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3KCHPECC-IUATHOCTHUKA 3ABOJIEBAHUI
ITO BBIABIXAEMOMY BO3A1YXY
HA OCHOBE KBAJIPYIIOJIBHOI'O MACC-CIHEKTPOMETPA

Jlannast pa0ora sIBIIsieTCsl pa3BUTHEM HCCIIEAOBaHUH, OIMyOnIMKoBaHHBIX B xkypHane "HayuHoe mpubopoctpoenne”
Ne 1, 2019. B cpaBHEHMU C YKa3aHHOU CTaThel B JJaHHOW pabOTe paCIIUPEH JIUTEPATYPHBIH 0030p, BIEPBEHIC pa3pa-
0oTaH ¥ arrpoOUpPOBaH AITOPUTM pacyeTa BepOsITHOCTH 3a0oseBaHuid. [IpuBoasTCst pe3ynbrarbl 00padOTKU TaHHBIX
OOJIbHBIX, HAXOJSIIUXCS Ha JICYCHUH B JABYX OHKOJOTMYECKHX KIHMHHUKaX. Pacuer BeposTHOCTH 3a00jeBaHUs 110
JTAHHBIM MacC-CIIEKTPOMETPUYECKOTO aHaJIM3a BBIABIXaeMOI0 BO3IyXa OCHOBAH Ha OIpEeNICHHH NMPHHAJICKHOCTH
Macc-CIeKTpa TECTHPYEMOTo OOJBHOTO COOTBETCTBYIOIIEH KOHTpOJbHOW rpymnme. Kakmas KOHTpoJbHas Tpymia
(dopMupyercst myTeM HabOpa MacCHBa CHEKTPOB HE MEHEE AECSTH MAlMCHTOB C OJHHUM M TEM ke 3a00JIeBaHMEM.
JlnarHocTiKa BBITOJIHSAETCS IyTEM MPeoOpa3oBaHMs MATPHIBI CHEKTPOB KOHTPOJBHOM T'PYMITBI U CIEKTPa TECTH-
pyemMoro 60JIBHOTO B IPOCTPAHCTBO TJIABHBIX KOMITIOHEHT. BeposiTHOCTH 3a00J1€BaHMs ONpeiessieTesl 0 eBKIMIOBY
PacCTOSHUIO KOOPJMHAT OOJIEHOTO OT HEHTPOMJIBI KOHTPOJBHOM IPYIIBI B MHOTOMEPHOM ITPOCTPAHCTBE TIIaBHBIX

KOMIIOHCHT.

Kn. cn.: OKCIIPECC-TUArHOCTUKA 3&60HeBaHI/I${, METOM I'TaBHBIX KOMIIOHCHT, MHOTOMEPHAsA IMJIOTHOCTE BEPOATHOCTH,

00paboTKa MHOTOMEPHBIX TaHHBIX

BBEAEHUE

JHuarnoctuka 3a0oJeBaHWi, OCHOBAaHHAs Ha aHa-
JU3e JABIXaHus, B TIOCTIeIHNE TOABI IIUPOKO UCTIOIB3Y-
€TCsl B KIIMHUYECKOM mpaktuke [1, 2] ¢ mpumeHeHnem
CaMbIX pa3zHOOOPa3HBIX METOAWK M AaHAJTUTHYECKUX
npubopoB [3]. Takas amarHOCTHKa Ipenarnoaraet
BbIsIBIIEHHE 3a00JIeBaHWN HAa PAHHUX CTaauAX, YTO
SIBIISIETCS] TIEPCTIEKTUBHBIM. Y CTAHOBJIEHO, YTO B BHI-
JIBIXaeMOM BO3JIyXe COJICpKAaTCsl BayKHbIE OMOMapke-
PBI U paHHEH TWArHOCTHKH ILIEJOoTo psina 3aboieBa-
HUI: CEepAEYHO-COCYANUCTBIX, OHKOJIOTMYECKUX, HEH-
poJeTeHepaTUBHBIX, OPTaHOB JIbIXaHuUs, TuadeTa u Jp.

B paborax [4, 5] uccnemytoTcss GHOMapKepbl JbI-
XaHUsl TPH OHKOJIOTUYECKUX 3a00JIeBaHMSIX JIETKHX,
B TOM 4YHCIe y KypHJIbIIMKOB. JleTyume BemecTBa
B oOpa3uax mpeaBapuTENIbHO KOHLEHTPHPOBAIU
myteM TBepaodasHoit MukposkcTpakuuu  (SPME)
C TIOCIENYIOIIMM aHaM30M B TaHAEME TIa30BbII
xpomarorpad — macc-criekrpometp (GC-MS). Tlomy-
YeHHbIC KOHIECHTPALMM AaHAJIM3UPOBAINCH B IIPO-
crpanctBe riaBHeIX KommoHeHT (PCA) ¢ wmc-
monik30BaHNeM TepBbix Tpex koopamHat (PCAL,
PCA2, PCA3).

B pa6ote [6] npuBenen moapoOHBI 0030p pe3yihb-
TAaTOB MCCIEAOBAaHUI METOJOB JAMArHOCTHKU IyTEM
aHaJIM3a KOJMYECTBEHHOTO W Ka4eCTBEHHOTO COCTa-
BOB BbIIbIxacMoro Bo3ayxa (BB), paccmorpens!
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TpeOOBaHMs K aHAIUTHYECKUM METOAaM M Ipubdopam
WCCIJIEJIOBAHNS MHOTOKOMITOHEHTHBIX Ta30BBIX CMe-
ceil. OTMedeHo, 4To aHanu3 Ha ocHoBe BB umeer psig
HPEUMYILECTB MEpe] JUAarHOCTUKOM, OCHOBAaHHOM
Ha JTabOpaTOPHBIX METOJaX, — OH SBIIIETCS OTHOCH-
TEJIbHO AEUIEBBIM, 3aHUMAET HEMHOT'O BPEMEHHU U T103-
BOJIIET OOHApy)XWBaTh JAETEKTHPYyEMbIe BeIIeCTBa
B MUHUMAJIBHBIX KOHIIEHTpauuax. OH He mpenmnosara-
©T MHBa3UBHBIX BMEIIATENbCTB U MOXKET MIPOBOIUTHCS
¢ mo00il KpaTHOCTBIO, IPEAOCTABISIS BO3MOXHOCTD
TIIATENILHOTO W3yUYeHHS TUHAMUKU (PU3NOTIOTHYECKHX
npoueccos. IlpuBeneH psa MapkepoB CaMblX pa3iny-
HBIX 3a00JIeBaHMI: OPraHOB JABIXaHHMS, XKEIYJOYHO-
KHIIEYHOTO TPaKTa, OHKOJOTHH, IIEHTPaJIbHONH HepB-
HOM cuctemsl u Ap. Ilo mccnenoBanusaM, mpoBeaeH-
HeiM B CIIIA, panHss AuarHocThka 3aboJieBaHUH,
B YaCTHOCTU OPraHOB JbIXaHHUS, MO3BOJIMJIA CHU3UTH
cmeptHocTs Ha 20 %. OmnpeneneHsl TpeOoBaHUs
K cpeiacTBaM OOHapyXeHHs  MOJIEKYJ-MapKepoB
C yYeToM pa3padOTaHHBIX METOOUK M MpPEAesoB
00HapyKEHHUS: BO3MOKHOCTh OJTHOBPEMEHHOT'O M3Me-
peHusl U UASHTH(UKAMH HECKOJIBKUX OMOMapKepoB;
BBICOKass UYyBCTBUTEIHHOCTh W BBICOKAas TOYHOCTH
onpeneneHus KoHIeHTpanui (Ha ypoBHe 10 ppb —
10 ppm); celleKTUBHOCTH (perucTpanusi 1 UICHTUDH-
Kalusl BELIeCTB Ha (POHE BBICOKUX KOHIEHTpALMH
a30Ta, KUCIOPOJa, BOABI M YTIJIEKHCIIOTO ra3a); ObICT-
poneiicTBue (BpeMs MPOBEACHUS aHAIN3a C yCpeTHe-
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HUEM 110 HECKOJIbKHM BbIIOXaM okoyio 5—10 c¢); mpo-
CTOTa HWCHOJB30BAHUS B KIWHUYCCKUX YCIOBUAX;
neHa "omHoro 3amepa’ W CTOMMOCTH mpubopa.
B kadectBe mpubopoB s ananuza BB paccmarpu-
BalOT TazoByr xpomatorpaduio (I'X), wmacc-
CIEKTPOMETPHIO (MO), MacC-CIEKTPOMETPHUIO
¢ razoxpomatorpapudecknm paznenenneM (MCI'X)
u UK-crekrpockonuio (MKC).

ABTOpBEI paboOTHl [7] OTMEYAIOT HEOOXOIUMOCTH
pa3paboTku ymOOHOTO, MPOCTOTO B HCIOJIB30BAHHH,
HEWHBA3WBHOTO METOJa Ui CKPUHWHTAa XPOHHU-
geckoro 3a00JieBaHMsI TMOYEK W KadecTBa AHan3a
B peXXHMeE peallbHOTO BpeMeHH. [[ist aToro npeoxe-
HO W3MEpSITh KOHIICHTPAIIHIO aMMHaKa
B BBIJBIXa€MOM BO3JIyXe, OJHAKO HCIIOJIb30BaHUE
MacC-CIIEKTPOMETPUH, CIIEKTPOMETPUH ITOIBHKHOCTH
HMOHOB, ONTHYECKUX METOOB JIA3EPHOT0 TIOTJIOIIEHUS
U J1p. 000pyA0BaHUs I0POTO, CI0XKHO U HEYAOOHO /st
KITMHIUYECKOTO MCTIONb30BaHus. [IpeioxkeHo uemois-
30BaTh HEJJABHO pa3paboTaHHbIE Ta30BbIE CEHCOPHI —
MOJTYTIPOBOJHUKOBEIN CEHCOPHBI YHWIT Ha OCHOBE
MoJIMMepa C HaHOTIOPAMU.

Jiiss cpaBHeHHWsS pe3yJbTaTOB OOCIIEOBaHUS He-
CKOJIBKMX TPYII MaIlleHTOB HCIOJIb30BAINCH pa3-
JUYHBIE CTATUCTUYECKUE TIOAXOMbI: TMapHBIA t-TecT
CrhlosieHTa, Kputepuil Bunikokcona, tect Kpackena —
Yommuca, tect Jlana, rect @punmana. Kosdourment
koppemsanuu [lupcoHa m mpocras nuHEHHas perpec-
CHS UCTIONIb30BAIINCH IS OLIEHKH KOPPEISIIIAA MEXKIY
KOHIICHTPaIHIMHA BBIJIBIXaEMOTO aMMHuaKa
U JIp. TUarHOCTUYECKUMH N3MEPEHHUSMHU.

B pabote [8] ucciemyercsi BO3SMOXHOCTh JHArHo-
CTHKH DJIUJIETICUY TyTeM CpPaBHEHHUS COCTaBa BBIJIBI-
XaeMOTO BO3/lyXa Y OOJIBHBIX M 3[TOPOBBIX MAI[ICHTOB
C HCMOJIb30BaHHWEM '"aJIeKTpOHHOro Hoca". JlaHHbIe
npudopa oOpabaThIBaINCh HEHPOHHOH CETHIO, KOTO-
pas Obuia oOydeHa JAaHHBIMHU IPEIBAPUTEIHHO OTO-
OpaHHBIX TANMEHTOB ¢ 3a00JIeBaHMEM SIHIIETICHEi
n ee orcyrcrBueM. HccnemoBanne 3(GEKTHUBHOCTH
JMMATHOCTUKH smutericui mo BB mokasanu ee Heco-
MHEHHBIE JOCTOWHCTBA TI0 CPABHEHUIO C TPAIUIUOH-
HBIMH TECTaMH C HCIIOJIb30BaHUEM 3JIEKTpodHIIedao-
rpamm.

B pabote [9] aHaTU3UPYIOTCS PA3THYHBIC METOIBI
1 TIpuOOpPBI I cOopa MPOOBI B IMOJEBBIX YCIOBUAX
C TIOCTIEYIOMIMM aHAIM30M B Xpomarorpade ¢ macc-
CIIEKTPOMETPOM B Ka4deCTBE JNETEKTOPa, CHAOKEHHBIM
mpuctaBkoit g trepmoaecopommm  (TD-GC-MS
aHamm3). Craructudeckas oOpaboTKa pe3yIbTaToOB
DKCIICPUMEHTOB TI0 W3MEPCHHUIO, B YAaCTHOCTH KOH-
HEHTpPAIi  W30TpEeHa, TPOBOJMIACH C  HCIOIb-
30BaHMeM t-Tecta CTBIOACHTA W CMEIIAHHOTO JIMHEH-
HOTO MOJIETTUPOBAHMS.

B pabote [10] moka3aHo, 9TO METOA aHAJIN3a BhI-
JIBIXaeMOTO BO3[yXa C MCIOJIB30BAHUEM Ta30BOTO
xpoMartorpada — CIIEKTpOMETpa HOHHOHM IOJBHKHO-
ctu (GC-IMS) mpuromeH s paHHEH HEWHBAa3WBHOM
MUAaTHOCTUKH HEUPOJETEHEPATUBHBIX 3a00JICBaHUM,
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B YaCTHOCTH OoJie3Hn AmnbIreiiMepa, XapaKTepHOM
JUIST  TIOXKMJIBIX Jrofiedl. Komrieke sBisieTcst BBICOKO-
MIPOM3BOAUTENBHBIM JIHAarHOCTHUYECKUM HWHCTPYMEH-
TOM JJISl TUarHOCTUKH B PeajIbHOM BPEMEHH B KIMHH-
YECKHX YCIOBHSAX.

CymiecTByeT ocTpasi HEOOXOIUMOCTh B pa3padoTKe
9pPEKTUBHBIX  JUATHOCTUYECKUX  HHCTPYMEHTOB,
OCOOCHHO TaKHWX, KOTOpBIE TIO3BOJISIOT HAaJIEKHO
BBISBIISITH 3a00JIeBaHMsI HAa PaHHUX CTaguax (mepen
MPOBEJCHUEM  CIIOKHBIX  J1a0OpaTOPHBIX  HCCIe-
JOBaHMWi1) C MHCHOJBH30BAHHMEM HEHMHBA3MBHBIX MOJI-
xon0B. KittoueBoit mpobiemoit B ananmze BB sBiser-
cs HaAJIeXKALUH CTaTHUCTUYECKUH aHaIIN3
W MHTEpHpeTanus 00JbIINX U Pa3HOPOIAHBIX HAOOPOB
JIaHHBIX, MOJYYEHHbIX U3 HccienoBaHuii BB.
B Hacrosimeit  pabore WCIIOJIb30BaHbl  KBaJpy-
MOJBHBIA  MAacC-CIIEKTPOMETP M MeTOoJ 00paboTKu
pE3yJbTaTOB  MAacC-CIEKTPOMETPUUECKOTO  aHaJIN3a
BB, oOcHOBaHHBIII Ha ONPENECICHUH BEPOSITHOCTU
3a00yeBaHMs MyTEM ONpeesIeHHUs] MPUHAIICKHOCTH
Macc-CIleKTpa TECTUPYEMOro TMalueHTa COOTBET-
CTBYIOLLEH KOHTPOJIBHOU IpyIIIE.

KBAJIPYTIOJIbHBI MACC-CIEKTPOMETP

XapaKTepUCTUKHU

KBagpynosbHbIii Macc-CIIEKTPOMETpP, IPUMEHS-
eMbplii B paboTe JuId aHalu3a BBIJBIXaEMBIX T'a30B,
onucan a padote [11]. [Ipu manbix radbapurax u Bece
OH o0ecrieuynBaeT OOHapykeHHE KOMIIOHEHTOB BB
B auama3one macc — oT 1 10 200 a.e.m., pa3pemicHue
mo MaccoBbIM uyuciaaM — (0.5, CKOpocTh perucrpa-
uuu — 1o 1 macc-cnektpa B 10 ¢ ¢ YyBCTBUTENBHO-
CTBIO TIO KOHIIEHTpamwsM mpumeceir — ot 0.1 ppm.
OH MpOCT B UCIOJBb30BAaHUH, 00CCIICYNBACT BHICOKYIO
CKOpOCTh aHaJi3a, HayuHas ¢ 3a0opa BoO3ayXa Jo0
MOJIydeHUsl pe3ynbrara. Bpemsi moiydyeHust pesylib-
TATOB aHaAJIM3a COCTABJISICT HE 00JICe MUHYTHI.

Kpartkoe onucanue padoTbl mpuéopa

AHanu3upyeMblii Ta3 MpHU AABICHUU aTMOC(hepsl
qecpes KaHI/IJIJISIpHHﬁ BBOJ IMOAJACTCA B KaMEpPy HOHH-
3allMM UCTOYHUKA HMOHOB C BJICKTPOHHBIM YIAapOM.
O0pa3zoBaBiIrecss HOHBI BBOJSTCS B MacC-aHAITU3aToOP
KBagpynonsHoro tumna. [lomyuuBmimecs B mpouecce
perucrpaiuu  MacC-CIICKTPOMETPUYCCKHUE CHUTHAJIbI
00pabaThIBalOTCS ¢ TTOMOIIBIO CIEHUATU3UPOBAHHOTO
MIPOTPaMMHOTO OOECTIEYeHH! M CPAaBHHUBAIOTCS CO CIIEK-
TpaMH B OHMOJIMOTEKE CTaHAAPTHBIX MAacC-CIIEKTPOB,
3aTeM TPOBOAUTCA HUIACHTU(GUKANWS  OTIACTHHBIX
KOMIIOHEHT CIIEKTpa M OIpPENEICHHUE UX KOHLIEHTpa-
nuu. lIporpeBaemas KammuIApHAs CHCTEMa BBOJA
npoObl B Macc-CIEKTPOMETP MO3BOJAET MPOBOIUTH
aHaJM3 Ha PaccTOSHUU 10 5 M oT mpubopa. Pacxon
npoObl cocTaBisieT okoJo 5 Mk B 1 ¢. B BakyymHoi#
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CUCTEME HCIIOJIB3YETCS TYpOOMOJICKYIJIIPHBIA U MEM-
OpaHHBIH HACOCHI.

BaxxabIM niperMyIecTBOM TpUOOpa SIBISIOTCS €r0
Manble rabaputhl (cm. [11]), 4Yro mMoO3BONSET e€ro
OTepaTHBHOE TepeMEIIeHUE U3 OJTHOTO METUIIMHCKO-
ro y4pexXIAEHUA B IPyroe I IPOBEACHUSA CKPUHUH-
TOBBIX 00CIIeIOBaHN OONBIINX TPYIIT HACETCHHUS.

OBPABOTKA JAHHBIX

[Tpu mMaccoBoM 0OCHEIOBaHUM COCTOSIHUSL 3710PO-
Bbsl HACEJICHUSI, KaK IIPABUIIO, OTCYTCTBYET IIPEBaApU-
TenbHas wWH(OpPMANKs O Xapakrepe 3a0oyieBaHUs
narnuenTa. [Ipy mpoBeeHUN TUarHOCTUKH COCTOSTHS
3I0pPOBbsI MAIIUEHTOB METOJOM aHAalu3a BBIJIBIXaeMO-
TO BO3IyXa IEIeco00pa3sHO pPEeTrUCTPUPOBaTH BeCh
CIIEKTP BBIIBIXaeMBIX Ta30B (MapKepoB 3a00JIeBaHMIA)
Y 3aT€M COTIOCTABIISATh €T0 C JAHHBIMHU OJHOMN U3 KOH-
TPOJBHBIX TPYNN C W3BECTHHIM 3aboneBaHueM. [laH-
Hble BB kaxmoro mamueHTa 3TOM TpyHinbl MOXKHO
MPEJCTaBUTh B BHIEC TOYKH B MHOTOMEPHOM IIPO-
ctpancTBe. OOBEIUHCHHBIC JAHHBIC BCEX MAI[ICHTOB
rpynmnsl 00pa3yioT "o0mako" MCXOAHBIX IapamMeTpoB.
Uem Onmmke TOYKa, ONMPEEIISIoNnas CIieKTp TeCTHPYe-
MOro OOJBHOTO, HaXOIUTCS K LEHTPY (LCHTPOHIE)
sToro "oOmaka", TeM OOIbIle BEPOSTHOCTH TOTO, YTO
MalKeHT Ju00 CTpasaeT 3a00IeBaHNEM KOHTPOJIBHON
TPYIIIEI, OO 30POB, €CIIM 3TO KOHTPOJLHAS TPYIINa
310POBBIX MMALIUEHTOB.

Hycrs X, ; — j-il mapametp (B AaHHOM Cilydae —

WHTEHCHBHOCTh CHEKTPaJbHOW KOMIIOHEHTHI) i-TO
MalMeHTa KOHTPOJIBHOU Ipymmbl, npudueMm i=1,2,...,1
u j=1,2,..,J, w HaOOp W3 3HaUeHU# M [ nmarueH-
TOB M0 J perucTpupyeMpix komnoneHT BB o0pa3y-
0T (1 ,J ) 00yJaroIy0 MaTpUIy X, CTOJOIBI KOTO-
poii obosnaunm kaxk X, : X =[X,,..., X ,...X;] [12].

Bektop X ; SBIMCTCS CIy4aWHOH BEIMYMHOM.

H.HSI IMPOCTOTHI MPEANOJIOXKNM, YTO KOMIIOHCHTEHI
9TOT'0 BEKTOPAa UMCIOT HOPMAJIBbHOC pacpeACICHUC CO

< . 2
CpelHUM 3Ha4YeHHeM X, M JHCIepCHeit o;. Torma

3NIEMEHTHl MaTpulbl X 00pa3yloT B J-MEpHOM Hpo-
crpanctBe "obnako" (0603HauuM ero kak G) uz [ xJ

TOYEK C LEHTPOHIO0H B Touke X, KOOPAHHATHI KOTO-
poii paBuel X = [XI,XZ,...,X J]. Tectupyemsrii

MAalMEeHT cTpajaeT TeM ke 3aboyieBaHMEM (MM 3110-
POB), UTO M KOHTPOJbHAS TpyIIa, €CiIl U3MEepEeHHBIN

BeKTOp napamerpos BB Xd =Xy, X;5,-.%, |, TOE
X, ; — 3HAYCHHE Mapamerpa, MPUHAIICKHUT J-mep-
HOMy npocrpaHctBy G, T.e. X, €G. D10 YyCioBue
BBITIOJIHSCTCS, €CIHH BEPOATHOCTH P OTKIIOHCHUS
Toukn X, OT LEHTpouabl X He IPEeBBIIIACT HEKOTO-

peIii Topor ¢« . Jlns onpeneneHus 3TOW BEPOSITHOCTH
MIOCTPOUM MHOTOMEPHOE paclpesie]IeHHE BEPOSTHO-
CTH TPHUHAAJICKHOCTH cOObITUS TpocTpaHcTBY G,
Ipearnoaras, 4ro 3TO paclpelesieHHe MOAYMHACTCS
HOpMaJIbHOMY 3aKoHYy [13]:

P(X,)= W-exp{—%(Xd -X) K}/ (X, —)‘()},
X, €G,
K, —

(1)

rae KOBapHallOHHAaA Marpula

K, :E{(X—)_()-(X—)_()'} E — cuMBos MaTeMa-

tueckoro oxunanus, (') — CUMBOJN TPaHCIOHHPO-
BAaHMsI MaTpULbl, W — HOPMHUPYIOIUN MHOXUTEIb.
Od4eBUIHO, YTO BEPOSTHOCTH P 3TOTO COOBITHS paBHA
CIUHUIIC, €CIU JUIsl OUYEPEIHOrO MalMEeHTa OKaXeTCs,

yro X, =X. OTo yCIOBUE BBIIOJHAECTCA, €CIH

B (opmyne (1) monoxure W = 1. Torma ycnoBue
MPUHAUIEKHOCTH TalueHTa KOHTPOJLHOW TpyIIe

HUMECT BU ! P(Xd ) <o, TOe BeINYUHA BBI6I/IpaeTC$I

METOJIOM SKCIEPTHOM OLIEHKH.

OnHako HENMOCPENCTBEHHOE HCIOJb30BaHuE (Gop-
mynbl (1) ams pacdera BeIWHYWHBI P CONpSKEHO €O
3HAUUTEIBHBIMU BBIUUCIUTENbHBIMUA TPYAHOCTSMU,
CBSI3aHHBIMM C HaJM4YMEeM OOJIBIIOTO YMCIa MapameT-
poB J ¥ KOPPENANNOHHBIX CBS3€H MEXIY CTOIOIaMU
Marpunbl X. Jis cxaTtud AaHHBIX, COKpalleHUs
pasMepHOCTH mpocTpancTBa G HCIONB3YIOT OPTOTO-
HaJIbHOE Npeo0pa3oBaHUE AAHHBIX B MPOCTPAHCTBO
TJIABHBIX KOMITOHEHT — METOJ TJIaBHBIX KOMITOHEHT
(MI'K) [14].

Hns mepexona B npoctpanctBo ['K dopmupyercs
HOBasi MaTpuLa, COCTOSILAs U3 BCEX CTPOK MaTpPHIIbI
X u ctpokn X,. O6o3naunm 3ty marpuiy kak XI.

Torz[a B HOBO# cuUCTEME KOOpAWHAT:
A
_ .p’ — [
XI=T-P'+e=) tp) +e,
j=1

e p, — coOcTBeHHbIE (DYHKITUM KOBapHAIlMOHHOM

marpunsl K, . Matpuny T  HaswsiBaror marpurei
cuemog T = [T] ,Tz,...,TA] , €e pasmepHoCcTh — (I X A);
Matpuily P Ha3bIBalOT MaTpHIECH Hacpy30K, ee pas-

MEpPHOCTb — (] X A); € — 9TO MaTpUlla OCMAmMKO8
(IryMoB) pa3MepHOCTH (1 xJ ); BeKTOpbI-cTONONB! T,

(j= (1,2,..., A) ) Ha3BIBAIOT 21ABHLIMU KOMIOHEHMAMU

(I'K), A — 4ucno rinaBHbIX KOMIOHEHT. BennunHa A
3HAQUUTENIFHO MEHbIIE YHUCIa MEepPeMEeHHbIX J. OTo
03Ha4YaeT, YTO OCHOBHas HMH(OpPMAaLHUs O COCTOSHHH
MAalMEHTa COCPEA0TOYEHa B HECKOJIBKUX MepBbIX ['K.

Ilocnennss crpoka 3Toi mMarpuusl, Bektop T, —

KOOpAWHATBI MapaMeTpOB TECTUPYCMOI'O0 IMAMUCHTA

HAVYYHOE ITPUBOPOCTPOEHMUE, 2020, Tom 30, Ne 4
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B npoctpanctee I'K: T, = [td’l,td’z,...,td,A].
Cpenuune 3HaueHus cTonOuoB Marpuubl T paBHBI

2
HYJI0, a JUCHEPCHS — BEKTOp 6 C 3JEMEHTaMHu
2 —
o; —/’Lj, T.C.
oHHOM Matrpuiel. CBoiicTBO paszioxkenus mo ['K
TaKOBO, YTO IWCIEPCHs OBICTPO YMEHBIIACTCS YKe
k gerBeproit ['K, a cronbust matpurter T Hekoppenu-

POBaHEIL, T.C.

COOCTBEHHBIMH YHCIIAMHU KOoBapuanu-

T 0 mpu n=#m,
m n A

; Tpun=m.

VY4auThIBas 3T0 0OCTOATENBLCTBO, B HOBOW CHCTEME
koopawHat ¢opmyna (1) nmeer Bu:
| 1 &1
P(Td)zexp _ETJG T r=exp ) Z_z , (2
=LY

U €BKJIUJIOBO PacCTOSIHUE OT IALMEHTa C UHIEKCOM d
JIO IEHTPOHIBI 00yHJaIOMIeil TPyl PaBHO

3

OIMIMCAHHME AJIT'OPUTMA

O6paboTka JaHHBIX COCTOUT M3 ABYX 3TAloB: 00)-
yenue u OUACHOCMUKA.

Ha srane o6yuenus ¢dopmupyercs K matpui
X*, k=1,2,...,K C JIaHHBIMH 110 HHTCHCHBHOCTH
cnektpa BB mns xaxmoro Buaa 3aboneBanmid. [Ipum
5TOM 4HCIO CTPOK [* Kakmoil MaTpHMIbl JOJDKHO
OBITH B HECKOIBKO pa3 GoIbIIe uncia crobmnos J* .

Ha 3tane ouaznocmuxu BBIIONHSETCA CIEAYIO-
11asi II0CJIE0BATEIbHOCTD OIEpaIIMIi:

1. U3mepsitotest napamerpsl BB nuarnoctupyemo-
ro nmnamgueHTa W (OpMHpPYETCs  BEKTOP-CTPOKa

X, :{xdyl,xdyz,...,xd,J}.

2. Crpourcs HoBas Marpuna XI* =[Xk ; X d] pas-

MEpHOCTH (([ “y 1) xJ" ), TnocyieaHel CTpOKOi KOTo-

poi ABnseTcs BEKTOp X, .

3. BolnonHseTCS HOPMHPOBKA 3TOH MaTpuIlbl, Ha-
[IpUMep, Ha MAKCUMAaJIbHOE 3HAUCHHE €€ DJIEMEHTOB.
4. Ucnonb3ys anroputMm Meroaa I'K, Beruucnsercs

matpuna cyetoB T 1 BeKTOp COGCTBEHHBIX wYHCEN
/l/" [15].

5. Ompenensiercss 4YUCIO NEPBBIX CTONOLOB A
matpunsl T w3 ycmosus o"j :\/Z <e&. llpu stom

0e3 ToTepH JOCTOBEPHOCTH MOXHO  IOJIOKHUTh

HAVYYHOE [NPUBOPOCTPOEHMUE, 2020, Tom 30, Ne 4

& =0.001-0.01.

k k k k
Td = {tn .t 2,...,tﬂ} — TJIaBHbIE KOMIIOHEHTHI Tapa-

HOCJ’ICI[H}DI CTpOKa MaTpHUlbI

MeTpoB BB nuarHoctupyeMoro nanueHra.
6. OrpenensieTcst BEpOSITHOCT P(T’:) 1o hopmyie (2).

7. Mepexon k 1. 2 (k = k + 1) nns onpexnencHus
BEPOSITHOCTU MPUHAMIEKHOCTH TECTUPYEMOIO MNalu-
€HTa JAPYroH rpymme 3aboeBaHui.

8. AHanu3 pe3ysbTaTOB BBIUUCIICHUS BEPOSITHOCTH

P(Tj),k:1,2,...,K mist Bcex K 3aboneBaHmid

C IICJIBIO OIIPCACIICHUS HanboJjee BCPOATHOTO.

IMPOBEPKA AJITOPUTMA

[IponuttocTpupyeM H3JI0KEHHYIO BBIIIE TEOPHIO
Ha OJTHOW rpynme u3 43 OOJBHBIX, C TUATHOCTHPOBAH-
HOW OHKOJIOTHeH OHOro Thma'. DTa rpymma pasie-
JeHa Ha JBe: oOydaromyto (36 ManueHTOB) W KOH-
TposbHyto (7 mauuentoB). IIpu 3TOM KOHIEHTpaLus
KOMIIOHEHTOB BB nepBoro nanueHTa n3 KOHTPOJIBHON
TpyNIBl  JUId TPUMEpa COBMNAAAET C LEHTPOMION
oOydatomeil. [IpuBrneyena k mpoBepke 3PQPeKTHBHO-
CTH QaIrOpuTMa €LIe OJHAa KOHTPOJbHAas TIpyImna
C IPYrMMHM OHKOJIOTHYECKMMH 3a00JIEBaHMSIMHU U3
10 6onpHbIX. [lanmenTaM 000MX KOHTPOIBHBIX TPYIII
MPUCBOCHBI TMOPSIKOBBIE HOMEpPa COOTBETCTBEHHO

d=(1,2,3,...,7) u d =(1,2,3,..,10).

Macc-cnektp BB 6onbsHoro

2.5

N

-
(3]

—_

.
[3)

NHTEHCUBHOCTL, OTHOC. ef,.

50 52 53 55 56 57 58 50 60 64 67 68 69 70 71
Macca, [Ja

Puc. 1. Macc-criextp BB o6¢cnenyemoro nanuenra.

Macca 53 — usomnpen, 58 — aneron, 60 — ykcyc, 67 —

nzonpeH (?), 69 — nentuH; 59 — Hekuil HepacHoO3HaH-

HBIH 1OKa OMOMapKep, BBISIBJICHHBIN Y HEKOTOPBIX IMalUeH-

TOB C OHKOJIOTHEH

D Jannbie 0 BB 3Toif rpynmnsl nalveHTOB NMPe0CTaBICHbI
I'bY3 "Cankt-IletepOyprekuii  KIMHUYECKHH HAy4HO-
MPAKTHICCKUHA HEHTP CIEIHaTN3UPOBAHHBIX BHIOB MEIIH-
LUHCKOH MTOMOILIU (oHKOIIOTHYECKUI), (CIlo
KHulICBMII(0)".

? JTanmsie o BB sroit rpyNIbl NAUEHTOB NMPEAOCTABIEHbI
JleHuHTpasACKNM OONACTHBIM KIMHUYECKAM OHKOJIOTHYE-
CKHM JIACHaHCEPOM.
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Ha puc. 1 nokazan npumep Macc-cniekrpa BB on-
HOTO0 W3 MAI[MEHTOB MepBoi (0Oyuaroliel) rpyIibl.
W3 xaxmoif KOHTPOJIBHON TPYMIBI MOOYEPETHO BHIOU-
paem ganabie o BB u BemomnuseMm . 1-6 anropurma.
IIpm 3TOM OKa3BIBAaeTCs, YTO JOCTATOYHO MOJIOKUTH

A=6, TK. 0:‘ ~0. Ilo dhopmynam (3) u (2) BeIUHC-

JSIFOTCSL €BKJIMOBO PAcCTOSHUE OT LIEHTPOUABI 00Y-
yaromied BBIOOPKM ¥ BEPOSATHOCTh JAMATHOCTHUKH
3a00yIeBaHsl OHKOJIOTHEH KOHTPOJBHOTO MaIMeHTA.
Jns xakqoW KOHTPOJIBHOW IPYIIIbI 3TH PE3YJIbTaThl
3aHOCsTCA B Tabn. 1 m 2. Ha puc. 2 B mpocTpaHCTBE
nepBbIx ABYX 'K (T1 u T2) n3o6paxeHs KOOpIUHATHI
MaIeHToB olydaromieil (0) ¥ TMepBO KOHTPOIBHOMN
(+) rpynmsl. I3 nanapIx Tabir. 1 BUIHO, YTO MO Mepe
yaaneHus koopjauHat BB oT LeHTpoujsl ajig 3TOH
KOHTPOJIBHOW TpPYyMIIbl BEPOSTHOCTH 3a00JeBaHUS
OHKOJIOTHEH YMEHBIIAeTCs, HO OCTaeTcs OONBIION.
Crnenyer oOpaTuTh BHMMaHHE, YTO 3Ta BEPOSTHOCTH
3aBHCHUT TaKXe OT MecTa PAacIlOJIOKEHUS KOOpAMHAT
MalKeHTa B IIECTUMEPHOM (B JAaHHOM Cilydae) Hpo-

Ta6a. 1. M3MepeHHas BeposSTHOCTH OO0JIC3HH
JUIsl MAIMEHTOB MEPBOM KOHTPOJIBHOW IpyII-
ITBI

ITamuenTt EBkannioso BepostHocTh
paccrostHue | 3a0o0JeBaHUSA

1 0.0116 0.9854

2 0.1076 0.1888

3 0.1499 0.2055

4 0.2044 0.1164

5 0.2554 0.2864

6 0.2892 0.3458

7 0.3247 0.1197

Ta6a. 2. V3mepenHas BepOSTHOCTh OOJIE3HH
JU71S1 TALIMEHTOB BTOPOM KOHTPOJIBHOW IPyIIIbI

[Marent EBxiugoso BeposarHocTts

paccTosiHHue 3a00eBaHus
1 2.8791 0.0159
4 4.5739 0.0000
3 4.7337 0.0000
2 5.5927 0.0000
5 5.6321 0.0000
8 5.7129 0.0000
9 5.7322 0.0000
6 5.8520 0.0000
10 5.8635 0.0000
7 5.9168 0.0000

crpancte ['K: yem Gonbiie npoeknust Ha nepsbie ['K,
TeM OOJIBIIIE 3Ta BEPOSTHOCTD.

Ha puc. 3 B mpoctpanctBe mnepBbix aByx I'K
(T1 m T2) wm3o0paxkeHbl KOOPAWHATHI MAIMEHTOB
oOyuJarorieif (0) ¥ BTOpOl KOHTPOJIBHOW IpymImsI (+).

Oxkazanoch, 4TO BCE MAIMEHTHl 3TOH TIPYIIbBI
(xpome mepBoro) HaxomsATcs BHe "oOmaka" oOydaro-
meld BeIOOpPKH. M3 nmaHHbIX Talm. 2 BHJHO, YTO
BEPOATHOCTh HAJIM4Us 3a00JIeBaHHUs OHKOJIOTHEH
MAIMEHTOB 3TOW IPYIIIBI HUYTOKHO Maja.

3AK/IIOYEHHUE

Cucrema auarHocTuku 3aboneBanuii mo BB, co-
CTOSIIasi M3 KBAJPYIOJBHOTO MAacC-CIIEKTPOMETpa

VIS
04 o
0.2 5 2
°8 o ° ,_,,—-cs"q_J 5 ©
80, o B o
Lo A A Eal S [}
" 39 L. o
00® oo %° i oo
-0.2 o
-0.
—6.4 -0.2 0 0.2 04
™

Puc. 2. [TarmenTs! o0yvaromieit (0) 1 IepBOi KOHTPOITb-
HOH (+) TPYNI ManMEeHTOB B NPOCTPAHCTBE MEPBBIX
nByx I'K.

CE — nonoxxenne neHtpoupl, 1-7 — HoMepa marueH-
TOB

MS
0.4 5
fe
o /73,79
0 2 fo) o} 7
f0Ah
B0 T &°
s
N .5 At S o---CB 0O
- o° o"o’ \O- (=]

-1 -0.5 0 0.5 1

Puc. 3. ITanuentsr o0yyaroieii (0) 1 BTOPOH KOHTPOJIb-
HOW (+) TpYNI MAIMEeHTOB B NPOCTPAHCTBE MEPBBIX
nByx I'K.

CE — nonoxenue nenrpouns!, 1-10 — Homepa nanu-
€HTOB
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U KOMIUIEKTa 0O0pabOTKH AAaHHBIX C BO3MOXXHOCTBHIO
00yueHHsI U OTpe/ICICHUs] BEPOSITHOCTH 3a00JI€BaHUs,
o0ecrieunBaeT  HEHMHBA3UBHBI  3KCIIpECC-aHAIN3
COCTOSIHMSI OOJIBHOTO. J[MarHocTuka c ompeeneHueM
BEPOSATHOCTH NPUHAMJIEKHOCTH OONBHOTO OIHOW M3
00yyaromux Trpymnil MO3BOJISIET 32 HECKOJIBKO JECST-
KOB CEKYHJI COCTaBHUTh OOIIYI0 KapTHHY BEPOSTHBIX
3a00JIeBaHMI MAallMeHTa U KBATM(HUINPOBAHHO Ha3Ha-
YHUTh JalibHElIIee 00cie0BaHue.
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EXPRESS DIAGNOSTICS OF DISEASES
BASED ON A QUADRUPOLE MASS SPECTROMETER ANALYSIS
OF EXHALED AIR
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A.V. Nefedova A. L Arsenlev3

Instltute for Analytical Instrumentation of RAS, Saint Petersburg, Russia
28t. Petersburg Clinical Scientific and Practical Center for Specialized Types
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The method is proposed for express diagnostics of diseases according to the data of mass spectrometric anal-
ysis of exhaled air. An algorithm for calculating the probability of diseases has been developed and tested. The
results of data processing of patients treated in two oncological clinics are presented. The calculation of the
probability of disease according to the data of mass spectrometric analysis of exhaled air is based on attributing
the mass spectrum of the tested patient to the mass-spectra of the corresponding control group. Each control
group is formed by collecting an array of spectra from at least ten patients with the same disease. Diagnostics is
performed by transforming the matrix of spectra of the control group and the spectrum of a patient being tested
into the space of the principal components. The probability of a disease is determined by the Euclidean distance
of the patient's coordinates from the centroid of the control group in the multidimensional space of these prin-

cipal components.

Keywords: express diagnostics of the disease, principal component analysis, multivariate probability density, multivariate

data processing

INTRODUCTION

Diagnosis of diseases based on the analysis of res-
piration has been widely used in clinical practice [1,
2] using a variety of techniques and analytical instru-
ments [3] in recent years. Such a diagnosis involves
the detection of diseases at an early stage, which is
promising. It has been established that the exhaled air
contains important biomarkers for the early diagnosis
of a number of diseases: cardiovascular, oncological,
neurodegenerative, diabetes, respiratory, etc.

In works [4, 5], biomarkers of respiration are stu-
died in concern to lung cancer, including cases of
smokers. Volatiles in the samples were pre-
concentrated by solid phase microextraction (SPME)
followed by analysis in tandem of gas chromatograph
and mass spectrometer (GC-MS). The obtained con-
centrations were analyzed in the space of the principal
components (PCA) using the first three coordinates
(PCAL, PCA2, PCA3).

The work [6] provides a detailed review of the re-
sults of research of diagnostic methods for quantita-
tive and qualitative analysis of exhaled air (EA)
composition, considers the requirements for analytical
methods and instruments for studying multicompo-
nent gas mixtures. It is noted that the analysis based
on EA has a number of advantages over the diagnos-

tics based on laboratory methods — it is relatively
cheap, takes little time and allows the detection of
searched substances in minimal concentrations. It
does not imply invasive interventions and can be
performed with any frequency, providing an opportu-
nity for a thorough study of the dynamics of physio-
logical processes. A number of markers of a wide
variety of diseases are given: for respiratory organs,
gastrointestinal tract, oncology, central nervous sys-
tem, etc. According to studies conducted in the USA,
early diagnosis of diseases, in particular of the respira-
tory system, has reduced mortality by 20 %. Require-
ments are defined for means of detection of marker
molecules taking into account the developed methods
and detection limits: the ability to simultaneously
measure and identify several biomarkers; high sensi-
tivity and high accuracy of concentration determina-
tion (at the level of 10 ppb—10 ppm); selectivity
(registration and identification of substances against
the background of high concentrations of nitrogen,
oxygen, water and carbon dioxide); speed (time of
analysis with averaging over several expirations is
about 5-10 s); ease of use in a clinical setting; the
price of one test and the cost of the device. Gas
chromatography (GC), mass spectrometry (MS), mass
spectrometry with gas chromatographic separation
(MSGC) and IR spectroscopy are considered as in-
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struments for the analysis of EA.

The authors of [7] note the need to develop a con-
venient, easy-to-use, non-invasive method for screen-
ing chronic kidney disease and the quality of dialysis
in real time. For this, it is proposed to measure the
concentration of ammonia in exhaled air, however, the
use of mass spectrometry, ion mobility spectrometry,
optical methods of laser absorption, and other equip-
ment is expensive, difficult and inconvenient for
clinical use. It is proposed to use the recently devel-
oped gas sensors — a semiconductor sensor chip
based on a polymer with nanopores.

To compare the results of the examination of sev-
eral groups of patients, various statistical approaches
were used: paired Student's t-test, Wilcoxon's test,
Kruskal-Wallis test, Dan's test, Friedman's test. Pear-
son's correlation coefficient and simple linear regres-
sion were used to assess the correlation between
expired ammonia concentrations and other diagnostic
measurements.

In work [8], the possibility of diagnosing epilepsy
by comparing the composition of exhaled air of sick
and healthy patients using the "electronic nose" is
investigated. The device data was processed by a
neural network that was trained with data from pre-
selected patients with epilepsy and its absence. The
study of the effectiveness of EA diagnostics of epilep-
sy showed its undoubted advantages in comparison
with traditional tests using electroencephalograms.

The work [9] analyzes various methods and devic-
es for collecting samples in the field followed by
analysis in a chromatograph with a mass spectrometer
as a detector, equipped with an attachment for thermal
desorption  (TD-GC-MS  analysis).  Statistical
processing of the results of measurement experiments,
in particular the concentration of isoprene, was car-
ried out using the Student's t-test and mixed linear
modeling.

In work [10], it was shown that the method of ana-
lyzing exhaled air using a gas chromatograph — ion
mobility spectrometer (GC-IMS) is suitable for early
non-invasive diagnosis of neurodegenerative diseases,
in particular, Alzheimer's disease, which is characte-
ristic of the elderly. The complex is a high-
performance diagnostic tool for real-time diagnostics
in a clinical setting.

There is an urgent need to develop effective diag-
nostic tools, especially those that can reliably detect
diseases in the early stages (before complex laborato-
ry studies) using non-invasive approaches. A key
issue in EA analysis is proper statistical analysis and
interpretation of large and heterogeneous datasets
derived from exploration studies. In this work, we
used a quadrupole mass spectrometer and a method
for processing the results of mass spectrometric analy-
sis of EA, based on determining the likelihood of a
disease by determining the assignment of the mass
spectrum of the tested patient to the mass spectra of
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the corresponding control group.

QUADRUPOLE MASS SPECTROMETER

Specifications

A quadrupole mass spectrometer used in this work
for analyzing exhaled gases is described in [11]. With
its small dimensions and weight, it provides the detec-
tion of EA components in the mass range — from 1 to
200 u, resolution in mass numbers — 0.5, registration
rate — up to 1 mass spectrum in 10 s with sensitivity
for impurity concentrations — from 0.1 ppm it is easy
to use and provides high speed analysis from air
sampling to result. Time for obtaining the analysis
results is no more than a minute.

Brief description of device operation

The analyzed gas under atmospheric pressure is
fed into electron impact ionization chamber through a
capillary inlet. The resulting ions are introduced into a
quadrupole mass analyzer. The mass spectrometric
signals obtained during the registration process are
processed using specialized software and compared
with the spectra in the library of standard mass spec-
tra, then the individual components of the spectrum
are identified and their concentration is determined.
The heated capillary system for introducing a sample
into the mass spectrometer allows analysis at a dis-
tance of up to 5 m from the instrument. The sample
flow rate is about 5 pL/s. The vacuum system uses a
turbomolecular and a diaphragm pump.

An important advantage of the device is its small
dimensions (see [11]), which allows its rapid move-
ment from one medical institution to another for
screening examinations of large groups of the popula-
tion.

DATA PROCESSING

During a mass examination of the state of health of
the population, as a rule, there is no preliminary
information about the nature of a patient's illness.
When diagnosing the state of health of patients by
analyzing the exhaled air, it is advisable to register the
entire spectrum of exhaled gases (markers of diseases)
and then compare it with the data of one of the control
groups with a known disease. The EA data of each
patient in this group can be represented as a point in a
multidimensional space. The combined data of all
patients in a group forms a "cloud" of initial parame-
ters. The closer the point defining the spectrum of the
tested patient is to the center (centroid) of this
"cloud", the more likely it is that the patient either
suffers from a disease of the control group, or is
healthy if it is a control group of healthy patients.
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Let x, ; be the j-th parameter (in this case, the in-

tensity of the spectral component) of the i-th patient in
the control group, i=1,2,....,/ and j=12,....J, and a
set of values for patients / for registered EA compo-
nents J form (I ,J ) the training matrix X, the col-

umns of which will be denoted as X;:
X=[X,... X5, X, ] [12].
The vector X ; is a random variable. For simplici-

ty, we will assume that the components of this vector
are normally distributed with average value X, and

variance 0'12.. Then the elements of the matrix X form
in the J-dimensional space a "cloud" (let us denote it
as G) of 7 xJ points with a centroid at a point X
which coordinates are X :[Xl,)_(z,...,)_(J].The

tested patient suffers from the same disease (or is
healthy) as the control group, if the measured vector
of the parameters of the EA is

Xd = X415 Xg2,--»X, ; |, Where X, ;18 the parameter

value, that refers to the J-dimensional space G, i.e.
X, € G This condition is satisfied if the probability

P of the deviation of the point X, from the centroid

X does not exceed a certain threshold ¢ . To deter-
mine this probability, we construct a multivariate
probability distribution of the event referring to the
space G, assuming that this distribution obeys the
normal law [13]:

!

P(X,)=w eXp{‘%(Xd -X) K3 (X, - )‘()}

(M

X, €G,
where K, is  the  covariance  matrix
K, =E[(X—)_()-(X—)_() }, E — the expected

value symbol, (") —-the symbol of the matrix trans-
position, W — the normalizing factor. Obviously, the
probability P of this event is equal to one if for the

next patient it turns out that X, =X. This condition is

satisfied taking W=1 in formula (1). Then the condi-
tion of the patient's referring to the control group has

the form: P(X,)<a, where the valuea is selected

by the method of expert evaluation.

However, the direct use of formula (1) to calculate
the value of P is associated with significant computa-
tional difficulties caused by the presence of a large
number of parameters J and correlations between the
columns of the matrix X . To compress data, reduce the
dimensionality of space G, orthogonal data transforma-
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tion into the space of principal components is used —
the Principal Component Analysis (PCA) [14].

To go to the principal component (PC) space, a
new matrix is formed, consisting of all rows of the
matrix X and arow X, . Let's designate this matrix as

XI. Then in the new coordinate system:

A
XI=T-P'+e=)tp’ +e,

j=1

where p,are the eigenfunctions of the covariance
matrix K, . The matrix T is called the T-scores
matrixTZ[Tl,Tz,...,TA] , its dimensionality is (/ X A);
the matrix P is called the matrix of loads, its dimen-
sion is (I X A) ; € 1s a matrix of residuals (noises) of

dimension (IXJ); column vectors T, (jz(l,Z,...,A))

are called principal components (PC), 4 is the number
of principal components. The value 4 is significantly
less than the number of variables J. This means that
the main information about the patient's condition is
concentrated in the first few PCs. The last row of this
matrix, the vector T, is the coordinates of the parame-
ters of the tested patient in the PC space:
T, =[tslygremrly s |-

The average values of the T matrix columns are
zero, and the variance is a vector 6 with elements
GJZ. =1

j

i.e. eigenvalues of the covariance matrix.

The property of the PC expansion is such that the
variance rapidly decreases already to the fourth PC,
and the columns of the matrix are uncorrelated, i.e.

TT 0
mn_/l‘

J

TIpH 1 # M,
IIpH 71 = M.

Taking this circumstance into account in the new
coordinate system, formula (1) has the form:

, 412
P(Td):exp{—% 6 Td}zexp{—%zd_’;}, (2)
J=1 Y

and the Euclidean distance from the patient with index
d to the centroid of the training group is

D(d)= > . 3)

DESCRIPTION OF THE ALGORITHM

Data processing consists of two stages: fraining
and diagnostics.
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At the training stage K of matrices is formed
X*, k=1,2,...,K with data on the intensity of the
EA spectrum for each type of diseases. The number of
rows I*of each matrix must be several times greater
than the number of columns J*.

At the diagnostic stage the following sequence of
operations is performed:

1. The parameters of the EA of the diagnosed pa-
tient are measured and a row  vector

X, = {xd,l,xd,z,...,xd’J} is formed.

2. A new matrix XI* :[X";XdJof dimensions

((1 ki 1) xJ k) is constructed, the last row of which is

avector X, .

3. This matrix is normalized, for example, to the
maximum value of its elements.
4. Using the algorithm of the PC method, the score

matrix T* and the vector of eigenvalues A* are

calculated [15].
5. The number of the first columns A4 of the matrix

Macc-cnektp BB 6onbHoro

25

1.5

0.5

NHTEeHCUBHOCTBL, OTHOC. ea,.

a ¢ 6 6 ¢ < < )
50 52 53 55 56 57 58 59 60 64 67 68 69 70 71
Macca, a

Tab. 1. Measured probability of illness for patients
of the first control group

Patient Euclidean Probability of

distance disease
1 0.0116 0.9854
2 0.1076 0.1888
3 0.1499 0.2055
4 0.2044 0.1164
5 0.2554 0.2864
6 0.2892 0.3458
7 0.3247 0.1197
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T is determined from the condition G:‘ =J/1f <e.

In this case, without loss of reliability, we can set
£=0.001-0.01. The Ilast row of the matrix

T ={t" tf t* } is the principal components of

d q127d29°0 0,y
the EA parameters of the diagnosed patient.
6. The probability P(T‘f) is determined by the

formula (2).

7. Go to item 2 (k = k + 1) to determine the proba-
bility of attributing tested patient to other group of
diseases.

8. Analysis of the results of calculating the proba-

bility P(Tj ), k=12,...,K forall diseases K in order

to determine the most likely.

ALGORITHM CHECK

Let us illustrate the above theory on one group of
43 patients diagnosed with the same type of oncolo-

Fig: 1. Mass spectrum of EA of the examined patient.
Weight 53 — isoprene, 58 — acetone, 60 — vinegar,
67 — isoprene (?), 69 — pentin; 59 — a still unrecog-
nized biomarker identified in some oncological patients

Tab. 2. Measured probability of illness for
patients in the second control group

Patient Euclidean Probability of

distance disease
1 2.8791 0.0159
4 4.5739 0.0000
3 4.7337 0.0000
2 5.5927 0.0000
5 5.6321 0.0000
8 5.7129 0.0000
9 5.7322 0.0000
6 5.8520 0.0000
10 5.8635 0.0000
7 5.9168 0.0000
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Fig. 2. Patients of the training (0) and the first control (+)
groups of patients in the space of the first two PCs.
CE — centroid position, 1-7 — patient numbers

gy". This group is divided into two: training (36
patients) and control (7 patients). In this case, the
concentration of EA components of the first patient
from the control group, for example, coincides with
the centroid of the training group. Another control
group of 10 patients with other oncological diseases
was recruited to test the effectiveness of the algorithm
either.” Patients of both control groups were assigned

serial numbers, respectively, d= (1,2,3,...,7) and
d =(1,2,3,..,10).

Fig. 1 shows an example of a mass spectrum of EA
of one of the patients in the first (training) group. Out
of each control group, we select data on EA in turn
and perform pp. 1-6 of algorithm. It turns out that it is
enough to assign 4 = 6, since 0:‘ = 0.

Using formulas (3) and (2), the Euclidean distance
from the centroid of the training sample and the
probability of diagnosing the oncological disease in
the control patient are calculated. For each control
group, these results are recorded in Tab. 1 and 2. In
Fig. 2 in the space of the first two PCs (T1 and T2),
the coordinates of the patients of the training (o) and
the first control (+) group are shown. According to the
data of Tab. 1 it can be seen that as the EA coordi-
nates move away from the centroid for this control
group, the probability of oncology decreases, but
remains high. It should be noted that this probability

D Data on EA of this group of patients were provided by
the state budgetary healthcare institution "St. Petersburg
Clinical Scientific and Practical Center for Specialized
Types of Medical Care (Oncological).

Y'EA data for this group of patients are provided by the
Leningrad Regional Clinical Oncology dispensary.
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Fig. 3. Patients of the teaching (o) and second control (+)
groups of patients in the space of the first two PCs.
CE — centroid position, 1-10 — patient numbers

also depends on the location of the patient's coordi-
nates in the six-dimensional (in this case) PC space:
the larger the projection onto the first PCs, the greater
this probability.

In Fig. 3 in the space of the first two PCs (T1 and
T2), the coordinates of the patients of the training (o)
and the second control group (+) are shown.

It turned out that all patients in this group (except
for the first one) are outside the "cloud" of the training
sample. Tab. 2 shows that the likelihood of a presence
of oncological diseases for this group of patients is
negligible.

CONCLUSION

The system for the diagnosis of diseases by EA,
consisting of a quadrupole mass spectrometer and a
data processing set with the possibility of training and
determining the probability of the disease provides a
non-invasive rapid analysis of the patient's condition.
Diagnostics with the determination of the likelihood
of a patient attributing to one of the training groups
allows for a few tens of seconds to compile an overall
picture of the patient's probable diseases and to pre-
scribe a further examination in a qualified manner.
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