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A. A BACHIBEB, xandudam mexnumeckws wayx, M. H. TKAYEBA, acnupanm, K. 3. AFEEBA, mazucmpanm, Benopye-
cxutl zocydapcmeennmii yuusepcumem mpancnopma, 2 Tomens; B. B. JIOTBHH, kanoudam mexHuveckux Hayx,
Tomenveruti cocydapemeaennetil mexnuveckuti yunsepcumem um. I1. O. Cyxozo

HUCCIEAOBAHUE KMHETUKHU PACTIPEAE/TEHHA BJIATH [TPH EE HCITAPEHAH
10 CEYEHHIO BETOHA KJIACCA IO MPOYHOCTH HA CKATHE C™/3

TMokasaHa IHAYHMOCTE HCCEAOBAHHA NPOLECCOB BIATOHACHILEHAA ¥ HCTIAPEHHS N0 CeueH IO GSTOHOB B PA3BUTHH KapOoHH3ALUM
Gerona. BeIMONMHEHO MCCNENOBAHWE METOMOM H3MEPEHHA 3NEKTPOCOMPOTHBICHHA KHHETHKHA PAcpCACACHAA BJIard BO BPCMSHH T¢
ceveruio OETOHA KNACCa M0 APOYHOCTH HA OKATHE C®,.. Monyuens! rpafuteckie 3ABHCHMOCTH UMEHEHHS NEKTPOCONPOTHRICHNS
MY HCHAAPEHAN BAATH 0 CEYEHHH) KNACCa NO NMPOY¥HOCTH HA CHKATHE C*5 ana rpaHHYHLIX 3HAYSHHHA BPEMEHH M KHHSTHKE HCnape-
HHA BAATH I CCHCHHKD ANA MPraHHYHLIX 3HAYEHHH CCYCHH, HpeﬂJTO)lCCHa MATEMATHYCCKAA JABHMCHMOCTE HAMCHEHHA SNCKTPOCOTIPO-
THRIEHHA BO BPEMEHH NO CEUSHHIO BETOHA KIAcca Mo APOYHOCTH Ha CKaTue C¥,5. TloxasaHo, YTO HAMOONBINAA CKOPOCTE [IEPEHOC
BJIATH MPUCYTCTBYET B NOBEPXHOCTHEIX CAOAX GETOHA, ONpEAcnia CKOPOCTh kapOoHH3a1kK 3aIHTHONO ¢nod GeToHa.

Baeuenne. Kapbonnsauis 6eToHa — OZIHH H3 BaX-
HelInx (GaKTopoB, ONPeASNAIIHK TEXHHIECKOS
COCTOAHHE H ero H3MeHCHHE BO BPEMEHH MOSABIAOILCTO
BONBUIMHCTRA KeNe300¢TOHHEL ANeMeHToB (JKB3) v koH-
crpykumit (KBK), sKkcTyaTHpYIOIIBXCS B AI00BIX aTMO-
cepHEIX cpenax. B maorouncneHnuIx paborax [1-6] no-
Ka3aKo, YTC OOUICIPHAATOS MOIOKEHHE O THHEHHOM pac-
OpOCTpaHeHNH KapGOHH3ALMA MO ceYeHHI0 GeTOHA M €ro
KOHEUHOM XapakTepe BO BPEMEHH He MpocTo OWHBGOUHO,
OHO [IPHBOOHT K HeBEpHOﬁ QLEHKEES COCTOAHHA 3AIIHTHRIX
CBOUCTE GeToHA [0 OTHOLIEHHIO K CTANBHOH apMaTtype H
HX H3MCHCHHIO BO BPEMEHH, COOTBCTCTBEHHO, ABNAETCA
MOMYHHON HeBEPHBIX OLEHKH H NPOrHO3HPOBAHAA TEXHH-
ye-ckoro cocroaaua JKB3 u KBK, dro 3agacTvio Bieuér
CO3NAHHE W pa3BHTHE aBApHitHLIX cuTyauuil. B maciira-
0ax CTpaHbl TAKOE COCTOSHHE BOTIpOCA NPHBOAHT He TOJB-
KO K OrPOMHBEIM MaTepHansHeIM roTepaM. [Ipocrodi npo-
H3BOACTEA, YUeOHOTO npolecca, NedeOHBIX YUpekaeHHIH —
3TO BANEXo HE TONBKO MATEPHANBHEIE NOTEPU. A KaK OLg-
HHTH OOTEPHD 3A0POBEA, sKH3HH?

- HauanpHaa xapOoHH3alWMs OETOHA B HEPBYIO OUEPElk
OnNpeneacTCd KOIHYSCTBOM HCHAWIB30BAHHOTO LEMEHTA,
BO BPEMEHH — arpeCCHBHOCTRIO SKCILTYATALHOHHBIX YCT0-
BHI. ATPECCHBHOCTE 3KCIUTyaTALMOHHOH Cpelbl - 3TO He
TONBKO KoHUeHTparua CO; BO3OyXa H CTENeHb BIAXHO-
CTH, 3TO, B NEPBYIC OUEpelb, YaCTOTA MIMEHEHHIT TeMITe-
paTypbl M BJIQXKHOCTH, ONPSAENAIONIAA HHTEHCHBHOCTB
NIpOoTeKaHRA peakudn KapOOHH3AUMM B 30HE B3aUMOACH-
ctBa CO; rozayxa ¢ Ca{OH), roporoi xkuakocTH GeToHa
[1,3,7,8]

B ycnoBuAxX OTKpHITON aTMoc(ephl NEpHOTHYHOCTH
YB/IAKHEHHA-BBICEIXaHUA 3AHUTHOTO cnoa GeToHa B 3Ha-
yHuTeNLHON cTenenn Gyaer omnpefenATh €ro KapGoHm3a-
M0, COOTBETCTBCHHO, HeliTpanusaliuie (eToHa, yMEHb-
[ICHHE eF0 3AUIMTHBIX CBOMCTB 10 OTHOIIEHHIO K CTANb-
HOJt apMaType BIUIOTE A0 NOJHOH NoTepu.

OcHopHas 4actb. KunetHKY pacnpefencHuf Biard
[o ceueHro o0pa3noe GeToHa NPH HCNAPEHHU BO/ABI M3YIATH
MO H3MEHEHHIO EKTPOCONPOTHRICHHA GETOHA OT BpEeMEHH
KOHTaKTA TBepHOll ¢hasel ¢ razoobpasHoll WM KMAKOH
cpenoH.

MeToz, H3MEpeHHs 3JIEKTPOCONPOTHRNEHHS Haubonee
HpHEMIIEM [ H3YUeHHd MACCONEPEHOCA XHAKHX 3MeK-
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TPOJIATOB B TEEPIBIX MOPHUCTHIX TemMax NMpH CMEHE RIAMK-
HOCTHOIO PEKMMA H TeMIEPaTyphl, MIOCKOALKY HaChIIle-
HHe M HCMApEeHHE NOpOBOH BAArH COMPOBOKAASTCA CME-
Holt 00BeMa AMEKTPOINTA, YTO H3MEHAET JACKTPOCONpPO-
THBNEHHE R, B opucToM Tene [9].

PacTBOpBI SIEKTPONHTOR NOTUHHAIOTEA 3aKoHy Oma,
noaoGHO NPOBOAHMKAM NIEPBOTC poaa (MeTaLTaM).

3akon OMa mpy pacueTe Ha SNHHULY [TMOIIAAH MOTe-
PEMHOTO CEUEHNs MPOROAHMKA B obmemM Bue [9]

1-E,

(1)
P
rae [ — cana Toka, A; E - BanpoOKeHHOCTE 3MEKTPHYECKOro
nosd, B/M; p — yIe/lbH0E CONPOTURBNEHHE IPOBOIAMKA.
DNEKTPOCOTPOTHRIEHHE  3MEKTpoadTa, OuM, NpaMo
MPOTOPUHOHAIBHO €70 JIAHE H OOpaTHO MpONopuHO-
HaNbHO NOMEPEYHOMY CeUeHHIO, B HallleM ciTydae — ofbe-
My nOpHCTOro Tena fetoHa [9]:

Ry=p

PR

=0y @

rae /— ANuHA MPOBOOHHKA, CM | S - INIOIWAID [TOTePevHO-
IO CeueHHs IPOBOIHMKA, CM-.

HeenenosaHusa HMIMeHeHUSA pacnpezle:le}ma BRard 1mo
cedeHHI0 OeToHA 8 MPONECcce HCIApEeHHA RO/B MPOBOIITH
Ha ofpasumax OeToHa kjmacca IO NPOYHOCTH Ha CiKarhe
C*3s.

Coctap 6eTOHA Knacca 1o IPOYHOCTH Ha cxkatne C%s
npHBCAeH B Tabnuue 1.

Tabauya I — Coctae ofpasios GeTona

B/ Oc Coctas GeTOHHOH cMecH, KT/v®
KOHYCR, CM

u] n [m]| B

0,546 4 34| 718 | 1163 | 182

TMpumesanue ~ Bl — soaoueMestioe otHomenne; LI, T1, LW, B -
MAacCH LEMEHTA, NECKA, WeGHA, BoH, A00aBKY, KT.

Jing mccnenopaHmil OBIKO W3TOTORNEHO 3 obpasua —
Kyba Getona ¢ pasmepamn 100x100x100 mm. TIpn dopmo-
paHHK 00pasLoB B TeNo 0eToHa Kaaore obpaslia 3a/eibiBa-
IH EKTpodBl (TWiacTHHE  QONLIUPOBAHHOND TeTHHAKCA,
pasmepaMil 10x10 MM, T. e. S = 1 cM”) no oc KyGoB Ha pac-
cTofHMH 5; 25 H 50 MM oT GOKOBO# rpaHi Kaxnoro Kyba.



[Mocne uzroToRNEHHS 00pasHb-KyObl MOIBEPrATM TEM-
nopnaxHocTHOM 00pabotke (TBO) no cTaHmapTHOMY pe-
JKHMY.

3NeKTpoconpoTHBICEHe 00pasLoR 6eTOHa H3MepLId B
COOTBETCTBHH ¢ MeTomHKOH [9].

p npoBeneHAN HKCNCPHMEHTA NPHMEHANCT M3MepH-
Tenb uMMaTanca tmdposoit E7-21. Hauuei wpubop nos-
BOJAET HIMEPATH CONPOTHBCHHE B mperenax 10-10° Om
¢ TognocTeio 0,001 OM opu wacrote Toxa 1000 I'.

Ofpasipl GeToHa HCCAEAOBATHCh B MOMEMEHHH Ta00-
PATOPHH, B KOTOpOil BO BpeMs SKCNIEPHMEHTA MOANCPKH-
BAIUCH MOCTOAHHBIE KIHMATHISCKHE YCHOBUS: TEMIEpa-
Typa 18 £ 1 °C; oTHOCHTENbHAA BIAKHOCTh BO3ZYXa 60—
62 %. .

Jina HccneAoBaHHS KHHETHKHM HCIIAPSHHA Bnard ob-
pasupl 6eTOHA TMOrPYXAIHCH B BOTY A0 MOJHOTO BOAOHa-
CBITIEHHS, 1TOCIIEe YerQ OHH YCTAHABJIHBANHCE HA JepPeBAH-
HEIe HOAKTAAKH ANA ofecrnedcHid oObheMHOTO HCTIAPeHHA
BJIATH.

H3amepenus R, BRIMOIHAIN N0 MOPAAKY PacToNoxKe-
HHS 5ICKTPOROB OT TPaHU K Cepeante o0pasuos.

I[Ipa NpoBeNeHHH SKCTIEPHMEHTa ANA MONYy4eHHd pe-
3yJILTATOB M3MEPEHHE ¢ JOCTATOYHON TOTHOCTEBIO H 005~
eKTHBHOCTEIO COOMOAANY MOCTOAHCTBO NNOMANeH mo-
BEPXHOCTH YIEKTPOMIOB H PACCTOAHHA MEXTY HHMH,

- Mi3mMepeHHa 3IeKTpoconpoTHBaeHna 6¢TOHa NpoBOaH-
au mo TpeM o0pasuaM. L1 MOCTpoeHHA JKCTICPHMEH-
TANBHBIX 3aBHCHMOCTEH MCTIONE30BAIH CPEAHHE 3HAUEHHA
PEe3yALTATOB H3MEPSHHIM,

Ha pucydke | IpHBeAEHBI Pe3y/TbTaThl H3MEHCHHA MO~
Kazarend R, no ceueHmo oSpasuoB 6eTOHA.
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PucyHok | — 3asucumocts R, = A

IPH HCTIAPDEHHH BArK Mo TiyOuHe obpazuamu GeToHa

KIACCA TIO IPOYHOCTH Ha oxatHe C2%y:
1-5 — cooTseTcTREHHD 6, 12, 18, 24, 30 cyTok

TMomyueHHEIe 3HaYeHUA R, A1f KOHKIOIG pacdyeTHOTO
3HAYCHHA CeUeHHA OOCTATOYHO X0POoIoO OMHCHIBAET MONH-
HOMHAJIbHAA 3aBHCHMOCTE BTOPOTO NOpAIKa.

B obmemM Buae

R, =kl* —kyl+k;, 3)
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roe k- k; — ko>ddUIHEEHTE, ANTPOKCHMHPYIOLINE TOTH-
Om

HOOMHANBHYIO 3aBHCHMOCTL BTOPOH cTemeHM: ki, —;
M

ko, O_M; ks, Om; { - cenertie oOpasiia, MM.
MM

Momyuersbie 3asuckMocT R, = A/, ¢ = const) npen-
CTABNEHH B TAaOaHIe 2.

Tabauya 2 — 3asucumocTH R, = A, ¢ = const)

c;"r R.= A, t=const) ﬁ:ﬁmz
6 0,0001/% —0,0111/+0,2222

12 0,0003/% - 0,0277/+0,7117

18 0,00047% - 0,0426/ +1,124 1,000

24 0,00057° —0,05631 + 1,468

30 0,0007/% - 0,0716/ +1,790

IIyTeM MaTeMaTiecKoi 00paboTKy 3HaveHHH k03pdH-
IHEHTOB K — k3 JUTA TpasHMHbIX 3HavueHms ¢ = 6; 12; 18,24 n
30 cyT noyueHBI 3aBHCHMOCTH &; = f2).

k =2-107°1-2.107; R*=0,9800. ey
k, =—0,0025¢ +0,0030; R*=0,9990. ()
k, = 0,0649¢ - 0,1044; R*=0,9922. (©)
TakimM o6pa3oM, 3aBHCHMOCTE R, = fil, £} IMeeT BHI
R, = (2-107° - 2.107°)* —(0,0025¢ + 0,0030)] +
+0,0649¢ - 0,1044. (7

XapakTep U3MEHEHHS CKOPOCTeH NepeHoca MOPOBOH
BIaru B pasHbiX CEHEHIAX HCCICAOBAHHBIX 00PasLoB
npuBeIeH Ha PACYHKE 2.

KanwnIApHy1o TOPUCTOCTE OETOHA DACCUMTHIBANH TIO
sapucHMOCTH npod. B. B. Bafuukoro ¢ yuetom BOfole-
MeHTHOTo oTHoweHuA GeToHa (B/Ll)s H cTeneny ruapata-
I4H HeMCHTA O

- L[ 0,98(B/LL), —0,0094 - 0,369 ]

¥ 1060
rae (B/L)); — BOZOLEMEHTHOE OTHOIIEHHE OCTOHA; O —
CTENMEHE THAPATALIUN TieMeHTa, %o.

C y4eTOM TOTO, YTC FKCHEPHMEHT NPOBCIMICA B Te4e-
upe 30 CyTOK, 9TO NpakTHYeCKH COOTBETCTBYET pacueT-
HOMY 3HAYESHHIO CpPOKa TBEPAEHHA OeToHA B HOPMAalbHBIX
YCHOBMAX, [N AAMbHEHIIAX PACUeTOB NPHHHMANH CTaH-
NapTHOe 3HAYeHHe CTeNeHH THAPATALMH LEMEHTa B BO3-
pacre 28 cyTok.

CTeneHp rUapaTaMy LeMeHTa B Bospacte 28 cyTok

TRepACHHA G0, %,B COOTBETCTBHH ¢ [3], paccumrana B

JABHCHMOCTH OT X: Ipu X > 1,65
030 =70+ 5(X —1,65}, )

rae X — OTHOCHTENLHOe BOAOCOAepKaHHE UEMCHTHOTO TECTA.
OTHOCHTEBHOE BOAOCOZCPKaHHE NEMCHTHO) TECTA

Y 0,98(B/), - 0,0094
 HI' /100

. (10)

rae HIC — HopMaiibHas FycTOTa UEMERTHOTO TeCTa, %.



Jina scniombsoBanHoro GeToHa HIT = 26,5 %; ¢ yueToM  HBI Xapakrtep (cM. pucyHok 1). B HHTepane riyGHH
sapucuMocTeii (3)«5) KaingpHas NOpHCTOCTh GeToHa  oT 5 go 25 MM Habmonaetcs Gosee peskoe CHIKEHHE R;,
KIIacca HO MPOUHOCTH HA CKaTHe C®,5 cocrasmser 8,70 %. yem B rmyOupe ot 25 no 50 MM. DTOT HenuHeHHBIH

TomyaeHuble pe3ynbTaThi MOKA3BIBAIOT, YTO Y HC-  XapakTep COXPaHAETCS H IO MEpe HCTIAPeHHA BIATH.
CNeOBAHHOTO (EeTOHA H3IMEHEeHHe R; HOCHT HeNHHeH-
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PucyHok 2 — KuneTrka nenapeHHA Biard o rryfune ofpasuamu fetoHa Knacca no NpoYHOCTA Ha CKaTHE C¥%s:
1-3 — cooTBeTCTBEHHO rTYOHHA 5, 25, 50 MM

C MOMEHTa Hadgana HCIApeHHA CKOpPOCTh MePCHOCA 3 Bacunber, A. A. OUcHKA W OPOrHOSHPOBAHNE TEXHHUE-
Blard Ha CAyOHHE 5 MM ¢O BpeMeHeM BO3pACTAET, B TO  CKOTO COCTOAHHSA KENe300eTOHHEIX KOHCTPYKIME ¢ yuCTOM Kap-
BpeMs Kak Ha [MyGHHE 25 MM ee POCT 3HAUATENBHO 3a- Goumsaunn Gerona : monorpadun / A, A, Bacunsen. - ToMens
TOPMOXEH (¢M. PHCYHOK 2, kpuBbie 1, 2). [TosToMy B HH- Berl'¥'T, 2019.-215 c.

4 Bacuabep, A. A. Ouenka cymecTBYIOWEH MoTEm KapSoHu-
TepBae FAYOHH 525 MM HaOIORAeTCA Gonee peskoe ns- 3auuH Gerona / A. A. Bacunse // CTpOHTENBHAA HAYKA W TEXHH-

MEHeHHe BIAXKHOCTH, 9¢M B HHTepBane IIyOuH 25-50 MM. L. 2000 — Ne | (22). — C. 54-58.

AHANOTMYHO GyNeT MPOHCXOINTh PACcTPE/CIeHHE Bllark 5 Bachanes, A. A. K ponpocy HeoGXOAHMOCTH yUeTa Kap-
TIPH HCHapeHHH B MO0bIX GETOHAX, ¢ TEM YCNOBHEM, YTO YeM  {owkzaumu GETOHA B HOPMATHBHBIX NOKyMeHTax PecmyGaukn
BLIlne GyfieT KAmWUMpHas MOpHCTOCTE OeToHa, TeM Qofiee  Bemapych No OlEHKE TEXHHYESCKOrD COCTOSHIA HENE300ETOHHBIX
XapakTep KpHBHIX HCTiapeHHA OynerT NpHOAMKAaThCd K NH-  /EMEHTOR U KOHCTpYKUMIL / A, A. Bacunees // BectHHK
HElHOMY. Benl'¥Ta; Hayka u Tpancnopt. — 2017. — Ne 1 (34). — C. §7-88.

Zaksoueniie. HauGonsmas ckOpocTh MepeHoca BIArH 6 Bacniben, A. A. K Borpocy 0GbeKTHBHOCTH COBDCMCHHOR
MPHCYTCTBYET B MOBEPXHOCTHBIX CAOAX (10 25 MM), yro ~ OUCHKN H MPOTHOIHDOBAHI kapOORUSALMH OETOHA Ha OCHOBS

HMHIKKATOPHOTO Metona / A. A. Bacunber / Becruuk bpectcko-
MPaKTHYECKH COOTBETCTBYET TOMMHHE 3aHIHTHOTO CJIOA -

T FOCYAapPCTBEHHONO TEXHHYECKOTO YHHBEpCHTETa. CTpOUTENE-
GeToHa. FIMEHHO B IOBEPXHOCTHRIX ciiosx GeToHa, MO ... apxuTeRTYpa. — 2020. — Ne 1. — C. 77-80.
BO3AEHiCTBHEM aTMOCPEPHEIX oOcankoB, OyayT Hanbonee 7 BacHabeB, A. A. [Iporaosuposanie dakTieckoil kapGo-
4acTo MPOHCXOIHTh MPOIECCH MONEPEMEHHBIX YEIAKHE-  musalWH ¢ YYeTOM TEXHOAOTHYECKHX napamerpos GeToHa :
HHH # BHICHIXaHUs GeTOHA, MPHMBONA K YCKODEHHOH Kap-  monorpadms / A, A. Bacunees, A. M. Huskoscknii. — Tomens :

GOHH3ALHH 3aHIUTHOTO cnoa 6eToHa. BenT¥YT, 2024. - 205 ¢,
f Hepaspymalolde MeToABl OLEHKH H APOTHO3HPOBaHHE
Cnucok nuTepaTyphl TEXHHYECKOTO COCTOAHMA WENE300ETOHHEIX KOHCTPYKUMH, 3KC-

1 Bacunses, A, A, KapGounzauns u oueHKa NoBpesxcaenno-  TUEYATHDYIOLHXCA B BOZRYIWIHBIX CPERax . MpakT. npcoﬁue /
CTH SKeAC300ETORHEIX KOHCTPYKUMH : MOHOFpadus / A. A. Bacuns-  1- M. Teuonsa, B. I1. Borxanos, B. B. BaGuuxwhi [n ap.] :

en. - Tomens : Benl'VT, 2012. — 263 ¢. noa ped. A. A. Bacuneesa. — Fomens : Beal' VT, 2007. - 146 ¢.

2 Bacuanes, A. A. KapGounzaums GeTona (Onerka v mpo- 9 Axeepnos, H. H. Hepaspyluaiowyaii KOHTPOMb kauectsa Ge-
rHo3MpoBanme) © MoHoTpags / A. A, Bacuiees, — Tomens :  TOHAno3nckrponposonnocty / V. H. Axeepaos, Ji. H. Maprynnc. —
Benl VT, 2013. - 303 ¢. Mumsck : Hayka u Texunka, 1975. - 176 ¢.

Momyaene 02.12.2024

A. A. Vasilyev, M. L. Tkacheva, K. E. Ageeva, V. V. Logvin. Moisture evaporation distribution kinetics study
by section of concrete of compression strength class C**/55.

The significance of the study of moisture saturation and evaporation processes along the concrete cross-section in the development
of concrete carbonization is shown. A study was carried out by measuring the electrical resistance of the kinetics of moisture distribu-
tion over time across the section of concrete of compression strength class C*/,,. There are obtained graphical dependences of change
of electrical resistance at moisture evaporation by section of compression strength class 2%, for boundary values of time and kinetics
of moisture evaporation by section for boundary values of sections. Mathematical dependence of electrical resistance change in time
on congrete section of C¥/,; compression strength class is proposed. It is shown that the highest rate of moisture transfer is present in
the surface layers of concrete, determining the rate of carbonization of the protective layer of concrete.
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