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MOHHMTOPHHT MOJOMOK Pe31[0B HCIOJIHUTEIHHOI0 OPraHa ropHoro KoMoaiiHa
Mo mapaMeTpaM MeXaHUYeCKHX KoJiedaHui

Yacrp 1. MeToauka uccieaoBaHuii
Ya.-xkop. HAH Beaapycu, 10KT. TeXH. HayK, npo¢. B. K. IHe.nerl), A. C. PomanoBuu?,
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Pedepat. BubpomMoHUTOPHHT — Hanbonee METOANYECKU Pa3BUTHIM M TEXHUYECKH O00ECIICUEHHBIH CPEACTBAMU PETUCTPALIUI
U 00pabOTKU MOJTY4EHHBIX NaHHBIX 101X0A. OJHAKO B MCTOYHHKAX HAYYHO-TEXHMYECKOH MH(OpPMAaLUH O TOPHOI TEeXHHKE
OH TIpeJCTaBIIEH ropa3o pexKe, 4eM HHBIC METOIbI MOHUTOpHHTa. ONNH U3 IEePCIEeKTHBHBIX ITyTeH pelIeHus 3TOi MpoOIIeMBl,
B YaCTHOCTH MOHHUTOPHHIA MOJIOMOK PE3I0B PEXYIIUX JUCKOB MCIOJHHUTEIBHBIX OPraHOB, — HCIOJIb30BAaHUE MapaMeTPOB
COOCTBEHHBIX KoJIe0aHMi YacTel peIyKTOpOB, BO3HUKAIOIINX PH UMITYIECHOM HarpyKeHHH, 00YCIIOBICHHOM TaKUMH ITOJIOMKAMHU.
CriefyeT OTMETHTB, YTO B TEXHUUECKH CII0XKHOM 00OPYIOBaHHU TOPHOH OTPACIM, B YACTHOCTH B FOPHBIX KOMOAHAX, CyIECTBYET
HEeMaJI0 MCTOYHHMKOB BUOpAINH, KOaeOaHus KOTOPBIX HAKIIAABIBAIOTCA APYT Ha Jpyra. [ He Bcera MOXKHO BBIIEIUTh U UICHTH(U-
IPOBATh C MCTOYHHUKOM TpeOyeMblii nH(pOpMaTHBHELI curHaid. C ydeToM 3TOro B CTaThe NpUBEEHA METOJWKA UCCIIECNOBAHUI
0 BO3MOXKHOCTH MOHMTOPHMHI'A IOJOMOK PE3LOB HMCIIOJIHHMTEIBHOTO OpraHa Ha NpHMepe ropHoro komoaiiHa «YHusepcan 600»
TI0 ITapaMeTpaM BO3HUKAIOIINX IPH ITOJIOMKE PE3LOB COOCTBEHHBIX KOJIEOaHM PerkyIiX AUCKOB UCIIOJIHUTENIBHOTO oprana. Omnpe-
JIEJICHO MECTO PETHUCTPAIMH STUX KOJIeOAaHHH — PYKOSATH PeAyKTOpa, Ha BHIXOJHBIX BaJaX KOTOPBIX Pa3MEIIEHBI PEKYIIHE JUCKH.
YcranoBneHa 4acToTa TakuX KoseOaHui, paBHast ~5 I'. OG0cHOBaHA BO3MOXKHOCTh HCTIONIB30BAHMS B KAUECTBE CPEZCTB JaIbHEH-
X HCcleqoBaHui BuOpoanammsatopa «AI'AT-M» ¢ patankamu BuOpaumn M/AC102-1A. PaccMOTpeH BapuaHT pa3MelleHus
JIATYNKOB BUOPAIMK HA HEBPAIIAIOIIMXCS KOPITycaX PeXyKTOPOB IPUBOJA HCIIONHUTEIFHOrO opraHa. Pa3spaboran anroputm peru-
CTpaIy 1apaMeTpoB BUOPAINH, TI03BOJITIONIHI Pa3Ae/UTh €€ HCTOUHUKN.

KiroueBbie ciioBa: anroputM, BUOpanus, FOpHbIA KOMOaitH, MOHUTOPHUHT, ITOJIOMKA PE3I0B, COOCTBEHHBIC KOJICOaHHS

Jas nurupoBanus: Ilener, B. K. MOHUTOpHHT MOJOMOK PE3IOB MCHOJIHUTEIHHOTO OpraHa TOpHOro KomOaifHa 1o mapa-
MeTpaM MexaHudeckux konebanuii. Yacte 1: Metonuka uccnenosanuii / B. K. Llener, A. C. Pomanosuu, U. A. Konoms-
Huk // Hayka u mexnuxa. 2022. T. 21, Ne 1. C. 5-11. https://doi.org/10.21122/2227-1031-2022-21-1-5-11

Breakage Monitoring of Executive Body Cutters

in Continuous Miner According to Mechanical Vibration Parameters
Part 1. Research Methodology

V. K. Sheleg?, A. S. Romanovich?, I. A. Konoplianik?

YBelarusian National Technical University (Minsk, Republic of Belarus),
2Unitary Production Enterprise [UPE] “Niva” of Romanovich S. G. (Soligorsk, Republic of Belarus)

Abstract. Vibromonitoring is the most methodologically developed and technically equipped with recording tools and data
processing approach. However, in the sources of scientific and technical information about mining it is presented much less
than other monitoring methods. One of the promising ways to solve this problem, in particular monitoring the breakage
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of cutting disc cutters of an executive body, is to use parameters of natural oscillations of the parts of gearboxes that occur during
impulse loading due to such breakages. It should be noted that in the technically complex equipment of the mining industry,
in particular in mining machines, there are many sources of vibration, the vibtaions of which are superimposed on each other.
And it is not always possible to isolate and identify the required informative signal with the source. With this in mind the paper
presents a research methodology on the possibility of monitoring the breakage of the executive body cutters on the example
of the continuous miner “Universal 600” according to the parameters of natural vibrations of the executive body cutting discs ari-
sing from the breakage of the cutters. The place of registration of these vibrations is determined — the gearbox handles, on the
output shafts of which cutting discs are placed. The frequency of such vibrations is set equal to ~5 Hz. The possibility of using
the AGAT-M vibration analyzer with M/AC102-1A vibration sensors as a means of further research has been substantiated in
the paper. The paper considers an option of placing vibration sensors on non-rotating gear housings of the executive body drive.
An algorithm for recording vibration parameters has been developed, which makes it possible to separate its sources.

Keywords: algorithm, vibration, continuous miner, monitoring, cutter breakage, natural vibrations

For citation: Sheleg V. K., Romanovich A. S., Konoplianik I. A. (2022) Breakage Monitoring of Executive Body Cutters
in Continuous Miner According to Mechanical Vibration Parameters. Part 1: Research Methodology. Science and Technique.
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BBenenne

Bu6poMOHUTOPUHT IPUBOJHBIX CUCTEM MOKHO
OTHECTU K OJTHOMY W3 HauboJjee MHTEHCUBHO pa3-
BUBAIOLIMXCS HampaBieHHHd B TexHuke [1-15].
[Ipu ero peanuzanuu HMCIONB3YIOTCS Pa3IHYHbIC
METOABl 00pabOTKH 3aperuCTPUPOBAHHOTO B pe-
KUME peabHOI0 BPEMEHM CUTHAIA O KOJIeOaHMsIX,
TeHEepUPYEMBIX 3yO4aThIMH KOJecaMH WIIM TOJI-
UIMITHUKAMH Ha KPBIIIKaX MOJIIUITHAKOBBIX y3JIOB
WIN KOPHYCHBIX JeTaysix. BuOpomoHUTOpUHT —
METOANYECKH Pa3BUTOE U TEXHHUYECKH O0OecreveH-
HO€ CpPEACTBO perucrpaudd 1 obpaboTKu Moiy-
YEHHBIX JaHHBIX. OHAKO B UCTOYHUKAX HAy4YHO-
TEXHUYECKOW MH(POPMALUU O TOPHOH TEXHHKE OH
YIIOMHHAETCA TOpPa3o pexe, YeM WHBIE METOAbI
MOHHUTOPHUHTA. DTO MOXKET OBITH 00YCIOBIEHO TEM
(akTopoM, 4TO B Hauboyee PacpoOCTPAHEHHOM H
TEXHUYECKU CIOKHOM OOOPYIOBaHUU T'OPHOM OT-
paciu, B 4aCTHOCTH B TOPHBIX KOMOaifHaX, Cylie-
CTBYET 3HAYUTEJHHOE YMCIIO MCTOYHHKOB BHOpa-
UM, KOJeOaHWs KOTOPBIX HAKJIAIbIBAIOTCS APYT
Ha gpyra. M He Bceria MOKHO BBIACJIUTH U UAEH-
TUPUIHUPOBATH C UCTOYHUKOM TpeOyeMblid HHDOp-
MaTHBHBINA curHain. Kpome Toro, MHOrue HCTOYHU-
KM BHOpaIluu TeHEpUPYIOT KoJeOaHus Ha OIM3KIX
yactotaX. K ogHOMY W3 MEpCHEeKTHBHBIX MyTeH
pelIeHus TaKuX MpoOJieM, B YaCTHOCTH B 00JIacTH
MOHUTOPHHIA HOJOMOK PE3LO0B PEXYIIUX ANCKOB
UCTIOJIHUTETILHBIX OpPraHOB, MOXXHO OTHECTH HC-
NOJIb30BaHUE TMapaMeTpOB COOCTBEHHBIX Koieba-
HHUWA YacTeil peayKTOpPOB, BOSHUKAIOIIUX HPU HUM-
MYJIbCHOM HAarpyXeHHWH, OOYCIIOBIEHHOM 3TUMH
MOJIOMKAMH.

Ilens uccnenoBanuii — BO3MOKHOCTh MOHHUTO-
PHHIa TOJIOMOK PE3L0B PEXYIIUX AUCKOB HCIIOJ-
HHUTEIBHOTO OpraHa ropHOro KomoOaliHa Mo mapa-
MeTpaM COOCTBEHHBIX KoJeOaHMH, perucTpu-
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PYEMBIX Ha HEBPAIIAIOIINXCS YacTAX KOPIYCOB
PEIYKTOPOB €ro MpuBo/a.

MeTtoauka uccjaenoBaHui

[Tonomka pesnia B pexylieM TUCKE HPUBOIUT
K YBEJIMYEHUIO, [0 MEHBILEH Mepe BABOE, HArpy-
’KEHHOCTH CJIEJYIOIIETO 32 HUM Ha PEXYIEM JHCKE
pe3ua. IlockonbKy ¢ IOpoAoi OJHOBPEMEHHO B3au-
MozencTBy0T okono 3040 % pe3noB pexylero
JIACKA, 5TO MOXET MPAKTUYECKH HE CKA3bIBATHCS Ha
Harpy>K€HHOCTH JJIEKTPOABHUraTelNlsi MNPUBOJA HC-
MOJIHUTENIFHOTO OpraHa, HO OKa3bIBaTh CYILECCTBEH-
HOE BIIMSTHHUE Ha pecypc 3y0UaToro pemayKTopa HpH-
BOJA PEXYLIMX IOUCKOB M YBEIUYMBAaTh HEpPAB-
HOMEPHOCTb PACIpPENIEICHUsI HAarpy3Kd MEXAy py-
KOSTSMH PEeAYKTOpa ABYXIIOTOYHOI'O MCIIOIHUTEND-
HOI'O OopraHa ropHoro komoOaitHa. Kak criencteue —
O/lHA W3 PYKOSTCH PEayKTOpa HCIOIHUTEIHHOTO
OpraHa MOXKET OKa3aThCsi OoJiee HarpyKeHHOW Tpu
COXpaHEHHUH OOITel HOMUHAJBHON MOIIHOCTH 3JIEK-
TpoaBuraresns. bonee Toro, npu MojJOMKe HECKOJNb-
KHUX PE3IOB B Psijie CIy4aeB MOXKET MPOMU3OUTH IO-
JIOMKa 3y0uaThiX KOJIEC WJIM BBIXOJ U3 CTPOS MOJ-
IIHUITHUKOBOT'O y3na B KI/IHGM&TI/I'—ICCKOﬁ (S04
MIPUBOJA BPAILIEHUS PEXKYILETrO TUCKA.

YunThIBas CyIIEeCTBEHHOE YBEIMUYEHHE OJm3-
KOH K WMITYJIbCHOM Harpy>KeHHOCTH pesla (cie-
TYIOIIETO 3a TIOJIOMaHHBIM PE3I[OM) TIPH €T0 B3au-
MOJIEUCTBUU C TMOPOJIOW, B HCIIOJHUTEIHHOM Op-
TaHC MOFYT BO3HUKATh MCXAHUYCCKHUC KOHe6aHI/IH
€ro KOMIIOHEHTOB C COOCTBEHHOI 4acTOTOH. DTH
KoJIeOaHMs HAKIAABIBAIOTCA HAa KOJEOaHMs, T'eHe-
pUpYyeMbIE€ 3HAUYUTEIbHBIM YHUCJIOM HCTOYHUKOB,
COCTOSAIIUX B OCHOBHOM M3 3y0UaThIX Tepenad pe-
JIYKTOpa JBYXIIOTOYHOI'O IMPHUBOJIa UCIOJHUTEIb-
HOTO OpraHa, cxeMa KOTOpOTo MoKa3aHa Ha puc. 1.
HauGonee 3HaunMble 1O amIummaTyne 3yOIlOBBIC
YaCcTOTHI ATHX IEepe/iay MPUBEACHEI B Ta0I. 1.
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Puc. 1. O6umii BUA pexyILInX OpraHoB ropHoro kombaiina «Yuusepcain 600» (a) u kuHeMaTuueckasi cxema IpHBoIa
ucrnoHuTenpHOro opraua (b): 1, 2 — HapyKHBIHA M BHYTPEHHUN PEXYLINE TUCKU; 3 — 3y0UaThlii peAyKTOp IPUBOAA BPALLICHHS
PEXKYILIMX JIMCKOB C KOHMYECKUMH 3y0uaThiMu Kostecamu Z18 u z223; 4 — pykosTH 3y04aToro peaykropa NpruBo/ia BPAIIECHUS PEXKYLLIHX
JIMCKOB, B KOTOPBIX pa3MellieHa [enb MpsMo3yObix mectepen 227, 222, 233 u z15; 5 — kopiyc pexyKkTopa IpHBO/a BPaICHUS
HCTIONIHUTENBHOTO OpraHa ¢ IPUBOJHOM mecTepHeit 239; 6 — kopiyc BXoqHOro 3y04aroro peaykropa ¢ z44, z15, 255 u z18;

7 — oT0olitHOE YCTPOIicTBO; 8 — GEPMOBEIif OpraH

Fig. 1. General view of cutting elements of the “Universal 600 continuous miner (a) and drive kinematic diagram
of executive body (b): 1, 2 — external and internal cutting discs; 3 — gear reducer of cutting disc rotation drive with bevel
gears z18 and z23; 4 — handles of drive gearbox for rotation of cutting discs, in which the chain of spur gears z27, z22, z33 and z15
is placed; 5 — gearbox housing of actuator rotation drive with drive gear z39; 6 — input gearbox housing with z44, z15, z55 and z18;
7 — fender; 8 — berm organ

Tabauya 1
OGopoTHBIE 1 3y0IIOBBIE YAaCTOTHI K0JIeOaHU, BOSHUKAIONINX NP paboTe MpuBoaa
HCIIONTHUTEIBHOr0 OpraHa TOpHOro kombaiiHna «YHuBepcaa 600»
Revolving and cutter vibration frequencies arising during operation of executive body drive
of “Universal 600" continuous miner
YacroTa, 'y
Ban tpancmucenu B3aUMOJICHCTBUS
obopoTHast 3yOroBas .
pe3LoB ¢ NOpOROH
3ybuaToe koseco M16z27, ycraHOBICHHOE Ha BaJly HApyKHOTO
pexyuiero aucka 1 pegykropa 3 0,8 215 9,6
3ybuaToe kojeco M16z27, ycraHOBICHHOE Ha Basly BHYTPEHHETO
pexyuiero qucka 2 pegykropa 3 0,8 215 4.8
Konnueckas miectepus mte16z18 pexyxropa 3 19 335 -
DnexTpoaBUraTeNh 16,6 - -
[ Hayk 7
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Mawiunocmpoenue u mawiunogedenue

HeobxoammMo OTMETHTH, YTO PETHCTpAIUs KO-
neOaHui BpaIAONIMXCS KOMIIOHEHTOB IPUBOJIA
PEXYIIKUX TUCKOB B YCIOBUSIX arpeCCUBHOM, Upe3-
BbIYAWHO 3aMbUICHHOW BHEIIHEH Cpeabl U TOBBI-
IICHHBIX TpPEeOOBaHMH K OOCCIICUCHHIO B3PBIBO-
0e30macHOCTH HE COBCEM TpHBHWANbHAS 3amada.
C yuyeToM 3TOro mpu MOHUTOPUHTE TOJIOMOK pE3-
OB TOPHOTO KOMOaiiHa BO3HHKACT HEOOXO/H-
MOCTb DEIICHHs CIEIyIOINX B3aMMOCBSI3aHHBIX
MeX1y co0o¥i 3a1ayu:

— BBIOOpa TOW YacTH MCIIOHUTEHOTO OpraHa,
Yy KOTOpPO# BO3HUKAIOT MEXaHHYECKUE KOJICOAHUs
C COOCTBEHHOU 4acTOTOH IMpH HavaabHOM B3aUMO-
JIEUCTBUU PE3LOB C MOPOAOH, U ONpPEAEICHUs 3Ha-
YCHUA 3TOI>1 YHaCTOThI OJ11 €€ HCIIOJIb30BaHUA HpI/I
MOOMIIBHOM MOHHUTOPHHTE TIOJIOMOK PE3IIOB;

— BBIIBIICHUS HANWYMS TPUBEACHHBIX BEIIIIS
MEXaHUYECKUX KOJeOaHUH ¢ COOCTBEHHOM YacTo-
TOW Ha HEBPAIIAIOIIUXCA YacTAX KOMOaifHa, OIeH-
K1 BO3MOXHOCTU HUX peFHCTpaHHPI " BBIACIICHUSA
W3 CIIEKTpa BUOPALINH;

— OIIGHKH BO3MOXKHOCTH ONPEIEIICHUS 0 W3-
MEHEHHUIO aMIUIUTYIbl PETUCTPUPYEMBIX MEXaHHU-
YyeCKMX KOJIEOAaHMM ¢ COOCTBEHHOM YacTOTOM H3-
MEHEHHsI UMITYJIbCHOM Harpy>K€HHOCTH MEXaHHWYe-
CKOH CHCTEMBI, OOYCIIOBICHHOH €€ BO3pacTaHHeM
(o MeHbIeil Mepe BABOE) NPU HAYaIILHOM B3aW-
MOJICHCTBUH C TMOPOJION CIIEIYIOIIETO 3a MOJIOMaH-
HBIM pe3la, (OPMHUPOBAHHS COOTBETCTBYIOIIHMX
TpeOOBaHMI K CPEeICTBAM MOHUTOPHHTA.

Takum 00pa3oM, A OCYIIECTBICHHUS IEpe-
YHCICHHBIX BEIIIC 33]]a4 HEOOX 0 UMO:

— OIPENEUTh YacTH MPUBOJA PEXYILUHUX IHUC-
KOB MCIOJHUTEIBHOIO OpPTraHa, ¥ KOTOPhIX BO3HU-
KalOT COOCTBEHHBIE MEXaHMYECKHE KOIeOaH!s TIpU
HMMITYJIbCHOM Harpy>KE€HHH, 0OYCIOBJICHHOM Hadallb-
HBIM B3aUMOJCHCTBUEM PE3LOB C MOPOJIOH;

— BBIJICIIUTH HeBpaIIIaIOHII/IeCSI qacTu HpI/IBO)Ia
WCTIOJTHUTEIFHOTO OpPTraHa, B BHUOpPAlMU KOTOPBIX
MOTYT TIPHCYTCTBOBaTh YacCTOTHI IIPHBEICHHBIX
BBIIIIE MEXAHWYECKUX KOJIEOaHMI C COOCTBEHHOM
YacTOTOH, U OLICHUTh OPUEHTHUPOBOUHOE BIIMSHHE
Ha HHUX BHOpAIuii, CBSI3aHHBIX C ITHMH YaCTSIMH
3yOUaThIX MPUBOJIOB TOPHOTO KOMOAIHA.

Pe3yabTarhl ncciiegoBanmnii
H UX 00Cy:KaeHne

AHanu3 KOHCTPYKIIMU MCIOJIHUTENIBHOIO Opra-
Ha TOpHOTO KoMOaiiHa «YHuBepcan 600» mokasai,
YTO K HamOosiee PALMOHAIBHOW YacTH HPUBOJA
JTAHHOT'O OpraHa, y KOTOpO MOTyT BO3HUKATh Me-
XaHWYeCKHe KojeOaHHs C COOCTBEHHOW 4acTOTOMN
NpY UMITyJIbCHOM Harpy>KeHHH PEeXYIIUX AHNCKOB,
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MOXXHO OTHECTH JOCTaTOYHO YIIPYTOTOJATINBBIC
KOHCOJIBHO PacTOJIOKEHHbIe PYyKosTH 4 3y0uartoro
peaykropa 3 (puc. 1), Ha BEIXOIHBIX BajlaX KOTOPOTO
pa3MenieHsl pexyme Auckd. s ompeneneHus
COBIAJCHUSI YaCTOT MEXaHMYECKMX KoJeOaHHH C
COOCTBEHHOI 9aCTOTOH pyKOsATEH 3y0UaToro pemyk-
TOpa NPUBOJIA UCTIOTHUTENBHOTO OPTaHa Ha KPBIIIKE
MOJIMITHUKOBOTO y3J7ia KOpIyca 3TOr0 PeryKTo-
pa pa3Memai ¢ MarHWTHOW (puKcamueil Ihe30-
anekTpuueckuii  matunk M/AC102-1A  (puc. 2a).
[Tocme sTOTO Ha pE3Ie PEXYIIETO ANCKA UMITYIIbC-
HBIM MOJIOTKOM CO3[aBajJlOCh yJapHOE Harpyxe-
Hue. BosHukaromue npu 3ToM KonebaHus Qukcu-
poBanuck BuOpoaHanm3atopoMm «AIAT-M»y.

Bubpoananmuzatop «AIAT-M», wucmnonssye-
MBI COBMECTHO C MpPOTpaMMHBIM OO€cCTIeUeHH-
em «JIMAMAHT-2», wumen 4YacTOTHBIA Juamna-
30H 2—10000 I'u, ALIT 14 6uT, KOJIHMYECTBO JTUHUI
cnektpa 100, 200, 400 u 800, mmwHY BBHIOOp-
Ky curHasioB 256, 512, 1024, 2048, oobeM mams-
a1 2 MOuT. B ero xommiekrt, KpoMe AByX AaT4dH-
koB BuOpammu M/AC102-1A, BXoguwnu ycTaHO-
BOYHBIM MarHMT U UMITYJIbCHBIN MOJIOTOK. BaxxHast
ocobeHHOCTh BuOpoaHamm3aTopa «AI'AT-M» -
3TO TO, 4TOo mpH ero ucnonHeHnn 2EXnLIICT4X
prOOp MOXKET HMCIOIB30BaThCS BO B3PHIBOOMIAC-
HBIX YCJIOBHSX JKCIUTyaTauuu kareropuil B-la, B-
16, B-1r my1st u3aMepeHust mapaMeTpoB BUOpAILIHH.

B pesynpraTe aHannza MOJTYYEHHBIX JaHHBIX
YCTaHOBJIEHO, YTO YaCTOTa COOCTBEHHBIX MEXaHH-
YECKHUX KOJICOaHM PyKOSATEH 3y0UaToro pemayKTo-
pa IOBYXIOTOYHOTO MPUBOJAA HCIOIHUTEIHFHOTO
oprana ~5 I'm. Ilpu M3yyeHUHM KOHCTPYKTHUBHOI'O
WCTIONIHEHHsI TPHUBOJA HCIIOJHUTENBFHOTO Oprana
KoMmOaifHa BBIZIETICHBI YaCTH ATOTO IpuBoJa (puc. 1):
KOpITyC 3y04aToro peaykropa ¢ KOHHYECKHUMH 3y0-
gaTeIMH Koyiecamu Z18 wm z23, mepemaronimmu
BpallleHHe Ha JIB€ PYKOSTH C BBIXOAHBIMU BalaMH
IUIsl YCTAaHOBKH PEKYLIUX TUCKOB.

Jnist pa3jieneHus HICTOYHUKOB BHOpaluu B Ka-
YyecTBe 0a30BOr0 MPUHUMAIM AITOPHTM, B KOTO-
POM ee perucTpamnus OCyIeCTBIIIAC:

— TIpY BPAIIEHUH TOJIBKO PEXYIINX JIUCKOB;

— MpH BPAIICHUH PEXYIIUX JUCKOB W HCIIOJ-
HUTEJIHHBIX OPTaHoOB;

— npu paboTe TPUBOAOB OEPMOBOTO U OTOOI-
HOTO OpPTraHOB TOPHOTO KOMOaiHa.

B nporiecce 00pabOTKU THArHOCTHYECKOW MH-
(dbopMaruu ornpenes i U aHATH3UPOBAIU ST
OCHOBHBIX (HambOoyiee 3HAYMMBIX IO aAMIUIHTY.IE)
4acToT crekTpa BuOpauuu. [Ipu 3TOM BBISBISIHN
HaunboJiee XapakTepHbIE YacTOThI KoJeOaHui, pu-
BeJIeHHBIE B TaOII. 1.
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Puc. 2. Mecro ycranoBku patunka BuOpanun M/AC102-1A Ha KpbIIIKe ITOMUITHIKOBOTO y3JIa Bajla 3y0uaToro pexykropa
MPUBO/IA BPAIICHHUS PEXYIINX JUCKOB (a) U BuOpoanammzarop «AIAT-M» bupmsr «Iuamex» (b): 1 — pexymmit auck; 2 — peser;,
3 — KpBIIIKa ITOJIINITHIKOBEIX Y3JIOB BAJIOB C PEXKYIIVMHU JUCKaMHU; 4 — yCTAHOBOYHBIN MarHuT;

5 — maruynk BuOpanun M/AC102-1A; F — ummynbscHas cuia

Fig. 2. Mounting location of vibration sensor M/AC102-1A on the cover of bearing unit installed on gear reducer shaft
in cutting disc rotation drive (a) and vibration analyzer AGAT-M of “Diamekh” company (b): 1 — cutting disc; 2 — cutter;
3 — cover of bearing shaft units with cutting discs; 4 — adjusting magnet;
5 — vibration sensor M/AC102-1A,; F — impulse force

B pesympraTe aHammza ONpeAeNsUId  BO3-
MOKHOCTh OCYILECTBJICHUS MOHHUTOPHUHTA M Hau-
Oonee panMOHANTBHOE MECTO YCTAHOBKH JaT4H-
ka M/AC102-1A ¢ mo3unuii:

— ero pa3MeIIeHUs Ha HEBPAIIAIOLINXCS YacTsAX
MPUBOJIOB MEXaHMUECKON CHCTEMBI,

— BBIJIENICHUS] BO3ZHHUKAIOIIMX TMPH HayaJlbHOM
B3aMMOJICHCTBUH pe3la PEeXYLIETO IUCKa C HM-
MYJIBCHBIM MOJIOTKOM KoJnieOaHMii ¢ yacToToil 5 '
W3 aMIUTUTYJHOTO CIIEKTPa;

— ¢opmupoBaHUs TPeOOBaHWH K anmapaTHBIM
CpEICTBaM, MO3BOJSIOLIMM JIOCTOBEPHO OIpeJe-
JINTH aMIUIUTY Ly BBIIEJIAEMbBIX KOJICOaHUH;

— HEBPAIL[AIOLIErocsl OTHOCUTEILHO OCHOBaHMS
KoMOaifHa Kopmyca peayKTopa 5 mpHuBOAa Bpallle-
HUS HCTIOJTHUTENFHOTO OpraHa;

— HEBPAIL[AIOLIEroCcsl OTHOCUTEIILHO OCHOBaHMS
KoMOaifHa KopITyca BXOJHOTO peryKTopa 6.

BHyTpeHHMEe ¥ BHEIIHHE UCTOYHHKU BO3HHKAIO-
X KOJeOaHWH Ha KOpIyce 3y04YaTroro pemayKTo-
pa (puc. 1) ¢ KoHMYECKHMH 3yO4aThbIMU KoJeca-
M 218 u 223 noka3aHbl Ha puc. 3.

" Bubpaumsi, renepupyemas koneGaHUsIME pyKosiTeit 4 penykropa 3 "

Bubpanus, renepupyemast 3y0-

Bubpanus, renepupyemas

yateiMu napamu z215/z233, z33/227,
2271222, 722/727 nipaBoii pyKosiTH

723 |

3y04YaThIMU TapaMu

penykropa 3

Bubpanusi, reaepupyemas 3y0- L

J: 218/255, z15/244 penyxropa 6

yareiMu iapamu 215/233, z233/227, f—

3y6‘{aTI>IM 3alCIVICHUEM B

i | Bubpanus, renepupyemast

227/222, 222/227 neBoii pykosiTH
pexykropa 3

peaykrope 5

Bubparwist, reHepupyemast 3y04aTeIMA
KOHHMYECKUMH T1apamu Z18/z23 BHyTpH KopIiyca
peaykropa 3

reHepupyeMast IPUBOIOM
6epMoBBIX (pe3 8

Bubparust, reHeprpyemast
MIPUBOJIOM OTOOWHOTO
ycTpoiicta 7

Bubpanus,

Puc. 3. Vicrounnku koneGaHmii, BOSHUKAIOIUX Ha KOPITyce 3y04aToro pexykropa 3 ¢ KOHMYeCKUMH 3y0uaTbiMu koecamu 218 n 223
MIPUBO/Ia UCTIOTHUTEIHFHOTO OpraHa FopHOTro koMoaitHa

Fig. 3. Sources of vibrations arising on the gearbox housing 3 with bevel gears z18 and z23
of the executive body drive of the continuous miner
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Mamunocmpoenue u mawuHogeoeHue

C yderoM aHanM3a HCTOYHUKOB KOJICOaHMUH, BO3-
HHKAIOIIMX Ha KOpITyce 3y04aToro peaykropa ¢ Ko-
HUYECKUMH 3yO4aThIMU Konecamu Z18 u 223, Obutn
yCTaHOBJICHBl JaTduku  BuOpammu M/AC102-1A
(puc. 4), KOMMYTHPOBAaHHBIC C BHOpPOAHATU3ATO-
poMm «AI'AT-M», Ha HeBpaIAIOMIUXCSI KOPIyCcax

pEAyKTOpa BpAIICHUS MCIOJHUTEIBHOTO Opra-
Ha (puc. 4a) m BxomHOrO peaykropa (puc. 4Db).
Kpome Ttoro, matuukm suOpammu M/AC102-1A

yCTaHAaBIUBAIM TaKXe Ha KOPIycax peayKTo-
poB OepMoBBIX (pe3 (puc. 4C) u 0TOOHHOTO
ycrpoiictsa (puc. 4d).

Puc. 4. Mecra pacnonoxenus narunkos Buopauun M/AC102-1A Ha kopiycax: a — peIyKTopa BpalleHHs HCIIOJIHUTEIbHOTO OpraHa;
b — BxoxgHOrO penykropa; ¢ — peaykropa 6epMoBhIX hpe3; d — pexykropa 0T60#HOTO yeTpoiicTa

Fig. 4. Locations of M/AC102-1A vibration sensors on housings: a — gearbox of executive body rotation;
b — input gearbox; ¢ — gearbox of berm cutters; d — gearbox of fender

BBIBOJ]

Ha ocHoBe anamm3a pe3yiabTaTOB HCCIICIOBA-
HUM OTpe/IeTICHBI:

— HCTOYHHK MEXaHMYECKHX KoJieOaHHH ¢ cOO-
CTBEHHOM 4YacTOTOM, BO3HHUKAIOIIMX IMPU HaYyallb-
HOM B3aHMOJCHCTBHU pe3la PEeXKYIIEro IrcKa
C UMIYJIbCHBIM MOJIOTKOM, B KayeCTBE KOTOPOTO
OTIpEe/ICNICHBl PYKOSTH WCIIOJIHUTEIIEHOTO OpraHa
C PeXYIIUMH JUCKAMHU Ha BBIXOJHBIX Bajax;

— cOOCTBEHHAs 4aCTOTa MEXaHMYECKUX KOJIe-
OaHMii pyKOSTEW HCIONHUTEIBHOTO OpraHa, paB-
Hast ~5 ', 94TO MO3BONHIO OOOCHOBATH BO3MOXK-
HOCTh HMCIIOJIB30BAHUS B KAYECTBE CPE/ICTB JANTbHEH-
X uccienoBannii BuOpoanammzatop «ALAT-M»
¢ natynkamu BuOpanuu M/AC102-1A;

— anroput™ paboThl KOMOaliHa TIPU CheMe JIuar-
HOCTHYECKOU WH(pOPMAIIMH, TTO3BOJISIOIIMN pa3ie-
JIUTh UCTOYHUKH BUOPAIIWH.
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Pedepar. IIpoBenecHO MOIEKYNAPHO-IUHAMHYECKOE MOJCIMPOBAHHE OJHOOCHOIO PACTSKCHUS OXJIAXKJICHHOW KOMIIO3U-
mun Al/Cu. Ilpu pacuerax ucnonp3oBain nporpaMMHbii koMmmiekc LAMMPS, Brirouaromuii B ce0st KITaCCHYECKHI KO MO-
JeKyJSIPHOM IWHAMHKH C aKIEHTOM Ha MOJEIMpOBaHHE MaTepuayoB. [ BH3yanm3anuu npuMeHsu nporpammy Ovito,
HMeIOIyI0 OONbIIoe KOoJMMYecTBO (pyHKIMH, Oiaromapsi d4eMy MOJIB30BaTedb MOXKET TIIATENHHO HCCIENOBATH IOJTydeHHEIE
pe3ynbTaThl. [Ipn omucaHny MeXaTOMHOTO B3aUMOJIEUCTBUS B HaHOKOMIIo3uTe Al/Cu HCTIONB30BaIN MOTEHIHAI MOTPYXKEH-
Horo aroMa EAM. Bri6op noTeHnmana o0ycIoBiIeH TeM, 9TO OH aJeKBaTHO ONHUCHIBACT U BOCIIPOM3BOJIHUT CBOMCTBA IIUPOKO-
TO KJacca MaTepHaioB, B TOM YHCIIE METAUIOB, ITOJYIPOBOJHUKOB U CIDIaBOB. MoIempoBaHUe OCYIIECTBISUIOCH B IBA 3Ta-
na. Ha nmepBoM o0paser, cocTOSIMUIA U3 IBYX KPHCTAUIUTOB IIOMHUHHS M MeIU B ()OpMe TapajuleenIe 0B, COSIHHEHHBIX
BOJIb OHOM M3 CBOJHBIX TPAHMII, pa3MEIaJCsI B PACUETHON 00JIACTH M OXJIAXIAJCA MIPU MOCTOSHHOM JaBieHHu. Oxmaxie-
HHE OCYIIECTBISUIOCH I CTabunm3anuy HaHocHucTeMbl. Ha BTOpoM 3Tarme, cOOTBETCTBYIOLIIEM AedOopManuy, TeMIepaTypa
U JaBIE€HHWE MEHSINCHh B COOTBETCTBUH C MPOTEKAOMMMHU (pusmueckumu mponeccamu. st ynpaBiIeHUs] TEMIIEpaTypor u
JIABJICHUEM Ha HAYAIBHOW CTaWH OXJIKICHUS HCIIONB30BAIN aITOPUTM TepMocTaTa u 6apocrara Hoze — ['yBepa. B crarse mpone-
MOHCTPHPOBAH XapaKTep paclpeAeNICHUs MPOJONbHBIX HANPSKEHUH 10 BCEMY 00BbEMY KpHCTalla B TMPOIECCE PACTSKEHUSL.
Ipn moctmkennn oOpa3oM Hpesena YIpyrocTH HaOMIoAaINCh 3apOKaAeHHE JIe(EeKTOB KPHCTAIUTMUECKOH PEIIETKH U PacIpocTpa-
HEHHUE HX 110 KPUCTAJITy B BHIE CABHTOB U TOBOPOTOB aTOMOB B KPHCTAJUTMUECKUX IIOCKOCTIX. OnpesieneHs! 0011acTH 3apOXKACHHS
wiacTHdeckux gedopmanuil. MakcuMaabHOE paspylleHHe MaTepuana IPOMCXOAWIO 10 TpaHuie pasziena. C IOMOIIBbIO MOJIEKY-
JIPHO-IMHAMUYECKOTO MOJISIIMPOBAHNUS IMHAMIYIECKH HCCIIe0BaHbI napamerps! komnosummn Al/Cu (zedopmanys, Temreparypa,
MeXaHWYecKoe HampspkeHue). [IpoBeeHO COMOCTaBiIeHHe XapaKTepHUCTHK oOpasma mpu Aedopmanun. B ycnoBusx HarpyxeHHs
B MaTepuaie pealM3yeTcs MHOXKECTBO MPOLIECCOB, BKIIIOYAIOMINX B ce0s reHepanuio nedeKToB, ynpyryro U IacTuIecKyto aedop-
MalHy, TeHEePaLyIo HOBPEXKICHUN U MEXaHUUECKOE IIepeMellBaHue.

KiroueBbie ciioBa: nedopmanus, MOJEIMPOBAHUE, MOJICKYJIApHAs AMHAMUKA, NOTEHILHAN MOTPYKEHHOrO aToMa, Je(eKTsl,

HaHOKOMIIO3UTBI, AUCIOKAIIMH, MEXAHNUECKUE XapAKTEPUCTHKU, KPUCTAJUTMUECKas! pelIeTKa, IPaHUIIbI pa3jiena, MeXaHude-
CKOE€ HamnpsKeHHEe, HAHOCTPYKTYpa
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A. B. Baxpymies, A. FO. ®enoros, A. T. Jlekouues // Hayka u mexnuxa. 2022. T. 21, Ne 1. C. 12-18. https://doi.org/10.
21122/2227-1031-2022-21-1-12-18

Modeling of Deformation and Destruction
Processes of Al/Cu Nanocomposites
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YKalashnikov 1zhevsk State Technical University (Izhevsk, Russian Federation),
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Abstract. The aim of this work is to carry out molecular dynamics simulation of the uniaxial stretching of a cooled Al/Cu
composition. The LAMMPS software package has been used for calculations, which includes the classic molecular dynamics
code with an emphasis on modeling materials. The Ovito program has been used for visualization, which has a large number
of functions, so that the user can thoroughly investigate the results obtained. When describing the interatomic interaction
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in the Al/Cu nanocomposite, we used the potential of the embedded EAM atom. The choice of potential is due to the fact that
it adequately describes and reproduces the properties of a wide class of materials, including metals, semiconductors and
alloys. The simulation has been carried out in two stages. At the first stage, a sample consisting of two crystallites of alumi-
num and copper in the form of parallelepipeds, connected along one of the joint boundaries, was placed in the computational
domain and cooled at constant pressure. Cooling was carried out to stabilize the nanosystem. At the second stage, correspon-
ding to the deformation, the temperature and pressure were changed in accordance with the ongoing physical processes.
The algorithm of the thermostat and the Nose — Hoover barostat has been used to control the temperature and pressure at
the initial stage of cooling. The paper demonstrates the nature of the distribution of longitudinal stresses over the entire
volume of the crystal in the process of stretching. When the sample reached the elastic limit, the nucleation of crystal lattice
defects and their distribution over the crystal in the form of shifts and rotations of atoms in crystal planes were observed.
Areas of plastic deformation origin have been determined. The maximum destruction of the material occurred along the inter-
face. The parameters of the Al/Cu composition (deformation, temperature, mechanical stress) have been dynamically inve-
stigated using molecular dynamics simulation. Comparison of the characteristics of the sample in the deformation process
has been carried. Under loading conditions, a variety of processes are implemented in the material, including generation
of defects, elastic and plastic deformation, generation of damage, and mechanical mixing.

Keywords: deformation, modeling, molecular dynamics, embedded atom potential, defects, nanocomposites, dislocations,
mechanical characteristics, crystal lattice, interfaces, mechanical stress, nanostructure

For citation: Vakhrushev A. V., Fedotov A. Yu., Lekontsev A. T. (2022) Modeling of Deformation and Destruction Proces-
ses of Al/Cu Nanocomposites. Science and Technique. 21 (1), 12-18. https://doi.org/10.21122/2227-1031-2022-21-1-12-18
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BBenenne

WHTepec K HWccIe0BaHUIO MOBEIEHUS KOMIIO-
3UIMOHHBIX ~MaTepHalioB TPH MEXaHUIECKOM
Harpy>KeHUH MPOTUKTOBAH TEM, UYTO MPHUCYIIHNA UM
KOMIUIEKC CBOMCTB M OCOOEHHOCTEH CHIBHO OTIIH-
YaeT WX OT TPAAUIHMOHHBIX KOHCTPYKIIMOHHBIX
MaTepuanoB. DTO B TEPBYI0 O4YEpEIb BBICOKAs
MPOYHOCTh M HU3Kas IUIOTHOCTH HCCIICIYyEeMbIX
00pas3IoB, a Tak:Ke BO3MOXHOCTh YIPABIICHUS Me-
XaHUYECKUMU U (PU3MYECKUME XapaKTEPUCTUKAMU
MIPH CO3/IaHUU MaTepHuala.

OnHako MOBEPXHOCTHOE YNPOYHEHHE B HEKOTO-
pPBIX CIydasX TPHUBOAUT K CHWKCHHIO TPOYHOCT-
HBIX XapaKTepUCTHK Marepuana B menoM [1, 2].
DTO MOXET OBITh BBEI3BAHO HEOIHOPOIHBIM XapaK-
TEPOM DAa3BUTHS IJIACTUYECKUX JeOopMarivii.
Takxe MOBEPXHOCTH pa3jieia MaTepHalioB C pas-
JUYHBIMA ~ MEXaHHMYECKHMH XapaKTepPUCTHKAMHU
SBIISIOTCSA KOHIIEHTPAaTOpaMH HANPSHKEHUH U MO-
TYT CTaTh JOTOJHHUTEIHHBIMH HCTOYHHKAMH IHC-
nokarnuii. Kpome TOro, mnpeacraBiisieT HHTEPEC
BOTIPOC pacIpeeicHus HanpshkeHud u aedopma-
Uil B HAHOMAaTepuaax.

C moMoIbp0 KOMIBIOTEPHOTO MOJICITUPOBaHUS
B HacTosiee BpeMsi pa3padaThIBAIOTCS MOJAEIH
JUTSL TIpEICKa3aHusl CBOWCTB W IMapaMeTpPOB HAHO-
KOMIIO3UTA 10 M3BECTHBIM XapaKTEPUCTHKAM €ro
KOMIIOHEHTOB C IIEJIbI0 MPOCKTUPOBAHHS HAWITYY-
1LIeTo JJIsl ONpeIeJIEHHOM 1Ieiu MaTepuana. Takxke
3HAYUTENbHBI HWHTEPEC MPEJICTABISIOT HUCCIEO-
BaHHE TPOIECCOB AePOpMHUpPOBAHHA W pa3pylie-
HUS W3ACTUH W3 KOMITO3WIIMOHHBIX MAaTepHaoB
1 pa3paboTKa MeTOMOB (YHKIIMOHAIGHOW TUArHO-
CTHKH TaKUX u3menuit [3].

B [4] meTomoM MONEKYISIpHOW THHAMUKA H3Y-
YeH MPOLECC OJHOOCHOTO PACTSKEHHS C IOCTOSH-

Hayka
wrexHuka. T. 21, Ne 1 (2022)

HOW CKOPOCTBIO BIOJIb T'PaHULIBI pa3aena o0pasua,
COCTOSALIET0 U3 KPUCTAJUINTOB aJlOMUHUS M HUKE-
4. B pe3ynbrare B MOJNyYEHHOH CHCTEME IOCTE
JOCTIDKEHMST HAa BHELIHMX WJIM BHYTPEHHHUX Ipa-
HUIIAX pasfena Ipeaena ynpyrocTH 3apoXkKAar0TCs
IeeKThl KPUCTAUINYECKOM PEIIeTKH M paclpo-
CTPaHSIOTCA 110 KPUCTAILTY.

B [5] uccnenyrorcs BIMsIHHE MUKPOCTPYKTYpPBI
Marepuaga Ha €ro IUIaCTUYECKyIO AedopMaluio
W ero paspylieHHe NpU BBICOKOCKOPOCTHOM Jie-
(dbopMHpOBaHUH, HUMEIOLUIEM MECTO, HamlpUMep,
B YIapHO-BOJHOBHIX siBIeHUsAX [6]. M3yuarorcs
MEXaHU3MBI 3apOXKACHUS U POCTa ITUCIOKALNOH-
HBIX TIeTeNlb B KpucTamie 0Oe3 JedeKkToB u mpH
HAJIMYMU TUIOCKOCTEeH mpH AedopManusix OZHOOC-
HOTO C)KaTHs U 4ucToro casura. OueHeHbl KPUTHU-
YeCKHEe HAIIPSHKEHUS IS 3apPOXKICHUS TUCIIOKal-
OHHBIX TleTenb. VccnenoBaHWe MEXaHU3MOB Je-
(dbopmannu U pa3pyLIeHUS TPOBOAWIN Ha IPUMEpPE
ATIOMUHHUS C TIOMOILBIO MOJIEKYJISIPHO-IMHAMU-
YEeCKOro MoJenupoBaHus. JlJii OmucaHus Mex-
aTOMHOT'O B3aUMOJCHUCTBUS B ATIOMUHHUM HCIIOJb-
30Bajicsl MOTEHLIMAN MorpyxeHHoro aroma (EAM).

B ycioBuSX CABHIOBOrO Harpy>KE€HHsS B KpH-
CTAJUIMYECKUX MaTepuallaXx peau3yeTcss MHOXKe-
CTBO IPOLECCOB, BKIIOYAIOMIUX B Ce0sl TeHEPaIHIo
nedexToB, ympyrywo u IIacTH4YecKyro aedopma-
UK, TEHEepalHio TMOBPEKICHHH M MEXaHHYeCKOe
nepeMenMBanue. OKCIEepUMEHTabHbIE — HCCIie-
JOBaHUs TONOOHBIX SIBICHMH, pEaJn3yeMbIX Ha
aTOMHOM MaciiTabe, CIOKHBI B TPeOYIOT JOPOro-
cTosmiero obopynoBaHus. Eme 0oJibIIyro Ciiox-
HOCTb BBI3BIBAIOT HMCCIIEJOBAaHMS Ipoliecca B -
HaMHKe, T. €. HEIOCPEACTBEHHO BO BpeMs Ha-
TPy)XeHHS. OTO TPHUBOJUT K HEOOXOIUMOCTH
pa3pabOTKH HOBBIX MHCTPYMEHTOB KaK 3KCIIEPH-
MEHTaJIBHOTO, TaK M TEOPETUYECKOTO0 H3Y4eHHUS,
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SIBHO YYHTBHIBAIONINX OCOOEHHOCTH HCCIIETyeMOTO
SIBJICHWSI Ha aTOMHBIX MacmrTabax [7-9]. YkazaH-
HBIE CIIO)KHOCTH OOYCIIOBIHMBAIOT 3HAYNTEIHHBIN
WHTEPEC Pa3BUTHS, B TOM YUCIIC BBIYUCIUTEIIBHBIX
METOJIOB MOJICITUPOBAHUS JIIsl U3yUCHUS M aHAIU3a
HIMPOKOT0 CIEKTPa TMPOLECCOB, NPOTEKAOIINX
BOJIM3M T'paHUIl pa3ziesia B TBepabiX Tenax [10-12].
Pesynbrathl, Moy4eHHBIC B X0/I¢ MOJICTTHPOBAHHUS,
MO3BOJISIOT JIY4YIlle TIOHATh MEXaHWU3M HU3MEHCHUS
KPUCTAJUTMYECKOW CTPYKTYPHI B YCJIOBUSX BHEIII-
HETO BO3/IEUCTBUS, YTO JA€T BO3MOXKHOCTD IIee-
HATPaBIEHHOTO BO3JIEHCTBHUS Ha CTPYKTYPY H CO-
CTaB KPHUCTAIMYECKHX MAaTEPHaJOB C IEJIBI0
TIOBBIIIICHUS M COBEPIICHCTBOBAHUS WX DKCILIya-
TAIMOHHBIX XapPaKTEPUCTHK.

B crarbe MeTOIOM MOJIEKYJISIPHOW JUHAMUKH
MPOMJLTIOCTPUPOBAH TPOIIECC OAHOOCHOTO DPacTsi-
KEHHSI C MMOCTOSHHOW CKOPOCTBIO BIOJIb TPaHHUIIBI
paszzena odpasiia, COCTOSIIETO U3 TUIOCKUX OXJIaXK-
JIEHHBIX KpUCTAIUTOB (0e3Me(eKTHBIX MOHO-
KPUCTAJUIOB) AIIOMHHUSA W Meau. Beibop oxiax-
JICHHBIX HAHOKOMITO3UTOB JIJISl JAIBHEUIIETO U3Y-
YeHUS TPOIECCOB Medopmarii 00yCIOBICH HE00-
XOAMMOCTBIO  JIOTIOJIHUTEIBHOTO — HCCIIEI0BAaHUS
TaKUX aKTyaJbHBIX MAaTEPHAJIOB, KaK TOIOJIOTHYE-
CKHE M30JISATOPBL. ['paHU TOTOJOTUYECKUX H30JIsi-
TOPOB MPOBOJISAT AIIEKTPUIECKHN TOK MPAKTUIECKU
0e3 COMpOTHBICHMS, HECMOTPS HAa TO YTO BHYT-
peHHSS YacTh KOMIIO3UTAa SBISIETCS HW30IATO-
pom [13, 14]. Boyiee paHHHE HCCIICOBaHUSA ObI-
JU TIOCBAIICHBI MOJEIUPOBAHUI0 MEXaHUIECKIX
CBOWCTB BKJIFOUCHUH B BUJIE METAJUTMYECKUX HAHO-
CTpYKTYp cheprueckoil ¢GopMbl ¥ HaHOKOMIIO3H-
TOB Ha MX ocHoBe [15-19].

MaremaTuueckasi Moeslb
H IMMOCTAHOBKA 3a/1a49H1

Jiis mpoBedeHUS MOJEIHPOBAHHSA HCIOJNB30-
BaJI1 CBOOOJHBIN IAKET MPOrpaMM i Kiaccude-
ckoi MonekynspHoit quHamuku LAMMPS (Large-
scale Atomic/Molecular Massively Parallel Simu-
lator), ans BU3yanu3anuy MONTYy4YEHHBIX pe3yibTa-
TOB — IIpOrpaMMHBIA KoMmIuieke Ovito. B kadectBe
NOTEHIMANa MEKAaTOMHOTO B3aMMOJEHCTBUS OBLI
BBIOpaH XOPOILO 3apEeKOMEHI0BABILHNI ce0sl METOA
norpyxxenHoro aroma EAM (Embedded Atom
Method). B nanHOM noTeHMane sIBHO yYUTHIBAET-
Csl BIMSHUE JICKTPOHHOH MOACHCTEMBI Ha B3au-
MOJICiCTBE aTOMOB Jpyr ¢ JAPYyroM B MeTal-
nax [20, 21]. DnekTpoHHas IJIOTHOCTBH P; B HEKO-
TOpOW TOYKE I, TAE HAXOJUTCS aTOM I, 3alHCHI-
BaeTCAd B BUJC OTAEIBHBIX SJIEKTPOHHBIX IIOTHO-
CTeH pjj, CO3aBaeMBIX APYTUMHU ATOMAMH j:

14

Ne
Pi :Zpij(rij)v ()

j#i
rac Nc — KOJIHUYECCTBO AaTOMOB, 3aKJIIOUYCHHBIX B
cthepe oOpesaHust ¢ pagiycoM [qy; Fij — PacCTOSHUE

2
MEX/y aTOMaMH, I; = Z:m(xiOc = X; ) :

IMocne ycpeaHeHUs MOApPa3yMEeBAETCs, UYTO
3IIEKTPOHHAS IUIOTHOCTH pjj 3aBUCHT TOJBKO OT
paccTosiHUA MeXay atoMami [jj. ITockonpKy maoT-
HOCTh DJICKTPOHOB YMCHBIIIACTCS MPU YBEIUUCHUH
PaCCTOSIHUS OT SIIpa, JIIS AlPOKCUMAITUH UCTIONb-
3yeTCs CIISyIoIIee BhIPAKCHHUE!

r.
pi(fi)=piexp| B 2-1/. @
re
r7ie I'e — PABHOBECHOE COCTOSTHHE MEXKIY Oyrxaii-
LIMMHU COCETHHUMHU aTOMaMH.
DHeprus, ¢ KOTOPOH HMOHBI B3aMMOJICHCTBYIOT
C DJIEKTPOHHON JKUIKOCTHIO, MIPEACTABIISIETCS B BUIIE
¢ynkmu Fi(p;), B cBOIO ouepenb 3aBUCSIICH B OC-
HOBHOM COCTOSIHUHM OT 3JIEKTPOHHOH IUIOTHOCTH.
Nonbl nmpuTATHBarOTCS IPYr K APYTY BCIEACTBHE
UX B3aMMOJEHCTBUS C DIEKTPOHHOU KHIKOCTHIO,
KOTOpasi HaxXOAWTCA MEXAy HHUMH. V3HauambpHO
noteran EAM uWCIonb30Baics MpU OMHCAHUH
W MOJEIHPOBAaHMH METAUIOB C TPaHELEHTPHUPO-
BaHHOU KyOmdeckoi pemrerkoit (I'TIK) n o6beMHO-
LEHTPUPOBaHHON KyOM4ecKo# perrerkoil. Brocnen-
CTBHM JaHHBIA MOTEHIMANT ObUT yCOBEPIICHCTBOBAH
JUIS. METAUIOB C TeKCAarOHANbHOMN IUIOTHOYTIAKOBaH-
Hoii pemietkod. Hemocratok EAM-noreHnuana 3a-
KITFOYAeTCsl B TOM, YTO OH HE YYWTHIBACT HAIpaBlie-
HUE XMMHYECKHUX CBS3EH, BOSHUKAIOMINX TPHU B3au-
MOJEHCTBUU slep € T-3JIeKTpoHaMu. Tem He
MeHee B OOJIBIIMHCTBE CIy4aeB MOTEHIMAN JAaeT
YAOBJIETBOPHUTEIBHBIN PE3yIbTAaT HPU BOCIPOU3-
BEJICHUHU Pa3NUYHBIX CBOMCTB MIMPOKOTO Psiia Xu-
MUYECKHX 3JeMeHTOB. [loTeHnmanbHas >HEPrusd,
JEHCTBYIOMAsT Ha OIpeneieHHBIM aToM B EAM,
3aIlMCBIBACTCS B CIECIYIOLIEM BUJIE:

1&
V= Fi(Pi)JFEZ(P(rij ) (3)
J#1
OTTankuBaHWe HOHOB, MPOUCXOISIICE H3-3a
MapHOTO KYJIOHOBCKOTO B3aWMOJICHCTBHS, Xapak-
TEPU3yeTCsl BTOPBIM WiIeHOM B opmyie (3).
HauanbHble ckOpOCTH aTOMOB BBIYUCIISLIN UCXO-
I U3 pacripeneneHus MakcBesuia, KOTOpoe cilydai-
HBIM 00pa30M YCTaHABIMBACT CKOPOCTH YaCTHI] TaK,
YTOOBl KUHETHYECKAash SHEPTusl CUCTEMBI COOTBET-
CTBOBAJIa HEKOTOPOW HayanbHOW Temrmeparype. [Ipu
3TOM CpEIHSSl CKOPOCTh BCEX aTOMOB B HAIPABJICHUU
Ka)XJI0 OCH OCTaBajlach HYJEBOM.
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MopenupoBaHre BBIIONHSJIM B JBa JTarma.
Ha mepBom oOpaser, cocTOSImuiA W3 IBYX KpH-
CTaJUIMTOB aJIOMHUHHUS U MeIH B (opMe mapasuie-
JIETINIIEIOB, COCAMHEHHBIX BJIOJb OJHOW M3 CBOJ-
HBIX TpaHuIll (puc. 1), pa3Memiancs B pacueTHOM
o0nacTy W OXJAXJalcs MPH MOCTOSHHOM JaBlie-
HuU. OXJTaXAeHNE OCYIIECTBIISIIN I CTa0MIH3a-
O HAHOCUCTCMBI. BI)I60p OXJIQAXKACHHBIX HAHO-
KOMIIO3UTOB B KauecTBE JajibHEHIero oObeKTa
U3ydeHUs: OOYCIIOBJIIEH HEOOXOIUMOCTBIO JOTI0JI-
HUTCJIBHOI'O HUCCIICAOBAHUA TaKHX aKTyaJbHbIX
MaTepHUaoB, KaK TOIOJOTHYECKHUE W3OIJATOPHL.
Ha BTOpOoM 3Tame, COOTBETCTBYIOIIEM nedopma-
MW, TEMIIepaTypa U JaBJIICHUE MEHSUIHCH COTJIac-
HO MPOTEKAIINUM (PU3NIECKUM ITPOIIECCaM.

Puc. 1. I306paxenune obpasiia,
COCTOSIIIEr0 U3 KPUCTAIUIUTOB ATFOMUHHUS U MEAU

Fig. 1. Image of sample,
consisting of aluminum and copper crystallites

Jlns oxJmakKaeHusT Ha Ha4albHOW CTaJNH TEMIIe-
paTypa W JaBleHHE TOIJIEPKUBAINCH Ha OMpese-
JICHHOM YpPOBHE TIpH TIOMOIIH aITOPHUTMOB OapocTa-
TOB U TepMocTaToB. [10CKONBKY AaBiIeHNe BKIFOYaeT
B ce0s KHHETHYIECKYIO COCTABILIIONIYIO M3-32 CKOpPO-
cTeit yacThiy, oba 3THX aropuTMa TpeOyIoT pacyera
Temriepatypsl. OOBIYHO IIENieBass TeMIeparypa u
JIaBIICHUE YKa3bIBAIOTCS IMOJIL30BATENIEM, U TEPMO-
CTaT W 0apOCTaT MBITAIOTCS YPAaBHOBECHTH CUCTEMBI
¢ TpeOyeMbIMH TEMITIEPATypOH 1 TABJICHUEM.

B npouecce wucciaenoBaHUN —HCMONB30BAIU
tepmocTat u 6apoctat Hoze — ['yBepa [6]. B Tep-
MOCTaTe K CHCTEME JO0aBIISIOTCS TEIUIOBOH pe3ep-
Byap U mnotepu Ha Tpenue. Cumna TpEeHUS MEXITY
YacTUUAMU  MPONOPLUUOHAIBHA  IPOU3BEACHUIO
cKkopocTH artomMa Ha KoddduiueHt TtpeHus E.
BenuunHa npou3BOAHON & MO BpeMEHH Ompee-
JIIeTCSL Yepe3 Pa3HOCTh MEXIY TEKyIleH KHHETH-
YECKOM 3Heprueu U 3HaYEHUEM SHEPIruH, COOTBET-
CTBYIOIIMM MCXOJHOU TemmepaType:

2 —
d_zrizl_g_‘ﬂ, i—1N:
dt®  m dt @)
de 1 T
— = T_T : — T ext’
dt Q( )i Q 4

rae Q — ko3dduuueHT Macchl; T — MrHOBEHHAas
TeMIlepaTypa CUCTEMbI B TEKYIIHHA MOMEHT; Ty —
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YCTaHOBOYHASI TeMIlepaTypa TepMoCTara; Tr — Ie-
PHO OCITUJUIATOPHBIX KOJICOaHUH.

Ha BTOpoOI#i cTaguu mocie oXJaxIAeHNus BbIUKC-
JISTU TaKue 3HA4YCHUS MapaMeTpoB KpHUCTalIa, KaK
cTeneHb JedopMalviv, BHYTPCHHSS SHEpPrUs, ¢
KAHETHYECKas] MW IIOTEHIMAJbHAs COCTaBIISIO-
ue. Kpome Toro, paccmarpuBanu pacmpeneacHue
BHYTPEHHEH »HEprum, TeMmmepaTtypy U Hampsxke-
HUE TO KPUCTAIIy B MPOLECCE PaCTHKCHUS,
B JUHAMHKE.

Pe3yJILTaTbI MOACITHPOBAHUA

Pa3meps1 cucteMsl IO OCSIM X, Y U Z paBHSUIUCH
60, 24 u 24 epuomaM KPUCTAULTHICCKON PEIICTKH
COOTBETCTBEHHO. | paHWYHBIE YCIOBHUS HCIOIB30-
Banmuch mepuoandeckue. OOmee KOJIMIeCcTBO aTo-
MOB TI0cJie (POPMUPOBAHUS HAHOCUCTEMBI TTPUOITH-
3utenbHo paBHsuiock 2200. Ha mepBoM aTame pac-
4yeTHas O0JIaCTh OXJaKAalnach 1O TEMIEepaTyphl,
omuskoii k 0 K. Ilpu oxnaxxaeHnu aToMbl B HaHO-
cucTeMe CTabWIM3UPOBANIMCH M 3aHUMAald I103H-
LUK, COOTBETCTBYIOIINE MHHUMAIbHON BEJMYMHE
SHepruu. B pesynbTrare ypaBHOBEIIMBAaHUS CHCTE-
MBI KpPHCTAJUIMYECKas pelieTka BOJIW3U TpaHHIbI
pas3zena marepHaloB 3aMETHO HCKaxaach, IPO-
HCXOAMII OOMEH aTOMaMH B IIPOMEXYTOUYHOM CJIOE.
DTO CBA3aHO C HECOOTBETCTBHMEM KOHCTAHT KpPH-
CTaJTMYECKOH peleTKy, BCIeICTBUE Yero o0pa3o-
BBIBAIMCH JIMCJIOKAINH, MPOAEMOHCTPHUPOBAHHBIC
Ha puc. 2.

Puc. 2. I306paxenune obpasia
B [IPOLIECCE YPABHOBEIUMBAHUS CHCTEMBI

Fig. 2. Image of sample
in the process of system balancing

IIpu pactskeHnn oOpasern cHavanda aeopmu-
pyercst ynpyro. 3aTeM IPOUCXOIUT INEpexof K
macTudecko aedopmanuu. Ilox miacTudeckoi
MOHMUMaeTcsi HeoOpatumasi JedopMamus, COIpo-
BOXKJAIOWIAsICA  CTPYKTYPHBIMH ~ M3MEHEHHSMHU.
Ha puc. 3 nnactuueckas medopmanms coOTBeT-
CTBYET Y4acTKy rpauka 1o ocu adcuucc mocie
3nauenus 0,12. Ha ynpyrom yuactke nedopmannu
npu € < g, Temneparypa 6imska k 0 K, a moten-
LyagbHas JSHEPrus BO3pacTaeT KBaJPaTHUHO.
Ilpu crenenn pedopmammm €> g, TeMIEpaTypa
HaYMHAET TOBBIIATHCS, IPHYEM €€ POCT HOCHUT Pe3-
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KU{ OYaroBbI XapakTep BCIIEJACTBUE 3apOXKICHHUS
TUIACTUYECKUX CABUTOB B KPHUCTAJUTMYECKON peIIeT-
Ke, KaK IMoKa3aHo Ha puc 4. Hambosee HarIssaHBIM
CHOCOOOM OTpPECICHUs IIACTUYCCKUX CIIBUTOB U
paspylieHusi Marepuaa siBJIsieTCs TIOCTPOSHUE OIS
pactpeieeHus TeMIepaTyphl Mo KPUCTAILTY.

8
7
<6
o5
a4
=3
@2
1
0 0,02 004 006 008 0,10 0,12 0,24 0,16 0,18
Strain
Puc. 3. 3aBUCUMOCTb MEXaHUYECKOTO HAIIPSHKCHUS
OT CTEIICHH PACTsDKEHHUs oOpasia
Fig. 3. Dependence of mechanical stress on the degree
of stretching of the sample
300
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=
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Puc. 4. 3aBucuMOCTb TeMIepaTypbl HAHOKOMIIO3UTA
OT cTeneHu AedhopMaLy IPH PacTsHKCHUN

Fig. 4. Dependence of nanocomposite temperature
on the degree of deformation in the stretching process

C TOYKM 3peHus TEOpUU YIPYroCTU 3ajaya 1o
PaCTSKEHUIO JAaHHOW KOMIIO3UIMU OIMUCKHIBACTCS
YpaBHEHUSMHU PaBHOBECHS:

0, Oy _ 0: (5)
OX oy
oo oo
OX oy
a Taroke 3akoHoM ['yka:
ou, 1 \Y%
=—0C, ——=0; 7
ox E ™ EY ")
ou
o Vs +l(5 ; (8)

X —
—+—=——-"0,, 9)
rae £ — moayne FOura; v — koadduituent Iyaccona.
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B mporecce medopmanmu koneOaHUs y3I0B
KPUCTAJUTMYECKON PEIIETKH PacIpOCTPaHSIOTCS
TakuM 00pazoM, 4TO B 00beMe aTIOMHHHS HUMEIOT
MECTO 3HaYUTEIbHBIE TOBOPOTHI aTOMOB, a B 00b-
eMe MeAM OTYETIMBO Pa3luvaloTcsi PaclpocTpa-
HSIIOIIKECs Mo KpucTauty BonHbl Jltogepca — Uep-
HoBa. /laHHBIE BOJHBI PAaCHpPOCTPAHSIOTCS MyTEM
caBuroB B mockoctax {111}, koropele Hamubo-
Jjlee HEYCTOWYMBBI IO OTHOLICHHIO K CHABUTY
B ['lIK-MeTannax B HampaBiieHHH, OJIM3KOM K Ha-
MPABIIEHUIO0 MAKCUMAJIFHOTO KacaTebHOTO HaIps-
xenus. [lpumep pacmpeneneHusi AaHHBIX BOIH
MPOMJUTIOCTPUPOBaH Ha puc. 5. Kaxaplid mar He-
oOpatnMoit nedopMaIiiy BEIET K PE3KUM JIOKAJTh-
HBIM KOJICOAHWSIM JHEPTHH H, COOTBETCTBEHHO,
K JIOKaJIbHOMY TIOBBIIIEHUIO TEMIIEpaTypslI [7].

Puc. 5. Pacnionoxenue 1uciokaluii B MOMEHT pa3pylueHUs
CJIOUCTOTO HAHOKOMIIO3HTa

Fig. 5. Location of dislocations at the time of destruction
of layered nanocomposite

[Ipu uccnenoBannn Hanbosiee yIOOHBIM 1 (-
()EeKTUBHBIM CIIOCOOOM HACHTH(HUKAIIUU oOacTei
3apOKICHHS IUIACTHYECKUX JlehOpMaITiil SIBIIETCS
MOCTpOeHNE rpaduka pacupeneNneHus] TeMIepary-
phI 0 00pa3ity B mporiecce 1eopMUpOBaHus pac-
YeTHOM sueiiku. MoaenupoBaHue Mmokasaio, 4To B
0o0nacTsIxX 3apoxAcHUsA Je(EeKTOB KpHCTaJUINYe-
CKOH pEILETKH TeMIlepaTypa MOMKET IpPEBHIIIATh
CPEIIHIOI TEMIIEpaTypy IO H3y4yaeMoMy o00pas-
my. MccnenoBanusi pacnpenesiceHuss TeMIepaTyphl
B HAHOKOMIIO3UTE TIO3BOJMIN TaKXKe OIPEIEIUTh
IJIOCKOCTH CKOJILKCHHUS TPH TUIACTUYECKUX CJIBH-
rax. TakuMm oOpa3om, KaKIeIi TIEPHO HEOOpaTH-
MO nedopmarnum BeNeT K PE3KOMY IIepexoay
YacTH KWHETHYECKOH SHEPrHH B SHEPTHIO0 HEYIO-
PAOYEHHBIX TIPOILIECCOB U, COOTBETCTBEHHO,
K JIOKQJTHbHOMY TIOBBIIIEHHIO MTHOBEHHOH TeM-
mepaTyphl.

BBIBO/IbI

1. MopenupoBaHuEe METOAOM  MOJICKYJISIPHOM
JIMHAMUKY TO3BOJIUII0O HA HAHOYPOBHE M3YUYUTh IO-
BEJICHUE KOMITO3UILIMOHHBIX MAaTEpUANIOB MPHU MeXa-
HUYECKOM HArpy>KeHWH, WCCIIEI0BAaTh XapaKTep
3apOKACHUS W pa3BUTHS B HHUX IDIACTUYECKON
nedopmaniy. VICTIONBE30BaHHBI MHOTOYACTHYHBIN
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MeXaToMHbIM mnoTeHIan EAM nponeMoHCTpUpo-
BaJl XOpOIllee BOCIPOM3BEIECHNUE CBOICTB HAHOKOM-
HI03UTa PH UCCIIEJOBAHUU IIPOLIECCOB JIeopMaruu.

2. IToAroTOBNICHBI ANTOPUTM M CKPHIT MOJe-
JMPOBaHUs AN 3aAa4yu JedopMaluy HaHOKOMIIO-
3UTa B NporpaMMHOM Komruiekce LAMMPS. Axn-
TOPHUTM IO3BOJISIET TUHAMUYECKH KOHTPOJIUPOBATH
UCCIIelyeMble XapaKTepUCTUKU 00pas3la, B TOM
Yyclie BENMYMHBI Jie)OpMaIiK, TEpPMOJIUHAMUYE-
CKHE, DHEPreTUYeCKUe M pa3MEepHBIC MapaMeTphl,
HANpPsDKEHUS, a TAKKE B MHTEPAKTUBHOM PEKUME
HaOJIIOaTh 3a MpoLeccaMy 3apOXKICHUS TUCIOKa-
LU ¥ pa3pymeHns oopasua.

3. IlpoBeneHo uccneoBaHUe MOBEACHHUS OXIIaXK-
neHHoro HaHokommosuta Al/Cu mpu  pacrs-
KEHUU C TIOCTOSIHHOM CKOPOCTBIO Ae(opMariuu.
B nmpomecce mocTmkeHMs CHCTEMOH mpenena
VIPYrOCTH HAa BHEIIHUX WM BHYTPCHHUX TpaHU-
Iax pasjena HaOJIIOAANINCh 3apokaeHue nedexTo
KPUCTAIUIMYECKOH PEIIeTKH M PaclpoCTpaHEHHE
UX MO0 BCEMY KPHCTAJUTy B BUJE CIBUIOB, MOBO-
POTOB aTOMOB B KPHUCTAUIMUECKUX IJIOCKOCTSIX.
IIpu nedopmupoBanuu kommoszuuu Al/Cu ompe-
JeNieHbl 00J7acTH 3apOXKICHMS IJIACTUYECKUX Je-
¢dopmanuii. MakcuManbHOE paspylleHHe Mare-
pHaa IPOUCXOIUT 110 FPaHUIE paszena. XapakTep
pasBUTHS IJIACTUYECKOHN Aedopmanmu onpenessii-
Cs HaJIMYMEM B KpUCTaJIe IUIOCKOCTEH, CABUT
BJIOJIb KOTOPBIX MPOUCXOIMI B HATIPABICHUN Mak-
CHUMaJIbHOTO KacaTeJIbHOTO HaPSHKEHUSL.

4. Pe3ynbTaThl TMPOBENEHHBIX HCCIEIOBAHHHA
MOYXHO HCHOJNB30BaTh JJsI M3YYCHHUS MPOIECCOB
JegopMan HAHOKOMIIO3WIIMOHHBIX MAaTepUalIoB
C IEePCHEKTHUBHBIMU (YHKIHMOHAJIBHBIMH CBOM-
ctBamu. Kpome TOro, oxiakJeHHbIE HaHOCTPYK-
TypUpOBaHHBIE OOBEKTHl AKTHBHO HPUMEHSIOTCS
B Ka4ECTBE TOIOJIOTHYECKUX U30JSITOPOB, KOTOPHIE
obOmagaror nudGepeHIMPOBaHHBIMH  XapaKTepu-
CTHKaM{ MPOBOJAWMOCTH BHYTPU MaTepuayia M Ha
€ro MOBEPXHOCTH.

PaboTbl BbINONHEHbI NpY PUHAHCOBOW NOAAEPXK-
Ke WxeBCKOro rocygapCTBEHHONO0 TEXHUYECKOTO YHU-
Bepcuteta umeHn M. T. KanawHwukoBa (npoekT
28.04.01 / 18BAB), rpaHta YpO PAH Ne 18-10-1-29
n GlOXKETHOro  (UHAHCMPOBAHMA N0  MPOEKTY
0427-2019-0029.
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Pedepat. B cratbe mpencraBieHsl OCHOBHbIE THIIOTE3bI MOPO3HON JECTPYKIMU LIEMEHTHOTO O6eToHa. PaccMoTpeHO BiusiHue
LUKJINYECKIX M3MEHEHUH TeMIepaTypbl U BO3JEHCTBHS Ha OCTOH CTaTMYECKOM M TUHAMHUUYECKOW (yZapHOH) Harpy3ok Ha
HU3MEHEHUs B CTPYKTYpe U IPOYHOCTH OeToHa. [IpuBeneHs! pe3ynbTaThl CPAaBHUTEIBHBIX UCIIBITAHIH MOPO30CTORKOCTH OeTo-
Ha, COZIepKallero MOPH3YIONIyI0 00aBKy U IIaCTU(QHUKATOP, CHOCOOCTBYIOMINH MOBBIIEHUIO INIOTHOCTH U HETIPOHUIIAEMO-
CTH €r0 CTPYKTYpHI. DKCIEPUMEHTAIBHO [T0Ka3aHO, YTO BBEACHHE BO3TyXOBOBJICKAIOMNX J00aBOK, 00JIaAl0MNX JOHOIHH-
TenbHBIM 3¢ (ekToM ruapodhoOHU3arH, TPOLYKTUBHO C MO3MIHUN OOECIeUYeHUs] MOPO30CTOUKOCTH OETOHOB OTHOCHUTEIHHO
HU3KKX Kinaccos (mo C30/37), mpounocTsio Ha cxatue 10 50 MIla n Bogonornomenuem mo macce 6omnee 4,0 %. Mopo3so-
CTOMKOCTh OeTOHa OoubIlel HEMPOHHIAEMOCTH M MPOYHOCTH II€1€COOOpa3HO MOBBIMIATH, HApaliuBas 3TH IOKa3aTelH,
B YaCTHOCTH, 32 CYET MAKCHMAJILHOTO YMEHBIIEHHs HA4aJlbHOTO BOAOCOAEPKAHUS M KaUECTBEHHOTO YIJIOTHEHHUsS. DTOT BbI-
BOJI SKCIIEPUMEHTAIBFHO ITOATBEPXKIAIOT INPHUBEJCHHBIE B CTAaThe JaHHBIE, TaK KaK «MEXaHHW3M» MOPO3HOU IeCTPYKIMH
LIEMEHTHOTO OeTOHa MHOTO(AKTOPHEIH, a POCT €ro INIOTHOCTH (HEMPOHUIIAEMOCTH) U IIPOYHOCTH o0ecrednBaeT 0ojee BBICO-
KYIO CIIOCOOHOCTB CONIPOTHBIIITHECS CHIOBBIM BO3AEHCTBHSM, CBSI3aHHBIM C MHOTOKPATHO HOBTOPSIFOIIMMHUCS 3HAKOIIEpeMeH-
HBIMH JiehopManusiMu OETOHa, a TaKkXkKe ¢ AeHCTBHEM BHEIIHUX Harpy30K, HAKOIUIEHHEM YCTAJIOCTHBIX SBJICHHH, THIPOJIHA-
MHKH QUIBTPALUK KUAKOCTH MO BIMSHUEM M3MEHSIOIIUXCS TEMIIEpaTypHbIX nojeil 1 npod. C UCIOIb30BaHUEM CTaHAAP-
THU3UPOBAHHBIX M AaBTOPCKUX METOAMK IIPOBEAEHA CPABHHUTENbHAS OIIEHKa MOPO30CTOMKOCTH OETOHA, COJEpKallero
MOPHU3YIOIIYI0 (BO3AYXOBOBJIEKAIOIIYI0) A00aBKY, a TakkKe IUIaCTH(GUIMPYIOMKE U MHHEPaNbHYI0 N00aBKH aMopgHOro
MHKPOKPEMHE3EMa, BBOJUMBIE B OETOH C IIENIbIO YBEIMUEHHS €0 MIIOTHOCTH, HEMPOHHUIIAEMOCTU U TIPOYHOCTH, @ Ha 3TOI OCHOBE —
TIOBBIIIEHHST MOPO30CcTOHKOCTH. [IpHBeneHs! KCIIepIMEeHTaIbHbBIE NaHHbBIE, OTPaKalolINe B3aHMMOCBS3b M 3aKOHOMEPHOCTH
CHIDKEHHSI MOPO30CTOMKOCTH O€TOHA, IOJBEPKEHHOTO OJHOBPEMEHHOMY BO3JEHCTBHIO CTATHIECKOH (Ha CXKAaTHe — pa3HOro
YPOBHSI OT COOTBETCTBYIOLIETO IMOKa3aTeNs MPOYHOCTH OETOHA) M yHapHOH, COCPEOTOUEHHO IPIIIOKEHHON THHAMUYECKON
Harpy3ok. [loaTBep:kieHa 3aKOHOMEPHOCTh B3aUMOCBSI3M YCKOPEHHOH MOPO3HON AeCTPyKIHMU OETOHA C ACHCTBHEM MEXaHHU-
YECKUX HArpy30K, BBI3BIBAIONINX TPEIIHHOOOPA30BaHUE B €T0 CTPYKTYPE.

KiroueBbie ciioBa: 6eToH, 100aBKa, MOPUCTOCTh, MUIOTHOCTb, HEMPOHHUIAEMOCTh, MPOYHOCTh, MOPO30CTOMKOCTD, OJITO-
BEYHOCTh

Js murupoBanusi: barsinosekuit, O. . CrpykTypa, HENPOHUIIAEMOCTh U J0JITOBEYHOCTH [ieMeHTHOro OeTona / O. 1. bats-
HoBckuil, H. C. T'ypunenko, A. M. Kopceyn // Hayka u mexnuxa. 2022. T. 21, Ne 1. C. 19-27. https://doi.org/10.21122/2227-
1031-2022-21-1-19-27

Structure, Impermeability and Durability of Cement Concrete
E. I. Batyanovskiy®, N. S. Gurinenko®, A. M. Korsun®

YBelarusian National Technical University (Minsk, Republic of Belarus)

Abstract. The paper presents the main hypotheses of frost destruction of cement concrete. The influence of cyclic temperature
changes and the effect of static and dynamic (shock) loads on concrete on changes in the structure and strength of concrete
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is considered. The paper provides results of comparative tests of frost resistance of concrete containing a porous additive and
a plasticizer, which contribute to an increase in the density and impermeability of its structure. It has been shown experimen-
tally that the introduction of air-entraining additives with an additional effect of hydrophobization is productive from the
standpoint of ensuring frost resistance of concrete of relatively low classes (up to C30/37), compressive strength up to 50 MPa
and water absorption by mass more than 4.0 %. It is advisable to increase the frost resistance of concrete with greater imper-
meability and strength by increasing these indicators, in particular, due to the maximum decrease in the initial water content
and high-quality compaction. This conclusion is experimentally confirmed by the data presented in the paper, since
the “mechanism” of frost destruction of cement concrete is multifactorial, and the growth of its density (impermeability)
and strength provide a higher ability to resist “force” effects associated with repeated alternating deformations of concrete,
as well as the action of external loads, accumulation of fatigue phenomena, hydrodynamics of liquid filtration under the
influence of changing temperature fields, etc. A comparative assessment of concrete frost resistance has been carried out using
standardized and patented techniques containing a porous (air-entraining) additive, as well as plasticizing and mineral addi-
tives of amorphous micro-silica, introduced into concrete in order to increase its density, impermeability and strength and
on this basis — increasing frost resistance. Experimental data are presented, reflecting the relationship and patterns of decrease
in frost resistance of concrete subjected to the simultaneous action of static (for compression — different levels from the corre-
sponding indicator of concrete strength) and shock, concentratedly applied dynamic loads. The regularity of the relationship
between the accelerated frost destruction of concrete and the action of mechanical loads that cause cracking in its structure

has been confirmed.

Keywords: concrete, additive, porosity, density, impermeability, strength, frost resistance, durability
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BBenenue.
I'mnoTe3bl MOPO3HOIi TeCTPYKIMU 0eTOHA

B mporecce pasBuTHs TEOPUH MOPO30CTOMKO-
CTH IEMEHTHOTO OETOHa NpEACTaBIEHO MHOXe-
CTBO TMIIOTE3 O IPUYMHAX M MEXaHU3ME €ro Io-
CTENEHHOTO pa3pylleHHs IMpU MEpUOIUIECKOM
3aMep3aHUU-OTTAaUBAHUU B HACBHILICHHOM >KUAKO-
CTBIO COCTOSTHWUH, 0OOOIIEHHO M3JIOKEHHBIX B [1].
OCHOBHBIM W HamnboJiee MPOCTHIM OOBSICHEHHEM
paspyleHuss OETOHa B TaKUX YCIOBHSX CUUTAIH
JABJICHWE BOJBI, 3aMep3alolieil B €ro mopax,
YTO YYUTHIBAETCS M B COBPEMEHHBIX THIIOTE3aX.
Ho Tonpko 310 (husnueckoe sBICHHE HE MOXKET
MOJHOCTBIO OOBSICHUTH IpOLecC pa3pylieHus Oe-
ToHa. Haxkomnenue pe3ynbTaToOB HCCIEIOBAHUN
¢ 30-x rr. XX B., xorma FO. A. Hunennep nan
Hay4YHYIO KIAaCCU(UKALMIO MyCTOT U TPELIMH B OeTo-
He, BBIJIESTUB ITyCTOTHI, 00pa30BaBIIMeCs MPH YKIaa-
Ke (KaBepHBI, BO3AYIIHBIE MOPHI, BOJIHBIE IMOPHI),
Y TPELINHbI, BOSHUKIINE B PE3yJbTATE CUIOBBIX
BO3nelicTBUM, U ux pa3Butue H. A. IlonoBem [2],
C. B. lllecroniepoBem [3], B. B. CronpauKOBEIM [4],
I'. U. T'opuakoBbIM [5] U MHOTMMH JIPYTUMHU HUC-
CIIEZIOBAaTENSIMA BBISIBUIM BIMSHHUE Ha MOPO30-
CTOHKOCTh W JIOJTOBEYHOCTh OETOHA HE TOJBKO
a0COIIOTHON BEJTMYMHBI MOPUCTOCTH, HO U (HU3H-
YECKOro Xapakrepa nop — pa3o0IIeHHbIE OHU (3aM-
KHYTBIC) MM COOOLIAIOIHIecs!.

Pa3ButreM Teopuu BIMSHUS HAa MOPO30CTOMH-
KOCTb O€TOHa XapakTepa €ro MOPUCTOCTH SIBHJIACh
runore3a T. Iayspca «o0 uHTEpBajie mop» [6, 7],
Ha OCHOBaHHM KOTOPOH C IENbI0 MOBBIMIEHUS MO-
PO30CTOMKOCTH B OETOHE CO3AIOT UCKYCCTBEHHYIO
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3aMKHYTyI nopuctocts (nob6aBkamu CHB, CHO,
KPEMHUHOPraHUYEeCKUX KHUIKOCTEH W COBPEMCH-
HBIX TOPU3aTOPOB, KOTOPHIE (DaKTHIECKH TOTyda-
OT Ha OCHOBE JTHX BemIecTB). JleHCTBUTEIBHO,
Takue J00aBKH 3a cueT 3 (ekTa 3aMKHYTOH (KOM-
MPECCHOHHOM) MOpUCTOCTH, 3 dexTa nepecekanus
(YMeHBIIIEHNS [JIMHBI) KamWwUIsipoB, a COOTBET-
CTBEHHO YMEHBIICHUS KalWUIAPHOTO TOJcOoca
U crocoOHoCcTH OeToHa cOpOMpPOBATH KHUIKOCTB,
a TakKe 3a c4eT TUAPOhOOHM3AIUH CTCHOK TIOp U
KamUIApOB B OETOHE BEIIECTBOM JITHX 00aBOK
CHOCOOHBI Ha JIBE-TPH MAapKH IMOBBICUTH MOPO30-
CTOWKOCTh O€TOHA C OTHOCHTEIHHO BBICOKOW CTe-
MEHBIO TIOPUCTOCTH, OCOOEHHO HU3KHX KJIACCOB TIO
npoyHocTd. OJHAKO MEXaHW3M MOPO3HOW Je-
CTPYKIIUHU OETOHA TOpa3io 0oJiee CIOKEH.
O06001mas pa3IMYHBIC TUIIOTE3BI, MOYKHO TIPE/I-
MOJIOKUTh, YTO MEXaHHW3M IIOCTETIEHHOTO paspy-
IICHHUS CTPYKTYpbl OCTOHA, MMOJABEPraeMoro Iore-
PEMEHHOMY 3aMOPa)KMBaHUI0 W OTTAaUBAaHUIO B
HACBIIICHHOM BOJIOW COCTOSIHUM, TPEICTABIISACT
c000i1 KOMITJIEKCHOE COYEeTaHWEe AECTPYKTHBHBIX
(hakTOpOB, BKITIOYAs: JaBIIEHHE JIbJa TIPHU KPUCTAII-
TU3anui CBOOOMHON BOJBI, THAPOJAWHAMHYECKHE
BO3JICHCTBHSI TIPU €€ TICPEMCIICHUN (MUTpAIlVH)
noA BJIWAHUCM TIpaJuCHTa TCIJIOTHI M BJIAaroco-
JepkaHus (TepMOBIIArONpPOBOHOCTH); THIPOCTA-
TAYECKOE JABIICHUE 3aIEMJICHHOW B TYMHUKOBBIX
mopax M JaedeKTax CTPYKTYPBI KUAKOCTH; HAIpPs-
JKEHUsI, BO3HUKAIOIIUE OT Pa3HUIBl TeMIIepaTyp-
HBIX jAedopmanuii cocTaBISIFOIIUX OETOHA U Iie-
MEHTHOT'O KaMHs (T. €. Ha Makpo- U MUKPOYPOBHE,
B 30HAaX KOHTaKTa KaK LIEMEHTHOI'O KaMHs C 3a-
MOJTHUTEISIMU, TaK U MEX]y KPUCTAJUIOTHIPATHEI-
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MH HOBOOOpA30BaHMSIMH B IIEMECHTHOM KamHE);
YCTAJOCTHBIE (TIOCTETICHHO YBEITUYHBAIONTHAECS)
JIeQEeKThl CTPYKTYphl OT MHOTOKPATHO MOBTOPSIIO-
HMIMXCS 3HAKONEPEMEHHBIX IedopManunii; oHIKe-
HHE CO BPEMEHEM KOHLEHTPAlMH PaCTBOPEHHBIX
B TIOPOBOIl JKHIKOCTH TPOXYKTOB THIPOJIH3a Iie-
MEHTa — KaK 3a cueT 00pa30BaHMs HEPACTBOPHUMBIX
B BOAE KPHUCTAUIOTHAPATOB (OTpakeHHE IIPO-
JTOJKATOIENCsl peakllMy [IEMEHTa ¢ BOJOH), Tak U
u3-3a TOZACOCa >KUAKOCTH Pa3BUBAIOLIMMUCS Jie-
(exTamMu CTPYKTYpHI B IEPHOJ OTTauBaHHs 00pa3-
IIOB, YTO YBEJIMYHMBACT COJCP)KaHWE CBOOOIHOW
BOJIBI B 00beMe OeToHa, U JIp.

[lpy wWCHONB30BaHMM  XJIOPUCTHIX  COJICH-
anTroOneneHuTeneil (pu SKCIUTyaTal JTOPOK-
HBIX TOKPBITUH W MOCTOCTPOUTEIBHBIX KOHCT-
PYKUMH) WM WCHBITATENILHBIX COJIEBBIX PacTBO-
poB (B mpolecce McnbITaHUK O€TOHA HAa MOPO30-
cToikocTh B 5%-M pactBope NaCl) neiicTBue yka-
3aHHBIX (pakTOpOB Ha OeToH gomosHsercs [8-12]:
KPHUCTAJUTM3ALMOHHBIM JaBICHHEM HaKOIMBILIEHCS
comn, oOpa3oBaBIIeiics B pe3ylibTaTe IEepeHachl-
HICHUS €€ PAcTBOpa B MaJibIX Mo oObeMaM Jiedex-
Tax CTPYKTYPHI IEMEHTHOTO KaMHsI, a TaKXKe B 30-
HaX ero KOHTaKTa C 3allOJHUTENISIMH B OETOHE U B
nopax (TpelirHax) 3epeH 3aroJHUTEIS;, YCUICHH-
€M Tpoliecca MUTPAMy KUAKOW (a3el M pocToM
BJIArOEMKOCTH O€TOHA; BO3HUKAIOUIMM HaNpsHKEH-
HBIM COCTOSIHUEM Ha YPOBHE MHKPOCTPYKTYPHI
[IEMEHTHOTO KaMHs M3-32 JIOKAJIBHO TIPOSBIISIONIE-
rocs 3¢ dekra ot nepenaja (rpaguceHTa) Temiepa-
TYp, COIIPOBOXKIAIOIIEr0 MPOIECC 0YaroBOrO pac-
TBOPCHHUA-KPUCTAJUIM3allUU  COJIM; TTOHMKXCHUEM
TeMIIepaTypbl 3aMep3aHus pacTBOpa COJIM, B CpaB-
HEHUH C BOJOW, YTO CIIOCOOCTBYET TIyOOKOMY
NPOHUKHOBEHUIO KUAKOH (a3bl B 1eEKTHl CTPYK-
TYpPbI BCE MEHBIIETO CEYEHHS, YTITyOIsIeT pa3BUTHE
nporecca MaccolepeHoca CONMM M yCHIIMBACT d¢-
(hekT gecTpyKimuu OETOHA B IEJIOM.

B peanpHBIX yCIOBHSX JKCIUTyaTaluu (HampH-
Mep, JOPOKHBIX IMOKPBHITHI) pa3pylIaroiee Bo3-
NelcTBHE coseli-aHTHOOJeIeHUuTeNell He Ipe-
KpalmaeTcss W TPH TOJIOKHUTEIBHON TeMmeparype
oKpy>atouiel cpenpl. IlonepemMeHHOe yBIa)KHEHHE-
BBICYIIMBaHUE, WM3MEHEHHE TEeMIlepaTypsl (maxe
B IIPE/eax CYTOK) BBI3BIBAIOT COOTBETCTBYIOIIHE
MHOTOKPaTHO TOBTOpSAOIIMeCs nedopmarmm Oe-
TOHA, MOOYKHAIOT IPOSIBJICHHUE MPOLECCOB pac-
TBOPEHHS M KPUCTAIIM3AIMN ITOTIABIIEH B €ro To-
pel comn ¢ oOpa3oBaHHEM KpPUCTALUIOTHIPATOB,
YBCIMYUBAIONIUXCA B OGBCMC, a TaKiK€ SHIOKPHUH-
HOro 3¢ dekTa, T. €. CONPOBOKIACTCS MOCTOSTHHBIM
JICCTPYKTHUBHBIM BO3JIelicTBHEM Ha OeroH. OHO
JIOTIOJTHSICTCS TEM, 4TO OCTOH Pa3HOOOPA3HBIX JI0-
POXHBIX NOKPBITUI IOJBEPracTCsl UHTEHCUBHOMY
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MEXaHHYECKOMY  BO3JCHCTBHIO:  HCTHPAIOIINM,
CO)KMMAIOIUM, W3rHOaroIUM, YIapHbIM Harpy3Kam
pPa3IMYHOM MHTEHCUBHOCTHU W 3HAYEHUH, KOTOpbIE
MHOTOKPAaTHO TOBTOPSIIOTCS BO BPEMEHH, MPHUBO-
ST K YCKOPSHHOW MOpPO3HOHM JecTpyKUuu OeTo-
Ha [13]. YcnemHo conmpoTHBIATHCS TaKOMY KOM-
IUIEKCHOMY XHMHUKO-()M3UYECKOMY BO3ACHCTBHIO
Crmoco0eH TOJABKO OETOH BBICOKOW IIIIOTHOCTH,
HEMPOHHUIIAEMOCTH U MPOYHOCTH.

MarepnaJsl 11 0eTOHA
H 001Iast METOHKA MCCJIeT0BaHNI

B wuccienoBaHMsX HCHONB30BAINM MaTepHAaIbl
CO CIICAYIOIINMHE XapaKTePUCTUKAMH:

® BsDKYIIEE BEIIECTBO — MOPTIAHILIEMEHT Map-
ku 111 500 mo 'OCT 10178-85, cOOTBETCTBYIO-
it kmaccy CEM 142,5 N o CTh EN 197-1-2015;

® KPYIIHBIM 3amloNHUTENh A OeTOHAa — Tpa-
HUTHBIN 11e0eHp (MukarneBuun) ¢ppaxiuii 5-10 u
5-20 MM mpouHOCTHIO (110 ApodumoctH) =110 Mlla,
HACBIMHOX  MJIOTHOCTBHIO po ~ 1380 xr/m’®
u 1410 xr/™°, moTHOCTBIO 3epen p, ~ 2700 Kkr/m’,
cooTBeTcTBYIOIMI TpeboBanusim 'OCT 8267-93;
KyOOBUIHBIH meOeHp ¢pakuuii 2-4u 4-6 MM
npodHocTeio (1o npobumoctu) >110 Mlla, Ha-
CBIITHOM IUIOTHOCTBIO Po ~ 1400-1420 I(F/MS, IUIOT-
HOCTBIO 3epeH p, ~ 2700 KI/M°, COOTBETCTBYIO-
it tpedoBanusim CTh 1311-2002;

® MEJKUH 3al0IHUTENb — IPUPOIHBIN (MBITHIN)
MECOK ¢ MoAayJieM KpymHocTd MK ~ 2,6-2,8,
HACHIITHOW TUIOTHOCTBIO Po = 1550 I(I‘/MS, IJIOT-
HOCTBIO 3€peH p, ~ 2650 KI/M°, COOTBETCTBYIO-
it TpedoBanusm ['OCT 8736-93;

e cynbpar Hatpust (Na,SO, CH) xpucrain-
muzarmonnelii mo ['OCT 21458-75— Genoe to-
POIIKOOOpPa3HOE KPHUCTAIUIMIECKOE BEIIECTBO 0O€3
3amaxa;

o cynsar amomuausS (Aly(SO4)s; CA) mo
TI'OCT 12966-85 — tBepmoe Oegoe KpUCTaLINYE-
CKO€ BEIIECTBO 0€3 3amaxa;

e nobaBky-runepmiactudpukarop  «Craxe-
meHT 2000-M 2K 30» (Ct) — mmactuduiupyro-
Iyt a100aBKy [uisi OETOHHBIX CMecel U pacTBO-
poB. Ilo »ddexTnBHOCTH MIACTHOHITHPYIOMIETO
JNEUCTBUS OTHOCUTCS K IJIACTHQUIUPYIOLINM
no6askaMm | rpymmer cormacao CTh 1112-98 (cep-
tudukat coorBercTBua Tpedoanusim CTb 1112
Ne BY /112 03.1.3 T'A 1764). JIoGaBKka BbITycKaeTcst
no TY BY 800013176.004-2011 B Bume pactBopa
30%-# KOHIICHTpAIHH;

¢ 100aBKy-THUIIEPIIIACTHPUKATOP «Pena-
mukc [IK» (TY BY 190679156.002-2013) — mo-
TUKapOOKCUIIATHBIA cynepriiacTu(UKaTop, OTHO-
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CUTCS K TACTU(GUIMPYIONMM JoOaBKaM | rpyrimbl
cornacuo CTB 1112;

o mukpokpemaeseM (MK) — B cooTBeTcTBHU C
tpeboBanusamu CTb EN 197-1-2015 ¢ copepxanu-
eM amop¢HOTro TNOKCHIa KpeMHHs He MeHee 85 %
10 Macce; y/ieJabHas IIOBEPXHOCTh S%K > 3.0 M/

® YIbTpaIUCICPCHBIN MUKPOKpEMHE3eM
(YAMK) — nuokcun KpeMHHsI OCaKIICHHBIN, COOT-
BercTBytomui TV 2168-002-14344269-2009 «Ko-
Benoc 35/051» ¢ conepkaHueM aMOp(HOrO JHOK-
cuaa KpeMHus He MeHee 98 % 1o macce; yaenbHas

HOBEPXHOCTH S%K >350 M%r (gaHHBIC (UPMBI-

MIPOU3BOIUTETIS);

® BOJy JIJIsl 3aTBOPCHUS ¥ TOCIIEAYIOIIETO TBEP-
JeHnss OeToHa, YAOBIETBOPSIONIYIO TpeOOBaHU-
sm CTB 1114-98.

Pe3yabTaThl 3KCIEPUMEHTATbHOM OlleHKH
MOPO30CTOIKOCTH O€eTOHA

Moposocmotikocms «psa008020» no NPOYHOCU
bemona. OnennBanu (puc. 1) Ha cocTaBax, mpe-
CTaBJICHHBIX B Tabn. 1, mpu 3amopaxuBanuu (t =
= 50-55 °C) B 5%-m pactBope NaCl mo
I'OCT 10060-95.

OCOOCHHOCTBIO DKCIIEPUMEHTa OBLIO  COIIO-
cTaBieHue cocraBa Oerona Ne 1 (miemeHra —
430 kr, mecka — 697 kr, mebHs ($ppaxuumii 5-20 Mm) —
1117 xr, momBWKHOCTE cMecu Mapku I11), BiTto-
YaIOMIero TUTACTU(UKATOP W BO3IYXOBOBIEKAO-
myto go6aBky (tabn. 1), u cocraBoB Ne 2 u 3,
BKJTIOYAIOIIMX IIAaCTHOULIUPYIOIIYIO H00aBKy 0e3
BBEJICHUS BO3JyXOBOBJICKAIOMIEH, MpPH MPOYHX
PaBHBIX YCIOBHUSIX — pacxoj TBepaoda3HbIX Mare-
pUATIOB W KOHCUCTCHIUS (TIOABMXKHOCTB) CMECH.
OcHOBHOE OTIMYHE 3aKII0YaIOCh B (OPMHUPYIO-
mieiicst cTpykrype 6eToHa — ¢ CO3IaHHEM JIOTIOJN-
HUTEIIBHON TOPUCTOCTU 32 CYET BBEICHUS BO3-
JlyXOBOBJICKaroIel no06aBku u 0e3 Hee. B cocra-
Bax Ne 4 u 5 ¢ mccnenoBaTenbCKOW LENbi0 Ha 5
n 10 % ObIT CHKEH Pacxoid LEMEHTa, B3aMeH
BBEJIM PAaBHOE KOJIMYECTBO MUKPOKPEMHE3EMA.
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Puc. 1. Pe3ynbTaThl HCIIBITAHUI:
—4—— No | — KOHTPOJIbHBIH; — Neo 2 — «Penamukc [TK»;

—A—— No 3 — «Craxement 2000-M»;
—¢—— No 4 — «Pemamukc [TK» + 5 % MK;
—e— — No 5 — «Pemamukc ITK» + 10 % MK
Fig. 1. Test results: —e— — No 1 — control;

—No 2 — Relamix PC;
—A — —No 3 - Stachement 2000-M;
—x— — No 4 — Relamix PC + 5 % MSi;
—e— —No 5 —Relamix PC + 10 % MSi

Ha puc. 1 BugHO CHIKEHHE TIPOYHOCTH OETOHA
(kaK MCXOMHOHM B HadaJie UCIBITAHWH, TaK W IOC-
ne 30 nuknoB (Ha >34 %)) npu BBEJICHUH B COCTaB
BO3/IyXOBOBJICKAIOICH 0O0OABKH B BHJIE MHUKPO-
nmopana. Kpome 3roro, Bogomnoriormienue (o mac-
ce) OeToHa ¢ MHUKPOIIOPaHOM COCTaBHIJIO IpUMeEp-
HO 5%, a miId coctaBoB 0e3 3TOM HJ00AaBKH —
1o 2,0-2,5 %. Cnenyer OTMETHTD, YTO CHHIKCHHUE
nocie 30 UMKIOB MPOYHOCTH OETOHA C MOPU3YIO-
meit modaBkor 10 ~31 MIla o3HayaeT MOIHYIO
MOTEPI0 HKCIUTyaTallMOHHOW HaJEKHOCTH. Ypo-
BEHb TPOYHOCTH OCTOHA OCTAJIBHBIX COCTABOB
B 60-70 MIIa crocoben obecneunBaTh €€ M-
TEJIHHBIN MEeproA. JTOT BBIBOJ MOATBEPXKIAET BU-
3yaslbHasi OIICHKA COCTOSHHSI CTPYKTYphl OeTOHa
HCIBITaHHBIX 00pasioB. K 30 mukiaM wucmbiTa-
HAW CTPyKTypa O€TOHa C TOPH3YIOIMEeH m00aB-
Kol (coctaB Ne 1) ppixias, oueBUAHA €€ JECTPYK-
LK TI0 BceMy 00beMy 00pasIioB.

Tabauya 1
CocTaBbl «psiIoBOro» 6eToHa
Compositions of “ordinary” concrete
Llemenr, | Ilecok, | llebens, | Bona, Mractit- | Mutkpo- | Mukpo- IInotHocTh
CocraB 3 3 3 3 ¢ukarop, |[KpemMHe3em,| TIOpaH, 3
KI/M KI/M KI/M KI/M 3 3 3’ |cMecu, Kr/M
KI/M KI/M KI/M
1. KoHTpOoNBHBIH
(mukpomopad + «Craxement 2010») 430,0 697 1117 162 2,15 0 0,301 2423
2. «Pemamukc ITK» 430,0 697 1117 120 6,45 0 0 2590
3. «Craxement 2000-M» 430,0 697 1117 130 4,30 0 0 2515
4. «Pemamukc ITK» + 5 % MK 408,5 697 1117 120 6,45 21,5 0 2627
5. «Penamukc ITK» + 10 % MK 387,0 697 1117 140 2,15 43,0 0 2644
Hayka
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Hapymenus cTpykTypel 00pasmoB cocra-
BOB Ne 2—5 HMMEIOTCS TOJBKO B TOBEPXHOCTHBIX
ciosix O0eToHa, T. €. AECTPYKUHUS TIOTHOTO HEmpo-
HHUIIAEMOT'0 MaTepHaia NposBISETCS B YaCTHYHBIX
HapyLICHUSAX LIEMEHTHOIO KaMHSI BHEIIHEro KOH-
Typa 00pa3moB MpH COXpaHEHUH UCXOMHOH (TUIOT-
HOW) CTPYKTYpHI B 00Bbeme Oetona mocie 30, a st
coctaBa Ne 2 — mociie 50 IIUKIIOB UCTIBITAHHA.

Kpome ormedeHHOro, O4YEBH/ICH MPHPOCT TPOU-
HOCTH 00pa3LoB OeTOHa B MPOIecce UCTIBITAHHUN CO-
CTaBa C BBICOKOA(P(PEKTHBHBIM IIIACTH(UKATOPOM
«Penamuke IIK». B atom ciyuae HaganbHOE BOJIO-
conepkanre Oerona cocrasnsuio (B/I)s~ 0,27,
CpemHsis TUIOTHOCTh ObLma Onm3ka k 2600 KF/MS,
BOJIONOIIONMIEHNE TTo Macce <2 %, T. €. HEMPOHHU-
[[a€MOCTh OETOHA BHICOKA.

CornacHo pe3ysbTaTaM HCCIIEIOBAHHI, BBEJICHHE
B COCTaB OeTOHA J0OaBKHU-TIOPH3aTOpa €IBa M HE B
nBa pasza (¢ 80-90 mo 45-50 MIla) cHu3miIO TpoyU-
HOCTh OE€TOHa MPOEKTHOTro Bo3pacTa (28 cyT.) mpu
MPOBENICHUH SKCIIEPIMEHTOB C COOJIOJICHHEM Ipa-
BIJIa PABHOIOJBIKHOCTH OETOHHOM CMeCH H Tpo-
YUX PAaBHBIX YCIIOBUH 11O PEXXUMY TBEpJICHHS OETOHA.

Takxe 04eBHAHO, YTO COCTaB OETOHA C BO3IY-
XOBOBJIEKaIoOIIeH 100aBKOH oOecTiedni pacueTHBIH
YPOBEHb MOPO30CTOHKOCTH, COOTBETCTBYIOIIUI
Mapke F200 1 yCTaHOBJICHHBIM IO JICHCTBYIOIIUM
IUTs1 6eTOHA TOPOKHOTO HA3HAUCHHS MPaBUIIaM.

OIHOBPEMEHHO JKCIIEPUMEHTAJbHBIC JaHHBIC
CBUJICTEILCTBYIOT O TOM, YTO O€TOH 0€3 BO3IyXO-
BOBJICKAIOIIIEH JOOABKH, HO C UCIIOJIb30BaHUEM (-
(hextuBHOTO TUTacTH(UKaTOopa (B acTHOCTH, «Pe-
namukca [IK»), obecrneuuBiiero cymecTBeHHBIN
POCT IUTOTHOCTH, HETTPOHUIIAEMOCTH U MPOYHOCTH,
TONBKO Tociie 50-55 NIWKIOB CHU3WI MPOYHOCTH
1o ypoBHs 40-45 MIla. MoXHO 0XHJaTh, 4TO B
9KCILTYaTaIllMOHHBIX YCIOBUSIX JOPOXKHOTO ITOJIOT-
Ha WJIM WHBIX C BO3JICHCTBHEM IIEPEMEHHOTO 3aMO-
PaXuBaHUA-OTTaBaHUA MAaTCpUall C TaAKUM YpPOB-
HEM CTPYKTYPHBIX XapaKTEPUCTUK U IIPOYHOCTU
00eCTeYnT CYMIECTBEHHBIH POCT 3KCILTyaTaluOH-
HOM HaAC)KHOCTU WU JOJIOBECYHOCTU B CPaBHCHUUN
¢ OETOHOM, CO/IePIKALIUM TTOPU3YIOIIHE JOOABKH.

Moposzocmoiikocms  6emona, noo8epI’HceHHO020
Oeticmeuio mexaunudeckux Haepysox. Hccnenosa-
HUS BBITIOJHSUIA Ha ABYX MapTusx oOpasmos [13].
g nepBoi MapTUM  LUKIMYECKOE 3aMOPAXKH-
BaHUE-OTTAMBAHHE BEIH II0 TPETHEMY METO-
oy 'OCT 10060-95 xax mnst moposkHOoro OeToHa
C oxJaKaeHreM o0pa3ioB pazMepamu 70x70x70 Mmm
1o munyc (50-55) °C u orranBanuem npu (18 + 2) °C
B xkuakoctu. Ho Bmecto 5%-ro BOJHOTO pacTBO-
pa NaCl B eMKOCTSIX HCIOJIB30BAIH BOJAOIPOBO/I-
Hyto Boay. Ha 3ToM »Tame uccrneaoBaHuid UCKITIOUYH-
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T BIMSIHUE COJIEBOTO BO3/ICHCTBUS Ha OeToH. BTo-
pyio mapTuro oOpaslioB OETOHa TOABEPrajid CTaH-
JTAPTHBIM HICTIBITAHUSIM 3aMOPaKNBAHUSA-OTTANBAHHUS
nmo tperbemy Mmetomxy ['OCT 10060-95 npu Ttem-
neparype munyc (50-55) °C B 5%-m pactBope NaCl.

CraTHyecKkyro MEXaHHIECKYIO0 Harpy3ky Ha 00-
pasiel 0ETOHA WMHTHUPOBAIHM OJHOKPATHBIM 3a-
Tpy’)KEHHEM HX TOCJe OTTauBaHUS (Yepe3 Kak-
IbIe TISITh IMKJIOB 3aMOPaKWBAHUSA-OTTaWBaHUA)
Mo MpeccoM ¢ ycuineM npumepHo ao 20, 30, 50
n 70 % oT mpoyHOCTH OeToHa B MPOEKTHOM BO3-
pacte (28 cyT.), a NpU UCHBITAaHUSIX HAa COJeE-
CTOWKOCTh — C TaKMMHU JXK€ TMEPHUOJUYHOCTHI0 W
YCHIIMSAMH, HO TIOCIIE HACBIIIEHHS B PacTBOpE
comu. YPOBEHb HAarpy3ku i OOpasloB MEIKO-
3epHuctoro (f.nos ~ 44 MIla) OeToHa COOTBET-
cteoBan 10, 20, 25 u 30 MIla; mis oOpasmnoB
6erona co tmedneM (f.m05 ~ 53 MIla) — 15, 25, 30
u 35 Mlla.

Junamuueckyio  (yOapHyl, COCpPEIOTOYEH-
HYH0) MEXaHWYECKYI0 Harpy3Ky Ha OTTasBIIHC
(HaCHIIIIEHHBIC KUAKOCTHIO) 00pa3Ibl OETOHA HMU-
TupoBanu 10 ymapamu Kolpa — JIWHAMHYECKO-
ro motHomepa (CTB 1242-2000, macca rpy-
3a ~2,5 kr, BeIicoTa magenns 300 MM, Touka Kaca-
HHS — OCTPHUE KOHYCa C YIJIOM IpH BepinHe 60°) —
M0 OAHON W3 WX TOBEPXHOCTEH (BEpXHSSI T'PaHb
MPU TIOCIIEAYIOIIEM OTpENeICHUH TPOYHOCTH Ha
C)KaTI/Ie) YUepe3 KaAXKIBIC IIAATH HUKIIOB 3aMOpaXu-
BaHUA-OTTauBaHUA (HaCI)IHIeHI/ISI'BI)ICYIIH/IBaHI/ISI).

Ha puc. 2, 3 npuBeaens! rpaduueckue 3aBUCH-
MOCTH, OTpaKaloIllie BBIBICHHYIO TEHACHIIUIO
W3MEHEHUI TPOYHOCTH OETOHA Ha C)KATHUE W TIO-
CTpPOCHHBIE (3/1ECh U Jaliee) MO CPEeIHUM 3HAYCHH-
sIM pe3yJIbTATOB UCMBITAHUIN CepUil U3 TPEX-1IECTU
00pasioB mpu K03(pduIHeHTe Bapuanuy MpoYHO-
cta <8 %. Cnemyer OTMETUTH, YTO TIOCTIE MEPBBIX
10-20 uMKIIOB 3aMOpaKMBaHHUSI-OTTaUBAHUS B pac-
TBOPE COJIM WM B Boje U A0 10 UKIOB UCHBITA-
HUW Ha COJIECTOMKOCTH (IIMKJIBI HACHIIICHUSI-BBICY-
IIMBaHUS B CTAaTh€ HE TMPHUBEACHBI) MPOYHOCTH
o0pa3uoB OeToHa (OO YPOBHS CTaTWYECKOH Ha-
rpy3ku 10-20 MIla mist MeTKO3epHUCTOTO OEeTOHA
u 15-25 MIla g 6eToHa co meOHEM) HECKOIBKO
Bo3pactaer. Ilpuuem 3TO sBICHHE HMMEET MECTO
(ocobeHHO TIpH TITYOOKOM OXJIQKIESHHUU) TOJIBKO
B OETOHAaxX C JOCTaTOYHO BBICOKOW IIIOTHOCTBIO
CTpYKTYpHl. [Ipy mUKIMYEeCKOM 3aMOpakKMBaHUU-
OTTaWMBaHUU OeToHa (HampuMep, ITOCTHUTIIETO
MMPOSKTHOM MPOYHOCTH M XaPaKTCPUIYIOIIETOCs
CTeTeHpl0 TuAparaiuu 1ementa B 60-70 % mpu
Bozornoriomennn mo macce 3—4 %, xak B pac-
CMaTpUBaEMOM CJIy4ae) BCe XKe MPOJIOIDKAIT pas-
BHUBATHCSA (XOTS M MEJIEHHO) PEAKINH THAPATANN
LIEMEHTA.
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Puc. 2. TenaeHunst I3BMEHEHHUS! IPOYHOCTH KOHTPONIBHBIX (P = 0) 1 OCHOBHBIX 00pa3LoB 6eToHa
€CTECTBEHHOTO (1101 IJICHKOIT) TBEpACHHMS 10]] BO3ACHCTBUEM LIMKIMYECKOTO 3aMOPAKUBAHHSI-OTTaHBAHHUS
B cpene-Boje mpu t = —(50-55) °C u MexaHHYIECKO# HArpy3Ku: a — MEJIKO3ePHUCTHIH 6eToH; b — 6eToH co mebHem

Fig. 2. Tendency of changes in the strength of control (P = 0) and basic samples of natural concrete (under the film) hardening
under the influence of cyclic freezing-thawing in medium-water at t = —(50-55) °C and mechanical load:
a — fine-grained concrete; b — concrete with crushed stone
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OIHOBPEMEHHO C ITHM SIBICHHEM 3HaKOIEepe-
MEHHBIC TEMIIEPATYPHbIC BO3JEHCTBUS BBI3BIBAIOT
JNECTPYKTHBHBIE TIpoIecchl. B pesyiprare Ha
HAa4YaJbHOM JTalle WCIBITaHWN TpeBanpyeT d¢-
(hekT TOOYXICHHS THAPATAITMOHHOTO TIPOIlEC-
ca, BBIPAXKAIOIIUICS B POCTE MPOYHOCTH OETOHA.
C TedeHWeM BpEeMEHH HAYMHAIOT MpeodiagaTh
JNECTPYKTHUBHBIE SIBJICHHA, KOTOpBIE B paccMar-
pUBaEMBIX JIKCIIEPUMEHTAX YCHIJICHBI 3a CUET Me-
XaHUYECKOTO BO3ACHCTBUS TEPHOANYECKUA IPH-
KJIaJpIBaeMoii K oOpasuam Harpysku. [lox ee Bo3-
JICHCTBHEM BO3HHMKAIOT HAINPSHKCHUS B 00BeMe
[IEMEHTHOTO KaMHS (OCOOCHHO B 30HaX KOHTaKTa
€ro C 3aroJIHUTEISIMH), MPUBOJAIINE K MHUKPO-
TPEIIMHOOOPA30BAaHUIO W CHIDKCHUIO TPOYHOCTHU
OctoHa. B cirywae ucnonp30BaHUS TIpU 3aMOPaXKH-
BaHMHM-OTTAMBAaHUM  pacTBopa comu  3deKT
HAYaJbHOTO pOCTa MPOYHOCTH OETOHa B TpOIec-
ce UCTIBITAaHAN UMEET MECTO, HO MEHee 3HAUYNTEIICH
M KpaTKOBPEMEHEH, TaKk Kak Ha Ooiee paHHEM
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Puc. 3. TeHaeHIys U3MEHEHHS MPOYHOCTH KOHTPOJIBHBIX (P = 0)

1 OCHOBHBIX 06pa311013 MEJIKO3EPHUCTOI'O OeroHa
CCTCCTBCHHOI'O (HO,I[ HHCHKOﬁ) TBEPACHUS IO BO3}1€I>1CTBI/IGM
HUKIIMYECKOI'0 3aMOpPAXXUBAHUA-OTTAUBAHUS B paCTBOPE COJIN

npu t = —(50-55) °C u MexaHHUYECKO# HArpy3Ku

Fig. 3. Tendency of changes in the strength of control (P = 0)
and main samples of fine-grained concrete of natural
(under the film) hardening under the influence of cyclic
freezing-thawing in a salt solution at t = —(50-55) °C
and mechanical load

JTane MPOSIBISIETCS JECTPYKTHBHOE BO3JEHCTBHUE
COJIH.

ComnocraBieHre NaHHBIX O BIWASHUU Ha U3Me-
HEHHE TMPOYHOCTH OETOHAa CTATHYECKH IMPIIIO-
JKEHHOM W yJapHOW Harpy3oK CBHUAETEIbCTBYET,
YTO OTPHULATEIBHOE BO3JACHCTBUE AMHAMUYECKOMN
YAapHOW Harpy3Kd IPHUMEPHO COOTBETCTBYET (IO
(haKTUIEeCKUM JTaHHBIM CHIDKCHHS IPOYHOCTH Oe-
TOHA) YPOBHIO CTaThdeckoi Harpysku 6omnee 60 %
(T. e. ee YpOBHIO, COOTBETCTBYIOIIEMY BEpX-
Hell TpaHuIe TpemuHooOpazoBanusi Oetona [14]).
Ha nam B3risin, 5To cBsA3aHO ¢ TeM, 4TO U B Mep-
BOM, U BO BTOPOM BapHaHTax BO3JeHCTBUs Ha Oe-
TOH MEXaHUYEeCKUMH Harpy3KaMH B €ro CTPYKType
MOSBIISIIOTCS MUKPOTPELIMHBI, Pa3BUTHE KOTOPBIX
ycyryOsieTcsi IefiCTBHEM 3HAKOMIEPEMEHHBIX TEM-
neparyp u aedopmanuii, a TakkKe OPYTHX paHee
YIOMUHABIIHXCS (PAKTOPOB MPH 3aMOPaKWBAHUU-
orramBaHum OetoHa. [Ipm »TOM TOYEeYHO TpHIIO-
JKEHHBIE IUHAMHUYECKHEe Harpy3Kwm naxe Ooee
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OTacHBI (C MO3HUIMKA O00SCTICYCHHS JOJITOBEUYHOCTH
0ceTOHA), 9YeM CTaTHICCKUE.

Bovicoxonpounviti 6emon. DKCIUTyaTallHOH-
HbIE XapaKTEPUCTHKHA BBICOKONMPOYHOTO OeTo-
Ha (fom2s ~(100-110) MIla, koaddurment Bapua-
UM MIPOYHOCTH Ha CkaTHe <6 %) ¢ momudyHK-
IMOHAJIBHON [T00aBKOM — BOJIOIOIJIOIIEHHE IO
Macce, BOJOHENPOHHLAEMOCTh (IO  BO3OYXO-
MIPOHULIAEMOCTH), MOPO30CTOMKOCTH (TpeTuil Me-
TOJl MCIIBITAHUN B COJIEBOH Cpele) — ONpeaeisIn
M0 METOJMKAM JEHCTBYIOIIMX HOPMATHUBHBIX JO-
KyMEHTOB (Ta0i1. 2).

CocraB OeroHa ¢ MHOIM(PYHKIIMOHATBLHOU J0-
0aBKO HOMUHAIILHO OBLT OJIMHAKOB, HO IPH paB-
HOTIOJIBIDKHON OETOHHOHM CMecH XapaKTephu30Bal-
ca B/I1 = 0,34 noneii ex., a Takke HA ~5 % OOJb-
UM  PacXxoJIOM TBEpAO(a3HBIX KOMIIOHEHTOB,
TaK Kak €ro CpegHss IUIOTHOCTh Obuia OO0ib-
et (Pey ~ 2530 kr/M°), 4eM y 6eToHa 6e3 106aB-
KH (Pey ~ 2420 Kr/M°). BOIOHENPOHHIIAEMOCTH Olle-
HHUBAJIM II0 BO3AYXONPOHUIAEMOCTH C MOMOIIBIO
npubopa tumna «Arama-2P» mo 'OCT 12730.5-84 Ha
cepusix 00pasioB-kKy0oB (6 mrT.) ¢ pedpom 150 mm,
a MOPO30CTOMKOCTh — Ha CepUsiX 00pa3ioB-KyOOB
¢ peopom 100 mm.

B mporiecce ucnbiTaHWii HA MOPO30CTONKOCTD
BBICOKOTIPOYHOTO 0CO00 IUIOTHOTO OeTOHa OBLI
MOJTBEPXKICH (aKT JOCTATOYHO MPOJIOIKUTEIh-
HOro 1Mo BpeMeHH (puc. 4) pocTa MPOYHOCTH 00-
pasIoB MOJ BIHSHHEM IOIIEPEMEHHOTO 3amopa-
JKNUBAHUA-OTTAaUBAaHUA.

OO0BsiCHEHUE ATOMY SIBJICHUIO OBIIIO JTAHO B HC-
CIIETOBAaHMSIX OJHOTO M3 aBTOpoB [15] mo ycra-
HOBJICHHOMY (akTy pocTa NpPOYHOCTH 00Opas-
OB 0c000 IJIOTHOTO OeToHa cyxoro (OpMOBaHHUS
IIpyu  HUKINYECKOM 3aMOpaXMBaHUHU-OTTaWBAHUHN
C UCIOJB30BaHUEM CpeNbI-BOJBI (TIEPBBIA METOJ
mo ['OCT 10060.0-95). Ilpuunnoii pocra mpou-
HOCTH OeToHa SBIIsIETCS CBOeoOpa3HOE pa3Bu-

e (yrayOJjeHue) mporecca THApaTaIluy IieMeHTa
B TaKUX YCJIOBHSX, COMPOBOXKIAOIIEeCs MeJIeH-
HBIM POCTOM KOJHYECTBA HOBOOOpPa3OBaHHU, JIO-
MOJTHUTENGHBIM ~ YIDIOTHEHUEM H  YIPOYHEHHUEM
PCaKIMOHHBIX KaeMOK BOKDPYT HENPOTHUAPATUPO-
BaBIIIMX YACTHUI] [IEMEHTA.

«MexaHn3M» Tpoliecca CBsi3aH C JByMs (ak-
TopaMu. Bo-TiepBBIX, CTPYKTypa 0CO00 IUIOTHOTO
BBICOKOIIPOYHOTO OETOHA K MPOCKTHOMY BO3pacTy
(x Hayally CTaHJAPTHBIX UCTBITAHWA HA MOPO30-
CTOWKOCTB) XapaKTepu3yeTcsi HAINYUEM TOHKOJIHC-
MEPCHON TMOPUCTOCTH. A, Kak wm3BecTHO [16-18],
KUJIKOCTh, 3allOJHSIONIAS IOPHI CEUYCHHUEM Me-
Hee 0,1 MKM, HaXOIUTCS B aICOPOITMOHHO-CBS3aH-
HOM COCTOSIHUH, T. €. UCTIBITBIBAET OTPOMHOE JIaB-
JICHUE OT MPHUTSHKEHUS K TMOBEPXHOCTH TBEPIOU
(da3el ¥ TIpU Tepexojie B KPUCTAILITUYECKOE COCTO-
SIHUE TP OYCHb TIYOOKUX OTPUIATECIHHBIX TEM-
repaTypax HE yBEJIMYHUBAaeTCSI B o0beMe, o0pa3yst
nej1 WIoTHOCTEI0 Gosee 1 r/em’. To ecTh He OKa3bi-
BaeT JIABJICHHUSA HA CTCHKH OTPaHUYHMBAOIIETO €¢
00beM Kanmuyuisipa. Bo-BTOpBIX, HAIMYECTBYIOMIAS
B OoJiee KpPYIMHBIX MOpax OETOHA >KUIKOCTH TPE-
CTaBJIICT COOOW HACKHIIMECHHBIA TPOMYKTAMH THII-
ponu3a-TuapaTandy 1eMeHta pactBop. [lpum 3a-
MEp3aHUM €T0 B MEPBYIO OUEpEllb 3aMep3acT pac-
TBOPHTENb, T. €. BoAa. W mpu 3TOM TPOIYKTHI
THAPATAIN «OTXKUMAIOTCS» K OTrpPaHHYMBAIOIIAM
3TH 00BEMBI KPOMKAM PEaKIIMOHHBIX KaeMOK IIpO-
THAPATHPOBABINETO IeMeHTa. [locKobKy oOpasyro-
Iyecs: MPU 3TOM KPHUCTANIOTHIPATHl HE PacTBOPHU-
MBI B BOJIC, OHU IIOCTEIICHHO (C TIOBTOPOM IIMKJIOB
3aMOpaKMBaHUSA-OTTAUBaHHsI OETOHA) YBEINYUBAIOT
00BEM PEAKIOHHBIX KAeMOK U IUIOIIA/b UX B3aHUM-
HBIX KOHTAKTOB B IIEMEHTHOM KaMHE OCETOHA, 4YTO
OTpaXkaeTcsi B POCTE €ro MPOYHOCTH B IPOIEcce
IUKJIMYECKUX UCTIBITAHWH KaKk Ha MOpPO030-, TaK U Ha
COJIECTOMKOCTB (TIPH HACHIIIICHUH OETOHA B pacTBOpE
COJICH — BBICYITIIIBAHUH ).

Tabauya 2
Pe3ybTaThl OlIGHKH 3KCIITYaTAIIHOHHBIX CBOCTB BHICOKOIIPOYHOI0 0eToHa
Results of evaluating performance properties of high-strength concrete
BononenponunaeMocTb o
(10 B§3 (?H oélnuaeMocm) Moposocroiikocts
XapakTepucTika Bognonornomenne Ayxonp
cocrasa 6eToHa 1o Macce, % 3 KONMYeCTBO MUKIOB HACKITCHUS o
aj, eMm’/c Mapxka N . Mapxka
B 5%-M pactBope NaCl (1-i meroxn)
BBICOKOIPOYHBIH GETOH 2.4 0,0094 W20 37" (1000) F1000
BricokonpouHslii 6eToH
¢ oM YHKIIMOHATIBHOM
no6aBKoOi 2,0 0,0066 W20 37 (1000) F1000
“CocraB Ne 1 —c 1% mnactudukaropa (Ct) n 10 % TpaauIIMOHHOTO MHKpOKpeMHe3eMa, cocTaB Ne 2 — ¢ moMQyHKIHOHAIb-
noit gqo6askoii 1 % Ct + 0,5 % CH + 0,25 % CA + 1 % YIMK.
OKCIepUMEHT IpeKpalleH, Ho o0pa3nbl 6eToHa HEe UMEIOT Ie(eKTOB M MX IPOYHOCTH MPAKTHYECKH HA YPOBHE HCXOJHOM
(T. €. KOHTPOJIFHBIX O0OPA3LOB A0 HaYaua UCIBITAaHUH).
Mapxka 1o MOpo30CTOMKOCTH MPHBEJIEHA [JIsl 6ETOHA OOIIECTPOUTENLHOTO Ha3HAUCHHSL.
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Fig. 4. Change in compressive strength
of high-strength concrete during frost resistance tests

OHOBPEMEHHO C pa3BUTHEM 3TOTO Tpolecca
Ha CTPYKTypy O€TOHa OKa3bIBaeT BIUSIHHUE COBO-
KyIIHOCTb pPaHee IPHUBEICHHBIX JI€CTPYKTUBHBIX
¢dakropoB. IlpeBanupoBaHue BO3AECHCTBHA MPO-
JOJDKAIOMICHCS TUApAaTAllid LIEMEHTa OTPaXKaeTcs
B POCTE MPOYHOCTH OeToHa (puc. 1-4), a nmpeBau-
poBaHUE AECTPYKTUBHBIX (PAaKTOPOB — B €€ CHIKE-
HuH. [ OeToHa BBICOKOW MJIOTHOCTH, HENPOHU-
[AaEMOCTH M TIPOYHOCTH HAayalio W Pa3BUTHE IPO-
necca JIECTPYKIUHM 3HAYUTEITHbHO OTOJIBUTAIOTCS BO
BpeMeHH (puc. 1), yTo oGecrneunBaeT pocT KCILTY-
aTallMOHHOW HAJIKHOCTH M JIOJITOBEYHOCTH CTPO-
UTEIHHBIX KOHCTPYKIIMI Ha €ro OCHOBE.

B [15] nepuon pocta mpouHoctu OeToHa Hpu
UCTIBITaHUAX B cpene-Boze coctam 400—-600 nuk-
JIOB 3aMOPaXMBAHUSA-OTTAUBAHMUS, 3aTEM HAYAIOChH
MENJICHHOE CHW)KEHHE INPOYHOCTH, HO M de-
pe3 1000 nukinoB OHA MpeBbIIANIa HAYaIbHYIO
Ha ~6,0 %. B ananmmsupyemom ciydae, HECMOT-
ps Ha wucnoip3lyemyr cpeny — 5S%-ii pact-
Bop NaCl u 3amopaxuBanue npu t ~(-55) °C, sta
TEHJICHIIMSA B 1lesIoM ToBTOpsieTcsi. OcoOeHHO, eclin
COOTHECTH pE3YJIbTaThl UCIBITAHUA C TAaKOBBIMH
IUI CPedbI-BOABI (T. €. IO MEPBOMY METOXY OILICH-
KH MOPO30CTOHKOCTH Mapka OeToHa B 00OWX CITy-
yasgx coorBeTcTByer F1000). Ha mamr B3rsn,
OOIIHOCTh OTMEYEHHOW TEHACHLIMH H3MEHEHHS
MPOYHOCTH 0CO00 TUIOTHOTO OeTOHa B Tporiecce
HCIBITAHUM HAa MOPO30CTOMKOCTH M IIOKa3aTe-
7S MOPO30CTOWKOCTH 0a3upyeTcs Ha MPUMEPHOM
COOTBETCTBHMHU I1apaMETPOB €0 CTPYKTYphl. B pac-
CMOTpPEHHBIX CITydasXx MpH UMEoIeica pa3HHUIle
B YCIIOBUSIX U OCOOCHHO BO BPEMEHH IMPOBEACHHUS
UCTIBITAaHUI OETOH XapaKTepU30BaJCsl IpPaKTHU4e-
CKMM PaBEHCTBOM BEJIMYMHBI BOJONOITIOIIECHHS
mo macce (~2,0 %) W BOJOHENPOHUIIAEMOCTHIO
mapku W20. To ecTh CTpyKTYpHOE CTpocHHE (CO-
OTBETCTBEHHO IIOPUCTOCTE W MPOHUIAEMOCTB)
LIEMEHTHOI'0 KaMHsI B O€TOHe M OETOHa B LIEJIIOM
ObUIO IPUMEPHO HA OJHOM YPOBHE, YTO U OTpa3u-
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JIOCh B MPAKTUUYECKOM PABEHCTBE PE3yJILTATOB HC-
OBITAaHUH.

BBIBO/IbI

1. BBenenue B coctaB O0eTOHa BO3IyXOBOBIIE-
KalomMXx J00aBOK, OE3yCIIOBHO, CIIOCOOHO oOec-
MEYNUTh €ro MOPO30CTOHKOCTh Ha YpPOBHE Map-
ku F200 u naxe F300 npu ucHbITaHUSIX B COJICBOM
cpeae. C 1enplo AaibHEHIIETO MOBBIIICHUS MO-
po3ocToiikocTi OeToHa panuoHaIbHO IT0OMBATh-
Csl OJTHOBPEMEHHOTO YBEIHUYEHHS €ro TUIOTHOCTH
W HEMPOHHIIAEMOCTH HApsy C BBICOKOM MPOYHO-
cTeio. OnTUManbHOE COUYeTaHWE JTHX (HaKTOPOB
CIOCOOHO 00ECIeUUTh YCTOWYHBOCTH IIEMEHTHOTO
0eToHa K KOMIUIEKCHOMY BO3JEHCTBUIO JECTPYK-
THUBHBIX OKCIUTyaTallHOHHBIX (PAKTOPOB.

2. YCTaHOBJICHHBIE 3aKOHOMEPHOCTH  BIIMSHUS
MEXaHMYECKHX HATrpy30K TO3BOJISIOT MOHSTH TPHIU-
HBl YCKOPEHHOH JIeCTPYKIMU OETOHa, MOABEP >KEHHO-
ro B TpOLECcCe 3KCIUTyaTallud KOMIUIEKCHOMY BO3-
JEHCTBHIO CPE/Ibl, YCUIICHHOMY UX JEHCTBHEM.

3. Crnenyer OTMETHTBH, 4TO OIIEHKAa MOPO30-
CTOMKOCTH IIEMEHTHOTO OETOHAa IO CHWKEHHIO
MPOYHOCTH HAa 5 % OT MCXOOHOW AT BBICOKO-
npodHoro OeToHa He pauuoHanbHa. OyeBHIHO,
4T0 cHIKeHue npouHoct oT 80-90 Mlla u Gonee
Ha 5 % (1. e. Ha 4,0—4,5 MIla) npu mpaxTHYECKH
MOJTHOM COXPAaHEHWH CTPYKTYpPbl H IeJIOCTHO-
CTM MaTepHuaja, a TaKKe NPOYHOCTH Ha YpPOB-
He 75-85 MIla He cooTHOCHTCS ¢ TOTEpEH 3KCII-
JMyaTalMOHHOW HaJeXHOCTU. [IOHATHO, YTO Takon
O0eToH OymeT obOeclieuynBaTh €€ JINTEILHBIA TTepPH-
ox. B aroit cBs3u mpencTaBiIseTcss HEOOXOIUMBIM
KPUTHYECKH TEPEOLCHUTh TPeOOBaHUs IEHCTBY-
IOLIMX HOPMAaTHBOB 00 00s3aTeJIbHOM BBEACHUH B
coctaB 0eToHa (HampuMep, ITOPOKHOrO Ha3zHaue-
HUS) BO3TYXOBOBJIEKAIOMINX 100aBOK. EcTecTBeH-
HO, JUTSL 3TOTO HY»XHO TIPOBECTH MHOTOIJIAHOBBIE U
00bEMHBIE HCCIIEOBaHUS MPOOJIEMBI MOBBIILICHHS
MOPO30CTOMKOCTH OETOHAa C YYETOM BO3MOXHO-
CTel, KOTOpble 00ecreuynBaloT COBPEMEHHBIE XH-
MUYECKHE ¥ MHHEPAIbHbIC TOOABKH B YaCTH POCTa
€ro IUIOTHOCTH, HEMPOHUIIAEMOCTH W TIPOYHOCTH.
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Abstract. Scientific and practical calculations on the thermal stability of typical automobile road surface (semi-limited
objects) with fluctuations in air temperatures, transitions from positive to negative, with actual heat transfer coefficients,
thermal conductivity of components, specific mass isobaric heat capacities, material densities, periods of regular fluctuations
are presented. The study shows that temperature fluctuations occur in road surfaces, therefore deformations are brought about
in them, generating thermal cracks. Thermal deformations include free, proportional to temperature gradients, stressed defor-
mations due to temperature stresses, characterized by linear thermal expansion coefficients. In road materials, physical
and mechanical properties change over time: strength, moduli of elastic longitudinal deformations, shear, transverse defor-
mation coefficients. Thus, the temperature of pavement materials depends on the coordinates, time, and thermophysical chara-
cteristics of the materials. Thermal engineering calculations have shown that many road surfaces have limited thermal stabi-
lity; under the influence of relatively small external influences, they are more stable (supercooled water vapor exists for
a short time, turning into a liquid, saturated, supersaturated steam into a superheated liquid, this depends on the radiation char-
acteristics of the surfaces, the presence of external disturbances, etc.). Thus, a complex non-stationary thermal regime takes
place, when the temperature fields of the coatings, their gradients of temperature potentials, and masses depend on the boun-
dary conditions of the 1%-4™ kind. A citation analysis of the data of the Journal Citation Reports of world scientific serial
publications has been developed to carry out research on heat and mass transfer in road surface. The analysis shows that
in order to improve the reliability and durability of pavements, fundamental studies of both the physical and technical and
thermal properties of all components of road construction mixtures are of great importance.

Keywords: road surface, pavement, structure, heat- and mass transfer, coatings, heat exchange, characteristics, model, coef-
ficient, condition, research
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Civil and Industrial Engineering

TeMIIepaTypHbIe TPEIMHEL TeMmneparypHble JehopManiy BKIIOYAIOT CBOOOAHEIE, IPOIOPIHOHATIBHEIE TPAJHEHTaM TeMIIepaTyp
HamnpspKeHHbIEe JedopMaryy, o0ycIOBICHHBIE TEMIIEpaTypHEIMI HANPSDKEHUSIMH, XapakTepu3yemble Kod(QGUIUeHTaMH JIu-
HEWHBIX TeMIepaTypHbIX pacmupennii. C TedeHreM BpeMEHH B JOPOXKHBIX MaTepHaaX M3MEHSIIOTCS UX (pU3MKO-MeXaHUde-
CKHE CBOMCTBA: MPOYHOCTb, MOJYJIH YIPYTHX HPOAOJIBHBIX Ae(opManuii, caBura, Ko3GGUIHEHTHI TONEPEYHO AedopMalnHy.
Takum 00pa3om, TemIepaTypa JOPOKHBIX TIOKPBITHI 3aBUCUT OT KOOPJMHAT, BPEMEHH 1 TEIUIOQH3HIECKUX XapaKTEPHCTHK MaTe-
puasoB. TemIoTeXHUUECKUe pacueTsl MOKa3alld, YTO MHOTHE JOPOXKHBIE MOKPHITHSI UMEIOT OTPAaHMYEHHYIO TETIOYCTOHYHBOCTH;
IO/ BIMSHUEM CPaBHHUTEIFHO MAJIbIX BHEIHUX BO3/ICHUCTBHII O0see yCTOWUMBHI (IepeoXsIaX ICHHBIN BOJITHOM map yepe3 KOpOTKoe
BpeMsI IPEBPAIACTCs B )KHIKOCTD, 8 HACHIIIEHHEIH, TePEeHACHIIEHHBIN Iap — B IEPErpeTyIo KUIKOCTb, 3TO 3aBUCHT OT PaIHAIHOH-
HBIX XapaKTePHUCTHK MOBEPXHOCTEH, HAIMYNS BHEITHNX BO3MYIICHHUH U T. 1.). TO €CTh NMeeT MECTO CIIOXKHBIM HeCTAalMOHApHBIN
TETUIOBON PEXUM, KOIZia TeMITepaTypHBIe MOJIS MOKPHITHH, WX TPATUEHTHI ITOTEHIHATIOB TEMIIePaTyp, MAcChl 3aBHCAT OT IPaHNY-
HBIX ycloBHi 1-4-ro posa. Pazpabotan rurar-ananms ¢ npumeneHnem aannbix Journal Citation Reports or60pa MEPOBBIX HayYHBIX
CEpUIHHBIX U3JaHUH I BBINOTHEHUS MCCIIE0BAHMI 110 TEIJIO- M MacCOMEPEHOCY B JIOPOXKHBIX TTOKPBITUAX. AHAIN3 NMOKa3bIBAET,
9TO IS TIOBBIIIEHUS] HAJEKHOCTH M JONTOBEYHOCTH JOPOXKHBIX OZEXK]] BaXHBI (DyHIaMEHTANIbHBIE MCCIEIO0BAHM KaK (PU3HKO-
TEXHUYECKHX, TAK ¥ TEIIIOPHU3MUECKIX CBOHCTB BCEX KOMIIOHEHTOB JIOPOKHO-CTPOUTEIBHBIX CMECEii.

Kawuesbie ciioBa: JAO0pOKHast OACKAa, CTPYKTypa, TCIJIO- U MaCCONIEPEHOC, MOKPBITHA, TCHH006MCH, XapakKTEepUCTUKHU, MO-
J€Ib, K03(1)(1)I/ILII/ICHT, COCTOSIHHEC, UCCIICIOBAHUE

Jns murupoBanmsi: TermoTepMoqMHAMIYECKUE aClIeKThl TOPOKHbIX oxexa / b. M. Xpycranes [u ap.] // Hayka u mexuuxa.

2022. T. 21, Ne 1. C. 28-35. https://doi.org/10.21122/2227-1031-2022-21-1-28-35

Introduction

Roads at different temperatures constitute open
nonlinear heterogeneous thermodynamic systems.
All types of their deformations should be viewed
through the lens of synergetics referring to the
methodology of general scientific level focusing
the surface material components structuring at cri-
tical temperatures. The specific dissipative struc-
tures resulted from these processes are adapted to
ambient conditions for the reason that due to heat
and mass transfer the road pavement has a complex
structure formed under the dissipation of energy
and mass [1-4].

Such a pavement structure can be provided
considering the Benard effect when convection
occurs in a viscous liquid layer at a certain diffe-
rence in surface temperatures with the hexagonal
cells formation due to molecular motion or inten-
sity jump in heat transfer. In this case, with an
increase in the temperature difference, the rate
of convective heat transfer increases. With de-
creasing temperature, the pavement dissipates part
of the accumulated heat into the environment, and
temperature stresses change. Different defor-
mations occur when the stress of the ultimate
strength of the road components are identical;
removal of a part of the heat accumulated in the
road covering due to free surface deformation
acquires an abrupt nature. For example, a decrease
in air temperature by 30 °C leads to a change to
0.45-0.50 m in the road temperature pattern [5].

The ambiguous nature of heat and mass trans-
fer processes during road construction and service
creates the prerequisite for the multicomponent
secondary resources technology with the effective
recycling of used materials containing assessment
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of their properties, heat and mass transfer process-
es, their physical and technical indicators for spe-
cific mixtures. At the same time, the durability,
thermal and physical specification, energy effi-
ciency of road pavement depend on validity of
their physical and mathematical models.

Pavement models and structures

Start with, it is necessary to determine the area
of research on methods of generalizing information
on mass and heat transfer; factual materials and
much more besides. The quantity of the patented
road materials and the possibilities of experimental
research can be brought into compliance by in-
creasing the quality of experimental work or by
optimizing the calculations [6-10].

Analysis of the mechanisms of heat and mass
transfer processes in road objects should facilitate
the relocation of research on engineering the mate-
rials with contemplated properties from the labora-
tory into a multidimensional mathematical inquiry
model. Multidisciplinary specialists should initiate
modern pavement concept depending on the re-
quired material pattern.

The calculation of thermophysical characteris-
tics of ingredients, mixtures, composite materials is
usually performed applying analytical dependen-
cies and correlation obtained because of phy-
sical models and experimental data approximations
upon which they are accepted. Physical models of
pavements can be considered corpuscular, conti-
nuous, corpuscular-continuous, etc.

Corpuscular models characterize physical
properties of systems depending on their structure,
forces of interaction between its molecules, atoms
and the nature of their thermal motion. Continuous
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models represent the road pavement and its single
components as a continuous medium. Then, based
on the study of various transfer processes, the de-
pendences of the effective coefficients of transfer
from the structure of their ingredients and concen-
tration are determined [7, 11].

Corpuscular-continuum models consider the
road pavement as a solid body; the molecular
theory allows calculating the physical properties
of a substance with its other known physical pro-
perties. Combined methods focus on mixed models
applying a phenomenological approach to the cal-
culation of generalized conductivity. They have
proved to be effective in the methods of molecular
physics that closely reflect the transport processes
in many systems, and enabling analytical determi-
nation of coefficients of generalized conductivity
of heterogeneous thermodynamic system.

In addition, the structure with closed inclusions
contains a binder in which components that are not in
contact with each other are distributed. A specific
feature of this structure is the continuity of binder
components in different directions and their discrete
arrangement. Obviously, the components are geomet-
rically unequal in a structure with inclusions. Granu-
lar and bonded materials from monolithic particles
are considered as systems between structures with
inclusions and interpenetrating components. Since
the contacting elements, pores have a continuous
range of solid ingredients, voids, therefore, there are
no breaks in the contact zones of the particles, and the
contact surface is much smaller than the cross-
sectional area of the components. During heat and

mass transfer of granular materials, the area of their
contact changes and can be transformed into a system
with interpenetrating components.

In some cases, it is advisable to classify road
pavement by the structure nature, the number
of ingredients, their aggregate state, physical and
chemical processes of component interaction and
consider them as mechanical and non-mechanical.
Mixtures are mechanical where the coefficients
of generalized conductivity of the initial ingredi-
ents do not depend on their concentration and are
not typical heterogeneous systems.

There is no gainsaying that a clear boundary
between heterogeneous and homogeneous systems
not always occurs. The secondary research based
on the works by G. N. Dulnev, Yu. P. Zarichnyak,
R. Collins, A. V. Lykov and others shows the
spontaneous processes in road pavement evolve
towards equilibrium state [1-5, 7, 11, 12]. It is
worth noting that roads located under various cli-
matic conditions and consideration should be given
to the following physical and mechanical types of
moisture bonding in the capillary-porous spaces
of road and other objects held in undefined propor-
tions (Tab. 1) [4].

In road structures, depending on the construc-
tion technology, climatological factors, their opera-
tion, schemes of various models of road material
elements (for example, combined structures with
interpenetrating components and inclusions, struc-
tures with interpenetrating components, with inclu-
sions of various shapes: spherical, cubic, etc.) can
be represented as follows (Fig. 1) [1, 5, 11].

Table 1

Types of moisture bonding in road surface materials [12]

Structural bonding

Bonding in microcapillaries

Bonding in macrocapillaries Hydration bonding

Gel formation
upon direct contact

Water absorption from the air

Water absorption upon direct
contact in through capillaries
and from the air in closed
through capillaries

Water adhesion upon direct
contact with the road surface

Water is captured during
the gel structure formation

Capillary pressure due to the
liquid surface curvature

Surface tension characterized
by a contact angle ® to 90 °

The same

Gelatinous bodies (1 % solids +

+ 99 % water) 10° cm

Coating with capillaries r up to

Coating with capillaries r more

Non-porous hydrated
than 107° cm

(hydrophilic) surfaces

Mechanical water retention,
monomolecular layer
adsorptively bound

Mechanical bonding of water (side layer adsorptively bound)

Mechanical water retention
(surface moisture layer
adsorptively bound)

Evaporation, moisture squeezing
by pressure, structural failure

Higher pressure than capillary, evaporation

Mechanical methods,
evaporation

The body changes its properties,

a quasi-solid body is formed.
Water immobilizes in the structure
and changes its properties

The bulk of the absorbed water is free and retains its properties. The body retains its basic
properties changing some of them due to the adsorbed water formation
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Fig. 1. Structural schemes and models of mixtures in road surface materials

Thermodynamic stability of road pavement

The studies have shown that low external influ-
ences contribute to the transition from the labile
state of the road platform structure to the stable
one. States of relatively stable equilibrium (meta-
stable) are those states when the road surfaces keep
in for a long time, and low external influences that
cause changes in the thermophysical parameters of
the road do not lead to a transition to other states.
In other cases, the road platform should be consi-
dered in a metastable state persisting intermediate,
relatively stable and labile [13].

If the system does not exchange heat, mass,
mechanical work with the ambient environment the
specific internal energy and specific volume are
usually constant for it. Since the entropy of an iso-
lated system tends to a maximum, therefore, it is
maximum in an equilibrium isolated road system
(ds=0), Tds>du+ pdv, i.e. ds>0 for irrever-
sible processes in isolated systems. The > sign corre-
sponds to an unstable equilibrium of road surface.

If S = Spay then ds=0; d’s< 0 arguing the en-
tropy to be maximum in equilibrium. When the
road pavement interacts with the environment,
the equilibrium conditions change and depend on
the intensity of the interaction of the “road plat-
form — ambient environment” system.

The following conditions for mass thermophy-
sical interactions (junctions) of the road platform
(with air, upper atmosphere) are known:

a) the heat exchange occurs in the “road plat-
form — ambient environment” system at constant
values of pressure and entropy;

b) the specific volumes of the road platform
components are constant, the heat exchange with
the environment is stationary (dv = 0, ds = 0);

Hayka
urexHuka. T. 21, Ne 1 (2022)

c) if du<Tds—pdv then u=ugpn du=0,
d’u>0:

d) as s=const, p=const (dp=0, ds=0)
since h=u+pv, dh=du+ pdo + vdp, therefore,
dh <Tds+vdp and consequently the criterion
of road platform equilibrium is h = hp, dh=0,
d*h > 0.

Significant factors affecting the calculation ac-
curacy when the probability of transition from one
state to another increases (vapor — water, ice — wa-
ter, etc.), in addition, some substances in the solid
state have several phases. For example, water is
in a liquid state in temperatures of 0-100 °C and
under atmospheric pressure, it turns into ice at 0 °C
and under atmospheric pressure, and it turns into
a vapor state at a temperature above 100 °C. When
the pressure changes, the temperature changes
at the points of phase transitions: from the liquid
phase to the gaseous and vapor phases, here the
heat is spent on expansion work and overcoming
the intermolecular interaction forces and destroys
the associated complexes with a decrease in the
substance density [13].

During melting and sublimation the heat of
phase change is spent on the crystalline failure
of the elements. Change from solid to gaseous
phase usually occurs at low pressures (the so-cal-
led sublimation); the reverse process is desublima-
tion where the phase densities change sharply:
melting and vaporization.

Therefore, the conclusion is in the disunity of
research in the mathematical modeling of the cal-
culation of thermal and moisture processes in real
road objects. In this regard, based on the calcula-
tion profile the goal is to establish and develop
effective experimental studies of restored, erected,
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and modernized road objects with the most com-
prehensive consideration of the specifics of impact
on them of thermodynamic mass transfer factors,
design solutions and other features [6, 7].

To achieve this, the following tasks were con-
sidered:

— to develop physical and mathematical models
of the processes in various road pavement bases on
the known solutions of the internal heat and mass
transfer under various boundary conditions as close
as possible to real ones;

— on the basis of the obtained solutions, the de-
velopment of engineering calculation methods for
the optimal thermophysical design of single and
multi-layer roads as well as substantiated methods
of field studies of road objects for heat and mass
permeability were implemented.

The scientific novelty of the project is the
presentation of combined methods for calculating
heat and mass transfer processes in multilayer road
pavement with various thermal, physical and me-
chanical specifications, boundary and initial condi-
tions. At present, there are data of calculating the
thickness of hydroaerodynamic and thermal
boundary layers under boundary conditions of
the 1°-3" types [2-4]. At the same time, it was
assumed that the road durability during the opera-
tion period is a mix of preventive road mainte-
nance, measures for the road traffic engineering
and safety when its transport with operational con-
dition and safety are ensured taking into account
the rainfall intensity, constructive, heat and mass
transfer specifications of covering.

In this case, the mathematical problem state-
ment should include a correction of differential
equations of heat and mass conductivity, radiation-
convective factors describing the process of heat
transfer through the layers of pavement, initial
conditions, temperature field in them and on the
surface at the initial time point, boundary condi-
tions, internal and external problems. Internal
problems are related to real thermodynamic pro-
cesses, heat and mass transfer in various systems
of road pavement with justified coefficients of
thermal conductivity, vapor and mass permea-
bility, filtration and under boundary conditions of
the 1°-4™ types. The external are related to the
specific handling a problems of heat and mass
transfer from interfacing cement-concrete surfaces
of road pavement (sand, soil, concrete, etc.), heat
and mass conductivity potentials, coefficients
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of heat assimilation, potential, heat, and thermal
diffusivity, etc. In this case, the decisive function is
of the temperature fields at stationary and non-
stationary heat mass flow, in thermal, dynamic
boundary layers characterized by sharp tempera-
ture fluctuations, their gradients of heat assimila-
tion, heat and mass stability, isotherms of sorp-
tion — desorption.

Road pavement in various climatic regions can
be represented as flat, single- and multi-layered,
with curved surfaces where the temperature differs
from the temperature of the “incident” (contacting)
liquid: droplet, vapor, gaseous, etc., at flow rates
depended on coordinates, aero-, hydro- and gas-
rheological parameters (Fig. 2) [2]. Obvious mana-
geable (correlated), uncontrollable factors depend
on multifactorial efficiency determined by capital
investments, construction duration, economic and
environmental sustainability, minimum accident
rate (people, transport, etc.), construction techno-
logy, operation, development of design and com-
puter comprehensive proposals (justification),
practical solutions.

External air flow

}/,.-" Dynamic boundary layer

N Iy T R
Y = __— Thermal
| ,/ T | — boundary
- — / il ' layer
NRNENZENZNENENENNZ: 0 W77 X
81, M, C1, 1, Ot P /Q// 4
OOt T BN
82, A2, C2, P2, QL2 v S 2\ \\\ \\
/ NS
83, A3, C3, P3, O3 '/ts / ///
/./// /.//\L’/,//,

Vo
Fig. 2. Diagrams of dynamic and thermal boundary layers

on a partially heated cement-sand road
pavement (heated areas are shaded)

Differential and integral curves of material pore
size distribution were obtained for various types of
concrete hardening. Structural specifications of
cement-sand and other materials of external en-
closing structures are presented using X-ray micro-
analyzers. Diagrams of the dynamic and thermal
boundary layers at various sections of the cement-
sand road pavement as well as stereo images of the
surface fracture, filtration flow dependence on
pressure drops at various moisture content and ma-
terial density are shown in Fig. 3, 4.

Hayka
uTexHuka. T. 21, Ne 1 (2022)



Civil and Industrial Engineering

Fig. 3. Stereo images of the fracture of the cement-sand samples surface (500 times magnification)
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Fig. 4. Dependences of filtration flows on pressure drops at different moisture content and density of materials

Stable equilibrium of road surface

A state of relatively stable equilibrium (meta-
stable) is a state when the road surface keeps in for
a long time, and slight deviation in road thermo-
physical parameters do not lead to local changes.
The task is to determine an equilibrium state for
each directed real and spontaneous process. A road
pavement is a system that does not exchange heat
and work with the ambient environment, there-
fore, the internal energy and specific volume are
constant for it; the entropy tends to a maximum,
i. e. dS = 0 for reversible processes, and dS > 0
should be assumed for irreversible processes.

The isobaric-isothermal potential decreases in a
metastable region reaching a maximum in an equi-
librium state and the only type of pavement work
in the process of interaction with the ambient envi-
ronment is expansion. The internal energy, entro-
py, free energy, isobaric-isothermal potential cha-
racterizing the conditions of thermodynamic road
equilibrium with the ambient environment are the
main equilibrium functions with the characteristic
property [4, 13, 14]:

P Hayka
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—if the characteristic function represented by
corresponding function for each variable is known
then any thermodynamic quantity can be calcu-
lated;

—if the internal energy is presented as a func-
tion of the specific volume and entropy then the
other thermodynamic parameters are determined

from the formulas: p = (E) , T = (a—ujv
V) oS

The entropy, free energy, isobaric-isothermal

potential, etc. are calculated with the known u, v, S,

p, T. If the enthalpy h is known as pressure func-

o
The internal energy, dependences of free ener-

gy on the volume V and temperature T are calcu-
lated with the known h, p, S, T from the formulas:

(ahj (ah)
p=—| 2| s=—| 22,
oV ) oh),

I, u, h, ® are determined with the known F, V,
T,p, S h:

tion, entropy function then: T :(%) ,v:[ah] .
p s
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()l o
op )7 dT ),

If we know the dependence of isobaric-iso-
thermal potential ® on pressure p, temperature T
it is possible to calculate the internal energy and
other quantities. From the equilibrium condition
for an isolated single-phase system, the tempe-
rature and pressure are the same. In a two-phase
system, the general condition for phase equilibrium
is that substances and their masses pass from one
phase to another.

For a system with V.

st = CONSt, m

st = CONSt,

u = const:

\% =V1 +V2; msyst :n]1+m21 (2)
where 1, 2 — indices corresponding to the first and
second phases.

In contrast to a one-dimensionally isolated sys-
tem, in addition to the known V and u, the sub-

stance masses in each of the subsystems are
known:

m=m, +m,; U=U; +U,; 3)
dVl =—dV2; dml = _dmz;
du, =—du,; dS, =0; Sg=S,+S,.  (4)
Consequently

ds, . =dS, +ds, =0. )

syst

Let us consider the expression for the total dif-
ferential entropy of the subsystem (1). Obviously,
the entropy of the subsystem S; should be regarded
as a function of the volume V;, mass, i. e.

S, = f(Vy, u, m). Accordingly:

dSlz a_sl : du1+ a_sl :
ou, v, oV, s

dv, +(@) dm,,
om, "
since:

(@j _1 (éj _P. (@j __©
Uy T V) T'lom), T
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Therefore, the expressions for the first and se-
cond subsystems may be written as:

1 P :
ds, = —du, + 2V, —%dml,

1 1 1

1 p
ds, = —du, + 2V, —%dmz.

2 2 2

Thereat [1]

LD PP gy, -
Tl TZ Tl T2

—| 2 P2 lgm, 0.
T, T,) ¢

For the equality of the left side of the equa-
tion, the factors at the differentials must be equal
to zero [2]:

Tl TZ

P P2,
, Tl T2 , T1 TZ

Therefore, if the phases are in equilibrium their
temperatures, pressures, chemical potentials are
equal to each other as in a system with the number
of existing phases more than two.

CONCLUSIONS

1. Processing of analytical and experimental
engineering calculations of thermal stability of tra-
ditional highway pavement suggests to consider
them as semi-limited bodies with cyclical tempera-
ture fluctuations in atmospheric air, heat transfer
coefficients, convective heat exchange in an unli-
mited space with natural, forced convection, ra-
diation — between the atmosphere, surfaces of
roadside construction objects, forest plantations,
vehicles. Nonstationary heat transfer occurs at the
temperature fields, their gradients, and mass ratios
correspondence to boundary conditions of the 1%
to 4™ types.

2. Research, computational analysis of physi-
cal, technical, heat and mass transfer processes in
road pavement, their coverings, boundary thermal
and dynamic layers show the importance of stu-
dying such indicators as a coefficient of linear
thermal expansion, thermal diffusivity, heat assi-
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milation of mixture components, etc. upon which
strength, reliability and durability of road pave-
ment including road covering and roadbed de-
pend on.

The research has been carried out in accordan-
ce with the National key R&D Program of China
(SQ2018YFE010143) and the implementation of the He-
nan innovation demonstration project (191110211500)
with the support of the Henan Center for Outstanding
Overseas Scientists, Grant Number G;ZS 2018006
(People’s Republic of China, Henan Province).
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Cueruienne 0€TOHA BOCCTAHOBJICHUS C KOPPO3HOHHO-AECTPYKTYPHMPOBAHHOM
’KeJ1e300eTOHHOM KOHCTPYKIUe
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Pedepart. Cremenne 6eTOHOB SBISIETCS PEIIAOMINAM (HAKTOPOM IIPU BOCCTAHOBICHUH PabOTOCIOCOOHOCTH KeIe300e TOHHBIX
KOHCTpYKIMi. Bo BpeMs skcIuTyaTanny xxene300eToHa B arpecCUBHOM Cpejie arpecCHBHBIE areHTHl Yepe3 HOPHI ¥ KaULIPBI
MIPOHUKAIOT K apMarype, KOTOpash HauMHaeT KoppoampoBaTh. OOpasyromuecss NPOIYKTHI KOPPO3WH 00JIaNaroT OOJIBIINM
00BEMOM, YeM caM METaJUI, ¥ CO3MAI0T JABJICHUE HA 3alIMTHBINA Ci1oi OeToHa M3HYTpH. B KOHEYHOM cueTe, OH OTCIaNBaeT-
csl, He3alWIIEHHAs apMaTypa eIle WHTCHCHBHEE pa3pyIIaeTcs, W BCKOPE KOHCTPYKLHUS TepsieT HEeCYyIlylo CIOCOOHOCTS.
CranmapTHOE BOCCTAaHOBJICHHE BKJIIOUAECT B ce0s OYHCTKY ITOBPEXKICHHOH ITOBEPXHOCTH, MOIOJHHUTEIBHOE apMHUpPOBAHHE
u 00eToHMpOBaHUE KOHCTPYKIMU. OFHAKO YacTO CILyCTsS HEKOTOpOE BpeMs HaOoAaeTcs OTCIOEHHE PEMOHTHOIO OeTOHa.
OTO MPOUCXOIUT MOTOMY, YTO HOBPEXKICHHBIN KOPPO3HEH ClIoi He oOecreunBaeT KaueCTBEHHOTO CLEIJICHUS «CTaporoy» Oe-
TOHa C «HOBbIMY». [IpuunHa — B pa3pyLIEHHH CTPYKTYPHI MMOBEPXHOCTHOTO CJIOSi OSTOHA arpecCHBHBIMU BO3ICHCTBHSIMH.
B GonpiInHCTBE CilyyaeB arpecCUBHBIM areHTOM BBICTYIAET YIJIEKUCIHBIN ra3. VccienoBanue BIUSHUA YIJIEKHCIOTO ra3a Ha
LIEMEHTHbIH KaMeHb MOKa3alo pa3pyllieHne KPUCTAUIMYECKOro KapKaca MaTepHana U CHIDKEHHE €ro KOI'€3MOHHOW MPOYHO-
ctu. MukpogoTorpadun MoBpeKISHHOTO U HEMOBPEKICHHOTO KOPPO3Heil IEMEHTHOTO KaMHs, C/ICNaHHBIE C YBETMYCHUEM
B 7000 pa3, yObenquTenbHO JeMOHCTPUPYIOT Pe3yIbTaThl Pa3pyLIUTEIbHON PaboThl YIIEKHUCIOTHL. JTO CYHIECTBEHHO BIUSIET Ha
cuerienue. [IpumMeHeHne GOpPCUPOBAHHOTO pa3orpeBa PEMOHTHOH CMECH TpH €€ YKIaJKe B KOHTaKT C MOBEPXHOCTHIO BOC-
CTaHaBJIMBAEMON KOHCTPYKIMH BeJeT K IOSBICHHIO TEMIEPATYPHBIX I'PAJMEHTOB, ycunuBaomux tepmoauddysuto. U uem
Oosblile TeMIlepaTypHBIN I'PaJUeHT, TeM MHTCHCUBHEE U TIy0XKe NPOHMKHOBEHUE NMPOILYKTOB PACTBOPEHUS LIEMEHTA U3 pe-
MOHTHOT0 OeTOHa B TeJI0 OETOHAa BOCCTaHABIMBAEMOW KOHCTPYKLUHMU. A 3TO, B CBOIO OY€PE/ib, CIOCOOCTBYET NPOIUTHIBAHUIO
MIOBPEXICHHOTO IEMCHTHOTO KaMHs JKUIKOH (a3oii M3 peMOHTHOM GeToOHHOM cMecH. KpucTamin3ysich, IpOAyKThI pacTBOpE-
HUS [IEMEHTa (OPMHUPYIOT B MOBPEKICHHOM LIEMCHTHOM KaMHE HOBYIO KPHUCTAJUTHUECKYIO CTPYKTYPY, KOTOpas yCHIHMBACT
€ro KOT'€3MOHHYIO IPOYHOCTH U CBSI3BIBAET PEMOHTHBIM OSTOH C HEMOBPEXKICHHOH CTPYKTYpoOil 6eTOHa BOCCTaHABIMBAaEMOW
KOHCTPYKIIUH, TAPAHTHPYSI KAYECTBO CLETICHHSI.

KniodeBble cj10Ba: jkene300€TOHHBIE KOHCTPYKIMH, BOCCTAHOBIICHHE, YITIEKHUCIIBII ra3, kapOoHu3anus GeToHa, CIEIUICHHE
0eToHOB, OETOHHAs CMeCh, (POPCUPOBAHHEIN pa3orpeB

Jist uurupoBanusi: Monoaus, B. B. CueruieHre 6eToOHa BOCCTaHOBJICHHS ¢ KOPPO3HOHHO-AECTPYKTYPUPOBAHHOM JKeie30-
6eronHoil koHCcTpyKIwei / B. B. Monoaun, C. H. Jleonosuy // Hayka u mexuuxa. 2022. T. 21, Ne 1. C. 36-41. https://doi.
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Bonding of Recovery Concrete with Corrosion-Destroyed
Reinforced Concrete Structure
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Abstract. The adhesion of concrete is a decisive factor in restoring the performance of reinforced concrete structures.
During the operation of reinforced concrete in an aggressive environment, aggressive agents penetrate through the pores
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and capillaries to the reinforcement which begins to corrode. The resulting corrosion products have a large volume than the metal
itself, and create pressure on the protective layer concrete from the inside. Ultimately, it exfoliates, the unprotected reinforcement
is destroyed even more intensively, and soon the structure loses its bearing capacity. Standard restoration includes cleaning the
damaged surface, additional reinforcement and concrete coating of the structure. However, after sometime, peeling of the repair
concrete is often observed. This is because a layer damaged by corrosion does not provide high-quality adhesion of the “old”
concrete to the “new” one. The reason is the destruction of the structure of the surface concrete layer by aggressive influences.
In most cases, carbon dioxide is an aggressive agent. The study of the effect of carbon dioxide on cement stone has shown the
destruction of the crystalline framework of the material and a decrease in its cohesive strength. Micrographs of cement stone
damaged and undamaged by corrosion, taken with magnification 7000 times, convincingly demonstrate the results of the destruc-
tive work of carbon dioxide. This has a significant effect on grip. The use of forced heating of the repair mixture when it is placed
in contact with the restored structure leads to the appearance of temperature gradients that enhance thermal diffusion. And the
greater the temperature gradient, the more intense and deeper the penetration of the cement dissolution products from the repair
concrete into the concrete body of the structure being restored. And this, in turn, contributes to the impregnation of the damaged
cement stone with the liquid phase from the repair concrete mixture. Crystallizing, the cement dissolution products form a new
crystalline structure in the damaged cement stone, which enhances its cohesive strength and binds the repair concrete to the intact
concrete structure of the restored structure, ensuring the quality of adhesion.

Keywords: reinforced concrete structures, restoration, carbon dioxide, concrete carbonation, concrete adhesion, concrete
mixture, forced heating

For citation: Molodin V. V., Leonovich S. N. (2022) Bonding of Recovery Concrete with Corrosion-Destroyed Reinforced
Concrete Structure. Science and Technique. 21 (1), 36—41. https://doi.org/10.21122/2227-1031-2022-21-1-36-41 (in Russian)

BBenenne

[Ipu BoCccTaHOBIIEHUU PAOOTOCTIOCOOHOCTH HKe-
N1e300€TOHHBIX KOHCTPYKIUH, JUTMTEIHHOE BpEMs
SKCIUTyaTUPOBABIIIUXCSL B arpecCUBHOM cpene, 4da-
e BCEro MPUMEHSETCS TEeXHOJIOTHUS MOHOJUTHON
0001MEI. [ToBepXHOCTh pa3pyIICHHONH KOHCTPYK-
UM TINATEIHHO OYHUINAETCS, B OCHOBHOM C HC-
MI0JIb30BAHUEM IECKOCTPYWHON TEXHOJIOTWH, a 3a-
TeM OOETOHUPYETCS C TOTIOJTHHUTEIHHBIM apMHUPO-
BaHueM (puc. 1).

a b

| S=rare

R i
Puc. 1. BoccraHOBIEHHE KEI€300€ TOHHON KOJIOHHEI
C UCIIOJIb30BAHUEM TEXHOJIOTMH MOHOJIUTHOM 00OIMBI:
a — JIONOJIHUTEIbHOE apMUPOBAHUE; D — yKiiaska peMOHTHON
OeTOHHOH cMecH B ONaIyOKy

Fig. 1. Restoration of reinforced concrete column
using monolithic cage technology:
a — additional reinforcement; b — laying repair
concrete mixture into formwork

OnHako B TPaKTHKE BOCCTAHOBICHUS KOH-
CTPYKIIUH, Pa3pyMIUBIINXCS BCIEACTBHE DKCILTya-

P Hayka
urexHuka. T. 21, Ne 1 (2022)

Tallid B arpeCcCUBHOM cpejie, yale MpH OJHOCTO-
poHHEM OOETOHMPOBAHWHW, HAOIIOMAETCS OTCIIOC-
HUE PEMOHTHOTO CJOd OT BOCCTaHaBIMBaeMOMN
KOHCTPYKIMHU. DTO BEAET K Pa3BUTHUIO KOPPO3UHU
HeCyIlle KOHCTPYKIMHU, HO TEHEPh YKE CKPBITOM
PEMOHTHBIM cCJIoeM. B OCHOBHOM Takoe Npouc-
XOJUT WH3-32 HEKAueCTBEHHOI'O WIM HapylleH-
HOTO CIICTUIEHHUS] «CTapoT0» M «HOBOT0» OETOHOB
B 30HE MX KoHTakTa. [IpuumHa sTOro — paspyue-
HUE CTPYKTYpHl TIOBEPXHOCTHOTO CJIOS OE€TOHa
arpeCCUBHBIMUA BO3ICHCTBHSIMH. JI7Is1  OOJBITHH-
CTBa CIIy4aeB arpecCHBHBIM areHTOM BBICTYIIaeT
YIJIEKUCIIBIH Ta3.

Kapoonu3anus 6eTona
U EMEHTHOT0 KaMHsl

VYraexkucnbld ra3, WM JUOKCUJ  YIJIEpO-
na (CO,), — obs3aTeNbHBIH U HEOOXOMUMBIH KOM-
MOHEHT BO3/yXa, CPEAHssT KOHIEHTPALUs KOTOPO-
ro B arMocepe Ha CErOAHSIIHUN JCHb JIOCTHUT-
na 417,1 ppm (MAJUTMOHHBIX TOJIeH MO 00BEMY),
umu 0,042 % [1]. [IpuauHbl 3TOTO — €CTECTBEHHBIE
WCTOYHHUKHU (TIEpETHUBAHWE OPraHWYECKHUX MaTe-
puanioB, Beigenenue CO, okeaHamu, MPHUPOTHBIC
MOKaphl, H3BEPIKESHUS BYJIIKAHOB) M aHTPOIIOTCHHAS
AMHCCHS (CKUTAaHUE WCKOIIAEMOTO TOIUINMBA, BBIPYO-
Ka JIECOB I10[] 3eMJICHIOJIb30BaHUE U NIPOMBIIUICHHBIE
BBIOpOCHI). [Ipu 3TOM BEIOPOCHT YTIIEKHCIIOTO Ta3a 3a
CUeT MEATETbHOCTH YeJOBeKa YBEIWYHUBAIOTCS II0
Hapacratomeii [2]. Jlunepamu BeIOpocoB CO, B at-
Mochepy B 2020 r. ctanmu Kwurait (11535,2 M 1),
CIOA (5107,0 mma 1), UEmms (2597,36 muH T)
u Poccus (1792,02 mun 1) [3]. B Poccuu 45,9 %
IUOKCHA YTJIEpoAa BBIAEISAETCS MeTaJLTyprude-
CKUMH 3aBojamu, 24,7 % — mpeanpuATUAMHU T10
MIPOM3BOACTBY NPOAYKLIMH W3 MUHEPAIHHOTO CHI-
pe4, 7,2 % — XUMHYECKON MPOMBIIIIJICHHOCTHIO [4].
OTO0 BeACT K TOMY, YTO KOHCTPYKIUHU 3IaHUi
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U COOPYKCHUH B JaHHBIX OTPACISAX MPOMBIILICH-
HOCTH, a TakXKe B HEKOTOPHIX IPYTHX (Hampumep,
MUIIEBOIN) AKCIUTYaTHPYIOTCA B YCIOBHUSX AKTHB-
HOMW YTJIEKUCIIOTHOM arpeccuu.

Hecymue u orpaxparomue KOHCTPYKIIMU, KO-
TOpPBIE UCHOJB3YIOTCS JJII CTPOUTENBCTBA TIPO-
MBIIUICHHBIX 3/IaHUH, KaK MMPaBUIIO, WU3TOTaBIINBa-
I0TCSL M3 Kelle300€TOHa, OCHOBOM KOTOPOTO SIBIIS-
€TCsl IEMEHTHBIN KaMeHb — Pe3yJIbTaT THApaTaliu
nemenTta. UccnenoBanmsimu 11. A. Pebunnepa [5],
O. I1. MuennoBa-Ilerpocsina [6] 1 IPYTHX YYEeHBIX
YCTaHOBJIEHO, YTO IIEMEHTHBIA KaMeHb (OpMHUpPY-
€TCsI U3 MAacChl, TPEICTaBIIAIONIel co00i YacTHIIBI
HEPA3JIOKUBIINXCSA 3€peH IIEMEHTHOTO KIIMHKEpa,
OKPYKCHHBIX T€JIeM JBYXKAaJbIIEBOTO THUIAPOCH-
JIUKaTa, HENPEPHIBHO KPUCTAJUTM3YIOUIUICS Tellb
Ca(OH), u pacrymme UWroipyaThle KpPUCTAILIBI
THUAPOKCHUIA KAIBIUSI M TPEXKAIBIUEBOTO THUAPO-
amromuHara. ChopMUpOBaBIIasICsl U3 3TOW MacChl
CTPYKTypa IIEMEHTHOT'O0 KaMHSI — 3TO B OCHOBHOM
TUTOTHBIN THPOCUIINKATHBIN T€Ih C BKIIFOUEHHBIMU
B HETO IIACTUHYATHIMU (pazaMu (THAPOATFOMUHA-
TBI, THAPOCYNIb()OATIOMHHATHI, THIPOKCH] Kalb-
must) [6]. IlpudeM KpHCTaUTBI TPEXKAIBIIHEBOTO
THUAPOATIOMHUHATA U KPUCTAIIIB TUAPOKCUAA Kalb-
ust 00pasyloT TEepeTuIeTaoNIyIOCs HroIbYaTyI0
CTPYKTYpy HamojoOme BOWIOKA, CIEMEHTHPO-
BaHHYIO TeJleM THUIPOCHIINKaTa Kaibius (puc. 2).
Brarogapst Takoil CTpyKType MPOYHOCTH 3aTBEp-
JIEBIIIETO IIEMEHTa U O€TOHA OYeHb BhICOKa [7].

L D26 x7.0k 10 um

TM-1000_0543
Puc. 2. Mukpodororpadust CTpyKTypsI IEMEHTHOTO KaMHS,
He pa3pyLIeHHo# yraekucioToi (yBemmdaenue B 7000 pa3)

Fig. 2. Micrograph of cement stone structure,
not destroyed by carbon dioxide (magnification of 7000 times)

Crnenyer 3aMeTUTh, YTO CIOXKHBIIASACS CTPYK-
Typa LIEMEHTHOTO KaMHS IIPOHU3aHa YacTOH CEThIO
Nop ¥ KamwuIIpoB, c(pOPMHUPOBABIIMXCS B TOM
YHcJie Ha MECTe MUKPOOOBEMOB TEXHOJIOTMYECKOM
BOJIBI, TOTPeOOBABILIECHCS I CMaYMBaHUSI KOMIIO-
HEHTOB 0eTOHa M y/00CTBa MepeMelBaHus OeTOH-
HOI cMecH IIpH €€ PUTOTOBJIEHUN M HE HCHOJIB30-
BaHHOW BITOCJIEICTBHH JUIS THIPATALUH IIEMEHTA.
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C onmHOW CTOpPOHBI, CHCTEMa IMOp ¥ KaNMUIAPOB
BITUSIET HA IPOYHOCTHBIE XapaKTEPUCTUKH MATEPH-
ama, a ¢ Ipyrod — OOyCIOBIMBAET €ro KOMIICH-
CaIlMIOHHBIC BO3MOXKHOCTH, 00€CIeUnBaeT Croco0-
HOCTh Marepuajia MpoIycKaTh 4epe3 ceds moj
BIIMSIHUEM PA3IMYHBIX TPAAUCHTOB [§] ra3sl, B TOM
YHCIIE C arPECCUBHBIMUA KOMIIOHECHTAMH.

Koppo3ust HaunHaeTcss Ha TIOBEPXHOCTU KOH-
CTPYKIIMH U Pa3BUBACTCS BIIyOb — B TIOPHI M Karui-
JISpBI  IEMEHTHOTO KaMHs. CTENeHb BO3JCHCTBHS
ra3a Ha MaTepHall OMpENeNsIeTCsS BUAOM W KOHIICH-
Tpalmel KUCIIOThI, KoTopas oopasyercs, koraa CO,,
COJIepIKAIIMICS B BO3yXE, PACIPOCTPAHSIETCS Yepes
OTKPBITBIE TOPHI OETOHA W PACTBOPSETCS B BOJE,
HaxoJsIlIencs BHYTPU. be3yclIOBHO, arpeccHBHOE
BO3JIEHCTBHE YITIEKHICIIOTO ra3a 3aBUCUT OT TEXHOJO-
TYecKuX (haKTOPOB M YCIIOBHUHM JKCIUTyaTallll KOH-
crpykin. OHO 3aKITIOYaeTcsl B HEUTpaTU3aluy 110-
BEPXHOCTHOTO CJI0si OSTOHA U OOpa30BaHUU B HEM
COEIMHEHUH, MEHSIOIINX €ro cBoMcTBa. B3anmonei-
CTBHE VIJICKHCIOTHI C TUIPOKCHUIOM  KaJbIIUS
HEeUTpanu3yeT NOCIeAHUN, U 3aIUTHBIN cJI0i OeToHa
TepsieT CBOM CBOICTBA.

HccnenoBanusMu mporeccoB Koppo3uu Oero-
HOB [8] yCTaHOBJIEHO, YTO TMOJ BO3JCHCTBUEM
arpecCHBHOTO BEMIECTBA MHHEPAIbl HEMEHTHOTO
KaMHS TIepEepOKIA0TCS B KOHTIIOMEPAT HEPACTBO-
PUMBIX COEIMHEHHUH. YTJIEKHUCIOTa BCTYNAET B pe-
aKIHWIO C THAPOKCHIOM KalblHs, B pe3ybTare ue-
ro oOpa3yercst KapOOHAT KaIbIIHS

Ca(OH)z + C02 —> CaCO?,,L + HQO (1)

ITponykThl peakuuu BBIIETSAIOTCS B TBEPIOH
(aze B BUIE PBIXJIBIX OCAJKOB WJIM IJIOTHBIX IUIE-
HOK Ha TMOBEPXHOCTH NOp M Kamuuiapos [1].
3T HOBOOOPA30BaHMS CO3JAIOT «3aBAJIbD) B Karul-
Jsipax, TEPMETUYHO 3allevyarbiBasi WX, U HapacTaro-
niee comnpotuBienne UGQPy3ur B HOBEPXHOCTHOM
cioe 6erona. KapboHat kanblus ocaxxaaeTcs B BULIE
HEpacTBOPUMBIX KpPUCTAJJIOB, puMepHO Ha 12 %
npeBblasi 00beM HCXOAHOTO THAPOKCHAA Kalb-
uus [9]. Ot1o emie Gonblie yIUIOTHSIET KapOOHATHBIN
cioi. OTHOBPEMEHHO YIJIEKHCIIOTa BCTYNAeT B pe-
aKIMIo ¢ KapOoHaTOM Kaiblus. B pe3ymnbraTte obpa-
3yeTcsl paCTBOPHMBI OMKapOOHAT KaJTBIH

CaCO; + CO, + H,O0 — Ca(HCO3),.  (2)

KoneuHno, co BpeMeHeM OMKapOOHAT KabIIHs
YaCTUYHO BBIMBIBACTCS M3 OCTOHA M YBEIMYHUBACT
00BpeM TIOp, HO 3TO HE OKA3bIBAeT CYIIECTBEHHOTO
BIUSHAA Ha AUGGY3UOHHYIO TPOXOIUMOCTH IS
KUJKOCTEH U ra3oB.

PazpyiienHas BoO3neMCTBUEM KHUCIOTBI UTOJIb-
gaTtasg CTPyKTypa MaTephalia JHIIAeT IIeMEHTHBIN
KaMEHb YIPOYHSIOUIEH OCHOBBI, U OH TE€pSET KOre-
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3UOHHYIO IIPOYHOCTb, COXpaHss IPU 3TOM H3Ha-
yanpHylo QopMmy. Ha cHuMmKe, caenaHHOM ¢ Io-
MOIIbI0 MIEKTPOHHOTO CKAaHUPYIOLIETO MUKPOCKO-
na TM-1000 B UHcTUTYyTE XMMHMH TBEPJOTO Tesa
u mexaHoxumun Cubupckoro otnenenust PAH,
KOMKOBAaThle 00pa30BaHuUs U IUICHKH JHIIb MECTa-
MH CIIUTHI BOJIOKHHCTBIMH CyOMHKpPOKpHCTaJUIa-
Mu (puc. 3) W Marepuan MPAaKTUYECKH MOTEpsLI
MOHOJIMTHOCTb.

TM-1000_0531 8 x70k  10um

Puc. 3. Mukpodororpadust CTpyKTypsI IEMEHTHOTO KaMHS,
pa3pymeHHol yriexucinoroi (yBenmdenue B 7000 pasz)

Fig. 3. Micrograph of cement stone structure,
destroyed by carbon dioxide (magnification of 7000 times)

MexaHu3M cuenieHust «cTaporo»
H KHOBOI'0» 0€TOHOB

CletuIeHHe «CTaporo» U «HOBOT0» OETOHOB TIPH
BOCCTAHOBIICHUM KOHCTPYKIMH —0OOecrieunBaeTcs,
C OZIHOW CTOPOHBI, aAre3uel — CocoOHOCTHIO MaTe-
pUana TpWIMIATh 32 CYET MEKMOJEKYISPHOTO
B3aUMOJICHCTBYSA, C NPYyroil — mudQy3ucii, T. €. B3au-
MOTIPOHUKHOBEHHEM OJIHOTO MaTepuania B JAPyrou.
IIpu koHTaKTe 3permoro OeroHa ¢ OSTOHHOH cMe-
ChIO BKIIOYAIOTCS 00a MexaHusma. [Ipoucxomut
MPUJINIIAHUE BSI3KOW OCTOHHOW CMECH K IMOBEpX-
HOCTH 3penoro 0OeToHa, W OJHOBPEMEHHO KHII-
kas ¢asza cMecu, NpeICTaBistomias co0oil Boay
C HaXOJAIIIUMUCS B HEH MPOJYKTAMH PAaCTBOPEHHUS
[IEMEHTa, MUTPUPYET U3 CBEKECYIONKESHHOU OCTOH-
HOM CMecCH B 3peblil OETOH 110 MOpaM U KamwLIs-
paM 3a CUCT BbIpaBHUBAHUA KOHHGHTpaHI/II‘/'I BCIIIC-
CTBa W pa3HUIBI Temmeparyp. [nyOuHa mpoHUK-
HOBCHUA 3aBUCUT OT BECINYHNHBI XUMHWUYCCKUX U (1)1/1'
3MYECKUX TPAJUCHTOB, TOJKAMIIUX IKUIKOCTh
BHYTpPb MaTepHaa.

Ilpu yknagke OCTOHHOW CMeCH B HEMOCPE-
CTBCHHOM KOHTaKT€ CO 3peibIM OETOHOM B HOp-
MaJIBHBIX YCIIOBHSX B PabOTy BKIIOYAIOTCS ajre-
3us1, 6apoauddysust, repmoauddysus u quddysus
3a cyeT rpaaueHTa KoHueHTpauud. [Topsook rpa-
JUEHTOB, (opMmupyomux AupQy3uio, HEBETUK U
HNPUMEPHO OJMHAKOB. Bkias B cuernsienne 6eToOHOB
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aare3uy U cyMMapHoi nuddys3un Takxke mpumep-
HO OJIMHAKOB, M B CyMM€ OHH 00€CIIEUHBAIOT TEX-
HUYECKH HEOOXOUMYIO TPOYHOCTh CLICIIICHHUS.
AJre3us CKIEMBAET MO TIOBEPXHOCTU. MHUTpH-
pymoinas B 3pesiblii 0eTOH Bjara HeceT B cebe pac-
TBOPEHHBIC MPOJYKTH TUApPATAIMH KIUHKEPHBIX
3€pEeH — pPacTBOPHUMBIC IIEIOYM U COJIM, a TaKkKe
TUAPOKCUJ Kanblus [6]. B manmpHelieM mpoHUK-
ITHE B 3peNblid OETOH MPOIYKTHI THAPATAIINN B BH-
Jle THIPOCHINKATOB U THAPOKCHIOB IPEBPAIaIOT-
Cs B TeNb W Jlajiee — B KPUCTAIUIMIECKUE CPOCTKH.
Bo3zHukaromue HOBOOOpa3oBaHUs BMECTE C aJire-
3WEH CBS3BIBAIOT 3PEJbIA M TBEPJCIONINIA OCTOHBI
H 00eCIeYnBalOT HX KAYECTBEHHOE CIIEIUICHHE.
Crout 3amMeTHTb, 94TO YeM HHTeHcHBHee auddy-
3MOHHBIN TIEpEeHOC, TEM HaJe)KHEe CIICTIICHNE.

Bo3sMmoskHocTH Tepmoaugpy3nu
NP BOCCTAHOBJICHUH KOHCTPYKIHUIA,
MOBPEKACHHBIX KOPPO3H el

Kak ycranoBneno panee [10], moBepXHOCTHBIN
CJIOW ’KeJe300€TOHHBIX KOHCTPYKIWH, IATENb-
HO€ BpEMS SKCIUIyaTHPOBABILUXCS B YCIIOBUAX
YIJIEKUCIOTHOM arpeccuy, HMEeT CYLIECTBEHHO
CHIDKEHHYIO KOTE€3HMOHHYI NPOYHOCTH. Toumu-
Ha 3Toro ciod 3a 30 JeT 3KcILIyaTalul MOXKET J0-
crturath 25 mm [11].

XapakTtepHasi 111 OETOHOB ajre3usi 0OecIedu-
BaeT NPWINIIaHUEe OETOHHOM CMECH K ITOBEPXHOCTH
LEMEHTHOT'O KaMH$ C Pa3pyIIeHHON KpucTainyde-
CKOH CTpPYKTYpO#, OTBEUarolleld 3a KOIe3HUH0.
Juddy3us mpu Manblx TpaJHeHTaX KOHIICHTpa-
LUK, JaBJICHUS U TEMIIEPaTyphl JaeT ciaboe mpo-
HUKHOBEHHE HOBOOOpa3oBaHWI n3 OETOHHOI cMe-
CH BIIyOb 3pejioro OeToHa ¢ pa3pyIIeHHOW CHIIO-
BO# cTpykTypoil. OHa He 00eCIeunBaeT JOCTHKE-
HUS BHOBb (DOPMUPYIOIIMMHUCS KPUCTATUINICCKH-
MH CPOCTKaMH TJIyOWHHBIX, HE TPOHYTBIX pa3py-
IIUTENBHOW KOPPO3HEH MAacCCUBOB LEMEHTHOIO
KaMHsl. DTOMY CHOCOOCTBYET U YaCTHUHOE «3aKy-
MOPUBAHUE» BXOJOB B KANMWUIIPHYIO CHCTEMY
LEMEHTHOTO KaMHs 00JIOMKaMHU €ro KOMIIOHEHTOB,
pa3pyILIeHHBIMH YTIEKHUCIOTOH [8].

OueBuIHO, YTO «HOBBIN» OCTOH TPHU YKIAIKE
B KOHTaKT€ CO «CTapbIM», UMEIONINM pa3pylIeH-
HYIO KOppO3ueil OBEPXHOCTb, Onarofaps aAre3uu
n guddysun «uemssieTcs» TOMBKO 3a pa3pylIeH-
HBIE CTPYKTYpHI LIEMEHTHOro KamHs. B mocnemyro-
IeM TPH BO3MOXHBIX JedopManusx W APYyTrux
CWJIOBBIX BO3ACHCTBUAX Ha BOCCTAHOBJICHHYIO
KOHCTPYKLHUIO IIPOUCXOAUT HApYIIEHUE €€ LIeJI0CT-
HoctH. Paspymienue maer mo ocnabieHHBIM KOp-
po3ueil 30HaM MEXIy HETPOHYTHIM Pa3pyLIUTENb-
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HBIM BO3JCHCTBHEM KHCJIOTHI MAaCCHBOM IIEMEHT-
HOTO KaMHS W TIPOIIUTBHIM KPHUCTAITMIECKUMU
CPOCTKaMH TOCTPaJABIINM MPUIIOBEPXHOCTHBIM
cioeM. OTO M ABIAETCS OCHOBHOM MPUYMHOW OT-
CIIOCHUSI PEMOHTHOTO CJIOSl Y BOCCTAHOBJIEHHBIX
JKEeJIe300€ TOHHBIX KOHCTPYKITHH.

W3BecTHO, YTO C TIOBBIMIEHHEM TpagueHTa
TEMIIEpaTyp CTPEMHUTEIHHO HapacTaeT TepMOAm(]-
tdy3us (3dpdexr Cope). Mosnekyabl KOMIOHESHTHI €
OonplIeld Maccoil CTpeMATCs TIepeTH U3 00IacTH
BBICOKHX B 00JIaCTh 00Jiee HU3KUX TemrepaTyp [9].

IIpn HarpeBe ynoxeHHOH OETOHHON cMmecH
BOCCTAHOBJICHHS «IIPUPOTHBIA HACOC», (HOpMHUPYS
Pa3HUIy MApIHaIbHOTO TABJICHUS, TOJKAET JKU-
KYI0 KOMIIOHEHTY M3 OCTOHHOW CMeCH IO Kamui-
JSIPHOW CHUCTEME KOPPOAMPOBAHHOTO OETOHA B €T0
riryOuHHBIe 30HBL [Ipu 3TOM Yem Goiblie Temrie-
paTypHBIi mepenaz, TeM IIyOXe MPOHMKHOBEHHE
HOBOOOPA30BaHMH.

PeHTreHOCTpyKTYpHBIA aHaNW3 MOPaXKEHHBIX
KOppO3ueil 00pa3lioB OETOHA, HAXOIMBIIUXCS B
KOHTaKTe ¢ (OPCUPOBAHHO pa3orpeToil OeTOH-
HOM CMECBIO, BBIIOJHEHHBIH C MOMOIIBIO MPUOO-
pa D8 ADVANCE (Bruker), ocHameHHOro mpo-
rpammoit  Search, mokasan mpu TeMmIepaTypHOM
rpaguente 80-100 °C/cm Hanuyue THOPOKCHIA
Kallbllus — MPOMEXYTOUHOW (a3bl THIpATAIUU
LeMeHTa Ha rryouHe 15—45 MM B 3aBUCHMOCTH OT
MTOATOTOBKHY MTOBEPXHOCTH [12].

CrnenoBatenbHO, XuAKas (asza U3 pa3orperon
PEMOHTHOM cMecH O BIUSHUEM TEMIIEPATypHOTO
(dakTopa dYepe3 cHCTEMY KallWUISIPOB, YaCTUYHO
3arpOMO’KJI€HHBIX 3aBaJlaMi U3 KOMKOBATHIX 00pa-
30BaHWH W TJIEHOK — MPOIYKTOB pa3pyLIeHHS Iie-
MEHTHOTO KaMH$, MOYKET TIPEOJI0JIETh TIOBPEXKICH-
HYI0 TIPUIOBEPXHOCTHYIO 30HY U JOCTHYBL HEMo-
BPEXKICHHBIX MACCHBOB, YaCTUYHO MPOHHMKAS U B
Hux. U3 comepkammxcsi B KUAKOH (haze Mpoayk-
TOB PACTBOPEHHs IIEMEHTAa B KaNWJUIApax MOTYT
c(hopMHPOBATHCS KPUCTAIUTMYECKHAE CPOCTKH, KO-
TOpPBIE YKPEIAT pa3pyLICHHbIA KOPPO3UEH ClIoH U
COCZIMHAT HOBOOOPAa30BaHUSAMHU PEMOHTHBIN OETOH
C HEMOBPEXKIEHHBIM MAaCCHBOM BOCCTaHAaBJIHMBae-
Moro O6eToHa.

CHUMKH CTPYKTYpBI Pa3pyIIeHHOTO YTIIEKHC-
JIOTOW IIEMEHTHOTO KaMHS, TOJBEPTIIETOCsS Tep-
MOTIPOIIUTKE ITOCPEACTBOM (POPCHPOBAHHOTO Pa3o0-
rpeBa PEMOHTHOW OCTOHHON CMECH, YJIOKEHHOU B
HETIOCPEJCTBEHHOM KOHTAaKTe C OXJIaXIACHHBIM
00pa3IoM, HMMEIOUUM KapOOHU3UPOBAHHYIO TI0-
BEPXHOCTb, TOKa3bIBAIOT MOSBICHUE CPeI KOMKO-
BaThIX 00pa30BaHU U TUIEHOK (ITPOAYKTOB paspy-
LICHUS] LIEMEHTHOT'O KaMHs) HOBBIX KpUCTaJIM4e-

CKHX CTPYKTYp (pHC. 4).
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HccnenoBanue cuemieHust oOpas3LoB, BBIIEP-
JKAHHBIX B Cpe/ie YIVIEKUCIIOrO ra3a U B HOpMallb-
HBIX YCJIIOBUSX, a 3aTeéM 3a0€TOHMPOBAaHHBIX C
(OpCUPOBAaHHBIM PAa30IPEBOM CMECH, IIOKA3aJlo
CYLIECTBEHHOE MPEBBIIIEHUE MPOYHOCTH Ha pas-
pBIB IIPOTHB O0pa3noB, 3a0CTOHMPOBAHHBIX U
TBEPICBIINX B HOPMAIBHBIX YCIOBHAX (pHUC. 5).

. ?‘.ﬂ ‘

x7.0k 10 um

TM-1000_5559

L D35

Puc. 4. Muxpocgororpadust CTpyKTypsI HIEMEHTHOTO KaMHS,
Pa3pyIIEHHOTO YITIEKUCIOTOH M BIOCIIEICTBHY IOJBEPTIIIErocst
TEPMOIIPOIHUTKE KUAKOH (ha3oil M3 peMOHTHOI cMecH
npu ee hopcupoBaHHOM paszorpese (yBemmdeHue B 7000 pa3)

Fig. 4. Micrograph of cement stone structure
destroyed by carbon dioxide and subsequently subjected
to thermal impregnation with liquid phase from repair mixture
during its forced heating (magnification of 7000 times)
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Puc. 5. 3aBUCUMOCTD TMHEHHBIX AeOpManuii OT yCHIIUS
PAcTsDKEHUs Ul 00pa3LoB: | — MOABEPrIIMXCS
TepMOo0OpaboTKe 1 TBepAEBLINX Oe3 Bo3aeiicTBHs
YIJIGKUCIIOTO Ta3a; 2 — MOABEPIIInXCcs TepMooOpadboTke
Y TBEPAEBLIMX B CPEAE YIVICKUCIIOTO rasa;

3 — He NO/BEPraBIIMXCs TEPMOOOPaOOTKE U TBEPACBIINX
0e3 BO3JeHCTBHS YIIIEKHCIIOTO rasa

Fig. 5. Dependence of linear deformations on tensile
force for samples: 1 — subjected to heat treatment
and hardened without exposure to carbon dioxide;

2 — subjected to heat treatment and hardened

in carbon dioxide; 3 — not subjected to heat treatment

and hardened without exposure to carbon dioxide

BbIBO/IbI

1. UccnenoBanust CTPYKTYpPbl HEMEHTHOTO KaM-
HSl B MOBEPXHOCTHOM CJIO€ OCTOHHBIX KOHCTPYK-
LUH, TOJIBEPraBUINXCS JIUTENBHOE BpEMS BO3ZEH-
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CTBHUIO YTJIEKHCJIOTO Ta3a, MOKa3ald, YTO HTOJIb-
yaTas CTPYKTypa KPHCTAUIOB TPEXKaJIbI[EBOTO
THUAPOATIOMUHATA U THAPOKCHIA KaJbIHs B OOIb-
IIeH WM MEHBIICH CTENCHH OKa3bIBACTCS paspy-
IICHHOM, a KOTe3WOHHAs MPOYHOCTh MaTepualia
CYIIIECTBEHHO YMEHBIIIACTCSI.

2. IToBpexxeHHBI KOppo3ueill cinoil He obec-
MEYMBACT KAYECTBEHHOTO CIEIUICHUS «CTapOro»
0CeTOHA C KHOBBIMY, YTO CIYXHUT NPUYHUHON OTCIIO-
eHus 0eTOHa BOCCTAHOBJICHUS OT OETOHAa BOCCTa-
HABJIMBAE€MOI KOHCTPYKIIMH.

3. [lpumenenue (GOpPCUPOBAHHOTO pa3orpeBa
CMECH, YKIIAJBIBAEMON B KOHTAKT C BOCCTAHABIIH-
Ba€MOW KOHCTPYKLMEH, BBI3bIBACT IOSIBICHUE
temriepatypaoro rpaamenra mgo 100 °C/cm, dro
B CWJIy BO3HUKAIOMIEH Pa3HHUIBI MapIHAaIbHOTO
JIaBieHus (popMHUpyeT TOTOK XHUAKOH (hasel U3
PEMOHTHOW OETOHHON CMecH depe3 CHUCTEMYy Ka-
MWUISPOB MOBPEKJICHHOTO OETOHA BriIlyObh BOCCTa-
HABJIMBAGMON KOHCTpYKIUH. Kpuctamimsyscs,
MPOAYKTHl PacTBOPEHUS IIEMEHTa (OPMUPYIOT
HOBYIO KPUCTQJTMYECKYIO CTPYKTYPY, YaCTUYHO
BOCCTAHABIIMBasi KOT'€3UOHHYIO MPOYHOCThH MOBPE-
JKICHHOTO KOPPO3Uel MaTepuaia U cpamuBas Oe-
TOH BOCCTAaHOBJICHHS W HEIOBPEKICHHBIN OCTOH
BOCCTaHABIMBaeMOH KOHCTPYKIIUH.
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Abstract. The paper examines two methods of choosing the initial reference point for exergy of the moist air flow. The first
method is characterized by a zero exergy value at the current temperature and humidity of the outdoor air, which are variable
both in daily and annual periods. Another is characterized by constant values of parameters of moist indoor air (its tempera-
ture and humidity in the room). A comparative study has shown the advantages of the second method: greater stability
of values in air processing processes and their convenient presentation on exergy chart. However, it should be noted that this
method provides a non-standard technical representation in which the entire energy flow is reduced to zero. The climatic in-
formation (temperature and humidity of the outside air) for numerical-analytical experiment has been used from official open
sources. The city where the air conditioning system was supposedly installed is Stavropol. The research has been carried out
in the summer and cold periods of the year. It is assumed that there are not installed any large heat sources in the room and
the main heat sources appeared depending on the period of the year. Additionally, the air conditioning system was equipped
with a recirculation line from the serviced room with a mechanical ventilator. The recirculated air entered the mixing chamber
in the air conditioning unit which is reducing the consumption of heat energy in the cold season. There are the processes of air
conditioning on the Ramzin's h—d-diagram for warm and cold operational modes of air conditioning unit, the air conditioning
system under consideration.
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Oco0eHHOCTH IKCEPreTHYeCKOro aHAIN3a
B CHCTeMAaX KOHAUIMOHUPOBAHUSA BO31yXa

JloKT. TexH. HayK, npod. B. U. Hpoxoponl), unx. C. B. Tpommylcl), acm. M. A. Pazakos™?

YMockosckuii TOCYIapCTBEHHBIN CTPOUTENbHBIN yHUBepcuTeT (MockBa, Poccuiickas deneparis),
2MockoBcKHuii sHepreTuieckuii mHCTUTYT (MockBa, Poccuiickas ®emeparius)

Pedepat. Uccnenyrorcss nBa MeToja BeIOOpa HAYaIBHOM TOYKM OTCUETa JKCEPTUH IIOTOKA BIIAKHOTO BO3myxa. IlepBerit
XapaKTepHu3yeTcs HyJIEeBbIM 3HAYEHHEM 3KCEpIruH NpH TEKyIIeH TeMIepaType M BIaKHOCTH Hapy>KHOTO BO3[yXa, KOTOpPbIE
U3MEHSIOTCSI KaK B CyTOUYHBIE, TaK U B TOJIOBBIE MEPUOABI, APYTOi — MOCTOSTHHBIMU 3HAYEHUSIMH N1apaMETPOB BIIAKHOTO BHYT-
pEeHHero Bo3ayxa (€ro TeMIepaTypsl U BIaXKHOCTU B roMenieHnn). CpaBHUTEIBHOE HCCIEIOBAHUE IT0KAa3aI0 IPEUMYIIECTBA
BTOPOr0 MeTOJa: OOJIBIIYIO CTaOMIBPHOCTh 3HAUCHUH B Ipoleccax oOpaboTKM BO3Ayxa M yNOOHOE MX INpEACTaBIEHHE Ha
JKcepreTuueckoit quarpamme. OfHAKO CleTyeT OTMETHTh, YTO JAHHBIH METOJ| JaeT HECTaHIapTHOE TEXHUYECKOE MpeCTaB-
JIeHHEe, B KOTOPOM BEeCh ITIOTOK PHEPTUH CBOIUTCS K HYIO. [l YHCIICHHO-aHAJMTHIECKOTO SKCIIEPHMEHTa HCIIOIb30BaIN
KIIMMaTHYeCKHe JaHHBIE (TeMIIepaTypy U BIaKHOCTh HApyXKHOTO BO3/yXa) U3 O(HIUATBHBIX OTKPEITHIX HCTOYHUKOB. ['opor,
rJie MPEANONIOKHUTENHHO ObllIa yCTAHOBJIEHA CHCTeMa KOHUIIMOHUPOBaHKs Bo3ayxa, — CtaBponous. [IpoBeneHune uccienosa-
HUM OCYyLIECTBIATIOCH B JIETHUH M XOJOAHBIM NepHoabl roga. [IpuHUMamM, 4yTo B NMOMEIIEHUH HET KPYIHBIX HCTOYHUKOB
TEIIIOTEI, & OCHOBHBIE U3 HUX INOSIBISIINCH B 3aBUCHMOCTH OT IIepHoJia rofa. JJOMOIHUTENPHO CHCTeMa KOHIUIIHOHNPOBAHHUS
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BO3JyXa 000pyIOBalIach PEHUPKYIIIUOHHON JIMHMEH M3 OOCIYy)KMBAeMOTO MOMEMIEHHS C MEXaHHIECKHM HOOYKICHHEM.
PenupkyaainuoHHsIil BO3AyX momajal B KaMepy CMENIEHHUs B MPUTOYHOI yCTAaHOBKE, TEM CaMbIM OOecreunBas COKpalie-
HHE pacxola TeIUIOBOM dHEPrHy B XOJOIHBINH mepuox roga. IIpuseneHsl npoueccsl 00paboTku Bo3ayxa Ha h—d-guarpamme
Pam3uHa 171t TEIUIOrO M XOJOMHOTO PEXUMOB PAOOTHI IPUTOYHON YCTAHOBKHU, PacCMaTpPUBAEeMOIl CHCTEMBI KOHIUIIHOHUPO-

BaHUs BO3ayXa.

KiiroueBble cioBa: dKceprus, AuarpamMma skcepruu, h—d-amarpamMma, KOHIUIMOHMPOBAHHE BO3MyXa, dHEProcOepexeHue,

BIIAXKHBIA BO3YyX, DOHEPrust
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Introduction

As a rule, the analysis of energy parameters
of air conditioning systems is carried out using the
balance method, taking into account only the first
law of thermodynamics. The drawback of this
method is that it does not differentiate types of
energy and their energy value in relation to the
environment. The very concept of the environment
is hidden in the analysis, and the strengths and
weaknesses of individual processes and sectors of
the energy-consuming system are not disclosed.
Therefore, the method of thermodynamic analysis
using the concept of exergy (a workable part
of energy) has, in our opinion, insufficiently em-
ployed reserves.

The classical development of the exergy me-
thod of thermodynamic analysis was commenced in
the end of the XIX century (A. Stodola, L. Guye)
and continued during the entire twentieth centu-
ry (Z. Rant, Ya. Shargut, R. Petela, V. M. Bro-
dyansky, V. S. Martynovsky, S. S. Dolinsky and
others).

The exergy method of thermodynamic ana-
lysis is based both on the first and the second laws
of thermodynamics and allows to take into ac-
count the quality of energy in terms of obtaining
a useful effect under specific environment condi-
tions (t and d) [1-4]. Based on the evaluation of
purely physical processes, the exergy method
allows to find the most important areas of applica-
tion of energy-saving engineering [5-8] and to
define new technical requirements for air condi-
tioning systems ensuring their “innovative” deve-
lopment [9]. At the moment, the method under
consideration has found application in many bran-
ches of industry [10-12].

Although the state of the system with the mi-
nimum potential difference relative to the envi-
ronment has traditionally been selected as the refe-
rence point for exergy, this choice is complicated
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in case of air conditioning systems because there is
no stability of environment conditions [13-15] and
the value of exergy increment of air flow is sign-
variable.

Methods of exergy efficiency assessment

Efficiency of major units of air conditioning
installation. While attempting to assess the effi-
ciency of the air conditioner unit, it is necessary
to correlate the exergy difference of the moist air
flow (useful effect in this unit or device) with the
exergy expenditures, which include exergy diffe-
rences of heat transfer medium, mass transfer,
electrical capacity of pump drives, ventilators or
other means for creating differential air pressure in
the conditioner units or in the ductworks.

Formation of the exergy balance in the mixing
chamber can result in the following expression:

Ex +G, +EoG, =(G, +G, ) Ey. (1)

where Er — exergy of the moist air flow in the
room; G, — mass flow of the recirculated air; Eg —
exergy of the moist outdoor air flow; G, — mass
flow of the inlet air; Ey — exergy of the air flow
mixture.

After simple algebraic transformations and
with regard to the zero reference level of exergy,
introduced earlier

G,Ey =(Eo —Ey )G @)

The right-hand member expresses the useful
effect of the process of air flows mixing, and the
left-hand member expresses the expended air exer-
gy. Taking into account the expenditures of the
electrical energy, it is possible to formulate the
exergetic efficiency factor for the mixing chamber
in the winter season in the form of the following
expression:
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< _ G, (Eo —Ew)
mixing chamber GrEM + NrGr + N5 (Gr +GI )

» (3)

where N; — energy expended by the recirculating
ventilator; Ns — amount of energy of the suction
ventilator expended on the overcoming of aerody-
namic resistance of the air mixing chamber.

The notation should be introduced G,/G, = a.
Then the exergy efficiency factor for the mixing
chamber may be written as follows:

_ Eo —Ey
e .. = !
mixing chamber aEM + aNr + N5 (1+ a)

(4)

where a — ratio between G, and G,.

In the summer season (due to the heating of air
in the recirculating duct) the expression (4) will be
written as follows:

- S0~ Eu @

a(Ey —Eg) +aN, +Ng(1+a)

emixing chamber

The air heater efficiency is the ratio of the air
exergy change to the change of heat transfer me-
dium exergy and the expended electrical energy

g — AEair , (5)

calorifier
AEheat transfer med + sz4

where AE,; — difference between exergy of air flow
mixture and air before air washer; AEpeat transfer med —
the change of heat transfer medium exergy; N,4 —
expended electrical energy ensuring the operation
of this unit.

The air washer efficiency is the ratio of the air
exergy difference in this unit to the change of wa-
ter exergy and the expended electrical energy

— AEair(l)

€ = (6)

air washer l
AEwater + N3

where AE,q) — difference between exergy of air
after air washer and air before air washer; AEater —
the change of water exergy; N; — aggregate expendi-
tures of electrical energy of pumps, ventilators, and
other devices ensuring the operation of this unit.
Exergy efficiency of the air conditioning sys-
tem. The efficiency of the air conditioning system
in a simplified form can be assessed by the correla-
tion of the change in the inlet air exergy (condi-
tioning process, which is useful, assimilating heat-
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and-moisture excesses in the room) with the
change of exergy immediately after the ingress of
air in the air conditioning installation until the exit
of air from it.

The simplified analytical expression of the effi-
ciency is written as follows:

E, - Eq

e = ,
Eo -

()

where E, — exergy of the moist air flow at the en-
trance to the room.

Taking into consideration the zero level of
exergy, taken in this paper as Er = O:

E,

g= :
EO_EI

(8)

|AE,|

g= .
|AE, |+ |AE,| + |AE,| +|AE;|

(9)

As the reference level of exergy, taken by us,
is constant, there is no need to recalculate all
the values of the flow exergy in the context of
the change in the outdoor air parameters, only
the E;, or AE; should be recounted.

With regard to expressions (4), (4", (5) and (6)
the exergy efficiency of the air conditioning sys-
tem can be represented as a chart (Fig. 1), where
values of expended exergy are singled out on the
X-axis, and values of useful exergy are singled out
on the Y-axis.

In the summer season the preheating air heater
is turned off, however, it creates the aerodynamic
resistance to the movement of the air flow. Thus,
N, expresses the fraction of the electrical energy

of the ventilator, required for the overcoming of
the aerodynamic resistance of the turned off air
heater. The aggregate expenditures of the electrical
energy by the ventilator can be written as follows:

N, + N, + N; + N, + Ng = Ng, (10)

where N; — expenditure of electrical energy of the
ventilator on the overcoming of the aerodynamic
resistance of the ductwork (authors decided not to
include this expenditure due to its extremely spe-
cific calculation); N, N3, N4, N5 — expenditures of
the electrical energy of the ventilator on the over-
coming of the aerodynamic resistance of the reheat
air heater, air washer, preheating air heater and
mixing chamber.
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Fig. 1. Graphical determination of the air conditioning system efficiency

The results from expressions (4), (4, (5)
and (6), as well as Fig. 1 that in order to increase
the exergy efficiency of the air conditioning sys-
tem it is necessary to reduce the amount of the ex-
pended electrical energy. It can be achieved by the
reduction of aerodynamic resistances of units of
the air conditioning system, hydraulic resistances
in the air washer, optimization of the ventilator
performance. This analysis is most appropriate to
be conducted precisely when selecting the zero

from 20 to 100 %. Such an amplitude of tempe-
rature and humidity fluctuations leads to incon-
venience in calculating the exergy -efficiency
of systems and equipment for creating a given air-
thermal microclimate. It is also difficult to com-
pare effectiveness of the different versions of sys-
tems. It has been considered the change in state
of the Stavropol climate region. There are the cli-
matic data from official open sources in Fig. 2, 3.

30
reference point of exergy in the attended room, . |
since this makes it convenient to graphically and 20
analytically depict the exergy efficiency of the air S 15
conditioning system. g
& 101
Results and discussion. “é 5
Rationale for introduction (- ]
of the new reference point for exergy . A
Depending on the area of construction, ~10
the average daily temperature difference can ex- 1 2 3 4 5 6 7 809 101 12
° —=—average temperature (mght), °C Month
ceed 10 °C, and the average annual tempera- ——average temperature (day), °C
ture can exceed 50 °C. Relative humidity varies Fig. 2. Averaged climate data for Stavropol
120
%
100
80 Il
60 |
40
20
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec

Fig. 3. Chart of the average annual relative humidity outdoor air for Stavropol
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In general terms, the effect of changing the pa-
rameters of exergy reference point can be shown
in the h—S-diagram (Fig. 4).

h

€2

€1

az

To2(B3— So2)

| ,«A
oy

hot T

Tor(S3— Sor)

0 So1 So2 S3 S
Fig. 4. Change of the outdoor air exergy value
through changes in climatic parameters

In general terms, according to the definition
of the exergy of flow:

& _ Cy (Ts _T01)_T01(33 _801) A1 (11)
€& C (T3 =To2) —Too (S5 =Sz

where e; — exergy of the lower limit of the ampli-
tude of fluctuation of temperature or humidi-
ty, k/kg; e, — exergy of the upper limit of the am-
plitude of fluctuation of temperature or humidi-
ty, kJ/kg; ¢, — heat capacity of moist air at constant
pressure, kJ/(kg-K); T3 — temperature of the flow
of moist air, K; To; — ambient temperature of the
lower limit of the amplitude of climate fluctua-
tion (tgo), K; To, — ambient temperature of the
upper limit of the amplitude of climate fluctua-
tion (tga), K; Sz — entropy of the flow of moist
air, ki/kg; So; — entropy of the environment of the
lower limit of the amplitude of fluctuation of cli-
mate parameters, kJ/kg; So, — entropy of the envi-
ronment of the upper limit of the amplitude of
climate fluctuation, kJ/kg.

Thus, it follows from expression (11) that the
same flow of moist air has a different exergy value
due to a change in parameters of the exergy refe-
rence point. We will determine within what limits
this change in exergy can be wrong. Exergy of
a moist air flow (ey,) is calculated by the formula
from the publication [16]:
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e, =T, {G—X—l— In I_XJ(C') +0,Cp e ) +

0 0 (12)
iR, (O,622+dx)lnw+dxlnd—x ,
(0,622+d,) p, d,

where ey, — exergy of a moist air flow; T, — tem-
perature of the flow of moist air, K; Ty — ambient
temperature, K; d, — moisture content of the flow
of moist air, kg/kg; Cyair — isobaric heat capaci-
ty, J/(kg-°C); Rair — universal gas constant for dry
air, J/((K-mol); dq — moisture content of the envi-
ronment, kg/kg; px — pressure of moist air in the
flow, Pa; p, — atmospheric pressure of the envi-
ronment, Pa.

Using formula (2), we will calculate the exergy
of the flow relative to the extreme values of fluctu-
ation of characteristics of moist air and compare
with the exergy relative to the constant indoor pa-
rameters (eq). To do this, let us set a flow of moist
air with the parameters: t = 30 °C, ¢ = 60 %. When
using the exergy analysis in air conditioning sys-
tems, it is necessary to choose not only the tempe-
rature but also a representative value of humidity
in the room which is constant and ensures comfor-
table conditions for people. The results of calcula-
tions with the selected parameters are summarized
in Tab. 1.

Table 1
Value of exergy of a flow of moist air relative

to the extreme points of fluctuation in climate
and air parameters in the room

Season Summer Winter Air
parameters
Time of day | Night | Day | Night | Day |in the room
t,°C 17 27 -7 0 20
d, g/kg, dry air | 9.668 | 8.889 | 1.773 | 3.000 7.260
0, % 80 40 80 80 50
e, kJ/kg 0.520 | 0.332 | 5.000 | 3.320 0.697
eleg 0.75 | 048 | 7.17 | 4.76 1.00

Tab. 1 shows that ratio e/e, ranges from 0.48
to 7.17. The above data indicate that it is necessary
to carefully justify the choice of the reference point
in open systems. According to the authors, the in-
ternal air environment of a building with air pa-
rameters maintained at an almost constant heat and
humidity level (Fig. 5) can be used as the possible
definition of the zero level of exergy.
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Fig. 5. Representation of heat and moisture balances in the room during summer and winter seasons

Fig. 5 uses the following notation: Q;, Ad; —
heat and moisture transport realized by the air con-
ditioning system; Q,, Ad, — heat and mass ex-
change of the room with the environment (heat
input, heat loss and moisture penetration during
summer or winter season); Qs, Ad; — excess heat
and moisture inside the room during winter or
summer.

This constancy of internal parameters is
achieved by the operation of heating, ventilation
and air conditioning systems. The operation of one
of the simplest air conditioning systems [17-19]
(Fig. 6) for the summer and winter seasons on
the basis of the entered exergy reference point can
be represented by the diagram shown in Fig. 7.
Fig. 6, 7 uses the following notation: O (O’) — pa-
rameters of outdoor air during winter (sum-
mer) season; M (M’) — air parameters at the outlet
from the mixing chamber during winter (summer)
season; C — air parameters at the outlet from the
preheating calorifer; W — air parameters at the out-
let from the air washer; | — air parameters at the
outlet from the reheat calorifer (inlet air); R — air
parameters in the room; R’ — air parameters in the
recirculation air duct (it is assumed that the process
R-R’ goes along d = const, that is, the temperature
gradient in the room is not taken into account;
since the air intake for recirculation comes
from the working area of the room, when accoun-
ting for it the process R—-R’ goes along & = const);
Einer — exergy of the inlet air flow; AE; (AE]) —

variation of exergy of the moist air flow (the pro-
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cess of its conditioning) during winter (summer)
season; AE, (AE,) — variation of exergy of the

moist air flow in the reheat air heater during winter
(summer) season; AE; (AE;) — variation of exergy

of the moist air flow in the humidifier during
winter (summer) season; AE, — variation of exer-
gy of the flow of moist air in the preheating
air heater (AE,— turned off during summer sea-

son, but creates aerodynamic drag); AEs (AE.) —

variation of exergy of the moist air flow
in the mixing chamber during winter (summer)
season.

R

Conditioned room

]

Reheat air heater

Air washer Recirculation

. r fan

Y/ S —

0]

ok

Intake fan LT A
/Mixing chamber

Preheating calorifer

Fig. 6. Schematic diagram of air conditioning
during winter season with the recirculation (before heater)

Representation of the process of heat and mois-
ture treatment of the inlet air in the h—d-diagram is
shown in Fig. 8, 9 [20].
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Fig. 8. Representing the process of air conditioning

during winter season with recirculation
in the h-d-diagram
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t = 15

tw=5

e = 04473
hw = 18.06

d, gr/kg

Fig. 9. Representing the process of air conditioning
during summer season with the recirculation
and second heating in the h—d-diagram
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CONCLUSIONS

1. The proposed reference level of the exergy
has a number of advantages in comparison with the
variable reference point according to the outdoor
air parameters. The most important advantage is
the greater stability of the values and marks of the
air exergy flow. This fact makes it possible to sim-
plify the calculations of the efficiency of the air
conditioning installation as well as its units. Also,
the reference level of exergy proposed in this paper
is close in its parameters to the commonly applied
parameters of the so-called “technical” atmosphere
and allows building a new diagram of the change
in the exergy of the flow in the air conditioning
system.

2. The analysis shows that the increase in the
exergy efficiency of the air conditioning system
and its units depends primarily on the reduction in
expenditures of electrical energy and optimization
of processes in the heat-and-mass exchange appa-
ratus of air handling. First of all, it concerns such
units as the mixing chamber and the air washer.
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Pedepar. CoBMelleHHBIE YTEIUICHHBIE PYJIIOHHBIE KPOBIIH, BCE CIIOM KOTOPBIX MOCIEA0BATENBHO YI0KEHbI Ha HECYIIYIO KOH-
CTPYKIIMIO M TIOKPBITHI BOJOU3OIAIHOHHBIM KOBPOM, COCTaBIAOT 6onee 80 % KpoBeNb XKUIBIX U OOLIECTBEHHBIX IKCILTyaTH-
PYEMBIX U BO3BOAMMBIX 34aHUH. CTONb 3HAYUTEIFHOE KOJIMUYECTBO COOPYKEHHUH C COBMELIEHHON PYIOHHON KpoBieil B Pec-
ny6uinke benapyce 00ycnoneHo Tem, uto B Hauane 70-x rr. npornuioro Beka B Coerckom Coro3e crapToBalia IporpamMmma 1o
Pa3BUTHIO TTOJTHOCOOPHOTO XKIJIUITHOTO CTPOUTENbCTBA. Kak mokas3asa mpakTHKa, y)ke 110 UCTeUSHUH TPEX-IISTH JIeT SKCIUTya-
TalllM COBMEIIEHHBIC yTEIICHHbBIE PYJIOHHBIE KPOBIM HYXJAIHCh B TEKYIIEM PEMOHTE — JIMKBHUAAIMU MIPOTeUeK. PeMOHT B
OCHOBHOM CBOJAWJICS K HaKJIEHKe JOTIOTHUTENBHBIX CII0EB PYJIOHHOTO BOJAOM30JIIMOHHOTO MaTepHalla Ha yJacTKax IpoTedeK
KkpoBiu. HaTypHble ncciaenoBaHUs ITO3BONIIN YCTAaHOBHTH NPHYMHEI, ITOYeMy MeHee deM depe3 10-12 mer skcruryaTarum
COBMEIIEHHBIM YTEIUICHHBIM DPYJIOHHBIM KpPOBISIM HEOOXOJWM KalUTAIBGHBIA PEMOHT. AHANW3 pe3ylIbTaToB HaONIOmeHHI
MOKa3aJl, 9T0 OCHOBHBIM ()aKTOPOM, BIUSIONIMM HA BBIXOJ KPOBIH U3 CTPOSI, SBIISIETCS BEICOKAs BIAKHOCTh MaTepHaia yTell-
nuTens. ['aBHas MpUYMHA yBIAXXHEHUS] MaTepHana TEIUIOM30JISIIIMOHHOTO CJIOS B MPOIECcce IKCILTyaTaIl[Md KPOBIU — Paspy-
IICHHE CJIOS MApOon30Auy. basupysck Ha pe3ynabTaTax BHIOJHEHHBIX HATYPHBIX HCCICAOBAHMH M HA MOJOKCHUSIX HOpMa-
TUBHBIX JOKYMeHTOB Pecrrybmmku Benapychk, aBTOpEI IpeiaraioT KOHCTPYKTHBHOE PEIIeHHe W TEXHOJIOTHIO MPOU3BOJCTBA
paboT mnst peabMIMTalNM SKCIUTyaTUPYEMBIX COBMENICHHBIX YTEIJIEHHBIX PYJIOHHBIX KpoBedb. OCHOBHBIC IPEHMYIIECTBA
JAHHOTO peIIeHus — obecredeHne J000ro TePMHIECKOTO COMPOTHBICHHS TEIUIONepenadye COBMEIICHHOTO MOKPHITHS 0e3
JEMOHTaka KOHCTPYKTHBHBIX 3JIEMEHTOB CYIIECTBYIOIIEH KpPOBIH; NPHMEHEHHE B KadyecTBE BOJOU3OJAIOHHOTO KOBpA
TIBX-memOpaH, 4TO TO3BOJIUT O€3 JOMONHUTENBHBIX 3aTPaT B TedeHHe 20 JIeT 3KCIUTyaTaluy UCKIFOUUTh MTPOTEYKH KPOBIIH.

KnioueBble c0Ba: conpoTHBICHUE TeMJoNeperadye, COBMEIICHHOE ITOKPHITHE, ASCTPYKLUs (pa3pylieHne) OUTYMHOIO Bf-
JKYILEro, IPOTEYKH KPOBJIH, 3aIUTHAs! ITOCHINKA, PEMOHT, PYJIOHHBINH BOJOU30JIALIHMOHHBIN KoBep, [IBX-MemOpana

Jas uutupoBanus: Yeprnousan, B. H. Ilpemnoxkenus mo peaOWmMTaluu SKCILUTYaTHPYEMBIX COBMEIICHHBIX YTEIUICHHBIX
pynonHbIX kpoBenb / B. H. UepHousan, H. B. Uepnousan, A. B. Topxosa // Hayka u mexuuxa. 2022. T. 21, Ne 1. C. 50-56.
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Proposals for Rehabilitation of Operated Combined Insulated Rolled Roofs
V. N. Chernoivan?, N. V. Chernoivan®, A. V. Torkhova"

UBrest State Technical University (Brest, Republic of Belarus)

Abstract. Combined insulated rolled roofs, all layers of which are sequentially laid on the supporting structure and covered
with a waterproof carpet, make up more than 80 % of the roofs of residential and public buildings in operation and under con-
struction. Such a significant number of structures with a combined roll roofing in the Republic of Belarus is due to the fact
that in the early 70s of the last century, a program for the development of prefabricated housing was launched in the Soviet
Union. As practice has shown, after three to five years of operation, the combined insulated roll roofs needed current repairs —
to eliminate leaks. The repair basically boiled down to the gluing of additional layers of rolled waterproofing material in the
areas of roof leaks. Field studies have allowed us to establish the reasons why, in less than 10-12 years of operation, the com-
bined insulated rolled roofs need major repairs. The analysis of the results of field studies has shown that the main factor
affecting the failure of the roof is the high humidity of the insulation material. The main reason for moistening the material of
the thermal insulation layer during the operation of the roof is the destruction of the vapor barrier layer. Based on the results
of the performed field studies and regulatory documents of the Republic of Belarus, the authors of the publication offer
a constructive solution and technology of work for the rehabilitation of operated combined insulated rolled roofs. The main
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advantages of the proposed solution are: provision of any thermal resistance to heat transfer of the combined coating without
dismantling the structural elements of the existing roof; use of PVC membranes as a water-insulating carpet, which will allow
to eliminate roof leaks within 20 years of operation without additional costs.

Keywords: heat transfer resistance, combined coating, destruction (decay) of bituminous binder, roof leaks, protective sprin-

kling, repair, rolled water-insulating carpet, PVC-membrane
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bined Insulated Rolled Roofs. Science and Technique. 21 (1), 50-56. https://doi.org/10.21122/2227-1031-2022-21-1-
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BBenenne

CoBMelIEHHBIE YTEIJICHHBIE PYJIOHHBIE KPOB-
JIM, BCE CJIOU KOTOPBIX MOCIIEI0BATENBHO YIIOKCHBI
Ha HECYIIYI0 KOHCTPYKUHIO W IOKPBHITHl BOJO-
M30JISIIMOHHBIM KOBPOM, cOocTaBisiioT Oonee 80 %
KPOBEJb XWIBIX U OOLIECTBEHHBIX 3KCILIyaTHpYye-
MBIX U BO3BOJUMBIX 31aHUH. CTOJIb 3HAUUTEIBHOE
KOJINYECTBO COOPY>KEHUN C COBMEILIEHHOW PYJIOH-
Hoii kposielt B Pecriyonuke benmapycs o0ycnosie-
HO TeM, 4YTo B Hayase 70-X IT. MPOLUIOro BeKa
B CCCP craproasa nporpamMma o pa3BUTHIO MOJ-
HOCOOPHOTO JKFUTAIITHOTO CTPOUTENhCTBA. OCHOB-
HBIMH apryMEHTaM{ IPOrpaMMbl B IIOJIB3Yy Mac-
COBOTO IMPHUMEHEHHUS! COBMELICHHBIX YTEIUIEHHBIX
PYJOHHBIX KpOBEJIb MPH HOBOM CTPOUTEILCTBE
ObLTH:

— IMOBCEMECTHO HAJAKCHHOE IIPOMBIIIJIEHHOE
W3rOTOBJIEHHE MHOIOIIYCTOTHOI'O HacTuia u3 cOop-
HOT'O ’KeJ1e300eTOHa;

— cymecTtBeHHas (Oonee yeM Ha 15 %) sKoHO-
MUl MaTepHajbHBIX U TPYAOBBIX PECYPCOB IIO
CPaBHEHMIO C YepJauyHbIMHU KPBILIAMU;

— CPaBHUTENBHO IIpocTasi (II0 CPaBHEHHUIO CO
CKaTHBIMH KPBIIIAMH) TEXHOJIOTUS BO3BEJCHUSI.

OpHako, KaKk MoKas3aja MPaKkTUKa, yKe M0 HC-
TEUYEHUH TPEX-TISATH JIET SKCIUTyaTallii COBMEIIEH-
HblE€ YTENJICHHBbIE PYJIOHHBIE KPOBJIM HY>KIAJIUCh
B TEKyLIeM PEMOHTE — JIMKBUAALMMU IIPOTEUEK.
OTOT PEeMOHT B OCHOBHOM CBOJWIICS K HakIeike
JIOTIOJTHUTENBHBIX CJIOEB PYJOHHOTO BOJOU30JIS-
OUOHHOTO MaTepualla Ha YYacTKaX IpOTedeK
kpoBiu [1]. CnemyeT OTMETHTB, Y4TO MEHEE 4YeM
gepe3 10-12 mer 3KCIUTyaTalid TaKUe KpPOBJIH
TpeOOoBaIM KaluTaabHOrO peMoHTa [2, 3].

PesynbraTthl HaTypHBIX OOCIEIOBAaHUN TEXHU-
YECKOTO COCTOSIHUSL OKCIUTyaTHPYEMBIX COBMe-
IIEHHBIX YTEIUICHHBIX PYJIOHHBIX KpoBenb [1, 4]
MO3BOJIMJIM CIIEJIaTh BBIBOA, YTO OCHOBHbIE IPUYU-
HBI, IPUBOAALINE K MOSBICHHIO B HHUX TNPOTEUEK,
TaKOBBI:

— JecTpykuusi (paspylieHne) OHTyMHOTO Bsi-
JKYIIEr0 BOAOHU3OJILIMOHHOTO KOBpa OT YJIBTpa-
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¢uonerosoro (Y®P) uznyueHus Ha y4acTKax KpoB-
JIY, TJI€ OTCYTCTBYET 3allUTHBIN CIIOM;

— MOSIBJIEHHE M Pa3pblB BO3IYLIHBIX MEIIKOB
KPOBEJIBHOI'O PYJIOHHOTO KOBpa B PE3yJIbTaTe yBe-
JUYEHHUS BIAXKHOCTH MaTepuaia TerION30J -
OHHOT'O CJIOSI B IIPOLIECCE SKCILTyaTalluy KPOBIIH.

Ceromnsi mpo0ileMa CHIDKEHHUS Pa3pylIUTEIb-
HOro BO3AeHcTBUS YD-U3NydeHHs1 HA PYJIOHHBIH
BOJIOM3OJISILIMOHHBIA MaTepuan Ha OMTyMHOW Ma-
CTHKE pelLIaeTcsl 3a CYeT NPUMEHEHHs 3alUTHBIX
nocenok. OfHako, Kak MOKa3ajd HaTypHBbIE HC-
CJIeJOBaHMs, B TE€UCHUE MATH-LIECTH JIET IKCILTya-
Tallud COBMEILEHHBIX KPOBEIb CIOW 3aIlUTHOU
3aBOJICKOM TIOCHIIKM Ha YyYacTKax C OOJBIINMH
yKJIOHaMu (y BOJOMPUEMHBIX BOPOHOK) MPaKTHYe-
CKHM TIOJHOCTBIO pazpymraercs. VccrenoBaHusaMu
YCTaHOBJICHO, YTO OCHOBHAsl NMPHUYMHA CHUKEHUS
COTIPOTHBIICHHS TEIUIONEpeaaye U MOsBICHHS MPO-
TE€YeK B COBMEIICHHBIX YTEIUIEHHBIX PYJIOHHBIX
KPOBIISIX — YBJI&KHEHHWE MaTepHhaiga TeIUIOn30-
JSIIMOHHOTO CJIOS B TpoLecce HX OIKCIulyara-
uuu [ 5, 6].

Hatypusle uccnemosanusa [1, 7, 8] mokasa-
7Y, 4TO MO MCTEYeHHH 8—12 5er sKcIuTyaTauuu
BJIQKHOCTh YTEIUIUTENS] B KPOBISX YBEIHMYMIACH
B 2,5-5 pa3 Mo CpaBHEHHUIO CO 3HAYCHUSIMH, yCTa-
HOBJIeHHBIMU B [9]. Ilpu 3TOM K03 duIMeHT Tem-
JIOTIPOBOZAHOCTH MaTepHajia yTeIUTUTENs BO3pacTall
6onee yem Ha 30 %, 4TO M MPHUBEIO K yMEHBIIIE-
HHUIO CONPOTHUBIICHUS TEIUIONEpeaaye COBMEIICH-
HOTO TIOKPBITHS B LIEJIOM.

YcraHoBneHO, YTO cBOOOAHAs Biara, Haxoms-
mascs B YBJIOKHCHHOM YTEIUTUTENE PYIOHHOM
KPOBJIM, TOXKE OKa3blBAaeT BJIMSHUE Ha paspylie-
HHUE CIIOEB BOJOM3OJSLMOHHOTO KOBpa. B netHuit
Nepuoj, Korja TemIeparypa Ha HapyKHOW IHO-
BEPXHOCTH BOJOU3OJIIMOHHOTO KOBpa JIOCTHUTa-
er (70-80) °C, cBoGomHas Biara IMpeBpaIIacTCs
B Tap W, yBEIWYWBasch B o0beme B 15—40 pas,
IPUBOIUT K MOSABICHUIO B3AYTHH M BO3MYLIHBIX
MEIIKOB Ha KpoBje. OCHOBHbIE MPUYUHBI BO3HHUK-
HOBEHHS B3AYTHH M BO3AYLIHBIX MEIIKOB B CIOSX
PYJIOHHOTO KPOBEJIBHOTO KOBpa — HapyILICHUE TeX-

51


https://doi.org/10.21122/2227-1031-2022-21-1-

Cmpoumenscmeo

HOJIOTHH TIPOM3BOJICTBA PabOT (HampuMep, HakJIehnka
BOJIOM30JIILIMOHHOTO KOBpa IIPU BBICOKOM BIIA)KHO-
CTH HApY)XKHOTO BO3[YyXa), a TAKXKe BBICOKOE COMpPO-
THBJICHHE IAPOIPOHULIAHUIO BOIOU3OJISLIMOHHBIX
PYJIOHHBIX MaTepHaIOB Ha OCHOBE OUTYMa.

Huknudeckrne (4acoBble, CyTOYHBIE) Koieda-
HUS TEMIIEpaTyphl Ha MOBEPXHOCTH BOAOM30JISLIN-
OHHOTO KOBpa BBI3BIBAIOT IUKJINYECKUE BO3AEH-
cTBUs (JeopManym) B €ro CiosiX, YTO MPUBOUT
K TIOSIBJICHUIO MUKPOTpEIIMH B PYJIOHHOM BOZO-
U30JIAIIMOHHOM Matepuane (OuTyme) W, Kak Cle-
CTBHE, K MPOTEYKaM KpOBEJb. YCTpaHEHHE IMpO-
TE4eK PYJIOHHOH KPOBIM — TPYJOEMKHH TEXHO-
JIOTHYECKHH TIPOLIECC, BKIIIOYAIOMIMN: JIEMOHTaX
HOBPEKICHHOIO PYJIOHHOTO KOBpa, 3aMEHy WM
MIPOCYIIMBAHUE CJIOSI YBJIAXKHEHHOI'O Marepualia
yTEIUINTENs], YCTPOUCTBO 3aIulaT B MecTaxX pa3phl-
BOB pynoHoB [10, 11].

Y4uThIBas, 4TO MPOTEUKU KPOBIU U3 BCEX KOH-
CTPYKTHUBHBIX JE€(EKTOB, BO3HHKAIOIIUX TPHU DKC-
IUTyaTallid 3JaHUH W COOPYKEHHI, CO3JaloT
HanOOJBIIUI TUCKOMGOPT IJIsl BIAACIBIECB MTOMeE-
LHIEHUH M HaHOCAT OUIYTUMBIA MaTepHAIbHBII
yiep0, MOKHO CJIeIaTh BBIBOJI, YTO pa3padoTKa Tex-
HOJIOTHH peabuINTalMy 3KCIUTyaTHPYEeMbIX COBME-
IICHHBIX YTEIUICHHBIX PYJIOHHBIX KPOBENIb 0€3 X
KaluTaJbHOIO PEMOHTA (JEMOHTaXKa CYIIECTBYIO-
LIMX CJIOEB) — BEChMa aKTyajbHas npoobiiema.

HaTyprIe HCCJICJOBAHUA
TEXHUYIECKOI'0 COCTOAHUA COBMEIIICHHBIX
YTEeNJICHHBIX PYJOHHBIX KPOBE/Ib

Jis mosydeHus JOCTOBEpHOW MHGOpMAIHU O
TE€XHHYECKOM COCTOSIHMM MAaTepHaloB, COCTaBIIs-
IOIIMX KOHCTPYKLMIO 3KCIUIyaTUPYEMbIX COBMe-
LICHHBIX YTEIUIEHHBIX PYJIOHHBIX KPOBEJIb C IIps-
MBIM pa3MELICHUEM CIIOEB, pa3paboTaHa METOIUKA
Y BBITIOJIHEHBI HATYPHBIE HCCIICAOBAHUS C YUETOM
HOpPMaTHBHBIX JOKyMeHTOB [12, 13]. Oto mo3Bo-
JIMJIO BBISIBUTH OCHOBHBIC Ne(EeKTHl B MaTepHaax,
13 KOTOPBIX COCTOUT KOHCTPYKLIUSI KPOBIIH.

Bepxuuii cnoit  BOJOM3OISIIMOHHOTO KOBpa
UMeJl CIEAYIOIUe 3HayuMble NOe(eKTbl. 3alut-
Hasl 3aBOJCKasl IOCHIIKA HA YYacTKax KpOBIHU
¢ OompmmMu yKIOHAMH (y BOAOMPHEMHBIX BOPO-
HOK) TPaKTHYECKH TOJHOCThIO Obla paspyiie-
Ha (puc. la). OTcyTCTBHE 3alIUTHOM IOCHINKH
NPUBENO K pa3pylICHUIO (IECTPYKLUUHN) OUTyMa OT
BO3JelcTBUS Y D-U3IydeHUss U TOSBICHHUIO IIPO-
Teuek kposiu (puc. 1b).
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Puc. 1. Texunyeckoe COCTOSIHUE IKCILTyaTUPYEMOT0 BEPXHETO
CJIOS PYJIOHHOTO BOJIOU3OJISILIMOHHOTO KOBpA: & — C 3aBOJICKOU
3alIUTHON TOCHINKOM; b — 6€3 3aIUTHOM OCHIIIKH;

1 — y4acTKH ¢ MOJHOCTBIO Pa3pyIICHHBIM CIIOEM 3alUTHON
MOCBITIKY; 2 — pa3pyLICHHOEe OUTYMHOE MTOKPHITHE

Fig. 1. Technical condition of operated top layer of rolled
water-insulating carpet: a — with factory protective sprinkling;
b — without protective sprinkling;

1 - sections with completely destroyed layer
of protective sprinkling; 2 — destroyed bitumen coating

TexHuuecKoe COCTOSIHIE BEIPABHUBAIOILCH CTSIK-
KM [IPAKTUYECKU Ha BCEX 00CIIETOBAHHBIX KPOBISAX
HaxXxOAWJIOCh B  YAOBIETBOPHUTEIBHOM COCTOS-
Hun. DakTUdeckue MOKa3aTeNd COMPOTUBICHUS
temionepenade Ry, COBMEIIEHHBIX HOKPBITHH,
HE WMEIONINX MPOTeYeK KPOBJIH, HE IMPEBbIIIa-
m 1,5 M%°C/Brt, uto Ha 30 % MeHblIe 3Haue-
HUSL, 32JI0)KEHHOTO MPU MPOEKTUPOBAHUHU OOBEKTA,
U B YETBIPE pa3a MEHbIIE Ryyopy = 6,0 M*-°C/Br [9].

JlaGopatopHble ucciaeqoBaHus MPOO MaTepua-
JIOB YTEIUTUTENs, B3ATBIX M3 KpPOBEIbh 0e3 Tpo-
TEYeK, MOKa3ajH, YTO BIAKHOCTH YTEIUTUTENS B
MpoLecce OKCIUTyaTalluM KPOBIM YBEIMYWIACh
B 3-5 pa3 mo cpaBHEHHIO CO 3HAYEHHSIMH, yCTa-
HoByicHHBIMU B [9]. Koaddurment temmonpo-
BOJAHOCTH MaTepuajia YTEIJIUTENs BO3pOC IOY-
7 Ha 40 %.

CrnenoBaTenbHO, MOXKHO CHENaTh BBIBOJ, YTO
nocje MATH-BOCBMH JIET SKCIUTyaTallud Mapou30-
JISAIUS HA OCHOBE OMTYMHOW MACTHKH pa3pyIlaeT-
csa [14]. U, yuutsiBas, 4TOo B Ipoliecce 3KCILTya-
TalMM 37aHAH 3a CYeT OcalouHbIX Aedopmarmii
PacTBOpP B CTBIKAX MEXKIY TUTUTAMHU TTOKPBITHS pac-
ChITIAaeTCs, B 00pa30BaBIIMECs 3a30pbl HA y4acTKax
C pa3pylIeHHOW Napou30JsuMed U3 MOMEUIEHUN
MOCTYNAET BIAXHBIA BO3AYX, KOTOPBIM M NPHUBO-
JIUT K TIOCTOSTHHOMY YBJIQ)KHEHHUIO CIJIOSI TEIUIOM30-
naun. BRITOTHEHHBIE HATypHBIE HWCCIEIOBAHUS
MOKa3aliy, YTO B TCUCHHE KAXKJOr0 I'oja HKCIUTya-
TallM¥ KPOBIHU BIAKHOCTH YTEIJIUTENS yBEINIHNBA-
ercss MuHuMyM Ha 1 % [15]. Takke ycTaHOBIIEHO,
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YTO TAPOU3OIAIMS HA YYaCTKaX CTHIKOB IUTHT TIO-
KPBITUS HaXOAWJIach B HepaOOueM COCTOSIHMHM —
paspymenus coctaBisuti oT 60 1o 80 % mommann
CTBIKOB.

Pe3yabTaTthl ncciiegoBanmnii
H UX 00Cy:KIeHne

Pe3ynbratel HaTypHBIX HccnenoBanui [1, 4, 5,
7, 14] mokasanu, 9TO OCHOBHOW MPUYUHOW, BIIHSI-
IOIeil Ha MWHAMUKY HAaKOIUICHWS BJaru B CJOe
TETUIOU30JIALIMY TIPH SKCILTyaTaI[ii COBMEIICHHBIX
VTEIUICHHBIX PYJIOHHBIX KpPOBEJIb C TIOCJIEI0Ba-
TENBHBIM Pa3MEIICHUEM CJIOEB, SBISETCS pa3py-
IIeHne Ci0sl mapon3oisaun. CeroaHs A BBIIOI-
HEHUs pabOoT IO €ro BOCCTAHOBJICHUIO HEOOXOIH-
MO JIEMOHTHPOBaTh BCE BBIIICICKAIINE CIOU
KPOBJIM: BOJIOM3OJISIIUOHHBIH KOBEP, BBIPABHUBA-
ION[YI0 CTSOKKY, TETUTOM3OJSAINIO, T. €. TIOJHBIN
JIEMOHTAX CYIIECTBYIOIIEH KPOBIH. DTO OYEHb TPY-
JOEMKHH TEXHOJIOTHYECKHI TPOLIECC.

CornacHo pacyeram, TPYAOEMKOCTb IE€MOHTa-
a 10 M’ [UTOI[Ai BCEX CIIOEB KPOBIIM COCTABIISET
6omnee 150 wen.-u [10, 11]. CnenoBarensHo, pa3pa-
0oTka ¢ (HEKTUBHON TEXHOJOTHUH IPOU3BOJCTBA
paboT MO KamMTaTbHOMY PEMOHTY JKCILTyaTHpye-
MBIX COBMEIICHHBIX YTEIUICHHBIX PYJOHHBIX KPO-
BeJIb — aKTyaJbHas 3ajada. AHAIU3 PECKOMEHIye-
MBIX JJII MacCOBOTO TPUMEHEHHsS] KOHCTPYKTHB-
HBIX PEIICHNH TaKUX KPOBENb MO3BOJISIET CIENATh
BBIBOJI, YTO B Ka4yecTBe 0a3bl Jis pa3paboTku 3¢h-
(heKTUBHOI TEXHOJOTMM KaIllMTAIBHOTO PEMOHTA
[eJIeCO000pa3HO MPHUHATH KOHCTPYKIIMIO WHBEPCH-
OHHOM KpoByH [12].

Peabuiuranus coBMelieHHbIX
YTCIVICHHBIX PY/JIOHHBIX KPOBEJIb

Jns BeIONHEHUS peaOWIHUTAIMN AKCILUTYaTH-
pyeMOil COBMEIIIEHHOW YTEIUIEHHOW pYJIOHHOU
KpPOBJIM aBTOPBl CTAaThbU NpEIaraioT ciexyrolee
KOHCTPYKTHBHOE pelieHue (puc. 2), KOTopoe mo3-
BOJIUT UCKIIFOYUTH CaMbIi TPYJOEMKHI TEXHOJO-
THYECKUN MPOIECC — JEMOHTAX CYIIECTBYIOIIEH
KpoBIIM. PexomeHyeMoe pelieHre aHaTIOTUIHO
KOHCTPYKIIUM HWHBEPCUOHHON KpoBmu. OTauune
JUIIb B TOM, YTO B IPEAJaracMoM BapUaHTE POJb
MAPOU3O0IIAIMU OyIyT BBITONHATH OTPEMOHTHPO-
BaHHBIE CJIOM CYIIECTBYIOIIETO BOJOU3OISAIINOH-
HOT'O KoBpa (yJI0KEHHOTO Ha HECYIIYI0 KOHCTPYK-
UI0), K KOTOpOMY OyIeT KpemuTbCs IUIMTHBIHA
YTETUTUTENb.
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Jnsi WCKIIOYEeHUs] HEraTUBHOTO BIUSHHUSI
Y®-uznyueHuss Ha BOJOUBOJSLMOHHBIN KOBEp
Y TIOSBJICHHS B3IyTHH (BO3MYIIHBIX MEIIKOB) HO-
BBIi BOJOM3OJISILMOHHBIA KOBEP PEKOMEHIYETCS
nenath w3 IIBX-memOpansl. [Ipemmaraercsi BbI-
MOJIHUTh  YTEIUICHWE CYIIECTBYIOIIEH KpOBIH
IUIUTHBIM yTEIUIUTENEM C MOCIEAYIOUINM 3aKper-
JIEHWeM II0 HEMYy BOJOW3OJISIIIHOHHOTO KOBpa
u3 [IBX-memOpanst (puc. 2). s cHmwkeHus: Ha-
TPY3KH Ha CYIIECTBYIOIINE HECYIITHE KOHCTPYKIIUN
MOKPBITUSI PEKOMEHIIYeTCsl B KadecTBE AOMOJIHHU-
TEJNBHOW TETUION3O0JISIMHA HWCIIONIb30BaTh HETOPIO-
4yre MUHEpAJIOBATHBIC IUIMTHBIC YTEIUIUTEINH, I10-
Bepx koropeix [IBX-memOpana Oynmer KpemuThes
0e3 ycTpoicTBa BBIPABHUBAIOIICH CTSKKH.

~N O O Ww -

Puc. 2. PexomenayeMoe KOHCTPYKTUBHOE peIIeHHE KPOBIIU
JUISL BEITIOJTHEHUSI peabmuranui: 1 — BOZOU30JSINOHHBII
xoBep u3 [IBX-meMOpansl; 2 — TEIUION30ISIIUOHHBIHN CIIOH
13 CBEPXXKECTKUX MUHEPAIOBATHBIX IUTUT (110 pacyery);
3 — PYJIOHHBII BOJOM30JISILIMOHHBINH KOBEp (CYIIECTBYIOIIHN);
4 — neMeHTHO-TIeCUaHas! CTSDKKa (CyIIeCTBYIOMIIas );
5 — cI1oit KepaM3UTOBOTO I'PaBys 10 YKIIOHY (CYILECTBYIOIINIA);
6 — c110i1 TeTUION30SLUH (CYIECTBYIOIIHIA);
7 — 5kene300eTOHHas MHOTOITYCTOTHAS TUIUTA
MTOKPBITHS (CYIIECTBYIOIIA )

Fig. 2. Recommended constructive solution
for roof rehabilitation: 1 — water-insulating carpet
made of PVC-membrane; 2 — thermal insulation layer

of super-rigid mineral wool slabs (according to calculation);
3 —rolled water-insulating carpet (existing); 4 — cement-sand

screed (existing); 5 — layer of expanded clay gravel along

slope (existing); 6 — layer of thermal insulation (existing);
7 — reinforced concrete multi-hollow coating plate (existing)

[Ipennaraercst cnemyromas cxema ITPOU3BOJI-
ctBa. Jlo Hauvana pabOT MPOU3BOASATCS HATypHBIC
o0cie/IoBaHMsT KPOBIU C IIETbIO0 OLEHKH TEXHU-
YECKOTO0 COCTOSHUS BOJOM3OJISALMOHHOIO KOBpa
1 BbIpaBHUBaroLed cTsoKkd. Ilo ux pesynbpratam
paspabatsiBaercs [1[1P Ha peaOMINTALINIO KPOBJIH.
B cocrtase IIIIP co3paroTes cienyromme TEXHOIO-
THYCCKUE KapThl:

— PEMOHT BBIpaBHHUBAIOIIEH CTSKKH HA y4yacT-
Kax KpOBJIM, T/le OHa pa3pylleHa HJIN UMEET Mpo-
canku 6omee 10 mm;
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Cmpoumenvcmeo

— ycTpaHeHHEe Ie()eKTOB BOJOU3OJIALHOHHOTO
KOBDA;

— YCTPOWCTBO TEIIIOU3O0JISILIMOHHOTO CIIO0s;

— 3akperuienue [IBX-memOpanbl mo miMtHOMY
YTEIUIUTEIIIO.

PeMOHT BBIpaBHUBAIOIIEH CTSKKH BBITIONHSCT-
Csl Ha y4yacTKax KpOBIH, TJie OHA pa3pylleHa HIIH
uMmeeT mpocanku Oomee 5 M. [lo Hawama pabor
Ha PEMOHTHPYEMBIX YYacTKaX CTSKKH CHHUMAIOT
BOJIOM30JIALIMOHHBIN KOBEp, JEMOHTHUPYIOT pa3py-
IICHHBIA MaTepuan CTSHKKH, OYMIIAIOT MOBEPX-
HOCTh OT T'pSI3K U TBUIH U B cliydae HEOOXOJIUMO-
cTH mpocymuBaioT. Kak npaBuio, peMOHT BbIpaB-
HUBAIOIIEH CTSDKKH CBOJIUTCS K BRIPAaBHUBAHHIO €€
IIOBEPXHOCTU CJIOEM XOJIOJHOM MEJIKO3EpHUCTON
achanpToO0eTOHHOHN (TIPU OTPHIIATENHHBIX TEeMIIe-
paTypax Hapy>KHOTO BO3yXa) WJIH IIeMEHTHO-TIeC-
yaHoil cmecu. Ilpu 3Tom oGecmeumBaroTCcsi OIWH
YpOBEHb U OJUH YKJIOH MOBEPXHOCTHU CO CMEKHBI-
MH Y4aCTKaMH.

PeMOHT pyIOHHOTO BOJOM30JIALIMOHHOTO KOBpa
CBOJUTCS K YCTPAHEHHIO B HEM JE(PEKTOB C IIOMO-
IIbI0 YCTPOMCTBA 3aIlIaT B BHJE OJHOTO MU ABYX
JIOTIOJTHUTENBHBIX CJIOEB PYJOHHOTO MaTepuaa
Ha TMOBPEXACHHbIE YJacTKH KPOBIHU. 3arjaThl U3-
TOTaBJIMBAIOT U3 PYJOHHBIX MaTepHajoB, COBMeE-
CTHUMBIX C MAaTepHajOM PEMOHTHPYEMOIO BOIO-
M30JSIIMOHHOTO KOBpa. B 3aBucumMocTu OT BuAaa
JIePEeKTOB B IKCIUTyaTHPYEeMOM PYJIOHHOM KOBpE
npeJyIaraeTes cleayronast TEXHOIOTHS TIPOU3BO/I-
cTtBa paboT mo Wx ycrpaHeHuio. UtoObl yOpath
Pas3phIBbl BOAOM30JISILUOHHOTO KOBPA, PEMOHTHPY-
eMBIH Y4acTOK JI0 Havaja pa0doT OYMINAIOT OT Ibl-
JIM, TPSA3U U TPOCYIIMBAIOT. 3aTEM MOBPEXIEHHBIN
YYacTOK 10 TMOBEPXHOCTH KPOBIH MPOKOHOINAYH-
BAIOT MaKIIeH, NponuTaHHOM MacTukoil. Ha moaro-
TOBJICHHYIO HIOBEPXHOCTh BOJOH30JISILIMOHHOIO KOB-
pa HaKJIEHWBAIOT 3aIJjaTy, MEepeKpBIBAIOIIYI0 Tpa-
HuUllbl moBpexaeHus Ha 100—150 mm.

ITpoOouHBI CII0OEB BOAOM3OJSLIMOHHOIO KOBpa
[0 Hadana paboT He0OXOAUMO PACUUCTHUTH OT IO-
BPEKACHHOTO PYJOHHOTO MaTrepuaya, OT Ips3u H
MIBUTH, IPOCYIIUTH. HOBBIE clloM pyJIOHHOTO MaTe-
puana ciefyeT IIOTHO MPHKUMaTh K OCHOBAHMIO,
a CThIkM mmnamieBars MacTtukoil. IllmatiieBky
HaKJIaIbIBAIOT [0 MEPUMETPY BEPXHETO JIOTOIHU-
TenpHOro ciosi. CompspkeHHe MOJOTHHI MEKAY
co00it (mpu OONBIINX TMOBPEKACHUAX) MPOU3BO-
JIUTCSL C YYETOM YKa3aHUM ISl yCTPOMCTBA HOBOTO
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KoBpa. UHCI0 BHOBh HAKJICUBAEMBIX CIIOEB U3 PY-
JIOHHOTO MaTtepuaja JOJDKHO OBITh Ha OJHMH CJIOW
Oosbiie CHATHIX. Kaxplid MOCHEIYIOIMUN CIOokH
JIOJDKEH TIePEeKPBIBATh CTHIK HIDKHUX CIIOEB HE Me-
Hee yeM Ha 150 Mm.

B3gyTtus (Bo3mymmHBIE MEIIKH) BOIOHM3OJISAIIH-
OHHOTO KOBpa YCTPAHSIOT CIEAYIOUIMM 00pa3oM.
Brauane nemaror KpecTooOpasHBIH paspe3 Kpo-
BEJILHOTO KOBPa B MECTE €ro B3AyTHs. 3aTe€M, OTO-
THYB pa3pe3aHHbIe Kpas KOBpa B CTOPOHBI, OYH-
LIAIOT BCKPBITYIO TOBEPXHOCTh OT IBUIA M TPSA3H.
[Ipn HEOOXOAMMOCTH PEMOHTHPYEMYIO TOBEpX-
HOCTB KPOBEJIBHOTO KOBpa cymart. JlJist rapaHTUpo-
BaHHOTO yNaJeHHUS BJIard PEKOMEHIYETCS MpUMe-
HATh CYIIMJIbHBIE YCTAaHOBKH C MPUHYIUTEIHHOU
BeHTWIsINKMEH Mapku CO-222. Ha moBpexIeHHBIN
YYaCTOK IO KOHTYpPY B3IYTHS HAaHOCHUTCS MAacTHKa,
BBIJICPKUBACTCS JI0 MPEKPAIICHUS TMPUIUIAHUS
Y 3aTe€M TIIATENIbHO MPKIMAETCs OT KpaeB K pas-
pe3y. Ha mecto pa3spe3a HakieuBaeTcs 3aruiara,
KOTOpasi JIOJDKHA TEPEeKpPHIBATH TOBPEKICHHBINA
yaactok Ha 100—-150 mm.

OTcronBIIMECs YYaCTKH BOJIOU3OISAIIMOHHOTO
KOBpa IPUKIEHBAIOT K OCHOBaHMIO. PaccinonBime-
Csl MEXITy COOOH ITOJIOTHHUIIA CKIIEUBAIOT U HAJEK-
HO COCIMHSIOT B IIBaX. PeMOHTHpYyeMbIEe y4acTKU
THIATENBHO YKATHIBAIOT KaTKOM TIOCJE MpelBapH-
TEJIbHOW MINAaTJIIEBKU IIBOB MacTukoil. Ha moBpex-
JIEHHbIC KPOMKH BEPXHUX TMOJOTHUII HAKIICUBAIOT
3aIuIaThl.

B nocnennue roael B benapycu npu peMoHTe
PYJIOHHBIX KpOBeJib MpuMeHseTcs 3(deKTuBHAS
TEXHOJIOTHS TEPMOMEXaHHIECKOH 00pabOTKH BO-
JIOM3O0JISILIMOHHOTO KOBpPAa, OCHOBAHHAsI HAa pereHe-
pamuu cofep Kammxcs B pyJIOHHOM KOBpE OUTyM-
HBIX MaTepuaioB. B 0OCHOBY TEXHOJIOTHH MOJIOXKEH
MNPUHIUI TPOTPEBa CYIIECTBYIOIIETO PYJIOHHOTO
MaTepuajga C TOMOIIBIO TEPMOIIEKTPUIECKOTO
anmapata mapku All (macca anmapara 16 kr, pas-
Mepsl B miane 1,2x1,2 M, NpoU3BOAUTEIHLHOCTh —
10 100 M* kpoBmH B eHb). [To 3aBepmieHHH paboT
M0 PEMOHTY BOJOH3OJIALIIMOHHOTO KOBpa MPHUCTY-
MalT HEMOCPEACTBEHHO K YCTPOMCTBY CIIOSI TeIl-
JIOU3OJISILIUH.

Temnon3omnAiusi HWHBEPCUOHHOM KPOBJIU BbI-
MOJIHSIETCS] U3 MUHEPAIOBATHBIX ILTUT IPOYHOCTHIO
Ha cxarne He MeHee 0,1 Mlla Ge3 mpuMmeHEHMS
MexaHudeckux kpemieHud [12]. Ternousonsuu-
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OHHBIE TUIUTHI YKJIAIbIBAIOT HA OUTYMHYIO MacTH-
Ky cieayromuM obpazoMm. [lo Havana paboT s
obecrievyeHns pOBHOCTH OCHOBAHUS IMOJ TUTUTHBIN
YTEIUTUTENh  BBITIONHACTCS HHUBEIMPOBAaHUE I10-
BEPXHOCTH BOJIOM3OJISIIMOHHOTO KOBpa Ha IUIOIIA-
I He MEHee OJHOM 3axBaTKW. 3aTeM Ha MOJ-
TOTOBJICHHYIO (OYMINEHHYIO OT MBUTH U TPS3H)
MOBEPXHOCTh OTPEMOHTHUPOBAHHOTO BOJOW3OJISIIIH-
OHHOT'O KOBpa HAaHOCST OMTYMHYIO MacTUKY U Cpa-
3y pa3paBHUBAIOT ee TOHKUM cioeM. Ha cBexeHa-
HECCHHYIO MAacCTHKY (IO JEJITHKaM) YKIIAJBIBAIOT
MasYHbIE TEIJIOW3OJSIIIMOHHBIE TUIUTHI, IUIOTHO
MpWKUMas UX K TOATOTOBICHHON TOBEPXHOCTH.
Ilo 3aBepiernn paboT MO YKIAAKE MASIHBIX Psi-
JIOB M30JUPOBIIUKHA aHAJIOTHYHBIM 00pa3oM yKia-
IBIBAIOT PS/IOBBIE TUIMTHL. TeTTOM30JSIMOHHBIC
TUTHTHI JIOJDKHBI TUIOTHO TIPWIIETaTh APYT K JPYTY
M CKJIEMBAaThCS C HECYIIMM OCHOBaHHMEM (BOJO-
M30JISIIMOHHBIM KOBPOM) TI0 Bcel miomianu. 3a3o-
pBl B CTBIKAX MEXIY VYJIOKCHHBIMH IUITUTaMHU
mupuHOH Ooee 5 MM  3aIlOJIHAIOT KPOIIKOM
TEIUIOU30JIAIIMOHHOTO MaTepHualia, YIUIOTHSIIOT W
3aJIMBAlOT MacTHKOW. Ilo 3aBepmreHuu paboT 1O
YCTPOWCTBY IUIMT TEIJIOW3OJSILHUKA KpEeIsT BOZIO-
M30JISITMOHHBIN KoBep u3 [IBX-MeMOpaHn, yKiambl-
BacMbIX B OJIMH CIJIOW TIpU TeMIIepaTtype Hapyk-
HOTO BO3ayxa mo MuHyc 45 °C. OHH CTOHKH
K YO-u3nyueHuro, 4To He TpeOyeT 3alluTHON TO-
CBITIKH, & CIIOCOOHOCTh MPOITYCKaTh BOISHOW Tap
UCKJIIOYAeT TMOSBICHUE B3AYTHH (BO3IYIIHBIX
MEIIKOB) TIPH BO3MOXXHOM YBIKHEHHH CJIOS
YTETLTUTEIIS.

Kpemnnenne meMOpaHbl K OCHOBaHHUIO TPOH3BO-
JIATCST TETUIOCBAPHBIM CITIOCOOOM CIIEAYIOMNUM 00-
pazoMm. Bnauane ocymecTBIseTCS TOATOTOBKA
KPOMOK OTAETBHBIX TOJOTHHUI K CBapke. Mem-
OpaHHOE TIOJIOTHO B MECTax CBapKu (KpOMKa IIIH-
puHOW 1o 1 cM) ouMImaeTcst OT Tps3u U BBHIPAB-
HUBACTCSI OT CKJIAJIOK CHEIHUAIbHBIM POJHKOM.
[lapannensHO OT Tps3M OUYMINACTCS OCHOBAaHHUE
KpPOBJIM B MecTax Kpemnexa [IBX-meMOpan K HeMy.
3aTeM CBapKO#l TOPSIYMM BO3IYXOM C ITOMOIIBIO
aBTOMATHYECKOTO CBapOYHOTO armapara TuIa
VARIMAT BrImoHSETCS KpEeTUICHHEe MEMOpPaHHO-
ro TOKPBITUS K OCHOBAaHUIO KpoBiu. Ha maHHbBIN
MOMEHT TaKOW TEIJIOCBApHOW CHOCO0 KperuieHHs
MeMOpaH cuuTaeTcst Oosee HaJeKHBIM 10 CpaBHE-
HUIO C APYTHMMHU: OH 3((EKTUBEH NPU YCTPOUCTBE
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COBMEIIEHHBIX KPOBEJIb C MUHUMAJIBHBIM KOJUYe-
CTBOM TIPUMBIKAHWA W OOJBIION ILIOMAILI0 II0-
KPBITHA.

BBIBO/JIbI

1. BeinoHeHHBIC HATYPHBIC UCCIICIOBAHUS T10-
Kazand, 4To (aKkTU4ecKas BETWYMHA COMPOTHB-
JeHus Temionepenade Rgpa,« IKCIUTyaTHpyeMBbIX
COBMEIIEHHBIX YTEIUIEHHBIX PYIOHHBIX OKPBHITHH,
HE HMCIONIMX NPOTEUYEK KPOBIM, HE IPEBBIIA-
er 1,5 M2-°C/BT, yto Ha 30 % MeHbIIe 3ampoek-
THPOBAHHOTO 3HAYEHHUS M B YETHIPE paza MeEHb-
e Ryyopy = 6,0 M*-°C/BT.

2. YCTaHOBJIEHO, 4YTO OCHOBHOH NPHUYUHOMN
YXYALIEHUS] JKCIUTyaTallMOHHBIX XapaKTEePUCTUK
KpPOBEIIb SIBIISICTCS YBEIMYCHUE BIIAKHOCTH MaTe-
puaia TeIIOM3OJISIIIMOHHOTO CJIOS, KOTOPOE BBI-
3BaHO pa3pylICHUEM CJI0S MapoU30sALUU U 3a-
ITUTHOW TIOCHINIKH, BBICOKUM COIPOTHBICHHEM
MMapOTPOHUIIAHUIO BOJIOM3OJIAIIMOHHBIX MaTepha-
JIOB Ha OCHOBE OMTyMa.

3. [IpemnaracMoe KOHCTPYKTHBHO-TEXHOJIOTH-
YECKOE peIIeHNE pPeadWIMTAIlH ASKCIUTyaTHpye-
MBIX COBMEIIECHHBIX YTEIUICHHBIX PYJIOHHBIX KpPO-
Belb obecneynBaeT Ryyopw = 6,0 M%°C/Br 6e3 ne-
MOHTaXa KOHCTPYKTHBHBIX 3JIEMEHTOB CYIIe-
cTByromieil kposiu. IIpumeHeHne B KayecTBe
BOJOM30IIAIIMOHHOTO KOBpa [IBX-memOpan mos-
BOJIUT 0€3 MaTepHWalbHBIX W (DMHAHCOBBIX 3aTpaT
B TeueHue 20 JIeT UCKIIOUUTH MOSIBICHHUE MPOTEUEK
KpOBJIH.

JINTEPATYPA

1. Yepnousan, B. H. Peabunurtanus COBMEIIEHHBIX yTeMN-
JIEHHBIX PYJIOHHBIX KpoBenb. BoccraHoBIeHHE 3KCIITya-
TAIlMOHHBIX XapAKTEPHCTHK COBMEMIEHHBIX YTETIEHHBIX
PYJIOHHBIX KpoBedb npu ux pemonrte / B. H. UepHousan,
H. B. YepHouBan. I'epmanus: LAP LAMBERT Academic
Publishing, 2014. 93 c.

2. Tomuwit, B. JI. PekoHCTpYKLUsI TMOKPBITHI TpaXkIaHCKUX
spanuit / B. JI. Tomumit // JKunuiiHoe CTPOUTENBCTBO.
2007. Ne 8. C. 6-8.

3. Epormos, JI. A. OcobGeHHOCTH pabOTHl KPOBENb H3 PYJIOH-
HBIX KPOBEJIBHBIX MaTepHaIoB U MOJXOABI K HX BBIOOpY /
JI. A. EpomnioB // TexHuueckue HayKd — OT TEOPHUHU K MpaK-
tuke. 2012. Ne 11. C. 74-78.

4. Cupenxko, JI. A. JIoAroBe4HOCTh MIOCKUX PYJIOHHBIX KpPO-
Benb / 1. A. Cupenxo, B. B. benenu // IlpomsliuieHHOE
U rpaxIaHcKoe cTpouTenbeTBOo. 2004, Ne 8. C. 20-21.

55


http://elibrary.ru/contents.asp?issueid=437239
http://elibrary.ru/contents.asp?issueid=1028060
http://elibrary.ru/contents.asp?issueid=1028060
http://elibrary.ru/author_items.asp?authorid=434734
http://elibrary.ru/author_items.asp?authorid=434734
http://elibrary.ru/author_items.asp?authorid=434734
http://elibrary.ru/contents.asp?issueid=428729
http://elibrary.ru/contents.asp?issueid=428729

Cmpoumenvcmeo

10.

11.

12.

13.

14.

15.

56

. CoxoBa, C. JI. BnusiHue Biaru noakpoBeIbHOIO KOBpa Ha

rugpounsossinuio / C. JI. Cokosa, II.T. ®omuna // XKu-
JUIIHOE cTpouTenscTBo. 1997. Ne 9. C. 9-11.

.T'ymia, E. B. Hagexxnast uzonsiust KpoBeib MarepuaiaMu

xommanun Sika / E.B.T'yma // KpoBenbHble U H305s-
1oHHbIe MaTepuaisl. 2012, Ne 4. C. 10-11.

. UepnouBan, B. H. K oweHke TexHHYeCKOro COCTOSHUA

SKCIUTyaTHPYEMBIX COBMEIICHHBIX PYIOHHBIX KPOBEIb /
B. H. Yepnousan, C. H. Jleonosnu. H. B. Uepnousan //
CrpoutenpHas Hayka u TexHuka. 2011. Ne 3. C. 47-51.

. 3epHoB, A. E. Hagexnocts mnockoit kposmn / A. E. 3ep-

HOB // CtponTtensHble MaTepraisl. 2006. Ne 5. C. 13.

. CtpoutenbHas TemnoTexHuka. CTpouTeabHble HOPMBI IPo-

extupoBanms: TKII 45-2.04-43-2006". Beex. 01.07.2007.
Musnck: MuscTtpoiiapxutekTypsl, 2015. 44 c.

Coopuuk 7. Kposensubsie paborsi: HopMsl 3arpar Tpyzma
Ha CTPOMTEIbHBIE, MOHTAXXHbIE U PEMOHTHO-CTPOMTEIb-
Hble paboTel. Beex. 22.07.2009. Munck: MuHcTpoiiapxu-
TekTypsl, 2009. 41 c.

Coopuuk 20. PeMoHTHO-CTpOUTENnbHBIE paboThl. Bhimyck 1.
31aHus U TIPOMBIIIIEHHbIE coopyxenus: Hopmsl 3aTpar
TpyJa Ha CTPOHUTENbHbIE, MOHTa)KHbIE U PEMOHTHO-CTPOU-
TenbHBIE paboTsl. Beea. 22.07.2009. Munck: MuncTpoii-
apxuTekTypsl, 2009. 224 c.

Kpom: CH 5.08.01-2019. Beea. 08.09.2020. Munck:
Mumnctpoitapxurextypsl, 2020. 24 c.

OOcnenoBaHNe CTPOUTENBHBIX KOHCTPYKLHMH 30aHUH U
coopysxenuii. [Topanok nposenerms: TKIT 45-1.04-37-2008",
Bsen. 29.12.2008. Munck: MUHCTpOHapXUTEKTYpHI,
2014. 39 c.

Pymsannes, b. M. Cuctemsl H3051MH CTPOUTENBHBIX KOH-
crpykuuii / b. M. Pymsanes, A. Jl. XKykos. M.: MI'CY,
2014. 640 c.

Morunar, A. H. IIpoekTupoBaHue TEILIO3ALIUThI MOKPHI-
THii rpaxaaHckux 3nanuii / A. H. Moruiart, . H. Kpuso-
60x. Kues: Byxisenbuuk, 1982. 146 c.

[Moctrynuna 29.09.2021
INoanucana B meyars 30.11.2021
Ony6nukoBana onnaiiu 28.01.2022

REFERENCES

. Chernoivan V. N., Chernoivan N. V. (2014) Rehabilitation

of Combined Insulated Roll Roofs. Restoration of Opera-
tional Characteristics of Combined Insulated Roll Roofs
During Their Repair. Germany: LAP LAMBERT Acade-
mic Publishing. 93 (in Russian).

. Topchii V. D. (2007) Reconstruction of Coverings of Civil

Buildings. Zhilishchnoe Stroitelstvo = Housing Construc-
tion, (8), 6-8 (in Russian).

. Eropov L. A. (2012) Features of Operation of Roofs from

Roll Roofing Materials and Approaches to their Selection.
Tekhnicheskie Nauki — ot Teorii k Praktike [Technical Sci-

10.

11.

12.

13.

14.

15.

ences — from Theory to Practice], (11), 74-78 (in Rus-
sian).

. Sidenko D. A., Belevich V. B. (2004) Durability of Flat

Roll Roofs. Promyshlennoe i Grazhdanskoe Stroitelstvo =
Industrial and Civil Engineering, (8), 20-21 (in Russian).

. Sokova S. D., Fomina P. G. (1997) Influence of Moisture

in the Under-Roof Carpet on Waterproofing. Zhilishch-
noe Stroitelstvo = Housing Construction, (9), 9-11 (in
Russian).

. Gushcha E. V. (2012) Reliable Roof Insulation with Sika

Materials. Krovelnye i lzolyatsionnye Materialy [Roofing
and Insulation Materials], (4), 10-11 (in Russian).

. Chernoivan V. N., Leonovich S. N., Chernoivan N. V.

(2011) To the Assessment of the Technical Condition of
the Operated Combined Roll Roofs. Stroitelnaya Nauka
i Tekhnika [Construction Science and Technology], (3),
47-51 (in Russian).

. Zernov A. E. (2006) Reliability of Flat Roof. Stroitelnye

Materialy = Construction Materials, (5), 13 (in Russian).

. TKP [Technical Code of Common Practice] 45-2.04-43-2006.

Construction Heat Engineering. Building Design Codes.
Minsk, Publishing House of Ministry of Architecture and
Construction of the Republic of Belarus, 2015. 44 (in Rus-
sian).
Collection 7. Roofing Works: Norms of Labor Costs for
Construction, Installation and Repair and Construction
Works. Minsk, Publishing House of Ministry of Archi-
tecture and Construction of the Republic of Belarus,
2009. 41 (in Russian).
Collection 20. Repair and Construction Works. Issue 1.
Buildings and Industrial Structures: Norms of Labor Costs
for Construction, Installation and Repair and Construction
Works. Minsk, Publishing House of Ministry of Architecture
and Construction of the Republic of Belarus, 2009. 224 (in
Russian).
SN [Building Codes] 5.08.01-2019. Roofs. Minsk, Pub-
lishing House of Ministry of Architecture and Construc-
tion of the Republic of Belarus, 2020. 24 (in Russian).
TKP [Technical Code of Common Practice] 45-1.04-37-2008.
Inspection of Building Structures of Buildings and Con-
structions. Inspection Procedure. Minsk, Publishing House
of Ministry of Architecture and Construction of the Re-
public of Belarus, 2014. 39 (in Russian).
Rumyantsev B. M., Zhukov A. D. (2014) Insulation Sys-
tems for Building Structures. Moscow, Publishing House
of Moscow State University of Civil Engineering. 640 (in
Russian).
Mogilat A. N., Krivobok E. N. (1982) Design of Thermal
Protection of Coatings for Civil Buildings. Kiev, Budivel-
nik Publ. 146 (in Russian).
Received: 29.09.2021
Accepted: 30.11.2021
Published online: 28.01.2022

Hayka
uTexHuka. T. 21, Ne 1 (2022)


http://elibrary.ru/contents.asp?issueid=425337

Civil and Industrial Engineering

https://doi.org/10.21122/2227-1031-2022-21-1-57-62
YK 666.972.165

KommiekcHblie 100aBKH K 0eTOHY
HAa OCHOBE BeleCTB OPraHM4YeCKOM U MUHEPAJIbHOU MPUPOIbI

HUnxk. U. P. CMﬂpHOBl)

YOrxpsiToe akmmoHepHOE 061IecTBO «BENOPYCCKHMit METALTYprHYeCKH il 3aB0J] — yTPABIIAIONIAs KOMITAHHS
xonaunra «benopycckast Metamtyprudeckas kommanus» (JKimobun, Peciyonmka benapycs)

© benopycckuii HallMOHANBHBIN TEXHUYECKUH yHUBepcHUTeT, 2022
Belarusian National Technical University, 2022

Pedepar. [IponsBoacTBo 6€TOHOB, 00JI1aJaIOMNX BEICOKOH CKOPOCTBIO TBEPACHHUS, HE OCYIIECTBIMO 0e3 IIPUMEHEHUS] MOJIH-
¢unupyromux no6aBok. Pa3BuTie XMMUYECKOH IPOMBIIUICHHOCTH 00YCIOBIIIO TOSIBIEHHE OOJNBIIOTO KOJIWYECTBa H00ABOK
C pa3ianyuHbIMU CBOMcTBaMU. OJJHU YBEIHUMBAIOT MOPO30- U KOPPO3HOHHYIO CTOMKOCTB, IPOYHOCTbh CTPOUTENIBHBIX MaTepua-
JIOB, IPYTHE BIUSIOT HA IPOIECCHI CXBATHIBAaHUS OETOHA M BOAOLEMEHTHOE oTHOoIIeHne. Hanbonpmmit nHTepec npencraBisier
CoBMecTHas paboTta 100aBOK B COCTaBe LIEMEHTHOIO KaMHs. B cTaTbe NPHUBEECH aHAIM3 U OINPEJIETICHO BIUSHUE Pa3IMYHbIX
KOMOMHAIMH XUMHYecKnX no6aBok (kapbonara Hatpus Na,COs, xmopuna natpus NaCl, aurpara narpust NaNOg) Ha CTpyK-
TypooOpa3oBaHHE U CBOMCTBAa ILEMEHTHOTO KaMHS B COCTaBE€ KOMIUIEKCHOH I00AaBKHM C IOMOIIBIO METOJAa CHUMILIEKC-
pEIIeTYATOro IUIAaHUPOBAHUS SKCIIEPUMEHTa. B Xoze nccie1oBaHui UL OTy4eHUs LIEMEHTHOTO KaMHs UCIIOJIb30BAJIN MOPT-
ngauuemMenT M500 10 ¢ noGasnenueM B ycraHoBieHHbIX mponopuusx Na,COs;, NaCl u NaNO;. B pesynbrare ucnblTaHui
HalWJEHO ONTHMAILHOE COOTHONIEHHE KOMIIOHEHTOB B COCTaBe KOMIIEKCHOM no0aBku: NaNOjz — 12-38 %; NaCl — 34-54 %;
Na,CO3 — 26-42 %. [Ipu BBeZIcHUY TAaHHOTO KOMILJICKCA B COCTaB OETOHHOW CMECH HaOIIOAAIHCh TIOJI0XKUTEIbHAS JHHAMUKA
B HEHTpaiM3aluyi KOPPO3HOHHOTO BO3JCHCTBHUS HA apMaTypy B OeTOHeE, a TakKe yCKOPEHHBIH Ha0Op TBEPIOCTH OETOHOM.
ITosyueHHbIE pe3yJIbTaThl MOTYT ObITh MCIIOJNB30BAHBI HA NPOGMIBHBIX HPEANPUATHAX XMMHYECKOH IPOMBIIUICHHOCTH U B
HCCIIEOBAHUAX IPH Pa3paboTKe MOIU(DUINPYIOMNX 100aBOK.

KioueBble cj10Ba: METOJ CUMIUIEKC-PEIIETYATOrO IUIAHUPOBaHHS, MOAN(UIUPYOIINe J00aBKU, TBEPAOCTh, KOPPO3HUs, Lie-
MEHTHBIH KaMeHb, TPEXKOMIIOHCHTHBIE IHarPaMMBbI CBOICTB

Jas nurupoBanusi: CmupHOB, U. P. KomruiekcHbie 1o0aBku K OETOHY Ha OCHOBE BEIIECTB OPraHUMYECKOW U MUHEPATLHOM TpH-
poxst / Y. P. CmupHOB // Hayxka u mexuuxa. 2022. T. 21, Ne 1. C. 57-62. https://doi.org/10.21122/2227-1031-2022-21-1-57-62

Complex Additives for Concrete Based
on Substances of Organic and Mineral Nature

I. R. Smirnov”
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(Zhlobin, Republic of Belarus)

Abstract. The production of concretes with a hard hardening rate is not feasible without the use of modifying additives.
The development of the chemical industry has led to the emergence of a large number of additives with different properties.
Some increase the frost and corrosion resistance, the strength of building materials, while others affect the setting of concrete
and the water-cement ratio. Of greatest interest is the joint work of the additives in the composition of the cement stone.
The paper analyzes and determines the effect of various combinations of chemical additives (sodium carbonate Na,COs,
sodium chloride NaCl and sodium nitrate NaNOs) on the structure formation and properties of cement stone as part of a com-
plex additive using the simplex-lattice experiment planning method. In the course of the research, to obtain cement stone,
Portland cement M500 DO has been used with the addition of Na,CO;, NaCl and NaNQj; in the established proportions.
As a result of tests, it has been found that the following proportions of the components in the composition of the complex
additive are optimal: NaNO; — 12-38 %; NaCl — 34-54 %; Na,CO; — 26-42 %. With the introduction of this complex into the
composition of the concrete mixture, positive dynamics have been observed in neutralizing the corrosion effect on reinforce-
ment in concrete, as well as an accelerated set of concrete hardness. The results obtained can be used at specialized enterprises
of the chemical industry, as well as in further research in the development of modifying additives.

Keywords: simplex lattice planning method, modifying additives, hardness, corrosion, cement stone, three-component
diagram of properties
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BBenenne

Bo BceM Mupe cTpouTelbHas OTPacib Pa3BH-
BAETCSI OYEHbL MHTEHCHUBHO, M CETOMHS KalMTallb-
HO€ CTPOMTEILCTBO HEBO3MOXKHO IPEICTAaBUTH 0€3
Oerona u xene3oberoHa. [loaToMy coBpeMeHHBIH
MOU(DUITUPOBAHHBIA OSTOH — BaKHBIN U TIPAKTH-
YeCKH He3aMeHUMbIH marepuai. C yBeIWYCHHUEM
TEMIIOB CTPOUTEIBCTBA OCTPO CTOSIT BOIPOCHI MO-
JICpHU3AIMN TPOM3BOJCTBA, Pa3padOTKH HOBBIX
TEXHOJIOTHH, KOTOPBIE TMO3BOJIAT H3TOTABJINBATH
6eTOHI)I C HCO6XOZ[I/IMI)IMI/I 3KCHHyaTaHI/IOHHI)IMI/I
CBOMCTBaMH.

PazButne XMMHYECKOW  MIPOMBILIJIEHHOCTH
00yCITOBUIIO TIOSIBIIGHHE OOJBIIOTO KOJMYECTBA
00aBOK, O0JIAAOIMINX Pa3TUIHBIMA CBOHCTBAMH.
ONHU YBEIHYMBAIOT MOPO30- U KOPPO3HOHHYIO
CTOI‘/'IKOCTB, HpO‘-IHOCT]) CTpOI/ITCJ'IBHLIX MaTepHa-
JIOB, IprrHe BJIIMAKOT Ha HpOHCCCI)I CXBAaTbIBAHUA
OeToHa M BOAOIIEMEHTHOE OTHoIleHue. Hanbob-
[IMA MHTEPEC TMPENCTABIsACT COBMECTHas paboTa
00aBOK B COCTaBE LIEMEHTHOIO KaMHS.

IIpon3BoACcTBO OETOHOB, OOJAMAIOIIMX BBICO-
KOH CKOPOCTBIO TBEpJCHHS, HE OCYIICCTBUMO
0e3 UCIOoBb30BaHU MOJIU(DUITUPYIONINX JT00ABOK.
CeroJiHsi HayKe U3BECTEH OOJIBINION CIHCOK XMMH-
YEeCKHX KOMIIOHEHTOB, MPEIHA3HAYECHHBIX IS
stux neneit: NaySO4, Na,COs, CaCl, u ap. Yame
BCEro IPOM3BOAUTENIN J00ABOK JAIOT HEMOJIHYIO
WHGPOPMAIUIO O HUX, YTO 3HAYUTEIHHO OCIIOKHS-
eT paboTy MO ONPENCICHUIO UX BO3JCHCTBUS Ha
MaTepuanbsl U u3nenus. M3-3a storo B xo/e uccie-
JIOBaHUI OBbIBaCT 3aTPYJHHUTEILHO OIPEICIUTh
CTENEHh BIMAHUS TE€X HWIM HHBIX KOMIIOHEHTOB
M00aBOK Ha apMarypy ¥ OETOH, HalmpuMep B CITy-
yasix cojepxaHust B gobaBkax xyopunos (CaCl,
u NaCl). JlaHHbIE KOMIIOHEHTHI B COCTaBe JJ00ABOK
OKa3bIBAIOT arpecCMBHOEC KOPPO3UOHHOE BO3-
JlelicTBHe Ha apMmatrypy. Heiltpanuzanus >Toro
HEeraTHBHOTO (hakTopa — BechMa akTyajbHas 3aj1a-
qa [1-5].

AHaJIN3 BJIMSTHUSI KOMIIOHEHTOB J100aBKH
Ha XapaKTePUCTHUKU HEMECHTHOI'0O KaMHS

DKCHepUMCHTANbHBIE HCCIICIOBAHUS CBOWCTB
Pa3IUYHBIX XUMHUYECKHX COSAMHCHUH UM ompee-
JICHHE WX BO3JCHCTBUI TpPEOYIOT 3HAYMTEIIBHBIX
pecypcoB. 3a4acTyro CO3MaHNe KOMITJICKCOB XUMU-
YEeCKMX COEAUHEHUH, SBIAIONIMXCI OOBEKTaMH
HCCJICIOBAaHNS, — IOBOJBHO CIIOXHBIM IpOIIECC,
YTOOBI 32 KOPOTKOE BPEMS BBIIIOJIHUThL €r0 TEOpe-
THYeCKUi aHamm3. [lodToMy mJis yMEHBIICHUS
KOJIMYECTBA IKCIICPUMEHTOB U YCKOPEHUS MX IPO-
BEJICHHSI TIPH OIIPEICIICHIH COBOKYITHOTO BIMSTHUS
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00aBOK Ha CBOWMCTBA IIEMEHTHOTO KaMHS MCIIONb-
3YIOT METOJBI TUTAHUPOBaHUS dKcnepuMeHTa. OHU
MO3BOJISIOT CO3JIaTh JIOCTATOYHO TOYHYH), YUUTHI-
BAaIOIIYI0 OJTHOBPEMEHHO BCe (DaKTOPhl MaTEMaTH-
YECKYI0 MOJIC]b TOBEJCHUS J00aBKU B COCTaBe
6etrona. Ha ocHOBe 3TOM MOAETN MOXHO MOTydaTh
JaHHBIE O B3aMMOJICHCTBUN KOMIIOHEHTOB, a TAKXKe
WX KOJMYECTBEHHYIO OIICHKY.

B crarbe paccmarpuBaeTcsi METOJ CHUMILIEKC-
pemeTyaToro IUTAHUPOBAHUS IJs  pa3pabOTKH
YHHUBEpPCAIBHOTO COCTaBa HAa OCHOBE KapOoHara
Hatpust Na,COj3, xnmopuna natpusi NaCl, autpata
Hatpust NaNO;z IyTeM 3aTBOPCHHUS JAHHBIX KOM-
MMOHEHTOB ¢ mopTiaHaneMeHToM. C moMomIsio
JAHHOTO METO/Ja YCTAaHOBHJIM IIEJIeCO00pa3HbIi
MOPSAZIOK TIPOBENECHHSI HWCCIICOBAHWUN, a TaKkKe
KOMIUIEKCHOE BIIMSHWE JT00aBOK Ha CBOWCTBA Iie-
MEHTHOTO KaMHS M HEOOXOJHMMYIO0 TOYHOCTh pPe-
3ynbTaToB pacyeros [6—10].

IIpu npoBeneHUM UCCIEAOBAHUN JJIsl MOTyYe-
HUS EMEHTHOTO KaMHS UCIOIh30BAIN MOPTIAH/-
nemeHT M500 10 ¢ nobaBneHreM omnpeaeIiceHHOTO
konmyecTBa KomoHeHToB Na,CO3, NaCl u NaNO;
(tabn. 1). O6pasubl (HoOpMUPOBATU CIACAYIOITUM
00pa3oM: OATrOTaBINBAIH PACTBOP Ha OCHOBE JIH-
CTHJTUPOBaHHOM BOJABI Maccoii 20 T ¢ 1o0aBICHH-
eM Na,CO;, NaCl u NaNO; B ycTaHOBIEHHBIX
nponopuusx (CoBOKyIHast Macca cocrarisuia 0,50 r).
3aTem pacTBOpoM 3aTBOpsti 50 T MOpTIIaHMIIE-
MEHTa C IMOCIEAYIONINM NepEeMEIIMBAHAEM, TOIY-
YEHHYIO0 MacCy 3aJIUBajy B TOJATrOTOBIEHHBIE (Pop-
MBI ¥ TIOMEIajgud Ha BHOporuiomanxky. B Tabm. 1
MPEJICTABICHbl MAaTPHIlA CHUMILIEKC-PEIIeTYaToro
TUTAHUPOBAHUS W 3HAYEHUS TBEPJOCTH 00pasma B
Bo3pacte 7 u 28 cyT. Bcero akcrnepuMEHTAIBHBIX
To4eK — 15, KOTOphIe pachpeieisiii COTJIACHO
Matpuie {3, 4}, 4TO COOTBETCTBYET MOJEIHU YeT-
BEPTOTO MOPSIKA.

B xone skcrieprMeHTOB yCTaHABIMBAIU: CPOKU
CXBATbIBaHUs, BOJOIOTJIOMICHHE, HOPMAIIbHYIO
TYCTOTY IIEMEHTHOTO TECTa, TBEPAOCTh 00pPAa3IOB
B Bo3pacte 3, 7, 14 u 28 cyT., OTKPBITYIO NOpPH-
CTOCTh M WHTCHCHBHOCTH HCHAPEHUS BOJIBI IS
BSDKYIIIETO C KOMIUIEKCOM JJ00aBoK. TBepmocTh
obpasia ompeneNsiii Kak BEIUYUHY YrIyOJICHUS
WHCHTOpPA Ha KOHIIE U3MEPUTEIHHOIO IIIyra B Te-
70 o0pa3na moj| MocToIHHON Harpy3ko# 3 kr. Io-
Ka3aHWsl CHUMAJIM CO IIKaJbl MHINKATOPA 4aCOBO-
TO THIIA, 3aKPEIUICHHOT0 Ha mratuBe. HaeHTop —
urna ¢ yriaoMm mpu BepmmHe 30° (mieHa nene-
Hus 0,01 mm). IIpu uchbITaHUSX Kaxayr 100aB-
Ky (Xl — NaNOg; X, — NaCl; X; - N32CO3) 6pam/1
B koH1eHTparmu 0,25-1,00 %.
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Marpuna CHMILIEKC-PelIeTYaToro NJIAHMPOBAHUS IKCIIEPUMEHTA

Matrix of simplex-lattice experiment planning

Tabauya 1

Yucno Macca KOMIIOHEHTOB, T JloJs KOMITIOHEHTOB Trepnocts obpasua (rybuna
MIPOHUKHOBEHUS HHACHTOPA), MM
ORI NaNO, NaCl Na,CO, X X, X 7 eyr. 28 cyr.
1 0,500 0 0 1 0 0 0,116 0,079
2 0 0,500 0 0 1 0 0,103 0,060
3 0 0 0,500 0 0 1 0,138 0,077
4 0,250 0,250 0 0,50 0,50 0 0,115 0,068
5 0,250 0 0,250 0,50 0 0,50 0,128 0,066
6 0 0,250 0,250 0 0,50 0,50 0,132 0,088
7 0,875 0,125 0 0,75 0,25 0 0,107 0,060
8 0,125 0,875 0 0,25 0,75 0 0,123 0,077
9 0,875 0 0,125 0,75 0 0,25 0,110 0,096
10 0,125 0 0,875 0,25 0 0,75 0,112 0,070
11 0 0,875 0,125 0 0,75 0,25 0,135 0,093
12 0 0,125 0,875 0 0,25 0,75 0,177 0,106
13 0,250 0,125 0,125 0,50 0,25 0,25 0,127 0,080
14 0,125 0,250 0,125 0,25 0,50 0,25 0,114 0,069
15 0,125 0,125 0,250 0,25 0,25 0,50 0,129 0,078

Hccnenyembie CBOMCTBA MOXHO MPE/ICTABUTH
B BUJIC MMOJIMHOMA OIPEJICIICHHOW CTENeH! N OT g
MIEPEMEHHBIX (YMCIIa SKCIICPUMEHTAIBHBIX TOYCK).
B kadyectBe ( mepeMEHHBIX BBICTYMATH KOH-
[EHTPAllMd KOMIIOHEHTOB CMecH. B COBOKYITHO-
CTH § U N 00pa3yloT pemeTKy, rae 4ucio kodddu-
[UEHTOB TOJIMHOMAa PaBHO YHUCIY JKCIEPHUMEH-
TambHBIX TOYeK. OO0s3aTeNbHOE YCIIOBHE METOJa
CUMITJICKC-PEIETYaTOr0 TUIAHUPOBAHHUS TaKOBO:
eciu X — KOHIIGHTpAlHs KOMIIOHCHTOB CMECH
B KOJIMPOBAHHBIX 3HAYCHUSX UCCIIENyeMbIX (HaKTo-
poB (Xj = 0-1), o XX; = 1 [6-10]. Ha ocHOBaHMH
JMaHHeIX Tabn. 1 mo ¢opmymam pacyera Kod(]-
(DMIMIEHTOB TIOJIMHOMA YETBEPTOTO TOPSIKA JUISt
TPEXKOMITOHCHTHOW CMecH OBbUIM TONY4YEeHBI ypaB-
HEHUSI PErPECcCUH, OTPaKAIOIIUE BIHSHIE KOMIUICK-
ca nooaBok NaNO;—NaCl-Na,CO; Ha mpo4yHOCTH
BSDKYIIETO Yepe3 7 U 28 CyT. COOTBETCTBEHHO:

Y;=11,6X; + 10,3X, + 13,8X; + 2,2X.X, +
+ 0,4X1X3 + 4,6X2X3 - 12X1X2(X1 —Xz) +
+ 4,8X.X5(X1 — Xa) — 13,07X0X5(X; — Xa) +
+ 2,93X,.X5(X; — X2)? — 35,7X1.X5(X; — X3)* +
+57,3XX5(X> — Xa)® + 137, 87X, 2X0X5 —
- 138,13X1X22X3 - 42,4X1X2X32; (1)

ng = 7,9X1 + 6X2 + 7,7X3 - 0,6X1X2 - 4,8X1X3 +
+7,8X,X5 — 14,13X.X,(X; - Xo) +
+13,3X.X5(X; — X3) — 2,4X0X5(X, — X3) +
+0,27X X0 (X1 — Xo)® + 29,87 X.X3(X: — Xa)® +
+ 34,93X0X5( X, — X3)? + 98,4X:2X0X5 —
- 137,6X.X5,°X; + 17,87X.X0X5". (2)
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ITo ypaBuenusm (1), (2) u naHHbIM TabI. 1 ams
TBEPIOCTH 00pasmoB B Bo3pacte 7 M 28 CyT. Mo-
CTPOCHBI TPEXKOMIIOHEHTHBIC JHarpamMMel (prc. 1, 2)
B mporpamme Simplex, pa3paboTaHHOW HOKTO-
pPOM TEXHMYECKHX HayK, mHpodeccopoM Kaden-
pbl «CTpOUTEIHHBIC TEXHOJIOTUU W KOHCTPYKITUI
Benopycckoro rocyaapcTBEHHOrO YHHBEpPCUTETa
Tpancnopta A. C. HesepoBbsiM. M3onuHum Ha
IUarpaMMmax MOKa3bIBalOT M3MEHEHHE TBEPIOCTH
o0pasia B 3aBUCHMOCTH OT KOHIICHTPAITUH KX IO
13 100aBOK.

B Bospactre 7 cyT. HabmIOmanmMch ABE ONTH-
MaJbHBIC 30HBI, KOTOpPBHIC OBLIM JIOKAIW30BaHBI
B CJICIYFOIIUX KOHIIEHTPAIIUSIX KOMIIOHCHTOB:

1) NaNO; — 8-30 %; NaCl — 54-80 %; Na,CO; —
18-44 %;

2) NaNO; — 58-100 %;
N32CO3 —0-28 %.

C TedyeHmeM BpeMeHM Ha 28-¢ CyTKH TIep-
Bas 30Ha CTaOMJIBHO COXpaHsIa CBOE IMOJIOKEHHE,
a BTOpas yMEHbIIalach M CMeIaiach K KOHIICH-
TpaLusIM CO CICAYIOIIUM COIEpKaHHEM KOMIIO-
gentoB: Na,CO; — 0-2 %; NaNO; — 54-86 %;
NaCl — 46-14 %. B nanHOM ciy4ae ONTUMAaIbHBIM
MHOTO(YHKIIMOHAIEHBIM COCTABOM CJIEyeT TpH-
HUMAaTh TaKOW, KOHIICHTpAIlMd KOTOPOTO Ha JHa-
rpaMMax COOTBETCTBYIOT IEPBOM 30HE C COEpIKa-
HHEM KOMIIOHEHTOB 100aBok: Na,CO; — 12-42 %;
NaNO; — 12-38 %; NaCl — 32—60 %.

NaCl — 0-42 %;
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Puc. 1. 3aBucuMocTb TBepAOCTH 00pasiia uepe3 7 CyT. mocie GopMOBaHUS OT COCTaBa KOMIUIEKCHOH T00aBKU

Fig. 1. Dependence of sample hardness 7 days after molding on composition of complex additive
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Puc. 2. 3aBucuMocTb TBepA0oCcTH 00pa3iia uepes 28 cyT. nocie GopMOBaHHUs OT COCTaBa KOMIUIEKCHOW 100aBKU

Fig. 2. Dependence of sample hardness 28 days after molding on composition of complex additive
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W3meHeHne CKOPOCTH KOPPO3UHU MeTajlia B pac-
TBOpe coneit (1 T comeit Ha 1 J1 BOABI) ONpemeIIsTN
¢ TIOMOIIbIO Koppo3umeTpa «xcnepT-004y, mrymsl
KOTOPOTO TIOMEIIAT! B JKUAKYIO Cpedy J00aBKH.
3ateM ¢ pruOOpa CHUMAIU TIOKa3aHusi u 00padaThI-
BaJId CIIOCOOOM, OITMCAHHBIM BHIIIE /IS OTpezesie-
HUA TBepAocTH. 1o momyyeHHBIM JaHHBIM CTPOHIIH
JIarpaMmmy, IPUBEJCHHYIO Ha pHC. 3.

Kax BumnO 13 puc. 3, npocnexuBaetcs 3GpheKT
3aMe/IJICHHUsT KOPPO3WUHU TIPH ONpEIeTICHHBIX KOH-
NEHTPANUAX KOMIIOHEHTOB. ICX0/s U3 OLEHKH WX
COBMECTHOW pa0OThI B COCTAaBE KOMIUIEKCA, YIO-
BJICTBOPUTEIBHBIMUA TIPUHATHI CIICAYIOIIUE KOH-
nenrpanuu: NaNO; — 0-72 %; NaCl — 0-54 %;
Na,CO; — 14-100 %.
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Puc. 3. Ilokazarens kopposuu (Mkm/rox) B pactBope cosieit NaNOjg, NaCl u Na,COj3 B 3aBHCHMOCTH OT COCTaBa pacTBOpa

Fig. 3. Corrosion index (um/year) in solution of NaNOs, NaCl and Na,CO; salts, depending on composition of solution

BBIBOJ]

I/ICCHC,Z[OBaHI/I}IMI/I YCTAHOBJICHO, YTO OIITHU-
MaJIbHBIMU ABJIAIOTCA CJICAYIONIUC OOJHU KOMIIO-
HEHTOB B cocTaBe KoMIulekca no0aBku: NaNOjz —
12-38 %; NaCl — 34-54 %; Na,CO; — 2642 %.
I[06aBJ'IeHI/IC JAaHHOT'O COCTaBa B 66TOHHYIO CMECh
IIOJIOKUTCIIbHO BJIMAJIO HAa €€ (bHBI/IKO-MexaHI/I'-IC-
CKHE CBOICTBA: Ha6J'IIOI[aJ'II/ICB IIOJIOXKUTCIbHAA
JUHAMHUKa B HeflTpaﬂI/ISaHHPI KOpPpPO3UOHHOI'O BO3-
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JeWCTBUSL HA apMaTypy B O€TOHe, a TakkKe yCKO-
PEHHBII HAOOp TBEPAOCTH OETOHOM.
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Pedepar. Ipennaraercs crnoco0 onpenencHus OCTAHOBOYHOIO MYTH TPAHCIOPTHOIO CPEICTBAa Ha OCHOBE Ko3(hduIMeHTa
TOPMOKEHUS ¥ K03(h(HUIHEHTA HCIO0JIF30BAHUS CHIIBI CLICTUICHHS] aBTOMaTU3MPOBAaHHON CHCTEMOH PETyNMpPOBAaHUS TOPMO3HO-
TO YCHJIUSI Ha NpHMEpe MHOTOOCHOTO aBToMoOwmis. MccnenoBaHue 3akiiodanoch B TOM, 4TOOBI HA OCHOBE PEaln3yeMOoro
CLICIUICHUSI MEXKY [IMHOI M OIIOPHOM MOBEPXHOCTHIO PACUETHBIM IIyTE€M ONPENEIHUTh MapaMeTpsl 3(h(HEeKTUBHOCTH TOPMOKE-
HUSI MHOTOOCHOTO KOJIECHOTO TPAHCIIOPTHOTO CPEJCTBA, 00OPYIOBAHHOTO aBTOMAaTH3UPOBAHHOW CHCTEMOIl perynupOBaHHUS
TOPMO3HOTO ycuius. Hanuune HOBBIX MaTeMaTHUECKUX B3aUMOCBS3€H MEXIy MOJIOKEHHEM KOOPAMHATBI LEHTPA TSKECTH
TPaHCHOPTHOTO CPEICTBA, PEATU3YCeMbIM CIEIUICHUSIMU €r0 KoJiec, U K03()(HIUEHTOM TOPMOXKEHUSI aBTOMOOMIIS TI03BOJISICT
MOZENUPOBATh U3MEHEHNE 3aME/ICHUs] KOJIECHOH MaIlMHbBI B Pa3IMYHBIX TOPMO3HBIX PEKHMax ee JBrKeHHs. OO0CHOBAaHBI
TEpMHUHBI, ONMCHIBAIOIINE B3aNMOACHCTBHE SIIACTUYHON IIUHEI C OIIOPHOM IMOBEPXHOCTHIO B PEXKHUME TOPMOKCHUS KOJIECHON
MaIIUHBL. 3arnucaHbl YpaBHEHHS, TI03BOJIIIOIINE PACCUUTATh: TI0JIOKEHHE KOOPANHATHI IIEHTPa TSDKECTH MHOTOOCHOTO KOJIec-
HOT'O TPAHCIIOPTHOTO CPEJICTBA OTHOCUTEIBHO €r0 MEPeJHNX U 3aAHUX MOCTOB; 3HaueHHE KOd((HIIHEHTa TOPMOXKCHHS MHO-
TOOCHOI KOJIECHOHM MaIIMHBI Ha OCHOBE KOOPMHAT IIOJIOXKEHHS IIEHTPA €€ TSHKECTH, CHEIUICHNH, KOTOPBIE PEeaTu3yIOTC MEX-
Iy ee IIMHAMU U OMOPHOH MOBEPXHOCTBIO; PACIpEeie/iEeHUe HArpy3KH MEXIY COOTBETCTBYIOIIMMM NMEPETHUMH U 3aTHUMU
MOCTaMH TPAHCIOPTHOTO cpeacTBa. [IIsi pacdeTa OCTAHOBOYHOTO IMYTH KOJECHOTO TPAHCHOPTHOTO CPEACTBA IIpeIyIaraercs
3HaUeHHE KOA(PUIMEHTA HCIIOJIB30BAHNS CHIIBI CLEIICHHs] IPUHUMATh paBHBIM 0,83 He3aBHCHMO OT M3MEHEHHs IOTO0JHO-
KJIMMaTHYECKUX YCIOBUH, B KOTOPBIX 3KCITyaTUPYETCss aBTOMOOMIIb (TTOTPEIIHOCTh PAacyeTOB IPH MPUHATOM JOIYINEHUH HE
6onee 5 %). B rpaduueckoM Buae mpenCcTaBlICHA pacueTHas CXeMa ITOJIOXKEHMS! KOOPIWHAT LEHTpa TSHKECTH MHOTOOCHOMN
KOJIECHOM MaIlIMHBI, Jarolias obIlee MpeACTaBICHUE O MepepacnpeneIeHud MacC MEXAY MEePEeAHUMU U 3aJHUMHU MOCTaMU
aBToMoOmIs. [IpoaHanu3MpoBaHbl Hay4HbIE TyOIMKALUK 110 M3MEHCHUIO BEIUYMHBI PEAIM3yeMOT0 CLEIUICHUS MEeXY IUHON
M OTIOPHOH MOBEPXHOCTHIO B PEXKUME TOPMOXKEHHSI aBTOMOOMIBHOTO KOJIeca IpHU pa3iudHbIX (akropax. [Ipemmaraemast KoH-
LeNIus ONpesieleHNs HapaMeTpoB 3G PEKTUBHOCTH TOPMOKEHUSI MHOTOOCHOH KOJECHOH MAlllMHbI YTOYHSAET HEKOTOPBIE 110-
JI0>KEHUS] TEOPUH JBIDKCHHUS aBTOMOOWIISA, B YaCTHOCTH MO3BOJISIET NPUMEHHUTH PAcUETHBIH METOJ OIpeeIeHHs 3aMeIeHHs
aBTOMOOMJIA B 3ajadye MPHUPAIIEHUS BEPTHKAIBHBIX HAarpy30K Ha OCAX MHOTOOCHOTO KOJECHOTO TPAHCIIOPTHOTO CPEICTBA
B pexuMe TopMokeHus. [IpuBeneHHbIid criocod pacueTa Ko3()(HIUESHTOB PaCIIPEACICHUs] Beca MKy CMEKHBIMH TTEPEIHH-
MH WU 33JHIMH MOCTaMH MHOTOOCHO KOJICCHO!M MAIIMHBI IIOBBIIAET TOYHOCTh ONPENETICHHs BEITMIMHBI 3aMe/IICHHS aBTO-
MOOHJIS paCUETHBIM METOIOM.

KiroueBble cj10Ba: KOJIECO, IIMHA, ONOPHAs MOBEPXHOCTb, KO3(MUIMEHT CLEIUICHHs, pealn3yeMoe cLeuieHne, koadu-
LIMEHT TOPMOXKCHHS, KO3 (UINEHT MCIOIb30BAaHUS CHIIbI CLCIUICHUS, TOPMO3HOI! IIyTh, NPOLIECC TOPMOKEHHS, TOPMO3HOE
yCHIIie, MHOT'OOCHBIN aBTOMOOHIIb, TPAHCIIOPTHOE CPEICTBO
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About Braking of Wheeled Vehicle Equipped
with Automated Brake Control System

D. N. Leontiev?”, V. A. Bogomolov?, V. I. Klymenko®, L. A. Ryzhyh", |S. I. Lomaka®|,

A. V. Suhomlin?, A. V. Kuripka®, A. A. Frolov?

YKharkiv National Automobile and Highway University (Kharkiv, Ukraine),
?National Scientific Center “Hon. Prof. M. S. Bokarius Forensic Science Institute” (Kharkiv, Ukraine)

Abstract. The paper proposes a method for determining a vehicle stopping distance based on a braking rate and a coefficient
of using an adhesion force by an automated control system for regulating a braking force on the example of a multi-axle vehi-
cle. The aim of the study is to calculate parameters of the braking efficiency of a multi-axle wheeled vehicle equipped with
an automated braking force control system based on the adhesion between a tire and a supporting surface. A peculiarity of the
considered method is the use of the calculated braking coefficient of the vehicle and the coefficient of use of adhesion forces
during the operation of automated system for regulating the braking force. The presence of new mathematical relationships
between the position of the coordinate of the vehicle’s gravity center, realized by the clutches of its wheels, and the braking
coefficient of the vehicle makes it possible to simulate the change in the deceleration of a wheeled vehicle in various braking
modes of its motion. The terms describing the interaction of an elastic tire with a supporting surface in the braking mode of
a wheeled vehicle have been substantiated. Equations are written that permit to calculate: a position of the coordinate of gra-
vity center of a multi-axle wheeled vehicle relative to its front and rear axles; a braking coefficient value of a multi-axle
wheeled vehicle based on the coordinates of the position of its gravity center, clutches that are realized between its tires and
a supporting surface; load distribution between the respective front and rear axles of the vehicle. To calculate the stopping
distance of a wheeled vehicle, it is proposed to take a coefficient value of use of the adhesion force equal to 0.83, regardless
of the change in weather and climatic conditions in which the vehicle is operated (a calculation error under an accepted as-
sumption is not more than 5 %). In a graphical form, a design diagram of the coordinate position of a gravity center of
a multi-axle wheeled vehicle is presented, which gives a general idea about the redistribution of masses between front and
rear axles of the vehicle. Scientific publications on the change in the value of the realized adhesion between the tire and
the supporting surface in the braking mode of the automobile wheel under various factors have been analyzed in the paper.
The proposed concept for determining parameters of the braking efficiency of a multi-axle wheeled vehicle clarifies some
provisions in the theory of vehicle motion, in particular, it allows to apply the calculated method for determining the decelera-
tion of a vehicle in the problem of increasing vertical loads on the axles of a multi-axle wheeled vehicle in the braking mode.
The given method for calculating coefficients of weight distribution between adjacent front or rear axles of a multi-axle
wheeled vehicle increases an accuracy of determining the amount of deceleration of the vehicle by the calculation method.

Keywords: wheel, tire, supporting surface, coefficient of adhesion, utilized adhesion, braking rate, coefficient utilizing bra-
king forces, braking distances, braking process, braking force, multi-axle vehicle, vehicle

For citation: Leontiev D. N., Bogomolov V. A., Klymenko V. I, Ryzhyh L. A., [Lomaka S. |, Suhomlin A. V., Kuripka A. V.,
Frolov A. A. (2022) About Braking of Wheeled Vehicle Equipped with Automated Brake Control System. Science and Tech-
nique. 21 (1), 63-72. https://doi.org/10.21122/2227-1031-2022-21-1-63-72 (in Russian)

BBenenue

B Teopun aBTOMOOMIISI €CTH MHOTO IPOTHUBOpE-
YHil, KOTOpBIE BO3HUKAIOT H3-32 OTCYTCTBHA €AU-
HOW TEpMHMHOJIOTUM IIPU ONUCAHUU TE€X WJIM HHBIX
¢usnueckux npoueccoB. OQHO U3 HUX — IPUMEHE-
HUE 3aBHCHMOCTH, KOTOpas TOBOPUT O TOM, 4YTO
3aMeJICHHE KOJIECHOI'O TPAHCIIOPTHOIO CpPEACT-
Ba (KTC), a 3naunT, 1 €ro TOPMO3HOH MyTh HE 3a-
BHUCSAT OT Macchl

9=, ®

rae ¢ — kodddurment crerieHus [1, 2]; g — ycko-
peHHE CBOGOIHOTO MAaNCHHS, M/C’} jmax — MAKCH-
MaJbHO BO3MOXKHOE 3aMEJICHHUE TPaHCIOPTHOTO
Cpe/ICTBa, MOMYYCHHOE TPH 3aTOPMaXKUBAHUU KO-
nec 6e3 ux GIOKHPOBaHUS, M/C2.

64

Ho na mpakTuke 310 HE Tak, BeAb U3BeCTHO [ 1, 2],
YTO TOPMO3HOM MyTh (S;) GOIBIIErPY3HOTO aBTO-
MOOWIISL MM aBTOOyca OOJbIlIe TOPMO3HOTO IyTH
JIETKOBOT'O aBTOMOOHJISI

2
YoV (g 54 Vo) o
3,6 254¢

T

rie S; — TOPMO3HOH IyTh TPaHCHOPTHOTO CPE-
CTBA, M; Vy, Vioy — CKOPOCTH B Hayajie M KOHIIC
Mpolecca TOPMOXKESHHS, KM/4; t, — BpeMsl 3armas/ibi-
BaHMS MEXIy HaXaTHeM Ha IeJadh TOpMO3a H
HagayioM Hapacranus 3amemieHus KTC, c; t3 —
BpeMs HapacTtanus 3ameieanst KTC, c.

[TosTOMYy B MEXKIyHAPOJHBIX CTaHIAAPTax B OT-
HOIIICHUHM TOPMOXCHUS TPAHCIIOPTHOTO CPEICTBA
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BMecTo (1) HmCmomp3yeTcss 3aBUCHMOCTh, KOTOpas
XapaKTepU3yeT IPOILECC TOPMOMKEHUS 4Yepe3 Tak
Ha3bIBaeMBIN KOA(D(OHUITMEHT TOPMOKEHUS Z

j
R (3)

rae | — 3aMemjieHHe KOJECHOTO TPAaHCIIOPTHOTO
cpencTsa, M/c2.

OueBuaHO, YTO CIlE[HUAIKCTaM B 00JacTH aB-
TOMOOHJIECTPOSHUS HANO Pa3audarh (HU3UICCKHUI
CMBICII, 3aJI0)KEHHBIN B OJHHUX U TEX K€ 3aBHCHUMO-
CTAX: Jmax = ©Q ¥ ] = zg. [ noHMMaHuUS JTOTHKH
U CMBICJIa MaTepHaia, U3JI0KEHHOI0 Jajee, Cleny-
eT mpuBecTH (HOPMYJIMPOBKY U TEPMHHOJIOTHIO,
KOTOpble MOT'YT OBbITh HE COBEPIIEHHBI, HO OTpa-
XKaroT (U3UKY Mpolecca B3aMMOJIEHCTBUS LIMHEI
aBTOMOOMJIBHOTO KOJIeCa C IIOBEPXHOCTHIO AOPOXK-
HOTO MOKPBITHS B peskuMe Topmoxkerust KTC.

TexHnyeckue TepMUHBI,
NPUHATHIE B My0JIMKALMHT

B dopmynax, mpUBEIECHHBIX HIKE, HMPUHATHI
0003HAYCHUSI B COOTBETCTBHM C pHUC. |, Ha KOTO-
pOM HM300pakeH TPOIecC OJIOKUPOBAHKS aBTOMO-
OMIILHOTO KOJIeca B 3aBHCUMOCTH OT KO3 PUITHCH-
Ta CKOJBKEHHS IIMHBI KOJIECA OTHOCHTEILHO IIO-
BEPXHOCTH JOPOMKHOTO MOKPBITHS.

max
f fxmax _ Rx R;p
R, pr =
R z
! R,
100 S, %

Puc. 1. 3aBHCUMOCTD BETMUUHBI pEaIN3yeMOT0

cueruienus f ot koadduunenra ckosbkeHus S

IIMHBI QBTOMOOHIIBHOTO KOJIECa OTHOCHTEIIBHO
MOBEPXHOCTH JOPO’KHOTO MOKPBITUS

Fig. 1. Dependence of realized adhesion f value
on sliding S coefficient
of automobile wheel tire relative to road surface

IIpomecc, m300pakeHHBIN Ha puc. 1, MOXET

OBLITh OIKCAaH CICAYIOINMHU TEXHUUCCKHUMU TEP-
MHUHaMH.
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Peanuzyemoe cyennenue — otHomeHue 000
MPOJOJILHONW peakUH OMOPHOW MOBEPXHOCTH Ry
K COOTBETCTBYIOIIEH HOpMalIbHOW peakmuu R,
KOTOpbIE ACHCTBYIOT Ha IIUHY 3aTOPMa’KUBAEMOTr0
BpallaoLIErocs Kojeca

fo == 4)

Maxcumanvhoe peanuzyemoe cyennenue (Ko-
agpuyuenm cyennenus) — OTHOIICHUE MAaKCH-
MaJbHO BO3MO)KHOW B JIAHHBIX YCJOBHSX TOPMO-
JKeHHsI TIPOJOJbHOW peaKIMyh OINOPHON MOBepX-

Hoctd RI™ K COOTBETCTBYIOIIEH HOPMAIbHOM

peakunu R,, KOTOpbIe JEHCTBYIOT Ha MIMHY 3aTOP-
Ma)XMBaeMOT'0 BpalIaloIIerocs Koieca

fmax _ R;nax

o =R )

Z

Peanuzyemoe cyennenue ocu — 3T0 cpenHee
3HAYEHHUE PEaATU3yEeMbIX CLETUICHUN MEeXy MIMHOU
¥ TIOBEPXHOCTHIO JJOPOXKHOTO TOKPHITHS COOTBET-

npas

crByromero sesoro fg” u mpasoro f;™" komec
OJTHOM OCH TPAaHCIIOPTHOTO CPEICTBA
.I: JieB + f|_1paB
X1 X1
fi=—""—77—, (6)
2
rae | — uHIeKe, 0003HAYAIOIINI TOPSIIKOBBINA HO-

MEp OCH KOJIECHOT'O TPaHCIIOPTHOTO CPEJICTBA.
Peanusyemoe cyennenue, 6vizganHoe conpo-
mueieHueM Kawenus Koxeca (kKoagguyuenm co-
NPOMUGNEHUsT KA4eHUl0), — OTHOIICHHE TMPOI0JIb-
HOM peakiuu onopHoi nosepxuoctu RS K Bep-

THKAIBHOW peakiuu R,, KoTophle MEeHCTBYIOT Ha
LIMHY KaTAIIErocsl Kojeca B YCIOBUSAX OTCYTCTBUS
TOPMO3HOTO WJIH TSATOBOI'O MOMEHTA

comp

R

fo ()

4

Peanusyemoe cyennenue 3a010KUPOBAHHO20
koneca f., (kosgpguyuenm cyennenus 3abnoxupo-
sanno2o roneca (Qg,) uiu KoIhduyuenm mpenus
CKONbIICEHUs]) — OTHOIICHUE JF000N BBhI3BAHHOU
TPEHHUEM  CKOIBLKEHHUSI TPOJONBHON  peakiuu

OnopHoi moBepxHOCTH R, K BepTHKaIbHOI pe-

akuuu R,, KOTOpbIe NEHCTBYIOT HA IIUHY 3a0JIOKU-
POBAHHOTO KOJI€Ca, CKOJIB3SIIEr0 OTHOCHUTEIHHO
OIMOPHOM MOBEPXHOCTU
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_R¢
™ R '

z

f (8)

Kosgpuyuenm ucnonvzoeanus cun cyenie-
HUs € — OTHOIICHHWE CYMMBI YCPEOHCHHBIX IIPO-
JIOJIbHBIX PEaKIMi OMOPHOM IMOBEPXHOCTH, IEH-
CTBYIOIIMX Ha 3aTOPMaKMBAEMBbI€ KOJIECa TpaHC-
MMOPTHOTO CPEICTBAa IMPHU pabOTe aBTOMATH3HUPO-

BauHoii cnctembl Y R(°, Kk  MakchManbHO
BO3MOKHOH CyMMe HpOJOJIBHBIX Peakiuii omop-
HOM TOBEPXHOCTH ZR;""’X, KOTOpas MOKET ObITh

CO3/1aHa MEXIy ITUHAMH W OIIOPHOHM IMOBEPXHO-
CTHI0O Ha BpAIAIONIUXCS KOJIecaX TPAHCIIOPTHO-
r0 CpEeACTBa B JAHHBIX YCJIOBHSIX TOPMOXKCHHS.
TlockonbKy TPOJOJIBHBIE PEAKIMU OMOPHON TIO-
BEPXHOCTU U3MEPHUTH JIOCTATOYHO CIIOXKHO, KOI(D-
(DUIUEHT KCTIONBL30BAHUS CHJIBI CIICTUICHHUST MOXET
OBITH OTIpeneNieH KaKk OTHOIIEHUE CHIIBI WHEPITUH
TPAHCIIOPTHOTO CPEJICTBA, JOCTUTACMOW TIPH €ro
TOPMOXKEHUU C paboTaroliel aBTOMaTH3UPOBaH-
HOM cucteMoit Pjas, K MaKCHMaJIbHO BO3MOMKHOM
CHJIE€ MHEPIMU Pjma, KOTOpas MOXET OBITh J0-
CTUTHYTA B 33JIaHHBIX YCIIOBUAX TIPH 3aTOPMaXKH-
BaHWUU KOJIEC TPAaHCIOPTHOTO CpelicTBa 0e3 MxX
omokupoBanus. KosdduuueHT uHCHonb30BaHUA
CUJIBI CIICTUICHHSI MOYKHO TIPEACTaBUThL B BHIE 3a-
BHCHUMOCTH

_ ZRSS ~ Pias  jasM s
€= R Max - P. o m o ! (9)

Z X jmax Jmax Jmax

IJIe jas — 3aMEJICHUE TPAHCIOPTHOTO CPEICTBA,
MOJIyYeHHOE TpU paboTe aBTOMATH3UPOBAHHON
CUCTEMBI, 00CCIICUUBAIOIICH 3aTOPMaKUBAHUE KO-
Jlec TPaHCIIOPTHOTO CpeAcTBa 0e3 Mx OJOKHpOBa-
HEs, M/C%; M — Macca TPAHCIIOPTHOTO CPEICTBA, KT.

M3 [2] u [3] u3BecTHO, 9TO KOA(DPHUIMEHT HC-
MOJIH30BAHUSI CHIIBI CLICTUICHHS TIPU CepTHHUKAITUH
TPAaHCIIOPTHOTO CpEACTBA B Pa3HBIX IOTOJHO-
KIIMMATHYECKUX YCJOBHUAX HA IOJIMTOHE HE JIOJI-
JKEH BBIXOJIUTH 3a mpejelnsl nuana3ona 0,75-1,10.
Bepxuss rpanuna auanaszona 1,10 ycraHosieHa c
yaetoM 10%-#1 mOTpenrHOCTH ONpeAeNeHus] Mak-
CUMaJIbHO BO3MOXKHOW CyMMapHOW TOPMO3HOM

CHJIBI Z R{™, KOTOpas MOXKeET OBITh peann3oBaHa

KaTALIIMMICS KOJIECAaMH TPAHCTIOPTHOTO CPEACTBA.

Kosgppuyuenm mopmosicenuss — OTHOIICHHUE
CYMMBI TPOIOJBHBIX Peakiui ) R, OmopHO# 10-
BEPXHOCTH, JICUCTBYIOIIUX HA TPAHCIOPTHOE
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CPEICTBO TMPH €ro TOPMOXKCHHH, K BECYy TPaHC-
mopTHOro cpeactea G,

R, P jm j
L 2ZRCPm G g
G g

G, mg

a a

rae Pj — cuna nHepimy TpaHCnopTHOro cpeacTsa, H.

Ananmu3 [4—13] mokasan, 4yTo 4acto s 000-
3HAYCHUSI OJTHOM M TOMU K€ (PU3MUECKON BEIMUNHBI
Oepytcst pasHble OykBbl. Hampumep, mis 00o3Ha-
yeHust K03 UIMeHTa CIEIICHUS (¢ UCIONb3YI0T-

max
fX

csa k, y, u wiun , UTO BBOJUT B 3a0JyKIECHUC

MOJIO/IBIX YYEHBIX U HCCIEeI0BaTeNeH, €CIT OHU He
SIBIISIIOTCS CHETMaINCTaMd B OOJIACTH H3YYeHHUS
B3aMMOJCHCTBYS IIMHBI aBTOMOOMJIBHOTO Kojeca
C TIOBEPXHOCTHIO TOPOXKHOTO TIOKPHITHS M HE IIMEIOT
JIUYHBIX 9KCTIEPIMEHTAIBHBIX FICCIEIOBAHNI B ATOM
cdepe. CTOUT TaKKe 3aMETHUTh, YTO OIUH M TOT XKeE
(m3MYecKWii TIpoIiecC MO-pa3HOMY TIPENCTaBIEeH
B HOPMAaTHBHBIX TOKYMEHTaxX, yueOHUKaX 110 TEOPHH
ABTOMOOWJISI W HAYYHBIX ITyOJHMKAIHSIX, YTO TOXKE
YCIOXKHSIET TIPOIleCC TIOHMMAaHWA (PH3UIECKOTO
sIBIICHUS (B3aMMOJICHCTBUS IIMHBI aBTOMOOHMIBHOTO
KOJIeCa TPAHCTIOPTHOTO CPENCTBA C TTOBEPXHOCTHIO
JOpOXXHOTO TOKpbITHs) [1-20].

B kauecTBe HarmsAHOTO TNpHMeEpa TMPHUBEAEM
JKCIIEPUMEHTAIbHBIE HCCIIEOBAaHUS B3aUMOJIEH-
CTBHSI IIWHBI JIETKOBOTO aBTOMOOWJISI C ONOPHOM
moBepxHOCTEIO (puc. 2b) [20] u Teoperuueckuit
pacuert (puc. 2a), KOTOpbIi pernamenTupoBad [pa-
BmwiamMu EQK OOH Ne 13 [3, [Ipunoxenue 10].

a b
ik i

08 - 08

| 'paHnuHbIE / -

KPHBBIC / !

0,6
04
0,2

i — —

0 02 04 06 08 z 0 20 40 60 80 S,%

Puc. 2. Peanuzyemoe crierieHue f B 3aBucumoctn
OT KO3 HUIHEHTA: @ — TOPMOKEHUS Z; b — CKONBXeHus S
KoOJIeca OTHOCHTEIIHHO IIOBEPXHOCTH JOPOMKHOTO ITOKPBITUS

Fig. 2. Realized adhesion f depending on the coefficient:
a—braking z; b - sliding S of wheel relative
to road surface
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Ha pwuc. 2a u300pakeHBI peanu3yemble CIIEI-
nenus nepenneit f; u 3amgueit f, oceit AByxocHOTO
KTC B cootBerctBum ¢ [3], a Ha puc. 2b — quamna-
30HBI M3MEHEHHSI PEaln3yeMOro CLEIUICHHUS] MEX-
Jly TIAHOW JIETKOBOTO aBTOMOOWIIS (IHaroHaaIbHON
KOHCTPYKITUHM) ¥ ac(aJbTOBBIM JIOPOXKHBIM TIO-
KPBITUEM TPY UCTIBITAHUSIX Ha monurone HayuyHo-
MCCIIEIOBATEIHCKOTO0 aBTOMOOMIIBHOTO M aBTOMO-
toproro mHctuTyTa (HAMMU, Poccus). Ilpu BbI-
MOJTHEHUH HCCcenoBaHuil Ha mnonurone HAMU
KOJIECO JIETKOBOTO aBTOMOOWIISI OJIOKHUPOBAJIOCH B
YCIIOBUSIX B3aWIMOJCWCTBUS IIMHBI C CyXUM ac-
(banbTOBBIM MOKpBITHEM (puc. 2D, 3amTpuxoBaH-
HBIA Mana3oH 1) U B YCIIOBHSX B3aUMOZICHCTBUS
¢ ac¢aJbTOBBIM IOKPBITHEM, KOTOPOE UMEJNIO CIIOH
BOIIBI 10 3 MM (puc. 2b, nuamason 2). Pe3ymsTarh
UCTIBITAHUI TIOKA3BIBAIOT, KAK MEHSIETCSl peajn3y-
eMOe CIeIUICHHE B 3aBHCUMOCTH OT CTEICHH
CKOJILKEHUSI IIMHBI KoJieca OTHOCHTEIBHO OIOp-
HOM TIOBEPXHOCTH TPH IMOCTOSHHON HAarpy3ke Ha
KOJIECO W pAa3IM4YHBIX CIEMHBIX YCIOBHIX €ro
JIBUKCHHSL.

Craenmyer OTMETHTh, YTO HE KaXKABIH HcCIeno-
BaTeNb MOHMUMAET, YTO Ha pHcC. 2a, b moka3aHn oauH
U TOT >Xe (PU3MYECKUH mpolecc — HU3MEHEHHUE
peanu3yeMoro CIelyieHdsT Ipyu KadeHWH KoJieca.
OueBuIHO, YTO ISl aJIEKBATHOTO CPaBHEHUSI MPO-
LIECCOB, M300paKCHHBIX HA pHC. 2, HYXHO pac-
CMaTpHUBaTh B3aMMOJEHCTBUE C OMNOPHOH MOBEPX-
HOCTBIO OJHOBPEMEHHO KaK MHHHMYM YETBIPEX
KOJIEC TPAaHCIIOPTHOTO cpeacTBa. Ho B Hamem ciy-
yae MpeICTaBUM, YTO MbI pACCMaTPHUBAaEM BEJIOCH-
e, MONe] WIA MOTOLMKII, KOTOpble UMEIOT OJHO
KOJIECO CIiepeir M OAHO c3aiu. B Takom ciryuae
OTIMYHS MEXIY puc.2a u puc. 2b 3akirouarorcs
TOJNILKO B TOM, YTO Ha IIEPBOM PHUCYHKE KpH-
BbIE MOTYT OBITH ITOCTPOCHBI 0€3 OTpaHHUYEHUS 10
BEJINYMHE MAKCHUMAIBHOTO PEaJu3yeMoro clueruie-

max
fX

HUA , @ Ha BTOPOM OHU UMCIOT TaAKOC Or'paHu-

YCHHUC.

Teoperuueckuil ananus
MPOoIeCCa TOPMOKEHHUS
TPaHCIOPTHOI'O CPEACTBA

Hpouecc TOPMOIKCHHA KOJICCHOT'O TPAHCIIOPT-
HOT'O CpCACTBA XapPaKTCPU3YCTCA BCJIMYHMHOM €ro
3aMCAJICHU. OHa, B CBOKO 0OYCpCAb, 3aBHCUT OT

Hayka
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KO3 (UIIMCHTa TOPMOXEHHUS ¥ OIPEICNISICTCS
CJIIOKHOM MaTeMaTH4eCKOW 3aBUCHUMOCTHIO [1, 2],
pe3yibTaT pelIeHHs] KOTOPOH MEHSETCS ¢ y4eTOM
pexuma asmwkenus KTC [9]:

— B BEJIOMOM PEXUME JIBHKCHHS

z="f(f,); (11)

— B TOPMO3HOM PEXHUME MPH YCIOBUU CKOJIb-
kenud konec S < 100 %

z=f(f); (12)
— B TopMO3HOM pexume nipu S = 100 %
z=f(f,) (13)

W3BecTHO, 4TO B BEIOMOM PEXKUME JBHIKCHHUS
KO3 PHULMEHT TOPMOXKEHUSI TPAHCIIOPTHOTO Cpe.l-
CTBa TPAKTUYECCKH paBeH KOA(DPHUITMEHTY COIpo-
TUBJIEHHUS KaueHwuto (Z = fy).

B TOpMO3HOM pekuMe MpH yCIOBUU CKOJIbXKE-
Hus konec S =100 % koaddumeHT TOpMOKEHUS
KTC mno BenuuumHe paBeH peann3yeMOMy CLEIUIe-
HHIO 3a0JIOKHPOBaHHOTO Koieca (Z = f,,) (xoaddu-
IUCHTY CIEIJICHNs 3a0JIOKHPOBAHHOTO KOJIeca WITH
KO3 PHULUEHTY TPEHHSI CKOJIBKEHUS).

B topmosnom pexume mpu S <100 %, mo-
CKOIIbKY NMPAaKTUYECKU BCerja coOromaeTes Hepa-
BeHCTBO Z# fj#f,, Koahduumenr TopmoxkeHUS
KTC omnpenensiercs peann3yeMbIMU CLEIUIEHUAMU
COOTBETCTBYIOIIUX OCEW TPAHCIIOPTHOTO CPEJICTBA
U TEOMETPUYECKHM PACIIOJIIOKEHHEM €ro LEeHTpa
TSOKECTH B BEPTUKAILHOU TJIOCKOCTH OTHOCHUTEIb-
HO JIOPOXXHOTO TIOKPBITUS M B TOPU3OHTAIIb-
HOW TIJIOCKOCTH OTHOCHUTEIHHO TOYEK KOHTAKTa
IIMH aBTOMOOWJIBHBIX KOJIEC C MOBEPXHOCTHIO
JOPOXKHOTO TOKpHITHS [ 1, 2].

Ecmu TeopeTruecky MpeNnoNokKHTh, YTO CY-
LIECTBYET aBTOMOOMIIb, Y KOTOPOTO IPH TOPMOKe-
HUM OCH HAarpyXXeHbl OJIMHAKOBO, IIMHBI HMEIOT
OJMHAKOBOE JaBJICHHE B MOMEHT OJMHAKOBBIX
HArpy30K Ha OCH, MPOTEKTOp Ha BCEX IUHAX —
C OZIMHAKOBBIM M3HOCOM, KOJIMYECTBO IIIUH HA 0CAX
TOKE OJIMHAKOBOE JUIsl O0ECIedeHMs! OJMHAKOBO-
0 KYJOHOBCKOTO TPEHHS MEXAY OJIIEMCHTAMH
MPOTEKTOpa IIUHBI U JIOPOKHBIM MOKPBITUEM, TO
MOYKHO CKa3aTh, 4TO KOI()(QUIMEHT TOPMOXKEHHUS
TPaAHCIIOPTHOTO CPeCTBa OyAeT paBeH KOAPPUIIH-
CHTY CUEIUICHHS, TTOCKOJBbKY aBTOMOOHIIL HMEET
OJTMHAKOBBIC PEATN3yeMbIC CICIJICHUS BCEX OCei
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U CHMMETPUYHOC PACIIOJOXKCHHUEC KOOPAWHATHI
HOCHTpa TAKCCTH MCKAY 3aJHUMH WU HNCPCIHUMU
€ro 0CAMH

z= ™. (14)

Ho Ttakoii ciydall mpakTHYeCKH HEBO3MOXKEH
Ul peajibHbIX TPAHCIIOPTHBIX CPEICTB, IOCKOIBKY
BEC Y HUX MEHSETCS B 3aBUCUMOCTHU OT HUX 3arpys-
KH, a TaKK€ BO3MOMKHO IIepepaclpesielicHUe Beca
mexay ocsimu KTC, 9To He 103BOJISET BHITIOIHUTH

a b
. . - Ry, kH
A ‘ vy = 5 km/u g 30
1”4%777-—. i
08|l ¥ 2 |
P /
0,6 f Vo = 64 kMY X 18 I/ /
0,4 / 12 ’V_ ,
0.2 6 )
/ / Il

paBeHcTBO (14), a 3HAYUT, MPAKTHYECKH BCEr/a
OyzmeT cobmroAaThCsl HEPAaBEHCTBO

z= ™ (15)

B IMOATBECPKACHUEC CKa3aHHOI'O BBIIIC, YTO Yy

peasibHBIX TpaHCHOpTHBIX cpencts Z# f," # f,

MpUBEAEM SKCIIEpUMEHTANIbHBIE JaHHBIE, U300pa-
JKEHHBIE Ha puc. 3, 4, KOTOpPBIE MOIYYEHBI B paz-
Hoe Bpems yuensiMu CCCP, EBpornelickoro coroza

u ctpan CHI [1, 2, 4-20].

c d
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Puc. 3. U3meHenue peanuzyemoro crerieHuns f, Ha cyxom achaibToBoM MOKphITHH [1, 2]: a — OT HauaIbHOM CKOPOCTH TOPMOYKEHHSI
kosecHoro Tpaucnoptaoro cpenctsa (KTC) v, 1 BeMuuHbI CKOMBKEHHS S; b — 0T TOpMO3HOIA critbl R, 1 S 1pH OMpeeNieHHbIX HArpy3Kax
Ha IHHY R;; C — OT CKOpOCTH BpallleHHs KoJieca V, i HadanbHOU ckopoctr TopMokeHuss KTC V,; d — oT Harpy3ku Ha mivHy R,

Fig. 3. Change in realized adhesion f, on dry asphalt surface [1, 2]: a — due to initial speed of braking
of wheeled vehicle v, and slip values S; b — due to braking force R, and S at certain loads on pneumatic tire R;;
¢ — due to wheel speed v, and initial braking speed of vehicle v,; d — due to load on pneumatic tire R,
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Puc. 4. TIpouecchl TOPMOXKEHHUS HA OKPBITHH ¢ KOG duieHToM TpeHus ckoibxkenus 0,45 [2] npu nprmkatiu Komieca
K IIOBepXHOCTH OeroBoro Gapaban crena Harpyskamu R, = 8800 H (a) u R, = 25500 H (b)

Fig. 4. Braking processes on surface with sliding friction coefficient of 0.45 [2]
when pressing the wheel to surface of running drum of the stand R, = 8800 N (a) and R, = 25500 N (b)
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Cremyer Taxoke OOpaTUTh BHUMAaHHE Ha TO, ITO
OpU KCHOJIB30BAaHUM JBOMHOM OLIMHOBKH KOJIEC
WM IIUHBI C YBEJTMYEHHOW MIMPUHON ee mMpoQuis
3HaYeHNEe MAKCHMAIBHOTO PEealn3yeMoro CIIeTie-
HUsL (Kod(pduIMEeHTa CIETUIeHUs]) YMEHBIIAETCS
BCIIE/ICTBHE YMEHBIIICHHUS YTIJIOB 3aKpy4HWBaHUS
[IFHBI OTHOCUTENBEHO TTOBEPXHOCTH IOPOXKHOTO TIO-
KPBITHSI, 4TO OTMEUEHO B [2, 16, 17].

Anamm3 [2, 16] mokazam, uto Ko3(pduImeHT
TOPMOXKEHHUSI ISl KaKIOr0 THMA TPAHCIOPTHOTO
Cpe/ICTBa OMpeJeNnsieTcs] 0 OTACIBHBIM 3aBUCHMO-
cTsiM. Tak, s IBYXOCHBIX TPAHCIIOPTHBIX CPEJICTB
MOJKET OBITh HCITONB30BaHA 3aBUCHUMOCTD, MPEIIO-
skenHast B. A. UnapuonoBsiM B [21]:

L fi by + f,a, | (16)
L—hg(f, —1,)

rae ag, by, hy — cooTBeTCTBEHHO KOOPIAMHATEI pac-
MOJIOKEHUSI 1IEHTPa TSDKECTH KOJIECHOTO TpaHC-
HOPTHOI'O CPEJICTBA OTHOCHUTENBHO IIepelHEeH Hu
3aJHEd Ocell M BBICOTA PACIIOJIOKEHUS IIEHTpa
TSDKECTH HajJ ypOBHEM JIoporH, M; L — xonecHas
0a3a TPaHCIIOPTHOT'O CPENCTBA, M.

Amnanormunsie  ¢dopmyne (16) 3aBucumocTH
nosy4ensl B [2, 16]. [ns KomecHOro TpaHCHOPT-
HOI'O CpeicTBa C OOJIBIIMM KOJMYECTBOM OCEH
ypaBHeHue (16) mpuMeT BUI:

— MIPH OJTHOW OCH CIIEpeId M JBYX OCSIX C3a]IH:

f f
fy+ 2l 2.2 L,x

7“2_1(La+Y1) kz_z(La+Y2)

L,-h,| f,-L by, ho
N 7“2_1(La+Y1) }Vz_z(l-a"'yz)

(17)
— nns gyetbipexocHoro KTC (aBe ocu cniepeny,

JIBE C3a/IH):

f1 1 f1_2
+
Ay oL +x1) kl_z(La+x2)

y+

( fl 2
1- h + =
Ay o L +x1) Ay oLy +X%)

f, 1 f2_2

7L2_1(|-a + yl) 7b2_1(|-a + yz)

f2_1 fz_z

+
7“2_1(La + yl) }\‘2_1(La + yz)

(18)

X
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— st KTC, nMeroriero mecTts oceil (Tpu cre-
peau, TpU C3aau):

, (19)

Z;‘ i(L "‘y|)
i f,

1-h, Zk (L +%)

i=1

i=1 }“2 i +yl)

rae i, f, i — peanmusyemoe cuemienne Ha i-x me-
PEIHUX U 33JHUX OCSX KOJECHOTO TPAHCIOPTHOTO
CpencTBa; X, y —
KOOPJIMHATHI PACIIONOXKEHHUS YCIOBHBIX MEepeaHei
u 3a7Hen macc MHOT'OOCHO-
ro KTC oTHOCHTENBHO €ro IIEHTpa TSIKECTH, M;
L, — ycnoBHas koyiecHas 6a3a MHOTOOCHOTO aBTO-
mobuns (La =X +Y) [16], M; Aq i, Ay § — KOIDPULH-
€HT pacIpenesIeHNus MacChl MEXIY CMEKHBIMU TIe-
penuumu U 3agauMu Moctamu KTC (i — mopsiako-
BBIi HOMEpP COOTBETCTBYIOIIETO TICPETHETO WIIH
3aJTHETO MOCTA); X1, X2, X3, Y1, Y2, Y3 — MPOJIOIBHBIC
KOOpAHMHATHI pacnojoxkenus MmoctoB KTC otHOCH-
TEeILHO KOOPAMHAT X U Y, M

[IpononbHBIE  KOOpAWMHATHL  PACHOJIOKECHUS
MoctoB MHoroocHoro KTC orHOocWTENnEHO X U Y
MOXHO OIPENIETUTh, UCTIONb3YS 3aBUCUMOCTH:

X, =a+b+d-k-x; (20)
X, =a+b—-k-x; (21)
X;=a—-KkK-x; (22)
y=k-y; (23)
yo=Cc+k-vy; (24)
y;=C+e+k-y. (25)

3nauenus K, X, ¥ B (20)—(25) moxxHO ompene-
JUTh W3 YCIOBUU CTAaTUYECKOTO paclpesecHus
Beca TPAHCIOPTHOI'O CPENICTBA HA COOTBETCTBYIO-
e j-e nepeanue u 3agaue ocu KTC mo crneayro-
MMM 3aBUCHMOCTSIM:
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Komncrants @, b, ¢, d, e, Bxoasiiue B (20)—(22),
(24)—(28), — 910 paccTOsHUS MEXKIY COOTBETCTBY-
formumu Moctamu KTC (pruc. 5).
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Puc. 5. Cxema pacnpeneneHys ycaoBHBIX IepeIHed 1 3aqHel
Macc MHOTOOCHOTO KOJIECHOTO TPaHCIIOPTHOTO CPEACTBA
OTHOCUTEIBHO €r0 LIEHTPa TSHKECTU

Fig. 5. Diagram of distribution of conditional front
and rear masses of multi-axle wheeled vehicle
relative to its center of gravity

Koaddumuentsr pacnpeneneHus Beca Mex-
Iy CMEXHBIMH MEPSIHUMHU WM 3aJHUMHU MOCTa-
mu KTC:

A, = _; 29
L2 29)

70

hy = At (30)

TakuMm 00pa3oM, YUHTHIBAS TEOPETHYECKUE T10-
JIO’)KEHUS, W3JIOKCHHBIC BHIINIC, a TAaKXKe TO, 4YTO
coBpemenubsie KTC 00opymyroTcst aBTOMaTH3HPO-
BaHHBIMHU CHCTEMaMH, KOTOpPBIE HE JIOIMYCKaroT 0JI0-
KHAPOBaHHS KOJIEC TPAHCIIOPTHOTO CPENCTBA U YBe-
JUIUBAIOT TeM caMbiM Bpems TopMmokeHns KTC
B CPaBHEHHMH C HJCaJM3HPOBAHHBIM IPOLECCOM
TOPMOKEHHS, OCTAHOBOYHBIHM MyTh TPAHCIIOPTHOTO
CpelcTBa MOKHO OIPENIEUTh, UCTIOIB3YS CIEAYIO-
myto (opMyily Ha OCHOBE OJHOH W3 TeopeThde-
ckux 3aBucumocrteit (16)—(19):

2

vV, =V (VH_VKOH)
= _on(t 4t 40,5t ) +———L (31
3,6 (6 +0,5)+ 25,929z¢ (31)

ocT

rae t; — Bpems peakmuu Boautens KTC Ha BO3-
HUKHOBEHHE OMacHOCTH, C.

ITpu ucnonb3oBanuu 3aBucumocteii (16)—(19)
HEJIb3S 3aJaBaTbCsl IIOCTOSHHBIMHM 3HAYCHUSIMU
pean3yeMoro CLEIUIEHHSI — OHO JIOJIKHO Ompee-
JSAThCSA PAacYeTHBIM MyTEM Ha OCHOBE Aedopmariy-
OHHBIX M JKECTKOCTHBIX [TapaMETpOB ITHEBMaTH4e-
CKHX 1uH [2, 17].

Onupasich Ha OMBIT MUCCIIEAOBAHUHN, TPOBEICH-
HBIX B XapbKOBCKOM HAI[MOHAJIbHOM aBTOMOOHJIbHO-
JOPO’KHOM YHHMBEpPCUTETE CIEeIUaTUCTaMH Ka-
dbenper  aBTOMOOWMNEH wuMeHH A. b. ['peneckyia,
KO3 (UIMEHT WCIIONB30BaHUS CHJIBI CIETUICHUS
ABTOMATU3UPOBAHHOM CHUCTEMON pEryJIupOBaHHUs
TOPMO3HOTO YCHJIMS JJIS PAacyeToB C TOTrpel-
HOCTBIO HE Oojnee 5 % MOXHO NPUHUMATH PaB-
HbIM 0,83 HE3aBUCHUMO OT YCJIOBUH AKCIUTyaTalluu
TPaHCIIOPTHOTO CPEACTBA MJIM €ro Maccorabapur-
HBIX TTAPAMETPOB.

BBIBO/IbI

1. llonumanue (PU3NIECKONH CYNTHOCTU TIPO-
Hecca peajn3alyd CHJl CHEIUICHHUS MEXIy LIIMHOH
W OIOPHOM MOBEPXHOCTHIO — BaXKHOE OOCTOSTEIb-
CTBO, OT KOTOPOTO 3aBHCUT pe3yJIbTaT HCCIIE0Ba-
HUS JTMHAMUKU JBWOKEHUS KOJICCHOTO TPaHCIOPT-
Horo cpencTBa. [109TOMYy OYEBHAHO, YTO TEPMHU-
HOJIOTHS UMeeT OO0JbIIIoe 3HaYeHNE, OCOOCHHO IS
HAYMHAIOIIUX HCCIEAOBATENICH B OTPAacId aBTOMO-
OWMIIECTPOCHUSI.
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2. OCHOBBIBasCh HAa pe3ylbTaTax HCCIIeNI0Ba-
HUS, MOXXHO KOHCTaTHPOBaTh, 4TO KOd(DHITHEHT
TOPMOJKEHHUSI KOJIECHOTO TPAHCHOPTHOTO CPEACT-
Ba B YCJIOBHAX KadeHHUs €ro KoJIeC Ha Ipejene
CIICTIHBIX BO3MOXKHOCTEH NPaKTHYECKH BO BCEX
cilydasix He paBeH K03()(QUIMEHTY cLeIuIeH s, 1Mo-
CKOJIbKY IIMHBI aBTOMOOWIS H3-32 (DU3NUECKOU
NOPUPOABI B3aUMOJCHCTBUS Maphl TPEHUS «ILIMHA —
JOPOKHOE TIOKPBHITHE» PEa30BhIBAIOT pa3HbIe
CIICTUICHHSI.

3. KoahdunueHT TopMOXKEeHUST TPAHCTIOPTHOTO
CpE/ICTBa HE3aBHCHUMO OT KOJIMYECTBA €ro ocei
MOXET OBITH OIpeneseH pPacYeTHBIM CIIOCOOOM
C TOYHOCTBIO 10 5 % IpW NMOMOIIM ONHCAHHBIX
B CTaThe YpaBHEHMH, OCHOBaHHBIX Ha pacrpe/elie-
HHUHU MacCcChbl aBTOMO6I/IHH MCXKIAY €ro CMCKHBI-
MU NEPECAHUMH U 3aJHUMH MOCTaMH B CTaTHU4dC-
CKOM COCTOSAHHU IIYTEM B3BCHIMBAHUA COOTBECT-
CTBYIOIIUX MOCTOB Ha BECOU3SMCPUTCIIBHOM KOM-
TUIEKCe.

4. OcTaHOBOYHBII MyTh KOJIECHOTO TPAHCIIOPT-
HOTO CpEJCTBa, KOTOpOe 00OPYIOBaHO aBTOMATH-
3UPOBAHHOI CHCTEMOH peryIMpoOBaHUS TOPMO3HO-
IO YCHJIHSA, MOXET OBITh OIPENENICH C TOYHOCTBIO
10 7 %, ecny MPUHSATH CpeiHEe 3HaUeHUue KOdpPu-
LIMEHTA MCIIONB30BaHusA cwibl cuerwienus € = 0,83
JUISL BCEX THUIIOB JOPOKHOTO TMOKPBITUSL U YCIOBHUI
9KCIUTyaTalyuy TPAHCIIOPTHOT'O CPE/ICTBA.
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Pedepat. B cTatse onpeneneHsl nepcneKTUBHBIC HAIPABICHUS B SKOHOMUYECKOM Pa3BUTHH OPOXKHOTO X03siicTBa, obecrie-
YHBAIOLINE PALMOHANBHOE HCIOIb30BAHUE WHBECTUIIMI M COBEPIIECHCTBOBAHHME MPOIIECCOB CTPOUTENBCTBA, PEKOHCTPYKIMU
U PEMOHTa aBTOMOOMWJIbHBIX JOPOT Ha OCHOBE JIOTMCTHYECKOTO MOAXO0Ja, a TaKXkKe CIOCOOCTBYIOIME OpraHu3anuu Oesomnac-
HbBIX ¥ SKOHOMHYECKH BBITOJHBIX NEPEBO30OK IPY30B M MACCAKUPOB, HEOOXOIMMBIX Ul YCTOHYMBOTO SKOHOMUYECKOTO pa3-
BUTUSI CTPaHBI U MOBBIIIEHNS €€ TPAH3UTHOTO NMOTeHIMana. KoMIieke OCHOBHBIX JIOTUCTHUECKUX MPUHIIMIIOB IOMONHEH MPH-
KJIaTHBIMHY, IPUMEHEHUE KOTOPBIX IMO3BOJIUT YIIPABIIATH LHUKIOM 3KOHOMUUYECKOMN JACATECIIBHOCTU B TOPOXKHOM XO35IMCTBE Kak
eIMHBIM LiebIM. [Ipu aHamM3e 0cOOEHHOCTEH JOTMCTUYECKOTO MOAX0/a B UCCIEAyeMOH cdepe yCTaHOBIEHO, YTO HepapXus
MNOCTPOCHUA JIOTUCTUYCCKUX CUCTEM o6ycn03neﬂa NPUMEHEHUEM PA3JINIHBIX CXEM YNPABIAIONINX BOS)IBI\;ICTBI/II\/II B 3aBUCHMO-
CTH OT CIeNM(PUKH (YHKIHOHUPYIOMINX IIOTOKOB KaXJOT0 YPOBHS. B OCHOBE ympaBiieHHs] MaKpOJIOTUCTHYECKON CHCTEMON
JOPO’KHOTO XO3SHCTBA JIEXHUT HEOOXOIMMOCTH IMOBBIICHNS KOHKYPEHTOCIIOCOOHOCTH aBTOTPAHCIOPTHBIX YCIYT IOCPEN-
CTBOM YIIyUIICHHUS OOCTY>KUBAaHHS TPAHCIIOPTHBIX IIOTOKOB, YTO CTABUTCS B 3aBHCHMOCTBH OT YPOBHS Pa3BHTHS aBTOIOPOXK-
HOH MH(PACTPYKTYPHI U IOCTPOCHHS CHCTEMBI H3MEHEHHS e cocTosTHN. PYHIAMEHT MUKPOJIOTHCTUYECKAX CHCTEM (OPMH-
PYIOT pecypCHbIE MOTOKH IOPOXKHO-CTPOUTEIBHOTO NPOM3BOJCTBA, BOCIPHHIMAEMBIC B CHCTEMHOM eauHcTBe. OCHOBHas
Hpesl JIOTHCTUYECKOTO MOAXOAa K SKOHOMHYECKOMY DPa3BUTHIO JOPOJKHOTO XO3SHCTBAa MPOSBISETCS 4depe3 PaIHOHAIBHOE
IIAHAPOBaHKE (MaKpOYPOBEHB) U Peal3aIyio (MUKPOYPOBEHb) MEPONPHUATHI MO PA3BUTHIO U SKCIUTyaTaluu g1opor. Tpedo-
BaHUS MOJIb30BATeNeH JIeKaT B OCHOBE BHIOOpA HANPaBICHHH IO YIYYIIEHHIO X COCTOSHHUS, UTO YBSI3BIBAE€T OPTaHHU3AIUIO
paboT Ha MOPOXKHBIX OOBEKTaX CO CTPATETHEH pPa3BUTHSI TPAHCIIOPTHO-JIOTHCTHIECKOH CHCTeMBI cTpaHbl. OpraHusarms
TPaHCHOPTHPOBKH I'PY30B U MACCAXKMUPOB MO aBTOMOOHMIEHBIM JOPOTaM COTJIACYETCS C TPOIeCCaMH MPON3BOJICTBA JOPOKHBIX
paboT, 9TO B COBOKYITHOCTH JIeNIa€T MX ONTHMAIBHBIMHA T KaXKA0H U3 chep u hopMHupyeMoit cucTeMsl B ienoM. Jlorucride-
CKHH TOAX0 00ecredrBaeT HEOOXOJUMYIO CBSI3YIONIYI0 OCHOBY B YIPaBICHHH MEKOTPACIEBBIMH MOTOKOBBIMH ITPOIIECCAMU
OKa3aHMS aBTOTPAHCIIOPTHBIX YCIYT M JOPOXKHOH JEATENBHOCTHIO, a TAKXKE BHYTPHOTPACIEBBIMH — MEXKAY JOPOKHBIMU
CIry’k0aMi B COCTaBe JIOTHCTUIECKOH CHCTEMBI.

KimoueBble cjioBa: aBTOMOOMJIbHAS Jopora, AOpOXHas ACATCIBHOCTb, JIOTUCTHUYECKAsA CUCTEMaA, METOIOJIOrUs, IOTOKH,
NPUHIUIBL, 3JIEMCHTBI, HEIb [IOCTABOK
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Abstract. The paper identifies promising directions in the economic development of the road sector, ensuring the rational use
of investments and improving the processes of construction, reconstruction and repair of roads based on the logistics
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IKoHomuka npoOMblIUIIEHHOCMU

approach, as well as contributing to the organization of safe and economically profitable transportation of goods and passen-
gers necessary for the sustainable economic development of the country and increasing its transit potential. The set of basic
logistics principles is supplemented with applied ones, the application of which will allow to manage the cycle of economic
activity in the road sector as a whole. Describing the features of the logistics approach in the field under study, it has been
established that the hierarchy of the construction of logistics systems is due to the use of various schemes of control actions,
depending on the specifics of the functioning flows of each level. The management of the macro-logistic road management
system is based on the need to increase the competitiveness of road transport services by improving the maintenance
of transport flows, which is dependent on the level of development of the road infrastructure and the construction of a system
for changing its state. The foundation of micro-logistic systems is formed by the resource flows of road construction produc-
tion, perceived in a systemic unity. The main idea of the logistics approach to the economic development of the road economy
is manifested through rational planning (macro-level) and implementation (micro-level) of measures for the development and
operation of roads. The requirements of users are the basis for the choice of directions for improving their condition, which
links the organization of work on road facilities with the strategy for the development of the transport and logistics system
of the country. Organization of transportation of goods and passengers by road is consistent with the processes of road works,
which together makes them optimal for each of the areas and the formed system as a whole. The logistics approach provides
the necessary connecting framework in the management of intersectoral flow processes for the provision of road transport
services and road activities, as well as intra-industry — between road services as part of the logistics system.

Keywords: highway, road activity, logistics system, methodology, flows, principles, elements, supply chain
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BBenenue

JopoxkHoe x03siicTBO oOecreunBaeT peanu3a-
U0 TOCYIapCTBEHHON JOPOKHO-TPAHCIIOPTHOM
MOJIUTHKH B OO0JNACTH OPOXKHOM [eATEIbHOCTH.
Ero pabota criocoOCTByeT pOpMUPOBAHHIO HALHO-
HAJILHOH CETH aBTOMOOWJIBHBIX JOPOT KakK IeJo-
CTHOM MOHOJUTHOW MaTepUaIbHONH OCHOBBI
TPAHCTIOPTHO-IOTHCTUYECKON CHCTEMBI CTPAaHBI.
IToctaBnenusie OOH 3agaun B pamkax AeBATOM
eau ycTonuuBoro pasputust «Co3gaHue CTOMKOM
WHPPACTPYKTYpPHI, CONEHCTBHE BCEOXBATHON U
YCTOHYHMBON HWHIYCTPHATU3AIMN W HHHOBAIHSIM
no mpoOieMaM pa3BUTHS KAaueCTBEHHOW, HaJIEkK-
HOW, YCTOMYMBOH M CTOMKOH HHQPACTPYKTY-
PBI, BKJIIOYAsi PETHOHAIBHYIO W TPaHCTPaHUYHYIO,
B IENAX TMOJAECPKKH HSKOHOMHUYECKOTO pa3BH-
THSI, COLIMAIILHOTO €IMHCTBA M OJIArOTONIydusl JIIO-
Jeil TpeOyloT KOMIUIEKCHOTO PELICHHUs, BECOMBIN
BKJIaJ] B JIOCTIDKEHHE KOTOPOTO BHOCHUT 3ek-
THUBHAs JESATENHFHOCTh JOPOXHOTO Xo3stiicTa [1].
Pe3ynbpTaThl MHOTOYHCIEHHBIX UCCIIEOBaHUH MOA-
TBEP)KJAIOT 3HAYMMOCTb BJIMSHMUS pacIIUpPEeHUs
W Pa3BUTHS BXOJSAIIEH B €ro COCTaB aBTOJOPOXK-
HOW MH(PACTPYKTYpPHI HA COIMAIHFHO-IKOHOMHYE-
CKHE TIOKa3aTeNu PEerUOHOB [2—7].

JlonrocpouHslil MporHO3 pa3BUTUS SKOHOMUKHU
Pecniybnuku bBenapych, BBIIOTHEHHBIH aBTOpa-
MU [8], CBUIETENBCTBYET O TOM, YTO MpH 3 dek-
THBHOM HCITOJIb30BaHUH PECYPCOB U MTPEHMYIIECTB
unterpanuu B EASC benapych ¢ 2020 mo 2050 1.
OyzeT MoCTymaTeNbHO yNy4lIaTh CBOM MO3HUIUH
B MHPOBOM pEHTHHTE 10 YPOBHIO XU3HU Hacele-
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HUS. DTO MOTpeOyeT AOCTHKCHHUS 3HAYCHHUS TIOKa-
3aTelis MIIOTHOCTH aBTOMOOMIIBHBIX JJOPOT OOIIETOo
MOJIb30BaHUs C TBEpIbIM MOKpbITHEM K 2030 T. He
MeHee 365,2 kM B pacuere Ha 1000 KM’ TEpPHUTO-
puu ctpanbl [1]. [Ipu 3TOM ypoBEeHb aBTOMOOWIIN-
3allUM pBIHKA IPY30BbIX EPEBO30K, KaK U B Cllydyae
C JIETKOBBIMH aBTOMOOMIIsIMH (pocT Ha 15,7 % 3a
MOCTIEZIHAE IIATH JIeT), HETPEPHIBHO ITOBBIMIALT-
csa. Haummas ¢ 2000 T., KOJIMYECTBO TPY30BBIX
TPaHCHOPTHBIX CPEACTB yBenuumioch Ha 175 %,
a TPUPOCT MPULETIOB U TONYNPHUIEHOB M0 CpaB-
HEHHUIO C TPEabIAyIIUM rojoM coctaBuia S % [9].
VYKa3zaHHbIE TEHACHLUMH YCUJIMBAIOT BO3ACHCTBUE
TSDKENBIX TPY30BBIX TPAHCIOPTHBIX CpPEACTB Ha
JIOPOXKHBIE  TOKPBITUS, BBI3BIBas YCKOPEHHOE
YXyAIIeHHE TPAHCIIOPTHO-3KCILTyaTallHOHHOTO CO-
CTOSIHUS, U TIPEIBSBISIIOT HOBbIE TPEOOBAaHUS K MX
Ka4yecTBy.

B npoekre T'ocymapcTBeHHON IpOrpamMMbl
«Jdoporu benmapycw» na 2021-2025 rr. oTmMedaroT-
Csl CIIEAYIOUIUE IMPOOIEMbI Pa3BUTHS TOPOKHOTO
X03s5iCcTBA:

— HEIOCTaTOYHOE COOTBETCTBHE TPAHCIIOPTHO-
SKCIUTyaTallHOHHOTO COCTOSIHHSI aBTOMOOWIIBHBIX
JOpor OOIIEro MoJIb30BaHUs HOPMATHBHBIM Tpe-
0OBaHMAM M TOTPEOHOCTSM SKOHOMHKH B aBTOMO-
OWJIBHBIX TTePEBO3KaX;

— HECOOTBETCTBHE  MOCTOBBIX  COOPYKEHHIA
TpeOyeMbIM IapaMeTpam 10 TPY30MOIBEMHOCTH H
rabapury;

— QYHKIMOHUPOBAaHUE OTAEIBHBIX 3JEMEHTOB
WHTEJUIEKTYalbHOW TPAHCIOPTHOW CHCTEMBI Ha
(parMeHTapHOH OCHOBE;
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— HEeJIOCTaTOYHbIE 00HEMbI MHBECTHIIMN B pa3-
BHUTHE M BOCCTAHOBJICHHE €)KETOJHOTO M3HOCA aB-
TOMOOMIIBHBIX JIOPOT;

— HEBBICOKAs Hecylas CIOCOOHOCTh JIOPOXK-
HBIX MOKpeITHiA [10].

Uto kacaeTcs mociemHeld mpoOIeMbl, B MEIIX
obecrieueHnsI COXPAaHHOCTH OKCIUTYyaTHPyEeMOTO
JIOPOKHOTO (POHA €KETOIHO BBOMATCS CE30HHBIC
OTpaHUYCHUS TIEPENIBIKCHUS 110 JOPOTaM ISl Tpy-
30BOTr0 aBTOMOOWJIBHOTO TPAHCIIOPTa B BECCHHUU
u snetHuil nepuozs! [11]. B Texymem roay npots-
JKEHHOCTh YYacCTKOB PEeCHMyOJMKaHCKUX aBTOMO-
OMIIBHBIX JIOPOT, B OTHOIIEHHH KOTOPBIX B BECEH-
HUI TIepUOJ OTPAHWYUBAIOTCS HATPY3KH Ha OCH
TPAHCIIOPTHBIX CPENCTB, cocTaBisieT 59,7 % ot ux
o0meit mnuHpl. M3 HUX MaKCHMMajabHO JOIYCTH-
Mas Harpy3Kka Ha OJJUHOYHYIO OCh 6 T YCTaHOBJICHA
st 20,1 % takux popor, 8 T — st 39,6 %. B net-
HUI TIepHoJ MakCUMallbHas Harpy3ka Ha OCh HeE
JTOJKHA TIPEBHIIATH Oonlee 6 T Ha BCeX peciryOu-
KaHCKMX TpaccaXx ¢ acainbToOEeTOHHBIM TOKpPHI-
THEM B JHEBHBIC Yachl IMPH TEMIIEpaType BO3-
nmyxa Beie 25 °C. VckimodeHre COCTaBISIIOT TOMb-
ko 12,1 % or oOmel AIMHBI pecHmyONMKaHCKHUX
aBTOMOOWIILHBIX Jopor. HemocTtaTok MOITHOCTH aB-
TOJIOPOXKHOIN HH(PPACTPYKTYPHI COITPSKEH C TaeHH-
€M CpemHel CKOpPOCTH IBHKCHHS aBTOTPAHCIIOPTA
npotuB 80-100 kM/u 3a pyOexoMm, e rpy3sl mnepe-
MeIaroTcs 3a cyTku Ha paccrosaue 700-1300 xwm.
3aKOHOMEpPHBIM PE3YIbTATOM OYIET POCT TpaHC-
MOPTHOM COCTAaBIAIOMICH B KOHEYHOW IIEHE Mpo-
Iykuu U yenyr, kotopas B CIIA u EBpone He
npesbimaer 7-10 % [9]. OO6beKkTUBHBIE MPUYUHBI
HEBO3MO)KHOCTH KapAWHAJIBHOTO YITy4IICHHS TPAHC-
MOPTHO-IKCIUTYaTallMOHHOTO COCTOSTHAS OOJIBIIIHH-
CTBa aBTOMOOWIIBHBIX JOPOT, BBHUJY OIPaHUYCH-
HOCTH (DMHAHCOBBIX PECYpCOB, JOJII KOTOPBIX
B COCTaBe PecIyOIMKaHCKOTO OrOKETa B MOCIE/-
HHE rofpl Konebsercs Ha ypoBHE 3 %, MOIBOIST
K HEOOXOJWMOCTH IIOMICKa HOBBIX IOAXOMOB, CO-
BEpIIICHCTBOBAHHUA  CYIIECTBYIOIIHX  TEOPETHKO-
METOAOJOTUYECKUX OCHOB U KOHIENTYaJIbHBIX IO0-
JIO)KEHUH SKOHOMHUYECKOTO PA3BUTHS JTOPOKHOTO
XO35IUCTBA.

Oco0eHHOCTH JIKOHOMHYECKOTO pa3BUTHS Ha
HAI[MOHAIBHOM W OTPACIIEBOM YPOBHSX paccMmar-
puBaroTcss B pab0oTax MHOTHX OEIOpyCCKHX yde-
uveix: P. b. UByts, C. C. [lononuka, A. A. beikoBa,
A. B. lanunpuenko, A. B. Illumona, A.T. Illy-
munnHa, A. M. @unumnosa u ap. [5, 8, 12-16].
[IpuHMMas BO BHHMaHWE TIIYOMHY TPOBOJIUMBIX
WCCIIEIOBAHNN, YCTAaHOBIIEHO, YTO JOPOXKHOE XO-
3SMCTBO B KadeCTBE OOBEKTAa CHCTEMHO M KOM-
IJIEKCHO HE paccMmaTpuBaeTcs. BmecTte ¢ TeM mpo-
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BEJICHHbIE TEOPETUYECKUE H3BICKAHUS I103BOJISIOT
HHTEPIPETUPOBATh €TI0 Pa3BUTHE KaK IIPOLIECC Lie-
JICHAIIPABJICHHBIX  IIOCIICJOBATENBHBIX  KadecT-
BEHHBIX ()YHKIMOHAIBHBIX HM3MEHEHHH B cdepe
IUTAHUPOBAHUSL JIOPOXKHBIX paboT W opraHusa-
LIMA UX IPOU3BOJCTBA IIPU YIPABICHHUU aBTONO-
PpOXHON UHPPaACTPYKTYpO ¢ COOIIOICHUEM TIPHH-
[IUIOB PalMOHAILHOTO HCIIONB30BaHUSI (PMHAHCO-
BBIX CPEICTB M HEAOMYyIIEHHs (TMperoTBpAaICHNs)
HEOOOCHOBaHHBIX 3aTpaT MOJb30BaTeNiell MpHU
JIBIKEHMH MO aoporaM. J[aHHBIM MOAXOM Mpeno-
CTaBJIIET BO3MOXKHOCTb CBSI3aTh JNOPOXKHYIO Jed-
TEJIBHOCTh M aBTOMOOMJIbHBIE II€PEBO3KU I'PY30B
U [ACCaXHPOB C SKOHOMHYECKHM POCTOM, 00OC-
HOBBIBAsI B JAJIBHEUIIEM MEPOIPUATUSA IO IOBbI-
IIEHUI0 KA4EeCTBEHHOI'O YPOBHS aBTOMOPOKHOMU
HHPPACTPYKTYPHI Kak (akTop MOAACp:KaHUs IOJI-
TFOCPOYHOI'0 YCTOWYMBOTO M COaJlaHCHPOBAaHHOTO
9KOHOMUYECKOTO PA3BUTHS.

JlorucTnuecKuu MOaX0
K JKOHOMHUY€CKOMY Pa3BUTHIO
JOPOKHOTO0 X03sliicTBA

[To3unoHupOBaHKE JTOTUCTUKU KaK HOBOW Me-
TOAOJIOTUM ONTUMH3ALMU U YIPABICHUS UHTETPHU-
POBaHHBIMH PECYPCHBIMH MOTOKAMH B CpPEJie KO-
HOMHUYECKOT0 MPOCTPAHCTBA TIO3BOJSET TpUME-
HUATh €€ HAy4YHBIA ammapar ISl HCCISIOBAHFS
JIOPO’KHOT'O XO35IMCTBA KaK JIOTUCTUYECKON CHUCTe-
MBI W TIOCJICIOBATEIHFHOTO pEIIeHUs 3amad Oojee
PaIMOHAIBHOTO WCTIOIB30BaHUS PECYypCOB, BOBIIE-
KaeMBIX B TIPOHUCXOIAIINEC SKOHOMHUYECCKHE TIPO-
necchl. JIOTHCTHYECKHM TOAXOH 3aKiIioYacTcs B
YIIPABICHUHN CHUCTEMOM KaK €IWHBIM IIEJBIM, T0JI-
BOJSl €€ K KAaueCTBEHHO HOBOMY YPOBHIO ITyTEM
KOMILTIEKCHOTO YIIYYILIEHUS BCEX JJIEMEHTOB, HC-
CJIeIyeMbIX B MOCTOSHHOM B3aUMOJICUCTBHUH, TeC-
HO CBSI3aHHBIX MEXJYy COOON OTHOIICHUSMH IIpe-
E€MCTBEHHOCTH U HEpPapXUM MOCTPOCHUS MPHU J0-
CTHKCHUH MOCTABJICHHBIX IIeJIeH pa3BUTHUSA.

Pabora HOpOXKHOTO XO3SHCTBAa HA TEPPUTOPH-
aTbHO pa3OpOCAHHBIX OOBEKTaX CBS3aHA C pelle-
HHAEM OpPraHWU3aIMOHHO-TEXHUIECKUX, COITHAIBHO-
SKOHOMHUYECKUX, WHCTHTYIIHOHAIBHBIX U 3KOJIO-
THYCCKHUX TPOOJIEM, PACHIUPSIONINX JUAa30H U
rIyOMHY B3aMMOCBS3€H, 0Opa3ylouIuxcs B JIOTH-
CTMYECKHX CHCTEMax, 4YTO TpeOyeT YTOUHEHHs
JAHHOTO TIOHATHS OTHOCHUTENHHO MPECTaBICHHON
cnenuduku. JlorncTudeckas cucteMa B JOPOKHOM
XO3sIICTBE paccCMaTpUBAeTCsl KaK CIIOXKHAS CTPYK-
TYypUpOBaHHAs OPTraHHU3AIMOHHO  3aBEpIICHHAs
SKOHOMHYECKAsI CHCTEMa, 00Jiamaromnas CBOHCTBa-
MM JUHAMHYECKON YCTOMYMBOCTH W aJalTUBHO-
CTH, COCTOSIIAs U3 B3aMMOCBS3aHHBIX B €IUHOM
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MpoIIecce YIPaBICHUS W YIOPSIOYCHHBIX 10 JIBH-
JKEHUI0 MAaTepUATBHBIX M IPYTHX BUAOB ITOTOKOB
3JIEMEHTOB-3BEHBEB, COBOKYITHOCTh KOTOPBIX, Tpa-
HUIIBI U 33J1a4¥ PYHKIIMOHUPOBAHMS 00YCIOBICHBI
[EeNITMHU BHYTPEeHHEH 1 BHelTHeH cpept [17].

Ilenu pa3BUTHs TaKOH CUCTEMBI U3Y4AIOTCS Ye-
pe3 Mpu3My JOCTHKEHHS IUIAaHHUPYEMBIX MPHOPH-
TETOB TOCYIHApCTBEHHBIX TIPOTPAMM  Pa3BHUTHUS
TPAHCIIOPTHOTO KOMIUIEKCA, JOTUCTUYECKON CH-
CTCMbI CTpaHI)I U OIITUMHU3ALIUU OCHOBHBIX onepa—

LUOHHBIX MPOLIECCOB B JIOPOKHOM XO3SIMCTBE, UTO
u ompenensier ee npeaHasHaueHue. Crpartermue-
CKOE€ IIeJIerojlaraHue CBS3aHO C PEIICHUsIMH, T0-
CIIEICTBHUSI KOTOPHIX, Kak OBUIO OTMEYEHO paHee,
CKa3bIBAIOTCS B TEYEHHE JINTEIHHOTO BPEMEHH,
OTMEHA WJIM MCIPABICHUE KOTOPHIX IOBJICYET 32
co0oi JOnoNMHUTENbHbIE (PUHAHCOBBIE 3aTpaThl U
notepu B 3koHoMuKke [18]. ®opmupoBanue meTo-
JIOJIOTUH JIOTUCTUYECKOTO TIOJX0Aa K YIPABIECHHUIO
JIOPOKHBIM XO3SICTBOM TPEACTaBICHO Ha pHcC. 1.
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qJOpMPIpOBaHI/Ie METOAOJIOTUH JIOTUCTUYECKOTO ITOAX0/Ja K YIIPaBJICHUIO TOPOKHBIM XO3SCTBOM

Fig. 1. Formation of methodology for logistics approach to road management

76

Hayka
uTexHuka. T. 21, Ne 1 (2022)



Economy in Industry

OKOHOMHYECKHE BUABI ACATEIBHOCTH IOPOXK-
HOTO XO3siCTBa, MPEACTABIAIONINE B KOMIUIEKCE
CHUCTEMY OPTraHMW3allHOHHO-TEXHHYECKUX MEpPO-
NPUATHA W CTPOUTEIBHBIX, BOCCTAHOBHUTEIBHBIX,
PEMOHTHBIX, MPOQUIAKTHUECKUX U IPYTUX pador,
OCYIIECTBISIEMBIX Ha JOpOrax, NPH JIOTHCTHYE-
CKOM MOJIXOJE HCCIEAYIOTCS KaKk OCHOBHOHM CO-
CTaBJISIOIIMN 3JEMEHT OOCIyXKUBArolel uHppa-
CTPYKTYpPBI PpBIHKa TPAaHCIOPTHO-JIOTHCTUYECKUX
YCIIYT, T. €. pealn3anus JOPOKHBIX MPOEKTOB CBsI-
3BIBAETCS C OpraHu3alueil J0CTaBKU I'Py30B U Mac-
CaXUPOB IOCPEINCTBOM HH(POPMALMOHHOTO obec-
neueHus. MHdopmannoHHas MONAEp)KKa NPHHU-
MaeMbIX pelieHuid Oaszupyercss Ha LUQPPOBBIX
TEXHOJIOTHAX, YTO O00ECHeYUT NPHUHLUUIHAIBHO
HOBBIE BO3MOYKHOCTH IPH YIPABICHHUH AaBTOZO-
POXHOH HHPPACTPYKTYpOH, MPOSKTHPOBAHUH W
MPOU3BOACTBE pabOT Ha JOPOKHBIX OOBEKTaX.
OObenrHeHne Pa3pO3HEHHBIX MPOU3BOJACTBEHHBIX
MIPOIIECCOB B CHUCTEMY IyTeM IU(pOBOil MHTErpa-
UM TO3BOJIMT HNOBBICUTh HAJEKHOCTH B 00JacTH
MIPOEKTUPOBAHUS, IJIAHUPOBAHUSA, IPOM3BOJCTBA,
aKcIuryaTaru 1 JJorucTuku [19]. Torma moructu-
YyecKasi CUCTEMa JOPOKHOTO XO34MCTBA Ha MaKpo-
YPOBHE TpEACTaBIACT COOOH YHOPSIOYEHHYIO
COBOKYITHOCTb 3BEHBEB, OOBEIMHEHHBIX MEXIY
co0OH ISl CO3IaHHMS ONTHUMAJbHBIX YCIOBHUM
NepeMEIEHNUsI TPY30IOTOKOB  aBTOMOOHIILHOTO
TpaHCHOpTa ITyTéM IOCTaBKH (pa3BUTHE, Kamu-
TaJIbHBIA PEMOHT) M MPOJABWXKEHUS (PEMOHT U CO-
Jiep>KaHue) TOTOBOTO MPOAYKTa (aBTOMOOWIHHON
JOPOTH) IIOJIB30BATESIM Ha OCHOBE KOHLEMLUHU
JIOTUCTUKU. B TakoW NOCTaHOBKE MAaKpOJOTHUCTHU-
YyecKkas CHcTeMa JIOPOKHOIO XO3siCTBa CO34aeT
CTPYKTYPHO-KOMIIO3HIIMOHHYIO IIEIOCTHOCTB [0-
POXHOH ceTH, 00beJUHEHHON OOIIHOCTBIO CTpaTe-
THYECKUX Leded M 3agad  (yHKIHOHHPOBAHUS
PBIHKA TPAHCIIOPTHO-IOTMCTUYECKUX YCIYT.

IIpu »sTOM OCHOBONOJArawIIAE MPUHLHUIIBI,
JieKalye B OCHOBE JIOTMCTUUYECKOTro 1moaxoza (1e-
JIOCTHOCTb, CUCTEMHOCTb, CHHEPTHYHOCTH, 3MEp-
OKCHTHOCTh, HAaACKHOCTb, HAYYHOCTH, JUHAMHY-
HOCTh W JIp.), HEOOXOANMO MOIOJHUTH MpPUKIIa-
HBIMH, KOTOPBIX CJEQYeT MpHIEPKUBATECS NpHU
pa3BUTHH HUCClenyeMOd orpaciu. Tak, NpUHIUI
Pe3yJbTaTUBHOCTH IPEIOIAraeT KOMILJIEKCHYIO
oueHKy 3((}eKToB, BOZHHKAIOIUX B JIOTHCTHYE-
CKOH CHCTEME OPOXHOIO XO3sIICTBa, a TAKXKE HA
NPEANPUATHAX PA3IUYHBIX OTPACIE 3JKOHOMUKH B
CBSI3U C YJIyUIIEHHUEM JOPOKHBIX YCIOBHUH (TpaHc-
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MOPTHBIA U BHETPAHCHOPTHBIH 3 (EKThI) U BbIpa-
JKAIOIIUXCS, B KOHCYHOM UTOTE€, YBEITUYCHUEM JI0-
JTU 3THX oOTpacied B (OPMHPOBAHHH BaJIOBOTO
BHYTPEHHETO NpoayKTa. [100KUTETbHbIN pe3yiib-
TaT JIOCTUTACTCS 33 CUST KOMIICHCAIIMU 3aTpaT JI0-
POXHBIX opraHm3anuid 3(h(HeKToM, MOTyIaeMbIM B
TPAHCTIOPTHOM W JPYTUX OTPACIAX IKOHOMHKH.
[IpuHIUn ageKBaTHOCTH OTPakaeT COOTBETCTBHE
CIOCOOOB COTJIACOBAHMS YKOHOMHUYECKHX HHTEpE-
COB JIOPOXHOrO XO3SIMCTBa W IOJIb30BATENICHd aB-
TOMOOWJIbHBIMH JIOPOT'aMH, KaYECTBEHHOTO YPOBHS
JIOPO’KHBIX KOHCTPYKIMNA, TEXHOJOTUIECKHUX MPO-
IIECCOB UX CTPOUTEIHCTBA CYIIECTBYIOMIEMY YPOB-
HIO Pa3BUTHS U TOTPEOHOCTSM aBTOMOOHIIBLHOTO
TpaHCIopTa.

[IpuHIKTT TIPEBEHTUBHOCTH TIPEIyCMaTpPHUBAET,
YTO TIPHW YIPABICHUU B JIOTUCTHYECKOU CHUCTEME
OCYIIIECTBIISICTCSI BBISIBIIGHHE W TPENOTBpAIICHHE
MPUYUH BO3HHWKHOBEHHWS, a TaKKe HEIOMyIICHHE
BO3MOJKHBIX OTPHIIATEIBHBIX IOCICICTBUN YXYII-
IIEHUS TPAHCTIOPTHO-IKCILTYaTaI[HIOHHOTO COCTOS-
HUS aBTOMOOWIBHBIX nopor. [IpuHImMm BapuaHT-
HOCTH JIONYCKAeT pa3IM4Hble KOH(UTypalyu Iie-
el MOCTaBOK B MPOLIECCE CO3AAHUS U peain3aluu
MPOJYKIIMKA JIOPOKHOTO XO3SHCTBA, HO TPU ITOM
MIpeIoaraeTcsi, YTo albTEPHATUBBI HEOOXOIUMO
paccMarpuBaTh C TMO3UIMH MHHAMHU3AIUU TOTEPh
MOJIL30BaTEeNIC  aBTOMOOWJIBHBIMH ~ JIOPOTaMHU.
[IpuHIHKTT cOTTacOBaHHOCTH MHTEPECOB MCIOJIB30-
BaH I BBIJICIICHUS OPUCHTUPOB PAa3BUTHS J0-
POKHOTO XO3SHCTBA M €T0 JIOTHCTUIECKIX CHCTEM,
KOTOpBIE 3aJaHbl CHCTEMaMH O0oJiee BBICOKOTO
YPOBHS U CKJI]IBIBAFOIIUMUCS BHCITHUMH YCJIOBH-
sMHA. B COOTBETCTBHMU C ATHM BBIFICNIEHBI TaKHe
OpPHEHTHPHI, KaK WHTEPECHl HAIMOHAIBHBIE, TIPUO-
PUTETHBIE SKOHOMUYECKHUE U COLUATBHBIE.

[IpoBeneHHbIE WCCIENOBAHUS ITO3BOINISIOT 3a-
KIIFOYUTh, YTO TpH (HOPMHUPOBAHUU MaKPOIOTH-
CTUYECKON CHCTEMBI JOPOKHOTO XO35MCTBA BAXKHO
CKOHIICHTPUPOBATh BHIMAHHE HA ydeTe KOMILIEK-
ca YCJIOBMl, CBOMCTBEHHBIX CIIOKUBIIEHCS IMpak-
THKE (DYHKIIMOHUPOBAHUS JCUCTBYIOIIUX OPraHu-
3allMOHHBIX CTPYKTYp yrpaBieHus. B3anmmosaBu-
CUMOCThH TIOCTaBJICHHBIX IIeJIeld, OCHOBHBIX 3aJad,
BO3HUKAIOIIUX B CHCTEME MPH €€ (PYHKIHOHHUPO-
Baunu (LI;), MHOr0OOpa3ust BUIOB YCIIYT, OKa3bIBa-
€MBIX Ha JJOPOKHO-CTPOUTENILHOM phIHKE (V]) mpu
ONTHMATFHOM HCIIOJIb30BaHUH PECYPCOB B Makpo-
JIOTUCTUYECKON CHCTEME, IMPEICTABICHB B BUJIC
YKPYITHEHHO! CXeMBbI Ha puC. 2.
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Puc. 2. CTpykTypa MakpOJOrHCTHYECKOH CUCTEMBI JOPOKHOIO X035HCTBA

Fig. 2. Structure of macro-logics system of road economy

Bonpoc o cy0ObekTHOM cocTaBe OBLT HCCIIENO-
BaH METOJIOM JIEKOMITO3UIINH CYIIECTBYIOIIEH CH-
cTtembl ympaBineHus. OTMeueHa OTrpaHHYEHHOCTH
HEOOXOMMBIX KOMITOHEHTOB. B dacTHOocTH, mpak-
TUYECKH OTCYTCTBYIOT HEH30EXKHO CONMpPOBOXKIA-
ION[Ue peau3aliio  JIOTUCTHYECKOTO I0AX0Ja
CIeIMATM3UPOBaHHbIC CIYXObI, 00nanarone He-
00xoquMol TIPo(heCCHOHANBHON TOArOTOBKOW W
COOTBETCTBYIOIIUM KBATH(UKAIIMOHHBIM YPOBHEM.
Kak mokazan mpoBeneHHBIH aHalu3, CYIIECTBYET
HEJOCTAaTOYHOE B3aUMOJICHCTBHE MEXIy IOApa3-
JISIICHUSIMH, KOTOPBIE PEATH3YIOT JIOTUCTHYECKUE
(hyHKIMK (3aKynKa, TPAHCIIOPTUPOBKA, CKJIAJIH-
poBaHMe, pacmpeneieHne W Op.). Marepuaib-
HOE O0OecleYeHne TEeXHOJIOTUYECKUX MPOIECCOB
CTPOUTENHCTBA AOPOT YaCTO OCYIIECTBIIICTCS MO
BO3JICHCTBHEM TIPOM3BOJICTBEHHBIX TpeOOBaHUMI
U HC YYUTBIBACT MPHUHIUIIBL 3KOHOMHUYECKOM
s¢dexTnBHOCTH. BBUAY OTCYTCTBHS KOOpIMHH-
PYIOIIETO JIOTHCTUYECKOTO JJIEMEHTa B COCTaBe
YYaCTHUKOB JIOPOXKHBIX MPOEKTOB, (DOPMUPYIOTCS,
KaK MpaBWJIO, HEB3aMMOCBS3aHHbBIE CXEMbI TpPaHC-
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HNOPTUPOBKH, U OTCYTCTBYET BO3MOXHOCTh KOHCO-
JUIMPOBAHHOM IOCTaBKU MaTepUaIbHbIX PECYPCOB
C TIOCJICAYIOIINM paclpeieNeHHeM IO y4acTKam
JIOPOXKHOM CETH.

B cBs3u ¢ aTM TpeOyeTcs YCHIUTH COCTaB
YYaCTHUKOB JIOTHCTHYECKHX CHCTEM B YacTH BBe-
ACHU SKCIIEPTOB I10 JIOTUCTHUKE B IITAT NPEAIIPUI-
TUi OO pa3BUTHA CUCTEMBI AyTCOPCHHIA C Iie-
JbI0 TPUBJICYCHHS CTOPOHHUX CIICLUAJMCTOB B
cilydyae HEOOXOJMMOCTH PEIICHHS JIOTUCTUICCKUX
3ama4y, a Takke Cc(HOPMHUPOBATH JIOTMCTHUCCKHM
KOOPAWHALIMOHHBIA LEHTP, PEryIupyIOmuil pa-
00Ty cucTeMBbl Ha OCHOBE HCIOJIb30BaHUS MH(OP-
MAallMOHHO-KOMMYHUKAIITMUOHHBIX W TEXHUKO-TCX-
HOJIOTHYCCKUX CPEACTB B YCIOBHAX B3aHMOI[ef/'I-
CTBHS PA3JIUYHBIX MPOLECCOB MPH CTPOUTENHCTBE,
PEKOHCTPYKIMH, PEMOHTAX W 3KCIUTyaTallil aBTO-
MOOUJIBHBIX JJOPOT.

Jlorucruueckas cucteMa MakpoOypOBHS Tpey-
cMarpuBaeT (YHKIMOHUPOBAaHHUE B €AWHOM KOM-
IJIEKCE MPEANpUSATANR  JOPOKHOIO  XO3siCTBa
B paMKax pecypcHOro obecredeHus u 3¢dexrus-
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HOW peanu3aluy MporpaMMmbl paboT Ha BceX J0-
POXHBIX 00beKTax. BmecTe ¢ Tem sorucruueckue
CHCTEMBl MHUKPOYPOBHSI — 3TO BHYTPUIIPOHU3BO-
CTBEHHBIE JIOTUCTUYECKUE CHCTEMBbl B PaMKax OT-
JETbHBIX TPEIIPUSATHH W JTOPOXKHBIX OOBEKTOB,
B COCTaB KOTOPBIX BXOIST TEXHOJOTUYECKU CBS-
3aHHBIE TPOM3BOJICTBA, OOBEAWHEHHBIE €IUHON
UHPPaACTPYKTypol. B MHUKpPOIOTHCTUYECKUX CH-
CTeMax IPOUCXOIAT YCKOpEHHE Ipolecca Ipo-
XOXJIEHHUS JIOTUCTUYECKOrO0 IOTOKa Ha OOBEKTHI
NPOM3BOJICTBA pabOT, CHIMKCHHE 3alacoB CTpPOU-
TEJIHBIX MaTEepHAaJOB, COKpallleHHE MepHosa op-
raHW3alUOHHO-TEXHUYECKOH MOATOTOBKH K CTPOU-
TENBCTBY. TPajWIMOHHO NHUPKYIUPYIOINIHE B JIO-
POKHOM XO3SHCTBE CXEMbI TIOCTABKM OCHOBHBIX
JOPOKHO-CTPOUTENIFHBIX MaTepuasioB TpaHchop-
MHUPYIOTCSl, HCHOJb3YsS COBPEMEHHBIH Hay4HO-
METO/IONIOTMYECKHUIA armapaT JOTUCTHKU, ONTHMH3HU-
pysl pacxonbl 3a CYET BO3MOXHOCTH OIPEACIICHUS
CTpaTEernvecKuX KOHTPAareHTOB, PALMOHATIBHOTO BbI-
0opa MOCTABIIMKOB, TOCTOSHHOTO COTPYIHUYECTBA
C HUMH B LEMU TOCTABOK B PEXHME DPEabHOTO
BpEMEHH.

[Ipouecc opraHu3au CTPOUTENHCTBA ABTOMO-
OWJIBHOM TOPOTH CTOUT PAacCMATPHBATH KOMILIEKCHO,
HE OrPaHUYMBAsCh PAMKaMU OJTHOTO IPEATIPHUATHSL.
Jloructuueckasi cHCTEMa CTPOMTENILCTBA Ipel-
cTaBnsieT co0Oi MPOCTPAHCTBEHHOE COYETAHHUE
NPENNpPUIATAH, CPEACTB M IyTeH COOOIICHUS,
(yHKIMOHATBHO OOBEAWHEHHBIX JIOTUCTUYECKUMH
nensiMu. CyObeKTaMH IOpPOKHO-CTPOUTEIHHOTO
PBIHKA, T€HEPUPYIOIIMMH JIOTMCTHYECKHE LEMH,
BBICTYIIAIOT: MIPOM3BOJUTENHN ChIPhS (Kapbepbl Ka-
MEHHBIX MaTepHajoB, He(TenoObIBarOIINe CTaH-
UM, TPYHTOBBIE Kapbepbl), MaTepuanoB (miebe-
HOYHBIC, HedTenepepabaTHIBAIONIUE 3aBOJbI,
OPEANPUSTHS IO TIPOU3BOJCTBY JKEIE300€TOHHBIX
W3JENAA ¥ METAJUTMYECKUX KOHCTPYKIIWA) M TIO-
nydabpukaroB (achaabTOOETOHHBIE U LIEMEHTOOE-
TOHHBIE 3aBOBI, ONTYMHBIE 0a3bl), CKIAABI I X
XpaHEeHHs, TOCTABUIMKH, (PUHAHCOBBIE YUPEXK-
nenust (OaHku, Oupxu, (OHIBI), TPaHCIOPTHBIE
OpraHu3aluy, NoTpeduTeNn (JOPOKHO-CTPOUTEID-
HBIC U PEMOHTHO-CTPOHUTENBHBIE TPECTHI, JOPOKHO-
CTPOMTEJIbHBIE YIPABIEHUs, JOPOKHBIE PEMOHTHO-
CTPOWTEJIbHBIE YIIPABICHMS, YIPABICHUSA MeXa-
Hu3anuu). Torma memp MOCTaBOK B JOPOKHOM
CTPOUTENBCTBE TPEACTABISET COOOH ceTh (PyHK-
OUOHAJTFHO  B3aUMOCBSI3aHHBIX  JIOTUCTUYECKUX
CHCTEM U 3aMHTEPECOBAaHHBIX MPEANPUSITHH, KOTO-
pble TIOCPEICTBOM CBSI3eH MEXIY 3aKa3dMKaMHu,
HNOJPAAYMKAMH, MOCTABLUIMKAMU U JIPYTUMH yd4a-
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CTHHKaMH CTPOUTENBHOTO MPOU3BOJICTBA, a TAKKE
pPa3IMYHBIX TIPOIIECCOB M ACHCTBUH (QopMHUpPy-
10T 00aBIEHHYI0 CTOMMOCTh B cdepe TOCTaBKH
MaTepUaIbHBIX PECYPCOB JUISI TOPOXKHOTO CTPOH-
TENBCTBA, OKa3aHUs YCIIYT M0 pean3aluil TpaHc-
MOPTHBIX U TEXHOJOTHYECKUX TPOIECCOB U JANTb-
HEHIIEeTo «CONMPOBOXKICHISD TOTOBOTO Y4acTKa J10-
POTH MOJIB30BATENISIM C HEOOXOJUMOM IIEHHOCTEHIO.
[Ipu sTOM OTHENBHBIE YYACTKH OJHOM U TOHM XKe
ABTOMOOWJILHOW JOPOTH sl YAYYIIEHUS TpaHC-
MOPTHO-IKCIUTYyaTAIIHOHHOTO COCTOSHHSI TIOJIBEP-
raroTCs B pa3HOE BPEMsl PAa3JIUYHBIM BUIAM CTPOM-
TEIHHO-MOHTQXHBEIX paboT, T. €. B JOJITOCPOYHOM
nepruoac sABJIAOTCA BOBJICUCHHBIMH B IPOU3BOI-
CTBCHHBIC IUKJIBI MHOTHUX JTOPOKHBIX OpI‘aHI/ISaHI/Iﬁ
Y BBICTYMAIOT PE3yJIbTaTOM HX PabOTHI, YTO BXO-
JUT B TIPeIMET CEPBUCHOMN JIOTHCTUKHU.

Takum 00pa3om, Ha OCHOBAaHHMU INPOBEIEHHO-
r0 HUCCIEAOBAaHUS MOXXHO YTBEPXKAATh, YTO MPH-
MEHEHHE JIOTUCTHYECKOTO IIOAXO0JIa CIY’)KUT HC-
TOYHHKOM BO3HUKHOBCHHUA CHUHCPIreTHUYCCKOro
a¢dekra B mporecce pabOThl JTOTUCTUYCCKUX CH-
CTeM B JIOPO)KHOM XO03siicTBe. BhIpakeHrneMm yka-
3aHHOTO > deKTa SBISETCS BOSHUKHOBEHUE B CH-
CTeME JOPOKHOT'O XO3SHCTBa BO3MOXHOCTH IO/
JepKaHMs CTA0MIIEHOTO COCTOSTHUS aBTOOPOKHON
WH(GPACTPYKTYPHI U €T0 TOCIEI0BATENFHOTO YIIy4-
LICHHS TIPY PalMOHAILHOM YPOBHE 3aTpar, a TaKKe
JOCTIDKEHHE 3a CYeT JTOro JONTOCPOYHOro 3-
(exkTa B TPAHCIIOPTHOW WM JPYTHUX OTPACIAX IKO-
HOMHMKH.

BbIBO/IbI

1. ®opMmupoBaHUE JOTUCTUICCKUX CUCTEM IMPHU
TpaHcGopMaluyd BHYTPEHHUX IPOIECCOB Ha OCHO-
B€ JIOTUCTHUYECKUX MPUHIUIIOB SBISCTCS OJHUM U3
HEOOXOJUMBIX YCIOBUH SKOHOMHUYECKOTO pa3BH-
THS IOPOKHOTO X03siKcTBa. Mcnosib30BaHUE JIOTH-
CTHYECKOTO ITOAXO0/Ja B HCCIEAyEeMOH 00yacTu 3a-
JaeT MPUHILMIHNAIBHO HOBOE CHCTEMHOE BUICHUE
MPOIIECCOB CTPOUTENNBCTBA, PEKOHCTPYKIUU, pe-
MOHTOB W JKCIUTyaTallud aBTOMOOMJIBHBIX JIOPOT,
PO WX YYAaCTHUKOB B 00OECIIEYCHUU pe3yJIbTa-
TUBHOCTH aBTOMOOWMILHOTO TPAHCIIOPTA.

2. OcHOBHBIE CYOBEKTHI JOPOKHOTO XO3SHCTBA,
B3aUMOJICUCTBYIOIINE HA JOPOKHO-CTPOUTEIHLHOM
PBIHKE B IEJISAX CO3MIaHUS YCIOBHH ISl HEIIPEPHIB-
HOTO M 0€30IacHOro MepeMeIIeHNUs TPAHCIIOPTHO-
JIOTHCTUYECKUX MMOTOKOB IO aBTOMOOMIBLHBIM [0-
poraM, TpeCTaBiICHBI B BHJIEC MaKpOJIOTHCTHUC-
CKOM CHCTEMBI JTOPOXKHOTO XO3SICTBa, KOTOpast
BXOJHT B COCTaB €IWHON TPaHCHOPTHO-JIOTHUCTH-
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YeCKOM cHUCTeMbl CTpaHbl. BriepBble B JIOTHCTHKE
CTaBHUTCSl KOMIUIEKCHasl 3a1ava 10 3(PQPEKTUBHOM
OpraHu3alMy TPAHCTIOPTHBIX MOTOKOB, CBSI3aHHOM
C MPEeNOCTaBICHUEM BO3MOXHOCTH BbIOOpa ycio-
BUI JIBU)KEHUS C YCTAHOBJIEHHBIMH CKOPOCTSAMH H
Harpy3kaMu 10 10poraM ¢ pa3HbIMH TPaHCIIOPTHO-
9KCIUTyaTallMOHHBIMHA XapaKTEPUCTUKAMH C MO-
MEHTa B3aMMOJICHCTBUS C JIOTMCTHYECKOH CHCTe-
MOH JIOPOXKHOT'O XO34MCTBa JI0 BBIXOJA U3 Hee Io-
CJie 3aBEpLICHNUS IEPEBO3KH I'PY30B U MACCAKUPOB.
MHTerpalluoOHHBI KOMIIOHEHT NIPENIOJIaracT BbI-
JeneHne oOmei GyHKUMU ynpaBieHHUs JBHKCHU-
€M TPaHCIOPTHBIX MOTOKOB C KOHTPOJIEM 3KOHO-
MHYECKHX MOCIEICTBUA HOPOXKHON JNEATEIBHOCTH
npu (QYHKIMOHUPOBAaHUH WHQPACTPYKTypHOU Oa-
361, nudepeHIPOBaHHON 0 3ampocaM aBTOMO-
OMIIEHOTO TpaHCIIOPTA.

3. Ha MukpoypoBHE BHYTPHIIPOWU3BOJICTBEH-
HBIE JIOTHCTHUYECKHE CHCTEMbI JO0PO’KHO-CTPOU-
TEJNBHBIX OpraHU3aluil O0BETUHSIOTCS B COCTaBE
JIOTHCTUYECKUX CHUCTEM CTPOMTENILCTBA, PEKOH-
CTPYKIIMU ¥ PEMOHTOB IO y4acTKaM aBTOMOOWJIb-
HBIX JIOPOT, YTO TIO3BOJISIET YIPABJISATh MaTepUallb-
HBIMHU M COIIYTCTBYIOILIMMH MM IOTOKaMH KaK elu-
HBIM TebIM 0€3 OTphiBa OT MOCTABIIUKOB
MCXOJIHOTO CBHIPbSl U MOTpeOuTENe TOTOBOW IMpO-
IyKIue (Y9acTKH MPOU3BOJACTBA padoT) B MpOIleC-
ce pecypcHOro obecriedeHus] U MPOU3BOJICTBA pa-
00T B 1eIAX MOBBIIICHHS UX () (HEKTUBHOCTH.
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Pedepat. Pernonanbublii kiactep BO30OHOBIEMBIX HCTOUHHKOB 3Hepruu (BMD) sBisercs MpOMBIIIIICHHBIM KIaCTEPOM U
nMeeT 0COOEHHOCTH dHepreTHdeckoi orpaciu. [TosTomy eMy HE0OXOAMMbI COOCTBEHHBIH MEXaHU3M U CTPYKTYpa (Gopmupo-
BaHUA 171 0OecredeHNs] KOMIUIEKCHOTO pa3BUTHA. B cTaThe paccMaTpuBaeTcs CTpyKTypa perHoHaNbHOrO Kiacrepa BUD ms
BberHama M npeasaraercs annapar yrnpasiieHus eto. C y4eToM OIbiTa APYyruX CTpaH 000CHOBaHO JOPMHPOBAHUE CTPYKTYPHI
peruoHanbHOro Kiaactepa BUD st ycnoBuit BrerHama ¢ 11enpi0 obecniedeH s colnaibHO-3KOHOMUUECKOTO Pa3BUTHS CTpa-
HBI U €€ 9HEPIOCHCTEMBI, PEIICHHs YKOJIOTHYECKHX NPo0IIeM, HOOIPEHNs HHBECTULNH B dHepreTuKy. CTpyKTypa peruoHalib-
Horo Kkiacrepa BUD nocrpoeHa n npoaHaiM3upoBaHa B COOTBETCTBHU C (PaKTHIECKHMH YCIOBHSIMH HCIIONIb30BaHUs BI1O BO
BbeTHame M BKIIIOYaeT B ce0s MATh CyOBEKTOB: MPOQHUIBHBIX U HENPO(HUIBHBIX YYACTHUKOB KJIaCTEpPa, MOCTABIIUKOB, IIOTpPe-
Outeneil, KoHKypeHTOB. [TocTpoeHa cxema, ONMHCHIBAIONIAs CTPYKTYPY KIIAacTepa, IpeCcTaBIeHBI POJIM YIaCTHUKOB. PaccMoT-
PEHBI OpTraHN3alMOHHAS U YIPaBIEHYECKAsk CTPYKTYPHI PETHOHAIBHOTO KJIacTepa, COOTBETCTBYIOMINE KOHKPETHBIM yCIOBUSIM
BretHama. YnpaBieHdeckas CTPYKTypa pETHOHAIBHOTO KlacTepa BreTHaMa COCTOMT M3 BHICIIETO YNPABIAIONIETO KOMHUTETA,
(bacunuraropa, MeHeDKepa npoekTa u pabouux rpynmn. O0A3aHHOCTH CTOPOH OPraHU3aLMOHHOM CTPYKTYPBI CHOPMYIIHPOBa-
HBI TaKHM 00pa3oM, 9TOOBI OTPa3HUTh UX ydacThe B paboTe pernoHanbHoro kiacrepa BUD. CtpykTypa pernoHansHOTO Kia-
crepa BUD crocoOHa moka3aTh B3aMMOOTHOIICHUSI MKy YIaCTHHKAaMH BHYTPH M BHE KiacTtepa. OpraHu3anioHHAs CTPYK-
Typa pEruoHaJIbHOTO KJIaCTepa U CTPATETUsl €ro pa3BUTHA ABJIAIOTCSI OCHOBAMU IIOCTPOCHUS IOJIMTUKH B OGJ’[aCTI/l BO300HOB-
JIAEMBIX UCTOYHUKOB DHEPI'MU CTPAHBI.

Knawuesble ciioBa: CTPYKTYpa Kj1acT€pa, opranusanus Kjiacrtepa, BO300HOBJISIEMbIC HCTOYHHKHU OHEPIuu, KJI1acTep, peruoH
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Structure and Organization
of Regional Renewable Energy Cluster in Vietham

T. F. Mancerova®, Ngo Anh Tuyet?

YBelarusian National Technical University (Minsk, Republic of Belarus),
2Electric Power University (Hanoi, Socialist Republic of Vietnam)

Abstract. The regional cluster of renewable energy sources (RES) is an industrial cluster and has the characteristics
of the energy industry. Therefore, it needs its own mechanism and structure of formation to ensure integrated development.
The paper examines the structure of the regional RES cluster for Vietnam and proposes an apparatus for managing it. Taking
into account the experience of other countries, the formation of the structure of the regional RES cluster for the conditions
of Vietnam has been substantiated in order to ensure the socio-economic development of the country and its energy system,
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built and analyzed in accordance with the actual conditions for the use of renewable energy sources in Vietnam and inclu-
des five components: profile and non-profile members of the cluster, suppliers, consumers, competitors. A diagram describing
the structure of the cluster is illustrated in detail, the roles of the participants are presented. The organizational and manage-
ment structures of the regional cluster, which correspond to the specific conditions of Vietnam are considered in the paper.
The management structure of the Vietnam regional cluster consists of a senior steering committee, facilitator, project manager
and working groups. The responsibilities of the participants in the organizational structure are formulated in such a way as
to reflect their role in the work of the regional renewable energy cluster. The structure of a regional RES cluster is able
to show the relationship between participants inside and outside of the cluster. The organizational structure of the regional
cluster and the strategy for its development are the foundations for building a policy in the field of renewable energy sources

in the country.

Keywords: structure of cluster, organization of cluster, renewable energy sources, cluster, region
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BBenenne

Bo3oOHoBIsIeMBIE HICTOYHUKH dHepruu (BUD)
CTaHOBATCS MPHOPUTETHHIMU BO MHOTHX TOCYIap-
CTBaX MHUPA, OCKOJIBKY MPAaKTUYECKH HE yXy[IIa-
IOT DKOJOTMYECKOE COCTOSIHUE TPUPOIHON CpPEembl.
Pazsurne BUD 10mKHO OCYIIECTBIATLCS C yIETOM
UMEIOIINXCS CONMATBHO-3KOHOMHYECKUX YCIOBUH
U DHEPreTHYECKOr0 TOTEHIMana cTpaHbl. OgHO-
BPEMEHHO HEOOXOAMMO aHAIM3HPOBaTh BCEe (pak-
TOpHI BO3JICHCTBUS TpU (OPMHUPOBAHUM U pa3-
BUTHH COOTBETCTBYIOIIETO KIacTepa, B JAHHOM CITy-
yae — knactepa BUD (c moaaepxkoli ero Ha rocy-
JIApCTBEHHOM YPOBHE).

[Ipu popMupoBaHNM PErHOHAILHOTO KiIacTepa
B3 Bo BreTHame pekoMeHAyeTCs YYUTHIBATH
cieyrolye moaoxkenws [1].

1. Co3manue peruoHanbHoro kiacrepa BUD
JIOJDKHO OBITH OOYCJIOBJIICHO HE TOJIBKO IPSMBIMH
SKOHOMUYECKUMH (TIPUOBLIH OT BJIIO)KCHHBIX MHBE-
CTHIIMIA), HO ¥ BO3MOYXHBIMH COLMATBHO-OKOHOMH-
YECKUMHU BBITOAaMH (TIOJIyYEHUE IPEUMYIICCTB
JUTST HAIIMOHAJIFHOW SKOHOMUKH, 0O€CIIedeHre mo-
CTYIATEIbHOTO COLMATBHO-3KOHOMUYECKOTO pa3-
BUTHS, PEIICHUE OCTPHIX POOIIEM IKOIOTHH).

2. Bo BbeTHame Belie/ICTBUE OTHOCHTENIHHO HU3-
kux Tapudos Ha BUD unBecTHIm B 3Ty chepy Mo-
TyT OBITh TPUBIIEKATENFHBIMA TIPH TIOJHOM yd4eTe
BCEX IMO3UTUBHBIX (DAKTOPOB PAa3BUTHSI NAHHBIX WC-
TOYHHWKOB JHEPTHH, YTO OCYIIECTBIMO B TpoIiecce
CO3JIaHMsI PErHOHAIBHBIX KIacTepoB. DopmupoBa-
HUE KJactepa OyAeT CTUMYJIHMPOBaTh BBIPAOOTKY
TIPUBUIICTUPOBAHHBIX YCIIOBUN W TOANEPKKY MPEA-
TIPUSATHIA, TPUHUMAIOIINX B HEM yJacTHe.

3. HeoOxonumMo  y4MTBIBaTH OCOOCHHOCTH
Pa3BHUTHS TOIUTMBHO-YHEPTETHUECKOTO KOMIUIEKCA
BreTHama:
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— obocTpeHue npobIeMbl HEXBATKU CHIPBS IS
MIPOU3BOJCTBA AJIEKTPOIHEPTHH BCIEICTBUE HCTO-
MeHUsT UCTOYHUKOB yriis (¢ 2015 r. ocymecTBis-
€TCSl UIMITOPT YTJIA TI0 HEYCTOMYMBBIM LIEHAM);

— TPOM3BOJICTBO DIEKTPOIHEPTUU W3 TPATUIIH-
OHHBIX UCTOYHHUKOB CYIIECTBEHHO 3arpA3HET OKPY-
KArOIIyl0 aTMocQepy, 4TO HE COOTBETCTBYET TEH-
JEHIMH CO3/1aHUS 3€JI€HON SKOHOMHKH B CTPAHE;

— pacmupeHue BeIpaOOTKH TPaJAWIIMOHHBIX BH-
JIOB DJIEKTPOSHEPTUU CBSA3aHO C JOMOJIHUTENIBbHBI-
MU 3aTpaTaMH HU3-32 y)KECTOUCHHS TPeOOBaHHUN TIO
YTHIN3AIUU IPOU3BOJICTBEHHBIX OTXO/IOB;

— IIPaBUTENBCTBO CTPAHBI CTPEMHUTCS OTpaHU-
YUTH BBIOPOCHI 3arpS3HSIOMIUX BEIIECTB, TOITOMY
pa3pabaTbeiBaeT MepHI 110 CTUMYJIMPOBAHHUIO Pa3BU-
tusi BUD, uro Oyner cmocoOCTBOBaTh HpuUBIEUE-
HUIO MHBECTHULIUI B JaHHYIO cepy;

— HauuHas ¢ 2015 r. Bo Beetname ¢opmupy-
eTCsl KOHKYPEHTHBIN PBIHOK 3JIEKTPOIHEPTETHKH,
9TO JaeT BO3MOXHOCTh BHD KOHKypHpOBaTh
C TPAANIIMOHHBIMU HCTOYHUKAMHU 3HEPTUH.

4. YauThIBas OIBIT CO3/IaHUS KIACTEPOB B paz-
JUYHBIX cTpaHax [1-4], Bo BeeTrHame 1enecoo0-
pa3Ho BBHIOpaTh COOCTBEHHBIM MexaHU3M A (op-
MupoBaHus u pazsutus BUD Ha ocHoBe aHanuza
(haKTUIECKOTr0 MOJIOKEHHUS B TOIUTMBHO-YHEpTreTHYE-
CKOM KOMIIJIEKCE M €r0 B3aHMOCBSI3U C COIHAIBHO-
SKOHOMHUYECKUM Pa3BUTHUEM CTPAHBI.

CTpyKTYypa peruoHaJIbHOI0 KjaacTepa
BO300HOBJISIEMbIX HCTOYHUKOB HEPTruu
aJig BberHama

B Teopuu u npakTuke 3KOHOMUYECKUX HCCIe-
JOBaHUI 10 (POPMHUPOBAHMIO KIACTEPOB Hambolee
HU3BECTHBIMU aBTOpamu sBisitoTcss J[. @. Pytko,
A. A. barranoBa, M. Iloptep, B. U. Bonkos,
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H. H. Kotnapos, E. K. Xycannosa, M. A. Cypxu-
koB [5—-12], a Take . 1. Boym, 1O. I'. JlaBpuko-
Ba, Paxumu Illaxino, E. B. Mapkyuiuna. [Ipu atom
HaJ0 OTMETHTh, YTO METOAWYECKHEe pa3padoT-
ku A. A. barranoBoii B HamOombllel CTeleHU
MOAXOMSIT I co3manms kinactepa BUD Bo Brer-
Hame. OgHAKO €€ METoAWKa pa3paboTaHa MpUMe-
HUTEIFHO K PETHOHAIBHBIM KIIACTepaM TOIUIMBHO-
3HepreTuyeckoro komiuiekca Poccun. [[ns cozna-
HUs MoJieNH Kiactepa A. A. barTtaiioBa B kauecTBe
€ro sapa MpeajaracT B3ATh BEPTUKAIBHO UHTETPH-
POBaHHYIO HE(PTSIHYIO KOMIIAHHIO, KOTOpas Cylie-
CTBYET B JJAaHHOM PETHOHE, a He Toiasko BHUD [6].
[Moatomy mpu pa3paboTke KiacTepa Ui YCIOBUN
BreTtHama criefiyeT yuuThIBaTh HE TOJIBKO OCOOEH-
HOCTH BO300HOBIIIEMBIX MCTOYHHKOB SHEPTHH, HO
Y BRETHAMCKOT'O PETHOHA.

B cootBercTBMM C Teopuel 3KOHOMHYECKOIO
KJIacTepa 1 YCIOBHSIMHU Pa3BUTHA KilacTepa Bo Brer-
HaMe TIpeIyIaracTcsl CTPYKTypa peruoHaIbHOTO Kiia-
crepa BUD. Ona cocTouT U3 IsITH CYyOBEKTOB:

— npoMITbHBIC YYACTHHUKH KIIacTepa;

— HepO(IITHFHBIE YYACTHUKH KJIACTEPa;

— TOCTaBIIHKH;

— IoTpeOuTeNH;

— KOHKYPEHTEHI.

[lepeuncnennsle CyOBEKTHI, HaxXOAsAIIHUECS B
TECHOM B3aMMOJCHCTBUM M CBS3aHHBIE C peaib-
HEIMHU ycnoBusiMu BUD Bretnama, Oosee pasBep-
HYTO NpeacTaBieHsl Ha puc. 1 [1].

HenpodunpHble yyacTHHKHM Ki1acTepa HCIIOIN-
HSIOT POJIb BCIIOMOTATENBHBIX MOAPa3AeNICHIH 0
OCHOBHBIM HANpPAaBICHUSIM €ro (YHKIIMOHHUPOBa-
HUs, pa3pabarbiBasi METOIBI B3aMMOCBS3H MEXIY
Y4aCTHUKaMH, TEM CaMBbIM y4acTBYS B YIIPaBICHUN
uX JesTenbHOCThIO. [IpaBHTENBCTBO (opMupyeT
MOJINTHKY, HAIIPABJIEHHYIO Ha TIOJAEPKKY On3Heca
NPEINPUATUN C LIEJbIO MPUBIICUCHUS] WHBECTUIIUN
B TIPOM3BOACTBEHHYIO U TNPEANPUHUMATEIHCKYIO
NEeSTeNbHOCTh KJacTepa. Y4eOHble 3aBelCHHA,
HAyYHO-UCCIIEJIOBATEIbCKUE HHCTUTYTHI, YHUBED-
CUTETHI, HAYYHBIC aCCOIMAIUN HCCICAYIOT U TpH-
MEHSIOT Hay4HbIe TEXHOJIOTHH, a B cilydyae HE00-
XOJIUMOCTH — PeOPMHUPYIOT HX.

IMocTaBmIMK

HenpoduiabHble y4acTHHKH IpodnabHbie y9aCTHUKH KJIacTepa KOHKypeHTbI
KJacTepa
IIpennpusrus
- . 110 BBIpabOTKe Ipeanpusus BU3
OpraHbl HALMOHANBHOM BIACTH: BID B JIPYTUX PErHOHAX
— NIPaBUTENBCTBO, 3He;Tp03Hep THH 1
7 A\
— MMHHCTCPCTEO, - f h TermodNeKTPOCTAHIAH HA YIIie
— YUPEXAEHUS YPaBICHHS P S (npunaznexamme TKV
HaIMOHAJBHOH ceTH _ e =]
Suepretuka/ < -}~ ---= IlponsBoacrso u paGoraroutne siie TKV)
Oprasbl perioHaabHON BIIACTH: TOTLTHBO = obopyroBatits,

P P ’ N TexHojorun BUD TemnosnexTpocTaHInU
MECTHbIE aIMUHHCTPALHN, V\\\ o / Ha He)TH ¥ rase
MECTHBIE JIeTTapTaMEHTEI, | . / / (npunamesxkamue PVN

— YUPCSKACHUS YIIPABIICHUS X / = u paboratomue e PVN)

HAIMOHAIILHOM CETH ! ~ = /
= Mamuso- CepBucHBIE
IPPsu BOTs
V4eOHbIC 3aBEACHN, CTPOUTENIbHBIE < OOCIYKHBaIOLIUe (xpymats SeRTpOOTAMIHE)
HCCIIEN0BATEIbCKUE HHCTHTYTHI 3aBOJbI TpC/UIpHATHA pyr p
LlenTps! Hay4HBIX UCCIIENOBAHUI
U pealin3aluu (I/IHHOBaL[I/IOHHI:Ie Tlonxmrouenue Tlonxmrouenue
TEXHOJIOTHH) K onekTpo-  =—| Ilorpedurean —= K 3JEKTPO-
SHEPreTHYecKoi JHEpPreTHYEeCKOi

DHHAHCOBBIE OPraHbI CEeTH rocy1apcTBa \L CETH pPernoHa

B nipyryio dopmy
noTpedyeHns
B PETHOHE M CTpaHe

Puc. 1. CTpyKTypa pernoHanbHOro KJacTepa BO30OHOBIAEMbIX HCTOUHUKOB SHEPTUH A7 BreTHama

Fig. 1. Regional cluster structure of renewable energy sources for Vietnam
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IlocTtaBminkn SIBISIOTCA OpraHamMH obecriede-
HUS MaTepuajaMH ¥ TOIUIMBOM JUIS BBIPAOOTKHU
anekTpodHeprun. OmgHako OONBIIMHCTBO BHUIOB
BUD He uMEIOT MOCTaBIIAKOB, ITOCKOJIBKY WC-
NOJB3YIOT OnoMaccy.

IloTpeburenn — S5TO 3JIEKTPOIHEPreTHIECKas
CcHUCTEeMa HalWOHAIBHOW W (WJIM) pPEruoHaTbHOMN
ceteil. Kitactepbl MOMKHBI OCYIIECTBISATH MPOU3-
BOJICTBO DJIEKTPOIHEPTHH ISl HAIMOHATIBHOU (pe-
THOHAJBHON) CETH M0 IUIaHy, YTBEPXKACHHOMY
YUPEXKICHUEM YITPABICHUS HAIIMOHAIBHOU (peruo-
HaJgpbHOW) ceTu. Kpome TOro, Kiactep MOXKET
MIPEIOCTABIATE APYTHE MPOIYKTHI U YCIIYTH, TAKUE
KaK TEIUIOBasi dHEprusi, OMOTOIUINBO, KOHCYJIbTa-
[IMOHHBIE YCIYTH TIO DHEProcOepexeHHI0 s
WHBIX MTOTPEOUTEICH.

KoHKypeHTBI — TpennpusTus, MPOU3BOISIINC
JIEKTPOPHEPTUI0 W3 BO30OHOBISIEMBIX HCTOYHH-
KOB B JIPYT'HIX PETHOHAX. A elle KOHKYPEHTHI — 3TO
MPEIIPUATHS U 3aBOJBI IO IMPOU3BOJCTBY 3JIEK-
TPOSHEPTHH W3 TPAAWIHUOHHBIX  HCKOIIA€MBIX
WUCTOYHUKOB DHEPTUHM, a TaKKe HEe3aBUCHUMBIC
ANIEKTPOCTAHIIUN B TpPEIENax WU 3a MpeleinaMu
peruona.

OpraHu3zauuoHHasi CTPYKTypa
PerHOHAJIBHOIO KJacTepa

B pasHbeIX cTpaHax QopMmupoBaHHE OpraHH3a-
IIMOHHOU CTPYKTYPHI KJacTepa MOXKET MPUHUMATh
paznuunbie Gopmbl. B ogHmx TpeOyercs co3ma-
HUC FOPUIMYECKOTO JINIA B BUAEC KOMMEPYECKOU
I HEKOMMEPUYECKON CTPYKTYpHI, B IPYTUX HET.
HekommMmepueckass CTpyKTypa C TOCHOJICPKKON
BCer/ia MpeInouTHTeNbHee KoMMepdeckoit. tO0pu-
Igeckas HeKOMMeEpYecKasi CTPYKTypa OOBbeIuHsI-
€T MapTHEePOB KIAcTepa, PEryJupyeT B3aMMOOT-
HOIIIEHUS MEXJy HHUMH W OINpEACNsIeT CTElCHb
BOBJICUYCHHOCTH B KJIACTCPHBIN MPOEKT, B TOM YHC-
e (UHAHCOBYK0 OTBETCTBEHHOCTh YYACTHHKOB.
A cozmaeTcsi OHa IS YIPABJICHUS U TPEACTaBIIC-
HUS MHTEPECOB KiacTepa. YIpaBiIeHUIecKas CTPYK-
Typa Kjactepa OOBIYHO COCTOUT U3 YIIPABJISIOIIETO
KoMuTeTa, hacumuraTopa (Jiuma, ooeceynBaroIe-
T0 YCIENTHOCTh KJIACTEPHBIX KOMMYHHUKAIIHN), PY-
KOBOJHTEINS MPOEKTa, pabounx rpynm u mp. [12].

Ha ocHoBe pa3paboTaHHOI B HEKOTOPBIX CTpa-
HaxX MHpa CTPATETHH Pa3BUTHS KiIacTepa M B COOT-
BETCTBUHM C KOHKDETHBIMHU YCIIOBUSIMH BbeTHama
B CTaThe IPEJCTABICHA OpPTaHMU3AIMOHHAS CTPYK-
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Typa pETrHOHANBHOTO KiacTtepa BreTHama, kyna
BKJTIOUCHBI BBICIININ YIPABIAIONIMNA KOMHUTET, (a-
cuuTatop (yHpaBISIONMA KOOPIUHATOP), MEHE-
JDKEp TIPOEKTOB M PabOvHe TPYIIIIEL.

3amaya BBICIIETO YMPABISIONIEIO KOMUTETA —
MOJIEPKKA OOIIEH NeATETbHOCTH W TOJIUTHKH
pasButus kinacrepa. Jias omeHku 3¢ (HEKTHUBHOCTH
(YHKIIMOHUPOBaHUS  KllacTepa ©  pa3pabOTKH
HaTpaBJICHUs TIOJIUTHKU TOJJIEPKKU OHM3Heca 3a-
cellaHusi KOMUTETa PEKOMEHIyeTCsl IPOBOJIUTh KaK
MUHUMYM OJHMH pa3 B roa. B cocraB BeICIIero
YIPaBJISIONIETO KOMUTETA JTOJDKHBI BXOJUTH TPE/I-
CTaBUTEIIM OPraHU3allvi, BKIOYas BBICOKOKBAIIU-
(UIUPOBAHHBIX SKCIIEPTOB B OOJIACTH SHEPIrETU-
geckoro kiactepa. OHH CHOCOOHBI OIICHHBATH
BO3MOXXKHOCTh BHEJIPEHHUS HOBBIX JHeprocOepera-
IONUX TEXHOJIOTWH, TMpeajarath TEXHUYECKUS
pelieHusT W KpUTEpUH oTOOpa IMOTEHIMATHHBIX
KaHIMJATOB JUUIsl peaii3aliu TPOEKTOB 3eNICHOM
SHEPreTHKH, a TaK)Ke MOMOTaTh CO37aBaTh OMNTH-
MaJbHBIE cXeMbl (uHaHCUpoBaHUs. KommureT
OCYIIIECTBIISIET TOJJICPKKY Ha YPOBHE Tocynap-
CTBa, CHOCOOCTBYET peEIICHHI0 MpodieM 3ddek-
TUBHOTO TNPUMEHEHHS TEXHOIOTHH B JHEPreTHKE
W SKOJIOTHH, 3allWIaeT MpaBa yYaCTHUKOB U CO-
TPYJIHUKOB KJIacTepa.

dacunuraropamu Kiactepa, Kak MpaBHIIO, SB-
JISIFOTCS TIPEJICTaBUTENh PETHOHAIBHOTO Pa3BUTHS,
areHTCTBO TOJICPKU OW3HECA WK CTICIHAIKCT 110
CO3/IaHUIO KJIACTEPHON MHHUIMATHBBL. B Mx (yHK-
IIUM BXOJISIT TUTAHMPOBAHUE U OPTaHU3aIUsS pabOThI
B KJIaCTepe, paCIIMPCHUE BO3MOXKHOCTH MPO(UITH-
HBIX YYACTHUKOB, ITOCTPOCHUE CETEH COTpyIHUYE-
CTBa, KOOPJHMHAIUS C MEHEKEPAMH IIPOCKTOB.
dacuuTaTop OCYIIECTBIISACT MPaBOBYIO, HHMOP-
MAaIlMOHHYIO, KOHCYJbTATHBHYI0 W PEKIAMHYIO
MOJICPKKY Pa3BHTHS PbIHKa B cepe sHeprocoe-
peXKEHUs, BO30OHOBIISIEMOW PHEPIETUKH U COITYT-
CTBYIOIINX 3TOH JIESATEIBHOCTH YCITYT.

Peanuzanuei! mpoekToB B paMKax KJIacTEpHOU
WHUIAATHBBI M TMPOYMX MPOCKTOB, CBSI3AHHBIX C
JeSITENIBHOCTBIO KJIacTepa, 3aHMMAaeTCsl MeHeDKep
MTPOEKTOB.

PaGouune rpymnmel KOOPIUHHPYHOT M OTBETCT-
BEHHBI 32 d(pPEeKTHBHOE BEHITIOJHEHUE IJIaHa CTpa-
Teruu pa3BuTHs Kiactepa. OHU TaKKe HMEIOT
MpaBoO pa3pabaThiBaTh U MEPECTPaMBATh MEPBOHA-
YyanpHyIo (GopMmy padbounx rpymi. Koppektupopke
MOTYT OBITh TIOJIBEPTHYTHI TPYIIITLI: PECYPCOB JaH-
HBIX; HMCCIICJIOBAaHUS TEXHOJOTHH, HWCCIICOBAHUS
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peIHKA (KYIUIA-TIPOJaKa); YIpaBieHUS (QuHAHCO-
BEIMH pecypcamu. ['pymma ynpasieHus pabodnMu
WJIeSIMU CTaHOBHTCS YIPABJISIFOIIUM KOOPAHHATO-
POM KJiacTepa, rpyria NpOeKTUPOBAHHS MTPOCKTa —
YaCThIO MEHEJDKepa IMPOSKTOB.

Kak mpaBuno, ¢popmupoBaHHe OpraHU3aIMoOH-
HOU CTPYKTYpBI KJIacTEPOB MPOHMCXOIWT HA IMapH-
TETHOW OCHOBE. Y4YacThe B KJIacTepe Trocynap-
CTBCHHBIX, YaCTHBIX, WHHOBAIIMOHHBIX OpTraHW3a-
e, 00pa3oBaTENbHBIX W HUCCIEIOBATEIbCKUX
WHCTHTYTOB, TPEANPUHUMATEIBCKUX OOBEIMHE-
HUI TOJDKHO CTPOUTHCS HA MPUHIIAIE OTKPBITOCTH
U JTIOBEPHSL.

Pexomenaauuu no (popMupoBaHUIO
U Pa3BUTHIO PETHOHAJIBLHOIO KJacTepa
B0O300HOBJISIEMbIX HCTOYHMKOB JHEPIruu

PernonanpHas KiactepHas MONWTHKAa B 00ia-
ctu BUD — 310 KOMIIEKC peryiupyrommx Mep,
OCYIIECTBISIEMBIX TOCYAAPCTBEHHBIMH M MECTHBI-
MU OpTaHaMH BJIACTH C IEIBIO MOBBIIIEHHS KOHKY-
penrocnocoonocty BUD B skoHOMHKE permoHa
Y CTpaHbI ITyTEM CO3JaHUs YCIOBUN IS TIPEAPH-
SITUH KJ1acTepa B:

1) 3¢ eKTHBHOM OpraHU3AIIMOHHOM Pa3BUTHH;

2) KOOpMHAIIMH JeSITSILHOCTH,

3) obecreuennn 3(h(HEKTHBHON METOIUUECKOH,
MH(QOPMAaIMOHHO-KOHCYIBTAIIMOHHOM, 00pa3oBa-
TCIBHOM, SKOHOMHYECKOMN, WHBECTUIIMOHHOM, WH-
HOBALIMOHHOMN M TEXHOJIOTMYECKON MOIIEPKKH.

BoeTHaMm yxe WMeN ONBIT MOCTPOCHUS M DKC-
TUTyaTallud TIPOMBIIUIEHHBIX KIIACTEPOB, COCTOA-
IUX #3 OOJNBIIOTO KOJMYECTBA MPEAMPHUITHN
pasnuuHbIX oTpacnei. [lonmuTuka MOANEPKKH
MIPOMBIIIUIEHHBIX KJIACTEPOB B 3TOM CTpaHe B Ha-
cTosiliee BpeMs OCHOBaHa Ha obOecnedeHHH d¢-
(dexTUBHON MHPPaACTPyKTYpHl (ZOPOTH, CHUCTEMBI
3JIEKTPOCHAOKEHUS, BomocHaOkeHue). I[IpoekThl
M0 CO3JaHHMIO MPOMBIIIICHHBIX KIJIACTEPOB 00Jia-
raroTcs MO JILTOTHOM CTaBKE 3€MEJIbHOTO Haora
W Hajora Ha MpPUOBUIb, TONYYAIOT (UHAHCOBYIO
nomoiib. Pernonansasii knacrep BUD — 3to npo-
MBIIUICHHBIA KJIacTep C XapaKTePUCTUKAMHU IPO-
M3BOJACTBA W TIOCTAaBKH OJJIEKTpodHepruu. Uwmes
0COOEHHOCTH SHEPreTHUECKON OTpaciu, KiacTep
BUD moxeT paccuuThIBaTh Ha y4acTHUE B JIIOT-
HBIX TporpamMmax rocyaapctBa. OmHako permo-
HaJbHOMY Kiactepy BUD HeoOxomumel coOCTBEH-
HBI MEXaHW3M H CTPYKTypa (OPMHUPOBAHUS IS
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oOecriedyeHus] KOMIUIEKCHOTO DPa3BUTHS TMPHUKIAI-
HBIX WCCJICIOBAaHUN, BHEJPCHUS HOBBIX TEXHOJIO-
ruit, 3¢ dexkTuBHOrO Hcnonb3oBanuss BUD u Gec-
epeOOMHOTO DIIEKTPOCHAOKCHHUS.

Cornacao wuccnepoBanusim M. Iloprepa [7],
Ha paHHUX JTalax CO3/JaHWs KiacTepa TJaBHas
3aj]aua rocyJapcTBa — ynydiineHne HHQPacTpyKTy-
pBl U UCKIIOYCHUE HEOIArOMPUSTHBIX YCIOBHIM.
A nanee ero poib JOKHA COCTOSITh B yCTPAaHEHUN
OTpaHUYCHHM B 00JIACTH Pa3BUTHS WHHOBAITUH.

[Ipu peamuzanuu rocyaapcTBEHHOH IMOJIUTUKA
B OTHOIICHUH pPEeTHOHAIBHOrO Kiactepa BHUD
NPUMEHSIETCST METOJ yrpasieHus top-down-top.
310 00BSICHAETCS TEM, YTO DHEPreTUKA SIBIISCTCS
4acThi0 MH(PPACTPYKTYPHl HAIIMOHAIBHON 3KOHO-
MUKH 1 TIPEJCTABIIAET 0CO0YI0 BaXXHOCTh. B cBs3n
C 3TUM HEOOXOoAMMa KOMIUIEKCHAsT M TIOCIIEHO-
BaTeNbHAS pealu3alus TOJUTUKH OT BBICIINX
WCTIOTHUTENHHBIX OPTaHOB A0 MecTHHIX. Cienyro-
U MOMEHT, KOTOPBIH HYXHO OTMETHTh, — HE-
criocoOHOCTh BUD ceromHs OTKPBITO KOHKYpPH-
poBaTh C CYHIECTBYIOIIMMH TPaIUIIMOHHBIMU
ncToyHUKamMu HHepruu. Iloatomy B mpouecce
dhopmupoBanus u paboThl Kitactepa BID Tpebyer-
Csl TECHOE B3aWMOJICHCTBUE C HHBECTOPAMH MPOEK-
ta. Kpome toro, mins sddexTuBHON peanuzanuu
METOJO0B MOIIEPKKHN kiactepa BID HeobOxomamma
ObICTpas U TpsAMasi CBSI3b MEXAY MPEINPUATHIMHU
KJIACTepa ¥ OpraHaMH BIIACTH.

[lepeuncnuM OCHOBHBIE MEPONPUATUS pe-
THOHANIBHOM KJacTepHod mnomutuku BUD s
Bretnama.

1. Ha ypoBHe rocynapcTsa:

a) obecrieyeHUe OMArONMpPUSATHBIX YCIOBHU pas-
BUTHS KJIACTEPOB:

— Ho/Iep’KKa KAamUTAIBHBIX BIOXKEHUH W3 TO-
CYIapCTBEHHOTO OIOJKeTa, TUTAHUPOBAHUE 3aTpaT
Ha pasButhe kiactepa BUD (Bkmiouass reHepaiib-
HBIE U JI€TAbHBIE TJIaHbI), CO3JaHie 0a3bl JAHHBIX
Y WUCTIOJIb30BaHNE HAYYHOTO IMOAX0Ja MPU (PopMHU-
pOBaHHU KJIacTepa,

— MHBECTUPOBAaHNE B Pa3BUTHE PErHOHAIBHOM
MHQPACTPYKTYPHI KiacTepa (TeXHUYECKOM, TpaHC-
MOPTHOM, TENIEKOMMYHHUKAITMOHHOW, COLIMATbHON);

— IPeJOCTaBICHNE CHENHaTbHO 000pYyIOBaH-
HBIX TOMEIICHUH JUIsi KOHIICHTPAIlMA YYaCTHUKOB
KJactepa (TeXHOTapK);

— CO3/IaHUe MHBECTUIIMOHHBIX (DOHIOB AJIS UC-
CJICIOBaHUY W WHHOBAIIMOHHBIX Pa3pa0dOTOK, pas-
BUTHE BCIIOMOTATENbHBIX IPOU3BOJCTB (MEXaHH-
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geckre pPabOThl, PEMOHTHO-TEXHHUYECKOE OO0CTy-
KUBaHUE W Ap.) C LETbI0 CHIDKEHHs OIepalroH-
HBIX 3aTpaT M yCUJICHHUS PBHIHKA BCIIOMOTATEIbHBIX
MIPOU3BOJICTB;

— ¢opMupoBaHHe U obecreueHue OIaronpusT-
HOTO HAJOTOBOTO pEeXHMMa IJIsl YYaCTHHUKOB Kia-
ctepa (OBICTpOE BBHITIONHEHHE aJMHHUCTPATUBHBIX
npouenyp, odecreueHre JETKOCTH U MPO3payHo-
CTH TIPW HAYUCJICHUH B cOOpe HAJIOTOB);

— IUIAHUPOBAaHUE U pealiu3alis Mporpamm Io
MIPUBJICUCHUIO OM3HEca (MHBECTHUITMOHHBIX ITPOECK-
TOB) B peruoHanbHble Kiactepsl BUD. Ilpuopu-
TeTHOe (PUHAHCHPOBaHWE KJIACTEPHBIX IPOCKTOB,
o0yeryeHre JOCTyHna K HMCTOYHHKAM KpPEIAHWTOB
U CTIEHMANBHBIM IIporpaMMaM B CTpaHe U 3a pyoe-
KoM st pa3sutust BUD;

0) comeiicTBIE peanu3aluy KIACTEPHBIX IPO-
€KTOB JIJIsl TIOBBIIICHUS orepannonHon 3¢dekTus-
HOCTH paOOTHI ¥ B3aMMOICHCTBUS MPEATPUSATHIA:

— (puHaHCOBas TMONAEpKKAa TIPH BO3HUKHOBEHUH
NOTPeOHOCTH B CO3IaHWUH OTIETHHBIX IPOEKTOB KIla-
cTepa, a Takke MPY HAJIMYHHA BO3MOXKHOCTH BbIJIeNie-
HHSL CPENICTB U3 TOCYJapCTBEHHOTO Oro/pkera (exe-
TOHO TOCYZAAPCTBO BBIICIISIET ONPEIEICHHBIE CyM-
MBI Ha peayn3aluio MPOeKTOB B KIIACTEepe, BKIIIOYAs
MPOEKTHI BCIOMOTaTeNbHBIX KIIACTEPOB);

— IPEJIOCTaBICHNE CITUCKOB CHEIHaTu3UupPO-
BAaHHBIX HMHBECTHUIMOHHBIX IPOEKTOB KJIACTEPOB;
pa3zpaboTka ¥ peain3anus MporpaMM Ha BCex
ypoBHsX ympasieHus. lloompeHne mnepcreKTuB-
HBIX IIPOEKTOB B PETHOHE, OCOOCHHO TeX, KOTOPHIE
CBsI3aHBI C TEXHOJIOTHSIMH ocBoeHus BUD, noxka-
nu3anueil sHeprocOeperamImx MpoeKTOB U IMPo-
M3BOJCTBOM TEXHOJIOTHIECKOTO 000PYIOBaHNUS;

— pa3paboTKa CTaHJApTOB KayecTBa MPOAYKTOB
U yCIyr Kiactepa (BHEAPEHHE MEKIYHApOIHBIX
Y HallMOHAJILHBIX CTaHIapPTOB), CTAHIAPTOB Kade-
CTBa YTMPABJICHUS KIACTEPHBIMU TPEANPHUITHIMH,
MIPOBEZICHUE PECYpCO- U DHEProayauTa, MOHHTO-
puHT 3((GEKTUBHOCTH KJacTepa H OCYIIECTBICHUE
TIEPUOANYECKUX MTPOBEPOK;

— YKpEIJICHHE COTPYJHHMYECTBA B KIACTEpPE B
00JTacTH TEXHOJOTMH W KOMMEpIHH (COBMECTHBIC
HAY4YHO-MCCIICIOBATEIbCKHE U OMBITHO-KOHCTPYK-
TOpcKue paboThl, pa3padoTKa JONTOCPOYHBIX MapT-
HEPCKHUX HCCIIEeNOBATENFCKUX MPOTpaMM, CTUMY-
JTUpPOBaHUE 3aKyNOK WHHOBAIlMOHHON MPOAYKINH
KJIacTepa, pa3BUTHE CIEIHATN3UPOBAHHON WHHO-
BaIlIOHHOM WHPPACTPYKTYPHI);
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— BBIBOJ] TPOAYKTOB W YCIYT TPEATNPHUSITHA
KJlacTepa Ha BHEIIHHE PHIHKU (TOAACpKKa MapKe-
THHTA MPOAYKIINU KIJIacTepa).

2. Ha ypoBHe pervioHa — oOecrieucHue 0J1aro-
NPUATHBIX YCIIOBUH AJSI Pa3BUTHS KJIacTepa B pe-
THOHE:

— mojaJepKKa (UHAHCHPOBAHWS KilacTepa W3
MECTHBIX OIOJKETOB HCXOZS M3 MX (PHHAHCOBBIX
BO3MOKHOCTEMN; HApOJHBIE KOMHUTETHI POBUHIIUN
¥ TOPOJIOB IIEHTPAIILHOTO TIOJYNHEHUS yCTaHABIIH-
BalOT O0BEM CPEACTB MECTHBIX OIOMKETOB H
HaIpaBJIAIOT UX I (GUHAHCUPOBAHMS OOBEKTOB
WH(GPACTPYKTYPHI BHYTPH U BHE KJIaCTEPa;

— MoAJep>KKa LIeH M JIbTOTHBIX CTaBOK HAaJora:
MMOMHMO TOCYIapCTBEHHOW TOJAEPKKH Pa3BUTHUS
BUD B nemom, HeoOXoauMa MOIACpIKKA HA PETHO-
HAJILHOM YPOBHE B COOTBETCTBHHU C LIEJISIMH KJIa-
crepa W perwoHa. Hampumep, ¢uHAHCHpOBaHUE
3aTpar Ha 3alIUTy OKpYXKarfoIel cpepl, Ha Oiaro-
YCTPOMCTBO M O3€JICHEHHE PErnoHa (3TH 3aTpaThl
JI0 CHX IOp HE YYHUTHIBAIHNCH NMPU CO3TAHHUU IIPO-
MBIIIJICHHBIX KJIacTepoB BO BreTHame).

3. Inst obecnieyenust 3p(HEKTUBHOCTH UCTIOINb-
30BaHMS OIOJDKETHBIX CPEIICTB HEOOXOIUMEI TIepH-
OJIMYECKHE TPOBEPKH HAa MECTHOM MW Tocydap-
CTBEHHOM YPOBHSX, a TaKK€ OCYIIECTBIECHHE 00-
paTHOH CBSI3U C MPEANPUATHIMHA KJlacTepa:

— obecrieueHre B3aUMOJEHCTBHUS TPEX KOMIIO-
HEHTOB KJiacTepa (rocyAapcTBO, HayKa, peanpus-
THSI) TIOCPEICTBOM CEMHHAPOB, KOH(EpEHIHH,
KOHCYJIbTAallUi;

— CO34aHME PEBU3UOHHOW TPYNIBI OISl €XKe-
TOJHOW TIPOBEPKH ACSITETHHOCTH KJIACTEpa B TEUe-
HUE TPEX-TISATH JIET U COACHCTBUS B ONpEAEICHUH
o0Iel cTpaTern pa3BUTHs KiIacTepa;

— GopMyITUpOBaHUE BBICIICH TOJIHTUKU TOCY-
JapcTBa B OTHOWIEHUM KiactepoB BUO, a taxxke
MOJIMTUKY B PETUOHAX;

— IOATOTOBKA MPO(ecCHOHATBHBIX KaJPOB IS
pernoHansHOro knactepa BUO.

BbIBO/IbI

1. B COOTBETCTBUY C TEOpHEH YIKOHOMUICCKOTO
KJIacTepa U yCIOBUSMHU pa3BUTHS ero Bo BreTHame
MpejIaraeTcst CTPYKTypa pernoHaIFHOTO KilacTepa
BO300OHOBIISIEMBIX HMCTOYHHKOB JHEPTHH, KOTOpas
COCTOWT U3 MATH CYOBEKTOB: MPOPUILHBIX U HE-
NPOQUIBHBIX YYAaCTHUKOB KJIACTepa, IMOCTaBINH-
KOB, IOTpeOuTeNeil, KOHKYPEHTOB.
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2. [IpencraBneHa opraHu3allMOHHAs CTPYKTYpa

PETHOHAIBHOTO KJIacTepa BO30OHOBIIIEMBIX HC-
TOYHHMKOB PHEpruM BreTHama, Kyaa IOJDKHBI BXO-
JIUTDH BBICIIUH YIPABISIIOIINA KOMUTET, (acHInTa-
TOp, MEHEIDKEP MPOEKTOB, paboyre IPyIIIHI.

3. OmpenenenHas CTPYKTypa PETHOHAIBLHOTO

KJIacTepa BO30OHOBJISIEMBIX MCTOYHHKOB DHEPIHH,
CIOCOOHAsT BBIpaKaTh OTHOIICHHS MEXIYy €ro
y4acTHUKaMU, OpraHW3alliOHHas CTPYKTypa Kia-
CTepa U CTPATETHsl €r0 Pa3BUTHUS SIBIITIOTCS OCHO-
BaMU JIJIs1 pa3pabOTKH PEKOMEHAINA U TTOJIUTUKA
B 00J1aCTH BO30OHOBIISIEMBIX HCTOYHHKOB YHEPTHH.

10.

11.
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