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FRESH APPROACH TO LOW TEMPERATURE CRACKING
IN ASPHALT CONCRETE PAVEMENT

Abstract. The paper mainly dedicated to explanation of the phenomenon of road asphalt concrete pavement
low temperature cracking on the basis of thermodynamics of irreversible process and synergetics. On analogy with
the famous phenomenon of self-organization — convective cells of Benar and ruby laser, increasing of total (relaxa-
tion and mechanical) dissipative energy rate in a road asphalt concrete pavement after cracking in process of long
cooling in range of negative temperatures has been showed and this fact demonstrates that a road asphalt concrete is
a dissipative structure. Taking into account of E. Shrodinger’s idea about negative entropy, it has been told about its
negative effect at cooling of an asphalt concrete pavement. Confirmation of the Yu. L. Klimontovich's principle of
entropy production minimum in processes of self-organization and the P. Glansdorff-1. Prigogine’s criterion of
evaluation for open thermodynamical systems has been demonstrated. Stresses and straines in the pavement under
long time cooling (30 hours) have been defined by the finite element method approach with using isoparametric
elements of second order. A simplificated method taking into account of thermoviscoelastic properties of an asphalt
concrete has been developed. Initial and boundary conditions of the problem have been defined on the basis of
results of experimental investigation of temperature in points of pavement structure and subgrade of the highway
“Astana-Burabay” by the especially developed sensors.

Key words: road asphalt concrete pavement, cooling, thermal crack, strain, stress, entropy, finite element
method, temperature sensor, criterion of evaluation for open thermodynamical system.

YK 625.7/.8:691.16

b. Bb. Tearaes

Kazaxcranckuii JOpOKHBIM Hay4YHO-UCCIEN0BATENbCKUI HHCTUTYT, AnMatsl, Kazaxcran

HOBBIN B3I'JISA L
HA HU3KOTEMIEPATYPHOE TPEHIIMHOOBPA3OBAHUE
B AC®AJTBTOBETOHHOM IOKPHITUH

Annotanusi. CtaTbsl MOCBsIIEHA OOBSCHEHHIO SIBIICHUS HU3KOTEMIIEPATYPHOI'O PAaCTPECKHBaHHS JOPOMKHOTO
ac(aabTOOETOHHOTO MOKPBITHS HA OCHOBE ITOJIOKEHUI TEPMOAMHAMUKN HEOOPAaTHMBIX IPOLECCOB U CHHEPTETHKU.
[To aHamornu ¢ M3BECTHBIMH SIBJICHHSMH CaMOOpPTaHM3allMM — KOHBEKTHUBHBIMHU suelikamu benapa u pyOuHOBOTO
Ja3epa, MOKa3aHO IOBBIIIEHHE CKOPOCTH CYMMAapHOW (pellakCallMOHHOM M MEXaHW4eCKOW) IUCCHUITAIlMK YHEPTHH B
JIOPOXKHOM ac(haTbTOOETOHHOM TOKPBITHH OCIIe 00pa30BaHMs TPEIIUHBI B MIPOLECCE ITUTENBHOTO OXJIaKACHHUS B

— 161 ——



Uszeecmus Hayuonanvuot akademuu nayk Pecnyonuxu Kaszaxcman

00JIaCTH OTPHULATENBHBIX TEMIIEPATYP M TEM CaMbIM JIOKa3bIBACTCS, YTO JOPOXKHOE ac(haIbTOOCTOHHOE OKPBITHE —
JHUCCHIIaTHBHAs cTpyKTypa. [lokasaHo coOnrogeHHe NPHHIMIA MUHUMYMa IPOM3BOJCTBA SHTPOIMH B IIpoOLECCE
camoopranuzanun 0. JI. KiiuMoHTOBHYA M YHHBEPCATEHOTO KPUTEPHS SBOJIOLHMU OTKPBITHIX TEPMOIUHAMUYECKUX
cucrem I1. nencnopda — U. [puroxuna.

HanpsixeHHo-1e(h)OpMHUPOBAHHOE COCTOSIHUE TIOKPBITUS TIPH JUTHTENbHOM (30 4acoB) OXJIaXIEHUU OIPEAEIeHO
METOZOM KOHEYHBIX 3JIeMEHTOB. /151 3TOro pa3paboTaH yNPOIUEHHBIH METOA, YUUTHIBAIOLIMI TEPMOBI3KOYIPYTHE
cBoiicTBa acanbroderona. HauanpHble v rpaHUuHbIE YCIIOBHUS 33/1a41 33/1aHbl HA OCHOBE JIaHHBIX 3KCIIEPUMEHTAIb-
HOT'O ONpeiesIeHHs] TEMIIEPaTypbl B TOYKaX KOHCTPYKLMH JIOPOXKHOH OJIEIK/IbI U 3eMIISTHOTO TI0JIOTHA aBTOMOOMIIBHON
nmoporu «AcraHa-bypabait» ¢ OMOIIBIO pa3pabOTaHHBIX CIEIHMATIBHO TaTUNKOB.

KitroueBble cioBa: 10poxHOe acharbToOETOHHOE MTOKPBITHE, TEMIEpaTypHas TpeIuHa, edopMaliis, Harpsi-
JKEHUE, DHEPTHsl, SHTPOIIHS.

Beenenne. HuskoremmepaTypHoe pacTpeckuBaHHE (PUCYHOK 1) sBIsieTCS ONHMM M3 OCHOBHBIX
BUAOB pa3pylieHus ac(hanbTOOETOHHOTO MOKPBITHS AaBTOMOOMJIBHBIX JOPOr B PErMOHAX C XOJOIHBIM
KkimMaroM. [losBiieHre HU3KOTEMIIEPAaTypPHOH TPEUIUHBI:

— BO-IIEPBBIX, HAPYIIAET CIUIOLIHOCTb IOKPBITHS, U3-3a YETO CYLIECTBEHHO YMEHBINAETCA €r0 pac-
NpeAessIomasl Harpy3Ky OoT aBTOMOOMIIEH CIIOCOOHOCTh Ha HIDKEJIEXKAIINE CIOM KOHCTPYKLHMU JOPOXKHOM
OJICKbl U TPYHT 3€MJISTHOTO IOJIOTHA;

— BO-BTOpBIX, SBISIETCS MECTOM IPOXOJa BJIAarM B KOHCTPYKLHUIO JTOPOXKHOHM OIEXKIbI U TPYHTOBOE
3eMJITHOE MTOJIOTHO, YTO YMEHBIIIAET IPOYHOCTD U TOJIFOBEYHOCTh TOPOKHON KOHCTPYKLIUH.

Pucynok 1 — HuzkoremmneparypHoe pactpeckuBanue achaibToO0eTOHHOTO OKPBITHSI aBTOMOOMIIBHOM 10pOru

Figure 1 — Low-temperature cracking of asphalt concrete pavement of the road

UT0oOB! YCTPaHUTh OTPUIIATEIBHOE BIIMSHUE HU3KOTEMIIEPATYPHBIX TPEIIMH, Ha MPAKTHKE JTOPOKHOTO
Jena OOBIYHO HCIONB3YETCS CHOCO0 WX 3aleNIKd, BKIIOYAIOMIMK pACHIMTHE M 3alOJIHEHHE IOJIOCTH
TPEIIMHBl BS3KMM OWTYMOM WIIM CIIENUANBHON MacTukoil [1]. 3amenka TpemuH MpeacTaBiseT coOoi
TPYJOSMKHI U MajJOMEXaHU3UPOBAHHBIN BUJ pabOThI, TPeOYIOIINN 3HAYUTENBHBIC 3aTpaThl MaTepuaia u
BpEMEHU.

Kak moka3piBaeT MHOTOJIETHSISI TIPAKTHKA AKCILTyaTalus aBTOMOOHMIIBHBIX JIOPOT, CPOK CITY>KOBI Tep-
METHYECKOH 3aJIelIKh TPEIrH sBIseTcs HU3KkuM. OOBIYHO ITOCIIe 0YepETHOTO 3UMHETO Meproaa Oobiiast
YacTh 3aJICJIAHHBIX TPEIIUH MMOJIHOCTHIO MJIM YACTHYHO Pa3repMETH3UPYETCS U TPEeOyeTCs eXKeroaHas ux
nepes3ajenka.

3amenka XOpoIIero Ka4yecTBa reépMEeTU3UPYET MOJIOCTh TPEIIMHEI U MPEIOTBPATUT MOCTYTUIEHHE Bia-
TH CBEPXY JOPOKHOTO MOKPHITHS BHM3. HO OHAa HEe BOCCTaHABIMBACT CIUIONTHOCTH (MEXaHUUYECKYIO Iie-
JIOCTHOCTB) JIOPOKHOTO MOKPHITHS. J[OpOKHAST KOHCTPYKIIHS C TEMIIEPATyPHBIMU TPEIIMHAMU (OCOOCHHO
MIPH MEHBIIINX PACCTOSHUSAX MEXKIY HUMH) 0071a/1at0T MEHbIIIeH IPOYHOCTHIO H, CIIEIOBATEILHO, MEHbBIIIEH
JIOJITOBEYHOCTHIO.

CkazaHHOE BBIIIE JAaBHO MPUBJICKAIO BHUMAHUE YUYCHBIX U CHEIUATHCTOB-IOPOKHUKOB U HU3KOTEM-
MepaTypHOe TPEIMHOOOpa30BaHKE CTANIO IPEAMETOM HX MHOTOJIETHHX HccienoBaHuid. Tak, HaunHas ere
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¢ 50—60-X TOIOB MPOIILIOTO BEKa, MPOJOIIKAIOTCS KaK TEOPETHUECKHE, TAK M IKCIICPUMEHTAIbHbBIC pabo-
ThI, HaIIPaBJICHHBIC HA U3YYEHUE MTPOOIEMbI HU3KOTEMIIEPATYPHOT0 PAaCTPECKUBaHUsA ac(haabTOOETOHHOIO
MOKPBITHSI aBTOMOOHMIIbHOM oporu [2-5].

Ho camo dusmnueckoe siBieHue, IPU MOSIBJICHUU KOTOPOT'O UMEET MECTO PACTPECKUBAHHE JIOPOKHOTO
ac(arbTOOCTOHHOTO MOKPBITHS IO CHX MOP HAyYHO HEOOBACHEHO. UMCTO MEXaHWYeCKHE B3TISAABI Ha
MPOLIECC BO3HUKHOBCHMSI HHU3KOTEMIIEPATYPHBIX TPEIIMH HE Jald YOCAUTEIBHOTO OTBETa MHOTHM
MPAKTHYECKU BAYKHBIM BOIIPOCAM.

1. HOBBIE NPEACTABJIEHUS O MEXAHU3ME HU3KOTEMIIEPATYPHOI'O PACTPEC-
KMBAHUAL.

JlopoxHoe ac(hanbTOOETOHHOE MOKPHITHE MPH MOHWKEHUU TEMIIEpaTyphl (OXJIaXKICHUU BO3yXa) B
00JTacTH OTPHUIIATEIBHBIX TEMIIEPATYp SBIAETCS OTKPBITOH TEPMOIWHAMHUYECKON cucTeMoil. B Hayke
HN3BECTHO MHOI'0 NMPUMEPOB TOr'0, UYTO B KPUTHYECCKUX YCJIOBUAX B OTKPBITHIX TCPMOJUHAMHNYCCKHUX CHUC-
TeMaX BO3HHMKAIOT JWCCUTNIATHBHBIC CTPYKTYphl (KOHBEKTHBHBIC suciiku benapa, s ekt mokamuzanuu
Teruta, peakius benoycoBa—KaGoTuHCKOTO, J1a3ep, COMUTOHBI, CTPYKTYPHI B TypOYJICHTHOCTH H Jp.) KaK
(OpMBI amanTanMK CHUCTEMBl K BHENTHHM YCIOBUSM [6]. BO3HHKHOBEHWE IHCCHUIMIATHBHBIX CTPYKTYP
OOBICHSIETCS SIBIIEHHEM caMoOopranmsanuv, B OCHOBC KOTOpOﬁ JICKUT SABJICHUEC KOJIJICKTUBHOI'O ITOBCACHUA
CTPYKTYPHBIX 3JIEMEHTOB CHCTEMBI.

[Ipn moHmkeHnHn Temrepatrypsl (OXJaXIEHWH) BO3yXa yMEHBIIAETCS TMOABIKHOCTh CTPYKTYPHBIX
3JIEMEHTOB OMTymMa B acaibToOETOHE, YTO CHIKAET CIOCOOHOCTh PENaKIMPOBATh HAKAILTUBAEMOE BO
BPEMEHU HANPSDKEHUE B MOKPBITHH.

B mokpeiTHU TipH OXJaXKISHUH BO3yXa BO3HUKAET HEepealM30BaHHAs TeMIlepaTrypHas JaedopMarius

&y , U3-3a KOTOPOH TOSABIISAETCS HANpsbkeHue Oy . Peanusanuum temmeparypHoil nedopManuy OpensTcT-

BYIOT CMEXHBIC YYaCTKH TOKPHITHA. [IpH TPOJOIIKAIOIIEMCS OXJIaXICHHH BEJIHMYHHA TEMIIEPaTyPHOTO
HanpsDKEHUsT HENPEPBIBHO pacTeT. Temreparypa Bce BpeMsi CHIDKAeTCs, T.€. pellaKCHpYIoLas Crocoo-
HOCTB ac(hanbTo0eTOHA BCe 0OJIbIle YMEHBIIaeTcs. V3-3a KOJUIEKTHBHOTO TIOBEJICHHUS BECh 00beM achalib-
TOOETOHA B IOKPBITHH COBMECTHO COMPOTHBIISIETCS K BHEIIHEMY BO3JIeicTBUIO. IHaYe ToBOpSI, BCE CTPYK-
TYpPHBIC 3JIEMEHTHI ac(haabTOOCTOHA MOKPHITHS (aTOMBI, MOJICKYJIbI, MAKPOMOJICKYJIbI, HAIMOJICKYJIIPHBIC
00pa3oBaHMsI) CONPOTHBIIIOTCS TIPEACTOSIIEMY BO3MOXKHOMY pa3pylieHHI0 (IOTEpe CIUIOIIHOCTH,
IIEJIOCTHOCTH ) KOJUICKTUBHO (COBMECTHO).

[pu kpUTHUYECKOM 3HAYCHUH YIIPABISIOIIETO MapaMeTpa, KOTOPBIM SIBISIETCS TeMIlepaTypa BO3Iyxa
(TeMIiepaTypbl TIOBEPXHOCTH TMOKPBITHS M BO3AyXa B 3WMHHUH TIEpUOJ MPAKTHUYECKH pPaBHBI),
ac(hanbTOOCTOHHOE TOKPHITHE KaK TEPMOJUHAMHUYECKAs CHCTEMa JOCTUTAeT IMOpOra YCTOHYHMBOCTH,
KOTOPBIH XapaKTEePU3YeTCs CIIEAYIOIIUM YCIOBHEM:

Or = [O-P] ) (1)
rie O, — TeMIepaTypHOE HalPsHKCHHE, [O'P] — TIpezen MPOYHOCTH ac(anbTOOETOHA IIPU PACTKCHHH.

BoOau3u kputudeckoi temreparypbl 7, CHCTEMa HaXOIUTCS OYCHb JAJIEKO OT IOJIOKECHHUS PaBHO-
BeCcHsI W JalibHEHIee Maloe yBEIHMUYCHHUE TEeMIlepaTyphl MPUBENET CUCTEMY K paspylieHuro. Ecmu mo-
KPBITHE OJTHOPOJIHO, TO BEPOSITHOCTh pa3pylIeHHs B JIFOOOW Touke Oyioka omuHakoBa. Ho cucrema cama
(ero CTpyKTypHBIE 3JIEMEHTHI KOJJICKTHBHO) MPUHUMAET PENICHHEe NOMyCTHTh PACTPECKUBAHHE B OHOM
(TompKO B OfHOM!) ceueHHMU. DTO CaMblii MHUHMMAJIBHBIN yIIepd IEeTOCTHOCTH CUCTEMBI — pa3iclicHue
OJIHOTO LIEJIOT0 Ha CaMO€ BO3MOXKHOE€ MUHUMAIbHOE KOJMYECTBO YacTe, T.€. Ha IBE YaCTH.

Takum 00pa3omM, KpUTHIECKast TEMIIEPATypa SIBIAETCS TOUYKOH OMQYypKaIUH, IPH JOCTHIKEHUH KOTO-
poii cucTema pas3ienseTcs Ha IBE YacTH, T.€. HA4adbHBIM OJIOK JOPOXKHOTO IMOKPBITHS pa3AeisIeTCs Ha 1Ba
CaMOCTOSITeTIbHBIX OJIoKa. B Touke OM(ypKanuu y CUCTEMbI MOSIBIIETCS BHIOOpP: B KAKOM CCUCHUM pac-
TpeckuBaThcs? U CTPYKTYpHBIE 3JIEMEHTHI CUCTEMBI KOJUIEKTHBHO «BBIOMPAIOTY «BBITOJHOE» JUIS CHUCTE-
MEI CEUCHUE.

Budypxkarmonnas nuarpamMmma pacTpeCKUBaHUSI HAYAIBHOTO 0JI0Ka MOoKa3aHa Ha PUCYHKe 2.

BOnu3u kpuTHuUeckoidl TemIeparypbl CHUCTeMa IPUHHMAET pelleHHue BHICBOOOIUTh HEKOTOPOE
KOJIMYECTBO HAaKOIUIEHHOW BHYTpeHHeW sHepruu. HInkHSAsS moBepXHOCTh ac(haabTOOETOHHOTO TOKPBITHS
JKECTKO CBA3aHa C MOBEPXHOCTHIO CJIOS OCHOBAHMS JOPOXKHOM KOHCTpyKuuu. [loaToMy mnpu pacTpecku-
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Jnuna Gnoxa

Pucynok 2 — budypkanuonnas auarpamma: 7' — TemIiepatypa IOKpBITHs — apaMeTp oudypranun (yrpaBIsSionuil mapamMmeTp);

cr? cr?

1 2 3 4
T .T T;r u T;r — KpUTHYECKUE 3HaYCHNs ITapamerpa oudypKaruu; @ — 9HCII0 GJIOKOB ITOKPBITHS;
1, 2, 3 u 4 — repmoaunamuueckue Betey; I, I, IIT u IV — touku 6udypranuu

Figure 2 — Bifurcation diagram: T - surface temperature — bifurcation parameter (control parameter);

1 2 3 4 .. . . . .
T .T Tcr and Tcr — critical values of the bifurcation parameter; @ —number of covering units;

cr> “cr?
1, 2, 3 u 4 — thermodynamic branches; L, II, III and IV — bifurcation point

BaHMH HauOOJIbIIeE COKPAIICHHE NMEIOT BEPXHHE CIION ac(albTOOCTOHHOTO TTOKPBITHS, T.€. TPOUCXOTUT
BBICBOOOKICHNE HEKOTOPOTO KOJIMUYECTBA SHEPTUH. J[pyruMu clioBaMu, MIPH pacTPECKUBAHUH TOPOKHOTO
MOKPBITHSI IPOUCXOMUT IuccHmanms sHepruu. IlosTromy oOpa3zoBaHHBIE HOCHE PACTPECKUBAHUS OJIOKH
JOPOKHOTO MOKPBITHSI MOKHO Ha3BaTh CHEU(PUUECKUMHU JTUCCUIATHBHBIMU CTPYKTYPaMHU, BO3HUKIIUMHU
Kak (OpMBI alanTallud CUCTEMbI K BHEITHUM YCIOBHUSIM.

[Ipu nepBUYHOM pacTpecKMBaHUM HadaJIbHBINA ONOK ac(hanbTOOETOHHOTO MOKPBITHS pa3lenseTcsl Ha
JIBa CaMOCTOSTENbHBIX Onoka. [Ipu nmanmpHeWIeM NPOAOIKEHWH TOTO XK€ OXJAKICHUS WIN B JIPYIUX
CITyJasX OXJaXACHUS KaXAbI n3 OJOKOB, 00pa30BaHHBIX IIOCIE PACTPECKUBAHMS HadaJbHOTO OJIOKa,
HEOOXOOMMO paccMaTpUBaTh KaK CaMOCTOSATENBHYIO TEPMOIMHAMHYECKYIO CHCTEMY C HadaJbHBIM

HanpshHKeHUEeM O, . IIpu oxnaxaeHuu 1o crienyromeid KpUTUYECKOH TeMIepaTypbl CHOBA IPOUCXOAUT

pacTpeckuBaHue ONOKOB M T.O. (PHUCYHOK 2). MOXKHO NpeINnoJIoKUTh, YTO YHCJIO TeMIepaTypHbIX
TPeIUMH Ha [OPOKHOM ac(haibTO0ETOHHOM NOKPBHITHM YBEJIUYHBAETCS MPONOPUUOHAIBLHO
KOJIMYeCTBY MOC/Ie0BATEIbHBIX KPUTHYECKUX TeMIepaTyp.

2. PACUET TEMIIEPATYPBI, JE®@OPMALINU U HAIIPAXKEHUSA B ACOAJIBTOBETOHHOM
[TOKPBITUMU.

Hdanee Ha mpuMepe ATUTEIBHOTO OXJaXIEHHS ac(aabTOOETOHHOTO MOKPBITHA aBTOMOOMIBHON
nmoporu «Actana-bypabait» (km 76+30) moka3aHbl 0COOCHHOCTH W3MEHEHHS TeMIepaTyphl, Ae(opManuu
Y HaNpsHKeHNS B JOPOKHOM HOKPBITHH JIO ¥ TTOCIIE TIOSBIICHHUS B HEM HU3KOTEMITEPaTyPHOM TPEIINHBI.

Pacuet usmenenus TEMIICPATYPHI B TOUKax I[OpO)KHOfI KOHCTPYKIWU BBITIOJITHEH METOJOM KOHCYHBIX
3JIEMEHTOB C TIOMOUIBIO Pa3pab0oTaHHON MPOrpaMMBbl, pealn3yIoliell METOIUKY, H3JI0KEHHYIO B paboTax
[7, 8]. XapakTepuCTUKH MaTEPHAIIOB CIIOEB JOPOKHOHN OIESKIIBI M TPYHTA 3€MJITHOTO ITOJIOTHA YYacTKa C
acdanbToO0eTOHHBIM TOKpBITHEM (KM 76+30) aBToMOOMIBEHOW noporu «Acrana-bypabaii» mpuBeneHBI B
Tabnue.

B pacuerax mpuHATO, 4TO OXJIAXKACHWE BO3MyXa HAYMHAETCH ¢ TemmepaTypsl -2 °C co CKOPOCTHIO
1 °C/g B Teuenne 30 gacoB no temmepatypsl -32 °C. [IpuHATO, YTO B TEUCHHUE BCETO PacCMAaTPHUBAEMOTO
BpPEMEHH TEMIIepaTypa MOBEPXHOCTH achabTOOETOHHOTO OKPBITHS PaBHA TEMIIEpaType BO3yXa.
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XapaKkTepUCTUKN MaTEPUAIIOB CIIOEB TOPOKHOM OZIEXKIbl U TPyHTa
Descriptions of materials of layers of travelling clothing and soil

Marepuan, rpyHr TonmuHa, HJ‘IOTHO}CTB, Koaddpumuent ). TeHnoeMKgCTL,
M KI/M remtonposojaHoctH, Br/(M™-°C) | Br-c/(xkr-°C)
L{ebeHouHO-MaCcTHUHBIN ac(hanbTOOETOH 6 2400 1,40 1650
Kpynro3epHucThIi TOpUCTHII achansToOeTOH 9 2300 1,25 1650
UepHblii 111e0CHB 12 2100 1,10 1400
Eé[;ii}izzﬂ;)-;ecqaﬂaﬂ cMech, YKpeIUIeHHas 13 1800 157 1000
[lle6eHOYHO-TIECHaHASI CMECH 15 1800 1,57 1000
ITecok (oTceB apobICHNM) 20 1950 1,91 1100
CyTJIMHOK TSDKEJIbIA IeCYaHUCThIN - 2100 1,80 1350

Ha pucynkax 3 u 4 mpeacraBieHbl TpaQuKu U3MEHEHHUS TEMIIEPAaTyphl B TOYKaxX IOPOKHOW KOH-
CTPYKLMM B pPa3Hble MOMEHTHl BpPEMEHM, OTCUMTBIBAEMble OT Hauala oXJaxiaeHus. BumgHo, 4to C
YBEIMYEHHEM MPOAOKUTENEHOCTH OXJIAKACHUS TOJIIMHA BEPXHEHN YacTH JOPOKHON OJEXKIbI, B KOTOPOH
TeMIeparypa u3MeHsercs, yBenuunBaercs (pucyHok 3). [lonmxenue temneparypsl Ha 30 °C mpuBeno kK
M3MEHEHUIO TeMmeparypbl 10 rinyounsl 45-50 cm. Kak cnegoBano oxuaate, HauOONbIINE M3MEHEHHS
TEeMIIepaTypbl UMEIOT MeCTO B ac(anbToOeTOHHBIX cosX. [Ipu 3ToM NHHEHHOe N3MEHEHUE TeMIIepaTypbl
Ha TIOBEPXHOCTU ac(albTOOETOHHOI'O MOKPBITHS BBI3BIBAET HENMHEWHOEC W3MEHEHHE TEMIIEpaTyphl C
yBeNUUeHHeM ITyOuHbI (pucyHOK 4). U3 prcyHKa 5 BUAHO, YTO pa3HUIA TEMIEpaTyp Ha BEPXHEH U HUX-
HEH MOBEpXHOCTAX acalbTOOCTOHHBIX CIIOEB M3MEHSIETCS MOHOTOHHO M HEeNWHeWHo. B Hawane oxiax-
JEHUs pa3HUIla TeMIiepaTyp Obuta paBHa 4,5 °C, a B KOHIIE oXJIaxAeHUs oHa cocTaBuia 15,1 °C.

Hedopmaruu u HanpsbkeHHst B achanbToOSTOHHOM ITOKPBITHH PACCUUTHIBAIOTCS METOIOM KOHEYHBIX
3JIEMEHTOB, HCIONb3YSl BHOBb pa3pabOTaHHBIH MeToA 3((EKTHBHOTO PpeJIAKCAllMOHHOTrO Momyis [9].
PaccmoTpuM  nmopokHOE achambToOETOHHOE IOKPHITHE MPOTSHKEHHOCTRI0O 100 M MeXTy COCETHUMH
TEMIEPaTypHbIMU TpeIMHAMU. B cuily Hamuuus CUMMETPHH, Ui pacdeToB NPUHUMAETCs MOJIOBHHA
MPOTSKEHHOCTH MOKPBITHS, KOTopas pazouBaercst Ha 100 MIOCKMX KOHEYHBIX 3JIEMEHTOB BTOPOT'O MOPSII-
Ka ¢ obumM unciom y3moB 503 (pucyHok 6). lllupuna snementoB paBHa 50 cm. C y4eToMm TOrO, 4TO B
ciydae MPUMEHCHHUs OWTyMa OHOM MapKH PEeOJIOTHYCCKHE CBOMCTBA ac(habTOOETOHOB B 00JIACTH OTPH-
LATEIbHBIX TEMIIEPaTyp HE CHJIBHO OTIMYAIOTCA, ABa ac(anbTOOSTOHHBIX CIJIOSI MOKPBITHUS aBTOMOOMIIb-
Hol nmoporu «AcrtaHa-Bypabaii» paccMaTpuBalOTCs KaK OAWH W OH HaleJIeH CBOWCTBAMHU TPaIULIMOHHO
ucnospzyemoro B Kazaxcrane Menko3epHHCTOro IUIOTHOrO acanproberona tumna b. [lostomy Tommuna
3JIEMEHTOB COCTaBIseT 15 cm.

Temnepatypa, *C
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Figure 4 — Changing the temperature in the road construction points
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Figure 5 — Changing the temperature difference in the asphalt concrete layers during cooling
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Figure 6 — The finite element discretization of asphalt concrete pavement
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B pacuere npunAT yacTo ucnonas3yeMblii B Kazaxcrane Menko3epHUCTHIN INIOTHBIN acdanbToOeToH
tuna b mapku I, mpurotoBneHHsIi ¢ npuMmenennem outyma (4,8 %) mapku bH/[-100/130, ymoBneTBopsito-
il TpeboBanusM crannapta Kasaxcrana CT PK 1373-2013 [10]. butym 661 npoussenen Ilasmomap-
CKMM He(TEeXHMMHUYECKUM 3aBOJOM M3 chipod Hedtu 3amaguoit Cubupu (Poccus) cocoGoM mpsiMoro
OKHCJICHUSI.

Topstamit  TotoTHBINA acambrobeTon mo cranmapty Kazaxcrama CT PK 1225-2013 [11] O
MIPUTOTOBJIEH C HCIOJIBb30BaHueM IeOHs ¢ppakuuit 5-10 mm (20 %), 10-15 mm (13 %), 15-20 mm (10 %) u3
HoBo-AnekceeBckoro kapbepa (AnmaTtuHckas obnacts), orceBa apodienus ¢ppakuuu 0-5 mm (50 %) us3
3aBoga «Acanprodberon-1» (T. AnMarel) W aKTHBHPOBAHHOTO MHHEpaipHOro mopomka (7 %) w3
Kopnatickoro kapsepa (KamObLicKas 001acTh).

[IpounocTs acdanbTobeTOHA IPU OJHOOCHOM PACTSHKEHUH ONpPEAeIsUTH MyTeM HCIBITaHHus 00pa31oB
B dopme Oamku ¢ pazmepamu 40x40x160 MM B cnernuaiibHOM HcnbITaTenbHON cuctemMe TRAVIS, usro-
topneHHoi komnanueil InfraTest (lepmanus). VcrbiTaHus ObLIM BBIOJHEHBI B COOTBETCTBHU C TpeOO-
BaHMsAMH cTaHmapta EN 12697-46 [12] mpu temmeparypax 20, 10, 0, -10, -20 u -30 °C. O6pa3isr ais
UCTIBITaHUS OBITM M3TOTOBJICHBI IyTEeM pa3pe3aHus ac(aibToOETOHHBIX TUIMT, MIPUTOTOBICHHBIX CEKTOP-
HBIM YIDIOTHHUTEJeM 1o crtaHmaapTy EN 12697-33 [13]. Bo Bpems ucnbiTanus obpasen acambTodeToHa
IeGOopMUpPOBAJICS € MOCTOSHHOHW CKOpocThio 1 MMm/MuH. McnbiTatenbHas cucrema (UKCHpPYET Hampsi-
JKeHre (IPOYHOCTH) U AehopMaIrio B MOMEHT pa3pylieHus: o0pa3ia. 3aBUCUMOCTb IPOYHOCTH ac(alibTo-
0eToHa MU PacTsHKEHHUH, ONpeesicHHAas: N3J0KEHHBIM BBIIIE SKCIEPUMEHTAIBHBIM IIyTeM, peAcTaBIeHa
Ha pUCYHKe 7. 3aBUCMOCTb UMEET CIOKHBIA XapaKTep.

7
6
55 A
s, e \
s A\
.
=
0 ; .

-40 -30 -20 -10 0 10 20 30
Temneparypa, °C

Pucynok 7 — 3aBUCUMOCTB IPOYHOCTH acabTOOCTOHA MTPH PACTSHKEHUHU OT TEMITEPATyPhI

Figure 7 — Dependence of strength of asphalt concrete at tensile from the temperature

I'padmk u3MeHeHNs HEpeaTM30BaHHON TEMIEpaTypHOU Ae(OopMalii Ha TOBEPXHOCTH TOKPBITUS BO
BpPEMEHHM ITIOKa3aH Ha pucyHke 8. B pacuerax mpumsato o = 3,3-10°. A Ha pucyHKe 9 HpEICTABICHBI
rpa@uky W3MEHEHUs YNPYroro W TEMIIEPATypPHOTO HANpsHKeHUHW B TOKpHITHU. [lpu 3TOM ympyroe
HaNpsDKEHUE BBIYUCIICHO 10 (hopMyJIe:

o, () =E, - &(1), @)
rne £y — MTHOBEHHBIH MOJYJTb YIIPYTOCTH achanbTobeToHa, paBHbI 26 650 MIla [51].

W3 pucynkoB 8 u 9 BUIHO, YTO C MOHMKEHHEM TEMIIEPATyphbl C TIOCTOSHHOM CKOpPOCTHIO HEpeau-
30BaHHAs TeMmIeparypHas AedopManus YBeIHMIUBACTCS TAKKE C MOCTOSHHON CKOPOCTHIO, T.€. IO JIMHEH-
HOU 3aBHCHMOCTH. AHAJOTMYHBIM O00Pa3oM H3MEHSETCS U YIPYroe HampsbkeHHe B ac(hanbTOOETOHHOM
HOKPBITUH. TeMIepaTypHOe HaIlpSKEHHWE B MOKPBITUM M3MEHSETCS 10 HEJIMHEHHOIN 3aBUCHMOCTH U €ro
3HA4YeHMs CYIIECTBEHHO MEHbILE, YeM YIPYyroe HampspkeHrne. OTO OOBSCHSEeTCA TeM, YTO M3-3a BSA3KO-
YOPYTHX CBOMCTB achanbToOETOHa NPOUCXOAUT pPeNaKcalusl 4YacTH HANpPSHKCHUS, YTO OOYyCIIOBJICHO
JIUCCUTIAIEeN SHEPTUU.
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Pucynok 8 — M3MeHeHHe Hepeaan30BaHHOW TeMIIepaTypHOii AedopMaryy B acanbToOETOHHOM MOKPBITHH

Figure 8 — Change in unrealized thermal deformation in asphalt concrete pavement
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Pucynok 9 — l3MeHeHHe HANPsDKEHUH B acanbToOETOHHOM MOKPBITHH

Figure 9 — Change in stresses in asphalt concrete pavement

3. PACUET DHEPTUU JEDPOPMALIMI U JUCCUIIALIVI B ACPAJIbTOBETOHHOM IIO-

KPBITHU.

Ha pucynke 10 mpexacraBieHsl rpauKi M3MEHEHHS BA3KOYIIPYTOH M YIPYTO#l SHEpruil, SHEpPTrUu
JIUCCHITALNU B ac(hambTOOSTOHHOM MOKPBHITUU TPU €T0 JUTUTEIBHOM OXJIAXKIECHUH MPOIOJKUTEITBHOCTHIO

30 gacos.

Ynpyras u BA3KOyIpyTas JHEPTUH BEIYUCIICHBI IO BRIPAYKEHISIM:

W,(0)=0,(1) - & (0);
W,(0)=0,() - & (1).

OHeprus AUCCUINALNY HalIeHa KaK Pa3HULA MEXIY YIIPYTOH U BI3KOYIPYTol 3HEPTHAMU:

W, (6) = W,(0) = W, ().
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Pucynok 10 — Vi3meHeHue sHepruii B acanbToOETOHHOM MTOKPBITUH

Figure 10 — Change in energy in asphalt concrete pavement

Kax BHOHO, Bce paccMaTpUBacMble BHIBI JHEPTUU YBEINYUBAOTCS C POCTOM NPOJOJKHTEIBHOCTH
OXJIAXKIEHUs MOKphITHs. IIpum 3TOM ympyras sHeprus yBENMUYMBACTCA IO BOCXOMSINEH HENMHEHHON
3aBHCHMOCTH. Bs3KOoyIpyrasi 3Heprus TakXke pacTeT MO HEeIMHEHHO-BOCXOIALIeH 3aBUCHUMOCTH, HO €&
BEJIMYMHA CTAHOBUTCSI MEHBILE M3-3a TUCCUNIALINN SHEPTUH, 00yCIOBICHHON BA3KOYIIPYTUMH CBOMCTBAMH
acdanbTobeToHa. 3/eCh ClIeAyeT OTMETUTD, YTO OT Havaja OXJIAKICHHUsS ITUCCHUIIAIMS SHEPTHH B ac(allb-
TOOCTOHHOM TOKPBITUH YBEJIWYMBAETCS MO HEJIWHEHHOW 3aBUCHMMOCTU M, HauWHasi ¢ 12 JacoB 0 KOHLA
OXJAXKIECHHUS COXPAHAET OCTOSHHYIO CKOPOCTh AUCCUIIALIH.

OmnucaHHas BhIIIE KapTHHA W3MEHEHUS SHEPIMH B INOKPHITUM ObLTa Obl CHpaBeAiMBa A0 KOHIA
nepuojia OXJIaXICHHs, eclI Obl TeMIepaTypHOE HalpsbKeHHE He JOCTHTIIO Mpezeria MPOYHOCTH acgallb-
tobetona [14]. U3 pucynka 11 BuaHo, uto npu temmeparype -20 °C TemmepaTypHOe HamlpspKeHHE B TO-
KPBITHM JOCTUTACT Ipeseia MPOYHOCTH ac(anbToOCTOHA, T.€. MOSBIAETCS HOIepedHasl TeMIepaTypHas
TpeurHa B achanbToOETOHHOM MOKPHITHH. ByseM cuuTate, 4To TeMriepaTypHas aehopManus MOsSBISICTCS
MTHOBEHHO M0 IIWPUHE M TOJLIMHE ac(ajbTOOETOHHOTO MOKPBITHS. B MOMEHT MOSIBICHHS TPELIMHBI
UMEET MECTO CKaTHe CBOOOIHBIX NMOBEPXHOCTEH TPELIMHBI B CTOPOHBI CEPelIUH BHOBb OOpa30BaHHBIX
010k0B  achaTbTOOCTOHHOTO TOKPBITHS W C JAIBHEHIIAM MOHIKCHHEM TeMIIepaTyphl AchopManus
MOBEPXHOCTEW TpelInHbl yBeanunBaercs. Ha pucynke 12 nansl rpaguky n3MeHEHUs IepeMeIIeHU BepX-
HETO U CPEeIHETO y3JI0B Ha MIOBEPXHOCTHU TPELIMHbI (Ha IPaBOM I'paHU Ha PUCYHKE 6) B ac(hanbTOOETOHHOM
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Pucynok 11 — K onpenenennto MOMeHTa BpeMEHH PacTPECKUBAHUS ac(albTOOETOHHOTO MTOKPHITHS
Figure 11 — To determination of the moment of time cracking of asphalt concrete pavement
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Pucynok 12 — MI3MeHeHne epeMeneHnii BEpXHETO U CPEHETO Y3JI0B
Ha MOBEPXHOCTH TPELIHHBI IPH OXJIAKACHHN ac()aibTOOETOHHOTO MOKPBITUS

Figure 12 — Change in movements of the upper and middle nodes
on the surface of crack at cooling of asphalt concrete pavement

MOKPBITHH TIPH €T0 AalibHeHmeM oxiiaxaeHnu. OKa3anoch, YTO MPH OXJITKICHUN TOBEPXHOCTH MTOKPBITHS
C TIOCTOSIHHOH CKOPOCTBIO MOBEPXHOCTH TPEIIUHBI AeopMupyrorcs Takxke nuHelHo. [Ipu 3ToM, Kak
CIIEIOBAJIO O’KUAATh, KPOMKA TPEIIUHBI (BEPXHAA TOUKA) UMEET HAaUOOIBIIYIO 1eOPMAIHIO.

Ha pucynke 13 nansr na rpaduka, BEpXHHHA U3 KOTOPHIX MTOKA3hIBACT H3MEHEHHE SHEPTUN BSI3KOYII-
pyro#i muccunanui acaibTOOCTOHHOTO MOKPBITHSI B TEUYCHUE BCETO MEPHONA OXJIKACHUS, & HUKHUN —
W3MEHEHHUE SHeprur Ae(GopMUpOBaHUs TPEIIMHBI C MOMEHTa €€ MOSIBICHHS 0 KOHIA Mpolecca oXJaxkK-
nenust. [logpoOHbIi aHAMM3 HaNPsHKEHHO-1e()OPMUPOBAHHOTO COCTOSHUS ac(haabTOOETOHHOTO MOKPBITHS
MOCTIE €r0 PacTPeCKUBAHMS MOKa3all, YTO MOKPBITHE MOCTe MOABICHHS TPEIIMHBI M0 PeJaKCallHOHHOMY
MEXaHU3My AUCCUIIMIUPYCT SHEPTHUIO MCHBIIYIO U C MeEHBIIEeH CKOpPOCTBIO, HEM OO0 paCTPECKHUBaHUA I10-
kpeiTus. K 3ToMy Takke Hamo AO0aBUTH NUCCUNAIMIO 3HEPTUH, pean3yeMylo depes NedopMalfio
CBOOOTHOM TOBEPXHOCTH TPEIIMHBI (MeXaHHM4eckH). Takum o0pa3oM, Tociie pacTpEeCKHBAHUS MTOKPBITHE
paccerBaeT CyMMapHYIO HEPTHIO, COCTOSNIYIO M3 BSI3KOYNPYToW SHEPTUH U dHEPTHH Je(opMaIyu Tpe-
IIMHBIL. DTO MOJ0XKEHUE OTPAXKEHO Ha pUCYHKE 14, HA KOTOPOM BUAHO, YTO B MOMEHT BPEMEHU MOSABICHUS
TPEIIUHBI UMEETCS CKa4OK B IpadrKe JUCCUTIAIIIN SHEPTHH.
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Pucynok 13 — M3amMeHeH#e SHepruii BsI3KOYNpyroit auccunanuu achaiproderona (W,) u nedopmupoBanus Tpewussl (W,,)

Figure 13 — Change in the energy of a viscoelastic dissipation of asphalt concrete (W) and deformation of the crack (#,,)
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Pucynok 14 — MI3MeHeHne SHEPTUil BSI3KOYNPYTOil JUCCUITALIUH 0 U TIOCIIE PaCTPECKUBAHHS OKPBITHS,
SHepruu 1eopMHUPOBaHHS TPEIIUHEI X CYMMAapHOH SHEPIHHU JUCCHIIALINH

Figure 14 — Change in the energy of viscoelastic dissipation before and after surface cracking,
crack deformation energy and total dissipation energy

4. ACOAJIbTOBETOHHOE ITOKPBITUE — AMCCUIIATHBHAS CTPYKTVYPA.

B pa6ote [15] mopoxxHoe achanbToOeTOHHOE MOKPBITUE MPH OXJIAXKICHUH B 00JIACTH OTPUIATEIBHBIX
TEMIIEPaTyp PacCMOTPEHO KaK OTKpBITas HEJMHEWHas TepMOIUMHAMu4deckas cuctema. Huskoremmepa-
TypHOE€ DPACTPECKUBAHUE IOKPBITUS OOBACHSICTCS IOJOXKEHUSIMHU CHHEPIeTHKH KaK pPe3yJbTaT KOJUIEK-
TUBHOTO TIOBEJIEHHs (CaMOOPTaHM3allMM) CTPYKTYpPHBIX DIIEMEHTOB ac(albTOOEeTOHA B KPUTHUYECKHX
yCIoBUAX (TIPH JOCTHKEHUU KPUTHUYECKHUX Temreparyp). OOpa3oBaHHBIE MOCIE PacTPECKUBAHUS MOKPHI-
TUS OJIOKH C TPELIMHAMH MPEJIOKEHO pacCMaTpUBaTh KakK CICHU(HUYECKUE TUCCUIIATHUBHBIE CTPYKTYPHI,
aZlaNTHPOBAaHHBIE K BHEIITHUM yCIIOBHSIM.

OTKpHITBIE CHCTEMBI MOTYT OOMEHUBATBCS C OKPYKAIOUIMMHU CPEeJOW M TelNaMu DHEPruei u Belle-
CTBOM U SIBJSIFOTCS CTPYKTYPHO CIIOKHBIMH. biiaromapst co’XHOCTH OTKPBITBIX CHCTEM B HUX B KPHUTHU-
YECKHX YCIOBUAX BO3HUKAIOT Pa3IMIHOrO poaa CTPYKTypwl [16-19]. B oOpa3oBaHWHM 3THX CTPYKTYp
KOHCTPYKTHBHYIO POJIb UTPAET AUCCUNAIMS dSHEPrur. YToOk! moquepkHyTh 310 U. [IpuroxxuH BBeN TEpMUH
«IUCCUNIATHBHBIC CTPYKTYphI». . XaKkeH BBEN TEPMUH «CHHEPIETHKa», YTOOBI MOTYEPKHYTh POJIb KOJI-
JIEKTUBHOTO TTOBEJCHUS TOICTPYKTYPHBIX DJIEMEHTOB B 00pa30BaHUH JTUCCUIIATUBHBIX CTPYKTYp [20, 21].

4.1. Ilpumepbl TMCCHMIATUBHBIX CTPYKTYp. OfHMM U3 SpPKUX HPUMEPOB 0Opa3oBaHMSA JTUCCH-
MAaTUBHBIX CTPYKTYp B OTKPBITOH TEepMOIUHAMHUYEcKOW cucteme sBisiercs 3ddext benapa [22-24]. On
BO3HMKAET NIPH KPUTHYECKOH pa3sHOCTH TeMrepaTyp AT, HIKHEH U BepXHEH IIOBEPXHOCTEN TOHKOTO CJIOS
BA3KOH XKMIKOCTH (HaImpuMep, B CHJIIMKOHOBOM Macile) B MOJOIPEBAaEMOM CHHU3Y IUIOCKOM cocyne. IIpu
noctmkenun AT, TIOBEICHUE KUAKOCTH PE3KO MEHAETCS — BO3ZHMKAET KOHBEKLHMS M JKUIKOCTh Pa3-
OuBaeTCs Ha rekcaroHalbHbIE stueiku (pucyHOK 15). HoBast cTpykTypa co3maeTcs COBMECTHBIM KOOIIe-
PaTUBHBIM JBMKEHHEM MOJIEKYJ >kuakocTH. Kak BuaHO M3 pucyHka 16, npu AT, IPOMCXOOWUT PE3KHUiA
W3JI0M 3aBHCUMOCTH CKOpPOCTH TiepeHoca Terma dQ/dt oT pa3Hoctu temneparyp AT W WMeeT MecTo
obpaszoBaHue HOBOU CTPYKTYphl. JIo AT, OTTOK (3KCIOPT) SHTPONUM B TOUHOCTH KOMIEHCHUPYETCS MpPO-
U3BOJCTBOM DJHTPOIMM BHYTPH JKMIKOCTH, a HpU JOCTHXKEHUH AT, CKOPOCTh IEPEHOCA TEIIOTHI
YBEIMYMBAETCS BKIIIOUCHHEM KOHBEKTHBHOTO MEXaHU3Ma TEIUI00OMEeHa.
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Figure 15 — Benard's effect Figure 16 — The dependence of the heat transfer rate
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Pucynox 17 — Cxema pyOuHOBOTO N1a3epa: Pucynok 18 — 3aBucumocTsb
P — py6un; K — xoxyx; HCILyCKaeMOM JIy4UCTOH SHEPrUn
KJI — xcenoHoBas amma juist Hakauky; C — KOHJEHCaTop; OT SHEPTUH BO30YKACHMS JIa3epa
UII — MCTOYHHUK MOCTOSIHHOTO HAPSDKEHUS
Figure 17 — Scheme of ruby laser: Figure 18 — The dependence
P — ruby; K — hood; of the emitted radiant energy
KJI — Xenon bulb for pumping; C — capacitor; from the laser excitation energy

UII - DC power supply

OO0pa3oBaHKe AUCCHIIATHBHOM CTPYKTYpBl MOKHO HaONMOAaTh W B ciydae jiazepa [22]. Ha pucyn-
ke 17 mpuBeneHa cxeMa pyOnHOBOTO Ja3zepa. [Ipu orpannueHHON Hakadke Jla3ep ACWCTBYET Kak Jiamma —
OTIENbHBIC MOHBI HM3JIYYaIOTCS HECOTJIACOBAaHHO APYr ¢ Apyrom. Ho mpu KpuUTHYECKOM (IIOPOTOBOM)
3HAUEHUH SHEPTHU pa3psiia KCEHOHOBOH JlaMIbl (HAKauKK) Pe3KO YBEIHMYMBAETCS MOIIHOCTH JIa3€PHOTO
W3IYUYEHUs] — W3ITydaeMble MOHBI CBETSTCS COTJIACOBaHHO, KoomepaTwBHO. M3 pucynka 18 BHaHO, 4TO
rpaduK U3MEHEHHS MOIITHOCTH JTyYHUCTOH 3Heprun mogooeH rpaduky sddekra benapa (pucynok 16).

4.2. CkopocTh JHCCUNAIMH JHepruu B acajbTo0eTOHHOM MOKpbITHH. Kak Obulo moka3aHo
BEIIIIE, TP POIOJDKUTEITFHOM TOHWKEHHH TEMIIEpaTyPhl JOPOKHOE ac(hambTOOETOHHOE TIOKPHITHE, H3-32
crocobHOCTH 1e(hOpMUPOBATECS BA3KOYIPYTO, PACCEMBAET YaCTh HAKAIUIMBAEMOW SHEPTHH, TEM CaMBIM
YMCHBIIACT HAIIPAKCHUC, yTOOBI OHO HE JOCTUTJIO KPUTHYECKOTO 3HA4YCHUA — IMpEacjia MNpOYHOCTHU
(pucyHok 19). Ho mpu mpomomKeHWH OXJaKACHUS CKOPOCTb HaKaljJMBaeMOW B TOKPBHITHU JHEPTHH
CTaHOBUTCS OOIIBIIIE, YeM paccerBaeMasi SHEPTHsl, YTO BBI3BIBAECT MOCTEIIEHHOE YBEIMUEHUE HAIPSIKEHUS
(pucyHok 10). Kak Tobko BeMUYMHA HANpPsDKEHHUS AOCTHTAET Tpejiesia IPOYHOCTH acdaibTodeToHa mpH
pacTsbkeHun (pucyHOK 11) mosiBisieTcs TemmeparypHasi TpellHa. B 3TOT MOMEHT MPOMCXOAMT CKA4KO-
00pa3HOe BHICBOOOXK/ICHHE YaCTH HAKOIUICHHON B IMOKPBHITHH SHEPTHH W3-3a MpuoOpeTeHus aedopManuu
CBOOOTHOM MMOBEPXHOCTH BHOBH 00pa3oBaHHON TpentuHbl (pucyHoK 14). [lpn ganbHeHeM oXJIakIeHAN
ac(anbTOOCTOHHOE TOKPHITHE PACCEHBAET HAKAIUIMBAEMYIO SHEPIHIO uYepe3 JiBa MEXaHWU3Ma: MpPoJoJi-
JKAeTCsl pacCeMBaHKE SHEPTHH Yepe3 PEeIaKCcalllio HalpsDKeHHsT M J00aBIsieTCs BBHICBOOOXKICHUE YacTH
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Pucynok 19 — M3MeHeHHe TeMIiepaTypHOTo HaIpsDKEHUS B ac(aabTOOETOHHOM ITOKPBITHH JI0 U TI0CTIE PAaCTPECKUBAHUS

Figure 19 — Change in thermal stress in asphalt concrete pavement before and after cracking

SHEpPruu u3-3a jaedopManuu CBOOOAHON IMOBEPXHOCTH TPEIIMHBI (MEXaHWYeCKasi AMCCHUITALUS SHEPTHH).
Ilocne mosiBIEHUS TPELIMHBI KOJMYECTBO PACCEMBAEMON IO PENAKCAMOHHOMY MEXaHM3MY 3SHEpruu
CTaHOBUTCS MEHBIIIE, YEM [0 TTOSIBICHUS TPEIIHHEI.

Ha pucynke 20 mpencraBieH TpadWK W3MEHEHHS CKOPOCTH IUCCHMIAITMH JHEPTHU B acQayibTo-
OETOHHOM TMOKPBITHH B 3aBUCUMOCTH OT TemnepaTyphl. Kak y KOHBEKTUBHBIX siueek benapa (pucyHok 16)
u pyOmHOBOTO Jazepa (pucyHOK 18), mo pacTpeckuBaHUsl ac(anbTOOETOHHOE MOKPBITHE PACCEUBACT
SHEPTUIO C JIMHEHHO YBEJIMYUBAIOIIECHCS CKOPOCThIO. [IpH TOCTHIKEHUH KPUTHYECKON TeMIiepatypsl 7, B
MOKPBITHH TMOSBIISIETCSL TEMITEpATYpHAsi TPEIIMHA U B 3TOT MOMEHT BPEMEHH IPOUCXOIUT CKAYKO0Opa3Hoe
BBICBOOOKICHME YAaCTH HAKOTUIGHHON B MOKPHITHU 3Heprud. C AaibHEHIINM NOHM)KEHHEM TeMIepaTyphl
JIUCCHIIALINS SHEPTHH TPOMCXOIUT IO YKAa3aHHOMY BBIIIE JBOHHOMY MeXaHU3My (pelaKCalrOHHBIN U
MEXaHWYEeCKHI) W CyMMapHas AWCCHIAIVS YHEPTHH PEealn3yeTcsi CO CKOPOCThIO, OONbIIedl 4eMm 10
pacTpecKUBaHUs MOKPBITHUS.
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Pucynok 20 — 3aBUCHMOCTb CKOPOCTH JUCCUIIALIMK SHEPIHH B ac(habTOOCTOHHOM MOKPBITHH OT TEMIIEPaTyphl

Figure 20 — The dependence of the energy dissipation speed in asphalt concrete pavement on temperature
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TakuM 00pa3oM, CTAaHOBUTCS SICHBIM, YTO IOPOXKHOE ac(hanbTOOCTOHHOE MOKPBITHE HPU OXJIaxK-
JCHUU B 00JIACTH OTPULATEIBbHBIX TEMIIEPATYP SBISIETCS CHEHM(DUIECKON AUCCUIIATHBHOM CTPYKTYpOH M
MIPU pacTpecKUBAaHUM BO3HUKAET JTOTIOTHUTEIHHBIN MEXaHU3M PAacCEeHBAHMS HAKOIUIEHHONW YHEPTHH.

4.3. DHTpONUsI M KpUTepuu 3Boaonuu. [Ipuroxunsiv M. mokazaHo, 4To U3MEHEHHE SHTPOIUH dS
OTKPBITON TEPMOANHAMUYECKOU CUCTEMBI MOYXKHO pacCMaTPUBATh KaK CYMMY JIBYX cllaraeMsix [25-27]:

ds=d,s+ds (6)
rae deS — U3MCHCHUC 3HTpOHI/H/I, CBs3aHHOC C €€ HpI/ITOKOM niIn OTTOKOM, dl'S — KOJINYECTBO 3HTpOHI/H/I,
HPOU3BOIUMOE BHYTPH CHCTEMBI.

JUitst KpaTKOCTH d;s Ha3bIBAETCS IPOCTO IIPOU3BOICTBO SHTPOIIHNY.

COCTaBHﬂIOH_Iaﬂ deS MOXKET UMCTh KaK HOHO)KHTCHBHLIﬁ, TaK U OTpI/I]_[aTCHLHBIﬁ 3HAaK B 3aBUCUMOCTHU
OT TOI'0, CUCTCEMA HOJ‘Iy‘IaeT NJIN OTHACT 3HepFI/IIO B pGSyHLTaTe B3aHMOHeﬁCTBHﬂ C Opr)KaIOH_Ieﬁ Cpe,I[OI?'I.
CornacHo BTOPOMY 3aKOHY TE€PMOIMHAMUKH, IIPOM3BOACTBO SHTPOIUM d;S IOJIOKHMTEIBHO HIH PABHO
HYJTIO:

ds=0, (7)

PaBeHCTBO HYIIIO TIPOM3BOJCTBA 3HTPOIUU, T.€. dis = 0 OyIeT MMETh MECTO TOJBKO MPHU YCIOBUHU
paBHOBecCHSI.

B pabote [28] ObuT chopmymmupoBaH «IIpuHIHIT MHUHAMYyMa MPOW3BOACTBA DHTPOIUU B IpoIleccax
CaMOOpraHU3aluu», KOTOPHI COCTOUT B ciefytomieM. [Ipomecc caMoopraHu3aliy MPeaCTaBIsIeTCs] KakK
(a30BbIN Mepexo (MU MOCIEA0BATEIIEHOCTh (pa30BBIX MEPEX0JI0B), B pe3yJIbTaTe Yero CUCTEMA TIepeXo-
IUT B OoJiee yropsaoueHHOe cocTosiHUE. [[puHIMIT yTBEpKAaeT, YTO MPOU3BOJICTBO SHTPOIIMH B HOBOM —
OoJiee yMopsIOYSHHOM COCTOSIHUH, BO3HHKILIEM B pPe3yJbTaTe ouepeaHoro (azoBoro mepexoja, MEHbIIE
MPOU3BOJCTBA 3HTPOIUU CTAPOTO COCTOSHHS, KOTOPOE MBICIEHHO MPOJIOJIKEHO B HEYCTOWYUBYHO 00-
JacThb.

Kak BumHO M3 pucyHka 21, mocie pacTpecKUBaHUS IMPOU3BOACTBO HTPOIHH B achabTOOCTOHHOM
IMOKPBITUU CTAHOBUTCA CYHICCTBEHHO MCHLIIIEC, YEM B MBICJICHHO MPOAOJKECHHOM CTapoOM COCTOSHUU, T.C.
npuHIUT MuaIMyMa SHTponvH H0.JI. KnumoHTOBHYA coOmoaeTcs.

60

50 ]
40 / Kg&’:ﬁ
/r

30 // b
A

[TpoussoacTeo suTponuu, Jix/(M3>K)

20 / o~
10 V'.AI’.A ’
ot
0 ®
0 2 4 6 8 10 12 14 16 18 20 22 24 26 28 30 32

Bpewms, u
—@— - J10 pacTPECKUBAHUS IOKPBITHS;
—&—- BooOpakaeMoe MPOJ0JKEHHOE;
—&— - [10CJIe pacTpECKUBaHUA (CyMMapHOe)

PI/ICyHOK 21 — H3meHeHue IIPpOU3BOACTBA SHTPOIIUHU B aC(baJ'ILTO6€TOHHOM TIOKPBITHH 0 U IOCJIE paCTPECKUBaHUA

Figure 21 — Change in entropy production in asphalt concrete pavement before and after cracking

B pabote [29] omHOTO M3 OCHOBOTIOJOKHHUKOB KBaHTOBOH MexaHwku J. lllpemmnrepa OBLIO BHI-
CKAa3aHO MHEHHUE O TOM, YTO JKMBOW OPraHu3M, HENPEPBIBHO YBEIUYHMBAOLIUI CBOIO S3HTPOINIO IIPH MUTA-
HUM, U30€racT OMAaCHOTO COCTOSIHUS MAaKCHMAaJIbHOW SHTPONHH (CMEPTh) IyTEM H3BJICUCHHUS U3 OKPY-
JKAKOIIEH Cpeibl OTpHIATETIbHON dHTpornHu. [TuTaHue OTpUIIATEIBHON SHTPOMHEH 03HAYAeT BBIIACICHUC
OoJpIIel SHTPOMUM, YeM IMOCTYMAoNas B OPraHU3M, T.€. OHO O3HAYaeT MOJJICPKAHUE CTAIlHOHAPHOTO

— 74—




ISSN 2224-5278 Cepus ceonocuu u mexuuyeckux Hayk. Ne 5. 2016

COCTOSIHUSI OpraHU3Ma MOCPEICTBOM OTTOKA sHTponuu. Maeu . IllpenuHrepa chirpain GONBIIYO POJb B
Omonorum.

HpI/I OXJIAKACHUN TOPOKHOI'O MOKPBITHUA BO3HUKACT I'PAAUCHT TEMIICPATYPHI IO €0 TOJIIHWHE, N3-3a
HAJIAYUS Yero MMEEeT MECTO OTTOK TeIa, CJICIOBATENbHO, DHTPOIUU M3 TIOKPBITUS B OKPYKAMOIIUH
BO3AyX. Jpyrumu cioBamu, TpU OXJIKICHUU OKpyXaromias cpeaa (BO3AyX) OTHUMACT DHTPOIHIO
Yy JIOPOKHOTO TMOKPBITUS, a MOKPBITHE TMOIyYaeT OTPHUIATENBHYIO SHTpomuio. [1o Mepe HaKOTUICHHS
OTPUIATEIFHOW SHTPOMHH B TIOKPHITUN YBEIMYMBACTCS TEMIIEPATypHOE HANpspkeHue. YTOObI YMEHBIINUTh
KOJIMYECTBO HAKATUIMBACMOM OTPUIATEIBHOW SHTPONUH, ac}HanbTOOCTOHHOE TMOKPHITHE MTPOU3BOIUT
SHTPOIHIO d;s (paccewBaeT JHEPrUI0) IO pelaKCAllMOHHOMY MexaHu3My. [lo mpwunHe TOTO, UTO
IMPOU3BOJACTBO SHTPOIIUHA d,'S HE MOXET MOJHOCTBIO KOMIICHCHPOBATH HaKallJIMBaA€MOC€ B IOKPBLITUH I10

—d.s

MEpPC MNPOAOIKCHHUS OXJIAKACHUSA KOJINYCCTBO OTpHL[aTGJ'ILHOﬁ SHTPOIIUN -d.S, pa3HUIlAd |_deS

IIOCTENEHHO pacTeT U npu 1=T1,, NOSABISAETCS TEMIIEPATYpHAas TPELIUHA.

TakuM 00pa3oM, MBI BHIMM, YTO €CIM B JKU3HH XMBBIX OPraHU3MOB OTPHUIATENIbHAs SHTPOIHS
UIpaeT IMOJIOKUTEIBHYIO POjb, TO OHA IPU OXJAKACHUH IOPOXKHOTO ac(haibTOOETOHHOIO MOKPHITUS B
00JacTy OTPHUIATEIBHBIX TEMIIEPATYP MOXKET MIPUBECTH K pa3pylICHHIO.

B pabore [26] II. I'mencnopdpom u U. IIpUroxuHbIM MPEISIOKEH KPUTEPHH 3BOJIOLMU AJSL MPO-
[[ECCOB CaMOOPTaHU3aIMH B OTKPHITBHIX CHIBHO HEPABHOBECHBIX TEPMOJANHAMHUYECKHUX CHCTEMAX, KOTOPBIN
sBisieTcsi 0000IIeHeM MTPUHIIUITA MUHIUMAJIBHOTO TPOU3BOJICTBA DHTPONHMU HA HEUHEWHBIE MPOIIECCHI.
Beungy Oonbimoil OOLIIHOCTH OH HAa3bIBAeTCsS YHHBEPCAJIbHBIM KpuTepueMm 3Bomouuu [ nencmopda-

[Ipuroxwuna [30].
Kpurepuii ' nencnopda-Ilpuroxxnna 3anuceiBaercs B cineayromeit hopme [31]:
d.s.
X1 S 0, (8)
dt
d.s,
rae s; — MpPOU3BOACTBO SHTPOIINU, 7 — CKOPOCTHL M3MCHCHUSA MPOU3BOACTBA SHTPOIINHU, O6YCHOB-

JICHHAasA U”BMCHCHUEM TEPMOJIUHAMUYCCKUX CUIT:

[ —=dV, )

@_J‘” dX.
de 5 & dt

rae 1,', )(1 — TCPMOJAUHAMHNYCCKNUEC TIOTOKH U CUJIBI COOTBETCTBCHHO, V — 00BbeM CHCTEMBI (Teﬂa).
HpI/IMeHHTCJ'II)HO K paCCManHBaeMOfI HaMM 3a1a49€ UMCCM:

d_s, _ ax ﬁdgT(t).

= = 1
dt i T dt (10)
e (t) = ‘a-(To—Kt)‘. (11)
de, (1)
——=ak, 12
d (12)
rae K — ckopocTs oxnaxaeHus, °C/d.
Taxum o6pazom, ¢ yaerom (11) u (12) umeem:
ds, o,aK
—_— = (13)

dt T

CormmacHo kpurtepuio [nercmopda—Ilpuroxknna, B 000N HEpaBHOBECHOH cucTeMe ¢ (HUKCHPO-
BAaHHBIMU I'PaHUYHBIMU YCJIOBUAMHU IMPOUECCHI UAYT TaK, YTO CKOPOCTH M3MCHCHUA IMTPOU3BOJACTBA SHTPO-
MUY, 00YCIIOBICHHAS U3MEHCHHEM TEPMOJIUHAMUYCCKHUX CHJI, YMCHBIIACTCSL.

Kak BuaHO 13 pricyHKa 22, CKOPOCTb MPOU3BOICTBA SHTPOINHUH MOCIIE MOSIBICHHS TPEIIUHBI B achab-
TOOETOHHOM MOKPBITUH 3aMETHO YMEHBIIIACTCSI.
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PucyHok 22 — I3MeHeHHe CKOpOCTH HPOM3BOCTBA SHTPOIUH JI0 U T10C)IE PACTPECKUBAaHUS ac(hanbTOOETOHHOTO OKPBITHS

Figure 22 — Change in the rate of entropy production before and after cracking of asphalt concrete pavement

Takum 00pa3oM, P HU3KOTEMIIEPATYPHOM PACTPECKHBAHUU JTOPOXKHOTO ac(hanibTOOETOHHOTO MO-
KPBITHS YIOBIETBOPSICTCSI YHUBEPCAIBHBIN Kputepuii [ nmencmopda—Ilpuroxkuna s MpomeccoB camo-
OpraHuv3anuu B OTKPBITEIX CUJILHO HEPABHOBECHBIX TCPMOJUHAMUYCCKUX CUCTEMAaX.
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b. b. TearaesB
KazakcraH k01 FRUTBIMU-3€pTTeY HHCTUTYThI, AnMatsl, Kazakcran

AC®AJTBTEETOH JKAMBLIFBIJIA TOMEHTT TEMIIEPATYPAJIBIK JKAPBIKTAP/IBIH
MAWJIA BOJTYBIHA JKAHA KO3KAPAC

AHHOTanusi. Makana acganbTOSTOH KOJ YKaMbUIFBICBIHBIH TOMEHIT TEMIIEPaTypPaNIbIK Kapbuly KYObLIBICHIH
KaWTIaiThIH y/IepicTep TepMOAMHAMUKACHI MEH CHHEpPIreTHKa Karuaanapbl Heri3iHje TyCiHaipyre apHainraH. ©3 Oe-
TiHIIE YHbIMIacyIblH Oenriii KyObuibicTapbl — beHap/iblH KOHBEKTHBTIK YsIIanapbl doHE PYOHH Jla3epMeH cajlbiC-
ThIPa OTBIPHII, ac(haTbTOCTOH JKOJI )KAMBLIFBICHIH/IA TEMIIEPATYPAHbBIH TEPiC TeMIepaTypaiap OeJiriHae y3ak TOMCH-
JIey YAepiciHe jKaphIK Iaia OonFaHHaH KeiiH TONBIK (pelaKkCalrsuIbIK XKoHE MEXaHUKaJIbIK) SHEPTUSHbIH KbULIaM-
JIBIFBIHBIH ©CYy1 KOPCETUIAl J)KoHE OChI apKbUIbl ac(habTOSTOH >KOJ1 )KaMBUIFBICBIHBIH JMCCUIIATHBTIK KYPBIIBIM €KeHi
nmonenaenai. J. HlpenuHrepain Tepic 3HTPOIMS Typasibl OJIApBIH €CEIKe ajla OTBIPHIN, ac(aibTOETOH >KaMbUIFbI-
CBIHBIH CYYBIHIAFBI TepiC SHTPOIMUSHBIH Kepi ocepi Typausl mikip aiteuiasl. FO. JI. KimmmonTOBHUYTIH €3 OeTiHIme
yiiBIMaacy yaepicTepiHAeri SHTPOIUS OHIIpiCiHIH MUHUMYMBI npuHOUMiHIH xoHe [1. I'mencnopd men U. [pwuro-
JKUHHIH aIlbIK TePMOTUHAMUKAIBIK JKYHeJep SBONIOUUSICHHBIH oMOeOan KpUTEPHiHIH OPBIHAATIATHIHIBIFE Kepce-
TiJTeH.

KamporreiaeiH y3aK (30 carar) cyynmarbl KepHey-ZehopManusIbIK KyHWi eKiHII peTTeri M30mapaMeTpiik
AJIEMEHTTEP/l MaijalaHyMeH MIEKTIK AJIEMEHTTEp OMICi apKbUIbl aHBIKTANbI. byl yIIiH achanbTOeTOHHBIH TEpPMO-
TYTKBIPCEPHIMALTIK KaCHETTEPiH ecelKe ajaThlH bIKIIaMIAaThLIFaH 9Jic kacanibl. Ecentiy OacTankpl )oHE IleKa-
paJibIK mapTTaphl “Acrana-bBypabait’” aBTOMOOIIBL KOJBIHBIH KOJ TOCEMECI KYPBUIBIMBI MEH KEp TOCEMECIHIH HYK-
TeJIEpiH/Ieri TeMIepaTypaHbl apHaibl jKacajfaH JaTYMKTEp KOMETIMEH TIKIpUOeNiK aHbIKTay JepeKTepi Heriinue
KOMBUIIBI.

Tyiiin ce3aep: achanbTOETOH JKOJ KAMBUIFBICHL, CYY, TEMIIEpaTypaIbIK JKapblK, 1edopManys, KEpHeY, SJHTPO-
UL, IEKTIK JIEMEHTTEp dAici, TeMIepaTypa AaTduri, aliblK TepMOIMHAMHUKAIBIK JKYHeJIep 3BOJIOIMACHIHBIH KPH-
TEpHi.
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