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CIHEUAJ/INBUPOBAHHASA CUCTEMA BBOJA ITPOBbI
JJISA PEAVIMBALIMU YPEA3ZHOI'O ABIXATEJIBHOI'O TECTA
HA MACC-CIIEKTPOMETPE HELICOMASS

Pa3paboTana cnenmanu3upoBaHHas OJHOKaHAlbHAsh cUCTeMa BBoJa NpoObl Juis Macc-cnekrpomerpa Helicomass,
MpeaHa3sHauCHHAS ISl PEeaM3allii yPea3HOro MIbIXaTeIbHOIO TECTa M MPOBEACHHS HAaydHBIX HcciemoBaHuid. Cu-
cTeMa BBOJA MPOOBI BKIOYaeT B ceds Mmpo003abopHyr uUriay; MaHu(OI C CHCTEMOH €ro OYHUCTKH
¥ BO3MOXKHOCTBIO HAIyCKa Kak MpoObI, TAaK M M30TOMHOTO CTAHAapTa; BHICOKOBAKYYMHBIN HaTeKaTellb MaMbIpuHa
JUTsL BBOJIA MPOOBI B UCTOYHUK MOHOB C DJICKTPOHHON MOHHM3AIMEN U alrOPUTM OYHMCTKH, BKITIOYAIOIINIT CEPHIO MO0-
CIIE/IOBATENLHBIX  OTKAYEK M TPOJYBOK CHCTEMbI COKATBIM A30TOM. Cucrema  obecrieunBaet BBOJI TIPOOBI
JI0 JTABIICHUS B AHATUTHYECKOH Kamepe Macc-criekTpomerpa 4-107° Topp; TouHOCT M0 21 H3MEPEHHIO COCTABIATA
0.1%, 9TO COOTBETCTBYET IIENEBBIM TpeOoBaHWsAM mpubopa. [{ukn m3mepeHus oqHON mMpoOBI 3aHUMAaeT 15 MuH,
BKJTFOYAsl U3MEPEHUE ITAJOHA, OYHUCTKY CHUCTEMBI BBOJA MPOOBI, U3MEPEHUE MPOOBI U BTOPYH) OYUCTKY CHCTEMBI
BBOJIa TpoOKI. JlaHHas ccTeMa BBOJIa B COUETaHUH ¢ Macc-criekTpomerpoM Helicomass mo3BosisieT IpoBOUTH W30-

TOTIHBIH JBIXAaTEIbHBIA TECT Ha HAIMYKE U CTEIICHb OCEMEHEHUS JKenmyaka baktepueii Helicobacter pylori.

K. c1.: cucTeMa BBOJIA IPOGKI, ypeasHblil AbIXaTeNbHbII TECT, H30TOMHAsA Macc-crekTpomeTpus, C/*C

BBEAEHUE

Macc-crieKTpoMeTpUYecKoe U3MEpPEHUEe U30TOll-
HBIX OTHOIICHUH B Ta30Boi (paze ¢ MCHOIb30BaHHEM
9JIEKTPOHHOW HOHU3AlMK MpeArojiaraer HeoOXoau-
MOCTb HOJay¥l IPOOBI B BBICOKHH BaKyyM aHaJINTHYeE-
ckoii kamepbl mpubopa. OObYHO mpoda mojmaercs
n3 obnactu atMoc(epHOTro AaBJEHUs, Tlle OHA CO3a-
eTCs WM TeHEepUPYEeTCS TEM MM MHBIM criocoOooMm [1].
B 3aBHCHMOCTH OT XMMHYECKOTO COCTaBa MpoObl, ee
pasHooOpasusi 1 (PU3NKO-XMMUYECKUX CBOWCTB HC-
MOJIB3YeTCsT OONBIIOE KONWYECTBO TEXHHYECKHX pe-
uieHuit [2].

HecmoTps Ha yka3aHHBIE pa3iuyusi, UMEETCS Pl
0o0ImHUX XapaKTEepUCTHK, MPHUCYIIMX BCEM CHCTEMaM
BBOJIa IPOOBI, MPUMEHSEMBIM AJIS1 H30TOITHOTO aHAIH-
3a. Bo-nepBrIx, mpoba JOKHA MOJaBaThCs TaK, YTO-
OBl HE Teperpy3uTb CUCTEMY BBICOKOBAKYYMHOH OT-
Ka4KH; BO-BTOPBIX, OHA JIOJDKHA MOJABaThCs B KOJIH-
9YeCTBE, JOCTATOYHOM ISl TOYHOCTHBIX U3MEPEHUH; B-
TPEThUX, U30TOMHBIE JUCKPUMHUHALIMK MPU MPOOOIOo-
Jaue JOJDKHBI MBITh MUHUMHU3UPOBAHBI HIIH, 110 Kpaid-
HE Mepe, MOCTOSIHHBI, W B-YETBEPTHIX, JOJDKHA
MMETHCS] BO3MOXKHOCTH MOTIEPEMEHHOH 1mo1aun IpoOs!
W M30TOIHOTO CTaHAAapTa >KENaTeIbHO Yepe3 OJHUH
U TOT K€ KaHaJI ¢ MUHMMAJIBbHOW MaMSATHIO MpHOOpa.
KoHueHTpauus yriekuciaoro raza B M30TOIHOM CTaH-
JapTe MPUMEPHO PaBHA KOHIECHTPALUH YTJIEKHUCIOTO
rasa B BBIJOXE. B-mAThIX, cucTeMa BBoJa NPOOHI
JOJDKHA TOJJICPKUBATh B PabOYeM COCTOSHMU H30-
TOIIHBIH MacC-CIIEKTPOMETp B Hepabodee BpeMsl.
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Crieruduka peaan3aiiy ypeasHoTo JIbIXaTeIbHOTO
TEeCTa COCTOUT B TOM, UTO MPOOOW SIBJISETCS BBIIOX
YeNoBeKa, MPUYEM BO MHOTHX CITydasx aHaJIH3 JKeia-
TEIHFHO MPOBOJUTH HEMOCPEICTBEHHO IOCIE BBHIIOXA.
Brigox genoBeka copepxut oT 2.5 10 4% yriekucio-
ro rasza (COz) U €0 H30TOMHOE OTHOLICHHE BAPbHPY-
et ot 14 %y 10 25 %0 B mpeaesiax OJHOH MOy IISIIHH
W 3aBUCHT OT AueThl. ATMochepHsIil Bo3nyx npu T =
=298 K conepxur CO, B KoHIeHTpammu ~3.3-107°%
ot o0miero odbemMa, a ero M30TOIMHOE OTHOIIIEHNE CO-
craBiser 7-8 “/go. IleneBoit XapakTepucTHKOi ypeas-
HOTO JIBIXaTeIHHOTO TECTa SBIISICTCS M3MEPEHHUE H30-
TOIHOTO OTHOIICHUS YTIIEpPOa C TOYHOCTHIO HE XYXKe
0.1%. TecT MpPOBOAUTCS ITyTEM COIOCTABJICHUS NaH-
HBIX HETBIPEX MOCIEN0BATENBHBIX WU3MEPCHHI: H30-
tonHoro otHomenus ~C/'°C Bbizoxa maumenTa (6e3
MIPerapaToB W CIEUUANBHBIX IHET B CIIOKOWHOM (hu-
3HOIIOTIECKOM COCTOSIHUM) W HW30TOIHOTO OTHOIIIE-
aus SC/PC BbiAOXa yepe3 10, 20 u 30 MI/IH ocJe
npneMa CMeHATU3MPOBAHHOTO MpEHapara BC-kap6o-
MU/, KOTOPBIA MpeACTaBIseT co00it cMech 75 MT Kap-
OaMuga, 00OTalIEHHOr0 H30TOIOM Bc no 28-30%,
U 2 T JIUMOHHOMN KHCIIOTBI; 110 CTENICHH POCTA H30TOT-
Horo otHomenus “C/*C nemaercst BHIBOX O HAMUHH
Y CTEIICHW OCEMEHEHHUs Xenyaka Oakxrepueit Helico-
bacter pylori [3].

HNMenHO Hanmuuue Crienuanu3upOBaHHON CHCTEMBbI
BBOJIa TPOOBI TIPEBpAIAET CTAHIAPTHBIA W30TOITHBIN
MAacC-CIIEKTPOMETP B MPHOOpP MEIUIIMHCKOTO Ha3Ha-
YeHHS, & KOPPEKTHOCTh Pa0OThI CUCTEMBI U aJITOPHT-
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Ma ¢ WCIOJb30BAHUS SBIISIOTCS BAXKHEHIIUMH Xa-
pPaKTepUCTUKAMH  MacC-CIIEKTpOMeTpa, obecredu-
BaIOIMMH KaK CaMy BO3MOKHOCTH €TI0 MEAUIIMHCKOTO
HCIIOJIb30BaHUA, TaK U IOKA3aTC/IN Ha3HAYCHHU .

ensto HacToOsIIEH pabOTHI SBISETCS OIFICAHHE
CHELNAIM3UPOBAHHON CHUCTEMBI BBOJA MPOOBI, CO3-
MaHHOW HaMH IJIsi Macc-cnekrtpomerpa Helicomass
NPOM3BOACTBA KOoMNaHuu MS-Bio, W pe3yabTaToB
TecTHpoBaHMUs ee paboTel. Cam Macc-CIeKTpOMETp
ommcaH B padborax [4, 5].

ITIOCTAHOBKA 3AJAYHN

CucreMma Harmycka SIBJISICTCS CaMOCTOSITENILHBIM y3-
JI0M npudopa, HHTETPUPOBAHHBIM B €r'0 KOHCTPYKIIUIO
W pacroyiaraloluMcsl B HEMOCPECTBEHHON OJIM30CTH
OT €ro BaKyyMHO-aHAJIUTUYECKOH YacTH M CBSI3aHHBIM
¢ Hell nmpobomoaaromeii Tpyokoi. Ona obecnieunBaet
cienyromye GyHKITAA:

1. 3a6op npoOBl U3 creuranbHONW NPOOUPKH, KyAa
noMeInaercss BeIJOX mnamnueHta. [IpoBeneHue mpoObI
Yyepe3 CMEHHBIN OCYIIAIOIINH (UIBTP C CHITMKAreIeM.

2. Tomadyy mpoObl B HOHHBIH HMCTOYHHK Hepes3
CIeIMAIbHBI KOMMYTUPYIOIIMH KJIallaH ¢ Y4eTOM
nepenajga JaBleHUN B 9 MOpsAAKOB M oOecriedeHus ee
MOJJAY¥ B TeUCHHE BPEMEHH U3MEPCHHSI.

3. Iocne 3aBepiIeHUsT LUK U3MEPEHUS] OYUCTKY
BCEX KOMMYTAIIMOHHBIX TIATPYOKOB W KJIalaHOB
OT mpoObl W TOAad4y B MNPHOOpP JI03MPOBAHHOTO
KOJIMYECTBAa Ta3a-dTaioHa W3 OajuloHa Ui aBTo-
KaJTMOpPOBKH MPpUOOPA.

4. Tlocne 3aBeplieHHsT LUKJIA aBTOKATHOPOBKH
OUYUCTKY BCEX KOMMYTAIIMOHHBIX NMaTpyOKOB W Kia-
MaHOB OT 3TAJOHAa M TOATOTOBKY CHUCTEMBI K 3a00py
HOBO¥ MPOOEI.

Bce mporieccsl TpaHCHOPTUPOBKK TPOOBI M 3Ta-
JIOHAa [JOJDKHBI TNIPOBOAUTBHCA B pexumax, obec-
MEYNBAIOIINX MUHHMAaIbHO BO3MOXKHBIE HW30TOITHBIC
muckpumuHanuy. CucremMa BBoJa HpoOBI  JOJKHA
paboTaTb B aBTOMAaTHUYECKOM pEXHME IOJ YIpaB-
JICHWEM  CIEIHMAIBHOTO  MPOrpaMMHO-aNIapaTHOTO
6noka. Ilogaya nmpoOupku ¢ mpoOoil ocyliecTBIseTCS
B pYYHOM pexume. B pexume HacTpoillku cucrema
JOJDKHA MMETh BO3MOXKHOCTH PYYHOIO YIPAaBICHHS
BCEMH KJIallaHaAMU M yCTPOHCTBaMH y3j1a HaIlycKa.

IlockonbKy mHpH peanu3aluyd H30TOIHOTO JIbIXa-
TENIFHOTO TeCTa padoTa HIET C HETOKCHYHBIMHU U Hear-
PECCHBHBIMU T'a3aMH — BBIJIOXOM YEJIOBEKa, B TPHOO-
pe HCHONB3yeTcss OTKpPBITAs CHUCTEMa BBOJAA MPOOBI
C YIQJICHUEM OCTaTKOB MPOOKI U 3TaJIOHA B aTMOChEpy.

JlononHUTENbHBIE SKOHOMHYECKHE TpeOOBaHUS
COCTOSIT B HEOOXOJMMOCTH HCIIOJb30BaHUS IO BO3-
MOYKHOCTH HEHACTPanBaeMbIX y3JI0B, KOTOPhIE HE MO-
TyT OBITh BBIBEJCHBI M3 CTPOS HEKBAIU(HUIIMPOBAH-
HBIM I10JIb30BATEIBCKUM OOCITYKHBAHUEM.
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OIMMCAHMUE TEXHUYECKOI'O PEIIEHUA

Hamu ucnons3oBan moaxo/, OCHOBaHHBINA Ha Mpsi-
MOM BBO/I€ TIOJy4aeMoi mpoObI B BaKyyM 0€3 KaKoro-
mbo oboramieHnss U 0e3 WCIOIB30BaHUS CIEIHATb-
HOT'O Ta3a-HOCHTEJSI. DTO BO3MOXKHO, T.K. a0COIIOTHOE
KOJIMYECTBO YIJIEKUCIIOTO ra3a B BBIJOXE YeNOBEKa
BapbUpyeT He Oosiee ueM B 1.5-2 pa3a OT manueHra kK
MAIHUEHTY .

CTpyKTypHasi cXeMa CHCTEMbI BBOJIA MPOOHI MOKa-
3aHa Ha puc. 1. OHa npeacTaBiseT cOO0H MeTaTuIe-
ckuil Marudonn (9) ¢ mecTei0 BXOAaMH, COCTUHEH-
HBIMH KaHanamu nuamerpoM 1 mm. Ilects xanamos
3aKPBITHI ANEKTPOMAarHUTHBIMH KJIallaHAMU C IPOXO[-
HBIM THAMETPOM 2 MM, yIpaBlieHHE KOTOPBIMH OCY-
mectisiercs ¢ L{AlTo mrater (National Instruments)
no crenuanbHoMy anroputmy. Ilo kanamy (F) mon-
KITIOYeH BBICOKOBAKYYMHBIN Harekarenb, kaHan (B)
3arfylieH U SBJSIETCS PEe3EPBHBIM.

K xanany (A) moxkimroueHa npoOo3abopHas uria,
C MTOMOMIBI0 KOTOPO# 3a0upaeTcst mpoda n3 mMpoOHupKu
10 M1, 3aKpBITOM KPBIIIKOM U3 MATKOM pe3uHbl. Tak-
K€ TI0CJIe WIVIBI MOXKET PaclolaraThCsi CMEHHBIIH
GUIBTp, HANOJIHEHHBI CHJIMKArejleM M MO3BOJISIO-
mwii ocymaTh npoOy. B MOMEHT Hawana M3MepeHus,
B MaHU(OJIE CO3aeTCsl BaKyyM, U poda BTATHUBACT-
csl B CHCTEMY, MOCTYTasi Ha BXOJ] BEICOKOBAKYyMHOTO
HaTeKaTels, a 4epe3 Hero — B KaMepy HOHHW3aLHH
WCTOYHHUKA HOHOB.

B kauecTBe BBICOKOBAKYyMHOI'O HaTeKaTess HC-
noJsip3yeTcs "HaTekaTelb MamblpuHa', paboTaromuit
Ha TPUHIINATIE TIEPEKATHS HEPIKABEIOIIETO KaIWUIsIpa.
Harekarens o0nasaeT oueHb BBICOKOW YCTOWYMBO-
CThIO, obecrieunBasl paboTy 0e3 MOACTPONKHA B Tede-
HHUE AecATKOB jeT. C ero moMouIbio JErKo NOoIydaeT-
csl epenaj JaBieHUN B 9 MOPSAKOB MEXIy aHaIUTH-
9YEeCKOM KaMepoi Macc-CIeKTpOMEeTpa U MaHU(OIIAOM.
Harekarens obnamaer pydHbIM yHpaBIeHHEM M Ha-
CTpanBaeTCsl OJHOKPATHO TPH IOCTHPOBKE MPUOOpa.

K tperpemy Bxonay (xanan C Ha puc. 1) manugoi-
Jla depe3 DJIEKTPOMArHMWTHBIA KiamaH MOJIKITI0YeHa
Maructpanbs Ui (GOpBaKYyMHOW OTKauKd, KOTOpas
COCTOUT U3 (OPBaKYyMHOT0 Hacoca, OpBaKyyMHOTO
Jatyvka u Oamnona. OTkauka 0aka OCYIECTBISIETCS
MeMOpaHHBIM HacocoMm kommanum Pfeiffer MVP 003-2
1o nasienus 2 Topp ¥ Mo3BOJISET MOANCPKUBATEH He-
o0xoanMoe JaBlieHHE B CHUCTEME BBOJIa MPOOBI MpH
M3MEpEeHHAX W B Hepaboraromem coctosnuu. [lo ka-
Hany E (#a puc. 1) nmoacoeanHsiercss MarucTpanib, 1o-
CTaBIISIIOIIASl B CUCTEMY HM30TOIHBIA CTAHIApPT, KOTO-
peiM sBisieTcst cMmeck 4% CO, ¢ 96% azora. Macc-
CIICKTPOMETP ObLI OTKAJTUOPOBAaH 110 OTHOIICHUIO
K MexayHaponHomy ctanaapty PDB nmyTtem u3mepe-
HHUH M30TOMHOTO COCTaBa CTaHAApTa, MCIIOIb3yEeMOTO
B HamMX OHKCIEpHMEHTaX, Ha Macc-CIEeKTpOMeTpe
"DELTA+" xomnanuu Thermo Scientific. U3otonnoe
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Puc. 1. BakyymHas cxema CHCTEMBI BBOJIa IPOOHI.

IIpo6ooTOOpHas WIla CO CMEHHBIM OCYIIAOIINAM (QHUIBTPOM U3 CHIIMKareas — 1;
HOPMAJIbHO 3aKPBITBINA 3JICKTPOMArHUTHBINA KianaH — 2; (opBaKyyMHBINA OaIOH
5 1 — 3; dpopBakyymusiit Hacoc Pfeiffer MVP 003-2 — 4; ¢popBaxyyMHBII JaTIUK
MT-6 — 5; pemykTop-nsrymika — 6; 0aiioH ¢ a30ToM — 7; 6aJUIOH ¢ M30TOITHBIM
CTaHAApPTOM — §; KOMMYTAallMOHHBIH Kopiyc-MaHuponx — 9; Harekaresbs Mambl-
pHHA IS ToJja4uu IpoObl B kamepy noHm3armu — 10; macc-criektpometp Helico-
mass — 11; kaHan Juig nogaun npoObl — A; 3amacHod KaHan (3ariymeH) — B;
KaHall (opBaKyyMHOI oTkauku — C; KaHaJI oJauu a3ota — D; KkaHan i noga-
un sTanona — E; kaHan k Mmacc-criektpomerpy Helicomass — F

OTHOIIICHUE UCIOJIB3YyeMOTO0 HaMu JabopaTOPHOTO
cTaHzapra BC/C cocrasmno 48.2 0/00, a TOYHOCTbH
kanmubpoBku cocraisiia 0.1 %0. Ta3 momaercs gepe3
PEAYKTOP-JIATYIIKY ¢  HM30BITOYHBIM  JIaBJICHHEM
1.1 arm. Ilo kanamy D (Ha puc. 1) Toxe dyepe3 3jeK-
TPOMArHUTHBIA KJTalaH MOACOCAUHACTCS MarucTpalib
C YUCTBIM a30TOM IS IPOJIYBKU CUCTEMEI. [a3 Takke
MOJAETCSl Yepe3 PEAYKTOP-JIATYIIKY C H30BITOYHBIM
naBjeHueM nopsiaka 1.1 atm.

AJI'OPUTM NOATI'OTOBKH
K ITIOJAYE ITPOBBI NJIN DTAJIOHA

st obecriedeHHsT OTCYTCTBUS TaMATH Tpubopa
WCTIONB3yeTCST MHOTOXOJIOBOWM ~alTrOPUTM  OYUCTKHU
cucrteMbl BBOoAa. OOBIYHON OTKAYKH HEIOCTATOYHO,
T.K. TIOCJe Hee B MaHHW(OJae ocraeTcs mpoda WiIn
STAJIOH B KOHLIETpaIuu mpumMepHo 1% ot mcxomHoi,
9TO MOXKET CYIIECTBEHHO HMCKA3WUTh PE3yJbTaThl W3-
MepeHui. MeToinka peaau3aliy TecTa Mpenoiaraet
MOCTIeIOBATENIFHOCTh M3MepeHnid "mpoba — 3TayoH"
WM TIPU TOYHBIX U3MEPEHUsX "mpobda — npobda — 3ta-
moH", 9YTO HEOOXOAMMO IS 00€CIEUYEHUsT TOUYHOCTH
C YYETOM BO3MOXHBIX Jper(oB ammaparypesl.

AJNTOPUTM OYHCTKH PaboOTaeT CIEAYIOMUM o0pa-
3oM. [locie oTcoeanaeHns Mpo603abopHOI TPOOUPKH
MaHH(OJI TPOTyBaeTCs CKATBIM CYXHM a30TOM B Te-
yenue 30 ¢, ¥ MPOAYKTHI MPOJYBKH BBLIYBAIOTCS Ha-
PYXy depe3 mpo603abopHyIo Uriy. 3aTeM HpOBOAMT-
cst oTKauka 10 masienmst 107 Topp B Tedenne 60 c,
3aTeM CHOBa MPOJYBKa W CHOBAa OTKaykKa, IOCJE YETo
cucTeMa TOTOBa K CIEAyIOIeMy H3MepeHuto. Bpems
OJIHOTO LHUKJa "OYUCTKAa — H3MEpeHHe" COCTaBISIET
7 muH. TecTupoBaHME MOKa3ajo, YTO MOCIE TaKOMN
ourcTtku "mamaATh" mpubopa He mpesbimaer 0.05%
1o usorony "C.

TECTHPOBAHUME CUCTEMBbI HAITYCKA

TectupoBanme cucTeMbl BBOAA IMPOOBI TPOBOJIH-
JIOCh C IIENIBI0 OMNpEAETIEHMs] BPEMEHHOTO AMana3zoHa
MEPEXOTHBIX MpoIleccoB. B pexnme m3MepeHus naB-
JICHHE B aHAJIMTUYECKON Kamepe Macc-CIIEKTpOMETpa
coctaBisier 3-10°° Topp. Mcxomst U3 Ta30BBIX MPOBO-
OUMOCTEH, MOXXHO OLIEHHTh, YTO AABJICHUE B IOJBO-
JSIIEeM Kaowuisipe ¢ JUaMeTpoM 1 MM COCTaBUT NpH-
mepHo 10710 Topp. Jaxe npu nanerun 10> Topp
JUTMHa CBOOOAHOrO Tpoldera it HEUTPaIbHOTO Tra3a
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Puc. 2. V3meHenns curaana usoroma '2C (2) ¥ U30TOMTHOTO OTHOUICHHUS Bete (0) mpu Hamycke BBIIOXA
YelloBeKa Yepe3 CHUCTeMy BBOJa IpoOsl Macc-criekrpoMeTpa Helicomass
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Puc. 3. 3amuck curnana ua macce 44 (°C)
IIpH 4 NOCIEJ0BATENBHBIX IIUKJIAX OYACTKU
(npoxyB azoroM B TeueHue 30 ¢ M OTKayKa
(opBaKyyMHBIM HAacOCOM) CHUCTEMBI BBOJA
IpoOBI OT BBIIOXA YEIOBEKA

0.0 .

COCTaBJISIET MOPSAIKA 5 MM, T.€. B KalMJUIApe Ha BCeH
ero JUIMHE Peaju3yeTcss BBICOKOBAKYYMHBIH MOJICKY-
JSIpHBIA peXUM HaTeKaHus. B 3Toll cuTyauuu Ha Ha-
YalpHOM 3Tare mpoda OyeT oforaieHa JerkuM H30-
TOIIOM H3-33 Pa3HOCTH B CPEIHUX CKOPOCTAX MOJICKY-
JSpHOTO NBMXeHHs. KpoMe Toro, B MOMEHT MOJIauH
ra3a Ha BBIXOJIC HaTeKaTenss (OPMHUPYETCS CTpys
Jxoyns — TomcoHa, crmocoOHasi CHIIBHO TIOHH3HTH
JIOKAJILHYIO TeMIlepaTypy raza. Bce 3To cosmaer mo-
TEHIHAJIbHBIC HCTOYHUKHA H3OTOMHBIX JIHCKPUMHHA-
Ui, COBOKYIHOE BO3JICHCTBHE KOTOPBIX SIBIISICTCS

HEpaCUYETHBIM.

T
600

Ha puc. 2 npencraBieHsl N3MEHEHUS HHTEHCUBHO-
CTH curHana Ha macce 44 (kpuBas a) U OTHOILICHUS
CHUTHAJIOB Ha Maccax 45/44 Bo Bpems Hamycka MmpoObI
(kpuBas 0). Ha xpuBo# puc. 2, a, moka3zaHO U3MEHE-
HUE MHTEHCHMBHOCTH CHTHaIA u3ortona ‘>C mocie Mo-
MEHTa MMoayu NpoOkl. BuiHO, 4TO KprBas UMeeT IIH-
POKMH MaKCUMyM OpHEHTHpoBO4YHO Tipu ¢ = 50 c,
HO 1pH ¢ > 120 ¢ BBIXOOUT Ha IJIATO M OCTAETCSl HA HEM
¢ TouHOCThIO HE Xyxke 1%. HTepecHa kpuas puc. 2,
0, IMOKAa3BIBAOIIAs] N3MEPEHHOE OTHOIIICHUE CUTHAJIOB
¢ MaccoBbIMU umciaMu 44 u 45, KOTOpoe SBISIETCS
W30TONHBIM oTHOMmEeHneM C/PC. Kax BUJIHO, 3TO

HAVYYHOE [NPUBOPOCTPOEHMUE, 2021, Tom 31, Ne 3
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OTHOIIIEHUE TOXE CYry0O HEMOHOTOHHO B Hayalie Ha-
mycka, HO K 30-if cekyHJie Tak)Ke BBIXOJUT Ha IUIATO.
ToyHOCTH 3TOTO TUIATO COOTBETCTBYET NPUMEPHO
0.1%, ato u TpebyeTcs I pearnu3aiuy IeIeBbIX 1M0-
KazaTenei mpuodopa.

Ha puc. 3 mpencraBineHno mocneaoBaTeibHOE U3Me-
HEHWE WHTEHCHUBHOCTH CHUTHAJIa HA MacCOBOM YHCIIE
44 Ha pa3HBIX CTAUAX peaH3alMH AITOPUTMA OYH-
CTKH CHCTEeMBI BBOJIa IpoOkI. [Ipu ¢ = 0 mpencraBieHa
WHTEHCHBHOCTh CHTHAJIa, COOTBETCTBYIOIIAS BBIIOXY
YeloBeKa. 3aTeM BKIIOYACTCS OTKadKa, KOTOpas Mpu-
BOIAUT K NaJCHUIO curHaina npumepHo B 10 pa3. Ha
cienyroieM mare npu ¢ = 50-70 mpousBoaUTCs Ipo-
JTyB CHCTEMBI: TIPH 3TOM MHTCHCUBHOCTH ITAPa3UTHOTO
CUTHAJIa PacTeT, T.K. BXOASAIIMMA a30T CAyBaeT 3arps3-
HEHUS CO CTCHOK MaHwmdoiaa. 3aTeM CHOBa BKIIOUA-
eTCsl OTKayKa, IMOHIKAIONIAs CUTHAJ ellle MPUMEPHO
B 10 pa3, m mpoBOIUTCS €Iie OAWH IMPOIYB, a MOCIE
3TOTO emje 2 TakuX LWKIa. BuaHOo, 4TO yke mocie
BTOPOI'O IIUKJIA UHTEHCUBHOCTh MAPa3UTHOTO CUTHAJA
nmagaeT 6omee gem B 20 pas, 9TO JOCTATOYHO IS JOC-
THXKEHUS LEJIEBOM TOUHOCTU. MIMEHHO TakoW pexuM
OYHCTKH M BHECEH B pabouMii alTOpPUTM, pean3ye-
MBI TTPOTPaMMHO.
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SPECIALIZED INLET SYSTEM FOR *C UREA
BREATH TEST USING ISOTOPE RATIO
MASS SPECTROMETER HELICOMASS
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A specialized single channel inlet system has been developed for urea breath tests and scientific studies using
Isotope Ratio Mass Spectrometer Helicomass. The system consists of sampling needle, manifold with its purifi-
cation system, the possibility to introduce sample and standard, high vacuum Mamyrin leak to inlet the sample
to electron ionization ion source, and the purification procedure including series of sequential pumpings out and
blowdowns with compressed nitrogen. The system inlets sample up to 4-10°° Torr in the mass-spectrometer ana-
lytical chamber. The measuring precision was 0.1% using 21 measurements, which suits the test requirements.
The measuring time was 15 min per sample including the standard measurement, system purification, the sam-
ple measurement, and the second purification. The combination of system and Helicomass mass-spectrometer
fits requirements for procedure used to identify infections by Helicobacter pylori.

Keywords: sample inlet system, Urea breath test, isotope mass spectrometry, °C / 'C

INTRODUCTION

Mass spectrometric measurement of isotope ratios
in the gas phase using electron ionization implies the
need to introduce a sample into high vacuum of the
analytical chamber of the device. Typically, a sample
is supplied from the area of atmospheric pressure,
where it is created or generated in one way or another
[1]. Depending on the chemical composition of the
sample, its diversity and physicochemical properties,
a large number of technical solutions are used [2].

Despite these differences, there are a number of
characteristics that are common to all sample inlet
systems used for isotope analysis. First, the sample
must be fed so as not to overload the high vacuum
pump out system; secondly, it should be supplied in
an amount sufficient for accurate measurements;
thirdly, isotopic discriminations during sample feed-
ing should be minimized or at least constant, and
fourthly, it should be possible to alternately supply a
sample and an isotope standard, preferably through
the same channel with minimal residues. The concen-
tration of carbon dioxide in the isotope standard is
approximately equal to the concentration of carbon
dioxide in the exhalation. Fifth, the sample inlet sys-
tem should keep the isotope mass spectrometer opera-
tional during off-hours.

The specifics of urea breath test is that the sample
is a human exhale, and in many cases it is desirable to
carry out the analysis immediately after exhalation.
Human exhale contains from 2.5 to 4% carbon dio-

15

x1de %0 and its isotopic ratio varies from 14 %0 to
25 /gy within the same population and depends on the
diet. Atmospheric air at T = 298 K contains CO, in
a concentration of ~3. 3 107 of the total volume, and
its isotopic ratio is 7-8 %00. The target characterlstlc of
the urea breath test is to measure the carbon isotope
ratio with an accuracy of no worse than 0.1%. The test
is carried out by comparmg the data of four consecu-
tive measurements: the ">C/"*C isotope ratio of the
patient's exhalation (without drugs and spec1a1 diets in
a calm physiological state) and the "*C/">C isotope
ratio of exhalation 10, 20 and 30 min after taking
a specialized preparation '*C-carbomide, which is
a mixture of 75 mg of carbamide, enriched with the
isotope °C to 28-30%, and 2% of citric acid; on the
basis of the growth rate of the "C/"*C isotope ratio, it
is concluded that the stomach is inseminated by the
Helicobacter pylori bacterium and the degree of in-
semination. [3].

It is the presence of a specialized sample inlet sys-
tem that transforms a standard isotope mass spectro-
meter into a medical device, and the correctness of the
system and the algorithm for its use are the most im-
portant characteristics of the mass spectrometer,
which ensure both the very possibility of its medical
use and the indicators of its assignment.

The purpose of this work is to describe a specia-
lized sample inlet system that we created for a Heli-
comass mass spectrometer manufactured by MS-Bio
and the results of testing its work. The mass spectro-
meter itself is described in [4, 5].
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FORMULATION OF THE PROBLEM

The introduction system is an independent unit of
the device, integrated into its design and located in the
immediate vicinity of its vacuum-analytical part and
connected to it by a sample-feeding tube. It provides
the following functionality.

1. Take a sample from a special test tube into
which the patient has exhaled. Passing the sample
through a replaceable drying filter with silica gel.

2. Supply of a sample to the ion source through
a special switching valve, given a pressure drop of 9
orders of magnitude and ensuring this supply during
the measurement.

3. After the completion of the measurement cycle,
clean all the pipe sockets and valves from the sample
and supply the dosed amount of the standard gas from
the cylinder into the device for autocalibration of the
instrument.

4. After completion of the autocalibration cycle,
clean all switching pipes and valves from the standard
and prepare the system for taking a new sample.

All processes of sample and standard transporta-
tion should be carried out in modes that provide the
lowest possible isotopic discriminations. The sample
inlet system should operate in an automatic mode un-
der the control of a special software and hardware
unit. The sample tube is fed in manual mode. In set-
ting mode, the system must allow manual control of
all valves and units of the inlet system.

Since the implementation of the isotope breath test
examines non-toxic and non-aggressive gases that
make up the exhalation of a human, the device uses an
open sample inlet system with the removal of sample
and standard residues into the atmosphere. Additional
economic requirements include the need to use non-
configurable assemblies that cannot be disabled by
unqualified user handling.

DESCRIPTION OF
THE TECHNICAL SOLUTION

We used an approach based on direct introduction
of the obtained sample into vacuum without any
enrichment and without the use of a special carrier
gas. It is possible since the absolute amount of carbon
dioxide in a human exhale varies by no more than
1.5-2 times from patient to patient.

The block diagram of the sample inlet system is
shown in Fig. 1. It is a metal manifold (9) with six
entries connected by channels with a diameter of 1
mm. Six channels are closed by electromagnetic
valves with a 2 mm bore diameter, which are con-
trolled with the National Instruments board DACs
according to a special algorithm. A high vacuum leak
valve is connected to channel (F), channel (B) is
plugged and is a reserve one.

A sampling needle is connected to channel (A),
with which a sample is taken from a 10 ml tube,
closed with a soft rubber cap. Also, behind the needle,
there can be a replaceable filter filled with silica gel
and allowing the sample to be dried. At the start of the
measurement, a vacuum is created in the manifold,
and the sample is drawn into the system, entering the
high-vacuum leak valve, and through it — into the
ionization chamber of the ion source.

Fig. 1. Vacuum diagram of the sample inlet system.
Sampling needle with replaceable drying silica gel filter (1),
normally closed electromagnetic valve (2) 5 L pre-vacuum
cylinder (3) Pfeiffer MVP 003-2 backing vacuum pump (4),
MT-6 foreline sensor (5), frog reducer (6), nitrogen cylind-
er (7) isotope standard cylinder (8), manifold switch body
(9), Mamyrin leak valve for supplying a sample to the ioni-
zation chamber (10).

Sample introduction channel (A), spare channel, plugged
(B), foreline pumping out channel (C), nitrogen feed chan-
nel (D), standard feed channel (E), channel to Helicomass
mass spectrometer (F).

As a high-vacuum leak valve, Mamyrin leak valve
is used, which operates on the principle of clamping a
stainless capillary. The leak valve is very stable, en-
suring operation without adjustment for tens of years.
With its help, it is easy to obtain a pressure drop of 9
orders of magnitude between the analytical chamber
of the mass spectrometer and the manifold. The lea-
kage valve is manually controlled and is to be ad-
justed once when adjusting the device.

To the third entry (channel C in Fig. 1) of the ma-
nifold through an electromagnetic valve, a line for
pre-vacuum pumping out is connected. The line con-
sists of a backing vacuum pump, a foreline sensor and
a cylinder. The tank is pumped out with a Pfeiffer
membrane pump MVP 003-2 up to pressure of 2 Torr
and it allows to maintain the required pressure in the
sample inlet system during measurements and off-
hours. In Fig. 1 channel E connects a line supplying
an isotope standard to the system, the standard is a
mixture of 4% CO, and 96% nitrogen. The mass spec-
trometer was calibrated against the international PDB
standard by measuring the isotopic composition of the
standard, used in our experiments, on a Thermo Scien-
tific mass spectrometer DELTA+. The isotope ratio of
the used C/**C laboratory standard was -48.2 %005
and the calibration accuracy was 0.1 %g. Through the
electromagnetic valve on channel D (in Fig. 1), a line
with pure nitrogen is connected to purge the system.
Gas is supplied through a frog reducer with an over-
pressure of 1.1 atm.
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ALGORITHM OF PREPARATION
FOR FEEDING OF SAMPLE
OR STANDARD

To ensure the absence of residues, a multi-pass al-
gorithm for purifying the inlet system is used. Normal
pumping out is not enough because after it sample or
standard residues remain in the manifold at a concen-
tration of about 1% of the initial and that can signifi-
cantly distort the measurement results. The test im-
plementation method supposes a sequence of mea-
surements "sample — standard" or, for accurate mea-
surements, "sample — sample — standard", which is
necessary to ensure accuracy, given possible drifts of
the equipment.

The purification algorithm works as follows: after
disconnecting the sampling tube, the manifold is blo-
wen with compressed dry nitrogen through for 30 s,
and the blowdown products are purged through the
sampling needle. Then, pumping down to a pressure
of 107 Torr is carried out for 60 s, then again blow-
down and again pumping out, after which the system
is ready for the next measurement. The time of one
cycle "purification — measuring" is 7 min. Testing has
shown that the residues do not exceed 0.05% for the
C isotope after such purification.

TESTING THE INLET SYSTEM

Testing of the sample inlet system was carried out
in order to determine the time range of transient
processes. In the measurement mode, the pressure in
the analytical chamber of the mass spectrometer is
3x10°° Torr. Based on the gas conductivities, it can be
estimated that the pressure in the supply capillary with
a diameter of 1 mm would be ag)proximately 10—
10~ Torr. Even at a pressure of 10~ Torr, the free path
lenght for a neutral gas is about 5 mm, i.e. in the ca-
pillary along its entire length a high-vacuum molecu-
lar leakage regime is carried out. In this situation, at
the initial stage, the sample is to be enriched in the
light isotope due to the difference in the average ve-
locities of molecular motion. In addition, at the mo-
ment of gas supply, the Joule-Thomson flow is
formed in the outlet of the leak valve, the flow is able
to greatly reduce the local gas temperature. All of this
creates potential sources of isotope discriminations,
the cumulative impact of them is off-design.

Fig. 2. Changes in the signal of the '>C isotope (a) and the
BC/"C isotope ratio (6) when introducing patient exhale
through the sample inlet system of the Helicomass mass
spectrometer

Fig. 2 shows the changes in the signal intensity if
the mass is 44 (curve a) and the ratio of the signals
during the introduction of the sample if the masses are
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45/44 (curve 6). Curve 2, a, shows the change in the
intensity of the '*C isotope signal after the sample in-
troduction. It can be seen that the curve has a wide
maximum approximately at ¢ = 50 s, but it reaches
a plateau at ¢ > 120 s and remains on it with an accu-
racy of no worse than 1%. Curve 2, 0, is interesting as
showing the measured ratio of signals with mass
numbers 45 and 44, which is the isotopic ratio of
"2C/PC. As can be seen, this ratio is also purely non-
monotonic at the beginning of the introduction, but by
the 30th s it also reaches a plateau. The accuracy of
this plateau corresponds to about 0.1%, which is re-
quired to achieve the target parameters of the device.

Fig. 3 shows a sequential change in the signal in-
tensity in terms of 44 mass number at different stag-
es of the use of the purification algorithm of the sam-
ple inlet system.. The intensity of the signal corres-
ponding to a human exhale is presented at # = 0. Then
pumping out is turned on, leading to a drop in the sig-
nal by about 10 times. At the next step, at = 50-70 s,
the system is being blown down: in this case, the in-
tensity of the parasitic signal increases, since incom-
ing nitrogen blows the residues off the walls of the
manifold. Then pumping out is switched on again,
decreasing the signal by about another 10 times, and
another blowdown is carried out, and after that 2 more
such cycles. It can be seen that after the second cycle,
the intensity of the parasitic signal drops more than 20
times already, which is enough to achieve the target
accuracy. This is a purification mode that is included
in the operating algorithm implemented in software.

Fig. 3. Signal recording in terms of 44 mass during 4 con-
secutive purification cycles (blow-off with nitrogen for 30 s
and pumping out with a backing vacuum pump) of the hu-
man exhale sample inlet system.

CONCLUSIONS

The developed sample inlet system meets the re-
quirements for the implementation of the isotope
breath test. It provides reliable registration of the
12C/BC isotopic ratio, does not require adjustment and
can be used in other types of mass spectrometers to
solve this problem.
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