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Analytics of Substances and Materials
M. N. Lyutikova, A. V. Ridel, S. |. Sotnikov

Investigation of Gas Formation

in Dielectric Liquids

Monitoring the formation of gases in liquid dielectrics during

their operation in high-voltage transformers is of great practical
importance in diagnosing the condition of the internal insulation

of oil-filled equipment. The composition of the gas mixture and

the dynamics of the growth of concentrations of certain gases can
provide valuable information about the appearance and possible
nature of a defect inside the equipment. The available methods

for determining gases are designed to monitor the condition of
electrical equipment filled with petroleum-based transformer

oil. Meanwhile, the global power industry is gradually moving

to alternative fluids such as natural and synthetic esters, as well

as mixtures of these esters with transformer oil. Ester dielectric

fluids are highly biodegradable, fire retardant, highly water soluble
without compromising electrical insulating properties, and are
environmentally friendly and renewable. Accordingly, their use

in high-voltage equipment requires the development of control
methods. The paper presents the results of a study of the formation of
gases under the influence of discharge processes in a synthetic ester
liquid, as well as mixtures of transformer oil with an ether content of
5% t0 30% by volume. The determination of gases dissolved in liquids
was carried out on a gas chromatograph according to a new method.
Keywords: insulating mineral oil, ester dielectric liquid, essential oil
mixtures, gas chromatography, formation of combustible gases, sum of
hydrocarbon gases
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198 UccnepoBaHue o6pa3oBaHus rasos

B ANIIEKTPUYHECKUX XKUJKOCTAX

KOHTpONb 06pa30BaHMs ra3os B KMAKNX AMINEKTPUKAX

B NMPOLLeCcce UX 3KCNayaTaLmm B BbICOKOBOMLTHbIX
TpaHCchopMaTopax MMeeT OrpOMHOE NPaKTUYeCKOoe 3HaveHne

B ANArHOCTUKE BHYTPEHHEeM U30N8LMM MaC/I0OHAMNOHEHHOT O
060opyaoBaHMA. 10 COCTaBy ra3oBoM CMeCK 1M AMHAMMKe pocTa
KOHLEHTPaL MM ONpeaeneHHbIX Fra30B MOXHO NOAYYUTb LEHHYO
MHOOPMALMIO O MOSBNEHMM 1 BO3MOXHOM XapakTepe gedekTa
BHYTPW 060pyA0BaHMS. IMeloWwMecs MeTOAMKM NpeaHa3HaYeHbl
LN MOHWUTOPWHIA COCTOSIHNS 31eKTPO0bOpYyAOBaHMS,
Hamno/IHEHHOr 0 TPAaHCHOPMATOPHBLIM MAC/IOM, U3rOTOBIEHHbLIM
Ha 0CHOBe HedTW. Mexay TeM MMPOBast 31eKTPO3HepreTMKa
NepexoamT Ha HaTypanbHbLIe N CUHTETUYECKME CIOXKHbIe

3GUPbI, a TAKXKE NX CMECU C TPAHCHOPMATOPHbLIM MAC/IOM.
CNOXHO3DUPHbIE AN3NEKTPUYECKME XMAKOCTM 061aa0T
BbICOKOW B1OPa3NaraeMocTbio, OrHECTOMKOCTLIO, MOBbILLEHHOM
PaCTBOPUMOCTbLIO B3 CHUKEH NS 3N1eKTPOM30NALUMOHHbIX
cBoMCTB. OHM He30MacHbl AN OKPYXXatoLWen cpeabl U OTHOCATCS
K BO30OHOBASIEMbIM pecypcam. NpuBeaeHbl MOyHeHHbIe No
HOBOW METOAMKE pe3ynbTaTbl UCCIeA0BAHNS 06pa3oBaHNS
ra3oB NOA BAVSHMEM 3N1EKTPUYECKNX PA3PSA0B B CUHTETUYECKON
CNOXKHO3DUPHOM KMAKOCTH, @ TAKKE CMeCsX TPaHCHOPMaTOPHOTO
Macna c cogep)xaHmem sdurpa ot 540 30% no 06bemy.
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Optimization of Sucrose Inversion Conditions 206 ONTMMM3aLUs yC/I0BUA MHBEPCUMU Caxapo3sbl

and Evaluation of the Accelerated Ferricyanide
Method for Determining Total Sugar

The sugar content in raw materials and food products largely
determines their usefulness and quality. Therefore, much attention
is paid to methods of controlling the content of this important
ingredient. An express method for determining total sugaris
proposed: the method of sucrose hydrolysis is selected, the
conditions (optimal temperature, time, volume of hydrochloric
acid) of complete sucrose hydrolysis without decomposition of
reaction products, as well as without hydrolysis of lactose, maltose
and dextrose are specified. Two methods with different hydrolysis
conditions were compared: the standard method (Bertrand)
according to GOST 5903-89 (sucrose hydrolysis was carried out at
atemperature of 67°C) and the accelerated ferricyanide method,
including sucrose hydrolysis at a temperature of 100 °C.

Reliable data were obtained with a significant (5 times) reduction
in the time of sucrose hydrolysis, and, consequently, the duration
of the entire analysis compared to the standard method for
determining sugar. The accelerated method for determining
reducing substances (PB) and the total sugar content in bakery
and confectionery products can be considered a priority among
chemical research methods. This technique can be recommended
for operational analytical control.

Keywords: sucrose hydrolysis, maltose, lactose, Bertrand method, total
sugar, reducing substances

Peknama B Homepe

M OLeHKa YyCKOpeHHOoro ¢eppuuuaHugHoro
MeToaa onpejeneHus 06u.|,ero caxapa

CopepykaHue caxapa B Cbipbe M NULLEBLIX MPOAYKTaxX

B 3HAYMTENLHOM Mepe onpeaensieT ux NONHOLEHHOCTb M KaYeCTBO.
Mo3TOMy BONbLLOE BHUMAHME yAeNSeTCs MeToAam KOHTPOAS
COAEPXKAHWSA 3TOr0 BaXKHOMO MHIpeaneHTa. MpeanoxeHa
3KCMpeccHas MeToAMKa onpeaeneHns obLwero caxapa: BblbopaH
CNocob rmapoam3a caxaposbl, yTOUHeHb YC1oBu1a (onTumanbHas
TemnepaTypa, Bpems, 06beM CONAHOM KUCIOTbI) MOMHOTO
FMAPONN3a Caxapo3bl 6e3 pasnoXKeHns NPOAYKTOB peakLmu,

a Takke 6e3 rnapoamn3a NakTo3bl, ManbTo3bl U AeKCTPO3bI.
MpoBefeHo CpaBHEHME ABYX METOAMK C PA3HLIMU YCI0BUSMU
rMaponm3sa; ctTaHaapTHoro metoaa (bepTpana) no FOCT 5903-89
(rnaponm3 caxapo3sl NpoBOAMAM NpK TemnepaType 67°C)

1 YCKOPEHHOro GeppuumMaHmnaHoro MeToaa, BKito4atoLwero
TMAPOAN3 caxapo3bl Npu Temnepatype 100 °C. MonyyeHbl
[IOCTOBEPHbIE IaHHbIE MPY 3HaYMTENLHOM (B 5 pas) cokpaLleHnm
BPEMEHW rMAPOMN3a caxaposbl, @ C1ef0BaTe/IbHO, U AJNTENLHOCTY
BCEro aHasmsa no CpaBHEHWIO CO CTaHAAPTHLIM CMOCO60M
onpeseneHmns caxapa. YCKOPeHHY MeTOAMKY MO ONpeaeneHnio
pefyumpytoLLmx BelecTs (PB) 1 0buiero caxapa B npoayKTax
xnebonekapHoOro 1 KOHAUTEPCKOro NPOM3BOACTBA MOXHO CHMUTATL
NPUYOPUTETHOW CPeAN XMMMUYECKMX METOAOB UCCIef0BaHMNS

1 PEKOMEH0BaTb ee A8 MOTOYHOM0 aHA/IMTUYECKOrO KOHTPOIA.
Kntouyesble cnoBa: 2udpou3 caxaposbl, Maabmo3d, AaKmo3d, Memood
bepmpata, 06wuli caxap, pedyuupyrousue elecmsa

Hay4Hble cneumasbHOCTH,
no KOTOpbIM UsgaHue
BXOAMT B cnucok BAK:

Testing & Control .......ccceevevvieeeeeennnn. Il obnoxka MpOMbILLAEHHbIE DKONOrnYeckme
. e 155 JlabopaTopuu .............. IV 06n0xKa, BKienka 1.4.2. AHanIMTNYeckas Xmmunsa
PYNAA AV-DM-CU ..o
TpOMBbILLIEHHDLIN GOPYM YAMYPTUU ........... 205 (xmmieckie Hayku)
KOMMAHNSA XEMMKOH ..oovvveeieeeeeeeiienn. BKIEMKA 2.2.4.Tlpnbopbl M METOAbI U3MEPEHNS
CypryT. HeDTb N a3 ..o 225 (N0 BUAAM U3MEpPEHUI)
MeTponormsa GU3nKo-XxMMnYyeckmx TepPUTOPHSI NDT ..o 163 (TexHMYeckme HayKK)
M3MepeHN, KOHDEPEHLUMNS ..o, 177 DapmTex . il eGhETeE 2.2.6. OnTn4eckme n ONTUKO-31eKTPOHHbIe
- npubopLI N KOMMIEKChI
HKLL TABTECT ..o BKJIEMKa XUMUS oo 181 (TexHMueckme Hayku)
HI® METa-XPOM ... 169 DKOHMKC-DKCTEpT ... 179 2.2.8. MeTo/ibl ¥ NpU6OPLI KOHTPOIA
B ~ 5 5 L6 185 1N ANArHOCTUKM MaTepuanos,
MeTepbyprckmin MexayHapoAHbI HEPTONIat ..o 0bnoXxKa, VI31eNIUI, BELLECTB 1 MPUPOLHOM
FA30BbIA DOPYM ..vvvvviiiiieeeeeeeeeee e 215 FOTTX e 161 cpeabl (TexHuYeckme HayKu)

164

www.j-analytics.ru



CONTENT

y -
analytms Vol. 13 Ne3 2023

I.A. Filenko

Determination of T-2 Toxin by Gas
Chromatography after Derivatization with
Trifluoroacetic Anhydride

The content of mycotoxins in food products of grain nature is one of
theindicators of its safety. The article describes the determination
of T-2 toxin in modern laboratory with domestic equipment.

A calculation formula is proposed that does not require comparison
of peak areas. A wider range of detectable concentrations of T-2
toxin has been established. Statistical processing of the results was
carried out and metrological characteristics were calculated.
Keywords: T-2 toxin, gas chromatography, ECD-detector, derivatization

Chemical Analysis Metrology
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216 OnpeaeneHuve T-2-TOKCMHA MeTOA0M raso-

>)KMOKOCTHOM XpomaTorpadum C o,eTeKTopom
33/ nocne aepmBaTusaLum TPUPTOPYKCYCHbIM
aHruapuaom

CofepykaHme MUKOTOKCMHOB B MULLIEBOM NPOAYKLMM 38PHOBOM
Np1pofibl — OANH M3 NoKasaTenen ee 6e30MacHOCTA. B cTaTbe
0nMcaHo onpeaeneHmne T-2-TOKCMHA B COBPEMEHHbIX 1a60PaTOPHbIX
YCNIOBMSIX HA OTe4ecTBeHHOM 060pyA0BaHMM. MpeanoxxeHa Gopmyna
pacyeTa, He TpebytoLLlas CpaBHeHMS NAOLWAAEN MUKOB. YCTAHOB/EH
6on1ee WMPOKMI AMANA30H ONpeaenseMbix KOHLEHTPaLMn
T-2-ToKCKHa. MpoBeaeHa cTaTUCTMYeckas 0bpaboTka pe3ybTaToB
1 paccHMTaHbl METPONOMNYECKIME XapaKTEPUCTUKN.

KntouyeBble cnoBa: T-2-mMoKCUH, 230848 xpomMamozpausl,
33/1-0emexkmop, depusamusayus

MeTpOﬂOFMSI XMMUNYeCcKoro aHasimsa
P.A.benoycos, A. A. Hazaposa, O. M. PoseHmane

Assessment of the Quality of Hydrochemical 220 OueHka KayecTBa ruapoXMMn4eckomn

Information, Taking into Account Metrological
Requirements

Theinfluence of measurement accuracy on the correctness of
conclusions about the compliance of water quality with the
established requirementsis analyzed. Itis shown that the error
rates are 30% on average for common pollutants characteristic of
drinking water and 40% for substances characteristic of natural
waters. At the same time, the risk of false conclusions about

the compliance / non-compliance of water with metrological
requirements reaches 20-50% in the range from 0.9-1.2 MPC to
0.6-3.3 MPC at measurement error standards typical for common
pollutants. The conclusion is made about the need for an optimal
choice of methods and means for measuring hazardous substances,
which guarantees an acceptable risk of false conclusions.
Keywords: water quality indicator, measurement error, error rate,
assigned error characteristic, conformity/non-compliance conclusion

Chapters of History

V. F.Selemenev, O. B. Rudakov

Voronezh Scientific Schools on Chromatographic 226

and Other Related Methods

The article considers the stages of formation of scientific and
pedagogical schools of chemists in higher educational institutions
of Voronezh, engaged in the training of scientific personnel, the
development of chromatography, ion exchange, sorption and
membrane separation and concentration processes. Some results
of scientific activity of Voronezh chemists are given.

Keywords: higher education, scientific and pedagogical schools,
analytical chemistry, chromatography

MHPOpMALUNN C YH4ETOM METPOJIOr U4eCcKmX
TpeboBaHUM"

MpoaHanM3npoBaHO BAMSIHNE TOYHOCTM U3MEPEHMIA Ha
KOPPEKTHOCTb 3aK/IKOHEHM O COOTBETCTBUM Ka4ecTBa

BOZ YCTAHOBNEHHbLIM TpeboBaHMAM. [ToKa3aHo, 4To

HOPMbI NOTPELLHOCTM COCTaBNSAT 30% B CpeHeM No
pacnpoCTpaHeHHbIM 3arpA3HAILWMM BeLLeCTBaM, CBOMCTBEHHbLIM
NMUTbEBbLIM BOAAM W1 40% — NO BeLLeCTBaM, CBOMCTBEHHbIM
NPUPOAHBLIM BOAAM. [1PY 3TOM PUCK JTOXKHbLIX 3aK/TIOHEHN I

0 COOTBETCTBMM [ HECOOTBETCTBUM BOAbLI METPOAOrNYECKNM
TpeboBaHmMsaM gocturaet 20-50% B gnanasoHe o7 0,9-1,2 MAK

00 0,6-3,3MN4K npy HopMax NOrpelwHoCTM U3MepeHun,
XapaKTepHbIX 419 pACNPOCTPAHEHHbIX 3ar PA3HSIOLLMX BELLECTB.
CpenaH BbIBOL 0 HEOBXOAMMOCTY ONTUMAILHOTO BbIOOpa METOAMK
1 CPeCTB M3MEPEHMIM ONACHLIX BELLLECTB, FapaHTUPYIOLLEero
LOMNYCTUMbIA PUCK NTOXKHbIX 33KTIOHEH NI,

KntouyeBble caioBa: NoKaamenb Ka4ecmad 800, N02peLHocms Usmepe-
HUU, HOpMa NozpewHoCMU, NPUNUCAHHAS XapaKkmepucmuKka nozpewHo-
cmu, 3aKAK4eHUe 0 Coomeemcmauu/Hecoomaemcmsuu

CTpaHuLubl ucTopumn

B. ®. Cenemenes, O. b. Pydakos

BOpOHE)KCKI/Ie Hay4Hble WKOJbl

no xpomaTtorpapuyeckmm v gpyrum
poACTBEHHbIM MeTOo4aM

B cTaTbe pacCMOTpeHbl 3Tanbl CTAHOBIEHUSA HAY4YHO-
negarornyecknx WwKoa X MMnKoOB B BbICLLINX yl—|e6HbIX 3aBedeHunax
BOpOHE)Ka, KOTOpPble 3aHMatoTCA I'IO,EI,I'OTOBKOI;I Hay4HbIX KaApoB,
pPasBUTMEM XPOMATOrpadum, MOHHOro 0bMeHa, COpOLMOHHbIX

n MEM6DaHHbIX npoueccoB pasgeneHna N KOHUEHTPUPOBaHMA.
MpnBeaeHbI HEKOTOPbIe UTOMN Ha\/l-IHOl7| AeaTeIbHOCTU
BOPOHEXCKNX XMMNKOB.

KnioueBble cnoBa: gbicliee 06pa3osaHue, Hay4Ho-nedazozuyeckue
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