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HPUMEHEHHUE METOA0B MCKYCCTBEHHOI'O UHTEJIVIEKTA
B AHAJIM3E JAHHBIX KBAJIPYIIOJIBHOI'O MACC-CIIEKTPOMETPA

Lensio rccnenoBanust OBIIO MPOAEMOHCTPUPOBATH BO3MOKHOCTH KIIacCH(DUKAIIMK U pa3eieHus Ha KJIacTephl JaH-
HBIX U3MEPEHUH MaiorabapuTHOTO KBAAPYIIOIBEHOTO Macc-criekTpomerpa MC7-200 ¢ mpsMBIM BBOJOM TIPOOHI ITPH
aTMocepHOM agaBieHnH, paspadoranHoro B HAIl PAH. [Insa xiacrepuzamuyl pe3yiabTaTOB MAacC-CIIEKTPO-
METPHIECKUX M3MEPEHHI HCIIONIB30BAINCH METO]] TJIABHBIX KOMIIOHEHT (I CHIDKEHHS Pa3MEPHOCTH TOIyYSHHBIX
JIAaHHBIX) U METOJ| MalllMHHOTO 00y4eHus k-cpeanux. B kauecTBe 0OBEKTOB U3MEPEHUH HCHONB30BaiCh 19 00pas-
OB (DepMEHTHPOBAHHOW KHUCIIOMOJIOYHOW NPOJYKIMH ABYX IpyNIl. B nepByio rpynmy Bolum o0pasipl MpoayKIUU
OT MH/IMBUYaJbHBIX (PEPMEPCKUX XO3SHMCTB, BO BTOPYI0 — 00pa3iibl NPOMBIIIIEHHOW HpoayKiuu. beuta mocras-
JIeHa 3aJjaya aBTOMAaTHUYECKH PAcIO3HATh NIPUHAUIEKHOCTh U3MepsieMoro obpasua rpynmne. Ha n3amepenHsix macc-
CTIEKTPOMETPUUYECKUX JaHHBIX 3THX 00pa3loB B ABYMEPHOM MPOCTPAHCTBE INIABHBIX KOMIIOHEHT OBIIH MOCTPOEHBI
paszienuMble 2 KIacTepa, COOTBETCTBYIOIIHE 2 TpyIaM 00pasIoB.

Knroueswie cnosa: MaCC-CHeKTpOMeTpI/I'{eCKI/Iﬁ aHaJiu3, N1UueBas MpOMbIIIIEHHOCTb, MOJIOYHAad NIPOAYKIUA, METO

TJIAaBHBIX KOMITIOHCHT
EDN: SQFAJA

BBEJAEHUE

C NOBBIIICHNEM BHHUMAaHUS K Ka4eCTBY M Oe3omac-
HOCTH IHIIEBBIX MPOAYKTOB CTAHOBUTCS HEOOXOAUMO
pa3pabotatb 3¢ eKTUBHbIE HHCTPYMEHTHI JJIsl aHaJIH-
3a CJIOXKHBIX 00pa3noB. MeTon Macc-CHeKTPOMETPUHN
(MC) mpencrasisier co0oi YHHBEPCATbHYIO TEXHOJIO-
THIO IS aHAJIKM3a COCTaBa MUIIEBBIX IPOIYKTOB C BbI-
COKOM UyBCTBUTEIBHOCTBIO M CEJIEKTUBHOCTEIO [1-4].
Metonst MC Bce mmupe MPUMEHSIOTCS B THIIEBOU
NPOMBIIIIEHHOCTH Onarofapsi CBoeil MpocToTe, KO-
HOMHUYHOCTH U BBICOKOM MPOU3BOJUTENBHOCTH [5—6].
s 3Kcmpecc-IMarHOCTUKH B PEXHUME PeabHOTO
BpeMEHHM ObUI peann30BaH METOJ Ta30BOM Macc-CIek-
tpomerpun. [lomydaemass B pesynpTaTre Macc-CIEK-
TPOMETPHUYECKOTO aHAIN3a COBOKYITHOCTH MHOTOMED-
HBIX JTAHHBIX TPeOyeT COBPEMEHHOW MaTeMaTHYeCKOn
o0pabotku. C 3Toi menmpio MIsi 00pabOTKM JAaHHBIX
MNPUMCHAIOTCA METOJ TIJIAaBHBIX KOMIIOHCHT M KJlla-
CTEepHBIN aHanmm3 [7].

Meton k-cpemnmnx (k-means) sBiIsieTCS OJHUM
u3 HauOoJiee MOMYNSAPHBIX aJIrOPUTMOB KiacTepU3a-
ouu, KOTOpI:Iﬁ HCIOJIB3YCTCA JI pa3ACIICHUA JaHHbIX
Ha k rpynm (kimactepoB) Ha OCHOBE MX CXOicCTBa [8].
B xoHTEKCTEe MHTEIJIEKTYalIbHOTO KOHTPOJISI KauecTBa
MUIIEBON MPOJYKIMK METOJ| K-CpeJHUX IO3BOJIIET
KIIACCH(HUIIMPOBATH 00pa3Ibl MPOAYKIIMH HAa OCHOBE
UX XHMHYECKOTO COCTaBa, YTO YIPOIIAeT aHaJIH3
¥ KOHTPOJIb Ka4eCTBa, II03BOJISIET TOBBICUTH TOYHOCTD
aHali3a 3a CUeT ONpeNeNeHUs T'paHHIl MEXAY pas-
JMYHBIMH KJIACCaMU 00pa3L0B NPOLYKIIMU U BU3yaJlu-
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3UpOBaTh AaHHBIE B BUJE KJIACTEPOB, YTO OOJErvaeT
MOHMMaHHE CTPYKTYPHI TAaHHBIX U IPUHITHE PEIIeHUN
Ha OCHOBE MOJTYYEHHBIX PE3yIbTaTOB [9].

Llenpro JaHHOTO HCCIEIOBaHMS OBIIO TPOAEMOH-
CTPUPOBAaTh BO3MOXKHOCTH pa3pa0OTaHHOTO MpO-
rpaMMHO-aNIapaTHOTO KOMIUIEKCA B TMOBBIIICHHU
3¢ (HEeKTUBHOCTH KOHTPOJS KadecTBa (hepMEHTHPO-
BaHHOH MOJIOYHOH mponykuuu. B xonae paboTsl ObLT
MPOBEIEH MacC-CIIEKTPOMETPHIECKHUIT aHATIHU3 COCTaBa
ra3oBoii cpenbl 19 00pa3noB pepMEeHTHPOBAHHOH MO-
JIOYHOU TPOAYKIUHU OT (PepMEpCKUX M IPOMBIIILICH-
HBIX MPOW3BOAUTENECH. AHATU3 POBOAMIICS B peallb-
HOM BPEMEHHM Ha MayorabapuTHOM KBaIPYHOIEHOM
Macc-criekrpomerpe MC7-200 ¢ mpsMbIM Karmujuisip-
HBIM BBOJIOM MpPOOBI MpH aTMOC(HEPHOM AaBJICHUH,
C HCHOJIb30BAHUEM CIIC[HAIBEHO MOATOTOBICHHBIX
MEJIUIIMHCKHX IIITPHIIOB JiIs B3sTUs 1po0 [10—12].

MATEPHAJIBI U METOJbI UCCJIEJOBAHUA

B pabote 6b11H MccnenoBaHbl TPOOKI TA30BOTO CO-
CTaBa CpeJ/ibl BO3/IyXa y MOBEPXHOCTH 00pasloB ¢ep-
MEHTHUPOBAaHHOW MOJIOYHOM MNpOAYKLMH. AHAIN3 CO-
cTaBa MMpo0 MPOU3BOAMICA HA MAJIOTabapUTHOM KBa/I-
pymnonbsHOM Macc-ciekTpomerpe MC7-200 ¢ mpsMbiM
KalmWUIAPHBIM BBOJIOM MpPoObI Tpu aTtMochepHOM
namieHuu, paspadorannom B MAIT PAH [13]. Ot6op
npo0 BO3AyXa MPOU3BOIMICS C UCIOIB30BAHHEM Me-
JTUIMHCKUX IIIPUIIOB 00beMOM 20 MJI HEIoCpesCT-
BEHHO U3 yMAaKOBKU 00pasioB npoaykiuu. Mcnomnb3o-
BAaHUC TAKUX MIINPHULOB IMMOMOIracT IMOJIYYUTH TOYHBIN
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10. B. JIAMHWHA wu np.

Macc-CIEeKTp, KOTOPBIH He MCKaxeH (POHOBBIMHU TIpH-
MECSIMH.

bouin mpoBeneHsl HMCCIENOBaHUS ABYX TPYIHII
(bepMeHTHPOBaHHOW MOJO4YHOW Tpoxykuuu. [lepBas
rpynma Obiia mpencTaBieHa 14 obpasmamu dhepmen-
THPOBAHHOM MOJIOYHOW IIPOAYKIUU OT UHIAUBUYaJlb-
HBIX (epMepCcKuX XO03sSUCTB. Bo BTOpyro rpymmy BO-
ol 5 00pas3ioB MPOMBIIUIEHHOH (hepMeHTHpOBaH-
HOW MOJIOYHOHW Tpoaykiuu. Bcero Oputo mpoanamm-
3upoBaHo 19 00pasos.

Hnst o0paboTKM ¥ BH3yalW3allMd TOJYYEHHBIX
JAHHBIX OB HCHOJNB30BaH METOJ IJIABHBIX KOMIIO-
HeHT (MI'K) — wmeron mammuaHOTrO 00yueHHs 6e3
YUUTENIs, YacTO MCIOJIb3yEMBbIH ATl aHANK3a JaHHBIX
¢ OOJIBIIUM KOJIMYECTBOM mapameTpoB [14]. JlaHHbIi
METOA IO03BOJIIET CHU3UTh YUCIIO MPU3HAKOB, BHIOPAB
CaMbI€ U3MCHYMBBLIC U3 HHUX, IJId 3TOTO MPOUCXOIUT
NnepexoJ K HOBBIM NMEPEMCHHBIM — TJIABHBIM KOMIIO-
Hentam (I'K). Anroputm momOupaer Beca Uil TiIaB-
HBIX KOMITOHEHT TakuM oOpaszom, uyToobl I'K1 u I'K2
MMeNTH HanOOJBIIYI0 BRIOOPOYHYIO IUCTIEPCHIO U TIPH
3TOM HE KOPPENUPOBAIU APYT C APYTOM, UYTO [TOMOTa-
eT OOpOThCSI ¢ MYJIBTUKOJUIMHEAPHOCTHIO B MAcCCHBE
JaHHbIX. B PE3YIbTATC aHaIn3a JaHHBIM METOJI0OM MBI
MOKEM BH3YaIN3UPOBATh IOJIydEeHHBIE JAAaHHBIE B MPO-
crpanctBe TiaBHBIX kommoHeHT (I'K1, I'K2) B Bume
TOUEK, KaX/Jas M3 KOTOPBIX COOTBETCTBYET OTIENb-
HOMY MOJIOYHOMY IPOIYKTY.

Hanee ObLT MPUMEHEH KJIACTEPHBIM aHaIH3 METO-
nom k-cpemamx (k-meansclustering) [15]. Ilocme
MNPpUMCHCHHUA METOJa TJIaBHBIX KOMIIOHCHT MbI
NOJYYMJIM HOBBIE IPU3HAKH, KOTOPBIC SBIISIOTCS
JUHEHHBIMM KOMOMHALMSIMH HMCXOIHBIX IPH3HAKOB.
Takum 00pa3oM, MBI YMEHBIIWIM Pa3MEpHOCTb
JMaHHBIX C HaWMEHbIIeH moTepe wWHPOpMaHUH
0 NPOAYKIIUH.
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Hns TPYIITUPOBKU o0pasIoB MOJIOYHOM
MPOAYKIIMA Ha OCHOBE WX CXOJCTBA B JIaHHOM
WCCIIEIOBAHNY TIPUMEHSIICS METO/| KilacTepu3anuu k-
CpPEeIHUX, JUISI OIEHKM KauyecTBa KJacTepu3allid HcC-
MOJIb3YETCsl 3HAUYCHUE J: yeM MEHbIe 3HaueHue V),
TeM Jydilie pa3oreHue

k
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i=1 xeS§;

T/ie k — YHUCIIO KJIaCTEPOB, S; — IOIyUYeHHBIE KIIacTe-
peL, i=1,2, ..., k ¥ y; — UEHTPOUABI BCEX BEKTOPOB X
n3 Kiacrepa S;.

Koneunas nens mMetoma k-cpemHuUX — pas3aennTh
MHOKECTBO OOBEKTOB Ha k KIACTEPOB TaK, YTOOBI
O00BEKTHl ~ BHYTPH  KaXAOTO  Kjactepa  ObUH
MaKCHMAaJIbHO OJIM3KH JAPYT K APYTY, a OOBEKTHI U3 pa3-
HBIX KJIACTEPOB OBUIN MaKCUMAJIbHO JAJIEKH.

PE3VJIbTATBI U OBCYXXAEHUE

B pesynbraTe sKCHIEpUMEHTAIBHOIO UCCIIEJOBAHMS
OBbUIN NOJTy4EHBl MacC-CIIEKTPHI TA30BOI'0 COCTAaBA IS
19 00pa3ioB GpepMEHTUPOBAHHON MOJIOYHOM MPOIYK-
LUH.

CpaBHUTENBHBIE MAcCC-CIEKTPBI Ta30BOI0 COCTaBa
obpasna 1 ¢pepMeHTHPOBAaHHON MOJIOYHON TTPOAYKIIUN
OT WHAWBUAYAIBHOTO (EpMEPCKOTO XO3sIHCTBA M 00-
pasua 19 npomplIeHHOW TPOAYKIMU TPEICTABIEHBI

Ha puc. 1.
OcHoBHBIE IHKHU: 55 Macca, 56 macca, 58 macca —
arieton C;HgO; 60 macca — yKCycHash KHCIOTa

C,H,;0,; 69 macca — ckBanen C;)Hso; 84 macca —
KkpuntoH Kr.
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Obpazen 19

Puc. 1. Macc-criekTpsl Ta30BOro cocTaBa odpasua GpepMeHTHUPOBAHHON MOJIOYHOW NMPOAYKIMU OT WHIUBHIYaIbHBIX
(depmepckux xo3stiicTB (00paser] 1) u o0pasiia MPOMBINIUIEHHOH npoaykiuu (odpaserr 19).
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IMPUMEHEHUWE METO/JIOB UCKYCCTBEHHOI'O MHTEJIJIEKTA
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Puc. 2. Pesynbrar knacrepuszanuu 19 00pa3ioB GpepMeHTUPOBAHHON MOJIOUHOM MPOIYKITUH METOIOM k-CpeiHuX.
I'pynna 1 — depmepckas NpogyKIHst, TPyIIa 2 — NPOMBIIIIICHHAs TPO YKL

Campr1it 0ONBIION TIHK arleTOHa y IepBOTo 00pasia,
OH 00NalaeT HauMeHbIeH KkupHOCThIO 1.5% W Hau-
MEHBIIINM CPOKOM XpaHEHUs — 5 cyTok. Y oOpasma
6 muk Ha 69 macce. [IponyKT UMeeT caMylo TYCTYIO
U BS3KYI0 KOHcucTeHuuio. Kpuntona B nmpode MeHb-
me, 9eM B atMocdepe. DTO CBS3aHO C TE€M, YTO NPHU
U3MEPEHHUSX MbI BBIUUTACM aTMOCQEpPHBIH Macc-
CIIEKTP W3 Macc-CIeKTpa MpOOBI U, TAaKUM 00pa3oM,
BUJIIM pe3yJIbTUPYIOIIMNIA Macc-criekTp [16].

Jamnee ObLT MpoOBeNIeH KIACTEPHBIN aHAN3 UCXO-
HOro mMaccmBa JaHHbIX C IIOMOIIbKO METOAA k-
cpenHux. B pesynbraTe ObUTH BBIJIEJIEHBI 1BE I'PYIIIBI
00pas3ioB (pepMEHTUPOBAHHON MOJIOYHOM PO YKIIHH.
[Tepras rpymmna Bkitoyaet 16 00pa3oB OT WHAUBHILY-
aNbHBIX (DePMEpPCKUX XO3SIMCTB W 2 oOpasma Mpo-
MBIIUICHHON NPOAYKIIMU, a BTOpas rpymmna — 3 00-
pasia NPOMBIIUIEHHON POAYKIHIH.

BusyansHoe mpencTaBleHHE KIACTEPH3AIUU HC-
XOJHOTO MacCHBa JAaHHBIX METOAOM K-CpelHHX IaHO
Ha puc. 2.

BBIBObI

B xone pa3BuTHS ITPOrpaMMHO-aNMapaTHOro KOM-
IUIEKCAa Ha OCHOBE MaJIOrabapuTHOrO KBaPYMOIbHOIO
Mmacc-ciektpomerpa MC7-200 paspabotkun  HAII

HAYYHOE [NPUBOPOCTPOEHME, 2025, Tom 35, Ne 1

PAH Obuta mpemioxeHa METOAWKA IJISI KOHTPOIS
ra3oBoro cocraBa ()epPMEHTUPOBAHHOW MOJIOYHOM
MPOAYKIIMA C HWCHOJIB30BaHMEM METOJOB aHAJIN3a
MHOTOMEPHBIX JTaHHBIX. [IpoBeeHHbIE Tab0paTOpPHbIE
UCTBITaHUS (PEPMEHTHPOBAHHOM MPOLYKLUHU U HOJIY-
YeHHBIE Pe3yNbTaThl CBHIAETENHCTBYIOT 00 d(hdeKTrB-
HOCTH MCTOJUKH. Cee IIOMOIIBIO MOXKET 6BITI:- pemie-
Ha mpoOiieMa KOHTPOJS KadecTBa H3TOTOBJICHHOM
(hepMEHTUPOBAHHOW MOJIOUHOM MPOMYKIMH. Takke
pa3paboTaHHasi cuUCTeMa I[O3BOJISIET PEIIUTh IIPO-
O5eMy COOTBETCTBHSI BBIITyCKaeMOW MPOJYKIUH ycTa-
HOBJICHHBIM HOpMaM Ha MPOM3BOAIINX MPEATPUATH-
ax. Kpome Toro, maHnas pa3paboTka MO3BOJHT elle
Ha paHHUX CTAaAUAX HU3TOTOBJICHHA OTCICAUTL pas-
JIMYHBIE HAPYIIEHN TEXHOJIOTUHU IPOU3BOJICTBA.

Takum o0pa3zom, HacTosiIee UCCIeOBaHUE TOKa-
3bIBAET IEPCHEKTUBHOCTh MCIIOJIB30BAHUS  Macc-
CHEKTPOMETPHUUECKOTO MIPOrpaMMHO-aNapaTHOr O
KOMILJICKCA B PELICHUH HE TOJBKO Cyry0O Hay4HBIX,
HO 1 TCXHUKO-IIPOMBINIJICHHBIX 3a/a4.
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APPLYING ARTIFICIAL INTELLIGENCE TECHNIQUES
IN QUADRUPOLE MASS SPECTROMETER DATA ANALYSIS

Y. V. Lyamina, Yu. A. Titov, A. G. Kuzmin, A. Yu. Zaitseva

Institute for Analytical Instrumentation of RAS, Saint Petersburg, Russia

The aim of the study was to demonstrate the capabilities of classification and division into clusters of mea-
surement data of the compact quadrupole mass spectrometer MS7-200 with direct sample injection at atmos-
pheric pressure, developed at the IAI RAS. To cluster the results of mass spectrometric measurements, the prin-
cipal component analysis (to reduce the dimensionality of the obtained data) and the k-means machine training
method were used. Nineteen samples of fermented milk products were used as measurement objects, divided
into two groups. The first group included samples of products from farms, the second included samples of in-
dustrial products. The task was to automatically recognize the belonging of the measured sample to the group.
Based on the measured mass spectrometric data of these samples, two separable clusters were constructed in the
two-dimensional space of principal components, corresponding to two groups of samples.

Keywords: mass spectrometry, food industry, dairy products, principal component analysis
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INTRODUCTION

The growing focus on food safety and quality ne-
cessitates the development of efficient instruments for
the examination of intricate samples. The mass spec-
trometry (MS) method is a universal technology for
analyzing the composition of foods with high sensitiv-
ity and selectivity [1-4]. MS methods are increasingly
used in the food industry due to their simplicity, cost-
effectiveness, and high productivity. [5-6]. For ex-
press diagnostics in real time, the method of gas mass
spectrometry was implemented. The set of multidi-
mensional data obtained as a result of mass spectro-
metric analysis requires modern mathematical
processing. For this purpose, the principal component
analysis and cluster analysis are used for data
processing [7].

The k-means method is one of the most popular
clustering algorithms, which is used to divide data
into k groups (clusters) based on their similarity [8].
In the context of intelligent quality control of food
products, the k-means method allows you to classify
product samples based on their chemical composition,
which simplifies the analysis and quality control,
which makes it possible to increase the accuracy of
analysis by determining the boundaries between dif-
ferent classes of product samples and visualize data in
the form of clusters, which facilitates understanding of
the data structure and making decisions based on the
results obtained [9].

The purpose of this study was to demonstrate the
capabilities of the developed software and hardware
complex in improving the efficiency of quality control
of fermented dairy products. In the course of the
work, a mass spectrometric analysis of the composi-
tion of the gaseous medium of 19 samples of fer-
mented dairy products from farm and industrial pro-
ducers was carried out. The analysis was carried out in
real time on a small quadrupole MS7-200 mass spec-
trometer with direct capillary injection at atmospheric
pressure, using specially prepared medical syringes
for sampling [10-12].

STUDY MATERIALS AND METHODS

Samples of the gas composition of the air medium
at the surface of samples of fermented dairy products
were studied. The analysis of the sample composition
was carried out on a small-sized quadrupole mass
spectrometer MS7-200 with direct capillary injection
of a sample at atmospheric pressure, developed at the
IAI RAS [13]. Air samples were taken using 20 mL
medical syringes directly from the product sample
packaging. The use of such syringes helps to obtain an
accurate mass spectrum that is not distorted by back-
ground impurities.

Two groups of fermented dairy products were
tested. The first group was represented by 14 samples
of fermented dairy products from individual farms.
The second group included 5 samples of industrial
fermented dairy products. A total of 19 samples were
analyzed.

To process and visualize the obtained data, the
principal component analysis (PCA) was used —
a method of machine training without a teacher, often
used to analyze data with a large number of parame-
ters [14]. This method allows you to reduce the num-
ber of features by selecting the most variable of them;
for this purpose, there is a transition to new variables
— principal components (PC). The algorithm selects
weights for the principal components so that PC1 and
PC2 have the largest selective variance and are not
correlated with each other, this helps to avoid multi-
collinearity in the data array. As a result of analysis by
this method, we can visualize the obtained data in the
space of the main components (PC1, PC2) in the form
of points, each of which corresponds to a separate
dairy product.

Next, cluster analysis was applied using the k-
means clustering method [15]. After applying the
principal component analysis, we obtained new fea-
tures that are linear combinations of the original fea-
tures. Thus, we reduced the dimensionality of the data
with the least loss of information about the product.

To group dairy samples based on their similarity,
the k-means clustering method was used in this study,
the V value is used to assess the quality of clustering:
the smaller the } value, the better the division

szk:Z(x_rui)z’

i=1 xeS§;

where £ is the number of clusters, S; are the resulting
clusters, i = 1, 2,..., k and y; are the centroids of all
vectors x from the S; cluster.

The ultimate goal of the k-means method is to di-
vide the set of objects into k clusters so that the ob-
jects within each cluster are as close to each other as
possible, and the objects from different clusters are as
far away as possible.

RESULTS AND DISCUSSION

As a result of the experimental study, mass spectra
of the gas composition for 19 samples of fermented
dairy products were obtained.

Comparative mass spectra of the gas composition
of sample 1 of fermented dairy products from a farm
and sample 19 of industrial products are presented in
Fig. 1.



Fig. 1. Mass spectra of gas composition of a sample
of fermented dairy products from farms (sample 1)
and a sample of industrial products (sample 19)

Main peaks: 55 mass, 56 mass, 58 mass — acetone
C;HO; 60 mass — acetic acid C,H40,; 69 mass —
squalene S3oHso; 84 mass — krypton Kr.

The largest peak of acetone is in the first sample, it
has the lowest fat content of 1.5% and the shortest
shelf life — 5 days. Sample 6 has a peak at 69 mass.
The product has the thickest and most viscous consis-
tency. There is less krypton in the sample than in the
atmosphere. This is due to the fact that during mea-
surements we subtract the atmospheric mass spectrum
from the sample mass spectrum and, thus, see the re-
sulting mass spectrum [16].

Next, a cluster analysis of the original data array
was carried out using the k-means method. As a re-
sult, two groups of fermented dairy product samples
were identified. The first group includes 16 samples
from individual farms and 2 samples of industrial
products, and the second group — 3 samples of indus-
trial products.

Visual representation of clustering the original
k-means dataset is shown in Fig. 2.

Fig. 2. Clustering result of 19 samples of fermented
dairy products using k-means method.

Group 1 — farm products, group 2 — industrial
products

CONCLUSIONS

In the course of developing the hardware and soft-
ware complex based on the small-sized quadrupole
mass spectrometer MS7-200 created by the IAI RAS,
a method was proposed for monitoring the gas com-
position of fermented dairy products using multidi-
mensional data analysis methods. The laboratory tests
of fermented products and the results obtained indi-
cate the effectiveness of the method. With its help, the
problem of quality control of manufactured fermented
dairy products can be solved. The developed system
also allows solving the problem of compliance of
manufactured products with established standards at
manufacturing enterprises. In addition, this develop-
ment will allow tracking various violations of produc-
tion technology at early stages of production.

Thus, the present study demonstrates the potential
of using a mass spectrometric hardware and software
complex in solving not only purely scientific, but also
technical and industrial problems.



