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KOHTPOJIb CTOMKOCTHU MIUITMEHTOB IIBETHOU BYMATH
K Y®-OBJYUYEHUIO METOJ0M LIU®POBOU IBETOMETPUU
C IIOMOIbIO CMAPT®OHOB

O.b. Pyoaxoe*, M. Aooyo, /I.T. Mamwxun
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N3yueno Bimusinue YO - 00iydeHHs] HA CTOUKOCTH IIBETAa JBYX HAOOPOB I[BETHOW OyMaru IJis
JIETCKOTO TBOPYECTBA C MPUMEHEHHEM cMapT(OHOB ¢ omnepanroHHbiMu cucteMamu I0SuAndroid.
YcranoBneHo, 4to B TeueHne 60 MuH Y@ - obiaydenus 6ymaru (MCKyCCTBEHHOE CTapeHue) Hadlio-
JaeTcsi I3MEHEHHe apaMeTpoB LBeTHOCTH B MoJienn RGB oT HeckonbKUX MPOIEHTOB /10 =2-X pas,
MIPY 3TOM MHTEHCUBHOCTh KOMITOHEHT IBeTHOCTH R, G m B jyist BRIOpaHHBIX 00pa3IioB OymMaru ms3-
MeHsieTcsl MO0 cUMMOATHO, MO0 pa3HOHANPABIEHHO, PACTET WM MAJaeT, HO B L[EJIOM HU3MEHSETCS
HEJIMHEIHO, TT0TOMY 11eJIeCO00Pa3HbIM M3MEPATh MHTErpajbHbIE MOKA3aTeld, a UMEHHO COOTHO-
IIEHUs] OTHOCUTENBHBIX CyMM MHTEHCUBHOCTEH Fr, Fg u Fp oT Bpemenu obmydenus. [[ns peruct-

paruu 1 00paboTKu CHUMKOB Hcnoib3oBaiu 6ecruiatHoe [1O Color Detector.

Knrwoueswie cnoea: nudposas nseromerpus, cMapthoH, userosas mojenbs RGB, uBernas Oy-

mMmara

CONTROL OF THE RESISTANCE OF COLORED PAPER PIGMENTS
TO UV IRRADIATION BY DIGITAL COLOROMETRY USING
SMARTPHONES

© Pynaxos O.b., A66yn M., Martoxun /I.T., 2023
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Voronezh State Technical University
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The effect of UV irradiation on the color fastness of two sets of colored paper for children's
creativity using smartphones with iOS and Android operating systems has been studied. It was
found that during 60 minutes of UV irradiation of paper (artificial aging), a change in the chroma-
ticity parameters in the RGB model is observed from several percent to =2 times, while the intensity
of the chromaticity components R, G and B for the selected paper samples changes either symbati-
cally or in different directions, increases or decreases, but in general It changes non-linearly, there-
fore it is advisable to measure integral indicators, namely the ratio of the relative sums of the inten-
sities Fr, Fg and Fg from the irradiation time. To register and process the images, we used the free
Color Detector software.

Keywords: digital colorometry, smartphone, RGB colormodel, coloredpaper

TpyaHo HaiiTH Ty 00JaCTh AOLIKOJIBHOTO, IIKOJIBHOTO, CPETHETO CIIELMAIBHOTO U
BBICIIIETO 00pa3oBaHuMs, T1ie Obl HE UCIIONIb30BaTach Oymara. JIocTaTo4HO MPOYHBIN U
BMECTE ¢ TeM yJI0OHBII B paboTe MOAEIOUHbIN MaTepral — IBeTHas Oymara ujaeaib-
HO TIOJIXOJIUT JUIsl IETCKOTO TBOpuecTBa. Jla u ydamumecss o6pa3oBaTeIbHBIX yUpexk-
JCHUH XYJ0’KECTBEHHOTO U AM3aifHEpCKOro mpouist ¢ yI0BOJLCTBUEM paboTaloT C
Oymaroi, BeJlb U3 Hee MOKHO CO3/aBaTh BCAKHE TOJCIKH U MAaKEThI, IPUYEM JeNiaTh
HecnokHO. HyXHO oTMeTuTh, 4To paboTaTh ¢ OymMaroil He TOJILKO MHTEPECHO, HO U
nose3Ho. Paspesas, crubas, ckienBas Oymary, peOCHOK MPOU3BOJIUT AehcTBUs, OJa-
rojgaps KOTOPBIM pa3BUBAETCs €ro KUCTh. K ToMmy ke pabora ¢ Oymaroil moyioxu-
TEJLHO CKa3bIBACTCS W HAa TBOPYECKOM PAa3BUTHH peOEHKa, pa3BUBAET €r0 BKYC H
qyBCTBO I1BeTa. Cpenr 0COOEHHO MOMYJSPHBIX BUAOB JETCKOTO TBOPYECTBA MOMXKHO
Ha3BaTh MOJEIKA U3 OyMaru — anmIdKaii, OpuraMu, COOpHbIE KOHCTPYKITUU, 00b-
eMHbIe TIofienku u3 Oymaru [1]. Takum oOpa3om, 1iBeTHas Oymara SBJISICTCSI BOCTpe-
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OOBaHHBIM KAHIIEISIPCKUM TOBAPOM, K KOTOPOMY HEOOXOIUMO MPEABIBIATEH OMpee-
JeHHble TpeboBaHusl kadecTBa M Oe3zomacHocTH. Tak, cormacHo ["OCT25779-90,
[[BeTHas Oymara OTHOCUTCS K U3JEIUSM KYyJIbTYpPHO-OBITOBOrO, yueOHOTO Ha3zHaye-
HUS 1, B YaCTHOCTH, K urpymkam. [1o TpeboBanusiM 6€30MacHOCTH B IBETHOW Oymare
HOPMHUPYETCS COACPIKAHUE CYPbMbI, MBIIIbsIKA, Oapusi, KaaMus, XpoMa, CBUHIIA, PTY-
TU U cenieHa. Hao 0oTMeTUTh, YTO 3TH 3JIEMEHTHI MOTYT BXOJIUTh B COCTaB HEOpPraHU-
YEeCKUX MUTMEHTOB. Bcero myisi okpacku Oymaru B CpeHHE€ M MHTCHCHBHBIE TOHA
tpedyercs ot 0,2 1o 1 % maccel Oymaru.

KauecTBO OKpacku KOHTPOJIMPYETCS SKCHEPTaMU BU3YaJbHO MO 0Opaslam cpas-
HeHusa. Bmecre ¢ Tem, B MOMOIIb SKCIIEpTaM MOTYT IPUITH COBPEMEHHBIE pa3padoT-
K B 00JacTu U(ppoBOi 1IBEeTOMETpUU. B 3TOM MeTo/ie B KauecTBe aHATUTHUYECKOTO
CUTHAJIa UCHOJIb3YIOT MapaMeTphbl LIBETHOCTH HU(POBOro U300pakeHus, MOITydEHHO-
ro B pe3yibrare pororpadupoBaHusl WU CKAHUPOBAHUS aHAIM3UPYEMOTO 00pasIa.
Tak, u3BecTHO MpuUMeHeHUe UGPOBBIX (HOTOAIMIAPATOB U CKAHEPOB B OIMpPEICICHUU
MapaMeTpoB I[BETHOCTU Oymaru [2, 3], B HAcCTOsIIIIee BpeMs CTalld aKTUBHO MpPUMeE-
HATHCSI CMapTHOHBI IS PEIICHUS aHATUTHYECKUX 3a71a4 METOJ0M ITU(POBOI I[BETO-
Metpuu [4-7]. CmapThOHBI UMEIOT AOCTATOYHO MPOABUHYTHIE HIU(PPOBBIE (POoTOKame-
PBI, OTIEPALIMOHHYIO CUCTEMY, B KOTOPOH MOKHO Pa3MECTUTh MPUIIOKEHHS 110 o0pa-
00TKe IIBETa MOJYYCHHBIX U300paXE€HUM, OHU TO3BOJISIIOT MepeaaBaTh HHHOPMAIIUIO
4yepe3 MHTEPHET, UYTO JaeT BO3MOKHOCTh BBITMOJHSATH aHAIN3, KaK B CTAIlMOHAPHBIX
YCIIOBUSIX JIAOOPATOPHH, TaK U B «IIOJIEBBIX YCIOBUAX», BHETAOOPATOPHO — B MECTAX
pereiiia, XpaHEHUs U UCIIOIb30BaHUS MPOAYKIIUH.

[enpro gaHHOM pabOTHI CTAIO U3yYEHHE MPU MOMOIIM cMapT()OHOB mapamMeTpoOB
1BeTa Oymaru ¢ pa3Hoil okpackoil u Bausiuue Y@ - o0iydeHus: Ha 3TU napameTpsl. B
paboTe ucrnosb3oBaHa OyMara OT€YECTBEHHBIX NMPOU3BOAUTENEH, CMAapTHOHBI C Ore-

parronHoi cucremoit iI0S u Android.
IDKCHEePUMEHTAIbHAS YaCTh

I[JISI HN3MEPCHUSA ITapaMETPOB OIBCTHOCTHU 06p33HOB 6YMaFI/I HCITIOJIB30BAJIN IIBETO-

By10o Mozenb RGB. O6pa3upsl Oymaru B Teuenue ot 5 1o 60 MuH oOayyanu yapTpa-
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¢duonerom namnoii kBapueBoi gammnoi «OYDK-09», ycraHOBIEHHOI Ha pacCTOSHUU
150 MM oT Oymaru, Ha 3TOM K€ PacCTOSHUU TOTydaau nudpoByro GoTorpaduio Oy-
Mard. B kadecTBe peructpupyromux yctpoiicts BeiOpanmu Apple iPhone 7, oneparu-
onHas cucreMa 10S, rpaduueckuii nmpoueccop Apple A10 Fusion (4 sapa, 2 u3 KoTo-
pbIX pabotaroT Ha yactote 2,34 ['Tu, 64-6utHas apxutekrypa ARMvE-A), kamepa
12 Mm, Buzmeo 4K, a takxcke REAL ME C 35, onmepaumonnas cucrema Android,
Unisoc Tiger T616, yactota 2000 MI'1i; koaudectBo saep 8; Buaeomnpoieccop Mali-
G57. Il peructparnuu u o0paboTku CHUMKOB uctosib3oBamu 6ecrutatnoe [10 Color
De-tector, pasmep 3,9 MO, paspaboruunk Raimon gasparfernandez. IlBeTHyto
Oymary2-x TMpOU3BOAMTENCH NpuoOpenu B TOproBoil cetu: 1 - Oymara uBeTHas
JIBYXCTOPOHHSIS JJIsl IETCKOTO TBOpuecTBa, n3roroBuresib OO0 «Xarbep M», TOCT
25779-90; 2 - uBernas Oymara mnpoumsBomutens OO0 <« JIXIIBID», TY
5463-004-79131142-2012. CbhemMKy NpOBOIWIM MPU HCKYCCTBEHHOM OCBEUICHHH,
300 mrokc. [l HUBeNUpoBa-HUS MOTPENIHOCTEH, OOYCIOBJIEHHBIX HE TOJHOU
UICHTUYHOCTBIO YCIOBUH CBEMKH, PETUCTPUPOBATH OTHOCUTENBHBIC IMapaMeTphI
[BETHOCTU. /{7151 9TOTO BBHIOpANM B Ka-4eCTBE 3TajlOHa CPaBHEHUSI HEOOIYYCHHYIO
oenyro Oymary («Cuerypouka», 'OCT P MCO 9706-2000, npousBoautenr OAO
«Moau CJIIIK») mapamerpsl nBetHoctd (Re, G¢ um B), KoTOpoii ompenensiu

napauieiabHoO.

Puc.1. Bymara nBetHasi AByXCTOPOHHSIS ISl IETCKOTO TBOPYECTBA,
m3roroButenb OO0 «Xatdbep M»
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Pe3yabTaThbl U UX 00CyK/IeHHE

CTOMKOCTB LIBETA, OYEBUIHO, 3aBUCUT OT XUMUYECKON CTPYKTYpPbl MUTMEHTOB, X
COUETaHUA U CTA0MIM3UPYIOMUX 1BET J00aBoK. [Ipn YO - o6myyeHuu oOpasyrorcs
MHTEPMEIUAThl C Pa3HbIM COMPSKEHHEM XPOMOGOPHBIX T'PYMI, YTO OTpakaeTcs Ha
nBere Oymaru. KoHTponupoBaTh CTOWKOCTH IIBeTa Oymaru mno M3MEHEHHIO WHTEH-
CUBHOCTH OT/IENbHBIX KOMIIOHEHT IIBETHOCTH HE NPEJICTaBIIACTCS HaMH I€Ieco00-
pa3HbIM, Hanbosee MHGOPMATUBHBI MHTETPANIbHBIC MOKA3aTeIH, a UMEHHO COOTHO-

MCHUA OTHOCHUTCIIBHBIX CYMM WHTCHCUBHOCTEH FR, FG )51 FB OT BPCMCHHU 06Hy‘le-

uus (1).

F,CyM:(FR+FG+FB)/(FRCT+ FGCT+FBCT):f(T)9 (1)

rae Fi— MHTEHCHUBHOCTH I-H KOMIIOHEHTBHI I[BETHOCTH, a Fi,, — MHTEHCHBHOCTH I-if
KOMITOHEHTHI LIBETHOCTH 00pa3la cpaBHEHUs — Oesiol Oymaru, He nojasepruieiics YO
00JTy4eHHUI0, 3apETHCTPUPOBAHHON B OJMHAKOBBIX YCIOBHUSAX C aHAM3HPYEMBIM 00-
pasom. CMapTdoHsI ¢ onepannoHHon cucremoit iI0S u Android mokaszanu cXomHbIC
TpeHABl B M3MCHEHUH IBeTa Oymaru mpu obmydeHnn YD - cBeTOM, T. €., BO BCEX
CiIy4yasix CyMMapHasi OTHOCUTENbHAs HWHTCHCHUBHOCThH IIBETAa, M3MEpPEHHas JByMs
cMapThoHAMH, U3MEHSIETCSI CHMOATHO, OJTHAKO IIBETONEpeaya HECKOIbKO OTINYAET-
ca. Pasauna mexnay 3HaueHUAMH AR’ =Fcy0)-F cym(s0), TOydEHHBIMU ¢ TIpUMEHE-
nueM 1iPhone 7 u REAL ME C 35, xapakTepu3yronmu cTeneHb U3MEHEHHS 1[BeTa 3a
Bpems o0nydeHust t=60 MuH, KaKk BUJAHO U3 Ta0d. 1 U 2, He MpeBbIIIAeT, KaK MPaBuio,
+10%. YcranoBieHo, 4to B TeueHue 60 Mmun Y@ - obiyuenus: Oymaru (MCKyCCTBEH-
HOE CTapeHue) Habo1aeTcss U3MEHEHNEe TapaMeTpoB IIBEeTHOCTH B Monaenu RGB ot
HECKOJILKHMX TIPOIIEHTOB JI0 ~2-X pa3, MPH 3TOM HHTCHCHBHOCTh KOMITOHEHT I[BETHO-
ctu R, G u B a5 Be1OpanHbIX 00pa3iioB Oymaru u3mMeHsieTcst 1m6o cuMOaTHO, JTU00
pa3HOHAIPaBJICHHO, PACTET WJIM MAJaeT, HO B IIEJIOM U3MEHSICTCS HEIMHEHHO (Tabir. 1
u 2). F’¢,=f(t) onuceiBaeTcs anexkBaTHO MONMHOMUAIBHBIME YpaBHEHHAMH 3-i cTe-

MIEHU, CTETIEHb alMPOKCUMAIIUN R2>O,8.



Xumus, puszuka u mexanuka mamepuanos. Beinyck Ne 3(38), 2023

Taoauna 1
W3menenus napameTpoB nBeTHOCTH Oymaru 1 mpu o0nyueHun YO - cBeToM
Iser T, i0S Android AF’sum
MuH | R G B | Fum R G B | F’am| iOS | Android
1 2 3 4 5 6 7 8 9 10 11 12

¢uonerossiit | 0 | 922 | 91,7 |141,4| 0,48 | 135,7 | 135,1| 1548 | 0,72 | 1,00 | 1,00

5 | 97,2 111 | 160,7 | 0,54 | 132,8 | 137,3 | 165,2| 0,73 | 1,13 | 1,02

10 |105,4 | 111,00 | 167,3 | 0,56 | 128,2 | 134,4 | 163,4 | 0,72 | 1,17 | 1,00

20 |102,8 | 111,3 |170,3 | 0,56 | 126,7 | 134,4| 167,1 | 0,72 | 1,17 | 1,00

30 |106,8 | 112,8 | 170,7 | 0,57 | 134,6 | 139,6 | 161,3 | 0,73 | 1,19 | 1,02

40 93 97,9 |149,6 | 0,50 | 126,2 | 130,4 | 158,2 | 0,70 | 1,04 | 0,97

50 97 | 105,3 | 160,6 | 0,53 | 127,5 | 133,8 | 165,2| 0,72 | 1,11 | 1,00

60 |102,4 | 110,6 | 1658 | 0,56 | 138,4 | 142,7 | 167,5| 0,75 | 1,16 | 1,05

royooi 0 |131,3| 167,7 | 1859 0,71 | 101,2 | 168,4 | 200 | 0,79 [1,00| 1,00

5 [131,8| 1751 | 1984 | 0,74 | 93,2 | 1531 179,1| 0,72 | 1,04 | 091

10 | 148,7 | 178,8 | 1951 | 0,77 | 120,4 | 165,1| 186 | 0,79 | 1,08 | 1,00

20 | 1419 | 1858 |200,8 | 0,77 | 1151 | 155,7 | 173,1| 0,75 | 1,09 | 0,95

30 | 162,6 | 190,3 | 202,8 | 0,81 | 134,9 | 168,8 | 185,6 | 0,82 | 1,15 | 1,04

40 |170,3 | 199,7 | 209,4| 0,85 | 121,2 | 164,4 | 183,6 | 0,79 | 1,20 | 1,00

50 |1325| 181,5 | 202,7| 0,76 | 120,9 | 163,3 | 182,2 | 0,78 | 1,07 | 0,99

60 |128,1 | 183,1 | 2148 | 0,77 | 150 |177,8|1854 | 0,86 | 1,09 | 1,09

Cgetno- 0 |156,5| 184,9 | 89,9 | 0,63 | 166,6 | 202,7 | 120,3 | 0,82 | 1,00 | 1,00

3CNCHBIH 51719887 240,7 | 223,1 | 0,97 | 169,6 | 203,8 | 15,6 | 0,82 | 164 | 1,00

10 | 190,2 | 231,9 | 1476 | 0,83 | 170,7 | 204,1 | 1188 | 0,83 | 1,33 | 1,01

20 | 192,4 | 2343 |158,8 | 0,86 | 171,6 | 204,8 | 1216 | 0,84 | 1,36 | 1,02

30 |171,1| 2355 | 188,9| 0,87 | 169,6 | 203,3 | 1176 | 0,82 | 1,39 | 1,01

40 | 166,3 | 227,7 | 1753 | 0,83 | 172,4 | 205,7 | 117,7| 0,83 | 1,32 | 1,02

50 | 183 | 229,2 | 203,5| 0,90 | 172,4|207,5|119,4| 0,84 | 1,43 | 1,02

60 | 1652 | 232,2 |187,1| 0,86 | 173,1 | 204,5|123,2| 0,81 | 1,36 | 1,03

Opamxessrit | 0 |209,7 | 168,3 |127,1| 0,74 | 182 | 178,4|166,8| 0,89 | 1,00 | 1,00

5 |184,8| 152,1 | 113,1| 0,66 | 179,8 | 170,9 | 164,4| 0,87 | 0,89 | 0,97

10 |198,8 | 167,1 |128,6 | 0,72 | 173,2| 160,6 | 1549 | 0,82 | 0,98 | 0,92

20 | 1926 | 160,4 | 120,5| 0,69 | 169,8 | 159 |155,3| 0,81 |0,94| 0,91

30 | 1943 | 162,9 | 124,7| 0,71 | 160,7 | 150,3 | 144,0 | 0,77 | 0,95 | 0,86

40 | 204,7 | 173,6 | 136,3| 0,75 | 160,3 | 153,3 | 146,1 | 0,77 | 1,02 | 0,87

50 | 180 | 147,4 |110,7| 0,64 | 162,4 | 153,1| 148 | 0,78 | 0,87 | 0,88

60 |190,1 | 158,6 |121,8 | 0,69 | 157,1 | 146,2 | 140,5| 0,75 | 0,93 | 0,84




Xumus, puszuka u mexanuka mamepuanos. Beinyck Ne 3(38), 2023

IIponosxenue Tadaunsi 1

1 3 4 3) 6 7 8 9 10 | 11 12

2
Kenteiit | 0 |192,6 | 213,4 | 137,8 | 0,80 | 190,0 | 200,0 | 130 | 0,87 | 1,00]| 1,00
5 | 1780 203,1 | 1645 | 0,80 | 167,6 | 1786 | 92 | 0,74 | 1,00 | 085

10 [ 188,2| 2009 | 98 |O,71 | 171 | 1811 | 952 | 0,75 |0,89| 0,86

20 | 178,8 | 209,9 | 158,6 | 0,80 | 168,4 | 177,3 | 96,5 | 0,45 | 1,00 | 0,85

30 |181,8| 1995 | 1456 0,77 | 178 | 1828 | 98 | 0,77 [ 0,97 | 0,89

40 | 187,8 | 203,9 | 1104 0,74 | 167,3| 176,8 | 89,8 | 0,73 | 0,92 | 084

50 | 1954 | 1896 | 947 | 0,70 | 176 | 185 | 105 | 0,78 | 0,88 | 0.0

60 | 176,7| 1922 | 99,3 | 0,69 | 172,1 | 184,3 | 98,5 | 0,77 | 0,86 | 0,88

YepHBIN O |1689 | 164,3 | 1655 | 0,73 | 99 | 100,3 | 1053 | 0,51 | 1,00| 1,00

5 173 | 168,8 | 162,4 | 0,74 | 102 | 109,6 |116,7| 0,55 | 101 | 1,08

10 (174,1} 172,1 | 163,6 | 0,75 | 105,6 | 1058 | 107,4 | 0,54 | 1 02| 1,05

20 |177,1| 1772 | 166,6 | 0,76 | 112,6 | 112,3 | 1166 | 0,57 | 105 | 1,13

30 |178,0| 1750 | 167,0| O,71 | 113,5| 118,2 | 125,2| 0,60 | 1,04 | 1,18

40 |180,0| 176,2 | 168,0 | 0,72 | 1149 | 120,5 | 127,5| 0,61 | 1,05| 1,20

50 |182,1| 177,0 | 169,1 | 0,71 | 119,7 | 127,7 |135,2| 0,64 | 1,06 | 1,26

60 | 183,0 | 178,0 |170,2| 0,69 |122,5| 1339 |142,1| 0,67 | 1,07 | 1,31

Jlnnoserit 0 |163,7| 82,5 |1439| 0,57 | 178,6 | 129,2 | 146,3 | 0,76 | 1,00 | 1,00

5 |180,2| 97,7 180 | 0,67 | 180 | 133,7 |144,7| 0,77 1,18 | 1,01

10 | 162,4| 97,1 | 1209 0,56 |181,9 | 131,8 |147,4| 0,78 | 0,98 | 1,02

20 | 1651 | 958 |1835| 0,65 |1825| 126,2 |153,9| 0,78 | 1,14 | 1,02

30 |182,5| 94,7 |143,8| 0,62 | 184 135 | 1549 0,80 | 1,08 | 1,05

40 | 177,2| 93,7 |149,7| 0,62 | 185,1| 1334 | 161,2| 0,81 | 1,08 | 1,06

50 | 173 | 94,6 |1558 | 0,62 | 190,9 | 1424 | 1643 | 0,84 |1,09| 1,10

60 | 1814 | 94 156 | 0,55 [ 191,2 | 143,2 | 164,7| 0,84 | 1,11 | 1,10

Canarnbiid 0 |106,8| 1895 | 1499 | 0,65 | 88 | 173,8 | 123,9| 0,65 | 1,00 | 1,00

5 |107,5| 189,2 | 150,4 | 0,66 | 80,2 | 1659 | 126,1 | 0,63 | 1,01 | 0,96

10 | 109,2 | 188,4 | 1486 | 0,65 | 88,9 | 168,6 |123,7| 0,64 | 1,01 | 0,99

20 | 999 | 1814 | 148 | 063 | 91,2 | 171 |131,1| 0,66 | 0,97 | 1,02

30 | 98,2 | 192,8 | 158,3| 0,66 | 955 | 1718 | 1278 | 0,66 | 1,01 | 1,02

40 |107,6 | 176,4 | 159,7 | 0,65 | 99,6 | 169 125 | 0,66 [ 1,00 | 1,02

50 | 105,6 | 190,7 | 156,9 | 0,66 | 102,2 | 187,5 | 146,9| 0,73 | 1,02 | 1,13

60 | 108 190 |160,1| 0,67 | 102,9 | 190,1 | 150,3| 0,75 | 1,03 | 1,15

Cunmii 0 | 79,7 | 1376 |196,8| 0,61 | 29,1 | 148,55 | 1951 | 0,63 | 1,00 | 1,00

5 86 | 1345 |180,8| 0,59 | 30,6 | 143,3 | 187,3| 0,61 | 0,96 | 0,96

10 | 57,9 | 113,7 | 1775|051 | 33,1 | 143,7 | 1889 | 0,62 | 0,84 | 0,98

20 | 1006 | 144 |171,7|061 | 344 | 149 |1938| 0,63 |1,00| 1,01

30 | 84,2 | 139,8 | 187,1| 0,60 | 36,4 | 1499 |196,4| 0,64 | 0,99 | 1,02

40 | 59,3 | 1146 | 1715|051 | 37,1 | 151,3 | 188,7| 0,63 | 0,83 | 1,01

50 | 86,7 | 1349 | 1739|058 | 38,2 | 152,1 |189,3| 0,64 | 0,95| 1,01

60 | 100 136 189 | 0,62 | 39,3 | 152,7 |194,1| 0,65 | 1,02 | 1,03
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IIponoxkenue Tadaunsi 1

1

3

4

5

6

7

8

9

10

11

12

Kpacnsiit

197,9

107,7

118,9

0,62

177,2

1133

114,1

0,68

1,00

1,00

207,9

102,7

95,3

0,59

182,9

124

112,1

0,70

0,96

1,04

206,5

121,2

129,9

0,67

179,7

119,1

109

0,69

1,08

1,01

182

101,3

124

0,60

195,2

126,8

111,9

0,73

0,96

1,07

186,3

85,1

79,7

0,51

176,4

115,6

103,8

0,67

0,83

0,98

188,4

89,9

84,8

0,53

171

114,1

100,2

0,65

0,86

0,95

180,7

90

96,0

0,54

170

110,7

101

0,64

0,87

0,94

177,1

87,1

99,1

0,53

166

106,7

91

0,61

0,86

0,90

TemHno-
KOPUYHEBBIN

105,8

75

71,2

0,37

125,1

108,2

1127

0,58

1,00

1,00

148,8

131,5

156,6

0,64

137,2

1277

134,9

0,67

1,73

1,16

157,3

140,4

163,1

0,68

140

131,1

141,4

0,69

1,83

1,20

188

153,9

159,2

0,73

154,4

142,9

154,9

0,76

1,98

1,31

182,4

161,4

181,9

0,77

150,7

143,8

152,3

0,75

2,08

1,30

161,4

1442

165,2

0,69

141

131,8

141,6

0,70

1,86

1,20

154,2

137,8

163

0,67

130,8

123,4

131,1

0,65

1,80

1,12

152,9

136,3

162,4

0,66

138

130,3

135,2

0,68

1,79

1,17

Csetio-
KOPUYHEBBIN

187,8

137,2

180,4

0,74

161,5

128,2

122,4

0,69

1,00

1,00

205

165,4

215,9

0,86

168,9

124

127

0,71

1,16

1,02

189,5

154,2

213,4

0,82

180,2

158,4

130,7

0,79

1,10

1,14

180,7

152

211,1

0,80

183,3

155,5

136,4

0,80

1,08

1,16

1945

154,5

211,3

0,82

190,4

157,8

135,3

0,81

1,11

1,18

190,4

1531

206,7

0,81

190,1

165

136,3

0,83

1,09

1,20

186,3

1511

208,8

0,80

189,9

157

135,9

0,81

1,08

1,18

191,5

152,4

204,2

0,80

186,5

153,3

137,4

0,80

1,09

1,16

3eseHbIi

117,8

2144

224,6

0,82

125,7

182,9

130,1

0,74

1,00

1,00

136,3

220,1

188,2

0,80

129,2

184,9

136,6

0,76

0,97

1,02

104,7

211,2

2247

0,79

143,1

189,4

130,4

0,78

0,97

1,05

123,3

216,7

220,6

0,82

1412

189,5

132,1

0,78

1,00

1,05

118,4

215,8

216,3

0,81

142,9

189103

132,7

0,46

0,98

0,63

116

218,4

224,1

0,82

145,5

193,2

134,6

0,80

1,00

1,08

117

219

229

0,83

131,7

187,2

136,7

0,77

1,01

1,04

118

222

230

0,84

144,4

195,8

143,1

0,81

1,02

1,10

bopnosslit

147,1

126,2

217,4

0,72

182,7

158,3

162,1

0,85

1,00

1,00

137,3

121,6

219

0,70

186,9

163,4

160,7

0,86

0,97

1,01

141

125,4

218,3

0,71

184,5

162,3

156,3

0,85

0,99

1,00

135,6

1227

216,7

0,70

185,6

163,8

161,1

0,86

0,97

1,01

129,3

114,7

213,2

0,67

185,9

165

164,2

0,87

0,93

1,02

150

155,6

214,3

0,76

178,5

1577

156,6

0,83

1,06

0,98

142,6

142

217,1

0,74

183,7

162,4

159

0,85

1,02

1,00

140,2

122,3

229

0,72

182,8

162,6

160

0,85

1,00

1,00
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Xumus, puszuka u mexanuka mamepuanos. Beinyck Ne 3(38), 2023

IIponoxkenue Tadaunsi 1

1 2 3 4 5 6 / 8 9 10 | 11 12

PosoBbrii 0 [2351] 161,5 | 233,7| 0,92 | 205,1| 158 |163,3| 0,89 | 1,00 | 1,00
5 [189,6 | 133,8 | 229,9| 0,81 | 203,6 | 156,4 | 164,2 | 0,88 | 0,88 | 0,99

10 | 186,3 | 132,7 | 225,8 | 0,80 | 202,7 | 154,5 | 157,2 | 0,87 | 0,87 | 0,97
20 | 191,6 | 141,7 | 230,3 | 0,83 | 200,9 | 155,1 |163,1| 0,87 | 0,90 | 0,98
30 |187,7| 134,3 | 226 | 0,80 | 202,8 | 156,5 | 163,5| 0,88 | 0,87 | 0,99
40 |191,6 | 136,4 | 227,2| 0,81 | 204,9 | 156,7 | 158,1 | 0,87 | 0,88 | 0,98
50 | 210,2 | 145,2 | 228,7 | 0,86 | 203,2 | 154,5 | 157,3 | 0,87 | 0,93 | 0,97
60 | 162,9 | 121,2 | 223,8 | 0,74 | 200,5 | 154,2 | 152,7 | 0,85 | 0,81 | 0,96

Ceprid 0 |116,5| 116,3 | 222,8 | 0,67 | 168,8 | 159,5 | 153,2 | 0,81 | 1,00 | 1,00
5 [104,8| 111,1 | 2159 | 0,63 | 1748 | 162,3 | 163,3 | 0,84 | 0,94 | 1,04
10 | 1144 | 1191 | 2289 | 0,68 | 173,9 | 159,8 | 1639 | 0,84 | 1,01 | 1,03
20 | 119 | 1241 | 2171|067 |177,2| 1639 |163,2| 0,85 | 1,01 | 1,05
30 |128,8 | 123,2 | 219,7 | 0,69 | 1748 | 163,3 | 169,1 | 0,85 | 1,03 | 1,05
40 | 126 | 1146 | 219,2 | 0,67 | 1756 | 163,4 | 164,4| 0,85 | 1,01 | 1,05
50 | 125 | 114,5 | 222,7| 0,68 | 177,7| 168,8 | 163 | 0,86 | 1,01 | 1,06
60 | 124 | 1153 | 226,7| 0,68 | 180,9 | 173,3 | 163,9| 0,87 | 1,02 | 1,08

Taoauna 2
V3MeHeHns mapaMeTpoB IBETHOCTH Oymaru 2 nipu o0inydyeHuu YD - cBeToM
I{Bet T, i0S Android AF’sum
MuH | R G B F’sum R G B | F’am | 10S | Android
1 2 3 4 5 6 7 8 9 10 11 12

3enenbiit 0 | 915 |198,2| 1428 | 0,69 | 67,7 | 197,5 |150,2| 0,70 | 1,00 | 1,00

5 | 84,8 | 1954 | 140,2 | 0,67 | 42,1 | 192,4 |149,6| 0,65 | 0,98 0,92

10 | 85,0 | 196,0 | 1440 | 0,68 | 43,5 | 193,6 |147,4/ 0,65 | 0,99 | 0,92

20 | 82,2 | 194,2| 1470 | 0,68 | 36,1 | 188,6 |146,1| 0,62 | 0,98 | 0,89

30 | 81,0 | 192,0| 145,0 | 0,67 | 45,6 | 196,7 [151,8| 0,66 | 0,97 0,95

40 | 80,3 | 190,0 | 14455 | 0,66 | 21,1 | 181,5(142,9 0,58 | 0,96 | 0,83

50 | 82,1 | 189,0| 14355 | 0,66 | 37,3 | 192,9 |149,5| 0,64 | 0,96 0,91

60 | 83,0 | 186,2 | 140,1 | 0,66 | 208,3 | 150,4 |104,3| 0,63 | 0,95 0,90

Kpacubiit 0 |2236|121,0| 129,4 | 0,76 | 213 | 149,9 |124,7| 0,78 | 1,00 1,00

5 [225,0127,4 | 135 | 0,78 | 209,1 | 155,6 {105,3| 0,82 | 1,03 1,05

10 | 232,3|127,8| 1344 | 0,79 | 211 | 150,8 {103,8| 0,79 | 1,04 1,01

20 | 231,5|126,3 | 124,8 | 0,77 | 207 |150,2|97,9| 0,78 | 1,02 1,00

30 |219,9|111,1| 108,99 | 0,70 | 209,3 | 146,3 {100,6| 0,77 | 0,93 0,98

40 |227,2|122,6 | 130,3 | 0,77 | 213,9 | 142,8 |126,1| 0,77 | 1,01 0,98

50 | 229 | 1235 | 122,7 | 0,76 | 207 |150,2 (106,2| 0,81 | 1,00 1,04

60 | 230 | 124 122 | 0,76 | 208,3 | 150,4 {104,3| 0,78 | 1,00 1,00
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IIpomosxkeHne TadIuIbI 2

1 2 3 4 5 6 7 8 9 10 11 12

Cunnii 0O | 688 | 121 | 1294 | 0,51 | 90,9 | 150,2 |218,3| 0,77 | 1,00 1,00

5 | 699 |161,1| 1951 | 0,68 | 109,9 | 175,4 |204,2| 0,82 | 1,34 1,07

10 | 92,7 | 159,6 | 194,3 | 0,72 | 121,2 | 173,9 |200,9| 0,83 | 1,40 1,08

20 | 79,6 |164,5| 197,2 | 0,71 | 122 |17/7,1 |203,1] 0,84 | 1,39 1,10

30 | 105,1|162,2 | 190,7 | 0,73 | 109,6 | 171,6 (199,2| 0,81 | 1,44 1,05

40 93 |163,2| 1943 | 0,72 | 110,9 | 170,8 | 199 | 0,81 | 1,41 1,05

50 | 98,7 | 175,7| 211,3 | 0,78 | 106,6 | 173,4 {202,9| 0,81 | 1,52 1,05

60 | 80,2 | 1639 | 200,1 | O,71 | 121 |181,2| 210 | 0,86 | 1,39 1,12

Caeriio- 0 |211,7|180,2| 1342 | 0,84 | 177,3 | 168,1 |141,5| 0,82 | 1,00 1,00

KOpWMHEBBIA | 5 [ 2009 | 187,6 | 154,2 | 0,87 | 175,1| 147 [137,3] 0,77 | 1,03 0,94

10 | 1945 |162,6 | 119,2 | 0,76 | 165,3 | 153,6 |126,8| 0,75 | 0,91 0,91

20 | 1928 | 166 | 1156 | 0,76 | 171,5 | 164,9 (132,9| 0,79 | 0,90 | 0,96

30 |192,6|167,2| 115 | 0,76 | 175,5| 148,7 (137,6] 0,78 | 0,91 0,95

40 | 1909|1779 | 1356 | 0,81 | 172,3 | 165,4 (133,2| 0,79 | 0,96 | 0,97

50 |219,9 1855 | 1356 | 0,87 | 177,5 | 165,9 |131,2| 0,80 | 1,03 | 0,97

60 |197,7 |169,8 | 119,1 | 0,78 | 169,8 | 162,7 (131,2| 0,78 | 0,93 0,95

Temno- 0 177 | 1372 97 0,66 | 176,8 | 149,1 |137,9| 0,78 | 1,00 1,00

KOpH4HEBBIA | 5| 192 [1506| 1095 | 0,72 | 174,8 | 146,8 [136,9| 0,77 | 1,10 | 0,99

10 | 176,4 | 143,6 | 108,1 | 0,69 | 175,5 | 150,2 |137,7| 0,78 | 1,04 1,00

20 | 186,7 | 143,6 | 1135 | 0,71 | 178 | 152,5 |143,3| 0,80 | 1,08 1,02

30 |198,2 | 158,4 | 112,5 | 0,75 | 176,8 | 150,8 (139,6| 0,79 | 1,14 1,01

40 | 165,4| 140 | 109,5 | 0,66 | 177,1 | 151,7 (138,2| 0,79 | 1,01 1,01

50 | 167,2 | 1425| 111,1 | 0,67 | 180,3 | 151 |137,9| 0,79 | 1,02 1,01

60 | 191,3|150,6 | 116,3 | 0,73 | 182,5 | 157,6 |147,7| 0,82 | 1,11 1,05

YCPHBIH 0 |140,6 1416 131 | 0,66 | 147,2 | 144,4 1139,8/ 0,73 | 1,00 1,00

5 |144,6 | 140,1 | 129,5 | 0,66 | 132,5| 132,1 |134,2| 0,67 | 1,00 0,92

10 | 138,8 | 139,1| 128 | 0,65 | 148,4 | 147,3 |144,5| 0,74 | 0,98 1,01

20 | 141 |138,8| 127,2 | 0,65 | 149 | 146,3 (140,8| 0,73 | 0,99 1,00

30 | 140,7 | 140,8 | 129 | 0,66 | 140,3 | 140,3 (138,9| 0,71 | 1,00 | 0,97

40 | 140,6 | 138 124 | 0,64 | 146,9 | 145,8 |141,4| 0,73 | 0,98 1,00

50 | 172,2 | 164,2 | 153,5 | 0,78 | 150,2 | 148,8 (144,4| 0,75 | 1,19 1,02

60 | 149,5|148,4 | 133,5 | 0,69 | 147,3 | 146,4 |142,7| 0,73 | 1,05 1,01

®wuonerossrd | 0 | 136,7 | 122,8 | 206,1 | 0,75 | 210,3 | 173,9 |170,6| 0,93 | 1,00 1,00

5 |131,6119,7| 197,7 | 0,72 | 160,3 | 139,6 |{156,8| 0,77 | 0,96 0,83

10 | 1351 |119,4| 1946 | 0,72 | 164,6 | 143,6 |152,1| 0,77 | 0,96 0,83

20 | 128,9 | 118,1 | 200,5 | 0,72 | 155,8 | 145,6 |157,9| 0,77 | 0,96 0,83

30 1279 116,4| 1994 | 0,71 | 167,3 | 141,6 |159,7| 0,79 | 0,95 0,85

40 |131,8|120,9| 194,3 | 0,72 | 169,8 | 141,7 |155,5| 0,79 | 0,95 0,84

50 |123,3 | 1158 | 194,3 | 0,69 | 165,7 | 139,7 (148,8| 0,76 | 0,93 0,82

60 | 120,8 | 1109 | 186 | 0,67 | 168,4 | 139,9 (147,4| 0,77 | 0,89 | 0,82
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IIpomosxkenne TadIuIbI 2

1 3 4 5 6 7 8 9 10 11 12

OpaHXeBbIii 229411614 | 925 | 0,77 | 208,5 | 161,8 |142,6| 0,86 | 1,00 1,00

230,5|161,3| 90,3 | 0,63 | 204,9 | 159,6 |139,3| 0,85 | 0,81 | 0,99

226,1 | 157,8| 90,3 | 0,76 | 203,9 | 158,1 |134,3| 0,83 | 0,99 | 0,97

N =
olo|voin

231,1 1594 | 922 | 0,77 | 204 |154,4 1129,8| 0,82 | 1,00 0,95

30 |230,3|176,8| 89,8 | 0,65 | 203,7 | 156,7 | 133 | 0,83 | 0,85 0,96

40 | 228,5|157,5| 87,7 | 0,76 | 199,8 | 155,1 {130,1] 0,82 | 0,99 0,95

50 | 224,21 164,3 | 104,2 | 0,79 | 200,8 | 156,2 {133,8| 0,83 | 1,02 0,96

60 | 2234|1488 | 78,1 | 0,72 | 200,3 | 154,2 |129,5| 0,81 | 0,94 0,95

XKenrpiii 0 [2246]211,6 | 102,7 | 0,86 | 208,5 | 161,8 |142,6| 0,81 | 1,00 1,00

5 |[222,2|207,2| 105,7 | 0,86 | 204,9 | 159,6 |139,3| 0,81 | 1,00 1,01

10 | 219,8 | 204,1 | 100,5 | 0,84 | 203,9 | 158,1 |134,3| 0,80 | 0,98 0,99

20 | 222 |213,1| 105,2 | 0,87 | 204 | 154,4 (129,8| 0,80 | 1,01 0,99

30 |223,8 | 2159 | 104,3 | 0,87 | 203,7 | 156,7 | 133 | 0,80 | 1,01 0,99

40 | 220,7 | 212,9 | 100,1 | 0,85 | 199,8 | 155,1 {130,1]| 0,80 | 0,99 0,99

50 | 221 | 215 | 102,4 | 0,86 | 200,8 | 156,2 |133,8| 0,80 | 1,00 0,98

60 | 222,3| 210 | 106,9 | 0,86 | 200,3 | 154,2 |129,5| 0,79 | 1,00 | 0,98

CasaTHbIi 0 |1995|1949]| 1833 | 0,93 |177,2|173,1|175,2| 0,88 | 1,00 1,00

5 |1945|188,7| 176,3 | 0,90 | 171,3 | 168,1 |170,7| 0,86 | 0,96 | 0,97

10 | 200,9 |194,2| 180,9 | 0,92 | 170,9 | 172,7 |175,3] 0,87 | 0,99 0,99

20 | 196,6 | 1915| 176 | 0,90 | 170,3 | 166,4 |167,4| 0,85 | 0,97 | 0,96

30 [198,4]1932| 1778 | 0,91 | 172,9 | 169,9 |171,9| 0,87 | 0,98 0,98

40 [194,8]198,8 | 177,2 | 0,91 | 167,9 | 165,8 |167,5 0,84 | 0,98 0,96

50 |183,3|1816| 1751 | 0,86 | 172,4 | 167,6 |166,8/ 0,85 | 0,93 | 0,97

60 | 178,2 | 1755 | 168,6 | 0,84 | 170,3 | 165,2 |163,6| 0,84 | 0,90 | 0,95

[TurmMeHTHI pa3Horo 1BeTa B 00pasiax OyMaru MposiBIISIIOT Pa3INYHYI0 CTOMKOCTh
K o0yuenuto. Hampumep, Oymara TeMHO-KOPUIHEBOTO I[BeTa U3 Habopa 1 mposBuia
HanOoJIbIIICe U3MEHEHUE TTapaMeTpoB 1BeTHOCTHHA 79 % mo manubiM 10S (puc. 2), a
B Habope 2 HalMeHee CTOMKHUM OKa3ajcs CHHHH 1BeT, F’,, Bo3pocia no omneHke i0S
Ha 39 %. Cnenyer otmeruts, uro AF’c,=1,0 03Ha4aeT, 4TO CymMMapHas MHTECHCHB-
HOCTh OKPAaCKHU 3a BECh NIEPHO]] 00JIyICHHS HE U3MEHUIIACh, HO COOTHOIIICHUE HHTCH-
cuBHocTel Fr Fgu Fgipu paBeHCTBE UX CyMMBI, Kak MOKa3bIBAIOT JIaHHbIE TabuIl 1,
2, oTinyaeTcs. B 3ToMm citydae TOMOTHUTEThHYI0 HHPOPMAIUIO O TPOoIleccax, Mpouc-
XOJIAIUX C MUTMEHTAMHU, JAeT JUHAMHKA WU3MEHEHUS OT/IETbHBIX IBETOBBIX KOMIIO-
HCHT.

benas Oymara, BeIOpaHHasi B KaueCTBE dTallOHA CPaBHEHUS, TAKXKE MOJBEPIIAChH
YO - 06myyenuto, B pe3yabTaTe KOToporo oHa nmoremHuena Ha 30% oT mepBoHavYaIhb-
HoM O6enmu3Hbl (puc.3). Oxpacka 9 u3 16 oOpasioB 1BeTHOM Oymaru 1 npu oOaydeHUn
cTanu Oosee CBETJIbIX TOHOB, U 2 u3 10 Oymaru 2 COOTBETCTBEHHO. JTO CBUJETEIb-
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CTBYET O TOM, YTO HE TOJIbKO MUTMEHTHI, HO U OyMa)kHasi OCHOBA OKHCIISICTCS IO
neiicteueM Y@ - o0nydueHus. Eciu TeMHBIE KpacKH BBIIBETAIOT («BBITOPAIOTY), KaK,
HanpuMep, TEMHO-KOPUYHEBAs WM YEpHasl, TO HA (POHE KEITOM M PO30BOM OKpPACKH

MPOCMaTPUBAETCA PE3YJIbTAT BO3ACUCTBUS HA KOMIOHEHTHI OyMa>KHOM OCHOBBI.

0,50

0,40

0,30
0 20 40 60 muH
y = 1E-05x® - 0,0012x% + 0,0373x + 0,4113; R2 = 0,9135

Puc.2. 3aBUCHMOCTb OTHOCUTENBHON CyMMapHONH MHTEHCUBHOCTH F’ ¢y TEMHO-KOPHUYHEBOH Oymaru
oT BpeMeHH YD — 00nyueHus

F' cym
1,05

1,00

0,95
0,90

085 8

0,80 N I -
0,75

0,70

0,65

0,60

0 20 40 60 MWH
y = -7E-06x° + 0,0006x? - 0,0192x + 0,9797; R? = 0,9572

Puc.3. 3aBucMMOCTb OTHOCUTEIBHON CyMMapHOM HHTEHCUBHOCTHU F’cyy 0101 Oymaru ot BpeMeHH
YO - o6myueHus
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3akaodyenue. CmapTdoHB MOTYT OBITH HCIIOJIB30BAHBI JJISI KOJTMYECTBEHHOU
OLICHKH TMHAMUKU W3MEHEHUs MTapaMeTpOB IIBETHOCTH IIBETHOU U Oeoit Oymaru npu
n3ydeHuu BiausiHUS Y @ - 00s1ydeHus: Ha Ka4ecTBO OyMari.

[TapameTpsl 1IBETHOCTHU MPH MCKYCCTBEHHOM CTAapEHHUM IIBETHON Oymaru usme-
HAIOTCSI HEJIMHENHO, 3aBUCUMOCTH OTHOCHUTEJIBHOM CYMMAapHOM MHTEHCHUBHOCTH 1IBE-
Ta B 1[BeToBOM cucteMe RG BoT BpeMeHu 00iyueHHs OMMCHIBAIOTCA aJ€KBATHO I10-
JMHOMHAJIBHBIMYM YPABHEHUSIMU 3-1 CTETICHHU.

[TudpoBbie kamepbl cMapT(HOHOB pa3HBIX MPOU3BOIUTENEH 3aMETHO OTIMYALOTCS
10 ITOKA3aTeNsIM LBETONPENAUH, CIEAYeT OTAaBaTh MIPEANIOYTEHNE O0Jiee COBEPLIECH-
HBIM MOJEJISIM CMAapT(OHOB MPHU UCIOJIb30BAHUU MX B LIBETOMETPUUYECKHUX H3MEpe-
Husx. Takum oOpa3om, octaercs npodiema oOecredeHns eIMHCTBA [IBETOMETpHUYe-

CKHUX U3MEPEHUI MOOMIIBHBIMU LIBETOPETUCTPUPYIOIIUMH YCTPOUCTBAMMU.
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MATEPHUAJIOBEAEHUE

VIIK 691

OIEHKA COCTOAHUSA IPUMEHEHMSA OTHE3AHNIUTHBIX ITOJIN-
MEPHBIX MATEPHUAJIOB B CTPOUTEJIbBCTBE

O./I. ®uzosckuii', O.b. I(ykunaz*, T.A. ‘Iyduuaz

1 . . .
MesicOyHapoOHblll HAYUHO-UCCAE008AMENLCKULL YEHMD HAHOMEXHOL02U
«llonumamy, Uzpaunw,34750, Xatigha, yn. lllumxuna, 3a

2 . . .
Boponesicckuii 2cocyoapcmeennviii mexuuiecKuil yHugepcumen

Poccuiickaa ®@eoepayus, 394006, . Boponeoc, ya. 20-remuss Oxkmsaops, 84

*4opec ons nepenucku.: Kykuna Onvea Bopucosna, E-mail: u00136@vgasu.vrn.ru

Bospacraromue ciokHOCTH B pa3pabOTKe HOBBIX OIHE3ALUTHBIX MOKPHITUH CAEP)KUBAIOT MPHU-
BJIEYCHHE YACTHBIX MHBECTULMI M TOPMO3AT mporpecc mHHoOBaumil. O030p 1aeT oOLIyl0 KapTUHY
HCCIIEI0BaHUHM, KOHKPETHO WILTIOCTPUPYET HEOObIUaliHOE pa3HOOOpa3ue UX HAMpPaBICHUA U 00bsIC-
HS€T BHYTPEHHIOIO NPUYUHY Takoro pazHooOpasus. Llenpio nanHoro o03opa sIBIsSETCS CO3JaHHE
MH(GOPMAIMOHHOM OCHOBBI JJIsi KpUTHUYECKOTO aHAIIN3a 11€J€CO000pa3HOCTH YaCTHBIX MHBECTHLIUH B
pa3paboTKU B 3TOM 007aCTH M 1MOKa3 HEKOTOPBIX BO3MOKHBIX ImyTei. [1Inpokuii BIOOp KOHKPETHBIX
KOMITOHEHTOB OTHE3AIUTHBIX MOKPHITHHA U pa3HOOOpa3ue MEXaHU3MOB, KOTOPbIE OHU HCIOIb3YIOT,
MPUBOJAT K (PaKTOPHOMY YHMCITY BO3MOKHBIX KOMOMHaiui. PasHooOpaszue CBOWMCTB ATHX KOMIIO-
HEHTOB U CJIOKHOCTb MX B3aWMOJEWUCTBUA 3aTPYAHSIIOT OJHO3HAYHYIO OLIEHKY P€3YyJbTaTOB MX BbI-
6opa 6e3 mpoBeeHUs] HKCIEPUMEHTOB MPHU pa3paboTKe HOBBIX MaTepHuaiioB. [loaTomy yBepeHHOE
MpeJICKa3aHue PE3YIbTAaTOB HOBBIX MCCIIEIOBAHUN SIBISETCS YPE3BBIYAMHO CIOXKHOM 3amadyei. Kak
CIIEJICTBUE, CYLIECTBYET IIMPOKHUM CIEKTp HalpaBiICHUM U MOJHAINIPABICHUN TEKYIIMX pa3paboOToOK.
IlonBeneHne UTOrOB ATUX HUCCIIEIOBAHUI OCIOXKHSETCS €ILIE U CIOKHOCTHIO MCIBITAHUM MaTepHa-
JIOB HA MapaMeTphl CTApPEHUS M YCTOMYMBOCTh K BHEIIHUM BO3JEHCTBUSAM. BbIicokas HeompeneneH-
HOCTb NPOTHO3UPOBAHUS MEPCIEKTUB KOHKPETHBIX Pa3pabOTOK CTUMYJIUPYET Pa3BUTHUE METOIOB

MOJICIIMPOBAHUS KOMITO3HUIIMN U TEXHOJOTUN U3TOTOBIICHUS MOKPBITHH, a TAKKe MPOTHO3UPOBAHUS
© ®urosckuii O.JI., Kykuna O.b., Uynuna T.A., 2023
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uxX 3PPEeKTUBHOCTH U T.1. OJHAKO 3TU METO/bl 00ECIECUNBAIOT JIUILIb YACTUYHOE MOBBILIEHHUE JI0C-
TOBEPHOCTH OHaHuM. [[1si 000CHOBaHMSI BEHUYPHBIX MHBECTHLIMHA PEKOMEHIyeTcs Oolee Tia-
TEJIbHOE COCTABJIIEHNE TEXHUKO-?KOHOMHUYECKOT0 000cHOBaHUsA. OHUM U3 JOMOJHUTEIBHBIX MO/
XOJIOB, CIIOCOOHBIX MOBBICUTH €r0 aBTOPUTET, SBJISETCS UCIOIb30BAHNE HETPAJAULIMOHHBIX CIIelHa-

JIU3UPOBAHHBIX METOAOB UCCICIOBAHUA MMaTeHTHOMN I/IH(bopMaI_[I/II/I.

Knwuesuvie cnoea: Orne3ammra, CTpOUTCIIbHBIC MAaTCpUaJIbl, ITIOJIUMEPBI

ASSESSMENT OF THE STATE OF APPLICATION OF
FLAME-RETARDANT POLYMER MATERIALS IN CONSTRUCTION

O.L. Figovskiy, O.B. Kukina*, T.A. Chudina

Voronezh State Technical University,
Russian Federation, 394006, Voronezh, ul. 20-letiia Oktiabria, 84

*Correspondence address: Kukina Olga Borisovna, E-mail: u00136@vgasu.vrn.ru

Increasing difficulties in the development of new flame-retardant coatings hinder the attraction
of private investment and hinder the progress of innovation. The review gives a general picture of
research, specifically illustrates the extraordinary diversity of their areas and explains the internal
reason for such diversity. The purpose of this review is to create an information basis for a critical
analysis of the feasibility of private investment in developments in this area and to show some poss-
ible ways. A wide selection of specific components of flame retardant coatings and the variety of
mechanisms they use lead to a factorial number of possible combinations. The variety of properties
of these components and the complexity of their interaction make it difficult to unambiguously as-
sess the results of their selection without conducting experiments in the development of new mate-
rials. Therefore, confidently predicting the results of new research is an extremely difficult task. As
a result, there is a wide range of directions and subdirectories of current developments. Summing up
the results of these studies is also complicated by the complexity of testing materials for aging pa-
rameters and resistance to external influences. The high uncertainty of forecasting the prospects of
specific developments stimulates the development of methods for modeling compositions and coat-
ing manufacturing technologies, as well as forecasting their effectiveness, etc. However, these me-

thods provide only a partial increase in the reliability of expectations. To justify venture invest-
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ments, a more thorough preparation of a feasibility study is recommended. One of the additional
approaches that can increase its credibility is the use of non-traditional specialized methods of pa-

tent information research.

Keywords: fire protection, building materials, polymers

Beenenne. In the field of fire-protective coatings, numerous research efforts
worldwide have yielded significant achievements and demonstrated promising ideas,
approaches, compositions, and structures. However, when evaluating the feasibility
of investing in a specific project or research, objective doubts inevitably arise in
space where reliable prognostic answers are lacking. These uncertainties ultimately
raise the question of whether a particular development has a competitive future or
not.

This challenge is particularly pronounced in any area where extensive research is
supported by government funding through universities, and qualified scientific papers
showcase the potential of such research.

This situation is particularly relevant in the field of providing fire-protective
properties to polymers, including the development of flame retardant coating proper-
ties.

Modern fire-protective coatings need to meet a complex set of functional and en-
vironmental requirements [1]. This leads to significant challenges in the development
of new coatings. On one hand, there are numerous publications on new develop-
ments, each providing certain achievements and aiming to meet regulatory require-
ments such as environmental safety, while also demonstrating potential for further
advancement. On the other hand, progress in coatings that have found widespread
application has been relatively slow in recent years.

Therefore, it is not surprising that experts have expressed the opinion that the in-
dustry as a whole develops at a slow pace, and it may be challenging to accelerate
this development.

The acceleration of development in any innovative technology is closely tied to
private investment. How should one approach the selection of directions and devel-
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opments capable of ensuring a financial return? Are there methods or approaches that
can be employed to identify the most promising directions for focusing efforts and
allocating funding with a higher degree of reliability than the commonly accepted
practices? Some approaches capable of enhancing credibility of a venture project fea-
sibility study, including unconventional specialized methods for researching patent
information, are presented in [2,3].

The high demand for advancements in fire-protective coatings holds significant
potential for accelerating their development. However, to achieve this, it is essential
to increase private capital investment by enhancing the reliability of investment ob-
ject selection.

This review can provide guidelines to be used as foundational or supplementary
information when analyzing the feasibility of investments in specific projects within
the field of fire-protective coatings. The examples provided primarily focus on the
protection of solid materials, but the approaches and compositions for protecting soft
materials (such as woven and non-woven fabrics, foams, etc.) are similar.

Several published reviews have outlined directions and sub-directions that the au-
thors consider to be priorities, and their assessments are valid. However, these pro-
posals generally encompass a broad range of developments within each direction,
making them less instrumental, that is less specific and actionable. Furthermore, de-
spite the long-standing recognition of these priorities, progress is still lagging. There-
fore, it may not always be advisable to solely rely on previously established view-

points.

The specific features of requirements for fire-protective coatings

The main trends in the development of innovations in the coatings industry are
generally aimed at meeting the following common requirements, combined with im-

proving specific functionality [1]:

« Increase in Durability Enhancing the durability of coatings is crucial to en-

sure that products maintain their quality over an extended period, even when exposed
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to adverse environmental conditions. Factors such as moisture, UV radiation, heat,
cold, and weathering can potentially degrade the surface of coatings, leading to issues
like swelling and cracking.

« Regulatory requirements: health and wellness considerations
The matter of substituting chemicals that present health and wellness challenges, en-
compassing the reduction of volatile organic compound (VOC) emissions and other

eco- and health-related concerns.

« Sustainability: increasing ecological demands There is a growing emphasis
on the ability to recycle materials and minimize harmful emissions throughout the
process.

. Growth in demands for antimicrobial, anti-mold, and antiviral properties.
This demand is of utmost importance in healthcare and food packaging industries.
Moreover, these properties also play a crucial role in long-term used construction
components, where preventing microbial growth and mitigating viral transmission are
essential considerations.

The combination of required properties poses significant challenges in the devel-
opment of new coatings: often, one of these requirements contradicts the others. En-
hancing such characteristics involves overcoming multiple contradictions simulta-
neously, ensuring that improvements in one aspect do not compromise the others.

Moreover, each of the key requirements encompasses several qualitative features,
leading to additional conflicts in innovation development. For instance, the antimi-
crobial properties of protective coatings for hospitals must also satisfy the demands
for non-toxicity, non-carcinogenicity, and non-teratogenicity under normal condi-
tions.

The simultaneous increase in requirements for reducing volatile organic com-
pounds (VOCs), energy and resource efficiency, use of renewable materials, non-
toxicity during application and recycling poses significant challenges. These chal-
lenges also lead to a slowdown in the development of practical advancements in pro-

tective coatings for widespread use.
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As a result, a proper assessment of the feasibility of funding innovations in this
field is complex and highly pertinent.

Flame retardant coatings are required to possess a range of properties [4,5,6]:

- Ability to slow down flame propagation and high temperatures, and prevent the
ignition of underlying substrates. This primarily involves low thermal conductivity,
low flame spread, and preventing access of gas fuels and oxygen to the protected sub-
strate.

- Resistance against ignition, melting, and nonflammability.

- Safety during combustion, with low or no emission of toxic VOCs and smoke.

- Ability to actively extinguish flames.

- Additionally, they should exhibit nearly all the properties expected from other
types of coatings, such as mechanical resistance, high adhesion, durability, non-
toxicity, environmental compatibility, and the ability to be recycled.

Frequently, meeting the essential fire-protective requirements can be at odds with
other desired properties. Finding a balance between the conflicting demands is a chal-
lenging task for researchers and developers. It requires innovative approaches and
careful selection of materials and formulations to achieve the desired fire protection
performance without compromising other important characteristics.

For these reasons, the development of flame retardant coatings, like protective
coatings in general, has not witnessed significant breakthroughs in recent times. The
main directions of flame retardant coating development align with the overall trends
In protective coatings. In recent years, the dominant focus has been on recyclability,
the use of recycled materials, and the absence of harmful emissions during use and
processing. Researchers strive to enhance the fire resistance performance against this
backdrop.

In achieving these objectives, various challenges are addressed, including:

- Adding flame retardant properties to other functional characteristics of polymer
materials. For instance, providing flame retardancy to scratch-resistant, self-healing,
antimicrobial, or anti-corrosion coatings, as well as imparting scratch-resistant, self-

healing, antimicrobial, or anti-corrosion properties to flame retardant coatings.
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- Enhancing the stability of coating properties under environmental influences
such as weathering, aging, and UV radiation.

- Improving the adhesion and adhesion stability of different types of coatings to
various underlying materials requiring protection.

- Advancing the development of nanocomposite materials, including improving
the effectiveness of their dispersion.

A significant factor is the increasing number of important functions and proper-
ties of coatings, their parameters, and the growing diversity of combinations of coat-
ing components and base materials. This stimulates the development of methods for
simulating coating compositions, manufacturing technologies, predicting their effec-

tiveness, and others.

Influence of development problems of fire-protective coatings on investment
policy

All the aforementioned factors have an impact on the investment climate in this
field. When it comes to venture capital investment in technologies, several factors are
taken into account:

- Emerging trends in the field.

- Latest competing advancements in the field.

- Development stage of the specific project seeking investment.

- Various risks associated with the project.

- Probability of achieving the minimum required commercial success.

- Potential for the development of the technology and understanding of the path-
ways to achieve it.

- Probability of achieving a breakthrough.

- Amount of investment required, and others.

Depending on the investor's goals and policies, different factors may carry differ-
ent weights. Regardless of the investor's priorities and policies, all these factors hold

significance and need to be considered.
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The objective of this article is to provide initial guidelines for comparing the fea-
sibility of investing in various developments in this field.

Main concepts of modern flame retardant coatings

Methods for imparting fire-protective properties to polymer materials focus on
preventing ignition, blocking flame propagation, or inhibiting heat transfer within the
material. These methods vary depending on the type of material [7].

At a higher level, flame-retardant coatings can be categorized into two types: in-
tumescent and non-intumescent [8]. The thickness of the coating film and the type of
substrate significantly influence the rate of flame spread [9].

Intumescent coatings exhibit swelling when exposed to heat, forming a porous
char layer that acts as a heat insulator. This char layer slows down the heat transfer
between the hot gases and flames and the underlying protected material [10]. The in-
tumescent coating can expand to a thickness up to 50 times its initial size [11].

Due to their superior flame-protective properties, intumescent coatings are often
considered more promising than non-intumescent coatings, particularly for steel,
wood, or hard mortar applications.

However, it should be noted that the durability of intumescent coatings poses
challenges, as they may lack resistance to leaching, weathering, and aging [12].
These factors affect their long-term performance and reliability.

In [7], a comprehensive table outlines the principles of flame retardant systems
based on material chemistry. These principles highlight the general mechanisms that
flame-retardant coatings employ at high temperatures or during a fire:

- Inert (non-combustible) gas dilution: These coatings generate non-combustible
gases that reduce the concentration of oxygen, combustible gases, and volatiles.

- Physical dilution: The concentration of the flammable material is reduced by in-
corporating fillers into the base material.

- Thermal quenching: Additives undergo endothermic degradation, which reduces
the surface temperature of the underlying polymer.

- Chemical interactions: Retardant additives undergo thermal dissociation, pro-

ducing radicals that neutralize combustible species in the gas phase.
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- Protective char layer formation: Thermal decomposition leads to the formation
of a protective char layer, which can be either intumescent or non-intumescent
[13,14]. Intumescent materials are currently considered a priority direction for the
development of new flame retardant coatings. Modern intumescent coatings often in-
corporate the mechanisms mentioned above.

Historically, significant achievements in flame retardancy have been made using
halogen-based compounds. These compounds, particularly halogen radicals formed at
high temperatures, effectively inhibit gas phase free radicals that sustain the fire. One
suggested mechanism is the inhibition of the chain reaction involving active oxidative
radicals by halogen radicals. This inhibits the exothermic reactions that produce
energy, slows down flame propagation, and ideally extinguishes the fire [15].

To enhance the effectiveness of halogen-based flame retardants, advanced me-
thods involve the use of compounds based on antimony, phosphorus, phenol, as well
as metal hydroxides, zinc borate, and other compositions [16].

However, despite their efficiency and cost-effectiveness, halogen-based flame re-
tardants do not meet modern requirements for health and environmental safety. Dur-
ing high-temperature exposure and burning processes, they emit harmful volatile
fumes and smoke. Moreover, they pose challenges in terms of recycling and contri-
bute to environmental issues. Consequently, they are not aligned with advancements
in modern ecological regulations.

Main directions of progress in the composition of flame retardant coatings

Under normal environmental conditions, coatings should provide regular proper-
ties such as protection against external influences (waterproofing, wear resistance,
anti-scratch, anti-corrosion, heat insulation, flame protection, antimicrobial proper-
ties), adhesion to the substrate, electromagnetic and optical parameters, absence of
substance emissions into the air, and more.

The three main functional elements of fire-protective coatings are flame retardant
additives (often referred to as flame retardants), binders, and fillers [7].

Flame retardants play a direct role in fulfilling the primary functions of fire-

protective compositions, which include delaying the spread of flames, reducing heat
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transfer to the protected substrate, preventing and delaying ignition and combustion,
slowing down the dripping of melted plastics, and reducing smoke formation.

The main functions of binders include [7, 16]:

- Maintaining uniform dispersion of flame retardants, fillers, and other compo-
nents within the binder matrix.

- Providing adhesion to the substrate material.

- Facilitating the formation of catalytically active structures in intumescent
processes.

The binder properties directly influence the efficiency of flame retardant coatings.

Fillers play important roles in flame retardant systems [7], providing the follow-
ing functions:

- Reducing thermal conductivity, which slows down the spreading of heat.

- Modifying material viscosity to reduce the melt dripping of polymers.

- Absorbing a portion of the heat through their thermal degradation, thereby re-
ducing or slowing down further temperature degradation. In this aspect, fillers func-
tion similarly to flame retardant additives.

Moreover, fillers can have specific and highly effective functions in intumescent
coatings:

- Reducing the average diameter of gas cells formed in intumescent flame retar-
dant coatings, which leads to a char layer with reduced heat transfer and enhanced
protective abilities.

- Increasing the expanding abilities of the coating, particularly applicable to ex-
pandable fillers like graphene.

- Intensifying the formation of carbonized char.

Some fillers possess additional functions of their own. For example, metal hy-
droxides that emit water under high temperatures function as flame retardants and are
sometimes referred to as such. Conversely, non-reactive flame retardants that remain
as particles in the composition are sometimes referred to as fillers.

The choice of components for flame retardant coatings is greatly influenced by

the type of underlying material (substrate). Different flame retardants, fillers, and ad-
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ditives are required to protect wood, steel, fabric, thermoplastic, and thermoset poly-
mers [17, 18].

The substrate, along with the flame retardant coating, forms a flame retardant sys-
tem that should demonstrate durability and robustness in various applications such as
industrial, architectural, transport, cables, textiles, etc. It should also be able to with-
stand corresponding environmental conditions, including indoor or outdoor applica-
tion, temperature and moisture ranges, exposure to microbiota, chemicals, UV, etc.

Each component in the flame retardant system affects the coating's ability to ad-
here to the substrate and the final properties of the coating. Each component plays a
specific or multifunctional role in providing durability and robustness. The final
properties for different applications also depend on the interactions between the com-
ponents in the formulation. There are various components in each flame retardant
system, and there are complex processes that occur when they come into contact with
high temperatures or flames [19,20].

Therefore: a) Current research is focused on gaining new knowledge about po-
lymers and compounds with flame retardant properties.

b) The methods of simulation, proper testing, and data analysis are crucial in the
development of modern flame retardant systems. The ability to use these methods
should be considered when discussing investments.

Through these paths, more advanced materials are being created. The ongoing
progress leads to an inevitable convergence with practical applications.

However, achieving significant breakthroughs or progressive pivotal points still
requires some time.

When evaluating the feasibility of investing, it is crucial to carefully consider the
risks versus the potential benefits. Investors should thoroughly assess the potential of
the new technology or platform compared to existing, well-established solutions.

The following sections present ingredients of flame retardant systems that have
demonstrated notable robustness to date, categorized based on their non-bio (conven-

tional) or bio-based origin. Conventional origin refers to chemicals derived from
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mineral or petroleum/gas materials, while bio-based origin encompasses any bio-
mass-derived sources.

One of the most significant trends in the field is the transition from conventional
or «non-bio» materials to bio-based alternatives.

Progressive non-bio FRs

Some of the most effective conventional, non-bio additives that show great prom-
ise as a foundation for new developments include phosphorous-based compounds
such as ammonium polyphosphate, melamine, and melamine-polyphosphate [7, 12,
21]. Additionally, pentaerythritol phosphate alcohol, polyphosphonate, siloxane, po-
lysiloxane [7], and dihydro-phosphaphenanthrene oxide derived compounds [22] are
also regarded as highly effective additives.

In addition to the mentioned additives, there are many other additives that remain
under consideration, including long-standing ones like magnesium and aluminum hy-
droxides, which also function as fillers, boric acid and its salts, and others.

To illustrate the challenges in making the right investment choice in innovation,
we can take the example of melamine. Alongside ammonium polyphosphate and pen-
taerythritol, melamine has become a commonly used industrial intumescent flame re-
tardant. It serves as an excellent example of a modern, multifunctional component in
flame retardant systems. Melamine exhibits favorable eco-properties, such as low
toxicity and environmental safety [23], as well as low smoke density [24], and cost-
effectiveness [25]. Moreover, it offers advantages in corrosion resistance [26]. It de-
monstrates high specific efficiency when used in fire-protective coatings, particularly
In intumescent coatings. This is attributed to its multi-mode mechanisms that inter-
fere with the flame process at all stages. Melamine presents numerous opportunities
for various synergies in flame retardant applications.

Indeed, when considering melamine, it is also important to take into account the
possibilities offered by its extensive family of derivatives and homologues. This in-
cludes its salts with organic or inorganic acids, such as phosphoric, boric, cyanuric,

pyro/polyphosphoric acid, as well as its homologues like melam, melem, and melon
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[26]. The potential for new combinatory developments based on melamine is vast,
offering numerous opportunities for further exploration and innovation.

At this, it should be noticed that the possibilities of its numerous family of deriva-
tives and homologues is to be taken into account: its salts with organic or inorganic
acids, such as phosphoric, boric, cyanuric, pyro/polyphosphoric acid, and its homolo-
gues (melam, melem, melon) [26].

Nevertheless, it is important to recognize that despite its benefits, multi-
functionality, and practical workability, melamine has not provided yet a significant
breakthrough. There are still a huge number of options and possibilities to be ex-
plored to determine whether melamine can eventually become a game-changer in this
area. Thorough evaluation of its potential still requires extensive research, and there
IS no guarantee of a breakthrough.

Similar conclusions can be drawn about many other promising agents in the field,
for example the recently synthesized DOPO (9,10-dihydro-9-oxa-10-
phosphaphenanthrene-10-oxide) and its modifications [22].

Therefore, in general, when investing is analyzed, a comprehension of whether
the innovators possess methods to choose right direction or not should be important.
Another issue of priority is whether they possess methods for proper advanced and
fast testing. This may become crucial, especially when the long-term stability, non-
emitting VOCs, resistance to weathering and ageing are critical to the supposed ap-
plications.

Progressive non-bio binders

Some conventional binders that appear to be the most effective and promising as
a foundation for new developments, particularly in combination with effective halo-
gen-free additives, include ethylene vinyl acetate and its homopolymers and copoly-
mers [27], dibutyl maleate, esters of branched carboxylic acids [16], various epoxy
resins, polyamides [7,28,29,30], acrylic, and urethane [31].

Extensive research has been conducted over the past two decades on the best
conventional non-bio binders, exploring their hybridization with other effective con-

stituents.
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For instance, a publication [32] as old as in 2006 demonstrated attempts to im-
prove compositions based on one of the most promising binders, acrylic binder, by
incorporating other effective constituents such as melamine, ammonium polyphos-
phates, and nanofillers. However, despite these efforts, many challenges in this area
still remain unresolved.

On the other hand, there are examples that illustrate the significant impact of
combining known techniques. Despite polyamide being a well-studied binder, recent
discoveries have revealed numerous novelties in its usage. Various synergistic com-
binations of polyamide-6 or polyamide-6,6 with other polymers, flame retardants, and
fillers have been disclosed in recent years [29,30,33]. In 2022, a significant synergis-
tic effect was reported with the addition of polyphenylene oxide to polyamide-6,6
[34]. This highlights the potential for significant improvements in fire protection sys-
tems using the best binders. However, finding new ways to surpass previous
achievements is not an easy task.

Even well-known basic binders can still be considered promising for the devel-
opment of new coatings through hybridization with other effective constituents.
Therefore, exploring novel hybridization approaches with established binders holds
potential for advancing flame retardant technologies.

The examples provided suggest that there are three general approaches that can
lead to progress in the field of flame retardant coatings:

- searching for new synergistic combinations of known ingredients

- discovering new promising ingredients

- utilizing progressive technologies for coating application processes.

The first approach can be exemplified by the synergistic effect observed in the
combination of a DOPO-based flame retardant and melamine, reinforced with nano-
silica as a filler [35]. This combination demonstrates improved flame retardant prop-
erties compared to individual components, highlighting the potential for synergistic
interactions between additives and fillers in enhancing the fire resistance of coatings.

The second approach involves the exploration of new modifications of bio-based

compounds. As the industry increasingly focuses on sustainable and environmentally
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friendly solutions, there is a growing interest in bio-based additives and binders for
flame retardant coatings. Researchers are actively developing and testing modified
versions of bio-based compounds to improve their flame retardancy and compatibility
with other components.

In both cases, having effective tools for scientific prediction of the properties and
performance of new hybrid compositions is crucial. Accurate prediction methods can
aid researchers in assessing the potential efficacy of novel combinations and guide
decision-making processes when investing in innovations in this field.

Progressive non-bio fillers

Non-bio fillers play a crucial role in flame retardant coatings, and their properties,
such as nature, size, and surface modification are key factors in determining their
functionality. Different fillers have specific functions and mechanisms for their effec-
tive operation in flame retardant systems.

One important function of fillers is to absorb heat through their temperature de-
composition. By absorbing and dissipating heat, fillers help prevent the spread of
flame and contribute to the overall fire resistance of the coating. Additionally, certain
fillers can release distinguishing substances that aid in extinguishing the flame or in-
hibiting its spread.

Fillers also serve other important purposes. They can help prevent the leaching of
other agents, thus prolonging the durability of the coating and reducing the effects of
aging. They can suppress smoke formation, reducing the dense and toxicity of smoke
generated during a fire. Fillers can also reduce the dripping of the melt polymer base,
which is essential for preventing the spread of fire and protecting the underlying ma-
terials.

Furthermore, fillers can enhance the adhesiveness of the coating to the protected
material, ensuring its effectiveness in providing fire protection. They can contribute
to the formation of a char protective layer, including intumescent chars, which act as
a barrier against heat and flame. Some fillers are even considered "flame retardants”

due to their inherent ability to fight against flames efficiently. Metal hydroxides, for
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example, release a high volume of water when heated, while lignin-based particles
are effective in forming char under high temperatures.

Another important aspect is the synergistic effect that many fillers can have when
combined with other components in flame retardant coatings. In hybrid synergistic
combinations, fillers enhance the overall performance of the coating.

The wide range of available fillers provides a variety of their functions and me-
chanisms in their interaction with other components. It is precisely their interaction
with base polymers and flame retardants that determines the selection of specific fil-
lers to maximize the fire protection characteristics of coatings.

In modern developments, there is a focus on achieving synergistic effects through
interactions between components. Therefore, combinations of different fillers are of-
ten used.

A trend has emerged in the use of fillers with complex structures.

This is well illustrated, for example, by the utilization of a filler combination
comprising a relatively new agent, two-dimensional nanofillers of graphene oxide,
and Mg-Al layered double hydroxides in a polyurea composite coating with modified
ammonium polyphosphate as the flame retardant (FR) [36]. The results obtained
demonstrate remarkable flame-retardant and fire-protective performance, a strong
mechanical strain rate effect, and enhanced bonding between the polyurea polymer
and the underlying steel.

As the industry increasingly moves towards bio-based compositions, the chal-
lenges related to the implementation of fillers become more complex in order to meet
the efficiency requirements of modern consumers.

Trend towards bio-based flame retardant coatings

The use of biomaterials to create eco-friendly and non-hazardous coatings is con-
sidered one of the main trends in the coatings industry. This trend is driven by the in-
creasing regulatory demands for ecological and human health considerations. Bio-
based coatings offer several advantages in this regard, including low toxicity, rene-

wability, and ecological compatibility.
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As a result, there is a growing importance placed on the development of novel
and efficient bio-based polymers, flame retardants, and other agents.

The shift from conventional, non-bio flame retardant coatings to sustainable bio-
based coatings aims to meet economic, health, and ecological demands. However,
there are specific challenges in implementing this trend in fire-protective coatings.
One challenge is the relatively high flammability of biopolymers. Another challenge
is their high hydrophilicity, which can affect their performance as coatings [12].

Research is being conducted on bio-based coatings for all three main constituents:
flame retardant additives, which are crucial for the fire retardancy of the coating sys-
tem, binders, and fillers. Additionally, the nature of the underlying material being
protected also significantly influences the efficiency of the coating.

Bio-based flame retardants

Some research studies highlight the utilization of modified lignin, cellulose, poly-
saccharides, proteins, lipids, and chitosan macromolecules [37,38,39,40] in coatings
intended for various substrates such as wood, steel, concrete, and fabric.

Other researchers are specifically focusing their efforts on developing sustainable
biobased flame retardants (FRs) for plastic applications. These include substances
such as phytic acid, tannic acid, isosorbide, diphenolic acid, deoxyribonucleic acid
(DNA), B-cyclodextrin, metallic phytates, coffee/phosphorous modified particles, and
various others [21, 44].

Here, we will leave aside some mix in terminology, when the same agent is some-
times referred as FR, and in other cases as a filler. This happens, for example, with
metal hydroxides. These well-known fillers are sometimes called as FRs because
their intensive flame-retarding action on producing water at high temperatures. Simi-
larly, lignin- or starch-based additives are sometimes called as “fillers”, but they are
quite often called as “flame retardants™ because of their high ability to form char
layer and do other functions. For this reason, we would call them “flame retardants”.

Out of all the bio-based fiber polymers, lignin is very effective for use in FR addi-
tives/fillers for the coatings due to its highly aromatic structure which provides effec-

tive charring at high temperatures, e.g. lignin-diethylenetriamine/red phosphorus na-
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noparticles [41]. Lignin -based fire-protective agents are especially effective in com-
bination with hemicellulose. The similar effects were obtained with starch [37].

When considering various types of additives, organophosphorus flame retardants
continue to receive significant attention [37,42]. Their effectiveness is further en-
hanced when combined with nitrogen, sulfur, boron, or silicon components. Organo-
phosphorus flame retardants derived from biomaterials hold great promise due to the
inherent advantages of bio-based materials. Moreover, they are less likely to face un-
foreseen restrictions in the future due to their eco-friendly properties. Additionally,
the combination of phosphate-based components with nitrogen and/or silicon-based
components has demonstrated synergistic effects [22,43,44]. For instance, isosorbide
derived from starch can serve as a highly effective platform for the development of
various phosphorus flame retardants [39,40]. Another example is the utilization of a
novel phosphorus-containing furan-based epoxy curing agent as a flame retardant
[45]. Furthermore, DOPA-modified flame retardants [22] have shown a wide range of
opportunities for further advancement. Numerous other modifications of organophos-
phorus compounds are also being explored.

One more important point into this pull is the ability of organophosphorus-based
flame retardants to provide and enhance intumescent coatings [46].

Above that, the chemistry of phosphorus-based flame retardants holds significant
potential that is yet to be fully explored, owing to its wide and extensive applicability
to various materials. This potential is further amplified by the broad range of reactivi-
ty exhibited by compounds of this nature.

This aspect is often highlighted when discussing polymers as bulk materials, ra-
ther than coatings, where flame retardant compositions are introduced to provide
flame retardant properties directly to the product or bulk layer. It is well-known that
reactive additives are generally effective for thermosetting plastics, while non-
reactive additives perform better in thermoplastic polymers. [44].

An effective lignin-based phosphate—melamine FR was presented in [21].

Lignin exhibits flame retardant properties in both the gas and condensed phases.

It enhances the performance of other flame retardants and plays a leading role in the
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formation of char [47]. The synergistic combination of lignosulfonate with ammo-
nium polyphosphate (APP) results in producing of a stable carbon layer. Additional-
ly, non-combustible gases such as NH3 and H20 are generated at high temperatures,
thereby reducing the oxygen concentration [48].

Another example is the utilization of carboxymethyl chitosan microencapsulated
melamine polyphosphate as a flame retardant (FR) in thermoplastic polyurethane
coatings [49]. In this case, chitosan serves as a multifunctional additive, working in
conjunction with melamine polyphosphate to provide flame retardancy. Chitosan ex-
ecutes several functions, including:

- improved compatibility: the hydrophobic structure of chitosan enhances the
compatibility between melamine and the polymer matrix, facilitating the uniform dis-
persion of the FR throughout the matrix.

- intumescent char formation: chitosan contributes to the formation of intumes-
cent char layers during combustion. These char layers create a protective barrier that
helps to reduce heat transfer and inhibit flame spread.

- water resistance: chitosan imparts high water resistance to the thermoplastic ma-
terial, further enhancing its durability and fire protection properties.

Another promising bio-based FR is phytic acid. It can enhance the matrix's cata-
lytic charring and inhibit the combustion process due to its own phosphate groups
[50]. Many new FRs were synthesized based on phytic acid [50,51].

One more promising bio-based FR is tannic acid. It provides several flame retar-
dant mechanisms, leading to carbonization to form a protective carbon layer [52] and
to generation of radicals which neutralize the radicals supporting combustion process,
and so create distinguishing effect [53,54]

Yet one more promising bio-based FR is B-cyclodextrin. Its polyhydroxy struc-
ture defines its flame retardant mechanism. Cyclodextrin is dehydrated and carbo-
nized during combustion to produce a large amount of carbon residue.

For example, a new type of cyclodextrin microencapsulated ammonium poly-
phosphate provides a synergistic effect of high carbonization ability and generating

high volume of NH3z and H,O resulting in effective flame retardance [55].
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Other bio-based flame retardants, such as those derived from starch, sodium algi-

nate, proteins, DNA, and others, are also subjects of ongoing research.
Bio-based binders

Some specific research has been dedicated to addressing the challenges of com-
bining flame retardants (FRs) with coat adhesives, including the exploration of suita-
ble bio-based adhesives. It is worth noting that all bio-based polymers are inherently
flammable, necessitating the use of flame retardants to enhance their flame resus-
tance.

Incorporating bio-based FRs into bio-based binders enables the development of
fully bio-based coatings and even construction materials.

It is important to mention that bio-degradable composites are sometimes referred
to as bio-composites, regardless of their actual origin.

There are two main strategies for utilizing bio-based binders and polymers to im-
prove flame retardancy [49].

The first approach involves using specific biopolymers such as modified lignin,
cellulose, chitosan, starch, starch-derived cyclodextrins, polylactides, polyhydroxyal-
kanoates, polyamide-11, among others. For instance, in a specific study [21], a-
cellulose and B-cyclodextrin were investigated as binders for flame retardant systems.

The second approach focuses on polymers similar to petrochemicals but derived
from natural raw materials such as bio-based polyurethanes, epoxy resins, acrylic re-
sins, and others.

At present, both strategies has their own advantages and disadvantages, leading to
ongoing and intensive research in the field.

The aim of these studies is to develop bio-based binders and polymers that effec-
tively enhance flame retardancy, leading to safer and more sustainable coating mate-
rials.

Currently, polylactic acid (PLA) based composites are being widely used in in-
dustry. An interesting example is the flame retardant system of bio-composite poly-
lactic acid-thermoplastic starch, enhanced through glycerol phosphate treatment of

the starch, and reinforced by modified flax fibers [56]. It demonstrates high flame re-
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tardancy parameters, and also well-balanced strength and stiffness. This system ac-
quires even more advanced characteristics after introducing ammonium polyphos-
phate.

More recently, another interesting approach to improvement of PLA-based bio-
composites was published [57]. There was implemented the Layer-by-Layer (LbL)
method for the simultaneous improvement of the flame retardancy and the mechani-
cal properties of PLA-based coating bio-composites. The LbL technique was used to
modify the surface of the protected material using a four-layer structure of chitosan,
sepiolite, and ammonium polyphosphate. Flame retardancy was significantly im-
proved.

Similar to PLA, polyhydroxyalkanoates (PHAS) are polyesters derived from bio-
based resources. Differing from PLA derived from plants, PHAs are produced by
bacteria. PHAs are used to develop biodegradable composites, particularly in combi-
nation with other polymers [58,59].

Polyamide-11 is another bio-based adhesive that is utilized in flame retardant sys-
tems. The inherent fire resistance of pristine polyamide-11 is limited, so its flame re-
tardancy is achieved through the incorporation of flame retardants and nanofillers,
often in conjunction with another binder such as polylactic acid [50,60].

Bio-based polyurethanes are also an area of continuous research. One intriguing
example is the incorporation of flame retardants during the synthesis of polyurethane.
Flame retardants are introduced into bio-based polyols derived from sources such as
soybean oil, orange peel oil, and castor oil [50].

Epoxy resins are widely recognized thermoset polymers that are effectively used
as binders in flame retardant coatings [7]. There are ongoing research endeavors fo-
cused on substituting petrochemical-derived epoxies with environmentally friendly
epoxy resins derived from biomass sources [61,62].

The issue of aging

An additional challenge that complicates and prolongs the development process is

the issue of aging, particularly for outdoor applications. The impact of aging on po-

lymers and flame retardant systems, including their durability and flame resistance
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under various conditions such as temperature, thermo-oxidation, moisture, UV radia-
tion, ionizing radiation, chemical solvents, and physical stress, has been investigated
in numerous publications [7,63,64,65,66]. However, these studies were not as exten-
sive and systematic as the studies on flame retardants themselves. Nevertheless, they
have revealed two key findings:

A) The results varied significantly for different polymers, adhesives, and flame
retardant compositions.

B) The prediction of these results through chemical simulation or mathematical
modeling proved challenging.

Consequently, there is still a long way to go in obtaining reliable long-term re-
sults in the field of aging studies. However, some progress is being made in this di-
rection.

When evaluating the feasibility and expediency of investing, it is important to
consider the extent of research conducted on aging and its prognosis.

Conclusions

This article provides a comprehensive overview of research in the field of flame
retardant coatings and polymers. It paints the landscape of wide range of research di-
rections and explains the inherent reasons behind this diversity.

The purpose of the article is to provide initial insights and guidance for analyzing
the feasibility of specific investments in this field, taking into account the multitude
of factors that complicate such analysis.

Several specific issues and points to consider when evaluating the expediency of
investing of a project in this area are emphasized in italics throughout the article
above. At this, the list of such really important points is wider and can be expanded in
a more specific article.

Main features of this landscape

High Demand and Competition: The field of flame retardant coatings and poly-

mers is highly sought after in various industries, leading to intense competition

among developer groups and supporting companies.
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Broad Research Scope: The research in this field encompasses a wide range of

materials as objects of study, methods of chemical synthesis for key components, de-
veloping hybrid (combined) compositions, and advanced coating creation and appli-
cation technologies. These studies involve highly qualified research teams with ex-
tensive experience in developing these methods.

Complex Interactions and Diverse Components: The large number of coating
components and their mechanisms of action and interaction result in a factorial num-
ber of possible combinations. The unique properties, diversity, and complexity of
these component interactions make it challenging to significantly limit their selection
in advance when developing new materials. Confidently predicting the outcomes of
new research is extremely difficult. As a result, there is a wide range of research di-
rections and sub-directions, with a significant number of experimental studies within
each development.

Transition to bio-composites: In the current key strategic direction, which is the
transition to bio-composites, decisive results have not yet been achieved. This indi-
cates that further progress is needed to fully explore and optimize the use of bio-
based materials in flame retardant coatings and polymers.

These systems should:

» Be easily recyclable or biodegradable.

« Not emit toxic substances under normal environmental conditions during their
long service life.

« Not release harmful volatile compounds under high temperature or flame.

Therefore, in principle, there is a room for entering this field with new ideas. In
this field, there are numerous developments that have: a) achievements, as well as
shortcomings and unresolved issues, and b) potential for further development.

Key sub-directions include the improvement of flame retardants (FRS), binders,
fillers, and other additives; the creation of synergistic combinations among them; the
development of multifunctional and smart coatings; advancements in coating applica-

tion technologies, and more.
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Due to the aforementioned reasons, it is impossible to determine in advance
which of these developments are the most promising. That is why research continues
in a very broad range. Analyzing investment proposals in this field is also significant-
ly challenging. Some initial insights to consider during such analysis are presented in
the sections of this review.

Preferred organizational conditions for investment entry

The first crucial requirement is the presence of an experienced team as only
highly qualified groups of scientists can successfully implement complex synthesis
and hybridization processes of various components necessary for the realization of
new ideas.

The second crucial requirement is modern technical equipment, both general
and specialized. This includes laboratory and technical capabilities for chemical syn-
thesis and monitoring of its results, testing methods, including accelerated aging stu-
dies.

Additionally, access to modern software programs for preliminary modeling of
the properties of synthesized materials is necessary.

A more thorough execution of a feasibility study is recommended to substan-
tiate venture investments. One of the additional approaches capable of enhancing its
credibility is the utilization of non-traditional specialized methods for researching pa-
tent information.

Approaches to the specific analysis of the prospects of a sub-direction

or technology proposed for investment

Recommendations in this regard vary depending on whether the technology has
been developed for a long time or if a new approach is being proposed.

For a technology that has been long-established and is gradually developing:

The risks of scientific or technical failure for such developments are relatively
low. However, there are many competing systems of this type, each with its own real
achievements, advantages, and disadvantages. Therefore, the chance of occupying a

significant market niche is not big even in a case of scientific success.
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Obtaining reliable expert assessments of their competitive commercial prospects
Is challenging. Therefore, the risks of being in a weak competitive position are rela-
tively high. There are also significant risks of requiring substantial over-expected ad-
ditional investment, as evidenced by similar developments in the past.

To address these challenges, special methods can be recommended to increase the
reliability of forecasting the commercial prospects of such developments.

One precise and specialized method includes a thorough analytical examination
of the patent landscape using specific techniques [2]. Despite the availability of mod-
ern commercial patent search and analytical services by the companies Questel, Cla-
rivate, Patbase, etc., such studies remain unfamiliar and overlooked by investors and
investment committees. However, when properly executed, these studies yield suffi-
ciently accurate and reliable results [3].

For a technology implementing a significantly new approach

The risks of scientific and technical failure for such developments are relatively
high. However, in the event of success, the probability of successful competitive
commercialization, capturing a substantial market niche, is also considerable.

Obtaining a highly reliable expert opinion with a sufficiently confident forecast of
prospects before obtaining experimental results is equally challenging as in the first
case.

In such situations, a more thorough specific combined investigation of develop-
ment prospects is recommended, involving close collaboration between a profession-
al in the field and an expert capable of conducting unconventional analytical research
of the patent landscape. Modern commercial analytical patent services offer unique
opportunities for unconventional research using specialized methods.

Such a non-standard comprehensive analysis of the patent landscape in conjunc-
tion with expert insights can provide valuable information not only about the novelty
and patentability, not only understanding the intellectual property landscape. It also
can:

- help in reinforcing the scientific solutions, and

- expand potential commercial applications of the technology
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- aid in identifying potential risks

- reveal unknown competitors that are still at a starting position.

All this facilitates making better-informed decisions regarding the development
and potential investment.

The field of civil engineering has always been at the forefront of innovation, and
2023 is no exception. As the world faces unprecedented challenges, including the
need for sustainable infrastructure, civil engineers are being called upon to find new
solutions to old problems. From smarter construction techniques to cutting-edge
materials and innovative designs, the latest advances in civil engineering promise to
transform the industry and help build a more resilient, efficient, and sustainable
future. Cement is the most widely used material in construction, but also one of the
biggest contributors to harmful carbon emissions, said to be responsible for around 7
percent of annual global emissions. One major problem is cracking in construction,
usually caused by exposure to water and chemicals. Bath University researchers are
looking to develop a self-healing concrete, using a mix containing bacteria within
microcapsules. which will germinate when water enters a crack in the concrete,
which exact limestone, plugging the crack before water and oxygen has a chance to
corrode the steel reinforcement. The demand for efficient insulation material is
becoming crucially important throughout the construction industry.

The heat through walls tends to cross directly through the building envelope, be it
masonry, block, or stud frame, to the internal fascia such as drywall. This process is
called «thermal bridging». Aerogel, the Nasa technology developed for cryogenic
insulation, is considered one of the most effective thermal insulation materials, and
US spin-off. The rmablok has adapted it using a proprietary aerogel in a fiberglass
matrix. This can be used to insulate studs, which can considerably increase the
overall wall R-value (an industry measure of thermal resistance) by more than 40
percent. Glazing integrated photovoltaic (BIPV) can help buildings generate their
own electricity, by turning the whole building envelope into a solar panel. Polysolar
IS a company is to provide transparent photovoltaic glass as a structural building ma-

terial, forming windows, facades, and roofs. The grazing material of Polysolar is
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efficient at producing energy even on north-facing, vertical walls. It is high
performance at raised temperatures means it can be double-glazed or insulated
directly. It includes the building constructed off-site using the same materials and
designed to the same standards as conventional on-site construction. It also helps in
limiting environmental disruption, delivering components as and when needed, and
turning construction into a logistics exercise. It also offers strong sustainability
benefits, from fewer vehicle movements to less waste. By using this method with up
to 70 percent of a building produced as components, it allows a move towards “just in
time” manufacturing and delivery. This method is currently popular in the United
States and the UK, Chinese developer Broad Sustainable Building recently completed
a 57-story skyscraper.

USA and China are leading patent owners in the field of Civil Engineering. The
last patents in Civil Engineering are presented below. The invention CN 107704703B
discloses a kind of construction methods of civil engineering BIM project amount
model, first obtain or construct BIM initial model, all parametrization components in
the initial model are created by layered modeling. Then according to project amount
statistical requirements and demand, in BIM initial model all secondary structures
and prefabricated preburied component carry out modeling inspection, and
unmodeled secondary structure and prefabricated preburied component are modeled.
Processing finally is reduced according to preset rules execution to all superimposed
structures, obtains civil engineering BIM project amount model. Using the embodi-
ment of the present invention, by the standardization and normalization procedure
that execute civil engineering BIM project amount model construction, support BIM
designs a model to execute the output requirement of preset rules with BIM engineer-
ing model to meet, without carrying out two modelings to go out project amount, or
avoid between design and calculation amount software repeatedly in association
process caused by data degradation, improve the integrated degree and efficiency of
construction overall process project amount statistics.

The invention CN 201810286034 discloses a disc-drive-based pavement tamping

device for civil engineering construction, which comprises a supporting transverse
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plate, wherein a fixed rod frame is arranged on the supporting transverse plate, a
pushing transverse plate with the side connected with the rod wall in a sliding manner
and a fixed transverse plate fixedly connected with the rod wall are arranged on the
inner side of the fixed rod frame, the upper end surface of the pushing transverse
plate is connected with the lower end surface of the fixed transverse plate through a
tamping spring, the upper end of an adjusting slide block is connected and fixed with
a poking convex column, the lower end wall of the pushing transverse plate pene-
trates through the fixed transverse plate through a plurality of connecting pull rods to
be connected and fixed with the upper end surface of the pushing transverse plate, the
spiral directions of two ends of the lower side of an adjusting screw rod are opposite,
two spiral connecting sleeves matched with the adjusting screw rod are arranged on
the lower side of the adjusting screw rod, moving rollers are. The device makes
things convenient for the road surface to tamp, and is easy and simple to handle, can
change application of force intensity adaptation different road surfaces, stable in
structure during the tamping, and convenient the removal, and the practicality is
stronger.

The utility model, according to CN 20152107440, provides a civil engineering
building construction material smashes and mixes integrated device, includes the cas-
ing, be equipped with first pivot in the casing, first pivot is connected with the inver-
ter motor who is located the casing top, be equipped with a plurality of support col-
umns in the first pivot, the on -fixed end of support column is equipped with first re-
cess, is equipped with the spring in the first recess, spring one end and first recess
bottom fixed connection, the other end and rod for crushing fixed connection, rod for
crushing is last evenly to be equipped with a plurality of crushing blades, the bottom
of first pivot is equipped with the disturbance pole, and the disturbance pole is circu-
lar-arcly, and disturbance pole below is equipped with arresting barrier, and arresting
barrier is circular-arcly, the arresting barrier below is equipped with mixing arrange-
ment, mixing arrangement includes second pivot, motor and helical blade. The

beneficial effect of the utility model can come to change to smash radius, convenient
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to use as required, smash and the mixed phase combination, effectively practiced
thrift the plenty of time for the construction progress.

The utility model, according to CN 20527015U,discloses a novel shale shaker for
civil engineering, including base, left support plate, right branch fagging, roof, feeder
hopper, connecing the sand table, the inner wall of left support plate and right branch
fagging all is provided with a set of spring, and the spring is fixed with the screen
cloth of a horizontal setting, is provided with on the screen cloth to extend to the out-
er body of rod of right branch fagging, follows vertical direction on the right branch
fagging and is provided with the slot hole that matches with the body of rod, and the
outer wall of right branch fagging is provided with the mounting panel, is provided
with first motor on the mounting panel, is provided with the cam on the output shaft
of first motor, cam and body of rod contact, the preceding both sides of base are pro-
vided with a front wheel respectively, and both sides are provided with a rear wheel
respectively at the back, and the front wheel passes through first round hub connec-
tion, and the rear wheel passes through second wheel hub connection, is provided
with the second motor in the base, is provided with first gear on the output shaft of
second motor, the first round is epaxial be provided with with a gear engagement's
second gear. The beneficial effects are that: work efficiency is high, remove
laborsaving convenience.

The invention CN 201910546708 relates to a civil engineering sand screening
device, which utilizes a cross-shaped structure consisting of transverse rods and a
longitudinal rod to form a screen structure, enables the transverse rods and the longi-
tudinal rods to be adjusted at equal intervals according to requirements through a
transverse interval adjusting device and a longitudinal interval adjusting device, si-
multaneously utilizes the locking function of a hydraulic telescopic rod in a hydraulic
cylinder and the self-locking function of threads to realize the position locking after
adjustment, enables the transverse rods and the longitudinal rods in the screen struc-
ture to be stable and reliable in the screening process, can be suitable for fine sand or
gravel with different particle sizes, avoids the replacement of a screen, simultaneous-

ly drives the transverse rods and the longitudinal rods which are mutually matched to
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be separated when screen holes are blocked or the screen needs to be cleaned by a
power device, and then realizes the cleaning effect through adjusting the interval, the
invention has simple operation and ingenious structure, the replacement of the screen
Is avoided, and meanwhile, the screen can be cleaned in time, so that the screening
efficiency and quality are greatly improved.

Method for the construction of a hybrid foundation structure, according ES
2671930T3, providing an upper support layer and a lower support layer with different
cross-sectional sizes from each other, and located vertically, wherein the layer upper
support layer and the lower support layer are vertically installed on a ground, and
comprising the upper support layer formed on the ground in the vertical direction; the
lower support layer extending downwardly from the upper support layer to have a
narrower width compared to the width of the upper support layer, and the upper sup-
port layer upper support and the lower support layer are formed by injection of solidi-
fied soil, which is a mixture of earth, sand and a soil solidifying agent, including the
method: a drilling step to form a hole of drilling on the ground to form the upper sup-
port layer and the lower support layer; a basic formation step to inject the mixture of
earth, sand and a soil solidifying agent into the drilling hole to form the upper support
layer and the lower support layer, characterized in that earth and sand are a mixture
of the silt produced in the drilling stage and aggregates, and the drilling stage and the
basic formation stage consist of using a part of the silt produced in the drilling stage
and injecting the mixture of remaining silt, aggregate and a soil solidifying agent.

The invention US 972966557 B relates to a composition comprising, based on the
dry weight of said composition, (A) 10 to 70% by weight of one or more hydraulic
binder and (B) 20 to 85% by weight of one or more filler, wherein the composition
contains 0.05 to 5% by weight, based on the amount of the hydraulic binder, of at
least one terpenoid alcohol, wherein the terpenoid alcohol is not terpineol or borneol.
Additionally disclosed is a hardened product made by the composition and the use of
at least one terpenoid alcohol in a composition, comprising hydraulic binder and

filler, to reduce the shrinkage of the wet composition during curing.
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The invention KR 101724062 B, relates to a mortar composite to maintain and

reinforce a concrete structure suppressing an in-depth fine crack of a damaged con-
crete structure, and a concrete structure maintaining and reinforcing method using the
same. More specifically, when maintaining and reinforcing a damaged part of a
deteriorated concrete structure; the present invention has excellent maintaining effect
for an internal in-depth fine crack and improves a bonding strength and durability to
maintain the effects of maintaining and reinforcing for a long time while at the same
time stably completing maintaining and reinforcing construction for a short time;
thereby having excellent economic feasibility, have excellent user convenience by
being directly used in a site, and have excellent resistance to the damage and fusion
of the concrete structure while at the same time having excellent effect of suppressing
the growth and proliferation of microorganisms. As such, the present invention is
capable of having excellent tolerance to an acidic action caused by the action of the
microorganisms.

The invention KR 101614725 B, relates to a shrinkage-reducing type rapid har-
dening cement concrete composition with excellent durability and a road pavement
maintenance construction method using the same. The present invention includes: 5-
45 wt % of rapid hardening binder; 10-75 wt% of fine aggregate; 10-65 wt % of
coarse aggregate; 0.01-25 wt % of reforming admixture; and 0.1-25 wt % of water.
The rapid hardening binder includes: 10-60 wt % of normal granular Portland cement
which has fineness of 4,000-8,500 cm?/g; 5-50 wt % of calcium sulfoaluminate; 1-40
wt % of calcium aluminate cement; 1-40 wt % of sericite; 1-40 wt % of blast furnace
slag powder which has fineness of 4,500-8,500 cm?/g; 0.1-20 wt % of gypsum; 0.01-
20 wt % of bauxite; 0.01-10 wt% of cyclohexylamine nitrite; 0.01-10 wt % of lithium
carbonate; and 0.01-10 wt % of sodium carbonate. The shrinkage-reducing type rapid
hardening cement concrete composition according to the present invention can
improve the strength, durability, and especially waterproofing and soundproofing
properties of concrete by forming dense concrete by promoting the initial hydration

and densification of the cement. The present invention can obtain an effect of
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preventing surface crack and expansion failure phenomenon by drying shrinkage by
using an expanding agent and a shrinkage reducing agent.

A foamed concrete, according US 88001851 B, having a density from 100 to 800
kg/m3 including by mass relative to the total mass of the concrete: a cement; water;
from 0.01 to 5 % of a water-reducing agent, plasticizer or superplasticizer; from 0.45
to 5 % of a foaming agent relative to the amount of water; from 0.01 to 5 % of a wa-
ter-soluble calcium salt; inorganic particles from 0.1 to 300 pum in size; the ratio of
foaming agent to calcium salt being from 0.3 to 0.8; excluding foamed concretes in-
cluding 10 % or more by mass of slag.

A method of manufacturing a building block, according ES 2808117 T3, com-
prising providing a granular material and a binder including steel slag; combining the
granular material and the binder with water at a first water / slag ratio; compacting
the combined granular material, binder and water at a compaction pressure of less
than 20 MPa; reducing the amount of water in the combined granular material, binder
and water to a second water / slag ratio that is less than the first water / slag ratio;
hardening said combined granular material, binder and water having said second wa-
ter / slag ratio with carbon dioxide.

Subsurface exploration by patent US 10823880 B1 using In-Situ tests such as
SPT, CPT, CPTu, DMT, and PMT predicts inaccurately engineering properties of
soils and intermediate geomaterials and thereby predicts incorrect load-settlement re-
lationship of piles; variations or errors in engineering properties predicted by one
empirical correlation to another correlation could be up to 50 % or greater. For soft to
very soft soils, engineering properties cannot be predicted as the SPT only provides
information such as WOR and WOH. To overcome this problem, the invention of the
application consists of performing subsurface exploration using load tests on short
model piles with or without instrumentation at various depths of a soil deposit for
determining accurately the above-mentioned properties. For very soft soils, a hung
balance is used to hang drill rods and short model pile from a drill rig boom or from a

platform with soil anchors to prevent its overturning, and then perform the load test.
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This invention CN 197510927 b relates to a set of elements or parts that make up
an adjustable metal formwork system for concrete structures in civil engineering
works that is intended to enable the formwork system to be assembled, joined and ad-
justed as efficiently as possible. Using the adjustable formwork system is intended to
minimise the number of metal panels and accessories during execution of a project. It
Is also noteworthy that the shape, size and function of each element are especially
designed to obtain a rigid structure, making it possible to construct the mould into
which the concrete is poured while retaining its characteristics and to perform said
functions more quickly, efficiently and safely. Structure defect detection by US
patent 11144814 B is performed using computer-implemented arrangements
employing machine learning algorithms in the form of neural networks. In one
arrangement, a convolutional neural network is trained using a database of images
formed to optimize accuracy of the convolutional neural network to detect, for
example, a crack in a concrete surface. A two-stage scanning process each
performing a plurality of scans of a test image is incorporated in the foregoing
arrangement of convolutional neural network, with the two-stages forming
overlapping capture areas to reduce likelihood of a crack lying on a boundary of the
individual scans going undetected. Also, region-based convolutional neural networks
are trained to detect various types of defects.

The patent US 10195687 B2 is provided high power laser and laser mechanical
earth removing equipment, and operations using laser cutting tools having stand off
distances. These equipment provide high power laser beams, greater than 1 kW to cut
and volumetrically remove targeted materials and to remove laser affected material
with gravity assistance, mechanical cutters, fluid jets, scrapers and wheels. There is
also provided a method of using this equipment in mining, road resurfacing and other
earth removing or working activities.

The invention CN 103136626 B relates to a kind of online management method
of engineering project, the method is based on a remote interaction platform, pass
budgets end computer installation, multiple contract enterprises end computer instal-

lation, multiple evaluation end computer installations, application end computer in-
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stallation, multiple end computer installations of submitting to a higher level for ap-
proval or revision, multiple examination & verification end computer installations,
data transmission and data between multiple examination & verification end comput-
er installations and server-side computer system process, achieve online bidding and
the assessment of bids of engineering project, the on-line evaluation contracting en-
terprise of engineering project, work out an engineering project schedule online, the
online tracing of engineering project progress performance, engineering project
progress abnormal response and process, the online engineering project quality that
generates checks and accepts form, the online application of engineering project
progress payment, material and labour cost analysis generates project estimates on-
line.

The invention CN 107355509 B provides a kind of current vortex vibration ab-
sorber using lever principle, which includes cabinet, connecting screw hole, fixed
copper sheet , permanent magnet , permanent magnet guide rail , support rod , mobile
copper sheet , mass block , mass block guide rail, spring , connecting rod , hinged
screw hole , driving bearing pin . When structure is vibrated, energy transfer is
carried out by TMD damper first, reduces structural vibration. Then the movement
for moving permanent magnet generation and mass block opposite direction by lever
body frenulum by mass block, increases the speed of related movement of copper
sheet and permanent magnet, carries out non-contact type energy dissipation by eddy
current damper. The device utilizes lever principle, effectively increases the speed of
related movement of copper sheet and permanent magnet, improves damper energy
dissipation capacity. Simultaneously by adjusting balance pivot and torque arm
length, adjustable TMD damper parameters, it is more extensive that device is
applicable in frequency range.

Polymers for cement dispersing admixtures, according to patent US 6855752 B2,
which show different performing properties in concrete are described. All polymers
are based on a composition of reactants, namely a poly(acrylic acid), b) a polyalkyle-
neglycol-monoalkylether and, optionally c¢) a a-amino-polyalkylene-glycol-o-

alkylether and/or d) a primary or secondary amine. By keeping the composition of
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reactants constant and varying only the reaction time, polymers with different
properties can easily be achieved. Such polymers are suitable for pre-cast, readymix
or for increasing workability over time, just depending on reaction time. Polymers of
the invention can be used as single polymer or in polymer blends. For this, the
Kinetics of the used polymer analogous condensation reaction was intensively
studied. Additionally, the benefit of amines as reactant regarding stability and
hydrolysis velocity of cleavable side groups was investigated.

The present invention relates to a three-component concrete composition using
fine ferronickel slag powder and a concrete structure manufactured using the same.
More particularly, the present invention relates to a technology for forming a concrete
composition using a three-component binder to which fly ash (FA), blast furnace slag
(GGBS) fine powder, fine ferronickel slag (FNS) powder which are industrial by-
products other than cement as a binder for concrete and also for manufacturing a
concrete structure using the same. According to the present invention, the three-
component concrete composition using fine ferronickel slag powder can prevent
infiltration of harmful chemicals or chlorides through pores since the pores between
cements can be densely filled, thereby significantly extending the life of the concrete
structure, extending the repair period, and significantly reducing costs and manpower
due to repair. By recycling ferronickel slag, blast furnace slag fine powder, fly ash,
etc., which are by-products generated in large quantities in industrial sites, it is
possible to increase the recyclability of resources and reduce the amount of waste by-
products, thereby improving eco-friendliness by preventing secondary environmental
pollution due to waste.

The invention US 103556225 B belongs to the field of civil engineering and re-
lates to a complex squeezed pile forming construction method and a complex
squeezed pile forming device. The complex squeezed pile forming construction
method comprises the steps of utilizing a complex squeezing drill tool of the complex
squeezed pile forming device to perform squeezing and hole forming, enabling an
expansion body of the complex squeezing drill tool to expand and squeeze during

upward spiral lifting, meanwhile starting a concrete pump to press and fill a pile
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material into a pile hole till the pile top elevation is reached, and obtaining the a
complex squeezed pile. The complex squeezed pile forming device comprises the
complex squeezing drill tool and a control system of the complex squeezing drill tool,
wherein the complex squeezing drill tool comprises a drill rod, and multiple
expansion bodies are arranged at a drill bit threaded section of the drill rod. The
complex squeezed pile forming construction method has the advantages of being high
in bearing capacity, small in settling volume, good in quality, low in cost, low in
energy consumption, high in work efficiency, environment-friendly and the like, and
the complex squeezed pile forming device can perform construction operation under
the complicated geological condition/

The invention CN 109095836 B provides a recycled powder concrete material for
3D printing construction. The invention further provides a preparation method of the
recycled powder concrete material for 3D printing construction. The invention also
provides a recycled powder concrete member for 3D printing construction and a
preparation method and application thereof. The recycled powder concrete for 3D
printing construction and the preparation method thereof provided by the invention
combine the construction waste recycling recycled powder technology with the 3D
printing construction technology; the safety, the applicability and the durability of the
3D printing recycled powder concrete material are further improved through
optimization of the recycled powder concrete formula, and the self-cleaning function
is achieved. The invention has higher environmental benefit and social benefit by
considering the development of unmanned construction technology and resource re-
generation technology in civil engineering in the future.

The invention CN 10209677 B disclose a method for monitoring the corrosion
cracks of reinforced concrete based on distributed optical fiber sensing technique.
The method comprises the following steps: periodically detecting the polarization
current of a steel bar and a stainless steel segment embedded in a sensor by an
electrochemical work station to determine the initial corrosion time of the steel bar;
monitoring the optical fiber strain by the distributed optical fiber sensing technique in

real time through using sensing optical fibers surrounding the steel bar and laid in the
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sensor to deduce the corrosion expansion or corrosion crack stage of the reinforced
concrete; and determining the corrosion expansion or corrosion crack degree by a
calibration curve. The invention also discloses a sensor for executing the above
method. The sensor can be used for monitoring the total corrosion cracking process
of reinforced concrete at any position without damaging the structure of the concrete
by monitoring the polarization current and the sensing optical fiber strain of the
corroded steel bar, and can determine the corrosion crack stage and the degree of the
reinforced concrete. The sensor is used for monitoring and evaluating the durability
of reinforced concrete structure in the field of civil engineering.

A kind of concrete material, comprise the following component of corresponding
proportion: cement, fine aggregate, coarse aggregate, flyash, silicon ash, carbon na-
notube, nano silicon, haydite, granular polystyrene, steel fiber, nano kaoline particle,
ultra-fine natural zeolite powder, gypsum, polymer emulsion, dibastic alcohol com-
pound, modified lignin mahogany sulfonate, sheet silicate minerals material, polysi-
loxane, oxalic acid, benzene emulsion, crystalloid hydrous magnesium aluminium si-
licate mineral, water, mould agent by force, the naphthalene series high-efficiency
water-reducing agent of baric, organic polymer class plasticity-retention agent, com-
pound retarder and air entrapment agent. The invention still further relates to the prep-
aration method of this concrete material. Concrete material of the present invention
CN 104291749 B is than it existing concrete, and various performance improves all
greatly.It is applied widely, has great engineering practical value and significant
Technological Economy meaning.

Synthetic aggregates by patent US 10207954 B2 are fabricated from greater than
approximately 70 wt % waste starting materials. Starting materials may be selected
from granulated ground blast furnace slag, waste concrete fines, or sewage sludge
ash, and mixtures thereof. The starting materials are bound together by a hydraulic
cementitious binder either added to the starting materials or formed in situ. The waste
starting materials, binder, and water are formed into pellets and subjected to a hy-
draulic reaction and carbonation in an atmosphere of greater than approximately 50%

carbon dioxide at temperatures less than approximately 100°C. The resulting synthet-
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IC aggregate has a crush strength after a period of hardening equal to or greater than
approximately 0.5 MPa.

The invention CN 102127974 B provides a design and construction method of an
additional cellar under an existing building, applied to the development and the appli-
cation of an underground space under an existing building on a soft soil foundation.
The method comprises the following steps of: temporarily processing and reinforcing
an existing building; arranging an underpinning base carrier for wholly underpinning
the foundation of the existing building; designing and constructing an underpinning
pile foundation under the existing building; carrying out the engineering design and
the construction of a foundation pit combined with the cellar structure; and carrying
out the structural design and the construction of a sequential part of the cellar struc-
ture to achieve the aim of adding a cellar under the building. The design and
construction method provided by the invention can provide a complete and reliable
design and construction technology for developing and utilizing the underground
space under the existing building and can provide a new ideal for solving the problem
of parking difficulty in a central metropolitan area, old towns, and the like.

A tunnel BIM simulation system and method based on tunnel design data and ex-
cavation surface data is disclosed. The tunnel BIM simulation system by patent KP
101650480 B1 includes a two-dimensional centerline data generation unit, a three-
dimensional centerline data generation unit, a tunnel cross-sectional configuration
unit, a BIM model generation unit, and a data plane setting unit. The two-dimensional
center linear data generator generates plane linear data and longitudinal linear data of
the tunnel from the design data of the tunnel, and the three-dimensional center linear
data generator generates three-dimensional central linear data of the tunnel from the
plane linear data and the longitudinal linear data The BIM model generator sets up a
three-dimensional BIM model of the tunnel using the three-dimensional centerline
data of the tunnel and the cross-sectional shape of each section of the tunnel from the
design data of the tunnel cross section. And the paved surface data setting unit sets
the paved surface data of the tunnel to the cross section on the corresponding three-

dimensional BIM model of the tunnel.
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An innovative, low-density, highly-insulating modular panel for use in many
applications and industries. The panel by patent US 9512670 B2 consists of a frame
that may be preformed or bent and may be made of rigid or flexible material, and a
panel covering comprising at least one pocket of thin, low-density shade fabric that
has the capability of sufficiently stretching to surround the frame when the pocket is
pulled onto it. The pocket may be then secured, along any previously open end where
the frame was inserted, by various fastening devices. The panel covering pocket may
have additional features added, as described herein. The panel is durable and cost-
effective, and has good solar-control and insulating qualities. It is also a windbreak
panel, a noise-reduction panel, an impact protection panel, a water-resistant panel, a
fall protection panel, and a pollution-control panel. Two or more panels can be joined
to create a structure-protecting panel assembly or system.

A method and system for native object collaboration, revision and analytics for
Building Information Models (BIM) and other design platforms. The method and
system by patent US 10949805 B2 provide X-dimensional (XD) models for building
information modeling (BIM) with collaboration and analytics. The method and
system allows real-time and static collaboration on native and new composite XD
(e.g., 3D, or lower or higher dimensional) object models from within existing 3D
modeling BIM  programs (e.g, AUTODESK REVIT, AUTOCAD,
VECTORWORKS etc.). Collaboration analytics are collected and displayed.

An autonomous 3D excavation construction robot by patent CN 201810829038
A utilizes machine vision, a satellite positioning and automatic control device, a 3D
digital model and the like to realize automatic and intelligent 3D excavation construc-
tion operation, and in a specified unstructured area, a satellite positioning system is
utilized to measure pose information, a machine vision system is utilized to sense and
recognize operation environment information, and an autonomous decision is made to
excavate a driving route, driving speed, a bucket operation pose and the like of the
robot. The satellite positioning system senses the position and the posture of the
excavating robot in real time by adopting a satellite positioning receiver set; the

machine vision system adopts a fixed baseline camera to sense and excavate the
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surrounding environment of the robot and AR augmented reality capacity; the
automatic control system is composed of an onboard upper control computer and a
lower controller based on a CAN bus, wherein the lower controller comprises an
engine controller, a running controller, a bucket operation controller, a fault diagnosis
controller and the like. The autonomous 3D excavation construction robot can also be
manually driven or remotely operated.

A kind of prefabricated beam column attachment means provided by the inven-
tion CN 105625570 B and preparation method thereof, are related to technical field
of civil engineering, including the pre-buried steel member of prefabricated beam-
column connection, styletable and the pre-buried steel member of beam-ends the pre-
fabricated beam-column connection includes the first reinforcing bar connector and
the second reinforcing bar connector, the first reinforcing bar connector and the
second reinforcing bar connector agrees with across and integrated cast molding, the
pre-buried steel member of styletable is connected with the end face of the first rein-
forcing bar connector, and the pre-buried steel member of beam-ends is connected
with the end face of the second reinforcing bar connector. Said apparatus causes job
site only lifting splicing process need to be used can be linked together in beam-ends
and styletable, substantially increases construction speed, easy for construction; it is
swift to operate, shorten the duration, be advantageous to environmental protection
and noise control; it is readily transported, pacifies and tear open, and can be largely
produced with the short time.

A composite pavement structure comprises a wearing course layer and a base
course layer disposed below the wearing course layer. The wearing course layer
comprises aggregate, e.g. glass and rock, and an elastomeric composition. The
elastomeric composition comprises the reaction product of an isocyanate component
and an isocyanate-reactive component. The isocyanate component comprises a
polymeric isocyanate, and optionally, an isocyanate-prepolymer. The isocyanate-
reactive component comprises a hydrophobic polyol and a chain extender having at
least two hydroxyl groups and a molecular weight of from about 62 to about 220. The

chain extender is present in the isocyanate-reactive component in an amount of from
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about 1 to about 20 parts by weight based on 100 parts by weight of the isocyanate-
reactive component. The base course layer comprises aggregate which is the same or
different than the aggregate of the wearing course layer. Methods of forming the
composite pavement structure are also disclosed - see US 9850625 B2.

The invention CN 11572229 B discloses a preparation method of high-strength
coral concrete. Weighing the following raw materials in parts by weight: 25-63 parts
of cementing materials, wherein the cementing materials comprise 20-45 parts of
cement, 5-18 parts of mineral admixture, 45-58 parts of coral aggregate, 10-16 parts
of mixing water and a water reducing agent with the weight being 2-5% of the total
weight of the cementing materials. Placing the coral aggregate, seawater, a water
reducing agent and 55-85% of cementing materials into a stirrer, stirring for 10-15
minutes, and adding the rest cementing materials into the stirrer in several times
before initial setting to complete stirring, thus obtaining the high-strength coral
aggregate concrete. The coral concrete has high mechanical performance index, high
compactness, good impermeability and durability, is used for various
concrete engineering in ocean island reef and coast construction, meets the
requirements of civil engineering on greening and economy, and is beneficial to
military defense facility construction and further development and utilization of
ocean resources.

Construction systems for erecting budding structures comprise a plurality of pre-
fabricated interconnectable modular budding units, each unit comprising framing
members and a plurality of nodes, each node situated for selective interconnection
with other units, the nodes and the exterior dimensions of the frame conforming to
ISO shipping standards such that each unit is transportable using the ISO intermodal
transportation system, and such that when the units are interconnected, a building
structure is formed. The modular units are assembled at a remote location, and are
there constructed to a semi-finished state, following which the semi-finished modular
units are transported from the remote location to the job site, where they are secured
to form the structure being erected, and the semi-finished modular units are thereafter
constructed to a finished state. See US 20160160515A1.
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A patented method and system for automatically ordering and fulfilling
architecture (US 11475176 B2), design or construction product sample requests.
Product sample request codes are added to 3D modeling programs, product pages,
digital copies of standards books, product catalogs or product sheets. The product
sample codes are used with artificial intelligence (Al) methods to automatically order
and fulfill requests for architecture, design or construction product samples. The
requested architecture, design or construction product samples are collected and
shipped in a shipping container that includes graphical and other information that
visually and consistently indicates the shipping container includes requested
architecture, design or construction product samples. The shipping containers for the
requested architecture, design or construction product samples may also include
product branding for the manufactures or product suppliers of the requested

architecture, design or construction. product samples.
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®urosckuii Ouer JIbBOBHY — JI-p TEXH. HAayK, CIEHUAIUCT B O0JIACTH CO3JaHHUS HOBBIX KOM-
no3uiMoHHbIX MaTepuanoB, Axkanemuk EAS, PUA u PAACH, nouérusiii nokrop KHUTY, nouér-
ue1it ipodeccop KI'TY, BI'TY u WSG

Kykuna Osbra bopucoBHa — kaH/. TeXH. HayK, JOLUEHT KadeIpbl XUMHH U XUMUICCKON TEX-
HOJIOTMU MaTepraioB BOpOHEXKCKOT0 ToCy1apCTBEHHOTO TEXHUYECKOIO0 YHUBEPCUTETA

Yyauna TaThsiHa AJieKceeBHA — CTYICHT CTPOUTEILHOTO (akyibreTa BopoHEKCKOro rocy-
JAPCTBEHHOTO TEXHUYECKOTO YHUBEPCUTETA
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V]IK 691

OBOCHOBAHUE HOPMATHUBHBIX U TEXHUUYECKHUX TPEBOBAHUI
K XAPAKTEPUCTUKAM ABTOMOBHWJIBHBIX TOPOT
B PECITYBJIMKE BYPYHIHU

H.A. benvkosa*, Hoaituzeiie @yaou, E.H. IIImumovko

Bopomneoicckuii 2cocyoapcmeenniii mexuuduecKuil yHugepcumem,

Poccuiickaa ®@eoepayus, 394006, 2. Boponeowc, ya. 20-remuss Oxkmsabps, 84

*Aopec ons nepenucku: benvkosa Hamanvs Anamonvesna,

E-mail: verlnata@mail.ru

B crarbe npencraBiieHbl 0COOEHHOCTH 000CHOBaHUS TPeOOBaHUM K JOPOKHBIM OZEKIaM IpU-
MEHUTEJIbHO K YCIOBUAM pecnyonuku bypyHau. BeisgBieHbl 0cOOEHHOCTH HOpMaTHUBHOW 0a3bl B
00JIaCTH CTPOUTENLCTBA pecnyOnuku bypyHau. Y craHoBI€HO, UTO Ui HOPMUPOBAHUS TPEOOBaHUI
JIOPOKHBIX OJIEXk]I BO3MOXKHO TPUMEHEHHE HOPMAaTHBHBIX NOKYMEHTOB Poccuiickoii @enepanuu.
st pecnyonuku bypyHan u BopoHexxckoil 00macTu onpenesieHbl XapaKTEPUCTHKU U Kiaccudu-
LUPOBAHBI JOPOKHO-KIMMAaTUYECKUE 30HBI JUIsl JJOPOXKHOTO CTpouTeNbcTBa. OnpeseneHbl 0CHOB-

HBIC HAITPaBJICHU A JalbHEUIINX UCCIeI0OBaHUM B o0OacTu KOHCTPYUPOBAHUA JOPOKHBIX OHCKI.

Knioueguvie cnoea. JOPOKHAA OACKIAd, HOPMATHBHBIC NTOKYMCHTLI, JOPOKHO-KIMMATHYCCKasd

30HA, )KE€CTKUC N HEXKCCTKUEC JOPOKHBIC ITOKPBITHUA

JUSTIFICATION OF REGULATORY AND TECHNICAL REQUIRE-
MENTS TO ROAD CHARACTERISTICS
IN THE REPUBLIC OF BURUNDI

N.A. Bel'kova*, Ndayizeye Fuadi, E.l. Shmitko
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The article presents the specifics of justifying the requirements for road clothes in relation to
the conditions of the Republic of Burundi. Features of the regulatory framework in the field of con-
struction of the Republic of Burundi were revealed. It has been established that regulatory docu-
ments of the Russian Federation can be used to standardize the requirements of road pavements. For
the Republic of Burundi and the VVoronezh Region, the characteristics and road climatic zones for
road construction are determined. The main directions of further research in the field of road pave-

ment design have been identified.

Keywords: road apparel, regulatory documents, road climate zone, rigid and non-rigid road sur-

faces

Beeaenne. Bonpockl 0600cHOBaHUSI TpeOOBaHUI K MapaMeTpaM JIOPOKHOTO IOo-
KPBITUSI B Pa3JIMYHBIX PETMOHAX CTPAHbl U MHUPA ABIISIFOTCS JOCTATOYHO CIIOKHBIMU U
HEOJHO3HAYHBIMU, OCOOCHHO B CTBOPE MPUMEHEHHUSI MECTHBIX CHIPHLEBBIX MAaTEPUAJIOB.

[IpumMeHuTenbHO K pecnyodsivke bypyHau nmpobiieMa CTpOUTENbCTBA IOPOT SIBIIS-
eTcst HanOosiee aktyanbHOU. Tak, mo manueiM JloposkHoro ynpasnenus bypyuau [1],
17 % HauuoHaIbHBIX AOPOT (TPacc) HaXOASITCS B OYEHb XOpoleM coctossauu, 11 % B
XOpOIIIEM COCTOSTHUM, 26 % B yJOBJIECTBOPUTEILHOM COCTOSSHUU U 46 % B Mmioxom
coctossHuU. YTO KacaeTcs MPOBUHIMAIBHBIX JOPOT, TO 65 % W3 HUX HAXOJATCS B
mioxoM cocrosinuu. [Ipu 3tom, npaButensctBo bypyHnu nposeno psa pedopm, Ha-
MPABJICHHBIX HA YJIYYIIEHUE IMOJO0KEHUSI B TPAHCIOPTHOM CEKTOpPE, U, B YACTHOCTH,
Ha foporax. CeKTop Ha3eMHOI'0 TPAHCIIOPTA SBJSETCS BaXXHBIM 3B€HOM B OypyHAMN-
CKOM JKOHOMHUKE M CYILIECTBEHHOM TMOJJIEPKKOU CTPATETMH YCKOPEHHOIO pOCTa
ctpansbl [2-4]. IIpu atom, cornmacHo [S] B pecniybnuke BypyHan oTcyTcTByeT coOCT-
BEHHasi HOpMaTHBHasi 0a3a, B OCHOBHOM TPUMEHSIOTCS Oebruiickue, (hpaHIly3cKue

501041 eBpOHeﬁCKHe HOPMATHUBHBIC JTOKYMCHTHBI.
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Taxum 06pa3zom, MpoOIeMbl ONPEIEIeHNsI TEXHUYECKUX MapaMeTPOB TOPOKHOTO
MOJIOTHA U 0OOCHOBaHWS HOPMATUBHOM 0a3bl JJI1 CTPOUTENIBCTBA AOPOT ISl YCIOBUI
pecnyOsinku BypyHau siBisieTcsl JOCTaTOUHO aKTyalbHOM.

[lenpto HacTOsIIECH CTaThU SIBISIETCS 00OCHOBaHUE TPeOOBaHUI K aBTOMOOWIIb-
HBIM JIOpOTaM U JOPOKHBIM OJI€’KAaM IPUMEHUTENBHO K YCIOBUSAM pecnyOnuku by-
PYHIU U CpaBHEHHUE 3TUX TPeOOBaHUH C ycioBUAMU BopoHexkckoil 001acTy.

Bnauane paccMOTpUM KOHCTPYKIMIO aBTOMOOMIIBHON JOPOTH.

ABTOMOOMIIbHASL J1OpOra MpPEACTaBiIsieT CO00M MHOIOCIOWHYK KOHCTPYKLIHIO
(puc. 1) [6]. OCHOBHBIMU COSIMU SIBJISIFOTCS:

1) mokpeITHE — BEpXHUI, HanboJiee MPOYHbIN, OTHOCUTEIBHO TOHKHI CIION 0/1€K-
Ibl (BBITOJIHAET (YHKIIMH COMPOTHUBIICHUS BHEIIHUM MEXaHUUYECKUM (MCTHUPAIOIINM,

YAApHBIM U CABUTAIOIIMM Harpy3kam) U (pusndeckuM (IpUpOIHBIM) (pakTopam);

1- 7 1—-NoKpLITHE;

2 —0CHOBAaHMWE (MPOCAOMKE M3 Necka MOM WebHA,

-2 0BpRABO0TAHHOMD OEraHMY BCHIMMM EARY LM M

-3 MaTepran amu);
3 —ocHoBaHMe [WebeHoYHbIA cnor);

4 4 — 0CHOBaHMWE [O0NOAHWMTEABHBIM CAOK 0 CHOEAHMA K2
- MECHE, MDAEMA, WAAKE MM MO R0 20YCT0 MY MELD
S S S MECTHBIK KAMEHHEK MaTEpWanae);

Puc. 1. IIpumep AOpOKHOIO MOKPBITUS

2) OCHOBaHUE — HECYyIIas MPOYHasl YacTh OJCKIbI, yCTpauBaeMasi U3 KaMEHHBIX
MaTepHualoB UK TPyHTa, 00pabOTaHHOTO BSKYIIMMH MaTepUaiamMu;

3) IOMONHUTEIBHBIE CJIOW OCHOBAHMS M3 MATEPUAJOB — BBINOIHSIOT HEOOXOIM-
Mble QYHKUMHU (APEHUPYIOUINE, TOJCTUIIAIONINE, CHUYKAIOIINUE TOJIIMHY OCHOBAHUS );

4) rpyHT 3eMJIIHOTO MTOJIOTHA - MOJCTUIAIOIINI CIIOH.

Takum 00pa3om, pu 000CHOBAaHMH OCHOBHBIX TPEOOBAaHHI K JIOPOKHBIM OJI€K-
JaM HEOOXOAMMO ONPEAENSITh KOJTUYECTBO, TOJIIMHY U BUJ MATEPUATIOB JIJISl KaXK]10-
IO U3 3THUX CJIOEB.

Ha mepBoM sTare HacTOSIMX MCCIICMIOBAHUN ObLUT MPOBEJACH aHAIN3 JIEHCTBYIO-

1€ HOPMATUBHOM JIOKYMEHTALUU.
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[Ipu pa3paboTke U MPOESKTUPOBAHUH TOPOT U MATEPHATIOB JJISi HUX MCIIONb3yeTCs
pSI HOPMAaTUBHBIX JOKyMEHTOB. PaccMoTpum BHauaje TpeOOBaHUSA K JOPOKHBIM
oJlexk1aM U OETOHaM B COOTBETCTBUU C HOPMAaTUBHBIMM JOKyMeHTamMu Poccuiickoi

®enepaunu u EBponsl (puc. 2 u 3).

Poccuiickse HOPMATHEHEIE JOKYMEHTEL

CII 78.13330.2012 «CHull
3.06.03-85 ApToMODHNEHEIE I CII70.13330.2012
/ CI134.13330.2021 ArptoMobuabHEIE

LOpOTH» Hecyme n orpaxparome
JOPOTH / . KOHCTDYEITHH. /
v }

T'OCT P 57345-2016 Berorn. Obmme [ TOCT 25192-2012 Berorsr. Kimacen TOCT 7473-2010 Cmecr beToHHELE.
h Texmqecx.ﬂe VCIOEHA obmmpie TexHIYeCKHE TpeDoBaHIg TexHu=eCcKHE YCIOEHS

T'OCT 33063-2014 Moporn aEToMoOHNBHELE COCT 8736-2014 [Tecok mux
CTPOHTENEHELR .
0bmero nonszopanns. Knaccudukamia Tunos TeXHEYECKHE YCIOEHT

| TOCT 26633-2015 Berors: Tix

MEIKO2EPHHCTHIE. | eXHHYeCKHE YCIOEHE
MECTHOCTH H TPYHTOE

_ J |
I

oCT ot ST — FOCT 27751-2014 Hagexsocts crposrremsmsre | | TOCT 3344-83 Trle6ers u mecox mm‘mﬂ
= = JAOpOFEHOTO CTPOHTETBCTED. TexEH9IeCEHE YCIIOEHA
OIPeaeleHHA IIPOIHOCTH IO KOHCTPVEITHH H O0CHOEAHHH. OC}IOBI{BIC
KOHTPOIEHEIM ﬂﬁpagum IIOIOEEHHE

"
| TOCT 30459-2008 Jlo6aexs s - TOCT 11955-82 Burry: redyrammsre opo ( [OCT P 57808-2017 Vcrsrrasms bero
H CTPOHTENBHEX pacTEopoE. Onpenenerne smgpwe. Texapdeckne yonoERs CEEEENPHTOTORIeHHOH cMecH. Jacts 1.
‘ﬂ:{ asbdexTHEHOCTH Otbop npob

(TOCT 24211-2008 Jobazxa At
CTPOHTENEHEX PAacTEOpPOE. OOmuEe

‘ TEXHHYECEHE VCIIOBHA

Puc. 2. JleficTBytonirie HopMaTuBHbIE TOKyMEHThI Poccuiickoit ®enepaunn

B xone aHanm3a ObLIO YCTaHOBJIEHO, YTO MHOTHME €BpPOIEICKHE HOPMATHUBHBIE
JOKYMEHTBI COOTBETCTBYIOT HOPMATUBHBIM AOKyMeHTamM P®d, GoibmIMHCTBO €Bpo-
[IEUCKUX CTAaHIAPTOB aKTYyIM3UPOBAHO HA TeppuTopuu PO B Buae MEXAyHAPOIHBIX.
OT0 KacaeTcs, B YaCTHOCTH, TPEOOBAHUH K CHIPHEBBIM MaTepuaiaM U OCHOBHBIM Me-
TOJIaM OMPEAEIICHUS UX CBOMCTB [6].

IIpu stom B Poccuiickol cucTEME HOPMATHBHOW JIOKYMEHTAlUH CYLIECTBYET
0co0bI# THI HOpMaTUBHBIX JOKyMeHTOB — CHull u CII. YcraHoBieHo, YTO UMEHHO B
ATUX JIOKYMEHTaX YCTaHOBJIEHbI OCHOBHBIE OO0IIME TpeOOBaHUS K aBTOMOOMIBHBIM
J0poraM B LIEJIOM U JAOPOXKHBIM onexaaM. Takum o0pa3oM, BOZMOXKHO HCIOIb30Ba-
HUe TpeOoBaHMM HOpMATUBOB P®D mpumMeHuTeNnbHO K ycioBusiM bypyHau. OTo moa-
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TBEPKJIACTCS U UCCIETOBAHUSIMU, NIPUBEICHHBIMU B [7], COIJIaCHO KOTOPBIM yCTa-
HOBJICHO, YTO POCCHUMCKHE U EBPOIEUCKUE METOHAOJIOTUA U METOAUKH, IIPUMEHSIEMBIC

K CTPOUTCIIBHBIM MAaTCpHalaM, MOXHO aJdlITUPOBATL K HOBBIM PCCYPCHBIM 0azam

PecnyOnuku bypynnu.

EpponefickHe CTAaHAAPTH

l

EN 206-1:2013 Beton 00ImHe TeXHAYECEHES
VCIIOEHH

EN 12350-6:2009 Hcnerragre GeToHHOH
cuecH. Tacts 6. [InoTHOCTE

EN 13791:2007 KoHCTpYEIHH Xelez00eTOHHEE
chopame. OnpegeneAne npoIECCTH DETOHA HA
CHATHE

EN 12390-1:2009 EN 12390-2009
EN 12390-3:2009 EN 12390-4:2009
EN 12390 -5:2009 EN 12390-6:2009
Beronr. MeTonm onpeeneHAs OpOIHOCTH OO
EOHTPOJIBHEM 00pazmam

EN 12350-7:2009 Hermrasne GeTonsoH cMecH.
Yacrs 7. Conepaanne gosgyxa. Meroas:
onp A TIOX

DIN EN 934-2:2009-09 Hobaprs ana OeToHA,
CTPOHT&IEHOTC PACTECPA H ZHAKOTO MEMEHTHOTO
pacTeopa - Yacts 2: Jobaexs ana beToHa -
OIpefeleHAd H TpeboBanAa

EN 12350-1 Hcomrrasre
CEEHENPHTOTOEI¢HHOH OeTOHHOH ClMecH:
Hacte 1: Otbop obpazmooe

EN 197-1 | LTemenT — 9acTh 1: CocTaEg,
coenAEGHEADEL H EPHTEPHA COOTEETCTEHA
OOEMHER OeMeHTOR

E480-15:2013 Jobaexn qna OeToHA, PACTEOPA H
HEEBEEITHOHHOTO pacTEopa. JacTe 15.
KonRTponbHEI 6eTOH H MeToJ| HCIETAHAY
MOIE(HEATOPOE BAZKOCTH

EN 12350-2 Hcnurasse
CEeEeNPHTOTORIEHHOH OeTORHOH 9acTE2:
OnpeneneHHe 0caJkH KOHYCA

(EN 13003-1:1999, EN 13003-2:2009, EN

13003-3:1999) BonokHO Napa-apaMHIHOE.

ObmHe TeXHEMeckHe TPeDOEIHHA H METOR
HCOKTAHHH

EN 480-2:2006 obaers gna 6eToHA, pacTECPA H
HELEKMHOHHOTO PAcTECpa. MeToO  HCOEITAHHEH.
Tacte 2. OnpefeneHde CPOKOE CXEATHEAHHT

EN 12350-4:2009 Hcomurranse OeToHEOE
cMecH. JacTs 4. CTeneHs VILIOTHIEMOCTH

EN 13108-1:2006 BETYMHEIe CMeCH.
TexHETeCKHE XApaKTEPHCTHEH MaTepHATA
Tacte 1: Acansroberon;

Puc. 3. EBponeiickiie HOpMaTUBHBIE JOKYMEHTBI

Ha BTOpOM 3Tame uccienoBaHuil ObLIM ONpenesieHbl OCHOBHbIE HOPMATHUBHbBIE

TEXHUYECKUE TpeOOBaHUS K JOPOXKHBIM OJIekKIAaM. XapaKTePUCTUKHU JOPOKHBIX
OJICkK] TOJDKHBI cooTBeTcTBOBaTh TpeboBanusm CII 34.13330.2021 [7] ¢ ydeTom
KJIMMAaTUYECKHUX 30H CTPOUTEIHCTBA.

Kimmar bypyHau BnakHbIM TPONMYECKUN MOJ BIMSHHUEM BBICOTBI, KOTOpas KO-
nebnerca ot 772 M Ha paBHuHEe MIMO0 10 2670 M Ha rope Xexa B pailone Myramba
[8]. Hyst HEero xapakTepHO YepeIOBaHUE CYyXOr0 CE30HA C MIOHS MO CEHTSIOph U Tpo-
JOJHKUTETIFHOTO CE30Ha JIOKICH ¢ OKTSOpS M0 Mail CO CPEeAHET0I0BbIM KOJINYECTBOM
ocaakoB OT 768,5 no 1628,7 mm. CpenHerogoBasi TeMIieparypa BO3yXa yBEJINYNBa-
€TCSl C YMEHBIIEHUEM BBICOTHI HaJl YPOBHEM MOPsI: camasi BbICOKasl CpeJHEMECIYHas

teMriepatypa coctasiseT +29 ° C, camas Huzkas — +17,9°C.
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Takum ob6pazom, Bypynaun moxkno otHectu kak ko II, Tak u x III mopoxno-
KJIINMAaTUYECKUM 30HAM.

Il — 3TO 30Ha N30BITOYHOTO YBIIAKHEHUS,

Il — 3TO 30Ha 3HAYUTENBHOTO YBIAXXHEHUS B OT/AEIIbHBIE TOBI.

[To xapakTepy U CTENEHU YBIAXHEHHUS BypyHIN OTHOCHUTCS K TPETHEU 30HE.

3 TU — MOKpBIE MECTa, MOBEPXHOCTHBIN CTOK HE 00ecreueH, TPYHTOBBIC WIU
nuTenbHo (0osee 30 CyT.) CTOAIIME MOBEPXHOCTHBIE BOAbLI OKA3bIBAIOT BIMSIHUE HA
YBJIQKHEHHUE BEPXHEU TOJIU TPYHTOB.

Yro kacaerca Boponexckoil oOmactu, To oHa otHocutTcs Kk Il gopoxHo-
KJIINIMaTUYECKOU 30HE, KOTOPask XapaKTEPU3yeTCs YMEPEHHO-KOHTUHEHTAJIbHBIM KJIIH-
MaTOM C YMEPEHHO-XOJIOJHOM 3UMOU U JKapKUM JIETOM. Tak, CpeiHss rogosas TEM-
neparypa Bosayxa cocrasisieT +5,4°C. CaMbpIM TEIUIBIM MECSIIEM SIBJIIETCS HIOJIb CO
cpeaHel temnepaTypoi Bozayxa +25°C, caMblii XOJOAHBIA MECHI] - STHBaphb CO Cpe.l-
Hell TeMmneparypoi Bo3ayxa -8,6 °C. Ilo xapakrepy W cTeneHu yBiaxHeHus: Bopo-
HEeXCKast 00J1acTh OTHOCUTCSA K | Tuimy MecTHOCTH. [I0BEpXHOCTHBIN CTOK 0OecrneueH
3a CYET €CTECTBEHHOI'0 YKJIOHA MECTHOCTH M YCTPOMCTBA KIOBETOB JIJI1 OTBOZA BOJIbI
B HCKYCCTBEHHBIE BOJOOTBOJHBIE COOPYKEHUS.

Taxum 00pa3om, pacCMOTPEHHbIE palilOHbI CTPOUTENBCTBA AaBTOMOOMIIBHBIX JIOPOT
UMEIOT 00JIbIII0E pa3HOOOpa3ue MOroJHBIX U KIMMAaTUYECKUX YCIOBUH 3KCIUTyaTalluu
1 paboThl JOPOKHBIX OACKI. DTO M OyIEeT MPEeAOoNpeaessiTh YPOBEHb TEXHUYECKUX
CBONCTB OCHOBHBIX CJIO€B.

[TokpeiTHE AOPOKHON OAEKIbI (€€ BEpXHHUI CJIOW) HA3HAYAETCS B 3aBUCUMOCTH
OT TUNA M BHJIA TIOKPBITUSA, KOTOpPOE  KIACCU(PUIMPYETCS  COTJACHO

CII 34.13330.2021 [9] (tabmuma 1).

Cornacno uccnenoBanusMm [10-12] nmpu onpenenennu TpeOOBaHUN K TIOPOKHOMY
MOKPBITUIO HEOOXOJMMO PYKOBOJICTBOBATHCA TPEOOBaHUS HAAECKHOCTH, KOTOpBIE
MIPEONPENEIICHBl B COOTBETCTBYIOIIMX HOPMAaTUBHBIX AOKymeHTax [13], mpu 3TOoM
YpOBEHb MPOEKTHOW HA/IEKHOCTH MPUBSA3AH K KaTErOPHUH aBTOMOOMIIbHOM Joporu (B

YaCTHOCTH, AJId HEKCCTKUX JOPOKHBIX O,IIG}KII).
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Taomauna 1
OCHOBHBIE BUJIbI TOKPBITUNA TOPOKHBIX OHECHK]]
Twunsl no- . Oo6unactn
OCHOBHBIE BUJIbI IOKPBITHI
POXKHBIX OJICHK]] MIPUMEHCHUS
yCOBeleeHCTBOBaHHBIG HOKpLITI/Iﬂ
Kanurans- Ha nopo-
IleMeHTOOCTOHHBIC MOHOJIMTHBIC
HbIE rax Karero-

JKenesoberonnbie, MOHONUTHBIC M COOPHBIC WM M3 IPEIBA- puii A, 1B,
PUTENBHO HANPSIKEHHOTO JKENE300€TOHA, apMOOETOHHBIE COOpPHBIE|  |B, |, |I]
1 MOHOJIUTHBIC

N3 achanbTOOCTOHHBIX CMECE, B TOM YHCIIEC IIeOCHOYHO-

MaCTHUYHBIX
Obneryen- 13 acdanbToOETOHHBIX cMeceit Ha nopo-
HbIC W3 opranOMHHEpAIBHBIX CMECel rax Karero-

N3 miebeHoYHBIX (IpaBUHBIX) MaTepHalioB, oOpaboranHblx| PHH v
OpraHMYECKHUM BSDKYIITUM

IlepexoHbIe MOKPHITUS

ITepexon- 13 nmebeH04HO-TpaBUITHO-TIECUaHbIX CMeceil Ha nopo-
HBIC N3 rpyHTOB M MajonpOYHbIX KaMEHHBIX MaTE€pUajoB, YKpen-| I'aX KaTero-
JICHHBIX BSDKYIIMMU puu IV

43 TPYHTOB, YKPCIUICHHLIX Pa3JIM4YHbIMU BSDKYIIUMHU U MCCT-
HBIMH MaTCpUaJlaMi

W3 GynpDKHOTO M KOJIOTOTO KaMHS (MOCTOBBIE)

[Ipu »>TOM, B moclieHUE TOJbI MPUMEHEHUE OCTOHHBIX JTOPOXKHBIX MOKPBITUM,
JI0OCTaTOYHO PacHpoCTpaHEHHOE KaK BO MHOTHX 3apyO€KHBIX CTpaHax, Tak u B Poc-
cuiicko @enepauun, rae Kk 2030 r. mwmaHupyercss cTpoutenbCcTBO HE MeHee S0 %
BCEX HOBBIX JOPOT C MPUMCHEHHEM [IEMEHTOOCTOHHBIX oxex [14-16].

CornacHO HOpMAaTUBHBIM JOKyMEHTaM [9] 111 OCHOBHBIX CJIOEB IpeJionpeiesie-

HBl MUHUMAJIbHBIE KJIACCHI IIEMEHTHBIX OETOHOB (Ta0II. 2).

Taoaumna 2
MuHuMabHbBIE MPOSKTHBIC KJIACChl OETOHA IO MPOYHOCTH JIJIsl TIOPOKHBIX TOKPBITUI
MuHUMaIbHBIE IIPOSKTHBIC KJIACCHI IO TPOYHOCTH
KoHCTpyKTHBHBIN CI0M TOPOKHOMN Ha pacTsHKeHHEe NP U3rude Ha cxartue B
OE Kbl Bt
MOHOJIMTHOE TIOKPBITHE 4.0 30
MoHoIUTHOE OCHOBaHHE 1,2 75
COopHOE MOKPBITHE (OCHOBAHHE) 3,6 25

Yrto kacaeTcs ci0si OCHOBaHUsA, TO TPEOOBaHUs JEHCTBYIOIIUX HOPM HE PEKOMEH-

AYOT INPUMCHATHL B KAaUCCTBC OCHOBAHHA I'PYHTBI C HU3KUMHU ITPOYHOCTHBIMH U IC-
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(bopMallMOHHBIMU XapaKTepucTUKaMu. B 3ToM muiane mmeeTcst OONBIION 3a1eN HC-
CJIETOBaHMM, KAaCAIOUINXCs CIIOCOO0B MOAU(PHUKAIIMN U YKPEIUICHUS TPYHTOB OCHOBa-
Hus [17, 18].

Takum 00pa3zoM, B pe3ynbTaTe MPOBEACHHOIO aHAIM3a Mbl ONPEIECIHIA OCHOB-
HbIE XapaKTepUCTHKU KiauMara bypynau nu Boponexckoi obiactu. /s nanbHeitne-
ro MCCJIEIOBaHUS ONpe/eleHbl MUHUMAJIbHbIE TPEOOBAHUS K XapaKTEpPUCTHKaM Iie-
MEHTHBIX O€TOHOB JI JKECTKMX MNOKPBITUH Aopor. OCHOBHBIMU HaIpaBICHUSIMU
JaNbHEUIINX HCCIEIOBAaHUM SIBIAETCS MOJI0OpP COCTABOB IIEMEHTHBIX OETOHOB MJis

JOPO>KHOTO MOKPBITHS IPUMEHUTENIBHO K YCIIOBUSM peciyOJIuku bypyHau.
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BeabkoBa Haranbsa AHaTo/ibeBHA — KaH/. TEXH. HAYK, JOLEHT Kadeapbl TEXHOIOTUU CTPOUTEIb-
HBIX MaTe€pUAJIOB, U3JEINI U KOHCTPYKIIMI BOPOHEKCKOro rocy1apcCTBEHHOIO TEXHUYECKOIO YHU-
BEepcUTETa

Hpajinzeiie ®@yagu — acnupaHT Kadeapbl TEXHOJOTUU CTPOUTENBHBIX MAaTE€pHalIOB, W3JAEIUN U
KOHCTpYKIUH BOPOHEKCKOr0 roCy1apCTBEHHOIO TEXHUYECKOIO0 YHUBEPCUTETA

IIMmutbko EBrennii UBaHoBHY — [1-p TeXH. HayK, npodeccop Kadeapbl TEXHOIOTHH CTPOUTENb-
HBIX MAaTE€pPHAJIOB, U3JIEIUH U KOHCTPYKLIMN BOPOHEXKCKOr0o rocy1apCTBEHHOIO TEXHUYECKOTO YHHU-
BEPCUTETA
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Agilent 8890 ¢ macc-criekTpoMeTpUUeCKUM JeTeKTopoM. [lokazaTtenu KadecTBa ONPEACISIH IO
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Along with studies of physical and mechanical quality indicators of mineral wool of the «Tech-
nonicol» brand, chromato-mass spectrometric tests were carried out using a pyrolytic prefix
EGA/PY-3030 D FRONTIER LAB and an Agilent 8890 gas chromatograph with a mass spectro-
metric detector. Quality indicators were determined according to GOST 4640-2011. Chromato-mass
spectrometric data on volatile components and pyrolysis products provide information on the chem-
ical composition of the polymer component of the material and can be useful in assessing the quali-

ty and safety of insulation.

Keywords: mineral wool, methods of instrumental control, physical and mechanical properties,

pyrolytic gas chromato-mass chromatography

BBenenue. MunepanbHas BaTa — BOJIOKHUCTBIA TETJIOM3OJISILIMOHHBINA MaTepual
Ha CHHTETHUYECKOM CBS3YIOIIEM, IMOJy4aeMbIid U3 MUHEPATBHOTO CHIPhS — CHUJIMKAT-
HBIX PacIljIaBOB TOPHBIX MOPOJI, TO MOTYT OBITh CHJIMKATHBIC PACIUIaBbI U3 JOMECH-
HBIX IIJTAKOB, CMECEH OCAJ0YHBIX M HM3BEPXKEHHBIX TOpHBIX mopoj [1]. Ona mpen-
CTaBJISIET U3 ceOs TOHKHE M TMOKHE BOJIOKHA, KOTOPBIE TOJYYMIINCHh M3 Karelb pas-
ApOOJIEHHOTO MUHEPATBHOTO paciliaBa, BHITIHYTOrO B HUTH [2].

MuHepanbHas BaTa aKTUBHO HCIIOJIB3YETCS B KAUECTBE HEHATPYKCHHOW H30JIS-
MM TOPU30HTAIBHBIX, BEPTUKAIBHBIX W HAKIIOHHBIX CTPOUTEIIBHBIX OTPaKIAOITIX
KOHCTPYKITUH BCEX TUIOB 3/IaHHM, a TAK)K€ B CUCTEMAaX HAPYKHOTO YTEIUJICHUS IITY-
KaTypHOTO THIIA.

HenocTtatkom 3TOTO MaTepuaa sBIsSETCS €ro OOJbInas 0caaka Mmoja BO3ICHCTBU-
€M BEPTUKAIBHBIX HArpy30K, OCOOCHHO TpHU BUOpAIHH, ¥ €ro OOoJbIIas BIIaroeM-
kocTh. [Ipu mepeBo3kax ¥ XpaHEHUH BaTa YIIOTHAETCS U KOMKYETCS, YaCTh BOJIOKOH
JIOMaeTCs ¥ MPEeBpaIiaeTcs B MbUIb, YTO MOXKET MPUBOUTH K BBIJICTICHUIO MUHEPATb-
HBIX MHKPO- ¥ HAHOYACTHII, BBIJEICHUIO (PeHooB 1 popMmanpaeruaa. B kKoHCTpYK-
IIUSX PhIXJIasg BaTa JA0JHKHA OBITh 3alTUINCHA OT MEXaHMYECKHX BO3JICHCTBHM, €€ YK-

najaka TpedyeT Oosbmux Tpyao3arpart [1-3].
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B Hacrosimiee BpeMs periiaMeHTHpYeT KaueCTBO MUHEpaibHOU BaThl TOCT 4640-
2011 «MexrocynapcTBeHHbl cTaHaapt. Bara muHepanbHas. TexHuueckne ycno-
BUs». OH pacnpocTpaHsSeTCs HAa MUHEPAIBHYIO BaTy, MOJIYYaeMYyI0 U3 paciuiaBa rop-
HBIX ITOPOJ] Tab0p0o-0a3aIbTOBOM TPYMIIBI U UX aHAJIOTOB, OCAJIOYHBIX TIOPOI, & TAKKE
BYJIKAHUYECKOTO0 M METALTYPITUYECKOTO MIIAKOB [3].

TakuMm 00pa3oM, akTyalbHOM 3a/aueil SBIIETCS KOHTPOJIb KauecTBa U OE30MacHO-
CTU MHUHEPAJIOBATHOTO YTEIUIMTENSA, TaK KaK MPH IKCILTyaTalli HU3KOKaYe€CTBEHHOM
IPOIYKIHEN €CTh PUCK MOBBIIICHHS TEIJIONOTEPH U MOHMKEHUS 3BYKOIOTJIOIICHUS U
OTHECTOMKOCTH, a TAKKE MUTPALIMU SKOTOKCUKAHTOB. Tak Kak B KAYECTBE CBSA3YIOIIETO
KOMIIOHEHTa B MUHEPAJIbHYIO BaTy 100aBIsA0T PpeHoIPopMaIbIeTuIHYI0 CMOJY U T0-
JMYpPETaHbl, B MPOIIECCE AKCIUTyaTallud WJIM HEKAY€CTBEHHOW MPOIYKIIMH BO3MOKHA
Murpaims popmanbaeruaa, GEeHoJIOB U IPYTrUX OPraHUYECKUX COCIMHEHUM B BO3IYX
paboyeil 30HbI, a 3HAYUT, BAXKHOW HKOJIOTO-aHATTUTUYECKON 3ajjaueil SIBJISICTCS] aHaJIn3
00pa3IoB HUCCIEAYEMOM MUHEPAILHOM BaThl HA XUMHUYECKUNA COCTaB MUTPHUPYIOIIUX
BEIIECTB. B 3TOM IJ1TaHE MHTEPECHBI BO3MOXXHOCTHA METO/Ia MMUPOJIUTUYECKON Ta30BOM
XpoMaTo-mMacc-criekTpoMeTpuu [4]. B muponn3ép momerniaercst TBepapiii oOpaser] mMa-
Tepuaja u B MPOIIECCe TPOrpaMMHUPYEMOI0 HarpeBa B KOJIOHKY Xpomatorpada mnocry-
MalT BHAYAJE JIETy4le€ KOMIIOHEHTHI, 3aT€M MPOAYKThI MUPOJIN3a MaTepruaia. B atom
METOJIe MHUHHMH3UPYIOTCS aJTOPUTMBI MpobonoaroroBku. OmpeseneHne 3KOTOKCH-
KaHTOB, BBIICISIOMIMXCSA B 00J1aCTh paboyeil 30HbI MOXKET MOBBIIIATH PUCK PA3BUTHUS
3a00J1eBaHN BEPXHUX JbIXaTEIbHBIX MyTEH [5, 6].

[lenbto HacToOsIIEH pabOTHI SIBISETCS anmpoOaius WHCTPYMEHTAJIbHBIX METOIUK
KOHTPOJIS (DU3UKO-MEXAHUYECKUX W DKOJIOTMYECKUX TOKa3aTesied MUHEpaIoBaTHOTO

YTCIUIATCIIA AJI KOHTPOJII Ka4eCTBA U 0e3011aCHOCTH MUHBATHI.

JKCNEePUMEHTAJILHAA YACTh
B xauecTBe 00BbeKTa UCTIBITAHUIN TPEICTABIICHA MUHEpPaIbHasl BaThl Mapku «Tex-
HOHUKOJbY. B X0/1€ onpeaenenus napaMeTpoB KauecTBa 00pa31ioB ObLIM BBIMOIHEHBI
CIEAYIOLINE UCIBITAHUS: ONPEAECIEHNE BIAXKHOCTU U IUNIOTHOCTH IUIAT, ONPEACIICHUS

ITPOYHOCTH IIPH CKATHUH U PACTAKCHUH, aHAJINU3 JICTYUYUX KOMIIOHCTOB U ITOJIMUMCPHO-
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IO CBSI3YIOIIET0 MUHEPAJIbHOM BaThl C IPUMEHEHUEM MUPOJIUTUYECKOU Ta30BOU XPO-
MaTO0-MacC-CIEKTPOMETPUMU.

Onpenenenus BnaxHoCcTH (%) ¥ MIIOTHOCTU TJMT (KI/M ) IPOBOAMIA B COOTBET-
cteuu ¢ I'OCT 17177-94 [7]. dns onpeneneHus BIaXXHOCTU TPU HABECKHU MUHEPaJb-
HOM BaThl BRICYIIMBAIM B CYIIMIIBHOM IiKady npu temmneparype 105+£5°C no mocro-
SHHOM MaccChl M B3BEIIMBAJIM HA aHAIUTHYECKHUX Becax ¢ TOUHOCThIO 10 0,01 1. Pe-
3yJNbTaT MONYYal0T Kak cpeaHeapru(MeTHYeckoe 3HaUeHHE Tpex u3MepeHui. Brmax-
HOCTh HE JIOJKHA MpeBbImath 2%. Pe3ynbrarsl npeacrapieHsl B Ta0m. 1.

Omnpenenenus MpoyHOCTH npu cxaTuu U pacTspkeHuun (KIla) munepamoBaTHBIX
IUIAT TPOBOJAWJIM HA YHUBEPCAIBHOW HAIOJBbHOM 3JEKTPOMEXAHUYECKOW HCIIbITA-
TenpHOM cucteme Instron 5982.

Buenrnuii Bu OTACIBHBIX 00pa31oB JUIsl UCIBITAHUM Ha C)KaTHE MPECTABIICH Ha

puc. 1, Ha pacTskeHue puc. 2.

4 _,201‘?*4*]’% 1‘0150 : - ZPIQ-4-12 10:52
Puc. 2. Bueurnuii Bua oTAeIbHBIX 00pa3LOB [T UCTIBITAHUN Ha pacTsKEeHUE

JInst onpesiesieHrss XMMHUYECKOTO COCTaBa JIETYYUX KOMITOHEHTOB U TIOJIMMEPHOTO
CBSI3YIOIIET0 MPHUMEHWIN Ta30BbIi xpomarorpad Agilent 8890 (puc. 3) ¢ macc-

JCTEKTOPOM M MHOTOPSKMMHBIM HcnapureiaeMm (mupoauszépom) EGA/PY-3030
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DFRONTIERLAB ¢ BO3MOXXHOCTBIO MPSMOTO BBOJAA B KOJOHKY JJIsl aHAIN3a TBEP-
TIBIX BEIIECTB, YCJIOBHSI aHAM3a MpeAcTaBieHbl B Ta0n. 4. Ha puc. 4, 5 npencrasine-

HbI PC3YyJIbTAThI HCIIbITAHUM.

Puc. 3. I'azoBerit xpomarorpad Agilent 8890

Pe3yabTaThl M MX 00CY:KIEeHHUE
Pe3ynbTaThl ompefeneHus BIAXKHOCTU W IUJIOTHOCTH IUIMT TMPEICTaBJICHBI B

tabmn. 1.

Taoauna 1
Pe3ynbpratel onpeaenenus BIaXXKHOCTH U MIIOTHOCTHU TUTUT

BnaxnHocTb, IImoTHOCTE B ecTecT- [T;moTHOCTS B Cy-

Ne uzmepenus 3 3

% BCHHOM COCTOSTHHUH, KT/M XOM COCTOSTHHH, KT/M
1 0,43 109,47 109,00
2 0,44 110,19 109,71
3 0,43 107,03 106,57
Cpenuce snate- 0,41 108,90 108,43

HUE

PCSYJ'IBTaTBI OonpCACIICHUA IIPOYHOCTU ITPHU CKATHU U PACTSKCHHUHW MUHCPAJIOBAT-

HBIX TUTUT TPEICTAaBICHBI B Ta0J. 2 U TabuI. 3.

Taoauna 2
PesynpTathl onpeneneHus MPOYHOCTH MPH CXKATUU 00pa3I[0B MUHEPATIOBATHBIX TLITUT
No Mertka [MIupuna Tom- IImomans MaxkcumansHasa | Hanpsokenue
n/m | obpasua | (MM) HIMHA (MM°) Harpyska npu | IpH CXKaTHH,
(Mm) cxartuu, H KlIla
1 1 102 100 10200 807,33 79,15
2 2 105 112 11760 953,148 81,05
3 3 110 112 12320 1048,309 85,09
Cpennee 3HaueHue 81,76
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Taoaunma 3
Pe3ynbratrh! onpeeneHus IpOYHOCTH MPU PACTHKEHUH 00pas3IioB MHHEPATIOBATHBIX TTUT
Ne [Iupuna Tommuaa | Ihiomans MaxkcumanrsHas Hanpsixenue npu
n/n (Mm) (Mm) (Mm°) Harpyska IIpu cka- pactskxenuu, Klla
Tiu, H

1 152 151 22952 2573 112,11
2 150 151 22650 2711 111,97
3 153 152 23256 2577 110,80
Cpennee 3HaueHUE 111,6

Ha puc. 4 npuBenena xpomarorpamMmma, MoJydeHHasT METOJAOM MUPOIUTHYECKON

[KX-MC. IIpoaykTsl 1-4 — neTyure KOMIOHEHTHI, 5-20 — MPOyKThI MUPOJIU3a Op-

raHMYCCKUX KOMIIOHCHTOB, COACPKAIMUXCA B MUHBATC.

Taoauua 4

VYcnoBus HHpOJ’IHTH‘IGCKOﬁ ra3oBou XPOMATO-MACC-CIICKTPOMCTPUU MHHepaHBHOﬁ BaThbl

[Tapamerp ITonobpaHHbIe NapaMeTphbl
BBox ipoOb1 [Mupomuzep EGA/PY-3030 D FRONTIER
LAB
I'a3z-HOCHTEID reun
CKOpOCTb raza-HOCUTEIS 1,2 ma/MuH
O06BeM BBOIUMOM TPOOBI 0,3 mr
Temneparypa ucnapuresns 300 °C

IIporpammupoBanue
TEpMOCTaTa

TEMIIEpaTypbl

40-320°C /20°C

Xpomarorpapuueckasi KOJOHKa

Ultra ALLOY®-5

TemnepaTypa neuu 480
Bpewms ananusa 30 muH
bubnuoreka cnekTpos NIST20
Temneparypa unrepgeiica 300°C
OHeprus HOHU3UPYIOUINX JIEKTPOHOB 75 5B

Pexum perucTpann MacC-CIiCKTpOB

SCAN B muanasone macc m/z 19-500 a.e.Mm.

X107 [+E1TIC Soan 000028 4

1

i [3 ) 25 E] 3 H [ [

55 6 65
Cauns v Acauisiton Time (min)

1 75 8 [3 ] 45 i 105

Puc. 4. XpomaTorpaMMa MUHBAThI
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Hit 1 : Carbon dioxide
CO2; MF: 962; RMF: 981; Prob 96.4%; CAS: 124-38-9; Lib: mainlib; ID: 17540.

100 44

-0

_c
50 o~
12 16 28
‘ ‘ 22 ‘ 29 45
0 T T T T T
10 15 20 25 30 35 40 45 50

(mainlib) Carbon dioxide

Puc. 5. Macc-cniektp CO;

[Tuk 1 coorBercTBYeT yriekuciaomy rasy. [luku 2-4 noctoBepHO HE HIIEHTUU-
LUPOBaHbI, C BEPOATHOCTHIO 55-80% OMOMMOTEKA CIEKTPOB YKa3bIBa€T HA CXOACTBO
DKCIIEPUMEHTAJIBHBIX MacC-CIIEKTPOB C JIETYYMMH AJIKWIAMHHAMH, HW30LMAHATAMM,
cuiokcaHoM. [Iuku 5,6 COOTBETCTBYIOT opmo- W napa-Kpe3onam, 7, 8, 9 — uzomep-
Hble nuMeTwigeHonsl, 10 — apomaruueckuil u3ouuaHaT, 12 — aHTUCENTUK METeHa-

MuH, 13-20 — apoMaTHYEeCKHEe aMUHBI, [IUAHUIBI K M30IIHMAHATHI.

Library Searched : C:\MassHunter\Library\NIST28.L

Quality : 97
i : Phencl, 2-methyl-
Abundance Avarage of 7.261 to 7.313 min.: 000028.Didata.ms (-)
1080

9000

8000

7000

6000

5000

4000

770

3000

2000

1000 51.0

0 21] M, N 1340 16621768 2090 2530 2833 3308 3561 4201
et i bl 1350 16821768

. 20 40 B 80 100 120 140 160 18D 200 220 240 260 280 300 320 340 360 380 400 420
Mfzes

Abundance #6069 Phendl, 2-methyl-

10p0
000

8000
7000
6000
5000
4000

3000
7a.0

mn: 10] i. I‘Em J\ 1 |

2 40 60 80 100 120 140 180 180 200 230 240 260 280 300 330 340 350 360 400 420

T
miz—>

Puc. 6. CripaBouHBIii U 3KCIIEPUMEHTANBHBIN Macc-CIIEKTp opmo-Kpe3oina (coBmaaeHue 97%)
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Takum 0Opa3oM, MOXKHO CJENaTh BEIBOJBI, YTO MUHBaTa 00paboTaHa aJis mpuaa-
HUS €1 OTPEIeTICHHBIX TEXHUKO-IKCIITYyaTalIHOHHBIX XapaKTEPUCTHK MOJINYPETaHAMHU
u (eHonpopmManbIeTUIHBIMUA CMOJIaMH. J[JIsl oMypeTaHoB XapaKTepHa MOBBIIICH-
Has TBEPJIOCTh, YTO IMO3BOJIACT WX MPUMEHATHh TaM, T/ Ha MaTepHall OKAa3bIBAIOTCS
3HAYUTENIbHbIC MEXaHUYEeCKUE HArpy3Ku. [ MaTepuaaoB ¢ MpUMEHEHUEM TOJIHYpe-
TAHOB TIPUCYINA BBHICOKAs N3HOCOCTOMKOCTh, B TOM YHCJIC K BO3JCHCTBHIO aOpa3wB-
HBIX BEIIECTB, IPUMEHIEMBIX JIJIS1 MUTM(OBKH, MOJTHUPOBKH U MTPOUYUX BUIOB 00pabOT-
K1 MatepuanoB. OTMETUM TaKKe 3HAUUTETBHYIO 3JIACTUYHOCTH MOJuypeTaHoB. [Ipu
TOM, YTO TBEPJIOCTh MaTepuala ocTaeTcsl BeiIcOKo. HakoHer, monmuyperan — Hebna-
TONIPHUSATHAS cpea I 00pa30BaHus IUIECEHU, TPUOKOB, MEKPOOPTaHU3MOB. DEHOJTBI
TaK)Ke CIIy)aT XOpOIIMMH aHTUCENTUKAMH, a TAKKe MPUMEHSIIOTCS B KaueCTBE MO-
HOMEPOB (peHOoIbopMaNTbIeTHAHBIX cMOJ. Ha puc. 6 B kadecTBe mpuMepa MpUBEICH
Macc-CIEeKTp OOHApYKEHHOTO OpPTO-Kpe30Jia B CPABHEHUU C OMOIMOTEUHBIM CIIEK-

TPOM.

3akiroueHne. XapakTepUCTUKHU MPOYHOCTH NPHU CKATUHU, IPOYHOCTH IPHU pac-
TSYKEHUU, BJIAXXHOCTH M IUIOTHOCTHh 00pa3la MUHEPaIbHOW BaThl COOTBETCTBYIOTIIO-
kasatemsim TOCT 4640-2011 [3]. daxtudeckas IOTHOCTH 06pasia pasHa 109 kr/m’,
DTO OYEHb BAXKHBIN MOKA3aTElb, TAK KAK OH XapaKTepU3yeT IPOYHOCTHBIE XapaKTe-
PUCTUKH BaThl, 3TO TAPAHTUPYET, YTO JAAHHBIA TEIIOU3IATOP OYJET CIYKUTh JIOJITO,
HE MEHs CBOel (JOpMBI U pa3MepPOB 3a BECh MEPHO/] UCIOJIb30BaHus. BiiaxHOCTh HE
6osee 2 %, uto Tak xe coorBeTcTBYeT TpeboBanus ['OCT 4640-2011.

Pexomennyemas o01acTh MpUMEHEHUS TAaHHOTO MaTepuaia: Terio-, 3ByKOU30JIs-
Ul CTEH, B TOM 4Hciie (pacagoB ¢ BEHTUWIMPYEMBIM 3a30pOM, MOABAIBHBIX MEPEKPbI-
TUW C HIDKHEW CTOPOHBI, TPEXCIONHBIX OOJMIIOBOYHBIX CTEH 3/IaHUM U3 KUpIHYa, ra-
300eToHa U ApYyrux OJIOKOB. B kauecTBe TEMIOM30JSALMOHHOTO CIIOS TPEXCIONHBIX
ITAHEJIEU JJIsI CTEHOBBIX KOHCTPYKIMM, B KAYE€CTBE TEIUIOBOW U30JSALNUNA IIPOMBIIIIIEH-
HOTO OOOpYIOBaHUS, NPU HU3KUX W TOBBIIICHHBIX TEMIIEPATypax AKCILTyaTaluH.
BBuny BBICOKMX MOKa3aTenedl IJIOTHOCTH, JaHHBbIE 00paslibl MUHEPATbHOM BaThl

TAKXKE MOXXHO PCKOMCHA0BATH B KAYCCTBC KPOBCJIBbHOI'O MaTcpurasia.
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B Toxe Bpems ciienyeT yYHMTBHIBATh HAJIMYKME BPEAHBIX IS 340POBbS JIETYUUX
KOMITOHEHTOB M TMPOJYKTOB MUPOJIM3A MPU NPOU3BOACTBE U IKCIUTyaTallMM MUHE-
pAJIbHOU BaTBHI.

brnaronapHocTH: HccaeoBaHUS NPOBOJWIM C HCIIOJIB30BAaHUEM O0OPYIOBaHUS
LKII umenu npod. KO.M. bopucoa BopoHe:kckoro rocy1apcTBEHHOTO TEXHUYECKO-
r0 YHUBEPCHUTETA, JOOCHAIIEHUE KOTOPOIro MPOBEACHO MpU MOoAAEp:KKe MuHucrep-

CTBa HayKu U Bbicuiero oopazoanusi PO, Cornamenne Ne 075-15- 2021-662
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COBPEMEHHBIE METO/IbI YKPEIIVIEHUSA I'NTUHUCTBIX
I'PYHTOB

C.H. 30onomyxun, A.O. Xapuna*, A.A. Cmykanun

Boponeoicckuii 2ocyoapcmeennblilt mexHuyeckutl yHugepcumem,

Poccuiickasa ®@eoepayus, 394006, 2. Boponeoc, ya. 20-remuss Oxkmsaops, 84

*Aopec ona nepenucku: Xapuna Anacmacus OnezogHua,

E-mail: anastasiia.kharina@mail.ru

HepaBHOMepHO cMaumMBaeMble TIMHHUCTBIE TPYHTHI — 4acTas mpoOiieMa, BO3HUKAIOMIAS TPU
CTPOUTEIBCTBE 3[JaHUN U COOPYKEHUM. YKPEIUICHHs INIMHUCTBIX TPYHTOB SIBIIIETCS OYE€Hb BAKHOM
npobaemoi, Tpebytomiel cBoero pemeHus. CoBpeMeHHasi TEXHUKA U TTIOHUMaHUe MPOLECCOB, UIY-
IUX B KOJJIOWJHBIX ITIMHUCTBIX PACTBOpax, I03BOJIAET CO3aBaTh HOBBIC CTPOUTENIbHBIE TEXHOIIO-
MM CO3/IaHUSI MAJIOLEMEHTHBIX M OECLEMEHTHBIX TIIMHUCTBIX IPYHTOBBIX OCHOBAHHM, CIIOCOOHBIX
MO3BOJINTh OTKAa3aTbCs OT NMPUMEHEHHs MOJ3EMHBIX KeIe300€TOHHBIX (YHIAMEHTOB NpPU Majo-
9TaXKHOM CTPOUTENLCTBE. [IpUMEHEHNE TEXHOIOTUN YKPEIUICHUS TTIMHUCTBIX TPYHTOB € MIOMOIIBIO
COBPEMEHHOM TE€XHUKHU MO3BOJISIET PELIUTh SKOJIOTHYECKHE MPOOIeMbl, CTOSIIME Mepe]] YeraoBeye-

CTBOM 3a CYET YMEHBIIEHNUS 00bEMOB PUMEHEHUS [IEMEHTHBIX OETOHOB U KeJIe300€TOHa.

Knrouegvie cnosa: riviHa, TIMHUCTBIE TPYHTHI, YKPEIUIEHUE TPYHTA, TUCIIEPTUPOBAHNE

MODERN METHODS OF STRENGTHENING CLAY SOILS

S.N. Zolotukhin, A.O. Kharina*, A.A. Stukalin

Voronezh State Technical University,
Russian Federation, 394006, Voronezh, 20-letiia Oktiabrya st., 84
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Unevenly wetted clay soils are a common problem that occurs during the construction of build-
ings and structures. Strengthening clay soils is a very important problem that needs to be solved.
Modern technology and understanding of the processes going on in colloidal clay solutions, allows
you to create new construction technologies for the creation of low-cement and cement-free clay
soil foundations that can allow you to abandon the use of underground reinforced concrete founda-
tions. The creation of technology for strengthening clay soils with the help of modern technology

makes it possible to solve the environmental problems facing humanity.

Keywords: clay, clay soils, soil strengthening, dispersion

Beenenue. OnHUM W3 HapaBiI€HUI pelIeHHs] MPOOJIEMBbI JOCTYITHOTO XUIbS U
YBEIMYCHHUS 00BEMOB €T0 CTPOUTEIBCTBA SBIIICTCS MCITOJIB30BAHUE HEIOPOTHX Ma-
TEPUATIOB M TEXHOJIOTHI CTPOUTENIHCTBA, MO3BOJISIONUX CHU3UTh CTOMMOCTh CTPOU-
TEJLCTBA, a TaK YK€ MCIOJb30BaHUI HEIOPOTOM 3eMIIH, KOTOPOH, KaK MpaBUIIO, B TO-
poJiax, SBJISAIOTCS MOJATAIUIMBAEMbIC, 3a00JI0YCHHBIC TEPPUTOPUU, UMEIOIITUX B CBOEM
OCHOBAHHH TIMHUCTBIC TPYHTHI. Bce 3MaHus CTOST HA TPYHTE, MOATOMY OT CBOMCTB
IPYHTa, HA KOTOPBIX OHU MOCTPOEHBI, 3aBUCUT MX HAJEKHOCTh U JOJTOBEYHOCTH MX
SKCIUTyaTauy. [ IMHUCTBIE TPYHTHI P HEPABHOMEPHOM CMAYMBAHUH U PA3TMYHBIX
Harpy3kax UMEIOT HEOJHOPOIHBIE OCAJKH, IIOATOMY B HACTOSIIEE BPEMs MPU CTPOU-
TEJTLCTBE HA HEOJHOPOJIHBIX TPYHTAX YACTO MPUMEHSIIOTCS MOHOJMTHBIC XKeie300e-
TOHHBIC WJIM CBaifHbIE (PyHIaMEHTHI. JKene300€TOH JOCTaTOYHO JOPOTOCTOSAIUN Ma-
TepHal, CO3JaHNe KOTOPOTO COMPOBOKIAETCS BEIOPOCAMU YTIIEKHUCIIOTO Ta3a B aTMO-
chepy 3eminu. [lonnmanne HEOOXOIUMOCTH CHUKEHUS 00BEMOB BBHIOPOCOB YTIIEKU-
cioro raza B atMocepy 3eMiu TpeOyeT yMEHBIIIEHUS 00bEMOB HCTIOIb30BaHUSKE-
ne3o6erona. s penienus 3Toil mpoOIeMbl IPH CTPOUTETHCTBE MAIOATAKHBIX 371a-
HUW JOCTATOYHO YKPEMHUTh TPYHTHl OCHOBAHUMN W BBIIOJHUTH MEJIKO 3ariayOJEHHBIC
KOHCTPYKITMU (PYHJIAMEHTOB, MEPEXOIANINX B I[OKOJIb 3MaHusA. BaxHO# mpobaemMoit
COBPEMEHHOCTH SIBJISIETCSI OTPOMHBIE OOBEMBI CBAJIOK TBEPHABIX OBITOBBIX OTXOJIOB.

N3BecTHO, YTO CTpOUTENbHBIA Mycop 3anoiHseT oT 40 1o 70 % o0beMOB CBaJIOK
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TBO. Ilpu 3TOM ABYXTHICAYENETHUIN OMBIT yCTPOMCTBA (PyHIAMEHTOB MO UCTOPHUE-
ckumu 3nanusmMu (Pum, KueB Mockga, Jlonnon, bepiun u 1. p.) 10 mOsIBICHUS 11€-
MEHTOB TOBOPHUT O BO3MOXKHOCTH YCTpOWcTBa (pyHIaMeHTOB Oe3 nemenTta. [loatomy
pa3pabdOTKa HOBBIX TEXHOJIOTHW YKPEIUIEHHsI TPYHTOB C HCIIOJIb30BAHUE COBPEMEH-
HBI TEXHUKH, YYUTHIBAIOIIEH OMBIT YCTpoWcTBa (YHIAMEHTOB /IO TMOSBICHUS IIe-
MEHTOB M3 KaMEHHBIX MaTE€pHAJIOB, 00PA3yIONIMXCS IPU CHOCE 3[]aHUM Ha MOTaIUIHU-
BaEeMbIX 3a00JIOYCHHBIX TEPPUTOPHUSX SBIACTCS aAKTyaJIbHON MTPOOIEMOM, TPEOYIOIeH
CBOETO PEIICHHUS.
esiu padoThI

* CHIWXEHHE CTOMMOCTH M YBEIUYEHUE OOBEMOB CTPOUTENBCTBA JOCTYITHOTO
KUJIbS,

* VYMeHblIEHHE O0BEMOB CTPOUTEIBHOIO MYCOpa, BBIBO3UMOIO Ha TOPOJCKHE
CBAJIKH;

* Pa3paboTka TEXHOJOIMHM YKPEIUICHHsS HEPaBHOMEPHO CMAYMBAEMBbIX IJIMHU-
CTBIX TPYHTOB C UCIIOJIb30BAHUEM COBPEMEHHOW TEXHHKHU.

AKTYaJIbHOCTH MPOEKTA

* VYBenuyeHue 00bEMOB CTPOUTEIBCTBA JOCTYITHOTO KHIIbSI B PETHOHAX.

* CoznaHue HOBBIX pabOYMX MECT 3a CUET YBEIMYEHUSI 00bEMOB CTPOUTEIHCTBA
10 TEXHOJIOT'MHU ITOBTOPHOT'O UCIIOJIb30BAHUSA CTPOUTEIIBHBIX MATEPUAIIOB.

* CyuiecTBEHHOE COKpallleHHe 00bEMOB BHIBO3UMOI0 MycOpa Ha CBAJIKU TOPOJa.

* HeoOxoaumocTh ycTpoicTBa HEAOPOTMX OCHOBAHUN BHYTPHUIIOCENIKOBBIX I0-
por, TIOHIAJ0K U T.I. C MAJIOW HUHTEHCUBHOCTBHIO aBTOMOOMIJIBHOTO JIBUYKEHHUS.

* HeobxoauMocTh CHUKEHHUS Ce0EeCTOMMOCTh KBaAPaTHOIO METpa BO3BOAUMOTO
KUIIbSL.

* YMeEHbLIEHNE CTOMMOCTH CTPOUTENBCTBA 33 CYET HU3KOM LIEHBI MAaTEpUAJIOB.

* CHIWXKEHHE JJOTUCTUYECKHX 3aTpaT IPH CTPOUTENICTBE MAJIOATAXKHBIX 3AaHUM.

OcHoBHas YacTh

I'pyHT — 3TO C/OH, KOTOPBIA BOCIIPUHUMAET Ha CeOsl CyMMY BCEX HArpy3oK OT

coopyxenusi. Hannume HecTaOUIBHBIXTTUHUCTBIX TPYHTOB Ha TMOJTAINIMBAEMBIX

TCPPUTOPUAIX, CITOCOOHBIX IIpru HCPABHOMCPHOM CMa4YMBAHHWHN JaBaTb HCPABHOMEP-
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HbIC OCAJIKM B HACTOAIIECE BPEMs 3aCTABISIET CTPOUTENEN YCTPAUBATh MOHOJIUTHBIC
&Kene300eToHHbIe (PYH/IaMEHTHI, 2 MHOT/Ia U CBaifHBIC (DYHAAMEHTBI, YTO PE3KO IO/I-
HHUMAET CTOMMOCTb UX YCTPOMCTBA.

CoBpemeHHas 3eMJIepOiHasl TEXHUKA MO3BOJISIET PEIIATH MPOOIeMy HEpaBHOMEP-
HBIX OCaJIOK TJIMHHUCTBIX TPYHTOB 32 CYET BBIMOJIHEHHSI palbOT MO WX YKPEIJICHUIO.
CymiecTBYIOT pa3InuHbIE METOAbI YKPEIUICHUS TPYHTA, OTHUM U3 TaKUX METOJOB, KO-
TOpbIe pa3pabaThIBatOTCS U BHEAPSIOTCS yueHbIMU BI'TY [1-7] sBisercst ykpemieHue
TPYHTOB 3a CYET NUCTIEPTUPOBAHUS TJIMH ITyTEM MX 3aMauMBaHUS BOJOU U JOOABICHHUS
B JIUCIIEPTUPOBAHHBIC TJIMHUCTHIE PACTBOPHI MOPUCTHIX 3AMOTHUTENICH, TAKUX KaK 0o
UTaK00JI0Ka, TA30CUIIMKATa U KUPIIUYa, 00pa3yroIIUXCs IPU CHOCE 3/TaHUM.

PaccMmoTpum mpumepsl perieHus 3a/1a4 1Mo co3JaHuio0 0eClIeMEHTHON TEXHOJIOTHH
YKpEIUICHHs] TPYHTOB Ha MOJTAIlJIMBacMoOi, 3a00JI04€HHOU TEPPUTOPUUIIPU CTPOHU-
TEIBCTBE JKUJIOTO ABYXOTAXHOTO I0OMa ILIOManbio 1200 M2, pacrionokeHHOTO 110 aj-
pecy r. BopoHex, yi. Makcuma I'opbkoro, a. 111.

[TImoniagka CTpOMTENBCTBA pacCIoiarajiaCh Ha MOJATAIUIMBAEMONM TEPPUTOPUH, Ha-
XoJisIeiicst Ha Oepery BOpoHEXCcKoro Bojgoxpanuiuiia (puc. 1). [lpuuuHoii moaromn-
JICHUs SIBJISIETCS OOJBIIION Tepenaj] BhICOThI, HAIIPaBJICHHBIM B CTOPOHY BopoHexcko-
IO BOJIOXPaHWINIIA, HATMYUE TJIIMHUCTBIX MaKPOMOPUCTHIX TPYHTOB, COPOC TEXHOTEH-

HBIX BOJ, KaHAJIM3aIIlMOHHBIX CTOKOB M3 CJIMBHBIX SIM II0 penbe(by MCCTHOCTH.

_— = HANIPABJICHNE TEUCHIIS NOA3ZEMHBIX BOJL

Puc. 1. Pacnonoxxenue ydyactka 3aCTpOMKHU C HAMPABICHUEM TEUCHUS MOJ3EMHBIX BOJ
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Takue rpyHTOBBIE YCIIOBHSI IPUBEIN K MOSIBJICHUIO HA YYacTKE 3aCTPOMKU HEOH-
HOPOJHBIX TPYHTOB OCHOBAHHMI C HAJIMYMEM OPTraHUKH M JIENAIH CTPOUTEIBCTBO IO
OOBIYHBIM TEXHOJIOTHUSM C YCTPOWCTBOM COOpPHBIX, MOHOJIUTHBIX, CBAMHBIX (yHHa-
MEHTOB HEBO3MOXHBIM. [T03TOMY 3aKazuuku oOpaTHIMCh Ha Kadeapy CTPOUTEIbHBIX
KOHCTPYKIIMH, OCHOBaHMH U (pyHIaMEeHTOB uMeHu npodeccopa bopucosa F0.M.

[IpoGnembl ycTpoiicTBa (yHIAMEHTOB B IaHHBIX THAPOT€OJOTHYECKUX YCIOBUSX
OBLIIO PEIICHO CICAYIOMNUM 00pa3oM:

PabGoTel HauMHaKMCh B HOAOpE-AekaOpe Mecsle, KOrja TsbKenas 3eMJeponHast
TEXHHUKA CMOIJIa HauaTh paboTaTh Ojarojaps 3amepsilieMy I'PYHTY Ha OO0JIOTUCTOM
nouse. M3HauasibHO OBUIM CHSATHI OPraHUYECKHE HAMBIBHBIE TPYHTBI, HAXOISIIHECS
Ha MMOBEPXHOCTU 3€MJIIHOTO Y4acTKa. PIThE BBIMOJIHSAIOCH 110 Pelibey MECTHOCTH C
OOHa)KEHUEM TIIMHUCTBIX TPYHTOB. OpraHnyeckrue TpyHTbl ObUIH BBIBE3EHBI C TEPPH-
TOpUHU CTPOUTENbHON Tuiomanku (puc. 2). Ilocae yero Ha riyobuny no 1,5 M npowuc-
XOJIMJIO 3aMEIIMBAHNUE OCTABILETOCS INIMHUCTOIO IPYHTA C MOJ3EMHBIMU BOJAAMH, KO-
TOpbIE 00PA30BBIBAIMCH NIPU PBITbE KOTJIOBaHA (puc. 3). JlaHHbIE TPYHTHI B MOCHE-
TYIOIIMA 3UMHUMN Mepuo] ObUTA 3aMOPOKEHBI, YTO TOCJIE UX pa3MOpPaKUBAHUS B Te-
IJIBIA IEPHOJ] BPEMEHH Ha CIIEAYIOIINI o, OHU ObLJIM Ka4€CTBEHHO AMCIIEPTUpPOBa-
Hbl. I3BE€CTHO, YTO JUCIEPTUPOBAHHBIE TJIMHBI ABJISIOTCS BHICOKOAKTUBHBIMUA MHHE-
paJIbHBIMU KOMIIOHEHTaMH, 00Ja/ialoliue OTPOMHBIM 3HaYeHHe CBOOOJHOM MOBepX-

HOCTHOM 3HEepruu [8].

Puc. 2. PoIThbe KOTIOBaHA IO TJIMHUCTBIX TPYHTOB
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Puc. 3. 3amemmBanue rIIMHUCTOIO TPYHTA € MOJ3EMHBIMH BOJAMHU

[loHuMaHue TOro 4TO 3a CYET OOBEMHOTO YKPEIUICHHUS TUCIIEPTUPOBAHHBIX TJ1HU-
HUCTBIX TPYHTOB MOKHO IIOJIYYUTh OAHOPOJHBIE TPYHTHI, IOBBICHB UX IIPOYHOCTHBIE
MOKa3aTesld, B TOM YKCII€ MOJYJIb YIIPYTOCTH, TO Mbl MOKEM OTKa3aTbCsl OT MUCIOJIb-
30BaHMSI MOHOJIMTHBIX Keye300eTOHHBIX (yHAameHToB, nmostomy B LIKII BI'TY cu-
namu coTpyaHukoB kadeapsl CKO u @ um. npodeccopa bopucosa FO.M. Obun npo-
BEJICHbI JTaOOpPATOpPHBIE HCCIEAOBAHMS MO M3MEHEHUI0 NMPOYHOCTHBIX IMOKa3aTesen
JAUCTIEPIUPOBAHHBIX TJIMHUCTBIX IPYHTOB C UCIIOJIb30BaHUE 00S KAMEHHBIX MaTepua-
JIOB, OOPA3yIOIIMXCS MPU CHOCE JKUJIOTO N0 HAIIMOHAIBHOM MporpaMMme «ABapuiiHOE
KUITBEM.

[Ipu 1abOpaTOPHBIX HUCCIEIOBAHUSIX H3MEHEHHUS CBOWCTB TJIMHUCTBIX I'PYHTOB
OBLJIO OTMEYEHO, YTO PACUETHOE COMPOTHUBIICHHE OOBIYHOTO OOpa3lia INIMHBI PaBHO
0,2-0,3 MlIla, ¢ moxynem ynpyroctu 20-30 MIla. I'TUHUCTBIA KOMITO3UT, TOJIY4YEH-
HBI NpHU NEpEMEIIMBAHNN, YIUIOTHEHUH U BBICYIIMBAHUU TJIMHHCTOIO PacTBOpa C
KaMEeHHBbIM 00eM NUIaKo0J0Ka, Kupnuda nocturaina 2-6 MIla ¢ poctom monyns yn-
pyroctu a0 100-300 MIla, ipu 3TOM Tak k€ TJIMHUCTBHIE TPYHTHI U3 MAaKPOMOPHUCTHIX
MaTepHualoB, 0 KOTOPHIM TEKJa BOJAA, MEPEXOIUIN B COCTOSIHUE TJIMHSIHOW 3aBECHI,
KOTOpasi He npomyckaia Boay (puc. 4). OObIMHOEBBICYIIMBAHUE TTIUMHUCTBIX PAcTBO-
POB HX MEPEMEIINBAHUEM C U3BECTHIO MIIM IEMEHTOM H3-3a OTPOMHBIX 00BEMOB TJIH-
HSTHOH MAcChl Ha CTPOUTENIbHON mromaske (15Teic. M%) GbII0 SKOHOMHUUYECKH HE Iie-

Jecoo0paszHo.
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Puc. 4. Onpe,ueneHHe MMPOYHOCTHBIX XapPAKTCPHUCTUK I''TUCTHOT'O KOMITIO3UTA

Nmes nabopaTopHble AaHHBIE MO YKPEIUIEHUIO TJIMHUCTBIX PACTBOPOB OOEM Ka-
MEHHBIX MaTepUajoB, ObLJIO MPUHSITO PEIIEHUE yYaCTBOBATh B TEHIEPE MO CHOCY KU-
JIOTO JI0Ma, KOTOPBIM CHOCHJICS 110 HALIMOHAJIBHOM Mporpamme « ABapuiHOE JKUJIBEY,
r7ie B Ka4eCTBE CTCHOBBIX MAaTEPHAIIOB UCIOJIB30BATUCH MITAKOOIOK 1 Kupnud. CHOC
MIPOU3BOJMIICS METOJIOM IO3JIEMEHTHOTO JEMOHTa)ka C 3aBO30M O0Opa30BaBLIMXCS
IpPH TOM JKENIe300€TOHHBIX MIUT W 00 KaMEHHBIX MAaTepPUAIIOB HETMOCPEICTBEHHO
HACTPOMUTENbHYIO IIoWaAKy (puc. 5-7). Bece 3Tu MaTepuaisl ObUIO PEIIEHO HCIIONb-

30BaTh IIPpHU YKPCIIJICHUU I'PYTOB OCHOBaHUM U YCTpOﬁCTBC IINIMTHBIX (bYHI[aMeHTOB.

Puc. 5. [TodmeMeHTHBIA JEMOHTAX 30aHU
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Puc. 7. Pa36op Kupnu4HBIX CTCH

IIpu 3aBO3€ KaMEHHBIX MAaTE€pPUAJIOB IMPOUCXOAWIA UX COPTUPOBKA, KOTJA LEIbIN
KHUPIIAY U IJIAKOOJIOK OTCOPTUPOBBIBAJICS M UCIIOJIB30BAJICS MPU CTPOUTENHCTBE CTEH

3nanus (puc.8).
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Puc. 8. CoptupoBka kupnuua

XKene300eToHHbIE TUIUTHI NEPEKPHITUS MOCIIE UX JEMOHTaXXa BU3yaJbHO 00Cen0-
BaJIM M ONPEACIISIN UX MPOYHOCTHBIE NMoKa3aTtenu. Hepaspyiaromme MeToabl KOHTPO-

Js10€TOHA IPOM3BOIIIN HEMOCPEACTBEHHO HA CTPOUTENBHOM TuTomanke (puc. 9).

Puc. 9. Onpenenenre NpOYHOCTHBIX XapaKTEPUCTHK K/0 MITUT

Pazpymaroniyue MeTo1bl KOHTPOJISL BBITOJIHSUIA B LIEHTPE KOJUIEKTUBHOIO TMOJIb30-
Banusi BI'TY. BrinonHeHHble jgabopaTOpHbIE MCCIEAOBAHMS IMOKA3alM, YTO MPOY-

HOCTh KHMpIIMYa 3a BpeMs SKCIUIyaTallud HE CHHU3WiIach M poBHsuiack 10-12 Mlla,
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MIPOYHOCTH OETOHA M KEeIe300€TOHHBIX KOHCTPYKIHi Obu1a oT 50 no 75 MIla, mpou-

HOCTB apMaTtypbl paBHsu1ach 230-250 MIla (puc. 10-11).

Puc. 11. Pe3ynprarsl uCHIBITaHHS apMaTypbl

CopTupoBKa >XeJie300€TOHHBIX AJIEMEHTOB IpHBENIa K TOMY, YTO /0 IUIMTHI,
uMerone 1e(eKThl, ObIIO PEIICHO UCTIONh30BaTh B KAUECTBE ITUTHBIX KOHCTPYKIIUN
dbyngamenToB (puc.12), crposierocs 37aHus, IIUTHI, HE UMEIOIINE AePEKTOB, HC-

IMOJIB30BAJIMCh B KAYCCTBC ININT MICPEKPBITUA U ITIOKPBITHA ITIOBTOPHO.
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\S

Puc. 13. O0uuii BUA CTPOUTENBHON MIIOIMAIKN

HpI/IMeHeHI/IC TEXHOJIOTUH 00BEMHOTO YKPCIUVICHUA INNIMHUCTBIX TPYHTOB, ITIOBTOP-
HOI'0 IMMPUMCHCHHA CTPOUTCIIBHBIX MATCPHAJIOB I/I3I[eJ'II/If/'I )51 KOHCTpYI(I_II/If/'I, O6p33}7}0-
IMUXCA IIPHU IMO3JICMCHTHOM CHOCC, ITO3BOJIMJIO BBIIIOJIHHUTH CTPOUTCIILCTBO Ha 3a00-

JIOYEHHOM Y4YacCTKe U PE3KO CHU3UTh CTOMMOCThH CTPOUTENLCTBA (pHC.14).

Puc. 14. IloctpoeHHoe 31anne
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3akirouenue. HecMoTpss Ha TO, 4TO HEPAaBHOMEPHO CMAYMBAEMbIE TIIMHUCTHIC
TPYHTBI SBJISIIOTCS HEHAAEXHBIMH TPYHTAMH, UX MOKHO HMCIOJIb30BaTh B KauyeCTBE
OCHOBaHUs JUIs1 PyHAAMEHTOB pa3HOH ci10xkHOCTU. COBpEMEHHBIE TEXHOJIOTUHU U Me-
TOABl YKPEIUIEHHsS] TPYHTOB IMO3BOJSIOT WU3MEHUTh NEPBOHAYAIBHBIE YCJIOBHS, CHU-
3UTh 3aTPaThl U PEUIUTh CIOKHBIE HHKEHEPHBIE 33]1a4M U SKOJIOTUYECKUE IPOOIJIEMBI.

OKCIEpUMEHTAIBHBIE HCCIEAOBAHUS ITPOBOJWINCH C MCIIOJIB30BAHHUEM CIIElMa-
JU3UPOBAHHOTO 00OpyaoBaHus LleHTpa KOJIEKTUBHOTO IMOJIb30BAHUS WM. Mpodec-
copa HO.M. bopucoBa BOpoHEXCKOro rocy1apCTBEHHOIO TEXHUYECKOIO YHHBEPCH-
T€Ta, KOTOPBIM YaCTUYHO MOJAEp>KHUBAaeTCsI MUHHUCTEPCTBOM HAyKHM U 0Opa30BaHUA

Poccuiickon @enepanumn.
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MEXAHHUKA

YK 621.315.592

3ABUCUMOCTHb MUKPOTBEPJIOCTHU U IIVIOTHOCTHU
TEPMOJJIEKTPUYECKOI'O MATEPHAJIA N-TUITA TPOBOAUMOCTH
OT YIJIA OBPA3YIOIIEN KOHYCA ®WUJIBEPHI, IOJTYYEHHOI'O
METO/J1OM 9KCTPY3UHN

B.A. IOpves*, I0.E. Kanunun

Bopoueoicckuii 2ocyoapcmeennblilt mexHuyeckutl yHugepcumem,

Poccuiickaa ®@eoepayus, 394006, 2. Boponeowc, yi. 20-remusi Oxkmsaops, 84

*Aopec ona nepenucku: FOpveg Braoucnag Anekcanoposud,

E-mail: vlad.yriev@yandex.ru

B pabote npoBezieHO Mcce10BaHUE 3aBUCUMOCTH TUIOTHOCTH (p) TEPMOIIEKTPUUECKOTO MaTe-
puaia N-Turma MpoBOJUMOCTH OT yriia oOpasyromieil konyca uibepsl (20), moJIyd4eHHOTO METOA0M
AKCTPY3UHU. Y CTAaHOBJICHO, 4TO yBenuueHue 20 ¢uibepsr ¢ 30° 1o 70° cnocoOCTBYET pOCTy aaBie-
HUS TpOLecca, a TaKXKe YBEJIMYEHHUIO TUNIOTHOCTH M MUKPOTBEPJIOCTH TEPMORIIEKTPUYECKOTO MaTe-
puana. OLeHeHa MUKPOTBEPJIOCTh O MeToAy BuKkepca M METOIOM I'MIPOCTaTUYECKOrO B3BEIIH-
BaHHUS U3MEpEHa TUIOTHOCTh MOJTYYEHHBIX 00pa31oB. BhIsSBIEHO, YTO MpU MaKCUMAIBHOM yTIJie p =
7,3 t/eM® ¥ MaKCHMAITBHO npUOIKEHa K TEOPETUYECKOMN MIIOTHOCTU TEPMOIJIEKTPHUUECKOro Mare-

puaja. Onwucano u 0XapaKTCPU30BaHO UBMCHCHUC JABJICHUA B IMIPOLECCCE SKCTPYAUPOBAHUA.

Knrouegvie cnoga: TepMOdIEKTPUUECTBO, IKCTPY3HUsl, TBEP/bIE PACTBOPHI, MIOTHOCTh, MUKPO-

TBCPAOCTDH

DEPENDENCE OF THE DENSITY OF THE THERMOELECTRIC
MATERIAL OF N-TYPE CONDUCTIVITY ON THE ANGLE OF THE

DIE CONE GENERATED BY THE EXTRUSION METHOD
© IOpsbeB B.A., Kanunun 10.E., 2023
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Voronezh State Technical University,
Russian Federation, 394006, Voronezh, ul. 20-letiia Oktiabria, 84

*Corresponding author: Vladislav A. Jur'ev, E-mail: vlad.yriev@yandex.ru

In this work, we studied the dependence of the density (p) of an n-type thermoelectric material
on the angle of the spinneret cone generatrix (20) obtained by extrusion. It has been established that
an increase in the 20 die from 30° to 70° contributes to an increase in the process pressure, as well
as an increase in the density and microhardness of the thermoelectric material. The microhardness
was estimated by the Vickers method and the density of the samples obtained was measured by hy-
drostatic weighing. It was found that at the maximum angle p = 7.3 g/cm® and is as close as possible
to the theoretical density of the thermoelectric material. The change in pressure during extrusion is
described and characterized.

Keywords: thermoelectricity, extrusion, solid solutions, density, microhardness

BBenenne. B coBpeMeHHOM MHUpe OXJIXKJEHUE CHUIJIOBBIX MHUKPOCXEM SIBIISIETCS
OCHOBOM B IMOCTPOCHUHU CJIOKHOTO PAIUOIIEKTPOHHOTO 000pyIoBaHus. B cucremax,
r7ic HET BO3MOYXHOCTH OPTaHU30BaTh JKUJIKOCTHBIM OTBOJ TEIIA, JIMOO 3aHUMAIOIIINE
OOJIBIIIYIO TUIOMIAb PAAUATOPhl UCIIOIB3YIOTCS TEPMOIIEKTPUUECKUE MOYJIA OXJia-
xaeaus (TOMO). Onu 061a7aI0T PSIIOM MPEUMYIIECTB, TAKUX KaK BBICOKAsl YCTOM-
YUBOCTh K BHEIIHUM BHUOPAIIMOHHBIM BO3JCUCTBUSAM, HEOOJbIIAs TMOTpedIisiemMas
MOIIHOCTb, MMPOCTOTA YCTAHOBKU U BpeMs O€30TKa3HOU pabOoThHI MPH TPeOyeMBbIX CpO-
Kax skciutyatauuu usnenud [1]. OcHoBoit Takux TOMO ABASIOTCS TEPMOIIEKTPUY E-
CKHE BETBU N- U P-TUIA MPOBOAUMOCTH, U3TOTOBJICHHBIC HA OCHOBE TBEP/IBIX PACTBO-
POB XaJIBKOTCHUIOB BUCMYTa M CypbMbl. {7151 oXJaxaeHus: HeOOIbITUX MUKPOCXEM
TpeOyIOTCS MHUHHUATIOPHBIC MOJYJIM, a, CJIEJA0BATEIbHO, U CEUYCHHE BETBEU MOMKET
nocturats 0,1 MM2, a BeicoToit 10 0,3 mM. IIpu X MpoOM3BOJACTBE CTATKUBAKOTCS C
TJIABHOW TIPOOJIEMON — XPYIMKOCTBIO TEPMODJIEKTPUYECKOTO MaTepHasia, TaKk Kak OH

UMEET CIOUCTYIO CTPYKTYpY [2].
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B npoMbIlieHHOM MPOU3BOICTBE MaTEpUa P-TUIA MOJy4al0T TOPSYUM MPECCO-
BaHHMEM U €T0 MEXaHWYECKOW MPOYHOCTH JOCTATOYHO, YTOOBI M3TOTOBUTH TIJIACTHHBI
¢ TommuHOM 0,3 MM H paspe3aTh Ha BeTBH ¢ cedeHreM 0,1 MM, HO IPH 3TOM TEpMO-
ANEKTpUYECKasi T0OPOTHOCTh HE BBIIIIE 2,6%10° K™ Marepuan N-tumna B OOJIbIIUHCT-
B€ CJIy4aeB IMOJY4YaloT METOJOM 30HHOW MEepPEeKpUCTAIUIM3AIMU, HO MOJy4yaeMbIe TO-
JUKPUCTATUIMYECKHE CIIUTKA HEBO3MOXKHO pa3pe3aTh HA TUIACTUHBI TOJIIIMHONW MEHee
| MM BclieICTBHE HAJIMYKS B HUX IUIOCKOCTEHM CHASHHOCTH. MeTo/1 3KCTPY3UHU MO3BO-
JISIET HONYYaTh TEPMOAIICKTPHUCCKUI MaTepHall ¢ JOOPOTHOCTHIO He MeHee 2,7%107
K™ 1 ¢ 10CcTaTo4HOi MEXaHNIECKOiT MPOYHOCTHIO [3].

OcHOBHBIMH (PaKTOpaMU B TEXHOJIOTMYECKOM ITPOIIECCE IKCTPY3UH, BIUSIOIIUMU
Ha MEXaHMYECKYIO MPOYHOCTh M T/ CBOMCTBA MaTepuaia, SBJISIIOTCS TeMIeparypa,
JaBJICHUE, CKOPOCTh IUTyHXKEpa IMpecca U yroj oOpasyromieil konyca ¢uibepsl. B
JaHHOW paboTe paccMOTpeHa 3aBHCHUMOCTH IJIOTHOCTH MaTepualia oT yria obpa-

3ytoliel GUIbepbl B TEPMOIICKTPHUECKOM TBEPIOM pacTBope BiyTeysSeqs .

JKCNEePUMEHTAJIBLHAS YACTh

Jlist vuccneqoBaHusl 3aBUCUMOCTH TUIOTHOCTH OT YIUIa oOpasyroliei (uiibepsl B
TEXHOJIOTMYECKOM IPOIIECCEe IKCTPY3UU ObLT BHIOPAH TEPMOIIEKTPUUSCKUNA MaTepH-
aJl N-THIMa TPOBOJMMOCTH coctaBa Bi,Te,sSeps. Mcxomubie KOMIIOHEHTHI CILIABJIS-
JMCh B BAKYYMHPOBAHHOM M F€pMETU3NPOBAHHOW KBapLEBOM aMITyJie B Ka4aroIIencs
neun npu temrmeparype 750°C. CUHTE3UpOBaHHBIN MaTepUall U3MENIbYAJICS B BUXpeE-
BOW MEJIbHUIIEC U TTpOocenBascsa uepes3 cuta ¢ sueiikamu 0,5 u 0,2 mm. 3aTem mpoBOIU-
JI0CHh GPUKETHPOBAHHE IIPH AaBIeHHH 2 T/cM°. [1o/IydeHHBIC LITHHAPHYCCKUE 3aT0-
TOBKH C AuameTpoM 40 MM. MTPOJIaBIMBAIIMCH Yepe3 (PUIbephl C Pa3HbIM yrioM o0pa-
3yrolel koHyca (20) ¢ BeixoHbIM oTBepcTHeM 15 MM. nipu temmnepatype 400-420°C
U ckopoctu aBwkeHus miymkepa 0,02 - 0,05 mm/c Ha ucneirarensuom npecce UII-
2500M. dopma Gumbepsl, MOMENIAEMON B TEJIO MATPHILLI mpecc-(hopMbI, IpeaCcTaB-

JeHa Ha puc. 1.
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Puc. 1. ®unbepa, nomerniaemas B T€JI0 MaTPULbI ITpecc-HopMbl

ATTectanus 00pa3loB MPOBOJMWIACH METOIOM AU(PPAKIIMUA PEHTTE€HOBCKUX JIyden
Ha mpubope «Bruker D2 Phaser». M3mepeHue MmioTHOCTH 00pa3ioB MPOBOIUIOCH
TUAPOCTATUYECKUM B3BEIIMBAHHEM. ['pauK 3aBUCHUMOCTH JABJICHUS IMOJIY4YEH MpPH
MOMOUIHM NMPOTPAMMHOI0 00ECIEUEHHUs, TOCTABISIEMOr0 C UCIBITATEIbHBIM IPECCOM.
MuUKpOTBEpAOCTh ONpPEALIIIIACH MO ITyOMHE MPOHUKHOBEHUSI alIMa3HOT0 UHJIEHTOPA

o metoy Bukkepca na mukpockorne [IMT-3.

Pe3yabTarhl H MX 00CyKACHHE

st onipenenenust GpazoBOTO COCTaBa MOJYYEHHBIX OOPa3lloB TEPMOIJIEKTpUYE-
CKOT'0 MaTepuaia N-TUMa MpoBOJAUMOCTHU cocTaBa Bi,Te, sSey s MeToioM peHTreHoda-
30BOT0 aHaiM3a, CIUTKHA Pa3pe3aiuCh CTPYHHOW aOpa3sWBHON PE3KOW Ha «IIailOobD»
MEePIICHIUKYJISIPHO OCH 3KCTpy3un. Ha puc. 2 mpeacraBiieHa peHTTeHOrpaMMa CUHTe-
3UPOBAHHOTO 00pasia.

[IpeacraBnennas Ha puc. 2 audpakTorpaMma TEPMOIICKTPUIESCKOTO MaTepHaia
noaTBepxkaaeT Hamuuue ¢asbl Bi,Te;sSeps, 4TO COOTBETCTBYET 3aJaHHON CTEXHO-

MCTpHUH IIEPBOHAYAIBHO CHHTEC3MPOBAHHOI'O COCTAaBa.
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Bo Bpemst mepBoro nepuoja NpoucXoauT 3HAUUTEIbHBINA POCT JaBICHUS 33 CUET
paboThl cui nedopMUpPOBaHMS HA YIUIOTHEHHE MaTepHaia M MPEeoI0JICHUEe CUI Tpe-
HUSL O CTEHKU MaTpullbl. Kak TOJIBKO JOCTUraeTcs MpeaesibHOe aBjieHue s JaHHOU
KOHCTPYKUMHU (QUIBEPHl U KOAPPUIIMEHTA IKCTPY3UH, HAUMHACTCS UCTEUCHUE MaTe-
puana uyepe3 BbIXOJHOE oTBepcTue Guibepbl. J[aBieHHE MOCTENEHHO CHUXAEeTCS U
Ha4YMHaeTcsl BTopoi nepuoy. [lajgeHue naBieHus CBsA3aHO C IOCTEIEHHBIM YMEHbIIIE-
HUEM KOJMYECTBAa MCXOIHOIO MaTepHalia B KOHTEHHEpEe, U, CIeI0BaTEIbHO, YMEHbB-
IIEHUIO TPEHUSI O CTEHKU MaTpUIIbI [4].

ITpu BBIOOpE yria oOpasyronieil KoHyca (Quiabephbl B MEPBYIO OYEPEAb CIETYET
PYKOBOJCTBOBAThCSA JTOCTHKEHHEM YCIOBUH, 00ECIEUYMBAIOIINX MUHUMAIIbHBIE CH-
JIOBBIE€ U DHEPIrEeTUYECKUE 3aTpaThl, MUHUMYM HEpaBHOMEPHOCTH JedopManuid, mo-
Jy4eHUE U3JEIUN C TOCTATOYHOM PaBHOMEPHOM CTPYKTYpOH mo ceueHuto. [Ipu sxc-
TPY3UH TEPMOIEKTPUUECKUX MaTEPHATIOB uepe3 (uibephl ¢ OOIbIINUM yriaoM (20 >
90°) ymeHbIlIal0TCs. HEPAaBHOMEPHOCTD J1e(hOpMaLUK U Pa3HOCTh CKOPOCTHU TEUEHUS B
LEHTpE U N0 nepudepuu, UCKII0YAETCs] 00pa30BaHUE 30H 3aCTOS, YTO CIIOCOOCTBYET
MOBBILICHUIO KadecTBa u3Aenuil. Tak ke mpu yMeHbIIEHUH yria 20 yBeanunBaeTcs
OTXOJl MaTepraja B MPecc-0CTaTOK U JJIsl U3TOTOBJICHUS MOAOOHBIX (PHIIbEP PaCXOTy-
eTcst OoJbIIIee KOTMYECTBO JOPOTOCTOSIIET0 MeTasuia [5].

[Tocne mpoBeaeHUs YETHIPEX MPOLECCOB 3KCTPY3UU OBUIH MOTYUYEHBI CIIEIYIOIINE
JaHHBIE TUIOTHOCTH U MUKPOTBEPJOCTH O0PA3I[0B TEPMOIIEKTPUIECKOTO MaTepuaia

(Tabm. 1).
Tao6auna 1

3aBUCUMOCTD JaBIICHUS, TUIOTHOCTU M MUKPOTBEPIOCTH MOJIYYEHHBIX 00pa3Il0oB OT yriia
oOpasytomel KoHyca QUIIbepsl

Yron o6pasyro- JlaBnenue, Mlla II10THOCTS, r/em® MuxkpoTBEPAOCTH
nieil konyca 20, °© no Buxkepcy, MIla
30 251 6,6 410
50 285 6,8 440
60 298 6,9 530
70 366 7,3 600

[Tpoananu3upoBaB MOJyYCHHBIE JaHHBIC, MOXKHO CJIeJaTh BEIBOJ, YTO MPU MaJIbIX
yriax oopasyroieit konyca guiabepsl (20 < 70°) naBnenue He npesbiinaet 300 MIla.
Tak xak COmMpOTUBICHUE IBIIKEHUIO MaTepHaia Majo, HeOOXoauMas ImepeoprueHTa-
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Ul 3epeH, YIJIOTHEHHE U (POpMHUpOBAaHUE TEKCTYphl He nocturaercs. [lomyueHnHsie
o0pa3Lbl UMENN paJualibHbIE TPEUIMHBI, XPYIKHAE HA U3JIOM U HX MOCIEayIomas Me-
XaHu4yeckas 00padoTka Oblia Hereaecoodpas3Ha.

[Ipu ucnonp3zoBanuu ¢Guibepsl ¢ yriaom 20 = 70° ObUT MOMTyYeH OJHOPOIHBIN
CJIMTOK TEPMOIJIEKTPUUECKOTO MaTepHalia ¢ XapaKTepHbIM METAUIMYECKUM OJIECKOM,
0e3 BUIMMBIX CKOJIOB U TPEIIMH Ha MOBEpXHOCTH. JlabHelliiee ucciieJoBaHue MmoKa-
3aJ10, YTO M3MEPEHHAs (aKTHUeCKas IIOTHOCTH (7,3 T/cM’) 0bpasia Gim3Ka K Teope-
tuueckoit (7,4 - 7,8 r/CM3) [6]. U3mepeHHass MUKPOTBEPIOCTh TaKKe MOATBEPIKIACT,
YTO MPU MaJbIX yriiax o0pa3yrouieil Konyca (priibepbl JOCTaATOYHOE YIPOYHEHUE Ma-
Tepuana He aocturaercs. [1lo maHHBIM TaOIMUIBI XOPOUIO MPOCMATPUBAETCS TEHICH-
Usl K YBEJIMYEHUIO MUKPOTBEPJOCTH MaTepualia ¢ yBeJIMUYeHHEM yria 20, kotopas
nocturaer 600 MIla npu yrne B 70°. Takke Obuia MpoBeAEHA yCIEIIHAs MPOBEPKa
IIPUTOJHOCTH MaTepuaina JJis U3TOTOBJICHUS BETBEW MaJIOrO CEYEHHUsS IIyTEM DJICK-

TPOAPO3UOHHOM PE3KH CIIUTKA Ha MIaiObI TOIIUHOMN 0,2 MM.

3axiouenue. Ha ocHOBaHWU MOJTYYEHHBIX SKCIIEPUMEHTAJIBHBIM MMYyTEM JAHHBIX,
MOYHO CJI€TIaTh BBIBOJ, YTO JJISI TOJIYYEHHUS] TEPMOAJIEKTPUYECKOTO MaTepUalia C BbI-
COKUM IOKa3aTesieM IJIOTHOCTH MYTeM MPOBEICHUS Mpollecca IKCTPY3UU HE0OXOa1-
MO YYUTBHIBATh MHOKECTBO (PakTopoB. OCOOEHHO Ha 3TOT MPOLECC BIUSAET Yroy 00-
pasymolieil KOHyca, KOTOPbIA B CBOIO OYEPEb BIMSIET HA MIPEACIbHOE JABIECHUE TIPO-
necca. OOBACHEH XapaKTep U3MEHEHHUs JaBJieHUs B mpoliecce sKkcTpy3uu. [lokazano,
YTO MPHU UCIONB30BaHUU (puiibepsl ¢ 20 = 70° mosiydeH OJHOPOAHBIA CIUTOK C p =
7,3 r/em® u MHUKpPOTBEPAOCTHIO paBHO 600 MIIa, COOTBETCTBYIONIMIT BCEM KPUTEPU-

SIM JIJIS1 U3TOTOBJICHUS TEPMODJICKTPUYECKUX BETBEH MAJIOTO CCUCHMS.
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MPEJOTBPAIIIEHUE BHEIITATHBIX ABAPUMHBIX CUTYALIUIA
HA HE®TEI'A3OBBIX ITPEATIPUATUAX

JI.M. Axoenesa*', H.M. Bunokypoea', C.H. Bylaua2

LBoponesicckuii 20cyoapemeentbiii mexHuYecKuti yHueepcumen,
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*Aopec onsa nepenucku: HArxoesnesa [lapvs Muxaiinosna,

E-mail:dadadada_pochta@mail.ru

CoBpemeHHoe npennpuarue HedrenepepadOTKU M HeYTEXUMHUM TpeNCTaBiIseT co00M Croxk-
HBIA KOMIUJIEKC, COCTOSIIMN U3 TEXHOJOTHUECKUX YCTAHOBOK, MPEJHA3HAYCHHBIX I BHIIIOJHEHUS
KOHKPETHBIX TEXHOJIOTUYECKUX Omneparyii. B kadecTBe ChIpbs, IPOAYKTOB U TOIy(haObpHKaTOB yC-
TaHOBOK HedTenepepaboTKU BBICTYIAIOT CMECH YIJIEBOAOPOIOB, KOTOPbIE 00J1aat0T B3PhIBOMOXKA-
poonacHeIMU cBOMcTBaMH. Ha Bcex craausx HedTenoiab30BaHUs, HAUMHAS OT Pa3BeIKU U JOOBIYM
He(TH U KOHYAs yTHIIM3aluel e€ 0TX0/0B, B TOM MJIM MHOI Mepe 3a c4YeT pa3siuBOB HE(PTH, a TakxkKe
BBIOPOCOB BpPEIHBIX BEIIECTB B aTMocdepy, BOAHYIO chepy, U Ha CYIIy NMPOUCXOIUT 3arpsi3HCHHE
OKpY’KaIoIel cpefpl, OTPHUIATEIbHOE BO3JCUCTBUE Ha 3/I0pOBhe Jtojaei. UToOBI mM30ek)aTh ITHUX
MOCTIE/ICTBUM, HEOOX0AUMO NMPUHUMATH MEPHI MO MPETOTBPAILECHUIO aBapUIHBIX CUTYAIlMi U yCT-
PaHEHUIO MOCIEICTBUI B Cllydyae UX BOSHUKHOBEHHMS, IPOBOIUTH NPOPHIAKTHUECKUE Oece/bl C COo-
TPYAHUKAMH, UMEIOMIMMHU KaK TMPsIMOE, TaK U KOCBEHHOE OTHONICHWE K He(Tera3oBOW MPOMBIII-

JICHHOCTH.

© Sxosnesa .M., Bunokyposa .M., bykma C.H., 2023
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Knrouegwvie cnosa: HedprerazoBoe npeanpusTHe, aBapuiHbIe CUTYaI[MU, KOMIUIEKCHBIE METO/IbI

3al0UTHI OT KOPPO3HH, ITOKPBITUC, SJICKTPO3allIUTa

PREVENTION OF EMERGENCY SITUATIONS AT OIL
AND GAS ENTERPRISES

D.M. Yakovleva**, 1.M. Vinokurova!, S.N. Buksha?

Voronezh State Technical University,
Russian Federation, 394006, Voronezh, 20-letiia Oktiabrya st., 84
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Russian Federation, 394064, Voronezh, ul. Starykh Bolshevikov, 54a

* Corresponding author: Yakovleva Darya Mikhailovna,

E-mail: dadadada_pochta@mail.ru

A modern oil refining and petrochemical enterprise is a complex complex consisting of tech-
nological installations designed to perform specific technological operations. The raw materials,
products and semi-finished products of oil refining plants are mixtures of hydrocarbons that have
explosive and fire-hazardous properties. At all stages of oil use, starting from oil exploration and
production and ending with the disposal of its waste, in one way or another due to oil spills, as well
as emissions of harmful substances into the atmosphere, the water sphere, and on land, environmen-
tal pollution occurs, a negative impact on human health. To avoid these consequences, it is neces-
sary to take measures to prevent emergencies and eliminate the consequences in case of their occur-
rence, to conduct preventive conversations with employees who have both direct and indirect rela-

tion to the oil and gas industry.

Keywords: oil and gas enterprise, emergency situations, complex methods of corrosion protec-

tion, coating, electrical protection

BBenenue. B coBpeMEHHOM pa3BUTOM OOIIECTBE, KOTOPOE UMEET OOJbIINE TPO-

HN3BOACTBCHHBIE BO3MOKHOCTH B CO3JaHHUU H p8,3pa6OTKI/I HOBBIX TEXHOJOIHYCCKHX
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IUIOHIA/IOK ¥ KOMIUIEKCOB MAaIlIMHOCTPOUTENHLHOTO He(Tera3oBoro o00pya0BaHus 1Mo
oOCITy’kMBaHUIO 0€30MacHON M SKOJOTMYECKH YUCTOM TEXHOJOTMH JAOOBIYH, TPAHC-
MOPTUPOBKU, MEpepabOTKU MU XpaHEHHs HePTera3oBbIX MPOAYKTOB, BO3HHKAIOT
MPEANOCHUTKU [1-19] /1t co3manuii Oojiee MOIU(DHUIIMPOBAHHBIX CPEACTB oOecmeve-
HUS 3allUTHI B JaHHOU cpepe oTpaciu.

[Tpu sKcruTyaTau J1r000ro MpoU3BOJACTBEHHOTO 00BEKTa MOBBIIIEHHON OMAacHO-
CTH BCEI/Ia CYIIECTBYET BO3MOXKHOCTh BO3HHKHOBEHHS CEPBHE3HBIX UPE3BBIUAIHBIX
MIPOUCIIECTBUM, aBapuil, TEXHUYECKUX MHIUACHTOB. MHOXXECTBO aBapUUHBIX CHUTYya-
AN OBLJIO CBSI3aHO C YEJIOBEYECKUM (PAKTOPOM, CO CTUXUUHBIMU (haKTOpaMu HpUpPO-
HOTO U TEXHOTEHHOTO XapaKTepa, €CTEeCTBEHHBIMHU Pa3pylICHUSIMUA METAJIOB 33 CYET
CTapeHUs U3/IENNS 1 BOZHUKHOBEHUS BHEIITATHBIX HEMPEICKa3yeMbIX CUTYaIIUM.

Hauném c camoro riaaBHOTO, 4TO SIBJISIETCS KOPHEM MPOOIEMbl, & UMEHHO TPUYH-
HbI BOBHUKHOBEHHUSI aBapyil B TaHHOW OTPaCIH.

HpI/I‘-II/IHI)I BO3HHMKHOBCHMH aBapHﬁI

OprannzanHoHEEIE
P TexuwdeckHe TPHTIHHEL

IIPHYHHLI BOZHHEHOEEHH A

- BOZHHKHOBECHHA HBRPI-]]L-'I
ABAPHH

IToepexgeHst H
OTCYTCTBHE MOJGEHOTO et ekTE B KOHCTPVEIEE
— IIPOHZEOICTEEHHOTO — :-'.,u;amaﬁ OHO, a4 TAECHEeE
KOHTPOIA TEXHHYECKHE IPOOITEMED
¢ o0opyIoEaHHEM
eegenme paboT bes OTKIOHEHHA 0T
HeoBxo TP OEKTHEIX PEMeHHH B
. mm'm - MpOomecce CTPOHTEIECTER
. H MOHTA®A OMACHOTO
¥ECAOMICHHH TP OHZEOCTEEHHONO
OPTaHHIAIHH L obBeKTa
HAPYIICHHA IOPAKa BbICOKKIA M2HOC
T HPOBEACHHHA ] obopyaoeaHuA
PEMOHTHEIX paboT
" OpraEmsampAmponecca |
TIPOHSEOACTEA B 93 CTH Hepocratoanrni
|| cemmmoseman || yposem:emejpennx
ap AT HOBBIX TEXHOIOTHIE
TP OHCIIEeCTEHH, ABAPHIH H HIIH C J3I1030aHHEM

| HeCHaCTHRIX CTyHaes HAp.
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PaccMoTpuM M M3yyuM HM3BECTHBIE JaHHBIE MO ymepOy OJHMX U3 CaMbIX Mac-
mTa0HBIX aBapuil He(pTera3oBoil OTpaciu, K KOTOPHIM OTHOCSITCS: pa3iuBbl Ha OOJb-
M€ TEPPUTOPUU OOJILIION MOPCKOW rinaau puc.l a, © v pa3pylieHus: CBSI3aHHBIE C

BHEIIITATHBIMHU CUTYallUusIMH (B3pbIBaMH) Ha He(pTera3oBsix miatdopmax puc.l B, T.

E)

Puc. 1. ABapuiinble cuTyaliui Ha MOPCKOM TJIaau

[Ipumepom siBnsieTcs: pa3inuB HEPTH BO BpeMsi BOWHBI B llepcunkom 3amuBe BO
BpeMs BoMHEI B [lepcunckom 3anmBe B 1991 rony, koraa npakckue BOMCKa BBILLIA U3
KyBeiita, oHM OTKPBUIA TPYyOOIPOBOBI M KJIallaHbl HEPTIHBIX CKBOXKUH U YCTPOUIIU
MoXKap B KA4e€CTBE MEPHI JJIsi OJIOKUPOBKH COMIEPHUKA B 3TOM paiioHE.

B pesynbsrare npumepHo 240 MUJTMOHOB TrajUIOHOB HE(PTH, KaK MoJiararoT, ObLUIN
copomens! B [lepcuickuii 3amB, MOTYOMB COTHU PHIO U MOPCKHUX MJICKOTTUTAIOITUX.
B Kyseire, Typuuun, OAD mum yepubie noxan. Ha «Beicbixanue» 320 o3ep ynuio
Bce nocnenytoiee aecaruierne. [To onenke BBC, B pe3ynbrare BOHBI MPOU30IILIIA
OJIHA U3 CaMbIX TSKENbBIX SKOJIOTHUECKUX KaTaCTpO(d B HCTOPUHU.

Hpyrum npumepoM siBisieTcs: B3pbIB HePTsAHOM maTdopmbl Deepwater Horizon.
B momenT B3pbhiBa Ha ycranoBke Deepwater Horizon moru6:o 11 4yenoBek u moctpa-
nano 17 u3 126 yenoBek, HaxoauBIIMXCS HA 0opTy. B koHie utons 2010 r. nmosiBu-

JIUCh COOOIIEHUs 0 THOENH ellle 2 YeJIOBEK MPU JIMKBUIAIMH MTOCIEACTBUM KaTacTpo-
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¢b1. Uepe3 nmoBpexaeHust TpyO CKBaKuHBI Ha riayouHe 1500 M B MekcukaHckui 3a-
7uB 3a 152 mHS BBUIHIIOCH OKOJIO 5 MITH. Oappeneit HedTu, HeTSIHOE MATHO JOCTHUTIIO
IJIOIIAAN 75 ThIC. KB. KM, YTO COCTAaBIIIET OKOJIO 5% rutonaan MEeKCMKaHCKOro 3a-
JIUBA.

Yenoeueckuii axktop siBnsiercss npuunHoi 10 70 % ocnoKHEHUW M aBapuil B
He(drerazoBoM npousBojacTBe. Ha odunuansuom caitite Poctexnaazopa npeacrasie-
Ha uH(OpMarus 06 aBapusIX Ha 00bEKTaxX He(TEra30BOM OTpaciu 3a MOCIEAHNUE BO-
ceMb JieT (puc.2). [lyrém uccnenoBanuii 1 HabMIOIEHUN OBLIO BBISIBJIEHO, YTO 3a Ie-
puon 2017-2021mpousouwio nopsiaka 260-tu aBapuil. Huxke Mbl MokeM HaOMOaTh

0O0I1IyI0 CTAaTUCTUKY aBapHil Ha 00beKkTax He(TEra30BOM OTpaCIH 3a TaHHBIN NEPUOI:

[loepesners,

paspyIIeHHA Brropoc roproasx

v BEINECTE, MOXKAp
3504 17%
I|
PEEP}FDIEHHE — _ \HerorTpomupy
COOpPYHEHHH €MEIE B3DHIBEL
17% 31%

Puc. 2. O6mas cratucTtrka aBapuii Ha 00bekTax HedrerazoBoit orpacau Ha 2017-2021 roga

OpnHoil u3 3apeKOMEHAOBABIIMXCA MO YaCTOTE BOZHUKHOBEHUSI MPUYUH aBapuii-
HBIX BHEIUTATHBIX CUTYaIUil SBISETCS KOPPO3MOHHOE pa3pylIeHHEe METAJIOB 000pY-
noBanus [5-15], BeaeacTBHE XMMHUYECKOTO HITH SJICKTPOXUMHYECKOTO B3aMMOICHCT-
BUS UX C KOPPO3UOHHOU CPELIOH.

Haubonee pacnpocTpaHEHHBIMU BUJIAaMU KOPPO3HUU AJIsE HEPTETa30BOTO MPOMBIC-
J1a ABJISETCS: IEKTPOXUMHUYECKAsI, BOJAOPOIHAS, KUCIOPOIHAS M XUMUYECKass KOppo-
3us [2-4, 10, 12-14].

OctanoBuMcs 0oJiee AETaIbHO Ha BOMPOCE 3alIUThl 000pyA0BaHus HedTerazoBo-
ro MpPOMBICIIa OT KOPPO3UOHHBIX pa3pylieHui. MneanbHas 3ammra OT KOPPO3UU Ha

80 % obecrieunBaeTcs MPaBWIIBHON MOATOTOBKOM moBepxHocTtH [8, 10, 15], u Toapko
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Ha 20 % Ka4eCcTBOM HCIIOJIb3YEMBIX JJAKOKPACOYHBIX MATEPUATIOB M CITIOCOOOM UX Ha-
Hecenus [16, 18, 19]. Knaccuuecku paccMaTpuBalOT TPU HapaBICHUS METOJIOB 3a-

IMUTHI OT KOPPO3HH:

- KOHCTPYKIHOHHBII - AKTHBHBIII - IACCIIBHEIII

Jlis mpenoTBpaIleHds KOPPO3HWH B KAadeCTBE KOHCTPYKIIMOHHBIX MaTEpHajIoB
MPUMCHSIOT HEP)KaBEIOIIUE CTalM, KOPTEHOBCKUE CTajM, IIBETHBIC MeTauTbl. [lpu
n00aBJICHUH HEOOJIBIIIOr0 KOJIMYSCTBA XPOMa B CTallb HA IIOBEPXHOCTH MeTajlia 00-
pasyercst okcuiaHas miéHka. CopepikaHue XpoMa B HEp)KaBCIOMICH cTaiaum — Oojiee
12 %. Ilpu MpOCKTUPOBAHUU KOHCTPYKIIMH CTAPAIOTCS MAKCHMaJIbHO H30JIMPOBATh
OT IONaJaHusl KOPPO3ZHOHHON CPEIbl, IPUMEHSS KJICH, TCPMETHKH, PE3UHOBBIC IPO-
KJIaJKU. AKTUBHBIC METO/IBI OOPHOBI ¢ KOPPO3UCH HaNpaBICHBI HA U3MEHEHUE CTPYK-
Typbl JABOWHOTO 3JCKTPHYECKOTO Cjos. [IpuMeHseTcsS HaJIO0XKCHHE IOCTOSHHOTO
AJIICKTPUYECKOTO MOJISl ¢ TTOMOIIBI0 HCTOYHUKA MTOCTOSSHHOTO TOKA, HAIIPSKCHUC BBI-
OMpaeTcs C MEJbI0 MOBBIMICHUS 3JICKTPOIHOTO IMOTSHIIMAJIA 3aIMINaeMOr0 METaJlIa.
JIpyroii METOJI — HCIIOJIh30BaHUE JKEPTBEHHOI'O aHOJa (IIPOTEKTOpHAs 3aIimTa), 00-
Jiee aKTHBHOI'O0 MarepHajia, KOTOPBIH OyICT pa3pylIaTthbCs, MpeAOXpaHss 3aluiiac-
MOE H3JICIIHE.

[Tpu M3ydyeHUH KUCIOPOAHOM KOPPO3HH OIMHKOBAHHOIO YeJie3a Mbl HaOJII01aeM
KpacOYHOE IMOKPBITHE, MOJUMEPHOE MOKPHITHE M SMAJUPOBAaHUE JODKHBI, MPEXKJIC
BCEr0, MPEJAOTBPATUTEL JOCTYI KHCIOpPOJaa M Biard. YacTo Takke MPUMEHSCTCS I0-
KpBITHE, HAPUMEp, CTaIM JPYrMMH METalllIaMH, TaKUMH KaK IIMHK, OJIOBO, XPOM,
HUKeJb. [[HHKOBOE MOKPHITUE 3AIUIIACT CTallb Ja)Ke KOI/Ia HapyIIeHO [EJI0CTHOCTD
nokpbiTHs. [{luHK nMeeT Oosiee OTPHUIATENBLHBIM MOTCHIMAT U KOPPOIUPYET - Iep-
BbiM. COCHHEHNUS C MPOAYKTAMH LUHKA (Zn”") 04eHb TOKCHYHBL. VIITIOCTpaTHBHBI
IpUMEp HAPYIICHHS I[MHKOBOTO TMOKPBITHS JKEJIC3HOTO H3JCIHS NpPEICTaBICH Ha
puc. 3.

Jlpyrum oOIIePUMEHUMBIM METOJIOM 3aIlUThl METAI OT KOPPO3UH — MPUMEHE-
HUE 3alIUTHOTO IEKTPOJa C OOJIBIIMM OTPUIIATSIILHBIM ITOTCHIIMATIOM, HAIIpUMED, W3

[MHKA Wiy MarHus. J[Jig 3Toro cnenuanbHO CO3JAETCSl KOPPO3MOHHBIN AJIEeMEHT. 3a-
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IIMIIAEMbI METAJII BBICTYIIAET B POJIM KAaTOAA, U 3TOT BUJI 3allUTHl HA3bIBAKOT KATOM-
HOW 3amuTou. PacTBopsieMblil 31€KTpOA, HA3bIBAIOT, COOTBETCTBEHHO, aHOJOM IpO-
TEKTOPHOM 3aIUThl. DTOT METOJI MIPUMEHSIOT IS 3alIUThl OT KOPPO3UU MOPCKHUX CY-
JI0OB, MOCTOB, KOTEJIbHBIX YCTAHOBOK, PACIIOJIOKEHHBIX MO 3eMJIEHN TpyO. JlJist 3ammThl

KOpITyca CyJiHa Ha HApYKHYIO CTOPOHY KOPITyCa KPErsT LIMHKOBbIE TUIACTUHKH.

Fe Karoa

Puc. 3. Koppo3usi ollMHKOBaHHOTO XkKeje3a

Crnenyroumm METOJOM, XOPOLIO 3apEeKOMEHIOBABIIUM Ce0sl M 3aKpPENHUBIINMCS
0 TIPOU3BOJICTBY B TEXHOJIOTHSX, ABJISETCSA ra30TepMuuecKkoe HambuieHue. C momo-
IIbI0 Ta30TEPMHUYECKOr0 HaNbLICHUS HAa MOBEPXHOCTH METAJIa CO3LAECTCS CIOM M3
JpYyroro Mertajuia/cruiaBa, oOJafaronuii 0oyiee BBHICOKOW CTOMKOCTBIO K KOPPO3UU
(u3omupyrouuit) i Ha00OPOT MEHEE CTOMKHUI (IPOTEKTOPHBIN ), MO3BOJISIOIIHNNA OC-
TaHOBUTH KOPPO3HUIO 3AIIUIIAEMOr0 MeTayla. TeXHOJIoruss MeToJa HaHECEHUs ra3o-
BOW CTPYEMN HaA MOBEPXHOCTH M3AEIUS HA OTPOMHOU CKOPOCTH YaCTUL] METAJLUIAYE-
CKOM cMmecH puc. 4, (HarpuMep, [IUHK) MO3BOJISIET MOTYYUTh 3alIUTHBINA CJION TOJIIIU-
HOM OT JIECSATKOB J10 COTEH MUKPOH.

st monyyenus qud@dy3MOHHOTO CJI0si HEOOXOAMMOM TONIIUHBI pa3padaThIBAIOT
TEXHOJIOTUH PETYIUPOBKM MU3MEHEHHs TEMIIEpaTypbl BO BpeMs Ipoliecca HUHKOBA-
HUA, AMPYy3MOHHOE [TUHKOBAHKE, OCYIIECTBISIEMOE U3 MapOBOM MM ra3oBOM (ha3bl
npHu BeICOKUX Temneparypax (375-850°C), uim ¢ ucnoiab30BaHUEM pa3pexeHus (Ba-
Kyyma) — npu temrepatrype ot 250°C, npuMeHsieTcsl 11 NOKPBITHUS KPENEKHbBIX W3-
nenui, Tpyo, neranedt apMmarypbl U Ap. KoHCTpykuui. TommmHa nuddy3noHHOTO
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CJIOS 3aBUCHUT OT TEMIIEPATYpPhl, BPEMEHH, CIIOCO0a [IUHKOBAHUS U MOKET COCTABIISATh
0,01-1,5 mm. CoBpemeHnHsIit iporiece nuddy3noHHOTO ITMHKOBAHMSI TIO3BOJISIET 00pa-
30BBIBATh MOKPHITUE HA PE3bOOBBIX MOBEPXHOCTIX KPENEKHBIX U3IEINH, O€3 3aTpy -
HEHUS WX MOCIEAYIOIIEro CBUHYMBAHUS.

MuxkpoTtBEpaocts ciost nokpsitusi: Hu = 4000-5000 MI1a.

Hubdy3roHHOE TMHKOBOE MOKPHITHE TAKXKE 3HAYUTEIBHO MOBBIIIACT XKAPOCTOM-
KOCTh CTaJbHBIX M YYT'YHHBIX M3aenuil npu temreparype a0 700°C. Bo3moxHo mo-
Jy4YEHUE JIETUPOBAHHBIX TU(M(PY3MOHHBIX IIMHKOBBIX MOKPBITHMA, MIPUMEHsEMOE Jis

IIOBBIIICHUA UX CJ'Iy>K€6HBIX XapaKTCPUCTHUK.

BDMW MokpbiThe
OaBMeHHeM

MopoLuok Ytnrrrreen
—_— A

— e ———————

Cwmeck kcnopoga b i

W1 TONNWBA P
Ctpya
M C pacnnaeneHHLIMu
yacTULAMK

Boanyx uz
Tonnueo KoMnpeccopa

“\‘WN

o —-—-—-—-—--|_-_*_'-.u-—

[

[NpoBonoka

—_—

TloKpbITHE

Puc. 4. T'azorepmuueckoe HanbuieHue [2, 10, 15]

CrenyrommuMu METOJaMH 3aIlUTHI SBISIOTCS KaJIMUPOBAHUE U XPOMHPOBAHUE.
[ToxpeITHE CTANBHBIX JAeTalied KaJIMHEM TPOW3BOJIUTCS METOJaMH, aHAJOTHYHBIMU
IIMHKOBAHMIO, HO JaéT 0oJiee CHIIbHYIO 3aIlllUTy, OCOOCHHO B MOPCKOM Boje. [Ipume-
HSCTCS 3HAYNTEIBHO PEKE M3-3a 3HAYMTEIbHONH TOKCHYHOCTH KaJMHS M €r0 JOpOTo-
BHU3HBI. Takke MOKPBHIBAIOT TOHKUM CJIO€M OKCHJIa MEIH, YTO MPEIOTBPAIIACT JaThb-
HEeHIlee pa3sMHOXKEHUE KOPPO3WU. XPOMHUPOBAHHE: TMOKPBITHE CTANIBHBIX JeTaIeH

xpomowm [10, 15].
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Jl5is TOro yToOBl CHU3UTH WM B KOPHE MPEIOTBPATUTH aBAPUHU TAKOTO POJIa U HE
TOJIKO HEOOXOAMMO paccMaTpHUBaTh, HO M pa3padaTbiBaTh HOBbIE KOMILIEKCHBIE Me-
TOJIbI 3aLUTHI MIPEANPUATHI 1 000opynoBanus. Hanpumep, co3ganue nepcneKTUBHOM
ABTOMATU3HPOBAHHON CUCTEMBI IPEAYIPEXKICHHS OCIIOKHEHUI U aBapUHBIX CUTYa-
11 Ha BCEX ATamax *U3HEHHOTO LIMKJIa HE(TAHBIX U ra30BbIX CKBaXUH HAa OCHOBE
IPUMEHEHUSI KOMIUJIEKCA COBPEMEHHBIX YMHBIX (Smart) TexHosioruii. [Ipenmyriectso
MIPUMEHEHUSI TEXHOJIOTUI UCKYCCTBEHHOIO MHTEJUIEKTA JJIsl PEIICHUS 3a/1a4 BhIsIBIIC-
HUS U IPOTHOZUPOBAHMS OCJIO)KHEHUN INPU CTPOUTEIBCTBE HE(MTAHBIX M Ta30BBIX
CKB&)XHMH 3aKJIFOYAE€TCS] B TOM, YTO B XOJI€ UX CO3/IaHHs U 00y4YEHUs C 3aJlaHHON TOY-
HOCTBIO BBISBIISIFOTCSI SIBHBIE UM CKPBITBIE 3aKOHOMEPHOCTH MEXIY TI€0J0ro-
reo(pu3nUecKUMHU, TEXHUYECKUMHU U TEXHOJIOTMYECKUMHU MapaMeTpaMu, YTO MO3BOJIS-
eT obecreunth 3(PPexkTruBHOE POopMUpPOBAHUE OOBEMOB JTaHHBIX OT JIATYMKOB pas-
JMYHBIX THUIIOB, UCHOJb3YyEMbIX JJII M3MEpPEHUs MapaMeTpoB B Ipolecce OypeHus
CKBa)XMH, OCYILECTBIIIFOTCS C UCIIOJIB30BAHUEM HEMPOCETEBBIX TEXHOJIOTHIA.

[IpeaynpexaeHre NOrjaomeHuid OypoBoro pacTBopa — OJJHO M3 NEPCIEKTUBHBIX
HaIIpaBJIEHUIN JUIsl TPUMEHEHUS TEXHOJIOTMM YMHBIX MUKPOKOHTEMHEPOB, OCHOBHOM
LEJIbI0 KOTOPBIX SBIJISIETCS] MCIIOJI30BAHUE YMHBIX MUKPOKOHTEHHEPOB JIJISl JOCTABKU
CHELHAJIbHO MOAOOPaHHOTO 3aKyMOPHUBAIOLIET0 MaTepuaia, 001aJarollero crnocoo-
HOCTBIO K MOJIMMEPU3ALUN, HHULIUUPYEMON TEMU WJIM UHBIMU (PU3NYECKUMU (PaKTO-
paMu, 4TO MO3BOJISIET TOYEHHO HANPABUThH €r0 K MECTaM JAUCIIOKAIIMM KaHAJIOB U I10-
JIOCTEH MOTJIOLIEHUS U JIOKAJIM30BATh U30JUPYIOIINI KOMIIOHEHT.

QOyHKIIMOHAJIbHAS CXeMa aBTOMATU3MPOBAHHON CUCTEMBbI MPEIyNpPEKIECHUS OC-
JIO’)KHEHUM U aBapUMHBIX CUTyallud MpPHU CTPOUTENILCTBE HEPTSIHBIX U T'a30BBIX CKBa-
’KUH TPOLECC TPUMEHEHHs1 OypOBOro pacTBOpa C yMHBIMU MUKPOKOHTEHHEpamMH AJist
O00pBOBI C MOTJIOLIEHUSIMUA MPECTABISETCA CIACAYIOMIMMHU TEXHOJOTUYECKUMH 3Ta-

ImaMu:
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IIOAT 0 TOEBEK A MITK]) DKDHTEI‘-.]HEII 0B C JaKYTIODHE a0 I M
Eell eCTEOM 3aJAHHOI 0 TIIIIA,

nogada GYpoBoro pacTBopa ¢ YMHEBIMH MIK] 0K 0HT efTHe]p aMI
B 30HY LIHP KIS LI

ITep enielll eHIle YMHEIX MITKP OKOHT EI‘-.]I-IE]] OE E CTEHKAM
CTE0JIA CKE AKITHEL 10, JeFIC TEHeM MATHIITHOT O II0JIA,
JIOE aJOT3 2101 YMHEBIX MITE] 0K 0HT EI‘-.II-IE]] L1 2]

Ha Y4acTKe IIOTJI0LT eHITA

B.BICE 00 A IeHIe 3AK Y0P HB AL T 0 Belll ec TEA H3 YMHEIX
MEE]) 0K 0HTeifHe]) 0B 10 B03Jefic TEHeM 0L eTeIeHHbIX
(promdeckx dpaxTopos;

€ € €L

IHHTeHCHEBEHAA ITOJIMeD I AL 3akYIIOPIE QI er o areHTa,
0 5]_] A30E aHIle Hell]) OHINIaeMoro CJI0A 3a c4eT
IIOJIIME] I3 QIO I3 0JOID VIOI €T 0 KOMITIOHEHT a

C yuéroM aHanmu3a 3a mpelbiayllee BpeMs B He(TEerazoBOil MPOMBINLICHHOCTH
HEO0OXOJAMMO TOBOPUTH O MPEJOTBPAILICHUU ABAPUHHBIX CUTYallMi U HEBO3MOXHO
yKa3aTh OMIMOKM MPOLLIBIX JIET, HA KOTOPBIX CTOUT YYUTHCS. YUUTHIBAsT MPOOJIEMBI
Bo3HukIMe Ha npeanpuatun OO0 «I'azmpom tpancraz Yaiikosekuiny 04.04.2022, a
TaK)Xe MOCIIEACTBUSA, C KOTOPBIMU IPUXOJIUTCS CTAIKUBATHCS MHKXEHEPHOMY COCTaBY
Ui yCTpaHEeHMsl pa3pylleHH HeoOXoauMo B 00s3aT€IbHOM MOPSIKE BBINOIHATH

cieayronme TpeooBaHus:

TOpOBOANTE  IOBTOPHOEe  BHYTPHIPYOHOE — JAHArHOCTHPOBAHIIE  C
TpHMEeHEHIIEM IIEKTPOMATHIITOAKYCTITECKHX JetheKTOCKOIIOR;
pACCMATPIIBATE  BOIPOC  IIPIIMEHSHHS  ANBTEPHATHEHBIX — METOIOR
OIATHOCTHPOBAHIIA VIACTKOR MATIICTPANEHEIX TpyOOIpPOROIOR
SKCITYATHPYEMEIX OpraHuzamieii;

OpPOBOANTE MOHITTOPHHT VIACTKOB MATTICTPANBHEIX  TA30OPOBOIIOR,
3 | sKcIIyaTHpyeMEIX opraHirzanieil Ha IpeaMeT BOZHHKHOBeHIII OedekTorR
CTpecc-KOPPO3HH;

(]

4 YIHESCTOTAaTh KOHTPOIIb 38 TEXHITIECKIIM COCTOAHIENM prﬁOHPOEGI[OB;

TOPHMEHATE MeTOoALI MpoBeneHIra BT/ (BHeNIHAS TOPTOBAd NeATeNLHOCTE)
5 | cormacHo TeXHHIecKoIl JOKYMEHTalUHH, IIA IMOTY9cHHA NOCToBepHO
THGOOPMAINII 0 TEXHITECKOM COCTOSHINI TPYOOIPOBOIA;

ofecneyIEaTs: KOHTPONIE 33 TONHOTOH H JTOCTOREPHOCTRIO IICCTIEOBAHMIT
mpu npoBedeHHH BTJ] U 3KCOEPTIEEl NPOMEINIIEHHOII Oe30IacHOCTH

o "
TPYGOHPOBOHOB AL IIONYHeHHA JOCTOBCPHOII OIOCHEI II I[IPOTHO3A
TeXHITYeCKOTO COCTOAHIII 00BEKTOR ECIISPTIIZEI;

7 IOy IS HITA ,I[OCTOBepI—IOﬁ OIEeHKI IT TIPOTrHO3a TEeXHITISCEOT'O COCTOAHIIA

0o0BEKTOR IECIICPTIISEL.
[
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3akaodyenue. C KaxAbIM TOJAOM YKCIO aBapuil WAET Ha Caj, OAHAKO OOLIMii
SKOHOMUYECKUI yliepO BO3pacTaer, YTO HABOJAWUT HA MBICIb O MOMCKE HOBBIX HJEH
UX NPEIOTBPAILCHHUS.

Takum oOpa3om, 3a cueT KOPPO3HMOHHBIX pa3pyMICHUN MPOUCXOIAT OOJIBIITHE
MacCOBBI€ TIOTEPHU CBSI3aHHBIX C BOCCTAHOBUTEIBHBIMHU padOTaMu ¢ paboTaMH OCHOB-
HOTO TEXHOJIOTUYECKOr0 000pyAOBaHUS, MOITOMY TPEOYeTCsl MOCTOSHHBIM MOHUTO-
PUHT BO3MOXKHBIX COOEB CHUCTEM HE(TErazoBOro 0OOpYIOBaHMS, BBEACHHE HOBBIX
IPOrpaMMHBIX 00ECTICUEHHUI KOHTPOJIsA, COOPY U MOJEPHU3AIMHN ONTUMHU3AIUOHHBIX,
3aIIATHBIX MEp AJII CBOEBPEMEHHOIO MPEAOTBPALEHUS U JOKAIU3aUUU YCTPAHECHUS
BO3MO>KHOM 4Ype3BbIYAMHOM CUTyanuu. M3 MHOXeCTBa pacCMOTPEHHBIX BAPHUAHTOB
KOPpO3UH U €€ MOCIEACTBUI pa3pylIeHus: CyJ0B, MIaTGOpM U HEPTEra3oBbIX yCTa-
HOBOK M 000pYyIOBaHUIA, HA HACTOALIEE BpeMs Oojiee MPUEMIIEMBIM SIBJIIETCS COBpE-
MEHHBI METOJ] M0 UCIOJb30BaHUI0 KOMIUIEKCA COBPEMEHHBIX YMHBIX (Smart) Tex-
Hojoruii [1, 3,5, 7-9, 11, 17, 18] u yXe 1aBHO 3aKpENUBIIMXCS B TPAKTUIECKOM JesI-

TCJIBbHOCTH MCTOABI 3allTUTHI OT KOPPO3HH.
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SAxosieBa Japbs MuxaiiioBHa — cryieHTka 2-ro Kypca, rpynna 6HI'JI-212, gakynsrer Mammu-
HOCTPOEHHUS U a9POKOCMHUYECKON TEXHUKM BOpPOHEIKCKOro rocy1apCTBEHHOIO TEXHUUYECKOTO YHHU-
BEPCUTETA.

Bunokypoa Upuna MuxaiiioBHa — KaH/. TeXH. HayK, JAOLEHT KadeaApbl XUMUU U XUMUYECKOU
TEXHOJIOTUU MaTepralloB BOpOHEXKCKOro rocy1apCTBEHHOIO TEXHUUECKOTO YHUBEPCUTETA

Bykma Cepreii HukonaeBu4 — KaHJ. TeXH. HayK, IpenojaBareib BoeHHOTO y4eOHO-HayqHOTO
nenTpa BoeHHo-Bo3mymHBIX cuil «BoeHHO-BO3ayITHAs akagaemust uMenn npodeccopa H.E. XKykos-
ckoro u FO.A. T'arapunay (r. Boponex)
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ITEPCOHAJINN

FO0usein Hebonbcnna Banepus AnekcanapoBuia

He6onscuny Banepuio AnexkcaHapoBUdy — JTOKTOPY TEXHUYECKHX HayK, JE€KaHY
QdakynbTeTa paguoTeXHUKH U 3ekTpoHuku BI'TY, npodeccopy xadenpsl XxumMuu u
TEXHOJIOTMM MaTepHuasoB, 3aBeAyOIIeMy Kadeapoill TBEpIOTEIbHOU 3IEKTPOHMKH,
3aMECTUTEINIO TJIABHOTO PEaKTOpa KypHaia «XuMus, pU3uka U MexaHUKa MaTtepua-
70B» 5 nrons 2023 r. ucnoaxunocs 60 ner.

He6onbcun B.A. — mpekpacHbIii OpraHu3aTop ILEJI0T0 psifa HAyYHBIX MPOEKTOB,
yueOHOro Ipolecca, KOTOPOro BBICOKO LIEHUT PEKTOpAT By3a U €ro OJirkaiiime co-
TPyAHUKH. BenukonenHeii npenoaaBaTeab MO CIOBAM CTYJIEHTOB M Koyuter. OCHOB-
HBIM HAYYHBIM HANPABJICHUEM €T0 JIEATEIIBHOCTH SBIIIOTCSA MOJYIPOBOAHUKH, U3Y-
YEHUE CTPYKTYpPHI U CBOWCTB HUTEBHUIHBIX HAHOKPHUCTAJJIOB KPEMHUS, MEXaHU3M HMX
o0Opa3oBaHusl, TPUKJIAJHbIE BOMPOCHI MOJIYYEHHUS] U TPUMEHEHUS! HAHOKPUCTAIIOB. B
ero noptdomuo 160 mybnukaruii, 19 mateHTOB.

Hayunas penakuus xxypHaia « XOMM», pekTopar, KOJUIETU U IPY3bsi UICKPEHHE
no3apasisiioT Banepus Anexcanaposuua ¢ FO6umiieeM, xenamT eMy 310pOBbs U pea-

JIn3anyy €ro TBOPYCCKUX IIJIIAHOB.

ITpockypun [1.K., Konocos A.U., Pygakos O.b., Kykuna O.b.
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Hay4yHoe u3ianue

XUMUSA, DU3UKA U MEXAHUKA MATEPUAJIOB

Beinyck Ne 3 (38), 2023

Hayunslii )xypHai

B aBTOpCKOM pemakunu

Jlama svixooa 6 ceem: 30.10.2023.
@opmam 60%84 1/8. Bymaea nucuas.
Yen neu. n. 15,1. Yu.-uzo. . 11,5.
Tupasic 35 ox3. 3axaz Ne
Lena ceoboonas

OI'BOY BO «BopoHexckuil rocyapCcTBEHHbIM TEXHUUECKUN YHUBEPCUTET
394006 Boponex, yn. 20-netust Oxta0ps, 84

OtneyaTaHo: OTAEN onepaTUBHOM nonurpaduu uznarensctea BI'TY
394006 Boponex, yi. 20-netust Oxtaopsi, 84



