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.: [
AHHOT anus.

MonouHas NpOAYKIUSA ABJIACTCA O)IHOﬁ N3 OCHOBHBIX COCTABJIAIOIIMX B IMTAHWUU HACCIICHUS. nOSTOMy KOHTPOJIb Ka4ye€CTBa
¥ 0€30MacHOCTH TaHHOU MPOAYKIHNH HMeeT Oomnpuiee 3HaueHne. OnHUM U3 3 (HEKTUBHBIX HHCTPYMEHTOB TAKOTO KOHTPOJIS
SABIISIETCSI Macc-crekTpomeTpust. Llens paboTsl 3akiiouanack B UCCIEIOBAHUH BO3MOKHOCTH MPUMEHEHUS ra30BOr0 Macc-
CHEKTPOMETPUYECKOT0 aHalln3a JUIsl OLIEHKM COCTaBa U KayecTBa 00pa3IloB pa3IMYHON MOJIOYHON MPOAYKIIMH Ha TpUMeEpe
MPOMBIIUIEHHBIX HOTYPTOB.

O6BexTaMu UCcCIeI0BAHNUS SIBISUIACH 11 00pa3ioB «CBEKUX» U «yCKOPEHHO MPOCPOUEHHBIX)» HOTYPTOB C Pa3HBIMU ITHIIEBEIMA
nobaBkamu. CocTaB M KaueCTBO JaHHBIX 00pa3IloB OLEHUBAIHN ¢ ITOMoIIbI0 pa3paboranHoro B ATl PAH manorabaputHoro
KBaAPYHOJIBHOTO ra30Boro Macc-crekrpomerpa MC7-200 ¢ noHusanueii «3JeKTpOHHBIM yaapom». [Ipu 3ToM ncnonb3oBaau
METOIUKY 0TOOpa ra30BBIX BBIJCICHUI aHATHM3UPYEMBIX 00pa3IIOB U HCIIOJIB3YEMBIX AT X YIaKOBKH MaTE€PHAJIOB, a TAKXKe
METOJINKY «yCKOPEHHOTO 3aKHCIICHHs 00pa3moB. [IpoBoaANIN «MHTEIUIEKTyaIbHYI0» MaTeMaTHIECKyI0 00pabOTKy HOITydSeHHBIX
JIaHHBIX C MCIIOJIb30BAaHMEM METO/I0B MHOTOMEPHOT'O CTATUCTUYECKOTO aHaIn3a.

B xoje ncciaenoBaHus BBIIEYTIOMSHYThIE 00pas3Ilbl yanoch JOCTOBEPHO AU PepeHInPOBaTh (10 COOTHOMEHHSIM HHTEHCHB-
HOCTe MUKOB pu m/z = 55, 56, 57, 58, 59, 60, 61, 64, 67, 69, 70, 71, 72, 73, 74, 84, 85 u 88 Jla Ha Macc-creKTpax UCHapeHUI
9THX 00pa3Il0B) HE TOJIBKO MO CTEIIEHH UX «CBEXECTH», HO U 110 COCTaBY M Ka4eCTBY UCIIOJIb30BAHHBIX ITPH U3TOTOBICHUH ITHX
00pa310B MUKPOOHOJIOTHYECKNX 3aKBACOK, MOJIOUHOTO CBIPBS, MUMIEBBIX A00aBOK, yIIAaKOBOYHBIX MaTepuanos u T. 1. [lpu
9TOM, HCXO/JISl U3 OLEHKN HHTEHCUBHOCTEH NMUKOB B Macc-CHEKTPax HCIAPEHNI MaTepPHaJOB, NCIOIb30BAHHBIX AJIS YIIAKOBKU
AQHAJIM3UPYEMOH TPOJTYKIMHU, OBLI BBISIBICH PSIJl YIIAKOBOK, H3TOTOBJICHHBIX U3 MaTePHaIOB HU3KOI'O Ka4eCTBA C MOBBIIICHHON
l'lOTeHLlHaIleOﬁ TOKCHYHOCTBIO.

Takum o0pa3om, razoBas Macc-CIeKTPOMETPHS, JOTOJIHEHHAs CHEIHaIbHO pa3pab0TaHHBIMU HAMHU JIJISI aHATN3a MOJIOYHOM
TIPOTYKIIUH METOMKAaMH (METOIUKOH 0TOOpA ra30BbIX BBIACICHHH aHAM3UPYEMBIX 00pa3I0B U HCIIOJIB3YEMBIX JUIS UX yIIAaKOBKH
MaTepualioB, METOJIUKOI «yCKOPEHHOTO 3aKUCICHUS 00pa3IoB, METOIUKON «MHTEIUIEKTYaIbHON» MaTeMaTHYeCKoil 00paboTKu
MOTy4aeMbIX JAHHBIX H T. [1.), 007a4as HETBIM PAIOM MPEHUMYIIECTB (3KCIIPECCHOCTHIO, BBICOKON UyBCTBUTENLHOCTBIO, CENEKTHB-
HOCTBIO 1 SKOHOMHYHOCTBIO aHAJIN3a, JOCTYTHOCTBIO IJISl IIMPOKOTO MPUMEHEHNS U T. 1), MOXKeT 3 PEKTUBHO MIPUMEHSITHCS IS
KOHTPOJISI COCTaBa M Ka4eCTBA MOJIOYHOH MPOIYKIUH, & TAK)KE MaTEPHUAIIOB, UCIIOJIB30BAHHBIX JUISl YIIAKOBKH 3TOH MPOTYKITHH.

KuaroueBble c1oBa. MonodHast IpogyKIus, HOTYPTHI, MUIIEBbIe 100aBKH, YITaKOBOYHBIE MaTepHANIBl, KOHTPOIb Ka4ecTBa,
Macc-CHeKTPOMETPHs, METOJ IIaBHBIX KOMIIOHEHT, IMOJNMITHIeHTepedTanaT
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Abstract.

Food safety and quality are especially important in the dairy industry. Mass spectrometry is an effective tool of state control in
this sphere. The research objective was to study the prospects for gas mass spectrometry with smart mathematical processing
in assessing the composition and quality of dairy products.

The study featured 11 samples of fresh and acidified yoghurts from different manufacturers and with various starters, functional
food additives, etc. These samples and their packaging were evaluated using a small-sized quadrupole gas mass spectrometer
MS7-200 with electron impact ionization developed at the Institute for Analytical Instrumentation, Russian Academy of Sciences.
The data obtained were mathematically processed by the method of principal components.

Based on the ratios of peak intensities at m/z =55, 56, 57, 58, 59, 60, 61, 64, 67, 69, 70, 71, 72, 73, 74, 84, 85, and 88 Da, the fresh
and expired samples were classified not only by the degree of freshness, but also by the composition and quality of the microbiolo-
gical starters, raw materials, food additives, etc. In addition, some packaging materials proved to be of poor quality.

In this study, the method of gas mass spectrometry was supplemented by the authentic methods for selecting gas emissions
from yoghurts and packaging, accelerated acidification, and smart mathematical processing. The approach proved to be time-
saving, sensitive, selective, available, and cost-effective. As a result, it demonstrated good potential as a means to control the
composition and quality of dairy products and their packaging.

Keywords. Dairy products, yoghurts, food additives, packaging materials, mass spectrometry, quality control, principal
component method, polyethylene terephthalate

Finding. The research was conducted on the premises of the Institute for Analytical InstrumentatioanASR:OZR as part of state
assignment from the Ministry of Science and Higher Education of the Russian Federation (Minobrnauki)RR No. 075-01157-23-00.
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BBenenue BOJIOB, HO ¥ BOCIIOJTHEHHE UM JAC(DUIIUTa MUKPOIIICMEHTOB,

MoutouHasi IPOAYKIUS SIBISIETCS. OJHOM U3 BajKHBIX BUTAMHHOB U JIPyTUX OUOJOTMYECKU AKTUBHBIX BEILIECTB,
COCTaBJISIIOUIMX NMUTaHus yenoBeka [ 1, 2]. [Tpu atom Bcé KOTOPBIE PETYIHPYIOT PA3TUIHbIE META00INYECKUE TIPO-
OoJiee Ba)KHOE 3HAUCHHE B MOCIIEHEE BpeMs HAYMHAET IIECCHI, TPOTEKAIOIINE B OPraHU3ME YeNIOBEKa, HOpMaJIbHOE
HUMETD HE TOJbKO KOJMUYECTBO, HO U KAUECTBO YIIOMSHYTON Pa3BHTHE COCYMIECTBYIOMICH ¢ HUIM MUKPOOHOTHI U T. TI.
npoaykuuu. OQHOM U3 aKTyaJbHBIX TEM COBPEMEHHBIX ITone3nbie OakTepuu, KOTOPHIC BXOIAT B MUKPOOUOTY
HAYYHBIX MyOJIMKAIKUN SBISETCS TO, KaK yHOTpeOIeHne 9eJI0BeKa, AeprKaT MO KOHTPOJIEM HE TOJIBKO MMMYHHUTET
KHCJIOMOJIOYHBIX MMPOIYKTOB BIHSIET HAa COCTOSIHHE JKEJIy-  YeJIOBeKa, HO M1 MHOTHE Ba)KHbIE METaOOIMYECKUe TPO-
JIOYHO-KUIIEYHOT'O TPaKTa U CEPIAECYHO-COCYIUCTON CHC- [[ECCHI, MPOTEKAIIINE B €T0 OpraHu3Me (Kacarolnecs
TEMBI YCJIOBEKA, OJTHOU M3 HanboJiee pacpOCTPAaHEHHBIX YCBOEHHS YEJIOBEKOM PACTUTENBHOMN MUIIIH, SBIISIOIIEHCS
MIPUYHH MATOJIOTHH KOTOPBIX SBJISICTCS HECOATAHCHUPOBAaH-  OCHOBHBIM MCTOYHHKOM HE3aMCHHUMBIX aMHUHOKHCIIOT,
Hoe nmuTanne. COamaHCHPOBAHHOE MUTAHHE B COBPEMEH- a TaKk)Ke MHOTHX BUTaMHHOB U JIPYTHUX OMOJIOTHYECKH
HOM €ro TOHUMaHWH NOopa3yMeBacT He TOIBKO COOIFoIe- AKTUBHBIX BEIICCTB), ICSATEILHOCTD MTATOTCHHBIX U YCIOBHO
HUE YETIOBCKOM HOPM MOTPEOICHHS KUPOB, OCITKOB U yTiIe- MATOTCHHBIX OAKTEPHIl U T. 1.
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bu¢uno- n naxrodakTepruu ABIAIOTC THINYHBIMH HPEJi-
CTaBUTEISIMH HOPMAJIbHOH MHUKPOOMOTHI 4EITOBEYECKOTO
opranusma [3, 4]. JlakroGakrepun B OpraHiu3Me 4eioBeka,
HACeJIsIs er0 POTOBYIO MOJIOCTb, JKEIy 0K, TOHKHH ¥ TOJI-
CTBIil KHILIEYHUK, HE TOJIBKO CIOCOOCTBYIOT HOPMaJIbHOMY
YCBOGHHIO YEJIOBEKOM PA3IMYHON THIIH, HO U SIBIISIFOTCS
HPOM3BOAUTEISIMU MOJIOYHOH KUCIIOTBI M APYTUX BEILECTB,
o0Jragaonux aHTHOMOTHYECKUMHE cBoiicTBamu. Torma
Kak MoJjie3Hble KayecTBa OnduaodakTepuii, 3acersrommx
KAUMIEYHUK YEJIOBCKA, 3AKIIIOYAIOTCA B IIOAACPKAaHUU UMMY -
HHTETa, CHHTe3¢ BUTAaMUHOB Ipyn B u K u T. 11.

Takum 00pa3zom, KHCIIOMOJIOUHBIE TPOIYKTHI (B KOTOPBIX
B 3HAYUTCIIBHOM KOJIMYECTBC NMPUCYTCTBYIOT KHU3HECIIO-
coOHbIe OMPUI0- 1 TaKTOOAKTEPUH ) HE TOIBKO CHAOKAIOT
YEJIOBEUECKHIA OPraHu3M HEOOXOIMMBIMH MaKpo- U MUKPO-
2JICMCHTAMU, OHMOJIOTHYECKN aKTUBHBIMU BCIIIECTBAMU U
T. 1., HO 1 00ECTIeYNBaIOT UX O0JIee BRICOKYIO OMOIOCTYTI-
HOCTb, CIIOCOOCTBYIOT Pa3BUTHIO 37I0POBOIf MHKPOOHOTHI
YCJIOBCKA, a TAKKC UMCIOT MHOI'O APYTUX IMOJIC3HBIX IJIA
4eJIoBeKa NMPOPHIAKTHYECKNX U ITUTATEIbHBIX CBOHCTB.
BcerienctBue 3TOro KMCJIOMOJIOYHBIE, KaK H HHBIE MOJIOY-
HBIE TIPOAYKTHI, BXOISAT BO BCE OCHOBHBIE COBPEMEHHBIC
PEKOMEHIAMU ¥ PYKOBOJCTBA 10 3J0POBOMY ITUTaHHUIO
1 00pa3y Ku3HH demoBeka [3—12].

OpHako n3-3a pa3BUTHS TEXHOJIOTHI POM3BOCTBA
NHIIEBOH (M B YaCTHOCTH, KHCJIOMOJIOYHOH) IPOLYKIIMH B
HOCIIeJHEe BPEMs OHa BKJTIOYAeT B ce0s, a TAKKe B MaTe-
pHalIbl, UCIIOJIb3YEeMBbIE /ISl €€ YIIAaKOBKH, Bce OoJbIee
KOJIMYECTBO (byHKL[I/IOHaJ'II)HbIX )IOGaBOK 1 UHBIX ITOCTOPOH-
HHX BEIIECTB, KOTOPBIC HMEIOT Pa3HOE IPOUCXOXKICHHE U
YPOBHHM TOKCHYHOCTH JUISI 3J0POBbS YesoBeKka. B cuiy
MHOT000pa3usi ¥ CJI0KHOCTH COCTaBa COBPEMEHHOI Muliie-
BOU MPOJYKIHH BCE TPYAHEE CTAHOBUTCS OTCIIC)KUBATH
YPOBHU COZIEPXKaHUs B HEW PAa3IMYHbIX TSDKEIIBIX METall-
JIOB, OMOTOKCHHOB, OCTaTKOB arpOXMMHKATOB, MUKPOOHBIX
[aTOI€HOB, ITUIIEBBIX 100aBOK M IPYTHX COCTABIIAIONINX,
MOTEHIMAILHO OTIACHBIX ISl YEJIOBEKA U OKpY’KaromeH
cpenbl. [Toaromy Tpedyercst pazpadoTka 6osiee 3P eKTrB-
HBIX MHCTPYMEHTOB ISl KOHTPOJISI KA4eCTBA M MOTESHIIH-
ANbHOM TOKCHYHOCTH, a TAKKE aHAJIN3a COCTaBa U CBOUCTB
Pa3UYHBIX MTUIIEBBIX MPOYKTOB U MaTEPUaIOB, UCTIOJb-
3yeMBIX JJIs uX ynakoBku [13-32].

OJHHUM U3 TAKUX HHCTPYMEHTOB SIBJISIETCS MacC-CIIeK-
TpoMeTpusi, 001a1aroIas IPEeUMyIIeCTBAMH HIMPOKOH
YHUBEPCAJIBbHOCTU B OTHOICHUH PA3JIMYHBIX TUIIOB aHAJIN-
3UPYEMBIX 00Pa3II0B, COUYETAOMICHCS C BEICOKON IKCIIpEC-
CHOCTBIO, @ TAK)KE UyBCTBUTEIIBHOCTBIO M CEJIEKTHBHOCTHIO
aHasM3a (MMOCKOJIbKY BBICOKOTOKCHYHBIE BEILIECTBA JIaXKe
TPYU Ype3BbIYAiHO HU3KUX YPOBHSX COCPIKAHMS HX B ITHILE-
BBIX NPOAYKTAX M YIIAaKOBOYHBIX MaTepHasiaX CIOCOOHBI
HEOJIAroNPHSITHO BIUSTH HA 3JI0POBbC YCIIOBEKA).

briaromaps aToMy, a TakxkKe IpoCTOTe, SKOHOMHUIHOCTH
Y BBICOKOH ITPOM3BOANTEIHHOCTH aHaJIM3a METO/IbI Macc-
CIICKTPOMETPUHU BCE HalllC MPUMEHAIOTCS B HHIL[eBOI;II HayKke
1 IpOMBIIUTeHHOCTH [33-42]. O6pa3ubl IpaKTHIECKH JTFO-
00ro THUMa MOTYT OBITH 3(PPEKTUBHO IIPOAHATA3UPOBAHBI C
UCIIOJIb30BAaHHEM COOTBETCTBYIOIIETO CIIOCO0a MOHHU3AIINH.

287

B gacTHOCTH, 3JIEKTpOpACTIbIICHHE U JIa3epHast JECOPOLHS
MOTYT OBITh () (EKTHBHO HCIIOJIB30BAHBI TP MACC-CTICK-
TPOMETPUUECKOM aHAJIN3e 00pa31loB TBEP/IbIX MUIIEBBIX
IpoyKTOB. JIa3epHyto U TEPMOAECOPOINIO B COUCTAHUH
C TIpEeIBAPUTENBHBIM SKCTParupoBaHUEM Mpo0 IPeITOYTH-
TEJILHO UCIIOJIb30BATh IPH OOHAPY)KEHUU METO/IOM MaccC-
CHEKTPOMETPUHN XMMUYECKUX BEIECTB C HU3KOH JIeTyde-
CTBIO, COJIEPIKAIIMXCS B BA3KHMX MUIIEBBIX 00pa3smax (pas-
JIMYHBIE CBIPBI, MEZbI, Macia ¥ T. 1.). O0pa3ibl ChITY4nX
THUIIEBBIX [TPOJYKTOB MOTYT OBITh 3()(peKTHBHO TpOaHaIH-
3MPOBAHBI C TIOMOIIBIO BHYTPEHHEN IKCTPAKTUBHOM HOHU-
3aI[MOHHON MaCC-CIIEKTPOMETPHH C HIIEKTPOPACTIBUICHHEM.

Pa3paboTka HOBBIX METOJIOB MOHU3ALIMH €IIe OOJIbIIIE
pacmmpia 00JacTH TPUMEHEHHS Macc-CIIEKTPOMETPUH
B IIUIIIEBOM HayKe U MPOMBIIUICHHOCTH. TeM He MeHee B 9TOH
00J1aCTH €CTB eI1e MHOTO He JI0 KOHIIA PELICHHBIX TPO0JIeM.

B wactHOCTH, Ta30Bast Macc-CHEKTPOMETpPHS (TIPeICTaB-
Js1o1ast co0o# OoIee MpOCTOH M AKOHOMHYHBIH METOJT aHa-
JIM3a B CPAaBHEHUH C KUJKOCTHOI Macc-CIIeKTpOMETpHeit)
MOKET TIOYTH OJHO3HAYHO UICHTH()UIINPOBATH IPAKTHIE-
cKH 11000€ YMCTOE M I0CTAaTOYHO JieTydee BemecTBo. Ho
OOBIYHO 3TOT METO/I HE B COCTOSIHUM HJICHTU(PHUIIUPOBATH
OT/ICNIbHBIE KOMITOHEHTBI CIIOKHBIX CMECEH Pa3iIMuHBIX
BEIIECTB (KaKUMH SIBIISIFOTCS] OOJIBIIMHCTBO 00Pa3NoB H-
LIEBOW MPOIYKINH) O€3 MpeBapUTEIbHOTO pa3aeieHus
KOMIIOHEHTOB THX cMecel (UTO 00YCIIOBIEHO Upe3BhIYaii-
HOH CIIO)KHOCTBIO MACC-CIIEKTPOB TAKUX CMECEH, KOTOPBIE
TIPEJICTABIISIIOT COOON CyMMY MH/ANBHIYaIbHBIX MacC-CIIeK-
TPOB KaXXJIOTO KOMITIOHEHTA) [36].

C mpyroii CTOPOHBL, METOJ] Ta30BOH XpOMATOTrpaghmu M03-
BOJIACT 3 (PEKTUBHO Pa3AENATh UCTIAPEHHS OT OUCHB CIIOXK-
HBIX cMeceit [35]. OnHako moce Toro Kak BCe OTASNbHBIC
KOMITOHEHTHI 00pa3ia ObUIH pa3/ieneHbl, 00HAPYKCHBI H
OIIpeiesIeHbl KOJIMYECTBEHHO, €IMHCTBEHHBIMU JIAHHBIMH,
JOCTYITHBIMU IJIsA H}IeHTH(i)I/IKaI_[I/II/I KaXXa0T0 U3 HUX ITpU IpHr-
MEHEHHH JaHHOTO METO/1a, OyAyT [UINTEILHOCTH YAEPKH-
BaHHS COOTBETCTBYIOIINX XPOMATOTpa)MIECKUX ITMKOB, YTO
HCAOCTATOYHO JJIA OI[HOSHa‘{HOﬁ I/I)lCHTl/l(l)l/lKaLII/II/I Kax101ro
13 KOMIIOHEHTOB, OCOOEHHO TP aHATIN3€ CII0KHBIX MHOT'O-
KOMITOHEHTHBIX CMECeH, KaKMMHU SIBIISTIOTCS OOJIBIIMHCTBO
COBPEMEHHBIX MHUIIEBBIX IIPOTYKTOB.

BcenencrBue 3Toro auie coueTaHue XxpomaTtorpadun n
Macc-CIeKTPOMETPUH T03BOJISIET (D (HEKTUBHO aHAIN3H-
pOBaTh COCTaB, TOKCMKOOE30MaCHOCTh ¥ MHBIE CBOMCTBA
COBPEMEHHBIX MPOIyKTOB nuTanust [33, 36]. B 1o sxe Bpems
JUTSL 9KCTIPECC-TNAarHOCTUKY YIIOMSHYTOW TPOIYKIHH
«B peKHMME PeaJbHOT0 BPEMEHI JIYHIIle MTOIXOAUT METO/T
ra3oBOi Macc-CIIEKTPOMETPHH 0e3 MPeBapUTEIHLHOTO
XpoMaTorpapuIecKoro pa3aeieHus 00pa3oB, KOTOPoe
YCIIOXKHSET U 3aMeuIsieT ananu3. Ho nHpopMannoHHbIM
ToKa3aTeNeM KauecTBa aHaJIM3UPYEMOit TPOAYKIIMY B 3TOM
ClIydae CTaHOBUTCS HE Pa3BEPHYTHII NEpeUeHb €€ KOM-
TIOHEHTOB, a «(UHTEPIIPHHTY, MPEACTABISIONINI cOO0H
QHAJIOT OTIIEYATKA MAJIbLIEBY, YHUKAILHOTO JISl KaYK/I0TO
aHaAJIN3MPyeMOoro o0pasia, MOoIy4aeMblii B pe3yIbTaTe
«UHTEJUIEKTYaJIbHOI» MaTeMaTHIeCKoi 00paboTKH (TaKoi
KaK «METOJI TJIABHBIX KOMITOHEHT», JIUCKPUMHUHAHTHBIH
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QHAJIU3 | T. I1.) COBOKYITHOCTH MHOTOMEPHBIX JJAHHBIX Ta30-
BOT'0 MacC-CIIEKTPOMETPUYECKOr0 aHaIN3a HCCIIEAYEMbIX
oOpa3tos [37, 38, 40—43].

Taxoke KOHTpPOIIS TPEOYIOT U MAaTEPUAIB, UCTIONb3yEMBIE
MIPOM3BOAUTEISIMU ISl YITAKOBKU MTUILEBOI TPOIYKIHH.
B wactHOCTH, OTHUM U3 Hanboliee pacIpoOCTPaAaHEHHBIX
BUJIOB [UIACTHKA, HCTIOIb3yEMOTO [UISl H3TOTOBIEHHS OJTHO-
Pa30BBIX YITAKOBOK KHCIOMOJIOYHOH MPOTYKIIUH, SIBISCTCS
HOJNMATHIIEHTepedTaIaT, CpoK roAHOCTH KOTOPOTO COCTaB-
nsiet 1 roa. Iocte yero 3TOT MITACTHK 3aIPEIICHO UCTIONb-
30BaTh TOBTOPHO, TOCKOJILKY OH HMEET CIa0ble 3al[UTHbIC
XapaKTepPUCTHKH, B YaCTHOCTH, BBIJIEISIET Ha JKape TSOKEIbIe
METaJIbI U APYTHUC XUMUKATHI, CHOCO6HLI€ HCIraTUBHO BJIN-
STh HA OPTaHU3M YenoBeka). [lommaTinentepedranaT mpo-
ITyCKaeT BHYTpPb YIAaKOBOK yJIbTPa(rOICTOBBIC JIy4H 1 KHC-
JIOPOJ, @ HapyXKy — YIIIEKUCIIOTY, YTO JOTOJIHUTEIIBHO YXY/I-
IIAeT KaueCTBO IUILEBOM MPOLYKLMH, YIIaKOBbIBAEMON
C MIOMOIIBIO OTOTO MIACTUKA, U IPUBOIUT K COKPAIIEHUIO
CPOKOB €€ XpaHECHHUSL.

Lenpro maHHONW pabOTHI CTAJIO MCCIEIOBAHUE BO3-
MOXHOCTEH NMPUMEHEHHS Ta30BOI'0 MacC-CIIEKTPOMETPH-
YEeCKOro aHajii3a C MOCIeAYIOeN «MHTEeIEKTyalIbHOW
MaTeMaTH4ecKoi 00pabOTKOM MOTy4aeMbIX JAHHBIX IS
OLICHKH COCTaBa M KauecTBa 00pa3IoB Pa3INIHON IPOMBIIII-
JICHHO BBIITYCKaeMOH MOJIOYHOM NMPOAYKLUHU Ha IPUMEpPE
MIPOU3BOIUMBIX Pa3HBIMHU ITPOU3BOIUTEISIMU HOTYpTOB
C pa3NMYHBIMH (QYHKIIMOHAJIBHBIMHU 100aBKaMH, a TAKXKe
MaTepHaoB, UCTIONIb3yEMbIX JUIS YIIAKOBKH ITUX HOTYpPTOB.

O0beKTbI 1 METOABI HCCIET0BAHUS
B kadyecTBe 00BEKTOB MCCIIEAOBAHUS MBI BHIOpaN
11 00pa310B NPOMBILIIEHHO [TPOU3BOIUMbBIX HOTI'YPTOB

C Pa3MTUYHBIMH JOOaBKAMHU:

— obpazen Ne 1 —itorypt «Epicay, u3roroBurens « DpMaHH»
(P®), ynakoBka «PET 01»; sxupnocts 2,9 %, 6enku 5,3 %,
yrieBogsl 4 %, 65 kkax B 100 Mir; cocTaB: MOJIOKO 00€3KH-
PEHHOE, CITMBKHU, MOJIOYHBIH OCTIOK U HOTYpTOBast 3aKBACKa;

— oOpazer Ne 2 — iHorypt « AKTHBHUA», U3rOTOBHUTEINH «/J]a-
Hom» (P®), ymakoka «PET 01»; sxxupHocTs 1,8 %, 6enxu
3,4 %, yrineBoasl 5 %, 50 kkan B 100 mi1; cocTaB: MOJIOKO
HOpPMaJIM30BaHHOE, MOJIOKO CyXO0€, HOrypTOBas 3aKBacka
u oudugodaxkTepum;

— obOpaszer Ne 3 — iforyprt «Violay, u3rotoButens «Bromay
(P®), ynakoBka «C/PAP 81»; xupHocts 0,4 %, Oenku
4,77 %, yrineBoabt 3,9 %, 38 xkan B 100 M1, COCTaB: MOJIOKO
00e3KIpEeHHOE, MOJIOKO LETHHOE, MOJIOKO CyXoe 00e3-
JKHUPEHHOE, MOJIOUHBIH OEJIOK M HOT'ypTOBas 3aKBACKa;

— obOpazer Ne 4 — iforypt «Arymiay, uarotoputens AO «Bumm-
bumne-lann» (P®), ynakoska «PET 01»; xuprocTs 3,2 %,
oenxu 2,9 %, yrieBonst 8,7 %, 74 xkan B 100 mut; cocTas:
MOJIOKO HOpMaJIM30BaHHOE, HOrypTOBas 3aKBacka, Mpo-
ouotnueckne 6ndpuaodaxrepun BB-12 n annnopuisHbe
nakrobakrepun LA-5, caxap;

— o0pa3zen Ne 5 — iorypT «Cin0601a», H3rOTOBUTEIb
OAO DPKO (P®D), ymakoBka «PET 01»; xupHocTs 2 %,
oexnxu 2,8 %, yrneBoasr 13,3 %, 82 kkan B 100 mur; cocTaB:
HOPMaJIM30BaHHOE MOJIOKO, HOrypTOBas 3aKBacka, Mpo-
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o6moTtmdaeckue naktodaxTepun Lactobacillus casei, caxap
1 (DyHKIIMOHAIIbHBIC MHIIEBbIE J0OABKH (COK JIMMOHHBIH,
MacTa BUIIHEBAsl U MEKTUH LIUTPYCOBBIN);

— obpazer Ne 6 —iforypt «OxoHNBaY, n3rotoButens AO «Moc-
KOBCKO-MeEIBIHCKOE arpONPOMBIIIICHHOE IPEATIPUASTHE
(P®), ymakoska «PET 01»; xuprocts 2,8 %, 6emku 4,2 %,
yrieBosl 4,7 %, 61 kxan B 100 mMi1; cocTaB: MOJIOKO HOpMa-
JTU30BaHHOE, 3aKBACKa YUCTHIX KYIBTYP TEPMOPHUIEHBIX
MOJIOYHOKHCJIIBIX CTPENITOKOKKOB U 0OJITapCKON Najl0uKHy,
caxap 1 (yHKIHOHAIBHBIC MHIIICBBIC JOOABKH (COKU JIMMOH-
HBIH 1 MOPKOBHBIH, TACTHI U3 KITYOHUKH U PEBEHA, CEMEHA
JIbHA, IEKTHHBI ¥ HATypalIbHbIC apOMaTH3aTOPbI);

— obpazert Ne 7 — iiorypt «9xoHHBaY, m3rotoButenb AO «Moc-
KOBCKO-MEBIHCKOE arpOIPOMBIIIIICHHOE TIPEATIPUATHEY
(P®), ynakoska «PET 01»; sxuprocts 2,5 %, 6enku 3,8 %,
yraeBoisl 9,3 %, 75 kkan B 100 MJ1; cOCTaB: MOJIOKO HOP-
MAaJTI30BaHHOE, 3aKBACKa YHCTHIX KYJIBTYP TEPMO(MIBHBIX
MOJIOYHOKHCIIBIX CTPENITOKOKKOB M OOJITapCKON MAJIOYKH,
caxap U (YHKIMOHAIIbHBIC MHUIIEBbIE J00aBKH (COK MOp-
KOBHBIH, TACTHI BUIITHEBAs U YEpeITHEeBas, CEMeHa 4Ha,
TICKTHHBI U HATYPaJbHBIC apOMAaTH3aTOPBI);

— obpaserr Ne 8 — itorypt «Epicay, U3roToBUTENb « IpMaHH»
(P®), ymakoBka «PET 01»; xupHOCTB 2,5 %, 6e1xu 4 %,
yrueBoas! 11,9 %, 85 kkan B 100 Mit; cocTaB: MOJIOKO HOpMa-
JIM30BaHHOE, HOTYpPTOBAs 3aKBackKa, caxap 1 (pyHKIMOHAb-
HBIE MTUIIIEeBbIE 100aBKU (COKH M3 MOPKOBH, ITadpaHa u Jiu-
MOHa, TIACTHI M3 BUIITHH 1 OaHaHA, KYKYPY3HBIA Kpaxmal, Ka-
MeIb PO’KKOBOTO JIEpeBa U HaTypabHbIe apOMaTH3aTOPbI);

— obpazert Ne 9 — fiorypT «AKTHBHAY, H3TOTOBUTENb «Jla-
HOH» (P®), ynakoBka «PET 01»; sxupnocts 1,5 %, 6enxu
3 %, yraesoasl 10,1 %, 66 kxan B 100 mi1; cocTaB: MOJIOKO
HOPMaJIM30BaHHOE, MOJIOKO CyXO€, HOTypTOoBas 3aKBacka,
oudunodakTepny n HyHKIIMOHATHHBIC TUIIEBHIC TOOABKH
(coku sI0JI0UHBII 1 M3 YEPHOI MOPKOBH, N1ACTHI (PUHUKOBAS
Y BULIHEBAsA, KYKypPYy3HbII KpaXMaJl, IEKTUHbI U HATYPaJlb-
HBIE apOMAaTH3aTOPEI);

— obpazen; Ne 10 — ftorypt «Uymo», naroroButens AO «Bumm-
buuis-Jlanny» (PD), ynakoska «PET 01»; sxupHocts 2,4 %,
6enku 2,8 %, yrneBompt 15 %, 93 kkan B 100 mir; coctas: Mo-
JIOKO HOPMAITH30BaHHOE, MOJIOKO BOCCTAHOBJICHHOE, HOTYp-
TOBas 3aKBACKa, caxap U (PyHKIMOHAJIbHBIC ITUILEBBIE J10-
0aBKH (BUIIIHS, TITIOKO30-(OPYKTO3HBIN CHPOT, KYKYPY3HBIH
KpaxMaJl, IeKTHHBI, KAPMUHBL, TUMOHHAS KUCITIOTA, IIATPAT
HATpHs ¥ HATypallbHbIe apOMaTH3aTOPBI);

—obpazen Ne 11 —iiorypt «Arymay, uzroroputens AO «Brmm-
Bumne-Jlarsy» (P®), ymakoska «PET 01»; sxxuprOcTb 2,7 %,
oemku 2,8 %, yrieBonst 9,3 %, 79 kkan B 100 M1, cocTaB:
MOJIOKO HOPMaJIM30BaHHOE, KOHIIEHTPAT ChIBOPOTOUHBIX
0eIKoB, HOTYpTOBAs 3aKBacka, MPOOHOTHUECKIE On(uI0-
Oaxrepun BB-12, caxap u ¢pyHKIMOHAIBHBIC MUILEBBIC
n00aBkH (IIOPE TPYIICBO-50JI0YHOE, COKH S0T0YHBIH,
MOPKOBHBII W IMMOHHBIN, IEKTUHBI, HATypaJIbHBIE apo-
MaTH3aTOPhI U OJIUro(pPyKTO3a).

B nporiecce aHanm3a ¢ oMoIIbIO EPEHOCHBIX TPo00-
3a00pHBIX YCTPOUCTB (ITACTHKOBBIC MIITPHUIIEI 00HEMOM
10 M) oTOMpay HCTIApEHUS OT KaKIOr0 00pasiia, KOTOphIe
npeBapuTeNbHO HarpeBaiu 10 +50 °C 1 MHKyOupoBau
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TIpH ATOH TemIiepatype B Tedenne 10 MuH, 9TO, 1O CpaB-
HEHUIO C METOJIMKOHN, paHee MPUMEHSBIICHCS HaMU JUTs
moo0HBIX 1ener [40], MO3BOIMIIO YBEIUIUTD TyBCTBH-
TEJILHOCTD aHanu3a. J{J1st TOro nmpoTHIKaIN KPBIIIKY yIia-
KOBKH aHaJIM3MpyeMoro oOpasna Urioi mmnpuna Tak,
YTOOBI e KOHEI] He CONpPHKAacalcs ¢ )KUAKOH (a3oit anamm-
3UpPYEMOro MPOAYKTA, HO HAXOAMJICS OT Hee He Ooriee ueM B
5 MM. 3arem u3 mpuia oroopanHas ra3oodpasHas mpoda
yepe3 XMMUUECKH HHEPTHYIO THOKYIO KallHIIAPHYO TPYOKyY
MepEeBOIMIIACh B MOJLYJIb BBOJA MPOO ra30BOr0 KBaapy-
MOJILHOTO Macc-criekTpomerpa MC7-200, pazpaboran-
Horo B UATT PAH A.T. Ky3emunsim u 0. A. TutoBeM
Y UMEIONIETO JUana3oH PEerucTpUpyeMbIX Macc oT 1 jo
500 Ha, rabaputer 55x16x25 cm u Bec 15 kr [41]. TTocie
9TOr0 C MOMOIIBIO YIIOMSIHYTOTO MPUOOpa perucTpupo-
BAJINCh MacC-CIIEKTPBI BBEJCHHBIX B HETo 1pod (puc. 1).
Ha pucynke 1 nudpamu 1-8 odbo3HaueHsI crepyomme
3TaIbl Macc-CIIEKTPOMETPHIECKOTO AaHAITH3a UCCIIEyEMBbIX
06pasioB: (1) orOop B MIMPHUIl UCTIAPEHUHN, BBIIETISEMBIX
nccieayeMpIM 00pasnom; (2) ZocTaBKa MINPHLA € TIPO-
0oit k Macc-criekTpoMeTpy; (3 1 4) BBOA ra30BOM MPOOKI
yepe3 rHOKyI0 KamIIIPHYI0 TPYOKY B Macc-CIIeKTpo-
metp MC7-200; (5) BuI aHAIM3UpyeMOH TPOOBI IpH
ee Beoze B MC7-200; (6) BuI aHaTH3UpyeMO IPOOBI TTOCTIE
ee MpoXOoKAeHUs yepe3 Moayib noHu3anuu MC7-200 (rne
MCXOJIHO 3JIEKTPO-HEHTpabHbIe MOJIEKYJIBI TIPOOBI IIpe-
00pazyroTcsi B HOHbI METOJIOM «3JIEKTPOHHOTO YAapay);
(7) paznenenne 3apsHKSHHBIX 9acTHIT (B KOTOPHIE ObIIa
npeoOpa3oBaHa npoda B Moyiie nonuzanuu MC7-200)
B IIOCTOSIHHBIX M BBICOKOYACTOTHBIX JIEKTPUUECKHUX TTOTIAX,
dbopmupyembix kBaapymnoiaem MC7-200, Ha OCHOBE COOT-
HOIIIEHUI MacChl aHATM3UPYEMOTO HOHA (BBIpaskaeMoi
B JJaJIbTOHAX) K €T0 AJIEKTPUIECKOMY 3apsiay (m/z) u peru-
CTpaILHs TOKOB (IIPOIIOPIHOHATBHBIX COAEPKAHMIO HOHOB

1

ra3oBbIil cOCTaB
iorypra

C 33JaHHBIM COOTHOIIIEHUEM 1M)/Z, IOy YUBIINXCS U3 HCXOJ
HOU 1po0bI); (8) hopMupoBaHue Macc-CrIeKTpa UCCIey-
eMoro obpasia ¢ JaJbHEHIINM BBHIBOJIOM €TI0 Ha SKpaH
MOHUTOpA 1 3aIHUCHIO B TAMSTH KOMITBIOTEPA.

W13 ocraBmmxcs B yrakoBKe 00pa3IoB B U3MEPHUTEIb-
Hble EMKocTH (50 MIT IUIACTUKOBEIE OTHOPA30BHIE CTAKaH-
YUKH) OTINBAIOCH 10 30 MII IpOAyKTa. 3aTeM YIOMSHY-
TBIE U3MEPUTEIIbHBIE EMKOCTH FePMETHYHO 3aKPbIBAINCH.
Haxopnsmuecs B HUX npoObl MPUBOIMINCH B COCTOSIHUE
«yCKOPEHHO IIPOCPOUCHHBIX) ITyTEM TEPMOCTATHPOBAHUS
éMKOCTel ¢ HUMHU B TeueHue 3-X cyTok npu +40 °C, Bo
BpEMsI KOTOPOTO MIPOMCXOIMIIO 3aKHUCIIEHHE 00pa3IioB 3a
CUCT JKMU3HCACATCIIbHOCTU MPUCYTCTBYIOIIUX B HUX MOJIOY-
HOKHCJIBIX MUKpOOprann3MoB. [locie gero crocobom,
AHaJIOTMYHBIM BBIIICOINMMCAHHOMY, OT6I/IpaJ'II/ICI> uclra-
PEHHS OT «yCKOPEHHO MPOCPOUYEHHBIX» P00 00pasnos
aHAJIM3UPYEMOU MPOAYKIIMU U PETrUCTPUPOBAIIUCH UX
Macc-CIeKTPBbI.

Kpowme Toro, na npudope MC7-200 perucTprpoBainch
Macc-CIeKTPBI Ta3000pa3HbIX BBIAEICHUH YITaKOBOK aHa-
JTU3UPYyeMBIX 00pa3uoB. JlJist 3TOro JaHHbIE yIIaKOBKU
OTMBIBIUCH AUCTHIUTIPOBAHHON BOJIOM, TTOCIIC YETO BBICY-
IIUBAJIMCh, pa3pe€3aICh U NOMCIIAIUCH B CYXUE€ U YUCTBIC
n3MepUTeNbHbIE EMKOCTH ((parMeHTHl OT KaXJOoH yrma-
KOBKH B OT/ICJIbHYIO EMKOCTh). 3aTeM EMKOCTH C 00pa3amMu
YHaKOBOYHBIX MAaTEPHUAJIOB T€PMETHUHO 3aKPBIBAJIUCH,
HarpeBauch 110 +70 °C 1 HHKYOUpPOBAIIKCH IIPH 9TOH TeM-
nieparype B Teuerne 10 mun. [Tocie 3Toro B mimpuirs! 0TOH-
paich MpoObl Ta3000pa3HBIX BRIJEICHUI 00pa3IoB yma-
KOBOYHBIX MaTE€PHAJIOB, COAEPKAIINXCS B YIIOMSIHYTBIX
EMKOCTSIX, JUISl Yero KPBIIIKA KaXKI0H M3 3THX EMKOCTEH
MPOTHIKAIACH UTJIOH IIIIPHUIIA TAK, YTOOBI KOHEI] 3TOH UIJIbI
HE COIPUKACAJICS HU C OJHOU M3 TBEPABIX (a3 u3MepH-
TenbHOM éMKOoCTH. [locie 4ero u3 mIpuIoB 0TOOpaHHbIe

ITpouecc 3abopa ra3zoBoii mpoOkI 0T uccieryeMoro oopasua

/2N
-/ THOKas KamuusIpHast

TpyOKa

[MpuHIUD AEHCTBUSA MacCc-CIEKTPOMETPa U MOTYICHHS CIIEKTPa Macc

PI/ICyHOK 1. Dramnsl MacCC-CIIEKTPOMETPUICCKOI'0O aHalin3a UCCICAYEMBIX 06pa3u013

Figure 1. Mass spectrometry: stages
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ra3000pa3HbIe TPOOBI Yepe3 XUMUIECKU HHEPTHYIO THOKYIO
KalUBIPHYIO TPYOKY MEpEeBOIMINCH B MOJYJIb BBOJA
po0 Macc-CreKTpoMeTpa.

Hcnonp30BaBImINICS HAMU TIPH PETUCTPALIMU Macc-
CHEKTPOB UCMAPEHHUH aHAIM3UPYEMbIX 00pa3IOB Ipudop
MC7-200 cocTosiiT U3 HECKOJIBKUX ITOCIIENOBATEIBHO
COEIMHEHHBIX MoyJiei: 1-if obecneunBa BBOJ MPOObI
B TpuOOp; 2-# OCYIIECTBISIT HOHU3AIHIO TTPOOHI; 3-if mpen-
CTaBJISLI COOOI BaKyyMHYIO KaMepy ¢ «KBaApYITOIbHBIM
Macc-aHaInu3aTOPOM»; 4-if — IETEKTOp HOHOB; 5-i — OJIOK,
UCTIOJIB3YEMBIH JUIs TpreMa 1 00paboTku nHpopMarym,
MOJTy4aeMoi OT 4-ro MOJyJIsl; 6-i — OJI0K, HCIIONIb3YEMBIH
JUIS KOHTPOJISL BAaKyyMa M YIPaBICHUS 3JIEKTPOHHBIMH
1 BakyyMHbIMHU cucteMamu MC7-200.

[Tocnenumii MOAyITH OBLT HEOOXOAWM, T. K. MacC-CIIeK-
TPOMETPHUYECKHI aHaJIN3 JI0JKEH BBITIOIHSATHCS B YCIIOBUSX
BBICOKOT'O BaKyyMa, ITO3BOJISIFOIIETO aHAIU3UPYEMBIM
MOHaM CBOOOIHO MepeMenaThes B IPOCTPAHCTBE, HE CTall-
KHBAsICh M HE B3aUMO/ICIICTBYS APYT C APYTOM (IIOCKOJIBKY
TaKHe CTOJIKHOBEHHUSI MOTYT NMPHUBECTH K (hparMeHTAINU
NI TpaHC(l)OpMaHI/II/I AHAJIM3UPYEMBIX HOHOB, YTO CHU3UT
qyBCTBUTEJILHOCTb ¥ CEJIEKTHBHOCTD aHAIN3a U YBEIMUHUT
HEO/IHO3HAYHOCTh U3MEPEHUi).

Bo Bropom momyie MC7-200 HCXOQHO IMEKTPOHEH-
TpaJIbHbIE MOJIEKYJIBI Ta3000pa3HON MPOObI (BBOJUMEIE
B MC7-200 uepe3 nepBbIit MOAYJIh) IPEOOPA30BHIBATUCH
B 3apsDKCHHBIE HOHBI METO/IOM «3JIEKTPOHHOTO yJiapa
(npenycmarpuBaroniuM 60MOapIMPOBKY MPOOBI ITyYKOM
BHEITHHX DJICKTPOHOB). B Ipyrux moao0HBIX pubdopax,
B 3aBHCHMOCTH OT BHJa aHAJIN3UPYEMBbIX 1Tpo0 U 3aj1a4
aHalIM3a, MOTYT OBITh MCIIOJIB30BAHBI IPYTHE METO/BI
MOHU3AIMH, BKIIIOYasl Pa3Hble BU/bl XMMUYECKOW HOHH-
3allM U MOHU3AIlMHU B I/IHI[yKTI/IBHO-CBHSaHHOI\/’I jIasme,
MTOBEPXHOCTHYIO JIa3epHYIO M TEPMONOHU3AIMIO U T. TI.

B tperbem momyne MC7-200 B popMHupyeMbIX KBajI-
PYTIOJIEM TTOCTOSIHHBIX M BBICOKOYACTOTHBIX JJIEKTpUYIE-
CKHX TOJISIX TPOMCXOJIMIIO pa3JieleHne HOHOB, 00pa3o-
BaBIINXCS U3 MPOOBI BO BTOPOM MOJYJIE, IO COOTHOIIE-
HUSIM MX Macc K 3apsam (m/z). B npyrux mogo0HbIx
npubopax, B 3aBUCUMOCTH OT BU1a aHATTM3UPYEMBIX TIPOO
1 337a4 aHaJn3a, MOT'YT OBITh HCIIOJIB30BAHbI JIPYTHE
METO/IbI pa3/ieJIeHUs] HOHOB (BKJII0OYAsi MAarHUTHBIN, HOHHO-
IUKIOTPOHHBIA, BPEMSIIPOICTHBIHN H T. II.).

B gerBeprom moxyne MC7-200 ans xaxJI0ro coot-
HOILIEHUS M/z 13 3aJaHHOTO MAaNa30Ha HOHHBIE TOKH
(mporopIOHANIBHBIC COJICPKAHUIO HOHOB C 3a/IaHHBIM
COOTHOIIICHUEM M/Z, TTOJyYUBIINXCS BO BTOPOM MOJYJIE
13 MCXOIHOW NMPOOBI) YCHIIMBAINCH, PETHCTPUPOBAIIICEH
Y TIepeIaBauCh (B BUJIC aHAJIOTOBBIX CUTHAJIOB) B TISITHIN
Moxyis MC7-200 (Te yHoMsSHYThIe CHTHAIBI TIpeodpa-
30BBIBJIMCH B IIM(POBOI BUJ U 3aIHMCHIBAIUCH B BHUJIE
Macc-CIIeKTpa B aMATh KOMITBIOTEPA).

[Tocie nomy4eHus Macc-CrIeKTPOB UCHIAPEHUH aHAIU3H-
PYEMBIX 00Pa3LOB B «CBEXKEM» U «YCKOPEHHO IIPOCPOUEH-
HOM» BUI€ /ISl 00pabOTKH M BU3YalIH3alliH IOy YEHHBIX
JIAHHBIX B JIOMIOJTHEHHE K «KJIACCHYECKUM)» METOaM aHa-
JIM3a UCTIONB30BAIH «METO/ IJIaBHBIX KOMITIOHEHT», OoJiee
moJIpoOHO onmucaHHbIi B padoTe [40].
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PesynbTaTsl 1 uX 00Cy:KI1eHHE

JlaHHbBIE, MOJyYCHHBIC HAMH B PE3yJIbTaTe IKCIIECPH-
MEHTAJIEHOTO MCCIIEZIOBAHUS TT0 ONTMCAHHON BEIIIIE METO-
nuke 11 obpasuoB «cBexux» (C) U «yCKOPEHHO MPO-
cpoueHHBIX» (K) HorypToB ¢ pasnuuHbIMHA TO0OaBKaMU,
MPOMBIIIJICHHO BBIITYCKA€MBIX Pa3HBIMHU MPOU3BOJHUTE-
JIIMU, TIPEICTaBICHBI B Tabnumax 1-3.

W3 npencraBieHHOr0 BUIHO, YTO HOTYPTHI C (DYHKIIH-
OHAJIBHBIMH MUIIEBBIMU JT00aBKaMu (00pasmbl Ne 5-11)
JIEMOHCTPHUPOBAJIN Ha MACC-CIIEKTPaX CBOMX MCHAapeHni
0oJIbIIIee KOJIMUECTBO 1 OOJIBIIYIO0 HHTEHCUBHOCTD ITUKOB,
4eM HoTypTHI 6e3 100aBok (00pasiisr Ne 1-4). B 6ompmmH-
CTBE Cliy4aeB OOJIbIlIee KOJIMYECTBO M OOJIBIIYIO UHTEH-
CHBHOCTH TTMKOB Ha MaccC-CIIEKTPax CBOWX HMCIIAPEHUH
JIEMOHCTPHPOBAJIN HOTYPTHI, «YCKOPEHHO IPOCPOYCHHBIE
(3aKwCICHHBIE )» HAMHU IO METOANKE, ONTMCAHHOH B IIPeIbl-
nymieM pasgene cratei (00pasisl 1K—11K) B cpaBHeHnn
C TeMH K€ HOTYpTaMH JI0 UX «yCKOPEHHOTO 3aKHCIICHUS
(obpasmer 1C-11C).

Bce nccnenoanubie Horyprsl 6e3 (yHKIMOHAIBHBIX
MUIIEBHIX 100aBOK (00pa3is! Ne 1-4) Ha Macc-criekTpax
CBOUX MCHAPEHUN «B CBEKEM BHJIE» JIEMOHCTPUPOBAIIH
iKY TIipu m/z = 55, 56, 57, 58, 60, 64, 67,69, 70,71 u 72 Jla.
W3 Hux, KaKk yKe 0TMeUanIoch HaMu B padote [40], muku
npu m/z = 58, 60, 67 1 69 [la cOOTBETCTBOBAIH MPHUCYT-
CTBHIO B UCIIAPEHUSIX MCCIIEAYEMbIX 00pa3lloB alleToHa,
YKCYCHOHM KHCJIOTBI, H30IIPEHA U BEICOKOHEHACHIIIIEHHOTO
yraeoopoa cksanena (C, Hy,). Torna kak conocrasne-
HHE Ha Macc-CIEeKTPpax UCIAPEHHUI NCCIlelyeMbIX 00pa3IioB
WHTCHCUBHOCTEH MUKOB TPHU IPYTHX M/Z COACPKAHIIO
B 9THX 00paslax WHBIX JIETYYUX KOMIIOHEHTOB TpeOyeT
JTOTIOJTHUTEIHFHBIX UCCIICTOBAHUH.

B 0 e Bpemst npu «3akuciieHnn» oopasnos Ne 1-4
Ha MacC-CIIEKTpaxX UX MCTAPEHUH OONBITNHCTBO MTHKOB
YBEJIMYUBAIIO CBOIO HHTCHCHBHOCTS B 1,5—100 pa3 (Tadu. 2).
Kpome TOro, Tam MosiBISUTUCH JJOTIOJIHUTENIbHBIC TTHKH
npu m/z =59, 61, 73, 74, 84, 85 u 88 Jla.

BoJIBIIMHCTBO NCCIeIOBAHHBIX HAMHU HOT'YPTOB € (DYHK-
[IIOHATbHBIMU MATIEBBIME T00aBKaMu (00pa3ier Ne 5—-11)
Ha Macc-CIIeKTPax CBOMX UCIIAPEHUI «B CBEKEM BUIE»
JIEMOHCTPHUPOBAJIO THKH TPH TEX KE MACCOBBIX YHCIAX,
4T0 1 00pasibl 0e3 (PYHKINOHAIBHBIX MUIEBHIX 100aBOK;
TUTIOC TOTIOJTHUTENBbHBIC THKH ITpu m/z = 61 [la (y o6pas-
noB Ne 5, 7u 9-11), m/z =72 [la (y obpazuos Ne 5-11),
m/z = 85 Jla (y oopasioB Ne 5, 8 u 11) u m/z =85 Jla (y 00-
pasnoB Ne 5-8 1 11). B To Bpemst Kak NpH «3aKNCICHUI
o06pa3sioB Ne 5—11 Ha Macc-CreKTpax ux UcrapeHui 60Jb-
IIUHCTBO IMHKOB YBEIMYHBAJIO CBOIO WHTCHCUBHOCTH
B 2-90 pa3 (tadu. 2). Kpome TOr0, MOSIBIISIIUCH TOTIOTHH-
TedpHBIE UKK Tipru m/z = 59 Jla (y obpazmoB Ne 5-11),
m/z =61 Jla (y odpasua Ne 8), m/z =73 u 74 [la (y obpa3-
moB Ne 5,7, 8,10 m 11), m/z =84 Ila (y o6pa3moB Ne §,
10m 11), m/z=85 [la (y obpasuoB Ne 71 10) n m/z = 88 Jla
(y obpasia Ne 10).

CyIIecTBeHHO pa3invyalich 10 HHTEHCHBHOCTSIIM
OTIIEJBHBIX MMMKOB MPHU OJMHAKOBBIX M/Z, a TaKXe IO
COOTHOIICHUIO 3THX WHTEHCUBHOCTEH MPH Pa3sHBIX M/Z
1 00pa3upl BHYTPH KaXJA0H M3 yHOMSHYTBIX TPYIIII
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Tabnuua 2. CooTHONIEHNSI HHTEHCUBHOCTEH MIKOB, 3apErUCTPUPOBAHHBIX C MOMOLIBI0 Macc-crekTpomerpa MC7-200,
HPU OAMHAKOBBIX «MACCOBBIX YHCIAX» (M/Z) AJIs Pa3IMYHBIX 110 COCTaBY U «CBEKECTH» HOTYpTOB

Table 2. Peak intensities recorded with an MS7-200 mass spectrometer at the same mass numbers (m/z) for yoghurts of different
composition and freshness

O06pa3subl Maccoebie uncia (m/z, [la)

55 | 56 | 57 | 58 | 59 | 60 | 61 | 64 | 67 | 69 | 70 | 71 | 72 | 73 | 74 | 84 | 85 | 88
IK/1C 79 194 | Il | 1623|2021 |19 |37 |11 | 10 [ 14 | 32|20 21| 13 | 11 |22
2K/2C 25 11,3119 (221819 21|16 1,7 |18 1,819 18)37)30]|23]|23]2,1
3K/3C 21119 (20352240 |77 |35 |1,7|15]6]1 | 1,6 |24 |25|25)|40 |21/ 3,7
4K/4C 1,8 1221251222021 25|15 |14 151,715 1722|2218 | 19] 21
SK/5C 11 |76 |65 |43 |10 | 56| 11 |63 |21 | 15| 15 | 1,6 | 22 | 15 | 12 | 2,1 | 44 | 75
6K/6C 38 130,39 ,19 36| 8 |32 1,5] 1,816 249 | 19|99 | 2,1 |23 |29 | 28 |209
7K/7C 81|66 |51 3662|2915 |52 |16 | 1,820 |19 |35 | 20 | 52| 30|71 /| 17
8K/8C 52143 |46 |42 | 15 | 45608 |63 |27 | 11 | 70 | 17 | 38 | 29 | 19 | 2,7 | 83 | 22
9K/9C 23 13128 | 1,7 | 1,821 21|16 |16 1,818 19|19 |21 |21|24]22]|19
10K/10C 24 13231150 | 12 | 13 [ 42 |71 |27 1,6 | 20 | 42 | 24 | 27 | 29 | 48 | 32 | 42
11K/11C 51 (91 86|16 22 |23|20 | 1,8]30|74 |34 |53 |28 |23/|23] 22|41 ]|15
1C/4C 30 28|21 |17]094]098| 14 20|16 | 1,1 |20 1,1 1311 |14]|1,1|14]16
1K/4K 13 (12 | 91 |13 1,1 |094| 1,1 | 2,6 | 40 | 80 | 12 | 10 | 25 | 1,0 | 1,3 | 7,7 | 83 | 1,6
5C/4C 22 142 35119 |16| 1,880 19| 1009 35|10 1,5]22 |19 062 2,1 | 6,2
SK/4K 13 | 15 | 93 | 3,7 |81 |47 |35 |81 |14 |091|32 |10 /}20 15 11 | 0,7 |48 | 22
5C/9C 1,219 18 15| 15]30)39) 16 093]081| 22 | 1,0 ‘ 1,7 ‘ 29 3,0 1,1 | 57 | 3,7
SK/9K 58 |47 |42 |36 |84 |78 |21 | 6312|068 18 |08 20 20 17 (093| Il | 15

Ipumeuanue: BbICOKO- 1 CpeIHEHHTEHCHBHBIC ITHKU HA MACC-CIIEKTPAX aHAIM3UPYEMBIX 00pa3l[0B OTMEUCHBI KPACHBIM M CHHUM (DOHOM COOTBETCTBYIOIIHX
9TUM IHUKaM siueek Tabmuipl. C — «cBexkHe» 00pasibl HorypTroB, K — «yCKOpeHHO MpocpoveHHbIe (3aKUCIICHHBIC)» 00pa3iibl HOrypToB.

Note: High- and medium-intensity peaks are marked with red and blue. C — fresh yoghurt samples, K — acidified yoghurt samples.

Ta6muma 3. CooTHONICHNS MHTCHCUBHOCTEH IMIKOB, 3apErUCTPUPOBAHHBIX C TOMOIIBIO Macc-criekTpomerpa MC7-200,
IIPH Pa3HBIX «MACCOBBIX YHCIax» (M/z) Ui pa3INIHBIX TI0 COCTABY U «CBEKECTH» HOTYPTOB

Table 3. Peak intensities recorded with an MS7-200 mass spectrometer at different mass numbers (m/z) for yoghurts of different
composition and freshness

Obpa3zen Maccoebie uucia (m/z, /la)
56/58 56/60 56/61 70/67 70/85
1K 2,6 6,7 22 3,7 2,2
1C 0,45 1,4 4,9 1,4 2,5
2K 1,3 3,7 8,0 1,1 2,3
2C 2,1 5,38 13 1,0 2,9
3K 0,60 0,84 1,5 5,4 15
3C 1,2 1,8 6,0 1,5 5,2
4K 0,28 0,54 2,2 1,2 1,6
4C 0,28 0,52 2,5 1,1 1,8
5K 1,1 1,7 0,88 28 10
5C 0,62 1,2 1,3 3,7 3,0
6K 2,0 0,01 6,6 189 348
6C 1,3 0,38 7,0 1,4 3.9
7K 1,4 2,6 0,60 44 14
7C 0,77 1,2 1,4 3,5 5,0
8K 1,2 1,7 0,7 26 8,8
8C 1,1 1,8 95 1,0 1,0
9K 0,86 2,8 3.9 1,9 6,6
9C 0,48 1,9 2,6 1,6 7,8
10K 0,76 1,0 0,43 20 46
10C 1,2 4,2 5,8 2,7 7,2
11K 2,1 4,5 4,0 4,3 2,5
11C 0,36 1,1 0,88 3.8 3,1

ITpumeyanue: BbICOKO- M CPEITHEMHTEHCUBHbIE ITMKM HAa MACC-CIIEKTPaX aHAIM3UPYEMbIX 00pa3IloB OTMEYEHBI KPACHBIM U CHHUM (JOHOM COOTBETCTBYIOMIMX
9TUM NHUKaM siueek Tabmuipl. C — «cBexkue» 00pasipl iforypTos, K — «yCKOPEHHO IPOCPOUYCHHBIE (3aKHCIICHHBIE))» 00pasiibl HOrypTOB.

Note: High- and medium-intensity peaks are marked with red and blue. C — fresh yoghurt samples, K — acidified yoghurt samples.
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(tabx. 1-3). [Ipuuem HamboOIEE 3HAYUMO ITO MPOCIIE-
KUBAJIOCHh y «YCKOPEHHO 3aKHCJICHHBIX» 00pa3ioB. Ha-
npumep, y oopasnoB 1K u 4K cooTHOIIEHNST HHTEHCHB-
HOCTCH NMUKOB Ha MacC-CIEKTPaxX UX HUCIIAPCHHI Mpu
m/z = 56 u 58 Jla cocraBunu 2,6 u 0,28. B To Bpems
Kak it 00pa3noB 1C u 4C aHaIOTHYHBIC COOTHOMICHHUS
coctrapmiu 0,45 u 0,28 (Tadm. 3).

TaxuMm obpa3om, pa3paboTaHHBIA HAMH METOJ| aHa-
JTU3a TI03BOJISIET YK€ TT0 COOTHOIICHUSIM HHTEHCHBHOCTEN
OTJICBHBIX MHKOB, PETUCTPUPYEMBIX C IIOMOIIBHIO Ta30-
BOTO MacC-CIIEKTPOMETpa ISl Pa3HBIX 00Pa3IOB KUCIIO-
MOJIOYHOH NPOTYKIHHA IIPH PAa3HBIX M/Z, TOCTOBEPHO pas3-
JTUYATh AT 00pas3Ilbl HE TOIBKO IO CTETICHH X CBEKECTH,

HO 1 TIO COCTaBY M Ka4eCTBY HCITOIB30BAHHBIX IPH H3T0O-

TOBJICHUH YIIOMSIHYTBIX 00pa31i0B MUKPOOHOJIOTHYECKIX

3aKBacOK, MOJIOYHOT'O CBIPbsI, ()YHKIIMOHAIBHBIX IHIIE-
BBIX JJOOABOK U T. II.

JlaHHBIE 110 HHTEHCUBHOCTSIM ITHKOB, 3aPETHCTPHPOBAH-
HBIX Ha MacC-CIEeKTPax NCHapeHUH HCCIeTOBaHHBIX 00pa3-
LIOB ITPH pa3HbIX M/Z (Tab. 1), ObUIN JOTIOIHUTEIHLHO Ma-
TeMaTH4ecKH 00padoTaHbl HAMH C TOMOIIBIO «METO/Ia IJ1aB-
HBIX KOMITOHEHT». B pe3ynbpTaTe 3T0r0 OBLIO YCTaHOBIICHO,
YTO JaKe OJ{HA — TepBast «riaBHas koMmroHeHTay (PC1) —
00BbsicHsieT 59 % McXOQHBIX NaHHBIX. Torna Kak BMecTe
niepBasi ¥ BTopast «riaBHbele KomroHeHTs» (PC1 u PC2)
00BACHSIOT 87 % MCXOMHBIX JaHHBIX.

PC1=0,30xM_* + 0,31xM, *+ 030xM_*+ 0,29xM_*+0,28xM_* +0,28xM_ * +0,30xM_*+ 0,17xM_*+
0,29%M* + 0,25XM, * + 0,290xM, * + 0,29xM_ * + 0,27xM*;

PC2 = 0,11xM_* + 0,42XM * + 0,12XM_ * — 0,25%M_* — 0,1 7xM* + 0,43xM, * — 0,12xM, * + 0,43xM_* +
0,12XM,* + 0,1 IXM_* — 0,27xM_* — 0,12xM_* + 0,43xM_*;

M* =M, /(I/nxEM, ) — 1, My * =M, /(I/nxEM, )-1ur x,

rae MSS,:” MS()J
CTPUPOBAHHBIX HA MacC-CIEKTPax NCIapeHHH i-ro oopasia
npu m/z = 55, 56 u T. 1.; n = 11 — o0Iee KOIUIECTBO
AHAIM3UPYEMBIX 00pa3IoB.

B pesynbraTe 3TOro npu BU3yaIn3auy NIpUMEHEHHS
«MEeTO0/1a TJIABHBIX KOMIIOHEHT» Ha MCXOJHOM MacCHBE
JTaHHBIX (puc. 2) uccaeayeMbple 00pas3Ipl pa3aeIuiInch
Ha 4 KJacTepa; NepBbIi ¥ BTOPOH M3 KOTOPBIX BKITIOYAIIH
B ce0st 110 4 00pasia «CBEXNX» U «yCKOPEHHO 3aKUCIICH-
HBIX» HOTYpTOB 0€3 (DYHKIIMOHAJIBHBIX IHIIEBbIX I00ABOK;
a TPETUii 1 YETBEPTHIH — 110 7 00pa3LOB «CBEKUX» U «YCKO-
PCHHO 3aKHCIICHHBIX» HOTYPTOB ¢ ()YHKIMOHAIHHBIMH
MHUIIEBBIMA J100aBKaMHU.

Ha pucynke 3 mpencTaBiieHbl pe3ysIbTaThl aHAIHU3a
Macc-CIEKTPOB UCIAPEHUI MaTepHalloB, UCIIOIb30BaB-
IIUXCS I U3TOTOBJICHUS YIaKOBOK HCCIIETOBAHHBIX
00pa3noB. 13 pucyHka 3 BUHO, YTO Macc-CHEKTPHI UCTIa-
peHuii yrnakoBok oopasmoB Ne 1, 3, 5-7, 9 u 11 Obutn
MaJio HHTEHCUBHBI M CXOJHBI MEXIy c000i. B TO Bpems
KaK Macc-CIeKTPbI HCIIapeHNH yIakoBOK 00pa3oB Ne 2,
4, 8 u 10 n1eMOHCTpUPOBAJIN MHTEHCUBHBIE MUKU MPU
m/z =60 [la (y o6pasmoB Ne 4 u 8), m/z =84, 85 u 86 [la
(y obpasua Ne 7), m/z =53, 54, 55, 56, 67, 69, 70, 83, 84, 85
n 86 Jla (y obpaszma Ne 10).

ITocnennee MOXET CIyXKHUTh CBUJIETEIHCTBOM TOTO,
YTO NP U3TOTOBIICHUH YIAaKOBOK oOpasnoB Ne 2, 4, 8
u 10 ucnonap30BaIUCh MIACTUKU XOTS M TOH K€ MapKu
«PET 01», uro 1 y GOIBIIMHCTBA MCCIIEJOBAaHHBIX 00pa3-
II0B, HO C HCTEKIIUM CPOKOM XPaHEHHUs, TMOO BTOPUIHO
nepepaboTaHHbIe, THO0 M3rOTABIMBABIINECS, XPAHUB-
IIMeCs WIM TPAHCIOPTHUPOBABIINECS C HAPYLICHUSIMHU
TEXHOJIOTMYECKOTO PErJaMeHTa. JTO IOKa3bIBACT, UTO Mpel-
CTaBIsieMasi HAMH METOJIMKa MOYXET OBITh UCIIOJIb30BaHA
B TOM YHCJIE U JJII KOHTPOJIS KauecTBa MaTEepUaJoB,

U T. . — KHTCHCUBHOCTHU IMUKOB, 3apCru-

293

10 .
~ 51
X
0
a
N
£
0 4 .
-5 T t T T T T T
—4 -2 0 2 4 6 8 10

PC1 (59 %)

Pucynox 2. Pe3ynpraT BU3yanu3amiuu MacCuBa JaHHBIX,
MPECTaBICHHBIX B Tabauue 1, ¢ MOMOIIBI0 MEeTOIa
IBYX «riaBHbIX KoMrnoHeHT» (PC1 u PC2)

Figure 2. Table 1 visualized by the method principal components
(PC1 and PC2)

HCTIOJIB3YEMBIX PA3JIMYHBIMU IPONU3BOAUTEIIAMU IJIS U3TO-
TOBJICHUA YIIAKOBOK pa3H0171 HHHIGBOﬁ OpOaAYKIUH.

BoiBoaBI

PesynbraThl HccieqoBaHMi 00pa3oB HOTYPTOB, TIPO-
MBIIUICHHO BBINTYCKACMBIX PasHBIMU ITPOU3BOAUTEISIMU
C pa3TUYHBIMH 3aKBacKam¥, (yHKIIHOHAIGHBIMH TTHIIC-
BbIMHU )IO6aBKaMI/I " T. II., @ TAK)K€ MaTCprualioB, UCIOJIb-
30BaHHBIX JIJISI U3TOTOBIICHUS YITAKOBOK 3THX 00pa3IoB,
TOKa3aJik, 9YTO pa3pabOoTaHHBIM HAMH TOJIXO/] (3aKiItoua-
FOLIUIACS B 0TOOPE TIPU HATPEBAHUU UCTIAPCHUI OT 00pa3-
IIOB KaK B «CBEXEM» BHIIE, TaK M B «YCKOPEHHO 3aKFHC-
JICHHOMY, ITyTE€M 3-X CYTOYHOI'0 TEPMOCTATUPOBAHUS [IPU
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HHTEHCUBHOCTH MUKOB, X10'°, oTH.ex1.

50 52 54 56 58 60 62 64 66

68 70 72 74 76 78 80 82 84 86

OTHOLIEHUS MacChl HOHOB, [la, Ha KOTOpbIE pa3jenniIack Npoda, K ux 3apsuy

Pucynok 3. CpaBHeHHE Macc-CIIEKTPOB HCIIAPEHUH MaTepUAIOB, UCIIOIB30BAHHBIX JJISI H3TOTOBJICHUS YIIAKOBOK
Pa3IMYHBIX IIPOMBIIUICHHO BBIITYCKaeMbIX HOTYpTOB, MOJYUCHHBIX ¢ MOMOIIBIO Fa30BOr0 KBAPYHIOJIbHOTO
Macc-crekTpomerpa MC7-200; Homepa 00pa3oB COOTBETCTBYIOT YKa3aHHEIM B Tabnuie 1

Figure 3. Evaporation mass spectra of yoghurt packaging of various brands obtained by an MS7-200 gas quadruple mass spectrometer:
sample numbers correspond to those in Table 1

+40 °C + B oTb0ope mocine Harpesa 10 +70 °C ucnapeHuit
OT YIaKOBOK YIOMSHYTBIX 00Pa3loB + B ITOCIEAYIOMICH
perucTpaniy Macc-ClieKTPOB ATHX HCIIAPEHUH C TIOMOIIIBIO
paspaboranHoro B UAIT PAH manorabaputHoro raso-
Boro macc-cnekrpomerpa MC7-200 + B mocieayromei

CUHTEJUIEKTYaJIbHOW) MaTeMaTHYeCKOi 00paboTKe MoITy-
YCHHbIX IIaHHBIX) MOET OBITh MCITOJIB30BAaH B KAUYECTBE
3(pGeKTUBHOrO MEeTO/ a KOHTPOJISI COCTAaBa M Ka4eCTBa
MOJIOYHOH W MHOH MUIIEBOH TPOIYKINH (BKIIIOYAs MaTe-
pHaIIbl, UCTIOIB3yEeMbIe IS €€ YIaKoBKH). PazpaboTan-
HBI TTOIX0J 00JIafjaeT TaKUMHU MPEUMYIIECTBAMH, KaK
BBICOKas! AKCIIPECCHOCTH U SKOHOMHUYHOCTb, IOCTYITHOCTh
JUISl IIUPOKOTO TIPUMEHEHHMSI, HEBBICOKHE TPEOOBaHMS K
KBaM(UKALUK onieparopa u T. A. JlonoIHUTeIbHO pa3pa-
OOTaHHBIC HAMU METOJIMKH MTPEABAPUTEIBHOTO «YCKOPEH-
HOTO 3aKHCJICHHS» aHAJTU3UPYEMbIX 00pa3I0B MOJIOY-
HOH IPOAYKIINH, a TAK)KE HarpeBa 00pa3LioB K MaTEPHAIIOB,
HCITOJIB3YEMBIX MPOM3BOAUTEISIMHU ISl YIAKOBKH 3THX

00pasIioB, mepes mpodbooTOOPOM HCHapeHHIT OT HUX CyIIle-
CTBEHHO yBEJIMYUBAIOT YYBCTBUTEIBHOCTh U MHPOpPMA-
THUBHOCTB TaKOTO aHaim3a. Pa3paboTaHHBI HAMH METON

aHaJIM3a MO3BOJISIET YKE JIaXKe 110 COOTHOLICHUSIM UHTCH-
CUBHOCTEH OTIEIBbHBIX ITUKOB, PETUCTPUPYEMBIX C TIOMO-
IIBIO Ta30BOT0 MAacC-CIIEKTPOMETpA JIJIs pa3HbIX 00pa3IoB

KHCJIOMOJIOYHOW MPOAYKLMHU IPU Pa3HbIX M/Z, TOCTO-
BEPHO pa3yinyarh aHAIM3HPYEMbIe 00pa3ibl HE TOJIBKO

IO CTETICH! UX CBEXKECTH, HO U TI0 COCTABY M KaUeCTBY UC-
MTOJTE30BAHHBIX TP U3TOTOBICHUH YIIOMSHYTHIX 00pas3-
IIOB MUKPOOHMOIOTHIECKHUX 3aKBACOK, MOJIOYHOTO CHIPHS,
(hYHKIIMOHATTBFHBIX THIIEBBIX J00ABOK U T. I1. (Tabm. 1-3).
Hcnonb3yst METOII MHOTOMEPHOT'O CTATHCTHYECKOT0 aHa-
JIM3a, 3TO MOXKHO czenath emé Oosee HarsiqHo. Hanpumep,
paszzenss aHAJIM3UpyeMbIe 00paslibl «B MPOCTPAHCTBE

TJIaBHBIX KOMITOHEHT» (puc. 2). Pa3paboTtanHbIll HaMH
MOJIXOJ1 O3BOJISIET OCYILECTBIISITH KOHTPOJIH KAUeCTBa MaTe-
PHAJIOB, UCIIOJIB3YEMBIX POU3BOIUTEISIMH JUISl U3TOTOB-
JICHUS YITAKOBOK aHAIN3UPYEMOH MUILEBON MPOIYKIINU
(oTcenBast Te U3 HUX, KOTOPbIE ObLIN U3rOTOBJIECHBI M3 MaTe-
PpHAaJIOB, HCXO/HO HEMPUTOIHBIX JJIsl XPaHEHHUST MUIICBOM
HPOJYKIIUH, JTNOO C MCTEKIIUM CPOKOM XpaHEeHHs, IN0O BTO-
PUYHO TiepepabOTaHHBIX, TMO0 N3rOTABIMBABIINXCS, Xpa-
HUBIIUXCS WK TPAHCIIOPTUPOBABIIUXCS C HAPYIIICHUSMH
TEXHOJIOTHIECKOTO periaMeHTa (puc. 3)).

Kpurepun aBropcra

B. C. CubupiieB ocymiecTBIIsUI 001Iee IIIaHUPOBAHUE
HCCJICIOBAHUS, HHTCPIIPCTAIIMIO MTOTYYCHHBIX TAHHBIX
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