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Lenb uccnedosaHusi — onpedenums MepMo-
2pasumempuyeckue Xapakmepucmuku KyKypy3Ho-
20 Macna U nposecmu aHanu3 nosy4eHHbIX OaH-
HbIX. @YHKUUOHarbHbIE XUpPOBble NPodyKmMbI MO-
2ym 6bimb co30aHb! nymeM 8HeOPEeHUsl 8 UX CO-
cmas pacmumeribHbIX Maces, 602ambiX HeHachl-
WeHHbIMU XupHbIMU Kucromamu. Obbekmom uc-
cnedogaHusi 8bIBPAHO KyKypy3HOe Macso, Komo-
poe A8n1iemcsi NepCNEKMUBHbIM CbipbeM 071 CO3-
OaHusi (hYHKUUOHaMbHBIX IMYSIbCUOHHBIX XUPOBbIX
npodykmog. 3KcnepumeHmarnbHble uccnedosaHus
nposodunuck Ha npubope CUHXPOHHO20 MepMuYe-
cko2o aHanu3a modenu STA 449 F3 Jupiter 8 pas-
JIUYHbIX 2a308bIX ammocgepax memodom Oughge-
peHuyuansHo-ckaHupyrowel kanopumempuu (LJCK).
L[CK ocHogaHa Ha peaucmpauyuu mensiosbix -
hekmos  (hUUKO-XUMUYECKUX U  CMPYKMYPHbIX
npespaweHul, npomekarwux 8 npodykme npu
3anpo2pamMmMupO8aHHOM — U3MeHeHUU  8o3delicm-
gyroweli memnepamypbl. Pe3ynsmamom mepmu-
YecKo20 aHanusa SeMalmes mepMuyeckue Kpu-
8ble — mepmoepaMMbi (Kpueble HazcpeeaHusi), Ko-
mopble 3agucsim 2fasHbIM 06pas3oM om Xumuye-

Teryokhina A.V. — Cand. Techn. Sci., Assoc. Prof.,
Chair of Technology of Fats, Processes and Devic-
es of Chemical and Food Productions, Voronezh
State University of Engineering Technologies, Vo-
ronezh.

E-mail: gorbatova .nastia@yandex.ru

Derkanosova A.A. — Cand. Techn. Sci., Assoc.
Prof., Chair of Service and Restaurant Business,
Voronezh State University of Engineering Technol-
ogies, Chief, Center of Collective Using "Control
and Management of Power Effective Projects", Vo-
ronezh.

E-mail: aa-derk@yandex.ru

Saranov I.A. — Cand. Techn. Sci., Engineer, De-
partment of Intellectual Property, Voronezh State
University of Engineering Technologies, Voronezh.
E-mail: mr .saranov@mail.ru

CKO20 cocmaea U cmpykmypbl uccnedyemozo ee-
wecmea. B pesynsmame uccnedosaHus 8 duana-
30He memnepamyp om =50 0o +3 C nomny4yeH npo-
unb nnasneHus KyKypy3Ho2o macna, xapakmep-
HbIl  moribko 0 0aHHo20 npodykma  (kpueas
[CK), Ha komopom npucymcmeyem HECKObKO
nepeKkpbIBatOUUXCA IHOOMEPMUYECKUX NUKO8 (npu
-33,2; 21,5 °C) obwel nnowadsto 56,69 [Ix/e,
00yCnoBNEHHbIX YHUKanbHOU KoMbuHayuel Xup-
HbIX Kucom npodykma. B pesynbmame uccnedo-
8aHUSI BbISIBIIEHO, YMO U 8 KyKYPy3HOM Macre npo-
A6MIAOMCS 8 nhpoyecce aHanusa 3HAoOmMepMuye-
CKue aHomanuu. Temnepamypa MakCuMyma nuka
ons cnpeda cocmasuna —21,5 °C, 0aHHas memne-
pamypa Xapakmepuayem OKOHYaHue npouecca.
Temnepamypa Havana npouecca -40,23 °C, a
oKkoH4aHusi —7,25 °C. YOenbHas mennoma npouec-
ca Ong KyKypy3Ho20 Macra cocmasuna 42,39 [x/e.
[Tony4eHHble 3agucuMOCMU NO360MUMIU  yYCMaHO-
8UMb HE8OCNPOU38OAUMOCMb IHOOMEPMUYECKO20
nuka npu oxnaxdeHuu u nocredyouem Hazpese,
ymo ceudemenbcmgyem 0 Heobpamumocmu
CMpykmypHo20 (hazosoeo nepexoda. Memodbi
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MepMUYeCcKo20 aHanu3a no3sosNslm KayecmeeH-
HO udeHmuguyuposams harnbcuukayur Mmac-
noxuposoli - npodykyuu.  Tepmoepagumempuye-
CKUM aHanu3oM MOXHO Omauyums KyKypy3Hoe
macso0 om aHano2o08 no nomepe Macchl 0bpasya,
a ougepeHyuanbHol ckaHupytowel Kanopu-
mempuel — no memnepamype niasneHust.
Knroyeeblie crosa: KykypysHoe macrno, mep-
Mozpasumempuyeckuli aHanus, (yHKUUOHasbHbIe
Xupoeble NPodyKmbI, mepMuyecKull aHasus.

The research objective was to define
thermogravimetric characteristics of corn oil and to
carry out the analysis of the obtained data. Func-
tional fatty products can be created by introduction
in their composition of vegetable oils rich in
nonsaturated fatty acids. Corn oil which is perspec-
tive raw materials for creation of functional emul-
sion fatty products is chosen as the object of the
research. Pilot studies were conducted on the de-
vice of synchronous thermal analysis of F3 Jupiter
STA 449 model in various gas atmospheres by the
method of differential scanning calorimetry (DSC).
DSK was based on registration of thermal effects of
physical and chemical and structural transfor-
mations proceeding in the product at programmed
change of influencing temperature. Thermal curves
were thermograms (curve heatings) which depenad-
ed mainly on chemical composition and structure of
studied substance were the result of thermal analy-
Sis. As a result of the research in the range of tem-
peratures from =50 to +3 °C the profile of corn oil
melting, characteristic only for this product (curve
DSK) on which was present some blocked endo-
thermic peaks (at -33.2; —21.5 °C) with the total
area of 56.69 J/g, caused by a unique combination
fatty acids of the product. As a result of the re-
search it was revealed, as in corn oil endothermic
anomalies were shown in the course of the analy-
sis. Peak maximum temperature for spread made —
21.5 °C, this temperature characterizes the end of
the process. The temperature of the beginning of
the process of -40.23 °C, and termination of
-7.25 °C. Specific heat of process for the corn
made 42.39 J/g. Received dependences allowed
establishing irreproducibility of endothermic peak
when cooling and subsequent heating that testified

to the irreversibility of structural phase transition.
The methods of thermal analysis allowed to identi-
fying the falsification of fat-and-oil products qualita-
tively. By thermogravimetric analysis it is possible
to distinguish corn oil from analogs on loss of mass
of a sample, and differential scanning calorimetry —
on melting temperature.

Keywords: corn oil, thermogravimetric analysis,
functional fat products, thermal analysis.

BeepaeHue. lNpruopnuteTHbIM HanpasieHeM no-
nutukn Poccuinckon ®epepaunv sBnsetca obec-
neyeHne HaceneHns (yHKLUMOHaNbHbIMA NPOLYK-
TaMn NUTaHWS, U 3TO SABNSETCH TMaBHOW LESbo
Hay4HbIX WCCEAoBaHWA U NepBOCTENeHHOW 3aja-
Yeil Kaxgoro npoussogutens. PerynspHoe ynot-
pebreHne Takux NPOLYKTOB [aeT BO3MOXHOCTb
CHU3UTb PUCK Pa3BUTUS Takux 3abomneBaHWi, Kak
aTepocknepos, HapylleHne paboTbl CcepaeyHo-
COCYZMCTON, SHOOKPUHHOWN CUCTEMbI, OPraHoB M-
wesapeHns n ap. OyHKUMOHArbHbIE XMPOBbIE
NPOAYKTbI MOTYT BbITb CO3AaHbl NyTEM BHEAPEHMS
B WX COCTaB pacTUTeNbHbIX Maces, boratbix HeHa-
CbILLEHHBIMW XWUPHbIMKM KucnoTamu [1-3].

Lenb uccnepoBaHua: onpefenutb TepMmorpa-
BUMETPUYECKME XapaKTEPUCTUKU KYKypYy3HOrO Mac-
na v NPOBECTW aHann3 Nosly4YeHHbIX JaHHbIX.

O6bekTbl U MeToAbl uccnegoBaHus. O6bek-
TOM MCCrefoBaHWs BblBpaHO KyKypy3HOe macro,
KOTOpOE SBNSETCA NEPCneKTUBHbIM CbipbeM Ans
CO30aHNS (PYHKUMOHANBHBIX 3MYNbCUOHHBIX XMPO-
BbIX MPOAYKTOB. HepadmHMpoBaHHOE Macro Co-
OEPXKAT NpuMepHO 85 % HeHaCbILWEHHbIX U HaCbl-
LWEHHbIX XMPHBIX K1CNOT. KyKypysHoe macro
BOBOE MPEBOCXOAMUT OfIMBKOBOE W MOACOSTHEYHOE
no COAEpPXaHWo BUTaMMHA E, KOTOpbIN SBNSETCS
CUMbHEMIUMM  @HTUOKCUMAAHTOM W NpensTcTByeT
npexageBpeMeHHOMY cTapeHuio, borato BuUTamu-
Hamun B1, F, PP, npoButammHom A 1 neumTuHOM.

OKCnepUMeHTanbHble WUCCReaoBaHNsS NpoBOAK-
N1Cb Ha Npubope CUMHXPOHHOTO TEPMUYECKOTO aHa-
nu3a mogenn STA 449 F3 Jupiter B pasnnyHbIx ra-
30BbIX aTMocepax MeTogoM AndepeHLnansHo-
ckanupytoweit kanopumetpun (LCK) [4, 5]. aHHbIn
npubop komBuHUpyeT B cebe npeumyLiecTBa Bbl-
COKOYYBCTBUTENbHBLIX TEPMOBECOB W AnddepeH-
LuarnbHOMo CKaHMpyHoLLEro kanopumeTpa (puc. 1).
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Puc. 1. lpubop cuHxpoHHO20 mepmuyeckoeo aHanusa (TG-DTA/DSC)
modenu STA 449 F3 Jupiter

[CK ocHoBaHa Ha perucTpauu TennoBbIx -
(DEKTOB (DU3NKO-XMMUYECKMX U CTPYKTYPHBIX Npe-
BpaLLEHUI, NpoTeKatoLLmMX B NPOAYKTe Npu 3anpo-
rPaMMUPOBAHHOM  U3MEHEHUM BO3LENCTBYHOLLEN
Temnepatypbl. Pe3ynstaTtom TepMU4eckoro aHanu-
3a SBNATCA TEPMUYECKUE KPUBbIE — TEPMOrpam-
Mbl (KpVBbIe HarpeBaHWs), KOTOpbIE 3aBUCAT rnaB-
HbIM 06pa30M OT XMMWYECKOrO COCTaBa U CTPYKTY-
pbl uccnegyemoro Bewectsa. [1ns obpaboTku no-
nyyeHHbIx 3aBucumocTten kpuebix CK u noctpoe-
HMS anddbepeHumanbHbix Kpubix dCK ncnonb-
3oBanocb nporpammHoe obecneyeHme NETZSCH
Proteus. QkcnepuMeHTbI MPOBOAMANCL NpU Temne-

patypax ot -100 go 20 °C co ckopoCTbi Harpesa
3 K/MWH B OKCMAMPOBAHHbIX antOMUHWUEBLIX TUTMAX
B Cpeae rasoobpasHoro asota krnacca 5.

PesynbTaTbl uccnegoBaHua U UX obcyxae-
Hue. B pesynbTaTte uccrnegoBaHWs B AuanasoHe
Temnepatyp ot -50 go +3 °C nonyyeH npodunb
NNaBneHnst KyKypy3HOr0 Macna, XapaKTepHblii
TONbKO ANst AaHHoro npogykTta (kpueas [CK), Ha
KOTOPOM MPUCYTCTBYET HECKONMbKO MEPEKPbIBAtO-
WMXcs SHAOTEPMMYECKUX nukoB (npu -33,2 °C;
-21,5 °C) obwen nnowaabto 56,69 [x/r, obycnos-
NEHHbIX YHUKANbHON KOMOMHALMEN XMPHBIX KUCTIOT
npoaykTa (puc. 2).
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Puc. 2. Tepmozpamma 0nsi KyKypy3H020 macna
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C nomowpl nporpammHoro  obecneyeHus
NETZSCH Proteus kpveas [JCK 6bina npogudde-
PEeHUMpOBaHa no BpeMeHu, Takum obpa3om nony-
YeHa KpuBasi M3MEHEHWS1 CKOPOCTW TEnroBoro no-
TOKa, KOTOpas Takke CBUAETENLCTBYET O CIIOXHOM
XapaKkTepe npoTekaHus Mnpouecca NnaBfeHns W
No3BONSIET ONPeAenuTb ero reoMeTpuveckoe Ha-
yano. [ing ato Obln paccMOTPEH AnanasoH Temne-
patyp ot -52 no -30 °C Ha kpueon [CK (puc. 3).

'eOMeTpUYeCcKoe Hayaro nnaerexHns (Ha pucyHke 3
— Hauano) umeet Temnepartypy -40,3 °C, oHO Haxo-
LUTCA B MECTe NepeceyeHmns AByX KpUBbIX, OAHA 13
KOTOpbIX SBMsieTCA kacaTenbHon K kpuson [CK B
[vanasoHe Temnepatyp ot -50,5 go -45,5 °C (ropu-
30HTanbHoro yyactka kpusoit dfICK), a BTopas se-
NAeTCA KacaTenbHOW K IEBON BETBW NKa KPUBOW
[1CK B CvHrynspHom Touke, onpeaenseMoit no nuky
Ha kpusoi d1CK -36 °C.
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Puc. 3. Tepmozpamma yyacmka Hayana nnaeneHus KyKypy3Hoeo macna

[ns pasgenenust nukoB Ha kpueon [CK 6bina
npumeHeHa nporpamma NETZSCH Peak Separa-
tion 3 (puc. 4), koTopas npu onucaHU HopMbI Nn-
ka uMCnonb3oBana CpeHEB3BELUEHHYD CMeCh
Opeirzepa-Cysykn 1 acummetpuyHoro Koww. Egu-
HWLbI COBMaJAKT C 3HaYeHusMK X; t — Temnepary-
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pa, °C; cpegHekBagpaTWiHOE OTKMOHEHWe: 1,924
104; koahcpuumeHT koppensummn: 0,99964; cpegn-
Hee abcontoTHoe oTknoHeHue: 0,00086.

YCTaHOBIEHO, YTO CMOXHbIN NPOPUIb KPUBOW
[CK moxeT ObITb NOMy4YeH CROXEHWEM Tpex pas-
NNYHBIX NUKOB (puc. 4, Tabn. 1, 2).
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Puc. 4. Kpusas [ICK 8 npoepamme NETZSCH Peak Separation 3
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JCK = Ampl (Part -exp[—In2 -
Coef2+1—Partl+Coe/2,

Ampl — amnnnuTyaa amnautyabl. 31O 3HaYeHue
COOTBETCTBYET 3Ha4YeHU0 Y NUKOBOWA MakcuMarsib-
HOM TOYKM NKKa, MOXET ObITb NONOXUTENBHBLIM NS
MUKOB C NONMOXMUTENbHBIM MUKOBLIM HaMpPaBEHNEM
W OTpULATENbHBIA ANS MUKOB C HanpaBieHUsMU
oTpuuatensHoro nuka, °C;

Part — Bec rayccoBa nuka B obLiEM MNUKe, CO-

n[1+2-Asym-(t—Pos)/Hwd]

L
roe Coef = Tsym

Asym — acCUMCUMMETPUS NKKa, AnanasoH oT -4
o 4;

Pos — MonoXeHue nuka, 3T0 3HaYeHWe COOTBET-
CTBYET 3HAYEHMIO X MaKCUMasbHON TOYKW nuka, °C;

Hwd - NonoBMHA LUMPWHBI, BCerga no3vTuB-
Has, Ansa dopmbl [aycca uMeeT crepyrollee cooT-
HOLLEHMWe C aucnepcuen a,

g

OTBETCTBYHLLEee 3Ha4yeHue (1 yacTb) npeacrasnset Hwd = 2\2ln2’
cobon Bec nuka Kowum B obLem nuke;
Tabnuya 1
Mukn kpuson [CK
[Muk Pos Ampl o Asym Part
1 -21,833 0,151 10,867 0,382 1,0
2 -33,285 0,074 6,681 -0,37 1,0
3 -8,721 0,031 10,720 -0,568 1,0
Tabnuya 2
Onucanue nukoB kpuson [ICK
Tes. TNes. [Npas.
Havano | Havano [nk [pas. KoHey | KoHey | Mrowaab,
Muk f 1ICK nep(tarm6 neﬁ)g:gﬁ Mk t 1ICK | neperv6 t n(jﬂ)gzﬁ t 11K o
1 42,219 0 0 0,027 | -21,832 | 0151 | 17176 | -0,015 | 40,548 | 0,00851 65,91
46,286 0 0 0,012 | -33,285 | 0,074 | -30,676 | 0,021 | 47,756 0,0 19,84
3 | -39,585 0 0 0003 | 8721 | 0031 | 4,676 | -0,006 | -39,972 0,00 14,25

OHOOTEPMUYECKME MUKW CBUAETENLCTBYOT O
paspyLeHnn Npu AaHHbIX Temnepatypax nonuHe-
HACbILEHHbIX KUPHBIX KMCMOT. CpaBHeHWe nony-
YeHHbIX 3aBMCUMOCTEN C COCTaBaMu Apyrux 06-
pasLoB Macen AaeT BO3MOXHOCTb MAEHTU(MKaLMM
Ux panbcuduKkaLmm n NpUCyTCTBUSA NpUMecein apy-
rvx, bonee aeLleBbix Macen.

3 3aBNCMMOCTM BMAHO, YTO U B KYKypy3HOM
Macne nposiBNSETCS B NpoLecce aHanmia 3HOO-
TepMUYeckne aHomanuu. TemnepaTypa Makcumy-
Ma nuka ans cnpega coctaeuna —21,5 °C, paHHas
TemnepaTypa XapakTepuayeT OKOHYaHWe npouec-
ca. TemnepaTypa Hayana npouecca -40,23 °C, a
OKOHYaHusa -7,25 °C. YpenbHas TennoTa npouecca
ANs KyKypysHoro coctasuna 42,39 [x/r.
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