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Boavwuncmeo mamepuanos, npoxodsauux o6pabomky 8 npou3sodcmeeHHbLX NPOYeccax Xu-
MUYECKOL MexXHOA02UU, C MOYKU 3PeHUsl NPUHYUNOE 2eoMempuUl mozym b6vimb cedenbl K
MmpaduyuoOHHbBIM MeAAM KAHOHUUECKOU JopMbl: naacmuna, yusundp, wap. B npoyeccax
mepmuueckoli obpabomku meépduix mamepuanos (menaogaaxHocmuas obpabomka,
cywka, obsue) nomernyuass. neperoca (memnepamypa, mMaccocodepraniie) Cyu,ecmaenHo
MEHAMCS 80 8pemeHl npoyecca. Jaa pewenus kpaeswvlx 3aday menao- u macco-(61az20-)
npogodHocmu 8 no006HBLX CAYUAAX paHee Oblal NpedA0KHeHbl «30HAAbHBLI» Memod U Memod
«MUKpOnpoyeccos». BoamoncHocmu memoda « MUKPONPOUECCO8», NPUMEHUMEAbHO K MOde-
AUPOBAHUIO Kpaesblx 3aday menaomacconepernoca 044 mea KaHOHU4eCKolU opmul npu epa-
HUYHBLX YCA08UAX Nepso2o poda (ycaosuax Jupuxae), 6ulau nokazansl 8 npeduvldyuyux pa-
bomax asmopos. B nacmoauweil pabome npugodumcs U3A0NeHUEe UALIOCMPAYUL NPUMEHE-
HUA Memoda « MUKPONpoyecco8» 0as peulenusa Kpaeguvlx 3a0ad menao- u 841a20npoeoodHOCMU
npu 6osee 06w ux epanHuuHbLX Ycao8usx, ycaosuax I1I poda (Pumarna-Hviomona). Boavwas
YHUBEPCANLHOCMY IMUX YCA0BULL 3AKAIOUALTCA 8 MOM, LMO 8 3A8UCUMOCTU OM 3HAYEHUT
yucaa Buo (Bi) onu npeobpasyiomcs 6 ycaogue nepeozo poda (Bi cmpemumces K HyA0) UAU
gmopozo (Bi cmpemumcsa k 6eckoneunocmu). IIokazano, umo 044 modeauposanus npoyec-
co8 menaomacconepenoca 8 cucmemax ¢ meépdoii gasoil Ha ocHoge memoda « MUKpONnpoyec-
C06» NepCneKMUBHbLIM AB8AAEMCA NOUCK PeuleHUl 8 0baacmu manvlx 3Havenull wucen dypue
(Fo < 0,1). IIpugedentl peuleHUus COOMEEeMCMEYIOUUX Kpaesblx 3adat U noKa3anvl npumepol
pe3yAbmamoe ux 4ucCAeHHOl pearusayul.

Kawuesvie cnoea: mepmuieckas obpabomka, meniomacconepenoc, nAacmund, yuiunop,
cepa, «30HAALHULI» Memod, mMemo0d « MUKPONPpOUyecco8», manrvie 3Havenus yucaa dypve

Anas yumupoeanus:

®edocos C.B., Bakanos M.O. Memod «Muxponpoyeccog» npu MO00JeAUPOBAHUL TPOUECCO8
menaonpogodnocmu u ougdysuu 6 meaax kaHoHuueckoil popmut. ObobUeHHble 2panuuHble Ycaosus 111
poda. YmHuule komno3umws. 8 cmpoumeavcmee 2021. T. 2. Ne. 2. C. 7-15 URL:
http://comincon.ru/index.php/tor/issue/view/V2N2_2021

DOI: 10.52957/27821919_2021_2_7
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Most of the materials undergoing processing in the production processes of chemical tech-
nology, from the point of view of the principles of geometry, can be reduced to traditional
bodies of canonical shape: a plate, a cylinder, a ball. In the processes of heat treatment of
solid materials (heat-moisture treatment, drying, firing), the transfer potentials (temper-
ature, mass content) change significantly over the time of the process. To solve boundary
value problems of heat and mass (moisture) conductivity in such cases, the "zonal" method
and the "microprocess" method were previously proposed. The possibilities of the "micro-
processes" method applied to modeling boundary value problems of heat and mass transfer
for bodies of canonical shape under boundary conditions of the first kind (Dirichlet condi-
tions) were shown in the previous works of the authors. This paper presents an illustration
of the application of the "microprocess" method for solving boundary value problems of heat
and moisture conductivity under more general boundary conditions, conditions of the third
kind (Rie-mann-Newton). The great universality of these conditions lies in the fact that,
depending on the values of the Biot number (Bi), they transform into a condition of the
first kind (Bi tends to zero) or the second (Bi tends to infinity). It is shown that the search
for solutions in the region of small values of Fourier numbers (Fo <0.1) is promising for
modeling the processes of heat and mass transfer in systems with a solid phase based on the
method of "micro-processes". Solutions of the corresponding boundary value problems are
given and examples of the results of their numerical implementation are shown.

Key words: heat treatment, heat and mass transfer, plate, cylinder, sphere, "zonal" method,
"micro-processes"” method, low Fourier numbers

For citation:

Fedosov S.V., Bakanov M.O. Method of «microprocesses» in modeling the processes of thermal conductivity
and diffusion in bodies of canonical shape. Generalized boundary conditions of the third kind. Smart
Composite in  Construction. 2021. Vol. 2. No 2. P. 7-15 URL:  http://
http://comincon.ru/index.php/tor/issue/view/V2N2_2021

DOI: 10.52957/27821919_2021_2_7
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BBEJEHUE

B [1] paccmompetsl cAyHALL CUHME3A MATEMATMUYECKUX MOOe-
el IpoYeccos menso- U MAccornepeHoca 8 meaax KaHOHU4ecKoll
dopmol (naacmuna, yuaundp, cgepa). IIpobaema paccmompena
04 3a0au menaonpogodrocmu u duggysuu 6 meepdolx meaax.
IIpu smom Ons ynpoweHus eviknadok (npeobpasosanuil) pac-
CMOMpeHbL 3a0adu ¢ ePAHUYHBIMIL YCAOBUAMU Nepeozo podd,
Hasvleaemble maxice ycnosuamu Jupuxae [2]. Peulerue kpaegolx
3a0au menno- U 61a20nposo0HOCL NpPU OOUUX 2PAHUYHDLX
yeaosusx I poda (Pumana-Hviomona) obaadaem cgoeil yHugep-
CANbHOCTILIO, MAK KAK 8 3A8UCUMOCITIL O 3HAUeH Uil wucaa Buo
(Bi), onu npeobpasyiomcsa 8 ycaoeue nepgozo poda (Bi cmpe-
MUMCSL K HYA10) UALL 8MOpozo poda (Bi cmpemumcs k 6eckoHew-
HOCM).

IIpu smom 3adaemcs 3aKOH U3MeHeHUSL NOMeHYUAAA iepeHOCd
(menaomuL U Maccul) Ha epanule meepdozo mena ¢ OKpyscaouyet:
cpedoi.

B [1] maxkaice npugedenul 8blpasceHus 045 paciema noaeil mem-
nepamyp 6 3a8uUcUMOCHLL O MenA0PUIULECKUX NAPAMENMPOs, d
maxaice noseti NOMeHYUAA08 MACCONepPeHocd.

B ¢pyndamenmanvroii monozpaguu akademuka A.B. JToikosa u
npogeccopa F0.A. Muxaiinosa [3] npusedervl peuteHuss MHOUX
3adau menaonposodnocmu u Jugpdysuu oaa mea pasauuHoll
KOHGU2ypayu, 6KAI04As U Mead KAHOHUHeckol ¢opmol. ITpu
IMOM MOXNCHO OMMemuUMb 08a NPUHYUNUAALHLIX MOMEHMA.
Ilepeuiil — peuwienus, noayueHnoie 6 popme psdos Pypue, xapax-
mepHuL 045 34044 ¢ HepA8HOMEPHBIMU HAYAAbHbLMU pacnpedese-
HUAMU NOMEHLA/L08 TlepeHocd Menao0mbl U MACChl gellyecmed. B
cay4uae pagHOMeEpPHLIX HAYAAbHBIX pacnpededeHUll U3 NOAYHeH-
HbIX peleHull feeko NMOAYHAlmCs YacmHble CAy4au 0As pasHo-
MepHBIX HA4AAbHbIX Ycaosull. IIpu smom peuwienuil 048 Manblx
snauenuil wucen @ypuve (Fo, Fom<0,1) He npusodumcs.

Bmecme ¢ mem, Kax yse He pa3 OMMeEHAAOCh 8 CMeyUdAbHOLL
aumepamype [4], pewenus ¢ opme pados Oypve obaadaiom o0-
HOU «HenpusmHoil» 0c06eHHOCTBIO: C YMEHbIUEHUEeM 8PeMeHLL
npoyecca yMeMbIAlOMcs U HUCA08ble 3HAYEHUS Kpumepues
Dypve, xapaxmepuayowux nodobue HeCMAYUOHAPHBIX NPOYec-
cos mensno- u macconeperoca (Fon, Fom). Dmo, @ ceoto ouepeds,
npueodum K y8eAudeHuIo 4uUcAd 4/1eH08 GeckOHeuHo20 padd u
Hapacmanuio owubku gervucaenuil. IIpunyunuaibHoe 3nadenue
amu akmopul npuobpemarom npu peaiu3ayuu memooog pac-
Hema ¢ UCNOAb308AHUEM «30HAABHO20» memoda [5] u memoda
«muxponpoyeccos» [4].

B [1] usnoocena memodonoeus noayweHus pewleHuil 3adad
meno- 1 MAcconepeHoca npu HepasHOMEPHbIX HAYAAbLHBLY pac-
npedenenusx nomenyuaios neperoca. Ileavio nacmosuwetl pa-
6omoblL A6AReMCA U3A0JNCEHUE NPUHYUNO8 NOAYHEHUS pellleHUil
Kpaesvlx 3a0a 045 601ee 0OUUX ePAHULHBLY YCAOBUTL — YCA0BULL
mpemuwezo poda, uau ycaosuil Hotomona [2].

Obpamum eHUMAKUE HA MOM PAKM, YIMO 2PAHUYHbLE YCA0BUSL
asasiomes obuumu 045 3a0aw menaonposodrnocmu u dupgysuu.
IIpu Bi->0 oHu nepexodsam 8 ycao8us 8mopozo poda (ycaoeue Heil-
Mana), a npu Bi>o nepexodam 6 ycaogus nepsozo poda (ycaosue
Jupuxae).
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METOJ KA TEOPETUYECKOI'O AHAJIN3A

. 2
Oegjf):a 0 2(§,r)+£_at(;,r) L 0>0; 0<x<R; (1)
X X X
0(x,0)=06g(x); )
aeg))(,r) o -
0D
a6, —6(R, D] =2 = @)

20e I' = 0 0aa 3a0ayu menao-(macco-)nepeHoca 015 He02PAHUYeH-
Holl naacmunel, I' =1 0aa 3adan menao-(macco-)neperoca 041
Heozpanutennozo yuiundpa; I' = 2 0as 3a0av menao-(macco-)ne-
penoca 045 cepbl.

Beedém 8 paccmompenue bespasmephole 8eAUHUHBL

6c-6(xD).

—F= Fo
0,6

aR, _ X
—xXx==,
R

0(x,Fo) = -

®)

at, . _
F'Bl_

Bt
20e o — K0agpPuyuenm mensoomaoauu, —
Coomeemcmeenno, 04 3a0ai MACCONEPeHOCA NO AHAAOLUL
MOJCHO 3aNUCATb

_ Kt
=

_ 00,m—0m(x,7), . BR
Gm(x,Fom)zﬁ, FOm BlmZTV

(6)

20e B - koagppuyuenm maccoomoauu, m/c; k - koappuyuenm
macconpogodnocmu, m?/c.

B npunsamolx 6e3pazmepHuix NepemeHHblX kpaegas 3adaud
menaonepenoca npumem caedyrouyuii 6ud (I'=0):

20(%,Fo) _ 9%(%, Fo)

Fo 6&2 ; Fo>0;, 0<x<1l @
0(x,0) - £ =20 _gq (5, ®
Oc
20(0,Fo) & [6¢—0(0,Fo) o
& X 0c o ©
Mo(LFo) .
——2=-Bi-0(1, Fo). 10
= i-6(1,Fo) (10)

Cyujecmeyem MHO20 Memo008 peuleHus kpaesoll 3ada4u, onu-
canmotl cucmemotl ypasrenuti (7)-(10), 00Hum u3 Haubosee nep-
q6AsleMCE UHMezpanvHoe  npeobpasoéanue
Jannaca [6] no epemennoil nepemennoil Fo [4], mozda modicHo 3a-
nucamo

CNEeKMUBHbLX

2
90(X5) g (x,5)+ 00 (x) =0 )
dx?

de(o,
do(es) _, 1)

dx

do(1,s) .

=) _Bi-0(Ls). 13
dx 1-0(Ls) @9

YpasHenue (11) seanemcs AuHelinbimM HeOOHOPOOHbIM Jugge-
PEHYUANLHBIM YPaBHeHUeM 8MOpo2o nopadka [7].

Pewas ez0 ¢ ucnoav3o8anuem epanuynblx ycaosuil (12), (13) u
OMYCKAsL HECA0JCHbLE, HO 2POMO30KUe NPeobpa308anus, 3aniuem
peuterue 8 061aCTU KOMNACKCHBIX NepeMeHHbIX:
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(BISh\/§+\/—Ch\/— ch J—x !

I(Blch\/g+f shf 090 Ch \/—i d§7

, ) 14)
Ieo g)ch J’g dg+ch(fx)jeo(§)sh(J§g)dg

0 X

20e 2; - nepemenHas, usmensIowascs om 0 00 x.

Bosspaujenue u3 obracmu usobpasceruil 6 0baacme opusuHa-
2108 npou3sodumcs no gopmyae obpamrozo npeobpasosanus [7]:

0(%, Fo) = L‘l[e()? $)] =

-t o(s)

] | (15)
0] R

) ———exp (s, Fo).
qﬂ ®

30eco (s) u Y'(s) - coomeemcmeenno GyHKyuL, HaxXo0AULU-
ecq 6 yucaumene u snamenamene (14).

Obpamum eHUMAHUe Ha MO (aKm, YIMo epaHU1HOe YCA0BLE
(13) seasemcs obwum 045 3a0ay menaonpoodHocmu u ougpdy-
suu. IIpu Bi>0 0HO nepexodum 6 ycaogue 8mopozo poda (ycaosue
Heiimana), a npu Bi>oo nepexodum 8 ycnosue nepsozo pooa
(ycnosue Jupuxane).

B peszynvmame mamemamudeckux npeobpasoeanuii @ coom-
gemcmeuu ¢ popmynoti (15), oHo npuHuMaem CAedYIOUyUTL OKOH-
4amenvHbLil UO:

8(x,Fo) =

O i €xp(—41, 2 FO) _ f !
- T
it Hinﬂnwsﬂncosmnx) | 0(§) cos(un)

_, (16)

B noy1eHHOM BblpadceHuLL 8eAUHUHA (L, OTipede/isenn MHOdYce-
CMBO KOPHell Xapaxmepucmu4eckoeo ypasHeHus:
an

Ha
ctghy, = 5

AHanoeuuHbiM 06pazom 045 Kpaegoil 3adauu macconeperHoca
6ydym cnpagednuevl 8blparceHus:

1

B 2\ Hm EXP(*HmZFOm) B
e(x,Fom)=szcos(pmx).[m(i)cos(pma)dg (18)
n=1 0

m (19)
ct; =—"
8m = 5.

OCHO06bL8AACy HA NPUHLUNAX U3A0N#EHHOLL MemoJoi02ULL pe-
WeHUs Kpaeeblx 3a0ay menaoMAacconeperocd, npugedem 3anuct
NOCMAHOBKLL U peuleHus 3a0a4 041 YUAuHOpa u cepbl.

ITocmanosxka 3adauu menao-(Macco-)nepeHoca 0ns Heozpanu-

yeHHozo yuaundpa (I'=1):

30(T,Fo) _3%0(T.Fo) 1 20(F.Fo).

T, _ o
oFo or2 o Fo>0; 0<7r<L (20)
0(F,F0)|romo = 0o(F) 1)

O,F
L;ro)zo; 0(0, Fo) = o; 22)

0

@zfﬁ -6(1, Fo). 23)

r

B obnacmiu KOMNAeKCHbX NepeMeHHblX Ima 3adaua Gydem
umems caedyiouuil uo:
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2 _ p—
d“e(F,s) . 1do(rs)
ez Oms) oMo =0 @)
deﬁs)zo; 0(0,5) %= (25)
de(Ls) .
=% —Bi-o(Ls) (26)

U enoev, onyckas epomosdkue npeobpazosanus, npusedem pe-
wenus 3adauu (24)-(26) ¢ obaacmu u3o6pasceHuil:

Io(\/gl'

w(s)

o(T,s)=

J.geo )1o(~5E)de +w(s) J-geo Kox/—f;)}
(@)

{loffjéeo )Ko (Vs&)dé - Koff-.‘éeo )1o(Vs&)de

30ecv 1y (Vs), Iy(VsT) - gynryuu Becceas nepgozo poda om u-
CMO MHUMO20 apeyMeHma Hy1e6020 nopadka (Moduduuyuposar-
Has gynxyus Beccens nepeozo poda 1ynee0z0 nopadka);

Ko(Vs), Ko (Vs7) - gynxyuu Becceas emopozo poda tyneeozo
nopAdKA O YUCMO0 MHUMO20 apeymenma [8].

IIpuMenAs K N0/YHUeHHOMY bLPANCEHIIO 6HO8b TpoLedypy 06-
pammozo npeobpasosarus Janaaca 6 coomeemcmeuu ¢ (15), no-
AYyduM peutenue 6 opme

(r.Fo)= 2z“unJo unf)[1n¥1 (1) + Bi¥o (un)] |
tnJo (un)+Bidy (n)

P(—HnZFO)X
(28)

XJléeo(é)Jo (nng)de.
0

3deco Jo(Hn), Jo(nT), J1 (n), Yo (i), Yy (W) - 0OB1nbIE ymK-
yuu Beccens, onpedenennvle 6 CNeYUANbHOLL Aumepamype,
Hanpumep [9].

U 8H06b OMMemUM, 1Mo AHAL02UHHBIM OY0em U peuleHue 3a-
Oauu macconeperoca. ITpu amom y eeaudun W, Bi, Fo HuxcHUM
UHOEKCOM CTAHOBUMCS BeAULUHA <TT».

ITOCTAHOBKA U PEIIIEHUE KPAEBOHU
3AJAYM TEIIJIO- U MACCOIIEPEHOCA JIJIA
COEPHI

Jaa mena cpepuueckoii popmut (I'=2) 3anuutem:

30(T,Fo) _3%(T.Fo) 2 a0(T,Fo)

oo -2 P Fo>0; 0<7<1 (29)
0(F, F0)|po=o = 8o(7); (30)
%_%FO):O; 6(0, Fo) = oo; @D

(o)
H(LFo) (;’:0) =—Bi-0(1, Fo). (32)

Om/vtemuM, Yrmo 0ns ZPaHU"HO020 YCA08UA 8 UeHmpe ulapa no-
A8U/10Cb aOTlO/LHe‘H,LLe, umo 3HaveHue memnepamypbol 8 UeHmpe He
MOHcem umemsb 6eCKOHeUHOTL 8eAUYLHDL.
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Ipou3zeodum sameny nepemenHoil no npaguy
X
U (F,Fo)=To(F,Fo). (33) 0(%,5)=—— J'eo(g)eﬁ(ﬂ)d&J‘eO(g)eﬁ(?*‘i)d&
0

B pesyavmame noayuaemcs gvipadxcerue suoa

1 (8hge| B[ eyl @
- 20| (- —S(X+E 1—+/S s&
0U§7rF,0F0):c U‘SréFo)l (34) +J.eo(§)e d 2\/§(Bi+\/§),'.90(§)e déx
or 0 0
B danvheiiuiem, 8vinonnss npeobpazosanus no npoyedype no- X[eﬁ(x,g) +e*“/§(i+2)}
AYyHeHUs pelleHUs OAS He0ZPAHUYEHHOU NAACMUHDL, NOAY4AeM
pewenue 8 obaacmu usobpasxcenuii no Janaacy: - yunundp:
1
i sn(<G) [ "
e(r's):F«/?[(Bifl)sh«/@ s»ch«/g] \/gj‘geO(g)Ch\/g(lié)d& o(r, )*f) sl (5 )U@O(E)KO(‘E’)'0(«@)"@+
0
1 r (35) 1 T
+(Bi- J.aeo (&)shys(1-¢ ng I (&)shvs (F-&)d& +I§60(§)Io(«/gr)Ko(ﬁg)dg}Bilo(«/g){[r;eo(g) Ko (V57 )10 (V) de +
T 0
° r (44)
OkoHuamenvHoe peulenue kpaegoil 3adavu @ obaacmu opueu- +J.f,eo(g)|o(~/§r)Ko(ﬁg)dg}\/&q(ﬁ )10(~5sF) I geo(g)|o(\/§g)dg —
Han08 umeem caedyiowyuil euo: F
1
o(F Fo)—_ 2 i[(Bi ~1)cospp — i -Sinpp Jsin (upf) -BiKo(+5) |0(J§?)Ié90(é) |0(\/§§)d§]:
__Z X
(T.Fo) r Bi-coSpp —pp Sinpp 0
1 (36) - cepa:
xjgeo(é)sin(pné)d@exp(—pnzFo).
0 T 1
0(F,s)=— I&eo(E_,)e_“/g(F_E-’)diﬁ-J‘E_,eo(i)e_“/g(é_F)dg—
Xapaxmepucmuueckoe ypasHeHue 045 NOUCKA MHOMceCmed s !
KopHeli 8 0aHHOM cayHae:
=t (37) I B(TE)ge |, (BI-D-E (45)
8 Bi—1 ®o(t 2ﬂ/§[(Bi—1)+J§]
U 6Ho8b ommemum, umo peuieHue 045 3a0a4l MACCONepeHoca
(Ougpysuu 6 meepdom mene) 6ydem umemsv aHaL02U4HbBLL 6UD J. e0g (2 Vs(247-8) g £ J' £00 (& */g(”*i)dg .
NpU UCNO0ABb308AHUL 0603HA®EHUTL
On (7, FOn); Bim, i (38)

Coomeemcmeyioujiie UM OKOHUATMEAbHblE PeUleHUs KPAegblx
3a0au 6 obnacmu opuzunanos 6ydym umems caedyowuil euo:
PENNIEHUE JIJIA OBJTIACTHU MAJIBIX - nAacmuHa:
3HAYEHHU YHCJIA ®YPBE

Jas mo2o wmobblL noAy“Umb peuierile Kpaeevlx 3adad meno- L 1 (x+2) 1
U macconeperoca 042 064ACMU MAAbLX 3HAUEHUIL Yucen Dypoe, 6(X,Fo)= PN s J. 00 (8) exp{ }dfﬁj.eo
1He06x00UMO UCNOAB306AMb CAedyIoULE CE0TicMEa 2unepboniLte- 0 0
ckux ynxuyuii [10]: , 1 (46)
. . xexp|:_(2:XF;é)}dé}—Biexp(BizFo)J’eo(é)x
chys :E(e‘/g+e_*/§]556“/§ (39) 0
xexp[ Bi(2£X-¢ ]erfc[ ‘;’+B|«/_ojdg;

shy/s = %(e*/g —e_\/gj = %e‘/g (40) #lFo
chy/sx = ( ‘/—X +e ‘/—XJ “
shy/sx = [ J—X \/EYJ “2)

B pesyavmame goipascerus (14), (27) u (35) npeobpasyiomes k

cnedyrowemy eudy:
- nAAcMuHa:

13
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o —
T(Fo.20)
;! 10}
T(Fe.5) o

T(Fo,2)

T(Fo,1)

T(Fo.0.5)

N

0 0.02

T(Fo.0.1)

Puc. 1. U3menenue be3pazmepHoti memnepanmypul nogepxXHOCMU
NAACMUHBL 8 3a8UcUMOCTU om 3HaveHuil wucea Buo u @ypre
npu Bi: 1) 20;2) 10; 3) 5;4) 2;5) 1;6) 0,5, 7) 0,1
Fig. 1. Change of the dimensionless temperatures of the surface of
a plate depending on the values of the Biot and Fourier numbers
at Bi: 1) 20; 2) 10; 3) 5;4) 2; 5) 1; 6) 0,5; 7) 0,1

- YUAUHOp:

0(F,Fo)=

1
1 (r-2? (2-r-¢
zﬁjé%%(é){m[* 4Fo }ex{* 4Fo ]}di* 47)
0

1
'B?i,[é%GO(é)exp[Bi(z—F—aw BiZFo}erf{(z_F‘i)
0

2«/% + Bi\/ﬁ}di;

I —
o _h‘—'ﬁ—‘.__‘_\__j
\\\EX;

6

T(Fo,20)

T(Fo,10)

T(Fo.5) o,
T(Fo.2)

T(Fo u‘:{,‘\

T(Fo.1)

T(Fo,0.1}

0.1

Puc. 2. U3menenue be3pasmepHotl memnepanypol n08epXHOCMU
yuaundpa npu Bi: 1) 20; 2) 10; 3) 5;4) 2; 5) 1, 6) 0,5; 7) 0,1
Fig. 2. Change of dimensionless temperature of the surface of a
cylinder at Bi: 1) 20; 2) 10; 3) 5;4) 2; 5) 1; 6) 0,5; 7) 0,1

- cepa:

(48)

1
XJ.T;GO(F;) exp[(Bi —1)(2$F—§)}erfc{—%+(8i -1)\/5}1%,.
0
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T(Fo.20)

T(Fo,10)

T(Fo.§

0

T(Fo,1)

©,0.5) 4|
0,0.1)

o1

Puc. 3. U3menenue be3pasmepHbix mMeMnepamyp nosepxXHocmi
cepul 8 3asucumocmu om wucen Buo u @ypve npu Bi: 1) 20; 2)
10; 3) 5;4) 2;5)1;6) 0,5, 7) 0,1
Fig. 3. Change of dimensionless temperatures of the surface of a
sphere depending on the Biot and Fourier numbers at Bi: 1) 20;
2)10;3)5;4) 2;5)1;6) 0,5; 7) 0,1

PE3YJIBTATBI I UX OBCY)KJEHUE

Kax yoce ommewanocs evlile, peuleHus 3a0a4 menaonpogooHo-
cmu u dudpdysuu 0as mea, 8 mom Hucae KAHOHUHECKOU Popmel,
noayuawom 8 gopme psdos Pypve [2,3,5,6,8-10], umo xapax-
mepHO 04 YcA08Ull ¢ HEPABHOMEPHLIM HA4AALHBIM pacnpedese-
HUeM NOMeHYLLAL08 TlepeHOCa MenA0Mmbl U MACCLL 8eULeCTBa, HO
pewenuil 042 manvlx 3Havenull yucen Pypve 8 UCMOUHUKAX He
npugodumcs. Bmecme ¢ mem, uem MeHbllle BpeMs NpoLecca, mem
MeHblle HUCN08ble 3HAUeHUA kpumepues Dypve U mem Cambim
601vULe UNeH08 beckoHewH020 pada, Umo eaetem 3a coboll Hapac-
manue owUOKL NPLU GbIHUCACHULL.

B pabome npusedenn peutenus 015 mea KAHOHUHECKOTL opmbl
- NAACMUHbL, YUAUHOpA U cepbl, makdte npedcmasienbl HOMO-
2pammul 6e3pasmeproll memnepanmypol n08epxXHOCM meAd 8 3d-
sucumocmu om 3nadenuil uuces Buo u Qyprve npu KOHKpemHbLx
3HaUeHUAX wucad Bi.

Homozpammol n0360A210M € NOMOULHIO NPOCTIbLX 260MeMpUHe-
ckux onepayuil (Hanpumep, NnpukAadbleaHla AUHelKU) uccaedo-
8amv GYHKYUOHAAbHbIE 3A8UCUMOCTILL MeMNepamypbl Ha no-
8epXHOCTILL TeA KAHOHU®EeCKOTl pOpMbL 8 3a8UCUMOCTILL O 3HA-
uenuil uucen Buo u @ypve 6e3 2pomo30KuUX 6bLHUCACHUTL NpU Ma-
Avlx 3HaveHusx wucaa Pypre, 4mo cnocobcmeyem UCKAIOHeHUIO
owubok npu pearudayuu memodos paciema ¢ UCNOAb308aAHUEM
«30HANLHO20» Memoda [5] U memoda « MUKponpoyeccos» [4].
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Paccmompensl KAACCH HENOPUCTMBLY, KANUAAAPHO-NOPUCTIBIX U KOAAOUIHBLX KANUAALPHO-
NOpUCTbLX MAMEPUAN08, KAK 00BeKMO8 CYUKU, NPUMEHIeMbLX 8 cmpoumenvcmae. IIpoana-
AU3UPOBAHBL 0COOEHHOCMU BHYMpPeHHe20 Macconeperoca 8 Hux. Ommeueno, 4mo 0CHOBHbIM
K03pPuyuenmom eHympeHHee0 MACCOTePerR0Ca AB8AsLemCA KOIPPuUyuenm macconpogodrno-
cmu (koagpuyuenm dugpdysuu gnazu). OmmeueHo, 4Mmo npu cyulke oH Cyu,eCmeeHHo 3a8u-
cum He MOABLKO OM MeMnepamypbvl, HO U 0M 84a20codepianus mamepuana. Pacuem xune-
MUKW CYUWKU MAMepuasos ¢ UCNOAb308AHUEM IMO020 KOIPPuyuenma mpebyem yuema 3mux
3asucumocmeil. Omcymcmeue 0aHHbLX N0 KOIPPUYUEeHRMY MacCcOnpogodHoCcmU 3ampydnsem
npumeHernue mamemamuieckux memodos pacuema KUHeMUKU CYUWKU HA 0OCHO8e pelleHUll
Jugddepenyuasvrulx ypasrneHuii Macco- U menaonpogodHocmu. Yxa3ano, umo paspabomka
30HanbH020 Memoda onpedeneHUs KOHYEHMPAYUOHHOU 3A8UCUMOCMU IMO020 KOIPPUyU-
enma Cyu,ecmeeHno 001ee4un0 HAKONAeHUe JaHHbLX NO Hemy. IIpusedenbl npumepul IKcne-
PUMEHTMAAbHBLX OAHHbLX O K03PPUYUeHmY MACCONPOBOOHOCMU NPU CYULKe MAMepUaros
pasnulx kaaccog. O6cyscdens. 60NpOCy. KUHEMUYECK020 paciema npoyecca Cyuwku mamepu-
an08 Ha OCHOBe MeopemuueckKuUx mamemamuyeckux modenell — AHAAUMUYECKUX U YUCAEH-
HUlX, Npednoaazarnuux Ucnoib3osanue 0aHHbLX N0 MeNnA0QPUIULECKUM XAPAKMePUCTMUKAM
mamepuanos. Ykazano, umo mamemamuieckue memodv. 8 HACMOAUee 8pema 8blUAU HA
nepevlii NAAH 6 C813U C 00U UM pa3guUMUeM MeOPUL CYULKU, HAKONAeHUeM OAHHbLX NO KO-
appuyuenmy macconposodnHocmu, NOBCeMeCMHLIM PACNPOCMPAHEHUEM NePCOHAALHBLY
KOMNbI0Mepos U pazeumuem 3QPekmusHblx 6blUUCAUMEAbHBLX KOMNAeKCO8. Jasa paciema
KUHeMUKU CYWUKU MAMEPUAN08, UMEIOWUX NPABUABHYI0 2e0MemMpULecKyi0 popMy, peKoMeH-
JdogaH 30HAAbHBLI Memod, OCHOBAHHbLI Ha peuwleHUAX AUHelHbLX JuddepeHULanbHbLX YPAs-
HeHUll MAcco- U MenAonposodnoCmU, NPUMEHUMBLX 8 Y3KUX OUANA30HAX U3MeHeHUS 84a-
2ocoldepicanusn mamepuand — KAk Npocmoil 8 npumeneHuu u obecnedugaowuil docmamou-
HY10 048 UHMCEHePHbLX Yeaell MOUHOCMb.

Kawuesvie caosa: CyuwkKa, Kaaccol govlcyulusaemulx mamepuanos, MaCCOTlpOBOaH,OCTI’Lb, KUu-
Hemuueckuil pacuem
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The paper considers classes of nonporous, capillary-porous and colloidal capillary-porous
materials as drying objects used in construction. The specific aspects of internal mass trans-
fer in them are analyzed. It is noted that the main coefficient of internal mass transfer is
the coefficient of mass conductivity (moisture diffusion coefficient). It is noted that during
drying, it significantly depends not only on the temperature, but also on the moisture con-
tent of the material. The drying dynamics of materials using this coefficient should be cal-
culated by taking into account these dependencies. The lack of data on the mass conductivity
coefficient makes it difficult to apply mathematical methods for calculating the drying ki-
netics based on solutions of the differential equations of mass and heat conductivity. It is
indicated that the development of a zonal method for determining the concentration de-
pendence of this coefficient significantly facilitated the accumulation of data on it. The
paper gives examples of experimental data on the mass conductivity coefficient for drying
materials of different classes. It also discusses the issues of kinetic calculation of the drying
process of materials on the basis of theoretical mathematical models-analytical and numer-
ical, involving the use of data on the thermophysical characteristics of materials. It is in-
dicated that mathematical methods have now come to the fore in connection with the gen-
eral development of the drying theory, the accumulation of data on the mass conductivity
coefficient, the ubiquity of personal computers and the development of efficient computing
systems. To calculate the drying kinetics of materials with the correct geometric shape, the
zonal method is recommended, based on solutions of linear differential equations of mass
and heat conductivity, applicable in narrow ranges of changes in the moisture content of
the material-as easy to use and providing sufficient accuracy for engineering purposes.

Key words: drying, classes of dried materials, mass conductivity, kinetic calculation
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BBEJEHUE

Cywka wupoko NpuMeHsemcs 8 pasAudHbLX MexXHOA0UsX, 8
MoM YUC/e 8 CMpoumenbcmae, 20e Cyuike nodsepealomes u30enus
u3 bemona, eunca, Opeseclibl, NOAUMEPOS — KAK NPU UX NOLYHe-
HUU, MAaK U HA cMadul IKCNAYAMAyuL.

B coomeemcmeuiL ¢ cospemeHHbLMIL NpedCmagAeHUS ML 6Ce Bbl-
cyuusaemole mamepuansl nodpazdeasiomes Ha mpu kaacca: 1)
Henopucmule (60ALULLHCIMBO TOAUMEPOS, BbICYULLBACMBIX O
8HympeHHell 6/14az2l), 2) KANUAASAPHO-TIOPUCTIbLE — MATEPUANbL C
KANUAAAPHBLMU NOPAML, CITIeHKLL KOMOPbIX He NPOHUYAeMblL ONsL
enazu, U 3) KOANOUOHblE KANUAAAPHO-TIOPUCTTIbIE MATEPUALLL —
Mamepuansl ¢ KANUAAAPHBIMU NOPAMU, CTTEHKL KOMOPbIX Npo-
Huyaemul 044 6aazu [1]. B Henopucmolx mamepuanax (noaume-
Dpax) monexyavl 8600bL pazobuyerbl (600a pacmeopeHa 8 noaumepe
10 Mexanusmy abcopbyuLL) U ee nepeHoC NpoUCXOOUT Tymem ax-
MuUBUPo8aAHHOLL MosekyaapHoll Jugdysuu monekyn odvl uepes
mampuyy noaumepd. B KanuanafapHo-nopucmulx mMamepuanax
TepeHoc 8.1az21l POUCXo0Um 8 NOpax MAamepuana 8 #uoxoil u na-
poeoil ¢asax nod deticmeuem pada mexanusmos. Cmpoumens-
Hble MAMeEPUANbL HeOpeaHUu1ecKoll npupodsl, makue Kax u30eaus
u3 bemona u 08y800H020 2uncad, SI8ASIOMCS MUNUYHBIMU TpeO-
CMaguUMenImu  KanuAAspHO-Nopucmulx mamepuanos. Kpu-
cmannoeudpamuas enaea, codepxicaiyascs 6 Gemore u 08y800-
HOM 2unce, 8 npoyecce cywxu He yoaasemcs. K konnoudnewm ka-
NUANAP- HO-NOPUCTILLM MAMEPUANAM OMHOCAIMCA 8Ce MATMePUL-
anbl pacmumenvHoz0 U HCUBOMHO20 MNPOUCXOHcOeHUs (OHU
UMeIOM KAMOUHYI0 CIPYKMYpy U cO0epicam UmmoOunl308an-
HYI0 KAeMmKAML 844z2y), 4 Makdice MHO2le NULLesble MAMepUdLbL
(Hanpumep, makapowut). K cmpoumenvHbim KOANLOUOHBIM Ka-
NUAASPHO-TIOPUCTTILIM MATTLEPUAAAM OMHOCUMCS Opeecund.

Knacc mamepuana u gopmul céA3U a2l C MAMepUAsom
HAKAAObIBAIOM CBOTL OMNEUANOK HA 8HYMPeHHILTL MACCOTIePeHoC,
KOMOPpbLiL NpoA6ASeMcs 8 8eAudLHe KOIPPuyLenma macconpo-
B00HOCTUL UL €20 MeMNepanmypHoil U KOHUeHMPAYUOHHOLL 3a81L-
CUMOCTTLAX.

Lleav danmoil pabomvl — NpoaHaiu3uposams kKodgduyuenm
MACCONPOBOOHOCTUL NPU CYULKe CMPOUMEAbHbIX MAMePUAnos
PA3H020 KAACCA HA OCHOBE IKCTIEPUMEHTNANLHBLX pabOm, 8blNoA-
HEeHHbLX, 8 OCHOBHOM ABMOPOM C COMPYOHUKAML, a4 MAKdtce Npo-
AHAAU3UPOSAT® KUHEMUYeCKULL pacdem npoyecca CyuKu ¢ e20
npumeHeHueMm.

KOD®OHUIINEHT MACCOIIPOBOJHOCTH
IIPY CYIIKE HEITOPUCTHIX MATEPHAJIOB
(IIOJIIMEPOB)

B cospemennom cmpoumenvcmee WUpoko npuMeHaiom u3de-
AUA U3 PABAUHHBLX NOAUMEPOS, KOMOPble HACMOo Npou3eo0sm u3
DpAacnaaea noAUMepHO20 2paHyASLMA Ha AUMbeSbLX U UNPULeEblX
mawunax. IIpu amom noAumepHwlil epanyaam neped nepepa-
6omxoil 8 usdeaus donvtcer OblMe MYAMENBHO BbICYULEH 00 HU3-
KUX 3HA4eHUil 0cmamo4uHozo éaazocodepycanus (nopsadka 10
Kke/(ke cyx. m-aa) - 80 usbexncarue nossenus 6paxa 6 uzdenusx 8
sude nysvipeil, 630ymuii u m.0. Kax noxazaau uccaedosanus,
2panynel noAUMepos npedcmagasiom coboli Henopucmole mame-
puanel, 2Ay60Kas CYUKA KOMOPLIX XAPAKMepu3yemcs psdom oco-
Gennocmeil [1,3]: 1) npoyecc NOAHOCMbIO KOHMPOAUPYEMCs
enympenneil Ouggysueii, 2) ecredcmeue HamHozo 6o0avueil
UHEPYUOHHOCMU 1015 81420C00epHcaHUll 10 CPABHEHUIO C 0/IeM
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memnepamyp (ucao Lu = D/a << 1) epanynsl nosumepa o4eHs
bvlcmpo npoepesaionics 00 Memmnepamypbl KOKMAKMUPYIOUye20 ¢
HUM CYULUNBHO20 A2EHMA, TIOIMOMY 8 OKPECTIHOCTU 8bLCYULUBA-
eMOTL 2pary bl ee MeMnepamypa 1 KOHMaxmupyouyezo ¢ Hetl cy-
WUALHOZ0 dzeHMA NpaKmudecky 00uHaxkosvl (basancosas 3d-
Jaua no menaome, 3) KOHewHOe 81a20c00epicaHiie MAmepuald
COU3MEPUMO C PABHOBECHBIM 8/1420C00ePHCAHUEM, TIOIMOMY Mpe-
6yemcs e20 mounoe 3adanue 0ns obecnewerus mpe6Gyemoti mou-
HOCMU KUHEMUYeCK020 paciema, 4) 2paryavl noAUMEPOS UMEIOT
JdocmamouHo NpasuAbHYlo 2eomempuyeckylo ¢opmy (cgepa,
02pPAHUYeHHbLT YUAUHOp, NPAMOYeOAbHbLIL napainenenuned),
umo deaaem yenecoobpasHbim NpUMeHerUe 015 KUHeMU1eckoeo
pacuema annapama Ju@deperyLansbHo20 YPasHeHUS MACCONPO-
sodHOCMU.

B css3u ¢ amum bbLau npogedernl cucmemamuueckue uccaedo-
sanus Koaguyuenma macconpogodrnocmu (koagpduyuenma
Jugdysuu erazu) npakmuvecku 015 8cex NPOMBLULAEHHO BbLILYC-
KAeMbLX 2PaHYAUPOBAHHBIX NOAUMEPOS, Pe3YAbMmambl KOMOPbLX
ompadicervl 8 [1, 3-8]. BOALWUHCMBO U3 IMUX UCCA008AHUILL
npo8oouUNOCH HA CNeYUAAbLHO CO30aHHOTL 045 IMuUX yeaeil ycma-
Hogke, onucannoil 6 [9]. Jas onpedeneHus KOHYEeHMPAYUOHHOL
3asucumocmu koaguyuenma macconposodHocmu (8 OAHHOM
caydae appexmusHozo koapuyuenma moaexyaaproil ouggy-
3ul) OblA UCNOAB30BAH 30HANLHBLIL Memod, KOmopblil enepsvie
6bL onybaukosar 6 [10], a 3amem UCNOAB30BANC 80 MHOUX Pa-
6omax [1, 4-9].

D, - 10°, a¥lc
09 ¢
08
8 b c
07 | e —
06 | —s —
05 F

£ ..-""-f
04 § 4
0.1 R — o
o[ . . .

0 005 0,1 0,15 02

u 102, xr/xr

Puc. 1. 3asucumocmu Do=f (u): npu cyuike nosunponunena [5]:
1-50°C;2-70°C; 3-90°C; 4-110°C; 5-130°C; 6 -
150°C
Fig. 1. Dependences of D = f (u): when drying polypropylene [5]:
1-50°C;2-70°C; 3-90°C; 4-110°C; 5-130°C; 6 -
150°C

Kaxk nokasaau amu uccnedoganust, dppexmusHulii koapduyu-
eHm monexyaspHoll dugysuu enazu 6 noaumepe D; npu cyuke
CYUeCMBeHHO 3ABUCUIM O 84420CO0ePHCAHUL MAMePUAnd, KO-
mopylo HeobXo0UMO y4UMbleamsv Npu pacdeme KUHEMUKL
cywxku. Ha puc. 1 8 kauecmee npumepa nokasanbl KOHYeHmpayu-
OHHble 3agucumocmu koapduyuenma moaexyaaproil dugpdysuu
npu cyuike noauImuaena, sagucumocmu D; = f(w): daa ocmanv-
HBLX NOAUMEPOB AHAN0ZUHHBL.

TemnepamypHras 3agucumocms kodgpuyuenma dugpdysuu D,
onuceleaemcs.  ypasHuenuem Appenuyca,

XxXopouio amo



TOM 2, BbIMYCK 2, 2021 | VOL. 2, ISSUE 2

10KA3bL8AEN, YITO0 MUPALUSL MO/EKYA 800bL 8 NOAUMEPAX NPO-
ucxodum no Mexaiusmy akmuguposanHoll MoAeKyASPHOU Oug-

¢ysuu.

KOBOPHUIITMEHT MACCOITIPOBOJHOCTH
ITPY CYIIKE KAITUJIJIAPHO-IIOPHUCTBIX
CTPOUTEJIbHBIX MATEPHAJIOB

Tunu4HbIM npedcmasumenem KAnNUAAAPHO-NOPUCTIBLX CIPOU-
MeAbHbIX — MAMepuanos  Aeasemcs — 08y800HblI  2unc
(CaSO42H>0), komopuLii 0bpagyemcs npu 3ameoperui 8000t no-
aysodnoeo eunca (CaSO4+0,5H20) 8 npoyecce u320mosaeHus usde-
Aus u3 Heeo (cm., nanpumep, [11]). ITopel mamepuana 8 eunco-
80M KaMHe 3an0AHeHbl 80001, KOMopas y0anaemcs nymem ee uc-
napexus é nocaedyroujem npoyecce cyuku. OmausKuL U3 2unca uc-
T0/1b3YI0MCSL 8 KaUecnee CMpoumensHo20 MAmepuand, a maxyice
npu dekopamugHom ogopmaenun 30anuil u coopyxcenuil. B [12]
UCCAe008AMU MACCONPOBOOHOCTL NPUL CYULKe 00pa3y08 U3 08y800-
HO20 2unca — nymem KCNepUMeHIMAAbHO20 OnpedeseHUs 8 pas-
AUYHBle MOMEHITIbLL 8PeMEHLL pacnpedeseHUs 8/a20C00epHaHlA
10 0AUHe 2UNC08020 CMEPHCHSL, 8AA20UI0AUPOBAHHO20 C HOK0BOTL
T106ePXHOCTU U 6bICYLUUUEAEMO20 C MOPYO8E. FI3 NOAYHEHHBLX KPU-
8blx pacnpedenenus 61a20co0epxcanus u = f(x) no ypagHeruio
MACCONPOBOOHOCTILL

i=kp,

OX @

20e i - naomHocmb nomoka éaazu uepes obpasey, ke/(m*c); k -
Kkoaduyuenm macconpogodrocmiL, M*/c; po — naomuocmw abco-
ATOIMHO CYX020 MAMEPUANQ, Ke/MP; X - KoopOuHama, Hanpaenex-
Has 8001b OCU CMEPIHCHA, M) Onpedeninl. KOHYEHMPAyUOHHYIO
3asucumocme koappuyuenma macconpogoorocmu k = f(u). Ilpu
SMOM U3-30 UHIMEHCUBHO20 NPUIMOKA MenA0Mmbl Yepes 61a20U30-
AUPOBAHHYI0 BOKOBYIO TLOBEPXHOCTL 00pa3yd OH UHIMEHCUEHO
npozpesancs, U e20 Memnepamypa npaxmudecku 6biad pagHa
memnepamype CyuuAbH020 azenma (U3omepmuyeckue Ycaoeus
cywKu).

Boi10 nokasao, umo ypasHenue MAacconpogooHOCIMLL 8blno-
Hsaemcsa. B pezyavmame npogedenus uccae0o8anuil npu pazaud-
HblX Memnepamypax OblAl NOAYHeHbL  MeMNepanypHo-KoH-
UeHMmpayUoHHble 3a8UCUMOCTLL K03dduyuenma macconposoo-
HOCMuU, uMmerouyue caedyiouuil euo:

- 025 8aazocodepycanus mamepuana Hudice 0,068 ke/(ke cyx. m-
aa)

~3310°(T/T,)° £
- 1-11,7u

k : (€
- 0as eaazocodepicanus mamepuana gviute 0,068 ke/(ke cyx.
M-1a)

k=33-10°U%" (T/Tg)*%, 3

20e T - memnepamypa 6 K; To = 273 K; € - nopucmocmbs mame-
puana, m*/m>.

IIpu cyuwike KANUAAAPHO-TIOPUCTILIX MAMEPUALO8 BHYMPeH-
HULl MACCONEPeHOC OCYUecmeAsem st Kak 6 #udKoll, max u napo-
801l ¢hase 8 pesyavmame Oeticmeus poa mexanu3mos macconepe-
Hoca, nputiem 6kaad kaxc0ozo U3 HUX 8 X00e CYULKLL HenpepblaHO
mensemes [1, 2]. E. Wicke u R. Kallenbach evtdeaunu (1941 2.)
cnedyroujue wemovlpe 8udd U30MEPMULECKO20 MACCONEPEHOCA 8
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nopax: c80600ny10 dugdysuro e 2azosoil ase, kHyIceHO8CKYIO
(unu cmecHennyio) duggysuio, nosepxrocmuyio ougpgysuio u
meepdomenvhyio dugpdysuto. Ilocnednas npoucxodum mozoa,
koeda duamemp nopul HACMOALKO MAJ, YIMO NOMeHYUAAbHbLE
1015 POIMUBONONONCHBLX CITLeHOK NOp nepeKpbisaiomcs. I1o30Hee
[2, 13] 6bL10 nokasaxo, 4mo 8 nopax mamepuana npu cyuike
uMeern Mecimo KanuAAApHAsL MACCOnpoBOJHOCIL (TMOHKILE MOpPbL
viCcacvLeaiom eaazy us 60/1ee WUPOKUX KATUAASPOS U MPAHCNOp-
mupyiom ee k nosepxrocmu,). H.B. Yypaes danee 6 yenom psde
pabom nokaszan (cm., Hanpumep, [14]), umo eaaza 6 nopax evicy-
ULUBAEMO20 MATTIEPUAAA TiepemMelyaemcs makdce 100 delicmeuem
epadueHma pacKAUHUBAIOULee0 O0a/eHUs T/AeHKL HCUOKOCTMU.
Cn0vcH0e covemanie pasnudHblx U008 macconepeHoca 06ycn06-
Ausaem 6eAUMUHY U KOHUEHMPAYUOHHYIO 3A8UCUMOCTL KOID-
duyuenma macconposooOHOCML Npu Cyulke KANUAAAPHO-NOPU-
CMO020 Mamepuand.

IIpu cywike, paccmampueas coeMecmHbLil nepeHoc énazl 6 na-
poeoti u Heudkoll gasax 6 nopax mamepuana, ux ceodam (c uc-
T10/1b308aHUEM U30MEPMbL PA308020 KOHUEHMPALUOHHO20 PAs-
Hogecust) K eQUHOTL dsudcyyeti cune — epaduenmy eaazocodepica-
Hua (grad u), 6 pesynvmame 4ezo napocOCMABAAIOUAL KOIPPU-

yuenma Macconpoeoanocmu knap cmaHosumcsa 3a6uc;1u;ezi

e ac,
maxkaice om npou3eo0Hoil oo knap= Dray ==, 20e Dnap — K03 Puyu-

enm Oug@ysuu napa; Cn — KOHUeHMpayus napa 8 Nopax mame-
puaaa. Coenacro O. Kpuwepy [13] 6 obaacmu 60avwux 81a20co-
Oepocanuil OCHOBHLIM MEXAHUSMOM MACCONePeHOCA 8 KAnu/-
AAPHO-NOPUCTILIX MAMEPUANAX SLBAKEMCA KANUAAIPHASL MACCO-
npogodHocmy, a 8 obaacmu Huskux — dugdysus napa. Koaggu-
yuenm OJupysun 600anoz0 napa Dy nponopyuonanen TS
[13], 3HauumenvHo 6osee BbICOKOL cmeneHl 8 c8oell memnepa-

mypHoll 3asucumocmu Kodguyuenm macconposooHocmu 8

Y1
ypasueHuu (2) 0623aH npousgooHol 3 =

"

J
K107 m%e

5 10 15

Puc. 2. BausHue NOPUCmocmu Ha MacconpogooHoCcmy npu
cywke 08y8o0H020 unca (t = 50 °C):
1-£=0,39 M3/M?; 2 - 0,46 M*/m>; 3 - 0,50 m3/m?
Fig. 2. Effect of porosity on mass conductivity during drying of
two-water gypsum (t = 50 °C):
1-£=0,39m?/m®; 2 - 0,46 m3/m®; 3 - 0,50 m®/m®
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Ha puc. 2 noxasamo eAusHue nOpuCmocmu Ha Kodguyuenm
MacconposodHocmu npu cyuike 0bpasiyoe d8ysodrozo sunca. Ilo-
PUCTOCb MATMePUANA USMEHANL 34 CHemm U3MeHeHUS Y0eNbH020
Konudecmea 600bl Npl 3ameopeHul noayeodrozo zunca. Kax
8UOHO U3 PUCYHKA, C Y8eAuUeHUeM NOPUCTOCTU KOIPGUlLueHm
macconposodHocmu go3pacmaent. OOHOBpeMeHHO puc. 2 uaio-
cmpupyem o06wuil xapakmep sasucumocmeil k = f(u): daa dan-
HO20 KANUAAAPHO-TIOPUCITIO20 MaMmepuid, Komopble npedcmas-
as10m co60oti 602HYMble MOHOMOHHO 803pPACTNAIOULULE AUHUU.

Boswuwoe sauarue Ha K03QPUYLUEHIT MACCONPOBOOHOCTILL NPLL
CyuIKe KanuiAapHO-NOPUCITIOz0 MAMepUaLd OKA3bleaemm maxice
pasmep nop. Yuumoleds pasublil Mexanusm nepeHoca 2a3oo0pas-
HO20 Belyecmed 6 nopax, KanuAiapHble nopbl 6 meopul CyuKu
Oensim: 1) na mukpokanuaaapsl (paduyc nop ¥ < 107°m) u 2) mak-
poxanuaaapel (padwyc nop ¥ > 107 m) [1, 2]. CoomeemcmeenHo,
mamepuanst ¢ paduycom nop ¥ < 107 M HA3bIBAIOM MUKPOKATUA-
ASPHO-NIOpUCMeIMU, ¢ paduycom nop ¥ > 107 m - makpokanun-
ASpHO-NIOpUcMeMU U ¢ paduycom nop ¥ > 10° m - epybonopu-
cmolmu. VI3MepenUs, 6binoAHeHHble MenOoJOM PIYMHOIL opo-
Mempuu, nokazanu, 4mo 6 obcyxcdaemolx obpasyax 08y8o0H020
zunca nopucmocmocmoio 0,392 m*/m*® onpedensrowuil paduyc
nop 6via pasen ¥ = 0,49 MM. B makux kanuansapax ocHO8HAs
dons enazu nepemewjaemcs 6 eude scudkocmu. M3 cpasHenus
puc. 1 u 2 gudHo, umo koagpduyuenm macconpogooHocmu npu
CylUIKe KANUAAAPHO-NOPUCTIbIX MATMEPUANo8 ¢ MAKPOKANUAAL-
pamu Ha dsa nopadka 6onviile, Hem NPl CyuLKe HermopUCIblX Md-
mepuanos.

IIpusedenHulil anaau3 noKasvleaem, 4mo u3-3a COBMeCTHO20
Jelicmeus pasnu4HbLX MeXAHUIMO8 MACCONeperoca Kodapduiu-
eHMm MAcCCOnpos8OOHOCMU NpU CYULKe KANUAASLPHO-NOPUCTIOZ0
MAMepuand CAOMHbIM 06PA30M 3ABUCUIN OM MeMNepamypbl U
enazocodepicanus mamepuana. JJns obecnevenus 00cmamo4Hoil
MOYHOCMU KUHEMU1eCK020 paciema npoyecca Cyuxil Ha 0CHO8e
pewenus OugdepeHyuanbHo20 YpasHeHUsL MACCONPOBOOHOCTILL
Heo6X00UMO YHUMbLEAMb MeMNepamypHyIo U KOHYeHMPAayUOH-
HYI0 3a8UCUMOCTIU KOIPPUYLLeHMA MACCONPO8OOHOCMU — HA OC-
HO6€ IKCTePUMEHMANLHBIX OAHHDIX.

KOD®DOUIIMEHT MACCOITIPOBOJHOCTHU
ITPY CYIIKE KOJUVIOMJHBIX KAITNJIJIAPHO-
IIOPHICTBIX CTPOUTEJIbBHBIX MATEPHAJIOB

Kucny evlcyuiusaemulx KOALOUOHBLYX KANUAAAPHO-NOPUCTIIBIX
CMpPOUMENbHBLX MAIMEPUAN08 OMHOCUMCS Opesecuta — 8 popme
docok, 6pycues, pasauinbix ¢aconnvlx demaneti. Teaa u3 dpege-
CUHBL UMEIOT 0BLIYHO NPABUNLHYIO 2e0MEMPUHECKYI0 GOpMY,
1Mo N0360/5eMm PACCHUMbLEAMb KUHEMUKY UX CYULKLL Ha OCHO8e
pewenuil JupdepeHyUANbHBLX YPABHEHUTL MeNnao- U MACCONpo-
godnocmu. OCHOBHBIM  KOIPPUUYUEHMOM, 0meeHalouum 3a
6HYMPeHHUIL MACCONepeHoC, A6AAemca KoIPPuyuenm macco-
npogodHocmu  (Ougdysuu enaeu). Eeo onpedenenue 6v110
Hawamo 6 20-x 200ax XX eexa. Yxasem nocaedosamensHo 0CHOS-
Hole Hauboiee pantue pabomul, NOCESUEHHbLE €20 OTpedeleHLLIO:
Stillwell (1926 e.), Martley (1926 2.), A.B. JTvikoe (1933 2.), Lud-
wig (1933 e.), K. Egner (1933 e.), H. Schauss (1940 2.). Haubosee
N0AHble OaHHble MO MACCONPOBOOHOCMU OpesecUuHbl NOAYHeHbL
I1.C. Cepeosckum (1953 2.) [15]. [pesecuna xapaxmepu3syemcs
anusomponueil ceoiicme: 6 Heil MAcconposoOHOCMb 8 0CegoM
HanpaeeHul Ha nopadok ebllle, Hem 8 padudasbHOM U MAH2eH-
yuanvHom, umo nokasan ewe K. Egner. IIpu cyuike Koaa0uoHblx
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KANUAASPHO-NIOPUCTNBIX MATMepuanos, 8 omaudue om Kanui-
AAPHO-NOpucmulx, 000a8Asemcs OCMOMUYECKUTL NlepeHoc 8aazu,
KOmopbLil Hak1advleaem C60li OMmnewamox Ha KOHYeHMpPAyUoH-
HYI0 3A8UCUMOCITIL KOIGPPUYLUEHMA MACCONPOBOOHOCTIL.

Ha puc. 3 nokaszaua 3asucumocms k = f(u) [2] 0a5 Opesecunui.
Kaxk sudno, koagppuyuenm macconposodnocmu npu cyuike opege-
CUMbBL UMeen MOom e NOps0oK, HIMo U Npu CyuKe Henopucrmblx
noaumepos. Coenacro A.B. JIvixosy [2], caoscHbLil xapakmep 3a-
sucumocmu kodgpuyuenma macconposogooHocmu (koagpuyu-
enma dugysuu 6aazi) KOANOUOHBLX KANUAAPHO-NOPUCTIIBLX MA-
mepuanos muna Opegecutbvl Om 84a20C00epiHcanus 00BACHSIeMCs
UBMEHEHUEM C 811a20C00epIcanliem OOMUHUPYIOUL20 MeXAHUIMA
6HYMpPeHHe20 MACCOTIEPEHOCA 8 Npoyecce CYWKU. B obaacmu ma-
AbLX 821a20C00epiHcanull — 00 MOUKU MAKCUMYMA HA Kpusblx k=
f(w) y KoAA0UOHBLX KANUAAPHO-NOPUCTILIX MATMEPUAN08 MUNA
Opesecurvl. JOMUHUPYIOWUM MacconepeHocom no A.B. Jlvikogy
A8/15€MCL 0CMOMUYECKULL NepeHoC 8aazl, a Npu 6oAbIULX 81a420-
codepacanuax (Ha Hucnadaioujell npasoil 6emeu 3a8UCUMOCTIU
k= f(uw) nocne mouku makcumyma) — ougpdysus napa. Ipu
6ecoMa GONBIUUX 811A20C00EPHCAHULX MATMEPUANA ULMEETIL MECTIO
KANUAASPHAS. MACCONPOBOOHOCTIb. DMOM Y1HacmoK 3d8UCUMO-
cmu k = f(u) nabarodaemcs y Opesecunvl npu u >1 (cm. puc. 3).

2.0 Tk-109, m?
/e -
*
15
1.0 l 1. t=30°C
P
2 S0 1
0.5 %o
*% *
* $ oot U, KI/Kr
0.0 +———AF———4+—F+————————+
0 0.5 1 15

Puc. 3. 3asucumocme k = f (1) 045 Opesecunui (cocHa) npu t = 30
°c 2]
Fig. 3. Dependence of k = f (u) for wood (pine) at t = 30 °C [2]

OIIMICAHHUE BHYTPEHHEI'O BBAMUMOCBA-
3AHHOI'O TEIIJIOMACCOIIEPEHOCA IIPU
CYHIKE

BHympeHHUIL Meni0MAacconepeHoc npu cyuike npu memnepa-
mypax mamepuana mexee 100 °C onucvieaemcs caedyiouyetl
CUCMeMOTl 83AUMOCBA3AHHBLX OuddepeHyuanbHblX YpasHeHUl
A.B. JTeiko8a (puavmpayuoHHbLil MacconepeHoc, npoucxo0aiyuil
100 deiicmeuem obuwezo nepenada 0agaenuil, npoucxodum npu
memnepamypax mamepuana 6o1ee 100 °C, umo Hemunu4Ho 0s
CYWKUL CMPOUMEAbHbIX MAMepPUAA08, NOIMOMY 30ect He Npueo-
dumcs):

au

:div[k(u,t)(gradu+6I(u,t)gradt)], 4)

ch%:div(X(u,t)gradt)+qu%I, (5)

20e U - NOKA/NbHOE 61420C00epIHCaHIe 8 BLICYULLBACMOM Mese,
ke/(ke cyx. m-na); t - memnepamypa, °C; T - epems, ¢; k - k0agp-
duyuenm macconposodnocmu (Oupdysuu erazu), m%/c; ot
- OMHOCUMeNbHBLIL KOIPPUYLEHM mMepM0osaazonposodHOCmU,
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1/K; ¢ - maccosasa menaoemkocms, Juwc/(ke K); po — nAomHocmy
abconiomHo cyxozo mamepuana, ko/m®); A — koagduyuenm men-
nonposodrocmu mamepuana, Bm/(m K); q=&'r" - deiicmeyrowyuil
BHYMPU MeAd UCTMOYHUK 8HYMPEHHUX (Pa306blx npespaujeHul,
Thoie/(m® K); € - 10KanbHbLL Kpumepuil 6HymperHux Qasoesix
npespawenuil, ke/ke; T — menioma napoobpasoeanus, KkA0OHAS
menaomy Oecopbyuu eaaeu, Jom/Ke.

Kax 6udno us ypasuenuii (4), (5), 6 06wem cayuae 0as pacuema
KUHEeMUKL CYWKU TMeAd 10 IMUM YpasHeHUAM mpebyiomcs 0aH-
Hble 10 ulecmu menaoduauieckum xapakmepucmukam: k, &t
cpo, A, €, 1", nepevie namob U3 KOMOpbLX MPebYIOM CNeyUanbHOZ0
onpedenenus. IIpu He O4eHb JHeCMKUX MEMNEPAmYpPHbLX Pexcl-
MaxX MepMOBAAZONPOBOOHOCITILIO MOXCHO Nperebpent. Takum o6-
DA30M, OCHOBHBIMI KOIPQPUUUEHMAMU BHYMPpeHHe20 MACCOo-
menonepenoca s8AI0MCS K0IGPuyuenm macconpogooHocmu
k, xoagppuyuenm menaonposodnocmu A, obsemHas menaoem-
KOCMb CPo U NOKANLHBLIL Kpumepuil 6HYMpeHHUX (asosbix npe-
epawenuil £'. Omcymcmeue 0anHbLX 10 SMuM Koapduyenman,
0C00eHHO 10 KOIPuUYLLEHMY MACCONPO8OOHOCU, BbIHYHCOAIOMM
NPpUMeHAMb pa3Audtble NOAYIMNUPULECKUE KUHemu4eckue
YpaeHeHus.

IIpu cywike Henopucmulx mamepuanos (NOAUMEpPOs), KaK Ofm-
MeueHO Bblille, 3a0aia menioo00MeHa 165emcs 6aNaHC0801, 1no-
amomy npu pacyene KUHEMUKL CYWKL UCTIOAb308AHUE YPaGHe-
Hus (5) He mpe6yemcs, epaduenmol 61a20C00epxcanus 8 mene
8ecoMma HUSKU U, €1e008aMenbHO, 8KAA0 MepmMO8AAz0npOBOOHO-
CMU 6 OMOK 64a2U NpeHebpescumOo Mal. B smom cayuae ypas-
HeHue (4) mpancopmupyemcs 8 caedyrouyee dugdepenyuanvtoe
ypasHenue dugpgysuu erazu:

u

(6)

i div[D (u, t)(gradu)]
20e D - koapduyuenm monexyaspHotl dugdysuu, m?/c. Ypasne-
Hue (6) - HeAuHeliHOe, €20 pelleHUs UMEIOMCS MOAbKO 05 HeKo-
MOPbLX YACTHBLX C/LYHAe8.

B [16] 6via paspaboman yHuGepcanvHuill 30HAAbHYLL Memod
paciema KuHemuku macconepedaiu 8 cucmemax ¢ meepdoii ¢a-
3011, 0CHOBAHMYLIL HA pellleHUlL AUHeAPUI0BAHH020 YpasHeHUs (6)
(D = const) npu nocmosHHLLX NApamempax eHeiuHetl cpedel, Ko-
mopbiil 6bll UCNOAB308AH 04 paciema annapamos (8 mom
4ucae Cywunok) pasroeo muna [1]. Coomgemcmsyoujue peuie-
Heus 0415 mea pasuoil popmel npusedenvt 6 [1]. Pacuem npogo-
Jumcs no Gopmynam pezyaapHoz0 pexcuma, k020a 8 peuleHulL Co-
Xpamsemcs 00uH 4nen pada. Pacuemuas ¢opmyna umeem euo

R} B
In—

uiDi o EY

T = “)
20e 1 — HOMep KOMUeHMPAyUOHHOL 30Hbl; Bi - napamemp, co-
enacro [1] pasuulil: Bii' Vi; Bii=1 — nepevlil npedakcnoHeHyuatb-
Hblll MHOJMCUMeNb 8 pellleHull 3a0a4l MACCOnpo8odHOCMLL, 8 KO-
MopomM NPUHAIMO PASHOMePHOe HAAAbHOe pacnpedeserue 81a-
20co0epHcanus 8 mene; Vi - KOAQPuyenm, yHumoleaiouyuil usme-
HeHle HA1aAbHOTL KOHUeHRMpayuL npu nepexode Om 30HbL i —
1» Kk i-moil 3oHe npu i > 1; li - Nepevlil NOA0HUMeNbHBLI KOPeHb
8 XApaKMepucmuHieckom pelleHuu 3a0a4il MacconposooHOCMuL.
Obuyas neobxo0umas npoooNINCUMeNbHOCTIb CYULKL PABHA

T=

Ti (8)

n
i=1

20e 1 - 4ucao KOHUeHMpAayUOHHbLX 30H.
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IIpu pacueme KuHemuku CYWKU KANUAAAPHO-NOPUCTIbIX U
KOANOUOHBIX KANUAASPHO-TIOPUCTIILLX MATTEPUAN08 HeobX00UMO
NApPAANeNbHO PACCHUMBLIBANb KUHEMUKY HAepesa meAad, 4mobsl
UMEMb 803MOHCHOCITIL YHUMbLBAMY BAUAHUE TIePEMEHHOTL MeM-
nepamypul Ha K03QGuyuenm macconpogooHoCmiL U paccHumbl-
6amv  Mepmo6aazonposodHocmy.  Tepmoenazonposodrocmyio,
o0Hako, npu memnepamypax mamepuana Huxce 100 °C mosxcHO
npeebpeus. BHympernHUil UCTOYHUK Menaonel 8 IMUX pacie-
max 3a0amv He NpedCMABASeMcs 803MOMCHBIM U3-3d OMCYM-
CMeuUs UHPOPMAYUL 1O NOKAALHOMY KPUMEPUI0 8HYMPeHHUX
aszoseix npespawjeHul, KOMOpuLil CLONCHBLM 00PAOM USMEHS-
emcs 6 npoyecce Cywku (dem meHvlle paduyc nop, mem MeHvlle
€20 poav). B pacuemax, noamomy, 00blMHO NPUHUMAIOT, YINO
azosvle npespaujerus npoucxodsam y nogepxHocmu mead. B [1]
NOAYHeHbL COOMBeMCcmaylouylie peuterHus 045 NAACTUNbL, YUAUH-
Jpa u wapa 04 CAY4AR NOCMOAHHOL MeMnepamypbl eHeulHell
cpedbl, KOMopble UCNOABIYIOM NPU NPUMeHeHUL 30HAAbHO20 Me-
moda paciema. B amux pelueHusx epanuyHoe Ycao8ue meniooo-
MeHa 3adaiom 8 gude

)

x%‘x:ﬁ* Z(I[tc —t(X)‘ x=R ]—r* - (‘E), .

2

ede i(t) =— Z—: Rypy- unmencusHocme cywiku, Ko/(m%/c; u.
cpedHeobsemHOe 8aaz0codepicariie mead, ke/(ke cyx m-aa); Ry/R
- omHoueHue 00BeMa Mead K e20 NOBEPXHOCTU, M; & - KOIPPuU-
yuenm menaoomdauw; Bm/(m?/c); t.- memnepamypa eHewHeil
cpedvl, °C; x - dexapmosa uau paduanvias koopdunama, m; R -
1N0408UHA MOAWUHBL NAACTUHbL, PAdUyC YUAUHOPA UAL Wapa,
M.

IIpu xoneexmugHoil cyuike nepeoe caazaemoe nNpasoil 4acmu
ypasHenusa (9) 3adaem nocmyn/enue menada K noO8epXHOCTIL
meAa 3a cuem menaoomoayl, a émopoe cAazaemoe npasoil ua-
CTMU - CIMOK 31020 Men/d Ha ucnaperue eadazu. Pasnuya mexncoy
HumU udem Ha Hazpes meaa (1e8as Hacmov ypasHeHus (9)).

Pacuem kuHemuKu CywKuU Ha OCHO8e ypasreHuil (4) u (5) mpe-
6yem JanHblx 1O 8CeM MenaoduU3U1ECKUM XAPAKMEPUCTIUKAM,
énepsule makoii pacdem 6bLa blNOAHEH 8 [17] NPUMEHUIMEALHO
K CyuiKe 2panyAupoBanHo20 arbmakca (KanuaiapHo-nopucmolil
mamepuan) 8 AeHmo4Holl cywuixe. B nocaedyroujem pacuem xu-
HemMUKU CYWKU Ha OcHo8e OugdepenyuarvHulx ypasHeHuil
MACCO- U MenionpogodHOCMU NPUMEHAACS 80 MHOUX pabomax.
Buiau  passumovl  apexmusHble NpoepaMMHbLE  KOMILAEKCHL
(Hanpumep, Ansys, Mathcad u 0p.), nosgoasouje pacciumot-
6amb KUHEMUKY CYWKU NYymem UHIMepUPOSaHU HeAUHeTHbLX
OJugppepenyuanviolx ypagueHuil macco- 1 menaonposooHoCcmu
4 u(5).

Jugdepenyuanvrvle ypasHeHus Macco- U menaonposodHo-
CTU NPUMEHAIOMCE He MOAbKO 044 pactiema KUHeMmuUKU CYUKU,
HO U 014 aHaAu3a nojetl 81a20c00epiHcaruil L memnepamyp e ma-
mepuasne. IIpumepom Mmozym CAYHUMb COBMeCTHble pabombl
C.B. ®edocosa u B.I'. Komaoga no ananu3y memnepamypHuix u
8AAHCHOCTIHBLX 11041e1l 8 OpegecuHe 8 patioHe HazeAbHbLX COeOUHe-
Huil - Ha ocHoge peweHull OupdepenyuanvHolx YpasHeHUL
menao- U MAacconposoOHOCMIL ¢ NPUMEHeHUEeM PACHenos, 6bl-
NOAHEHHBLX «<MemO00M MUKPONpOUeccoe» [18].
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BBIBOJIbI

1) DxcnepumenmanvHole OaHHbLE NOKA3BLBAIOM, UTNO MACCO-
NPOBOCHOCL 8 CMPOUMEABHBLX MAMEPUANAX NPU UX CYULKe 8
604b1UO01TL CTeneHL 3a8UCUIN O 1M020, K KAKOMY KAACCY OH OM-
HOCAMCSL: K KAACCY HeNOPUCTbLY, KANUAAIPHO-NOPUCTIILIX UAL
KOANOUOHBLX KANUAAIPHO-NOPUCTTILIX MATEPUALO08.

2) KaxcOomy kaaccy mamepuanog npucywjil céou KOHUeH-
MPAyUOHHble U MeMNnepamypHule 3a8UCUMOCMU Kodapduyu-
eHMa MACCONPOBOCHOCILL.

3) Koagpuyuenm macconposo0HOCMU CYULCTNBEHHO 3A8U-
cum om 64a20co0epicanus mamepuana, 04s NOAYHeHUs adek-
8aMHOIL mamemamudeckoti MoOeAl KUHeMUKU CYWKU Heobxo-
OUMO YHUMBIBAMb He MOALKO MeMNepamypHyo, HO U KOHUeH-
MPAYUOHHYIO 3A8UCUMOCTL K0IPuUYLeHma MACcOnpoBOOHO-
cmu.

4) B Hacmosuwee epems. 06Uee pazsumile meopull Cyuwku u
Memodos Mamemamuueckoeo MoO0eAUpPOBAHUs, TOBCEMECTIHOe
pacnpocmpaneHie NePcOHAAbHLLX KOMNBIOMEpPos, HAKONAeHUe
OaHHBLX 10 MeNnA0PuUIULeCKUM XAPAKMEPUCTUKAM MAIMepud-
7108, 8 MOM HUCAE 10 KOIPPUUYLEHITY MACCONPO8OOHOCU, HAAU-
uue IPPeKMUSHBIM NPOZPAMMHBIX KOMNAEKC08 00YCA08UAL
NPAKMUYECKYI0 B03MOMCHOCTIb U 14eAeCO00pa3HOCTLb paciema Kit-
HeMUKW CYIUKU CMPOUMevHblX U Opyeux Mamepuanog Ha oc-
HOBe Mmeopemu1eckux menodos, npednonazanuyux UHmMezpupo-
sanue JupdepeHyLLANbHBIX YPABHEHULL MACCO- U MeNnA0nposoo-
HOCTIU.

5) Jas pacuupenus npakmu4eckozo npumeHeHUs Imux me-
modos 6 UHdeHepHOTl npakmuke Heobxodumo Odanvhelillee
Haxon/enue OAHHbLX 10 MeNnA0PUIULECKUM XAPAKMEPUCTUKAM
Mamepuanos u, 8 nepsyio oepeds, no Kodgduyuenmy macconpo-
8odHocmu, danHble N0 KOMOPOMY HAUBO/1ee 02PAHUYEHDL.

6) Zlns nosyuenus memnepamypHo-KOHYeHMpPAayUOHHbIX 3d-
sucumocmeil koagduyuenma macconpogodHocmu npu cyuike
DPABAUMHBIX MATMEPUAno8 peKOMeHOYemcs UCnoAb308amy 30-
HaavHblil Memod Kak Haubo./lee NpuemMAeMbLil 8 NPAKMULECKOM
OMHOWEHUL.

Pacuemut Ha ocHoge peuterull OupdepeHyUaNbHBLX YpagHeHU
MACCO- U MenaonposoOHOCUL 8 HACTNOsee 8peMs UCTOAb3Y-
10MCA He MOALKO 045 paciema KUHeMmuKU CYWKL, HO U 045 aHa-
AU3A NPOLECCO8 MACCO- U MenA0NnepeHocd 8 CIMpOUMmMeAbHbLX KOH-
CMpyKyusx, Hanpumep, 8 OpesecHblX KOHCPYKYUAX C Hazedb-
HbLMU COeOUHEHUAMU.
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B pabome u3a0%#eHbl NPUHYUNLL MALOIHEPZOEMKOLL MEXHOAO2UL Hed8MOKAA8H020 LOPU3O-
gannozo bemona (H3IIB) Ha ocHoge monaueHnotll 3046l Ilocae 3ameoperus 60001 u nepeme-
WUBAHUS 8 0OBLUHOM CMecUmene Cblpbesds CMeCh 3aauedemcs 8 popmul uau onaaybky, z0e
gcnydugaemcs u 3amem maeepdeem 8 HOPMAALHBLX YCA0BUAX UAL C HeOOAb WO Menao8otl
obpabomkoii.

Ucnoavsosanue H3IIB ¢ makoil s#e cpedHell nAOMHOCMbIO, KAK Y 00bLUHbBLX AeeKUX 6emOH08
Ha 00#1208bLX 3ANOAHUMEALX, 041 APMUPOBAHHBLX HECYUUX KOHCMPYKUUL MOHem Obimb
onpagdano 6AUBKUMU 3HAYEHUAMU 00ujell NOpUCMOCMU U C8A3AHHBIMU C HUMU noKasamne-
AAMU ynpyeux U 0epopMamMuUEHBLX CB0ILCTNE, d TMAKN¥E AHAA0ZUUHLLMU YCA0BUAMU PabombL
apmamypul 6 amux uzdeausx. B mo e gapemsa no cpagHerHuio ¢ zazoszonobemonamu H3IIB
8bl200H0 omauuatomcs 6oavuell cmabusbHOCMbIO C80LCME NPU U320MOBACHUL, MEHbBULUM
pacxodom za3oobpaszyruux 006agok, a no CpagHeHUI0 ¢ 00BbIUHBLMU AeeKUMU bemoHaMLL —
omcymcmeuem 00po20CMOAUUX KPYNHBLX NOPUCTLLX 3anoAHUMenell.

Onpedenens. npouHocmHuule U depopmamusnvie xapakmepucmuku H3IIB kak npu xpamko-
8peMeHHbLX, MaK U npu 0aumenvHo OelicmeynWux HAZpY3KAX, umo aeasemcs 6azoil 0as
JdanvHeliwux uccaedo8aHU NPUMeHEHUS IMO20 NePCNeKMUBH020 MATMEPUALd 8 HeCYUX U
0epandanuux KOHCMpPYKYULX.

Katoueetie ca08a: Hea8MOKAABHbLI 2a300emoH, MONAUEHAL 3044 8 KA4ecmee HANOAHU-
meas, MAA0IHEPZOeMKAS MeXHOA02USL, NPOLHOCMHble U OJepopmamugHble Xapakmepu-
CmMuKu
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The work describes the principles of low-energy technology of non-autoclave porous concrete
(NAPC) based on fuel ash. After closing with water and mixing in a conventional mixer,
the feed mixture is poured into molds or formwork, where it swells and then solidifies under
normal conditions or with little heat treatment.

The use of NAPC with the same average density as conventional light concretes on roasting
aggregates for reinforced bearing structures can be justified by the close values of the total
porous steel and the associated elastic and deformative properties, as well as similar work-
ing conditions of reinforcement in these products. At the same time, compared to gas-ozone
concrete, NAPC is advantageously characterized by greater stability of properties during
manufacture, lower consumption of ha-z-forming additives, and compared to conventional
light concrete — the absence of expensive large porous aggregates.

Strength and deformation characteristics of NAPC are determined both at short-term and
long-term active loads, which is the basis for further research on the use of this per-special
material in bearing and enclosing structures.

Key words: non-autoclave gas concrete, fuel ash as filler, low-energy technology, strength
and deformation characteristics
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INTRODUCTION

It is arguably better to use lightweight concrete instead of heav-
yweight concrete in load-bearing structures because of the reduced
load from the dead weight of structures, which provides savings in
reinforcement and concrete itself. For large engineering structures
and multi-storey buildings, the transition from heavy concrete to
structural lightweight concrete makes it possible to reduce the cost
of foundation erection [1]. At the same timethe reduced concrete
density for load-bearing and enclosing structures gives additional
heat protection of internal premises and allows for easier operation
of the structures themselves, which shows the importance of such
materials [2].

Reducing the cost of lightweight concrete structures is possible by
not using expensive porous aggregates and as well as porosing con-
crete mix during the production that leads to a concrete structure
unique due to a large number of small closed pores, which in turn
leads to the high-water resistance and frost resistance. Methods of
porization of concrete mixture based on the use of air-entraining
additives such as CNV, as well as blowing agents, with their rela-
tively small consumption do not allow to significantly reduce the
density and material intensity of structures, and with a large num-
ber of additives, on the one hand, expensive (due to high cost and
scarcity of additives themselves), and on the other hand, are char-
acterized by complexity of concrete (foamed concrete technology).

Currently, due to the rising cost of energy resources, there is a
strong interest in mineral building materials with high thermal
insulation properties. Such materials include non-autoclave po-
rous concrete [3, 4]. The non-autoclave porous concrete interests
the manufacturers and researchers with low energy consumption,
wastelessness, and environmental friendliness [5]. However, the
shrinkage of non-autoclave porous concrete in the process of drying
can reach 2-3.5 mm/m. It is significantly influenced by the proper-
ties of the interporous partition [6], which are largely determined
by the microstructure optimized with fine mineral additives,
which ultimately has a positive complex effect on the technology
and properties of thermal insulation materials [7]. For example,
phosphogypsum additive in the composition of non-autoclave po-
rous concrete plays the role of not only a filler, but also an activator
[8]. A decrease in the shrinkage of this material with an increase
in the content of mineral additives instead of a portion of cement
has been established at the same time [9].

Reinforcement with highly dispersed basalt fibers can compen-
sate the main drawbacks of conventional concrete — low tensile
strength and brittleness (insufficient cracking resistance) [10],
and, obviously, reduce shrinkage. [11] has investigated and ana-
lyzed the following concrete shrinkage reduction methods: use of
cement with reduced heat dissipation, steel fibers, polypropylene
fibers with their pre-moistening, lightweight aggregate pre-satu-
rated with water. Notably, when natural lightweight aggregate
with grain size of 2-4 mm pre-saturated with water was used, the
shrinkage of 28 days old high strength concrete was reduced by
about 48% compared to the reference concrete, with no change in
compressive strength [11].

Development of strength of plasticized cement stone made with
superplasticizer C-3 of 1.0 to 0.25% concentration to cement mass
at constant B/C, just like 0.27%, indicates that the strength of plas-
ticized cement stone can be both higher and lower than that of the
control composition [12]. There is a technology that does not allow
shrinkage deformations in obtaining gas concrete wall stones
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based on waste crushed concrete by casting technology with an av-
erage density of 650-750 kg/m® with an optimal structure [13]. Af-
ter drying non-autoclave porous concrete, shrinkage can reach 2.0-
3.5 mm/m [14].

Further cheapening of such structures is possible due to the use
of local industry waste in the composition of concrete and, first of
all, ash from TPPs. Porous concrete is not inferior to brick and ex-
panded clay aggregate concrete in performance indicators, and in
some cases it exceeds them in frost resistance and heat protection.
The production cost of porous concrete products is 50% lower than
that of lightweight concrete products. While energy prices rise, the
efficiency of gas ash concrete will increase in comparison with con-
crete on aggregates requiring high-temperature treatment [15].
Manufacturers already know how to obtain reinforced structures
based on gas ash concrete [16].

However, non-autoclave porous concrete 900-1200 kg/m? dense
is not regulated enough compared to slag and expanded clay ag-
gregate concrete 1600-1800 kg/m® dense. Until now, there are no
indicators of long-term deformability, data on the dynamics of
strength and thermal properties, information on the behavior of
steel reinforcement in products made of these concretes, etc. In
many cases, this makes it impossible to use non-autoclave porous
concrete instead of firing aggregate concrete, and in general it
sharply limits the application area of the former for load-bearing
reinforced concrete structures [13]. This problem could be solved
with a new material — non-autoclave ash porous concrete (NAPC)
1600-1700 kg/m? dense based on gas concrete technology, but with
less gas forming additives. NAPC of the same average density as
that of ordinary lightweight concretes on firing aggregates for re-
inforced load-bearing structures should be used due to close values
of total porosity and related indices of elastic and deformative
properties, as well as similar working conditions of reinforcement
in these products. At the same time, in comparison with gas-iso-
lated concretes, NAPC will favorably differ with higher stability of
properties during manufacture, lower expense of gas-forming ad-
ditives, and in comparison, with usual light concretes — absence
of expensive large porous aggregates.

EXPERIMENT

To obtain NAPC, a silica component was used — a waste product
of local industry, fly ash from Tver TPP-4. Bulk density of ash from
TPP-4 varies from 700 to 1300 kg/m?. The specific surface area is
800 to 1200 cm?/g. The true grain density is 2.02 to 2.5 g/cm?®. Ac-
cording to the classification, ash from TPP-4 is classified as fine-
grained. According to the content of CaO and MgO, as well as SOs,
ash meets the standards. The ash from TPP-4 is not compliant with
requirements on specific surface, which required special measures
to use it as an ash aggregate for manufacturing cellular concrete.

Another silica component was sand for construction works ac-
cording to GOST 8735.

Calcium oxide or quicklime with a mass fraction of calcium ox-
ide of at least 85% is used as an alkaline additive. In addition, to
increase the plasticity of all mixes for the injection molding
method, SP-1 superplasticizer additive was introduced in the mix-
ing water in a constant amount of 1.5% of the cement weight. The
mixing water was heated to a temperature of 60-65 °C before mold-
ing the samples.

PAP-2 aluminum powder was used as a gas forming agent.
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A B-Di3 non-linear three-factor planned experiment was used to
select the optimum composition of non-autoclave ash porous con-
crete (NAPC). Variables: mass fraction of ash in ash-sand mixture
A/(A+S), amount of gas educator additive — aluminum powder in
relation to mass of cement A and watercement ratio W/C varied in
the following limits: A/(A+S) = 0+0.6; A = 0.07+0.11%; W/C =
0.57+0.69. Cement to aggregates (ash and sand) mass ratio was
constant and equal 1: 2.3.

The cellular concrete mixture was prepared as follows: cement,
previously dried and sifted through a sieve with a mesh size of 5
mm ash and sand, and mixing water were loaded into the mixing
vessel. The mixture was stirred using a propeller stirrer at 150-200
rpm for 2 min. Then, the density of the unporous concrete mixture
was determined using a measuring vessel of 1 dm® and the fluidity
of the mixture by the size (diameter) of the flake with a Suttard
viscometer. Then the mixture was unloaded into the mixing vessel
again, the calculated amount of aluminum suspension was added
and stirred for another 1 min, after which it was poured into 10
cm cube shapes with an edge of about 90% of their height.

Two hours after pouring the mixture into the molds (porization
of the mixture usually ended after 30-40 min), the samples were
placed in the steaming chamber. After hardening of samples in the
steam chamber for 8 hours at a temperature of isothermal exposure
of 85 °C, they were demolded and tested.

As the criteria for optimization of NAPC composition, the aver-
age density of samples in dry state, compressive strength, coeffi-
cient of structural quality was used calculated by the formula

KKK :&,
Yo

where Remp s the compressive strength, MPa; o is the relative den-
sity of concrete samples (in relation to water density), dimension-
less value.

The experimental data revealed the coefficients of mathematical
models of dependences of properties of concrete mixture and con-
crete from the factors of the form specified above

Y= Vot ViXs + Vaxz + Vaxz + Vizdr® + Vaoxs + Vaaxs® +
+ Vi2X1X2 + V13X1X3 + V23X2X3,

where x1= 3.33(A/A + S - 0.3); x2= 50(A - 0.09); x3= 16.7(W/C -
0.63).

The coefficients of mathematical models of dependencies are
given in Table 1.

Dependences of dry density of NAPC samples, plotted according
to mathematical models, on factors of material composition show
that increasing the content of aluminum powder A, the share of
ash in sand-ash mixture A/(A+S), and water-cement ratio W/C re-
duce the density of samples in dry condition. At the same time, the
compressive strength and structural quality factor dependences are
more complicated and are unique due to the presence of local ex-
tremes.

In order to determine the optimal composition of NAPC corre-
sponding to the highest values of Remp and KKK, the optimization
problems of these dependencies were solved. The optimal variables
corresponding to the maximum coefficient of constructive quality
were: A/(A+S) = 0.465; A = 0.084%; W/C = 0.57. The ultimate
compressive strength of 28 days old NAPC is 15.2 MPa, density in
the dry state is 1600 kg/m®. According to the results of research on
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the composition of NAPC, it was decided to use structural non-au-
toclave ash porous concrete in the production of trial samples of
NAPC and determine their physical and mechanical properties, in-
cluding the effect of long-term loading on the properties of the mi-
cro-cracking process of this material.

It is known that during compression of concrete elements at the
initial stage, there is some compaction of material caused by heal-
ing of microcracks. With further loading, the process of micro-
cracking begins to prevail over compaction of concrete, as a result
of which its structure becomes less homogeneous, and the time of
passage of the ultrasonic wave increases. The load, at which the
ultrasonic wave transit time increment changes sign, corresponds
to the first parametric point Ruw. This level of loading determines
the beginning of intensive microcracking [17]. The process is ac-
companied by noticeable inelastic creep deformations. When the
level of the second parametric point R: is reached, microcracking
processes are accelerated, and the creep deformation of concrete
passes into the non-linear region.

Tests were conducted on standard ash-concrete prisms with di-
mensions 10x10x40 cm. Six prisms were tested.

The tests were conducted in accordance with GOST 17624 meth-
ods. The device UK-10PMS and transducers with a resonance fre-
quency of 60 kHz were used to measure ultrasound propagation
time in concrete. The method of end-to-end sounding has been ap-
plied. To ensure reliable contact between the concrete and the
working surfaces of ultrasonic transducers, liquid glass was used.
The results are shown in Table 2 and Fig. 1.

N/N,

i
i

08

-

NA
A

0.6
FIl=1 \\
2-I1-2 "
BeIT=3 g4
AT -4 J

t, MKM/C o335 6,1 005 0 005 0.1

Fig. 1 Dependence of ultrasonic wave transit time on
loading level
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Table 1. Coefficients of mathematical models of dependencies of properties of concrete mixture and ash porous concrete on

composition factors
Factors
Indicators
Vo Vi V2 V3 Vi1 V22 V33 Vi2 Vi3 Vs
Density of the unperfo- | 2204 | -28.5| -14.9 | -7.5 | -58.4 | 220 | -109.4 | -54.2 | 8.1 -50.6
rated mixture, kg/m?
Suttard flow diameter, | 129 | -4.3 | -007 | 1.4 2.1 -1.7 | -005 -05 | -20 0.4
cm
Density of concrete _38.1
samples in dry state, 1616 -66.1 -97.4 -70.0 22.0 -21.5 -42.5 -49.1 -61.6 :
kg/m?
Strength of concrete| 96 | 013 | -15 | -15 | -056 | -115| -0.59 -0.46 | -0.50 | 054
samples, MPa
Coefficient  of struc-| 591 | 026 | -0.65| -0.78 | -0.38 | -071 | -0.26 -0.10 | -0.13 | ~0-30
tural quality
Table 2. Ultrasonic tests of prisms under loading of the considered material can be explained by its considerable po-
Sam- 0.95 rosity. . . . .
ple N/Nu | 0.2 0.4 0.6 0.8 Based on the position of critical points, two loading levels should
be specified for the main samples — 0.6 and 0.75 of the breaking
P-1 -0.03 -0.04 -0.01 0.11 | 0-16 force. At 0.6, the state of the concrete is such that the creep strain
0.18 is mostly linear. Load level 0.75 was supposed to provide intensive
p-2 A -0.025 -0.045 | -0.03 0.12 . . L
L, creep deformation, but at the same time it was supposed that non-
-3 us .0.029 | -0.038 | -0.02 0.05 | 0.12 linearity of creep caused by high stress level would be replaced by
012 linear development of deformations after some soaking time due to
P-4 -0.022 | -0.026 | -0.017 | 0.03 | * redistribution of stresses.
Notation: 8, *10°
N/Nu is the level of compressive loading in fractions of the break- 50 =
ing load Nu; 22 /[~
At is the increment of time of ultrasonic waves transit through 20 AV/
the tested sample. 100
1 50 100 150 mo T
e
Long term load tests were also carried out. Special spring units 5
were developed at CaS Department of TvSTU for the long term tests 19
of concrete prisms with dimensions 10x10x40 cm. Creep defor- 13 /‘ —"1
mations in concrete prisms were determined according to the con- 16
ventional methodology by excluding unloaded twin samples from : %5 T5% A 550 o
the total deformations, shrinkage deformations. Shrinkage defor- - Wi
mations were measured on unloaded prisms. Shrinkage and creep
deformations were measured by clock type indicators with the di- - i -
vision value of 0.002 mm, installed on two opposite sides of the A/ T~
samples. 20 - G

The free shrinkage deformations of concrete were measured
throughout the test period, as well as the ambient temperature and
humidity (Fig. 2).

RESULTS AND DISCUSSION

Analysis of the curves in Fig. 1 shows that in non-autoclave ash
porous concrete, the variation of the transit time and respectively
the velocity at loading levels corresponding to the occurrence of
parametric points is insignificant. This peculiarity of deformation
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50 100 150 20

Fig. 2. Changes over time in relative humidity, temperature, and
shrinkage deformations of concrete

The unique aspects of shrinkage deformation development in
time shown in Fig. 2 show that the growth of their absolute values

practically stopped after 150 days after starting the measurements,

and their further changes are mainly determined by the change of
air humidity.

In Fig. 3, curves characterizing development of deformations
(characteristics) of concrete creep, obtained from results of long-
term tests of concrete prisms loaded in different ages at two levels
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of long-term acting load, are: 65 and 75% of the force correspond-
ing to the NAPC prism strength.

Table 3 shows their numerical values for different levels and ages
of loading and observations.

2
3.q
|
2] 1
2. Va I =
A4 Pl =,
/ / 7, —
F/4 P - 2|
1.0 / [ N
W N
]
bl ¥ T.cyT
50 100 150 200 250

Fig. 3. Time variation of NAPC creep characteristics ¢t as a func-
tion of age t© and loading time T: 1 — 75% load of the short-term
destructive force; 2 — same, 60%
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The nature of the curves in Fig. 3 shows a pronounced depend-
ence of ¢: values on the age of concrete. However, the development
in time of properties of creep at loading at ages t: = 50, 120, 200
days is practically identical.

For all observed ages, the curves of creep properties have one fea-
ture in common — rapid, during the first day, flow of deformations
and then their exponential increase with approximately the same
rate. The magnitude of rapid creep deformation is very significant
and ranges from 30 to 40% of the full, i.e., limit, values for the
moments of time when the damping becomes obvious.

Thus, NAPC of the same average density as that of ordinary
lightweight concretes on firing aggregates for reinforced load-bear-
ing structures should be used due to close values of total porosity
and related indices of elastic and deformative properties, as well as
similar working conditions of reinforcement in these products.

Table 3. Elastic deformation ene, creep deformation gpi, and creep properties ¢t of concrete at different

loading ages t:

Age of concrete at the moment of loading 11, days.
55 120 200

Erl’ Ebe Epl t-1g, €be €pl t-1y, €be €pl

‘:y «105 | x105 | | days | x105 | x10° P days | x105 | x10° P

1 27 0.36 1 17.2 0.24 1 10.3 0.15

3 44 0.59 3 28.7 0.40 3 17.3 0.25

5 63 0.83 5 40.2 0.56 5 24.1 0.35

7 74 0.98 7 48.1 0.67 7 30.3 0.44
10 88 1.17 10 60.3 0.84 10 414 0.60
20 75.6 104 1.38 20 71.8 76.82 1.07 20 69.0 60.0 0.87
30 120 1.59 30 94.1 1.31 30 81.4 1.18
45 152 1.79 45 109.1 1.52 45 97.9 1.42
60 163 2.00 60 122.7 1.71 60 109.7 1.59
90 179 2.15 90 132.8 1.85 80 118 1.71
120 186 2.24 120 142.1 1.98
150 2.36
220 2.46

CONCLUSIONS activation of ash aggregate, in order to obtain more stable and

As a result of work, a new material was obtained — non-auto-
clave ash porous concrete (NAPC) with density 1600-1700 kg/m?
based on the use of gas-concrete technology, but with less gas-form-
ing additives. This concrete of compressive strength class B15 and
prism strength of 11.4 MPa is quite an effective construction ma-
terial. Using NAPC, the weight of the structure can be reduced by
40% compared to elements made of heavy concrete. Strength and
deformation characteristics of NAPC are determined both at short-
term and long-term active loads, which is the basis for further re-
search on the use of this per-special material in bearing and enclos-
ing structures.

In the future, the research should concern: 1) the improvement
of the production technology of NAPC, including the use of
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high quality indicators of the material; 2) a new and unconven-
tional combination of structural materials such as relatively low-
strength non-autoclave ash porous concrete with a density of 1600
kg/m® and high-strength reinforcement; 3) the research into de-
formability, strength, and fracture resistance of compressed rein-
forced elements based on non-autoclave ash porous concrete; 4) a
method to determine the stress-strain state of cross-sections of
structural elements under axial and eccentric compression taking
into account the inelastic state of concrete, its creep and shrinkage;
5) a methodology for calculating the load-carrying capacity of
structures on the basis of NAPC; 6) primary technical and eco-
nomic calculations on the efficiency of production and operation
of new load-bearing and enclosing structures based on NAPC for
construction and reconstruction of buildings of various purposes.
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Hacmosawaa paboma noceaujena paspabomke mo0uduyuposanHbvLx MeAKO3epHUCTbLX Oe-
MOHO8 KAACCO8 NPOUHOCMU Ha cxcamue om B20 do B90 u3 camoynaomuaiowyuxcs cmeceil,
codepicauux MUKpOKAAbYUM, cynepnaacmugukamop Ha OcHoge 3pupa noaukapbokcu-
nama, menkuil keapyesuvlil necok ¢ modyaem kpynnocmu 1,4, muHepanvHeie 006a8KU MUK-
pokpemHesema, memakaoauna u ITenempon Admukc (npu Heobxodumocmu). IIpugedenti pe-

3yavmaribsl uccnedosanus 47u3UKO-M€xaHu"teCKux ceoiicme pa3pa6omaHHbe camoynaome-
HANOWUXCA MENAKOIEPHUCTMBLX bemonos.

Knawouesvie cnoea: meakosepuucmolii 6emoH, 6blCOKOHANOAHEHHARL CAMOYNAOMHAIOUALC
cmecy, KapOOHAMHBLI HANOAHUMEAb, AKMUBHAA MUHepanvHas dobaska, MeAKUl Necok,
pusuxko-mexanudeckue cgoiicmea
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The paper discusses the development of modified fine-grained concretes of C20 to C90 com-
pressive strength classes from self-compacting mixtures containing microcalcite, polycar-
boxylate superplasticizer, and fine quartz sand with a fineness modulus of 1.4, mineral
additives of microsilica, metakaolin and Penetron Ad-mix (if necessary). The work provides
the results of the study of physical and mechanical properties of the de-veloped self-com-
pacting fine-grained concretes.

Key words: fine-grained concrete, highly filled self-compacting mixture, carbonate filler,
active mineral additive, fine sand, physical and mechanical properties
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Cement-based concrete remains the basic building material. The
reliability and durability of building products and structures de-
pend on its performance properties. The modification of cement
systems with chemical and mineral additives of different composi-
tions, used both individually and in complex, is one of the main
means of controlling structure formation and improvement of
physical and mechanical properties of concrete [1, 2].

The range of mineral additives used in the formulation of cement
systems nowadays is very extensive and consists of a variety of nat-
ural and synthetic materials. At the same time, the following types
of mineral modifiers showed the greatest efficiency in compositions
of cement concrete: siliceous and aluminosilicate pozzolanic addi-
tives (metakaolin, microsilica, etc.); expanding sulphoaluminium
type additives; carbonate fillers (limestone, dolomitized limestone,
dolomites, etc.) [3, 4].

Application of effective individual chemical and mineral addi-
tives as well as complex organic-mineral modifiers promoted the
creation of high strength modified concretes, including self-com-
pacting mixtures (SCC) [5, 6], first researched by the Japanese pro-
fessor H. Okamura [7]. It is known that SCCs are unique due to
high technological indicators (standard cone spreading over 550
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mm), which have the increased rheological efficiency of the suspen-
sion matrix.

It is worth to look into the development of highly mobile concrete
mixtures with fine sands. The difficulty in achieving self-compac-
tion of these systems, especially with reduced binder content, is due
to the high thickening ability of fine sands, as well as the reduced
efficiency of plasticizers in lean concrete mixes [8]. It means that
the problem of increasing rheological efficiency of modern plasti-
cizers in cement systems with aggregates from fine and water-de-
manding sands seems is yet to be solved. In addition, it is necessary
to optimize the granulometric composition and dosage of mineral
additives in this kind of compositions to ensure their high fluidity
at a reduced water content.

The aim of this work was to develop compositions of self-com-
pacting concrete mixtures using fine silica sand. The main compo-
nents of the cement systems used were: Portland cement CEM I
32.5B (PC); fine quartz sand with particle size modulus 1.4 (FQS);
carbonate filler — KM100 grade microcalcite (MCM) in accord-
ance with GOST R 56775-2015; condensed non-compacted micro-
silica MK-85 (MCN); highly active metakaolin (MTK); additive
Penetron Admix (Admix); polycarboxylate ester-based superplas-
ticizer Melflux 5581 F (SP).

Table 1. Compositions and physical-mechanical properties of cement systems under study

Composition number 1 2 3 4 5 6 7
Recipe and process parameters

PC, kg/m? 701+739 239+485

FQS/PC 1.50 2.23 2.92 4.68
MCM/PC 0.45 1.11 1.63 3.21
Modifier (MD), ] 10 10 10 10 ] ]

% of mass (PC+MD) VMC (Admix) (MC) VMC

SP, % of mass 0.7

(PC+MCM) :

Water-cement ratio 0.29 0.30 0.32 0.32 0.44 0.57 0.89
Flow of 295 260 280 280 260 290 300
Hagerman cone, mm

Physical and mechanical properties in 28 days

Density, kg/m® 2393 2343 2320 2367 2320 2323 2344
Flexural strength, MPa 12.3 12.8 10.6 14.9 9.9 7.4 5.3
Compressive strength, MPa 92.5 104.2 82.7 115.8 73.8 47.5 28.3

Table 1 presents the developed compositions of self-compacting
fine-grained concretes. Basic formulation parameters of the ob-
tained cement systems: cement consumption — 239-739 kg/m?,
microcalcite dosage — 45-321% of cement mass, water content
and superplasticizer consumption — 20.2-21.8 and 0.7% of Port-
land cement + microcalcite mixture mass, respectively (Table 1). A
distinctive feature of these self-compacting mixtures is an in-
creased degree of microcalcite filling, which determines the high
content of rheologically active fine-dispersed components (PC +
MCM) (at least 340 I/m?), as well as the increased volume of rheo-
logically active suspension matrix (PC + MCM + mineral additive
+ water) (at least 580 I/m®), which provides necessary separation
of fine sand grains and high technological parameters of concrete
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mixtures (Hagerman cone and standard Abrams cone flow diam-
eter at least 260 and 500 mm respectively).

The testing provided with physical and mechanical properties of
self-compacting fine-grained concretes with fine sand FQS in 28
days: density, bending, and compressive strength are 2320-2393
kg/m?®, 5.3-14.9, and 28.3-115.8 MPa, respectively.

The test results confirm that it is possible to obtain self-compact-
ing fine-grained concretes of high strength without active mineral
modifiers, as evidenced by the level of strength indicators achieved
in the design age for the composition number 1 with Portland ce-
ment 739 kg/m® — 92.5 and 12.3 MPa in compression and flexure,
respectively. At the same time, the replacement of 10 % of Portland
cement by metakaolin (composition No. 2) and microsilica (com-
position No. 4) increasing the strength

contributes to
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characteristics of cements relative to concrete of control composi-
tion No. 1 (up to 21 and 25% in flexure and compression, respec-
tively). On the contrary, the introduction of Admix into composi-
tion No. 3 resultsin 14 and 11% decreases of flexural and compres-
sive strengths of fine-grained concrete, which may be due to a
somewhat increased thickening ability of this mineral additive, as
well as to the unique aspects of its influence on the structure pa-
rameters of the obtained composites.

The study was conducted with the financial support of RFBR,
research project No. 18-29-12036.
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B cmamve 060cH08bL8aeMCA 14eAeC000PA3ZHOCME UCNOALI0BAHUS MemMOJUKY aHaAAU3a uepap-
xuil, 8 kauvecmee IpPekmMuUeH020 UHCMPYMEHMA MAMEMAMULECKOZ0 NPOZHO3UPOBAHUSL CU-
CTmemHo20 U Heobx00umozo nodxoda 041 aHAAU3A CAONHBLX pobaem npu noddeprcke npu-
HAMUSL ynpaeieHueckux peulenuil. B amom uccaedoganuu ocHogy memodoaoeul aHAAU3A
uepapxuil cocmasua memod IKCnepmHuulX 0YeHOK, 8 KOMOPOM NpoeooduUAl IKCNepmu3y npo-
geccuonantv pasauinozo poda deamenvnocmu. I'nagnas yeav smozo memoda - onpedenenue
Haubosee CAOMHBLX PaKmMOpO8 paccmampusdaemoli npobaemst, yayiulenie nokazamens Ka-
yecmea noayudaemuvlx 0aHHbLX U 86L80008. IIpu nposedenuu uccaedogarnus 6viaa copmupo-
8aMHa epynna He3aB8UCUMBLX IKCnepmos, nocpedcmaom unHdusudyasvHozo onpoca onpede-
AeHbl napamempu. NOBbLLULEHUR IHepzoIpPexkmugHocmu 6030YULHO20 MENA08020 HACOCA.
Dkcnepmuoe obocHOBaHUe menaodu3uteckKux ceolicme menaoHocumensn, pabouezo meaa,
okpyscaloujell cpedvl N0380AUA0 NpoBecmU 00BekmMuUsHoe Mamemamuiecku 060CHO8aAHHOe

CpasHeHlUe U pacdem NPUOPUMENMO8 8APUAHMO8 AHAAUZUPYeMblX MOOenell 6030YWHO020
menn08020 Hacocd.

Kawmouesvie cnoga: memod anasusa uepapxuii, sHepeoIPexmusHocms, 6030YWHBLIL men-
10801l Hacoc
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The article substantiates the expediency of using the hierarchy analysis method as a math-
ematical tool for forecasting a systemic and necessary approach for analyzing complex prob-
lems using managerial decision-making. In this study, the hierarchy analysis method is
implemented based on the expert assessment method, in which the respondents are experts
— specialists in a particular area of expertise. The main purpose of the expert assessment
method is to identify complex aspects of the problem under study, to improve the quality of
information and conclusions. During the study, a group of independent experts was formed,
through an individual survey, criteria for improving the energy efficiency of an air heat
pump were determined. The expert substantiation of the thermophysical properties of the
coolant, the working fluid, the environment made it possible to conduct an objective math-
ematically substantiated comparison and calculation of the priorities of the variants of the
analyzed models of the air heat pump.
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BBEJEHUE

Iosvluterue cmeneHl Kadecmea npouyedypbl NPUHAMUSL pellle-
HUll MOJCHO docmuts epynnoeoil Ikcnepmua3oti, 20e IKcnepmul 06-
1a0am c60uUM YHUKAAbHbIM MHeHUeM N0 paspeuleHuio Aubo
OleHKe NOCMasAeH Ol 3a0adu.

YMHbBIE KOMMO3WTbI B CTPOUTE/bCTBE

SMART COMPOSITE IN CONSTRUCTION

OuenxiL IKCNepmos, Kax npasu.o, NPUHUMAIOMCSE 8 ONPOCHOLL
opme. B KonuuecmeenHom sude MHeHue IKCNepmog onpedens-
emcs memodom anaausa uepapxuil (MAH), ocHosHble n0A0d%ce-
HUA U NPUHYUNLL 0aHHO20 Memoda npedcmaes/ierbl Ha puc. 1.

Meron aHanu3a uepapxui

(MAN)
\ 4 A 4 A 4
. Ipunumn rno6ansHOro
MeTo/ IKCTIEPTHBIX OILICHOK Merton mapHbIX CpaBHEHHUIT
MPHOPUTETA
\ 4 A 4 A 4

Tlo3BomsieT uCmoaB30BaThH

MHEHHE KOMITE TEHTHBIX
CICHMAIMCTOB,
001a1aI0MX JOCTATOYHBIM
OIIBITOM U 3HAHUSMH 110

Hcnonesyercs s
IIPOBE/ICHH ST A0COIIOTHOM
OLICHKH KPUTEPHCB
IO THUITY (JTY4IIe — XyXKe.

ITo3BossteT onpenenuTs
KPUTEPHH, KOTOPbIE UMEIOT
SIBHOE NPEBOCXO/ICTBO HAJ

JPYTUMA.

TeMaTHKe TPOOIIeMbI —
9KCIEPTOB

Puc. 1. OcHosHble nososxcenus memodonozuu MAU
Fig. 1. Main provisions of the MAI methodology

Puc. 1 Hazna0Ho Jemoncmpupyem, umo 8 ocHose MAH nexcam
3/leMeHTIbL, 8 COBOKYNHOCTIU T03680AKI0UUE ONEPATIUBHO 8bLOU-
pams payuoHaLbLHOe peulerie npobaemul. IIpu amom peuernue
6y0em Hauaydwum 06pa3om C02Aaco8bleamvcs ¢ UHOUBUDYAAb-
HbIM TIOHUMAHUEM OCHOBHOLL NpobemMamuKi KOHKPemHO Kadic-
dozo skcnepma.

Cpedu ocrosHulx 3nemenmos MAU cmoum evldeaums memod
SKCTePMHLIX OUEHOK, KOmopblil nodpasymesaent, 4mo 6 Kaue-
cmee akcnepmog 6yoym evlbparel NpoPeccuoHaNbL PA3AULHO20
poda desmenvrnocmu. I'nasnas yeav amoeo memoda 6 onpedese-
Huu Haubosee CAONMCHLIX (PAKIMOPOs paccMampusaemoti npo-
61eMbl, yAyHUeHILe NOKA3ATeNS KA1eCT8d NOAYHAeMbLX OAHHbLX
U 6b160008. YHUKANBHOCMb Memoda 3akaio4aemcs 8 npogeccuo-
HAABHOCU IKCTIePMU3bL, KOMopas obecnedugden KauecmeeH-
Hblll AHAAU3 U pelleHLe OCABACHHBLY Npobrem. MHeHus IKc-
nepmos npednoaazaiom npoyecc CpagHeHs I1eMeHINo8 06sekma
1Cc1e008aHUA NO 3A0AHHbIM NApAMempPam U HA3bL8aIOmCs IKC-
nepmHulMU OyeHKamu [3].

ODKCIIEPUMEHTAJIBHAA 9YACTH

Lleaw uccaedosanus ceodunacs K peuteHuro 0gyx 3adau:

1) Co30amb epynny He3agUCUMBLX IKCNEPNOs, KOmopble, Kak
MUHUMYM, 061a0aiom yueHotl cmeneruio kaHdudama Hayk, MHO-
20/1eMHUM ONBIMOM NPOU3B00CMBA U aHaAu3d. Koauwecmeso akc-
nepmog onpedensemcs ucxo0s u3 mpy0oemKocmu golOpaHHot uc-
cnedosamensckoli pabomul. B pamxax dannoeo uccaedosanus
025 onpoca Gviau 8bloparsl 6 IKCNEPMOs.
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2) Onpedenenue napamempog 045 CpABHEeHUS. BAPUAHITO8
paccmampugaemulx meni0HACOCHLIX YCMpOLicma.

ITodpobHocme IKCnepmHo20 MHeHUS Onpedeasiem cimeneHs Ka-
uecmead, a, c1e008amenvHo, U pe3yAbMaAmuUEHOCIIb PelleHUs NPo-
6nemul. Taxum 06pasom, IKCnepmu3a Cneyuaiucmami CmaHo-
BUIMCS IMANOM 3HAUUMEAbHOL 8axcHocmu. ImobbL sKcnepmbl
MO2AU Onpedeiumb 6aMHOCG NAPAMEMPOs, OMHOCUMEALHO
yeau uccaedoganus, Heobxodumo OemanvHee pacCMOMpentv oc-
HOBHbLe d/1eMeHmblL, pa3bue ux Ha cocmasasioujue (puc. 2).

Ha puc. 2 u306paseHvl 0CHOBHbLE NAPAMEMPbL U MeNnA0PU3LL-
ueckue ceoticmea ob6sekma uccaedoganus, Komopvle onpedes-
/LUCH 8 COOMBEMCMBUL C U3/10M#EHHbLMU PaHee 6b1800aMUL IKCNep-
mos [2].

Jonycmumole napamempul 6030yxa 8 pamxax 0aHHO20 UCC/e-
Jdosanus onpedeasnuce cyujecmgyroujeli 6a30i HOpMAMUEHbIX
0OKyMeHmo8. Dmumu napamempamis cozdaemcs u noddepicuea-
emcst KOMQPOPMHBLIL MUKpokaumam 8 nomeweruu. Ilapamemp
CKOpOCTMU a8Mmopbl 3aMeHUAU HA ToKa3ameav obsema, no-
CKOABKY OH Haubo/iee KOPPeKMHO TNOKA3bledem 3HAUeHUe Npu-
TMOYHO20 HAPYHCHO20 8030YXa.

DKcnepmul paccmampueant cucmemy omonaeHus, e0e ¢gyHk-
LU0 MenIoHOCUMeNs 6biNOAHANA 6004, TOCKOAYLKY OHA 064a-
Oaem 6bLCOKOIL MeNA0eMKOCTIbIO, ee CTMOUMOCITbL 3HAUUMEAbHO
HUJHCe MeNnA0OHOCUMeAell-KOHKYPEHMO08.

Iapamemput pabouezo meaa nodobparsl HA OCHOBAHUL NPOGe-
Oennblx uccedosanuil [4- 6]. Om ceoticme pabouezo meaa 3agu-
CUM 8eAUMUHA NOMeEPU Menad 8 npoyecce Meniomaccooomend,
a c1e008amenbHO, HA IHEP20IPPHEKMUBHOCTIL MeNA02eHePaAUUL.
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Buibpantvle napamempel paboyezo mena, okpyxrcaroueil cpedet
U menaorocumens 061adam HAUOOALIUM BAUSHUEM HA ID-
(heKmUBHOCMb MeNnA0MACCO0OMENA.

YMmenvuLeHue Hen08e4ecK020 Gaxmopa s8ALemcs HeMAai08axc-
Hotl 3adaueil, komopas e memodoaozuu T. Caamu peutaemcs npu
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TIOMOWU MAK020 NOHAMUA KAK Mepa CO2AACO08AHHOCTLL MATM-
puypst. [1]

Ha cnedyioujem uiaze nocpedcmeom napHozo CpasHeHus pas-
AUHHDBLX 3/1eMEHMO8 UepapXULL 6bl0Upaomcs Haubolee 8adicHble
0aa npecaedyemoil yeau uccaedosanus. Pesynvmamul oyeHusad-
tomcs no 9-6aanvHoll wkase.

VYposens 1. Iemn

VYposens 2. [Tapamerpst
(rerutodusHueckie cBoiicTBa)

' ¥

|
v

v

HurencusHoOCTh

O arouas cpezia (Bo3ayx,
TEIJIOMAaCCONepeHoca YA pena (osyx)

Temnonocutens(Boga)

PaGouee Teto (ppeon —
XJ1aJareHT)

-

-

.

Temneparypa

ITnorHocTh

Temneparypa Kunenus

-

-

.

BnaxHocTs

XuMHuueckuit coctan

JlaBnienne

-

-

.

O6bem Bo3myxa

Temneparypa KuneHus

-

O6bem

Mexanudeckoe
CONPOTHUBJICHUE

!

Vposens 3. AlbTepHATHBBI
(nanpaBieHus BeIGOpa)

Kraccnueckwuit
BO3IYILIHBIH TETJIOBOI
nacoc (BTH)

Bozmymmnslii TennoBoit
HAcoC ¢ CUCTEMOH
peuupkysian (PBTH)

Boznymmnblii TenoBoit
HAcoC ¢ CHCTEMOM
peKynepammu u
peuupkysinun PBTHP

Temnepatypa
KOHJIEHCAllUH

.

Temnota ¢asoBoro
nepexoa

.

CTpyKTypa MOTOKOB B
Marucrpajsax
TEII00OMEHHHKA

Puc. 2. Hepapxus npobaemamuxu 8b.60pa NpuopumenHblx HanpagaeHuil nogvlueHus gpdexmusrocmu
TiepeHoca men/060il IHepeuU
Fig. 2. Hierarchy of the problems of choosing priority directions for improving the efficiency of heat transfer

Omgem sxkcnepma npedcmagaen wucaom om 1 do 9. Onpoc wne-
HO8 IKCNepmHOll KOMAHObL NPo8OOUACS UHOUBUDYANBHO U He3d-
sucumo dpye om Opyea, danee onpedensinocs cpedHee 3HavweHue no-
Ay HeHHbLX OYeHOK U 3AHOCUAOCH 8 MAOAULbL NAPHBIX CPABHEHUL.
Cpednuil 6aan onpedeasics cpedneapugpmemuneckoii npocmotl.

Taxoii n00x00 103604seMm OYeHUMb C02AAC08AHHOCG IKCIepM-

HBLX CYHCOeHUIL.

Tabauya 1. OyeHka IKCTEPMO6 OCHOBHBLX NAPAMEMPO8 U menaodusudeckux ceoiicme o6sexma

uccaedosanus
Table 1. Expert assessment of the main parameters and thermophysical properties of the object of study
g g g g g g Creduuil
BonpocwL das onpoca u ananusza N N N N & N P
P P Y |¥ || |T |bam
Q L8 Q L8 Q 18
x x x x x X
o (L) o (L) o o
= R = R = S
= & o + T o
1 2 3 4 5 6 7 8
IIo napamempam okpysrcarouyeii cpedot
Ilapamemp «memnepamypa» 8asxcHee NAPAMEMPa <8AANHC-
HOCMb» 045 JocmudsiceHUs yeau? 5 5 6 3 2 3 4
Iapamemp «memnepamypa» eadxcHee napamempa «obsem
6030yxa»? 5 5 7 6 6 7 6
Iapamemp «8AaHHOCTb» 8alcHee napamempa «obsem 603-
dyxar? 3 3 2 4 3 3 3
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IIo napamempam menaonocumens
Ilapamemp «memnepamypa Kunenus» aicHee napamempa
«06BeM»? 4 4 4 5 3 4 4
Ilapamemp «memnepamypa Kunenus» 6aicHee napamempa
«NAOMHOCTL»? 5 7 6 6 4 8 6
Ilapamemp «memnepamypa KuneHus» 6ajcHee napamempa
«BS3KOCML»? 7 6 8 7 7 7 7
Hapamemp «obsem» 8axcHee NAPAMEMPa «NAOMHOCTIL»?

2 4 3 3 2 4 3
Hapamemp «obsem» 8ascHee NAPAMEMPA <BA3KOCTL»? 4 5 6 3 3 4 4
Ilapamemp «nAOMHOCTIL» BadCHEE NAPAMEMPA «BASKOCITIL»?

1 1 3 3 2 2 2
ITo napamempam pabouezo meaa
Ilapamemp «0Oaenenue» éaxcHee NApamempa <menioma»?

3 3 3 3 3 3 3
Ilapamemp «menaoma» eascHee nApamempa «Conpomuee-
Hus»? 8 9 7 6 9 9 8
Ilapamemp «menaoma» eaxcHee napamempa <memnepamypa
KUnenusa»? 2 4 3 3 2 4 3
Ilapamemp «menaoma» eaxcHee napamempa <memnepamypa
KOHOeHCayuu»? 3 4 3 4 2 2 3
Ilapamemp «menaomax» eajcHee napamempa «Cmpykmypa»?

7 7 7 7 7 7 7
Ilapamemp «0Oagnenue» napamempa «CONPomueAeHue»?

P P P P P 9 9 9 9 9 9 9

Iapamemp «0Oaenenue» éaxcHee NAPAMeMpa «CMPYKMypa»?

9 9 9 9 9 9 9
Ilapamemp «OasneHue» 6asicree napamempa «memnepamypa
Kunenusa»? 2 4 4 2 2 4 3
Ilapamemp «OasneHue» 6asicree napamempa «memnepamypa
KOHOeHCayuu»? 4 3 2 2 3 4 3
Iapamemp «conpomueneHue» 8axcHee nApamempa «Cmpyk-
mypa»? 2 2 2 2 2 2 2
Ilapamemp «memnepamypa KUneHus» ajcHee napamempa
«conpomusienue»? 5 7 6 6 4 8 6
Ilapamemp «memnepamypa Kunenus» 6ajcHee napamempa
«cmpykmypa»? 7 6 5 6 6 6 6
Ilapamemp «memnepamypa KOHOEHCAYULL» 8aX4CHee napa-
Mempa «conpomuenenues? 5 4 6 5 5 4 5
Ilapamemp «memnepamypa KoHOeHCAYUL» 8adcHee NApa-
Mempa «cmpykmypa»? 6 6 6 6 6 6 6
Ilapamemp «memnepamypa KOHOEHCAYULL» 8aXCHee Napa-
Mempa «memnepamypa KuneHusn»? 3 2 5 2 3 3 3

3HadeHUe napamempa «obsem» MeHbvllle, ecAl CPABHUBAMML CO
3HAUeHUeM TNApAMempa «memnepamypa», 66udy mozo, Umo
memnepamypa okpydxcaioueil cpedsl, 8 boavuLell cmenenu, 8au-
Aem Ha UHMEHCUBHOCb 2eHepay UL Tena men/io8blm HaAcoCoM
- CTAsuUM OUeHKY 6.

Ilapamemp «6AAINHOCTIL» HECKOALKO MeEHee 6ajceH, Hem
«MmeMnepamypa», NoCKOAbKY 3Mu Napamempol 63aUMOCEA3AHbL.
IIpu cHudMeHUL 6ANCHOCTIL Y8eAUHUBAEMCA Themnepamypa, a
3Hauum, yseaudugaemcss 3¢pekmusHocmy nepeHoca menaa -
Cmasum oueHky 4.

OcH08HO1L Uenvio UCCAeJ08AHUS AEAANOCH NOGbLULEHE UHITEH-
cusHocmu menaomacconeperoca. Ipu amom no6youmenvHolm
Gaxmopom 642emMCcA Op2aHU3AUUL CUCTIeMbL KOMGPOPMHO20
OMONNEHUA 8 HCUALLX U AOMUHUCTPATUBHBLX 30AHUAX.

Jins napamempos okpyscaiouleil cpedvl 8 pamkax 0603HaeH-
HOUL Yeaw mampuya napuulx 3Hadenuil npuobpemem eud 3x3,
NpU IMOM 8 1eB0M COAOYe U 8 8epxHell CTpoKe MAMPULbL NpU-
gedeHbl napamempol (maba. 2).
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Ta6auya 2. OyeHKU 3KCNepPmMo8 CPASHeHUS NAPAMempos

okpyxcatouell cpedol

Table 2. Expert assessments and comparisons of environ-
mental parameters

ITeav Temnepa- O6Bem Baaoc-

mypa HOCTb

Temnepa- 1 6 4

mypa

Obsem 1/6 1 1/3

Baasxcrocmo | 1/4 3 1

3HAYUMOCITIL NAPAMENPA «BAAHCHOCTLY 20pa3do Hue napa-
mempa «o6sem». [Ipu 6bL60pe Mexcdy IMUMU NAPaAMempamiL 1o
SHAUUMOCTL 045 MeNnAOMACCO0OMEHA Mena08020 Hacoca nped-
noumenue, ¢ 6oaveil doneil eeposmuocmu, 6ydem omoano
«BAANHCHOCTIU» - CTABUM OLEHKY 3.

B cmpokax, 20e cxodumcsa cpaghenue napamempa ¢ Camum co-
6oil, cmasum oyenky 1, makum obpasom, duazonass mabaulbL
cocmagasiom eduHUYbL.

Ha nepeceuernuu cmoabuya «memnepamypa» U CIMpoKU
«06BeM» 3AHOCUM COOMeemcmeyouue 06pamuvle 3HAYEHUS
cpasnenus: 1/6. Taxum sice 06pazom nocmynaem ¢ pyzumiL dne-
menmamu. Oyenka amux cyxdenuil cocmagum onpedenentyio
NO3ULLI0 MAMPULBL.

Caedys onucanHoll gvlile NOC1e008AIMEALHOCTL, NPUCBALBA-
10MCA OYeHKU napamempam menioHocumens i pabouezo meaa ¢
YUemoM OCHOBHOIL Yeal UCCAe008AHLAL.

OyenKkiL IKCNepmoe CpagHenLs Napamempos menioHoCUmens
npueedetvl 6 maba. 3.

Tabauya 3. OyeHKu IKCNeEPMO8 CPABHEHUS NAPAMEMPOs
menaoHoOCUMens

Table 3. Expert assessments comparing the parameters of
the coolant

Maom- Xumu-
Ieav Tiunenun | O6BEM weckuil

HocMb

cocmae

Tiun 1 4 6 7
Obsem 1/4 1 3 4
ITaom- 1/6 1/3 1 2
HOCMb
Xumuue- 1/7 1/4 1/2 1
ckuil co-
cmas

Iapamemp «obsem» 6 4 pasa meHee 8adceH, wem napamemp
«Twun», NOCKOALKY 3HAMEHUe 00BeMa MenA0HOCUMeNs - IMO c/e0-
Cmeue USMeHeHUs MeMNepamypbl KUNeHUs.

ITockonvky nokasamens NAOMHOCTMU MEHAEMCS NPU U3MeHe-
HUL MeMnepamypbl, 8 cpasHerul napamempos « Tun» U «na0m-
HOCMb» nepevwlil Gydem s8HO npeobaadams - CMAgUM OUeHKY 6.

C yuemom mozo, 4mo 6 OMONUMeNAbHbLX CUCTEMAX UCTIONb3Y-
emcs OUCMUAAUPOBAHHAsL 800d, 8 KOMOPOLL OAHOCTIBIO OMCYMm-
cmeyem npumect, 3HaA4eHUe NApamempa «XUMULecKuil cocmas»
6ydem 3nauumenvHo menvute napamempa «Twn». Cmagum
OUeHKY 7 8 10163y nocedHezo.

3Hauenue napamempa «obsem» 4ymuv 60/1ee BAlCeH, HeM
«TLAOMHOCbY - CMABUM OUeHKY 3.
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OMHOCUMEABHO «XUMUHECK020 COCABA» Napamemp «obsem»
6ydem umems HebOAbILOE NPEUMYLYECTTIE0 — CIAGUM OUEHKY 4.

3HAYUMOCTIL NAPAMETPOE «TLAOTHOCTIDY U «XUMUHECKUTL CO-
cmae» axmuueckiL UGeHMUUHA - 8bLCTABASLEM OUYEHKY 2.

Ouyenka IKCNepmos CpasHeHus napamempos paboyezo mead
(maba. 4).

Tabauya 4. Oyenxa 3KCnepmos CpasHeHUL NAPAMEMPOs
pabouezo mesa

Table 4. Expert evaluation of comparison of working fluid
parameters

Ilenv Ten- Has- | Co- Twun | Teons | Cpyx-
aoma | sae- npo- mypa
Hue mus-
ne-
Hue
Ten- 1 1/3 8 3 3 7
aoma
Jaesne- 3 1 9 3 3 9
Hue
Conpo- | 1/8 1/9 1 1/6 | 1/5 2
muee-
Hue
Tiun 1/3 1/3 6 1 1/3 6
Txond 1/3 1/3 5 3 1 6
Cmpyk- | 1/7 1/9 1/2 1/6 | 1/6 1
mypa

Ilapamemp «0asneHue» He 8axcHee NAPAMEMPA <MeNAoma,
TNOCKOAbKY Npolecc nepedayl menaa cOnposo#oaemcs usmeHe-
Huem 0agAeHUs — CMABUM OUeHKY 3.

3HAYUMOCTL NAPAMEMpPA «MeNA0Ma» 3HAYUMEALHO Bblllle,
HeM «CONpomueAeHUe», NOCKOALKY Menaoeoli NOMmoK 3asucum
0m ckopocmu U Hanpaeaerus 0sudiceHus paboyezo mena no mpy-
6onposodam éHympeHHez0 KOHMYpA Memn/i08020 HACOCA — CMd-
8UM OUeEHKY §.

Iapamempot «Tan» U «Txond» ABAAIOMCA MeHee CYULeCTBEH-
HbIMUL TI0 CPABHEHUIO C NAPAMEMPOM <IMenaoma» - oyeHka 3.
Ananozuuno medxcoy napamempamit « Txun» U «Tiond» MONCHO 8bl-
UMb AUULL HESHAYUITEALHYIO PASHULY — OyenKa 3. Ilapamemp
«Oasnenue» HecyujecmeenHo npeobradaem Had napamempamu
«Tyun» U «Txond» - Oyerka 3. Haens0no demoncmpupyemas ceénso
MedHc0y OaHHbLMU NAPAMeMpPamiL npedCmagasen 0CHOBONoAd2A-
rowuil npuHyun pabomul 8030yWHO-mena06020 Hacoca (BTH). B
KOMMpeccope Npoucxodum npoyecc Cxamus 2da3000pazHozo
peora 0o cocmoAHUA, NPU KOMOPOM 803MOdHcEH €20 nepexod 8
oUOKOCMY, NpU 3Mom PpeoH Hazpesaemcs. Jlanee ppeon nocmy-
naem 6 kKoHOeHcamop, 20e omoddem 4AcCMb CB0e20 Mend GHelll-
Hemy KOHMYypy ycmpolicmea, a cam npu 3mom oxaadxcoaemcst 00
memnepamypul okpysxcaroueil cpedel. OxaadncOeHHbLil PpeoH 6 co-
CMOAHUL HCUOKOCTU NOCTIYNAeN 8 PACIUPUITIEALHYIO KaMepy, 8
Komopoti npoxodum wepe3 dpocceav. ITpu Imom ¢peon pacuwiups-
emes U 0XAad0aemcs 3HAYUMEeAbHO HUdICe MeMNepantypbl OKpY-
acarouell cpedvl, a e2o dasaerue nadaem. B ucnapumene ¢peon 8
COCTOSIHUL CMeCU 2a3a U HUOKOCTU No2A0WAeI Men/o 8 30He
oxaaxncOenus. Ombupaemoe menao no3604sent NPOOOANCUMD
npoyecc ucnapeHus ocmasuieiica #udkoil wacmu peora u noo-
Oepicugaem cmabUALHYIO HUKYIO MeMNepamypy ucnapumens,
umo co3daem ycaosus 0as agdexmusrozo ombopa menaa. Jjanee
(peoH 61H06b OCMLYNACT 8 KOMNPECCOP, U 8eCb ONUCAHHBLIL YUK
1n08Mopsemcs.
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Takum obpasom, napamemp «menioma» umeem npeobaadaio-
1yee NONOKHCEHUE 110 CPABHEHUIO C NAPAMEMPOM <CIMPYKIMYpa» -
CTasum ouyeHky 7. Cmpykmypoil onpedeasiomcs mexHoA02uYe-
CKue xapakmepucmuku mpy6onpogodos eHymperHez0 KOHMYpa
BTH, a uMeHHO MOAWUHA CMeHKU UL MAMePUas U3z0mosAeHUs.
Ha nepedawy mennogoil snepeuu 6ydym eausamv makue Qak-
MopuL Kax xapaxkmep 08usiceHus Meni0HOCUMens, e20 CKOpoCb
U noae3Has naowad N0BepXHOCMU Meni000MeHA.

Ilapamemp «OasneHue» 3HAUUMEALHO B8AJCHee NAPAMEMPOs
«COMpOMuUBAeHUE» U «CMPYKMYpa», NOCKOAbKY pabouee meno
8HYmMpeHHez0 KOHmYypa écezda Haxodumcs nod dasaenuem - cma-
sum oyenky 9. Ilpuuem Kak cxcamue, max u paspexcerue pabo-
1ez0 Mena ocyujecmansien eOUHCMBEHHbLIL KOMNPeCcop 6HYMpeH-
Hezo KoHmypa. I1apannenvHo KOMNpeccopy 30Hbl 8blCOK020 U HU3-
K020 OaeneHus pasleasem Opoccenv, O0ZPAHUYUBAS TIOMOK
¢peona.

Iapamemp «conpomuenenue» 6 CPaGHEHUL C NAPAMEITPOM
<CMpYKMYpa» UMeem HegblCOKYI0 3HAYUMOCTG — CIMA8UM
oyenky 2. Cmpykmypa omeeuaem 3a eudpasAuveckuil pexcum pa-
6omul enympennezo konmypa BTH (Oauna, duamemp mpybonpo-
800a, pacxod pabouezo meaa, nomepst 0ag/1eHuUsL).

Hapamemp «Twn» 06nadaem 3HAUEHUEM TPOMENCYMOUHOLL
SHAYUMOCTIU TO OMHOWLEHUI0 K MAKUM NApaAMempam, Kax
«CMPYKMypa» U «Conpomuenerue» - oyenka 6. Takum sice obpa-
30M CcystcOeHUs cX00MCA KacamenvHo napamempos «Tiowo» U
«CmpyKmypa» - cmasum oyeHky 6. Hesnanumenvro Hudtce cao-
HCUNACH OYeHKA NAPamempa « Trond» OMHOCUMEALHO «CONPOMLE-
fleHue» - oyeHka 5. Ha menaoomoawy 8 amom cayqae, npexcoe
8cez0, 8AUAIOM Gu3uUecKuUe c8olicmed.

Pesynvmamet ucc1e0o8anus no3eoasiom nepeiimu K caedyio-
wemy amany MAU, 6 pamkax komopozo 6ydem @binoAHEHO 8bl-
HUC/AEHUE OMHOCUMEAbHO20 PAH2A PACCMATMPUBAEMBLX 1TENA0-
HACOCHBLX YCMpOLiCMe 8 OMHOUEHUL 8CeX APAMETPO8 U3 Mpex
paccmampugaemulx KOHMYpos, a makdxie Haxoxoerue u nodbop
A/bMEPHAMUBYL ¢ HAUBBLCUUUM NPUOPUTIEITOM.

BBIBOJIbI

MAU npeobaadaem Had aHan0206bLMU MemMOOAMU TIOTMOMY,
4mo MHeHUe IKCTLepmos gulpadcaemcs 8 yugposom ude, He do-
1YCKAs HeMO4YHOCTML 8 pe3yAbmarme OYeHKU, NP IMOM HemKo
Gopmynupyemcs yeav uccnedo8aHus, ee OCHOBHbLE INeMEHITILL,
napamempul U ux 63aumocesnsv. B npoyecce geibopa paccmampu-
BAEMBLX NAPAMEIMPOB OCHOBHBLX I/NeMEHTNO08 HeodX00UMO onpe-
JeAumb Uux 3HA4UMOCHL OMHOCUMEALHO OCHOBHOL Ueau, Nno-
CKOALKY om 9mozo Gydem 3agucemb NOCMAHOBKA BONPOCO8 8
ONPOCHBIX AHKemMax 05 IKCNePmios.

Hmoeoewiil peayavmam uccaedo8anus, 8 60AvULOL cmenen 3a-
BUCUM, OM OUeHKU CYxHOeHUl, KOMOpylo HeobXxo0umo npoeo-
OJums MAKCUMAAbHO KoppekmHo. Onpoc yenoil epynnul sKkcnep-
mos Oaem 803MONCHOCTIL HATLMU KOMNPOMUCCHbLE peuileHus U 0o-
CMUYb BbICOKOIL CMMenenll C02AaC08aHHOCTIL KOHEYHO20 pe3yib-
mama.
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Cmamva HaAnucana HA AKMYAAbHYI0 MeMy YNpagaeHUs CPOKAMU CMPOUmenscmaa nocpeo-
CTMBOM NpUMEeHeHUS MeXHOoAO02Ul UHPoOpmayuoHHO20 modeaupoganus. IIpueedén o0630p
daxmopos, AUAIWUX HA YnpdasaeHUe Cpokamu cmpoumeavcmead. Ilokazana 8ainHOCMb
ynpasnenus CpoKaMU CMPOUMENbCMEA HA CAMBIX PAHHUX IMANAX HUSHEHH020 YUKAA
cmpoumenvrulx 06Bekmos. O603HaAUeHbL 80NPOCHL NOCMAHOBKU YeAell YHACMHUKO8 UHEe-
CMUYUOHHO-CMPOUMEAbHBLX NPOEKMOo8 8 ynpasaenuu cpokamu. Onucano npoepammuoe
obecneuenue, n03604sI0Uee YNPABALME CPOKAMU cmpoumeavcmead. Ilpedcmagaena agmop-
cKas cxema Op2aHU3AYUL NMPOYECCO8 NPOEKMUPOBAHUSL U CMPOUMEALCTEA C NPUMEHEHUEM
mexHonozull uHpopmayuonnozo modeauposanus. Hosusnoii asmopckozo nodxoda s6a4-
emcs cucmemHulil n00x00 K YynpagAaeHuUulo CpOKAMU CMpouUmenbcmed, Komopulii npednoaa-
2aem He MOAbLKO UCNOAbI0BAHUE MeEXHOA02UN UHPOPMAYUOHHO020 MOOJeAUPO8AHUL, HO U
CMeHY CUCMeMbl YNPABACHUSL CMPOUMEALHbMI NPOEKMAMU: 808AeHeHILe 3AKA3UUKA 8 NPO-
yeccul cocmagnernus KaneHOaprulx U Cemegblx epadukos cmpoumenwvcmea, eHedperie npo-
eKmMH020 YNPagAeHUs U UHPOPMAYUOHHO20 MOOeAUPOBAHUAL.

Kawouesvle caosa: cmpoumenvcmeo, mexnHoao2Usl UHPOPMAYUOHHO020 mO00eAUupo8aHUS,
Building Information Model, cpoku cmpoumenvcmed, KaaeHOApHULI NAaAH, cemesoll zpa-
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This article concerns with construction time management through the use of information
modelling techniques. The author shows the factors of managing the construction time. It
is very important to manage construction time at the earliest stages of the life cycle of
construction projects. Participants in investment and construction projects should have the
goal of managing the construction time. The article describes the software to manage of
construction time. The author shows a diagram of the organization of design and construc-
tion processes using information modeling technologies. The innovation of the author’s ap-
proach is in the systematic approach to the management of construction time, which in-
volves not only the use of information modelling technologies, but also the construction
project management changing, namely: the customer's involvement into time scheduling
processes, implementation of project management, information modelling.

Key words: construction, information modelling technology, Building Information Model,
construction time, time schedule, arrow diagram
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At present active digitization of all branches of economy and vi-
tal activity of man and society is taking place, which in the Russian
Federation initiated by the National project «Digital Economy».
All business processes in modern companies, including those in the
construction industry, are undergoing to the digital transfor-
mation. Digitalisation in construction and the management of in-
vestment and construction projects is closely linked to information
modelling (IMT) and Building Information Model (BIM) technol-
ogies. In the world's practice of design, construction and operation
of buildings and structures these technologies are developing very
rapidly. The new software products are appearing, a methodology
for working in a digital environment is being created, and stand-
ard technical documents are appearing. In Russia this process was
officially started in 2014 with the emergence of a plan for the
staged implementation of information modelling technologies in
the field of industrial and civil engineering. According to the De-
cree of the Government of the Russian Federation of 05.03.2021
No. 331, " ... the formation and maintenance of the information
model of the capital construction object is provided by the devel-
oper, the technical customer, the person providing or preparing the
investment justification, and (or) the person responsible for the op-
eration of the capital construction object, if the contract on the
preparation of project documentation for the construction, recon-
struction of the capital construction object, financed with the in-
volvement of the budgets of the budget system of the Russian
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Federation, is concluded after January 1, 2022 ...". Thus, the in-
troduction of information modelling technologies in our country
is legislated. Their implementation is aimed at achieving two
global objectives: the construction costs and construction time re-
ducing, and improving quality and organizational and technolog-
ical reliability [1]

Time management is one of the largest problems of modern con-
struction production worldwide. According to McKinsey, the most
major projects are completed in excess of cost and time (Figure 1).
Each additional month of delay in the construction of large domes-
tic industrial complexes costs the developer about 150-200 million
roubles. Thus, construction time and cost are closely interrelated.
According to the modern approach, the introduction of infor-
mation modelling technology is an important factor in reducing
the construction deadlines for installation and construction work
and the implementation of investment and construction projects as
a whole. It is obvious, that thoroughly study of 3D construction
models of a future facility eliminates conflicts, avoiding possible
difficulties in installation, which can be identified and eliminated
in the process of project analysis of the model. It will be possible to
prepare a multi-option plan of the future layout of construction
site, select another site for construction, etc. before the start of con-
struction work.

with

CPEOHEE
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Source: "McKinsey: The art of project leadership, September 2017; IHS Herold Global Projects Database
(2017), Basic Materials Database (2012), Megaprojects Database (2015)

MpeBbieHe
GropKeTa U CTOMMOCTK
npoucxoauT B 98% crniyyaes

Fig. 1 Infographics on the implementation of major construction projects
(Source: McKinsey: The art of project leadership, September 2017; HIS Herold Global Projects Database (2017), Basic Materials Data-
base (2012), Megaprojects Database (2015))

The analysis of foreign literature on the subject of construction
time management has shown that modern approaches are aimed
at developing time schedules with linkage to the developed BIM
models of construction projects [2]. By foreign studies, a systematic
approach to modelling construction processes should be noted, tak-
ing into account both the impact of installation and construction
work on the characteristics of the building and the environment,
and the impact of the entire building lifecycle on the choice of in-
stallation and construction work's options [3]. Various modelling
techniques are applied, e.g. the Life Cycle Assessment (LCA)
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methodology, which describes the interaction of processes with the
environment [4]. Laser scanning, a non-contact technology for
measuring 3D surfaces using special devices, laser scanners, now
plays a major role in the construction of 3D models [5].

Certainly, the introduction of information modelling technolo-
gies requires additional and significant costs for the participants
of investment and construction projects (purchase of computer
hardware, software, staff training), but the effect of reduced pro-
ject implementation period generally outweighs these costs.
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When talking about construction time management, it is neces-
sary to establish a goal-setting approach: what are the goals of the
participants in investment and construction projects set for them-
selves? And what are deadlines are we talking about?

Specialists identify three types of construction durations: actual,
design, standard. The normative of construction period is deter-
mined in accordance with SP 48.13330.2019 'Organisation of Con-
struction'. This document is the basis for rational planning. Con-
struction is carried out within a certain time period, defined by the
construction arrow diagrams, on which the planning process is
based. The determination of the construction time duration is
based on investor requirements, site-specific features, and other
factors affecting the implementation process. The period separat-
ing the start and completion of construction is the actual duration
of the process. This calculation should take into account socio-eco-
nomic factors serving to evaluate the construction performance re-
quired for the final result (commissioning of an object) to be
achieved. Also, should be included method of organisation of the
construction process, design solutions, required capacity, technical
level of construction: "innovativeness" of the process as a whole,
automation of individual processes [6, 7-9], etc.

According to the works on construction time management, it
can be concluded that the main management tools are construc-
tion arrow diagrams. The project schedule in the form of a line
graph or network diagram is intended to determine the sequence
and timing of general construction, repair, special and installa-
tion work carried out during the construction and repair of the fa-
cility. The construction deadlines are established as a result of a
rational coordination of deadlines for individual types of work,
taking into account the composition and quantity of basic re-
sources, primarily working crews and leading machinery, as well
as the specific conditions of the construction area, a particular site
and a number of other relevant factors. The construction schedule
is used to calculate the need for labour and material resources, as
well as the timing of equipment deliveries. These calculations can
be carried out either for the entire project or for individual periods
of work. On the basis of the construction schedule we can monitor
the progress of the work and coordinate the work of the contractors.
The construction deadlines calculated in the construction schedule
are used as a starting point in more detailed planning documents,
for example, weekly and daily schedules and shift assignments. The
duration of all other technological processes is determined by the
optimum number of workers that can be supplied for the job, tak-
ing into account the technology and the composition of the links
recommended by the Unified Norms and Prices of Construction.

The construction schedule drawn up in the form of a line chart
(Gantt chart) has a number of disadvantages:

- it does not show the relationship between the works;

- it is impossible to calculate time reserves, i.e., periods to which
the entire work period can be carried over;

- it is impossible to determine the critical path of the work - the
longest path determining the overall duration;

- it is impossible to identify the resources, units and activities in-
volved.

The calculation of the operating time reserves, their correlation
and the length of the critical path are determined by constructing
an arrow diagram.

A network model is a set of interconnected elements to describe
the technological dependence of individual activities and phases of
future projects. The main planning document of the Network Plan-
ning System is the Network Schedule, which is an information and
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dynamic model that reflects all the logical relationships and out-
puts required to achieve the ultimate planning goal. However, the
network model (network graphic) also has a number of drawbacks,
the main ones being the difficulty of visualizing the network for
planning purposes, the inability to establish a point in the current
state in order to track the situation at a given point in time, con-
duct a factual plan analysis, volume analysis, etc.

The Calendar and Network Plan (PCB), a combination of the
Gant's diagram and the network model, is an effective, up-to-date
calendar planning tool for construction. This is the kind of graph
that shows both the linear lengths of work and the relationships
between them, the time reserves, the time grid, can be constructed
with the help of special software.

Nowadays construction organization has many digitised pro-
cesses, pre-construction planning and time management take place
at a more advanced level, namely the implementation of 4D con-
struction site models linked to the timetable (3D model of the con-
struction site and 4D time). Visual planning technology signifi-
cantly improves mutual understanding between the different pro-
ject participants, prevents construction managers from making ir-
reparable mistakes in the organisation of work on site, reduces the
number of construction conflicts and makes the construction pro-
cess transparent.

Currently, there are several major well-known software packages
(SP) for calendar network planning, among them are: Synchro
Pro, Autodesk Navisworks, Primavera, Spider Project, MS Project,
Safran, Asta PP, GanttProject, PMA NetPoint. Each of them has
its own functional characteristics. The choice of rational techno-
logical solutions for the use of a SP is one of the priority tasks for
contractors, who are subject to the conditions determined by the
tender terms of the work and the resources associated with the fi-
nancing by the customer.

Nowadays construction organization has many digitised pro-
cesses, pre-construction planning and time management take place
at a more advanced level, namely the implementation of 4D con-
struction site models linked to the timetable (3D model of the con-
struction site and 4D time). Visual planning technology signifi-
cantly improves mutual understanding between the different pro-
ject participants, prevents construction managers from making ir-
reparable mistakes in the organisation of work on site, reduces the
number of construction conflicts and makes the construction pro-
cess transparent.

There are only two software products using the information
modelling methodology for construction time management. They
are SINCHRO Pro (Bentley) and Autodesk Navisworks. Although
both of these SP enable the implementation of information model-
ling technologies through the construction of 4D construction
models, SINCHRO Pro has a number of significant advantages,
namely:

1) Changing one parameter In SINCHRO Pro, all the others
automatically will be changed, whereas in Navisworks it is just a
static visualization without such dependencies;

2) SINCHRO Pro has more functionality for 4D modelling;

3) SINCHRO Pro has the ability to use the different versions of
future construction in several 3D windows (Fig. 2), Navisworks
does not have this functionality;

4) SYNCHRO Pro can be used for both planning and 4D mod-
elling. The input to Synchro is project data and up-to-date infor-
mation obtained during construction. Import from ifc, dwg, dxfis
available, as well as getting plans from MS Project, Oracle
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Primavera and many others - about 50 kinds of file interfaces in
total, including import from Excel. It is also possible to import the
results of 3D modelling into AutoCAD, Revit, Allplan, Tekla, Com-
pass, Nanocad, etc. The output of SYNCHRO Pro is a construction
plan (work-to-do list and Gant's charts) - weekly and monthly re-
ports. During the construction process, the programme allows for
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a plan-fact analysis of the construction, resources, time reserves,
correction of the critical path. Many routine planning tasks are
performed in SYNCHRO Pro automatically or semi-automatically,
based on information from design models and additional input
data.
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Fig. 2. SINCHRO Pro Construction Site Design Example
(source: https://bim.vc/)

Thus, the information modelling technology construction man-
agement system consists of the following components:

1) Creating a three-dimensional model of a future object in 3D
modeling programs.

2) Add attribute information to model components (manufac-
turer, material characteristics, value, etc.).

3) Creation of a calendar-network construction schedule in
specialized programs for calendar planning based on the method
of critical path.

4) Creation of 4D model of construction using SYNCHRO Pro
or timeliner module in Navisworks.

5) Testing the model for intersections, collisions.

6) Monitoring of the current state of work performance, cal-
culation of the completion time in case of deviation and develop-
ment of organizational and technical solutions for correcting the
situation on the basis of detected irregularities.

7) Simulation of construction scenario, analysis of possible de-
viation of dates, compliance with critical path dates.

Construction time management of should begin before the start
of construction, during the stages of land selection and justifica-
tion of investments, only such an approach will ensure that possi-
ble errors that lead to delays are minimized. The application of in-
formation modelling technologies should be applied in an inte-
grated manner at all stages of the life cycle of the construction
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facility, as presented in figure 1. 3. Thus, it should be emphasized
that the analysis of the calendar itself in the process of construction
and installation is only a tool for tracking construction deadlines.

As a construction time management tool of a project it should be
carried out at the earlier stage. It is essential that all those involved
in investment projects have an interest in reducing of the planned
time of construction. At present the contracting organizations are
not always interested in meeting the construction deadlines, more-
over, the developer, according to the Russian Federation scheme of
construction organization, is not involved in the development of
calendar schedules. This requires the introduction of project man-
agement and information modelling. It provides the creation of an
environment in which all project participants are actually inter-

ested in shortening time frames, including buyers, lawyers, con-
tractors, designers and builders. The organizational environment
should be workable for project management system. The developer
must be the most interested in result. The developer should formu-
late the terms of the contracts as to save time more profitably than
to justify the reasons for delays. The developer must understand
that engineering costs (significantly higher than design costs) are
recovered by reducing the time and cost of construction. Also the
developer should optimise procedures and align the interests of
supporting units so that lawyers, contractors, purchasers, etc. do
not delay the signing of contracts. It is necessary to link their inter-
ests to the results of the projects
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Write-up of project Actual
documentation sections Schedule planning Exporting design construction
(Russian Govt. Decree of Drawing up a Creating a 4D documents from Construction

16.02.2008 N 87) bill of quantities construction model a 3D model time control
Creating a 3D model in of works based (SINHRO Pro, Exporting job based on the 4D

specialized software, on a 3D model Navisworks) orders from 4D model
. (5D-bill) models .
e.g., Revit Construction
completion

Fig. 3. Basic design and construction processes with information modelling technologies
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B sumnuii nepuod npoucxodum urnmeHncusHoe obaedeHer e NOBEPXHOCU A8TMOMOOUALHBLX
dopoe, umo npueodum Kk yxyouenuw 6ezonacHocmu dopoxHozo deunernus. Jaa obecneve-
Hus 6e30nAcH020 08UNMEHUS UCNOALIYIOMCL MEPONpUAmMusL 3umHeeo codepicanus — obpa-
bomka nosepxXxHOCMU NOKPLIMUSL XUMUYECKUMU pedeeHmMAaMi, wMmo MO em HAHOCUMD
ywepb okpyscaroujell cpede. Jas CHUNMEHUSL HezamueHozo 6030elicmeus peazenmos u obec-
neuenus 6esonacnocmu JOpoyHO20 0BUNEHUS NEePCNEKMUBHBIM L6A%eMCA 8KAIOUEHUEe AH-
muzononédnelx dobagok 6 cocmas acasvmobemona, umo npugodum k masHuio Avdad Ha
NOKPLLMUU UAU CHUNCCHUI CYenteHus Abda ¢ acganrbmobemonom, KOmopulii moyxcem 6bLmb
ybpan weémrkamu cHez0ybopouHbLX MAWUH. B npedaosennoll pabome paccmampueaemcs
BAUAHUE MeXHUUeCKOl COAU HA OCHOBHble cgolicmea acasvmobemona, npu 4acmuuHol
UAU NOAHOL 3aMeHe MUHEePAAbHO20 NOPOULKA 8 WeOEHOUHO-MACMUYUHOU acarbmobemon-
HOTL cmecu.

Kawuesvie croga: acpasvmobemonnoe nokpuimue, 3umtee codepicanue, 6e30nacHocme,
npomugozononédnas dobasxa 6 acpasvmobemon, 0CHOBHbLe c8olicmea acasvmobemona
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In winter, there is an intense icing of the surface of highways, which leads to a deterioration
in road safe-ty. To ensure safe movement, winter maintenance measures are used - treat-
ment of the pavement surfaces with chemical reagents, which can cause damage to the en-
vironment. To reduce the negative impact of reagents and ensure road safety, it is promising
to include anti-ice additives in the composition of asphalt concrete, which leads to the melt-
ing of ice on the surface or to reduce the adhesion of ice to asphalt concrete, which can be
removed by snowblower brushes. The proposed work deals with the influence of technical
salt on the basic properties of asphalt concrete, with partial or complete replacement of
mineral powder in the crushed stone-mastic asphalt concrete mixture.

Key words: asphalt concrete coating, winter maintenance, safety, anti-icing additive in
asphalt concrete, basic properties of asphalt concrete
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B ycnosusx kaumama boavieti wacmu Poccuu (cpednecymou-
Has memnepamypa 6 3umHuil nepuod xomopoeo Husce 0 °C)
Habaodaemcs obnedeteHlie T08epXHOCML A8MOO0OPO2L, MO
npugooum K Y6eAUHeHU0 MPAHCNOPMHBLX NPOUCULECTBUIL
UCHUCEHUIO CKOPOCMHO20 pescumad. T'nasnas npobaema — bes-
OMACHOCTMb OBUNCEHUANPU TIOAB/AEHUL 20404e0ULbl HA NOKPbL-
muu dopozu.

Jlas nosvlwenus 6e3onacHocmi 00poxHO20 OBUINCEHUS 8 3UM-
Hee 8peMs UCTIOL3YIOMCA pa3AUHLHble MemoObl 60pbbbL C 2010e-
Ouyetl. Onu 0621a0ai0m onpedeneHHbLMU NPEUMYUECTNBAMU U He-
docmamkamu. B Aecmpuu, Qumasnouu, Iepmanuu ucnoav-
3ylom @pukyuoHHbLL Memod, COeUMASL TMecOK U KAMEHHYI0
Kpowky, u 06pabamuléaion noiyHeHHuM cocmagom 0opoeu u
mpomyapul. Dma mexHo102uL 008016HO IKOAOZUHHA, HO MAKASL
cMech 3a0eparcueaemcs Ha NOKPLUMUL He 60/1ee wem Ha Noa4aca
[1].

B Kanade, CIIIA ucnoav3ytom xaopud mazuus (MgClz). dmo
ouenb IppexmueHbLil peazenm, HO OH 20pa3do Jopodice, em mex-
Huveckas conv. Xa0pud mazHus vlavieaemm boee CUALHYIO KO-
posuto memannos [1].

B Illgeyut ucCnoAwb3yion cmecs necka ¢ 2opaveil 6000t memne-
pamypoii 90-95 °C u pacnpedeasiom Ha yauyax u dopozax. ['ops-
wuil necok 8naasasemcs 8 1€0 u denaem noBepxXHOCb Uepoxosa-
moil. Dmotii obpabomku xeamaem Ha 4-6 OHA UL NOKA He NPOii-
dem Ho8vLiL cHezonad [1].

B Poccuu wupoxo npumensemcs ob6pabomxa npu nomousu
coau (NaCl), a makaie neckoconSHOL CMecbio, KOMopas coCMoum
U3 Necka U COAU 8 COOmHOUleHUL npumepro 3 k 1. Takoii cnocob
6opvbuL ¢ 20/104€00M OMHOCUMENbHO OEULes, 00HAKO UMeem
maccy Hedocmamxos: 4acmuybl Mol cmec c80600HO pasHo-
CAMCSL 6eMPOM TI0 OKpY2e U 8 00CTAMOUHO 60ABULOM KOAUHECTBe
nonadanm HA CeAbCKOXO03AUCMBeHHble N0AA; TNeCKOCOAAHAS
cMech sagasemca OOCMAMOYHO A2peccugHoll, cnocobcmeyem
bvicmpoil Koppo3uU KY30808 ABMOMAULUH, He 2080PsL Ydice O Tellle-
x00ax, nodowsa o6ysu bblcmpo pazsedaemcs peazeHmMami; ne-
COK, nonadas 6 AUBHe8YI0 KAHAAUZAULIO, 3a6UBAem e€, NOIMOMY
maxkoti memo0 nosvlueHus 6e30naCHOCLL 08UNEHUSL 8 KPYTIHBLX
20podax cmapaimcs He UCNO0Ab308AMb.

3UMHSS CKOAL3KOCMYb, 006pasyiouascs Ha 00pozax, 3HAHU-
meavHo cHudcaem 6e3onacHocme 0sudceHus asmomobuetl, se-
A55C6 Npu4UHOlL 50-60% O00pOHCHO-MPAHCNOPMHBIX NPOUCULe-
cmeutl, C8A3AHHLIX C HeOAAZONPUSIMHBIMU YCAOBUIML, XOMS
NpoOOANCUMENLHOCTL TMAK020 COCMOAHUAL COCMABAAEM 6Ce20
15-20% 3a eecv 3umHuil nepuod [2].

B nacmosuyee spems 8 PO u 3a pybescom 8binoAHAIOMCA UCCe-
008aHUAL U IKCTIEPUMEHMANBHASL TPOSEPKA B03MONCHOCTLL UC-
1016308aHUA 8 KAYecmee MAMepuaLd NOKPLLMull asmomooui-
Holx 0opoe anmu20104edHbLx acanvmobemonos [2].

DKCnepuMeHManvHbLMIL UCCA008AHUAMU YCMAHOBAEHO, UIMO
Jdobagka 6 cocmas acanvmobemona 5% HeMOAOMOTL MeXHUYe-
ckotl coau obecnedusaen 8vlCOKUE NPOMUB020A0Ae0Hble CEOli-
cmea acganvmobemonHblx NOKpblmuil. DKCnepumMeRmanbro 0o-
KA3aHO pacuiupeie UHMePeAnd NAACMuUYHOCmU bumyma 6 ac-
panrvmobemore 6 npucymcmeuu anmuzononéoHvix 006asok.
Dmo no3oasem npozHO3UPOBAIIL HAJEHHOCTL pabombl NOKpbl-
muil u3 anmueononedrozo acarvmobemona 6 601ee WUPOKOM
unmepeane memnepamyp [3].
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Poccuiickumu yuénoimu Gviau npogedersl uccaedo8anus no
npumeHerUul0 8 JOpO’CHOM CMPOUMenbcmee AHmMu20A0AE0HOL
0obagKu, NoLy*eHHOTL COBMECTIHBIM TLOMOAOM KAPOOHAMHOTL 1no-
Po0blL U3BeCMHAKA, CMeCU XA0pUdo8 U 6000pacmeopumelx gocga-
11086 Ue/OUHbLY U Uje/I0UHO3eMENbHbIX MEMAos [4].

IIpu 0obaske makoeo MUHEpPANbHO20 NOPOULKA 8MECTIO Mpadi-
YUOHHO20 U3 0010MUMOB0T. MYKU HAGAI00AA0CL TOBbLULEHUE
MPOYHOCMU U MenA0Cmoiikocmu nokpuimuil [5].

B Poccuu yuéHuIMU paspabomanvl Npomueozon0AEé0HbLIL
Hanoarumens «I'pukon» U MeXHOA02UA e20 NPUMEeHEHUS 8 CO-
cmasax acgansbmobemoHnbLx cmeceti 013 NpUOAHUL NOKPLLMUIO
anmuzononednuix coticme. Hicnonvaosarue maxoti 0obasku 3a-
wuwaem nokpuimue om 20104€0a 8 meuenue 5-6 nem [6]. Ilpu
83aumodeticmeuu cHead, 1b0a ¢ Hanoanumenem «I'pukoa» Ha no-
8epxHocMuL 00paszyemcs He3amep3aioWUil pacmeop, ocaabasio-
wuil cyenenue CHedxXHO-1e05HO20 00pa308aAnUsL C NOKPbIMEM
[7]. IIpu npoussodcmee acarvmnoii cmecu docmamouro doba-
sumu 6 Hee 6cezo 0o 6% coau (NaCl), u makoe JopodxcHoe NOKpbi-
e cMOdtcent CB0UML COOCTBeHHbLMU cusamu bopomucs ¢ 0bpa-
3yroweticss Hanedvio [8]. Onmumanvioe koaudecmseo bumyma 8
cocmasax acanvmobemoHHoil cmec HeobX00UMO YMOUHAMb 6
KanOOM KOHKDEMHOM CAy4de HA OCHO8e Pe3yAvmamos aabopa-
MOpHbIX ucnvlmaHuii [9].

HCCIHEJJOBATEJIBCKAA YACTD

B nacmosujee spems 8 Poccuu deticmeyiom Hogvle TOCToL Ha
acanvmobemonnnie cmecu, 3mo I'OCT 58406.1-2020 u I'OCT
58406.2-2020, a maxkce panee npunamuie — TOCT 31015-2002 u
TOCT 9128-2013, noamomy Heobxo0umbl UCCAe008AHUSL O NPU-
Mmenenulo 006agok MmexHUUecKoll coau 8 cocmase acanvmobe-
MOHHOIL cMecU 0415 HOBbLX MeXHUMecKUX mpebosanuil, a makdice
CpasHeHe NOAYHeHHbIX Pe3yAbIManmos C paHee NPUHAMbLMU Mex-
HUYeCKUMU MpPe608aHUIMU.

B nabopamopuu doposrcroeo xossticmea ATTY npogedenvi skc-
nepumeHmanvhbvle uccaedoganus no 006aske MexHuweckol coau
6 cocmag webEHOUHO-MACTNUYHO020 acdanemobemona muna
IITMA-8 no I'OCT 58406.1-2020 npu wacmuuHoil U NOAHOU 3a-
MeHe MUHEePaNLbHO20 NOPOWKd.

Jns nposederus ucnvimanuil 6bLAU UCNOAL308AHL COCTABYHL 1,
2, 3 be3 Jobasnerus npomugozon01ed0Hot dobasku, cocmagel 4,
5, 6 umenu 50% npomueozononednoil 0obasku u 50% muHepaib-
1020 nopoulka, a cocmasbsl 7, 8, 9 umenl noAHOCMbIO 3AMEHEH-
Hblll MUHEPANBHBLL NOPOULOK NPOmMuUB020401e0H0l 006a8Kol.
Hccnedosanus npogoduaucy npu memnepamype (20+2) °C. Pe-
3yavmamel npueedersl Ha puc. 1-4.

IIpu onpedenenuu 06sémuoil naomrocmu no I'OCT 58401.10-
2019 6vi10 ommedeHo, Umo 0obaska mexHUUecKoll CoAU NPUBO-
Jum K yMeHblleHUI0 NAOMHOCMU acdanrvmobemona 3a cuém
YMeHbULeHUA KOAUYeCmea MUHepanvHozo nopouka (puc. 1).
Hacvinnas naomHocms mexHu4eckoii coau cocmaegasem 1,24
m/m%, a munepanvroeo nopowka - 1,89 m/me.
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ObBemHas naomuocmn, 2/cm3 Bodonacviuenue obpasyos, %
2.8 d
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2.65 4
2.6 8 1 =
2.55 - 2 1
2.5 4 1 I
2.45 - 0] -
2.4 | 2 3 5 6 8 9
2.35 Puc. 3. BodonacuiuyeHue 06pasios
1 2 3 4 5 6 7 8 9 Fig. 3. Water saturation of samples
Puc. 1. O6semHas naomuocms 06pasyoe
Fig. 1. Bulk density of samples Bodocmoiixocms 06pasyos
Jlobagka mexHuueckoll conll He3HAYUMEeAbHO YeeAudusdem 1
NPOUHOCTb AcGasbMobemoHa HA CoHcame, HImo MOJICHO 00BSC- 0.8
HUMb N06bLULEHUEM BAIKOCTUL OUIMYMHO20 8A%CY1e20 NpU 03-
Jeticmeuu Ha Hezo coau (puc. 2). Credyem ommemums, 4mo ece 0.6
chopmosartle 06pasibl UMEIOM NPOLHOCTIL HA CHCAMTUE Bblile 0.4
2,5 MIla, pexomendosarnnozo IOCT 9128-2013. JlauHuiii nokasa-
menv He a6asemcs ocHosHbim 1o TOCT 58406.1-2020, odnako 0.2
6bL10 NPUHAMO pelleHlLe 8bLNOAHUNMDb e20 OnpedeneHue. 0
1,2, 3 4,56 7,89
Ipedea npounocmu npu cxamuu, Puc. 4. Bodocmoiikocms 06pasiyoe
Mlla Fig. 4. Water resistance of samples
8 Ha puc. 5 nokasan yuka 3amoposku obpa3syos, npedeapu-
6 | MeAbHO CMO4eHHblX 6000il. JlanHoe uccredosanue noka3aio,
umo Ha obpasyax nod Homepamu 1 (6e3 npomugozon0édnoti do-
4 4 6basxu) u 2 (3amena 50% MUHEPANLHOZ0 NOPOUKA HA NPOMUEO-
20/101€01y10 006aBKY) Hepe3 15 MUHYM Npu memnepanype Muryc
7 (20+£2) °C obpasosanacs kopka Av0a, Ha mpemvem 06pasye (Mu-
0. HepavHuLil NOPOULOK 3AMEHEH HA NPOMUB020101EORYI0 006a8KY
1 5 3 4 5 ¢ 7 3 9 TL0/IHOCIMbIO) MOHKASL KOPKA Abda 06pas3oeanact AuuL, wepes 1,5
uaca. ITo ucmeuenuu 24 4acos 3amopo3ku éce 0bpasyvlt 061ede-
Puc. 2. IIpeden npouHOCMU NPU CHAMUL HealU, 00HAKO ¢ mpembvezo 0bpasya KopKy Av0a neeko 6blao cuu-
Fig. 2. Compressing strength cmumu wemxoti. Takdtce 6bL10 Npoeedeo elje HECKOALKO LUKA08

1no 3amopo3ke U ommausanuio O6pd3u06.
Hcnvimanue Ha eoaouacuu;euue npoeo@uﬂoca C UcCnosv3osa-

HUeM 8aKyyMHOLL ycmarnoskuy. O6pabomka pe3yavmamos nokd-
3a14, 4mMo NoAHAA 3aMeHA MUHEPANbHO20 NOPOULKA HA MeXHUYe-
CKYI0 COb Npueodum K CyUujecrmeenHOMY CHUNCEHUIO 8000HACHL-
wenus (puc. 3) u nogwiweHulo godocmotikocmu acganvmobe-
mona (puc. 4). BodoHacuiujerue 8cex 06pasy08 6uL10 Hudice peKo-
mendyemoix no T'OCT 31015-2002, a koaduyuenm sodocmotiko-
cmu 06pasyo8 Gein evliue JOMYCMUMO20 3HAUEHUS, PEKOMEHOO-
gannozo I'OCT 31015-2002, komopoe He 00AKHHO Obimb Hudice
0,75. ITo TOCT 58406.1-2020 3Hauenue koapduyuenma 6000-

. . S
cmotixocmu He 00A3CHO Oblmb Hudke 0,85. DMOMY NOKA3AMENI0 " Puc. s Tuka 3amoﬁo31<u obipast;e
COOM8EMCMEBYION COCMABYL, Y KOMOopbix OblAd NpouseedeHd no- Fig. 4. Sample freeze cycle

HAA 3AMeHA MUHEPAAbHOZ20 MOPOWKA HA NPOMIUE020A0AE0HYIO

dobasky.

Janvuetiutue ucnvimanus 6vlau npogedeHbl o U3YHeHUIO 06-
pasosanus Haaedu Ha N08ePXHOCMU ACPanbmobemona ¢ pasauy-
HblM codepitcariiem MexHUHecKoll conu 8 0bpasyax acdanbmobe-
mona npu memnepamype munyc (20x£2) °C.
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PE3YJIBTATHI 1 UX OBCY>KJEHUE

B x00e nposedenus IkcnepumenmanvHolx uccaedosanutl 6viau
NoAyHeHvL CAedyiouyue  pe3yAbmamol:

- 0bpa3sypl acarvmobemonHoll cmecu 1o 06BeMHOTL NAOMHO-
CMU, NPoYHOCMU Ha CxHcamue, 8000HACLLULEHUIO, 8000CMOLIKO-
cmu omeeuarom mpeboganuam I'OCT 31015-2002 u I'OCT
58406.1-2020;

- pe3yavmamul nposedeHHbIX UCCAeI0BAHUIL NMOKA3AAU, HIMO
geedenue dobasku NaCl é acanvmobemoHnyo cmeco He Yxyo-
uLaem maxkue noka3amenu, Kax nA0MHOCMb, NPOYHOCMb. [Ipu
aMmom 8UOHA NOAOHCUMeAbHASL OUHAMUKA pocma 6000CMOoLiKo-
cmu 06pasyos Ha 20% U 3aMeMHO CHUNCAEMCS NOKA3AMeb 60-
donacvlwenus ¢ 2 0o 0,4%;

- uccnedosarue 06pasyos no pabome npomugozo0a01edHoil 0o-
6asxiL NOKA3AN0, HIMO 3AMeHa MPAdULUOHH020 MUHEPANLHOZ0
NOpOWKA Npomue020104e0HOlL 0obasKoll yeeaudum cyennenue
a8MOMOOUNBHBLY KO/EC € NOKPbLMUeM a8modopoeu npu memmne-
pamype do -10 °C, a npu 601ee HU3KOLL memnepamype obaezHum
OYUCMKY NOKPLIMUA 3a C4ém yMeHblleHUs adze3ul 06pa3osas-
Le20cst 10 K 1108epXHOCTILL ACGAaNbIMOoOemOHH020 NOKPLLMUS U
CHU3UM pacxo0 pedzenmog Npu 3umHem co0epicaHilL a8momo-
6uavHblx Jopoe.
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IIpumererue X10pUCTO20 HAMPUSL BMECTO MUHEPAALHOZO NO-
POWKa 8 UCCAeD0BAHHBIX COOMHOUEHUSX He YxXyOiuaiom ocHO8-
Hble ce01icmea webEHOUHO-MACTUYHO20 ACPanbmobenond.

H3seomoenenue acganremobemontvlx cmeceli ¢ dobasaenuem
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Paccmompen nodxod k ¢popmuposanuio nyaa nepcnekmugHblX HAYUHBLX UCCAO08AHUIL CO-
8peMeHH020 YHUgepcumema. Jas ux cmpykmypupoganus peuaemcs 3adaua modeauposa-
HUs pa3eumus meppumopuu, obcayxusaemoil deamesvHocmbvlo yHugepcumema. Modeau-
poeanue npogodumcs ¢ UCNOAbI0BAHUEM KOMNAEKCOMeXHUKU. JAs noebluleHUs Ha2Aa0HO-
cmu @QYHKYUOHUpOBAHUA NOAYUEHHBX Mmodenell npumensemcs ungoepadus. Paszgumue
meppumopuii onpedeasemcs, 6 nepgyio ouepedsv, YCmMoOUUUBHM PYHKYUOHUPOBAHUEM €€ UH-
¢ppacmpykmypel, a makoice IKOA02UUECKOU Oe30NACHOCMbIO PACNOAONCEHHbLX HA Hell 00BeK-
moe. Ilpumensemuiii nodxod noszeossem cpopmupogams modenau 83aumoodelicmeus cmeik-
x010epo8, 3aUHMeEPEeCO8AHHBLX 8 UHMEAAEKMYAAbHOM pa3gumuly meppumopuu. Paccmom-
pena modenv co30anus UHMeAAEeKMYAAbHO20 kKaacmepa. [Ipedcmasaen npumep gopmupo-
8aHUS MepPUMOPUL UHHOBAYUOHHO020 PA3BUMUSL C HAYUHO-MEXHOA0ULECKUM KAACTNEPOM
Cmynuncko20 MYHUYUNAaivhozo pationa Mockogckoil obaacmu. Cdenan 8vi800 0 803MO K-
HOCTMU pA36UMUL MePPUMOPUL NPU UCTOALI0BAHUU IKOA0ZUYUHO020 UHMEAAEKTMYAAbHOZ0
Kaacmepa.

Knawouesvie cnroea: arvmepnamueHbie uccAedo8anusl, UHHOBAYUL, UHHOBAYUOHHbLE MepPPU-
Mopul, 3K0A02UYECKUE UHTMeALeKMYdAbHble KAACTIEPbl, HAYYUHble UCCAe008AHUSL, KOMNAEK-
COmexHUKA, MeXHOHAYKA
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The article shows how a modern university focuses its scientific and educational activities
on the development of the territory, the jobs of which this university provides with person-
nel. The approach to the formation of the pool of scientific research of a modern university
is considered. To structure promising scientific research, the development of the territory
served by the university's activities is simulated using complex engineering. An infographic
was used to improve the visibility of the functioning of the obtained models. The develop-
ment of territories is determined primarily by the steady functioning of its infrastructure.
The applied approach allows to form models of interaction of stakeholders interested in
intellectual development of the territory. The model of creating an intelligent cluster is
considered. The article presents an example of the formation of the territory of innovative
development with the scientific and technological cluster of the Stupinsky municipal dis-
trict of the Moscow region. The possibility of developing an intellectual territory using an
environmental smart clusters is concluded.

Key words: alternative research, innovation, innovation territories, environmental smart
clusters, scientific research, complex engineering, technoscience
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BBEJEHUE

B cospemennoil Hay4HOll cepe cmamyc «A0KOMOMUBA Npo-
epecca» nepexodum om mpaduyuoHHOL HAYKIL K 1MeXHOHAYKe,
4IMo npueodum K UsmMeHeHUI0 GYHKYULOHUPOBAHUSL MPaOULUOH-
HOU HAYKU, K MOOepHU3AUUL NPUBLIYHBIX MeXHOA0UL 0CY-
Ujecmeenus. Hay4Ho-ucc1edo8amenbckoil desmenviocmu [1].
Hayunas OesimenvHOCMb YHUBEPCUMEMOS, 3AKAOHAIOWAACS 8
npogedeHUl HAY4HO-UCCAe008AMeNbCKUX, ONbIMHO-KOHCMPYK-
MOPCKUX, MeXHOA02U1eCKUX U Opyeux pabom makdce mpeGyem
usmeHenuil. Peub npu amom udem He 0 MOMAALHOM Nepegonio-
UjeHUL YHU8ePCUMEeMC KoLl HAYKU 8 KaKue-1mo Hogble GopMbl, a,
cKopee, 0 603HUKHOBEH UL BHYMPU Hee HOBbIX OUHAMUHECKUX KOH-
cmeanayuil’. Taxoil nodxod noseoasem npogodums aivmepHa-
MUBHble HAY4Hble UCCAe0BAHUS U NOAYHUMb 0OTOAHUITEbHbLE
B03MOJNCHOCTLL 8 YCMOLMUBOM PA3BUMUL YHUGEPCUMeMd.

BavcHvim npedcmagasemcs mom ¢axm, umo, npogods gynoa-
MeHmanvhble U NPUKIA0Hble HAy4Hble UCCAe00BAHUS, IKCNePU-
MeHmanvHble pa3pabomku, IKCTiepmuble U AHAAUMUYeCKUe Pa-
6omyl, yHuBepcumen 20mosum Kadpbl, OpUEHMUPOBAHHbLE HA
npodsusicerile HOBLLX N00X0008 8 peanu3ayull NPakmueckoil de-
amenvrnocmu. IIpu peanu3ayuu YHUBepCUIMemMCKUX npozpamm
6ydywue pabomodament 8bINYCKHUKO8 YHUBepCUMema 3AKAd-
Jbleaiom 8 ux KOMMemeHyul YMeHUs UCTL0Nb308AMb 8 UCCAe00-
BAHUAX UHHOBAYUOHNbLe paspabomku ceoux gupm. Takum obpa-
30M, Ha TiepecedeHUl HANpAg/IeHHblX 8030elicmeull cO CMopoHsL
06pa308amenvrozo yupenoeHus 1 npou3so0CneeHHbIX CIMpyK-
Myp ocywemensemcss akmugHoe gosdeticmaue Ha euderue 6ydy-
ujux paspabomuukos u nompebumeseti HaAyKoemKoil npodykyuu,
CNOCOBHBIX CHOPMUPOBATIL NOBECTIKY paA3SUMUS 00UjecmEd.

JIAs ONUCAHUS OP2AHU3ALUOHHO20 MEXAHUSMA, 3AN0HEHHOZ0
8 paseumue Hay4Hblx UccAedo8aHuli COBpeMeHHO020 8Y3d, NpUMe-
HUM KOMNAEKCOMeXHUKY [2-6]. OmAudus KOMNAEKCOMEeXHUKL
om mpaduyloHHo 06CcaAYHCUsaIOWell HAYKY cUcCmemomexHuxi [3]
1103805101 NPUMEHUIMY 8 HAYHHBLX ULCCAe00BAHULX B03MONCHO-
CMuU MexXHOHAYKU ¢ Kpocc-OUCyUuniunapruim nodxodom. Eue o0-
HUM U3 ACTIEKITO8 KOMMN/EKCOMMeXHUKL, M0360ASIOUUX MOl
Hay4HO-npakmuueckoil ducyuniune copmuposams memoduye-
cKkoe obecnederue MeXHOHAYKU, CMAHOBUMCS NpUMeHeHUe UHPO-
epaguueckux modeneii’.

MOZEJIb TNKJTA HAYYHBIX UCCIEJOBA-
HUU COBPEMEHHOI'O YHUBEPCUTETA

Kavswdoe uccredosarie, nposodumoe 8 yHi8epcumene, Moxcern
6vLmb npedcmaseno MOOeAbIO HCUSHEHHO20 YUKAA, NOKA3AHHO20
Ha puc. 1. Ungozpaguueckas modenv uaniocmpupyent 0cobeHHo-
cmu evlbopa HanpagaeHull uccaed08aHUTL 8 COBPEMEHHOM YHU-
gepcumeme. Dmu uccredosanus Ha 60avULyI0 aydumopuio no-
mpebumesneil u3 pasnulx 06aacmetl UCNOAb30BAHUS TLOLYUEHHBLX
pe3yavmamos. Ha pucyHke nokazamo, 4wmo nompebumenem 0au-
HbLX Pe3yAbmamos moxcem 6blimb Kak cam uccaedosamens (uc-

iy
cnedosarue «0as cebs» *' ), max u nompebumenu, He umernujue

! Koncmennayus - 83aumHoe pacnonodicerue u 83aumooeii-
cmeue pasAudHbLX PaKmopos, cmeverue 06CMOAIMenbLCMS.

? [Monamue «ungozpaguueckas modeav» cozdano npogdec-
copom B.O. Yyakoewvim, cozdamenem HAY4HO20 HANPABACHUS
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OMHOWeEHUS K IMOTL 06/Lacmu, HO ucnvlmelearowjue nompeb'»

ol
HOCIMb 8 0AHHBLX pesyﬂbmamax' (¥%).
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PeIIeHEH, PesyIBTATOR
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H BHEAPEHHK) PE3YIETATOR
HCCIENOBAHHAA

Puc. 1. Un¢poepaduueckas modeav Yukaa ucc1e008amus
Fig. 1. Infographic model of a research cycle

B nepsom cayuae 3adaua nposedenus uccie008anus 0Cyu,ecms-
A9emcs Ha 0CHO8e CUCTeMHO020 1o0xo0a. Bo emopom cayuae, Ko-
20a yuumuleaiomes 6ce nompebumenu pegyavmama uccaedosa-
HUS, NPUMEHIOM KOMMAeKCHBLL n100x00. Cucmemmublil 100xo0 K
1CCe008AHUI0 3aA0%eH 8 NACTopme cneyudavHocmu Boicueil
AmMmecmayuoHHOL KOMUCCUL, 8 KOMOPOM onpedenera 0baacmy
uccnedo8anus 0aHHOIL CNeyUaAbHOCMU 34 CHerm 86e0eH sl 2PAHUY,
CO CMeHCHBIMU 001acmamu Uccaedo8anus Opyeux CreyuasbHo-
cmetl.

IIpumeHerue KoMnAEKCHO20 N00x00a daem 803MOHCHOCTILL ONLL-
canus 06sekma uccaedo8amus ¢ yuemom onvima uccaedoganuil
6cex obaacmeil uccredosanus, HA NepeceyeHUL KOMOPbLX HAXO-
dumcs amom o6sexn. DmMo 10360/5€Mm NOLYHUMb HAOOP aKNLy-
anvHocmetl U NyHKMOo8 HOBU3HYL 0151 WUPOK020 CTieKmpa nompe-
6umeneii. IIpu smom memodonozudeckue cpedcmea, paspabo-
ManHvle 8 CMeHCHOU obaacmu ucciedoganus, mozym Ovlmy uc-
n04b308aHbL 015 pellenus 3a0a4 0CHOBHOL obaacmu uccaedosa-
Hus [5].

Jas cumyayuu, koeda HanpagaeHue uccaedoganus, copmu-
posartoe ¢ obaacmu uccaedosanus 1, modxcem Gvlmo nepeme-
wero 6 obnacmu 2...N, ungpoepaguueckas modens npuobpemaem
6ud, npugedennulil Ha puc. 2. «I[IyHKMUpHble» cmpeak 0603Ha-
4aiom nymu noAy4eHus npoekyull HanpagaeHuil uccae0o8amHuil
0aa kancdoil uz obaacmeil.

B 3a6ucumocmu 0m 0c80eHHOCMU (KOAUYeCn8a npoedeHHblx
HAY4HO-UCCAe008ATEAbCKUX pabOM, PedAU308aHHBLY POEKINO8,
namenmos u m.0.) obaacmu uccaedosanus, maxas 064acMb
umeem 604vULYI0 NAOWATDL 110 OMHOWEHUIO K MEHee U3YUeHHO,
Kak NOKA3aHo Ha puc. 2.

Ilokasannas Ha puc. 3 uugozpaduueckas modeav Modicem
6bimb npeobpazoeana 8 Modenb HUHEHHO20 YUKAA, npedcmas-
/IeHHO020 «C8ePMKOLL» MUNOBOTL «TIeMAL KA4ecmea» 8 HeCKOAbKO
(N) nocnedosamenvHo cOeOUHEHHBIX OP2AHU3AYUUOHHO-TEXHOA0-
eudeckux yuxaa uccaedosarus (OTL[H), coomaemcmayouux uc-
TI0/b3YeMbIM  THEXHON02USM Npou3goocmea U mnompebaeHus

«UH@oepapua», N03604%10Uy20 COBMEUYAMY PASAULHbLE UHGOD-
MAYUOHHble MOJeAl HA OCHOBe YHUBEPCAAbHOZO0 2paguteckozo
asvika [7].
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pe3yavmamos uccaedosanus. IIpoxoscdeHue npou3sedeHH020
npodykma uccaedosanus 6 kascdom OTLIH npeobpasyem amom
npodykm 8 cpedcmeo co2Aaco08aHUs HOPM OeSmeAbHOCTU NPoU3-
godumens u nompebumens pe3yavmamos uccaedosanus. Tem ca-
MbLM pe3yabmam uccae0o8anus, NOAYHeHHbL 8 pamKax 00HOlL
obaacmu uccnedosanus, moxcem Guims npumener 8 opyeux 06-
aacmsx uccnedosanus. ObMeH HOPMAMU <MPoOU3BOOCMB0-1o-
mpebeHiie» pe3yAbmamos uccaedo8anus 3aQuKCUpo8an Ha puc.
3 ungoepaguueckoil mM00eabIO HUSHEHHO20 YUKAA UCCAL08AHUS
C pasHblmMU Quzypamu yHacmHUK08 UccAe008aHUsl, onpedensio-
WUMU U3MeHeHUe HOpM npousgodcmea u nompebieHus npo-
dykma uccnedoganus npu cOAUNCHUL UX 6UOeHULl U3MeHeHUs
(nepeycmpoticmea) npodykyuu coomeemcmeeHHo. B obaacmsax
1, 2 u N npedcmaenenvr OTLIM 1, OTLIM 2 u OTLIM N ¢ ¢uey-
PAMU, UMEIOUWUML OKPACKY KOHMYPA, AHAA0ZUYHYIO NpueedeH-
HbLM HA PUC. 2, C COOMBEMCMEYUUML 0003HAUEHUAMIL

B

- Jessmenvrocmu uccnedosamens

- nompebumeneti

i

OBJIACTB
HCCIENOBAHHA 1

OBJIACTD
HCCJIENOBAHHA 2

HCC/EAOBAHHA N

f

Puc. 2. Ungozpaguueckas modens unmeepayuu obaacmeil uc-
cnedosanus yHugepcumema
8 ycaogusix obecnewenus Kpocc-mo0enbHOCMU UCCAe008aMeNb-
CKUX MPAH3aKyuil
Fig. 2. Infographic model for integrating university research ar-
eas in terms of ensuring cross-modality
of research transactions

OTIIH 1, 2,... N 06MmeHu8anmcs MOOCAAMI U3 HCUSHEHHDBLX
yuxa08 uccaedosanuii coomgemcmayoujux obaacmeil uccaedo-
ganuii 1, 2,...N. Quzypa, éo3nuxawwas Ha nepeceweHuu obaa-
cmeil ucc1e008aHUS, COOMBEMCMBYem NepCneKmueHoll desment-
Hocmu, onepupyroueti Habopom mexHonoeull kaxcdoeo OTLIH.
Kax noxasano e pabome [5], modeau 041 npogodumozo uccaedo-
8anusL mozym Oblmb 83amul u3 obaacmetl ucc1e0o8aHus, OMHo-
CAUUXCA KAK K MEeXHUYECKUM, MAK U 2YMAHUMAPHbLM HAYKAM.
IIpumenenue KOMNAEKCOMEXHUKL TO360/5€M UCNOAb308AMNb
cpedcmea peutenus 3a0a4, paspabomanHbLX 8 Kpocc-OUCyUnau-
HapHoll obaacmu uccnedo8anus, 04 peweHus 3aday 6 Opyeux

# THP - amo meppumopus, Hax005udscs 8 2panuyax 00H0z0 Uil
HeCKONbKUX MYHUYUNAALHBLX 00pa308aHUl, OCHO8Y IKOHOMUHe-
CK020 pasgumus Komopoii cocmagasem co3danue U peaau3ayus
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obaacmsx, 8 komopuvlx OaHHble cpedcmea He npumensiuce. Ta-
KUM 06pasom, «nopmeenv» uccaedosanuii yHueepcumema mo-
JHeem 8KAIOUAMb PAZHOHANPAB/IEHHblE UCCAe008AHUS 8 UX KOM-
naekcHom obseduteruu. dmom nodxod no3eoasem chopmupo-
6amb HAYHHbLE WKOAbL YHUBEPCUMeMA U 00eCneiimb UX ycmoti-
uugoe pasgumue.

i

OBJIACTD
HCUIENOBAHHA 1

oTIH|1

OEJIACTE
HCUIEJOBAHHA N '

- MeATENbHEOCTE M0 00BETHHEHNHE0 007IacTe HCCIeI0BAHHAT
YHHBEPCHTETA

Y

Puc. 3. Unoepaduueckas modeav unmezpayull opeanu3ay-
OHHO-1MeXHON02UHECKUX YUKA08
8 cOCMase HCUSHEHHO020 YUKAA HAYHHBLY UCCAe008aHULL yHUGeD-
cumema
Fig. 3. Infographic model of integration of organizational and
technological cycles as part
of the life cycle of scientific research of the university

MOJEJIb TEPPUTOPUM, OBCIVKUBAEMOM
HAYYHOU JEATEJIBHOCTBbIO YHUBEPCHU-
TETA

Hayunas paboma co8pemMenH020 YHUSepCUMema OpUeHmupo-
8aHa Ha co30anue UHHOBAYULL UL POpMUPOBAHUE UHMeANEKNLY-
anvHelx meppumopuil. Kaaccudeckumu npumepamu ocyuyecms-
nenus maxoil deamenvHocmu asasiomes Cmangopockuil yHu-
sepcumem u Cuauxorosas doauna @ CIIIA, Baueanopckuil yHu-
sepcumem u Bawneanopckuil kaacmep 6 Mnouu, mexHuveckuil
yHugepcumem DilHOX08eHa U mexHonapk komnanuu duaunc 8
Tonnanduu u max danee. MIHHOBAUUOHHAA MepPUMOpUSL NPU
amom Gydem He MOALKO NPOU3BO0UMb UHHOSAUUL, HO U 030a-
8ambv pabotue mecma, KOMOopble 603HUKAIONL 34 CHerm 8HeOpeHUs
UHHOBAYUL, 4 MAKite HANOAMAMb UX KAOpami, 1nodzomosse-
HbiMU 00pasosamenviuim yupescOeHuem. HnmennekmyanvHas
meppumopus. modxcem Obime npedcmagaenHa UHMeANEKMYdlb-
HbIM 20p000OM. B Poccuu, Hanpumep, makosblm MOdien Cmamb
2opod JlybHa, b6azupyioujuiics HA MOUSHOM YHUBEPCUMEMCKOM
yeHmpe U 6KA104eHHbLIL MUHCMPOoem 8 CNUCOK «YMHBIX 20p0006».

Taxum 0bpasom, 8 omaudue om meppumopuil UHHOBAYUOH-
Hoeo passumus’® (THUP), unmennexmyanvhuvle meppumopuu 6y-
dym codepxcams He MOALKO NOOCUCTIeMbl, 3a0eliCMB06aHHblE 6
T08bLULEHUL HAY4HO-1TeXHUYeCK020 npozpeccd U obecnewusaro-
ujue CoYUANbHO-IKOHOMUHECKOE UL IKOA02UHECKOe PA3EUIIUE Tep-
PpUmMOopUL, HO U CUCTEMY, POPMUPYIOULYI0 OPeaHU3AYULOHHO-0es-
menvHocmHuoe pazsumue (OAP) meppumopuu. Takas cucmema
Mmodicemn 6blmb  peaausosana 6 (opme UHMENNEKMYANLHOZO

KOHKYPeHMOCnOCcoOHOLl HAyKoeMKoll npodyKyuL, a makdie oka-
3aHue ycaye no ee cosdanuio [8].
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kaacmepa’, 0CHO8Y KOMOpo2o Npu3BaH GopMuUpoBams YHUEEPCU-
mem. Hccnedosarue 3aumodeticmeus maxux CUCTeM MOdxHcem
6vumb npogedeno Ha modensx, NOKAZAHHBIX Ha puc. 4-6 [9].
IIpeOnonoscum, 4mo mul UMeeM HA MEePPUMOPUL HAYHHO-NPO-
13600cmBeHHbLIL Kaacmep (UHHOBAYUOHHYLL, HAY4HO-MeXHOA0-

pyHkyuonuposanus obsexm - «Teppumopua» ¢ «Teppumopuio
UHHOBAYUOHH020 pazeumus». KubepHemuueckas cxema npeob-
pasosanus nokasama na puc. 4. Takum obpasom, mut onpedensem
HAY4HO-NPOU3B00CTBEHHLLIL KAacmep Kak cpedcmeo npeobpaso-
sanus cmamyca meppumoput. 00 60cmpe608aHHOLL 8 IKOHOMUKeE

Teppumopus UHHOBAYLOHHO20

euueckuii, 0p.), xomopuiii npeobpasyem 3a cuem c60ez0 cmpaL.
Teppumopus Hayuno-npoussodcmeenHoiil kaa-
(6bL1a) ——>! cmep (6bL.1)

—>

passumus (ecmv)

Puc. 4. MoOeav npeobpasosanus meppumopuu 3a cuem QyHKYUOHUPOBAHUS
HAY4HO-NPOU3B00CNBEHH020 KAACTEPa
Fig. 4. Model of territory transformation due to the functioning of the scientific and production cluster

Jonycmum, 6 Hacmosujee epems «HHmenteKmyanvhas mep-
pumopus» npeobpasyem CAONCUBWLUICS 8 HACMoAUee SpeMs
kaacmep (HAy4HO-MexXHOAOUHeCKULL) 8 «HIHMeANeKIYaNbHbLiL
kaacmep». Kubepremuueckas cxema npeobpazosanus nokasana

Ha puc. 5. Tem camvim Mol onpededsiemM UHIMeANEKITLYANAbHYIO
Meppumopuio Kax cpedcmeo npeobpa3oeaniis HayHHo-npouseoo-
CIMBEeHH020 KAACmepa 8 KAACmep UHMeANeKNY ANbHbLIL.

Hayuno-npou3sodcmeennbli
kaacmep (6bL1)

>

Humennexmyanvias meppumopust
(ecmv)

Hnmennexmyanvhulil kna-
cmep (ecmv)

}

Puc. 5. Modenw npeobpasoeaniis kaacmepa 3a Cuerm 803MOHCHOCTEN UHMeANEeKITYANbHOL Meppumopul
Fig. 5. The Model of cluster transformation due to the capabilities of the intellectual territory

IIpednonoscum, MvL NOCMPOUAL HA OCHOBE YHUBEPCUTNEMA IKO-
A02UtecKUTl UHMeNAeKNMYaAbHbLIL KAdCTep, KOmopblil npeobpa-
3yem «Teppumopuio UHHOBAYUOHHO020 pasgumus» 6 «HHmen-
NeKmyanvhyio meppumopuio». IIpednazaemoe ynpoujeHHoe

Teppumopus (6vi1a)

v

Mmo0eauposanue, Kak HAM npedcmasAsemcs, no380Aum onpede-
UMb YCA08US, NPU KOMOPbIX CTMAHOBUINCS BO3MOMCHBLM PA3BU-
mue unmenekmyanvHolx meppumoputi. las amozo 06sedunum
Mo0enu, npedcmasneniole Ha puc. 4 u 5, 8 00HY U npueedem Ha
puc. 6.

Teppumopus UHHOB8AYUOHHOZ0
passumus (ecmuv)

v

Hayuno-npouseodcmeen-
HuLli kaacmep (6bLa)

HUnmennexmyanvias meppu-
mopus (ecmv)

Dronozuteckull uHmennex-
myanvHelil Kaacmep (ecms)

v

Teppumopus UHHOBAUUOH-
HO20 passumus (ecmu)

v

Hnmeanexmyanvias meppu-
mopus (6ydem)

Puc. 6. MoOeav paseumus uHmeALeKMYaAbHOl Meppumopuu
Fig. 6. Model of intellectual territory development

* InmennexmyanvHulil Kiacmep umeem 8 cocmage: YeHmpol pas-
eumus 8 busnec-opeanuzayusx, gabpuxu moicau (Think Tank),
UeHMpbl pecOHAALHbLX CIMpamezuyeckux paspabomox u op. Un-
MeANeKMYanbHblil KAacmep, OpUeHMUPOSaH HA OKA3aHUe UH-
MeANeKMYANbHbLX YCAYe, MAKUX KAK: CMpame2udeckuil mapke-
MuHe UHHOBAYUOHHBLX TMpodykmos u mexHoaoeut, HUP u
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HHOKP (8 mom uucse, Ha nodpside), nodzomogka Audepog — crie-
YUAAUCTIO8 UHHOBALUOHHDBLY POEKIMO8, CONpoBoscderle pedll-
3aUUL UHHOBALUOHHBLX POEKINO8, NosbluleHUe KeaAuPuKayuu
ynpasaendeckux kadpog um.o. (Coobujenue I1.B. Baparosa na IT
Hnmepnem-cse3de OPITY (O6sedunennoil paboueil spynnuvl no
uHHoBayuam) 24.04. 2013 2.)
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HETeTIeKTyaBHAL
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KOTIOTHIECKHN HHTETTEKTYATEHEN K1aCTEpOM

gj OTII 1
\Y ]

HETertexTyansHEnt
K1acTep

Y

Puc. 7. Unpozpaguueckas modeas KomnaekcHozo 00sedurenus
MeppumopulL UHHOBAYUOHHO20 PA3BUMUSL
1L IKON02UHECKO20 UHME//eKIMYAAbHO20 KAdCTepa
Fig. 7. Infographic model of complex integration of the territory
of innovative development
and ecological intellectual cluster

IIpomusononoxcHocmb yeell GYHKUUOHUPOBAHUA CUCTIEM,
3KAIOHAIOWAACS 8 <Npou3sodcmee pecypca — nompebieHuUl pe-
cypca», Gopmupyem 0peanu3ayuOHHO-MeXHOA0ZUUECKUE YUKAbL
(OTL] 1 u OTLI 2 coomeemcmegerHo) npeobpasyouux pecypc Kaxc-
00il u3 cucmem, HAXOOSUUXCS 8 KOMILAEKCHOM 00BeUHeHuL.
OTL] mpaduyuonno npedcmasner pazamu «npousgoocmeo» u
«nompebaenue», npuwem nompebienue (YHUUMOKEHUE) pe-
cypca o0HOll cucmemoll npouseodum pecypc 0as Opyeoil cu-
CmeMbl. B Haulem cayyae amo pecypc meppumopull UHHO8AUULOH-
HO20 paseumus 8 éude GYHKYUOHAALHOZ0 pecypcd, nompebase-
Ml IKOA02UHECKUM UHITeANEKNYANbHBLM KAACTIEPOM 8 opMe
UHHOBAUUOHHYLX YCAYe 045 nompebumens smux ycaye @ obecne-
weHuu e20 JesmenvHocmu. B ceow ouepeds, skonoeuneckuil uH-
MeAneKmMyanvHblil Kaacmep npou3eodum QyHKYUOHAALHYLIL pe-
cypc, nompebasemulii meppumopuell UHHOBAYUOHHO20 PA36U-
mus 8 popme mpaduyuontvix ycaye (6e3onacHocmiL, IKOHOMUH-
HOCMU 1L KOMPOpMHOCML,) 8 0becriedeniie NPoHUBanHUs (HU3He-
OesmenbHOCMIL) NOMpeOUmens ycaye meppumopul.

Jina Hazna0Hoz0 npedcmasaeHus 0X8ama meppumopull UHHo-
BAYUOHHO20 PA3BUMUS HAYHHBIMU UCCAO0BAHUAMIU YHILBEPCLL-
mema ucnoav3yem uHgoepagpuueckylo modenb KOMIAEKCHO20
obsexkma kanumanuzayuu meppumopuu (KOKT) [6], npueeden-
HY10 Ha puc. 8.

Modeav KOKT npedcmasaena obsedunenuem mpex modeneii:
COIIT - cucmemoil opeaHu3ayulL nepeycmpoiicmea meppumo-
puu, KOIIT - koMnaeKCHbLM 00BeKIMOM 1epeyCmpoiicmea meppu-
mopuu, CUT - cucmemoil uHgeCMuyuil 8 nepeycmpoiicmeo mep-
pumopuii. B cocmag 6aoka KOIIT exaouen dnemenm, 02paHu-
HWeHHbLIL NYHKMUPHOTUL AUHUeTl U 0X8aMblBalOWUll 8ce CA0UL MO-
Oenu. Tax, 6 ungozpaguueckoii modeau npedcmasner cned des-
MeALHOCMUL YHUBepcUmema — 06pa3osamensHozo yupencOeHus.
Vnpasasiowee 8o30eiicmeue 3mozo dnemenma, 00603HA4EHHO20
HAONUCLI0 «yHUBepcumem», npednonazaem OesmeabHOCMb MO
8blpabomKe HAYHblX 0CHOB 05 Nepeycmpolicmed meppumopuu u
DPeanu3ayuio OpeaHU3ayLlOHHO20 MeXAHUSMA Pediu3ayull ma-
K020 Tepeycmpoiicmea 8vlnyCKHUKAMU Y1iebHOo20 3a6edeHus, Ka-
KUM SI8AAEMCA YHUBepCUMe.

° B mom uucae u npedcmagumeneil yHueepcumema
¢ Government.ru/rugovclassifier/section/2641/Hayuonanvtoie
NpoeKmbl.
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Ilokasxcem Ha paspabomanHoli modeau, Kakum obpazom ocy-
wecmeAnsemcs 8vl00p HANPABAEHUIL HAYYHBIX UCCAe008AHULL
yHugepcumemom. Kpumepuamu maxozo ombopa moxcem cmamao
coenadenue 8blOPAHHO20 HANPABACHUS C HATIPABAEHUEM PA36U-
mus meppumopuil, 0CyujecmeseMolm 20cy0apcmeom 6 npoyecce
peanusayuu gedepaibHblX U MYHUYUNAALHBIX NPOZPAMM PA3EU-
musa meppumopuu. CKka3anHoe MO}CHO omHecmu U K 12 nayuo-
HAAbHBIM Npoekmam, K 67 edeparvioim npoekmam u x 51 peau-
OHanvHOMY npoexmy Poccuu.

—_corn

Komr CHIIT
Vi 1. MorpeSirrens mpoaysaues ' o> Husccrop §
TepPHTOPHE '
- 1 1 soron Bl
V1 ly TpoAYKIHA TeppHTOPHA = Hipecrop Ve
'H (TpazuImEONHAs B HHHOBAIMOHHAS )
— H i
@ —>iB ( O
Vo <= iE 3. OBopyaoBanKe 3aHmi ' > Husecrop V&
P coopyienni TeppHTOpHI ;
5 ; 4. Texnom as naatdopMa S
e, L TepPHTOPHH ' > Munecrop {7 4
° E 5. 37aHHA | COOPYKEHHA
Vo <7 TeppHTOpHH s 5 Husectop
° HACHEDHHE H TPAHCIOPTHEIE 1
v om > CTH H CHCTEMBI KOMMYHHKALH
HHi coopykensit Ha Te D <«
V' om = 107 €, IPHPOAHBIE PECYPChl, |
v KIIHMAT, YeJOBeUeCKHE Pecypehl H AIp.)
CABHOCTE MOTPEGHTENA
ACATEILHOCTH HHBECTOPA
IeATeLHOCTE, OPHEHTHPOBANNAS HA NOTpeGHTeNA
v I- aeseasHocTs o comar peSiTensexoii nardopmoil
1I - zesTenBEOCTS MO TEXHHKO- NECKOH T ¥ TCpPHTOPHH
I - ges o JeMETBHO-PECYPCHO aTdOPMO TeppHTODII

Puc. 8. Ungoepaduueckas modeav Komnaekchozo obsekma ka-
numanu3ayuu meppumopuu (KOKT)
Fig. 8. Infographic model of a complex object of territory capitali-
zation (COCT)

Vuacmue npedcmagumeneil meppumopuu’ 8 HAYUOHAALHBIX
npoexmax modxcem 6vlime NPOULAIOCMPUPOBAHO UHPOZpadute-
cKoll Modenvio, npusedenHoli Ha puc. 9.

Jeenadyams HALUOHANLHBLX TPOEKMOB8 BKAIOUANM CAedyto-
LjUe HANpasaeHus’: 1. Obpasosanue; 2. 30pago-
oxpanenue; 3. Jemoepagus; 4. Kyaemypa; 5. BesonacHule u ka-
uecmeeHHble asmomobuvHole dopoeu; 6. Kuavé u zopodckas
cpeda; 7. Dxonoeus; 8. Hayka; 9. Manoe u cpednee
npednpuHumamenscmeo u noddepika uHOUSUIYarvHOU npeo-
npuxumamenwckoti unuyuamussy; 10. ITpoussodumensvHocms
mpyda u noddepxcka 3ansmocmu; 11. Mexcdynapodnas koonepa-
yus u akenopm; 12. ITugposas skoHomuxa.

IIpoexyus «ITompebrocmy yuacmus npedcmagumenell meppu-
moput’ 8 HAYUOHANLHBIX NPOEKIMAX>» MOdHcermn Gbimb NPOUALIO-
cmpuposana urgpozpagureckoii modeavio, npusederHoll Ha puc.
9.

Modenv Quxcupyem unmepec K y4acmuio cmeiikxon0epog mep-
PUMOPUL 8 NlepeyUCAeHHbIX NNPOeKMAX. SHAKOM «+» 8 «MabAUY-
HOU» popme MOOenl OMMeHeHO HAAUYUe MAKO20 uHmMepecd. B
CAyvae OMCYmMCMeUs UHMepecd K pedAusdyul npoekma y

7 B mom wucae u npedcmasumeneil ynugepcumema, Gopmupyio-
UJUX UHMeANeKMYaNbHbLIL Kaacmep.
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npedcmasumens femenma meppumopul, coomeemcmsyouyas
Kkaemka mabauypt ocmaemcs, nycmoti. Caoil modeau KoMnaekc-
Hoeo obsexma nepeycmpotiicmea meppumopuii (KOIIT) npu
amom ocmaemcs He3adelicmeo8aHHbLM 8 HAYUOHALLHOM TPO-
exme.

__ Hannpoextat
Inesentit KOITT . e |V |23 (4|56 |78 9]0 |11 [12
L. Morpeburent, npomyrum T | T
j -

\ ¥
TIpoayXIHs TEpPHTOpH
(TpamuBONHas 1
HHHOBAIMOHHAA)
ObopyoBaie 31anHi,
coopyeHuH Tep)

4. Texnonornuecxas 3
nAaTdopMa TeppHTOpHH '

3Hauns i COOPYAKCHHA
TeppHTOpHI

Winkenepibic u

HmEASOUMEST <

Puc. 9. Ungozpaduueckas modeawv pacnpedeneus HAYUOHANL-
HblX npoekmog no anemenmam KOIIT
6 COOmEemcmeulL ¢ nompebHocMAMuU OesmenvHOCell 8 Kast-
Jdom cnoe modenu
Fig. 9. Infographic model of distribution of national projects
COPT elements according
to the needs of the activities in each layer of the model

Hnmezpupayus HAYUOHAALHBLX, (edepanbHblX, MYHUYUNAAL-
HbLX NPOEKIMOo8 8 eOUHYI0 NPOePAMMY KOMINAEKCHOZO0 PA3GUMUS
MeppumopuL, 0Xea4eHHoL HAYUHbIMU UCCAe008AHUIMU YHULEED-
cumema, CMAaHOBUIMCS 803MOHCHBIM TPU CO2AACOBAHHOM 83AL-
MOOeliCBUL UHCTMUMYMOS8 CUCTeMbL YNPABAeHUS HA PA3HBIX
YPOBHAX pyK080Ocmea cmpambl, okpyea, 2opoda. Taxoe 83aumo-
Oelicmgue copmupyem «...NOAHOYEHHYIO CKBO3HYIO CUCTEMY
cmpamezutecko20 NAAHUPOSAHUS, YHUMbLEAIOULYI0 MeXCOMpac-
/legble U MedcpeeiloHaAbHbLe c853U». Ha puc. 10 npugedena ungo-
epaduueckan modenv, PukcCupyIOWAS MEXAHUIM pearu3ayull 00-
2080peHHOCIIEll  8CeMU  YHACTMHUKAMU KOMMN/AEKCHO20 Tepe-
ycmpoticmea meppumopuu.

' TorpeduTem TepprTophH (KOITT)
AMMEHECTpamEs (belepaTsHat,
7 PETHOHATBHAA, MYHHIHIATEHAT)
\/_teppuropmm (COIT)
Hagecroper CHITT (1-7)
TIpOHBOTHTEME IPOTYKITHE
TeppuTopen KOTIT(1-7)

HETeIekTyATEET
TeppETOpHA
(Byner)

TeppHTOpPHE
HHHOBAITHOHHOTO
Pa3BHTHA (£CTE)

Puc. 10. Ungozpaduueckas modeas npoyecca coenaco8anus uH-
mepecos 8cex 3HAUMBbLX CMelikx0.10epos
Meppumopuu 8 npoexme rnepeycmpolicmea IMoil meppumopui
Fig. 10. Infographic model of the process of coordinating the in-
terests all significant stakeholders
of the territory in the project of reconstruction of this territory

Kascoulil u3 yuacmuukog umeem cgoil npoekm nepeycmpoii-
cmea. IIpu Imom 6 npouecce C02AACOBAHUSL U T000epdHcKU

# Takoe coenacosanue npoexmos uxcupyem éxAIOUeHUe 8 OKOH-
4amenvHyIo ux pedakyuio Gueyp yiacmHukos 0o2080peHHocmell
Kkak 0603Haenue c1e008 cOBMeCMHOL DesimeabHOCTU.
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TIPOEKINO8 NAPMHEPOs NPOEKIMbL 8CeX YHACTHUKO8 8KAIOUAION. 8
cebs acnekmol, NPUHYUNUANLHO BAXCHbLe 05 KAKHc0020 U3 YHacm-
HUK08 napmuepcmead’.

AHanu3 npoekma co30anus meppumopuaibHo20 HAy4HO-Npax-
muueckozo kaacmepa CmynuHckoz0 MYHULUNAALHOZ0 PAllOHA
Mockosckoil obnacmu

Vuacmue obpasosamensvhulx yupescdenuil 8 nepeycmpoticmee
meppumopuil paccMOmpum HA Npumepe NPOeKMa CO30AHUA
HAY4HO-NPOU3B00CTBEHHO20 Kaacmepd «HIHHO8AUUOHHbE Ma-
mepuanbl L mexHoA02ul» Ha meppumopuu CmynuHcKo20 MyHu-
yunaavroeo paiiona Mockosckii obaacmu, npedcmasnennoeo K
o6cyxcdenuto @ 2014 200y.

BosHukHOBeHUI0 npoekma kaacmepa npedulecmeosano npose-
Oenue 30 HOsOps 2012 200a kpy2n020 cmoaa «ZJ0A20Cpo4HbLIL NLpo-
2HO03: 80MPOC POPMUPOBAHUA HAYUOHANLHOTL 3KCTIePMHOTL cemu
70 MPAHCNOPMHbLIM U KOCMUHecKum cucmemam». Kpyenuiil
cmoa 6via nposeder 8 pamkax IV MesxdyrnapooHozo popyma no
unmennekmyanvhoii cobcmeennocmu  «Expopriority  2012»
®I'BOY BIIO « MATH - Poccuiickuii 2ocydapcmeerHulil mexHoa0-
euneckuill yHugepcumem umenu K.D. I[uoaxosckoeo» (MATH)
cosmecmno ¢ HIY «Bolculas WKoAd IKOHOMUKU.

Coenautenue o compyoruyecmaee 8 004ACMU NPOZHOUPOBAHUSL
HAY4HO-MeXHO102UHeCK020 PA3EUMUA MPAHCTIOPTIIHBLX U KOCMU-
ueckux cucmem nozgoauno MATH cobpamb nya UHCMuUMymos,
6 komopulil sownu Poccutickuil HogwLil yHugepcumem (puauan @
2. Cmynuno), Mockoeckuil asuayuoHHbLl uHcmumym, cob-
cmeenno MATU (¢uauan e 2. Cmynuno) u Op.

IIpoepamma pazeumus HAY4HO-NPOU3BOOCITIBEHHO20 KAACITIEPA
[10] exatouusa caedyiouyio GOpMYAUPOBKY €20 MUCCULL
«Hayumo-mexnonoeuyeckoe u kadposoe obecneteHue pazgumis
HAYKOeMKOUL UHOYCMPUL MEMANAUMECKUX U KOMTOSUYUOHHBLX
mamepuanos u u3deautil Ha ux 0CHO8e, pa3pabomka 1 mpaucgep
nepedosblx mMexHoA02UTL 0451 BLLCOKOMEXHOA0SULHBIX Ompacell
TPOMBLULLEHHOCTIL.

B npoepamme npedcmagneno caedyiouee onpedeneHue:
«Hayuno-npousgodcmeenHolil kracmep «HMHHOBAUUOHHVIE Md-
Mepuanbl U mexHoA02UL» — MO MePPUINOpuUst 8blCOKOLL UHHO8A-
YUOHHOL akmueHocmu, 6a3upylowasncs Ha MOUHOM NPOMBbLUL-
/leHHOM TIOMeEHYUANe AKOPHBIX Npednpuamuil asuayuoHHoll u
MeMannypeuseckoll NPOMbLULLEHHOCTILL, BbICOKOM UHMeANeKME®
U pe3yAbMamueHOCMIL HAY4HO-UCCAe008aMeNbCKUX OpeaHU3ad-
yuil, npogeccuoOHANbHBLY, UHHOBAYULOHHO - MBICAAULUX KAOpaxX U
passumoil UHHOBAYUOHHOU uH@pacmpykmype». Lleau opeanu-
3ayUL KAACMepa OPUEHMUPO8arbl HA NPOU300CMEeH Y10 Jes-
MeAbHOCMb U XapaxmepHul 044 GOpMUPOBAHUS MEePPUMOPUL
UHHOBAYLLOHHO20 pa3sumus. B nepeuens yeseil 6bLAU 8KAIOHEHDL:

- paszsumue KOHKYPeHMHbLX NPeUMYULeCTNE peeuona;

- paspabomxka HOBbLX MAMEPUA/LO8 U MeXHOA02ULL 05 NPOU3-
600CTNBA NEPCNeKMUBHBLY A8UAYUOHHBLY 2a30MYpOUHHbLX 08U2d-
mesell U a8UALUOHHO-KOCMUHYECKOLl MeXHUKL HOBbLX NOKOAEHUIL;

- opmuposanle HAYHHO-MeXHUHECK020 3a0end OAsL 8bLIYCKA
KOHKYPeHMmocnocobHoil, kawecmeenHoll npodykyuu npednpus-
MUAMU-NOCMABUUKAMU;

- CMUMYAUPOBAHUE UHHOBAUUI U pa3eumue MexaHUu3mos
KOMMEPUUAAUIAYUL MeXHOA02UTL HA OCHOB8e COMpYOHU1eCmBa

® BulcOKUlL UHMeNNEKM HAYYHO-UCCAe008AMeNbCKUX OP2aHU3a-
yuil u3 npusedenHoeo Huxce cnucka onpedenen — OI'VII
«BHUWAM» u ®I'BOY BIIO « MATH» (¢ nynom UHCMUMYMOS).



TOM 2, BbIMYCK 2, 2021 | VOL. 2, ISSUE 2

MedH0y NpeOnpuUAMUIMLL, HAYLHLIMU U 06pA308aMeNbHbLMU Op-
2aHU3AYUAMU;

- codelicmeue mapkemunezy npodykyuu (moeapos, yciye), vl
nycKaemoil npednpusmuaml — y4acmnukami. KAacmepa u npu-
6/1€4EHUI0 PAMbIX UHBECTNULUITL;

- noevllleHue IPPekMUEHOCMIL CUCTEMbL POPecCUOHANb-
H020 00pa306aHUSsl, HA OCHOBE NPOZHO3A NoMpebHOCMell 8 K8AAU-
puyuposarnoil paboueil cue.

IIpednpuamuami. U OpearHU3AYUAML KAACTEPA PeaU3yIONICs
npuopumemuble 20cydapcmeentule 3a0ai no obecrneueHuio KO-
KYPeHMOoCnocoGHOCML CMPAHbL 8 004ACTU UHHOBAYUOHHBIX MA-
MepuUa06 U mexHoA02uill 045 agUAYULOHHOLL U KOCMUHECKOTL npo-
MbLULAGHHOCTMU, 0020MOBKLL 8bLCOKOK8ANUPUYUPOSBAHHBIX KaD-
pos, mparcgepy mexrono2uil 8 dpyaue cepbl IKOHOMUKU.

Pewenue o cosdanuu xaacmepa npunsmo 28 aseycma 2013
200a nymem noonucanus Memopandyma.

HHuyuamopbl co30anus kaacmepa:

OAO « Cmynunckas memannypeuieckas KOMnanus».

0AO «Hayuno-npousgodcmeennoe npednpusamue «A3pocuna».

OAO «CmynuHckoe MAUUHOCMPOUMEAbHOe NPOU3Bo0CmEeH-
Hoe npednpusmue.

Admunucmpayus CMynurckozo MYHULUNAALHOZO paiiona
Mockosckoil obnacmu .

@I'VII «Bcepoccutickuil Hay4HO-uccaed08amenvckutl uHCmu-
Mym a8uUAyUOHHbLX MAMEPUAN0E>.

®I'BOY BIIO « MATH» - Poccuiickuil 20cy0apcmeeHnblil mex-
Honoeudeckuil ynusepcumem umenu K.9 Lluoaxoeckozo».

B 2014 200y ¢ npedcmasumenamu UHULULAMOPO8 KAdCmepd
6vaa nposedena cmpamezuyeckas ceccus 8 2. CmynuHo, ocy-
wecmenennas AHO «O6sedunennas pabouas epynna no uHHosa-
yuam» (Epmowxun A.H., Topbynos J.B.). Buviau npogedenvl
Maxoce CMOMpbl UHHOBALUOHHBLX npoekmos (Tonybkoea JI.T. u
Jp.). B kauecmee npoexmoe 05 cMOMpPA UCTIONB30BAAUCH NPO-
exmul scumesetl 2. Cmynumo.

IIpu smom ungozpagdueckas modeasb npoyecca c0eAac08aHUSL
UHITIePeco8 8cex 3HAUUMBLX CMellKX040epos meppumopulL 8 npo-
exme QYHKYUOHUPOBAHUS IMOTL meppumopuu npuobpena caedy-
fowuil eud (puc. 11).

?j Hismectopss CHITT (1-7)

TIpOHZBOTHTENH TPOAYKITHE
TeppHTOopEH (1-7)
ObpazoBaTeTLHEEE
YIpeAJIeHHA TEpPHTOPHE
' ToTpefHTENH TEpPHTOPHE
ADEHCTpaHE (PeTHOHATEHAL,
MYHHIHENATEHAT) TEPPETOPHE
Teppuroprs TeppuTOpHa
HHH( 0 0

PA3BHTHA (OEL1A) PasBHTHA (€CTH)

Puc. 11. Ungozpaduueckas modeas npoyecca coenaco8anus uH-
mepecos 8cex 3HAUMBbLX CMelikx0.10epos
Meppumopuu 6 npoexme QYHKYUOHUPOBAHUS IMOTL Meppumo-
puu
Fig. 11. Infographic model of the process of coordinating the in-
terests all significant stakeholders
of the territory in the project of functioning of this territory

Ha nosuyuio 0CHOBH020 UHULUAMOPA U3MEHeHUS Meppumo-
pull  8blUAd MYHULUNAALHASL AOMUHUCTIPAYUS MeppUmopuL,
cpopmuposaguLee «20cy0apCmeenHO-4ACTHOe NAPMHepPCIneo 8
Peanu3ayiu npoepamm UHHO8ALUOHHO20 PA3BUIMLUSL 8bICOKOMEX-
HOM02UMHBIX U HAYKOEMKUX Tnpou3eodcme, npednpusmuil u
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opeanusayuu yuacmuukos Kaacmepa, obecnedugaroiyee ycmoii-
4UB0e COYUANLHO-IKOHOMUUECKOe passumue peeuona» [10]. O6-
pasosamenvhule yupexcOenHus meppumopuu 6vlau nepesedeHsl 8
nosuyuio obecnevenus kaacmepa kadpamu. IIpu smom obecneve-
Hue Ka0pamu 8KAI04UAO 08e 3a0adu:

- compyOHuuecmeo 6 ob6pasosamenvoll cepe, ceszanmoe ¢
10020mM06K01l Ka0po8 ¢ 8bLCUUM U CPeOHUM NPOPeCcCUOHANLHBIM
06pasoeanilem no CO2AACOBAHHBIM OCHOBHbLIM 00pazoeamesns-
HLIM NPOZPAMMAM, NPOZPAMMAM NPOPecCUOHANLHOTL nepenoo-
20MOBKL U NOBbLULEHUS K8AAUGUKAYUL CeYUAAUCITIO8 OPeaHL-
sayuil Knacmepa;

- 10020mMo6Ka 8blCOKOKBANUGPULYUPOBAHHBIX UHIHCEHEPHO-MeX-
HUYeCKUX U HAY1HBLX Ka0p0o8, COXPAHeHUe U pA38UMLLe NOMEeHY -
ana cyuyecmeyouux Hay4HbLX U NPOU3BOOCTNEEHHBLX KOANEKMU-
606 opeanusayuili Kaacmepa, pacwupenue koonepayuu Kax
6HYMPU CMPaHbL, MAK U HA MUPOBOM DbLHKe.

Ionvimka cpopmuposams 002080peHHOCU UHLYUATIOPOE CO-
30aHUS KAACTEPA C HUMEALMU Meppumopul (KoHeuHble nompe-
bumenu ycaye meppumopull UHHOBAUUOHHOZ0 PA3BUMUSL), TIOKA-
3aMHas Ha puc. 11 NyHKMUPHBIMU Cpeakamu, bblaa peaiuso-
6ama 8 npoyecce npoeederuemM CMOMPO8 HECKOALKUX 0ecimKos
aKon02uUecKl 6e30NACHbIX UHHOBAYLOHHBLX POEKINO8 dHcumenet
meppumopuu. Ha puc. 11 nokasana makdice nocaedosamens-
HOCMb NpogedeHUs C02AACOBAHUS TNPOEKMO8 CMmelikx010epos
meppumopuu:

1) AOmunucmpayus u MH8ecmopsl meppumopuil.

2) Admunucmpayus u Mneecmopul meppumopuu ¢ IIpousgo-
OJumenamuu npodyKyul meppumopuu.

3) Admunucmpayus, Uneecmopvr CUIIT (1-7) u Ipouseo-
Odumeau npodyKyuu meppumopui ¢ 06pas3osamensHulMi yupe-
JHCOeHUAMU MeppUmopuL.

4) Admunucmpayus, Mneecmopwl. CUIIT (1-7), IIpousgodu-
meAu npodyKyuL meppumoput, obpaszoeamenvrule yupexcoeHus
Meppumopul ¢ ¥UMmMeaLMu Mmeppumopul

Coznacosarue u noc1ed08ameAbHOCMb €20 peaAl3ayill no360-
AuAW c030amb 045 KAdcmepa CepsucHyio uH@pacmpykmypy u
obecnewums 80cnpousgoocmeo GyHkyuUll meppumopul UHHO8A-
YUOHHO020 paseumus, npedcmasentoe Ha puc. 11 obsedunenuem
NPOULA020 UL HACTOAULE20 COCTMOAHUA IMOTL Meppumopul, noka-
3annoe obsedunenuem 610ko08 «Teppumopus. UHHOBAYUOHHOZ0
passumus (6vi1a)» 1 «Teppumopus UHHOBAYUOHH020 PA3BUMUS
(ecmv).

Taxaa cumyayusa Auwuaa npoekm «HMHHOBAYUOHHbIE mame-
puansl U mMexmoi0eUU» 803MOMCHOCTILL NpeoOpasoeanus 6 UH-
MmenneKmyanvHelll Kaacmep, uHgoepaguueckas modeav npo-
yecca c0zAaco8anus UHIMepecos 8cex SHAHUMBbLX Cmelikxon0epos
Meppumopul 8 Komopom npugedena na puc. 10.

Kpome mozo, 6 2015 200y nepcnekmugHblil UHUYUAMOp €030a-
Hua kaacmepa - PIEOY BIIO « MATH» gouien ¢ cocmag Mockos-
CK020 ABUALUOHH020 UHCMumyma (MexHU4ecKoz0 YHU8epClU-
mema), 4mo UCKAIOHUAO0 803MONHOCTb Nepeycmpoticmea mep-
PpUmMOpULL UHHOBALUOHH020 PA3BUMUS 6 UHMEANeKMYAAbHYI0
Mmeppumopuio, NoCKOAbKy 8 cocmaee cmelikxon0epog npoekma
KAACmepa He 0CMa0Ch Y4AcmHUK08, COCOOHBIX K MAaKoll UHuU-
yuamuse.
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BBIBOJIbI

1) ITokasamo, wmo y COBpeMeHH020 YHUBepCUMemad ume-

10MCS 03MOHCHOCTLL 0715 POPMUPOBAHUS IKOA0ZUHHO20 UHITeN-
/leKMYaNAbH020 KAACMepa HA Meppumopul, Komopyo YHuseepcu-
mem cHabjicaem HAY4HLLMU pas3pabomkami. U conpososcoaent
Kadposuim obecneeHieM.

2) Hanudue uHmMe/leKMYanbHoe0 KAACTepa Ha Meppumo-

PULL CAYHCUM OCHOB0LL pa3gUMuUsL UHMEALeKMYAAbHOLL meppu-
MOPUL U MOJCEI CMAMb 0C2HOB0TL 014 NOBbLULEHUS YPOSHS UH-
MeANeKMYAAUSAYUL MePPUMOPULL.

IIpu gopmuposanuu cmpamezul pa3umus UHMeANEKIMYalb-
Holl meppumopuu 00AdcHbL GblMb YUImeHbL CYUjecmayioujie npo-
eKIMbL 8CeX 3HAMUMDBLX CMelikxX010epos Meppumopuu.
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ABSTRACTS

S.V. FEDOSOV, M.O. BAKANOV
METHOD OF « MICROPROCESSES» IN MODELING THE PROCESSES
OF THERMAL CONDUCTIVITY AND DIFFUSION IN BODIES
OF CANONICAL SHAPE. GENERALIZED BOUNDARY CONDITIONS
OF THE THIRD KIND

Key words: heat treatment, heat and mass transfer, plate, cylinder, sphere, "zonal"
method, "micro-processes" method, low Fourier numbers.

Most of the materials undergoing processing in the production processes of chemical
technology, from the point of view of the principles of geometry, can be reduced to tradi-
tional bodies of canonical shape: a plate, a cylinder, a ball. In the processes of heat treat-
ment of solid materials (heat-moisture treatment, drying, firing), the transfer potentials
(temperature, mass content) change significantly over the time of the process. To solve
boundary value problems of heat and mass (moisture) conductivity in such cases, the
"zonal" method and the "microprocess" method were previously proposed. The possibilities
of the "microprocesses" method applied to modeling boundary value problems of heat and
mass transfer for bodies of canonical shape under boundary conditions of the first kind (Di-
richlet conditions) were shown in the previous works of the authors. This paper presents an
illustration of the application of the "microprocess" method for solving boundary value
problems of heat and moisture conductivity under more general boundary conditions, con-
ditions of the third kind (Riemann-Newton). The great universality of these conditions lies
in the fact that, depending on the values of the Biot number (Bi), they transform into a
condition of the first kind (Bi tends to zero) or the second (Bi tends to infinity). It is shown
that the search for solutions in the region of small values of Fourier numbers (Fo <0.1) is
promising for modeling the processes of heat and mass transfer in systems with a solid
phase based on the method of "micro-processes". Solutions of the corresponding boundary
value problems are given and examples of the results of their numerical implementation
are shown

S.P. RUDOBASHTA
MASS CONDUCTIVITY DURING DRYING
OF BUILDING MATERIALS

Key words: drying, classes of dried materials, mass conductivity, kinetic calculation.

The paper considers classes of nonporous, capillary-porous and colloidal capillary-
porous materials as drying objects used in construction. The specific aspects of internal
mass transfer in them are analyzed. It is noted that the main coefficient of internal mass
transfer is the coefficient of mass conductivity (moisture diffusion coefficient). It is noted
that during drying, it significantly depends not only on the temperature, but also on the
moisture content of the material. The drying dynamics of materials using this coefficient
should be calculated by taking into account these dependencies. The lack of data on the
mass conductivity coefficient makes it difficult to apply mathematical methods for calculat-
ing the drying kinetics based on solutions of the differential equations of mass and heat
conductivity. It is indicated that the development of a zonal method for determining the
concentration dependence of this coefficient significantly facilitated the accumulation of
data on it. The paper gives examples of experimental data on the mass conductivity coeffi-

70



TOM 2, BBINYCK 2, 2021 | VOL. 2, ISSUE 2 YMHbBIE KOMNO3WTbI B CTPOUTE/IbCTBE
SMART COMPOSITE IN CONSTRUCTION

cient for drying materials of different classes. It also discusses the issues of kinetic calcula-
tion of the drying process of materials on the basis of theoretical mathematical models-
analytical and numerical, involving the use of data on the thermophysical characteristics
of materials. It is indicated that mathematical methods have now come to the fore in con-
nection with the general development of the drying theory, the accumulation of data on the
mass conductivity coefficient, the ubiquity of personal computers and the development of
efficient computing systems. To calculate the drying kinetics of materials with the correct
geometric shape, the zonal method is recommended, based on solutions of linear differen-
tial equations of mass and heat conductivity, applicable in narrow ranges of changes in the
moisture content of the material-as easy to use and providing sufficient accuracy for engi-
neering purposes.

V.V. BELOV, T.R. BARKAYA
PHYSICAL AND MECHANICAL PROPERTIES
OF NON-AUTOCLAVE ASH POROUS CONCRETE

Key words: non-autoclave gas concrete, fuel ash as filler, low-energy technology,
strength and deformation characteristics.

The work describes the principles of low-energy technology of non-autoclave porous con-
crete (NAPC) based on fuel ash. After closing with water and mixing in a conventional
mixer, the feed mixture is poured into molds or formwork, where it swells and then solidi-
fies under nor-mal conditions or with little heat treatment.

The use of NAPC with the same average density as conventional light concretes on roast-
ing aggregates for reinforced bearing structures can be justified by the close values of the
total porous steel and the associated elastic and deformative properties, as well as similar
working conditions of reinforcement in these products. At the same time, compared to gas-
ozone concrete, NAPC is advantageously characterized by greater stability of properties
during manufacture, lower consumption of ha-z-forming additives, and compared to con-
ventional light concrete — the absence of expensive large porous aggregates.

Strength and deformation characteristics of NAPC are determined both at short-term
and long-term active loads, which is the basis for further research on the use of this per-
special material in bearing and enclosing structures.

A.S. BALYKOV, T.A. NIZINA, V.V. VOLODIN, D.I. KOROVKIN
SELF-COMPACTING FINE-GRAINED CONCRETES
BASED ON HIGHLY FILLED CEMENT BINDERS
Key words: fine-grained concrete, highly filled self-compacting mixture, carbonate fill-
er, active mineral additive, fine sand, physical and mechanical properties
The paper discusses the development of modified fine-grained concretes of C20 to C90
compressive strength classes from self-compacting mixtures containing microcalcite, poly-
carboxylate superplasticizer, and fine quartz sand with a fineness modulus of 1.4, mineral
additives of microsilica, metakaolin and Penetron Ad-mix (if necessary). The work pro-
vides the results of the study of physical and mechanical properties of the de-veloped self-
compacting fine-grained concretes.
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S.V. FEDOSOV, V.N. FEDOSEEV, 1.A. ZAYTSEVA, V.A. VORONOV
THE HIERARCHY ANALYSIS METHOD IN BACKING EXPERT JUDGMENTS
OF CRITERIA FOR INCREASING THE ENERGY EFFICIENCY
OF AIR HEAT PUMP

Key words: hierarchy analysis method, energy efficiency, air source heat pump.

The article substantiates the expediency of using the hierarchy analysis method as a
mathematical tool for forecasting a systemic and necessary approach for analyzing com-
plex problems using managerial decision-making. In this study, the hierarchy analysis
method is implemented based on the expert assessment method, in which the respondents
are experts — specialists in a particular area of expertise. The main purpose of the expert
assessment method is to identify complex aspects of the problem under study, to improve
the quality of information and conclusions. During the study, a group of independent ex-
perts was formed, through an individual survey, criteria for improving the energy efficien-
cy of an air heat pump were determined. The expert substantiation of the thermophysical
properties of the coolant, the working fluid, the environment made it possible to conduct an
objective mathematically substantiated comparison and calculation of the priorities of the
variants of the analyzed models of the air heat pump.

L.A. OPARINA
APPLICATION OF INFORMATION MODELLING TECHNOLOGIES
FOR CONSTRUCTION TIME MANAGEMENT

Key words: construction, information modelling technology, Building Information
Model, construction time, time schedule, arrow diagram.

This article concerns with construction time management through the use of infor-
mation modelling techniques. The author shows the factors of managing the construction
time. It is very important to manage construction time at the earliest stages of the life cycle
of construction projects. Participants in investment and construction projects should have
the goal of managing the construction time. The article describes the software to manage of
construction time. The author shows a diagram of the organization of design and construc-
tion processes using information modeling technologies. The innovation of the author’s ap-
proach is in the systematic approach to the management of construction time, which in-
volves not only the use of information modelling technologies, but also the construction
project management changing, namely: the customer's involvement into time scheduling
processes, implementation of project management, information modelling.

V.M. DUDIN, A.E. OKUTIN, N.S. SMEKALOV
IMPROVING THE SAFETY OF ASPHALT PAVEMENT

Key words: asphalt concrete coating, winter maintenance, safety, anti-icing additive in
asphalt concrete, basic properties of asphalt concrete.

In winter, there is an intense icing of the surface of highways, which leads to a deterio-
ration in road safe-ty. To ensure safe movement, winter maintenance measures are used -
treatment of the pavement surfaces with chemical reagents, which can cause damage to the
environment. To reduce the negative impact of reagents and ensure road safety, it is prom-
ising to include anti-ice additives in the composition of asphalt concrete, which leads to the
melting of ice on the surface or to reduce the adhesion of ice to asphalt concrete, which can
be removed by snowblower brushes. The proposed work deals with the influence of technical
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salt on the basic properties of asphalt concrete, with partial or complete replacement of
mineral powder in the crushed stone-mastic asphalt concrete mixture.

A.I. MOKHOV, L.A. MOKHOVA
MODELING THE RESEARCH DIRECTION IN THE CONSTRUCTION
OF A MODERN UNIVERSITY: PART 1

Key words: alternative research, innovation, innovation territories, environmental
smart clusters, scientific research, complex engineering, technoscience.

The article shows how a modern university focuses its scientific and educational activi-
ties on the development of the territory, the jobs of which this university provides with per-
sonnel. The approach to the formation of the pool of scientific research of a modern univer-
sity is considered. To structure promising scientific research, the development of the territo-
ry served by the university's activities is simulated using complex engineering. An info-
graphic was used to improve the visibility of the functioning of the obtained models. The
development of territories is determined primarily by the steady functioning of its infra-
structure. The applied approach allows to form models of interaction of stakeholders inter-
ested in intellectual development of the territory. The model of creating an intelligent clus-
ter is considered. The article presents an example of the formation of the territory of inno-
vative development with the scientific and technological cluster of the Stupinsky municipal
district of the Moscow region. The possibility of developing an intellectual territory using
an environmental smart clusters is concluded
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HMHOOPMAITHA JIJII ABTOPOB

Pedaxyus cmpozo npudepycusaemcs HOpM U NPasUL MeXcIYHAPOOHOIL MyOAUKAYUOH-
HOTL IMUKU.

IIpasosyto ocHo8y obecneveHUss NYOAUKAYUOHHOLU IMUKL COCMABASIOM Medt0YHAPOO-
Hule cmaHndapmol: noaoxcerus II Bcemuproil koH@eperyuu no eonpocam cobaodeHus
JdobpocosecmHoCcmMU HAYYHBLX UCCAed08aHULlL, noaoxeHus Komumema no amuke Hayu-
Howx nybaukauyuil (The Committee on Publication Ethics - COPE) u Hopmbl pa3dena «Ae-
mopckoe npago» I'pasxcdarckozo kodekca PO.

IIpedcmasnenue cmamul 8 %cypHaa nodpazymesaem caedyiouee:

- paboma He b6vL1a onybAUKO8aAHA patee 8 OpY2OM KHCYPHANE;

- He HaX00UMcs HA pACCMOMpPeHUL 8 OpY20M dHypHAe;

- 8Ce COa8MOpbL CO2AACHDBL ¢ NYybAUKAYLell cTambl;

- NoAYy4YeHO coenacue (8 A6HOU UAL HesLBHOLL opMme) opeaHu3ayul, 8 KOmopoil 6vLao
nposedero uccaedosarue.

IIpu npedcmagneHul pyKONUCU 8 HYPHAL asmopbl 00AxHbL Ybedumubcs, umo ece yu-
MUpo8anust 0opmaeHvl KOpPPeKMHo, YKa3amvl 3aUMCMB08AHHbLE UCTNOYHUKL 8 nodnu-
CAX K pUCyHKam u Haonucam mabauy, Ecau makoevle He npugedetsl, npednoadazaemcs,
umo pucyHku u mabauysl npedcmasasom coboil naod asmopckoil desmenvHocmu. Pe-
Jaxyus ocyujecmensem npogepky cmameil Ha AHmMunidazuam.

Aemopckue npasa

Agmopbl, Hanpagaaoujue c60U pabomol 8 HCYPHA, CO2AAUAIOMCS CO CAeDYIOUUM:

1.Aemopbl coxpausiom 3a coboil asmopckue npasa Ha pabomy u npedocmagasion
HYPHALY NPABO nepeoll nybaukayul pabomul.

2.Aemopul coxpanaom npaso 3axai0uams omaoenvHble KOHMpakmuuvle 002080peHHO-
Cu, Kacaoujuecs He-IKCKAI3UBHO020 pACNPOCMpaHeHUs gepcul pabomol 8 ony6-
AUKOBAHHOM 30ecb 8ude (Hanpumep, pasmewjeHue ee 8 UHCMUMYMCKOM XPaHU-
Aule, nybauKayulo 8 KHuUze), co CCbLIKOIL Ha ee OPULUHAALHYI0 NYOAUKALUIW 8
Imom JHypHase.

ITIpusamnocmu

HmeHa u adpeca 31eKmMpPOHHOL nNowmsl, 88edeHHble HA calime Imoeo HypHaad, 6ydym
UCNOAb308AHBL UCKAIOUUMEAbHO 048 yeell, 0003HAUeHHbLX HCYPHAAOM; OCTYN K HUM
UHBLX AUY, U OpeaHu3ayuil 044 Opyaux yeneil He npedocmagasemcs.

OCHOBHEIE IIPABUJIA OPOPMJIEHIA CTATEN

B scyprane «Ymuule komnozumsl 8 cmpoumenscmee» / «Smart Composite in Construc-
tion» newamatrmcs pabomul npenodagameeil u COmpyOHUKO8 8blCLLUX YueOHbLX 3a8ede-
Huil P®, PAH, PAACH, dpyeux uccaedosamenvckux nodpazdenenutl, pabomarnuux 6
cepe NPOMBLULAEHHO20 U 2pAHCOAHCKO20 CTPOUMEAbCTBA U APXUMEKMYPbl, 8 MOM YUC-
ne 6 cmpanax cmpan CHI 1 3a pybexcom.
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Pybpuxu sicypHana

05.23.01 CmpoumenvHole KOHCMPYKYUL, 30AHUSL UL COOPYHCEHUSL

05.23.05 CmpoumenvHole mamepuansl U u3deaus

05.23.11 IIpoekmuposatue U CMpoumneascmao dopoz, MemponoAUmeHo8

05.23.19 Dronozuteckas 6e30nacHoCms CMpoumeabemea u 20po0dckozo xo3dticmea

05.23.21 Apxumexmypa 30aHuil u coopysxeruil. Teopueckue KOHUenuuu apxumex-
MYpHOIL DesamenvHocmu

Cmampou, Hanpaeasembvie 6 HYPHAA, O0ANHHbL Y006.1€MEOPAMb CAEOYIOUUM
mpebosaruam:

1. Paboma doasHa coomeemcmeosams npoguaio xypraaa, 064a0ams aKmyaivHo-
cmulo, HOBU3HOL, UMemb NpukaadHoe 3HaveHue (U/UAlL meopemudeckoe 000CHOBAHUE).
Bonpoc 06 onybaukogaHuu cmamul, ee OMKAOHeHUU peuiaem pedakyUOHHASL KOANe2US
HCYPHANA, U ee pelleHUe A8/19eMmCl OKOHYATeAbHbIM.

2. Cmamovu 0o HbL NpedcmasAimy CHAMOe, KOHKPEMHOe U3A0NEHUE NOMAYUEHHBIX
asmopom pe3yavmamos, be3 nogmopeHus 0OHUX U meX e OAHHbLX 8 MeKCMme, PUCYHKAX
u mabauyax.

3. Bce npedcmasgaerHvle cmambvll 00AXCHBL 6blmb 10020mosAeHbl 12 Keznem, wpugpm
Times New Roman, unmepean 1.1. Ilons: eepxHee U HUd¥cHee — 3 CM, /1e80e U npasoe — 2.5
cm. Absaynuiii omemyn - 0,75 cm. Obsem cmameu — 6-15 cmpanuy, 6KkA04As CNUCOK
Aumepamypel, mabauyst (He 6osaee 3, wWupuHa 8 cm) u pucyHku (He b6osee 5, 043 0630p-
Holl cmamuwu — He 60ee 8, WupuHa 8 cm), 8 MOM HlUCAe NoMeHeHHble OyKeamu a, 6 u m.o.
Pucynku opopmasiomes 6e3 pamox u pasmewsaromes, Kak U noonucu K Hum, mabauysl u
3020/108KUL K HUM, NPUMEUAHUS, CMPO20 No mekcmy cmamull. B pazdea «0b3opHele cma-
MblL» NPUHUMAIOMCL Mamepuanvl obsemom om 25 do 30 cmparuy.

4. IIpu ogopmaenuu cmamoll pekomerdyemcs usbezame ynompebaeHus A106vlx co-
Kpaweruil, kpome obwenpunamuolx. IIpu nepeom ynoMuHAHUL COKPAULEHHO20 TePMUHA
0643amenvHO NpUoOUMCs e20 pacuuugposka 8 noAHom eude. PykonucHvie 8cmasku He
donyckatomcs. Kagviuku ogopmasiomes enoukoii. Tekem Habupaemcs b6e3 Hymepayuu
cmpanuy,.

Cmpyxmypa cmamou

Ha nepeoil cmpanuye pykonucu c1eea npocmagasemcs uHoekc no yHueepcaavHoil de-
camuunoil kaaccugukayuu (VAK, wpugdm 10 nm, npamoti, Verdana, 6e3 omcmyna. Ilo-
cne YK nponyckaemcs cmpoka, daemcs HaumeHosaHue pabomul no yenmpy (wpugpm 12
nm, npamoti, NoAYHUpHbLL, ece 6ykevl nponucHule, wpugm Verdana). Hudice no yenmpy
- uHuyuansl, pamusus asmopos (wpugdm 11 nm, kypcus, Verdana, noayxcupHetil). Ilo-
c/le amunuil asmopos ykasvleaiomcs ux mecmo pabomol: nodpasdenetue U HA38AHUE
opearusayuu, noumosulil adpec (wpugm 10 nm, xypcus, Verdana). OmadenwvHoil cmpokotl
YKa3vleaemcs 31eKmpOoHHbLiL adpec asmopos (kypcus). Janee uepe3 unmepean (1 cmpoxa)
pasmewjaemcst annomayus (150-200 cno8, 8vlpasHugatile no WupuHe, pasmep wpugpma
10 nm, xypcus, omcmyn caesa 0.75 cm, wpugdm Times New Roman). Ilocae anHomayuu
u unmepsana (1 cmpoka) NOAYHCUPHLIM WpUPMOM KYpcugom Habupaemcs Knaiouegvle
cnosa u npugodsam wpugdmom Times New Roman pasmepom 10 nm 5-8 crosocouemanuil
(He Kypcug), 6e3 mouKU 8 KOHUe.
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3amem caedyem mekcm cmambll, 8 KOMOpOM Hepe3 UHMEeP8as 8bl0eAAI0MCs pa3denvl:
Bgedenue, Dkcnepumenmanvhas yacms, Pesyavmamut u ux obcyscdenue, Buigodel (8 06-
30pHOlL cmamuve evldensiomcs Beedenue, Hasganus nodpaidenos Kypcusom, Buigodwl).
Cmamusa 3akandueaemca pazdenom Jumepamypa. OnmumanvHoe KOAUUECTE0 YUMUPO-
BAHHBLX UCTMOUHUKO8 om 15 Jo 20, KHcenamenavHO 8KAIOUUMb He MeHee 3 pabom, 8x005-
wux 8 bazvl WoS/Scopus. B 0630pHbLX pabomax NpUHUMAOMC cCblaku Ha 50-80 ucmou-
Huxoe. ITod cnuckom aumepamypHulX UCTMOYHUKOE Yepe3 UHMepsan CAeéa Kypcusom
npusodsamcsa caosa: Ilocmynuaa 6 pedakyuio, Ha caedyioweil cmpoke: Ipunama x omny6-
AUKOBAHUIO.

5. B adpec pedaxyuu, Kkpome 3/1eKMpPOHHO20 8APUAHMA, HANPABAAOM 1 IK3eMnAap
cmamoel 8 pacnedamanHom eude ¢ NOONUCAMU 8cex asmopos nocae caoe Ilpunama x
onyb6AUKOBAHUIO.

dopmam

Pedaxyus npuHumaem mekcmol, cOXpaHeHHbvle 8 npoepamme Microsoft Word e ¢op-
mamax .doc uau .docx. Mamepuanvl, He coomeemcmayoujue 8blUleyKa3aHHbIM mpebo-
8AHUAM, HE pACCMAMPUBAIOMCA.

Ogopmaerue aumepamypHslX CCbLAOK

Bce pycckos3vluHble AUMEPAmypHble UCMOYHUKL 00AMCHBL 6bLMb YKA3AHbL HA AH2AUT-
ckom f3vike. VI30anus, Komopvle He nepegodamcs, HeobXxoo0umo ykazames mpancaumepa-
yueil 8 coomeemcmsul ¢ 06WeNnpUHAMBIMU MeHOYHAPOOHBIMU NPABUAAMU, 8 KOHUE
Kaxcdoeo makozo UCmMoO4HUKA O0oAXCHA cmosams nomemka (in  Russian) (cm.
http://www.cas.org/expertise/cascontent/caplus/corejournals.html).

Jas scypranavroll cmamou 004%CHUL 6blMb YKA3aHbl GAMUAUL U UHUYUAALL 8CeX
asmopos, Ha3eaHue cCmamoll, COKpauleHHoe HA36aHUe HYPHAAA, 200, HOMep momda, Ho-
mep uau ewvinyck, duanason cmpanuy u DOI (npu wHaauwuu), Hanpumep, DOI:
10.6060/2012.01.01.

Cculaku HA cmambU U3 UHOCMPAHHBLX UCTIOYHUKOE:

1 ®amuauas HN.0. (anen.), 2 damuaus H.0. (anen.) HassaHue cmamol
(anen.). Hazeanue xcypHana (auen.). I'od. Tom (V). Homep (N). Juanason cmpauuy
(nanpumep, P. 465-472). DOI (nanpumep, DOI: 10.13655/1.6.1234567).

CcblAKU HA cmambl Ha PYCCKOM 3blKe [nepesod HA aH2AUILCKUIL]:

1 ®amunusa HU.0., 2 ®amuaus U.0. Hassanue cmamovu. Hazeanue xypuana. I'oo.
Tom. Homep. Juanason cmpauuy. [1 Familia 1.0., 2 Familia 1.0. Ilepesod Ha3saHus
cmamou. Oguyuanvioe HA38aHUe HA aAH2AULCKOM A3bike/Tpancaumepayus HA38AHUS
ascypHana. I'od. Tom (V). Homep (N). Juanason cmpanuy, Hanpumep: P. 17-23 (in Rus-
sian)].

CcolaKu Ha MOHO2PADUU HA UHOCTPAHHOM A3blKe:

1 ®amusua U.0. (auean.), 2 Pamunus U.0. (anea.) Hazeanue knueu (anen.). Homep
nepeusdanus. I'opod (amen.): Hsdamenvcmeo (auen.). I'od. Obuiee uucao cmpauuy
(nanpumep: 372 p.)

Ccolaku Ha MOHOZpAd UL HA PYCCKOM A3biKe [nepe8od Ha aHzAulicKuil]:
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1 ®amunus U.0., 2 @amuausa U.0. Hassanue mornozpaduu. I'opod: Hzdamenvcmso.
T'od. Obwee uucao cmpanuy (Hanpumep: 456 ¢.) [1 Familia I.0., 2 Familia I.0. Ilepegod
HA38aHUSL MOHOZpAQUU HA aHea. A3blK. Gorod: Izdatelstvo. God. 456 p. (in Russian)].

Ccolaku HA UHMepHem-pecypcolL:

Haseanue mamepuana Ha catime [caiim]. Hazseanue caiima; 2016 [06Ho8aeHO 19 0k-
msabpsa 2016; npoyumuposaro 30 okmsabps 2016]. JJocmynwo: http://www.example.ru

IIpumepteL opopmaenus CCHLAOK Ha AumepamypHule UCTMOYHUKL

Jlumepamypa

1. Prokof'ev V.Yu., Razgovorov P.B., Gordina N.E. The adsorption of undesirable
impurities from sunflower oil the granulated sorbents based on caolin clay. Int. J. Food
Eng. 2014. V. 10. N 4. P. 713-720.

2. Paszoeopos II.B., Cumanos C.B., Ko3noe B.A. H3yuenue 83aumodeiicmsus HeKo-
MOpblX 3aMpPAaouHbIX MAMEPUANO8 U CAOHCHOIPUPHOT cocmasatoueli 60CKono0o0OHbLX
geujecme. 13s. 8y308. Xumusa u xum. mexnonoeus. 2002. T. 45. Buin. 1. C. 34-37.

3. Paszosopos I1.B., Cumanoe C.B. Dxcnpecc-aHaau3 60CK08 8 pacmumenbHulx Mac-
aax. Macaoxcup. npom-cmo. 2009. Ne 3. C. 21-23.

4. Paseogopos IL.B., T'opwkos B.K. TexHonozuueckoe 060opydosanue ompacau: pac-
uemul 8 MACAONHUPOBLLX npousgodcmeax: y4eb. nocobue. HMeanogo: Meaw. 20c. XuM.-
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