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COBEPIHIEHCTBOBAHUE 3KCIINTYATAIHNOHHBIX
MOKA3ATEJIEM U OTHECTOMKOCTH JIPEBECHO-CTPY KEUHBIX
KOMIIO3UTOB CTPOUTEJIBHOI'O HASHAUYEHUSA
A.H. Hbnoxos

( Kocmpomckoil eocyoapcmeeHnblil meXHOA02UYECKUT YHUBEPCUMeNt)
Paccmompen 6onpoc o e6o3mooicHom yuacmuu 000a8Ku cepvl 8 CO30AHUU
NPOYHOU CMPYKMYpbl Ope8ecHO-CMpYiHceuHo20 Komnosuma. Hccneoosano
GIUsAHUE 00U 000aBKU Cepbl U MEXHOJLOSUYECKUX (HaKmopo8 — YOelbHOll
NPOOOINCUMENbHOCIU  NPECCO8AHUs. U MeMNnepamypbl Npecco8aHus — Hd
NPOYHOCMb HNpU  CMAMUYECKOM u3eube, nomepro MAccvl Npu 20peHul,
pasbyxanue nium no moawure 3a 2 yaca u 3a 24 uaca.

HpesecHo-ctpyxkeunble  mauthl  (JCtII)  saBnstoress  omHuM U3
NEPCIEKTUBHBIX MaTEPHAIOB IS HMCIOJb30BaHHUS B CTPOUTEILCTBE, TaK Kak
ucnonb3oBanue JCtIl B cTpouTENBHBIX KOHCTPYKUIMSIX SIBISETCS KOMILIEKCHBIM
pElIeHreM BOMpoca MepepadoTKU IPEBECHBIX OTXOJ0B, HEACIOBOM JAPEBECUHBI
U OO0ecCreyeHus CTPOUTEIBHOIO KOMIUIEKCAa HEJAOPOTUMU U  HAACKHBIMU
matepuanamu. OnHako mpomsbinieHHoe mpousBoacTBo JICTII crpoutensHOro
Ha3HAuYCHUs B HAIlleW CTpaHe OTCYTCTBYeT. B mepByio ouepeab 3TO CBSI3aHO C
KECTKUMU  TPeOOBAHMSIMH, TPEIBABISAEMBIMA K  (PU3UKO-MEXaHUYECKUM
MOKA3aTeNsIM TLJTUT.

OmauM  u3  OCHOBHBIX  TpeOoBanui, mpeabsBusiemMbix k JCtII
CTPOUTENIBHOIO Ha3HAYEHUS, SIBJISIETCS MOBBIIIEHHAs CTOMKOCTh K BO3JEHCTBHIO
oras u Biaru [2]. [y MOBBIMIEHUS BOJOCTOHKOCTH B JAPEBECHBIC MaTEPHAIIBI
BBOJSIT THAPOGOOU3ATOPHI, NJIsi MOBBIMICHUS] OTHECTOMKOCTH — AHTHIHPEHBI.
Onnako OOJBIIMHCTBO K3 HHUX OTPUILIATENBHO BIUSIOT HA MPOYHOCTHBIE
nokasarenu JICtIl. [ToaTomy mpu BeIOOpe 1006aBKH HEOOXOIUMO YIUTHIBATH HE
TOJILKO €€ CTIIOCOOHOCTh CHIKATh BOJIOTIOTJIONIEHUE HUITH TOPIOYECTh IPEBECHOTO

BEILIECTBA, HO M BBICOKYIO PEAKIMOHHYIO CIIOCOOHOCTh, OOECHEUYUBAIOUIYIO



XUMHUYECKOE B3aUMOJCHCTBHE C BBICOKOMOJICKYJISIPHBIMM KOMIIOHEHTaMHU
JpeBeCHHBI U cBs3ytomiero [1, 5].

Tak ’xe C SKOHOMHUYECKOHM TOYKM 3pEHUs BaXEH CIMoco0 BHECEHHUS
OTHE3alUTHON no0aBku. PacmpocTpaHeHHbIM A1 JOPYrHMX — APEBECHBIX
MaTepuagoB METOJI MOBEPXHOCTHOM OOpaOOTKM WM TPONMHUTKUA aHTUIIUPEHOM
[4] nmna ACTII He mo3BosiseT nocTHYb TpeOyemoro OanaHca IoOKa3aTeleH.
Hanecenue aHTMnupeHa Ha CTPYXKKY Mepe] CYIIKOH YCIOXHSET Mpoliecc
NPOM3BOJICTBA U YIOPOKAET IJIMTHBIM MaTepuan. BHeceHue aHTUIMpeHA Ha
CTaJuu OCMOJICHHS CTPY>KKH TIPEAbSIBISCT TMOBBIIIEHHbIE TpPeOOBaHUS K
COBMECTUMOCTH JTOOABKHU U CBA3YIOIIETO.

B mMupoBoii mpakTuke H3BECTHO INPUMEHEHUE CEPHBIX PACIUIABOB IS
3alUTHOW 00pabOTKH JApeBecHbIX MaTepuanoB [7]. [IpumeHeHne sneMeHTapHON
Cepbl JUIsl COBEPLICHCTBOBAHUS JKCIUTyaTalMoHHbIX noka3areneit JCtIl mytem
Moau(UKALMK CBS3YIOLIEr0 HE ObUIO uccieaoBaHo. B paboTe BBIABUHYTO
NPENINONIOKEHUE 00 y4acTUs Cephl B CO3/IaHUU CBSI3€H MEXAY THAPOKCUTIAMU
EJUTIONO3bI U OTBEPIKIAEMBIM CBSI3YIOLIUM.

OKCHEepUMEHTAJIbHOE  TMOATBEP)KJICHHE y4yacTusi J00aBKM Cephl B
noJmMepu3anun - kapoamugopopmanbaeruaHoro cpssyomiero (KOC) 6wuto
MOJIYYEHO B XOJIe UcclieIoBanusl, IpoBoauMoM Ha kKadeape MT/] KI'TY.

Ha nepBom 3tane paGoTsl OblJIa IPOBEPEHA TUIOTE3a 00 Y4acTUH J00aBKU
cepsl B co3nanuu cTpykTypsl KOC. C nmomompio mukpockona MBC-10 6putn
caenanbl GoTorpaguu CTPYKTYPHI APEBECHO-CTPYKEUHBIX TUTUT 0€3 J00aBKH U C
nobaBkoit cepol. DoTorpaduu ¢ 7-KpaTHBIM yBEIHMYCHHEM IPEACTABICHBI HA

pucyHke 1.



Puc. 1. CtpykTypa ApeBECHO-CTPYKEUHBIX IIIUT:

a) 6e3 106aBkU cephl; 0) ¢ J00aBKOH Cephl

[Tonyuennbie  ¢oTtorpadun  TO3BOJSIOT  BU3YyaIbHO  TOATBEPAUTH
M3MEHEHHS B CTPYKTYpPE JIPEBECHO-CTPYKEYHOIO KOMITO3HUTA C I0OABKOM CEpBHI.

Jliist uccrienoBaHus BIUMSHUS JOOABKHU CEPhl Ha MPOLECC MOTUKOHACHC AT
K®C 6b11 npoBesieH SKCIIEPUMEHT JIJIsi OTPEIEICHHs BOJIO- M TEPMOCTOUKOCTH
OTBEP>KJIECHHOTO CBS3YIOIIETO.

O06pasipl kapOaMuI0POPMATTBIETHIHOTO CBA3YIOIIETO OTBEPKAAIUCH MPU
temneparype 100 °C u 170 °C. HaumeHnbliass temnepaTypa COOTBETCTBYET
TeMIiepaType B IEHTPE JAPEeBECHO-CTPYKEUHOTO OpHKeTa B IpoIecce
npeccoanus JCtll, Haubomnpimas — Temmeparype Ha MOBEPXHOCTH OpHUKeETa.
Takum 00pa3om, OBLIM UCCIIENOBAaHBI BOJO- U TEPMOCTOHMKOCTH CBSI3YIOIIETO,
OTBEPKIEHHOTO B Pa3HBIX CIOSX IPEBECHO-CTPYKEUHBIX ILJIUT.

N3menennss maccsl 00paslloB  OTBEP)KIEHHOTO  CBS3YIOIIETO  IOCIIE
npeObIBaHUs B BOJIE B TEUYCHHE JABYX YacOB MpejacTaBieHbl B Tabm. 1. [loteps
Macchl 00pa3ioB, oTBepkAeHHBIX Tpu Temneparype 100 °C u 170 °C, mpu
TEPMHUUYECKOM BO3ICHCTBUH MPEJCTaBlIeHa B TaoI. 2, 3.

Tabmuma 1

HM3mMeHeHne Macchl OTBCPIKACHHOI'O CBA3YIOIICTO ITOCIIC Hpe6I>IBaHI/I$I B BOJC

Temmneparypa H3menenue maccsl, Am, %
OTBepiK(:{[eHHH, 6e3 noGaBKH ceph ¢ 100aBKoOit

cepbl

100 8,73 7,60




170 37,31 34,78

Tabauua 2
[ToTepst Macchl IPU TEPMUYECKOM BO3EHCTBUH 00PA3IIOB CBSA3YIOIMIETO,

OTBEPKAECHHBIX ITpu Temiieparype 100°C

[Torepst macchl, %
Temneparypa - _
ucnbitanus, °C | 6e3 1o6aBku cepsl © Al0DABKOH
Cephl
100 4,65 6,06
150 9,71 6,85
1200 18,67 23,23

TaOmuna 3
[ToTepst Macchl IPU TEPMUYECKOM BO3JICHCTBUH 00PA3IOB CBA3YIOIIETO,

OTBEPKAECHHBIX Ipu Temrnepatype 170°C

[Totepst macchl, %
Temneparypa - _
ucribitanns, °C | Ges 106aBKI cepbl | o ooon
cepbl
100 4,68 3,88
150 5,80 5,05
L7 29,26 20,27

VY 00pa3ioB OTBEpKIECHHOTO CBs3ymolero npu temmepatrype 100 °C e
BBISIBJICHO TIOJIOKUTEIBHOTO BIUSAHUS JOOABKU CEphl HA TEPMOCTOMKOCTD. J[mst
CBSI3YIOIIEro, OTBepKJAeHHOTro mnpu Temmeparype 170 °C, TepMOCTOMKOCTBH C
100aBKOW cepbl BBINIE MPU 000N Temmeparype HarpeBa. JTO IO3BOJISET
CeNaTh BBIBOJ O TOM, YTO J00aBKa cephl MpH TemiepaTtype oTBepxkaenus 100°
HE OKa3bIBAa€T IIOJIOKUTEIBHOIO BIUAHUA. [lo-BUnUMOMY, TeMIlepaTypsl
OTBEP KICHUSI HEIOCTATOYHO, YTOOBI HMCXOJHBI BOCHMUTPAHHUK MOJEKYJIbI
cephl pacnajajics Ha 3BeHbs, CHOCOOHBIX K MOJMMEpPU3AlUU U CO3JaHUI0 Oosee
MpouyHBIX CBsizeil. [lockombKy TOTEps MacChl TPU TOpEeHWH OoOpasIoB
OTBEPIKJIECHHOTO CBS3YIOMIETO C J00aBKOW Cephl YMEHBIINIACh, BO3MOXKHO

noBeiieHue J{Ctll, moaudunmnpoBaHHbIX J0OABKOU CEPHI.



Bopomnornomnienne OTBEPKAECHHOIO CBA3YIOMIET0 MEHbIIE MpU JHOOOU
TeMIIepaType OTBEPKACHHS. DTO JI0Ka3bIBAE€T, YTO J100aBKa CEpbl OJOKUPYET
a7IcCOpOLIMOHHO-aKTUBHBIE K BOJI€ TUJPOKCHUIIBI, TaKUM 00pa3oM, CHUXKas
BOJIOTIOTJIOIIEHHE CBS3YIOIIETO,  CJIEJOBATENbHO, MPOUCXOAUT YIIIyOJICHHE

nosiukoHeHcauuu KOC npu nobaBke cepshl.

Ha BTopomM »3Tame HCHOJAB30BaH KJIACCUYECKUH  OJHO(MAKTOPHBIM
AKCIIEPUMEHT JJIsI  ONpEJeNeHHs] BIUSHUSA JOJM J1I00aBKM Cephl Ha
OPOJIOJKUTENBHOCTh  kenatuHu3zauuun  K®PC. Pe3ynbraTel  onpeaeneHus

TIPOJIOJIKUTECIIBPHOCTH KEIATUHHU3AIUN TIPEICTABIICHbI B Ta0J. 4 1 Ha puc. 2.
Tabauua 4

Pe?)yJ'IBTaTBI onpeacjacHus MpOdOJIKUTCIbHOCTH KCIIATUHU3AIIUN

Bpewms [Tpouent no6asku cepsl, %
KEJTaTUHU3ALUH, 1 | 5 | 10 | 15 | 20
Hons nodasku NH4CIl — 1%
7 61 52 46 46 45
7, 67 51 47 48 42
Hons nodasku NH4CI — 1,5%
7, 52 48 47 47 47
7, 51 45 45 51 55
70
E 40 —e— 1% oTBEepauTeEns
E 30 —m— 1,5% oTtBepaguTens
<
T 20
a
m 10
O T T T
1 5 10 15 20
Adona npo6aBku cepbl, %

Puc.2. Bpems xenaTuHU3AIUN CMOJIBI B 3aBUCUMOCTH OT JOJIH JOOABKH CEPHI




JloGaBka cepbl YMEHBIIAET MPOJOKUTEIBHOCTE >KenatuHuzanuu KOC,
IpU4eM HanboJiee WHTEHCUBHO CHWXEHUE NPOAOKUTEIBHOCTH HUAET MpHU
nobaske 1% NH,CI.

Ha cnenyromem srtane Obul MPOBEAEH 3KCIEPUMEHT Mo B-muany BTOporo
MopsAJIKa U MOJIyYeHbl MaTeMaTHYECKUE MOJEIN 3aBUCMMOCTH MPOYHOCTH NpU
cratnyeckom u3rube (Y1), Mlla; morepu maccel mthl nipu roperun (Yz), %;
pazOyxaHus KT 1o ToJuHe 3a 2 yaca (Y3), %; pa30yxaHus TUIMT MO TOJIIINHE
3a 24 gaca (Y4), %, OT yAeIbHOW MPOJOKUTEIBHOCTH MpeccoBaHus (Xy),
TeMIeparypsl npeccoBanus (Xz) U A0au 1006aBku cepol (X3). Maremaruueckue
MOJIENTM JaHbl B KOJUPOBAHHBIX O00O3HAUEHUAX (PAKTOPOB: HHTEpBAI
BapbUPOBAHUS YICIBHOW MPOJODKUTENbHOCTH mpeccoBanus X1[0,18(-1) mo
0,32(+1), wmun/mMm] c¢ marom 0,07 MuUH/MM; HHTEpBal BapbUPOBAHUS
Temreparypsl npeccoBanus Xp[160(-1) mo 190(+1), °C] ¢ marom 15 °C;
MHTEpBaJl BappUPOBaHUs 0K 100aBku cepbl X3[5(—1) mo 15(+1), %] ¢ mrarom
5 %. [1nan B3 u pe3ynbTaThl CTATUCTHYECKON 0OpaOOTKU IKCIIEPUMEHTATBHBIX
JAHHBIX IPUBEACHBI B Ta0. 5.

Taomuna 5

[Tnan ¥ pe3yapTaThl CTATUCTUYECKON 00pabOTKH IKCIIEPUMEHTAIIBHBIX JaHHBIX

N delxolxs| v | st | % s | v s | v s
OIIbITa

1 + |+ | + (16,32 |0,955|8,22 | 3,320 | 13,5 {3,063 | 26,1 | 4,805
2 — |+ | +|14,76 |8,638|8,10 | 9,499 | 21,0 |2,776 | 24,8 | 4,000
3 + | — | +]13,66 |2,719 4,91 (17,272 22,4 {2,085|29,4 | 6,003
4 — | —|+1]13,01 |0,632|7,19 | 5,480 | 17,8 |5,267 | 23,0 | 3,493
5 + |+ | —|14,28 |3,568 | 7,89 | 2,579 | 29,0 {2,972 | 36,8 [12,433
6 — |+ | -112,65 |5,373|7,40 | 9,281 | 30,1 {4,814 | 35,9 | 0,712
7 +| - | —-1]11,73 |8,638 5,80 | 5,890 | 25,5 (1,476 |31,4 {17,986
8 — | — | —114,08 |5,852 | 6,65 | 4,465 | 11,9 |3,066 | 16,3 | 0,037
9 + | 0| 0]12,97 |3,740 5,97 | 2,952 | 14,6 |5,235| 22,3 |14,815
10 —101]01]16,53 |2,742 |5,48 [10,272 | 15,3 {1,687 | 20,0 | 3,028
11 0|+ ]0(18,19 [3,489(8,18 | 3,042 25,2 2,199 |31,5 | 9,339




12 | 0] -1]10]1409 2,468 |5,26 | 7,431 | 21,4 |4,385|24,7 | 4,545
13 | 0] 0|+ |14,7712,277|7,03 | 1,540 | 14,5 |2,719 | 30,7 | 5,978
14 |00 |- ]15098 |8,266|8,02 | 3,161 | 17,6 /6,985 | 28,8 |26,481

MaremaTH4eCKUe€ MOJENIU BBIXOJHBIX BEJIUYMH TOCIe OTOpachIBaHUS
HE3HAYMMBIX KO3 PUIIUEHTOB:

Y, =16,229-0,207X, +0,963X , +0,38X 5 —1,475X —0,085X 5 —0,85X3 +0,611X; X, +0,366X ;X3 +0,411X, X 5;
Y, =6,476—0,203X; +0,998X, —0,031X 4 +0,468X; X, —0,255X; X5 + 0,173X, X3;

Y3 =16,453+0,89X; +198X, — 2,49X 5 —1,497X +6,583X Z —3,35X, X, —1925X, X 3 —3,425X , X 5;

Y, =25523+ 2,6X; +3,03X, —~152X5 — 4,365X# +2,585X 3 +4,235X 3 —2,413X; X, —1,038X; X5 —3,313X, X 5.

Nutepniperaniusi Mojeneld  BBIXOJHBIX BEJIMYMH  TO3BOJSIET  CHAENaTh
cienywomue BbIBOALL. [Ipu MakcumanbHOU Temriepatype mnpeccoBanus (1) u
MakCUMallbHOM jgone pgo0aBku cepbl (D) ¢ yBenuueHueM  yAelbHOMU
MPOJAOJKUTEIILHOCTU MPECCOBAaHMS (T’) HAa MHTEPBAJIE BAPLUPYEMOI0 JUaAINa30Ha
or -1 mo +0,4 cTeneHb MOJMKOHJEHCAIIMU CBA3YIOIIEr0 BO3pPAcTaeT W pacTeT
OPOYHOCTh IUTMT TpH cTaTudeckom wu3rube. [lpu manpHeiimeM yBenTWYEeHUU
yIEeTbHOM  MPOJOJDKUTEIPHOCTH  MPECCOBAHMS  HAYMHAIOT — MpeodiiagaTh
IPOLIECCHI TEPMOAECTPYKLIUU CBSA3YIOLIETO U MPOYHOCTh CHUKAETCHI.

[Ipu coyeTaHUM MaKCUMyM YAEIbHON MPOAOIKUTEIBHOCTU MPECCOBAHUS —
MaKCUMyM JIOJH JT00aBKU CEpbl 1 MHUHUMYM YAEIBbHOW MPOAOKUTEIHHOCTH
IIPECCOBAHUSI — MUHUMYM JIOJIA I0OABKU CEPhl MOYKHO TOJTYYUTh pa30yXxaHHe 1mo
TOJNIIMHE 3a 2 4Yaca MeHblie 12%, TO ecTh MO 3TOMY ITOKAa3aTEeNI0 IUIATHI
otBeuaroT TpedboBanusiM ['OCT 10632-2007, npenbsiBasiembiM kK  JICTII
MOBBIIIEHHON BOJOCTOMKOCTH.

[Ipy MUHUMAaNBHON TeMIIEpaType MPECCOBAHUS MU MUHHMMAJIBbHOU YAEIbHOU
MIPOJIOJDKUTEIFHOCTH TIPECCOBaHMUS pa3OyxaHue IUIMT MO TOJIIMHE 3a 24 daca
menbie 20%, TO eCTh MO ATOMY TMOKAa3aTeN0 TIMTHI OTBEYAIOT TPEOOBAHUIM
I'OCT 10632-2007. IIpu 3TOM moTeps MaccChl IMIUT MPU TOPEHHH COCTABISET

0K0J10 6%, TO €CThb IJIUTHl MOKHO OTHECTHU K TPYJHOCTOPAEMBIM.



N3 ananuza mareMaTU4eCKUX MoOJeNe ObUIM BBIOpAHBI CIIEIYIOIINE
3HAQYEHUS! TEXHOJIOTMYECKUX (PAKTOPOB TMpollecca MPOU3ZBOACTBA IUIUT C
100aBKOM cephl:

X, =-1, (#'=018 MHH/MM); X, =-0,7, (T =1645 °C); X;=-1, (D=5 %).

Pe3ynbTaThl WCHBITAHUS KOHTPOJBHBIX OOpAa3IOB, HU3TOTOBJIEHHBIX IO
PEKOMEHAYEeMbIM pPEKHMaM: MPOYHOCTh MpHU crtatndeckoM u3rude 14,1 Mlla;
noTepst Macchl pu ropenun 6,24 %; pazdyxanue mo tonmuHe 3a 2 yaca 11,9 %;
pazOyxanue TwMT 1o TojmuHe 3a 24 yaca 18,4%. Ilpu Takom codeTaHuu
TEXHOJIOTUYECKUX (PAaKTOPOB M3rOTOBJICHHBIE IUJIUTHI MOXHO OTHECTH K
TPYJTHOCTOPAEMBbIM TIO TTOKA3aTEII0 — MOTEPs] MACChl MPU FOPEHUU U K IIUTAM
MOBBIIIICHHOW BOJIOCTOMKOCTH IO TTOKA3aTeI0 — pa30yXaHHUe IUIUT IO TOJIIUHE
3a 2 4Jaca.

Takum ob6pazom, MomuduIUpyromas 100aBka cepbl MO3BOJSET YIYUIIUTH
AKCIUTyaTallMOHHBIC TOKa3aTelu U CHU3UTh roprouects JICTII, uTo HE0OX0AMMO

AJIA UX UCITIOJIb30BAHUA B CTPOUTCIIBHBIX KOHCTPYKIUAX.
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