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PedepaT. Mero TepMOrpaBUMETpHH TIPECTABISIET COOOH OJIMH W3 HEMHOTHX aOCOIOTHBIX METOIOB aHANIK3a, YTO JIENACT €ro OTHUM U3 HauboJee
TOYHBIX METOJOB. B JaHHOM HCCIIeI0BAHMM MPOBEICH TEPMOIPABIMETPUUCCKUN aHAIIN3 Xi1eOoneKapHbIx Aposokeit (Saccharomyces cerevisiae),
TI03BOJISIFOLLIHE OIPEIEIUTh TEMIIEPATyPHbIE 30HbI, KOTOPBIE COOTBETCTBYIOT BJIArOYIAICHUIO C PA3IMUHOM SHEPTHEH CBSI3H, 8 TAKXKE IPOTHO3UPOBATH
PEXUMHBIE TTapaMeTphl IpoLiecca BiaroyiaieHus u Bblopath Hanbosee 3(pheKTuBHbI criocod ux aeruaparanuy. MccnenoBanus NpoBOAMINCH B
J1a00paTopun LIEHTPa KOJUIEKTHBHOIO Moib3oBaHus «KoHTposb u ynpasneHue sHeprodddektuBHbix npoekroy ®I'BOY BO «Boponexckuit
TOCYJIapCTBEHHbIH YHHBEPCUTET HHIKEHEPHBIX TEXHOJIOIUi» Ha MPUOOpEe CHHXPOHHOro Tepmudeckoro ananmsa moaemu STA 449 F3 (NETZSCH,
I'epmanus). [IpuGop dukcupyer u3MeHeHHe MacChl BELIECTBA U Pa3IMUUe TEIUIOBOro OTOKA B THIJIE, COAEpHKaIeM 00paseL, U TUIJIEM COJepIKallieM
9TaJIOH HCclleayeMoro Betectsa. [IpuHImn paboTs! aHaIM3aTOpa OCHOBAH HA HEMPEPBIBHON PErHCTPALY 3aBUCHMOCTH 3MEHEHHSI MacChl MaTepH-
aa OT BPEMEHH KT TeMITEPATyPhI IIPU €r0 HArPEeBaHWH B COOTBETCTBUH C BRIOPAHHOM TEMITEPATYPHO# MPOrpaMMOii B 331aHHOI ra30Boi arMocdepe.
OIHOBPEMEHHO PErMCTPUPYETCS BBIIEICHNE WIIH MOIIIONIEHNE Terula 00pa3LoM, 00ycIoBIeHHOE (a30BbIMH IIEPEXOIAMH UITH XMMUYECKIMHU PeaK-
1usiMu. VicereioBaHst IIPOBOIMIIH IIPH CIIEYIOIIMX PEKUMAX: JaBIeHHe — aTMoc(epHoe, MakcuMalbHas Temreparypa 588 K, ckopocTs u3MeHeHust
Temrreparypsl 5 K/mua. OnbITH IPOBOMIINCE B AJIFOMUHHEBBIX TUIVIIX € 00m1ei Maccoi HaBecku 12 mr. st 00paboTKy noiydeHHBIX KpuBbIX TG 1
DTG ucnons3oBanocs nporpammuoe obecriedenrie NETZSCH Proteus. [IpoBeieHHbII aHaHM3 MTOTYYCHHBIX JAHHBIX TO3BOJIMIT BBIACIHUTH TIEPHOIB
JIeTHAPaTalK BOJbl M IPEe00pa30BaHuUs CyXUX BEILECTB IIPU TEPMUUECKOM BO3/ICHCTBHH HA XJICOOIEKAPHBIE IPOXOKH, A TAKKE BBIIBUTH TEMIIEpa-
TYPHbIE 30Hbl, KOTOPbIE COOTBETCTBYIOT BBICBOOOKICHHUIO BIIATU C pa3IMUHON (hOpMOIi 1 SHEpruei CBs3u.

KioueBble cjioBa: XJ'I€6OH€KapHI>IC JPOXOKH, BJIara, TCpMOFpaBI/IMCTpH'-I€CKI/II71 aHaJIn3

The research of moisture forms in the baking yeast by the
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Summary.The thermogravimetry method is one of the few absolute methods of analysis, that makes it one of the most accurate methods. In this
research, thermogravimetric analysis of baking yeast (Saccharomyces cerevisiae) was carried out. It allowed to identify temperature zones, which
correspond to dripping with various link energy, as well as to predict operating parameters of the process of dehumidification and to choose their most
effective dehydration method. The studies were conducted in the laboratory of the collective use center "Control and management of energy efficient
projects" of the ""Voronezh state university of engineering technologies" on the simultaneous thermal analysis device STA 449 F3 model (NETZSCH,
Germany). The device records the change in a substance mass and the difference of the heat flow inside the crucible containing the sample and the
crucible containing the standard analyte. The analyzer's working principle is based on continuous recording of the dependence of the material mass on
time or temperature and its being heated to the selected temperature program in a specified gas atmosphere. The release or absorption of heat by the
sample due to phase transitions or chemical reactions is recorded simultaneously. The study was performed in the following modes: the pressure is
atmospheric, the maximum temperature is 588 K, the rate of temperature change is 5 K/min. The experiments were performed in aluminum crucibles
with a total weight of 12 mg. The software NETZSCH Proteus was used for processing of the obtained TG and DTG curves. The analysis of the
obtained data allowed to identify periods of water dehydration and solids transformation by thermal effect on baking yeast, and to identify temperature
zones, which correspond to the release of moisture with different link form and energy.
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BBenenune

s Oomee 3 PeKTHBHOTO  BEICHHS
mporecca CyImKH — XJeOOTEeKapHbIX — JIPOXOKen
W 1oadopa palMOHANBHBIX TEMIIEPATYPHBIX
PEKUMOB HEOOXOAMMO 3HATh XapakTep CBS3U
BJIar'M C MaTE€pPHAIIOM C ONpeAelieHHEM HHTEpBa-
JIOB TEMIlepaTyp, Ha KOTOPBIX TMPOHUCXOJHUT
CTPYKTYpHOE HW3MEHEHHE MpOJyKTa. B ocHOBe
JTAHHOW paOOoTHI JISKHUT METOJI TEPMOTPABUMETPH-
YeCKOro aHalln3a, KOTOPBIH MO3BOJISET BBIIBUTH
JaHHBIE O MEXaHW3Me BJaroyJalieHus, yCTaHO-
BUTh TEMIIEPATYPHBIC HHTEPBAJIBI, & TAKKE KOJIH-
4eCTBO BJIard, ynausieMoi u3 matepuaia [1-10].
UccrnenoBanus  mpoBOAMIUCHL Ha  TpUOOpe
CHHXPOHHOTO TEPMHYECKOTO aHalIu3a MOMACIH
STA 449 F3 Jupiter (NETZSCH, T'epmanusi)
(pucynku 1, 2) ¢ mepkatenem obpasma Tuma S
B QJIOMUHUEBOM TUIJIE C MPOKOJOTOU KPBIIIKOH,
M3MEpEeHHS TPOBOJMIIMCH B Cpelie a30Ta Kiacca
5,0 (pacxon akTuBHOTrO raza 50 MiyI/MHH, 3alllUT-
HOTO — 20 MJI/MHH).

Pucynok 1. TIpubop CHHXpOHHOTOTEPMHUYECKOTO aHAM3a
monenu STA 449 F3 Jupiter

Figure 1. Simultaneous thermal analysis device STA
449 F3 model Jupiter

[puHIT pabOTHI TEPMUYECKOTO aHAIHN3ATOPA
OCHOBAaH Ha HENPEpPbIBHOW  perucrpanuu
3aBUCUMOCTH HM3MEHEHHS MAacchl Marepuaina
OT BPEMEHH WII TEMIIEPaTyphI TIPH €r0 HarpeBaHUU
B COOTBETCTBHMH C BBIOPAHHOW TeMITEPATypHOU
MporpaMMO¥ B 3aJ1aHHOM ra3oBoii atMocdepe [1, 2, 5].
OZHOBPEMEHHO  PETUCTPUPYETCS  BBIIEICHHE
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WM TIOTJIONICHHUE Teria 00pa3IoM, 00YCIOBICHHOS
($a30BBIMH  TIEpeXOJaMH WA  XUMHYECKUMHU
peakmusamu [3]. MccnmenoBaHus NpOBOIWIN TIPH
CIeYIOIUX peXKUMaX: JaBlieHHe — aTMochepHoe,
MakcuMalibHas Temneparypa 588 K, ckopoctb
u3MeHenus: Temmeparypbl 5 K/muH. OmnbIThI
MPOBOJIMJINCH B ATIOMHHUEBBIX TUTISAX C OOIIen
Maccoii HaBecku 12 mr.
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Pucynok 2. BHyTpeHHee yCTpOMCTBO MPHOOpa CHHXPOH-
HOTO TepMHUYecKoro aHanmza mozenu STA 449 F3 Jupiter

Figure 2. The internal structure of the device simultane-
ous thermal analysis model STA 449 F3 Jupiter

Ha pucynke 3 mnokazaHbel pe3yibTaThl,
MIOJIyYECHHBIE B XO/I€ BBIITOJIHEHUS TEPMOTIPABUMET-
PUYECKOTO aHaln3a: KpUBas W3MEHEHHUS MAacChl
Marepuasnia TI', KpuBasg CKOpPOCTHM HW3MEHEHHUS
Mmaccel JITT. Kak Bunno Ha xpuBoii TT', B mporiecce
HarpeBa Marepuaja HaOIoJaeTcss MOHOTOHHOE
YMEHBIIIEHHEe Macchl o0pasla, 4YTO CBS3aHO
¢ motepeti Baru. C 1eNbI0 MOTyYeHHs 3aBUCHIMOCTH
CTEMEeHN M3MEHEHHS MacChl MaTepuaina (CTereH!
MIPEBPAIICHHSI) O, OT TeMIIEPaTyphl HUCIOIB3YETCS
4acTh KpUBOU U3MeHeHust Macchl TI', COOTBETCTBY-
IOLLIEH MPOLEeCCy AerUApaTalyu.

CreneHb M3MEHEHHS MAcChl 0. PacCUUTHIBA-
€TCs KaK OTHOIICHUE U3MEHEHUSI MAacChl MaTepraa
Am k oOmemMy KOJIMYECTBY BJaru, KoTopas
HaXOAUTCS B MaTeprasie AMoey:

o= Am_ 1)
Amoﬁm
HonyquHa;I 3aBUCUMOCTH HUMEECT

S-o0pas3ublii Bua (PUCYHOK 4), OTpa)karolIHi
CIOKHBIM XapakTep B3aUMOJACIHCTBUA BIaru
U CYXHUX BEILECTB B MaTepHajie, U NMPeaIoaract
Ha pasHbIX YyYacTKax IOJYYEHHOM KpUBOU
pasnuyue B CKOPOCTH JAETHAPATALUU.
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Pucyhnok 3. DkcriepuMEHTaIbHBIC 3aBUCUMOCTH U3MEHEHUs Macchl oopasna TT' u ckopoctu u3menenus macesl JJTT
Figure 3. Experimental dependences of the mass change of the sample TG and the rate of mass DTG change
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PuricyHOK 4. 3aBECHMOCTE CTETIEHH H3MEHEHHS MACCHI 0L OT TEMIIEPATyphl T MaTepuaa Ipy HarpeBaHHK CO CKOPOCTHIO 5 K/mun
Figure 4. The dependence of mass a change degree on the temperature T of the material being heated with at 5K/min speed
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Pucynox 5. 3aBucumocts(-1g o) ot Benumuunbl 10%/T npu HarpeBaHUHU CO CKOPOCTBIO NOABbEMA Temmnepatypbl 10 K/Mun

Figure 5. The dependence of (-Ig o) on the value of 10%T being heated with a rate of temperature rise of 10 K/min
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J17st ycTaHOBJICHHS 00JIee YUSTKUX HHTEPBAIOB
TEMIIEPaTyp U MOJTyYCHHsI OoJiee OapOOHOTO MeXa-
HHM3Ma yJIaJICHUs BJIAry, a TakKe KOJUYEeCTBa BIIaru
yIamsieMoil M3 MarepHalia HMCIIONb3yeTcs KpHBas
3apucumocT (-1g o) ot Bemmumas 103/T (pucyHok 5).

Ha pucyHke 5 BUiHO, 4TO yaj€HHE BIIark U3
XJIeOOTIEKAPHBIX IPOXOKEH MPOUCXOIUT CTYIIEHYATO.
Paccmotpum Oosee OMPOOHO KaXIbIi M3 YUACTKOB.
Ha | srane (yuactrok AB — wHTepBan TemrepaTyp
303-318 K) mpoucxoauT HarpeB MarepHana
W ynaneHue (DU3UKO-MEXaHMYECKH —CBSA3aHHOU
BJIarH, WMCIONICH HEBBICOKYIO DHEPTHIO CBS3U
Biaru ¢ matepuaniom. Ha Il srane (ydacrok BC —
uaTepBan temmneparyp 318-353 K), ymamsercs
OoCcMOTHYeCKU cBsi3aHHas Biara. |l aram (yuactok
BC — untepBan temneparyp 353-378 K) xapakrepu-
3yeTcsi OCBOOOXK/ICHHEM aJICOPOIIMOHHO-CBSI3aHHOM
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Biaru. [Ipy ganeHelIeM yBEeMYSHUH TEMITCPaTypPhI
HAYMHACTCS  YJAJICHUE XUMHYCCKU-CBA3aHHOM
(monmmamcopOUMOHHON W MOHOAICOPOIMOHHOIM)
BJAard, TIPOUCXOJUT  JCCTPYKIMsI — Marepuaia
C BBIJICTICHHEM Ia3000pa3HbIX COCTABIISIONINX.

3aKkiIouenne

[IpoBeneHHbIN TEPMUYECKUI aHATU3 IO3BOJTUII
HaM OTPEJCIUTh TEMIIEPATYPHBIC 30HBI yIaICHUS
BJIaT'Ml M3 MaTepHaia ¢ pa3InaHoi GopMoii u dHEp-
TUEH CBA3M, a TAKXKE 30HBI MPEBPALLCHUS CYXHX
BEILECTB MPH MOBBIIICHUHN TEMIIEPATYPHhI, UTO MO3-
BOJIUT B JaJIbHEUIIIEM MIPOTHO3UPOBATH PEXKUMHBIC
napamMeTphl Ipoliecca yaaleHus BIIary U3 MaTepuana
U BBIOMpaTh Hamboiee 3(h(HEKTUBHBIC CIIOCOOBI
HUX 00€3BOKMBAHUA.
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