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SKCMEPUMEHTAJbHbBIE
UCCIELOBAHMS
KOJIMYECTBEHHOIO COCTABA
NMPOAYKTOB KOPPO3UM

HA NOBEPXHOCTM
YXENE3OBETOHHbIX KOHCTPYKLIMH

Yene3o6eToHHbIE KOHCTPYKLMM MrPaIOT KIIOYEBYIO POJib B COBPEMEHHOM MH(bpa-
CTPYKTYpPE, OfHAKO KOPPO3Ms apMaTypbl NMPeACTaBnseT CePbE3HYIO Yrpo3y MX
JONroBeYHOCTH M 6Ge30nacHOCTH. B AaHHOM MCCnefoBaHMM PAacCMOTPEHa YYBCTBM-
TeNbHOCTb MOPTATMBHOIO PEHTIreH(NYOpPEeCLLeHTHOrO aHanM3aTopa K NMPOAYKTaM
KOPPO3MM Ha NOBEPXHOCTH GeTOHa. DKCNEPMMEHT NPOBOAMACS C MCMOMNb3OBaHUEM
6eToHHbIX 06pa3L0B, COAEPIKALMX PAZNMYHOE KONMMYECTBO MMAPOKCMAA Kenesa.
Pe3ynbTaThl NOKa3anM, YTO PEHTreH(NyopecLeHTHbIM aHaNM3aTop JAeMOHCTpUpYeT
BbICOKYIO TOYHOCTb M HafléXHOCTb B OOHapY>KEHMM KOPPO3MM, YTO CMOCO6CTBY-
eT yNy4leHMIO METOJ OB AMAarHOCTMKM M OBCHYXMBaHMS YKeNe306eTOHHbIX KOHCT-
PYKLUMA.

KnioueBble cnoBa: »kene3o6eTOHHble KOHCTPYKUMM, KOPPO3MS apMaTypbl, PEHT-
reHcnyopecLeHTHbIM aHaNM3aTop, AMArHOCTMKA, NMPOAYKTbI KOPPO3MM, AONrOBEY-
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HOCTb, MH(PPACTPYKTYpPa.

Beepenue. JKene300eTOHHBIE KOHCTPYKIIUM SIBASI-
IOTC HEOTbEMAEMOM 4YaCTbIO COBPEMEHHOU uHpa-
CTPYKTYpLI, ob6ecmeunBasi MPOYHOCTbL U HaAEKHOCTD
MHOTHUX COOPY’KEHHH OT MOCTOB AO 3paHul. OpHAKO
KOppO3usA apMaTypkl MOJKET CTaTh CEPbe3HOU Yyrpo30u
AAST UX AOATOBEYHOCTU M 6e30IIacHOCTH.

OAHHMM M3 Ba’KHBIX METOAOB IIPEAOTBpAIlleHus KOp-
po3uu sIBAETCsl paHHee OOHapy’kKeHHe ee ITPHU3HAKOB.
B 3TOM KOHTEKCTe MOpTaTHBHELIE IPUOOPEHI, TaKye Kak
peHTreHdAyopecneHTHEIN aHaAu3aTop (PDA), cramo-
BATCSI MHCTPYMEHTOM BBIOOpA AAS OBICTPOM U TOUHOU
OILIeHKM COCTOSIHUS OETOHHBIX KOHCTPYKIIUM.

LleAblo TIPOBEAEHHOTO HCCAEAOBAHUS — SBASIETCS
OoIpeAeAeHHre YYBCTBUTEABHOCTH IopTaTUBHOro POA
CIIeKTpOMeTpa K IPOAYKTaM KOPPO3WH Ha ITOBEPXHO-
cTu OeToHa. AAS 3TOrO OBIAA ITPOBEAeHA Cepus dKCIle-
PHUMEHTOB, B XOA€ KOTOPBIX MCIOAB30BAAUCH OOpPa3Iikl
OeTOHA C U3BECTHBIM COAep’KaHUEeM IIPOAYKTOB KOPPO-
3UM. DTOT MOAXOA IO3BOAUA CMOAEAUPOBATH YCAOBUS,
NPUOAUSKEHHBIE K PEAAbHBIM, U OLIEHUThb CIIOCOOHOCTH
POA o6Hapy’KuBaTb 3TU MPOAYKTHI.

Pe3yAbTaThl TPOBEAEHHOTO WCCAEAOBAHUS IIPEA-
CTaBsIT HOBBIE AQHHBIE O UyBCTBUTeAbHOCTH POA
K IIPOAYKTaM KODPPO3UU B OeTOHe, UTO IPUBOAUT
K YAYUIIEHUIO METOAOB AMArHOCTUPOBAHUS COCTOSHUS

m JKeAe300eTOHHBIX KOHCTPYKLUMUU M IIOBBIIIEHUIO 3(-

deKTUBHOCTH UX OOCAY’KMBAHUSA U PEMOHTA.

O0630p AmTeparypbl. KoauuecTBO myOAMKAIUM
o npobaeMe KOPPO3UU JKeAe300€TOHHBIX KOHCTPYK-
IUNA U HUCHOAB30BAHUIO TOPTATUBHLIX INPUOOPOB, Ta-
KHUX KakK peHTreH(MAyOpecIeHTHRIN anarn3aTop (PDA),
OrpaHMYeH B HACTOsIlee BpeMs, OCOOEHHO B POCCHUM-
CKMX HUCTOYHUKaxX. HecMOTps Ha Ba’KHOCTBb 3TOM IIPO-
OAeMBI AAsT 6@30MacHOCTH M AOATOBEUHOCTU HHpa-
CTPYKTYPBI, HEAOCTATOK UCCAEAOBAHUMI B 3TOU OOAACTH
TTOAYEPKHUBAET aKTYaAbHOCTL AAABHEHINNX HCCAEAOBa-
HUM U pa3paboOToK.

Cpea OTeYeCTBEHHBIX PabOT MOJKHO BBIAEAUTH
caepytomime. Hanmpumep, B pabote [1], mocBAlieHHOU
KOPpPO3UM U aHTUKOPPO3MOHHOM 3alluTe >Keae3o0e-
TOHHBIX MOCTOBBIX KOHCTPYKIIMM, pacCMaTpUBAIOTCS
BOIIPOCEI  COBEPIIEHCTBOBAHUS AHTHKOPPO3WOHHOU
3aIUTHl  JKeAe300€TOHHBIX MOCTOBBIX KOHCTPYKITHU
U X AeMeHTOB. B To BpeMs Kak cTaThd [2], HOCBAIIEH-
Hasl UHAYCTPHAABHBIM METOAAM 3allUTHI JKeAae300eTOH-
HBIX KOHCTPYKIMN OT KOPPO3WUH, ONUCHIBAET Pa3AWy-
HBIe METOABI 3aIUTHl JKeAe300eTOHHBIX KOHCTPYKIUU
OT KOPPO3WH, BKAIOYAsI MPUMEHEHNEe BOAHBIX AHCIIEp-
CHUY ITIOAMMEPOB BUHHUAOBOTO PSIAQ.

Bompoce! OIleHKH OCTaTOYHOTrO pecypca >Keaesobe-
TOHHBIX 0AAOK OOBEKTa NPOMBIIIAEHHOTO Ha3HAUYeHUs
C y4eTOM KOPPO3MOHHOTO M3HOCA PacCMOTPEHHI B pa-
6ote [3]. OTa cTaThsi IPEACTABASIET METOAUKY BEpOSIT-
HOCTHOTO pacyeTa AOATOBEYHOCTU >KeAe300eTOHHBIX



0anOK U ee NpPHUMeHEeHHe K PeIIeHHI0 IPaKTUYeCKOU
3aAauU OLIeHKHM pecypca Keae300€TOHHBIX KOHCTPYK-
LU C y4eTOM KOPPO3UOHHOT'O U3HOCA.

MeTopuKa OLIEHKHM OCTATOYHOIO pecypca B 30He
Koppo3uu OeTOHa NPUBOAUTCA B padore [4]. B arou
CTaTbe NPUBEAEHBI aHAAM3 U NPUYUHBI pa3pylIeHUH
OETOHHBIX M >KeAe300eTOHHBIX 3AeMEeHTOB KOHCTPYK-
UM Ipu KapOoHM3aIuu OeTOHa.

[TapaMeTpsl OLEHKU HAAEKHOCTU JKeAe300eTOH-
HBIX KOHCTPYKIMM pacCMaTpUBAlOTCa B pabore [5].
OTa cTaThgd ONMCHIBAET PAa3AMYHBbIE METOABL OIJeHKH Ha-
AEKHOCTU >KeAe300eTOHHBIX KOHCTPYKIIUM U UX 3KC-
IIepUMeHTAaAbHOE IIOATBEPIKACHUE.

B mpeacTaBAeHHBIX paboTax ITOKa3aHO MECTO WH-
CTPYMEHTAABHBIX HCCACAOBAHUU AASA IIOATBEPIKACHUSA
MaTeMaTUYEeCKUX MOAEAEM, OIIUCHIBAIOIIUX IIPOIecC
KOPPO3UH, IPUMEHEHHUIO TaKUX CPEACTB KOHTPOAS IIO-
CBAIIIEHO Hallle UCCAepoBaHUe. [IpuBepeHHass uHMOP-
Manug 06 MCIOAB30BaHUU COBPEMEHHBIX TeXHUYeCKUX
CPEACTB KOHTPOASI TOAUEPKUBAeT Ba’KHOCTh Me’KAyHa-
POAHOI'O HAYYHOT'O COTPYAHHUUYECTBA U OOMEHA 3HAHUA-
MU B 00AQCTH KOPPO3UM JKeAe300eTOHa U ero oOHapy-
JKeHUsI ¢ MoMoIIbio POA.

3apyOesKHBEIe HCCAEAOBAHUSA IHPEACTAaBASIOT pe-
3yAbTAQThl 9KCIIEPUMEHTAAbBHBIX HMCCA€AOBAHUN U OIIU-
caHMUe MeTOAVK I10 OOHaApPy’KeHHIO U OlleHKe KOPPO3Uuu
B JKeAe300eTOHHBIX KOHCTPYKIUaX. [IpuMeHeHue mnop-
TaTUBHOTO peHTreHdAyopecreHTHOTO aHaamsa (PDA)
ML OLIEHKHM KOpPPO3UM OeTOHa SBASeTCS IIepPCIIeKTHUB-
HOM M aKTHMBHO M3y4aeMOM TeMOW B OOAACTU Hepas-
pyuatomiero koHTpoas (HK). CoBpeMeHHBIE MeTOABI
HK, Takme Kak aKyCcTH4YeCKast IMUCCHUs, SAEKTPOXUMU-
YeCKHe U YABTPA3BYKOBBIE METOABI, UI'DAIOT BA’KHYIO
POAB B BEIIBA€HHM KOPPO3WHU Ha PaHHUX CTapusax. POA
IPEeAOCTaBASIET AOIIOAHUTEABHBIM YPOBEHb TOYHOCTU
U CKOPOCTHU IIPU OIPEAEAEHUU XUMUYECKOTO COCTaBa
U KOHIIEHTPAIIUHU SA€MEeHTOB B KOPPOAUPOBAHHOM Oe-
TOHE [6].

Apyroe uccrepoBaHHE IIOKA3aA0, YTO IIOPTATUBHBIE
ycrporictBa POA MoryT adheKTHBHO N3MepsSTh KOH-
LIeHTPAallul XAOPUAOB U CYAb(PATOB Ha IIOBEPXHOCTU
0eToHa. OTO OCOOEHHO Ba’KHO, TaK KaK XAOPHUABL SIBAS-
IOTCS OAHOM U3 AABHBIX IPUYMH KOPPO3UU apMaTyphl
B JKeae300eToHe, a CyAb(aTbl MOIYT BBHI3BIBATH pPas-
pYUIUTEABHBIe XMMHYECKHe PeaKIMu BHYTPH OeToHa.
Vcnoan3oBanne PDOA 1mo3BOASIET NPOBOAUTL JTH W3-
MepeHUs HeIIOCPEACTBEHHO Ha OOBEKTe, YTO CHUI)KAeT
3aTpaThl U YCKOPsIeT MpOoIecC aHaAu3a II0 CPaBHEHUIO
C TPAAUITUOHHBIMU AAOOPATOPHBIMU MeTopaMu. MeTop,
TaK’Ke oOecIleurBaeT BBICOKYIO TOYHOCThL IIpU IIPOBe-
AEHUU MHOTOKPATHBIX M3MEPeHWM B Pa3HBbIX TOUKaxX
MIOBEPXHOCTH OeTOHa, MUHUMU3UPYs OIIMOKU aHa-
Au3za [7].

Takum 00pa3oM, OTMeUeHHble UCCAEAOBaHUS UTrpa-
IOT BaKHYIO POAb B IIOHMMAaHUU NPOOAEMBI KOPPO3UU
KeAae300eTOHHBIX KOHCTPYKIMNU U pa3paboTKe MeTo-
AOB UX OOHApy>KeHUs U AUArHOCTUKH.

Bo MHoOrumx paboTax, HOCBSIIEHHLIX TPUMEHEHUIO
CPEeACTB KOHTPOAS, Ba’KHBIM Pa3AE€AOM  BBICTyIIAeT
paspaboTKa METOAWKH IIPOBEAEHUSI MCCAEAOBAHUU.
B Bompocax nccaepOBaHUS NIPOAYKTOB KOPPO3UU OOAb-
1I0e BHHMaHMHe YAEASIeTCS MCIOAB30BaHUIO 06pPasIioB
CpPaBHEHUS, UMUTUPYIOLUIUX KOPPO3UOHHOE COCTOAHUE
pearbHBIX 00BEKTOB. [Ipu nmomomu oOpa3loB CpaBHe-
HHUS MOJKHO MCCAEAOBATh TaKWe IIapaMeTphl, Kak IIopor
YyBCTBUTEABHOCTH, AMAINla30H U3MepeHUs KOHIeHTpa-
IMU IPOAYKTOB KOPPO3UM, a TaKKe BOCIPOM3BOAU-
MOCTh ¥ TOYHOCTb U3MEpPEeHUN.

Teopernyeckoe oOoCHOBaHMe. AN aHaAW3a pac-
MIPOCTPAHEHUSA IIPOAYKTOB KOPPO3UU B >KeAae300eTOH-

HBIX KOHCTPYKIIUSIX IPUMEHSIOTCS MaTeMaThudecKue
MOAEAH, OCHOBaHHBIe Ha AU @EepeHIIUaABHBIX YpaB-
HEHHUSX, OTpa’kaloIUX M3MeHeHHe Pa3AMYHBIX IIapa-
MeTpOB. OTH MOAEAM, IPUHKMAs BO BHHMAaHHE XeMO-
TUTPO-TEPMOMEXaHUYEeCKHe  SIBA€HUSA, OOBEAUHSIOT
dusnuecKre U 3AeKTPOXMMUYECKHUe IPOIeCcChl, KOTO-
pBle IPOUCXOAAT NP paspylleHuun 6etoHa [8—11].

[Mpo1ecc KamMAASIPHOTO IepeHOca BOALI B OeToHe
MOJKHO OIIMCATh uepe3 OOBEMHYIO AOAIO BAArM B €ro
nopax. OTO BhIpa’kaeTcs YpaBHEHHEM:

do
—»=V[D,(6,)v0,], (1)
dt
rae 0, — 9TO oOBeMHas AOAS BOABI B IOpax OeTOoHa
(o6bem Bopbl Ha M* Getona); D, (0,) — KamUAASDHBIN

ko3 duimenT Aud@y3uu BOABL (M2/C), 3aBUCSIIUN
OT COAepPIKaHUsI BAATH.

[TpoHUKHOBEHUE XAOPHA-MOHOB B HEHACHIIEHHBIN
OeTOH HPOUCXOAUT 3a CuYeT KOHBeKIuHU, AUPDY3UH,
a TaK)Ke MX XUMHUUYECKOTO U (PU3NIEeCKOTO CBSI3HIBAHUSA
C IPOAYKTaMHU THMApaTanuu IemMeHnTa [9]. DToT mpoiecc
MOKHO OIMCATh YPaBHEHUEM:

0, dc. _ vle,D.(6,. T)VC.]+
+D,(0,)V0,VC, - ac, (2)
dt
rae C. — 0003HaYaeT KOHIEHTPAIUIO XAOPHUA-MOHOB
B TOPOBOM Bope (Kr/M® TOPOBOrO  pacTBopa),

D, (6,T) — sddextusrbr KO3 IUIEHT ANDPYy3UHA
XAOPUAOB (M2/C), KOTOPBIM 3aBUCUT OT COAEPIKAHWUS
BOABI U TeMIepaTyphl 6eToHa T.

Konnenrpanus cBsizdanHOro XxaAopupa C, ompeaeast-
€TCsI CAEAYIOIIUM YPaBHEHUEM:

dc,,
Co _k(aC,-C,), 3)
o ( »)

rae k. — K03 PUIMEHT CKOPOCTH CBA3LIBAHUS, & 0L —
IMOCTOSTHHAsI BeAUYMHa, paBHas 0,7.

[MepeHoC KMCAOPOAR AO A€TIACCHUBALIMU CTaAW B Oe-
TOHE OIMCHIBAETCS YPaBHEHMEM KOHBEKTUBHON AUd-

dysuun:

0, %o = ¥[o,0,(0,VC, ]+
+D,(06,)VO,VC,, (4)
rae C, — KOHIIeHTPaIMs KHCAOPOAA B IIOPOBOM Pac-
TBOpe (Kr/m°), a D (0,) — addexruBHbIM KOaDIUIM-

eHT AU (Py3un KUCAOPOAQ, 3aBUCAIIUN OT IOPUCTOCTHU
6eToHa p_ ¥ BOAOHACHIIICHHOCTH S, .

TeMrepaTypHOe paclpepereHue B GETOHE MOAEAU-
PYeTCsi CAEAYIOIIMM yYpaBHEHNWEM, OCHOBAHHBIM Ha 3a-
KOHAaX TENAO- U MacCOIIePeHOCa, a TakyKe COXPaHeHUS
SHEPTrUH:

?»VT+W(T)—cp(Z—T:O, 5)
t

rae A — tennonpoBopHOCTE (Bt/(M K)), ¢ — yaeapHas
TermaoeMKoCTh OeToHa (AJk/ (K Kr)), p — naoTHOCTB Oe-
ToHa (Kr/M°) m W — BHYTpPEHHsISI TENAOBast MOUIHOCTH
(Br/™3).

Koppo3ust craam B O0eTOHE HAUMHAETCSI IIOCAE Ae-
TIacCUBAIMM apMaTyphl. KAloueBEIe HeMexXaHWYeCKue

™

202 (L61) €3N INHLOIE NIGHhAVH UMIDWO

9€K80 N INHIOLO0dOIUdL ‘VIUHOLOD ‘VIUHOLLIAVE

Iponeccsl, CHOCOﬁCTBYIOH.II/Ie KOppO3uH, BKAIOYAIOT -

IIepeHoC KHUCAOPOAA K ITOBEPXHOCTU CTAAU, IINOTHOCTH

—
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9AEKTPUYECKOI'0 TOKAa uepe3 MOPOBHIM PacTBOP, a Tak-
JKe KaTOAHBIM U aHOAHBIM MOTeHIMaAbl. [loTpebreHme
KHCAOPOAA HA KaTOAE U QHOAE OIIMCHIBAETCS peak-
TTUSIMU:

2H,0+ 0, +4e~—40H", (6)

YTO TPUBOAUT K 00pPa30BaHUIO TUAPOKCHUA-MOHOB, KO-
TOpBIEe ABWJKYTCSI K @HOAY W PEarupylioT CAEAYIOIIUM
obpazom:

Fe?* +20H-—Fe(OH), 7
4Fe(OH),+ O, +2H,0—4Fe(OH),, 8)

ITAroTHOCTHL TOKa Ha KaTOAHOM M aHOAHOM ITOBEpX-
HOCTSX OIIpepeAsieTcs IIo ypaBHeHUSAM bataepa — Boab-
Mepa:

C, oo,

C 9)

ic = iOc
ob
i, = fp, e, (10)
rae C, — KOHIIEHTPAIUs KUCAOPOAA Ha TIOBEPXHOCTH
GeTOHHOrO 3AeMeHTa (Kr/m®), ® — D3AEKTPUYECKHUH
MOTEHIIMAA B TIOPOBOM PacTBOpe y apmaTypsl (B), i,
U iy — TAOTHOCTU TOKa OOMEeHAa KAaTOAHOW W aHOAHOU
peaknuit (A/m?), ® u & — paBHOBeCHBIE HOTEHIHA-
ABI KATOAHOW U aHOAHOU peakuwii (B), B, u B, — Harao-
HbI Taders A KaTOAHOM U aHOAHOM peakiiull (B/aek).

OAEeKTpHUUeCKHM TOK dYepe3 OeTOH, OOyCAOBAEH-
HBIM ABVDKEHHEM 3apsiKeHHBIX 9aCTHI], MOJKHO BBLIpa-
3UThb CAEAYIOIIUM 00pa3oM, IIPEAIIoAarass 3A€KTPOHEN-
TPaABHOCTE CUCTEMBI ¥ PABHOMEPHYIO KOHIIEHTPAIUIO
HOHOB:

i ==0(S, P VO (11)
IA€ G — 3AEKTPOIPOBOAHOCTH OETOHA.
CkopocTb 00pasoBaHMst pP>KaBUMHEL J,  (Kr/m°c)

U Macca TIMAPAaTUPOBAHHOW KpPACHOW pP>KaBUMHBL
Ha apMaType m, (Kr) paCCYUTLIBAIOTCS CACAYIOIIUM 00-
pasom:

J = 5536-10"7i, (12)
m = JVIA, (13)

rAe A — TAOLIAAL TOBEPXHOCTH apMaTyphI.
Pacnpepenenue mIpPOAYKTOB KOPPO3MU (KpAacHOU

p>KaBuMHBEI) R (Kr/M°® mOpoOBOro pacTBOpa) B IMOpax
¥ TpemMHaX OeTOHa MOAEAMPYeTCsl depe3 ypaBHEHHe
KOHBEKTUBHOU puddysuu:

o, IR _ v[e,D,VR]+

v =

+D,(0,)V0,VR, (14)

rae D — koodpunuent aAuddysun MPOAyKTa KOP-
posumu (M%/c). YpaBHeHUe ONUCHIBAET pacIpepeAeHue
p>KaBUYMHBI, O0Opasylollelcsi B opax M TpelluHax Oe-
TOHA BCAGACTBHE PAaCTBOPUMEIX YaCTUI], KOTOPHIE MO-
TYT MUTPUPOBATh M pearnupoBaTh C KHUCAOPOAOM B IIO-
poBoii Boae [12—13].

Ha cxeme (puc. 1) mokaszaH ¢parmeHT >keAre3o0e-
TOHHOU OIIOPHI C apMATyPHBIM CTepPyKHeM, IIOABEPIKeH-
HBIM KOPPO3UU. DTOT apMaTypHBIM CTep>KeHb ITOKa3aH
B IIPOEKIIUH, Ha KOTOPOM ITOKa3aHO M3MEeHEeHUe ero ce-

Z p
S rag = ,_.__
.1)“‘ ?- /:: |./
I' I..‘-‘s‘.//:"l'\ E
Sl | R
v wa
‘ ~ o]
/;
A T
//‘ : ."_‘
y {/// ._'Q‘:-,‘

Puc. 1. CxeMa pacnpocTpaHeHHusI KOppo3uu
B 3aII[UTHOM CAO€ apMaTyphl

yeHus. Ha cxeme IPUHATEI CAeAyIOIINe 0OO3HAUEHUS:
D — KCXOAHBIM AMAMETP apMaTypPHOTO CTEPIKHS; € —
TOAII[MHA 3AL[UTHOrO CAOsi OeToHa; D (f) — wusmene-
HUe AMaMeTpa apMaTypHOI'O CTeP’KHS NIPU KOPPO3UY;
d () — wusMeHeHMe pasMepa IPOAYKTOB KOPPO3UHU
B TBEPAOM COCTOSHUM BOKPYT apMaTypHOTO CTEP>KHSI;
L . = 2z — z — HauOOABIINN AWHEWHBIA pasMep
KOPPO3WOHHOTO AedpeKTa apMaryper;, L, = z, — z, —
HauOOABIINY AMHEWHBIU pa3Mep MPOAYKTOB KOPPO3UU
Ha noBepxHocTu OeroHa. Ock OZ HalpaBA€Ha BAOAB
apMaTypHOro cTep>kHs; ocb OY HallpaBAeHa HOpMaAb-
HO K IIOBEPXHOCTH OeTOHA U INEepPIeHAUKYASIPHO OCHU
apMaTypHOTO CTepP>KHS.

Takum o00pasoM, HU3MEepUB, NAOIMIAAb IIPOAYKTOB
KOPPO3UU Ha TOBEPXHOCTH, OIIPEAEANB KOHIIEHTPAIIUIO
IIPOAYKTOB KOPPO3WUM C IIPUHATBIMU AONIYIIEHUSIMU,
MOJKHO OIIPEAEAUTH U3MeHeHHe CeYeHHs apMaTypHO-
ro CTep’KHsA. B pe3yabraTe IPOBEAEHHBIX HCCAEAOBA-
HUU MOAyYEeHBI OTHOCHUTEABHO IIPOCThle TeXHUYeCKHe
CPEACTBa, IIO3BOASIIONIME CPEACTBAMH Hepaspyllaro-
IIero KOHTPOASI OIPEAEASTh U3MEHEHUs] CeYeHUs ap-
MaTyPHBIX CTEP>KHEHM IIOABIX >KeAe300eTOHHBIX OIIOp,
KOTOPBIE OIPEAEASIOT HMX HeCYIIyI0 CIOCOOHOCTb.
B aTOM cAydae MOKHO BOCIOAB30BATHCSl YKa3aHUSIMU
IO TEeXHUUYECKOMY OOCAY>KUBAHHUIO U PEMOHTY OIOp-
HeIx KoHCTpyKImi OAO «PXKA» [14], AAST KOTOPBIX
onpepeAreHO cHM>KeHUe Ha 20 % cedeHUsS OTKPBITHIX
MeTAaAANUYEeCKUX KOHCTPYKIMM C BO3MOXKHOCTBIO HX
WHCTPYMEHTAABHOTO OOCAEAOBAHUSA AASI IPU3HAHUS UX
OCTPOAE(PEKTHBIMU.

Metopororust. Ans IIPOBEACHUsI JKCIEPUMEHTQ,
TIOATBEPIKAQIOIIETO paclpeAereHrie IIPOAYKTOB KOPPO-
3W1 Ha MTOBEPXHOCTU OETOHA, OBIAU ITOATOTOBAEHBI 00-
pasnbl ¢ 3aA@HHBIM KOAMYECTBOM I'MAPOKCHAA JKeaesa
B OeToHe.

Takum 0Opa3oM, AAST @aHaAW3a MCIOAB30BAAUCH 00-
pasnbl C U3BECTHOM KOHIIEHTPAIlMed MPOAYKTOB KOP-
posuu B Bupe Fe(OH), mmuTHupyromero pasaroskeHue
apMaTypHBIX CTEPIKHEH.

O0pa3ibl OBIAM U3TOTOBAEHBI 13 6eToHa M300, KO-
TOPBIY IIMPOKO IPUMEHSeTCSd B OIOpax KOHTAKTHOU
cetu. B coctaB GeToHa BXOAMAM CAEAyIOIINE KOMIIO-
HEHTHI: I[eMeHT, IIeCOK M Bopa B mpomnopuuu 1:1,9:0,5,
OpyU OTOM HE MCIOAbB30BaACs I1e0eHb, KOTOPLIN
He BAUSIA OBl Ha KaUYeCTBO U TMapaMeTpPhl TOBEPXHOCTH
00Opa3IioB.

AAst co3paHUg 00pasIoB OBIAO M3TOTOBAEHO 8 Ky-
Oudeckux (opM paszmepoM 7x6x6 cm. Kaxxabiii obpa-
3ell OBIA TIIATEABHO WM3TOTOBAEH C MCIOAB30BaHUEM



Ta6auna 1

ITapameTps! 00pa3noB ¢ NMCKYCCTBEHHOW Koppo3uei

Howmep Bec Macca CopeprkaHue
obpasia 06paaa, T AOOABAEHHOTO Fe(OH),
Fe(OH), r B obpaste, %

1 328,7 0 0

2 423,9 0,92 0,22

3 463,1 2,00 043

4 403,3 2,62 0,65

5 4179 3,61 0,86

6 408,1 4,40 1,08

7 394,2 514 130

8 413,8 6,31 1,52

(OpMEI AAsT OOecIieueHUs1 OAHOPOAHOM (pOPMBI U pas-
MepoB.

I'mapoxcup >Keae3a OBIA BBIOpaH B KadeCTBe AO-
0aBKH, IIOCKOABKY OH SIBASETCSI OAHMM N3 OCHOBHBIX
NIPOAYKTOB KOPPO3UM apMaTyphl B 6eToHe. Hama mean
3aKAIOYanach B TOM, YTOOBI OIIeHUTH YYBCTBUTEABHOCTD
noptaTuBHOrO npubopa POA K IpOAYKTaM KOPPO3HWH.

CopeprkaHue THAPOKCHAA JKeae3a M Macca Ka’kKAOTo
oOpasia NpuBeAeHbl B Tabauiie (TabA. 1).

OTOT MOAXOA K U3TOTOBAEHUIO 0OPa3I0B IO3BOASIET
CO3AaTh CTAHAAPTU3UPOBAHHBLIE YCAOBUS AAS AQAbHEU-
1IeTO MCCAEAOBAHUSI M TOYHOM OIIEHKM BAMSIHHUS pas-
AWYHBIX KOHIIEHTPAIUH¥ IPOAYKTOB KOPPO3UU Ha CBOM-
CTBA OETOHHBIX KOHCTPYKIIUN.

[Tocae Toro Kak oOpaslbl OeTOHA 3aTBEPAEAU, MBI
NPOBEAU UX aHAAM3 C IOMOIIbIO IMOPTAaTUBHOIO IIpU-
6opa peHTreH(MAyopecteHTHOrO aHaauza (PDA). dror
npubop, HU3rOTOBAEHHBIM KoMmmaHuer X-MET8000
Expert Geo, o0AapaeT BBICOKOW TOYHOCTBIO M CKOPO-
CTBIO OIPEAEAEHUsI DAEMEHTHOTO COCTaBa MaTepHania.
Mer ucnoabzoBaru PDA AT ompepereHUsT copeprKa-
HHS Keae3a B Ka)KAOM oOpaslle, a TaKKe AAS aHaAu3a
APYTHX 3A€MEHTOB, KOTOpPble MOTYT SIBASITHCS ITOKa3a-
TeAsIMU YPOBHSI KOPPO3UH Keae300eToHa.

X-MET8000 Expert Geo — 3TO NOPTAaTUBHEIM aHa-
AW3aQTOP PEHTTeHOBCKOTO (PAYOPECIIeHTHOTO CIIeKTpa
(P®A), paspaboTaHHBIN AAST OBICTPOM U TOYHOM OIlEH-
KU COCTOSIHMS Pa3AUUYHBIX MaTepHUaAOB, BKAIOYas Me-
TaAABI, TIOAUMEPHI, ADEBECUHY, PYABI, MUHEPAABL U T.A.
OToT npubop 0OAAAAET BBICOKOU YYBCTBUTEABHOCTBIO
K AerkuM dAeMeHTaM (Mg, Al, Si, P, S, Cl), Huskumn
npeaperaMu OOHAPYIKEHUS M BEICOKOW TOYHOCTBIO.

X-MET8000 Expert Geo o0OnaapaeT BBICOKOM Ha-
AEKHOCTBIO M IIPOCTOTOM MCIOAB30BAHUSA, UTO AeAaeT
€ro MACAAbHBIM UHCTPYMEHTOM AASL OBICTPOM U TOUHOM
OIIEHKH COCTOSTHUSI O€TOHHBLIX KOHCTPYKIIUH.

[NMpu mpoBepeHum aHaarmsa mMeTopoM PDA BaskHO
o0ecreunTh ONTMMAAbHBIE YCAOBHS, UTOOBI IIOAYYHUTH
TOUHBIe U HaAeKHBIe AAHHBIe. AHAAU3 INPOBOAUACS
Ipu KOMHATHOM TeMIlepaType, Tak KakK OHa obecIle-
4yuBaeT CTaOUABbHBIE YCAOBUS AAd pabOTH Ipubopa
u obOpasua. Ilpu sToll TemMmepaType MUHUMU3UPYETCA
BAUSIHME TENAOBBIX (DAYKTyalnui Ha TOYHOCTL H3Me-
peHui.

BriGop BBIAepKKH 3Kcno3unuu B 30 ceKyHA IpHU
NPOBEeAEHUM aHaAn3a OOOCHOBAH CTPeMAEHUEeM K IIO-
AYUEHUIO HaAEKHBIX U TOUHBIX PEe3yAbTATOB aHaAM3a
38 MEHUMaABHO BO3MOJKHOE BpeMsl.
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HM3mepenHas KoHueHTpanus Fe, %

0,0 0,2 04 0,6 0,8 1,0 1,2 14 1,6
Conepxanne Fe(OH); B obpaste, %

Puc. 2. I'papynpoBoYHasi 3aBMCUMOCTD

[lepBoe, 9TO CAEAyeT OTMETHTDL, 3TO TO, YTO BHI-
Aepkka B 30 cekyHp oOecriedynBaeT AOCTAaTOYHOE Bpe-
Ms AASL TOTO, YTOOBI BCe 3Ae€MEHTHI, IPUCYTCTBYIOLINUE
B oOpa3slle, yCIeAW BBIUTU Ha CTAOMABHBIM YPOBEHb.
OTOT IepHOA BpPeMeHU II03BOASIET NPUOOPY CTabUAU-
3UPOBATHCS U AOCTUYD ONTUMAABHBIX YCAOBUU AAST aHa-
AM3Q, a TakyKe 00eclieunBaeT AOCTATOUHOE KOANYECTBO
BPeMeHM A\ PETHCTPAIlUM CUTHAAa OT BCeX UHTepecy-
IOIIUX SAE€MEHTOB.

Bropoe: 6oaee panTeAbHAsI BBIAEPIKKA MOJKET IIpU-
BEeCTU K yYBEAMUEHMIO BpeMeHU aHaAu3a, YTO MOJKET
OLITh He’KeAaTeAbHO B INPAKTUYECKUX yCcAOBusaX. [lo-
3TOMY BBIOOD BBIA€PKKU B 30 CEKyHA SBASIETCS KOM-
IIPOMHMCCOM MeXKAYy IOAy4YeHHeM TOUYHBIX Pe3yAbTAaTOB
1 3 PEeKTUBHBIM UCIIOAB30BaHUEM BPEMeHH.

Taxum 06pa3oM, BEIGOD BBIAEPKKU B 30 ceKyHp 00-
YCAOBAEH CTPEeMAEHUEM K AOCTUKEHUIO ONTUMaAbHOTO
OanraHca MesKAYy TOUYHOCTBIO aHaAW3a U IIPOAOAJKUTEAD-
HOCTBIO BPeMeHU, HEOOXOAUMOM AAST €TO IIPOBEACHWUS.
OTO MO3BOASIET IOAYUUTE Hape KHBIE AQHHBIE 3@ KOPOT-
KUM IIPOME’KYTOK BPEMeHH, UTO Ba’KHO AASI IIpaKTHUe-
ckoro npuMeHeHus: meropa POA.

[Mepep anarmszoM oOpasIbl OBIAM TIIATEABHO OYU-
IIEeHBI OT 3arpsI3HEHUN U IIOABEPTHYTHI OOPAOOTKE AASA
TOAYYEHUSI POBHOU IOBEPXHOCTH. OTOT IIpolecc obe-
CIIeYUA OAHOPOAHOCTB U OAHOPOAHOCTH OOpasIloB, UYTO
CylIeCTBEHHO BAWSeT Ha TOYHOCTb U AOCTOBEDHOCTH
pe3yAbTaTOB aHaAM3a. YAAAeHHe TPSI3U U APYTUX IIO-
CTOPOHHUX YaCTUI] NTO3BOAMAO M30e’KaTh MCKa’*KeHUH
U TapaHTUPOBAAO YMCTOTYy AQHHBIX, @ 00OpaboTKa II0-
BEPXHOCTU CAeAana ee Oonee TIOAXOASIIEH AAS M3Me-
PEeHHH, YTO CYIeCTBEHHO IIOBBIIIAeT KauyeCTBO HCCAe-
AOBaHUS.

Pe3yabpTatel. B xope mccaepOBaHUS MBI U3y4YaAd
CBSI3bL MeXKAY KOHIIeHTpalleM THAPOKCHAA U >Keaesa
B oOpa3snax OeTOHa, IPOBOAA H3MepeHUs U aHaAu3
MAHHBIX. [lepBBIM IIaromMm OBIAO BBEIUUCAEHUE KO3(-
durmenTa Koppeasiuu [TupcoHa, KOTOPBIM COCTaBUA
0,961, ykasblBag Ha CUABHYIO IIOAOJKUTEABHYIO AUHEN-
HYIO CBSI3b MeXKAY KOHIIeHTPAIIUsIMU THAPOKCHAQ U JKe-
Ae3a B OeToHe. OTO O3HAudaeT, UYTO IPU YBEAWUEHUU
KOHIIEHTpauy THAPOKCHAA KOHIIEHTpaIys >Keaesa
TaKKe YBEAUUUBAETCS.

Brira mocTpoeHa AMHEeMHAasl perpeccusi Mo 3KCIepu-
MeHTaAbHBIM AQHHBIM AASL IOHMMAaHUS XapaKTepa 3TOM
CBSI3U. MOAEAD ITO3BOASIET NIPEACKA3bIBaTh KOHIJEHTpa-
U0 >Keae3a Ha OCHOBe KOHIIEHTpaIuM THAPOKCHAA.
Kosadpdunuenr perepmunanmuu (R2) pasern 0,937, uro
YKa3bIlBaeT Ha BBICOKYIO CTEIleHbL COOTBETCTBUS AQH-
HBIX. OKOAO 93,7 % Bapualuu KOHIEHTPAIlMU >KeAes3a
OOBACHSIETCS M3MEeHEeHHUsIMU KOHIIeHTPalluu T'HAPOKCHU-
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AQ, YTO CBUAETEABCTBYET O BBICOKOM TOYHOCTU aHaAM3a
U ero IPUTOAHOCTU AASI AMATHOCTHKHU >Keae300eTOH-
HBIX KOHCTPYKIIUHA.

B 3akAroyeHUe: pe3yAbTaThl BaXKHBI A CTPOUTEAD-
CTBa M OOCAY>KMBaHUS MH(PPaCTPYKTyphl. MeTop peHT-
reHdAyopectieHTHOTO aHaauza (P®A) mokazan BBICO-
Kyl0 4yBCTBUTEABHOCTb K KOHII€HTPAIIUU TMAPOKCHUAA
Keae3a B OETOHe, UTO IO3BOASIET OIPEAEASITh YMEeHb-
LIeHNe CeYeHUsI apMaTypbl. MOOMABHBIE HWHCTPYMEH-
TaAbHBIE CPEACTBA OIIPEAEA€HUs KOHIIeHTPAIUU IIPO-
AYKTOB KOPPO3WM IIOBBIIIAIOT KAa4eCTBO AMArHOCTHUKH,
CIIOCOOCTBYIOT CBOEBPEMEHHOMY OOCAY’KHMBAHHIO JKe-
Ae300eTOHHBIX KOHCTPYKIMN, YBEAWUYHMBAs UX AOATO-
BEYHOCTB M 6€30I1aCcHOCTE.
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EXPERIMENTAL STUDIES

OF THE QUANTITATIVE COMPOSITION
OF CORROSION PRODUCTS

ON THE SURFACE OF REINFORCED
CONCRETE STRUCTURES

Reinforced concrete structures play a key role in modern infrastructure, however,
corrosion of reinforcement poses a serious threat to their durability and safety.
In this study, the sensitivity of a portable X-ray fluorescence analyzer [XRF) to
corrosion products on the concrete surface is considered. The experiment was
conducted using concrete samples containing varying amounts of iron hydroxide.
The results showed that the FRA demonstrates high accuracy and reliability in
detecting corrosion, which contributes to the improvement of diagnostic methods

and maintenance of reinforced concrete structures.
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structures, reinforcement corrosion, X-ray

fluorescence analyzer, diagnostics, corrosion products, durability, infrastructure.
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