJIOBEeKa, a TAK)KEe BBIABHUTH MMATOJOTHIO HAa paHHEW ctaauy pa3BuTHA. OJHAKO MIMPOKOE IIpHMe-
HEHHE HEMHBA3MBHBIX METOJIOB CACP)KUBACTCSI HECOBEPIIEHCTBOM METOAWK IMPOO00TOOPa M MPOOOIIOATOTOB-
KM, IPUBOJISIIEE KO BHECEHUIO ONTYTUMBIX IIOTPEIIHOCTEH B Pe3yIbTaTHI.

Lemnp HacTosAmEeH pabOTH — pa3paboTKa YCTPOWUCTB, CIOCOOOB W METOIUYECKUX MPHUEMOB TOBBIIIIE-
HUSI TOYHOCTH HEWMHBA3WBHOTO KOJIMYECTBEHHOTO OIIPENIEICHHUS alleTOHA B BBIIBIXaeMOM BO3IYXE /IS HEHH-
Ba3MBHOI TMarHOCTUKH caxapHoro nuadera. [IpeaMeTom mccienoBaHus SBISUINCH YCTPOICTBA, NCIIONIB30Ba-
HUE KOTOPBIX Ha CTaJUsAX T'PajlyHMpOBKHU U MOATOTOBKH MPOO MO3BONAET CHU3UTh CYMMAapHYIO IOTPEIIHOCTh
aHaIu3a.

B kadecTBe MPOTOYHOrO KOHTEHHEpa JUIsl XpOMaTo-aecopornonnoit Mukpocuctemsl (X IMC) ObL1H
BHIOpaHbl MHBEKIIMOHHBIE MIJIBI, 3aMI0JHEHHBIE COPOEHTOM. B KkauecTBe COPOEHTOB HCIOIB30BAIUCH HHEPT-
HbIit HOcuTenb Chromaton N-AW, moandunnpoBanHbiid 25% copOINOHHO-aKTUBHOM HEOPraHWYECKOH Co-
mpio CoCly; mHEpTHOE BOJIOKHO, MOKpHITOe 25% mnommsTmineHrmkoneM (mapka I191-20M). Hacermerne
XIAMC ocymecTBISIIOCH MTOTOKOBBIM M KalleIbHBIM MeToJaMH Ipu Temneparypax 25 u 50°C. lecopbums
ananmura ocymecteisachk npu 70 u 100°C auckpeTHBIM mporyckanueM 0.5 cM® MHEpTHOTO Ta3a (a30Ta) de-
pe3 X/ImC, momemnieHHyI0 B TepMoaecopOep, COBMEIICHHBIN C HCIApUTENIeM ra30BOTro Xpomarorpada.

[Tomy4yeHHBIE B X0€ HCCIe0BaHUS N3roTOBIEHHBIX X/ IMC maHHBIE yKa3bIBAIOT HAa MPEHMYIIECTBO
KaIeJbHOT0 METO/Ia HACBILIEHUs MIepe]] TOTOKOBBIM, TIOCKOJBKY B 3TOM CIy4ae BO3pPAacTaeT KOIUYECTBO AUC-
KPETHBIX BBOJIOB B OZTHOM IMKJIE PaOOTHI, 32 CUET Yero 00ecneynBaeTcsl MoiiepiKaHne IIOCTOSTHCTBA KOHIICH-
TpalMy aHaJHuTa B ra3oBoi cMecu. [lokasaHo, 4TO 3a cYET peryJupoBaHMs YCIOBUH MPEANOIrOTOBKH CHUCTE-
MBI (TI0100p TEXHUKH HACBIIIEHUS U IECOPOLIMI) MOXHO ITOJTy4aTh ra30BbIe CMECH C 3aJIaHHBIM COJIepKaHHU-
eMm aneroHa. OOOCHOBaHa BO3MOKHOCTb HPOBEAECHUS MHOTOTOYEYHBIX KaJMOPOBOK IPHU HCIOJIB30BAHUH
XJMC. Pa3nuuHble KOHIEHTPAUK IPaIyUPOBOYHBIX Fa30BBIX CMECE HOCTUraroTCs MyTeM U3MEHEHHs TeM-
mepaTypsl AecOpOUHH U TIOCPEICTBOM PETyINPOBAHMS YCIOBHHA MPEIBAPUTEIFHON MOATOTOBKA CHCTEMBI —
00BeMa TPOITyCKaeMOTO MHEPTHOTO Ta3a WM Tra30BOH CMECH aleToHa. DKCIepUMEHTaIbHO YCTaHOBICHO,
gyto ans HaceimeHus X/MC onTHManbHBIM SBISCTCS KaleldbHBIM MeTox, 00beM TO3MpOoBaHUA | MKI, U
MPEeIBAPUTEIBHYI0 TIOATOTOBKY CHCTEM IIesiecoo0pa3Ho mpoBoanuTh npu 25°C OUCKPETHO CO CKOPOCTHIO
0.5 cM’/MuH. Yenosusa gecop6uun MoryT BapeupoBathesa oT 70 mo 100°C, BpeMst MPOIyBKU OINpeeNseTcs
crynenbto ecopbunu. IIpu pabore ¢ cucremamu, copepxaunmu CoCly, MOBBIIIEHUE TEMIIEPATYpPhI BbILIE
100°C neuenecoobpasHo.

DKCHEPUMEHTAIBHO YCTaHOBJIEHO, YTO IIPU JUCKPETHOM JIO3MPOBAHUHM B II0Jy4aeMBIX Ta30BBIX
CMeCsIX MOTPEIIHOCTD MOJIePKaHus CTAOMIBHOCTH A Bapbupyercs B npenenax 10-15%, uro nmo3sosseT no-
BBICUTH TOYHOCTH aHaJIM3a yCTPOICTB ¢ ucnoip3oBanueM XJmC.

[TonyueHHbIE B X0JIe SKCHIEPUMEHTA 3aKOHOMEPHOCTH M pa3paboTaHHbIE METOJAMKH MOTYT OBITh HC-
MTOJTF30BAHEI TIPU Pa3pabOTKe yCTPOICTBa IS SKCIPECCHOTO KOIMYECTBEHHOTO OTPENIEICHNUS alleTOHA B BBI-
JBIXaeMOM BO3IyX€ U MMOBBIIICHHH €TI0 YYBCTBUTEIBHOCTH KaK K JaHHOMY OMOMapKepy, Tak U K IPYTHUM.

KiroueBble ciioBa: razoBas xpoMaTtorpadus, HeWHBa3WBHAS JHAarHOCTHKA, OMOMapKephl, XpoMaTo-
JeCOpOIIMOHHbIC CHCTEMBI, KOHIICHTPHUPOBaHHE.
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BBepeHune

CormacHo oduIanbHOM CTaTUCTKE BceMHpHON OpraHu3anuu 31paBOOXpaHEHUS
(BO3) [1], yncno 3a00neBIMIKX caxapHbIM JUa0ETOM MO BCEMY MHUPY PacTeT ¢ KaXJIbIM ro-
JIOM, TIO3TOMY DPaHHSISI TMAarHOCTHKA ATOrO 3a00JieBaHUS SIBJISETCS aKTyalbHOW 3aJadei.
[lepcrieKTUBHBIM peIICHUEM SBISETCS HEHMHBA3MBHAS AMATHOCTHKA COCTOSHHS 3/I0POBbS
[0 COCTaBY BBIABIXaeMOro Bo3yxa. CoBpeMeHHbIE TEHACHIIUN Pa3BUTHS 0€30MacHBIX HC-
CJICZIOBAaHUH M IAAAIINX IPUEMOB 3a00pa MpOoObI, HCKIIIOYAIOIINX (PU3UUECKUI U IMOIIHO-
HaJIbHBIA AUCKOM(OPT MalueHTa, NMPeAbsBIAIOT BHICOKHE TpebOBaHUA K pazpadaTbiBae-
MBIM MEAMIMHCKUAM MpHOOpaM M METOAMKAM MPOBEJCHUS TUArHOCTUKHU [2]. B Hacrosmee
BpeMsI IKCIIPECC-YCTPONCTBA, CIIOCOOHBIE OBICTPO W 0€300JIE3HEHHO MPOBOAWTH JIUATHO-
CTHKY 3a00JICBaHMN KENyJOYHO-KUIIEYHOTO TPAKTa, ABIXATEIbHOM, MUIIEBAPUTEIBHON U
CEpPAEYHO-COCYJIUCTBIX CHUCTEM, YK€ CYIIECTBYIOT [3-5], HO HE BBEJEHBI B MAaCCOBOE IPO-
U3BOJICTBO IO MPUYMHE HECOBEPILICHCTBA METOAMK IMPoO00TOOpa M MpOOONOATOTOBKH,
MPUBOIANINX K BHECEHUIO OCHOBHBIX MOTPEIIHOCTEN B PE3yIbTaThl aHAIIN3A.

OcHoBHOU TIPOOJIEMOIT HAa CETOTHSIIHUNA JIEHb OCTAETCS OTCYTCTBHE ONTHMH3UPO-
BaHHBIX BBICOKOYYBCTBUTEIBHBIX M BBICOKOTOYHBIX METOAMK, IO3BOJISIONINX KOJIHYe-
CTBEHHO OIIPENENATh CO/IepKaHUe CIeUU(UIECKUX CIIEAOBbIX KOHIICHTPALUH JeTy4uX CO-
€MHEHUI B aJIbBEOJSIPHOM BO3YyXE, M aJIeKBaTHBIX (MIEHTHUYHBIX JIPYT APYTY) METOAMK
po60oTOOpa U MPOOOMOATOTOBKH, UCKIIOYAIOIINX BHECEHHUE TOMOTHUTEIBHBIX apTedak-
TOB [6, 7].

Ilenp HacTosmed paboThl — pa3paboTKa YCTPOMCTB, CIIOCOOOB M METOIUYECKHX
NpUEMOB TOBBIIICHNUS TOYHOCTH HEMHBA3UBHOTO KOJMYECTBEHHOTO OMpEENICHUs alleToHa
B BBIJIBIXa€MOM BO3/yXE.

dKcnepuMeHTanbHasa 4YacTb

JJist TOCTHXKEHUS LIeH HEOOXOAMM BBIOOp 11e7eco00pa3HOi MOIEHN H3TOTOBICHUS
XpOMaTO-AeCOPOLIMOHHBIX CUCTEM MHBEKIIMOHHOTO TUIIA, TOJATOTOBKAa COPOEHTOB, HAaHECe-
HUE MUKPO- U HAHOIUICHOK HAa WHEPTHBIC HOCHUTEIH, SKCIICPUMEHTAIBHOE OIpeIeTICHIEe
ONTUMAJBHBIX YCJIOBHM HACBHINIEHHWS U MPEIBAPUTEIBHON MOJITOTOBKHA XpOMAaTo-
JeCOPOIIMOHHBIX CUCTEM UHBEKIIMOHHOTO TUTIA.

B kadecTtBe mpoTOYHOrO KOHTEHHEpA AJIT XpOMATO-/1€COPOIIMOHHON MHKPOCHCTE-
mbl (X/IMC) ObUTH MCTIONIB30BaHBl MHBEKIMOHHBIC WIJIBI BHYTpeHHUN auameTp 0.5 MM,
mHa 40 MM, 3all0JTHEHHbIE COPOEHTaMU, MPeICTaBIeHHbIE HA PUCYHKE 1, Ha BXOJE U BbI-
XO0Jle YCTaHABJIMBAIUCh MHEPTHBIC TAa30MPOHUIIAEMBIC 3aTTYIIKH, IJIS MPEIOTBPAIICHUS

BBICBHIITAHUS COPOEHTA BO BPEMS UCIIOJIB30BAHUS CUCTEMHI |8, 9].
4

2
-
£
%
2

Puc. 1. llpunnunuansHas cxema (X MC):
1 — ronoBka urikl, 2 — 3ariaymka, 3 — copOeHT, 4 — BHYTpEHHUN KaHaJ UTJIbI
Fig. 1. The CDmS scheme:
1 —needle head, 2 — plug, 3 — sorbent, 4 — channel inside the needle
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B kauecTtBe cOpOEHTOB MCHOIB30BATUCH: MHEPTHBIM HocuTesnb Chromaton N-AW,
MoupunrpoBaHHbiil 25% copOLMOHHO-aKTUBHON HeopraHudeckon conbio CoClz; uHepT-
HOE BOJIOKHO, MOKpbITOe 25% monuaTiiieHraukoaeM (mapka [191-20M). Bribop copOenTa
0OyCIIOBJIEH TE€M, YTO HETMOPHUCTHIE COJIM, O HEJJABHETO BPEMEHU HCIIOJIb3yeMbI€ TOJIbKO
JUI Ta30XpoMaTorpauueckoro pasjeieHus, MEepPCIeKTUBHBI B KauecTBE COpOEHTa I
koH1eHTpupoBanusi MukpokosnuecTB JIOC [10]. CopOrinoHHO-aKTHBHBIE BEIIECTBA HAHO-
CHJINCh Ha MHEPTHBIM HOCUTENb, YTO OOECIeYMBAET YMEHbIIECHHE BpeMeHu Iudy3uu
aHaJMTa BIIIyOb 3epHA COpOEHTA, KOTOPast ABISCTCS JIMMUTHPYIOIIEH CTauel necopOomm,
U MO3BOJISIET YMEHBIIUTh BPEMsI YCTAHOBJICHHUSI PABHOBECHUSI B CUCTEME MPU AUCKPETHOM
pexume padbotsl. [I91'-20M BbIOpaH Kak cucTeMa CpaBHEHUS, ITUPOKO MTPUMEHSIEMBIHN IS
pa3eneHus Ta30BbIX CMeceil KEeTOHOB U allbJETHIOB, B TOM YHUCIE alleTOHA, I pabounx
temrepatyp 70-250°C) [11].

CyTb XpoMaTo-IecOpOLMOHHOTO crocofa 3aKIYaeTcs B PaBHOBECHOM HACHIIIIE-
HUY JIETYYUM OPraHMYECKHM BEILECTBOM IOTOKAa MHEPTHOIO ras3a IpH €ro MpOXO0KIECHUU
yepe3 TpyOuaTyi0 MNPOTOYHYIO CHCTEMY, 3arllOJHEHHYIO COpPOEHTOM, MpeIBapUTEIBHO
HachlleHHyo aHanuToM. Haceimenne XJIMC M3BECTHBIM KOJIMYECTBOM aHAIUTa OCY-
HIECTBIISIOCH ABYMsI criocobaMu: 1) mpomyckaHueM MoToKa rasa, CoJIepKallero u3BeCTHOe
H30BITOYHOE KOMMUecTBO aHantuTa 4yepes XJMC co ckopocthio 0.5 cM’/Mun 10 Tex mop,
MOKa KOHIEHTpAaLMsl aHaJuTa Ha BXOJE W BBIXOJE M3 CUCTEMbl HE CTAaHYT OJMHAKOBBIMU
(T.e. Mo «mpockoka») [12-14]; 2) xameapbHBIM METOJIOM, 3aKITIOYAIOIIMMCS B HAHECCHHH
1 MK alleTOHa M TIPOMYCKAHUU 5 ¢M® a30Ta co cKopocThio 0.5 cM>/MUH HpH TeMIepaType
25°C puia pacupeliefieHHs aHaluTa B Topax copOeHTa. 3aKOHOMEPHOCTH XpoMaTo-
JEeCOPOLIMOHHOTO TPOIEcCca OMUCHIBAET TEOPUS METOOB a/ICOPOIIMOHHOIO PaBHOBECHOTO
KOHLEHTpUpoBaHus [6, 12-13, 15].

Hecopbmust ananuta ocymectBisiack npu 100°C  AUCKPETHBIM TMPOMyCKaHUEM
0.5 cm® uneprtHOTO rasa (azora) uepes XJIMC, moMenIeHHYIO B TepMojecopOep, coBMe-
IICHHBIN C HCIIapUTEeNIeM ra30BOro Xxpomarorpada.

O6cyxxaeHue pe3ynbTaToB

B tabnune 1 npencraBieHbl XxapakTepucTUKH W3roTOBICHHBIX XJIMC, HackImeHne
KOTOPBIX OCYILECTBISUIOCH Ipu Temneparypax 25 u 50°C.

Tabmuua 1. XapakTepuCTUKU UCCIEAYEMBIX XPOMATO-eCOPOIIMOHHBIX MUKPOCUCTEM UHB-
EKIIMOHHOTO TUTIA TIpU TemmepaType aecoporuu 70°C

Table 1. Characteristics of the studied chromato-desorption microsystems of injection type
at the desorption temperature of 70°C

KonuuecTso
Bozo6HoB-
CTaOMITLHBIX .
Macca KonnenTpanus arieTona JIAeMBIN
CopbeHnt % JIUCKPETHBIX BBOJIOB N
copOeHTa, Mr | mpu necopommu, 10 mMr pecypc,
TP OTKJIOHEHUH
A<15% SIVHUIL pa3
1 2 3 4 5
Haceimenne moTokom rasa
Temnepatypa Haceienus 25°C
CoCl, na 33 Crynens [ 0.5 2 0
Chromaton ' Crynens 11 0.2 3
I191 Ha 29 Crymens [ 1.7 6 5
BOJIOKHE ' Crynens 1 0.8 7
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Temmepatypa HaceieHus S0°C

1 2 3 4 5

CoCl, na 33 Crynens 1 0.2 2 0
Chromaton ) Crynesns I - -

I191 Ha 29 Crymens [ 0.8 6 5
BOJIOKHE ) Crynens 11 0.2 6

KanenbHblil MeToq

Temmepatypa HaceieHus 25°C

CoCl, Ha Crynens [ 0.6

4
Chromaton 33 Crynesns 1 0.3 7 0
12T Ha 29 Crynens [ 2.1 7 5
BOJIOKHE ) Crynens 11 1.0 8
Temnepatypa Haceimenus 50°C
CoCl; Ha 33 Crymens [ 0.4 3 0
Chromaton ' Crynens 11 0.1 2
12T Ha 29 Crynens [ 1.3 6 4
BOJIOKHE ) Crynesns 1 0.8 7

Kak BuIHO W3 MpeACTaBICHHBIX JIaHHBIX, KAMeJbHBIA METOJI O3BOJISIET OCYIIECTB-
7Tk Ooniee A(h(HEKTUBHOE HACHIIMICHHWE, MOCKOJIBKY B ATOM CIlydae MPHU DKCILTyaTarluu
XImC Bo3pacTaeT KOJIMYECTBO AMCKPETHBIX BBOJAOB. DTOT (PAKT XOPOIIO COTIIACYETCS C
paHee MOJIY4YeHHBIMU JaHHBIMU JJI T€TEPOTeHHBIX COPOLMOHHBIX Makpocuctem. M3BecT-
HO [16-20], 4TO B reTepOreHHBIX CUCTEMaX MyTeM co3gaHus 25% u30bITKa KOHIICHTPAIIUU
B HAYaJIbHOM 4YacTH cHCTeMbl oOecnieunBaercs OydepHbiil a3ddext. CymHOCTh 3TOr0 3¢-
(ekTa 3aKItoYaeTcs B MOAIMUTKHU MOCIEIHENH YaCTH CUCTEMBI, 3a CUET Yero 00ecrednBacTCs
noJJep>KaHUe MOCTOSIHCTBA KOHIIEHTPALIMK aHAJIUTA B Ta30BOI CMECH.

[Tpu muCKpeTHOM peKUME pecypc pabOThl XPOMATO-IECOPOIIMOHHON MUKPOCHCTE-
MBI, HaIOJHEHHOW BOJIOKHOM, MoaudumupoBanueiM [131° 20M, cocraBnser He mMeHee 6
MOCIIEI0BATENBHBIX IIHKJIOB, TIPH 3TOM BO300HOBIISIEMBII pecypc CUCTEMBI — HE MeHee 4.
Omnako cuctembl ¢ CoCly mocne ogHOTO HMKIA pabOThI CTAHOBSATCS HEMPHUTOIHBI IS
JTAIBHEUINETO HMCIOJIb30BaHMS, TaK KakK CHEU(PUYECKHEe CBOWCTBA COPOCHTA MPHBOJIST
K CIIEKaHUIO TPAaHYJI U 3aTPYAHEHHIO POXO0KIEHHUS TOTOKA Ta3a.

Ha puc. 2 npencraBnen oOummii Bux rpaduieckoil 3aBUCUMOCTH KOHLIEHTPAIIUH
aleToHa B Ta30Boi ¢aze Ha Bbixoe n3 XJIMC oT KomMyecTBa MPOITYIIIEHHOTO Ta3a.

L

G

W

N N+I... N— N+m
Puc. 2. O6muii Bux rpadguveckoil 3aBUCIMOCTH KOHIICHTPAIIMH alleTOHA
B ra3oBoH (haze Ha Bbixoje u3 X/IMC oT KonmdecTBa MpOMyIEHHOTO ra3a
Fig. 2. Dependence diagram of the concentration of acetone in the gas phase
at the CDmS's output on the amount of the blown gas
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JlecopOLMOHHAsE KpUBasi UMEET MOJUHOMUAIBHBINA XapaKTep, BCIAECICTBHE YETO CO-
3[1a€TCs BO3MOXHOCTh IIPOBEIEHUSI MHOTOTOYEYHBIX KaIMOPOBOK IyTEM HE TOJBKO M3Me-
HEHMSI TEMIEPATYpPhl AECOPOIMH, HO U PETYIUPOBAHUS YCIOBUI MpeaBapUTEIbHON MOTO-
TOBKHM cucteMbl. JInneinbple yaacTku (ctynenu I u 11 Ha puc. 2) oTpakaroT paBHOBECHOE
COCTOSIHUE CHUCTEMBI U COOTBETCTBYIOT I'a30BOM CMECH CO CTAaOMIIbHBIM COJICPKAHUEM alle-
TOHA, TOTPELIHOCTh MOJ/IepKaHUsl cTabuimbHOCTU A Bapbupyercs B mpezenax 10-15%.
DKCIOHEHIIMAIBHBIE YYaCTKU a, b, C OTpakaloT HEPaBHOBECHOE COCTOSIHUE cucTeMbl. Mc-
XOJIs1 U3 1eCOPOLIMOHHOM KPUBOM, MOKHO BBIOpaTh yCIOBUS MPEANOATOTOBKHA TaKUM 00pa-
30M, 4TOOBI MOJYYUTh CMECh C 33JaHHOM KOHLIEHTpAIMeW aleTOHAa, COOTBETCTBYIOLICH
crynenu [ umu II. IIpu aTOM Temmnepatypa necopOunn He u3mensiercs [21].

Taxkum 00pa3om, yciaoBUs MPEANIOATOTOBKH BEIOMPAIOTCS, YTOOBI JiBa MEPBHIX BBO-
Jla COOTBETCTBOBAIM YYAaCTKy HEPAaBHOBECHOI'O COCTOSHHUSI CHCTEMBbI (y4acTOK a) Iepen
HAyaJIoM CTyneHu | eciin HEOOXOIUMO MOJTYYUTh CMECh ¢ OOJbIIel KOHIIEHTpaluel are-
TOHA, 1 HEPABHOBECHOTO COCTOSHUS CUCTEMBI (y4acToK b) mepen HavamoMm ctyrneHu Il ecinm
HE00XO0IMMO MOJYYUTh CMECh C OOJIbIIEeH KOHIIEHTPAIlUEH aleToHa.

Ha pucynke 3 npencraBieHa rpaduyeckas 3aBUCUMOCTb KOHIIEHTPAIMK alleTOHA B
ra3oBoil (aze OT KOJUYECTBA MPOIYIIEHHOI0 HHEPTHOTO Ta3a ( Kbl AUCKPETHBIM BBOA
COOTBETCTBYET Tponyckanuio 0.5 cM® MHEPTHOTO Trasa), MOSy4eHHas TPH TeMIEpaType
necop6rmu 70°C.

~w

. AHCKPETHRIC BEO/IBI
Puc. 3. I'paduueckast 3aBUCMMOCTb KOHIICHTPAIIUHU alleTOHA B Ta30BOM (haze oT Ko-
JUYECTBA MPOIYIIEHHOTO MHEPTHOTO ra3a (KaXk/blii TUCKPETHBIN BBOJ COOTBETCTBYET
npomyckanuio 0.5 cM® MHEPTHOTO ra3a), MoNydeHHas MPH TeMIepaType aecopoimu 70°C
st cuctembl X/IMC, 3an10THEHHOM MHEPTHBIM BOJIOKHOM, ¢ HaHeceHHbIM 20% [13I" 20M
Fig. 3. Dependence diagram of the concentration of acetone in the gas phase on the
amount of blown gas (each discrete input corresponds to 0.5 ml blowing with inert gas),
obtained at the desorption temperature of 70°C for the CDmS filled with inert fibre cov-
ered with 20% PEG-20M

W3 rpaduka cienyer, 4To NpH HEOOXOTUMOCTH IOJIyUYEHHs] KOHLIEHTPAIH, COOT-
BETCTBYIOIIEH CTyNeHU I, mpeAanoaroToBka cUCTeMbl OyET 3aKJII0YaThCs B MPOIYCKAaHUU
3 cm® unepTHOrO Taza npu T=70°C, 4To COOTBETCTBYET 6 AUCKPETHBIM HUKJIAM, a TIPH 10~
Jy4eHHH Ta30BOi CMECH C COZIEpKAHUEM alleTOHA, COOTBETCTBYIOMUM cTymenu Il — 7 cm®
(15 muckperHbix 1UKIOB). HeoOX0AMMO OTMETHUTH, YTO YeM HIDKE TeMIlepaTrypa aecopo-
I[UU, TeM OOJIbIIIE MPOIOJKUTENILHOCTD MIOCTOSIHCTBA COJIEP KaHUS aHAJINTAa B ra30BOil (asze
IpU JUCKPETHOM JI03UPOBAaHUU M OouiblIe cTabuIbHOCTH cocTaBa A. [TomyueHHbIE 3aKOHO-
MEPHOCTH COTJIACYIOTCSI C paHEe YCTaHOBJICHHBIM aHAJIOTMYHBIM 3aBUCUMOCTSM JIJIS [TOJIU-
6apOOTaKHOTO U XPOMATO-1€COPOLIMOHHOTO CIIOCOO0B MOIy4YeHHUs Ta3oBbix cMmeceit JIOC
¥ CEpPOBOJOPOa, OJHAKO MPH 3HAYUTEIHHOM pecypce Takux MakpocucteM (6-80 dacos
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HENpepbIBHON paboThl MPH CKOPOCTH MPOIYCKAHUS MHEPTHOTO ra3a | cM>/MuH) 3TOT 3¢-
dbekT He Hamen OOJIBIIOTO MPAKTUYECKOTO MPUMEHEHHUs, B TO BpeMs Kak MpH paboTe ¢
mukpocucreMamu X/IMC MHBEKIMOHHOTO THMA 3Tal MPEANOATOTOBKH CHUCTEMbI 3HAUH-
TEJIEHO COKPAIIAETCS M HE OTJINYAETCS OT pabodvero pexxnMa CHCTEMBI.

3aknoyeHue

B xone paboter 611 pou3BenéH BeIOOP 1enecooopazHoit moaenu X/ IMC uHBEK-
IIMOHHOTO THUIIa M W3TOTOBJICHBI OMBITHBIC 0Opa3I[bl, U3TOTOBJIECHBl M W3YYEHBI /IBa BUJA
COpOEHTOB: MHEPTHOE BOJIOKHO, C HAHECEHHON 25% HenmoJBMKHOM >KuAKON (a3oii monu-
TUACHIIUKONb Mapku [191-20M u unepTHBI HOcuTens Chromaton N-AW, moauduu-
poBaHHBIH 25% copOLMOHHO-aKTUBHOW Heopranuuyeckoil conbio CoCly. Okcnepumen-
TaJbHO OMNPEIETICHBI ONITUMAJIbHBIC YCIIOBUSI HACBIIICHUS U MPEABAPUTENBHON MOATOTOBKI
X IMC: mpenBapuTenbHyIO MOJATOTOBKY I€7€C000pa3Ho MPoBOAUTH Mpu 25°C KaneabHbIM
MeTon0M (00beM aHanuTa 1 MKJI; 06beM MPOMyCKaeMOro MHEPTHOTo rasa 5 cm’), ycioBus
necopbruu Moryt BapsupoBathes oT 70 mo 100°C. Ilpu pabore ¢ cuctemamu, coaepxa-
mumMu CoClz, moBbimieHue Temneparypsl Boie 100°C HenenecoodpaszHo.

Tonyuennvie 6 x00e IKCnepuUMenma OanHble U paspabomantbvle MemoOUKu Mocym ovims
UCNOABL306AHBL NPU PA3PAOOMKE YCOBEPULEHCTNBOBAHHO20 YCIPOUCMEA 0I5l IKCHPECCHO20
KOMUYECMBEHHO20 ONpedeneHUs: ayemoHna 8 8bl0bIXaemMoM 6030yxe U NoGblueHUY
€20 4YBCMEUMENbHOCU KAK K OQHHOMY OUOMapKepy, max u K Opy2um.
Paboma svinonnena npu noodepocke Munodbprayku Poccuu 6 pamkax 2ocyoapcmeeHH020
3a0anust Ha eblnoHeHue pabom (npoekm Ne 4.6875.2017/8.9).
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Optimisation of the conditions for the saturation
and preparation of chromato-desorption microsystems
for the production of acetone gas mixtures

© 2020 Kolesnichenko I.N., Anikina M.A., Platonov L. A.

Samara National Research University, Samara

The analysis of exhaled breath is an actively developing area of non-invasive medical diagnostics.
This approach helps to study the dynamics of physiological processes in the human body and detect patholo-
gies at early stages of their development. However, the approach is not widely used due to the imperfections
in sampling and sample preparation techniques leading to significant errors in the obtained results.

The aim of our study was to develop devices, methods, and a methodology that would enhance the
accuracy of the non-invasive quantitative determination of acetone in exhaled breath used in non-invasive
diagnostics of diabetes mellitus. The object of our study were devices which, when used during the calibra-
tion and preparation of samples, reduce the overall error of the analysis.

We used medical needles filled with a sorbent as containers for the chromato-desorption microsys-
tem (CDmS). The sorbents were an inert carrier Chromaton N-AW modified with 25% sorption-active inor-
ganic salt CoCl, and an intert fibre covered with 25% polyethylene glycol (PEG-20M). The CDmS was satu-
rated in the flow and drop regimes at the temperatures of 25 and 50°C. The desorption of the analyte was
performed at 70 and 100°C by means of discrete blowing with a 0.5 ml inert gas (nitrogen) through the
CDmS placed in a thermal desorption unit connected to the vaporiser of a gas chromatograph.

The results of the study of the prepared CDmS demonstrated the advantages of the drop method over
the flow saturation, since it allows a greater number of discrete inputs within a single cycle and thus ensures a
constant concentration of the analyte in the gas mixture. The article demonstrates that by regulating the con-
ditions for the preliminary preparation of the system (the choice of the saturation and desorption technique)
we can obtain gas mixtures with preset concentrations of acetone. The article also proves the possibility of
using multiple-point calibration when using CDmS. Various concentrations of calibration gas mixtures can
be obtained by changing the desorption temperature and by regulating the conditions for the preliminary
preparation of the system, i.e. the amount of the inert gas or acetone gas mixture. The experiments demon-
strated that the optimal method of CDmS saturation is the drop method (with 1 pl dosage), while the prelimi-
nary preparation of the systems should be performed discretely at 25°C at the speed of 0.5 ml/min. The de-
sorption temperature may vary from 70 to 100°C while the blowing time depends on the desorption stage.
When using systems with CoCl it is inadvisable to set the temperature above 100°C.

The experiments demonstrated that with discrete dosing the stability error A of the obtained gas mix-
tures varies from 10 to 15%, which enhances the accuracy of the analysis performed using the devices with
CDmS. The obtained dependencies and developed techniques can be used to design a device for express
quantitative determination of acetone in exhaled breath and to increase its sensitivity to this biomarker as
well as to others.

Keywords: gas chromatography, non-invasive diagnostics, biomarkers, chromato-desorption mi-
crosystems, concentration.
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