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MACC-CIHEKTPOMETPUYECKHUE HUCCJ/IEJOBAHUA
JANHAMUKHN COCTABA BBIABIXAEMOI'O BO3JYXA
B IMPOIIECCE TUHAMWYECKHNX MOCTYPAJBHBIX BO3IEVCTBUI

B pa60Te N3Yy4ar0TCd BO3MOXXHOCTH MPUMCECHCHUA I'a30BOI'0 MACC-CIIEKTPOMETPA B COCTABE TUArHOCTUYECKOI'0 KOM-
IJICKCA, ITO3BOJIAIOIICTO OLICHUTH BCI)CI)CKTI/IBHOCTL JAMHAMHUYCCKUX MOCTYPAIBHBIX BO3JICCTBHM C HCIIOJIb30BAHUEM
TIOBOPOTHOTO (MCX&HprH‘IeCKOFO) croja. AHanm3 TI0JTYy4a€MBIX IIPHU 3TOM HAHHBIX O JUWHAMHUKE KOMIIOHCHTOB BbI-
JAbIXaCMOI'0 BO3yXa MAalfuCHTOB MO3BOJIACT CYHIECCTBCHHO JOMOJHUTH UX WHAUBUAYAJIBbHYIO TUATHOCTUYCCKYIO Kap-

Ty.

Kn. cn.: Macc-ClIeKTpOMETpHS, aHAJIN3 BBIJIBIXaEMOTO BO3/yXa, IOCTYPaJIbHBIC BO3CHCTBHUS, MEXaHYPIHUECKHH

CTOJI

BBEJEHUE

[ocrypanbusie BozaeiictBus (IIB) — 310 mooue-
penHasi CMEHa OPTOCTAaTHUECKUX W aHTUOPTOCTaTH4e-
CKUX TIOJOXKEHUHM Tela B IMPOCTPAHCTBE, T.€. MHOTO-
KpaTHble, B TOM 4HCIIe KoilebaTelbHbIe BO3ICHCTBUSL.
[Ipu >TOM HAOMIOTAIOTCA TOOYEPEAHBIE U TPOTHUBOIIO-
JIO’)KHO HAIpABJICHHBIE PEAKLIMU OpraHu3Ma, B YacTHO-
CTH: OTpHULATENIbHAs M TMOJOXUTEIbHAS HHOTPOITHAS
peaKIy Cepana, Ba30KOHCTPUKTOPHBIE W Ba3OAMIISITa-
LUMOHHBIC COCYIHCTBIC PEAAKIUHU, MOJOXKUTEIbHBIN
Y OTPHUITATENEHBIA XPOHOTPOITHEIE 3(PPEKTHI U psix Ipy-
X avHamudecknx w3meHeHwnd [1]. CrermduaHOCTh
peakmnuii OpraHu3Ma Ha ITUHAMHUYECKHUE MOCTypallbHEIC
BO3JICHCTBUS CBsI3aHA C PSAOM OCOOSHHOCTEW TOCTen-
HUX. Bo-niepBbIX, QUKcalMs Tena UCIBITYeMOro Ha Me-
XaHYPTHYECKOM CTOJIE MO3BOJISIET JOCTHTATh TAKHX TIO-
JIOKEHUU TPU TOCTYPANbHBIX BO3ACHCTBUAX, KOTOPHIE
HEJOCTHXHUMEI  CaMOCTOSTEIILHO. BO-BTOPHIX, HWHTEH-
CHUBHOCTbH MOCTYPAIbHBIX HArPy30K HUKAK HE OTpaHUYH-
BaeTCs CHOCOOHOCTBIO MAIMEHTa K BBIMMOJHEHHIO TEX
WIM UHBIX (U3NYECKUX YIPKHEHUH M ONpeelseTcs
uenbto npumeHenus 1B ¥ UCXOAHBIM COCTOSIHUEM KC-
meITyeMoro (manuenTa). [1ockoipKy mammeHT ocraercs
MACCUBHBIM TIPU MOCTYPaJIbHBIX BO3ACHCTBUSAX, TO YCH-
JICHWE KPOBOTOKA TMPOUCXOMUT 0€3 ero mepepacrperie-
JICHUS. B TIOJIB3Y JICHCTBYIOIIMX MBI U Oe3 yBenude-
HUS MBIIIIEYHOTO HATPSHKECHUSL.

s npoBenenus I1B B uccnenoBaHuu mpUMEHSUICS
MexaHyprudeckuii cron CA-03 — aBTOMaTu3upoBaH-
HBbIA MacCaXHbIM CTOJN CO CHELMAIBbHBIMU CPEACTBAMU
JIUCTATBHOM (PUKCAIIMM BEPXHUX U HIKHUX KOHEYHO-
CTei, 00CCTICUMBAIOIINI 33JaHHBIC PEKUMBI JHHAMIYC-
CKOM OpHeHTaluU-TIepEeMEILICHUS YeJIOBEKa B TPEX H3-
MEPEHUSIX C pa3IMIHON CKOPOCTHIO OTHOCHTEIBHO TPEX
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OPTOTOHANBHBIX ocel [2]. HTeHCHBHOCTH MOCTypaib-
HBIX Harpy30K CTPOTO J03UPYETCs 3aJaBaMbIMH Ollepa-
TOPOM TapaMeTpaMH: YIIaMH, CKOPOCTSIMH, JITUTEIHHO-
CTSIMH U IIOPSAKOM YEPEIOBAHUS CMEH ITOJIOKEHHUS Tea
B npoctpadcTse [3]. CTon uMeeT cieayromue pesKuMbl
TepeMeICHNs JI0XKa: JIBIDKEHHE 10 BEPTHKAITBLHOW OCH
BBEpPX — BHH3, JBIKEHHE KAauaHUs] OTHOCUTEIILHO TOPH-
30HTAJIBHON OCH, JIBFXKCHHE BpAILCHUs JIOXKa OTHOCH-
TEJIBHO COOCTBEHHON OCH M3 HOPMAJIBHOTO IOJIOXKEHHMS
C BO3MOXKHOCTBIO YTIpaBJeHHs oT kKommbroTepa. Ilocre-
JOBATEJIbHOCTh IIPUMEHEHHS OCHOBHBIX U COYETAHHBIX
PESKUMOB JIBIDKCHHI JIOXKa 3aBUCHT OT COCTOSIHHUSI HC-
MBITYEMOT0 WM TAIMeHTa, OT KOHKPETHOM 1IN U Tie-
peHOCHMOCTH Tipoueaypsl. Takue mupokue QyHKIHO-
HaJgbHBIE BO3MOXKHOCTH CA-03 TO3BOJSIIOT TIPOBO-
IUTh (U3HOJIOTHYECKUE HCCIIENOBAaHUS, MPOBEICHHE
KOTOPBIX paHee ObuIo MO0 3aTpyIHEHO, TUOO0 HEBO3-
MOXHO [4].

B mporniecce muHaAMUYECKUX KBa3UIIEPHOANYECKUX
MOCTYpaJIbHBIX HArpy30K HaONIONAIOTCS HM3MEHEHUS
B MEPBYIO OUYepeAb B CEPACYHO-COCYAUCTON M JbIXa-
TenpHON cucrteMmax. C I[€BI0 HEMHBA3WUBHOI'O KOH-
TPOJIS MapaMeTpOB JHEPreTHYecKoro oOMeHa Hanbo-
Jiee palMOHAIBLHBIM SBIISIETCS MPUMEHEHUE Ta30BOTO
Macc-CIIEKTpOMeTpa IJIsi ONPEAEICHUS B PEalbHOM
BpPEMEHHM KOHIICHTpAIMK KUCIOPOAa M TUOKCHAA YT-
JIepoa B BBIIBIXa€MOM HCIIBITYEMbIM BO3/IyXe.

IKCIIEPUMEHTAJIBHASA YCTAHOBKA

B pabore Obu1 wHcHonb30BaH ManorabapUTHBIH
KBaJpynoJbHbIil Macc-ciekrpomerp MC7-100, xoTo-
pBIH TO3BOJISIET OJHOBPEMEHHO U B PEKUME pEaAJIbHO-
ro BpeMeHH ¢GuKcUpoBaTh A0 10 KOMIIOHEHTOB Ta30-
BBIX cMecel ¢ BhICOKUM ObicTpojeiictBrem (1o 0.1 ¢)
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[5].- Macc-cniektpomMetp umeet nporpeBaeMsiii 1o 70 °C
NpsMOW KaNmWJIISIPHBIA BBOJ MpoObI Tpu aTMocdep-
HOM JaBJICHHUHM, HCTOYHHK HOHOB C 3JIEKTPOHHBIM
y1apoM, NpejienbHblil BakyyM B mpubope — 107 Ia.
Jwnamazon aerexTupyeMbix macc 1-200 a.e.Mm., paspe-
maromas  cnocodnocts 0.5 a.e.M. AHamuTHuYecKue
BO3MOXHOCTH MAacCC-CIEKTPOMETpa IO3BOJISIOT TIPO-
W3BOJIUTH aHAIM3 COCTaBa I'a30BBIX CMECEH, a Takxe
JICTYYHX METaOOJIMTOB B BBIJILIXAaEMOM BO3JIyXe Tally-
€HTOB B IIMPOKOM AUarna3zoHe KOHUeHTpauuid ot 10~
1o 100 % [6].

[lepen mpoBenmeHHeM JKCHEpUMEHTa TPOU3BOH-
Jach KaJIMOPOBKA MAacC-CIEKTPOMETPa C IOMOIIBIO
KannOpoBO4HOM cMecH ra3oB: azota — 80 %, kucio-
pona — 15 % u auokcuna yraepoga — 5 %, conep-
JKamIecss B OTIOEIbHOM Ta3oBoM OamioHe. COOTHO-
menne 15 % O, u 5 % CO, npubnu3uTenbHO COOT-
BETCTBYET COOTHOIICHHUIO ATHX Ta30B B BO3JyXE, BBI-
JIBIXaeMOM CPEIHECTATHCTUIECKIM YEIIOBEKOM.

KoMmmyHukanus, yepe3 KOTOPYHO MPOU3BOAMIICS
0oTOOp TPOOBI BHEABIXAEMOTO BO3AyXa B PEKHME pe-
aBHOTO BPEMCHH, MPEACTaBIsIa COO0M CTepUIIH30-
BaHHYIO JIUIIEBYIO MacKy CO CIEITHAIBHBIM OTBEPCTH-
€M Ui TePMETUYHOTO TPHUCOCTUHEHHS KaImuIisipa
Macc-crekTpomerpa. Macka ojeBanach Ha JIMIO Ta-
[IUEHTa, B MPOIIECCE IBIXaHHUS MPOU3BOAMIICS HEmpe-
PBIBHBIM OTOOP BO3jyXa B MacC-CICKTPOMETp depes
3TO crenuanbHoe oTBepcTue. [loTOoK BO3myxa depes
KaIISAP Macc-CIIEKTPOMETpa He MPEBBIIIai 5 MKII/C,
MO3TOMY TIPOOOOTOOP HE BIUSII Ha TIPOIECC IBIXaHUS.
[TockonbKy B BBIABIXa€MOM BO3AYyXE OYECHb BBICOKOE
co/iepKaHUe BJIAaTH, TO IS MPEIOTBPAIEHUS KOHICH-
caluu Bojbl Kanuyuisip nporpesaics 1o 40 °C.

MMPOLIEYPA N3MEPEHUI

[IpoTokon HCHBITAHUI COCTOSUT W3 HECKOJIBKHX
9TamoB, HAa KKIOM M3 KOTOPBIX MPOU3BOAMINCH M3-
MEpeHHs Pa3INYHbIX apamMeTpoB (puc. 1).

Ha mepBom »sTame mnpoW3BOIMINCE CIEAYIOIINE
JIEUCTBUS.

— KanubpoBka Mmacc-crieKTpoMerpa MO 3TajloH-
HOW ra30BOM CMECH.

— CunxpoHH3anus 000pyA0BaHUS.

— Hanoxenne DKI-3mexTpoaoB, MaH)XeThl TOHO-
MeTpa U JIMLEBON MAaCKHU.

— H3mepenne apTrepranbHOTO JaBJIEHUS, YaCTOTHI
cepaeunbix cokpamennit (UCC) n mapaMeTpoB BBI-
nIeixaemMoro Boznyxa (BB) B BepTukampHOM momoxe-
HUH UCIIBITYEMOTO.

Ha Bropom stame, nocie TOro Kak HCHBITYEMbIN
pa3Menaics Ha J0Ke MEXaHypruiecKoro noBOpOTHO-
ro CTOJ1a, IPOU3BOJUIIUCH CIEAYIOLINE NEUCTBUS.

— C nOMOMIBIO CIEHUANIBHBIX CPEICTB AUCTAIBHOM
(uKcauy 3aKpeIUISUIMCh HIDKHUE KOHEYHOCTH UCIIBI-
TyeMOro, MPH 3TOM PYKH CBOOOIHO pacrojaraiuch
BJIOJIb TYJIOBMILIA.

— Hanoxenue
rpaga (290).

— HanoxeHnne KOHEYHOCTHBIX AJIEKTPOIOB peo-
rpada (PI'), TpyIHBIX 37€KTPOIOB M IMYJIHCOBOTO JaT-
ypKa Ha nanern crmpokapauopurmorpada CAKP.

— @ukcauus CTEpUIIbHON JbIXaTEIbHOW MACKH.

— B Teuenne 5 mMuH ucxojHas (OHOBas 3aMUCh
(1o HaYasa MOCTYPaJIbHOTO BO3/ICHCTBHS).

— 10-muHYyTHas Harpy3o4Has mpoda ¢ OKa3aHHeM
MOCTYpaJIbHBIX BO3/IEUCTBUI HA UCIBITYEMOTO.

— 3axnrounTenbHas (HOHOBas 3aluCh B TEUYCHUE
5 mMuH (TIOCITE TTIOCTYPATBHOTO BO3ICHCTBHUSA).

— HcnbITyeMblil TOKUIAET JIOXKE.

AIIEKTPOIOB  3JIEKTPOIHIIE(aIo-

JU1 KOHTpOJSI COCTOSIHMSI UCHBITYEMBIX HpU TIO-
CTYpaJbHBIX BO3LCHCTBHAX B COCTaB JUarHOCTHYe-
CKOr0 KOMIUIEKCAa B HACTOSIIEE BPEMs BKIIOYAIOTCS
pasyinyHble OMOTEXHWYECKHUE YCTPOWCTBA: 3JIEKTPO-
kapauorpad OKI, anexrposnuedanorpad I3, peo-
rpadp PI', crmmpoaprepuokapanopurmorpadp CAKP,
npenn3noHHble TepMoMeTphl JITO [1] (matynku Tem-
NepaTypHbIX OCUWULILIMK), YCTAHOBJICHHbIE Ha pa3-
HBIE TOYKH Tea.

4
CAKP ﬂ ’ MC
3
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1 = 99T Puc. 1. Cxema ucnsITaHus.

1 — HanoXeHHe MacKé sl 0TOOpa W Tepenadu
M0 Kanwusipy B Macc-CIIEKTPOMETP IMPOO BBIABI-
— i XaeMOro BO3/yXa W MOJKIIOYEHUE BCEX OCTaIbHBIX
e PETUCTPUPYIOMIUX TPHOOPOB; 2 — (UKCAIUS HOT

UCIIBITYEMOr0; 3 — BBINOJHEHHUE JIMHAMHUYECKOTO
MOCTYPaIbHOTO BO3JEHCTBHSA; 4 — MacC-CIIEKTpPO-
METPHSA BBIIBIXaEMOT0 BO3/yXa B PEXKUME pEasibHO-
TO BpEMEHHU
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OmnucanHas mporeaypa U3MEpEeHU Oblila MPOU3Be-
neHa st 35 ucmeiTyeMbix B Bo3pacte or 20 gm0
30 ner: 18 nmeBymek u 17 1OHOIIEH, HE UMEIOIIUX
XPOHMYECKHX COMATHYECKNX M MH()EKIMOHHBIX 3a00-
JIEBAaHUH.

PE3YJIBTATHI
MACC-CIIEKTPOMETPUYECKOI'O
AHAJIN3A BBIABIXAEMOI'O
BO3JYXA ITAIUEHTOB

OOpa3upl MOJTYyYEHHBIX XapaKTepHBIX JAHMHAMHYE-
CKMX MAacC-CIIEKTPOrpaMM Ul IByX Pa3HbIX ITallEH-

nauneHT Nel

TOB IPEJICTaBJIEHbI Ha pHC. 2. AHANNU3 BUJa MOTyYeH-
HBIX CIIEKTPOTrPaMM CBHIETEIbCTBYET O TOM, YTO OT-
BETHAs peakxiiys MalleHTOB WHANBHUIyalbHA U MOXKET
CYIIECTBEHHO Pa3INyaThCs, HECMOTPS Ha TO, YTO IIO-
CTypaJIbHBIE BO3JIEHCTBHS BBITOJIHSIINCH 110 €IHHOMY
nporokony. Mudopmanus o KOHLEHTpauuud KHUCIIO-
poJia ¥ AMOKCHA YITIEPOAa B BBLAOXE NAIMEHTA, a TaK-
Xe aHanu3 (opMbl orubaroiieldl M3MEpeHHBIX AWHA-
MHYECKHX MacC-CIeKTPOTpaMM MMEET BaXHOE 3Hade-
HUE JUId AMArHOCTHKU COCTOSHHS MAaIMEHTOB B JO-
MOJTHEHWE K JTAHHBIM OCHOBHBIX JAaTYHKOB B COCTaBE
KOMILJIEKca.
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Bpewms, ¢

Puc. 2. JIuHaMHYECKHE MAaCC-CIICKTPOTPaMMBbI IBYX pa3HbIX MaIlMEeHTOB (a, 0)

B TCUCHUC UCIIBITAHUA
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Puc. 3. Yacts tuHaMHUYECKON MacC-CIEKTPOrpaMMBI.

Bpewms, ¢ )

Otpesok A/B — Bbiiox; B/C — anbBeosnsipHoe miato; C/D — Box; D/A — uHcnupaTtopHoe 1miaTo

Ha puc. 3 mnpezacraBieHa yacTh JWHAMHYECKOM
Macc-CHEeKTPOrpaMMbl B YMEHBIIEHHOM Maciirade
BpeMeHH. Kak BWIHO, Ha JbIXaTeNbHBIX CIEKTPO-
rpaMMax TPOSIBISIIOTCS TaKKe CEepledYHbIe COKparie-
HUSI, KOTOpbIE BHOCAT OCOOEHHOCTH B (HhOpMy OTH-
Oaromux.

[IpoBepka mnokaszanga, YTO NOJYyYEHHBIC JaHHBIE
BCEX HCIBITYEMBIX HE MMEIW HOPMAJIbHOTO pacrpe-

JICJIEHNUS, COOTBETCTBEHHO PE3yJIbTaThl B TPyIIax Obl-
JU TPEICTAaBJICHBl B BHJE MeIWaHbl U 1-ro, U 3-ro
KBapTUJIEH, a JUIsl UX aHAJIM3a IPUMEHSUINCh Helapa-
METPUYECKHE CTAaTHCTUYECKHE KPUTEPHH: U1 CpaB-
HEHUs [T0Ka3aTesled B TpeX rpyIax ucnosbs3osanu H-
kputepuil Kpackemna — Yomnuca. B cinydae HeBep-
HOCTH HYJIEBOM THIOTE3bl IMOCIEAYIOLIEEe MOMapHOe

6.3 Puc. 4. MakcumanpHasi KOHIIEHTpa-
B st CO, B aJIbBEOJISIPHOM BBIJIOXE 10
6.0 . 58 U TOCJE MOCTYpaabHbIX BO3JEHCTBUN
o o8 < - (IIB) B 3 cpaBHMBaeMBIX TpymIax.
58 55 _ . CBepxy BHHU3 IOKa3aHBI: MaKCUMYM,
<= B 0. 2.2 54 ) KBapTHIb 1, MenwaHa, KBapTWIb 3,
o 55 53 ) 4 | 54%| MuHEMYM; * — pasnU4Hs CTaTHCTHU-
53 - . 5.2 i vecku 3Ha4uMBI (p < 0.05))
02 ¢+ 152 51 <
¢ 151 ) . 52
5.0 O T e e B B B 30— 4.9 51
5.0 10 .
48 - 49 - 418 4 _l_Tk
4 47
45 - 4:6
4.5
43 44
42
4.0 T T
JoIIB  TlocmelIlB |JloIIB  IlocnelIlB | JoIIB  Tlocme 1B
I'pymma 1 I'pynma 2 I'pynma 3
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CpaBHEHUE TPYNN NPOBOAWIOCH C moMoImbio U-
Kputepusi ManHa — YUTHH, a IOKa3aTelau 10 U Hocie
CpaBHUBAJIIUCH C IOMOLIbI W-KkpuTepust BUIIKOKCOHA.
YpoBeHb  CTATUCTUYECKOW 3HAYMMOCTH  PaCCUH-
THIBAJICSI C YYETOM TIIONPaBKH HAa MHO>KECTBEHHYIO
MIPOBEPKY THUITOTE3, UCXOJS W3 CTAaHIAPTHOTO YPOBHS
3HauuMocTH 5 %. CpaBHenue koHueHtpamuun CO,
B aJIbBEOJISIPHON YacTH BBIIOXAa B BEPTUKAIHLHOM IIO-
JIO’KEHHU 33 5 MHH JI0 U Yepe3 5 MUH IO0Ce OCTypallb-
HOTO BO3ICUCTBHSI MPOJCMOHCTPUPOBAIO, YTO HAOIIO-
JTAIOTCS. TPU XapaKTEPHbIX TUIA peakuuu: 1 rp. — yme-
peHHOe ycmienue razoodomena CO,; 2 rp. — mao-
3HaYNMOE CHIDKEHHE 00MeHa; 3 Tp. — CTaTUCTHYECKH
3HaYnMoe yBenuueHue konueHTpanuu CO, (puc. 4).

Y4eT NCXOHBIX MaCC-CIIEKTPOMETPHICCKIX TOKa-
3aresiedl BBIIBIXAEMOIO BO3JlyXa IMO3BOJSIET OTHECTH
MalKeHTa K ONPEJEIeHHON Irpynne U B JAaJbHEHIIEM
MOET OBITh MCIIOJIL30BaH JUISI KOMIUIEKCHON JAArHoO-
CTHKHU COCTOSIHUS ITallieHTa.

3AK/IIOYEHHNE

WNudopmanus o KOHIEHTpAIUN KUCIOPOJa U yIiie-
KHCJIOTHI B BBIJIOXE MMAI[UCHTA, a TAK)KE aHAIN3 (POpPMBI
orubaromieli M3MEPEHHBIX JAWHAMHYECKHX Macc-
CIIEKTPOTpaMM HMMEET OOJIbIIOE 3HAYCHHUE IS Juar-
HOCTHKH COCTOSIHUSI HCIBITYEMBIX B JIONOJHEHHUE
K JAHHBIM OCTAJILHBIX HATYHMKOB B COCTaBE AHWArHO-
cTrueckoro komiuiekca. IlosydeHHblE AMHAMUYECKUE
Macc-CIEKTPOrpaMMbl U COOTBETCTBYIOLIUE UM YHUC-
JICHHbIEC 3HAUYEHUS! KOHLUEHTPALMU KUCIOPOJa U JIHOK-
cHJla yTJepojJa B BBIIBIXAaEMOM BO3JIyXE SBISIIOTCS
BaXHOW JIONOJHUTEIBHON WH(pOpManued Iuisi KOM-
TJICKCHOM 00paboTKM MaHHBIX OT BCEX OMOTEXHHYE-
CKHX YCTPOMCTB KOMIUJIEKCA, YTO IMO3BOJUT CO3IaTh
peasibHO PabOTAOINIUI aJrOPUTM KOMIUICKCHOH Jinar-
HOCTUKHU COCTOSIHUS MALIMEHTa B XOJ€ MOCTYpalbHBIX
Harpy3ox.

Paboma evinonnena 6 pamkax eocyoapcmeentozo 3a0a-
nua 075-00780-19-02 (nomep eoc. peeucmpayuu AAAA-
A19-119053190069-2) u 3a0anus  Ne AAAA-A19-
119022290064-2, 6 coomsemcmauu ¢ 002080pOM O HAYHUHO-
mexnuweckom compyonuvecmee @DIBHY HAIl PAH
u @I'FHY « UOM» Ne 557-2018-H/001 om 06.03.2018.
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The paper studies the possibility of using a quadrupole gas mass spectrometer as part of a diagnostic com-
plex based on a rotary (mechanorgical) table to assess the effectiveness of the dynamic postural effects on pa-
tients. Analysis of the obtained mass spectrograms indicates that the response of patients is individual and can
vary significantly. Taking into account the mass spectrometric parameters of exhaled air allows the patient to be
assigned to a specific group. Information on the concentration of oxygen and carbon dioxide in the patient's ex-
halation, as well as the analysis of the envelope shape of the measured dynamic mass spectrograms can be used
for comprehensive diagnostics of the patient's condition in addition to the data of the main sensors in the com-

plex.

Keywords: mass spectrometry, exhaled air analysis, postural influences, mechanorgic table

INTRODUCTION

Postural influences (PI) is a change of orthostatic
and antiorthostatic body positions in space by turn, i.e.
multiple, including vibrational influences. In this case,
alternating and oppositely directed reactions of the
body are observed, in particular: negative and positive
inotropic reactions of the heart, vasoconstrictor and
vasodilatory vascular reactions, positive and negative
chronotropic effects and a number of other dynamic
changes [1]. The specificity of the body's reactions to
dynamic postural influences is associated with a num-
ber of features of the latter. First, the fixation of the
subject's body on the mechanurgical table allows to
achieve such positions during postural influences that
are unattainable on his own. Secondly, the intensity of
postural loads is in no way limited by the patient's
ability to perform certain physical exercises, and is
determined by the purpose of PI usage and the initial
state of the subject (patient). Since the patient remains
passive under postural influences, the increase in
blood flow occurs without its redistribution in favor of
the acting muscles and without an increase in muscle
tension.

To conduct PI in the study, a mechanurgical table
CA-03 was used — an automated massage table with
special means of distal fixation of the upper and lower
extremities, providing the specified modes of dynamic
orientation-movement of a person in three dimensions
at different speeds relative to three orthogonal axes
[2]. The intensity of postural loads is strictly dosed by
the parameters set by an operator: angles, speeds, du-
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rations and the order of alternation of body position
changes in space [3]. The table has the following
modes of movement of the bed: movement along the
vertical axis up and down, swing movement about the
horizontal axis, movement of rotation of the bed about
its own axis from the normal position with the ability
to a computer control. The sequence of application of
the main and combined modes of movement of the
bed depends on the condition of the subject or patient,
on the specific purpose and tolerance of the proce-
dure. Such broad functionality of the CA-03 makes it
possible to carry out physiological studies, which
were previously either difficult or impossible to carry
out [4].

In the process of dynamic quasiperiodic postural
loads, changes are observed primarily in the cardi-
ovascular and respiratory systems. For the purpose of
non-invasive control of energy metabolism parame-
ters, the most rational is the use of a gas mass spec-
trometer to determine in real time the concentrations
of oxygen and carbon dioxide in the air exhaled by the
subject.

EXPERIMENTAL DEVICE

In this work, we used a small-sized quadrupole
mass spectrometer MC7-100, which allows simulta-
neous and real-time recording of up to 10 components
of gas mixtures with a high speed (up to 0.1 s) [5].
The mass spectrometer has a direct capillary inlet of a
sample heated to 70 °C at atmospheric pressure, an
ion source with electron impact, and the ultimate va-
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cuum in the device is 10 Pa. The range of detected
masses is 1-200 a.m.u., the resolution is 0.5 a.m.u.
The analytical capabilities of the mass spectrometer
make it possible to analyze the composition of gas
mixtures and volatile metabolites in the exhaled air of
patients in the wide concentration range from 10°° to
100 % [6].

Before the experiment, the mass spectrometer was
calibrated with the use of a calibration mixture of gas-
es: nitrogen — 80 %, oxygen — 15 %, and carbon
dioxide — 5 %, contained in a separate gas cylinder.
The ratio of 15 % O, and 5 % CO,; approximately cor-
responds to the ratio of these gases in the air exhaled
by an average person.

The communication through which a sample of
exhaled air was taken in real time was a sterilized face
mask with a special opening for hermetically sealed
connection of the mass spectrometer capillary. The
mask was put on the patient's face; during breathing,
air was continuously sampled into the mass spectro-
meter through this special hole. The air flow through
the capillary of the mass spectrometer did not exceed
5 uL/s; therefore, sampling did not affect the respira-
tion process. Since the exhaled air has a very high
moisture content, the capillary was warmed up to
40 °C to prevent water condensation.

MEASUREMENT PROCEDURE

The test protocol consisted of several stages, at
each of which various parameters were measured
(Fig. 1).

At the first stage, the following actions were per-
formed.

e (Calibration of the mass spectrometer against the
reference gas mixture.
e Equipment synchronization.

e Applying electrocardiographic electrodes, tonome-
ter cuff and face mask.

e Measurement of blood pressure, heart rate (HR)
and parameters of exhaled air (EA) in the vertical
position of the subject.

At the second stage, after the subject was placed on
the bed of the mechanurgical turntable, the following
actions were performed.

e By special means of distal fixation, the lower ex-
tremities of the subject were fixed, while the arms
were freely located along the body.

e Applying electrodes of the electroencephalograph
(290).

e Applying the limb electrodes of the rheograph
(PT"), chest electrodes and the pulse sensor on the
finger of the spirocardiorhythmograph (CAKP).
Fixation of the sterile breathing mask.

Within 5 minutes, the initial background recording

(before the start of postural exposure).
¢ 10-minute exercise test with postural effects on the

subject.

e Final background recording during 5 min (after
postural exposure).

o The subject leaves the bed.

To monitor the condition of the subjects under
postural exposure, the diagnostic complex currently
includes various biotechnical devices: an electrocardi-
ograph (OKI'), an electroencephalograph (23I'), a
rheograph (PI'), an spiroarteriocardiorhythmograph
(CAKP), precision thermometers [1] (temperature os-
cillation sensors (JITO) placed on the different body
points.

The described measurement procedure was carried
out for 35 subjects aged 20 to 30 years old: 18 girls
and 17 boys who do not have chronic somatic and
infectious diseases.

CAKP Mé

KT
ATO
Pr | ,
{ 29T
Fig. 1. Test scheme.

i 1 — application of a mask for filtering and
— capillary transfer of samples of exhaled air to
——— . the mass spectrometer, connection of all other

recording devices; 2 — fixation of the subject's
legs; 3 — performing a dynamic postural ac-
tion; 4 — mass spectrometry of exhaled air in
real time
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Fig. 2. Dynamic mass spectrograms of two patients (a, 6) during the test

RESULTS OF MASS SPECTROMETRIC
ANALYSIS OF EXHALED AIR OF PATIENTS

Samples of the obtained characteristic dynamic
mass spectrograms for two different patients are pre-
sented in Fig. 2. Analysis of the obtained spectro-
grams indicates that the response of patients is indi-
vidual and can vary significantly, despite the fact that
the postural effects were performed according to
a single protocol. Information on the concentration of
oxygen and carbon dioxide in the patient's exhalation,
as well as the analysis of the shape of the envelope of
the measured dynamic mass spectrograms, is impor-
tant for diagnosing the condition of patients in addi-
tion to the data of the main sensors of the complex.

Fig. 3 shows a portion of the dynamic mass spec-
trogram in a reduced time scale. As you can see, the
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respiratory spectrograms also show heartbeats, which
bring features in the shape of the envelopes.

The check showed that the obtained data of all sub-
jects did not have a normal allocation, respectively,
the results in the groups were presented in the form of
the median of both the 1st and 3rd quartiles, and non-
parametric statistical criteria were used for their anal-
ysis: to compare the indicators in the three groups, the
Kruskell—Wallis H-test was used. If the null hypo-
thesis is incorrect, the subsequent pairwise compari-
son of groups was carried out using the Mann —
Whitney U-test, and the indicators before and after
were compared using the Wilcoxon W-test. The level
of statistical significance was calculated being ad-
justed for multiple hypothesis testing, based on the
standard sig
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nificance level of 5 %. Comparison of CO, concentra-
tion in the alveolar part of expiration in an upright
position 5 minutes before and 5 minutes after postural
exposure showed that there are three characteristic
types of reaction: 1 gr. — moderate increase in CO,
gas exchange; 2 gr. — insignificant decrease in ex-
change; 3 gr. — statistically significant increase in
CO; concentration (Fig. 4).

Taking into account the initial mass spectrometric
parameters of exhaled air makes it possible to assign a
patient to a certain group and in the future can be used

for a comprehensive diagnosis of the patient's condi-
tion.

CONCLUSION

Information on the concentration of oxygen and
carbon dioxide in the patient's exhalation, as well as
the analysis of the envelope shape of the measured
dynamic mass spectrograms is of great importance for
diagnosing the condition of the subjects in addition to
the data of other sensors in the diagnostic complex.
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The obtained dynamic mass spectrograms and the cor-
responding numerical values of the concentration of
oxygen and carbon dioxide in the exhaled air are im-
portant additional information for the integrated
processing of data from all biotechnical devices of the
complex, which will make it possible to create a really
working algorithm for the comprehensive diagnosis of
the patient's condition during postural loads.

The work was carried out within the framework of state
assignment 075-00780-19-02 (state registration number
AAAA-A19-119053190069-2) and assignment number
AAAA-A19-119022290064-2, in accordance with the
agreement on scientific and technical cooperation between
Federal State Budgetary Scientific Establishments Institute
Jfor Analytical Instrumentation of RAS and Institute of expe-
rimental medicine, No. 557-2018-N/ 001 dated 06.03.2018.
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