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AHOTALIA [Ipogedero KOMNIEKCHE OOCHIONCEHHSA DPeONOSIMHUX 61ACMUBOCHIell KONOIOHO-NOPUCMUX XAPYO8UX CUCMeM 3
suxkopucmanuam bazamo@yHKkyioHanbHo20 SUMIPIOBATbHO20 MOOYIbHO20 npuaady «MIT-1.3». 3agixcoseano yukyionarony
BANENHCHICMb 3MIHU PENAKCayitiHol CUlu ma memMnepamypHo20 nojis 6 3pasKy nio 4ac 0cboeoi deghopmayii cmucHenHs y gopmami
peanvrozo yacy. Ompumano piGHAHHS WEUOKOCMI 3MIHU OeopMayiiiHoi cuitu ma weuoOKOCmi NOWUPEHHsT Menio8o2o NoJisl.
Ompumani pe3yavmamu y3200H#CeHi 3 MOSAPO3HABUUMU KpUMepiamu AKOCMI.

Knruoei cnosa: peonocis; 0eghopmayis,; KOIOIOHO-NPYHCHA XaAPU08A cucmemMa, meniose noie, QizuKko-mamemamuyHa Mooeo.

PHYSICAL PROPERTIES OF COLLOID-POROUS FOOD SYSTEMS
S. L. SHAPOVAL

Department of Engineering Disciplines, Kyiv National University of Trade and Economics, Kyiv, UKRAINE

ABSTRACT The aim of the research is: obtaining a relaxation curve for colloid-porous food structures, recording the appearance
of internal energy sources inside a sample during its deformation; researching the thermal field and the nature of its propagation;
establishing relation between relaxation and thermophysical properties of colloid-porous food systems. As is known, deformation of
food products induces formation of elastic forces that perform work to return an object to its original state. Thanks to the system of
sensors of the "Rheology” module, it is possible to fix not only the state of loading and restoration of an object due to deformation,
but also temperature change. Data recording takes place in real time and is displayed on the PC screen.

As a result of the research, the following conclusions were drawn: the density of researched objects depends on porosity of the
structure itself - the more air bubbles in the system, the smaller the density of a sample. Porosity of the system as well affects elastic
properties of the samples. Restoration of the structure depends on elasticity of the reserched object, or rather its moisture. Wet
marshmallows have good elasticity and weak relaxation properties. They get improved with 15% moisture loss of the original values.
But if this index exceeds 20%, the researched object becomes brittle, visually dryness of the surface is detected. The results obtained
are important for the development of new methods and tools for expertise of food products.

Transportation of food products is related to deformation of objects. During deformation, the thermal field appears in a sample.
The velocity and way of its distribution depends on spatial structure of a sample. Since within the study the food systems researched
had colloid-porous structure, the air contained in pores plays a significant role and affects not only the circulation of air inside the
pores themselves, but also the transfer of moisture and heat throughout the structure. During deformation, the heat-conduction
coefficient increases, that is confirmed by histograms given in the article.
Keywords: rheology,; deformation; colloid-elastic food system; thermal field,; physico-mathematical model.

Beryn 3B’SI3Ky,  JIO3BOJISIE  3PO3YMITH  IPUYMHH  TIOSIBH,

HAalpHKJIIaJl, TEIIOBOTO IMOJIS B CEPEANHI I0CIIHKYBaHOTO

Busnauenns peooriyHuX BIacTHBOCTEH  00’ekTy mix 4ac aedopmanii. Xapaktep pyxy ¢pOHTY
KOJIOITHO-IOPUCTUX ~ XapyOBHX  CHCTEM, OCOOJMBO  TEIUIOBOTO IOJISA 1 HOTO HACIIIKY MAIOTh JOCUTH 3HAYHUH

0araTOKOMIIOHEHTHUX, € OJHMM 3 TOJIOBHUX 3aBJaHb
Cy4acHOI TpoMHuCIOBOCTI. LlMM mUTaHHAM 3aiiMaroThCA

HAYKOBIII, CICIIaTiCTH-TOBAPO3HABIII, TEXHOJIOTH,
IH)KEHEPU-KOHCTPYKTOpU  MpodeciiHOro  o0JsaJHaHHS.
CyuacHe mpodeciiiHe oONagHaHHI Mae Cepio3He

nporpamMHe 3a0e3rnedyeHHs, o A0roMarae npariBHUKy He
ne eeKTHBHO BUKOPUCTOBYBATH €HEPropecypcu, a i
IIpOrpaMyBaTH pPEXUMH pPOOOTH SK sl HPOIYKTIB
KJIACHYHOI penenTtypu Ta i Juid HOBHX. Jlns OuibIoro
PO3YMiHHSI TEXHOJIOTIYHOTO MpOLEeCy HEeoOXimHO Oyb-
SKy JOCHKYBaHY CHCTEMY pO3TIIIIATH 3 TIO3UIIiH
¢bi3ngHOT MOJeT - CTPYKTYPHOI OyIOBH OCTIIKYBaHOTO
o0’ekry [1]. Jlmme po3rmsim cucteMH 3 TO3HIIN
MOJIEKYJIApHOi OyZOBH 3 BpaxyBaHHAM XapakTepy

BIUIMB HA TOBapO3HABYI OKA3HUKH SKOCTi TOBApY.

Ha xadenmpi imkeHepHO-TEXHIYHUX AHUCITUILTIH
KuiBchbKkOro HalioHaJbHOTO TOPIiBEIbHO-€KOHOMIYHOTO
yHiBepcuTeTy OyiM TpPOBEAEHI JOCIHIIKEHHS KOJIOiJHO-
MTOPUCTUX CTPYKTYp «baraTo¢yHKIIIOHATEHIM
BUMIPIOBAJILHIM MOJIYJIBHUM TpUCTpoeM «MIT-1.3»» 3
BUKOpHCTaHHSIM MonyiiB «Peomoristy  Ta  «Termoy.
Monyns «Peomoris» T03BOJSE TOCTHITUTH BCi BHIU
nmedopmarii 1 HACHITKKA TOB’SI3aHI 3 IUM IPOIECOM.
Monyne «Temno» no3Bosisie  (ikcyBaTh 1 BUBYATH
TEIUIOBE II0JIE 3 PI3HUMU TPaJi€eHTaMH TemIepartyp [2].

Cxema eKCIIeprIMEHTAFHOI YCTaHOBKH 300paXeHO
Ha puc.l.
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Puc. 1 - Cxema ycmanosxu KOMNIEKCHO20 6UBYEHHS
KOA0IOHO-NOPUCIUX XAPYOBUX cucmeM. [-308HiluHiL
yuniHop eueomosnenuu 3 niacmuxa,; 1.1 — nopwens, 1.2 —
yunindp; 1.3 - izonayia (ninonnacm); 2 - 3pazok 3 -
OuHamomemp, 4-mepmooamuuxy y 3pasky, S-uinitika

MeTta podoTu

OTpumaTn penakcamiifHy KpWUBY Uil KOJOITHO-
MOPUCTHX XapUOBUX CTPYKTYp; 3adikcyBaTH TOSABY
BHYTpILIHIX JoKeped eHeprii mig dvac nedopmarii;
BUBYMTH  TEIUIOBE IIOJE€ Ta  Xapakrep  HOro
PO3TMOBCIOKEHHS; BCTaHOBHUTH 3B 130K MiX
penakcauifHIMu Ta TeIIO(pI3UYHUMHU  BIIACTHBOCTSIMH
KOJIOTTHO-ITOPHCTHX XapUOBHUX CHCTEM.

BukiageHHs1 0CHOBHOIO MaTepiaJIy

Ak Bimomo, mim dwac medopmarii XapuoBHX
MPOAYKTIB B 00’€KTI BHHUKAIOTH CIJIN MPYKHOCTI SIKi
BHUKOHYIOTH POOOTY 3 MMOBEPHEHHS 00’ €KTY B IIOYATKOBHUI
cran. Ilporec BiZHOBICHHS CHCTEMH B PEOJIOTIi
XapaKkTepu3ye — pejiakcallifo, a 4ac BiJHOBJICHHS — 4ac
penakcarti [3].

3aBIsIKM CUCTEMI TaTYHKiB Moy «Peosnoris» Mu
(bikCyeMo He JMIIe CTaH HaBaHTAXXCHHS Ta BiJIHOBICHHS
o0’ekty B pesynbrari gedopmauii, a ¥ 3MiHY
TeMIepaTypu. 3HATTS JaHUX BiJOyBa€ThCS B pPEealbHOMY
yaci 1 BinoOpaxaerscsi Ha expani [IK [4]. ¥V pesynbrarti
nedopmaniitHux niit Hag 00’€KTOM TemIiepaTypa caMmoro
00’€eKTy 3pocTae, o0 HAarJISIIHO BUAHO HA pHUC. 2.

ToproHaTp e 20T roae. G Bpwn: o8 o

Puc. 2 - Bikno npoepamu npu pobomi npunaoy « MII-1.3»
mooyas «Peonocisy

Binbme nporpamHe BikHO BioOpakae penakcariito
JIOCIHIJPKYBaHOTO 00’€KTY, a BHYTPIIIHE BIKHO - 3MiHY
TeMIlepaTypy B CEpeAuHi 3pa3ka. 3a paxyHOK BEJIHKOI
YyTJAHBOCTI MNPWIAAYy MU MaeEMO IIHPOKHH Miala3oH
KOJIMBaHb TOKa3iB JaT4MKa NMpPU 3HIMAaHHI TeMIepaTypu
[5]. Xowa 3miHa TemmepaTyph CTaHOBUTH BCHOTO
JIeKiTbKa TPaaycCiB, MPOTE Ii 3MiHA MOXYTh OYTH JOCHUTH
BarOMHMH [UIS KPUXKHUX CTPYKTYp. SKIIO Temmeparypa €
MIpOIO CepeiHbOi KIHETHYHOT eHeprii pyxy MOJIEKyII, a 3a
HYJIbOBHM Ha4aJoM TEPMOJMHAMIKH - MIpPOIO TEIIOTH.
JloriyHo mNPUIYCTHTH, IO JUISi BOJIOTUX TMPOAYKTIB,
SKMMH € OUIBIIICTh Xap4yOBUX NPOAYKTIB, IMijJ dYac
nedopmaltii BUBITBHAETBCS TEIUIO SIKS BIUIMHE HA CTaH
CUCTEeMH B HiioMy [2]. JIyi1 OTpUMAaHHS IITICHOT KapTUHH
IIPOLIECY CKOPHUCTAEMOCH TPHOXMIPHOIO  IOOYZOBOIO
EKCIIepUMEHTANIBHHUX IpadikiB 300paKeHUX Ha puC. 3.
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Temnepatypa. ‘C

2110

21,00

21,08

2107

Puc. 3 - Tpvoxmipue 300padicenns 3anexicHocni
PO3NO0INY 3MiHU penaxkcayilinoi cunu, memnepamypu i
4acy y 00CiOHCy8aAHOMY 3PA3KY
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Le#t dhakt roBopuThs PO 3MiHY HE JIUIIE MPYKHAX
BJIACTHBOCTEH O0’€KTYy, a W JO CKOpPOYEHHS TEpMiHY
30epiraHHs 00 ’€KTiB, 0COOJMBO KOJIOITHO-ITIOPUCTHX
XapuoBHUX CTPYKTyp. ToMmy He Bci Xap4oBi NPOAYKTH
MOXYTh TPAHCIIOPTYBATHCSI B PO3CUITHOMY NaKyBaHHi [6].

O0roBopeHHs pe3yJbTaTiB

KosnoigHo-nopucTi CTpykTypH LiKaBi TUM, IO iX
HOPUCTICTh 3a0€31euy€eThCsl HAsBHICTIO MOP. [X KiBbKiCTh

BIUIMBAE Ha TYCTMHY 3pa3ka Ta jaedopMariiHi
BinactuBocTi.  JlIs ~ KOMIUIEKCHOTO  JTOCIIJDKEHHS
TemIO(Qi3UYHIX  BJIACTUBOCTEH O00’€KTIB  HEOOXiIHO

BU3HAYUTU TYCTHHHU. Pe3ynbratd [OCHTIDKEHb JUB. B
Tabi.1.

Tabnums 1 — [Moka3HUKH TYCTHHU JTOCIIIKYBaHUX
3paskiB 3edipy pi3HIX BUPOOHUKIB

D, mi, P
3pa3ku h, MM >

MM Kr Kkr/m?
Nel IMogapynkosuit| 27,49 | 33,94 | 11,48 | 463,05
No2 XKako 18,87 31,3 993 | 677.54
Ne3 Manrox 18,02 | 25,33 6,83 | 761.56
Ned Pomren 15,87 | 31,97 | 6,33 | 516,97

Hnst JIOCIIDKEHD Oymo B3SITO 00’ exTH

mutiHapraHOi GopMu. ['ycTrHA 3pasKiB Bifpi3HSAETHCS 3
MIPUYHMHU TIOPHCTOCT] JIOCHIPKYBaHMX OO0 €KTIB, 5K 1
3a3Hayanocs Buie. KibKiCTh MOBITPSHUX IMyXHUPIIB 1 iX
OIUTBHICTh XapaKTepHu3y€e TMpPYKHI BIACTUBOCTI 3pa3KiB.
Kpim TOro BenWmumMHAa MyXUPLIB 3aJEKHUTh  BiA
BUKOPHCTaHUX HAINOBHIOBauiB. B  ocHOBHOMY mpu
BUTOTOBJICHI 3e(ipy BHKOPHCTOBYIOTH SIOJy4HE MIOpPE,
npoTe BUPOOHHKHM JUIS  PO3IIMPEHHS aCOPTUMEHTY
MOXYTh BHKOPHUCTOBYBAaTH 1 IHIII XapyoBi IHTPEIIEHTH,
SKI y CBOIO 4Yepry BIUIMBAIOTh HE JIMIIE Ha TPYXKHI

BJIACTMBOCTI 3pa3KiB, a ¥ Ha ix Temiodi3ndHi
XapaKTEepUCTHUKH [7].
AHami3yloun  eKCIIepUMEHTAJbHI  JTOCHIPKCHHS

3’COBYETBCA, IO CTYIIHb AUCHEPCHOCTI SATITHOTO IOPE
BIUIMBAE HA CTPYKTYPOYTBOPIOIOUI ITOKa3HUKHU 3edipy. Y
TTOPiBHSAHHI 13 3pasKoM, e 3a TpaIUIIi€Io
BUKOPHCTOBYBaIM sIONy4HE TIOpe, Y IHIIMX 3pa3Kax
CIIOCTEpIraeThCs MiaBUINEHHS mHopucTicTh Ha 30...35%.
Posmomin myxHpIiB MO IUTOHI 3pa3ka BHU3HAYAIOTH iX
KOHIICHTpAI[I}0, & BIJNOBIIHO 1 JHUCICPCHICTH 3pasKa.
Binbma KOHUEHTpalisi MyXUpPLiB 3MEHIIY€E MMUTOMY Bary
3paska i1 3MiHIOE Horo ryctudy. Pamiyc mopu 3edipy 3
BUKODHCTaHHSIM SITIAHUX TIOpe Yy TIIOpIBHSHHI 13
KOHTPOJIbHMM 3pa3KoM 3MEHHIyeThest Bim 2,2°107° M 10
1,6:10°+1,1-10° M, mo XxapakTepusye Macy, K
npibHOmmcrepcHy. Taka  CTpyKTypa Mae€  BHCOKY
CTaOUTBHICTb.

3a tabm. 1 Oumem mopuctuMm € «[lomapyHKOBHID

3eip. IopucricTh 3pa3kiB BIUIMBaE HE JIMIIE Ha IX
MPY>KHI BIACTUBOCTI, & i Ha PO3MOALI TeIuia B 3pa3Ky il
gac gedopmamii mpo M0 CBiAYaTh 3HATI Oiarpamu
3aJIKHOCTEH MPYKHUX BJIACTUBOCTEW MPOJYKTY Mija 4ac
pernakcarii.
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Puc. 4 - Qyuxyionanvua 3anesicnicms 3mMiHu
memnepamypu 6 3paskax nio uac penaxcayii (1-Powen,
2-Manuw; 3-Ilooapynxosuii; 4-Kaxo)

Jns KoKHOTO 3paska OoTpUMalii (DYHKLIOHAJIBHY
3aJIeXKHICTh 3MIHN TeMIIepaTypH HiJ 4ac penakcarii (puc.
4). 3a orpuMaHNMU TrpadikaM¥u YiTKO IPOTIIIIAETHCS HE
OJTHAKOBA TOBEIIHKA 3pa3KiB Mif 4dac penakcamii. OmHi
3pa3Kd MalOThb TEMIICPATypHY 3aleKHICTh, SKa 3 4acOM
3MEHIIIYETbCSA, a IHIN HaBMAaKd MAalOTh 30LIbIICHHS
TemmepaTypu mig dbac penakcarii. [losicHeHHS ©HOTO
SBUILA JISKUTH B IUIOIMHI PyHIaMeHTaIbHOT (Pi3uKH sKa
TFOBOPUTH MPO TE, IO TEMIepaTypa M dYac pPi3KOro
posimpeHHs (agiabaTHOTrO MPOIECy) MOXKE 3HHUKYBaTHCh
13-32 PI3KOTO OXOJIOJKEHHSI, a [1€ MOXIIMBO JIMIIE B TOMY
BUIAJKy, KOJM 3pa30K Ma€ BEJHKY KOHIIEHTpPAlilo
NOBITPAHUX OynpOamok. OTxe 3pa3ku sKi Yy CBOIH
CTPYKTypl MaroTh BEJIMKHH BIJCOTOK IOBITPSHHUX
MyXUPIIB 1 AKi mix 9ac medopmarrii 3a3HaNH CTUCHCHHS
micns  3HATTS AeopMyrouoi CHIIM HaMaraloThCsd 3
oBaNbHOI PopMHU TTOBEPHYTHCH 10 cepuuHoi [8]. SAxmro
K TeMIepaTrypa 3pOocTa€, TO [¢ TOBOPUTH IIPO Te, IO
BUKOHaHa pobota 3  gedopmariii  3paska  Bes
MEePETBOPUIIACS y BHYTPILIHIO €HEPTito 1 PO3MOALISIETHCS
Miji yac penakcaiii MiXX MOJCKYJSIPHUMHU CTPYKTypamu
3pa3Ka, KOHIEHTpAIlisl MyXHUPLiB MiHIMaJIbHA.

Mu y cBoiifi poOOTI BHU3HAYMIM IIBUAKICTB. SK
nepury ITOXiAHy BiJ pIBHSHHS 3MiHM TEMIIEpaTypHu Ta
OoTpHUMaJIi rpadiuHy 3aJeKHICTh JUB. puc. 4.

[IIBuAKICTH PO3MOBCIO/PKEHHSI TeIla B 3pa3Ky
MOXXHa BU3HAYNTH aHATITUYHO 32 (HOPMYJIIOI0:

wn (1)
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Puc. 5 - I'paghix 3minu wsuoxocmi memnepamypnozo
noas 8 3pasKy
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Puc. 6 - I'icmozpama cepeonix 3nauens koegiyicnmis

mennonposionocmi 0 3egipuux mac (1 - XKaxo, 2-
Powen; 3- Maniok; 4 - [lodapynkosuii)

e A -

KOe(IIliEHT TEIUIONPOBIIHOCTI  Xap4oBOTO

MPOAYKTY; € — TEINIOEMHICTh MPOIYKTY, 1040@;
0 - TYCTHHA NIPOAYKTY; 7, - 4ac penaKcauii MpoayKTy.

3a  dopmymoro (1) pospaxyBamu KoedimieHT
TEIUIOIIPOBITHOCTI 3pa3KiB.

Ha TemompoBigHicTs MaTepiady BIUIMBaE cama
CTPYKTYpa IOCTiKyBaHUX 3pa3kiB [9]. SIkmio 3pa3ok Mae
BEIIMKY TIOPHCTICTh, TO BIAMOBIZHO B HHX € Oararto
NOBITPSIHUX ~Mac, II0 € CYTTEBOIO MEPElIKOIOI0
teronposinHocTi [10]. KpiM Toro moBitpst € HepyXxoMumM
B [I0pax, a OTXKe 1 IIOraHUM MPOBITHUKOM Teruia. [pyroro
BaroMoOl0 KOMIOHEHTOK ISl  TEIUIONPOBIIHOCTI €
HasIBHICTh KIITKOBUHU B CTPYKTYpi y BHUIJISIII SITiJHOTO
mope. [lpore Taki CTPYKTypH 3MIHIOIOTH KoedillieHT
TEIUIONPOBITHOCTI i Yac nedopmarii i JOCHTh Baromo,
IUB. puc.7.

AHamizyoun OTpHUMaHi (hyHKIiOHATBHI
3QJKHOCTI MOXKHAa 3pOOMTH BHCHOBOK IIpO Te, IO
HIBUJKICTh  BIIHOBJICHHS  OO’€KTY  Ma€  JHIAHY
3anexHictb. JIiHiMHY 3anexHicTh  aedopmaniifHoro
BIJIHOBJICHHSl OTPUMYEMO JIMIIE Yy BHOAAKy MpPYKHOI
nedopmarii, OoTKe Hamll IOCTIPKYyBaHI OO0 €KTH IpU
BITHOCHOMY CTHUCHEHHI y 12% Manu nume npyxHy

nedopMallito.
18 14,077
12,771
16 11,516
14 - 10219
12 -

KoediuieHT TennonposigHocT, Br/m*K

ePanl ePan?

Puc. 7 - I'icmoepama 3nauensv xoeghiyicnmie
MenonposioHOCmi OISl 3eQIpHUX MAC 00 I NIC/IA
oegpopmayii (1 - XKaxo, 2- Powen; 3- Mamok; 4 -
THooapynrosuii); Pso 1 — 0o depopmayii; Pso 2 — nicis
deopmayii

00’ eanaBI GOPMYNIH pETaKCaIiiHO MIBUAKOCTI
BU3HAUEHOI 4Yepe3 MEXaHIuYHI XapaKTepUCTHKH Ta
Ter1o(i3N4HI XapaKTepUCTHKH, OTpUMAaH (HOPMYITy UIs
BU3HAYEHHS KoedillieHTa  TEIUIONPOBITHOCTI BiX
TEMIIEPATYpPH, [0 MA€ HACTYITHHH BHUI:

(F*A’cp) Q)

2
m

3a oTpuMaHHMHU pe3ynbTaTaMu Oy MoOymoBaHi
rpadiku 3aJeKHOCTI Koe(illieHTa TeIUIONpPOBIAHOCTI Bif
TeMIlepaTypu.

BucHoBku

CraTTss TpPHUCBSYCHA MOCHHKCHHIO  (DiI3MIHHUX
BJIACTHBOCTEH KOJIOITHO-IOPUCTHX CHUCTEM Ha OCHOBI
3edipuux Mac. ['ycTuHa  [IOCTIIKYBaHUX 00 €KTIB
3aJIOKHUTh BiJl IOPUCTOCTI CaMOi CTPYKTYpHU — YKUM Oliblie
MOBITPSHUX ITyXUPLIB Yy CHUCTEMi THM MEHINA T'yCTHHA
3paska. [lopucTicTh cucTeMHM BIUIMBaE 1 Ha TNPYXKHI
BJIACTHBOCTI 3pa3KiB. BiHOBJIEHHS CTPYKTYpH 3aJIeKHUTh
BiJl €IaCTUYHOCTI JTOCTIIXKYBaHOTO 00 €KTYy, a TOYHIIIE
BiJ Horo Bosorocti. Boori 3edipHi Macu MarTh 100Opy
€JIaCTUYHICTh 1 cnabi penakcauiiiHi BiacTuBOCTi. BoHn
MOKpalyloThCsl TpH  BTpari Bojorn Ha 15% Bin
NOYATKOBHX 3HAYeHb. aje SKIO Ield MOKa3HUK

162

BICHUK HTY "XIII" Ne 53 (1274)



ISSN 2079-5459 (print)
ISSN 2413-4295 (online)

CEPLA "HOBI PIIEHHA B CYYACHHUX TEXHOJIOI'AX"

mepeBummth  20% - mochmimKyBaHWT 00’€KT  cTae
KPUXKUM, Bi3yalbHO (IKCYEThCS CYXICTh ITOBEPXHI.
OtpumaHi pe3yibTaTH € BAXIMBHMH IS PO3POOKH
HOBUX METOJIB 1 3aco0iB €KCHEePTH3UW Xap4OBHX
TPOJYKTIB.

TpancnopTyBaHHs XapuoBUX MPOJIYKTIB MOB’si3aHa
3 nedopmariiero o6’ extiB. Ilig gac medopmarii B 3pasky
BUHHMKAae TemyioBe moine. IlBuakicTh 1 HampsMOK
MIOLIMPEHHSI TEIUIOBOTO TOJIS 3AJISKUTD BiJl IPOCTOPOBOT
CTPYKTYpH 3pa3Kka. Tak SIK B JOCHI/UKCHHSIX MH Mallld
KOJIOITHO-TIOPHUCTY CTPYKTYpPY, TO TOBITPS 3aKJIIOYHE B
mmopax, Biirpa€ BaroMy poJlb i BIUIMBAa€ HE JIMIIE Ha
LOUPKYJSILIIO0 TOBITPA B CaMHX TIOpax, a BiAMIOBIAHO 1 Ha
MIepPEeHECeHHs BOJIOTH 1 Temia y BCii cTpykrypi. Ilix gac
nedopmarnii Koe(illieHT TeIUIONPOBIIHOCTI 3pOCTaE PO
110 1 TOBOPSTH IiCTOTpaMy HaBEJIEHI B CTaTTI.

KoedimieHT TemonpoBiTHOCTI BU3HAYCHUH 3
BUKOPHCTaHHIM IHHOBALIHHUX METOMIB JOCIIKEHHS, a
came, 6arato(yHKIIOHAILHUM BUMIpIOBAJIbHUM
MOAYJIBHUM  HpuUcTpoeM  «MIT-1.3». Otpumano
penakcaniifHi Ta TeMneparypHi Jaiarpamu 00poOiTOK SKHX
1 JISKUTH B OCHOBI CTaTTi.
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AHHOTAITHA [lposedeno KOMNIEKCHOE UCCIEO08AHUE PEONOSUYECKUX CBOUCME KOIOUOHO-NOPUCIBIX NUWEEbIX CUCMEM C
ucnonv3zosanuem MHO2OQYHKYUOHATILHO20 UMEPUMENbHO20 MOOYAbHO20 npubopa «Mul-1.3». 3agurcuposano @ynxyuonanvmyio
3A6UCUMOCMb USMEHEHUs! PENIAKCAYUOHHOU CUIbL U MEMNEPAmypHO20 OISl 6 0bpasye npu 0cegoll deghopmayuu cocamusi 8 popmame
peanvHozo 8pemenu. Tlonyueno ypasrneHue ckopocmu usMeHeHus: 0eOpMAYUOHHOU CUbLL U CKOPOCIU PACAPOCMPAHEHUs MENI108020
noas. Ilonyuennvie pe3ynvmanmvl CO2NACYIOMC C MOBAPOEEOYECKUMU KPUMEPUAM KA4eCmed.

Knrouesvie cnosa: peonocus; degpopmayusi; KOIIOUOHO-YApYeds NUWESdAs CUCMeEMA, Meniosoe noie, (QU3UKo-mamemamudeckas
Mmooerns.

Tlocmynuna (received) 18.12.2017

164 BICHUK HTVY "XIII" Ne 53 (1274)


mailto:shapoval@knteu.kiev.ua
mailto:shapoval@knteu.kiev.ua

