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KNUHKepHbIW KUpNuy: cTaHaapTu3auus, CBOMCTBA, NPUMEHEHUE

PaccmoTpeHbl BONPOChI CTaHAApTU3aUUu CBOCTB KNMHKEPHbIX M3MENNA — AOPOXKHOr0 1 CTEHOBOr0 Kupnuya. OTpaxeHbl OCHOBHbIE
MONOXXEHNS FOCYAAPCTBEHHbIX CTAHAAPTOB B YaCTW TEXHUYECKNX XapaKTEPUCTUK KMHKEPHOrO KMpnn4a 1 0603Ha4eHbl NPobenbl B HacTy
NPUMEHEHUS KNHKEPHOTO KUpMi4ya B CTPOMTENbHbIX Npasuiax. OTMeYeH eBpONeiicKMii Noaxo K HOPMUPOBAHMIO CBOWCTB U3LeNnii AN
KNagKky 4epes napameTp CpPeaHei N0THOCTM W YCTAHOBJIEHUE 3aBUCMMOCTEN TEXHUHECKMX XapaKTepUCTUK W rpynn CBOWCTB. MpuseaeHa
Knaccudmkaumns Kepammyecknx U3Lennii B CMeXHbIX 0Tpacisx 4epes napameTp BOAOMNOINOLEHNS: CAHUTAPHO-TEXHUYECKIE U3Lenns 1
Kepammyeckas nauTka (TOHKas kepamuka). MokasaHbl JaHHble aHanu3a pbiHKa KNafo4HbIX PACTBOPOB 4NN KNMHKEPHbIX N3NNI, COCTaB
KOTOPbIX 3aBMCUT OT HAa3HAYeHMs 11 BUAA U3AENNs, ero BOAONOMOLLEHNS U cnocoba knagku. NMpeanoxXeHo BBECTU TEPMUH «KINHKEPHas
Kepamuka» Ans Crne4yeHHOro Kepamiyeckoro KamHs ¢ BOAONOrNoLLeHneM MeHee 6%. KNUMHKEPHYH0 KepaMuky pasfenuTb Ha TpW rpynnbi:
C HU3KUM BogonornolleHnem meHee 0,5%; co cpeaHum BogonornoweHnem 0,5-3%; ¢ BbICOKUM BogonornolieHnem 3—6%. Naagenns Ha
OCHOBE KNNHKEPHON KepamMuKin MOTYT UMETb PasnnyHyto oopmy, pasmepbl U MyCTOTHOCTb M BbIMOSTHEHbI B BUAE KMPMNYA, KAMHS, 6M10Ka,
nAUTKKM 1 7. 4. OTMEYEHO, 4TO ANS YCMELIHOr0 PasBMTUS 1 BHEAPEHUS KIMHKEPHbIX U3AeNUA B MacCOBOE CTPOUTENbCTBO HEOOXOAMMO
HAKOMMEHWe W aHanu3 [aHHbIX N0 CBOMCTBAM KIWHKEPHbIX M3AENNIA, a TakKe KOHCTPYKLWA HA UX OCHOBE M OTPAXEHWE MONYYEeHHbIX
JaHHbIX B HOPMATWUBHO-TEXHNYECKOII 6age.

Knioyesble cnoBa: cTaH4apTM3aunsa, KNHKep, Kepamuka, Kpnnd, CPeaHas nioTHOCTb, BOLOMNOIOLLEHNEe, MPOYHOCTb, JONTOBEYHOCTb,
CBOWICTBA, MPUMEHEHME.
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npumeHenue // CtpontesibHbie matepnassl. 2023. Ne 5. C. 4-8. DOI: https://doi.org/10.31659/0585-430X-2023-813-5-4-8
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Clinker Brick: Standardization, Properties, Application

The article discusses the issues of standardization of the properties of wedge-core products: road and wall bricks. The main provisions of the state standards in terms of technical char-
acteristics of clinker bricks are reflected and gaps are indicated in terms of the use of clinker bricks in construction rules. A European approach to standardizing the properties of products
for masonry was noted as a parameter of average density and establishing dependencies of technical characteristics and property groups. The classifications of ceramic products in
related industries are given through the parameter of water drainage: sanitary products and ceramic tiles (thin ceramics). The market analysis data for masonry products for clinker prod-
ucts, the composition of which depends on the purpose and type of products, its water absorption and the masonry method, are shown. It is proposed to introduce the term “clinker
ceramics” for sintered ceramic stone with water absorption of less than 6%. Clinker ceramics are divided into 3 groups: with a low water absorption of less than 0.5%; with average water
absorption of less than 0.5-3%; with high uptake of less than 3-6%. Products based on clinker ceramic can have different shapes, sizes and emptiness and be made in the form of brick,
stone, block, tiles, etc. It was noted that for the successful development and introduction of clinker products into mass construction, it is necessary to accumulate and analyze data on the
properties of clinker products, as well as structures based on them, and reflect the obtained data in the regulatory and technical framework.

Keywords: standardization, clinker, ceramic, brick, average density, water absorption, strength, durability, properties, application.

For citation: Kotlyar V.D., Uzhakhov K.M., Kotlyar A.V., Terekhina Yu.V. Clinker brick: standardization, properties, application. Stroite/'nye Materialy [Construction Materials]. 2023. No. 5,
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Ha pblHKe COBpeMEHHBIX CTPOMTEIHHBIX MaTepua-
JIOB BCe OO0JIblIe MOSIBASIETCS MO3ULUI ¢ 0003HAYEHUEM
«KJIMHKEPHBIN» B HA3BAHUU. CTEHOBOW KIMHKEPHBIN
KUPIIWY, KJIWHKEPHBI pUTENh, KIMHKEpPHAasl TIINATKA,
JMOPOXKHBIM KJIMHKEPHBI KUpnu4d (Opycuarka), KIMH-
KEpHBIE CTYTNIEHU, KITMHKEPHBIE OOPIOPHI, KITMHKEPHBIE
TepMOTaHeIU, KJIMHKEPHbIC MOJOKOHHUKU U OTJIUBBI,
KOJITIAKU JIJIs1 3a00poB, KIMHKepHas yepenuia. C yye-

TOM CBOWCTB TICPECUYNCIICHHBIX U3 aCCOLMALIUSIMU
cJioBa <<KJ'[I/IHKCprII7]>> ABJIAIOTCA BbICOKaA IMPOYHOCTL U
JOJITOBECYHOCTb, YTO COCTAaBJISA€ET BECOMOEC IIPEMMYIIC-
CTBO B JONOJHCHUC K BHCHIHCMY BUAY, N ITOKYIIATCIN
BC€ aKTMBHCC HMCIOJIL3YIOT 3TU U3ACIUA IJId pc€aln3a-
IMH ITPOCKTOB pa3J’II/I‘IHOI7I CJIOKHOCTH, HCCMOTPA Ha
HOBLIIICHHYIO CTOUMOCTL B CPaBHCHHUU C U3ACIUAMMU-
aHaJloraMu.

HAYYHO-MeXHU4ecKuil U NPoU3800CMEeH bl HCYPHAN

Maii 2023



Ceramic building materials

Ta6nuua 1
Table 1
NMepeyeHb CBOWCTB N TEXHUUYECKNX XapaKTepUCcTuK
KJIMHKEPHOro Kupnuya
List of properties and technical characteristics
of clinker bricks
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AkTuBHasg paboTa MO OPraHU3aldu COBPEMEHHOIO
MPOM3BOJCTBA KIIMHKEPHOro KMpIMYa Hayajgach Ha Tep-
putopun Hameil ctpanbl 10—15 et Ha3am, U TEHASHIIUN
10 HapallMBaH1IO 00bEMOB BbIITyCcKa coxpaHstoTcs [1—3].
VBenuueHuo odbeMa IPOM3BOACTBA CIIOCOOCTBYIOT ABa
dakTopa: ¢ OTHOI CTOPOHBI, 5TO CBOMCTBA KIIMHKEPA KaK
MaTepuaja, KOTOpble KaK Helb3s JIydlle IMOIXOAST IS
KJIMMaTudeckux yciaosuit Poccun, a ¢ Apyroii — 3To HOBbIE
MPOU3BOJCTBEHHbIE BO3MOXXHOCTH: TTOSIBUJINCH MEeYn, MO-
3BOJISIOIIME BECTH OOXKUT B Y3KOM MHTEpBaJe, UTO CyIIle-
CTBEHHO PacCLIMpPSIET ChIPBEBYIO 0a3y I MPOU3BOJACTBA
KJIMHKEpHbIX u3nenauii. B Poccum ceituac mpousBoasT
KJIMHKEPHBIA KUPIIUY CTEHOBOW, KIMHKEPHBIA KUPIIUY
JIOPOXKHBII (OpycyaTKy), purebHbIA KUPIUY U KJIMHKEP-
HYyIO IUIUTKY, OCTaJIbHbIC BUObI M3ACIUA — MpeUMyIle-
CTBEHHO 3apy0eXXKHBIX ITOCTABOK.

C y4yeToM o0GJ1acTeil MpYMEHEHMS U YCIIOBUI IKCILTya-
TalUU KJIMHKEPHbBIE U3EIUS TOJDKHBI 001a1aTh HAO0pOM
(h13UKO-MEXaHUYECKUX CBOMCTB M OTBEYATh TPEOOBAHU-
sIM HOPMATUBHO-TEXHUYECKOM TOKYMEHTAlLIMM, KaK per-
JIAMEHTUPYIOIIIEW CBOMCTBA U3NEINM, TaK U COAEPXKAIIECh
MpaBuiia ¥ TpeOOBaHMS K X MpUMeHEeHUI0. Tak Kak 00J1b-
A 00BEM TTPOU3BOACTBA 3aHUMAET UMEHHO KIIMHKEp-
HBII KUPIUY — CTEHOBOM U JOPOXHBIN, aBTOpaMu ObLIT
MPOBEACH aHAJIN3 ACHCTBYIOIIMX HOPMATUBHO-TEXHUYEC-
ckux gokymeHTtoB (I'OCT, 'OCT P, CII) Ha npeameT
oxBaTa CBOICTB M obJlacTeil ero mpumeHeHus1. B ta6m. 1
MPUBEICHBI JEWUCTBYIONIME CTAaHAAPTHI HAa KIIMHKEPHBIN
KUPIMWY U TepeuyeHb CBOMCTB M TEXHMUYECKUX XapaKTe-
PUCTHK, TpeOOBaHUS K KOTOPBIM OHM MPEIBSIBIISIOT, —
T'OCT 530-2012 «Kupnmnu M KaMeHb KepaMHYECKHeE.
Oomume Ttexnuueckue ycioBusi» u 'OCT 32311-2012
«Kupnnu kepamMuyeckuid KJIMHKEPHBIA IS MOILECHUS.
Texnuueckue ycaoBusi». B paMkax mporpaMMbl TapMOHM-

3allMM HOPMATHUBHO-TEXHMYECKON MOKYMEHTAIlMM Ha
tepputopun PD ¢ 01.07.2017 r. ObUT BBeeH B IelCTBUE
I'OCT P 57347—-2016/EN 771-1:2011 «Kuprnu xepa-
Muueckuil. TexHuyeckue ycnoBust», uneHTuaHbIn (IDT)
CEN EN 771-1:2011. Oco6eHHOCTbIO JAHHOTO JOKYMEH -
Ta SIBJISIETCST TO, YTO BCE CBOMCTBA KePaMMUCCKUX M3MC-
JINiA, UCTIONB3YEeMBIX UTS KJTaIKHW, pacCCMaTpUBAIOTCS de-
pe3 KinaccuduKaluuo U3NEAUNA 0 IJIOTHOCTU OPYTTO B
CyXOM cocTosiHuU: Tpymnmna LD (TIoTHOCTh MeHee Wiu
pasHa 1000 kr/m3), Mcronb3yeMble B 3alINIIEHHON KIIa-
ke; 1 HD (rw1otHOCTb Gosee 1000 Kr/M3), MCIIONIb3yeMble
B 3aIIMIIEHHON Kianke; Takxke K rpynne HD otHocsarcs
BCE M3IEJIMS, UCTIOJIb3yeMble B HE3aIIUIIEHHON KIIaaKe,
HE3aBHCUMO OT IUIOTHOCTH. B 3aBMCHMMOCTU OT TpyIIIbI
ONPEICIISTIOTCS TIPOYHOCTHBIE XapaKTEPUCTUKY U3ICITUI,
KJIa[K1, 3BYKOM3OJSILIMOHHBIE U TETUIO3AIlUTHBIE CBOM-
CTBa, BOJOIIOIJIOIIEHNE, TAPOTIPOHUIIAEMOCTh I MOPO30-
CTOMKOCTb.

Kak BUOHO M3 aHau3a JeUCTBYIOIIMX POCCUMCKUX
CTaHJIApPTOB, 3aBUCUMOCTb OT CPEIHEH TUIOTHOCTU W3-
eI TToKa3aHa TOJIbKO JJISI TeTUIONIPOBOAHOCTH KJIamd-
K1, OJHAKO TPUBEICHHbIC TaHHbIE OTPAaHUYEHBI TUIOT-
HocThio 2000 Kr/M3, a MOTHOTeIble CTEHOBbIE KIMHKEP-
HblE KUPHUYU HUMEIOT CPEIHIOI IUIOTHOCTh OoJsee
2000 kr/M3. Clie1oBaTeIbHO, ISl KIIMHKEPHBIX M3IeINii
HEOoOXOIMMO HaKOIUICHUE CTAaTUCTUYECKUX JAHHBIX IT0
B3aMMOCBSI3U U PerjlaMEeHTallMM CBOMCTB KaK CaMUX U3-
NEJINI, TaK ¥ CBOMCTB KJIAaIK/U U3 HUX, TAKUX KaK: TeILIO-
MMPOBOJHOCTH, TTAPOTTPOHUIIAEMOCTh, PACUETHOE COIPO-
TUBJeHUE cxKaTtulo. [IpuBsi3Ka CBOMCTB Uepe3 CPeaHIO0
TJIOTHOCTh U3/ICJINI B MaTepUATOBENEHUN TOCTATOYHA
pacnpocTpaHeHa, U 3aBUCUMOCTH pabOTalOT BO MHOTI'MX
MaTepuajax, IIpy 3TOM aHaJIu3 HOPMATUBHO-TEXHUUYEC-
CKOI TOKYMEHTAIIMN U HayYHO-TeXHUIECKON TUTepaTy-
pbl TIO TEXHOJIOTMU KepaMUKM MoKa3asl, YTO CBOMCTBA
KepaMMUeCKUX MaTepUualioB TakKe KIacCUMUIIUPYIOT
yepe3 IloKaszaTeJb BOJOIOIJOILIECHMS, CBSI3aHHBINA C
IJIOTHOCTBIO U CTPYKTYPHBIMU 0coOeHHOCTSIMU [6—10].

B paHHUX UCTOYHMKAX YKa3bIBa€TCsI, UYTO OIPEIeIsi-
IOLIUM CBOMCTBOM [IJISI OTHECEHUS U3AECINNA K KIIMHKEP-
HBIM OBIJIO BOMOIIOTJIONICHNE MaTepuaia, U3 KOTOPOTo
nzaenust BoeinojgHeHbl. B CCCP knuHKepHble u3nenus
paccMaTpUBAINCH TIPEKIE BCETo KaK TOPOXKHEIC, U TIEP-
BbIi HOpPMATUBHbBINA JOKYMEHT, IPUHSTHIA Ha KIWHKEP-
Hele usgenust B 1932 r., — OCT 4245 «O011ecoi03Hbli
CTaHJapT Ha KITMHKEP JOPOXKHBIN» — TOBOPUT O KIIMHKE-
pe KaK 0 MaTepuasie, Tak ¥ 0 JOPOKHOM U3AEIUHU C BOJIO-
TTOTJIoIIEHEM MeHee 6%, Tak KaK caMo U3/IeJIUe SIBJISICT-
¢Sl MoJIHOTebIM. TIpu 9TOM JaHHBI HOPMATUBHBINA J10-
KYMEHT YETKO MOApa3AeIsieT JOPOXKHBIN KIMHKEp HA TPU
copra: ¢ BojornomnionieHueM MeHee 2%, ¢ BOIOIOIIOLIE-
HueMm 2—4% u 4—6%. BpeMeHHOE COIPOTUBIICHUE CXKa-
THIO TI0 JAHHOMY HOPMAaTMBHOMY JOKYMEHTY JUISI U3Jie-
JIMii ¢ BOOOMOIJIOIIeHuEM MeHee 2% JODKHO ObITh He
menee 100 MIla, nng m3gennii ¢ BOMONOIJIOIIEHUEM
2—4% ne menee 70 MIla, ¢ BogomnoroiieHneM 4—6% He
MeHee 40 MI1a.

A.W. AsryctuHuk B kHure «Kepamuka» 1975 r.,
B paznese «3aenust ¢ BOIOMOMIONIEHUEM YeperKa Me-

scientific, technical and industrial journal

May 2023



KepaMqucIme CTPOHUTE/IbHBIC MaTEPHATIbI

Hee 7%» muieT: «CBOMCTBA KJIMHKEpa XapaKTepH-
3YIOTCSI CJIEAYIOIIMMU IMOKA3aTeIsSIMU: IMpeael IMPOYHO-
cti Tpu cxatuu 640—1400 xrc/cm2, BomoOMOIIOLIE-
Hue 0,9—5,5%...» — 1 majee B 3TOM XK€ IMPEIIOKCHUMN:
«...JI7IT CTPOMTENIFHOTO KJIMHKEpa MPOYHOCTh P CXKa-
M — He MeHee 350 krc/cm2» [11].

B cMexXHBIX KepaMU4yeCcKUX OTPACIISIX BOAOIIOLJIOLIE-
HUE TaKKe SIBIISICTCS TJIaBHBIM TTOKa3aTeseM TIpH KJtac-
cuUKaALIMU ¥ Ha3HAYCHUM TEXHUYECKUX TPeOOBaHUI K
usnenusm. Hampumep, TOCT 15167—-93 «M3penus ca-
HUTapHbIe Kepamuueckue. OOIIMe TEXHUYECKUE YCIIO-
BUSI» KJIACCU(ULIMPYET MaTepual, U3 KOTOPOI'O BBIMIOJI-
HEHbI CAHUTAPHO-TEXHUYECCKUE U3EIINST, Ha TPU IPYIIIIbI
10 TpeOOBAaHUSIM K BOAOMNOIIOLIECHUIO!

— (dapdop — ¢ BogonomioeHeM He cosiee 1%:;

— noaydapdop — ¢ BomonorioiieHueM He bosee 5%:;

— (bastHC — ¢ BonmomorIolieHueM He 6otee 12%.

IIpu 3TOM CTOUT y4ecThb, YTO MOMABJISAIONIAS YaCTh
CAHUTAPHO-TEXHUYECKUX U3AEINI TPOU3BOAUTCS UMEH -
Ho u3 dapdopa, Tak KaKk UMEHHO (apdop rapaHTUpo-
BaHHO OO0OeCIleuMBaeT BBICOKME 3KCILIyaTallMOHHBIC
CBOIICTBA M3IEJINIA, a COCTABBI CHIPhEBBIX MACC IJISI €TO
MOJIYYE€HUST MOTYT OBITh COBEPILIEHHO Pa3IMYHBIMU.

[IpousBoauTean KepaMUYeCKOM IUIMTKUA TAKXKe He-
TaJTbHO MOJONUIN K KJIACCU(UKALIMU TT0 BOJOTIOTIIONIE-
HUIO MaTepuaja, U3 KOTOPOIO BBHINOJHEHA IUIMTKA.
CornacHo 'OCT 13996—2019 «Ilnutku KepaMudecKue.
O01IMe TeEXHUYECKUE YCIOBUsI» KepaMUUeCKUe TUITMTKU
MOAPA3AE/ISIOT Ha TPYIIIbl U MOATIPYIIIbL ¢ BOAOIIOLIO-
mwenuem: meHee 0,5%; 0,5-3%; 3—6%; 6—10% u Gonee
10%. K BOIOIIOIJIOIIEHUIO IIPUBSA3aHbI IPYTHe CBOMCTBA
W3ICINI, a, YIUTBIBAs, YTO IIJIUTKA — BTO IOJIHOTEJIOE
TOHKOCTEHHOE M3IejIue, COOCTBEHHO CBOMCTBA U3ICIHIA
U KepaMMKM Kak MaTepuayia ogHu u Te Xe. K mpumepy,
Mpejest MPOYHOCTH TIPY U3rMde B 3aBUCMMOCTH OT BUAA
(TOJMIIMHBI TUIMTKU) U Ha3HAYEHUsSI IUIMTKU C BOHO-
nornouieHneM MmeHee 0,5% mnomkeH ObITH HE MeHee
28—35 MIla, g mTtku ¢ BogonorioieHnem 0,5—3% —
23—30 MIla; gy IMTKy ¢ BogomoriouieHueMm 3—6% —
13—20 MIla; nag mIMTKYA ¢ BOJIONOIVIOLIEHMEM OoJjiee
10% — 8—15 MIla.

ITpoBoxasg B akKpeIUTOBAaHHOM J1Ta00paTOPUH UCTTBITA-
HUST KJIMHKEPHOTO KMPIIMYa — KaK CTEHOBOTO, TaK U JI0-
POXKHOTO, aBTOPHI YCTAHOBMJIA YETKHE 3aBUCHUMOCTU U
oTIN4Ms (U3UKO-MEXaHUYECKMX CBOMCTB OT BOJO-
MomIoLIeHUs u3fenuit. s xupmnuda ¢ BOIOIIOLJIO-
menueM 5,5 u 0,5%, COOTBETCTBYIOLIETO TPEOOBAHUSIM
I'OCT 530—2012, ocrajnbHble CBOICTBa OyIyT CHJILHO
OTJINYAThCS: YeM HUXKE BOJOIIOTJIONIEHUE KEepaMUKMH,
TE€M MEHBIIIE TTIOPUCTOCTh, TeM OOJIbIIE ITPOYHOCTD, TEII-
JIOIIPOBOIHOCTb M1 MOPO30CTOMKOCTb.

AHanmM3upysl pbIHOK CTPOUTEIbHBIX PacTBOPOB IUISI
KJIaIKU KepaMUYeCKOIro KUpIuYa, B YACTHOCTU KIIMH-
KEpHOTO, MOXHO OTMETUTbH, UYTO IPOM3BOIMUTENIN KJa-
JIOYHBIX CMeCeil TaKXe HUCIIOJIb3YIOT BOIOIOIJIOIIECHUE
W3ICIINI KaK OTIPEACIISTIONINI MapKep I Ha3HAYCHUS 1
WCTIOJIb30BaHMS KJIAMOYHOTO pacTBOpa M IIpelaratoT
KJIaJOYHbIe CMECH, HAIpUMep Ui U3AEIUiA C BOIOIO-
rouieHueM 2—5%, 3—8%, 6omee 10%.

Tabnuua 2
Table 2
CBoiicTBa KJIMHKepa B 3aBUCUMOCTU OT BOAONOrJIOLLEHUS
Properties of clinker depending on water absorption

Bug (BogonornouleHne, mac. %),
CroiicTBa nokasartenu CBOWCTB

meHee 0,5 0,5-3 3-6
[NOTHOCT, Kr/M3 2300-2400 | 2150-2300 | 1950-2150
Mpenen NpoYHoCTH Npu 150 80-150 <80
cxatum, MlMa
Mpenen Npo4YHOCTM Npun 35 2535 <25
narnbe, MMa
TennonpoBOAHOCTb,
B1/(-°C) 0,8-0,9 0,7-0,8 0,5-0,7
MaponporuuiaemocTs, 0,01-0,03 | 0,03-0,05 | 0,05-0,07
Mr/(m-4-MNa)
KoadduumeHT MyaccoHa w 0,18-0,2 0,18-0,16 0,16-0,14
Mogzynb ynpyrocTu, Ma, E 50-70 40-50 20-40

ITo MHeHUIO aBTOPOB, B POCCUIICKON HOPMATHUBHO-
TeXHUICCKOUM TOKYMEHTAIIMKN Ha3pejia HeOOXOAUMOCTh
BBEJEHUS KaccubuKaluyd KJIMHKEpa Kak marepuaia
IIJIsI TIPOM3BOJICTBA CTCHOBOM KepaMUKHU C yKa3aHUEM
CBOICTB caMOI'0 MaTepuaja, BUIOB U3IENI, TToyJae-
MBIX U3 JAHHOTO MaTepurajia, CBOMCTB U3AEIUNA, CBSI3aH-
HBIX C MaTepuajlioM (IIPOYHOCTh, BOIOIIOTJIOIICHUE,
MapoINpoOHUIIAeMOCTb, XMMUYECKasi CTOHKOCTb, TEIJIO-
MMPOBOAHOCTh U T. NI.), a TaKXKe BHEAPEHUS TaHHOI
KJacCU(PUKALMKA B TIPOEKTHBIC PEIICHUS, HOPMBI U
npaBuia. g pelieHus Takoil MHOTOTpaHHOM 3amaun
HEeoOX0IM OOJIBIION 00bEM CTATUCTUYECKUX JTaHHBIX 1
pe3yJbTaThl MPAKTUUYECKOTO MPUMEHEHUST KIMHKEPHO-
ro kuprmya. [IepBbIM IIarom ISt pelIeHUsT JaHHOM 3a-
JTayM SIBJISIETCS KJlaccubUKalus KIMHKepa KaK MaTepu-
aja U TpUBEACHUE IPUMEHSIEMON TEPMUHOJIOTUM K
eIMHOO0pa3ulo.

YyuTeiBas ONbIT NPEABIAYLLNX TOKOJIEHUN U CMEX-
HBIX OTpacjieid, IJig OOCYKICHMS BHOCSITCS CIICOYIOIINE
MPEITOXEHUS:

1. Kepamuky, Kak marepuasn, B IPOMBILIJIEHHOCTU
CTEHOBBIX MaTE€PUaJIOB, C BOJOIOIIOLIEHUEM MeHee 6%
CYNTaTh KJIMHKEPHONW M COOTBETCTBEHHO Ha3blBaTh —
KJIMHKEP WIM KJIIMHKePHAask KepaMuKa.

2. KnuHKepHYy10 KepaMUKYy pa3aeauTh Ha TPU TPYIIIIbI:

— ¢ HU3KUM BojororjiomieHueMm MeHee 0,5%;

— €O cpeaHuM BogonomoeHruem meHee 0,5—3%;

— C BBICOKMM BOJOMNOIOIEHuEM MeHee 3—6%.

XapakTepu3oBaTbCd MaHHBIC TPYIIBI MOTYT KakK
KJIMHKEP C HU3KUM, CPEIHUM U BBICOKMM BOJOIIOIJIOLIE-
HUEM C COOTBETCTBYIOIIMMM Ha3BaHUSIMM: H-KInMHKeED;
C-knuHkep U B-kimHkep.

3. CteHOBBIC U3/IENINS U3 KIMHKEPHOI KepaMUKU MO-
TYT UMETh Pa3IMIHYyIO (DOPMY, pa3Mephl U ITyCTOTHOCTh 1
BBITOJIHEHBI B BUAC KUpHuya, 0J0Ka, IJIUTKY U T. 1.

CripaBouHBIC JaHHBIC W TIPOBEACHHBIC pacUCTHI, pe-
3yJIbTaThl HAIUMX U APYTUX MCCIENOBATENCH TTO3BOJIWIN
KaXXIyIo M3 TPYNIT KIIMHKEPHOM KepaMMKHU OXapaKTepu-
30BaTh 110 TTOKA3aTelIsIM CBOMCTB, KOTOpPHIEC OYIyT yTOU-
HSITBCS TI0 Mepe HaKOIUICHUS TaHHBIX U HA OCHOBaHUM

HAYYHO-MeXHU4ecKuil U NPoU3800CMEeH bl HCYPHAN
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Ceramic building materials

KOTOPBIX MOXHO ITPUHUMATh HOBBIC PEILICHUST B CTPOM-
TeabeTBe (Tabm. 2) [12—15].

YeTkas kmaccuuKaums M3AeINH, CTaTUCTUUECKUIA
0aHK MX CBOMCTB M KJIaJ0K Ha X OCHOBE, CBOIICTBA Ma-
TEpPUAJOB UIsSl YCTPONCTBA KIIAAOK (KJIaMOYHbIE PACTBO-
pBI) TIO3BOJIAT, B CBOIO OYEPEllb, PACIIMPUTHL O0JIACTH
HCIOJb30BaHUS U TPeOOBAaHUSI K NMPUMEHEHMIO KIIMH-
KEPHOTO KUpPIMYa Ha 3aKOHOAATEIbHOM YPOBHE U aKTy-
aJIM3UPOBATh CTPOUTEJIbHbIC MpPaBWIa C BKIIOUEHUEM B
HUX KJIMHKEPHBIX U3METUI.

B Hacrosimiee Bpems B CIT 70.13330.2012 «CBog npa-
BwI. Hecylue u orpaxniaoliinne KOHCTPYKLIMU» B pa3-
nene 9 HeT naxe YIIOMUHAHMS O KIMHKEPHOM KUpIIJe,
B CIT 15.13330.2020 «KameHHbBIe 1 apMOKaMEHHBIE KOH-
CTPYKLIUW» B pasaene 5 «Marepuajibl» MpOCTO yKa3biBa-
etcst: «M250, M300, M400, M500, M600, M800 u
M1000 — xupnud ¥ KaMHU BBICOKO# IIPOYHOCTH, B TOM
4yucyie KJIMHKEPHBbIC, IMPUPOIHBIE W OETOHHBIE», B
CIT 345.1325800.2017 «3maHus Kujble U OOLIECTBEH-
Hble. [IpaBwia TpoOeKTUPOBAHUS TETIJIOBOW 3alllUThI»
MIPUBOASITCS NAaHHBIE TOJBKO O KUPIIHUYE TIIMHSIHOM
oosikHOBeHHOM, B CIT 327.1325800.2017 «CTeHBI Ha-
PYXHBIE C JIMIEBBIM KHUPHUYHBIM cioeM. [IpaBuia
MMPOSKTUPOBAHMUSI, DKCIUTyaTallMd M PEMOHTa» O KJIMH-
KEpHOM KHUpPTNHUYE YHNOMMHAETCsd ToJbKO B M. 13.8:
«ITpoekTupoBaHUE TPEXCIONHBIX CTEH ¢ TMOKMMU CBSI-
35IMM CJIETyeT BBITIOJTHSTH C YYETOM CJIEIYIOINX TpeOo-
BaHU. {7151 TULIEBOTO CJIOS TOMIIMHOMN 10 120 MM BKJTIO-
YUTEJIbHO CJIeAYeT MPEUMYILIECTBEHHO IIPUMEHSITh
KJIMHKEPHBIA WM TIOJIHOTENIBIM KUPIHUY (B TOM 4UCIIe
IIyCTOTHOCTBIO 10 13%), a TakKe MyCTOTEIbIA KMUPITUY C
HECKBO3HBIMU MycToTaMu. Jlomyckaercsi pacuimBKa
IIIBOB C 3ary1y0ieHrueM 10 1 ¢M IIpy MPUMEHEHUU B JIMIIE-
BOM CJIO€ KJIMHKEPHOIO WIM IIOJHOTEJIOT0 KHpIIMYa
(B TOM 4HMCIIe MyCTOTHOCTBIO 10 13%), a Takke MycToTe-
JIOrO KMPIIMYa ¢ HECKBO3HBIMU IYCTOTAMHU U ITyCTOTEJI0-
T'O C BePTUKAJTbHBIMU MyCTOTAMU C TOJIIIIMHON HApY>KHOU
CTEeHKU He MeHee 20 MM».

I'OCT 530—2012 «Kupnuu 1 KaMeHb KepaMUIeCKIe.
OO611IMe TEXHUYECKHE YCIOBUSI» 110 ITOBOIY MTPUMEHEHMS
KJIMHKEPHOIO KMpIIMYa AaeT OOlIue HaIpaBJICHUS UC-
TOJTb30BaHUSI, UTO JUISI TAKOTO HOPMATUBHOTO JOKYMEH-
Ta 3aKOHOMEPHO: «II. 3.8: KUPINUY KJIMHKEPHBI:
Wznenue, nMeroiiee BHICOKYIO IIPOYHOCTh M HU3KOE BO-
JIOTIOTJIONIeHNE, 00ecIeurBaloIee KCIUTyaTallMOHHbBIE
XapaKTepUCTUKU KJIaAKU B CUJIBHO arpeCCUBHOI cpene 1
BBITIOJTHSTIONICe (DYHKIIMY JIEKOPATUBHOTO MaTepualiar;
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«I1. 9.3: KJIMHKEPHBbI KUPIUY MIPUMEHSIIOT TIperuMYyIe-
CTBEHHO IS KJIAAKU U OOJMIIOBKU B CUJIBHO arpeccuB-
Hoii cpenie. B cooTBeTCTBUM ¢ TpeOOBaHMUSIMU HOPMATUB-
HBIX JOKYMEHTOB II0 IMPOEKTUPOBAHUIO, KIMHKEPHBII
KUPITMY MOXET MPUMEHSTHCS B (DyHIaMEHTaX U LIOKOJSIX
CTE€H 3[JaHUM, MojaBajax, Uil BO3BEACHUS MOAMOPHBIX
CTE€H, KOJIOHH, TapaneToB, I HApPY>XHBIX CTEH MOME-
IIEHUIA C BJIAXHBIM PEXMMOM, JUISI MCIIOJb30BaHUS B
CUCTEME KaHaJu3allMM, AbLIMOBBLIX TpPyOax, BEHTUJISILIM-
OHHBIX KaHaJIaxX U T. IL.».

B TekyiieM cOCTOSIHUM HOPMAaTHMBHO-TEXHUYECKOM
0a3bl MPOU3BOJAUTENN KEPAMUUYECKOTO U KJIMHKEPHOTO
KUPIIMYA BBIHYXXJIEHbBI CAMOCTOSITEJILHO pelllaTh BOIPO-
CBI TI0 PETJIAMEHTUPOBAHUIO CBOWMCTB M3ICJIMU U MpEeI-
JIOKEHUIO PellIeHUI o yCTPOMCTBY Kiamok. Kak uror,
Ha u3aenaus pa3padaTbIBAIOTCS TEXHUYECKUE YCIOBMUS,
Ha0I101aeTCsl TECHOE COTPYIHUYECTBO MPOU3BOAUTENEH
KUpIIM4Ya U MPOU3BOAUTEICH KIIAAOYHBIX CMECEM — IO
KOHKPETHBIA KMPNUY — KOHKPETHAs KJIaIOuHas CMECh,
COBMECTHO C apXUTEKTOPAMU W IPOCKTUPOBIIUMKAMU
CO3[AI0TCSI KaTajJor'M TUIIOBBIX KJAJ0K KakK JIMLIEBOTO
KMpIIMYa, TaK U MUPOTa CTeHBI B LieJoM. Tpatarcs cpe-
CTBa HAa MOJYYEHUE TAaHHbBIX HE TOJBKO O KAaYeCTBE KUP-
nM4ya, HO U O CBOMCTBAaX KJIAAOK M3 HEro, Mpu 3TOM
OOMEH JaHHBIMU MEXAY IPOM3BOAUTEISIMU MUHU-
MaJIbHBIN; B OCHOBHOM MH(pOPMAIIMOHHEIN OOMEH TIPO-
HUCXOJUT B PAMKaxX CUMITIO3UYMOB, HAYUHbIX CEMUHAPOB,
MEXIyHapoIHbIX KoH(pepeHunii. B pamkax mporpamm
M0 MOBBILICHUIO MPOAAX 3aBOJIAMU U BEAYIIIUMU TOPTO-
BbIMU ILTOLIAAKAMM TIPOBOASITCS CEMUHAPBI U O0yYeHUe
IWJIEPOB, TIPOCKTUPOBIIUKOB, APXUTEKTOPOB, KaMEH-
IIKUKOB. JIJIsT YaCTHBIX MOTpeOuTe el TPOBOASITCS IMpe-
3CHTAIlMK, pa3padaThIBAIOTCS KaTaJIOTH, aKTUBHO IIPU-
HUMAaEeTCs yJyacTUe B BbICTaBKax U (hopymax JJisl IpOJABU-
JKEHUSI MPOAYKLUU. JlaHHBIe MEPOIPUSITUS TTO3BOJISIIOT
HE TOJIBKO OLIEHUTh BHEITHUIA BUJI U3JICJIMIA, HO U Y3HATh
X TEXHUYECKUE XapaKTEPUCTUKU, OCOOCHHOCTU KJIaaKU
U mpoliecca dKCIUTyaTaluu.

HaxkoneHue v aHalIu3 TeXHUUYECKUX CBOMCTB pocC-
CUMCKOTro KIMHKEPHOTO KMpINMYa, aKTyaJbHasl U rap-
MOHM3UpOBaHHAs HOPMAaTHBHO-TeXHUUYecKas 0asa,
perJlaMEHTUPYIONIAsl CBOMCTBA KJIMHKEPHOW KepaMu-
KM, TPeOOBAHUS K €€ MIPUMEHEHUIO 1 pacueTy rnapame-
TPOB KOHCTPYKIIMI U COOPYKEHUII HA €€ OCHOBE MO-
3BOJISIT KJIMHKEPHON KepaMUKE 3aHSITb CBOIO JOCTOM-
HYIO HUIIY B CTPOUTEJIbHBIX MaTepHUaiaXx HACTOSIIETO
1 OyIyIIero.
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Pecnyonuka TriBa o61agaeT 3HaUMTEIbHBIMU 3aI1aca-
MU TIPUPOJTHOTO U TEXHOT€HHOTO CHIPbS JIJIS TTPOM3BO/I-
CTBa KePaMMUYECKNX CTCHOBBIX M CTPOUTEILHBIX MaTepU-
aJioB, KOTOpPBIE SIBJISIOTCS B HACTOSIIIEE BpPeMsl UPE3BbI-
YalfHO BOCTPEOOBAHHBIMM CTPOUTEIHLHOM WHIYCTPHUCH.
IIpu sTOM UMelolIMecs] B PEruoHe 3aBOAbI MepecTaloT
IMOJTHOLICHHO (DYHKIIMOHUPOBATh M3-3a M3HOIICHHOCTHU
000pyIOBaHUS W yCTapeBIIEei TEXHOJIOTUH, YTO TpeOyeT
MOJIHOM MOAEpPHU3ALMN KepaMHUYecKoii oTpaciu. B pe-
CITyOJIMKY KepaMUYECKUIl KUPIMY, KaMHU KepaMHude-
CKME U KepaMMuecKasl IIJIUTKa 3aBO3SITCS U3 OJm3jexka-
IINX PEeTHUOHOB, YTO IMPUBOAUT K POCTY IICH HAa MaTepua-
JIBl ¥ YIOPOXKAHMIO CTPOMTEILCTBA B IIeJIOM. B TO Xe
BpeMsl CYLIECTBYET peajibHash BO3MOXKHOCTb pPa3BUTUS
KepaMHUUECKOTO ITPOM3BOCTBA Ha 0a3¢ MECTHOTO MUHE-
PaJIbHOTO ChIPbsl U TEXHOTEHHBIX OTXOAO0B C UCITOJIb30Ba-
HHEM HOBBIX TEXHOJIOTHI 1 MX aIlllapaTypHOTO odecrieue-
HUS [JISI TIOJyYeHUsI BhICOKOKAUYEeCTBEHHOM MPOAYKIIUU,
yTO J7151 Pecny0amMku mMeeT 0co0yio aKTyaJTbHOCTb.

B HacTosimee BpeMsI pasBUTHE ITPOMBIIUICHHOCTH
Pecny6auku ThiBa OCHOBBIBAE€TCS Ha IIMPOKOMACIITA0-
HOI 100bIYe KAMEHHOTO YIVIsl Ha TPeX YrOJbHBIX MECTO-
poxneHusx. TexHoaorust pa3padoTKU yriie100bIBAIOIINX
MECTOPOKICHUIA BEAETCS OTKPBIThIM CIIOCOOOM: CHavaIa
yoansieTcsl BepXHMI CJIOW Han YTOJIbHBIM IIJIaCTOM,
BCKpBILIA MpU 3ToM cocTabisieT oT 10 mo 40 M. OTBaibl
BCKPBIIIN, TIPEACTABICHHBIC PAa3IMYHBIMU BUIAMH TOP-
HBIX MOPOJ, cocTaBisioT 6osiee 300 MJIH T U 3aHUMAIOT
OrPOMHBIE TEPPUTOPUM. YTHIM3ALMS ITPOMBIIIIEHHBIX
OTXOJIOB YTJIeTOOBIBAOIIICH TTPOMBIIIJICHHOCTH B TIPOM3-
BOJICTBE CTPOMTEJIbHBIX MaTepHAJIOB B KaUeCTBE OCHOB-
HOTO CBIPhSI MJIM B COCTaBe KEPaAMHUECKUX IIIUXT, HECO-
MHEHHO, Oy/IeT ClTOCOOCTBOBATh Pa3BUTHIO OTPACIIU, pa-
LIMOHAJIbHOMY MCIOJIb30BAHUIO IIPUPOIHBIX PECYPCOB U
PEIIeHUIO SKOJIOTHICCKUX MMPOOIEM PeTHOHA.

Boausu cronuisl Pecryonuku ThiBa pacriojiaratloTcs
pa3BeTaHHBIE MECTOPOXICHUSI TIWHHUCTOTO CHIPhS U
MHOTOTOHHBIE OTBaJIbI BCKPBIIIHBIX ITOPOJ YIVIEA00bI-
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Yy — aprUJUIMTHL Y CTh-DJerecta. MlccienoBaHUSIMU TeX-
HOJIOTMYECKMX U KepaMMUYECKMX CBOMCTB YKa3aHHbBIX
IMOpOoA 3aHNUMAJINCh COTPYIHUKM TYBMHCKOTO rocymap-
CTBEHHOTO YHMBepcHTeTa M TYBMHCKOIO MHCTHUTYTA
KOMIIJIEKCHOTO OCBOCHUS TIPUPOIHBIX pecypcoB CO
PAH [1—4]. Pe3yabraThl Ucclaeg0BaHUN JOKa3alu BO3-
MOHOCTh HCIIOJIb30BAHUSI TE€XHOTEHHBIX IOPOMA JIs
IMPOM3BOJCTBA KepaMUUECKNX MaTepualioB, OJHAKO HeE
ObLIM pa3paboTaHbl TEXHOJIOTMYECKUE PErJIaMEHTHI IIPO-
W3BOJACTBA W aIlMapaTypHOTO ero oOecreyeHusl.
ABTOpaMM MpoBeeHa paboTa Mo MCCIIEAOBAHUIO TTOPO/T
U pa3paboTKe CTpaTerny UX UCIOJb30BAHMUS.

B Hamieif crpaHe apTWIIATHI, apTrUJUTMTOIIONOOHBIE
[JIMHBI B TIPOM3BOJCTBE CTEHOBOI K€PaMUKU IPaKTHYE-
CKM HE TIPUMEHSIOTCSI, HECMOTpSI Ha UX OTPOMHBIC 3a-
Iachl, pa3BelaHHbIE MECTOPOXACHUS U CEPbe3HBIC UC-
CIIeIOBAaHMS MX BEIICCTBEHHOTO COCTaBa M KepaMM4e-
CKUX CBOMCTB [5—8].

B.JI. KotnsipoM u ero yueHMKaMu MoKa3aHa Ipak-
THYeCcKast BO3MOXHOCTh MOJYYCHHUS Ha OCHOBE apTiiI-
nmToB 1ora Poccuiickoit Denepaliuy He TOIBKO Kepa-
MHWYECKOTO KJIMHKEPHOI0 KHUpPIHUYa, HO M KepamMude-
ckoil yepenuipl [9]. OCOOEHHOCTBIO MCCAEAOBAHHBIX
IOPOJ SIBJIIETCS TO, YTO OHU HE MMEIOT IPUHIUITNATIb-
HBIX OTJIMIUUA OT TUAPOCTIOAUCTHIX U TUAPOCTIOANCTO-
KAOJIMHUTOBBIX IVIMH M, HECMOTPSI Ha TO YTO B COCTaBe
BCEIrIa MMEIOT HEKOTOPOE KOJMYCCTBO YIIMUCTBIX Ya-
CTHII, TTPU OTHOCHUTEJILHO HEBBICOKOW TeMIleparype
AT CIEKIIMiiCcs KaMeHb ¢ HU3KUM BOJIOIOIIOLIE-
HueM [8, 9].
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Puc. 1. MNpombilneHHoe Ha3dHa4YeHne rnH B 3aBUCUMOCTU OT UX XUMUYe-
CKOro coctasa. [NMHbI, NPUrofHble AN NPOM3BOACTBA: 1 — OrHEeYMNOpPHbIX
LIAaMOTHBbIX N3aenuii; 2 — NAMTOK ANs nona, KaHannm3aumoHHbIX Tpy6, KUCHo-
TOYMNOPHbIX N30ENNIA; 3 — TOHYAPHBIX U TEPPAKOTOBLIX U3AENWIA; 4 — Yepenu-
ubl; 5 — MOCTOBOIrO K/MHKepa; 6 — kupnuya; 7 — kepamauTa; | — o6nactb
aprunnuTos; Il - 06nacTb CyKNakckom MvHbl

Fig. 1. Industrial purpose of clays depending on their chemical composition.
Clays suitable for the production of: 7 — refractory fireclay products; 2 — floor
tiles, sewer pipes, acid-resistant products; 3 — pottery and terracotta;
4 - tiles; 5 — bridge clinker; 6 — bricks; 7 — expanded clay; | - mudstone area;
Il - Sukpak clay area

Ta6nuua 1
Table 1
X1uMunyeckunii CocTaB YCTb-3JIereCTCKUX apruisiInToB Ha NpoKaseHHoe BeLLecTBOo
Chemical composition of Ust-Elegest argillites for calcined matter
McTOYHVK MHOpMaLIMK SiOg AloO3 TiOo FeoO3 Ca0 MgO Ko0 NasO Po0sg SO3 MnO
TysWKOIMP CO PAH 68,25 9,11 1,82 12,45 1,14 1,48 4,31 0,8 0,4 0,17 0,06
Kapa-can B.K. 65,86 12,95 1,99 9,79 1,98 2,44 2,98 1,32 0,44 0,19 0,07
TaGnuua 2
Table 2
XnMunyeckuii coctaB CyKnakCKOM rfivMHbl Ha NPOKaneHHoe BeLeCcTBO
The chemical composition of Sukpak clay on a calcined substance
SiOs AlxO3 TiOo FeoO3 Ca0 MgO Ko0 NaO Po0sg SO3 MnO
62,92 15,73 0,92 7,18 8,18 0,46 2,08 1,85 0,44 0,21 0,08
Ta6nuua 3
Table 3
DduU3nKo-MexaHnYeckue XxapakTepucTukm oopasuoe
Physical and mechanical characteristics of the samples
Cpepnsin | Mpenen npodHocTn .
TemnepaTg/pa Ne ANOTHOCTb, (Mna) npn Bogonorno- | Mopo3ocToit-
obxura, °C LUNXTbI 3 LeHve, % KOCTb, LMK
r/cm oxatiu | umsrube
1 2,253 33,6 6 10,5
1000
2 2,095 249 5,2 13,6
1 2,266 38,8 6,6 9,6
1050 50
2 1,992 30,3 5,1 11,5
1 2281 58.9 79 25 Puc. 2. MukpogoTorpagpusa aprunamra YcTb-9ne-
1100 : . : . recta
2 2,095 4 3,8 1,5 Fig. 2. Micrograph of Ust-Elegest argillite
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Puc. 3. Judpakrorpamma: a — aprunnmta YcTb-dnerecta; b — CykKnakckoin rvHbl
Fig. 3. X-ray diffraction pattern of: a — Ust-Elegest argillite; b — Sukpak clay

YuuTeiBas GIarornpusiTHOE TEPPUTO-  a

pHUAIbHOE PaCHOJIOXKEHHE apTIIINTOB T, %
VYcerb-Onerecta 1 OpUPOJHOTO TAMHU- 102

CTOTO ChIPbSI BOJM3U KPYITHOI'O IIPO-

MBIIIIJICHHOTO LIEHTPa, aBTOPHI IIPOBEIM 100

paboTy MO HUCCAeAOBAHUIO IMEPCIEKTUB

UX KOMILJIEKCHOTO OCBOCHMSI IIPUMEHU- 98

TEJTBHO K TIPOU3BOACTBY Ae(MUIIMTHEIX B

Pecnyonuke TrwiBa KepaMuyeckux ma- 96

TEpUasoB.

BoinmosiHeHbl McclienoBaHUsS Bele- 94
CTBEHHOTO COCTaBa W TEXHOJIOTMUCCKUX
CBOICTB TpeACTaBUTEIbHBIX MPOO TpU- 92
POTHOTO UM TEXHOTCHHOTO CBIPbsI, KOTO-

PpbI€e ITO3BOIW/IM YCTAHOBUTH XUMUYeCKMiA 90
Y MUHEPAJIbHBIN COCTAB IIOPO/I. 100 200

Cornacio aumarpamme A.M. ABry-
cTrHUKa (puc. 1) 061acTb, KOTopylo 3a-
HUMAIOT ApTWJUIUTHIL YCTh-DJerecra, Ha- T, %
XOJIUTCS Ha TPaHUIIC 30H CHIPHS IJISI MO- 100
CTOBOTO KIMHKEpa M KEpamMUyeckoro
KWpIAYa, a CyKITakcKasi TAIMHA — Ha Tpa-

HUIIC 30H KEPaM3UTOBBIX U KUPIIUYHBIX 96
mH. B nesnom xummdeckuit ¥ MuHe- o,
paJbHBIN COCTaBbI APTWJIJTUTOB COOTBET-

CTBYIOT KJIaCCy ChIpbs U1 Mpou3BoacTBa 92
KJIMHKEPHOTO KHUPIIMYa, KPEMHE3EMU- o
CThIIf MOIYJIb Y HUX B CPEIHEM COCTaB-

JiseT ot 3 10 4. 88

MuHepanbHbIli COCTaB apruii-  ge
TOB (puc. 2, 3, @) IpeAcTaBIcH KBapleM,
CMEIIAHOCIONHBIMY [JIMHUCTBIMU MH- O 100 200

HepajlaMu (MOHTMOPUJUIOHUT, THUIPO-
CJTI0/1a, KAOJWHUT), TIOJIEBBIMU IIITIATA-
MU (OpTOKJa3), B HEOOJbIIOM KOJUUYe-
CTBE IIPUCYTCTBYIOT KApOOHATHI.
ApruimmToBasi TIopojia COCTOUT U3 OYe€Hb TOHKO3ep-
HUCTOrO (MEeJIMTOBOr0) 00JJOMOYHOrO MaTepuaia (pa3Me-
pom okojio 0,001 MM) KBapII-TIOJIEBOIITIATOBOTO COCTaBa,
MUKPOYEIIIyiuaToii OypoBaTOii THUAPOCIIONBI Y YIJIUCTOTO
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Puc. 4. lepuBaTtorpamma: a — apruinntoB YcTb-OnerecTa; b — CyknakCkow rinHbl
Fig. 4. Derivatogram: a —

argillite of Ust-Elegest; b — Sukpak clay

nIeTpuTa Oyporo 1Beta (puc. 2). PasMep yrimcTsix 0010M-
koB 10 0,1 MMm. KpomMe TOro, B mopoje NpUCYTCTBYIOT
XJIOITbeBUIHBIC, KOMKOBAThIC 00pa30BaHUS OpTaHWYC-
CKOro BellecTBa 0ypoii okpacku pazmepom 10 0,2—0,3 Mm.
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Puc. 5. paHynomMeTpuyecknini cocTaB apruiuToB YCTb-9nerecra: a — UCXOOHbIX; b — nocne

MexaHOakTueaumnm

Fig. 5. Granulometric composition of Ust-Elegest argillites: a — original; b — after mechanical

activation

Ecnmu cpaBHUTH AubpakTorpaMMbl apTWUIMTOB U
CYKITAKCKOW TJIMHBI (puc. 3), TO MOXHO OOHaApY>KUTb
CXOJICTBO UX MUHEPAJIbHOTO COCTaBa, UTO OOBSICHSIETCS
TEPPUTOPUATILHON OOITHOCTBIO U TeM, 4TO (hopMUpoOBa-
HUE apTUJUTMTOB MPOUCXOIMNIO MPU BHICOKOM NaBICHUU
1 TeMIIepaType Ha IIIyOMHaX B pailioHEe pacIiONIOXCHUS
CyKITaKCcKoM riuHbI [10].

JlepyBaTorpaMMbl apruUIMTOB M CYKIIAKCKOW TJIH-
HbI (puc. 4), HeCMOTpPsI Ha OJTM3KUI MUHEPATbHBIN CO-
CTaB, MEHee CXOIHBI MEXIy CO00It, yeM AudpaKkTorpaM-
MBI, YTO HEKOTOpBIE aBTOPHI OOBSICHSIIOT pa3HUIIC B
GopMUPOBaAaHUYU KOHTAKTOB MEXIY YaCTULIAMU B TJIMHAX
u aprwumTax [11].

Ha mepuBaTorpamMe CyKITaKCKOMW TJIMHBI ABYXCTY-
MeHYaToe ynajeHue XMMUUYECKU CBSI3aHHOU BOIBI U3
TJIMHUCTBIX MUHEPAJIOB TPOUCXOAUT HE TaK, Kak y
apTUJUIMTOB, Y KOTOPBIX pa3pylIeHWEe KpUCTaLIuye-
CKOI pelIeTku HacTymaeT paHbine. [loaToMy aprui-
JIUTHL YCTh-Dierecta OTHOCITCS K ChIPbIO JIETKOIIaB-
KoMy (Temmepatypa miaaBiaeHuss 1200—1250°C) ¢ y3-
KM MHTEpBAJIOM CIeKaHUs, 4YTO IOIMOJHUTEIbHO
O00YCJIOBJICHO MOBBIIICHHBIM COJIEPXKaHUEM OKCHUIOB
xkeesa (mo 10—12%).

OOHapyKXeHHbIE aBTOpaMU OCOOEHHOCTU cOCTaBa U
TePMUIECKNX CBOMCTB aprAJIJIUTOB U CYKITAaKCKOM TJIH -
HbI TTO3BOJWIN C(HOPMYJIUPOBATH OCHOBHYIO TEXHOJIO-
TUYCCKYIO MICIO UCITOIb30BaHUS IPUPOITHOTO U TEXHO-
TEHHOTO CBIPbSl B TIPOM3BOJICTBE CTEHOBOW U CTPOU-
TeJIbHOU KepaMuKu. BeaeacTBue Toro, 4To TeXHOJIOTH -
YeCKHE CBOWCTBA APTWLIUTOB CEPbE3HO 3aBUCIT OT
MaCCOMOATOTOBKHU, MJISI CHUXEHUS Cce0eCTOMMOCTH
MIPOIYKILMHU, MTOBBIIICHUS €€ Ka4eCcTBa U BO3MOXHOCTH

MOJIYICHUS pa3IMIHBIX BUIOB KEpaM-
YECKUX U3JCINI HEOOXOIUMO KepaMu-
YecKHe Macchl (pOpMHUPOBATH U3 MeXa-
HOAKTUBUPOBAHHBIX apTUUIMTOB U
[JIMHUCTOTO CBIPbSI CXOJHOTO MUHE-
paJIbHOTO COCTaBa, HO OTJIMYAIOIIETOCs
TEXHOJOTUYECKUMU  CBOMCTBaAMMU.
Takum 06pa3oM cMHepPTeTHICCKUMA 3h-
(eKT IMO3BOJUT OOCTUYDL TPeOyeMOro
pe3yJbrara.

IIpencraBUTeNbHYIO TEXHOJIOTHUYE-
CKYIO ITpO0Y apTUJIIUTOB Y CTh-DJerecra
MpeABAPUTENIbHO NPOOMIM B I1IEKOBOM
Jpobusike no ¢gpakuuu 1 MM, a 3aTeM
aKTUBHUPOBAJIM B IIAPOBOI MEJIFHUIIC B
TedyeHue 2, 4 1 6 4 B peKMMe CyXOro mo-
MoJa. Hapsiny ¢ yBeMyeHUeM IUCIIepC-
HOCTH (pHcC. 5) BBIpOC/A TUIACTUIHOCTD
aKTMBUPOBAHHBIX apTUJUIUTOB C 8 10 13
W TIPOYHOCTh OOPA3IOB IIOJYCYXOTO
MPEeCCOBaHMsI Ha UX OCHOBE I10 CpaBHE-
HUIO C UCXOAHBbIMU — Ha 57%.

ITo TexHOJIOTUM TOJYCYXOTO TIpec-
COBaHMSI OBUIM IMPUTOTOBJICHBI [BE
IIUXTHI C PAa3HBIM COOTHOIIICHUEM Me-
XaHOAKTUBMPOBAHHBIX apTHJUINTOB U
CYKIIAKCKOM TIJIMHBI COOTBETCTBEHHO:
muxTa 1 — 70:30; mmxra 2 — 30:70%. OGpasibl mpecco-
BaJIM Ha JIaOOPAaTOPHOM THIPABIMYECKOM IIpecce IpH
CTaHJIAPTHOM JJISI TIOJTyCYXOTO MPECCOBAHUS JaBIECHUN
20 MIIa. CdhopmoBaHHbIe 00pa3libl OOXMIAIU B MY-
denpuoit meun pu 1000, 1050 u 1100°C. PesynbraThl
UCIBITAHUI KepaMUUEeCKMX OOpa3LoB IPUBEACHBI
B TabJI. 3.

1000 3000

1000 3000

BoiBoabl

Pesynbrathl MccaeqoBaHUI KepaMUYECKMX 00pa3lioB
TTOJTyCYXOTO TIPECCOBAHUST HA OCHOBE MEXaHOAKTUBUPO-
BAaHHOTO aprujuiuTa YcTb-Diierecta U CyKnakCKou Iin-
HBI I0KA3aJI1, YTO COCTAB IIIUXTHI BIUSICT HAa O0KUTOBHIC
CBOICTBA CTIEKAEMbIX KEPAMUIECKUX U3IETNI, KOTOPHIE
XapaKTepU3YIOTCsS U3MEHEHHUEM TUIOTHOCTU, BOAOIIOIJIO-
IIEHUS ¥ TIPOIHOCTH (TabI. 3).

V3Kuii MHTEpBaJl CIEKaHWs, HECMOTPSI Ha TO YTO
MPU3HAKOB TIepexora Ha odpaslax, 000XKEHHBIX MPU
temmiepatype 1100°C, He HabmMOANIOCH, HE TTO3BOJISIET
UX OTHECTH K U3HCAUSIM CTPOUTEIBHOM KEepaMUKM.
OnTUMabHON TeMIIepaTypoil 00XHWTa MOXHO CUYUTATh
1000—1050°C.

YCTaHOBJIEHO, YTO MCTOJb30BAaHUE MEXaHOAKTHBU-
POBAHHBIX APTWJIMTOB YCTh-DJierecta B KOMOMHALIMU C
TJIMHUCTBIM CBhIpbeM CYKITAaKCKOTO MECTOPOXKICHUS TT0-
3BOJISIET MOJYYUTh U3ACIUST KaK CTEHOBOI, TaK U CTPOU-
TeJbHOI KepaMMKU Ha OXHOM 3aBOJE, ITOCTPOCHHOM
BOJIM3M 3TUX MECTOPOXKIEHMI, YTO 00ECITIEYUT TMOKOCTh
MPOM3BOJCTBA B YACTU aCCOPTUMEHTA BBIITYCKAEMBIX U3-
nenuii. PagpaboTaH TEXHOJOTMYECKUIA perjiaMeHT Mpo-
M3BOJICTBA KEPAMUYECKOTO KUPITMYA U YEPETMIbI MOIII-
HocThio 100 TBIC. T/T.
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O6bemHoe okpaluMBaHUe CTEHOBOM Kepamuku fobaBkamu
nonyTHOW NPOAYKLMK NPOU3BOACTBA (heppocuIMKOMapraHia

MpefacTaBnexsbl pesynbrathbl UCCeJ0BaHMIA N0 06bEMHOMY OKPALLMBAHWIO CTEHOBbIX KEPAMUYECKIUX MaTepuanos Ao6aBKkamm MapraHLeBoro
KOHLiEHTpara (NonyTHOI NpoAyKLMM NPON3BOACTBA (heppocunmuKomapranya). NMpueeseHbl XUMUYECKWIA, TpaHyriOMETPUHECKNIA, MUHEPASb-
HbIii COCTaBbl FMHUCTOrO CbIpbs, NPEACTABASIOLIEr0 3aBOACKYIO LWNXTY ANS NPOWU3BOACTBA KEPAMUYECKOrO KMPMWUYa, W MapraHLeBoro
KOHLeHTpara. PaccMOTpeHbI COCTaBbl KEPAMUYECKNX LLINXT C PA3NN4HbIM COAEPXKaHNEM TEXHOrEHHOMO KPacsALLero KOMNOHEHTa 1 TeXHNKa
NPUroToBfeHNs 06pasLoB CNOCO60M MArKOM hOPMOBKM 13 NNACTUYECKMX MACC. YCTaHOBMEHbI 3aBUCUMOCTY BAMSHWS KONN4eCTBa [06aB-
K11 MapraHLeBoro KOHLEHTpara Ha hopMOBOYHbIE, CYLUMMbHbIE 1 06XXMIOBbIe CBOCTBA MMMHOMACCHI. YBENUYEHNE COLePXaHns KpacsLLen
TEXHOrEeHHOI J06aBKI NPUBOANT K CHYKEHUIO CpefHeli NI0THOCTM 1 NPOYHOCTI NpU CXaT 06pasLioB, NPy 3TOM NPOUCXOAUT 3HAYUTENb-
HOE YBEMYeHNe X BOLOMOIMOLEHNS, YTO CBUAETENbCTBYET O HEraTWBHOM BAWUAHUM A06aBKW B KonndectBe 6onee 10% Ha npoLecch
CreKaHus Npm 06XKure KepamuKi. YCTaHOBMEHO, YTO BBELEHUE MAPraHLEBOr0 KOHLEHTpaTa B 3aBOLCKYI0 LUNXTY NPUBOANT K OKPALLMBAHUIO
060XOKEHHbIX 06pa3LI0B B Pa3NNYHbIE OTTEHKM KOPUYHEBOTO LBeTa. OnpeaeneH ONTUManbHbIA COCTaB LUNXTbl HA OCHOBE MIMHUCTOrO ChIPbs
1 NOMYTHOW NPOAYKLMYM NPON3BOACTBA (DEPPOCUITIKOMAPTaHLA ANs NOMYyYeHNs 06beMHO-0KPALLIEHHbIX KEPaMUYeCKMX 06pa3LioB NpO4YHO-
cTbto 17-18 MMMa o6xmrom npu 1030°C. CchopmynmpoBaHbl OCHOBHbIE HANPaBMEHUA faNnbHERLWNX UCCef0BaHNIA.

KnioueBble cnoBa: 06bLeMHOE OKpaLLUUBaHIE CTEHOBOI KEPAMUKM, TEXHOreHHAs KpacALlas 06aBKa, MapraHLeBblii KOHLEHTPAT, MArkas
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Volume Coloring of Wall Ceramics with Additives of Associated Products from Ferrosilicomanganese Production

It has been presented the results of studies on the volumetric coloring of wall ceramic materials with the addition of manganese concentrate (a by-product of the production of ferrosili-
comanganese). The chemical, granulometric, mineral compositions of clay raw materials, representing the factory charge for the production of ceramic bricks, and manganese concentrate
are given. The compositions of ceramic mixtures with different content of the technogenic coloring component and the technique for preparing samples by soft molding from plastics are
considered. The dependences of the influence of the amount of manganese concentrate additive on the molding, drying and firing properties of clay mass have been established. An increase
in the content of the coloring technogenic additive leads to a decrease in the average density and compressive strength of the samples, while there is a significant increase in their water
absorption, which indicates a negative effect of the additive in an amount of more than 10% on the sintering processes during ceramic firing. It has been established that the introduction
of manganese concentrate into the factory charge leads to the coloration of fired samples in various shades of brown. The optimal composition of the charge based on clay raw materials
and by-products of the production of ferrosilicomanganese was determined to obtain volume-colored ceramic samples with a strength of 17-18 MPa by firing at 1030°C. The main direc-
tions for further research are formulated.
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For citation: Stolboushkin A.Yu., Portnov A.O., Akst D.V., Shchetinin D.A., Fomina 0.A., Spiridonova .V. Volume coloring of wall ceramics with additives of associated products from
ferrosilicomanganese production. Stroitel’nye Materialy [Construction Materials]. 2023. No. 5, pp. 14-21. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2023-813-5-14-21

Pacmpenue accoptuMmeHTa U yaydllieHUE KauyecTBa  TepuasioB. CTPOUTENbCTBO U IKCIUTyaTallUsl 31aHUNA CO
JINTIEBOTO M JIEKOPATMBHOTO KEPaMUUYECKOTO KMpIUYa  CTEHaMM, OOJMIIOBAHHBIMU TaKUMM MaTepuallaMU pa3-
0e3yCIOBHO SIBJISIIOTCSI OAHWUM W3 IMEPCIEKTUBHBIX Ha-  JIMYHOW OKPACKU, MPEAOTPEACIUIN BBICOKUM CrIpoc Ha
MPpaBJIeHUI Pa3BUTHSI TPOM3BOJICTBA KEPAMUYECKUX Ma-  I[BETHbIE Kepamuueckue usnenus [1, 2]. bonbmmHcTBO
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Ceramic building materials

POCCUICKMX KUPIMUYHBIX 3aBOJOB PACLIUPSIET aCCOPTU-
MEHT CBOEH IMPOIYKIIMHY 3a CUET UCIIOJIb30BaHNSI UMEHHO
00BEMHOI0 OKpaIlllMBaHUSI KepaMUYECKOTO KHUpIIWYa,
YTO OOYCIOBJIEHO MPOCTOTON U 3(P(PEKTUBHOCTHIO TEX-
HOJIOTUH, a TAKKe OOJIBIIIEH TOJITOBEYHOCTHIO U3ICINiA B
CPaBHEHUM C HEKOTOPBIMU CcrlocoOaMu 0OpabOTKM IMO-
BEpXHOCTU KHUpIIMYa.

B 3aBojicKOli TTpaKTMKE OIHUM M3 PacIpoCTpaHEH-
HBIX CITOCOOOB MOJIyYeHHUSI CTEHOBOI KepaMUKM I10 TeX-
HOJIOTUY OOBEMHOTO OKPAIIIMBAHUS SIBJISIETCSI KOMOMHM -
pOBaHMUE IJIMH U CYTJIMHKOB Pa3JIMYHOTO BEILIECTBEHHOIO
coctaBa. [pyrue crnocodbl OCHOBaHbI Ha BBEICHUU B
IIUXTY Pa3IMIHBIX MUHEPAJTbHBIX J00OABOK B BHUIE Me-
TAJTMYECKMX, PYAHBIX MCKOMAeMbIX U TMPOAYKTOB MX
repepaboTKK, KapOOHATHBIX TIOPOJI, BEICOKOR((MEKTUB-
HBIX OKCUAOB U coneii metaioB [3—11]. OgHako B aeii-
CTBYIOIINX TEXHOJOTUSIX IIPUMEHSIIOTCS B OCHOBHOM JI0-
poruve u 1e(ULIMTHbIE TUTMEHTHI [12].

C ToukM 3peHUsT (PUUKO-XUMUYECKONM MPUPOABI
IIBETa MMOJIMMUHEPATBHBIX CUJTMKATHBIX CUCTEM TIPUHSITO
CUMTAaTh, YTO OKpacka KepaMUKU HAMpsIMylO 3aBUCUT OT
HaIM4us B Heil MOHOB-XpOMOGOPOB, UX BJIEKTPOHHOI
CTPYKTYPHbI, BAJICHTHOTO COCTOSIHUSI, pa3Mepa U OKpYyKe-
Hus. B ciygae ecnu y nonos nepexomgHbix (V, Cr, Mn,
Fe, Co, Ni, Cu) unu peako3eMeIbHBIX 3JIEMEHTOB, BXO-
ISMX B (pa3oBbIfl COCTaB KepaMUYECKOro Marepuaa,
MMEETCSI HEe3alOJIHEHHBIT BEPXHUM SHEPreTUYeCKUi
YPOBEHb, TO KPUCTAIBI U3 3TUX JEMEHTOB BBITJISIAST
OoKpalleHHBIMU. [Ipu TosIBIeHMM BaKaHCUl B d- WK
Jf-000J104KaX UMEIOIIMXCSI aTOMOB M3MEHSIETCST CITOCO0-
HOCTh KPUCTA/UIOB MHTEHCUBHO IMOIIOINIATh U IIpeodpa-
30BBIBATh CBETOBYIO SHEPIMIO B BUIMMOW YacTH 2JIEK-
TPOMarHUTHOIO CIIEKTpa, UYTO OOYCJIOBIMBACT CYyObEK-
TUBHOE BOCTIPUSITHE 11BETA 3peHneM vesoBeka [13].

Cpenu MUHEpaJIbHBIX KpaCUTEJIEH ISl CTPOUTETbHOM
KepaMUKU BBIICJISIIOT IIPOCTHIE U CJIOXKHBIC COSTMHEHUS.
K 11epBBIM OTHOCSIT OKCHIBI, TUAPOKCHUIBI U COJIA TSIKE-
JIBIX METaJJIOB, TaKWX, KakK XeJe30, XpOM, MapraHell u
np. Bropast rpymma XpoMoOpHBIX BEIIECTB BKIIFOYACT
QTIOMUHATBl U CUJIMKAThl TUIIa IUMUHEJEH, rpaHaToB,
BUWJIEMUTOB, TBEPIBIX PACTBOPOB KOPYHIOB, CHUJUITMMAa-
HUTOB WJIN YCTOMYMBBIX coeMHEeHUI (pocharoB, BaHa-
JaToB U T. 1. [14—16].

Kak mpaBuino, mpou3BOACTBO KEPaMUYECKUX TTUT-
MEHTOB CBSI3aHO C BBICOKOTEMIIEPATyPHBIM CUHTE30M
(1300—1400°C) 1 ¢ HEOOXOAMMOCTBIO MCITOJIb30BaTh
JIOpOroe, BBHICOKOCOPTHOE CHIPhE, B OCHOBHOM XHM-
peakTuBsl [17].

HecmoTpst Ha BBICOKMIA CITPOC Ha 00beMHO-OKpallIeH-
HBII KUPIAY CO CTOPOHBI MOTPEOUTEIIEI, €ro MPOU3BOJI-
CTBO OCJIOXKHSIETCS PSIIOM HeOJaronpusITHBIX (DaKTOPOB.

Bo-1iepBBIX, 3TO 3HAUMTEIHLHOE ITOBBIIICHUE 3aTparT,
CBSI3aHHOE C MPUOOPETEHUEM U TPAHCIIOPTUPOBKOU 10~
POTMX HEOPraHMYECKUX KpacUTeIe, YaCTO TPHUBO3UMBIX
n3-3a pybexka, IMOCKOJIbKY OT€UECTBEHHBIE XpOMO(DOp-
Hble M100aBKM HEpPEAKO MMEIOT HM3KOE KayeCTBO U He
obecrnieunBaoT 3¢h(PEKTUBHOE OKpaIIMBaHUE KepaMu-
ku [18]. TIpu 3TOM ceayeT ydyecThb OecrpeleaeHTHOe
CaHKIIMOHHOE JaBJICHNWE KOJUIEKTMBHOTO 3arama, OyK-

BaJIbHO OOPYIITMBIIIEE TOCTABKY TEXHOJIOTMI 1 MaTepura-
JIOB B HAIlly CTPaHYy.

Bo-BTOpPBIX, TpUMEHEHNE TOPOTOCTOSIINX KEpaMM-
YeCKMX IMMUIMEHTOB He TapaHTUPYET MOJydyeHus Tpedye-
MOl OKpacKuM M CTaOMJIBHOTO IIBETa KepaMUUeCKOTO
kupnuya nociyie ooxura [19]. Bo3dHukatoT npobiemsl ¢
MOJIyYeHUEM OIHOPOJHON OKpackM KepaMU4YeCKOTO
KaMHsI, CBSI3aHHbIE C HEPAaBHOMEPHBIM pacIipe/ieJIieHueM
Kpacuresisi B 00beMe IJIaCTUYHON MacChl, Ha YTO HEIMo-
CPEACTBEHHO BJIUSIOT CIIOCOOBI BBEICHUS TOOABKM U €€
rnepeMeluBaHus ¢ mHoi [20].

B-Tpetbux, modasieHUe HEOpPraHUYECKUX KpacHuTe-
JIel B TUTACTUYHYIO MAacCy MOXeT HEeraTMBHO CKa3aTbCsl
Ha (QU3MKO-MEeXaHUYECKUX CBOWCTBAX W3ACIUIA.
CHIXeHre MapOYHOI TTPOYHOCTU U YBEJIMYCHHE BOIIO-
TTOTJIOIICHUSI TIPOUCXOAT BCIICACTBUE HAPYIIEHUS TTPO-
1IECCOB CIIEKaHUsI ITPU 00XKUTe KEPAMUKU C KOPPEKTUPY-
OIIMMU Jo6aBKamu [21].

B Hacrosiiiee Bpemst akTyaabHbIM SIBJISIETCSI TTPOBEC-
HH1E UCCIIeTOBaHUI TI0 pa3paboTKe COCTaBOB KepaMMUue-
CKUX IIWXT, TO3BOJISTIOIINX YUTH OT UCITOJIb30BAHMS pa-
(UHUPOBAHHBIX XPOMOMOPHBIX J0OABOK B CTOPOHY ajlb-
TEPHATUBHBIX CHIPHEBBIX MAaTEPUAJIOB.

Ienb HacTOSIIE padOTHI 3aKJIIOUACTCS B IIPOBEACHUU
HAyYHBIX UCCIEIOBAaHUN MO0 0OBEMHOMY OKPAITMBAHUIO
CTEHOBBIX KepaMUUYECKMX MaTepuaioB J0OABKaMM MU-
HEepaJIbHBIX XPOMOMOPHBIX BEIIECTB, COMEPKAIINX OK-
CHJIBI TSDKEJIBIX METAJUIOB. B COOTBETCTBUM C TTOCTaBJICH-
HOI1 1IeJIbI0 UCCIeIOBaHUS TIPOBOAMIMCH B IBa dTana u
BKJTIOYQJIA Pa3pabOTKy OMTUMAbHBIX COCTaBa IIUXTHI,
nmapamMeTpoB U PEKUMOB 00XUTra 00 beMHO-OKPaILIEHHO-
ro KepaMHU4YECKOTro KMPIUYa IUIACTUICCKOTO (hopMoOBa-
HUSI Ha OCHOBE TJIMHBI C MCIIOJb30BAaHWEM ITOITyTHOM
MPOAYKIIMM TIPOM3BOACTBA (hpeppoCUIMKOMapraHiia
(mapraH1eBblit KoHlieHTpaT MK-30).

O0BeKTHI Nccie0BaAHMI

ITo cornacoBanuio ¢ 3akazuukoM OO0 KupnuuHblit
3aBoj «JIukomop» (r. HoBocubupck) pa3paboTka cocra-
Ba TIpecc-Macc IMPOBOAWIIACH JIJISI TBYXKOMIIOHEHTHOM
LIMXThI, COCTOSIIIEH 13 6A30BOr0 KOMIIOHEHTA — TJIMHU-
CTOTO CBIPbSI, UCITOIb3yEMOTO B 3aBOJICKON TEXHOJIOTUH,
U TEeXHOTEHHON KOPPEKTUPYIOIIel T00aBKU [UISI OKpa-
IIMBaHUs KEPAMUUECKOTO KUPITMYA B KOPUIHEBBIH IIBET.

Bb160p Kpacsiiiiero KoMnoHeHTa Obl1 00yCIOBJIEH Ha-
JIMYMEM B €r0 XMMUYECKOM COCTaBe COCAMHEHMI, CIIO-
COOHBIX MPU 00KUTE KEPAMUKHU 00PA30BHIBATH CJIOXKHBIC
MMHEPaJIbl C XapaKTEPHbIMU ONTUYECKUMU CBOMCTBAMU,
OTMeUYeHHBIMU BhIe. C y4eTOM OpraHM30BaHHON
JOOBIYM M TIepepabOTKU MapraHIeBO pyabl Ha lore
KemepoBckoii 00JlacTi B KayeCTBE KOPPEKTUPYIOLIEH
JI00aBKM B KEPAMUYECKYIO IIUXTY ObLT BBIOpAH MOMYT-
HBII TIPOAYKT MPOU3BOIACTBA (heppOoCHIMKOMapraHia —
MapraHueBblii kKoHumeHTpaT MK-30 mpousBoacTBa
000 <«3anagHo-Cubupckuii sjeKTpoMeTaIypruye-
ckuit 3aBon» (r. HoBOKy3HeIIK).

I'muHucTOE ChIphE MPEACTaBIIeT COO0 cMeCh Kpac-
HoXTy1erocs cyrinHka Bepx-TyJaumHCKOro MecTopox-
neanst Hosocubupckoii 06, (CBTM) u Tyromnaskoit

scientific, technical and industrial journal

May 2023

15



KepaMqucIme CTPOHUTE/IbHBIC MaTEPHATIbI

Ta6nuua 1
Table 1
XnmMuyeckuii coctas CbipbeBbIX MaTepuasnos
Chemical composition of raw materials
Bug No MaccoBsasi 40519 KOMNOHEHTOB, %
Cblpbs [ NPoObI SiOo | AloO3 | FeoO3 | CaO MgO | NaoO | KoO TiOo SO3 P20s5 | MnOggy, | PO nnn
CBTM 1.1 59,27 | 14,02 | 4,81 5,91 2,32 1,45 1,99 0,70 <0,1 0,09 0,08 H/L 9,26
3.1 60,81 14,5 5,14 4,28 1,9 1,44 2,05 0,73 <0,1 0,1 0,09 H/L 8,86
KM 320 59,9 | 29,46 0,15 0,4 0,36 H/L, H/L, H/L 0,41 H/L, H/L, H/L 7,47
CpepnH. | 62,48 | 23,86 1,69 0,51 0,35 <0,1 0,69 1,58 0,13 0,06 <0,03 H/A 7,95
MK-30 2-aneyb | 16,42 2,8 0,84 4,19 7,5 3 13,9 H/L 0,73 0,03 17,2 16,2 | 12,82
3-9 nevb 32 4,2 1,74 10,5 9,7 1,8 4,9 H/L 0,25 0,04 24,4 2,7 7,32
MpumeyaHue: H/4 — HET NAHHbIX.
Tabnuua 2
Table 2
IpaHynomeTpuyeckuii CoOCTae CbipbeBbIX MaTepuasnos
Grain size distribution of raw materials
MonHbii octaTtok Ha cute Ne 0063, % YacTHble ocTaTku B % Ha cuTax, Mm
Bua cbipbst | Ne npobbl
>0,063 0,063-0,01 0,01-0,005 0,005-0,001 <0,001
KM 320 1,55 0,88 14,5 43,47 39,6
CpenH. 2,79 2,97 14,99 37,4 42,41
MK-30 2-9 nevb 4,71 39,93 34,07 15 6,29
TaGnuua 3
Table 3

MuHeparnbHbIli COCTaB CbiPbEBbIX MaTepUanoB
Mineral composition of raw materials

Buz ceipbs, Ne npo6bl MpeobnapatoLme MuHepanbl MeXnnoCKOCTHbIE PACCTOAHUS, A
nuHnCTbIE
nnnt (rmgpocniona) 10,1412; 5,0582; 4,5105; 3,310; 2,9529; 2,5605; 2,3719;1,9774
KaonuHut 7,0679; 3,5360; 2,8084; 2,5605; 2,3719
HOHTpOHUT 14,5093; 6,0671; 4,5105; 2,5949; 1,6692; 1,5410
MOHTMOPUANOHUT 11,2440; 6,0671; 5,4336; 4,47; 2,5949; 1,6692
CBTM, npoGa 3.1 Hennactun4yHble
Keaplt 4,2478; 3,3487; 2,4525; 2,2837; 2,2402; 2,1287; 1,9774; 1,8182;
1,6692; 1,5410; 1,3821; 1,3753
OpToknas 6,4433; 4,2478; 4,0393.; 3,7786_; 3,4847.; 3,331; 3,1994; 2,9529;
2,6456; 2,5605; 2,3984; 2,2837
Kanbuut 3,8680; 3,0296; 2,4525; 2,2837
BpayHut 0,272; 0,166
[aycmanuTt 0,249; 0,277; 0,154
Keapu, 0,334; 0,228; 0,181; 0,154
MK-30, 2-g neyb dpaHkKInNHUT 0,493; 0,299; 0,256; 0,211; 0,173; 0,163; 0,149
ABrut 0,298; 0,212; 0,142; 0,132; 0,127; 0,107
AHOPTUT 0,405; 0,318; 0,213
Anbbut 0,321; 0,296; 0,188; 0,182

CBETJIOXTYIIIe¥cs TTMHBI KallIMHCKOTO MeCTOPOKICHUS
Kemeposckoii 001, (FTKM).

MapranueBsiii KoHieHTpaT MK-30 siBiIsteTcs momyT-
HBIM TTPOJYKTOM 3JIEKTPOMETAJLUTyPIMUYECKOro 3aBojia OT
MPOU3BOJCTBA (HEPPOCUIUKOMAPTaHIIA U MPEACTaBISIeT
coboit ynmaBnuBaemMylo 3(P(GEKTUBHBIMU PYKAaBHBIMU
(wibTpaMu Ta300UMCTHBIX COOPYKEHUU AUCIIEPCHYIO
cucTemy.

XUMHAYECKUI, TPAHYJIOMETPUYECKUN U MUHEPaJb-
HBIA COCTaBbl CHIPbEBBIX MAaTEPUAIOB IPUBEICHbI B
Taba. 1-3.

Xapaxmepucmura 2aunucmozo coipovs
B cootBerctBrm ¢ TOCT 9169—2021 «Chipbe TTHHU-
CTOe IS KepaMU4YecKoil TpoMbluieHHOCTH. Kitaccu-
¢uxamus» cyrmmHokK CBTM u rmuna 'KM otHocsTcs
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Ceramic building materials

K MOJYKHUCJIOMY IJIMHUCTOMY ChIpbio (Tab:a. 1) mo cymme
Fey0O3+TiOy cOOTBETCTBEHHO C BBICOKMM U CPEIHUM
colep:KaHUeM KpacsIInX OKCUIOB.

I1o rpanynomerpuyeckomy coctaBy npoo CBTM ot-
HOCUTCS K HU3KO- 1 TPyOOAMCIIEPCHOMY ChIPBIO (KOJIH-
YeCTBO YacTull pazMmepoM MeHee 0,01 MM He TIpeBbIIIaeT
30%) ¢ HU3KUM U CPEIHUM COAEpKAHMEM KPYIIHO3EepP-
HUCTBIX BKIoueHuit. KM (tabn. 2) comepXuT He3Ha-
YUTEJIbHOE KOJIMYECTBO IIeCUaHBbIX 4YacTHll ((pakiuu
kpymHee 0,25 mum). [Ipeobnagaonmmmu QpakiusaMu sB-
asiiores 0,01 MM 1 MeHee, T. €. TyroIulaBKasl IIMHa Xa-
pPaKTepU3yeTCsl TOHKUM PAaBHOMEPHBIM I'PaHYJIOMETPH-
YECKHUM COCTaBOM.

ITo muuepanbHomy coctaBy CBTM ortHocutcst K
IpyMIe MOTMMUHEPATBHOTO TIIMHUCTOTO CHIPBSI C TIpe-
obnagaHuemM rugpoconbl (tada. 3). CyrmMHOK coaep-
JKUT TIIMHUCTBIC MAHEPaJIBI TPYIIT WIIIATA, KAOJUHUTA U
MOHTMOpPUJUTOHMTA. M3 TIprMeceil HabmonaoTes KBapil,
opTokia3 u Kanbuut. KM B ecTeCTBEHHOM COCTOSTHUU
MPEICTaBJIEH MOYTH TIOJHOCTHIO KAOJMHU3NPOBAHHBIM
nosesbiM 1mmarom (30—70%), ksapuem (10—30%), run-
pomyckoButoM (10—30%) u xmoputom (MeHee 5%).

Xapaxmepucmuxa mapeanueeozo KoHuyenmpama

ITo xonuuectBy ramHo3zema MK-30 oTHocuTcsl K
IpyIIIe KUCIOro chiphs (Tabu. 1). B cooTBeTcTBUM € OCO-
OEHHOCTSIMU 3aBOJICKOI TEXHOJOTUM TPOMU3BOAMMBINA
MOMNYTHBIA MPOAYKT B BUJIE MapraHIeBOro KOHIEHTpaTa
YCIIOBHO MOXKHO TOIpa3neUTh HAa TPU Pa3HOBUIHOCTHU
no coxepxxaHuto MnOggy: [ — 5—10%; 11 — 15-20%;
111 —25-30%.

ITo rpanynomerpudeckoMy coctaBy MK-30 (TabJ. 2)
MOXHO KJIacCHM(UIIMPOBaTh KaK ITBUICBATYIO CYIIeCh, a
o F'OCT 9169—2021 oTHECTH K IpyIIIe HU3KOAUCIIEPC-
HOTO ChIpbsl. McXomHble MUCIEPCHBIN COCTaB U BIAXK-
HOCTh (2—4%) TeXHOTeHHOW I00aBKU TO3BOJISIIOT MC-
MOJIb30BaTh €€ B TEXHOJIOTMU OObEMHOIO OKpalllMBaHUS
KepaMHIEeCKOTO Kuprnndya 6e3 HeOOXOOWMOCTH JOTOJI-
HUTEIbHOU CYIIKU 1 U3MEJTbYCHUS.

MK-30 umeeT morMMUHEPaIbHBIN cocTaB (Tadi. 3) u
TPY OTCYTCTBUM TIMHUCTBIX MUHEPAJIOB CONEPXKUT Opa-
YHUT, TayCMaHUT, KBapll, GpaHKIUHUT, aBITUT, aHOPTUT,
aJIbOUT U TIPUMECH.

PesynbTaThl M 00CyKIeH1E

Hnsg wccmenoBaHus (OPMOBOYHBIX, CYIIMIBHBIX U
00OXUTOBBIX CBOMCTB INIMHOMACCHI HA OCHOBE 3aBOJICKOM
IIUXTHI ¢ JOOABKOM MapraHileBOro KOHIIGHTpaTa U €Tro
BJIMSIHUSI HAa OOBEMHOE OKpalllMBaHUE KepaMUKU MpU
00xure ObUTU MPUTOTOBJIEHBI YETHIPE CEPUU 0OPA3LIOB.
CocTaBbl KepaMUYeCKUX IIMXT MpUBEAeHbI B TabJ. 4.
Konuenrpauusa no6asku MK-30 B rmmmHoMacce mocie-
JIOBaTeIbHO M3MeHsIach oT 5 1o 15 mac. %. CpaBHeHMe
MPOBOAMJIOCH MO KOHTPOJIbHOM cepumn 00pa3LoB 0e3 10-
6aBku (I cocta).

HUccnenosanue miactuydoctu mo FOCT 21216—-2014
«CpIpbe TAMHUCTOC. MeTombl MCIBITAHUI» ITOKa3alo,
yto BBeaeHue no6aBku MK-30 mpuBOAUT K coKpalle-
HUIO MHTepBaja MEXAy 3HAUCHUSMM BJIaXXHOCTM Ha
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Puc. 1. 3aB1CMMOCTb NIACTUHHOCTM FMHOMacChl OT konnyectsa MK-30 B

cocTaBe LWWXThI

Fig. 1. Dependence of plasticity of clay mass on the amount of MK-30 in the
composition of the charge

Puc. 2. BHewHwWii B, nabopaTtopHbix 06pasLoB NMOC/e CYLIKM B 3JIEKTPO-

wkady: | — 6e3 pobasku; I, Ill, IV - ¢ pobaskoit MK-30 B konnuyecTse 5, 10,
15 mac. %

Fig. 2. Appearance of laboratory samples after drying in an electrical
cabinet: | — without additive; /I, /I, IV — with the addition of MK-30 in the

amount of 5, 10, 15 wt. %

Puc. 3. BHewHwWii BUA, kepamumyecknx o6pasLos nocne obxura: | — 6e3
no6asku; I, Ill, IV — ¢ nobaskoit MK-30 B konuyecTtse 5, 10, 15 mac. %

Fig. 3. Appearance of ceramic samples after firing: / — without additive; /1, /I,
IV — with the addition of MK-30 in the amount of 5, 10, 15 wt. %

Ta6bnuua 4
Table 4
CocTaBbl KEpaMU4YeCKUX LLUUXT
Compositions of ceramic batches
CocTaB WuxTbl, Mac. % BaxHOCTb
Ne
3aBoackas rINHO- MpumevaHne
e | MK-30 | maccwi, %
| 100 0 26 KOHTpOnbHbIN
cocTaB
I 95 5 28,2
1 90 10 27
v 85 15 29
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rpaHulle TEKy4eCTM M Ha rpaHUlIe pacKaTbIBaHUS, YTO
CBUACTEJIBCTBYET 00 OTOIIAIOIIEM BIUSIHUU 100AaBKM Ha
CBOICTBA MIMHOMACCHI (puc. 1).

O06pa3ubI-Kyouku pazmMepoM 45x45X45 MM U3roTas-
JINBAJICh METOJIOM MSITKOM (popMOBKM [22] U3 TIacTU4-
HOM TJIMHOMACCHI BJIAXHOCTbIO 26—29% (taba. 4) npu
ITOMOIIIY IBYXCOCTaBHBIX (DOPM.

ITocne dopmMoBaHus 0Opa3Lbl MOCAEAOBATEIBHO CY-
IIWJINCH B TeueHue 2,5—3 CyT B BKCUKATOpe, Ha BO3IyXe
¥ IO TIOCTOSTHHOI MacCHI B CYIIMJILHOM ITKa(y IpH KO-
HeuHo# Temriepatype 105+£5°C. B npoiiecce cymku 06-
pa30BaHUS CYIIMIBHBIX TPEIIWH W aeopMamunii He Ha-
Omonanochk. BHelHui BUa BbICYLIEHHBIX 00pa310B MOo-
Ka3aH Ha puc. 2.

OO6XUT KepaMUYeCcKnX o0pas3loB MPOBOIWICS B MY-
(ebHOI TIeUH T10 CTYTIEHYATOMY PEXKMMY C BbIAEPKKOM
npu temrepatype 1030°C B Teuenue 2 4. [Tapamerpst
0o0Xwura Mpu MpoBeIeHUU 3KCIEPUMEHTa MPUHUMAIUChH
C YU4ETOM TEMIIEpPaTypHOI'O peXMMa, MCIIOJIb3YeMOro B
3aBOJCKHUX YCJIOBUSIX.

BuemrHmii Bug 0003KKEHHBIX 00pa31ioB MpeacTaBIeH
Ha puc. 3. Ix Bu3yanbHas olieHKa 1mokasajia, 4To BBe/ie-
Hue no6aBku MK-30 (puc. 3, I[—IV) Bo Bcex ciryyasix
MIPUBOAUT K U3MEHEHHUIO OKPACKH IT0 CPaBHEHUIO C KOH-
TpOJibHBIMU OOpa3uamMu (puc. 3, 7). OueBUIHO, UTO MpPHU
00XHWre OKCHI MapraHiia IIepeMeHHOI BaJeHTHOCTH
(17,2 mac. % B XMMHMYECKOM COCTaBe J00aBKHU) CYIIE-
CTBEHHO BJIMSIET Ha OKpalllMBaHWE 00pa3lloB B pas3jiny-
HBIE OTTCHKHM KOPUYHEBOTO 1IBETA.

CrenyeT OTMETUTh, YTO HACBHIIIEHHbI KOPUYHEBbIA
LIBET U MIPAKTUYECKN OMHOTOHHYIO TIOBEPXHOCTh UMEIOT
o0pasupl ¢ godaBkoit MK-30 B konuuecte 10 u 15%.
IIpu stom ee 15%-e comepxkaHue B COCTaBe ILIMXThI
(puc. 3, IV) obecrneumBaeT OKpacKy KepaMUICCKUX 00-
paslioB, COMOCTaBUMYIO C KOPUUHEBBIM 1IBETOM TEMHBIX
OTTEHKOB 00BEMHO-OKPAIIEHHOTO KMUPIIYa, BEIITyCKae-
MOTO B 3aBOJICKUX YCJIOBUSIX.

O6pasupl ¢ 5%-i nobaskoit MK-30 umeror mocie
00x1Ta HEPAaBHOMEPHYIO CBETJIO-KOPUIHEBYIO OKPACKY.
[IgTHUCTas MOBEPXHOCTH Y 00pa31ioB BO3HUKAET 3a CUET
00pa3oBaHMsSI CTOMKOTO HajeTa B IPUITOBEPXHOCTHOM
cjioe ¢ pasauyHou ToiamuHoi oT 20 mo 100 MKwM.
[IpruuHBI ero MosIBICHUsI, BEPOSTHO, CBSI3aHBI C OCO-
OCHHOCTSIMU UCXOIHOTO XUMHUYECKOT0 COCTaBa TI00aBKU,
(GU3UKO-XUMUYECKUX TPOLIECCOB U pPeaKIil TeraoMac-
corepeHoca, MPOTEKAIINX ITPA 00XKUTEe KepaMIIeCKOit
Macchl. 1151 ux oObSICHEHUST MTOTpedyeTCsl MpoBeaecHue
JIOTIOJTHUTEIbHBIX MUCCIICIOBAHUIA.

Ha cnenyromem srare vccienoBasioch BIUSHUAE T0-
6aBkun MK-30 Ha ¢pu3nKo-MexaHUUeCKre CBOIMCTBA Ke-
pamMHUYeCcKux oopa3ioB.

OmnpeneyneHne ycamoyHbIX Aedopmalvii poBOIM-
sock B cootBeTcTBUU ¢ TOCT 21216—2014 1o usamMeHe-
HUIO JIMHEMHBIX pa3MepOB U 00beMa JJabopaTOPHBIX 00-
pasioB. PesynabTaThl MCCACHOBAHUI IIpEACTaBICHBI B
TabJ. 5 1 Ha puc. 4.

VBenunuenue noo6aBku MK-30 B cocTaBe LIMXTHI TPU-
BOJUT K CHUXKEHUIO 0011l ycanku oopas3uos. Iis KoH-
TPOJIBLHOTO COCTaBa 0e3 100aBKU JUHEHHasI 1 00beMHast
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Puc. 4. 3aB1ucrMMoCTb 06LLEl 1 OrHEBOWM 06BEMHbIX YyCaAoK KepaMniecKkmnx
o6pa3suoB oT konimyectsa MK-30 B cocTaBe LLNXThI

Fig. 4. Dependence of the total and fire volumetric shrinkage of ceramic
samples on the amount of MK-30 in the charge
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Fig.5. Dependence of the porosity of ceramic samples on the amount of
MK-30 in the charge
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Fig. 6. Dependence of the physical and mechanical properties of ceramic
samples on the amount of MK-30 in the charge

BO3AYIIHBIC YCaaKKu Ooyiee 4eM B 1,5 pasa IpeBBIIIAIOT
ycanky oopasuoB IV cocraBa muXThl (TabJ1. 5), 4TO Mo~
TBEepKIAeT OToLIalollee NeiCTBUE M00aBKM Ha TJIMHO-
Maccy M COIJIacyeTcsi C U3MEHEHUEM €€ TIJIaCTUIHOCTH
(puc. 1). OOpaTHasg 3aBUCHUMOCTb HaOJIOAaeTcst IMpu
OfpenesieHu OTHEeBOU ycaaku o0pasioB (puc. 4), 4To
CBUIIETEILCTBYET 00 aKTUBHOM yJaCTUU KpacsIieil Tex-
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BospaywiHasg, oriesas n o6uias ycaakm kepammyeckmx oopasuos

Tabnuua 5
Table 5

Air shrinkage, fire shrinkage and general shrinkage of ceramic samples

N BospaywHas ycagka, % OrHeBas ycaaka, % OO6was ycagka, %
o LLINXTBI
NMHenHas obbemMHas NIHeHas ob6bemMHas NVHenHas obbemMHas
/ 9,3 27,4 0,4 0,8 9,7 28,2
/] 7,5 22,2 0,8 2,2 8,3 24,4
1 7,3 18,5 1 3 8,3 21,5
v 6 17,7 1,5 3,5 7,5 21,2
Ta6nuua 6
Table 6
du3nko-mexaHM4eckme CBOMNCTBa KepaMuieckux oopasuoB
Physical and mechanical properties of ceramic samples
Ne LVxThi CpepHsis McTnHHas Boponornowenune, | Mpegen npoyHoctn | Mapka no MOPO30OCTOMKOCTH
" MAOTHOCTb, Kr/M3 MAOTHOCTb, Kr/M3 % npu cxatumn, MlMa (FOCT 530-2012)
/ 1870 2740 12,4 30,4 F35
1 1750 2680 16,7 18,7 F50
1 1670 2630 20,2 16,5 F50
v 1680 2610 21 12,1 F50

HOTEHHOM J00aBKM B TIPOTEKAHUU BEICOKOTEMIIEPATYP-
HBIX PEaKILIMiA IIPU 00XKUTe KEPAMUKMU.

[Ipu mccmeqoBaHNUM IMTOPUCTOCTH KEPAMUICCKUX 00-
pas3uoB (pUc. 5) MOXKHO OTMETUTH €€ 0011Iee yBeJUUeHUe
¢ poctoM KoHueHTparuu MK-30 B mmxre. [Tpuuem ot-
KPBITast TOPUCTOCTH ITPOTTOPIIMOHATBLHO YBETMUNBACTCS,
a 3aKpbITasi, HA0OOPOT, cHUXKaercsl. Hampumep, B obpas-
1ax 0e3 J00aBKU MOJIHAs [IOPUCTOCTh cocTapister 31,7%,
13 KOTOPOii TouTH 75% MPUXOIUTCSI HA OTKPHITHIE TTOPBI.
BBenenue 15 mac. % mapraHieBOro KOHILEHTpaTa B 3a-
BOJCKYIO IIIMXTY TMPUBOANT K HE3HAYUTEILHOMY YBETH-
YeHMI0 o011Iei mopuctoct (B 1,1 pa3a), omHaAKO KoJIMue-
CTBO OTKPBITBIX IOp IpU 3TOM pocturaer 96,3%.
BrbIsiBIIeHHBIE 3aBUCUMOCTH KOCBEHHO CBUICTEIbCTBYIOT
0 HeratuBHOM BIMIHUU noOaBku MK-30 Ha criekaHue
KepaMUKU U3 3aBOJICKON IIMXTHI, YTO COTJIACYeTCs C pe-
3yJbTaTaMM MCCJAEAOBaHUI BOMOMOIJIOIICHUS 000-
JKKEHHBIX 00pasLoB (puc. 6).

PesyibTaTthl mcciaenoBaHus (hU3MKO-MEXaHUISCKUX
CBOICTB K€paMUYECKKUX 00pa3L0oB IIPUBEACHEI B Ta0I. 6.

Beeaenune MK-30 B 1IMXTY NPUBOIUT K CHUXEHUIO
CpelHell M MCTMHHON IUIOTHOCTU 00pa3loB, MpUYEM
ecan 10% TeXHOreHHOIro KpacUTeIsl yMEHBIIAIOT ee 00-
nee yem B 1,1 pasa, To mpu AaJbHENUIIEM yBeIUUYEHUU
IO0ABKM CPEHHSSI TJIOTHOCTH KEPAMHUKU TPAKTUUICCKU
He U3MEeHsIeTCs U cOCTaBIsieT okono 1650 kr/m3 (puc. 6).
OmHOBpPEMEHHO ¢ U3MEHEHUEM CPeIHEN TIIIOTHOCTH 00-
pa3ioB MPOUCXOIUT 3HAYUTEIBHOE YBEJIMUEHUE UX BO-
JIOTIOTJIOIICHUSI, OCOOCHHO TIpU MOOABICHUM B IIUXTY
MK-30 B koiuyecTBax, npesbimarommx 10 mac. % (co-
OTBETCTBEHHO B 1,6—1,7 pasa).

HccnenoBaHne 3aBUCMMOCTU MPOYHOCTHBIX XapaKTe-
PUCTUK KepaMUYecKUX 00pa3lioB OT cojepkaHus 100aB-
ku MK-30 mokaszano, 4To mpenena WX MPOYHOCTU TIPU
CXKaTUM yMeHbIlIaeTcsl bosiee ueM B 2,5 pasa 1o cpaBHe-
HMIO C KOHTPOJIbHBIM COCTaBOM IIMXTHI (puc. 6). [Tpuuem

BBIPAKEHHOE CHIDKEHME (DU3NKO-MEXaHUIECKUX CBOMCTB
KepaMMUYECKOro Marepuasia HabJogaeTcsl TPy BBEACHUU
10 mac. % u GoJiee 1OOABKY B [IMHOMACCY. YUUTBIBasI, UTO
MPU UCTONb30BaHUU 5—15% kpacutenst (puc. 1) yMeHb-
1IaeTCsl TUIACTUYHOCTh, & COOTBETCTBEHHO U CBSI3HOCTH
TJTMHOMACCHI, TIPOUCXOIUT TAKKE U CHUKEHUE CHIPIIOBOM
MPOYHOCTU 00pa3LoB (COOTBETCTBEHHO B 1,5—4 pasza).

Jlo6aBka MK-30 oka3bIBaeT IMOJIOXKUTEILHOE BIIUSI-
HUE Ha MOPO30CTOMKOCTh 00pa31ioB. X ucnbITaHUS 1O
I'OCT 7025-91 «Kupnuu u KaMHM KepaMU4ecKue U
CUJIMKATHBIE. MeTonbl oTpeneieHrs] BOAOIOTIONIEHMUS,
IUTOTHOCTU M KOHTPOJISI MOPO30CTOMKOCTU» MOKa3allH,
YTO TEXHOTCHHBIM KPACHUTENIhb YBEIMIMBAECT CTOMKOCTH
KepaMU4yeCcKOoro MaTepuaya K IornepeMeHHOMY 3aMopa-
KMBAHUIO ¥ OTTauBaHUIO (Ta0IIL. 6).

3akioueHne

B pesynbrare HaydHBIX MCCICIOBAHMUI ITO0 OOBEMHO-
My OKpAaIlIMBaHWIO CTEHOBBIX KepaMHUUYECKUX MaTepua-
JIOB C LIEJIbI0 BO3MOXHOIO MCIOJb30BAHUS IOIYTHOI
MMPOAYKIIMM TIPOM3BOACTBA (PeppOoCHIIMKOMapraHiia
(MapraHieBbili KoHLIeHTpaT MK-30) B kKauecTBe TeXHO-
TeHHOI Kpacseit 1o0aBKM YCTaHOBJICHO CIIeAyIOIIee:

— 3aBUCUMOCTH (PU3MKO-MEXaHUYECKUX CBOICTB 00-
pa3lioB Ha OCHOBE KE€PaMUYECKOH INMXThI KUPIIMYHOIO
3aBona «JIMKOJIOp» CBUICTENIECTBYIOT, B IIEJIOM, O Hera-
TUBHOM BisgHuM no6asku MK-30 B kosimuectse 10—15%
Ha IIPOLIECCHI CIICKAHMS TIPU 00KUTE KEPaMUKU;

— aHaJIM3 BHEIIHEro BUIa KepaMUYeCKUX 00Opa3lioB
mokasaj, uto BBemeHue MK-30 B 3aBOACKYIO IIHMXTY
MPUBOIUT K OKPAIIMBAaHUIO OOOXCKEHHBIX 00paslioB B
pas3IMYHbIe OTTEHKU KOopu4HeBoro 1sera. [1pu atoM m0-
0aBKa B KOJMYECTBE 5 Mac. % He oOeclieunBaeT PaBHO-
MEPHOIT OKpacKM 1o cpaBHeHUIO ¢ 10—15%-M ee comep-
JKaHWEeM, IIPU KOTOPOM OOpa3Ilbl OKPAIIMBAIOTCS B KO-
PUYHEBBI U TEMHO-KOPUYHEBBII 11BETA;
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Puc. 7. Cepus kepammnyecknx ob6pa3suos nocne obxura ¢ godaskoii MK-30
B KonmyecTBe 5 mac. %: a — BHYTPeHHU nsnom obpasua; b — BHeLHsas
NoBEPXHOCTb

Fig. 7. A series of ceramic samples after firing with the addition of MK-30 in
an amount of 5 wt. %: a — internal fracture of the sample; b — outer surface

— JUTS TIOTyYeHUsT 00BEeMHO-OKpaIIeHHBIX KepaMM-
yeckux obOpasinoB IpoyHocThio 17—18 MIla obxurom
nipu 1030°C onpezesieH oNTUMaIbHBIN COCTAaB ITUXTHI HA
OCHOBE TJIMHUCTOIO ChIPpbS M TIOMYTHOM IPOMYKIIUK
MPOM3BOMICTBA (DEPPOCHIMKOMAPTAHIIA:

3aBoicKag muxra — 92—93 mac. %;

MK-30 — 7—-8 mac. %.

IlepcnieKTHBBI TaIbHEHIINX HMCCIeT0BAHMIT
OcCHOBBIBasICh Ha 3aKOHE SAMHCTBA 1 OOPBOBI IIPOTH -
BOIOJIOXXKHOCTEM, MPUHMUMAEM 3a IMPABUJIO, UTO yBEJIU-
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BEPXHOCTH 00pasioB ¢ 5%-m coaepxkaHuem MK-30.
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PerreHne mocTaBIEHHBIX BOIPOCOB OOYCIOBIMBAET
MepPCIEeKTUBBI JATbHEUIINX HAYYHbBIX MCCIeIOBAHUA.
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Hosas cepus Banbues CynepToHKoro
fnomona TERRA o1 KomnamuH

Kak 6b1110 0TME4eHO B npefplayLuein nybnukauun (ctatbs «[lpouecc
TOHKOMO MOMOJIA [AIMHBI YePe3 NPU3My TEOpUM», XKypHan «CTponTeNbHbIE
matepuanbi» Ne 4-2022, c. 14), BankoBas MefbHULA NPeACTaBAseT Co-
601 MaLLIKHY A1 BTOPUYHOTO U3MENbYEHUS U/Unn OUHWULLHOMO NOMO-
na, 06bI4HO MCMOMb3YEMyt0 MpPU NAACTUYECKOM Crnocobe NoaroToBke
KepaMn4eckoro cbipbst. MallunHa coCTOUT U3 BYX BaNIKOB C Napanmesib-
HbIMI OCIMM, BPALLAKOLLIMXCA HABCTPeYY ApYr Apyry.

B HacTosLen cTaTbe komnaHus Verdes, onupasich Ha N3N0XEHHbIN
B Mpeablaylien nybnukauun matemaTuyecknii annapat, HamepeHa
MPUMEHUTb ero K HOBEWLLIEN CEepumn BanbLeB TOHKOIO U CYNepTOHKOMO
nomona nop Hassanuem TERRA.

Pacyetbl

D=1wm d =0,001m S
FA = 100000 krc a

0,0005 m
1,811°

MoacTaBuM 3Ha4eHUs, OnpefensiemMble KOHCTPYKLMERA BanbLies
cynepToHkoro nomona moaenu TERRA ot komnanuu Verdes. Mony4ns-
LIAsiCs B UTOre KapTiHA NPeACTaBNIeHa HA PUCYHKE HIKE.

CraTuyeckoe cOCTOAHME
Ecnu BHUMaTENbHO npoaHanu3npyem crtathn4eckune ycrnosus, 1o
CKOPOCTb HE AABIAETCA (baKTOpOM BITNAHNA, CNef0oBaTeNbHO, Hanbonb-
Luas [onycTuMas KpynHoCTb UCXOAHOr0 Matepuana:

~1+40,0005

cos 1,811°

A TOYKAa KOHTaKTa pa3marblBaeMON 4aCTULbl G MOBEPXHOCTbIO
Basika 6YIeT HAaXOANTLCS Ha CNeyIoLLeil BbiCOTE:

__D 1
2sina 2sin1,811°

D+ S
d="osa —

—1=0,00lm=1,0 mm.

h = 15,8 Mm.

[luHamnyeckoe cOCTOSIHNE
AHanu3npys BO3HUKAKOLLME NPU OUHAMUYECKNX YCITOBUAX CUSbI,
nosy4aem Cnegytollee ypaBHeHue, Onpejensiollee, ucxomas U3 pas-
Mepa 4acTuubl U pa3mepa BankoB, C KaKOW HaubOnbLUe 4acTOTON
BPALLEHNS BaNKW [OJKHbI BPALLATbCA HABCTPEYY APYr Apyry, 4To6b
32XBaTUTb 1 3aTAHYTb Pa3MasbiBAEMYI0 YaCTHULLY.

1 D)
<\/1(D+S >+ D+S )

q
V=rlg (D +d)-

D+d

3agaaumcs koadppuumeHtom TpeHus 0,3, NOCKONbKY aMnupuye-
CKUM MyTeM YCTaHOBJIEHO, YTO KOI(DMULMEHT TPEHUS MEXIY YYryH-
HOIl MOBEPXHOCTbIO 1 YacTULAMKU 6OMbLUMHCTBA PYAHbIX MUHEPanoB
nexut B npegenax ot 0,2 1o 0,3.

3Ha4eHMne KoahduuUmeHTa TPEHNS YMEHbLLIAETCS C YBENWUYEHNEM
4aCTOTbI BPALLEHMs Banka.

3HayeHue KoahuumeHTa TPEHNS MeXIY YacTuLen 1 ABMKYLLM-
MUCS BanKaMi MOXHO paccyuTaTth no creaytolen gopmyne:

=(l+1,12v).
k 1+6v

PaccmartpuBaem uameTp pasmasbiBaeMblX YacTUL, KaK BEMUYUHY,
3aBUCALLYI0 OT COOTHOLLEHUS MEX[Y KPYMHOCTLI0 UCXO[JHOM0 MaTepu-
ana u [uameTpom Basnkos.

CnenoBatenbHO, CNPaBeAsMBO CReayioLiee BbipaxeHue:

R+e=(R+r).coso.

AHanuanpys npefblayllee ypaBHeHWe, NPUXoauM K CneaytoLemy
BbIBOAY O 3aBUCKUMOCTM MEX/Y Pa3MEPOM HaCTULL U OKPYXHOI CKOpPO-
CTV BanKOB HalLUNX BaNbLIEB, KOTOPas 1306paXKeHa B BIAE COOTBETCTBY-
tOLLIEro rpadouka Ha pUCYHKe HIDKe. [ns NpoBefieHNs CPABHEHNS B3ATbI
Ba/nbLbl ¢ Avametpom Bankos 1000 MM 1 MEXBankoBbiM 3a30pOM
1,0 MM, Npu4em NpOM3BOAMTCS Pa3MoN MaTepuana ¢ KoapmuumeHTom
TPEHUS MeX[y NOBEPXHOCTbKO BankoB 1 Matepuana, pasHbiM 0,38.

Bynem cpaBHMBaTbL Npu TakUX OKPYXHbIX ckopocTax: 0; 1; 3; 6; 10;
14; 18; 22; 25 m/c. MNpu 3TOM pe3ynbTaTbl NOMYYeHbI CredytoLLne:

OKp)é);(::g;l;)%ocm KoabdMUmeHT TpeHIs LK Ham6on§r1nu:: :;[’Jwyl'lHOCTb
0 0,38 77,89
1 0,115 6,659
3 0,087 4,195
6 0,079 3,267
10 0,076 3,273
14 0,075 2,868
18 0,074 2,803
22 0,073 2,764
25 0,073 2,743
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Information

Teanc, N3NoXeHHbIA BbilE, XOPOLUO COOTHOCUTCS C W3BECTHBLIM
NPaKTU4ECKUM HabMIOAEHNEM, COCTOSALLMM B TOM, YTO, 6YAy4N Cuw-
KOM KpYMHbIMU, KOMbS pa3ManbIBaeMOro Matepumana He 3aTarmBatoTcs
MeX[ly Bankamu [0 Tex nop, NokKa 4acToTa BpaLleHNs BaSIKOB MaLLMWHbI
He YNageT [0 KaKoro-T0 MUHUMANIbHOrO 3HA4YEHWS MM MoKa MallmHa
NPaKTUYECKN MOMHOCTbIO HE 0CTAHOBUTCS.

113 rpadouka Takxxe BUAHO, YTO CBA3b, KOTOPAs CYLLECTBYET MEXAY
YMeHbLLUEHNeM K03 hULMEHTA TPEHUSA PasMarbiBaeMblX 4acTUL, 1 NO-
BEPXHOCTbI0 GaHAaXei BasbLEB, a TaKXKe OKPYXXHOW CKOPOCTbO MO-
BEPXHOCTW BAsKOB, ABNAETCA rMNepooNNYeckon PyHKLNeNR, acuMnTo-
TUYECKI NPUBIMIKAIOLLENCA K OCU OpAMHAT.

MpuHumMn gencTeuns

Ha n306paxeHunn, [eMOHCTPUPYHOLLIEM NPUHLAN AEACTBUS, CTPEN- PerynupoBka 3a3opa mexnay Bankamu
KamMmn 0003Ha4Y€HO [aBfieHMe, O0Ka3blBaemMoe rUApOLMNUHAPaMN.
PacyeTHoe faBneHne mexay UmnuHapamu akeueaneHTHo 100 T.

Banbubl cyneptoskoro nomosia TERRA CKOHCTPYMPOBaHbI C LENbo
06€eCcneyeHns MUHUMANbHON TOHUHBI MOMOMA KEPaMN4ecKoro Chbipbs
npu BbICOKOWA MPOM3BOANTENBHOCTU. LLIMPOKMIA MOAENbHbIA psa no-
3BOJINIET 3AKPbITb BECb CMEKTP CYLLECTBYKLMX HA PbIHKE MOTPe6-
HOCTEl KacaTenbHO Kak Tpe6oBaHUi K 3a30py, TaK U K Npou3BOAM-
TENbHOCTW.

KOHCTPYKLMS BaNbLEB 06€CNevBaeT MOBbILIEHHYIO HAEXHOCTb
6narogaps CBOEN BbICOKOW MPOYHOCTM U XKECTKOCTI. Tak)Ke KOHCTPYK-
Lueil npeflyCMOTPEH K Ierkuii 4ocTyn Ans 6bICTPON 3aMeHbl CKPeOKOB.

Bbicokoe ycunue npuxuMMa BaikoB MOXHO PerynupoBatb 6o
noaaepXnBartb NOCTOSAHHbIM NOCPEACTBOM [ABYX IMAPABANYECKNX LK-
nnHAPoB. G MOMOLLbIO CreLnanbHOM MeXaH4ecKon CUcTeMbl 06ecne-
4MBAETCS TPeOyeMblid 3a30p MeXy BankamMu.

[TocpeCTBOM ABYX CUHXPOHU3NPOBAHHbIX TMAPOLMAUHAPOB NOA-
BVDKHbIA BaoK NPUONMKAETCS K HEemoABMKHOMY. G MOMOLLbIO Mpe-
LM3MOHHOM CUCTEMbI MOLAEPKMBAEGTCA TPeOyeMbIn MUHUMANbHbIN
3a30p Mexay Bankamu.

[Tpn Heo6X0AMMOCTM TMApaBAMYecKas cucTema No3BONSET pas-
BECTM BasNKW Ha PaccTosiHWe, LOCTATOYHOE AN MPOXOXAEHUS MeXAy
HUMU Hefpo6UMOro Tena, 0Ka3aBLUerocs B BasibLax.

Pa3nu4Hbie nonoxeHus ckpebkos

Pa6orta ckpebkos

Mpon3soanTeENsHOCTL?, M3/4 (19, 21, 24 M/c)

M 1 MoLuHoCcTb
ofenb = Pa6oyas wnpuHa [lnametp Bankos
3a30p=0,8 3as0p=0,7 3a30p=0,6 3asop=0,5 AEDTEREDIE
TERRA
600 20-22-25m34 | 16-17-20m3/ | 11-12-14m3 8-9-10m3/y 45 - 55 - 75 kBT 600 MM
800 26-29 - 32 21-23-26m%4 | 14-16-18Mm3u | 11-12-14m3m 60 - 75 - 90 kBT 800 MM
1000 33-36-41M3 26-29-33 M3/4 12-20 - 23 M3/y 14-15-17 M3/ 75-90 - 110 kBT 1000 MM 1000
1200 40-43-49m%y | 32-35-39Mm3/y | 22-24-27mP/y | 17-18-20Mm3/4 | 90-110-132kBT 1200 MM
1400 46-50-57m% | 37-40-46Mm34 | 26-28-32m%4 | 19-21-24m3/4 | 110-132- 160 kBT 1400 Mm
1 Banblibl ¢ younvem npuxmma mexy Bankamu 100 Kr Ha NOTOHHLIM MM AnNHLI GaHaaxa. HapyxHbiit avametp sankos 1000 MM.
2 B 3aBMCVMOCTM OT BEANYMHBI MEXBAIKOBOrO 3a30pa 1 4aCTOoTbl BPaLLEeHMs BaJIKOB.

Mo BOMpocam BHeAPEHNA Ha BallemM NPon3BOACTBE TEXHUYECKUX peLIJeHI/II7I C UCnonib30oBaHNEM (bI/IHI/ILIJHbIX BanbLieB TERRA
npou3soAcTea KomnaHun Verdes (pa6ota Ha 3a3opax 0,5-0,6 Mm) o6paluaiiTech B

NpepctaButenbcTBo A0 «Tanbepec ®enune Bepaec, C. A» (Mcnanus) r. Mocksa TALLERES FELIPE VERDES, S.A
Poccuitckas ®epepaums, 119021, r. Mocksa, C/ Metalurgia, 2
yn. Jlbea Toncroro, 4. 5/1, odpuc B-710 (7-11 atax) 08788 Vilanova del Cami (Barcelona) — Spain
KOHTaKTHble TenedoHbl: T. +34 93 806 06 06 — F. +34 93 806 04 11
+7 495544 77 92 www.verdes.com
+7 916 554 64 88
+7 926 084 67 84

russia@verdes.com
www.verdes.ru
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Pexnama

06wecTBO ¢ OrpaHU4EHHON OTBETCTBEHHOCTbIO «BIJIT»

06LLEeCTBO C OrpaHN4eHHON OTBETCTBEHHOCTbIO «BAJTT» ycnewHo paboTaeT Ha pbiHke ¢ 1992 1., aBns-
eTCS OAHUM W3 NEPBbIX He FOCYAAPCTBEHHbIX NPEANPUATUNA, 3aHUMAOLLMXCA TEXHNHECKUM HAZ30pOM U
KOHTPOJIEM NpU CTPOMTENLCTBE, PEKOHCTPYKLMM 11 KanUTalbHOM PEMOHTE aBTOLOPOr 1 a3p0ApOMOB.

OCHOBHbIe 06bEKTbI 11 NPOEKTbI, peanu3oBaHHblie 000 «BAJTT» B Ka4ecTBe HE3ABUCUMON UHXEHEP-
HOW OpraHm3aunin, 0CyLLeCTBASIOLLEN TEXHNYECKIUIA HAA30p, CTPOUTENbHbIA 1 1a60PATOPHbIA KOHTPOb
3a CTPOMTENbCTBOM, PEKOHCTPYKUMER 1 KanutanbHbiM peMoHTOM: M-4 «[loH», A-104, M-7 «Bonra»,
A-134, A-108 «Mockosckoe 60nbLioe konbLo», M-5 «Ypan», 1P-119 «Open-Tam60B», «BOCTO4HbII

06X0/ NPOMbILLSIEHHON 30HbI T. Jlunewka», NCKYCCTBEHHbIE COOPYXXEHUS Yepes XKene3HOA0POXHbIe NyTH B . BOPOHEeX.

B co6ctBeHHoCT 000 «B3JIT» Haxomutcs nabopatopusi, OCHALLEHHAs CaMbIM COBPEMEHHbIM MCMbITAaTENbHbIM 060PYA0BAHUEM,

No3BONAKOLIAA NPOBOAUTL MCMbITAHUS LUKPOKOrO CMEKTPa CTPOUTENbHbIX MAaTepuanoB W KOHCTPYKLUMIA. Jlabopatopus akKpeauToBaHa B
®epaepanbHoit cnyx6e no akkpeautaumm (Pocakkpeautaums), attectar akkpeantaumn Ne RA.RU.21HO73. Bce nabopatopHoe 060pyaoBa-
HIEe OpraHu3aLnK CepTUULMPOBAHO U NPOXOAUT EXEroAHYH0 aTTecTaLmio U NOBEPKY.

000 «B3/1T» BbINOMHSAET AMArHOCTUKY M NAcmopTM3aumio aBToAopor. CoBpeMeHHas nepeaBxHas OpoxHas nabéopatopus KI-514

M ocHallieHa NponunoMeTPOM NS ONpe/eNeHns MexXayHapoaHOro nokasatens poBHocTH IRI, TMPOCKONNYECKON CUCTEMON, CUCTeMaMiA
MaHopamMHON BUAEOCLEMKM aBTOLOPOr U M0GaNbHOr0 MO3ULNOHMPOBAHMS, YTO MO3BONSET OMPEAeNnsTb MapameTpbl CYLIECTBYIOLLEN,
PEKOHCTPYMPOBAHHON WU OTPEMOHTMPOBAHHOM OPOrN.

394026, r. BopoHex, MockoBckui np-1, . 11 «UN»
E-mail: velt @ mail.ru Ten.: 8 (473) 221-07-30; 8 (473) 261-06-90 Peknama
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2 HanBmayanbHbIi npeanpuHiMarens (r. HoBodepkacck)

CuHTETHYEeCKUA BONNACTOHUT — nepcnekTuBHas nobaBka
npyu Npou3BOACTBE JIULLEBOIr0 KEPAMUYECKOro Kupnuia
CBETJIbIX OTTEHKOB

OnHOM M3 OCTPbIX NPO6GAEM B KEPAMUYECKON 0Tpaciu ABNAETCA AeDUUNT CBETNOXKIYLLMXCS [TIMH, UCNOMb3YEMbIX MPU BbIMYCKE KUpnuya
6enoro ugeta. Mo3TOMy OHUM W3 aKTyallbHbIX HaNPaBMEHW ABASETCA NOUCK TEXHOMOMMYECKMX PELLEHIIA MO OCBETIEHNIO MMEIOLLErocs
Cbipbsl. I3BECTHBIM M NPOBEPEHHbLIM BaPUAHTOM ABMSETCA BBOJ B COCTAB LUMXTbI BOMACTOHNTA, KOTOPbIA NpeSCcTaBnser co60i cunmkar
kanbuua CaSiOs, rae okcuz KanbLmus COAEPXMTCS B KOJIMYECTBE OKOO 48%, a AMOKCUL KPEMHUS — 0KONO 52%. MuHepan UMeeT urosib-
YaTblii UK TABNNTHATBIA raBUTyC YacTul,. [lJaHHoe cbipbe 0611aAaeT PALOM YHUKANbHBIX CBOICTB M BbICOKUM YPOBHEM Gefin3Hbl. B cTaTbe
paccMoTpeHa TemMa pacnpoCTpaHeHUs BOMIACTOHUTA U ero NPUMEHEHUs B YCOBUSX COBPEMEHHON NPOMbILUIeHHOCTU. OTMeYeHo, YTO0
MaccoBOe NpuMeHeHne NpupoLHbIi BonnacToHUT uveeT B GLLUIA 1 Kutae, rne OH BHECEH B CMUCOK CTPATErM4eckoro cbipba. Ha Tepputo-
pun Poccun Ha AaHHbIA MOMEHT HET LeNCTBYHOLMX MecTOpoXaeHuid. OQHUM 13 nepcnekTuBHbIX ABNseTcA CroAsHCKOe, 04HAKO OHO
6onee 10 et He (PyHKUMOHWPYeT. BBefeHNe BONACTOHMTA B KEPAMUYECKYIO MACCy CHUKAeT Temrnepatypy 06XXura, MUHUMU3NPYET
yCagKy, 4To NPUBOANT K MOHMKEHHOMY NPOLEHTY Bpaka Ha Npon3BoAcTBe. CUHTE3 MCKYCCTBEHHOrO BONNACTOHMTA HA CErOHALLHNIA AeHb
peann3yem Ha OCHOBE HECKONbKIMX TEXHOMOrMiA. Bocnonb3oBaBLWIMCh OAHONM M3 HIX, B Ka4eCTBE OCHOBHOTO Cbipbs BbIGPAB Onan-kap6o-
HaTHYt0 nopogy MapTbileBCKOro MeCTOpoXaeHUs POCTOBCKON 0651aCTL, aBTOPbI MOMY4USIA NPO6HYIO NApTUK CUHTETUYECKOrO BONACTO-
HuTa. [TpOBeAEeHHbIE TA60PATOPHbIE UCMbITAHNS NOKa3ann 3P MEKTUBHOCTb €ro NPUMEHEHMUS B KQ4eCTBE OCBETIUTENS KaK Ha TYroniaBKnx
CBET/IbIX [TIMHAX, TaK 1 HAa TEMHODKYLUUXCS Nerkonnaskux. B fanbHemwem npeacrout 60nbluas pabota no ONTUMU3auni TEXHONOrm
CMHTE3a BOMACTOHMUTA U U3YYEHUIO Er0 BNIUSIHUS HA CBOIICTBA KEPAMUYECKUX U3LENNIA.
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Synthetic Wollastonite is a Promising Additive in the Production of Light-Colored Facing Ceramic Bricks

One of the acute problems in the ceramic industry is the shortage of light-melting clays used in the production of white bricks. Therefore, one of the relevant directions is the search for
technological solutions for the clarification of existing raw materials. A well-known and proven option is the introduction of wollastonite into the charge, which is a calcium silicate CaSi03,
where calcium oxide is contained in an amount of about 48%, and silicon dioxide — about 52%. The mineral has a needle-like or tabular habit of particles. This raw material has a number
of unique properties and a high level of whiteness. The article deals with the topic of distribution of wollastonite and its application in modern industry. Natural wollastonite is widely dis-
tributed in the USA and China, where it is listed as a strategic raw material. There are currently no active deposits on the territory of Russia. One of the most promising is the Slyudyanskoye,
however, it has not been functioning for more than 10 years. The introduction of wollastonite into the ceramic mass reduces the firing temperature, minimizes shrinkage, which leads to a
reduced percentage of defects in production. The synthesis of artificial wollastonite is currently being implemented on the basis of several technologies. Using one of them, and choosing
the opal-carbonate rock of the Partyshevsky deposit of the Rostov region as the main raw material, the authors obtained a trial batch of synthetic wollastonite. Laboratory tests conducted
have shown the effectiveness of its use as a clarifier on both refractory light clays and dark-burning low-melting ones. Next, a lot of work is to be done to optimize the technology of
wollastonite synthesis and study its effect on the properties of ceramic products.

Keywords: ceramic industry, wollastonite, synthesis, opal-carbonate rock, marl, face brick of light shades.
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CoBpeMeHHBI pIHOK CTEHOBOY KEPAMUKU SIBIISIETCS
BeCbMa JMHAMUYHBIM M CTapaeTcsl OTBe4yaTh 3arpocam
rmorpeduresncii. Ha maHHBIT MOMEHT JIMAMPYIOIINE ITO-
3UIIMM COXPAHSIOT TEMHBIE 1IBETA JIMIIEBOTO KMPITMYA:
ceporo, rpauToBoro, (UOJETOBOTO, YepHOro, 0OpIO0-
BOTO U TEMHO-KOPUYHEBOTO OTTEHKOB. JlaHHbI 2 (heKT
MoJIyyaeTcsl JM00 CIocoOoM 00BEMHOI0 OKpalllBaHUs,
MO0 IIyTeM HaHECCHMS ACKOPHMPYIOIIMX COCTaBOB Ha

MOBEPXHOCTh. ba3oii mist TaKMX U3AETNI MOXKET SIBJSTh-
Cs1 KepaMMUYECKUI KaMeHb KPaCHOTO IIBETa, ChIPhEBBIE
pecypchl IJisl MOJYy4eHUSI KOTOPOro IIMPOKO paclpo-
cTpaHeHs [1, 2].

Krnaccuueckum acCOpTUMEHTOM MPaKTUYECKU KaxK-
JIOTO 3aBOAA SIBJSIETCS OMHOTOHHBIM KMpIuy 0oJiee mpu-
BBIYHBIX 1 CBOMCTBEHHBIX KEPAaMUKE 1LIBETOB: KPACHOTO,
XeJToro, 0ea0ro, KOPUYHEBOIrO M MX OTTEHKOB.
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ITpou3BOACTBO CBETIOrO KMpHyMya BO3MOXHO JIMIIb Ha
OCHOBE O€JIOXTYIIMXCS TJIMH, 3arachl KOTOPBIX BechMa
orpanndeHbl [3—5]. HexBaTka KadeCTBEHHOTO CHIPHS
MPUBOAUT K OTKa3y HEKOTOPBIX 3aBOJIOB OT BhIITyCKa Ya-
ctr 6a30BOTO ACCOPTUMEHTA — KMpIM4a 6ejioro, ceporo,
0eXeBOro U KpEMOBOTO 1IBETOB.

VYxon ¢ peIHKa YKPaMHCKUX CBETJIbIX IJIMH MTOCICTHUE
JIBa roia CyIIECTBEHHO OOOCTpWJ cuTyaluioo. MecTto-
POXIEHUS CBETJIBIX TYTOIJIABKUX IVIMH B €BPOIEHMCKO
YacTU CTpaHbl HEMHOTOUMCJIEHHbI U HE CIOCOOHBI 3a-
KpbIBaTh MOTPEOHOCTU KUPMUYHBIX 3aBOAOB. [ToaTomy
aKTyaJIbHBIM U TICPCICKTUBHBIM HCCICHOBAaHMEM Ha
ITAHHBII MOMEHT SBJISIETCS TTOMCK aJbTePHATUBHBIX WC-
TOYHUKOB U IIyTE€H OCBETJICHUS KEPAMUUYECKOU MACCHI.

OgHUM 13 U3BECTHBIX CITIOCOOOB OCBETIICHUSI MACCHI
SIBJISIETCSI BBOM BoJuiacTOHUTAa. OH IpeAcTaB/seT co0oi
cwukar Kaiaeuus CaSiO3, Toe comepXaHHWe OKCHAa
KaJbllsI COCTaBJIsIeT OKoJio 48%, a Auokcuma Kpem-
HMs — ocTaBinuecss 52%. OO6pa3oBaHUIO TPUPOIHOTO
BOJJTACTOHUTA CIIOCOOCTBYET KOHTAKTHBIA MeTaMop-
¢u3M, Ipu KOTOPOM MarMaTUYeCKKe MOPOILI IMOMaIa0T
B TOJIIIY U3BECTHSIKOB, 00pa3ysi BOJJIACTOHUTOBbBIE CKap-
HbI [6]. MUuHepasl MeeT UTroIbYaThlii MM TabIMTYaThII
rabutyc yactuil. BojutacTOHUTOBOE ChIpbe 00JIafaeT psi-
JIOM YHMKaJIbHBIX XUMHWYECKUX U (DU3MKO-MeXaHUYe-
CKMX CBOICTB, OJIOKUTEIBHBIM 00Pa30M BIMSIONINX Ha

XapaKTepuCTUKU maneauii. Cpenu HUX BbICOKAsT XUMU-
YyecKasi CTOMKOCTh B arpECCUBHBIX Cpeax, AUDJICKTpUYE-
CKMe CBOWCTBAa, HU3KAasl TETUIOMIPOBOMHOCTH, BBICOKAsS
0Genr3Ha U UrosbyatocTh. [loMUMO 3TOTO, MPOMYKT 6€3-
OMaceH B MPUMEHEHUN U 9KOJOTMYECKM YMCT [7].

OCHOBHBIMU TIOTPEOUTENSIMU TIPUPOJAHOTO BOJIA-
CTOHUTA SIBJISIIOTCSI TTPOU3BOJCTBA KEPAMUUYECKUX U3/IE-
JINi, KOMITO3UITMOHHBIX TTOJTMMEPOB, KPAacoOK, Pe3UHO-
TEXHUYECKUX U (PPUKLIUOHHBIX U3ACIUM, METAILITYPTHUS.
K mpumepy, B CIIIA 1 Kutae oH BHeCeH B CITCOK CTpa-
TErMYecKOro ChIpbsi. B Hallleil ctpaHe, corlacHoO pacrno-
psxkenuto IlpasurensctBa P® or 30 asrycra 2022 r.
No 2473-p «O6 yTBepXIeHUU TTepEeYHsI OCHOBHBIX BUIOB
CTPaTernueckoro MUHEPAJIbHOIO ChIPbsi», OH B TaKOW
repevyeHb He BXOIUT [8].

Ha mupoBOM pBIHKE BOJJTACTOHWTOBASI pyJda CTOUT
okoj10 60—80 $§ CIIIA 3a ToHHY, a Mmocjae 0OOoralIeHus
1IeHa Ha BOJUIACTOHMTOBBIM KOHIIEHTPAT MOJHUMAETCS
110 200—600 $ CIIIA 3a Tonny. Kommanus AO «'eokom»
(Kamyxckast 00j1.) TTO3UIIMOHHUPYET CeOS KaK eIWH-
CTBEHHOTO TMPOU3BOIUTENSI MUKPOBOJJIACTOHUTA B
Poccun. Ha 06asze ux mpou3BoACTBa MPUPOMHBINA MaTe-
pUaJl TPOXOAUT MOAUDUKALIMIO U OYUCTKY, ITOCTYIas B
npoaaxy rnoj o6peHnom «MuBosmt». CpegHsisg neHa3a 1 T
COCTaBJIAeT Mopsiaka 62 Teic. p. Apyrue ke KOMIAHWUH,
WMEIOIIME B CBOEM AaCCOPTUMEHTE BOJUIACTOHUT, UM-

MOPTUPYIOT €r0 TIPEUMYIIECTBEHHO U3
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Kurag, a ero ueHa UMeeT IIMPOKMIA aua-
ma3oH oT 65 10 212 ThIC. p. 3a TOHHY.
BBenenue Bo/U1acCTOHMTA B KepaMuye-
CKYIO MacCy CHIKAET TeMIIepaTypy 00Kura,
MUHUMUBUPYET YCAOKy, UYTO TPUBOIUT K
YMEHbILIEHHOMY MPOLCHTY OpaKa Ha Mpou3-
BozctBe. [IpoBeneHHBIE paHee UCCIIeI0Ba-
HUSI U TPAKTUYECKUI OMBIT IMPUMEHEHUS
MOKAas3ajM, YTO BBOA B COCTAaB ILIUXTHI 10
40% BOJIIACTOHUTA AAE€T BO3MOXKHOCTDL OpP-
raHU3alM¥ CKOPOCTHOrO 06Kura 6e3 more-
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Puc. 1. PeHTreHorpamma CUMHTETMHYECKM MOJIYYEHHOro BOSINACTOHMTA HA OCHOBE Mena u

KBapLEBOro necka

Fig. 1. Radiograph of synthetically obtained wollastonite based on chalk and quartz sand

3000

55 P TIOTPEOUTETBCKUX CBOMCTB, OTHOBpE-

MEHHO CHITKasl 3HEpPreTMYeCKUe 3aTpaThl.
Oc00EeHHO 3TO aKTyaJbHO IPU TEXHOJOIMHU
TPOM3BO/ICTBA KePAaMUUECKON TJIa3ypOBaH-
HOI muTKH [9].

2500

2000

1500

MHTEHCMBHOCTbL NMKOB

—_
o
o
o

500

B Hacrosiee Bpemsi MUHEpPaTbHO-CHI-
pbeBasi 0a3a IPUPOTHOTO BOJIACTOHWTA HE
CMOCOOHA 3aKPhIBATh BCE TTOTPEOHOCTU PHIH-
ka. EnMHCTBEeHHOE MepCreKTUBHOE POCCUIA-
ckoe MectopoxkneHue — CIIOISHCKOE YXe
6onee 10 net He (PYyHKIIMOHUPYET. DTO CBsI3a-
HO C coIepxKaHUeM OOJBIIOrO KOJIMYECTBA
MpUMeceit 1 BBICOKHMX 3aTpaT Ha 00OTaIllcHHE
BOJJIaCTOHMTA. Bce mocTaBKM Ha TeppUTO-
PpUIO CTpaHbl OCYIUECTBIAIOTCA U3 APYTUX
crpan: Kurasg, CIIA, Uuonn, OUHISHINN
u ctpad CHI'. Kak ciencrBue, BbICOKasl CTO-
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Puc. 2. PeHTreHorpammMa MMKpOBOJINacToHnTa «MuBon»
Fig. 2. Radiograph of microvollastonite «Mivoll»

MMOCTD IIPOAYKIINH JIeIaeT ero MpUMeHEHNE
B KepaMUYIEeCKOM OTPACIN HEPEHTAOCTbHEIM,
XOTSI MIMEHHO 3Ta IIPOM3BOACTBEHHAsI cepa
HyX/1aeTcsl B HeM Oosbire Beero. Cripoc Ha
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Ceramic building materials

KJIMHKEPHYIO CTPOUTENIbHYIO MPOAYKIIMIO PACTET C Kax-
JIBIM JTHEM, a 3ariachl KaueCTBEHHOTO TYTOTUIABKOTO CHIPhSI
orpaHuYeHbl. MUHepaT BOJUTACTOHUT CHUXKAET TeMIiepa-
TypY CIIEKaHUS, YTO ITO3BOJISIET MOJIYUUTDb U3AEIUE C HU3-
KM BOJIOIOIJIOIIEHNEM W BBICOKON IIPOYHOCTHIO.
BaxxHoit 1 GecrieHHO 0COOEHHOCThIO BOJUIACTOHUTA SIB-
JISIETCSI €T0 CIIOCOOHOCTH OCBETIISITH MAcCy 3a CUET BBICO-
KO CTemneH! OeJM3HBI METKOAMCIIEPCHOTO TOPOIIKA.
Taxcke oH sIBsSIeTCS aIbTEPHATUBOM JOPOTOCTOSIIETO AU~
OKCHJIa TUTaHa 1 3aMeHuTesieM acoecta [10].

YuuTbiBasi JOrMCTUYECKME U TAMOXKEHHbBIE PaCcXOIbl Ha
HWMIIOPT IIPUPOIHOTO BoJUTacTOHUTA B Poccuio, MOXXHO Ha-
3BaTh HEPEHTAOEIBHBIM €r0 TPUMEHEHNEe BO MHOTHX OT-
paciIsIX MPOMBIIIJICHHOCTH, B TOM YHUCJIE U KepaMUIEeCKOIA.
[TepcrieKTMBHBIM K€ HAIpaBJICHUEM SIBJISIETCSI MCITOTB30-
BaHUE MCKYCCTBEHHO CMHTE3MPOBAHHOIO BOJUIACTOHUTA,
KOTOPBII MOXET OBITh TIOJTyIeH Ha OCHOBE OIaI-KPHUCTO-
OaTMTOBBIX U3BECTHSIKOB. DTO MO3BOJIMT ITPUMEHSITh €T0 B
TaKOM BBICOKOMAPXKWMHAJIBHOM IPOAYKLNU, KaK KUAPIUY
MSITKOTO (hbopMoBaHMs (pydHOU (POPMOBKM), CTEHOBOIA
KJIMHKep W OpycyaTka, puUrebHbIi KUpnud U hacaaHbie
KepaMMUYECKUE TUTUTHI, a TAKKE TeppacHbBIC KepaMOTPaHUT-
HbI€ TUTATHI U aKceccyaphl: MMOTOKOHHUKMU, HAKPHIBOUHbBIE
LLIJISATIBI HA CTOJIOBI ¥ MPOMUILHBI KUPITAY JUTS 3a00pa.

ITpon3BOACTBO MCKYCCTBEHHO CUHTE3MPOBAHHOIO
BOJUIACTOHMTA Ha CETOAHSIITHUM IEHb pealu3yeMo Ha OC-
HOBe HECKOJIbKUX TexHosioruid. Haubonee pacrpocrtpa-
HEHHBIM SIBJSIETCSI OOXMUI TOHKOIMCIEPCHON CcMecu
KBaplIeBOrO IeCKa M YMCTOIO M3BECTHSIKA C ITOCICAYIO-
IIAM pacIiaBoM npu temmneparype Boiiie 1400—1500°C.
BaxxHo, 4yTOOBI TaHHBIM pacIUIaB OXJIAXIAJICS MEJIEHHO,
BeJIb Ha [IEPBOM 3Tare 00pa3yeTcs TaK Ha3bIBaeMbIid IICEB-
JIOBOJUIACTOHUT, a 3aTeM IIPM MOCIEAYIOLIEM OXJIAXIe-
HUU U caM BOJIIaCTOHUT. ClenyrouiuM SIBJIsIeTCSI CIOCO0
TUAPOTEPMATbHOIO TOJyUYCHUs MaTepuaja, TAe 3ameii-
cTBOBaHa TeMItepaTypa B nnanasoHe 300—700°C, a Takxke
nasiaeHue g0 200 at™ [11, 12]. Takue crocoObl Mpou3s-
BOJICTBA SIBJISTIOTCSI SHEPTO3aTPaTHBIMU, YTO CKa3bIBAETCS
Ha cebecTouMocTy MaTepuaia. [Ipouecc monumMopdHoOro
MpeBpaIIeHNS BOJUTACTOHUTA B IICEBAOBOJIJIACTOHUT ITIPO-
ncxonut ripr 1115—1135°C, a ckopocTh caMoit ”HBEPCHU
MpsIMO TIPOIIOPILIMOHAIbHA TeMIiepaType. Hampumep,
npu 1140—1160°C mpouecc 3anumaer 40—60 4, a npu
1125—1135°C — no Heckoabkux cytok [13]. Ha puc. 1
TpUBeeHA PEHTTeHOTpaMMa CUHTETUIECKOTO BOJITACTO-
HUTA, MOJYYEHHOTO aBTOpaMU B J1a0OPATOPHBIX YCIOBU-
SIX U3 CMECH KBapleBOrO IeCKa M MeEJIOIOI00HOIO 13-
BECTHsIKA IpHY TeMrepatype cBbie 1350°C.

B xauecTBe aTaIOHHOrO 00pa3iia B paboTe UCIIOIb30-
BaJICsI MUKPOBOJLIACTOHUT «MuBoOJUT». BusyanbHo 31O
TOHKOAMCIIEPCHBII MOPOILIOK OeJI0ro 1BeTa, 0e3 mpumMe-

Puc. 3. Bbixoabl onan-kap6oHaTHbIX Nopog, MapThileBcKoro MeCTOPOXAe-
HYsi Meprens, MPUroAHOro 4K NMOJyYeHNs BOMTaCTOHNUTA

Fig. 3. Outcrops of opal-carbonate rocks of the Partyshevsky marl deposit
suitable for the production of wollastonite

Ceil pa3IMYHbIX OTTEHKOB. Pasmep yactuil Kojeduercs
ot 0,2 10 50 MKM, a OoJIbIIIast YacTh HAXOAUTCS B IMara-
30He 9,54—28,8 MKM, YTO MOATBEPKAACTCST PE3yJIbTaTa-
MU McclenoBaHuii Ha mpubope Micro Sizer 201. Ha
puc. 2 mpuBeIeHa PEHTTEHOrpaMMa MUKPOBOJIJIACTOHM -
Ta «MUBOJLI».

Kak BugHO u3 TIpUBENCHHBIX PEHTTEHOTPAMM
(puc. 1, 2), ocHOBHbIe MUKK BoJtacToHuTa (2,96; 3,3;
1,7;2,16; 1,59; 3,88; 2,32; 1,82 A) mposiBieHBI c1a60, 4TO
TOBOPUT O HEBHICOKOM €TO COIEp:KaHWU B TIPOIYKTE.
OmnHako 3aMeYeHbl MMKY BICOKOTEMIIEPATYPHOIO MICEeB-
JIOBOJUTACTOHUTA, KOTOPHIN UMEET KOJIBIICBOE CTPOCHHUE.
HaHHbIi TUIT He sABasieTcs M(MEKTUBHBIM MPU BBOJE B
Kepamuueckne Macchbl. HaHouronpuatyiro m HaHOTaO-
JINTYATYIO (DOPMY YACTUI] CUMTAIOT TIPUTOTHO JIJIST TIPH-
MEHEHHUSI C LEeJbl0 CHUXEHMS YCaaKd U OCBETJICHUS
Macchl. Takke CTOMT OTMETUTh, YTO HAIMYME IPYTHX
MUHEPAJIOB, TOMUMO BOJUTACTOHUTA, HE SIBJISIETCS OTPU-
LIaTeJIbHBIM MOMEHTOM B TEXHOJIOTMU KePaMUKU U IPY-
TUX OTPACIISIX TIPOMBIIIJICHHOCTH.

Wmesa poctaTouHblii 00beM MCCAENOBAHUN KPEMHMU-
CTBIX ONMaJIKpucToOanuToBbix mopox kOra Poccuwn,
MOXHO CKa3aTb, YTO Ha JAHHON TEPPUTOPUHN ILIUPOKO
pacmpocTpaHeHbl 00pa30BaHMST MEJIOBOTO 1 MaJeOTeHO-
Boro nepuonos [10, 12, 13]. JIuist HUX XapaKTepHO MOCTO-

XumMuueckuii coctaB oTo6paHHbIX NPo6 MapTbILLEeBCKOro MECTOPOXAEHUA Meprens
Chemical composition of the selected samples of the Partyshevsky marl deposit

Mpoba nrn SiOo AloO3 FeoO3+ FeO CaO MgO | SO306u. | TiOo | P2Os | KoO | NaoO

1 18,48 48,22 4,37 1,92 22,32 | 1,47 0,03 0,43 | 0,09 | 1,19 | 0,78

2 20,44 43,05 4,32 1,86 25,31 0,6 0,05 0,42 0,1 1,16 | 0,44

3 21,75 39,4 4,67 1,76 28,9 0,42 0,1 0,49 | 0,12 | 0,97 | 0,39

4 25,71 34,58 4.1 1,66 31,39 | 0,88 0,03 0,33 | 0,08 | 1,02 | 0,47
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Macca 1. C BONNacToOHUTOM Macca 2. bes BonnacToHuTa

1100°C

1050°C

1000°C

Puc. 4. MNpumepbl nabopaTopHbix 06pa3LoB HA OCHOBE Macc C BOJINACTO-
HUTOM 1 6e3 Hero, 060XKEeHHbIE NMPY Pa3NNYHON TeMnepaType

Fig. 4. Examples of laboratory samples based on masses with and without
wollastonite, fired at different temperatures

MukposonnacTorut «Mugonn» CUMHTETWNYECKNIA BONNACTOHNT

1000°C

1050°C

1100°C

Puc. 5. O6pasLbl Ha OCHOBE TEMHOXIYLLMXCS NErkKonaaBknx rivH U ABYX
BWJOB BOJIIACTOHUTA, 0O0XCKEHHbIE NPU Pa3NNYHOK TeMnepaTtype

Fig. 5. Samples based on dark-melting low-melting clays and two types of
wollastonite, fired at different temperatures

SIHHOE U3MEHEHME HAKOTUJICHMST OCaJKOB, UTO MPUBEJIO K
CUMOMO3Y XXKM3HEHHOTO IIMKJIa OPraHU3MOB C KapOOHAaT-
HOUM U KpeMHUCTOU (pyHKIMEH. ¥ Takux mopoja Habjto-
JlaeTcsl TUIaBHBINA Tepexo] OT KapOOHATHON MOPOAbI 10
KPEMHUCTHIX OITOK.

ITpoaHanu3upoBaB Bce BbILIENEPEUMCICHHbBIE TaH-
HBIC, aBTOPHI BBIICIMIM HanboJjiee MepCcreKTUBHOE Me-
CTOpOXIeHUE Mepresist — [1apThIeBcKoe, HaXxomsieecs
B PoctoBckoii oonactu (puc. 3). OCHOBHBIM U IIPUOPHU-
TETHBIM (PAKTOPOM SIBIISUIOCH TTOHIKEHHOE COIepKaHIe
okcuja xee3a — 10 2%, 4To TIPsSIMbIM 00pa3oM OTpaka-
eTcs Ha O6esiu3He MaTepuaa.

OCO00EHHOCTbIO JAHHOTO MECTOPOXIEHUS SIBJISIETCS
0oJbIIasg MOIIHOCTh OTJOXEHUIH KapOOHaTHO-OMajo-
BBIX MOPOJ M TIOCTEIICHHOE M3MEHEHME COOTHOIICHMIA
KapOOHAaTHOI M KPEMHMCTON COCTAaBJISIOLIMX, a TaKXKe
MMPaKTUIEeCKN PaBHBIC OTHOIICHMSI OKCHIA KPEMHUS U
OKCUA KaJbLMs B HUXKHUX TOpU30HTaX (Tabau1a).

Kaxk BupHO M3 TabauIbl, HanboJee MOAXOASIICH MO
XUMUYECKOMY COCTaBy siBisieTcst ipoda Ne 4. Ha ee oc-
HOBe ObLIa M3rOTOBJIEHA MPOOHAs MapTUsI CUMHTETHYE-
CKOTro BoJtacToHHUTA. LIBET TOHKOAMCIIEPCHOTO TTOPOIII-
Ka TIOJIYYWICSI CBETJbIM C OTTEHKOM OexeBoro. IHaxe
HU3KOe coleprkKaHMe OKCHUIA XeJjie3a BIUSIET Ha KOHeU-
HBIN LIBET MaTepurana.

B nabopaTopHbIX YCIOBUSIX aBTOpaMM OBbUIM TOJIY-
YeHBI TTPOOHBIE 00pa3Ilbl HA OCHOBE JBYX Macc: TepBast
colepXaja TYroljaBKylo TJIMHY M camy KapOOHaTHO-
KPEMHUCTYI0 mopoay B cooTHomeHuu 50:50%, a Bo
BTOPYI0 Maccy ObuTO BBeleHO 20% CHHTETUYECKOTO
BOJIJIaCTOHUTA. TakuM 00pa3oM, MOJYYUIIM Maccy clie-
nayroliero cocrasa: 50% tyromiaBkoii riuHbl, 30% mep-
reast u 20% BomnacroHuta. OCHOBHOM LIEJAbIO OBLIO
OIIPeIEeIUTh, HACKOJIBKO BBEICHNE B COCTAaB MacCHI BOJI-
JIACTOHWUTA CITOCOOHO OCBETIWTH IBET KEPAMUIECKOTO
kamHsa. Ha puc. 4 npuBeaeHbl (pOTO MOIYyYEHHBIX 1a00-
pPaTOPHBIX 00pPa3IoB, OOOXCKEHHBIX IIPH TEeMIIEpaType
1000, 1050 u 1100°C.

HauGonee Onu3kuii pe3ynbTaT K UCKOMOMY MOIY-
quicst y 06pasios ¢ 20%-M conepkaHreM BOJUTACTOHUTA
rpu TeMrneparype ooxura 1100°C. Marepuai mosydmi-
Csl XOJIOMHOTO CBETJIOTO IIBeTa 0e3 OTTEeHKOB PO30BOTO,
Yero paHee He yaaBajoch 10OMThCs. Takxke cieayeT oT-
METUTb, YTO MpPHU BCeX TeMIlepaTypax o0Xura KaMeHb C
IobaBJIecHNEM BOJUIACTOHUTA OKA3bIBAJICS HAa TOH CBET-
Jiee OOBIYHOI MacCHhlI.

Taxke ObLIM TPOBEACHBI CPpaBHUTEJbHBIC MCITBITA-
HUSI MEXIY BOJUTACTOHUTOM, TTOJTYYCHHBIM B JTaOOpaTop-
HBIX UCCIIeA0BAaHUSX, U TIPOMBIIIJICHHBIM « MUBOJIIIOM».
B xagyecTBe 6a30BOTO CHIPhS OBIIN BHIOPAHBI TEMHOXKTY-
LIKMecs JIETKOTUIaBKUE IIMHbI, TJ€ BHICOKOE ConepKaHue
OKCHIA Xeje3a IMpU OOXKUIe JaeT KOPUYHEBBIM IIBET.
B cocrtaB Macchl 66110 BBeaeHO 30% BOJUIACTOHUTOBOIO
cbipbs. [TomydeHHBIE pe3yabTaThl OKa3aJIuCh BeChbMa UH-
TepecHBIMA. HecMOTpsT Ha TO YTO MUKPOBOJUIACTOHUT
«MuBoJI» 00J1alaeT BBICOKOW CTENEHbIO OCIM3HBI U
JlaXke BU3yaJIbHO OeJjiee, ero OCBETIISIIONIAsl CITOCOOHOCTh
okaszajach xyxe. Ha puc. 5 npuBeneHsl (ortorpaduu
MOJy4YeHHbIX 00pa3LI0B.
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Kax BugHO, KaMeHb Ha OCHOBE TEMHOXKTYIIIUXCS JIEeT-
KOIUIaBKUX IJIMH U CUMHTETUYECKOI'O BOJUIACTOHMUTA BHU-
3yaJbHO BBITJISIAUT CYIIeCTBeHHO cBeTiice. C MOBBIIIE-
HUEeM TeMIIepaTypbl OOXHWra MaTepuwaj IpuoOpeTacT
0oJiee HACBIIEHHbI KOPUYHEBbIA OTTEHOK W MOSIBJISI-
IOTCS CJIeNIbl TIepekora, 4YTo rOBOPUT 00 MHTeHCU(pUKa-
LIMU CIIEKaHWS IIPU BBOIE BOJIACTOHUTA. HuM3Kyto oc-
BETJISIONIYIO CIIOCOOHOCTh «MMBOJIa» MOXHO OObBsIC-
HUTb HE HEJOCTAaTOYHOM KOHLIEHTPALUEN BOJJIACTOHUTA
WUTOIBYATON CTPYKTYPHI, a TIpeo0IamaHueM IICeBIOBOJI-
JIACTOHHUTA.

ITpouecc u3ydyeHUss CUHTETUYECKOTO BOJUIACTOHMTA
SIBJIICTCSI TIEPCIEKTUBHBIM U OCOOCHHO aKTyaJbHBIM B
CUTyallMn ¢ JOe(UIIUTOM CBETIBIX TINH. OOHAKO ero
chepbl MPUMEHEHUS Topas3no IIHUpe: JIAKOKPAaCOJYHBIe
MPOMU3BOJCTBA, MJIACTMACCHI U PE3UHOTEXHUYECKUE M3-
nenusi, (OpUKUMOHHBIC M3IEINsI, METaJUIypTUsl, OTHE-
VIIOPHI U T. [I.

WccnenoBaHus no pazpaboTke Hanboiee ONTUMAab-
HOI1 TeXHOJIOTUU CUHTE3a BOJUTACTOHUTA, a TAKXKE U3yUe-
HHME €TO BJIUSHUS Ha CBOMCTBA KepaMMUECCKUX M3ICIIHI
OyayT npoaoikarbcs. Heobxoaumo nmomodpath COCTaBbl
LIKUXTHI UTSL TIOJYYEHUST U3NEIUN ¢ 3aJaHHON LIBETOBOM
raMMOM ¥ TeXHUYECKMMHU XapaKTePUCTUKAMU.
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Hu3KkokayecTBeHHbIe KUPMUYHbIe IKUHbI U 30J10LLUTAKOBbIE
oTXoAbl B NPOU3BOACTBE KEPAMUYECKOIo Kupnu4a

lMpoaHanuanpoBaxa reorpadus 3aBoA0B N0 NPOM3BOACTBY KEPaMUYECKOro Kupnuya Ha 2023 1., nokasaHa ux Npues3ka K CbipbeBoii 6ase.
PaccmoTpeH onbIT paboTbl KMPMNWYHOTO 3aBOAA, e B KA4eCTBE OCHOBHOMO CbipbSi WCMOfb30BANNCh 30J0LUNAKOBbIE OTX0AbI TAL|
OpeHbyprckoit 06acTu. B 3aBofCKMX YCOBUAX NOATBEPKAEHA BO3MOXHOCTb MOSTy4eHUs PALOBOIrO KEpamMUYeCcKoro Kupnuya Komnpec-
CWOHHOTO (HOPMOBAHMSA U3 HU3KOKAYECTBEHHOrO ChbIPbSl U MPOMbILUNEHHBIX OTXOLOB C ONTUMANbHONA CTPYKTYPOI N (PU3NKO-MeXaHuye-
CKUMM CBOIICTBaMU, yaoBneTBopsatowmmMmu TpedoBanusm FOCT 530-2012. MpeacTasneHbl pe3ynbTaTtbl UCCNEA0BAHNIA N3MEHEHUS XUMUYe-
CKOro, MUHEpPanornyeckoro CocTaBa ! TEXHONOTNYECKNUX CBOWNCTB CbipbA. MpefnoxeHa TEXHONOMMA NPOU3BOLCTBA KEPAMUYECKOTO KMp-
nuya, NpoLUeAaLIas Nony3aBoAcKNe UCMbITAHNSA, BKNIOYALOLLAs KOMMIEKCHYO nepepaboTKy 30/10LLUNAKOBbIX 0TX00B. PUINKO-TEXHUYECKIE
nokasaTenu OnbITHbIX 06Pa3L0B KMpNnUyYa NoATBepXAatoT, 4to 3LUO B KOMNO3MLMK C CUANKArenemM MOryT ObiTb BOBMEYEHbI B MPOMbILL-
NEHHOE NPOU3BOACTBO, 3TO NOBLICUT 3(DEKTUBHOCTL UCMONb30BaHUS NPUPOLHBIX PecypcoB OpeHOYprekoii 06nacTy.

Knioyesble cnoBa: pbiHOK CTPOMTESIbHbIX MATEPUANoB, MUHUCTOE CbiPbe, (IM3MKO-MeXaHUHeCKNe CBOMCTBA, 30/10LL1aK0BbIE OTXOAb,
cunukarenb.
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Low-Quality Brick Clays and Ash and Slag Waste in the Production of Ceramic Bricks

The geography of plants for the production of ceramic bricks for 2023 is analyzed. The experience of a brick factory, where ash and slag waste of the Orenburg region CHP was used as
the main raw material, is considered. In factory conditions, the possibility of obtaining ordinary compression-molded ceramic bricks from low-quality raw materials and industrial waste
with optimal structure and physico-mechanical properties meeting the requirements of GOST 530-2012 has been confirmed. The results of studies of changes in the chemical, mineral-
ogical composition and technological properties of raw materials are presented. The technology of ceramic brick production, which has passed semi-factory tests, including complex
processing of ash and slag waste, is proposed. The physical and technical indicators of the brick prototypes confirm that ASW in a composition with silica gel can be involved in industri-

al production, which will increase the efficiency of using the natural resources of the Orenburg region.

Keywords: the market of building materials, clay raw materials, physical and mechanical properties, ASW and slag waste, silica gel.
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CoBpeMeHHbBIE TEMIThI PA3BUTHS IIPOMBIIIUICHHOTO U
IPaXXIAHCKOTO CTPOUTEIBCTBA COMTPOBOXKIAIOTCS YBEIU-
YeHUEM 00BheMOB IIPOU3BOJACTBA CTPOUTEIBLHBIX MATEPH -
aJloB U U3AEAU pa3inudyHOro HazHauyeHus. OIHUM U3
Haubosiee BOCTPEOOBAHHBIX Ha PBIHKE CTPOUTEJIbHBIX
MaTepHraioB OCTaeTCsI KepaMUyecKnit Kuprnud. OgHaKo
TpeboBaHMs K KayeCTBY KMpIIMYa IMOCTOSTHHO BO3pacTa-
0T, a pa3BedaHHBbIC NPUPOIHBIC 3aITachl BHICOKOKAUe-
CTBEHHOTO CBIPbSi HEBOCIIOJHUMO HCTOLIAIOTCSI. DTO
SIBJISICTCST OMO 13 TJIaBHBIX IIPO0JIeM Pa3BUTUSI KEpaMM-
4yecKol MpoMbllieHHOCTH Poccun.

Jlo HacTosIIer0 BPeMEHU OCHOBHBIM ChIPHEBBIM Ma-
TepuajaoM ISl MPOU3BOACTBA KEPpaMUUECKOTO KHUpHuya
OCTalOTCS KUPMUYHBbIE TJAWHBI, XapaKTepU3YIOLIMECs
OIpeneIcHHBIMU CBOMCTBaMU, KOTOPBIE OKA3bIBAIOT CYy-
1LIECTBEHHOE BIMSIHME Ha KaueCcTBO MpoAyKLuu. o nepe-
CTPOECUHOTO Mepuoa B KaueCTBe 0A30BOr0 ChIPbs U IS
KOPPEKTUPOBKM TEXHOJOTUUECKUX CBOWCTB MECTHBIX
HU3KOKaYECTBEHHBIX IJIMH MCITOIb30BaJIOCh BHICOKOILIA-
CTUYHOE TJIMHUCTOE ChIPhE, JOCTABISIEMOE U3 PETHOHOB
VYkpaunbl u [Mpubantuku [1, 2]. DT0 OAUH U3 BaKHBIX
(daxkTopoB, OMpeAcaUBIINX (OPMUPOBAHUE OCHOBHOTO

KJlacTepa KpYIHBIX 3aBoAoB B EBpomeiickoit dactu
Poccum, Tak Kak TpaHCIIOPTHPOBKA CHIPhST Ha TATbHUC
pacCTOSIHUS 151 POM3BOACTBA KUPIIMUA SKOHOMUYECKU
Heuesnecoodpas3Ha. B ¢BsA3u ¢ HapylIeHueM MHTeTpaluu
Ha ITOCTCOBETCKOM IMPOCTPAHCTBE W yMaIKOM MalldHO-
CTPOUTEIBHOM OTPAC/IM OCHOBHOE ITPOM3BOACTBO KUPITH-
ya Ha Ypaine, B Cubupu, Ha JanbHem BocTtoke cocpeno-
TOYEHO Ha 3aBojJaxX C HEOOJbIIMMU MOIIHOCTSIMU WU
MPaKTUYECKN OTCYTCTBYeT. [laHHasi cuTyauusi ycyryo-
JISIETCSI OTPAaHUYEHHOCTBIO B TaHHBIX perMoHax paspada-
TBIBAEMBIX MECTOPOXKICHUN BBICOKOTEXHOJOTUYHOTO
AJTIOMOCWIMKATHOTO CBHIPbSI M IIMPOKUM pacIipocTpaHe-
HUEM MECTOPOXICHUI 3aleCOYeHHBIX, JETKOIJIaBKUX,
cpenHe-, YMEpEeHHO- U MaJIOTUTACTUYHBIX Cyreceil u cy-
IJIMHKOB, KOTOpPbIE HE MO3BOJISIIOT MPOM3BOAWUTHL HAa MX
OCHOBE BBICOKOKA4YEeCTBEHHBIN KupId. Kapra pacromio-
JKEHUsI KNPIWYHBIX 3aBOJOB MO (hefepalbHbIM OKpyram
Poccuiickoit Meneparmu rpeacrasieHa Ha puc. 1.
OO611ee KOJMYECTBO IEHCTBYIONINX KepaMUYEeCKUX
3aBofOoB B Poccum cocraBisgeT 265 mpennpusTUii, Ha
KOTOPBIX TIPOM3BOAUTCS €XKETOTHO 3,4 MIIPI YCII. KUPITH-
ya. bosbiiast yacTh 3aBoA0OB pacnosaraetcs B LleHTpaib-
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[ Cesepo-3anaansiit denepanshbii okpyr [l Cesepo-Kaskasckuit denepanbHbii okpyr
LieHTpanbHbiil henepanbHblin OKpyr Ypanbckuii heepanbHblii OKpyr

I NMpuBonXCKMit BenepanbHbIi OKpyr I Cvbupckuii denepanbHblit Okpyr

[ 10xHbilt bepepanbHbii okpyr [lanbHeBOCTOuHbIN (eaepanbHblit OKpyr

Puc. 1. KapTta pacnonoxeHus KNpnnyHbix 3aBOA0B N0 dpefepanbHbIM OKpY-
ram Poccuiickoit denepaumn

Fig. 1. Map of the location of brick factories in the federal districts of the
Russian Federation
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Puc. 2. KonnyecTtBo BbINyCKaeMoro KepaMmyeckoro kupnuya no ¢ene-
panbHbIM okpyram P® B 2022 1.

Fig. 2. The number of ceramic bricks produced by the federal districts of the
Russian Federation in 2022

HoM U [IpuBOJDKCKOM (bemepaybHbIX OKpyrax, COOTBET-
cTBeHHO 25,3 1 22,6% |3, 4]. KonnyecTBO BBIITyCKAaeMOI
MPONYKUWU deaepaabHbIX OKPYTOB B 00OIIEM 0O0beMe
MPOM3BOJCTBA KepaMuueckoro Kuprnuya B PO B 2022 r.
TIPE/ICTaBJIEHO Ha pUC. 2.

HaumeHbIrasi cOBOKYITHAasi MOIIHOCTH IO BBIITYCKY
Kuprnnya Habsonaercs B JalbHeBOCTOUYHOM (denepanb-
HOM OKpPYTe U COCTaBJIsIeT 45,2 MJIH IUT. YCJI. KUpIUYa o
CpaBHEHUIO C OOIIMMM IoKasareiasiMu 1o Poccum —
3,64 MJIpA LUT. yCII. KUPIIKYa.

JWMHaMUYHO pPa3BUBAIOIIMICS CTPOUTEIbHBIA KOM-
riekc OpeHOYpXbsl SIBJSIETCS TOTPEOUTENEM pa3HO-
00pa3HbIX CTPOUTELHBIX MaTEPUAJIOB, B TOM YHCIIE Ke-
paMMYECKUX CTEHOBBIX MaTepHhayioB, KoTopbie Ha 90%
SIBJISTIOTCSI IPUBO3HBIMM 13 CaMapcKoit 001acTu, peciry-
oauk bamkupus, Tatapcran, YyBalius u Apyrux peruo-
HOB P®. OTmenbHbIe MaIOMOIIHBIC 3aBOIBI, PAaCIIONO-
JKEHHBIE B paiiloHaX 00J1acTH, TIPOU3BOAAT KUPITUY HU3-
KOT'0 KauyeCTBa, M €ro BHEIIHMI BUJ HE YIOBJICTBOPSIET
TpeOOBaHMSIM HOPMATHUBHBIX TOKYMEHTOB. OmHOI u3
MPUYMH HM3KOIO KavyecTBa IPOAYKLIMU SIBJISICTCSI TIPU-
MEHEHUE JIsSi TIPOM3BOJCTBA KUPMUYA HEKOHIUIIMOH-
HBIX JIETKOIUIABKUX MECTHBIX TJIMH.

Ha teppuropuu OpeHOyprckoit obaacTy pa3BemaHO
56 MeCTOpOXKICHUI KUPMUYHBIX TJIMH, MO JBa MECTO-
POXIEHUsI TOHYAPHBIX U KAOJIMHUTOBBIX IJIMH, OJHO —

[JIVHbI KUPNUYHbIE

[JIVHbI FOHYapHbIe

[JIVHbI OTHEYNOPHbIE

FNNHbBI oNsg 6ypOBbIX pacTeopoB
KaOnuMHUT

Kepam3unToBOE Cbipbe

Puc. 3. Cxema pa3mMeLLeHns 3anacoB MIMHUCTOrO Cbipbs OpeHByprcKoit
obnactn Ha 01.01.2023 r.

Fig. 3. Scheme of placement of reserves of clay raw materials of the
Orenburg region on 01.01.2023

ﬂeIZCTBYIOMMe KNpnnyHble 3aBObl
KMPMNnYHble 3aBOAbI

Puc. 4. Kupnuixble 3aBogpsl OpeHbyprckoi obnactu
Fig. 4. Brick factories of the Orenburg region

OTHEYTIOPHBIX, YEThIPe MECTOPOXKIECHUST KEPAM3UTOBOTO
ChIpbsl — U3 HUX |3 IMLIEH3UPOBAHHBIX KapbepoB (puc. 3).
banaHcoBbI 3amac JaHHBIX MECTOPOXIEHUI pernoHa
TTO3BOJISIET BBIMYCKATh KaYeCTBEHHBIN KUPIUY LETUKOM
Ha OCHOBE MECTHOT'O ChIPbsI WJIM C BBOJIOM B COCTaB IIHX-
Thl KOPPEKTUPYIOIINX J00aBOK B BUIE MECTHBIX OoJiee
KaUeCTBEHHBIX TJMH, TEXHOTN€HHBIX OTXOIOB IIPOM3-
BOJICTB, PACITOJI0OXEHHBIX Ha TEPPUTOPUM OOIACTH.

B navane 1990-x rr. Ha Tepputopun OpeHOYprckoi
00JIaCTM HAaCUMTBIBAJIOCH NIECITh KHUPIMUYHBIX 3aBOIOB
MaJIOW U CpenHel MOITHOCTU. B HacTosIee BpeMs ocTa-
JIMCh ABa aeiicTBytomux 3aBona: OO0 «KupnuuHbii 3a-
Box «bpuk» B Opendypre u OOO «by3ynykckuit Kup-
MUYHBI 3aBOI» B I. by3ynyke (puc. 4).

OIHUM U3 cTapenX JeCTBYIOIINX 3aBOJOB PETHO-
Ha sgBasgeTcs By3ylyKckuit KMpIMYHbBIA 3aBoj (puUc. 5),
ocHoBaHHbIl B 1913 r. B HacTos111ee BpeMs 3aBoj pabo-
TaeT Ha Kapbepe KUPIMUYHBIX [JINH CO CBETIO-KOPUYIHE-
BbIMU, KOPUYHEBBIMU, aJ€BPUCTBIMU, MECYAHUCTHIMU,
TMOPUCTBIMHU, C HESICHO-CJIOUCTOU TEKCTYPOU C PEAKUMU
MEJIKUMHU THE3M000pa3HbIMU BKIIIOUEHUSIMU METKOKPH -
CTaJUIMYECKOTO TUIICA U M3BECTKOBO-TJIMHUCTBIX 00pa-
30BaHUI, MaJJOMOIIHBIX TPOCIOEB TOHKO3EPHUCTOTO
necka. MOUIHOCTb MOJIE3HOM TOMIIM B IIpeAeIax JULeH-
3MOHHOTIO yJacTKa u3MeHsieTes ot 5 1o 10,5 M, B cpeaHem
8,25 M. CpenHuii 00beMHBINH KOA(POUIIMEHT BCKPBILIN
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Puc. 5. By3ynykckuii KMprn4HbIi 3aBOA,: @ — MPOU3BOACTBEHHbIN KOPMYC 3aBOAA; b — TEXHONOrMYECKas IHUS MPECCOBaHYIS 1 PE3KN KUPNYa; ¢ — roToBasi MPOAYKLMS
Fig. 5. Buzuluk brick factory: a — the production building of the plant; b — the technological line of pressing and cutting bricks; ¢ - finished products

Ta6nuua 1
Table 1
XMunuyeckuin aHanus ramHUCToro cbipbst B 1968 n 2023 rr.
Chemical analysis of clay raw materials for 1968 and 2023
ron, CopepxaHue okcuaoB, %
aHanmnsa SiOo TiOo ALyO3 FeoO3 NaoO KoO MgO Ca0 SO3 nnn
1968 61,66 0,63 12,09 4,62 1,84 1,89 2,1 6,51 <0,1 8,26
2023 42,52 0,23 4 2,14 0,18 0,96 0,38 26,1 <0,1 23,5
1o MecTtopoxzeHunto coctasiuser 0,036. 3amacsl KUpIY- TaG;MbL:a 2
3 able

HBIX [JIMH OLIEHMBAIOTCS 10 Kateropuu A — 124 Tbic. M°,
YTO TT03BOJIIET Mpou3BoAUTh 300 ThIC. IIT. YCJI. KUpPITUYa
B MECSIII B TeUeHUE 25 JIeT.

B xonme m3ydyeHus apXMBHBIX JaHHBIX W IIPOBEICHMS
HCCJIeIOBAHMIT TI0 OTIpeIe/IeHUI0 00IacTU TIPUMEHEHUS
KMPINUYHBIX IJIMH, corjacHo [5], pa3pabaTbiBaeMbIX
y4acTKOB by3syiykckoro mecropoxaeHust (puc. 6) BbI-
sBJIcHA JTWHAMWKa W3MEHEHUS XMMHWUYECKOTO COCTaBa
[JIMHUCTOTO ChIPbsl 3a MEePUOJ AKCILIyaTallik Kapbhepa C
1968 mo 2023 r. (Tabm. 1).

JlaHHble TabJ1. 1 MOKa3bIBAIOT, UTO 32 BPEMSI IKCILTY-
aralyyu MeCTOpoXIeHus B mepuoa ¢ 1968 r. o HacTos-
1ee BpeMsI B BEIPAOOTKY IOTIAJIO CHIPhE CO CHIKEHHHBIM
COIEPKAHUEM B AJIIOMOCWJIMKATHOM TOPHOM IIOpOMAE
caenyrommx okenaoB: AlhO3 Ha 66,9%, SiOy Ha 31%.
YMeHbllIeHUEe KOJIWYEeCTBa IJIMHO3eMa YyKas3blBaeT Ha
CHIDXKCHUE TUIACTUYHOCTU TJIIMHBI CO CPETHETIACTHI-
HOI T0 YMEPEHHO IIACTUYHOM, a TAKXKE Ha YyMEHBIIECHKE
OTHEYIOPHOCTH MIMHBI. [loHMXeHue CyMMapHOro KO-
muuectBa NajO, KyO, Fe,O3, TiO) yka3biBaeT Ha co-
KpallleHre KOJINYeCTBa XUAKOM (a3bl mpu 00XKUTE, UYTO
YXYAIIaeT CIieKaeMOCTh n3Aeanii. OMHOBPEMEHHO OTME-
YaeTCcsl POCT KOJIMYECTBEHHOIO COACPXKAHUS B IJIMHE
CaO B cocTaBe u3BecTHsIKa Ha 75%. Pa3pyiieHue cTpyk-
Typbl KapOOHATHOM TTOPOJIBI BBI3BIBAET 'a3000pa30BaHue
U IIOPU3ALIMIO KEPAMUUECKOT0 KAMHS B IIpoLiecce 00XKu-
ra B nHTepBajie TeMrepaTypsl 850—880°C. Takum obpa-
30M, 3a IIepUOJ pa3pabOTKI MECTOPOXKACHUSI U3MEHUIICS
XUMHWYECKUIA COCTaB INIMHBI By3yIyKCKOTO MECTOPOKIC-
HUSI, YTO HEM30EXKHO ONpeeIsieT MOAU(PUKALIMIO TEXHO-
JIOTUYECKUX CBOMCTB IJIMHHMCTOTO CHIPbS. DTOT BHIBOI
MMOATBEPKAAIOT Pe3yJIbTaThl Ja0OPATOPHBIX UCIIBITAHUIA,
MpUBeAeHHBIE B Ta0J. 2.

AHau3 pe3yJbTaToB Ta0JI. 2 yKa3blBaeT Ha CHUXKEHUE
OCHOBHBIX ITOKa3aTejIeil 1o Mepe MPOABMXKEHUSI Kapbepa
3a TIepro SKCIUTyaTallid Kapbepa. MapKa 1Mo mpoYHO-
ctu cHuxkaetcst ¢ M125 no M72. 1o MHeHUIO aBTOPOB,
YIYYIIEHUIO TEXHOJOTUYECKUX CBOMCTB [JIMHBI U TOTO-

AnHamMuka u3MeHeHUs OCHOBHbIX TEXHONIOMNMYEeCKUX
rnokasaTenei KUpnu4HbIX rMuH Byaynykckoro
MeCTOpOoXAeHUs, NONYYEeHHbIX No pe3ynbtatam NPP
B 1968 n 2023 rr.

Dynamics of changes in the main technological indicators
of brick clays of the Buzuluk deposit obtained from the
results of exploration in the period from 1968 to 2023

[etanbHas pa3eeaka MepeoueHka
1968 r. 2023 .
Mokasartenu
3HaueHne 3HaueHne
min | max | cpegHee | min | max | cpenHee
Yucno nnactuyHoctn | 6,5 | 16,3 11,5 6,53 | 9,36 8,13
dysctenrenvhiocte | oo | 490 [ 135 | 102] 15 | 1.4
K CyLLKe
Ycazka nocne Cywkm 4 98 71 86 | 116 104
(B03pyLWLHasN), % ’ ’ ’ ' '
Obuias ycanka 36 | 102 95 |89 | 118 106
(nonxag), %
Boponornowenwe, % | 10,7 | 16,8 11,7 | 15,75 14,6
Mpenen npoyHoCTK,
MMa
- Npy cxaTum 6,95 | 23,9 10 8,5 | 13,2 10,2
- npu n3rnbde 3,34 | 13,3 7,5 6,8 | 10,1 9,7
Koapduument
MOPO30CTONKOCTH, F15 | F15 F15 F20 | F30 F25
LMKNbI
Mapka no npoyHoct | M50 | M200 | M125 | M30 | M120 | M75
Tewneparypa 950 | 950 | 950 [ 950 | 950 | 950
obxura, °C

BOTO M3/ICJIAS CIIOCOOCTBYIOT Pa3IMYHbIC TTPUEMBI: BBOJ
N00aBOK, TOTIOJHUTEIbHAS MEXaHOAKTUBALIMS ChIPbe-
BOM IIIMXTHI Ha 3Tare MOATOTOBKY, MU3MEHEHHE CIocoba
(bopMoBaHUs U3AENUI C TJIACTUYECKOTO Ha TOJYyCyXoe
npeccoBanue. /o 2009 r. rmmHa U3 Kapbepa ¢ IPpUPOTHOMA
BJIAXHOCThIO 15—18% mocTymana HEMmoCpPeaCTBEHHO B
raMHonpueMHUK. [locie MomepHU3alMKU TeXHOJIOTUYe-
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Puc. 6. 'pynnvpoBKa rivH B 3aBUCMMOCTU OT UX
XVMUYECKOro cocTaBa: 1 — KaoSIMHbI U FNHbI, NPU-
roaHble 415 NPON3BOACTBA OFHEYMNOPHbIX (LLUaMoT-
HbIX) U3AENWIA; 2 — TVHBI, NPUrOAHBIE OJ1S NPOU3-
BOACTBA MJIMTOK AJI MOJa, KaHaNM3auMOHHbIX
Tpy6, KMCNOTOYNOpPa, KAMEHHOro ToBapa; 3 — roH-
YapHble N TeppPaKkoTOBbIE MMNHbI; 4 — YepenuyHble
FNVHBI; 5 — KIIMHKEPHblE, nayLuve Oas NpousBom-

Puc. 7. Mogenb CTPyKTYypbl NO TUMY «3Ap0—0605104Ka» 301a + rnHa + cunvkaresb: a — MOAENb rpaHy-
Jibl IPECC-NOPOLLKA; b — MOAEeNb CTPYKTYPbl MPECCOBKU; ¢ — MOAENb CTPYKTYPbI Nocsie o6xura

Fig. 7. Core-shell structure model ash + clay + cullet: a — model of a pellet of a press powder; b — the
model of the pressing structure; ¢ — the model of the structure after firing
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* — 06nacTb NPUMEHEHNs BY3YNTyKCKOW MVHbI

Fig. 6. Grouping of clays depending on their
chemical composition: 7 - kaolins and clays
suitable for the production of refractory (fireclay)
products; 2 — clays suitable for the production of
floor tiles, sewer pipes, acid-resistant, stone
goods; 3 - pottery and terracotta clays; 4 - tile
clays; 5 — clinker clays used for the production of
bridge clinker; 6 — brick clays; * — the scope of
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CopepxaHue 3O, %

Puc. 8. ®usumko-mexaHnyeckme CBOMCTBa U3Aenuin coctasa: rmHa — 54% + 3O — 35% + cunuka-
renb — 11%, 060XOKeHHbIX Npy Temnepatype 950°C. 1 — CpeaHsisi MOTHOCTb, r/cMS; 2 — npeaen Npoy-
HOCTM Npu cxatuum, MMa; 3 - BogonornoweHue, %

Fig. 8. Physical and mechanical properties of products of the composition: clay — 54% + ASW — 35% +
silica gel — 11%, fired at a temperature of 950°C. 7 — average density, g/cm3; 2 - compressive strength,
MPa; 3 — water absorption, %

application of Buzuluk clay Ta6nuua 3
Table 3

XumMunyeckuin coctaB TPEXKOMMOHEHTHOMN LUNXTbI

Chemical composition of the 3-component charge
CopepxaHue okenaos, %
CocTaB LUMXTbI
SiOg TiOo ALy03 FeoO3 NaxO KoO MgO Ca0 SO3 >
[N54+3WO035+Cl 11 70,55 0,58 71 2 5,04 1,12 4,22 9,33 0,04 100

CKOM JIMHUM U YCTAHOBKM J103aTOPOB BOBI TJIMHA BbIJIE-
JKMBaJjlach B Te€YEHME 25 CyT B INIMHO3AIIaCHUKE, a 3aTeM
Ha 3Tare (oOpMOBaHUS TOYBIAXKHSIIACH 10 OITUMAJIBHOM
BiaxkHocTu 24%. OnHako 1mocje o0Xura Mapka 1o Mo-
PO30CTOMKOCTH KMPIIHYa OCTaBajJach HUXXEe MUHUMAJb-
Hoii mapku kuprmua F25 cormacho 'OCT 530-2012.
[TosTOoMy TOTYYeHHBIN KUPIIUY TIPUMEHSIETCS] B OCHOB-
HOM i 3a0yTOBKM WM KJIAAKKM BHYTPEHHE BEPCTHI
Orpaxaaroix KOHCTPYKIIMIA.

C 11eJ1610 YIIyUIlIeHUs KaueCcTBa ITPOIYKIIMY Ha 3aBOJIC:

— uccienoBaHa 3(POEKTUBHOCTb 3aMEHBbI TEXHOJIO-
MU TJIACTUYECKOTro (hDOPMOBAHMST HA METO[, MOJIyCYXOIo
TIPECCOBaHMUS;

— NPUMEHEHUE MOIEIUPYIOLIMX 100aBOK B BUIE 30-
JonakoBbeix 0Txon0B (manee 310) TOL u cunukaress
HATPUEBOTO CUIMKAT-TJIBIOBI.

MeTtogoM MaTeMaTUYECKOro TUIAaHUPOBAHMST DKCIIe-
pPUMEHTA YCTAaHOBJIEH ONTUMAJIBHBIN COCTaB TPEXKOMITO-
HEHTHOU IIMXThl 1 BBIMIOJHEH pacyeT €e XMMUYECKOIo
cocTaBa, IIpUBEICHHbII B Tab. 3 [6, 7].

[To mosy4eHHOMY XMMHUYECKOMY COCTaBY KOMITO3M-
LIMOHHOM IINUXThI AHATUTUYECKUM CITOCOOOM pacCuuTaH

TEOPETUYECKUIA COCTAB IJIMHBI B CJICAYIOIIEM MUHEPAIO-
TMYECKOM COOTHOIIeHun, %: xaoauHutr — 14,9; aib-
out — 3,4; oprokiiaz — 12,6; cBoOOaHBIIA KBapl — 69,1.

[Mony3aBomckre WCTBITAHUST KUPIMWYA BKITIOYATU
ITOATOTOBKY IIMXThI M W3TOTOBJIEHWE CHIPIIA METOIOM
IOJIyCYXOT'0O IIPECCOBaHUS B J1a0OPATOPHBIX YCIOBUSIX C
naBieHueM npeccoaHus 20 MIla. M3aenue-coipel] BbI-
CYIIMBAJIOCh B YCJIOBUSIX 3aBOIACKOW TYHHEJIBHOM CY-
IIWJIBHOM KaMephl 10 BIaXKHOCTH 2,5—4% 1 06KUTaaoch
npu Temnepatype 950°C B 3aBoACKOI KOJIBIIEBOM MEUM.

ITo pesyabTaTam M3ydeHUs] MUKPOCTPYKTYPBI OITBIT-
HbIX M3/IeJIMii pa3paboTaHa MOEJIb CTPYKTYPbl KUPITYa-
chIplia, TOJIyYeHHOTOo (HOpPMOBAHMEM W3 TIpecc-
nopoiika (puc. 7).

CortacHO Noy4eHHOI Mozienu (puc. 7) HabomaeTcst
YILUTOTHEHUE CTPYKTYPbl MaTPUILIbI KUPITYa pa3paboTaH-
Horo cocTaBa. BBox B coctaB (pOpMOBOYHOI IITMXTHI MEJI-
konucniepcHbIX yactur 3110 mramerpom 0,005—0,05 mm
U CUIMKarejs B KOJWYECTBE COOTBETCTBEHHO 10 35 u
11% obGecrieunBaeT yBeJMUECHUE CpeAHEN TJIOTHOCTH
KUPIIMYa P MOJYCYyXOM TpeccoBaHnU Ha 6% Mo cpaB-
HEHUIO ¢ KUPIUYOM IIJIACTUYECKOro (popMoBaHUs. DTO
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00BsICHsIETCSI 00pa3oBaHUEeM KOHIIEHCAIIMOHHBIX CTPYK-
Typ, TAe comlacHO [9] BO3HMKAaeT KOHTAaKT HEIOCped-
CTBEHHO MEXJy YacTUIIaMU MCXOIHBIX KOMIIOHEHTOB,
YTO OMpeAeasieT B YCIOBUSIX 00KUTa AaxkKe MpU HEOOIb-
1ITOM KOJINYECTBE KUAKOM (ha3bl aKTUBU3AIIUIO TTPOTIEC-
COB 00pa30BaHMST HOBBIX KPUCTAJUTMIECKUX COSTUHEHUI
W yBeJIMYEHUE IPOYHOCTU u3aenuii (puc. 8). OTmevaercs,
4yTO BBOA MesikoaucnepcHbix yactuil 31O obecnieurBa-
eT B pe3yJbTaTe IPeCcCOBaHUs IoJydeHue OoJiee IUIOT-
HOW yITaKOBKM YaCTHUIL TIPECC-TIOPOIIKA B CTPYKTYpPE U3-
nenus [8, 9].

W3 pe3ynbratoB, IpUBeACHHBIX Ha PUC. 8, BUIHO, YTO
W3MEHEHUE TEeXHOJOTUM ITOJATOTOBKU (POPMOBOYHOIM
Macchbl, crocoba (opMoBaHUS U3IEIUSI-ChIPIIA, COMAEP-
KaHWe CUJIMKaressi B Kojudectse 11% MO3BONSIIOT yBe-
JIMYUTH ONTUMAaJIbHOE KounvecTBO BBoaumoro 31110 no
35%. MakcuMaibHBIe 110 3HAaYeHHIO (DU3UKO-MeXaHuve-
CKHMe IMOoKa3aTeJu COCTABJISIOT: Tpene MPOYHOCTH MPU
cxxatuu — 13,9 MIla (yBennuyeHue nmokasatesst Ha 22%);
CpeIHsIs INIOTHOCTB — 1,76 Kr/cM3 (yBendyeHre moKasa-
Tesst Ha 6%), Bomomoromenne — 12,25% (CHUXeHMe
nokasaresst Ha 22%).

Takum obpa3oM, TNpoBeAcHHbIC JIaOOpATOPHBIE UC-
CJIeIOBAHUSI W TIOJY3aBOACKWE WCHBITAHUS TTOKa3aJIn
MEePCIIEKTUBY IPUMEHEHUSI METO/A TIOJIyCyXOro IPecco-
BaHUsI CTEHOBBIX KepAMMUYECKUX M3AEIUIA U3 MOJUKOM-
IMTOHEHTHBIX MacC Ha OCHOBE HM3KOKAYECTBEHHBIX KUP-
MUYHBIX [JIMH.
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Cnoco6bl mogndukaLum cBOWCTB MMMHUCTbIX FPYHTOB
C BKJIOYEHWEM OpraHu4yeckKux BeLLecTB

OfHOI U3 peanu3yemblx 3afja4 HaLMOHANbHOTO NPOeKTa «be3onacHble 1 Ka4eCTBEHHbIE OPOriA» ABMSAETCA UCMONb30BAHNE TEXHOMOTU,
OCHOBaHHbIX Ha MOBTOPHOM MPUMEHeHWN MaTepuanoBs. [aHHas paboTa MOCBALIEHA aHanU3y CYLLECTBYIOLLMX CMOCOGOB YKPEMNeHus n
CTAGUNN3ALMN TTIMHUCTBIX TPYHTOB C YANEHNeM BHUMAHWS FpyHTaM, COflepXalliiM B CBOEM COCTaBe OpraHuyeckue BellecTsa. CTaBuTes
3a/1a4a No OLEHKe BO3AEMCTBUS BAXKYLLMX BELLECTB /UMK HaMGONee N3BECTHbLIX CTABUIM3NPYIOLLNX 106ABOK Ha TAMHUCTBIA TPYHT, B TOM
YUCIE C BbICOKMM COZIEPXaHNeM OpraHUYecKnX BELLECTB. BbiMOMHEHO CpaBHEHNe (PU3UKO-MEXaHNYBCKUX XapaKTEPUCTUK YKPEMIeHHbIX
TTIMHUCTBIX TPYHTOB, NP 3TOM NPUBEAEHbLI HanGonee M3BECTHbIE JOOABKI Pa3Nu4HbIX NMPOU3BOAUTENEN. YKasaH pacxol MUHEpanbHbIX
BSKYLLMX W J0GABOK NpU YKPEMIeHUA TMHUCTbIX TPYHTOB. [10Ka3aHbl MPeUMyLLIeCTBA KOMMIEKCHOTO YKPEneHns TPYHTOB C UCMOMb30-
BaHWEM MUHEpabHOr0 BSXKYLLEro (LeMeHTa) 1 NonMMepHbiX 06aBOK. [lokasaHa BO3MOXHOCTb MPUMEHEHWS TPYHTOB C BbICOKMM COZEp-
)KaHUEM OPraHWUYecKX BELLECTB B KOHCTPYKTUBHBIX CMOAX [OPOXHbIX 0fexa. Mpu MoauduKaLum rpyHTOB HEOBX0ANMO Y4UTbIBATh UX
TEHETUYECKMIA TUM, TaK KaK OH JOCTAaTOYHO CUNbHO BANSIET HA MPOYHOCTHBIE XapakTepuCTMK.

KntoueBble €noBa: yKpenseHHbIe rPYHTbI, BXYLLWE MaTepuarbl, OpraHoMUHepasibHble FPYHTbI, KOMMIEKCHbIE BSXKYLLME, MOAMCMKATOP.
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Methods for Modifying the Properties of Clay Soils with the Inclusion of Organic Substances

One of the tasks of the national project “Safe and High-Quality Roads “ being implemented is the use of technologies based on the reuise of materials. This work is devoted to the analysis
of existing methods of strengthening and stabilizing clay soils, with special attention to soils containing organic substances in their composition. The task is to assess the impact of
binders and/or the most well-known stabilizing additives on clay soil, including those with a high content of organic substances. A comparison of the physical and mechanical character-
istics of reinforced clay soils was made, while the most famous additives from various manufacturers are given. The consumption of mineral binders and additives when strengthening
clay soils is indicated. The advantages of complex soil strengthening with the use of mineral binder (cement) and polymer additives are shown. The possibility of using soils with a high
content of organic substances in the structural layers of road pavements has been proved. When modifying soils, it is necessary to take into account their genetic type, since it strongly
affects the strength characteristics.
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B Hacrosmiee Bpemst B Poccuiickoit denepanum pea-
JIM3YeTCSl HAaLlMOHAIbHbBIN MPoeKT «be3onacHble 1 Kaye-
cTBeHHBIe aBTOMOOUIbHBIE foporu» (BK/I). B cTpykTy-
pe MaHHOTO TMPOEKTa CYLIECTBYET (henepaabHbIi MPOEKT
«PernonanapHas 1 MecTHasi JOPOKHAsI CETb», B paMKax
KOTOPOTO HEOOXOAMMO AOOUTHCS YBEJIMYECHUS KadyecTBa
U JIOCTYITHOCTH aBTOMOOWJIBHBIX JOPOT, YBEIWYEHUS
JIOJW JOPOKHOM CETH B TOPOIACKMX arjioMepalusx, Ha-
XOJSIIMXCS B HOPMATUBHOM COCTOSIHUM U Ap. st 1o-
CTIDKCHUS TaHHBIX IIeJIeH pelaroTcs 3aJauu 110 BHEApPe-
HUIO COBPEMEHHBIX U 3(D(HEKTUBHBIX TEXHOJOTUI CTPOU-
TEJbCTBA, PEKOHCTPYKLUMU U KAMUTAJIbHOTO PEMOHTA
ABTOMOOWJIBHBIX IOPOT.

OnHOM U3 TAKUX TEXHOJOTUN SIBIASETCS TEXHOJIOTUS
YKpEeIUICHUS U CTaOMIN3allui TPYHTOB OCHOBAHUS J10-

POXHBIX OHEXKI HEXECTKOTO THUIA U Bepxa 3eMJISTHOTO
MOJIOTHA aBTOMOOMAbHOM goporu [1-9]. Ee npumeHe-
HUE MO3BOJUT COKPATUTh 3aTpaThl Ha TPaHCIOPTHHIE
pacxoabl M CTOMMOCTh MHEPTHBIX MaTepuajoB.
OCo0EHHO 3TO BaxXHO UIST OTHEJIbHBIX pernoHOB P,
rae HaOJIomaeTcss HeXBaTKa WHEPTHOIO MaTepuala
(necka, meo6Hs) [5]. JlaHHasg TEXHOJOTrUsSI CTAHOBUTCS
Bce OoJiee aKTyaJlbHOM M BOCTPEOOBAHHOI ITOCJIe BBE-
IeHWs B IeiCTBHE HOBBIX HOPMATUBHBIX JOKYMCHTOB
IMHCT 542—-2021 «HexecTkue aOpOXXHBIE OAEXKIbI.
IMpaBuna mpoextupoBanusi» u CIT 34.13330.2021
«ABTOMOOWJIbHBIC JOPOTHU», B KOTOPHBIX OIpPEHcICHEI
HeoOX0oaUMBIe ClTydau CTaOMIN3alMU, yKa3aHbl TpeOO-
BaHUS K TPYHTAM OCHOBAHUS M 3€MJISHOTO IOJOTHA
aBTtomoporu [1].
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YKpPEnIEHHbIN FPyHT

Moandwnkauusa
(BbIOOP criocoba)

MCXOOHbIN FPYHT I

CTabunmanpoBaHHbIi
TPYHT

KomnnekcHo-
YKPENAEHHbBIN FPYHT

Knaccundurkaums MoanduLmMpoBaHHbIX TPYHTOB
Classification of modified soils

HeobxonumMo OTMETUTb, UYTO B pacIoOpsSKeHUU
®enepanpHOro mopoxHoro areHtcTBa (PocaBTomop)
Ne 771-p ot 03.03.2021 1. «O0 yTBEep:KIECHUN CTpATETUN
pa3BUTHUS MHHOBALMOHHON OEATEIbHOCTM B 00JIACTH
JIOPOXKHOTO X03siicTBa Ha nepuoxd 2021—-2025 rr.» B Ka-
YEeCTBE OJHOTO M3 IMPUOPUTETHBIX HAYYHBIX MCCIIEI0BA-
HUII yKa3aHO MCCJIeOBaHNE PAa3IMYHBIX TUTIOB BSIXKY-
IIMUX C LEJIbI0 MOBBIIEHUST 3(M(MEKTUBHOCTU YKPEILIe-
HUSI TPYHTOB U PBIXJIBIX KAMEHHBIX MAaTePHUAJIOB, a TAKXKE
pPa3IUYHBIX METOMOB ITOBBIIICHUS MOPO30CTOMKOCTH
MaTepuajos [2].

B cBs131 ¢ 3TUM HEOOXOIMMO TTOBBICUTD UCTIOJIH30Ba-
HHE B IPOLIECCE YCTPOICTBA CJI0EB OCHOBAHUSI aBTOMO-
OUJIbHBIX TOPOT MECTHBIX TPYHTOB, B TOM YHUCJIE C BBICO-
KM COJEP>KaHUEM OPTaHMYEeCKUX BEIIECTB. DTO aKTy-
anbHag 3agadya g LlenTpanpHo-YepHOo3eMHOro
pernoHa Poccuiickuit denepannu, rie COBMECTHO C
JIPYTUMU PErMOHAMM PeaiM3yeTCsl HallMOHAIbHOM ITPo-
ekT «be3omacHble M KaueCTBEHHBIE ABTOMOOWJIBHBIC
npoporu» (BKT).

CrieiyeT pas3iuyath IBa MOHSITUS: YKpPEIJIEHUE IPyH-
TOB (TTOBBIIIEHNE (PU3UKO-MEXaHUIECKUX CBOWCTB IPYH-
TOB ITyT€M UX 00paObOTKM OpraHMYECKUMU I MUHEPaJIb-
HBIMU BSDKYIIIMMU) Y CTAOMITM3A1IMS TPYHTOB (YJTyqIlIeHe
BOJHO-(U3NUECKUX CBOMCTB I'pyHTa MyTeM ero oopabdor-
KU cTabuam3aTopaMy M (UIM) MOBEPXHOCTHO-AKTUBHBI-
mu BemlectBaMu) coriacHo CIT 78.13330.2012 «ABTO-
MOOUJIbHBIE JTOpPOTU. AKTyaJu3upOBaHHAsI perakius
CHull 3.06.03—85». B0O3MOXHO OJZHOBPEMEHHOE MKC-
I10JIb30BAHUE ABYX METOJOB (KOMILIEKCHOE YKPEIUICHHE).

KomrmuiekcHoe ykperieHue — 3TO Crnoco0 yiaydlie-
HUSI VMCXOJHOTO TIPYHTa, MPU KOTOPOM MCIIOJIb3YIOTCS
KakK BSDKYIIME BEILECTBa, TaK M pa3jIMYHble CTaOMIM3a-
Tophl (TY 23.64.10-001-28538178—2019 «KomrutekcHoe
Bskyuiee «ben/lopllem». TexHuyeckue yCIOBUS».
Benropon, 2019. 10 c.) [10-23].

Br16op MeTona MmogudupoBaHusI TPYHTOB 3aBUCUT
OT UCITOJIb3YEMBbIX BSDKYILMX BELIECTB 1 J00ABOK (CM. pu-
CYHOK).

YKperjieHue TPYHTOB BBIIIOJHSIIOT C MCIIOJIb30Ba-
HUEM Pa3TUYHBIX KaK HEOPTAHWYECKMX BSIXKYIIUX Ma-
TepuayioB (MUHEPaAJIbHBIX), TaK U OPraHUYECKUX Be-
mecTB. K MuHepaabHbIM (HEOPraHUUECKUM ) BSKYLIAM
MaTepuajgaM OTHOCST: IIEMEHT (MOpPTIaHAIEMEHT,
LIJIAKOMOPTIAHALIEMEHT, LIEMEHT IS CTPOUTEIbHBIX
pacTBopoB He Hmke Mapku M300, meMeHT cynbdaTo-
CTOMKMIA); M3BECTh; 30JIa-yHOCa (C coaepXaHUeM Cep-
HOKHUCIIBIX M CEPHUCTBIX COeTNHEHWI He oblie 6% u
conepxkanueMm cBobomHoro CaO He Gosee 20 Mac. %);

ntaku (pocdopHbie, aKTUBHBIE, BBHICOKOAKTHBHbIC
MOJIOTHIE IIBETHOW W YEPHOW METaJUTypTHM); IILIaMBbl
(HedenmHoOBbIE, OEJIMTOBbIE 1 OOKCUTOBKIE); TUIIC; CU-
JIMKAT HATpUS ((KUOKOE CTEKIIO).

B Hacrostiee BpeMst U3 TIpeICTaBIeHHBIX MUHEPah-
HBIX BSDXYIIMX B OCHOBHOM B KayeCTBE BSIXKYIIEIO HC-
MOJIB3YIOT IIEMEHT U MU3BecTh. OcTajibHbIe TOOABKM MUC-
MOJIb3YIOTCSl KaK BCIOMOTraTe/bHbIe MPU HEOOXOAUMO-
CTH YAYYIICHUS TEXHUIESCKUX 1 DKOJIOTMICCKIUX CBOMCTB
HWCXOAHOTO IpyHTa [1].

K opraHmyeckum BSDKYIIMM MaTepuajiaM OTHOCHT:
OUTYMBbl HEQTIHBIE TOPOXHbIE XUIAKUE; OUTYMHbIE
amynbcuu kiaaccoB DBbK-3, DBA-3 u OBJIK M (Bo3-
MOXHO TpPHUMEHEHHE OWTYMHBIX B3MYJIbCUU KJIaCcCOB
OBbK-2, 3bA-2 u OBJIK C); OutymMHbIe NacThl; BCIe-
HEHHBII OUTYM; KapOoamMumohopMaabIeruaHble CMOJIbI;
HedTeconepxaine mamMbl. [IpeacraBieHHbIe OpraHu-
YECKUE BSDKYIIME PEAKO MCIIOJIb3YIOTCS B KayeCTBE OC-
HOBHOTO WJIM €IWHCTBEHHOTO BSIXKYIIETO TIO TPUYMHE
MOBBIIIEHHON 1e(OPMAaTUBHOCTU U HEAOCTATOYHOU BO-
nocroiikocTu [1].

CTabuan3ainio TPYHTOB BBITTOJTHSIIOT C UCTOJb30Ba-
HUEM MHOTOKOMITOHEHTHBIX CUCTEM, BKIIOYAIOIIUX 10~
BEPXHOCTHO-AaKTUBHbBIE BeIIeCTBA KaK HMOHOTEHHOTO
TUIA, TaK U HEMOHOTCHHOT0; HAHOYACTUIIbI, 001a1a0-
IIKMe CBOMCTBAMM THMAPo(oOM3aTOPOB, CyNepIuiacTugu-
KaTOpOB, TOJMMEPOB, TIPUMEHSIEMBIX B CTPOUTEIHCTBE
JIJIsT 0OPaOOTKY IPYHTOB C LIEIbI0 U3MEHEHMST X CBOMCTB.
CTOUT OTMETUTH, YTO CTAOMIM3AaTOPHI CaMU IO cebe He
SIBJISIIOTCSI BSDKYIIMMUM, OHU BJIMSIIOT HAa TTOBEPXHOCTHBIE
CBoOIicTBa yacTull TpyHTa [5]. Mx kiaccudukamus mnpo-
M3BOJUTCS IO CJICIYIOLIMM OCHOBHBIM MPU3HAKaM: THII,
KJiacc, roakiacc, sup [ 1, 4].

B Poccuiickoit @enepaiini U3BeCTHBI CTAOMIN3aTO-
Pbl KaK POCCHUICKOro, Tak M 3apyOexKHOIo IMpOM3BOJI-
ctBa [15, 17]. OcHOBHOE nelCTBUE MAHHBIX T0OABOK
COCTOUT B U3MEHEHUU BOAHO-(PU3UYECKUX CBOMCTB UC-
XOJHOTO TPYyHTa, UYTO MPUBOAUT K (HOPMUPOBAHUIO
TMJIOTHOW MOPO30CTOMKOM CTPYKTYPhI MOJTY4aEMOr0o Ma-
Tepuana. [IpuyeM TpeOGOBaHUS K TpyHTaM, MOABEPKEH-
HBIM CTAaOWJIM3AIUM, TOBOJIBHO CXOIHBI. AHAIMU3UPYS
ucciaenoBanusd [1, 3, 5, 12—14] no Bo3aeiicTBUIO A00a-
BOK Ha TPYHT, MOXHO OTMETHUThb HEIOCTATOUYHOCTD JaH-
HBIX, VYUTHIBAIOIINX BIIMSTHAE OTHOM M TOH XKe T00aBKHU
Ha pas3Jn4yHble BUABLI CBI3HOTO TpyHTa. OCOOEHHO 3TO
KacaeTcsi TPYHTOB C BBICOKHUM COJEPXKaHWEM OpraHuye-
CKMX BEILECTB.

[IpumeHeHMe pa3IMYHBIX BUIOB J0OABOK COBMECTHO
C BSDKYIIMMM MaTepuajaMiy MO3BOJISIET TIOJYIUTh TPYHT
CO 3HAYUTEIBHO YIYUYIIEeHHBIMU (DU3NKO-MEXaHUICCKU-
MM XapaKTepUCTUKAMU 3a CUET KOMITJIEKCHOTO YKpeTLie-
Husl. [1py 3TOM HE0OX0AUMO OLIEHUBATh MUHEPAJIOruye-
CKUIl cocTaB rpyHTa [17], KOTOpBI WUrpaeT UCKIIOUYU-
TEJIbHYI0O pPOJb IpU GHOPMUPOBAHUU YKPEIJIEHHOM
CTPYKTYPHI MaTepuaJa.

B 1aba. 1 npuBeaeHO cpaBHEHHE UCTOIb3YEMbIX CTa-
OMJIMBUPYIOLIUX J00ABOK Pa3IMYHbBIX ITPOU3BOAUTENECH
U BSDKYIIMX BellecTB. Jlo3upoBKa yKa3zaHa ¢ y9eToM pa-
00T [4, 5, 14]. B KauecTBe BSIKYIIETO BEllleCTBA UCTOb-

HAYYHO-MexXHU4eCcKUll U npou3800CEeHHbLI JHCYPHAN
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30BaJiCsl LIEMEHT. VICXOmHBII TPYHT B JaHHBIX paboTax
OTHOCUTCSI K CYIJIMHUCTBIM TPYHTaM.

Pacxon npyrux mpeacTaBiIeHHBIX J00aBOK COCTABIISI-
eT: «</ANT» — 0,0075% crabunuzaropa, 1—5% BSLKYIIETO;
«NOVOCRETE» — 0,1-0,5% cra6unmusatopa, 1—7%
BsKymero; «4Yumcron» — 0,007% crabunmsatopa, 1—7%
Bskymero; «Craryc-3» — 0,0012% crabunu3saropa,
5—7% Bsixyiuero [15].

B pab6orax [2, 10, 11] uccinenoBaHbl CYIJIMHUCTBIE
TPYHTHI C BBICOKHM COIEpKaHMEM OpPraHMYeCKNX Be-
mecTB (1o 11%). JlaHHbIe TPYHTBI YKPEIUISLIUCh C UC-
[10JIb30BaHMEM KaK MMHEPAJIbHOTO BSLKYILErO, TaK U
KOMIUTIEKCHOTO. OCHOBHBIE PE3YIIbTATHI C YIETOM COIEP-
JKaHUs OpraHNYeCcKOro BellleCcTBa MPUBEACHBI B Ta0OJ. 2.
CpemHnii pacxon BSIKYIIMX MaTEPUAIOB COCTaBJISICT:
MMHEPAJIBHOTO BSDKYIIETO OT 6 10 9%, OJIMMEPHOIi 10-
6asku ot 0,5 10 0,9%.

Kak BuaHoO 13 paccMaTpuBaeMbIX JaHHBIX Ta0J1. 1 1 2,
colepXaHMe OPraHMYECKMX BEIIECTB CIIOCOOCTBYET
VXYOLMICHWIO (PU3NKO-MEXaHUIECKUX XapaKTePUCTUK
oyt Ha 50%. DTO CBSI3aHO C TEHE3MCOM OpPraHOMUHE-
panbpHBIX TPYHTOB. Ilpm 3TOM TpyHT 0€3 opraHmde-
CKHX BEHIECTB YCIEIIHO ITOANACTCS YKPEIICHUIO IpU
HCIOJb30BAHUM LIEMEHTa U CTAaOMJIM3UPYIOIIUX a00a-
BOK pa3HbBIX Ipou3BoauTeneil. Tak, B COOTBETCTBUM C
I'OCT 23558—94 nnsg mapku 1mo npoyHoctTu M20 MUHU-
MaJIBHBIN TIpeae] TMPOYHOCTU TIPW CXKATHUU COCTABIISICT
2 MIla, nns mapku M40 — 4 MIla; Mmapka 1o MOpo30-
CTOMKOCTU IPU 3TOM [JOJIKHA COOTBETCTBOBAThH TaOJ. 1
T'OCT 23558—94 «Cmecu 1eb6€HOYHO-TpaBUITHO-TIEC-
YyaHbIe ¥ IPYHTbI, 00pabOTaHHbIC HEOPraHUYECKIUMU BsI-
KYIIUMU MaTepyraiaMu, ISt JOPOKHOTO U a3POIPOMHO-
IO CTPOUTENIbCTBA. TeXHUYECKUE YCIOBUST».

[IpoBeneHHOE MccnenqoBaHue [2] MOATBEPKAACT BO3-
MOXHOCTb MCITOJIb30BAHUS TIIMHUCTHIX TPYHTOB C BBICO-
KUM COJIepKaHUEeM OPraHMYeCKMX BEIEeCTB IPK IPUME-
HEHMU KOMITJICKCHOTO BSDKYIIEro. Pe3ynbraThl TTOKa3hI-
BalOT, 4TO B Bo3pacTe 28 CyT y MOAMMUIIMPOBAHHBIX
COCTaBOB CHM3WJIOCHh HaOyxaHWE, TMOBBICWIACH IIPOY-
HOCTb M MOPO30CTOMKOCTb. IIpy 3TOM [Is1 CHMKEHUS
pacxoja BSDKYIIMX BEIECTB M HEHTpaau3aldl OpraHu-
YEeCKMX CBOWMCTB HEOOXOIMMO TIPUMEHSTH ITeCYaHBIN
IPYHT B Pa3JIMYHbIX IPOITOPIIUSIX.

BoiBobI

YCcTaHOBIEGHO, UTO MPU YKPETJIEHUU TIMHUCTBIX
TPYHTOB, B TOM YHCJI€ C BLICOKMM COJIepXKaHUEM Opra-
HUYECKUX BelllecTB (B mpeaenax oT 4 10 11%), HeoO-
XOJIMMO MCIIOJIb30BaTh KOMIUIEKCHOE YKPEIUIEHUE C
MPUMEHEHUEM KaK MWHEPAJTbHBIX BSIKYIIUX, TaK WU
CTAOWJIM3UPYIOLIUX 10OABOK, YTO CIOCOOCTBYET POCTY
IUIOTHOCTU, TIPOYHOCTH M MOPO30YCTOWUYMBOCTHU.
Heobxonumyto 100aBKy HYXHO IOAOUPATh C yYETOM
KOJMYECTBEHHOTO COJepXKaHUSI OpTaHUYEeCKUX Be-
IIECTB, a TAKXXEe YUYUTHIBASI MUHEPAJIbHBI U TPaHYJIO-
METPUYECKUIl COCTAaB TPyHTA.

Hcrnonb3oBaHne CTaOMIN3AaTOPOB MPU YKPETUIEHUU
TPYHTOB C BBICOKUM COJEPXXaHUEM OPTraHUYeCcKUX Be-
IIECTB YIy4YIlIaeT BOIOCTOMKOCTh MU MOPO30CTOMKOCTb,

Ta6nuua 1
Table 1
CpaBHeHUue UCMOoJib3yeMbiX CTabUInsupyoLwmx no6asok
Comparison of used stabilizing additives
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CyrnuHucTbIn
[opllem / LiemeHt 0,39/6,5 FpyHT 3,9 F 50
CyranHWCTbI
Lop3avH / LiemeHT 0,0017/6 FpyHT 3,3 F 25
NanoStab/ LlemeHT 0,68/7 CyrmHmcTeii 41 F 25
TPYHT
Axponon/ LiemeHT 0,13/7 CyrmHmCTeii 5,2 F 50
TPYHT
CyranHMCTbI
Hukodnok/ LiemeHT 1/10 rpyHT 55 F25
CyrnuHucTbIN
LopcTab/ LiemeHT 1/7 FpyHT 2,2 F25
Ta6bnuua 2
Table 2

OCHOBHbIe pe3yibTaTbl UCMNbITAaHWUI CYITIMHUCTBIX TPYHTOB
C BbICOKUM cofepXaHuem rymyca
Main test results of loamy soils with high humus content
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Mon. 406.** / LiemeHT 0,9/7-9 | CyrmmveTsii |y op | F 1o
TPYHT
MEHT BJIEHM TNAHNCTbIN
Lewerr/ poGasnenne | 7 g /gy [ Cyrurue 22 | Fs5
NEeCYaHOro rpyHTa TPYHT
Mon. po6.** / uemeHT / o
TNAHNCTbIN
nob6aenexne necyaHoro | 0,9/7-9/50 Cy . HTC* 2,02 | F10
rpyHTa Py
LiemeHT/ nobaenexve 7-9/70 Cer‘II/IHI/I(inII/I 228 | F10
NEecYaHoro rpyHTa TPYHT
Mon. no6.** / uemeHT / o
no6asnenue necyaroro | 0,9/7-9/70 Cy”r‘”“lfﬁ“"” 284 | F10
rpyHTa Py
* CYTNIMHUCTBIA FPYHT C COAEPXKAHMEM OpraHuyeckmx Bewects Ao 11%.
Mon. po6.** — ctabunuampytoLias no6aska B paspaboTke.

4yTO 00EeCIIeYrBaeT COOTBETCTBIE MaTeprajia TpeOOBaHM -
SIM HOPMATUBHbIX IOKYMEHTOB.

3aJIOKEHHbII B TPyHTaX MPUPOIHBIA TTOTEHIIAAT MO-
KeT CIIOCOOCTBOBATh 3HAYMTEILHOMY YBEJIMYCHUIO Xa-
PaKTEepUCTUK YKPEIUICHHOTO TPYHTA MPHW TPaBUJIBHOM
Moa0dope BSLKYLIEro U cTabMan3aTopa K ornpeneieHHOMY
BUIY TPYHTA. DTO MO3BOJUT CHU3UTH PACXOI BSIKYIIMX
BEILECTB 1 CTaOMIM3aTOPA.

Heobxonnmo MpoaoKUThL MCCIIeTOBAaHUS 110 MOIM-
pUKaIMM COCTaBOB YKPEIICHHBIX OPTAHWYECKUX TPYH-
TOB C LICJIbIO YJIYYIICHUS T0JydaeMbIX (PU3UKO-MeXaHH-
YECKMX XapaKTePUCTHUK.
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Vane Extruder “Lopex” as an Alternative to Screw Presses

A review of well-known screw presses for the ceramic industry has been carried out. The problem of delamination (strill formation) of molded products is indicated. The design of the unit
for plastic molding of a strip bar, developed in 2021 by Inta-Stroy, consisting of a vane extruder and a mixer of the Cascade type as a mixing unit, is considered. The high quality of mixing
has been established at the Cascade installations in comparison with single-shaft and double-shaft mixers. The elimination of sticking of raw materials in the vacuum chamber was con-
firmed due to the design improvement of the loading neck. An increase in the force of axial pressure due to the use of blades with a smaller “angle of attack” compared to the screw was
revealed. The formation of streaks in the clay beam was eliminated due to the use of forming discs that prevent twisting of the material. It is noted that a denser raw brick is obtained, as
well as the possibility of molding a raw brick from less plastic clays and at a lower moisture content of the raw material.
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Wnest hopMoBaHUS M3IEINST B BUIE HETIPEPHIBHOTO
Opyca ¢ Hy>kKHbIM TIOIIEPEUYHbIM CEYEHUEM, KOTOPbII 1a-
Jlee pexeTcs Ha KMpIu4u, u3BecTHa ¢ Hadyana XVII B.
DTa uaes peaM30BbIBaJach B TPEX Pa3IMYHbBIX CIIOCO-
06ax 0OpabOTKM IUIACTUYHBIX MAcC MPU MTOMOIIN MTOPII-
HEBOTO Ipecca, BaJblIOBOTO 3KCTpyAepa U ITHEKOBOTO
9KCTpyaepa.

PanHue cBemeHUS WCIOJIB30BAHMUS IIPUHIIMIIA
ApxumenoBa BUHTA ISl hOPMOBAHUS TIACTUYHOTO OPY-
ca B TIPOM3BOJCTBE KHPIIMYaA IIOSIBJISIOTCSI OKOJIO

1830 r. [1]. Mi3BecTHBI KOHCTpYKIIMU TBUAEHIa 1 XaHTa
(1840) u axctpynep Panaena u Caynaepa (1852) ¢ nBoii-
HbIM TOPM30HTAJbHBIM IIHEKOM, M300peTeHue Jjopaa
beppuneiina (1852), omHaKO HU OIHA U3 OTUX MAIIIMH He
MOJIy4MJIa JaJIbHEMILIEero pa3BUTHSI.

B 1855 r. Kapny llnukeiiceHy yaaaoch COBEPIIUTh
IIPOPHIB B JieJie BHEAPEHUS HOBOM TexHoJIOruu ¢hop-
MOBKHM CO CBOUM <«YHHUBEPCAJIbHBIM YCTPOMCTBOM JJIst
M3TOTOBJIEHUs KMPIIHWYa», KOTOPOe ObLIO IPOIEMOH-
cTpupoBaHo Ha BbicTaBKax B KieBe m KenbHe B
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Puc. 1. MNepBble LWHEKOBbIE YCTPONCTBA AN SKCTPY3UK: a — BepTukanbHoe ycTpoiicTBo K. LLnunkeliceHa; b — ropn3oHTasnbHbI aKCTpyaep XepTtens
Fig. 1. The first screw devices for extrusion: a — vertical device of K. Shlikeisen; b — Hertel’s horizontal extruder

U3rotoBuTENnM aKCTPYAEPOB AN MNNACTU4ECKOro GopmMoBaHuUs MMUHAHOro 6pyca [2-13]
Manufacturers of extruders for plastic molding of clay beams [2—-13]

dupma CrtpaHa KomquTB? flnanasons
VICMIONIHEHWW | 5011380 UTENLHOCTY, T/4 | AMAMETPOB LHeka (Ha BbIXOAE), M

Bepnec (Verdes) McnaHns 30 2-115 0,18-0,8
MopaHgo (Morando) NTannsa 16 20-120 0,4-0,77
Ctun (Steel &Sons) CLUA 15 23-99 -
Xangne (Handle) FepmaHus 13 2-75 0,2-0,75
BoHpxoaHHM (BONGIOANNY) Utannsa 12 2-170 0,25-0,85
MnuHda (Plinfa) YkpavHa 11 10-40 0,35-0,55
MeTtepceH Cepsuc (Petersen Servic) FepmaHus 9 5-120 0,25-0,75
Asenbp, (Aweld) Yexunsa 9 4-75 0,25-0,75
CtpommalumnHa, Morunes Benapycb 5 30-100 -
BuyeHTtuHm (Vicentini) Utanuna 5 1-8 0,13-0,28
Kanayyonu (CAPACCIOLY) Utanns 4 25-90 0,45-0,65
Mnunak Hepwu (IPIAC NERY) MopTyranus 3 20-50 0,4-0,6

I'epmanuu. 310 OBUIO BepTUKAIBHOE YCTPOWCTBO JUISI
9KCTpy3uu (puc. 1, a).

B xoHcTpykumnu K. IllnukeiiceHa BriepBble UCIOIb-
30BaJiCs MPEPBIBUCTBIA BUHT U BTOPOE THO, YCTAaHOB-
JICHHOE Ha BpallarolleMcsl Basly, UTO MO3BOJIUJIO MOJIY-
YUTh PABHOMEPHBIN MOTOK B3KCTPYIUPYEMOM TJIMHBEL.
HNuxenep Xepresb, UCIOAb30BaB UMEIOLIUIACS BEPTHU-
KaJbHBIII TPOTOTUII, pa3padoTal TOPU30HTAJIbHBIN
LIIHEKOBBIN 3KCTPyaeP, KOTOPbIN YCIEUIHO MPOIIEa Uc-
nbitanust B 1860 r. (puc. 1, b).

DxcTpynep Xeprtesst OblT 000pYyI0BaH KOHUYECKOM
IITHEKOBOM KaMepoil M yCTPOMCTBOM MOJa4YM JuaMe-
TpoM 75 cMm. Kamepa mHeka Obuta miuHoOM 1,25 M, a

MMPOU3BOAUTENILHOCTD cocTaBisuia o 1300 kuprnudeii B
yac. ['opn30HTaNBHBIN 3KCTpyAep BEI3BAI (Gypop Ha
MEXIYHAPOIHOM CEJIbCKOXO3IMCTBEHHOM BBICTABKE B
lamGypre B 1863 r., Toe ObUT MpeACTaBICH BMECTE C
AHIVIMUCKUM TIOPIIHEBBIM IPECCOM, YCTPOUCTBOM C
MPECCYIONIMMU BaJbllaMU U BEPTUKAIbHOU TJIMHOMSLI-
KO#, TIpeIOCTaBIgsd 3KCIEpTaM BO3MOXHOCTH IS
CpaBHEHHUSI.

BepTukanbHBII 3KCTPYACP MPOUTPHIBAT TOPU30H-
TaJbHOMY B yI0OOCTBE 3arpy3kKM IJIMHBI U MPOOJEMHOM
MPpUBOJAE CBepxy Wiau cHuM3y. Ha cioucrtyio cTpyKTypy
dopMyeMOro Ha TOPHM3OHTAIBHOM IIpecce TIMHSHOTO
Opyca B TO BpeMsI He 00paTun 0cod0ro BHUMaHUSI.
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13

12 11 10 9

Puc. 2. Arperat popmMoBaHus NnacTuYHOro 6pyca: 1 — NpMBOA, CMECUTENS; 2 — CMECUTENb; 3 — KOHUYECKUI LLHEK; 4 — punbTpyoLLas peLleTka; 5 — spaa-
IOLLMIACS HOX; 6 — BakyyM-kamepa; 7 — nofaioLume Banku; 8 — npecc-ronoska; 9 — MyHaWTyk; 10 — BbiNOpHas nonacTb; 11 — wHek; 12 — LuHeKoBas kaMmepa;

13 - npuBoA LWIHeKa

Fig. 2. Unit for molding plastic timber: 7 — mixer drive; 2 — mixer; 3 — conical screw; 4 — filtering grid; 5 — rotating knife; 6 — vacuum chamber; 7 — feed rolls;
8 — press head; 9 — mouthpiece; 10 — upstream blade; 77 — auger; 12 — screw chamber; 13 — screw drive

MHeHuUs1 5KCHepTOB pa3neuiInuch, HO B pe3ysbTare
noJjyyusa Mojaepxkky OoJiee yagoOHasi TOPU30OHTaIbHAS
KOHCTPYKIIUSI, BBITYCK IITHEKOBBIX 9KCTPYAEPOB IMPHUOO-
peJl MacCcoBbI XapakTep, COOTBETCTBEHHO TUPAKUPOBA-
Jlach W TipoOsiema paccioeHust (CBUIE0Opa30BaHUS)
(opmyeMBbIX U3ENUIi, KOTOpasi OECITOKOUT CIEUaTn-
CTOB KMPITMYHOTO IIPOU3BONCTBA BOT yxke 6omnee 160 ner.

OpmHako IITHEKOBBIM 3KCTPyAep IMPOAOIKAeT OCTa-
BaTbCsl CAMBbIM MOMYJISIPHBIM (DOPMOBOYHBIM arperaTom
JI0 cux Top. 3a 6ojiee YeM IMOIyTOPaBEKOBYIO MCTOPUIO
ObLTa OTpaboTaHa TEOpUsl SKCTPY3UU, BHEAPEHO MHOTO
YCOBEPIIIEHCTBOBAHUN.

CaMbIM 3HAYUTEJbHBIM U3 HUX SIBUJIOCH TPUMEHEHE
BakyyMa, Kotopoe Hauajoch B CIIIA B 1920 1., a B
EBporte nostBUIIOCH MO33Ke, TOJIBKO B 1960-X rr. DTO M30-
OpeTeHue TTO3BOJTUIIO CYIIECTBEHHO MOBBICUTH KAYECTBO
KUpNHUYa U ceilyac MPUMEHSIETCS MPAKTUIECKU BCEMU
M3TOTOBUTENISIMU OOOPYIOBaHMS, 3a UCKIIOYEHUEM He-
KOTOPBIX MAIIMHOCTPOUTEIbHBIX 3aBOJOB, KOTODPBIC
MPOIOIKAIOT NIeaTh IITHEKOBbIE TPECCHhl JUIST CTapbIX
MPEANPUSITUAI, HE XKEeJAILIUX MTPOBOAUTh TEXHUYECKOE
TepeBOOPYKEHME.

B Hacrosiiiee BpeMst HaM U3BECTHO O (pupMax (cM. Tab-
JIUITY), BBIMTYCKAIOIINX IIHEKOBBIE IKCTPYNEPhl Pa3anuy-
HBIX MOJIEJIEH M UCTIOJTHEHUIA.

BonbminHCTBO (UPM, TPOU3BOIAIIMX ILIHEKOBBIE
9KCTPYIEPHI, UMEIOT KOHCTPYKTOPCKUE OTAEJbI, TTOCTO-
SIHHO pa0oTalolle Hajl COBEPIIEHCTBOBAHUEM BBIITY-
ckaemoro obopynoBanusa. OmMHAKO U300PETEHUST, UMEIO-
mye (GUPMEHHYI0 TATEHTHYIO 3aIlMTy, 10 WCTEYCHUM
CpOKa 3TOM 3alIUThl CTAHOBSITCS JOCTOSIHUEM BCEX MPO-
U3BOAUTENEN OOOPYAOBAaHUS W B TOW WM WHOU Mepe
MPUMEHSTIOTCST BO BCEX KOHCTPYKITHUSIX.

5 4 3 2 1

Puc. 3. Arperat ¢dopmoBku «Jlonakc» B cbope: 1 — «Kackagy»; 2 — dunbTpy-
Iowas peweTka; 3 — rnagenka; 4 — BakyymHas kamepa; 5 — akcTpyaep

Fig. 3. «Lopex» molding unit assembled: 7 — «Cascade»; 2 - filter grid;
3 - peeper; 4 — vacuum chamber; 5 — extruder

[TosToMy IIHEKOBBIC BSKCTPYACPHI, BEIITyCKaeMEbIC
Ppa3IMIHBIMU (PUpPMaMu, IPOLIIN 3a 160 JIeT 3HaYNTeTb-
HOE KOJIMIECTBO M3MEHEHUI W CTaJI BO MHOTOM ITOXO-
OUTb APYT Ha apyra.

B Poccum 31 ManmHbl Ha3bIBalOT MHOTIA JICHTOYHBI-
MM TIpeccaMy, MHOTIA IITHEKOBEIMA U BUHTOBBIMU, XOTSI
BO BCEM MUPE UX Ha3bIBAIOT ITHEKOBBIMU SKCTPYACPaMU,
¥ 3TO Ha3BaHME OOJIBIIIE COOTBETCTBYET UX (DYHKIINHU, TaK
Kak IPECCOBaHUE BCE-TaKU AMCKPETHBIN IIporecc 1 60-
Jlee TOAXOOUT JISI IPECCOB IIOIYyCyXOro (hopMOBaHMSI.

CoBpeMeHHOe yCTpoicTBO (hopmoBaHus [14] B 0006-
IIEHHOM BuIe (puC. 2) TIpeACTaBsIeT arperar, cCocTosi-
Wit U3 cMecuTelis 2 ¢ IpuBoaOM [, BaKyyM-KaMepsl 6 ¢
MOJAIOIIMMU BaJIKaMU 7 ¥ IIHEKOBOTO Basia /1, yCTaHOB-
JICHHOTO B IITHEKOBOU Kamepe /2 ¥ MoJyvaromiero Bpa-
1eHue oT npuBozaa 13.
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B 2021 r. pupmoit «MuTa-CTpoii» ObLT pa3padoTaH U
WUCIIBITAH arperaT IJIacTUYeCcKoro (hooOpMOBaHUS JICHTOU-
Horo Opyca, coaepxalluii JornacTHoil akctpyaep [15]
BMECTO IIIHEKOBOIO 1, KPOME TOro, BKJIIOYAIOIIUIA CMe-
cutenb tna «Kackam» B KauecTBe y3jia IepeMeIInBa-
HUs. Arperat, coaepxKalluil JJoOnacTHOM 3KCTpyaep, Mo-
Jyanit (pupMeHHoe HazBaHue «JIomake» (puc. 3).

PaccMoTpuM TIpemTOKEHHYIO KOHCTPYKILIMIO B TIO-
psiiKe CTaguiiHO 00pabOTKU ChIPbSI.

1. Y3en nepeMemuBaHus

s mepeMeIniBaHusI 1 ITOAAYM ChIPbSI B COBPEMEH-
HBIX arperaTax MCIIOJb3YIOTCS JBYXBaJbHbIe M OIHO-
BaJIbHBIE cMecuTenu (puc. 2, 2), 000pynoBaHHbBIC KOHU-
YECKUM IITHEKOM JIJISI TepMeTu3anuu (puc. 2, 3) 1pu 1o-
Jlaye B BaKyyM-Kamepy.

B paspabotke «MuTa-CTpoii» I 3TUX Ieieit nc-
MoJib30BaHa ycTaHOBKa «Kackam», KOTOPYIO Mbl HEOJHO-
KpaTHO TPeACTaBIIsUIA B myommKanmsx [16—20].

Boeuti mpoBeneHbl MCCIeAOBaHUS TIO OLIEHKE Kaue-
CTBa TepeMellIMBaHUs Ha pasIUYHbIX MamuHax [21] u
YCTAHOBJIEHO HE TOJIBKO BBICOKOE KaueCTBO TepeMeIi-
BaHMS Ha ycTaHOBKax «Kackaa» 1o cpaBHEHUIO C OJHO-
BAJIBHBIMM U IBYXBaJbHBIMU CMECUTEJISIMU, HO U TIOBBI-
LLIEHME KayecTBa ChIpbs [22].

K nHacrosguemy BpeMeHU «Kackaabl» IPOLIINA P
MOAMMUKAIMIA U ceifuac BBITyCKAETCs MsTass MOAUMU-
Kalus ¢ UHAEKCOM «/I».

2. Bakyym-kamepa

B coBpeMeHHBIX arperaTtax riacTu4eckoro popmona-
HUSI Opyca HECOMHEHHBIM IPEUMYIIECTBOM SIBJISIETCS
MpUMEHEHUE BaKyyMUPOBaHUSI.

OmHaKO KOHCTPYKIIMS BAKYyM-KaMePhl YCIOXKHSICTCS
HEOOXOJMMOCThIO MPUMEHEHUSI Pa3IUYHBbIX YCTPOMCTB,
o0ecIeuynBaloIIMX HEIIPEePHIBHYIO ITOAaYy ChIphs (puc. 4)
U YCTpaHEHME ero 3aBUCaHMSI B Kamepe.

B KOHCTpYKILIMM IOMACTHOTO 9KCTpyaepa «Jlomake»
3ajiaya yCTpaHeHUs HaJTWTIaHUS pelraeTcs oiaromaps
TOMY, UTO B 3arpy30YHOU TOpJOBMHE KOPIyC B 30HE
3arpy3KHu CO CTOPOHBI, BCTPEYHON BpalIeHUIO IIIHEKA,
BBITIOJIHEH C PaaMyCHBIM pacIIMpeHUEeM, PaBHBIM
1,1—1,3 pagnyca 1IHeKa, U COMNPSIKEH C BePTUKAJIbHOMN
OOKOBOI CTEHKOU, CMEIIEHHOW OT Kpasl IIHEKa K €ro
neHtpy Ha 0,1—0,2 paguyca mHeka. JInHusa Hayaia pac-
ITOJIOKEHA HIDKE OCH IITHEKA M 00pa3yeT ¢ TOPU30HTAIBIO
yrona 40—50°. 1151 yBeTM4IeHUSI TIPOXOIHOTO CCUCHMS 3a-
IPY30YHOI TOPJIOBUHBI OOKOBAsI CTEHKa, 0OpaTHast Bpa-
IIEHUIO IITHEeKa, BBHIMOJHEHA C HAKJIOHOM HapyxXy Ha
yron 20—40° (puc. 5).

3arpy3oyHasi ropJloBUHa paboTaeT CIeAyIOLIUM 00-
pa3oM. BUuTku 1rHeKa 3aXBaThIBAIOT MaTepUall 1 MOAAIOT
€ro B KJIMHOBMIHBIN 3a30p. 3a CUET CY>KeHUS 3a30pa I10
HAIlpaBJICHNIO K IITHEKY MaTepuay TPOJABIMBACTCS B
BUHTOBO# KaHaJ IITHEKa, ITOJTHOCTBIO 3aTI0JIHSISI MEXBUT-
KOBOe MpocTpaHcTBO. [1pu a3TOM BepTUKanbHas OOKOBast
CTeHKa IMaTrpyoKa He TIPEISITCTBYeT Tojavye maTepuana,
YTO MO3BOJISIET UCKIIOUUTh BO3MOXHOCTh HATMITAHUS Ha
Hee KepaMUJIecKoii MacchI [23].

a b
1 3
2
4
c d

Puc. 4. Bakyym-kamepbl 418 pasnvyiHbIX KOHCTPYKUMiA (b, ¢, d) n cxema
06pa3oBaHNs KO3blpbka M3 MMHbLI, 06pa3yeMoro nNpu BpaLLeHUW LLHeka:
1 — KO3bIpek; 2 — BCTpe4yHasa CTeHka; 3 — obpaTHas CTeHka; 4 — LUHEeK;
R - paguyc wHeka

Fig. 4. Vacuum chambers for various designs (b, ¢, d) and a scheme for the
formation of a visor from clay formed during the rotation of the screw:
1 — visor; 2 — opposite wall; 3 — reverse wall; 4 — screw; R — screw radius

0,1-0,2R 20-400
1,1-1,3R
40-50° 20-40°

Puc. 5. 3arpy3oyHas ropnosuHa
Fig. 5. Loading mouth

6 5 4 2 1

3

Puc. 6. Paboyas kamepa akcTpyaepa: 1 — Ban; 2 — GpopmyioLme ANCKN;
3 - HOXW; 4 — ronoBka; 5 — kamepa cxatusi; 6 — MyHALITYK

Fig. 6. Working chamber of the extruder: 7 — shaft; 2 - forming discs;
3 - knives; 4 — head; 5 - compression chamber; 6 — mouthpiece
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Puc. 7. Hox n popmyomin guck: a — yeptex; b — Bua B cOope;
1 — HOX; 2 — hOopPMYIOLLNIA ANCK

Fig. 7. Knife and forming disc: a — drawing; b — assembly view;
1 - knife; 2 — forming disc

B BepxHeii yacTu KJIMHOBUAHOTO 3a30pa MPOTEKAIOT
JIBa TIPOTMBOIIOJIOKHBIX TIpOliecca — HAIMTIAHUE U OUM-
1eHrue. Marepuai CTpeMUTCSI HAJTUITHYTh Ha CTEHKY, HO
TMOCTOSTHHO CIMPAETCSI HOBBIMU TOPLUSIMUA MaTepuana,
3aTATMBaeMbIMU B KIIMHOBU/IHBIH 3230D.

[MpoBeneHHbIE UCTIBITAHUS TTOJTHOCTHIO TTOATBEPAVIIN
pabOTOCITOCOOHOCTh 3TOW KOHCTPYKIIMU U ONPEAeTUIN
BO3MOXHOCTb €€ MPUMEHEHUsI B 3aKPBITON BaKyyM-
Kamepe.

3. Obecneyenne oAy MATEPUAJIA MO IABJIEHHEM
1151 hopMUpOBaHMS TJIMHSHOTO Opyca

B TpanuiinoHHOM KOHCTPYKLIMY IS ITOAAYM MaTepH-
aja Toj JaBjieHueM JUisi (pOpMUPOBAHUS TIMHSIHOTO
Opyca npumeHsieTcsl 1HeK (puc. 2, 11, 12), uMmerouuii
pa3inyHble BApUAaHThI UcHojaHeHus. OaHaKo B Opyce He
yaaeTcst u30eXarh TaK Ha3bIBAEMOI CBUIIM, OOYCIIOBJIEH-
HOM «3aJIM3bIBAHMEM» IJIMHBI IIIHEKOM. DTO BBI3bIBACT
00pa3oBaHME TPEIIMH TIPU CYIIKEe ChIpIia.

Npes nomactHOro 3KCTpyaepa OCHOBbIBAJIAch Ha UC-
KJIIOYEHUHU [TOBEPXHOCTU JUINTEIbHOIO B3aUMO/IEICTBUS
CO IITHEKOM TyTeM pa3Ie/IeHusI €r0 Ha YIaCTKU KOPOTKO-
ro B3aMMOJEHCTBHS ¥ TaKUM 00pa30M yCTpaHEHMSI «3a-
JIM3BIBAHMST». DTU YIACTKU OBUIM pasfeiacHBl (OpPMYIO-
LIMMU AUCKaMu (pUc. 6) i IIpeIoTBpalleHUs 3aKpyYn -
BaHUsl MaTepuana. Kpome Toro, aTm ydacTku ObUTH
MpeoOpa3oBaHbl B TPEXJIOMACTHBIE HOXU C MEHBIIUM
«YIJIOM aTaku», 4eM y LIHeKa, 4YTO JaeT yBeJIudeHue
CHJIBI OCEBOTO JIaBJIEHUST B HECKOJIBKO pa3.

JlonacTHble HOXM YCTAHOBJIEHBI HAa IIPUBOIHOM Bajly
CO CMEIIIEHUEM KaXKJIOTO MOCEAYIONIeTO HOXa OTHOCH -
TEJIbHO MPEIbIIYIIEr0 Ha YTOJI, COCTABISIONINIA TOJIOBH-
HY yIJIa MEXKIY JIOIACTSIMU IIPEIbIIYILIEro HoXa.

ITepBBIM U TTOCTICAHUM 10 XOAY IBVKEHUS MaTepHa-
Jla yCTaHOBJIEHBI (popmytonine aucku. OHU MMEIOT pa-
JIMAJIbHBIC TIEPErOPOIKA HEOOBINON IUPUHBI, pas3ie-
JISTIOIIME TIOTOK Ha HECKOJIbKO ceKTopoB. IlupuHa j0-

Puc. 8. 3kcTpyausa kepaMmnyeckoi Tpyobl
Fig. 8. Ceramic pipe extrusion

Puc. 9. PeweTka ¢ 0TBEPCTMAMM
OVMaMeTPOM [0 2 MM

Fig. 9. Grid with holes up to 2 mm in
diameter

4
2 5

6
3

Puc. 10. Npanynatop: 1 — eMKOCTb onyapveaTtens; 2 — NpuBo4, rpaHynsaTo-
pa; 3 — cpesHble HOXU; 4 — «Kackafn»; 5 — KOHYC OTCeYHOW; 6 — pelleTka
KOHL,eBast

Fig. 10. Granulator: 7 - powderer capacity; 2 — granulator drive; 3 — shear
knives; 4 — «Cascade»; 5 — cut-off cone; 6 — end grate

MacTy HOXa OO0JIbIIIE IIMPUHBI OTBEPCTUS B (hOPMYIOIIEM
JIACKE.

ITocKoIbKy HOXM YCTAaHOBJIEHBI C YIJIOBBIM CMEIIe-
HHMEM BJIOJIb OCU IIPUBOIHOIO Bajia U YIOJI 3TOrO CMeELIe-
HUSI paBeH TOJIOBUHE YIJia MEXY JIOTTACTSIMU HOXa, JIO-
IMaCTU COCEIHMX HOXEI HaXosATcs B IIpoTrBodase. B To
BpeMsI KaK JIOIACTh OJHOIO HOXa CKOCOM paboueii Imo-
BEPXHOCTHU MPOAABIMBAET MaTepHall BIIEPe B CEKTOPHOE
oTBepcTHe (POPMYIOLIEIO AMCKA, JOMACTh CJICIYIOIEro
HOXXa IMepeKpbIBACT OTBEPCTHE AMCKA C OOPATHOM CTOPO-
HbI, He JaBasi BOBMOXHOCTH MaTepualy JBUTaThCsI Ha-
3an (puc. 7, b).

B JslonacTHOM 3KCTpydepe YIUIOTHEHME MaTepuaa
CO3IAeTCsl ABMKEHMEM HAKJIOHHON MOBEPXHOCTH HO-
Kel, a paauanabHbIe Meperopoaku (opMYIOIINX IUCKOB
He TO3BOJISIIOT Macce Bpaiarhbesi. OOpaTHBIM MepeTed-
KaM TIPETISITCTBYET MaJIbIii 3a30p MEXKITY JIOTTACThIO TTPeC-
CYIOLIETO HOXa M (DOPMYIOLIMM AUCKOM, a TaKXe JIO-
I1aCTh COCEIHEr0, «3aHEr0» I10 XOAY ABMXKEHHUS MaTepu -
aja, Hoxka. JlaBjieHue Bo3pacTaeT 110 Mepe MPOIBYKEHUS
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MaTtepualia BAOJb KOpIyca, MOJAOOHO TOMY, KakK 3TO
MIPOVMCXOANT C YBEJIUUYEHUEM JABJIEHUS BOOBI B MHOTO-
CTYITEHYaTOM CEKIIMOHHOM IIEHTPOOEXKHOM Hacoce.
Bbiaromapst KOHCTPYKIIMM JIOIIACTHOM 3KCTPYIEP I103BO-
JISIET Pa3BUTh 0OJIbIIOE AaBiieHUe. Bo BpeMs UCIIbITAaHMIA
MBI ITyTeM KOCBEHHBIX U3MEPEHUIA MOJTYUUIIU TaBJIcHUE B
MyHAITyKe 6,2 MIla.

4. JlonoHUATEIbHBIE BO3MOKHOCTH
JIONACTHOTO KCTPyAepa

[ToBbllIeHHOE JaBjieHWe B TOJOBKE dKCTpyaepa Mo-
3BOJISIET MTOJIYYUTD CJICAYIONINE TTPEUMYIIECTBA:

+ dopMoBaHUE JIACTUYHOTO Opyca 0e3 OpolIeHMS
MYH/IIITYKA.

* [TonyyeHue OoJjiee IJIOTHOIO KUpIMYa-Chipla C
VIeJIbHBIM BecoM 10 2,2 T/cMS.

+ dopMoBaHME ChIPIA M3 MEHEE TJTACTUIHBIX TJIVH.

+ @opMoOBaHME TMPU MEHbBIIE BIAXHOCTU ChIPHSI.
[Ipu sxcniepuMeHTax MPOBOAWIA (DOPMOBKY C BIAXKHO-
cTeio ot 16,2 10 19%.
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+ dopmoBaHNE KepaMUUIECKOM TPYObl ¢ MUHUMAITh-
HOM TOJIIIUHOM CTEHKH 10 3 MM (puc. 8.)

* [ToxyyeHne KepaMHYECKUX «CTPYi» IPU IIPOIaB-
JIMBAaHUM 4Yepe3 PEIIeTKy C JAMaMETPOM OTBEPCTUIA 110
2 MM (puc. 9).

+ Co3maHue rpaHyIsIToOpa M IOJIydeHUe TpaHyJl ITy-
TeM pa3pe3aHust KepaMUueCcKuX «cTpyit» (puc. 10).

7151 5TOTO 32 PENIeTKO MOHTUPYETCST CPE3HON HOX,
4yacToTa BpallleHUS KOTOPOTO MOXET MEHSIThCS 3a CUYET
YaCTOTHOTO TIPUBOAA. DTUM OOECIIEYMBACTCS pa3TUIHasI
JUTMHA TpaHyJL.

» KonHcTpykTus «JIomakca» MoxeT OBITh IPUMEHEH B
JIPYTUX OTPACISIX TTPOMBIIIICHHOCTH IS KOMIIAKTUPO-
BaHUsI IOPOLIKOB YIJIsI, 30JIbl ¥ IIbLIN LIMKJIOHOB C MUHM -
MaJIbHBIM KOJIMIECTBOM TIJIACTUYHOM CBSI3KM.

B 3akiioueHue XoyeTcsi OTMETUTh, YTO JIOTACTHOM
skcTpyaep «Jlomake» 0b6agaeT OYEeBUAHBIMU IIPEUMY-
IIECTBAMHU 10 CPAaBHEHUIO CO ITHEKOBBIM IIPECCOM, UTO
oIpeJesisieT Hayajo ero >KM3HU B TEXHOJIOTUSIX Kepa-
MUKH.
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KonnakoBas ne4yb — YHMBEpCanbHbIA arperar
ANA 00)X1ra Kepammku

[laH aHanu3 COOTBETCTBIS KONNAKOBOI Neyn Tpe6OBAaHMAM HaUMYYLLKUX AOCTYMHbIX TEXHONOMNA KepaMUYeCKOro NpOnN3BOACTBA C TOUKN
3peHUs dHepreTukn n akonornu. 060CHOBAHA BbICOKAs 3HEPreTnyeckas apeKTNBHOCTb KONMNAKOBOW Mevn Kak 06XWUroBoro arperara
Pa3NNYHbIX TUMOB KEPAMUYECKOI NPOAYKLIMM — NOSHOTENOr0, NNLEBOr0, NOPU30BAHHOMO U KNIMHKEPHOTO KUPNKYa, a TakXe Kepamuye-
CKOI MAUTKM, KepaMorpaHuTa, YepenuLibl, NeHOCTeKNa 1 neHokepamukie. Moka3aHo, 4To NPUMEHEHNe PeKynepaTuBHbIX FOPENioK W CTPYi-
HO-ChaKeNbHOro A0XKMraTens no3BONsSeT CHU3UTb YPOBEHb BbIOPOCOB BPEAHbIX BELLECTB [0 TPEOOBaAHNIA K KNACCUYECKUM HarpeBaTenb-
HbIM nevam, NOMHOCTLI NMKBUANPOBAB BbIOPOCHI B aTMOCCEPY NETYHNUX OPraHNYeCcKUX COeANHEHNIA.

Kntoyesble cnosa: Konnakosas neyb, HOT (Haunyywue [OCTYNHbIE TEXHONOMAK), TENN0BAsA 3HEPTUS, PeKynepaTUBHbIE FOPeNKM, 06XNT,
KepamoBOJIOKHO, KepamMnyeckne 13aenns, cucTemMa aBTOMaT4ecKoro YnpaeneHus, NeTy4ne OpraHnyeckine CoegnHeHns.

Ins umtuposanms: KypHocos B.B., TuxoHosa B.P. KonnakoBas neyb — yHMBEpCanbHbIid arperat ans obxura kepamuki // CTpouTebHbie
marepumansl. 2023. Ne 5. C. 48-52. DOI: https://doi.org/10.31659/0585-430X-2023-813-5-48-52
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Hood Furnace — Universal Unit for Burning Ceramics

The analysis of the compliance of the hood furnace with the requirements of the best available technologies of ceramic production from the point of view of energy and ecology is given.
The high energy efficiency of the hood furnace as a firing unit of various types of ceramic products - full-bodied, face, porous and clinker bricks, as well as ceramic tiles, porcelain stone-
ware, tiles, foam glass and foam ceramics is shown. It is substantiated that the use of recuperative burners and a jet-flare afterburner makes it possible to reduce the level of emissions of
harmful substances to the requirements for classical heating furnaces, completely eliminating emissions of volatile organic substances into the atmosphere.

Keywords: hood furnace, BAT (best available technologies), thermal energy, regenerative burners, roasting, ceramic fiber, ceramic products, automatic control system, volatile organic

substances.
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Bospocimii cripoc Ha pa3auyHbIe BUIBI KEpaMUie-
CKMX U3JAEJMI Ha CTPOUTEIBHOM PbIHKE U YCIOBUS
KOHKYpPEHIIMU B 60pbOE 32 MOTPEOUTENST BHIHYXIAIOT
3aBOJbl — IIPOM3BOIMTEIM KEePaMHUUECKOTo KUpIIMYa
pacmuMpsTh acCCOPTUMEHT IpoayKnuu. OOXUTOBEHIC
TEeYHbIE arperatbl HEMPEePBIBHOTO JEMCTBUS ISl Mac-
COBOTO MTPOU3BOACTBA OHOTUITHBIX U3AEIUNA, KOTOPbI-
MM OCHAIlleHbl TPAKTUIECKN BCE KUPIUYHBIE 3aBOJIBI,
HE MO3BOJISIIOT TMOKO ¥ CBOEBPEMEHHO pearupoBaTh Ha
M3MEHEHUEe TUIA MPOAYKIUK, a TAKKE BBIITYCKATh 13-
JIeJIdsl OTpaHUYCHHBIMU NapTUsiMu. Tak, Mpu U3MeHe-
HUSIX TeMIlepaTyphbl obOxura gaxke B npenenax 100°C
HEM30€XHO TMMOBBIIIAETCS BBIXOJ HEKOHIMIIMOHHOMK
MPOAYKUMHU WK Opaka. KaMepHbIe TTeun JIUIIEeHBI 3TO-
ro HEeJIO0CTaTKa, B HUX BO3MOXHO OpraHM30BaTh Kaye-
CTBEHHBI OOXMWI TOJHOTEJIOrO, JUIIEBOrO, ITOPU30-
BaAaHHOTO M KJIMHKEPHOTO KUPIINYIA, a TAaKXKe KepaMuie-
CKOI TUTUTKU, KEpaMOTpaHUTa, YePEITULIbI, TIEHOCTEKIIA
U TIEHOKepaMuKH [1].

OpmHako BCTaeT BOMIPOC, MOTYT JIM TIEUM ITOTO KJtacca
cootBeTcTBOoBaTh HAT (HamayduM JOCTYIHBIM TEXHO-
JIOTWSIM) KepaMU4YeCKOTO TIpou3BojCcTBa. B pabGore [2]
nznoxeHbl kputepun HJIT 1 gaHbl cChUIKM Ha HOpMa-
TUBHBIE JOKyMeHTbl. Ha ocHOBaHMM MpUBEIEHHON WH-

dopmanmu 1monpodyeM pazobpaTbCsi B 3TOM BOIPOCE
npuMeHuTeabHO K Hameil teme. HAT kepamuyeckoro
IIPOU3BOJACTBA COIJIACHO HOPMATMBHBIM JOKYMEHTAM
MPEaIToJIaraloT IpUMeHEeHWE T 00KNUTa KepaMIIeCKIX
U3IeUI TYHHEJIbHBIX U KOJIbLIEBBIX neveii [3]. O kamep-
HBIX, SMHBIX, IIAXTHBIX U TeM 00Jiee KOJIITaKOBBIX ITeJyax
He ynomuHaeTrcsd. B curyanuu 1omoOHON HESICHOCTH
OLIEHKA YPOBHSI TEXHOJIOTMM O0KMUTa B KOJIIAKOBBIX IIe-
Yax IT0 OTHOIIEHUIO K 3asIBJICHHBIM HAWIYJIITUM TOCTYTI-
HBIM TEXHOJIOTUAM SBJISIETCH aKTYAJIbHOM 3a1a4Cid.

PaccMmoTpuM kpumepuii chudcenus nompeobnenus snep-
euu. TeXHOIOrMYECKHUIA TTOKa3aTesIb — yAeJIbHOE ITOTPeO-
JICHUE TIPMPOTHOTO ra3a — IpU IMPOU3BOACTBE 1 T KUp-
mya coctaisieT <3 [JIx/T mponykiuu [4]. TTockomb-
Ky Hac mHTepecyeT 3(P(PEKTUBHOCTb MCITOJb30BaHUSI
TETJIOBOM 3HEPTUU IIPUPOTHOTO Ta3za, o0paTUMCS K
T'OCT P 55646—2013 [5], rae B omHOM (DparMeHTe TEKCTA
CKa3aHO, UTO JOJIs TCTIOBOM 3HEPTUH IMPUPOTHOTO rasa,
3aTpayeHHON Ha MPOM3BOACTBO KOHEYHOM IPOMYKIINH,
cocrasisteT 10 90% o6eit sHeprun. OgHAaKO U3 MOCIIe-
JIYIOIIETO TEKCTa CJEAYeT, YTO JOJISI BJIEKTPUIECKOM
sHepruu cocrapisieT 10 30% obuieit aHepruu. st Toro
4TOOBI pa300paThCsl B CTOJb HEOJHO3HAUYHOI CUTYalIUH,
IIPOBE/IEM PSII PACYCTOB.
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IpumMeM 3a MUHUMAaJIbHBIA YPOBEHb MOTPEOJCHMS
yYpOBEHb IIOTPeOJICHNS TEILIOBOI SHEPTUU, COOTBETCTBY-
touii 70%, uro coctaBut 2,1 I'JI/T muts mosrydeHus 1 1
nponykuuu. [IpuBeneM JaHHYIO BeIMYUHY K OoJiee 1mo-
HSITHOMY SKBUBAJICHTHOMY PacXoAy IPUPOITHOTO Ta3a B
dusnyeckux eauHuiax oobema. Husmas Teriora cro-
paHMs IPUPOIHOTIO ra3a B HACTOsIIIee BPeMsI COCTABIISIET
B cpenneM 33,3 MJIx/m3 (7950 kkan/m3). Takum o6pa-
30M, Ha OOXKUT U CYLIKY IIpeUIaracTcsl UCIOJIb30BaTh He
Gomee 63 M TIPUPOTHOTO Ta3a Ha | T TPOAYKIIMML.
ITocKoNBbKY TEIIOBOI 9HEPIUU, MOCTYMAIOIIEH U3 30HbI
OXJIAXKICHUS TICUM, KaK IIPaBUJIO, JOCTATOUHO JJISI TIPO-
BEJCHUS CYIIMIBLHOIO IPOIEcca, MOXHO IPUHSITH, YTO
nns HAT BepxHUMii mpeaes mo pacxoay MpUPOIHOTO raza
Ha 06KUT cOCTaBIseT 63 M3/T.

B maHHOIi cuTyauuu IpeacTaBisieT MHTepeC CpaBHe-
HHE MOJIYYeHHOTO pe3ybTaTa ¢ HOpMaMM pacxoaa Iph-
ponHoro raza Ha ooxur kupnuya B CCCP. Tak, B pado-
Te [6] mpuBeaeHbI YaeabHbIE PACXOAbl YCIOBHOIO TOILIM-
Ba I O0XWIa KUpIdya B KOJBLEBBIX U TYHHEJIBHBIX
neyvax, cocrapisgiomue 130—150 xr y. 1. Ha 1000 1mT.
kupnmda. KmrorpamMM ycioBHOTo TorumBa (y. T.) IMEET
Hu3Lyo Teroty cropanus 7000 kxkain. I1pumem Bec of-
HOTO YCJIOBHOTO KMpPITYa paBHBIM 3,5 KT. B pe3ynbrare
nosiyuuM, uto B CCCP kputepuii noTpebiaeHus TeIio-
BOIi DHEPTrUU Ha O0XKUI KUPIIMYA HAXOAMWIICS B AMAara3o-
He 33—38 M3 npupoxHoro rasa Ha | T MPOLYKLMUH.

Temnepb OLIECHMM pacxo MPUPOJHOTO ra3a Ha OOKUT
MPOAYKLIMM B KaMEpHOU KoJjmakoBoil meun. [Ipumem
temnepatypy ooxura 1000°C. B TakoM citydae Ha HarpeB
KepaMUIeCKUX M3ICTUN TTOTpeOyeTCs] SHEPIHsI, SKBUBa-
JICHTHas1 TETUIOBOI SHEPTHH OT cxXuraHust 30 M3 TIpUpoI-
Horo ra3a Ha 1 T npoaykuuu. [1pu 3TOM 3aTpaThl Ha aK-
KYMYJISILIMIO TeTUIOTHI TETUIOBOI M30JISIIIUEN TIeYr COCTa-
BAT fononHutensHo 20%, T. e. 6 M3/T, moTepu uepes
HapY>KHYIO CTEHKY ¥ PyTePOBKY TTeUr ITPUMEM paBHBIMU
5%, 4TO COCTABUT AOIOJIHUTEIBHO 1,5 M3/T; TaKKe IIpHU-
MEM CPEIHIOI0 TEMIIePATypPy OTXOISIINX ITPOIYKTOB CrO-
paHus, paBHyio npuMepHo 600°C, yro coctaBuT 27%
SHEPruM OT TEeIUIOThI Ha HArpeB caaku, (YTepOBKU U
ToTephb Yepe3 CTeHKY, T. e. 10 M3/1. Takum o6pazom, 06-
LI pacxon Ha OOXKUT 1 T u3menuii cocTaBuT 48 M3 pu-
POIHOTO Ta3a. DTOT IMoKa3are/Ib YKJIAIbIBACTCS B BepX-
Huit ipenen HJT mo pacxomy mpupoaHOro raza Ha 00-
KUT TIPA WMCIIOJIb30BAaHUU CTAaHOAPTHBIX TOPEJIOK 0e3
peKyIiepaliy TeIJI0BO SHEPTUM.

Hcnosb3oBaHue TEIIOThI, OTBOAMMON U3 TUIAMEHHbIX
Teueit, UMeeT BaxKHOEe SKOHOMMUYeCKoe 3HaueHne. OmHIM
13 CITOCOOOB UCIIOJIb30BaHMsI 3TOIO TEIUIA SIBJISICTCS PEKY-
Tepauns, T. €. HarpeB BO3IyXa M ra3a OTBOAWMBIMU W3
€YU IIPOAYKTAMU CTOPAHUSI VTSl MTOBBIIIeHMS 3(h(PEeKTUB-
HOCTM WCIOJIF30BaHUs TorutmBa. I[lpuBemem dopmymy
5KOHOMMM TETUIOTHI TIPU PEKyMepaluy U3 «YIpOIIeHHOM
METOAMKHU TEIJIOTEXHUUECKUX pacueToB» [7]:

_ R-a 0
e D-a+R a +100%,
rae D — 3KOHOMUSI TEeIUIOThI B % I10 OTHOILEHUIO K pac-
XOMy TEeTUIOTHI 0€3 peKymnepauu; a — J0Jis1 OT eIUHUIIBI

Puc. 1. PekynepartveHas ropesnka
Fig. 1. Recuperative burner

Puc. 2. KonnakoBasi neyb
Fig. 2. Bell furnace

MOTeph TEIUIOTHI C MPOAYKTaMU TOpPeHUs; R — CTeneHb
peKyrepaiuu TerIoThl.

CoryacHO 3Toi (popMyJie SKOHOMMUS TEIUIOThI, BBO-
JIMMOI C TOTIJIMBOM B pabodee TPOCTPAHCTBO TIEUH, TIpe-
BBIIIAET 9KOHOMMIO TETIJIOTHI OT peKyrepaunu (R- a), Tak
KaK YMCJIUTEIb MeHbIIIE UK paBeH equHuLe (<1). Takum
00pa3oM, COIIaCHO MPOBEACHHOU (opMmysie B ciydae
peKymnepauuu TEIJIOTHI MMEET MECTO ITOBBIIIeHUE 3(P-
(EeKTUBHOCTA HWCIIOIH30BAHMUSI TOIUITMBA B ITAMEHHBIX
reyax, 4TO CBSI3aHO C MHTEHCU(bMKaLMel IpOoLeCCOB
Tenja000MeHa.

000 «<KOMAC» pazpaboTajio ¥ BHEAPUJIO B TPOU3-
BOJICTBO PEKYIMEePATUBHBIC TOPEIKH ISl TNIAMEHHBIX T1e-
Yyell pa3IMYHbIX OTpacieid MPOMBIIIIEHHOCTH (puc. 1).
CorjlacHO pacCMOTPEHHOI BhbIllle (DopMysie SKOHOMUS
TOIUIMBA TP TIPUMEHEHUM PEKyIEPaTUBHBIX TOPEIOK
KOMAC npu cpeaneit temmeparype reuu 600°C cocra-
But 23% B caydae nogorpesa Bosayxa 10 350°C, co cre-
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Puc. 3. TepMmuyeckuin HeriTpanusatop
Fig. 3. Thermal neutralizer

Puc. 5. ABTOMaTnyeckune ropenkmn neym
Fig. 5. Automatic furnace burners

neHbto pexynepanuu 0,53, 4To COKpaTUT OOIIMIA pacXos
TOIUIMBA Ha O6uUr 1 T mamenus a0 37 M3 MPUPOTHOTO
rasa. [lomydeHHBIN MoKa3aTejab HAXOAWUTCS B JTOIYCTH-
MBIX MIpeesaax, MpUBeAeHHbBIX B padoTe [3], 1 yKJiaablBa-
eTcsI B COBeTCKME HOpMEI. bonee Toro, mpu mpuMeHeHU
YKa3aHHOW TEXHOJOrMM B cjydyae OObeIUHEHMS He-
CKOJIBKMX I1e4Yeil B OAUH OOKUTOBBIiI KOMILUIEKC MOKHO
IIPY UCITOIb30BAaHUY Ha HAYaJbHOM 3Tare OOXKUTa TeIl-
JIOTHI OXJIaXJaloIIero Bo3myXa OT COCEeOHEW Mmeuyu J0-
OUTHCS JTOTOJHUTEIBHON 3KOHOMHWHU IIPUPOTHOTO Tas3a
He MeHee yeM Ha 30%. D10 B pesysibraTe MPUBEIET K
TOMY, YTO OOILIMIA pacXoJI TOIJINBA Ha 00KUT | T U3neaus
CHU3WTCS 10 27 M3 IIPUPOIHOTO Ta3a.

Puc. 4. dyteposka neyn
Fig. 4. Kiln lining

Baxwueiimum nokaszareaeM HAT saBiasgeTcs cHUKeHUe
KOJIMYECTBA BPETHBIX BHIOPOCOB B OKPYXKAIOIIYIO Cpe-
ny [8]. IIpu cxkuraHuy MTPUPOTHOIO raza OCHOBHBIMM 3a-
TPSIBHUTEIISIMA OKPYKAIOIIEH CPeabl SIBJISTIOTCSI MOHOOK-
cup yriepona u okcuasbl azoTa [9]. Kputepusmu HAT wis
BeIOpocoB CO 1 NOy B 1TaHHOM clly4yae SIBJISTIOTCS 3Haue-
HUS TToKazarejeit Beiopocos <0,8 n <0,5 kr/T Ha 1 T TIpo-
OYKLMU COOTBETCTBEHHO. OLIEHMM KOJMYECTBO BBIOPO-
COB, BHOCUMBIX IIPOAYKTaMM TOPEHUS IIPUPOITHOTO ra3a B
OKpyXalolLyIo cpefy. BepxHuit pezen B 3500 mr/m3 ripu
cxkurannu | M3 mpuponHoro rasa mist BoiopocoB CO u
NOy ycTaHOBJIEH MJIsI Medeit ¢ TeMmIiepatypoii pabouero
npoctpaHcTBa 10 1300°C. JIyisg KOTEIbHBIX YCTAaHOBOK
sToTKpuTepuii coctassieT 1000 mr/m3. Topenkun KOMAC
npousBomAT BeiGpockl CO 1 NOy menee 500 Mr/m® Ha
1 M3 mpupoxnHoOro rasa nmpu Temmeparype pabouero mpo-
crpaHctBa 1eun 1o 1000°C, mpryeM TIpy ITPpUMEHEHUHT
AKTUBHBIX PEKyIEpPaTopoB B HUX ITPOM3BOIUTCS IOIOJ-
HUTEJIBLHBIN JOKUT MOHOOKCHIA YIJIEPO/ia, B Pe3yybTaTe
gero BbIGpoc CO cHixaercs 10 50—100 mr/m3 Ha 1 M3
npuponHoro raza. [Ipu Mcmosb30BaHUM CTaHAAPTHBIX
ropenok pupmbl KOMAC ¢ MakCMMalbHBIM PacXxoJoM
MPUPOIHOTO ra3a, cocTapusomuM 48 M3 Ha 1 T mpoyk-
uyu, BeIopockl CO u NOy He mpeBbIcsT 24 1/T Ha 1 T
nponykunu, 4yto B 30 pa3 MeHbIlle 0003HAYEHHOTO KPU-
tepust HAT. CinexyeT OTMETUTB, UTO BpeIHbIE BEIOPOCH
B IIPOAYKTaX CTOpaHUs MIPUPOJHOTO raza IMpu UCII0Ib30-
BaHMU TOPEJIOK PA3TUIHBIX TUIIOB HAa MOPSIIOK MCHBIIIE
kputepust HAT, B To BpeMsl Kak OCHOBHBIE BBIOPOCHI
00YCJIOBJICHBI BO3TOHKOI OPTaHUKU M BHITOPAIOIINX J0-
0aBOK B 00XHWIraeMOM TEXHOJOTMYeCKOM MaTrepuaie.

Puc. 6. Mpaduk obxmra
Fig. 6. Firing schedule
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HopmupoBaHue He paclipoCTpaHsIeTCsl Ha TPOU3BOACTBO
MMOPU30BAHHBIX U3JIEJINIi, YDOBEHb BHIOPOCOB OT 00XUTa
KOTOPBIX YBEJIMUYMBACTCS KaK MUHUMYM Ha TIOPSIOK.
Kpowme Toro, He Hopmupytores HIT neryyux opranuye-
CKMX COCIMHEHUIA, BEIOPOC KOTOPHIX MPU IIPUMECHEHUHT
OpraHMYeCcKMX J00aBOK B ChIphe BeCbMa 3HAUMUTEJICH.

IMpoBenennas ouenka kpurepueB HT HarnsoHo ne-
MOHCTPHMPYET, YTO KOJIMTAKOBasl IeYb SIBJISIETCS BeChbMa
MePCIeKTUBHBIM TETLIOBBIM arperatom JUist o0xura Kepa-
muyeckux uznenuii. Kosmnaxk obecrieunBaeT abCOMOTHYIO
TepMETUYHOCTb paboyero MpoCTpaHCTBA MEYU, YTO MO-
3BOJISICT BECTU TEILJIOBOM MPOILIECC ITOA N30BITOYHBIM JIaB-
JIeHWeM B paboyeM ITPOCTPAHCTBE IeYM, OOecrieunBast
BBICOKYIO PABHOMEPHOCTH TeMIIEpaTypHOTO OIS ITeYr Ha
BCEX CTanusIX 00XUra, 4To, B CBOIO OUYepe/ib, BENET K Cy-
IIECTBEHHOMY COKpAIlleHUI0 BpEeMEHU OOXura Mmpu ra-
PAaHTHUPOBAHHOM BBICOKOM KauyeCTBE OOOXKIKECHHOI IIpO-
nykiuy. B repmermyHOM paboyeM IPOCTPAHCTBE TEY
MOKHO CO3[1aBaTh BOCCTAHOBUTEIBHYIO CPely MPOIYyKTa-
MU HETIOJTHOTO CTOPaHUsI TIPUPOIHOTO ra3a JUis IPOBe/ie-
HUSI, HapuMep, GJelIMHra Wid peaylurpoBaHHOIO 00-
xwura. [TpoayKThl HETIOJTHOTO CTOpPaHUSI HENTPaIU3yIOTCST
B aKTUBHOM peKyIiepaTope Mpy B3aMMOJIEHCTBUY C CUCTE-
MOM CTpyM, mepenaBasi TEIUIOTY CTOpaHUSI NEPBUYHOMY
BO3/YXY, TOCTYIAIOIIEMY B KaMepy CrOpaHMsl TOPEIKH.
[Tpu HavanbHOI TemiiepaType ooxura 200—400°C Bbime-
JISIIOIIMECS JIETyYre COSAUHEHMUS] DBaKyUPYIOTCS B TEPMU-
YEeCKUIA HeNUTpaInU3aTop, e IIPOUCXOIUT UX IIOJIHOE I0-
>Kuranve ¢ MUHUMabHbIMU BbiOpocamu CO u NOy,.

Hamu pazpaboTaH 1 BHeIpeH KOMILIEKC O0XUra rpa-
(buTOBBIX W3MEIMII, BKITIOYAIONINI KOJIAKOBYIO TIeYb
(puc. 2) U TEepMUUYECKUIT HEUTpaNU3aTop, CAYKAIIWMA I1s
00€e3BpeXXMBaHUS 00pPa3yIOLINXCS U3 00KUTAeMO Tpo-
IYKIUK JIETYYMX OPraHUYeCKUX COeAuHEeHU# (puc. 3).
®yTepoBKa CTEH U CBOJA M€Y TPAAULIMOHHO BBIIIOJIHE-
Ha M3 KepaMoBOJIOKHa (puc. 4), moxm Tmeun ¢yTepoBaH
OTHEYNMOPHBIM OETOHOM M MMEET NBOMHOM J1aOUpUHT,
TIECOYHBII 1 BOASIHOI 3aTBOp (puc. 2).

TepMmuueckuit HeWTpaaIU3aToOp TPEACTaBIISIET COOOI
HedyTepoBaHHYIO TIeYb CTPYIHO-(haKeTbHOTO JOXKUTAHUS
JIETYYUX OPTaHUIECKMX BEIIeCTB, 00OPYIOBAaHHYIO KOJTh-
LIEBOI TOPEJIKOM, Yepe3 KOTOPYIO MPOXOAUT BeCh 00bEeM
9BAaKyMpPYyeMbIX M3 Tieur Ta3oB. [Ipu B3auMONEHCTBUM C
MHOTOCTPYHHBIM (haKeIOoM MPOUCXOAUT BO3TOpaHUeE JIETY-
YUX BEIIECTB C MOCIICAYIONIMM UX IOJHBIM JTOXKUTaHUEM
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CTPYsSIMM BO3/IyXa B paboueM MPOCTPAHCTBE TeUn. 3aMephbl
OTXOISIIMX M3 TIeUM ra3oB, MPOBEICHHbIC HE3aBUCUMBbIM
SKCITEPTHBIM LIEHTPOM, TIOKA3aJIM OTCYTCTBHUE CICIOB apo-
Mathyeckux BenlecTB; BbIOpockl CO u NOy ykiagbiBa-
JINCHh B HOPMBI JIJIST HAarpeBaTe/IBHBIX TTCUECH.

ABTOMaTUYECKIE FTOPEJIKU PACTIOI0XEHbBI HA IPOTUBO-
ITOJIOKHBIX OOKOBBIX CTEHAX AMArOHaJbHO B IIIaXMaTHOM
nopsiake (puc. 5). l'opeaku I'CIT-10 ¢ mmpokuMm auarnaszo-
HOM M3MeHeHUs KoadduIMeHTa U30bITKA BO3ayxa oT 1 10
10 mpr MMHUMAJTBHBIX BPEIHBIX BEIOpOCAX BO BCEM IMa-
Ma3oHe M3MEHEeHUs KoadduilmeHTa 00ecreunBaoT Tpe-
OyeMblil MEIJIEHHbII PABHOMEPHBI HArpeB, MOIIEPXKA-
HMe 3aJaHHbIX 3HAYEHMI1 TEMIIEPATYpPhl B YCJIOBUSIX MOIII-
HBIX HEKOHTPOJMPYEMBIX BBIOPOCOB OpPraHUYECKMX
BEIIECTB C TOCJEMYIOlIeil 0e30MmacHoil TPaHCTIOPTUPOB-
KO JIETyYMX OpraHUYECKUX BEIIECTB B COCTaBE MPOAYKTOB
CrOpaHus 10 TIOA3EMHOMY Ta30XOdy K TePMUYCCKOMY
HelTpanu3aTopy (YCTaHOBKE ITOJIHOTO JOXKUTaHUs).

ACY TII neun, mocTtpoeHHast Ha 6a3e OTeUEeCTBEHHOTO
KOHTpOJUIEpPa U TTPOMBIIIUIEHHOTO KOMITBIOTepa, aBTOMa-
TUYECKU YIPABJISET TSIIOBBIMU MPOLIECCAMM eYr U pe-
SKMMOM JIOXKWTaHUST HeTpanu3aTopa. TerioBoii mpolecc
BeZeTCs IO IIeCTU TepMoIlapaM, Kaxaas U3 IIeCTU aBTO-
MAaTUYECKMX TOPEJIOK YIPaBISeTCs UHAUBUAYyaIbHO. Bee
TOPEJIKKM OCHAIIICHBI Y3JIOM TIOa4Yy a30Ta JIJIs1 HeMTpaan3a-
LIMM B3PBIBHOTO PACIIPOCTPAaHEHMSI TOPEHUsI B cCllydyae
MOIITHOTO BHIOpOCA JIETYYMX OPraHWYECKMX BEIIECTB.
I'padukom obGxura NpeaycMOTpeHbl BbIACPKKU MPU Ha-
yaJie BbIXoia JeTyunx npu temmnepatype 250°C u ux Hau-
0oJiee MTHTEHCUBHOM BbIzieJIeHUM TTpu Temmepartype 450°C.
[To pe3ynbTaTaM 3KCILIyaTalluy MeYr Bce TpaduKu ObLTH
BbIIEPXKAHbI, HUKAKMX 3KCIECCOB HE HabJI01aa0Ch.
I'pacdhuk o6xura (puc. 6) Boeimepkusaicss ACY TII ¢ Tou-
HocThio +3°C B TeueHne 17 CyT TIpOBEICHMS IMpOLiecca.

B 3aBucuMocCTH OT rabaprTOB KOJITaKOBas MeYb MO-
KET 00Xuratb oT 1 10 4 MJIH IIT. YCJI. KApIAYa B TOJ.
Bomnpoc o kaMepHBIX Meyax odcyKaajacs B psiae Mmyoau-
Kalliii, B YaCTHOCTU OBLT M3JIOKEH OMBIT Pa3pabOTKH,
MU3TOTOBJIEHUSI M DKCIUTyaTallMM KaMepHBIX Medeil ist
MMPOM3BOJCTBA KIMHKepHOU nTKU [10]. O0bequHeHne
HECKOJIbKMX IIeUeil B eIMHBIM KOMILJIEKC TO3BOJISIET
BBIMTU Ha MACCOBBIM BBIIIYCK KEPAMUYECKUX U3IECIUMN C
yayuureHueM nokasaresieit HIAT no sHepreTuke u Bpea-
HBIM BBIOpOCAM U MEPEeBECTU OOXKMUIOBBIN IpOliECC B
11 xaTeroputo BpeaHocTu [11].
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000 <KOMAC>» - 30 net Ka4yecTBa U MHHOBaLUKA

v/ bonee 4eM TPUALATUNETHUIA OMbIT 3KCMEPUMEHTANbHO-MCCEA0BATENbCKOM, MPOEKTHO-
KOHCTPYKTOPCKOM 1 BHePEHYeCcKoi paboT B 06,1aCTI MEYHON TENIOTEXHUKM 11 aBTOMATU3ALNN.

v/ [a30ropenoyHoe 060pyA0BaHMe 1 TEXHONOrMN Harpesa COGCTBEHHON pa3paboTky.

v/ Pa6oTa no LienoyKe: «TexHOMOrMYECKas 3aa4a — SKCTIepUMEHTanbHbI/ 06paseL; — FoTOBOE M3fenue —

MPOMbILLNEHHAA 3KCMyaTaLs».
CpoKu BbINOMHEHWUs 0T TPex MecaLes Ao 1 ropa.

v Kaxpoe n3penue 000 «KOMAC» ananTupyetcs K KOHKPETHbIM YCTOBMAM 1 3aaBaeMbIM 3aKa34uKoM
KOHCTPYKTMBHbIM, TEXHONOMNYECKIM 1 TENN0TeXHNYecKUM napameTpam B npegenax FOCToB.

v Ha npoTsXeH!n MOHTaXa, NYCKO-Hanaf04HbIX paboT v BBOAA B AKCMNYATaLMO COTPYAHIKN KOMMAHH
OCYLLIECTBNISIHOT MOCTOSIHHbIIA KOHTPOMb 1 @BTOPCKMIA HAA30P 32 Ka4eCTBOM MPOBOANMbIX PaboT.

TexHM4eckoe CONPOBOXAEHME NPK KCMyaTaLmum.
v/ TIpUMeHeHWe 0TeYECTBEHHbIX annapatHbix cpeacTs ACYTI.
v Halum u3genus 3aluiLeHbl naTeHTamm

kbb @komas.ru
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WccnepoBaHua BNUAHUA Pa3nuyHbIX ()aKTOpPOB
Ha TEennonpoBOAHOCTb KPYNHO(OPMATHBIX
Kepamu4yeckux KamHen

OnncaHo KOMNMEKCHOe UCCNe0BaHNE BAMSHIAS Pa3nuyHbIX (DAKTOPOB Ha TENONPOBOAHOCTb 06Pa3LI0B KPYMHOMOPMATHBIX KepaMuye-
CKNX KaMHelN 0Te4eCTBEHHOr0 NPOM3BOACTBA HA NPUMEPE LIECTU Pa3NMYHbIX MapOK. BbisBNeHbl MPO6EMbl NPX UCTbITAHUAX TENIONPO-
BOAHOCTN KPYNHOOPMATHbIX KEPAMUYECKNX KAMHEN N0 METOAMKAM [AeACTBYHOLIMX HOPMATMBHbIX AJOKYMEHTOB. VICnbITaHWs NPOBELEHbI
no 06LIeii MeTofuKe Ans cTpouTenbHbiX MatepuanoB FOCT 7076 Ha camom COBpeMEHHOM 060pY[0BaHMW, Y4TO MO3BONMNO HANTU psaf
3aBUCUMOCTEIA. bbIfIo YCTAHOBNEHO BANSAHWE CreAyoLLMUX (PAaKTOPOB HA TENNONPOBOAHOCTb KAMHS B CYXOM COCTOSIHUM: KONIMYECTBO PAA0B
MycTOT B KamHe, hopma NycToT, NAOTHOCTb W TENIONPOBOAHOCTb KEPAMUYECKOro Yepenka. Jlyyiime TennoTexHUYecKe nokasarenu 6bim
onpefeneHbl y KamHeii ¢ HV ansaitHom nycToT, ¢ KOSIM4ecTBOM pAafoB nycToT 6onee 6,8 wT. Ha 100 MM ANUHbI U HAMMEHbLLEN NJIOTHO-
CTbK W TeNNONPOBOAHOCTbIO Yepenka. OTAeNbHO 3aMe4eHO, YTO Hanuyme KpYnHbIX OTBEPCTWUIA NS 3axBaTa NanbLaMmit Mpu MOHTaXe
KNafiku B KAMHe HeraTuBHO CKa3blBAETCS HA ero TensonpoBOAHOCTHY. [Tony4eHHble HOBbIE Pe3yribTaTbl UMEKT 60MbLYI0 NPAKTUHECKYH
3HAYNMOCTb B CBA3M C LUMPOKMM MPUMEHEHUEM KPYMHOMOPMATHbIX KEpaMU4YeCKX Kamel B COBPEMEHHOM CTPOWUTenbCTBe. OnmcaHsbl
MepCneKTBbI JeNbHEALLNX UCCNEA0BAHIIA NO ONPEAENEHN0 CTEMNEHN BIMSHUA PA3NNYHbIX (DaKTOPOB HAa TEMMONPOBOAHOCTb KAMHEIA,
BbISIBNEHNIO ONTUMANbHON (POPMbI NYCTOT, @ TAKXKE MO YCTAHOBNEHIO 3aBUCUMOCTI TENONPOBOLHOCTM OT CPEAHEi TEMMEpPaTypbl 1 IKC-
nnyaTaunoHHOI BNAXKHOCTH.
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Research of the Influence of Various Factors on the Thermal Conductivity of Large-Format Vertically Perforated Clay Blocks

The article is devoted to the description of complex studies of the influence of various factors on the thermal conductivity of samples of large-format vertically perforated clay blocks of
domestic production of 6 types different samples. Problems are described when testing the thermal conductivity of large-format vertically perforated clay blocks according to the methods
of existing local standards. The research were carried out according to GOST 7076 on a modern equipment, which allowed us to find a number of dependencies. The influence of the fol-
lowing factors on the thermal conductivity of a clay block in a dry state was established: number of rows of voids in clay block, shape of voids, density and thermal conductivity of a
ceramic cork. The best thermal values were determined for clay blocks with an HV design of voids, with number of rows of voids more than 6.8 pieces per 100 mm of length and the
lowest density and thermal conductivity of the ceramic cork. Separately, it was noted that the presence of large holes for gripping with fingers when installing masonry in blocks has a
negative effect on its thermal conductivity. The new results obtained are of great practical importance due to the widespread use of vertically perforated clay block in modern construction.
Prospects for further research are described to determine the degree of influence of various factors on the thermal conductivity of clay blocks, to identify the optimal shape of voids, as
well as to establish the dependence of thermal conductivity on average temperature and operating humidity.
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Kepamuueckue mopusoBaHHbIe KPyMTHO(GOPMATHbBIE
KaMHU — OHM M3 HEMHOTUX COBPEMEHHBIX CTPOUTEb-
HBIX U3JIEJINI1 MAaCCOBOTO MPOU3BOJCTBA, KOTOPbIE MOX-
HO OTHECTHU K THUIY KOHCTPYKIIMOHHO-TETIOU3O0JISIII -
OHHBIX, T. €. OMHOBPEMEHHO BBITIOJTHSIOIINX U HECY-
1IyI0, W TETUIO3AUIUTHYIO (DYHKIIMUA B OTPAXKAAIOIINX

koHcTpykiusax [1—3]. TToaToMy akTyalbHBI paOOTHI,
HampaBJieHHblE Ha MCCJIEIOBAHUSI MX TEIUIOTEXHUYE-
CKMX XapaKTepPUCTUK.

[To manHBIM Accolmanuy TPON3BOAUTEINEH KepaMu-
yeckux creHoBbIX MaTepuanoB (AITKCM), Ha TeppuTo-
puu P® B Hacrosiiee Bpemst pyHKITMOHUPYOT 11 mipen-
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MPUSATUI, KOTOPbIE HAXOASITCS B Pa3HBIX pervoHax u
CHEeLMATU3UPYIOTCI Ha BBIMYCKE KPYMHOMOPMATHBIX
KaMHE ¢ pa3auyHou KoHdurypauueir mycToT.
[TpousBoauTenu orpaciu KepaMUIECKUX CTPOUTEIbHBIX
MaTepHUajoB TPOBOAST MCCACOOBAHUS TEIUIOTEXHUUC-
CKMX IoKa3aTesieil CBOMX M3[eWii, OCHOBBIBAsSCh Ha
Metonuke, nsnoxkeHHoit B TOCT 530—2012 «Kuprnu n
KaMeHb KepaMmudeckue. OOIIe TeXHNIECKIEe YCIOBUS»
¢ yuetoM nosioxkeHuit 'OCT 26254—84 «3maHus u co-
opyXeHHs. MeTombl OIPEeACICHUS COIPOTUBICHUS
Terionepeaaye OrpaxinarolidX KOHCTPYKUUKA» U
I'OCT 25380—2014 «3manust u coopyxeHust. MeTon u3-
MEpPEeHUS TUIOTHOCTH TEIUIOBBIX ITOTOKOB, MPOXOMSIINX
yepe3 orpaxnuarmliie KOHCTPYKLMU». MCIbITaHUS TI0
JMTaHHBIM METOIMKAaM 3aKJTI0YAIOTCS B CO3MaHNM CTAINO-
HapHOIO TEIJIOBOIro MOToKa 4Yepe3 (hparMeHT KIaIKH,
CMOHTHPOBAHHON B KJIMMaTUIECKOI KaMepe, OoIpeaeie-
HUM TEPMUYECKOTO COTPOTUBJICHUS W HaJTbHEWIIEeTO
pacueta 3(p(PEeKTUBHOI TETIONPOBOJIHOCTU KIIAJIKMU.

JlaHHBII TOIXOA MMEET PSII CYIIECTBEHHBIX HEIO-
CTaTKOB, IVIaBHBIM M3 KOTOPBIX — OOJIbIIASI TPYIOEM-
KOCTb, IJIUTEIBHOCTh (IO IBYX MeECSIIeB) U COOTBET-
CTBEHHO CTOMMOCTb MCIBITAHUI, CBSI3aHHbBIE C MOHTa-
KoM Kiamku (¢ pasMepamu He MeHee 1,5X1,5 M) u
TaJTbHEHIIMMA TEXHOJOTMIECKUMU orepanusaMu. [lpu
9TOM pe3yJbTaThl UMEIOT OOJIBIIIYIO IMOIPEIIHOCTh, TaK
KaK MCIIOJIB3YIOTCS TIPUOOPHI IO U3MEPEHUTO TNIOTHOCTH
TETUIOBBIX ITOTOKOB C HU3KO TOYHOCTHIO, a HA (PUKCUPY-
eMbIe MOoKa3aTeJI MOXET BIUITD Psia (PaKTOPOB: pa3Mep
HCITBITYeMOTo (PparMeHTa KJIaJaKH, BIaXKHOCTb U TeMIIe-
paTypa B ITIOMEILEHUU U JIp.

JI7s1 GONBIIMHCTBA CTPOUTEIBHBIX MaTepHUaIOB MC-
MbITAHUST TETJIONMPOBOJHOCTU IMPOBOMAITCS IO OOILei
meroguke 'OCT 7076—99 «Matepuaibl ¥ W3NS
CcTpouTeIbHBIe. MeTox OoIlpefesIeHUs] TEIUIOPOBOIHO-
CTU YU TEPMUYECKOIO COIMPOTUBICHUS IPU CTallMOHAp-
HOM TEIIJIOBOM peXMMe» Ha oOpaslax B BUAC KBaapaT-
HbIX T1acTUH [4]. McnblTaHus ogHOM MapKu MaTepuaia
(mpoBomMMBIE Ha 3—5 oOpasmax) Mo 3TOM METOIUKE
JJISTCS HECKOJIbKO JHEH, a MX CTOMMOCTb Ha MOPSII0K
HIKE, YeM WCIBbITaHWil Ha (parmeHTe kimaaku. [lpm
5TOM TIOTPEITHOCTh Ha 3aBOACKMX MTPUOOpax — N3MEPH-
TeJSIX TEIUIONPOBOIHOCTU 3HAYMTEIbHO HMXKE, YeM Ha
JMaTYNKAX IIOTHOCTH TETIJIOBOTO ITOTOKA, MCIIOJIB3YEMBIX
MPU UCTIBITAHUSX KJIaaoK. OQHaKo 10 HeJaBHErO BpeMe-
HU TIPOBOAUTD UCTIBITAHUS KPYITHO(DOPMATHBIX KepaMU-
yeckux KamHel o Metonuke [OCT 7076 GbUIO HEBO3-
MOXHO M3-32 OTCYTCTBMSI TOAXOASIIUX MPUOOPOB: TOJ-
IIMHA 00pa3loB Ha TPAAWUIIMOHHBIX IPUOOpaX MOJLKHA
cocTaBJIsITh He 6osee 100 MM, TpU 3TOM JJis1 Pa3IMYHbIX
IMOPM30BAHHBIX KPpyMHOGOPMATHEIX KamHeil Ha 100 Mm
IJTAHBI TIPUXOINTCS OT 4 10 9 psSIOB ITyCTOT, ITOSTOMY
M3TOTOBUTH TOAXOASIINI 00pa3el] TaKoil TOJIIMHBLI He
MPEICTABIISICTCS BO3MOXHEIM. DTa IpobieMa OblIa pe-
1IeHa Gyiaromaps MosIBJCHUIO MO TTporpaMme MUHCTpost
P® B cexrope MCObITAHUI TEIUIO(PU3NIECKHMX XapaKTe-
PUCTUK CTPOUTEIbHBIX MaTepHUATIOB Ja00OPATOPUM CTPO-
nreapHoi Terutodpusnku HUMC® PAACH camoro co-
BPEMEHHOTO 000PYIOBaHUS.

HacTosiimast crathbst mocBsiiiieHa OIMMCaHUIO Pe3yIbTa-
TOB MCCJIEOBAHUI TEILIONPOBOIHOCTH 00PAa3LIOB KPYII-
HO(MOPMATHBIX KepaMUUECKIX KAMHEW pa3TMIHBIX KOH-
CTPYKILIMIA, IPOBEACHHbIX 3a ITOCJICIHUE IBA IO/ 10 Me-
tonuke 'OCT 7076, 1 MOJy4eHHBIX IIPU 9TOM 3aKOHO-
MEPHOCTSIX.

Pe3ynbTaThl 3KCIIepPUMEHTABHBIX UCC/IEI0BAHUIA

WcnipiTanus poBoAUINCH Ha TIpUOope JJ1sT M3Mepe-
Hus TteruonpoBogHoct Lambda-Meter EP500e ¢ pac-
IIMPEHHBIM QYHKIIMOHAIOM M MUHUMAaJIbHON MOrpeli-
HOCTBIO M3MEPEeHUI Cpear BCEX MUPOBBIX AHAJIOTOB
(menee 1%) [5]. i ucnblTaHUI TTOATOTaBIMBAIUCH
00pa3ubl 13 KPYIMHOMOPMATHBIX KEPAMUISCKUX KaMHe
TOJILIMHOM oKoJio 120 MM (KaMeHb pacluIuBaJICs, MO~
BEPXHOCTh pacIwia HUiMgoBaiack), Ipyu 3TOM KOHTPO-
JIMPOBAJIOCh, YTOOBI MYCTOTHOCTh 0Opa3ua Oblia paBHA
MMYCTOTHOCTU 1ieJioro kKamHs. OOpaslibl BHICYIIMBAINChH
IO TIOCTOSTHHO# MaccChl, 000pauynBaIiCh IMOJUITUICHO-
BO¥ TIJICHKO#, YTOOBI MPEIOTBPATUTL CBOOOIHYIO IIUP-
KYJISILIMIO BO3AyXa yepe3 IMyCTOTHl KaMHs (3TO yCJIOBHUE
BBITIOJTHSICTCS M B PEAIbHBIX OTPakIalolInX KOHCTPYK-
1MsIX), U pa3Melladuch B Mpubope TakKuM 0Opa3oM,
YTOOBI TETIJIOBOM MOTOK IPOXOAWII TaK XK€, KaK eCJIA OBl
KaMeHb HaXOAUJICS B COCTaBE Orpaxkaarolieil KOHCTPYK-
uu (puc. 1, a). Bo Bpems ucneiTaHui 110 KpasiM OT 00-
pasua ObuTa pa3MellieHa MUHepaJioBaTHasT M30JIsIIus (110
peKOMEeHAALMY OT IMIPOU3BOIUTEIS TPHUOOpa 151 10O~
HUTEJIbHOW TETJIOBOW M30JISIIMUA OT OKPYKAKOIIETO BO3-
nyxa) (puc. 1, b).

Bcero 0buIM HcceqoBaHBI 00pA3IbI KPYITHO(DOpMAT-
HBIX KEpaMUIECKIX KAMHEH OTEUeCTBEHHOTO TIPON3BO/I-
CTBa IIECTU MapOK Pa3IWYHBIX KOHCTPYKLUI (puc. 2).

Kpome TeriornpoBOAHOCTH B CYXOM COCTOSIHUU JUTST
HUCIIBITAHHBIX MapoOK KepaMUYECKUX KaMHel ObLIU uc-
cleoBaHbl (haKTOPHI, KOTOPBIE TEOPETUYCCKM MOTYT
OKa3bIBaTh BIMSHNE Ha TETUIOIIPOBOTHOCTD: KOJTMIECTBO
psinoB nmyctoT Ha 100 MM JJIMHBI, TOJIIMHA BHYTPEHHEHN
CTEHKU, ITYCTOTHOCTb, CPEIHSIS TDIOTHOCTD W TETUIOIIPO-
BOJHOCTh KE€paMMYECKOTo uepernka. Bce MCIbITaHHbIE
Mapku kamHelt umenu opmat 10,7 HD (pa3zmepst 1ieo-
ro KamHs 380x250x219 mm), kpome Mapku Ne 2 chopma-
ta 8,6 H® (pa3mepsl 1enoro kamust 300x250%219 mm).
B Ttabnwuie mpencTaBieHBI Pe3yIbTaThl ITPOBEICHHBIX
uccienoBaHuil. UcnbITaHUS TEIIONPOBOAHOCTU IIPOBO-
IWJINCH TIPU CpemaHel TeMmepaTtype B obpasme 0°C. 3a
pe3yabTaT UCIIBITAHUI TTPUHUMAINCH CpeTHeapupMeTH -
YeCKHe 3HAYCHUS TeTIOTIPOBOTHOCTH BCEX MCITHITAHHBIX
00pa3oB Mapku (3—5 00pa3loB 111 KaxIoi MapKu).

AHaJM3 pe3yJbTaTOB MCCJIeI0BAHMIA

ITo pesynbTaraM MpPOBENEHHBIX UCCAEIOBAHUN OBLIO
YCTAHOBJIEHO, YTO Ha TEIUIONPOBOAHOCTh KPYITHO(OP-
MAaTHOI'0 KepaMUYECKOro KaMHsI HauOoJIblliee BIMSIHME
OKa3bIBaeT KOHCTPYKIIUS (Iu3aiiH) KaMHS, T. €. TeoMe-
Tpuueckasi KOHGUrypaius mycToT, U KOJTUYECTBO PSIIOB
IyCTOT, IPUXOISIIEeCsT Ha eANHUILY JUTMHBL. HatineHHast
3aBUCHMOCTbD 3aKJII0YaeTCs B TOM, YTO YeM OOJIbIIIE PSIIOB
IIyCTOT CONEPXKUTCS B OMHOM KaMHE, TeM MEHbIIE Y HETO

HAYYHO-MexXHU4eCcKUll U npou3800CEeHHbLI JHCYPHAN
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Mapka Ne 1 Kepamuyecknii
KPYNHOGOPMATHBIN KAMEHb C MyCcTOTamMmn
B BMAE napasnnenorpammMa v oTBepCcTusaMu ons
3axBaTa nanbuamu

Mapka Ne 2 Kepamunyeckuii
KPYNHOMOPMAaTHBI KAMEHb C NycToTaMu
B BUAE napannenorpaMmma

Mapka Ne 3 Kepamuyeckuin
KPYNHOGOPMATHBIN KaMeHb C MycToTamMm
B BUAE NPSIMOYrO/bHNKA 1 TPEYrofibHuKa
(HV amsariH nycToT) n oTBEPCTUAMU ANS

3axsaTa nasbuamu

Mapka Ne 4 Kepamuyeckuii
KPYNHOMOPMAaTHbIN KaMeHb C NyCToTaMm
B BUAE NPSMOYrOfbHUKA 1 TPEyrofibHuKa

(HV gmsaiiH nycToT)

Puc. 1. VcnbiTaHus TennonpoBogHOCTN 06pas-
LOB KepaMuyeckmx KpynHo(popmMaTHbIX KamHeW
Ha npubope Lambda-Meter EP500e

Fig. 1. Thermal conductivity tests of ceramic
large-format clay blocks on the Lambda-Meter
EP500e device

Mapka Ne 5 Kepamuyeckunii kpynHopopmMaTHbIi
KaMeHb C NycToTamu B BUAE NPSMOYrosibHUKa
1 TpeyronbHuka (HV guaaiiHi nycTor)

1 OTBEPCTMAMU OJ19 3axBaTa nasbuamm

Mapka Ne 6 Kepamuyeckuii
KPYNHOPOpMaTHbI KaMEHb C MycToTamMu
B BUJE NPSMOYrosibHMKa 1 OTBEPCTUAMM NS
3axBaTa nanbLamu

Puc. 2. ViccnepoBaHHble kepaMmmnyeckne KpynHopopMaTHbie KaMHU Pa3inyHbIX KOHCTPYKLMIA
Fig. 2. Investigated large-format clay blocks of various designs

Pe3ynbTaTthl UCCNEeA0BaHUI KEPaMMUYECKUX KPYNHOPOPMATHbIX KaMHen
Results of research of large-format clay blocks

May 2023

CpeﬂHﬂﬂ TeI'IJ'lOI'IpOBO,EI,HOCTb
N Kon-Bo pPanoB Cpe,EI,HFIﬂ TONWWHa Tel'lJ'lOI'IpOBO,EI,HOCTb
o o MNOTHOCTb KaMH$ B CyXOM
nyctot Ha 100 mm BHYTPEHHEN MycToTHOCTb, % Kepam. yepernka
MapKu JAVHBL, WT CTEHKN. MM KepaMm. yepenka A BT/(M'OC) COCTOAHUN
T ' Py, KF/CM v Ao, BT/(M-°C)
1 5,53 6 56 1,65 0,415 0,124
2 4,67 3 52 1,58 0,42 0,135
3 8,95 3 57 1,72 0,457 0,109
4 6,84 5 52 1,5 0,384 0,105
5 6,84 5 52 1,5 0,384 0,11
6 4,47 7 56 1,67 0,404 0,144
scientific, technical and industrial journal
®
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3HaYEHUE TEIUIONPOBOAHOCTU. MapKu KaMHel, y KOTo-
pbIX OblIa 3adMKcUpoBaHAa HaMMeEHbIIAs TEIUIOIPOBO-
mHOCTE (Ne 3, 4, 5), mmean popMy PSIIOB ITyCTOT B ceUe-
HUU B BUIIE COYETAHUS TPEYTOJIbHMKA U MPSIMOYTOJIbHUKA
(HV pu3zaiin mycrot). YTOOBI OAHO3HAYHO YCTAHOBUTD,
SIBJISIETCS JIA 9TOT AM3aiiH KaMHell Hanbosee 3¢ (heKTUuB-
HBIM B TEIIOTEXHMUYECKOM IUIaHEe, HEOOXOIMMO TPOBO-
JITH JOTOJTHUTEIbHBIC MCCIIEIOBaHUSI, B TOM YHCJE C
YUCJIEHHBIM MojaenupoBanueM [6, 7]. Ha 3nHaueHune Te-
TJIOTIPOBOTHOCTH TI€JIOTO KAMHST TAKXKe OKa3bIBAET BIIMSI -
HUE TEIJIONPOBOIHOCTh KEPAMUYECKOTO Yeperka, oaHa-
KO CTEIIeHb BIUSHUS 3TOT0 (paKTOpa MEHBIIIE, YeM KOJIH-
YECTBO PSZOB ITyCTOT HA €IMHUILY JUTMHBL HaIlpuMep, y
Mapku No 6 TeIIONpPOBOAHOCTh YepernKa JOCTATOYHO
HU3Kasd OTHOCUTEJIbHO IPYIMX MapoK, IPU 3TOM TEII0-
MPOBOJHOCTb BCETr0 KaMHsI camasl 0oJbIliasi U3 BCEX MC-
MBITAHHBIX MAPOK, TaK KaK Ha OJMH KaMEHb MTPUXOIUTCS
HauMeHbllee KOJUYEeCTBO PSAoB MycToT. CTOMT OTMe-
TUTh TAKXKE YCTAaHOBJICHHOE HETaTUBHOE BJIMUSIHUE HAIM-
YU KPYITHBIX OTBEPCTHI IJIST 3aXBaTa MalbllaM B KAMHE
Ha ero TeIUIONPOBOAHOCTb — 3TO BUIHO Ha IIpUMepe Ma-
pok No 4 1 5, UMeIOIINX ONMHAKOBBIC XapaKTepUCTUKH,
KpoMe 3Toro (pakropa (Mapka No 5 ¢ OTBEpCTUSIMU IO,
MMaJbLbI UMeeT OOoJbIllee 3HAUCHME TEILJIONPOBOIHOCTH,
yem Mapka Ne 4 6e3 oTBepcTuif). B pamkax nmpoBeieHHBIX
UCCJIEIOBAHUI HE YCTAHOBJIEHO MPSAMOU 3aBUCUMOCTH OT
TETJIOTIPOBOHOCTY KaMHSI TOJIIIIMHBI BHYTPEHHE! CTEH-
KU U ITyCTOTHOCTH.

TermonpoBOIHOCTL B IIOPUCTOM CTPOUTEIBHOM Ma-
Tepuaje oOyCJIOBJIeHa pa3IMYHBIMUA B3aMMOBJIUSIIONI -
MU (U3NUECKUMU TIpoleccaMU, KOTOPbie MOTYT OBIThb
CBEIEHBI K TPEM THUIIaM: KOHIYKIINS, KOHBCKIINS U N3-
JIydeHUe, ¥ OCYIIECTBISIETCS MOCPEACTBOM TEILIOIMPOBO-
ITHOCTH TBEPAOTO CKejieTa, O0pas3ymlIero IOPUCTYIO
CTPYKTYpYy MaTepualia; TeTUIOIPOBOIHOCTH Ta3a, Haxo-
JISIIIETOCs B IOpax U IyCTOTaX; U3IYYCHUST MEXIY CTCH-
KaMH TI0p U TTyCTOT; KOHBEKTUBHOTO MTePEHOCA TETUIOTHI
3a CYeT KOHBEKTUMBHBIX TOKOB Ta3a B myctoTax [8]. Hus
KPYITHO(POPMATHBIX KePAMUYCCKIX KaMHEH TeIIom30-
JISILIMOHHbBIE CBOMCTBa 00ECMEYUBAIOTCSI B OCHOBHOM
TEIUIONIPOBOIHOCTBIO BO3IyXa, HAXOISIIETOCS B IMyCTO-
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tax. [Ipu 5TOM yMeHbILIEeHUE IUPUHBI IYCTOT (YBeIM4e-
HIE KOJMYECTBA PSIAOB IyCTOT HA AWHUIY JJTMHEI) T10-
3BOJISICT CHU3UTh KOHBEKTUBHBII TEILIONEPEHOC B KaM-
He. Hapssmy ¢ 3TUM CHMXKEHHE TETJIONPOBOTHOCTH
KEepaMHUUYECKOIro deperka CKa3bIBaeTCsl Ha CHIDKCHUM
KOHIYKTUBHOI'O TEIIONEpEHOCca IO CKeJeTy KaMHSI.
Bxkitan aTHX TpolecCOB B CyMMapHYIO TEIJIONPOBOI-
HOCTb KPYIHO(MOPMATHBIX KEpAMUUECKUX KaMHEM 10J1-
>K€H OBITh MCCIEI0OBAH OTAEIBHO.

3akmoyenue

B cexrope ucnbiTaHUi TEUIOMOU3MYECKUX XapaKTe-
PUCTUK CTPOUTENIbHBIX MATEPUAIOB JIAOOPATOPUU CTPOU -
tenbHOUN Tetutopuznku HUNCD PAACH mpoBeneHb
Ha COBPEMEHHOM MCITBITaTEIbHOM OOOPYAOBAHUU KOM-
TJIEKCHBIE MCCIAENOBAHUS BIUSIHUSI PA3IMYHBIX (PaKTO-
pPOB Ha TEIIONPOBOAHOCTh O0OpPa3LoB KpyIMHOGOpMaT-
HBIX KEPAMUUECKMX KaMHEU 0TeueCTBEHHOTO MPOU3BO/I-
CTBa Ha TIpUMeEpe IIeCTU pa3IMYHBIX MapoK. bbIIo
YCTAHOBJICHO BJIUSIHUE CIIeNyoIInX (haKTOPOB Ha TETUIO-
MMPOBOHOCTh KAMHSI B CYXOM COCTOSTHUU: KOJIMYECTBO
PSIIOB IyCTOT B KaMHe, (hopMa MyCTOT, TUIOTHOCTb U TETI-
JIOMTPOBOJHOCTh KEPaMUUECKOTO ueperika. Jlydiue Temn-
JIOTeXHUYECKME TTOKa3aTesId ObLIM OIpeneeHbl y KaM-
Heli ¢ HV nuzaiiHoOM MycTOT, ¢ KOJMYECTBOM PSIIOB ITy-
cror Oosee 6,8 wr. Ha 100 MM [OJIMHBI, HAaUMEHbIIIEH
IJIOTHOCTBIO Y TEIUIOMPOBOAHOCTBIO Yepenka. OTaeabHO
3aMEUEHO, YTO HaJM4Yue B KaMHE KPYIMHBIX OTBEPCTUIA
JUTSL 3aXBaTa IMajibliaMy IPY MOHTaXe KJIaJIK/ HeTaTUBHO
CKa3bIBAETCSl HAa €ro TEIJIOMPOBOAHOCTU U3-3a YBEeJINYe-
HUST KOHBEKTUBHOTO TerioniepeHoca. [IpencraBieHHbIe
HCCIEOBAHUST MOXHO TPOJOJIKUTh C UCITOIb30BAHUEM
METOJIOB YMCJICHHOTO MOJICJIUPOBAHUS JUISI OTIPEETCHUS
CTENEHU BJIMSIHUST PA3IUYHBIX (DaKTOPOB HA TEIJIONPO-
BOJIHOCTb KaMHS$I, BBISIBJIEHUSI ONITUMATbHOUN (DOPMBI TTy-
ctoT 1 Aap. OTAETbHBIMY BaXKHBIMU JIJIST TTIPOSKTUPOBAHUS
OTpaXIaroLIMX KOHCTPYKLUUI C MPUMEHEHUEM KPYITHO-
(hopMaTHBIX KepaMUUECKUX KaMHEN 3amauamMu OyayT siB-
JIAThCS NAJIbHEWINE WMCCIIEAOBAHUSI IO YCTAHOBJIEHUIO
3aBUCHUMOCTH TETUIOMTPOBOAHOCTU OT CPEIHEel TeMriepa-
TYPbI U 9KCILTyaTallMOHHOM BiiaxkHocTH [9, 10].
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Knura «TeopeTuyeckue 0CHOBbI 6eIM3HbI U OKPaALIMBAHUA KEPAMUKK U NOPTNAHALEMEHTa»
AsTtopbl — 3y6exun A.MN., fuenko H.L., lonosa+oBsa C.[1.

B KHUre npeAcTaBneHbl TEOPETUYECKNE OCHOBbI BEMM3HBI U OKPaLLIUBAHUA KEPAMUYECKNX CTPOUTESbHBIX MaTepu-
anos n 6enoro noptnavauementa (brL) ¢ noauumn Teopun LBETHOCTU CUAUKATHBLIX MAaTepUanos B 3aBUCUMOCTU OT
X (ha30BOMMHEPANbHOMO COCTaBa, CTPYKTYPbI, COAepXaHus xpomodopos Fe, Mn n Ti, ycnosuii 06xura n oxnaxae-
HWS (OKUCAIMTENbHBIX UM BOCCTAHOBUTENbHBIX).

YCTaHOB/EHbI 3aKOHOMEPHOCTM 32BUCUMOCTYN 6eNU3HBI, LIBETA 1 0COOGEHHOCTM OKPALLNBAHUSA KAK NUTMEHTOB, TaK
11 TBEPAbIX PACTBOPOB 6ECLBETHBIX (a3 MOHAMKU-XPOMOhOpamit OT CTPYKTYPbI, M30BANIEHTHOMO U reTePOBANEHTHO-
ro naomopdmsma, 06pa3oBaHNs OKpalUMBAKOLWMX KnacTepoB. PaspaboTaHbl aDMEKTUBHBIE CNOCOObI yNpaBieHus
6en13HON 1 AEeKOPATUBHbIMIA CBONCTBAMU CTPOUTENbHBLIX KEpaMUYeCcKuX matepuanos (apdopa, dasHca, 06amuo-
BOYHO NANTKK, KUpNN4a) n 6en0oro nopTiaHaLeMeHTa.

Knura «TexHonorus npou3BoacTBa CTEHOBbIX LLEMEHTHO-NECYAHbIX U3JeNnit»
AsTopbl — banakwux 10.3., Tepexos B.A.

OnucaHo NPoON3BOACTBO W NPUMEHEHWE CTEHOBbLIX MaTepnasioB MeTOAOM BUOPONPECCOBAHNA U3 LLEMEHTHO-NeC-
YaHbIX 6ETOHOB. PaccMOTpeHa CyLlecTBylOLlas U NepPCneKTUBHAs HOMEHKNatypa W3fenuii u ux cBOMCTBA. [aHbl
XapaKTePUCTUKK CbIPbEBbIM MaTepuanam — necky, LWe6H, BSXKYLLMM U XUMUYECKUM J06aBKaM M peKoMeHAauum no
noa6opy cocrtasa 6eTOHHOI cMecu. [ToApo6HO NpeacTaBieHa TEXHONOMA NPOU3BOACTBA LLEMEHTHO-NECHaHbIX BUOPO-
NPECCOBAHHbIX CTEHOBbIX M3aenuii. 0c060e BHUMAHNE YAENeHO TeXHOMOMMYECKOMY KOHTPOJKO HA NMPOU3BOLCTBE U
TEXHUYECKOMY KOHTPOMHO 1 06CNY)KMBaHUIO 060pyL0BaHNS. KHUra npeaHasHaqeHa ang opraHu3awmy npou3BOoLCTBEH-
HO-TEXHNYECKOr0 06Yy4eHNs Ha NpeanpuaTun, GyAeT None3Ha WHXEHEPHO-TEXHUYECKOMY MepcoHany 1 LUMpOKOMY
Kpyry CnewLmanuncTos.
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HanpsxeHHo-aedopmupoBaHHoe cOCTOAHKUE
CBOJ10B U3 KAMEHHOMN KnafkH,
onuparoLMXcs Ha cTaNbHble 6anku B NepeKkpbITUAX

BbinonHeH aHann3 Hanps»kKeHHO-AeOPMMUPOBAHHOIO COCTOSAHWUA OHOIO U3 CTapeilunx BUAOB KOHCTPYKLWUIA NEPeKpbITUA, a UMEHHO,
CBOJOB W3 KaMEHHOI KNafku, ONMPAOLLMXCH HA CTanbHble 6anku (B psAe CnyvyaeB Ha CTajibHble PeSibCbl), TaK Ha3blBaeMbIX CBOAOB
MoHbe. Kak npaBuno, ykasaHHOe KOHCTPYKTUBHOE peLLEHe NPUMEHANOCH B NEPEKPbITUAX Had NoJBanamMn 1 COXPaHUIOCh 40 HACTOALLE-
ro spemenu B Mockse, CankT-Metepbypre u apyrux ropoaax. [poaHanu3npoBaHo 0HO U3 3[AaHWIA, PACMON0XEHHbIX Ha TBEPCKON ynuLe
B Mockse. Y4utbiBas cneumcmuky HanpsKeHHO-AeOPMUPOBAHHOIO COCTOSHUSA PAcCMaTPUBAEMbIX KOHCTPYKLWIA NPWU HAnU4un B psae
Cny4aeB B HUX MOBPEXAEHWNA, aHanN3 BbINONMHEH B nporpamme Jupa CAMP 2019 (R2), B KoTopoi napameTpsbl MaTepuana 3afaBanmch no
14-my KyCO4HO-NMHEAHOMY 3aKOHY. 0 pesysnbTaTam pac4eta nosy4eHbl 3Ha4eHus NporneoB, MakcUmasbHble 3HadeHus yeunuin Ny, Ny,
Oy, Oy, My, M, rnaBHbix HanpsHkeHUA B HIKHEM 1 BEPXHEM CIOSX CBOAA Of W Op, yeunuin Oz n M), B CTanbHbIX Oakax CBOAA C
Y4€TOM UX COBMECTHOW paboThbl CO CBOAOM. [MOCTPOEHbI 11 NPOAHANU3NPOBAHbI PacHeTHbIe MOJENN ANS KNaaku CBOJ0B B NIMHEAHON K
HEeNNHERHO NoCcTaHoBKe. Mpu 3TOM pe3ynbTaTbl CONOCTABNEHUS PA3NIMYHbIX MOAENE NoKasanu, 4To B MeTannuyecknx 6ankax npu nac-
CWMBHOM Harpyske 0T cBOJA 6€3 ero BKJIKOYEHUs B pabOTy BOSHUKAIOT 6OMbLUNE HANPSXKEHWUS, BOSMOXHA NOTEPS MMU HECYLLEN cnocoo-
HocTw. Mpoun3BeaeHa OLEHKa HecyLLen cnoco6HOCTY CTasbHbIX 6a/10K N0 ABYM rpynnamM NpeAesibHbIX COCTOSAHWIA C Y4ETOM X COBMECTHOIA
paboTbl CO CBOJAMM, A TAKXKE MPOBEPKA HECYLLEA COCOOHOCTI MO MECTHOW YCTONHYUBOCTH C Y46TOM paboThbl CBOAA.

KnioueBble cnoBa: KaMeHHas Knajka, noBpexaeHna KaMeHHOM KNaaKku, CNoXxHoe HaI'IpFI)KEHHO-ﬂG(LbOpMVIpOBaHHOG COCTOSIHME, 0ObEKT
KYNbTYpPHOro Hacneawusa, oAbl MoHbe.
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113 KAMEHHOI KNajKu, ONupatoLLnXca Ha CTanbHble 6ankn B nepekpbiTusx // CtpountenbHbie matepuassl. 2023. Ne 5. C. 58-65.
DOI: https://doi.org/10.31659/0585-430X-2023-813-5-58-65

A.l. BEDOV', Candidate of Science (Engineering) (gbk@mgsu.ru); A.l. GABITOVZ, Doctor of Science (Engineering) (azat7@ufanet.ru);
E.V. DOMAROVAT, Senior lecturer (gbk@mgsu.ru); A.S. SALOVZ, Candidate of Science (Engineering) (salov@list.ru)

1 National Research Moscow State University of Civil Engineering (26, Yaroslavskoe Highway, 129337, Moscow, Russian Federation)
2 Ufa State Petroleum Technological University (195, Mendeleev, Ufa, 19500, Russian Federation)

Stress-Strain State of Masonry Vaults Supported by Steel Beams in Ceilings

An analysis of the stress-strain state of one of the oldest types of floor structures, namely, masonry vaults supported by steel beams (in some cases, by steel rails), the so-called Monnier
vaults, was carried out. As a rule, the indicated constructive solution of ceilings was used in ceilings above basements and has been preserved to this day in Moscow, St.Petersburg and
other cities. The analysis was performed for one of the buildings located on Tverskaya Street in Moscow. Taking into account the specifics of the stress-strain state of the structures under
consideration, taking into account the presence of damage in some cases, the analysis was carried out in the Lira CAD 2019 (R2) program, in which the material parameters were set
according to the 14 piecewise linear law. Based on the results of the calculation, the values of deflections, the maximum values of the forces Ny, Ny, Ox, Oy, My, My, the principal
stresses in the lower and upper layers of the roof o1 and 0y, the forces O and M), in the steel beams of the roof, taking into account their joint work with the vault, were obtained. Design
models for laying vaults in linear and non-linear formulations have been built and analyzed. At the same time, the results of a comparison of various models showed that in metal beams
with a passive load from the vault without its inclusion in the work, large stresses arise, and they may lose their bearing capacity. The bearing capacity of steel beams was evaluated for
two groups of limit states, taking into account their joint work with vaults, as well as the bearing capacity was checked for local stability, taking into account the operation of the vault.

Keywords: masonry, damage to masonry, complex stress-strain state, object of cultural heritage, Monnier vaults.

For citation: Bedov A.l., Gabitov A.l., Domarova E.V., Salov A.S. Stress-strain state of masonry vaults supported by steel beams in ceilings. Stroitel'nye Materialy [Construction Materials].
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KameHnHast Kj1afika KaKk KOHCTPYKIIMOHHBIA MaTepual
JUTSL BO3BEICHMS 3MaHUI U COOPYXKEHMIT IIPUMEHSIETCS B
MPAKTUKE CTPOUTENILCTBA HE ONHO ThIcsiueeTre. Mare-
puabl, UCIOJIb3yeMble B KAMEHHOM KJIajKe, — KUPIUd,/
KaMeHb 1 pacTBOP MO3BOJISIOT (IIPY COOTBETCTBYIOILIEM UX
MPUMEHEHUN) CO34aTh €IMHBbIA MOHOJUTHBIA MaTe-
puai — KaMeHHyIo Kjianky. HecMoTpst Ha To 4to 3a mo-
cjleHee CTOJIETUE MOSIBUIOCH 3HAUUTEIBHOE KOJIMYECTBO

HOBBIX MAaTEPUAIIOB U TEXHOJIOTUI, CITOCOO COOPKU KUP-
nuyeii, 6JJOKOB M KaMHE! B KJIaJKy, IO CYyTU, OCTaJICsI Ta-
KWM K€, KaK ¥ ThICSI4M JIeT Ha3az. B Oosbliieit creneHu oH
OCHOBaH Ha 3MMHPUYECKOM OIBITE, U TOJbKO B MOCJEI-
HUE IECATUIIETHS HAYaJIU TOSIBJISITECS PA3JIMUHbBIE TEOPUU
pacueta M MPOEKTUPOBAHUS KaMEHHBIX KOHCTPYKIMUA.

OnHoit U3 HauMeHee U3YYEeHHbIX 001acTell SIBsIeTCS
paboTa MoBpeKAeHHON KaMEHHOM KJIaJKM B KOHCTPYK-
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usix. Bo BceM Mupe cylecTByeT OrpoMHOE KOJTUYECTBO
3MaHUI pa3IMYHOrO BO3pacTa C HECYIIMMU KOHCTPYK-
IUSIMA W3 KaMCHHOW KJIaAKW, KOTOPhIE HEMpPephIBHO
CTapeloT U TPeOYIOT BBIMOJHEHUST paboOT MO UX BOCCTa-
HOBJICHUIO M YCUJICHUIO C MUHUMAJIIBHBIM BMeEIIIaTeIIb-
CTBOM B CTPYKTYPY KJIaIKU IS COXPAHEHUST UX UCTOPU-
YeCcKOoro oo0JiMKa.

HenmocratouyHo pa3BUTBIE K HACTOSIIIEMY BpPEMEHU
METOIbl pacyeTa KJIaAKW TMPU CIO0XKHOM €¢ HaIpsKeH-
HOM COCTOSTHWU, OTCYTCTBHME €IMHOTO TMOAX0/a K TAKOTO
poia pacyeTaM M HEIOCTaTOK JOCTOBEpHOIt MHMOpMa-
LIMY O BIMSTHUM T€X WU WHBIX TOBPEXICHUI Ha TIPOYU-
HOCTh M YCTOMYIMBOCTh KAMEHHBIX KOHCTPYKIIWI TIPUBO-
JISIT K TOMY, YTO B KaXKIOM ciydae TpeOyeTcsl MPOBOIUTH
0O0JIbIIIOE KOJMYECTBO TPOYHOCTHBIX WCTBITAHUN U C
WHAWBUAYAJIbHBIM MOIXOAOM MOJEIMPOBATh KOHCTPYK-
IO B KAKOM-JIMOO CHEINATIBFHOM IIPOTrPpaMMHOM KOM-
miekce [ 1—3].

Hecymas cucrema paccMaTpuBaeMBbIX ITEPEKPBITUI
BKJTIOYAET IIUIMHIPUYECKNE CBOMBI N3 KaMEHHOM KJ1as-
KU, OMUpalolrecss Ha MeTa/inyeckue Oanku (AByTaB-
PHI, 3XeJIe3HOTOPOKHBIC pebehl) (puc. 1). CBoabl MoHBE
MOJYYMJIU IIMPOKOE paclpocTpaHeHue B Poccun Haun-
Hasl co BTopoii mojoBuHBI XIX B. 1 10 Havaima UHAYCTPU-
anmm3aiuu. [1pu 9TOM MX KOHCTPYKIIUS TTpeTepriesia 3Ha-
yurtelbHble n3MeHeHus. K Hayany XX B. B o011ecTpou-
TEJTHHYIO TIPAKTUKY BXOJISIT JTYYKOBBIE CBOMIBI N3 OETOHA,
OyTOOETOHA UM XeJie300eTOHA, ONUPAIOIIMecs] Ha CTallb-
HBIEC TIPOKATHBIC ABYTaBPOBBIC OAIKKU. 3MaHUS C ITOH00-
HBIMU TIEPEKPBITUSIMY TTOSIBIISIIOTCS KaK B OOJIBIINX Ty-
OEpPHCKUX ILIEHTPaX, TaK 1 B Ye3IHBIX TOPTOBBIX rOpoaax.
B 1903 r. mpodeccop A.D. JIoeiiT HA Che3e O PACIIH-
peHUIO MpUMEeHeHUs keje3a B Poccuu cmenan mokian
«Cucrema Monbe. Ee TmpuMeHeHME, MPOMBIIUICHHOE
3HAYeHWE W BOTIPOCHI, CBSI3aHHbBIE C paCIpPOCTpaHEHUEM
KeJie300eToHay.

C TeopeTHYecKOoil TOUYKM 3PEeHUsT KOHCTPYKIIUS CH-
creMbl MoOHbe TpeacTaBisieT cO0O YaCTHBIN ciaydait
CJIOXKHOTO YIIPYTOTO TIPSIMOTO M KPUBOTO Opyca, ceue-
HUE KOTOPOTro MPEeACTaBACHO U3 IBYX MaTepUaiOB C pa3-
JIMYHBIMU MOZAYJISIMU YIIPYTOCTH, COCIUMHEHHBIX MEXKIY
coboif TakuM 00pa3oM, 4yTO 0ba maTepuaga padoTaroT
COBMECTHO KaK OJTHO yIIPYroe TeJo.

PanbIiie cortacHO poCCUIICKUM CTPOUTETBHBIM HOP-
MaM CUMTAJIOCh, UTO KAMEHHBIE apKU U CBOMBI TOKHBI
paccMaTpUBAThCS C TEM K€ MOIXOA0M, YTO M KOHCTPYK-
LI KaMEHHBIX cTeH. OCHOBHBIC IIPUHIIAIILI 3TUX HOPM
OCHOBaHbI Ha UCCIEAOBAHUSIX MIEPBOI MOJOBUHBI XX B.,
niposeieHHbIX JI. V. Onuinukom. MccnenoBanus mpoBo-
JUJINCh C 3KCIEpUMEHTaAaMM Ha BEPTUKAJbHBIX CTOJI0ax
W3 KUPIMMIHOU Kaaku. [loaTomMy Bce morydeHHbIC JaH-
HBIE MOKHO CUMTATh CIIPaBEIIMBBIMI NMMEHHO IJIST BEp-
TUKAJIbHbBIX KOHCTPYKLIUIA — CTEH, CTOJIOOB, BHELIHEM
00sm1oBKM [4]. OmHaKO Ki1ajgKa KpUBOJMHEHBIX apod-
HBIX M CBOMYATBHIX KOHCTPYKIIUI HE MOXET BECTU ceOsl
TaK Xe, KaK BepTUKaJIbHBIC, W3-3a YCUJINI, NEHCTBYIO-
IIKUX MO Pa3JIUYHBIM YIJIOM €€ CTPYKTYPHI.

B cayyae apku u3-3a HeoIpeneaeHHOCTH, ¢ OIHOM
CTOPOHBI, MOXET UMETh MECTO U3JIUIITHUH 3aI1ac U COOT-

Puc. 1. KoHCTpyKTMBHOE peLueHne cBoaoB MoHbe
Fig. 1. Construction solution of Monier vaults

Puc. 2. PackpbiTue WBa: a — nerkas rotmdeckas apka; b — MHorocnomnHas
KMPNNYHas apka; ¢ — MacCuUBHas KaMeHHas apka

Fig. 2. Opening the seam: a - light gothic arch; b — layered brick arch;
¢ — massive brick arch

Puc. 3. [MNocnenosarenbHOCTL MOAENMPOBAHMS A1 ONACHOr 0 y4acTka | apku
Fig. 3. Sequence of modeling for dangerous section of the 15t arch

BETCTBEHHO HU3KUIT KO3 GUILIMEHT UCTTOIB30BAHUS Ma-
Tepuasia. C Ipyroil CTOPOHBI, 3aMac MOXET ObITh HEJIO0-
CTaTOYEH M TIPpU HEOJArompUsSTHBIX YCJIOBUSX MOXKET
BBI3BATh aBAPUITHOE COCTOSTHUE.

3HauyeHUsI PacYeTHOIO COINPOTUBICHUS KIanKd Ha
pacTsLKeHHe OJIM3KU K HYITI0. DTO BEpHO IS TOHKUX TO-
TUYECKUX CBOJIOB, HO JIJISI MACCUBHBIX CBOJIOB, KOTOPBIX
OOJIBLIIMHCTBO CPeAr POCCUMCKUX CBOMYATBIX KOHCTPYK-
1M1, HEOOJIBIIIOE PACKPHITHE 111BA BEPXHETO CJI0sI HE BbI-
3bIBaeT MpobJeM 1 JormycTuMo (puc. 2). PazButue Tpeiu-
HBI MOKET HAuaThCsl TOJIBKO B CIIydae ITOIagaHUsI BOIEL.

CylI1ecTByeT MHOXECTBO CIIOCOOOB MOJEIMPOBAHMS
apoK U CBOAOB C MCIIOJb30BAaHMEM pPa3JIMYHBIX IMPO-
IrPaMMHBIX KOMIUIEKCOB. OmHAaKO OHM HE ITO3BOJISIOT
MOJIEIMPOBaTh MOBEACHUE KJIAAKU C BBICOKOH TOYHO-
cTtero. Hampumep, mmpoko mpumeHsieMblii B Poccnu

scientific, technical and industrial journal

May 2023

59



KepaMqucIme CTPOHUTE/IbHBIC MaTEPHATIbI

9 7 8 9o 7 2

Puc. 4. Cnoco6bl NOBbILLEHUS HECYLLEN CNOCOBHOCTH KMPMUYHOIO CBOAA:
a - HapawmBaHune xene3o6eTOHHOM apoyHOl NANTLI CHU3Y; b — noaBene-
HWE pasrpyxalowwmx cTasbHbiX 6anok: 1 — CBOA, M3 KaMEHHOW Knamku;
2 — HecylMe cTanbHble 6anku (OByTaBp, Penbc); 3 — apmaTtypHasa ceTka;
4 — nasbl B NEPEKPbITUM A5 ONVMpaHKs Xene3o0eTOHHOro HapalLMBaHNUs;
5 — aHkepa ons kpenneHus cetku; 6 — xenedobeToHHOe HapallvBaHue B
BMAE apOYHON Knagku; 7 — pasrpyxatoLume rnonepeyHblie 6anku, onvpaio-
Lmecs Ha Hecylume Ganku NepekpbITUs; 8 — pasrpyxaiome NpoaobHbIE
6ankn; 9 — HULWK B nepekpbITuK; 10 — NPOCTPAHCTBO MEXAY NepekpbiTuem
1 pasrpy3o4HbIMU HGankaMu, 3anoXeHHOe KAMEHHOW KNaaKom

Fig. 4. Ways to increase the bearing capacity of a brick vault: a — building up
a reinforced concrete arched slab from below; b — supply of unloading steel
beams: 17 — masonry vault; 2 — load-bearing steel beams (I-beam, rail);
3 - reinforcing mesh; 4 — grooves in the ceiling for supporting reinforced
concrete build-up; 5 — anchors for fixing the mesh; 6 - reinforced concrete
building in the form of arched masonry; 7 — unloading transverse beams,
based on the load-bearing floor beams; 8 — unloading longitudinal beams;
9 - niches in the ceiling; 70 — the space between the ceiling and the
unloading beams, laid with masonry

MK JInupa codt 10.6 He nMeeT HEOOXOTUMBIX 3JIEMEHTOB
B OMOJMOTEKE KOHEYHBIX 2JeMeHTOB. CMOAEIMpPOBaTh
CBOJIbI MOHBE B yKa3aHHOM IPOTPAaMMHOM KOMILJIEKCE
BO3MOXHO TOJBKO CO 3HAUYUTEILHBIMU YIPOIIEHUSIMU,
HCITOJIb3YSl MHOXECTBEHHbIE CTEPKHM, TUIACTUHBI WU
00BEMHBIE 2JIEMEHTHI, CTEHEPUPOBAHHBIE T10 JTyTe.

Jl1s1 aHayIM3a apoK ¥ CBOJOB HEOOXOAMMBI POrpaMM-
HBbIE KOMIUIEKCHI, OPUEHTHUPOBAaHHBIE Ha OoJiee IIMpPO-
KWl CIIEKTp CTPOMTEIbHBIX 3a7ad, HaIllpUMep ansys,
abaqus unu Jlupa CAIIP 17. YkazaHHble KOMILIEKCHI
TTO3BOJISIIOT TIPOU3BOUTH CUMYJISIIIAIO U PAcyeT TeTepo-
TeHHON MOJAEIU KJIaaKHU.

Hixe paccmaTpuBaeTcst METOM, COCTOSIIUIA M3 KOM-
OMHAIIMU IBYX PacUeTHBIX CXeM apKu — MOHOJMTHOTO
VIPyroro Tejla W  CJIOXHONH  KOHCTPYKLUU
kupnuy-+pactBop [5]. Ha nmepBom atane apka Moaeaupy-
eTCsl U aHAJIM3UPYETCS B MIPOrpaMMHOM KOMILIEKCE KakK
MOHOJIMTHOE yIipyroe Teno. Ilpm 3ToM peKomMeHIyeTcs
yUYeCTh OTIOPHBIE XecTKocTU. Ha Bropom aTamne oavH u3
YUacTKOB JOJDKEH OBITh BbIpe3aH (y4yacTok 1, puc. 3).

BTopoii ygacTok pacroyiaraetcst moj yrjiom 60° K BepTu-
KaJIu, TpETUi — B TIpuoIiopHoii 30He. [1pu aTOM NTpuHM-
MaloTCs TpaHWYHBIC YCIOBUS OT MOHOJMTHOM YIIPYTOit
apku. Y4YacTOK MOJEIMpPYeTCs KaK KOHCTPYKLUS
KAPOUY-+PacTBOP U MPOU3BOAUTCS aHaIM3. Ha Tpethem
9Tarie HOBbIe TPAHUYHBIE YCIOBUS OEpyTCs OT yyacTKa U
MIPUKJIAIBIBAIOTCS K UCXOTHOM apKe, T. €. «BKJIaIbIBalOT-
CsI» B UICXOTHYIO MOHOJIMTHYIO apKy C COOTBETCTBYIOIIM
nepepacnpenejieHueM HanpsikeHuit. Takas mocienoBa-
TEJTBHOCTh ICUCTBUI TOBTOPSICTCS UIST BCEX OITACHBIX
YYacTKOB, BKJII0Yasi HOBbIE, €CJIM OHU BOZHUKHYT.

XapaKTepHBIMU IMOBPEXKICHUSIMNA KAMEHHBIX CBOTYA-
TBIX TIEPEKPBHITUI SIBIISIOTCS: 00pa3oBaHMUe TPOIOTbHBIX
U TOMNEPEYHBbIX TPEIIVH; JOKaJIbHOE pa3pylleHHhe Ka-
MEHHOW KJIaAK! CBOAA Ha BCIO €ro TOJIIMHY WX 9acTh
ee, BbI3BaHHbIC 3bIOKOCTbIO U OOJBIIMMU MPOrMbaMu
0a0K; 3HAYMTEIbHASI KOPPO3UsI HIDKHEH 30HBI CTallb-
HbIX 0asioK (cBoAbl MoHbBE) [6, 7].

TpelrHBI BO MHOTUX CJTy4asiX CUMTAIOTCS IMpU3HAKa-
MU MCUYCPITaHUS HECYyIIei CITOCOOHOCTH KJIAAKU U CBU-
JIETEJIbCTBYIOT O MPEBbIILIEHUU TOMYCTUMbBIX HATPY30K Ha
KOHCTpyKIMoo. OmHAKO M3HAYAITBHBIMU IIPUIMHAMM MX
MOSIBJICHUS 1 pa3pylLIEeHUsI CBOAOB MOTYT ObITh HE TOJIb-
KO IIPEBBIILIEHNE HATPY3KU, HO U P APYTUX (PaKTOPOB,
CBSI3aHHBIX C OCOOEHHOCTSIMM UX DKCILTyaTaluu [§].

TpeluHbl B pacTSIHYTO! 30HE MOTYT 3apOXKAaThCs U
pa3BUBAThCS TOJBKO TIPH YCIIOBUU TOCTATOYHBIN BHICO-
ThI PACTSIHYTO 30HBI MO ceyeHuto. [1pu Masoii BeicoTe
PacCTSHYTOI 30HBI B HEKOTOPBIX CIyJasiX MOTYT ITOSIB-
JIAIThCS TIOBEPXHOCTHBIC TPEHIMHBLI IO PaCTBOPHBIM
LIBaM M IITYKaTypHOMY CJIOIO TIpY ero Haiuuuu. OnHako
OHM (paKTMIECKU HE OKA3bIBAIOT BIUSHUS Ha IIPOYHOCTH
cBona [9, 10].

I[Ipu m3meHeHNMU (GYHKIMOHAIBHOTO Ha3HAYCHUS
TTOMEIIIEHUI, PaCITOJOXKEHHBIX Ha TEPEKPBITUSIX C Ka-
MEHHBIMHU CBOIAMU, C YBEJIMYCHUEM I10JIE3HOM Harpy3Ku
WHOTIA BO3HMKACT HEOOXOOAUMOCTh B UX YCUJICHUM.
IloBblllIeHME MX Hecyllell CIOCOOHOCTH MOXET ObITh
OCYIIECTBJIICHO HapalllMBaHUEM 3KeJIe300€TOHHOM apod-
HO¥ TJIUTBI CHU3Y (pUc. 4, a), NoABeAeHEeM pa3rpyKaro-
IIMX CTAJIbHBIX 0aloK (puc. 4, b) U APYTUMU CIIOCOOAMMU.

Br160p MeToma ycuiieHUsI CBOJOB IIPON3BOINTCS B 3a-
BUCUMOCTU OT HEOOXOAMMOI CTeNEHM MOBBILICHUS MX
HECYIIEei CITOCOOHOCTH C COOTBETCTBYIOIINM 00OCHOBA-
HueM pacueTtoM. IlociegHue necsaTUIeTUs] UCClIea0oBa-
HUEe pabOThl KAMEHHBIX KOHCTPYKIIWM MPU UX Pa3ind-
HBIX HAIIPSDKEHHBIX COCTOSTHUSX CTaJlo OMHUM U3 TIPHO-
PUTETHBIX HampaBieHUI cTpouTeNbHON Hayku. [Ipm
9TOM CIIeJIaH CYIIECTBEHHBIN CKAYOK B M3YUCHHE UX IT0-
BEICHUS 1 MEXaHUKHU Pa3pylLIeHUs. DTO CTaJIO BO3ZMOX-
HBIM OJlarogapsi IMOSIBIICHUIO COBPEMEHHBIX PacUYeTHBIX
KOMIUIEKCOB, ITO3BOJISTIONINX IIPON3BOINUTH CIIOKHBIE HE-
JIMHEHHBIE pacyeThl U MOMAEJIMPOBATH KOHCTPYKIIMIO
KJIaIKV MaKCUMAaJIbHO IIPUOIMKEHHO K peaJIbHBIM YCII0-
BusiM [11—13].

PaspaboTtanbl KpUTeprUW MPOYHOCTH, YINTHIBAIOIINE
KakK IJIOCKO€, TaK 1 00beMHOE HaNpPsKEHHOE COCTOSIHUE
kiaaaku. OgHaKO 3TU KPUTEPUU TTOKA HE TOTYIMIH 1~
POKOTO pacIpocTpaHeHNS 13-32 HCOOXOIMMOCTH 3HAUM -
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Puc. 5. KOHCTPYKLMSt KMPNMYHOrO CBOAA, PACCMaTPMBAEMOro B NpuMepe
Fig. 5. The construction of the brick vault considered in the example

Co3paHue MouenmeBaHme Peaynbtat
MOZENN HENMMHERHBIX Ananus aHanma
Harpysok
[eomeTpus, DopmupoBaHne Pacuet yeunuin
rpaHmua, TaBMLB (HanpsbkeHi) Ha ANEMEeHTHI,
ycnosws, HENHEIHbIX OnpeAeneHne HanpPsXeHHo-
Harpysku, ABrYKEHW epopMUPOBaHHOTO
XeCTKOCTb COCTOSIHIS KOHCTPYKLN
C Y4eTOM KOppo3uu
1 TpeLmMHoo6pa3oBaHms
HacTpoiika
HENMMHENHBIX
KOHEYHbIX
3/1IeMEHTOB

Puc. 7. Bnok-cxema HeMHENHOro pacyeTa CBoAa U3 KaMeHHOM Knaakun
Fig. 7. Flowchart for non-linear calculating for vault from masonry

TEJbHOTO KOJIMYECTBA BXOAHBIX JaHHBIX OT pe3yJbTaTOB
HaTYpHBIX UcIbITaHUi. KpoMme Toro, 1moxka HemoCcTaTou-
HO M3YUYEHbI YCJIOBUS TPOYHOCTH KPHUBOJMHEHHBIX KOH-
CTPYKLUIi ¢ apMupoBaHueM [14—16].

B xavecTBe mpuMepa paccMaTpUBaeTCs HAPSDKEHHO-
ne(OPMUPOBAHHOE COCTOSHME KOHCTPYKTUBHBIX 3J€-
MEHTOB (pparMeHTa MepeKPHITUS HaJ ITOABAJIOM 3IaHUs,
pacnojioxkeHHOro Ha yauue Tepckoil B Mockse, mo-
CTPOEHHOTO B nepBoil nojoBuHe XIX B. ¢ mpoBeaeHUEM
PEKOHCTPYKLIMOHHBIX paboT BO BTOPOUl IOJIOBUHE
XIX B. [17—19]. 3naHue sBIsIeTCS 00BEKTOM KYIbTYPHO-
ro Hacienus. [TepeKphITHS HaI ITOIBAJIOM B 3MAHUN BbI-
MOJHEHbI B OCHOBHOM B BUJI€ CBOJIOB U3 KAMEHHOM KJ1aI-
KU, OTIMPAIONINXCS HAa METAJUIMUECKUE OaJIK1 U3 TTPOKaT-
HBIX IBYTaBPOB, PACMOJIOKEHHBIX C 1arom 1,5—3 M.

CBOIbI MOCTOAHHOM TOMIIUHBI 130 MM BBITTOJIHEHBI
M3 MOJTHOTEJIOr0 KUPITMYa Ha CJI0KHOM WJIU LIEMEHTHO-
necyaHoM pacTtBope. Ha oTaenbHBIX yyacTKax COIpHU-
KOCHOBEHWUST TIEPEKPHITUS TIO CBOJIOM YCTpOeHa 3a0yTOB-
Ka 13 0051 KMpIuya Ha CJI0XHOM pacTBope (puc. 5).

Banku BBIMONHEHB M3 MPOKATHBIX IBYTABPOB IIO
DIN1025 Hemelnkoro coptameHTa. {1 OLIEHKW HaIpsi-
JKEHHO-Ie(OpPMUPOBAHHOTO COCTOSIHUSI paccMaTpuBa-

Puc. 6. MNpokartHble AByTaBpOBblE Ganku,
MCNONb30BAHHbIE B KMPMWYHOM CBOAE, B
paccmaTtprBaeMoM B MpUMepe

Fig. 6. The rolled I-beams used in the brick
vault considered in the example

Puc. 8. PacyetHas mopenb cBOAa, PacCCMOTPEHHOro B npuMepe:
a — Moagenb C 0TOOpPaxXeHnem 3afaHHbIX XeCcTKoCTel; b — KOHeYHo-ane-
MEeHTHasi Mofeflb cBoAa

Fig. 8. Design model of the vault considered in the example: @ — model with
display of assigned stiffnesses; b - finite element model of the vault

eTCsI TPEXTIPOJIETHBIN (PparMeHT MEePEKPBITUS HaJ MOMI-
BaJIOM C IIaroM Oajok 2,9 M u IIMHOK cBoja 6,7 M.
Xapakrepuctuku Oamok [18]: A=300 mm; b=125 mm;
d=10 mmM; 1=16,2 mMm; A=69,1 cm?; g=54,2 Kr/m;
L=9800 cm*; n=11,9 cm; [,=451 cm*; r,=2,56 cm;
W,=653 cM3; W=7 em? (puc. 6).

B mepekpbITUM HaJl MOABAJIOM MMEIUCH YIaCTKUA CO
cielaMu JJINTEJIbHOTO 3aMauyuBaHUSI U3-32 MHOTOKPAT-
HBIX TIPOTEYEK M CUCTEM BOJOTIPOBOA U KaHATU3AIUU.
Koppo3noHHBIf N3HOC METAJUTMYECKUX 0aTTOK MepeKphl-
TUSI JOCTUTAET 5 MM.
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a b
Hanps- Hedop-
XeHuve o Maums €
-5 -8.98E-04
-3.8 -7.40E-04
-3 -6.20E-04
-2 -4.50E-04
-1 -2.48E-04
-0.5 -1.31E-04
-0.2 -5.42E-05
01 5 74E-05 Puc. 10. 3onons npornbos CBOAOB, PACCMOTPEHHLIX B NpUMepe, MM
s < _ Fig. 10. Isofields of vault’s flexures in the example, mm
0 0
0.1 2.81E-05
Pacuetr Mojen KUPIUYHOTO CBOAA MPOU3BOAMUICS B
0.2 5.70E-05 nporpamMmMHoM Komiiekce Jlupa CAITP 2019 (R2) meTo-
0.5 1.48E-04
1 20508 Puc. 9. Peaynbratsl pacuera Aedop- JIOM KOHEUHBIX 2JIeMEHTOB. bllok-cxema pacueTa mpu-
-20E-0 maumii (a); o—e guarpamma (b) BE€ICHA Ha puc. 7.
2 7.74E-04 (';'_!3- d?égRrZ?:l(tz)Of calculating strains (a); CBOJl MOZIIEJIUPYETCS IIOCKUMU YEThIPEXYTOJIbHBIMU
3 1.56E-03 3JeMEeHTAMU: I 3aJadyd B JUHEWHON ITOCTAaHOBKE —
3.6 2.64E-03 41 TUII KOHEUYHOIO 3JieMeHTa (YHUBEPCAIbHbIA MPSIMO-
3.7 3.00E-03 yroibHBIM KB 00010UKM), 1UIST HEJIMHEHHON 3agauu —
3.8 3.53E-03 i 241 (dusndeckn HETWHEWHBIA YHUBEpPCAIbHBIN
3.9 4.61E-03 npsiMoyrosibHblil KO 06010uku). Mertannuueckue 6an-
3.95 6.58E-03 KM MOJEMPYIOTCS CTEPXKHEM: VIS 3aa4i B JTAHEHHOU
noctaHoBke — 10 TUN KOHEUYHOro 3jeMeHTa (YHUBEP-
Ta6nuua 1
Table 1
Pe3ynbTaTbl YACNEHHbIX pac4eToOB KUPMUYHOro cCBoaa
The results of numerical calculations of the brick vault
Ny, kN Ny, kN Oy, kN 0y, kN My, kN-m My, kN-m
)§ l% ,§ )% )§ )% ,§ )% )§ )% l§ )%
L M I ™ a M I o™ L M I ™ a M I o™ L M I ™ a M I o™
Cwuna é s S S é s S S é s S S é s S S )§ s S S é s S S
3 3 23 3 3 23 3 3 23 3 3 23 3 3 23 3 3 23
I I S I I I S I I T S I I T S I I T S I I T S I
S © GI:)GS S © sm S ®© a:)cw éﬂs 5«5 ém 5«5 éﬂs GI:JN
= T = T = T T T T
min -1,36 -1,3 -5,38 -4,6 -541 -483 -2240 -2150 -8,18 -28,9 -32,4 -28,9
max 6,5 5,71 1,09 1,2 545 486 1340 2100 8,170 29,9 33,3 29,9
Tabnuua 2
Table 2
Pe3yanaTbl YUCJIeHHbIX pac4YeToB KUPNMUYHOIro CBO4a — rnaBHblie HaNps>XeHus
The results of numerical calculations of the brick vault — principal stresses
Croii [naBHOe HanpsxeHne 01, MlMa [naBHOe HanpsixxeHue 02, MlMa
non
JNINHENHbIN aHanNn3 HENNHENHbIN aHann3 JNIHENHbI aHanmM3 HENIMHENHbIN aHaNn3
BepxHuin 1,09 0,63 1,97 -1,04
HuxxHuin 1,55 0,5 -1,37 -1,28
Tabnuua 3
Table 3
Pe3ynbTaTthl YAC/EHHbIX pacyeToB: ycunus Q; B cTanbHbIX 6ankax
The results of numerical calculations: the forces Q; in steel beams
. . 0, B NUHeitHOM aHanmae 0O, B HENVHeHOM aHanuae
0O, B MOAEnn C NaccMBHOW Harpyskoit ot ceoaa, kN
c C aKTUBHbIMU cBogamun, kN C aKTMBHbIMU cBOogamm, kN
mna
Koppo3susa Koppo3us Koppo3us Kopposusa Koppo3sus Koppo3susa Koppo3us
OTCYTCTBYET 5 Mm 8 MM OTCYTCTBYET 5 MM OTCYTCTBYET 5 Mm
min -84,1 -84,1 -84,2 -148 -145 -123 -120
max 80 81 84 146 143 121 119
HAYMHO-MeXHUHeCKULl U NPOU3B00CMBEHHbIIL JHCYPHAN
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CaIbHBINA TMPOCTPAHCTBEHHBIN cTepxkHeBoit K3), s
HenuHeiHoM 3agaun — T 210 (pusndecku HeIUHEH-
HBII YHUBEPCAJTbHBI IIPOCTPAHCTBEHHBIN CTEepKHE-
Boit KB) (puc. 8). [ KOppEeKTHOIo ONMUpaHusi CBOJIOB
3aMOJIETMPOBAHO IIIAPHUPHOE COCAMHEHUE TIIaCTUHYA-
TBIX 3JIEMEHTOB CBOIYATHIX MEPEKPBITUIL CO CTEHAMM 13
KaMEHHOM KJIAAKM C IIOMOILbIO J00aBIEHUSI TPyl 00b-
eIMHEHUST TIepeMEIICHUIA.

Marepuai HecylIMX KOHCTPYKLIMIA: KAMEHHAs KJIaKa
n3 kumpnnda wmapkm 100, mapka pactBopa M100.
PacueTHoe conpoTuBieHue Kiaaku cxxatuio R=1,8 MI1a,
MOY/Ib YIPYrOCTH (HAYyaJbHOW MOAYIb Acdopma-
IMW) KJIAIKW TIPU KPaTKOBPEMEHHOM Harpyske IS He-
apMupoBaHHOM kiaaku Ep=3600 MIla (taba. 16
CIT15.13330.2020), BpeMeHHOE CONPOTUBICHUE CKATUIO
Kkiagku R,=3,6 MIla.

B mporpamme Jlupa CAITP 2019 (R2) nHaznaueHue
JKECTKOCTHBIX XapaKTePUCTUK OCYILECTBIISIETCS C BBEIC-
HueMm Moayist «Kupnuu» mas kuprnuda. [1pu atom ms
pacCMOTPeHUs 3a7a4yM B HEJIMHEHOI IMOCTaHOBKE BbI-
YUCIISIETCSI 3aBUCUMOCTh OTHOCHUTEJIbHBIX AehopMaluii
ot HanpsikeHuit B cootBetcTBUu ¢ CIT 15.13330.2020:

e=—Llm(1-—o_) (1)
o IR,

Pe3ynbTathl pacyera rpencTaBiaeHbl Ha puc. 9.

B JIupe CAIIP 2019 (R2) mapameTpsl MaTepuaa 3a-
JIaBaJIMCh 10 KyCOYHO-JIMHEITHOMY 3aKOHY.

COop Harpy3ok Ha IepeKpbITUEe BBIMOJIHEH B COOT-
BerctBun ¢ CIT 20.13330.2016. Harpy3ku ot coOCTBEH-
HOTO Beca KOHCTPYKIIUI TIEPEKPBITUS OTIPEIEICHBI B 3a-
BMCUMOCTHU OT MX F'€OMETPUYECKMX apaMeTpoB U 00b-
€MHBIX BeCOB. 3HAYeHMSsI IIOCTOSIHHBIX Harpy30K:
HopMaTuBHOII — 670 kr/mM2; pacuetHoil — 780 Kr/m2.
3HauYeHMUS BPEMEHHBIX HArpy30K: HOPMAaTUBHOM —
300 kr/m2; pacueTHoOit — 360 kxr/m2. TToJHBIC 3HAUECHUS
HArpy30K: HOpPMaTUBHOiI — 970 Kr/m2; pacueTHOil —
1140 kr/m2. Pe3yibTaThl pacyera mpuBeneHbl Ha puc. 10.

MakcumanbHble NPOrvuObl CBOAOB: IO pe3yJbTaTaM
JIMHEHHOTO pacyeTa — 1,8 MM; 110 pe3yIbTaTaMm HeJTUHEeH-
Horo pacyeta — 1,5 MM.

Kpome ykazaHHBIX 3HAYEHUI MPOTUOOB MOTYYEHBI
MaKCUMaJIbHbIe BEMYMHbI yCUnii B cBomax Ny, Ny, Oy,
Oy, My, M, raBHbIX HANIPSDKEHUI B HUDKHEM U BEPXHEM
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CJIOSIX CBOIA O M 09, yemnvid O, 1 M), B CTJIbHBIX Oajikax
CBOJIa C YIETOM MX COBMECTHOI paOOTHI CO CBOIOM.

ITpousBeneHa olieHKa HeCcylIei ClTOCOOHOCTH CTalb-
HBIX OaJIOK MO IBYM IpyIlNaM MpeneabHbIX COCTOSIHUM ¢
YYETOM X COBMECTHOM PabOThI CO CBOAOM, a TAKXKE MPO-
BepKa Hecyllel CIOCOOHOCTU MO MECTHOM yCTOMYMBO-
CTH 0aJloK ¢ yueToM paboThl cBoga. Kpome Toro, moiry-
YeHBI Pe3yJIbTaThl pacueToB ycuauid Q; u My, B Gankax ¢
MMaCCUBHOM Harpy3koii oT cBoja 0e3 BKJIIOUEHMSI e€ro B
padoty. ITosydeHbl TakKe pe3yabTaThl MPOBEPKU HECY-
el cmocoOHOCTH 6aJIOK MO ABYM IpyIlnaM MpeaebHbIX
COCTOSIHUI C IMAaCCUBHOIM Harpy3koi OT cBoaa 0e3 ero
BKJIIOUeHUs B padoTy. IIpousBeneH CpaBHUTEIbHBIN
aHaJu3 paboThI 0AJIOK C yUeTOM pabOTHI CBOJIA, a TAKXKE C
BapUaHTOM pacyeTa Mpu MacCUBHOM Harpyske oT CBoAa
6e3 ero BKJIIOYEHUs B paboty ycunus Q.. 3HaYeHUs yKa-
3aHHBIX BBIIIE PE3YJIbTATOB PAacUETOB MPEICTABICHBI B
Tabn. 1, 2, 3.

3akioueHune

1. PaccmMoTpeHBl KpUTEPUU TIPOYHOCTH, YIWUTHIBAIO-
1IM€ KaK IUTOCKOE, TaK U 00beMHOE HAINIPSKEHHOE COCTO-
stHUe KaMeHHoM kinanaku. OmHaKo yKa3aHHbIC KPUTEPUU
HE TOJIyYUJIU 0 HACTOSNIETO BPEMEHM IIIMPOKOTO MPHU-
MEHEHMS 13-3a HEOOXOAMMOCTU OOJIbIIOr0 KOJMYecTBa
BXOIHBIX JAHHBIX T10 Pe3yJIbTaTaM HAaTYPHBIX UCITBITAHUIA.

2. PaccMOTpeHHOE KOHCTPYKTHMBHOE DEIIEHUE CBO-
JIOB TIOABEPraeTcsl BO3ACHCTBUIO BHEITHUX (PaKTOPOB B
3HAYUTEJBbHO OOJIbIIE CTENIEHU, YeM IPYTUe KOHCTPYK-
uuu. Jledpopmamy cBoaYaThIX KOHCTPYKIIMI TTPOMCXO-
IISIT, KaK IIPaBWIO, IO ISCTBUEM ABYX U OoJiee (paKkTo-
POB, KaxXAblii U3 KOTOPBIX UMEET CBOI creuu@uuecKuit
Xapakrep.

B paccMOTpeHHOM KOHCTPYKTMBHOM PELIEHUU CBO-
OB HauboJjiee OINMacHbIM M HEeMpeacka3yeMbIM BHIOM
MOBPEXIEHUMN SBASIETCS TMOABUXKKA OIMOP, UYTO MOXET
MPUBECTU K OOPYILIEHUIO TTPY 00eCIIeYeHUU MPOYHOCTH.

3. CiemyeT OTMETUTh, YTO IIPUBEICHHBIC PE3yIbTaThl
MMEIOT YACTHBIN Cilydyail U Kaxaasi pa3HOBUAHOCTD IO-
BPEXICHUI TpeOyeT OTAEIbHOIO UCCIEIOBAHUS TSI CO-
XpaHEHMs CYLIECTBYIOIIMX 3MaHUI, UMEIOIIUX UCTOPU-
YeCKyl0 3HAYMMOCTb. [Ipu 3TOM 11s1 AETAIbHOTO MOJE-
JIMPOBAHMS CICAYET UCITOIb30BaTh MOIUMUIIMPOBAHHBIN
kputepuit mpouHocTu I'.A. 'eHuena.
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lpumepbl npUMeHeHUsa (PYHKLUN KOrepeHTHOCTH
B 3a/ja4yax obcnenoBaHUA KaMeHHbIX KOHCTPYKLMNA

Bo Bpems o6cneposanns 1 paboT Mo PEKOHCTPYKLUMM W PecTaBpauuy 3LaHNIA N COOPYXXEHUI 4aCTO BO3HWKAKOT BOMPOChI, KacaroLLnecs
OLIEHKM CBA3ZHOCTY 3NEMEHTOB KAMEHHbIX KOHCTPYKLMIA. Hanpumep, Ha JaHHbIA MOMEHT He CYLLeCTBYET 000CHOBAHHbIX METOL0B OLEHKU
Ka4yecTsa paboT M0 YCUNEHNI0 KAMEHHbIX KOHCTPYKLNIA, UMEIOLLMX IBHO BbIPAXEHHbIE NOBPEXAeHUs. KpOMe TOro, 3a4acTyro BO3HUKAKOT
BOMPOCHI O CBA3M 3a/I0XKEHHbIX NPOEMOB C OCHOBHbIM MacCBOM KaMEHHOM CTeHbl. [1nf pelleHus faHHbIX 3afa4 NpesnaraeTca ucnofb-
30BaTb OLEHKY (DYHKLMM KOrEPEHTHOCTHU, KOTOpas CTPOMUTCA MO 3anucamM KOre6aHuin NCCnenyemblx KAMEHHbIX KOHCTPYKLMIA. B kadecTse
LVHAaMUYECKON Harpy3ku paccMaTpuBaeTcs cemcmMuyecknini oH. lMpennaraemble METOAbI MOXXHO CHYUTaTb METOAAMU Hepas3pyLUaoLLero
KOHTPOSIA, NOCKOMbKY OHW TPEBYOT MUHUMANbHOMO (OU3MYECKOTO BO3AECTBUA HA UCCNEdYyeMble KOHCTpYKuUW. B cTatbe npusoguTcs
KpaTkoe onucaHue yHKLNM KOrepeHTHOCTI, MOCTPOEHNE €€ OLEHKN, @ TAKXKE UCTONb3YIOLLEEcH N3MepnuTenbHoe 06opynosaHue. B kave-
CTBE NPKUMEPOB NPUMEHEHUS JAHHON OLEHKI NPUBOAATCA Pe3ynbTarhl 06paboTKN N3MEPEHIUIA ABYX TPELLMH [0 1 nocsie paboT no ycune-
HUI0, @ TAKXKe [BYX 3aN0XEHHbIX NPOeMOB. [T0CKOMbKY OMMCbiBaeMble B CTaTbe METOLANKN HAXOAATCA HA CTafuu pa3paboTku 1 Uccnepo-
BaHUS, NPUBOLATCA HEPELUEHHble HA AaHHbI MOMEHT BOMPOCLl. Kpome TOro, nepeyncnsioTcs OrpaHnyeHus, KOTOpble BO3HWKAOT BO
BPEMS U3MEPEHNIA, N rpaHuLbl NPUMEHUMOCTY NPeaaraeMoro MeTosa.

KnioueBblie CNoBa: KAMEHHbIE KOHCTPYKLMMW, (DYHKLUS KOTEPEHTHOCTU, AATHNKN KONIeBaHWiA, MOBPEXAEHNSA, BbIMMHKA KAMEHHOW KNagKw,
nepeBs3ka KamMeHHON Knagku.

ABTOD OJlarogapuT CBOEro KoJuiery, Kaua TexH. Hayk CraHucinaBa OseroBnya KoHzaparbeBa 3a OMOILb B TPOBEACHUM U3MEPEHUI, a
TaKXe MOJIE3HbIC COBETHI U MPEUIOXKEHUsI ITPH MOATOTOBKE JTaHHOM CTaThHU.

Ins untuposanms: bakycos .A. Npumepbl NPUMEHEHN (YHKLMM KOTEPEHTHOCTY B 3aja4ax 06CcNefoBaHNs KaMeHHbIX KOHCTPYKLUIA //
CtpoutenbHbie matepuansi. 2023. Ne 5. C. 66—71. DOI: https://doi.org/10.31659/0585-430X-2023-813-5-66-71

P.A. BAKUSOV'"2, Engineer, Assistant of the Department of Information Technologies (bakusovpavel@gmail.com)
1 Saint Petersburg State University of Architecture and Civil Engineering (4, 2nd Krasnoarmeiskaya Street, Saint Petersburg, 190005, Russian Federation)
2 «Georeconstruction» ISP 000 (office 414, 4, Izmaylovskiy Avenue, Saint Petersburg, 190005, Russian Federation)

Examples of the Application of the Coherence Function in the Tasks of Inspection of Stone Structures

During the survey and work on the reconstruction and restoration of buildings and structures, questions often arise regarding the assessment of the connectivity of elements of stone
structures. For example, at the moment there are no reasonable methods for assessing the quality of work to strengthen stone structures that have obvious damage. In addition, questions
often arise about the connection between the embedded openings and the main mass of the stone wall. To solve these problems, it is proposed to use an estimate of the coherence
function, which is based on the vibration records of the stone structures under study. The seismic background is considered as a dynamic load. The proposed methods can be considered
as methods of non-destructive testing, since they require minimal physical impact on the structures under study. The article provides a brief description of the coherence function, the
construction of its estimate, as well as the measuring equipment used. As examples of the application of this assessment, the results of processing measurements of two cracks before
and after reinforcement work, as well as two embedded openings, are given. Since the methods described in the article are at the stage of development and research, unresolved issues
are presented at the moment. In addition, the limitations that arise during measurements and the limits of applicability of the proposed method are listed.

Keywords: stone structures, function of coherence, vibration sensors, damages, masonry renovation, masonry bond.
The author thanks his colleague Kondratev Stanislav Olegovich (Candidate of Sciences (Engineering)) for assistance in measurements as well as for valuable
comments and suggestions.

For citation: Bakusov P.A. Examples of the application of the coherence function in the tasks of inspection of stone structures. StroiteI'nye Materialy [Construction Materials]. 2023.
No. 5, pp. 66-71. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2023-813-5-66-71

Ncnoan3yomuiica MaTeMaTHIECKHii anmapar P ( f, )|2
DYHKIINS KOTEPEHTHOCTH — 3TO (DYHKIIMS OT YacTo- 7 ()= S A4 R— (1)
ThI f, IPEACTABIISIONIAS COOOH HOPMUPOBAHHYIO B3aUM- P (f)P, (1)

HYIO CIEKTPAJbHYIO TUIOTHOCTH JBYX CJIy4allHBIX IPO-
neccoB X(7) u Y(#) [1—6]. T1oCKOJIBKY B pPEATbHOCTH
MOXHO 3aperucTpupoBaTh JIUILb AUCKPETHBIE pean3a-
uuu x[t,] u y[t,] 3TUX cay4aiHbBIX IPOLIECCOB, OrPAHU-
YeHHbIE BO BDEMEHU, TO (PYHKIINIO KOT€PEHTHOCTU MOXK-
HO TOJIbKO OLICHUTB:

IIe ¢, — 9T0 MOMEHT BPeMEHM, B KOTOPHIN OBLUIO 3apeTu-

CTPUPOBAHO COCTOSTHME paccMaTpUBAaeMOIO Ipoliecca:
n N AT 1

t":F’ n=0,N-1; (2)

F — JactoTta qucKpeTu3aluy UCIOJIb3YIOIIerocss 00opy-

IOBaHMS (KOJIMYICCTBO PETUCTPAIINI COCTOSTHUIN 32 OTHY
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TexHuyeckue XapakTepucTtukum BesiocumMmeTpoB
Specifications for velocimeters

Avana3oH YacToTHbIN . Pabounit onanasoH
MapameTtp o KonnyecTtBo ocen o Macca, kr
M3MEepPEHUn, MM/C ananasoH, My Temnepartypsbl, °C
3HayeHne o1 0,0002 go 20 o1 0,3 po 500 3 ot -40 po +80 1,2

CeKyHay); N — KOJIMYEeCTBO 3allMCaHHBIX 3HAYCHUI IIPO-
recca; PX}( /;) — OlleHKa B3aMMHOI1 CIIEKTPAILHOM TLTOT-
HocTH peanusaumii x[t,] u y[t,l; B.(f,) u B,(f,) — ux
CTIEKTPAJIbHBIC TNIOTHOCTH COOTBETCTBEHHO, a YaCTOTa fi
orpenessieTcs 1Mo hopmyie:

=, k=0N-1, 3)

rae kK — 3To HOMEep rapMOHMKM, Ha KOTOPbIE PacKJIaabl-
BaeTcs CUTHai; T — IJIMTEIbHOCTH 3aITMCH MpOoliecca BO
BPEMEHU.

OILICHKM CIIEKTPabHBIX TUIOTHOCTEH, YIaCTBYIOIINX
B (popmyiJie (1), MOXXHO TPOU3BOJUTH Pa3IUUHBIMU CIO-
cobamMy (HEKOTOpbIE METOIbI IIpH-

BOISTCS, Hampumep, B pabore [7]). 4

ITo MHeHUIO aBTOpa, HanboJiee Mpo-
CTO M JOCTAaTOYHOM JJI paccma-
TPUBaeMbIX najee 3agady OULEHKOU
CIEKTPaJIbHBIX IJIOTHOCTEH SIBIISCT-
csl OlleHKAa, TojiydaeMasi METOIOM
baptnerra [§8—10].

Unes meTona baprtierra 3akiio-
yaeTcs B cieayouieM. [TocKoabKy
IJIST OLICHKM CIIEKTPaJIbHOM TIJIOT-
HOCTU HEOOXOIMMO TIPEeayCMO-
TPeTh OIepalri0 HaXOXIACHUS Ma-
TeMaTU4YeCKOTO OXUIAHUST, UCXOJI-

Puc. 1. NamepuTtensHoe 060pyaoBaHne: a — HanpaefieHme oceit; b — npumep yCTaHOBKMN
Fig. 1. Measuring equipment: a — the direction of the axes; b — installation example

Hasl peanusalnus paszbuBaeTcss Ha K HMHTepBajloB
pa3Mepa L — nosnydaercd ncepnoancamb6ib. 1o kax-
JIOMY 3JIEMEHTY IOJIYYeHHOro rnceBmoaHcaM0biisl pac-
CUMTBIBACTCS MEPUOAOTpaMMa, IOCae Yero Mponu3Bo-
IIUTCS YCPEOHEHUE.

OlleHKa CIeKTpajJbHOM IUIOTHOCTU TI0 METOIYy
baptnierra gBasieTcs COCTOSATENBHOM, a €€ YCTOMYUBOCTh
yJIy4dlIaeTcsl Kak BeJMyrHa, obpaTHas pa3Mepy MCeBao-
aHcaM0Oysa K.

DyHKIMS KOTEPEHTHOCTU SIBJSIETCS aHaJIOroM
KBajJpaTa HOPMUPOBAHHOI KOPPEISILMOHHON (PyHK-
uuu. B crydae ecniv 3HaueHUe yHKIIUM HA 4acTOTE f;,

1

Puc. 2. Cxema namepeHuii: 1 — noBpexaeHue;
2 — ONOPHbIN AATYMK; 3 — NEePEHOCHON AaT4nK
Fig. 2. Scheme of measurements: 7 - damage;
2 - reference sensor; 3 — portable sensor

Puc. 3. ®oTodukcaums nospexaeHuin 1o (a, b) n nocne (c, d) paboT No ycuneHuo
Fig. 3. Photofixation of damage before (a, b) and after (c, d) reinforcement work
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PaBHO HYJIIO, TOBOPSIT, UYTO Ha 3TOU YacToTe paccMma-
TpUBaeMbIe TPOIIECChl HEKOTEPEHTHBI, U HEKOppe-
supoBaHbl. HaobopoT, eciim Ha 2TOW yacTtoTe (hPyHK-
LIMs1 paBHa eJMHUIIC, TO Ha Hell HabJJaeTcsl Kore-

PEHTHOCTD (CKOPPETUPOBAHHOCTH). Eciin xke pyHKIuMS
KOTepEHTHOCTH paBHA HYJIO MPU BCEX 3HAUYCHUSX Ya-
CTOTBI, TO pacCMaTpUBaeMble MPOLIECChl CTATUCTUYE-
CKU HE3aBUCHUMBI.

a

Ocb X Ocb Y OcbZ Ocb X Ocb Y OcbZ
5 5 5 5 5 5
10 10 10 10 10 10
15 15 15 15 15 15
= 20 20 20 = 20 20 20
g 25 25 25 § 25 25 25
£ 30 30 30 £ 30 30 30
35 35 35 35 35 35
40 40 40 40 40 40
45 45 45 45 45 45
50O 05 1 50O 05 1 500 05 1 500 05 1 500 05 1 50O 05 1

DYHKUMS KOTEPEHTHOCTM Y2 DYHKLMS KOTEPEHTHOCTI Y2

Puc. 4. Pesynbratbl 06paboTkn n3aMepeHuii: a — TpeLumHa packpbitnem Ao 30 mm; b — TpeLumHa
packpbiTviem Ao 70 MM. padurkm GYHKUMN KOrePEHTHOCTU: 3eJIeHbI — 3TaNOHHOW KUPMNUYHOM
KNaaKun; KPaCHbI — TPELLMHbI A0 YCUNEHWS; CUHUIA — TPELLMHbI MOCE YCUNEHUS

Fig. 4. Results of measurement processing: a — crack opening up to 30 mm; b - crack opening up
to 70 mm. Graphs of the coherence function: green — reference brickwork; red — cracks before
strengthening; blue - cracks after strengthening

Puc. 5. doTodpurkcaums nccnenyemMbix 3an0xeHHbIX NpoemoB: a — npoeM Ne 1 (aatinku namepsi-
10T konebGaHus 30HbI WBa); b — npoem Ne 2 (AaT4MKn N3MepPSIOT KaaKy 3a5oXXeHHOro npoema)
Fig. 5. Photofixation of the investigated embedded openings: a — opening No. 1 (sensors measure
vibrations of the seam zone); b — opening No. 2 (sensors measure the laying of the laid opening)

a Ocb X Ocb Y OcbZ b Ocb X Ocb Y OcbZ
5 5 5 5 5 5
10 10 10 10 10 10
15 15 15 15 15 15
= 20 20 20 ol 20 20 20
£ % 25 25 £ % 25 25
5 5
£ 30 30 30 £ 30 30 30
35 35 35 35 35 35
40 40 40 40 40 40
45 45 45 45 45 45
500 05 1 500 05 1 500 05 1 500 05 1 500 05 1 500 05 1

DYHKUNS KOrepeHTHOCTH 72 DYHKLYMS KOrEPEHTHOCTH 1{2

Puc. 6. PesynbTaTthl 06paboTky namepeHuit: a — npoem Ne 1; b — npoem Ne 2. Mpadukn GyHkumn
KOrEePEHTHOCTU: 3efIeHbIi — KJlalka OCHOBHOIO MAcCUBA CTEHbI; CUHUIA — KJladKa 3a/0XEHHOro
npoema; KpacHbI — OB MeXAy Knaakamu

Fig. 6. Measurement processing results: @ — aperture No. 1; b — aperture No. 2. Graphs of the
coherence function: green — masonry of the main mass of the wall; blue — masonry of the laid
opening; red — seam between masonry

Hcnonb3yiomeecs 00opynoBaHue

Jlnst nuamepeHuns KonebaHUil nccle-
IYeMbIX KOHCTPYKIWI WCITOJIb30Ba-
JIUCh BEJIOCHUMETPHI — NAaTYUKU, (DUK-
CHUpYIOIIe CKOPOCTh KOJieOaHW i Tena,
Ha KOTOPO€ OHM YCTAHOBJICHHBI.
TexHuyeckrue XapakKTePUCTUKHU BEIO-
CUMETPOB TIpMBEACHBI B TabJIUIIE.
JlaT4uK MMeeT YYBCTBUTEJIbHBIN 3Jie-
MEHT, KOTOPKII TIpeobpa3yeT MeXaHM-
YyecKue KoJiebaHMsI B aHaJOTOBbII CUT-
HaJl B TpeX B3aUMHO OPTOTOHAJIBHBIX
HanpasiaeHus1x. Ocu Xu YHanpapiieHbl
B TOPU30HTAJIBHON IIJIOCKOCTH: X — B
IMOTIEpEYHOM HaIlpaBJICHUHU, Y — B IIPO-
IOJIBHOM K Tedy, a ocb Z — B BepTU-
kajgbHOM (puc. 1, a). lanee, aHajoro-
BO-LIM(pOBOIt npeobpasoBaTeib
ol pOBBIBACT CUTHAJIBI, ITOCTIE YETO
MIPOU3BOIUTCS 3aITUCh B MMAMSITh U3Me-
PUTEIBbHOM CUCTEMBI.

Jng 3akperuieHWsT JaTdydKa Ha WC-
cjenyeMoii KOHCTPYKIIMU B IIBaX Kiaa-
K (C LIEJIbIO COXpaHEHUSs LEeJI0CTHOCTU
UCTOPUUECKUX KUPIUUICH MU KaMHEe)
MPOCBEPJIMBAIOTCSI OTBEPCTUS IMOJ, JI0-
6emu n mrypynsl. [lomoxkeHne maTymka
yCTaHABJIMBAECTCSI C IOMOIIbIO YPOB-
H4 (puc. 1, b).

ITpu nccmegoBaHUY IPUMEHUMOCTH
JIaHHBIX JATYMKOB OBLIO BBISIBICHO, YTO
IIJISI pEIICHUS pacCMaTPpUBAEMBIX 3a1a4
MOXHO MCITOJIb30BaTh YACTOTHBIM Aua-
nas3oH oT 1 no 50 I'u. Masnble 3HaueHUs
(YHKIIMM KOTePEHTHOCTU B AMara3oHe
ot 0 mo 1 I'm Ha rpacukax, mpeacran-
JICHHBIX HUXE, OOYCJIOBJIEHBI CJIaboit
YYBCTBUTEJIbHOCTbIO JATYMKOB B JaH-
HOI TI0J10Ce, a He TMPOSIBJICHUEM JTNHA-
MUYECKUX XapaKTePUCTUK HCCIeaye-
MOW KOHCTPYKIIMU.

MeToauKu 1 pe3yJbTaThl H3MePeHuit

Bo Bcex mpencTaBIeHHBIX HIDKE CITy-
yasix M3MepeHusl MPOBOAUINUCH B TeUe-
aHue 900 c. YacroTa mMCKpeTH3alNU
natuukoB — 100 T'u, mosTomy paccma-
TPUBAE€MbIA YAaCTOTHBIA AMANa30H CO-
crapsit ot 0 o 50 I'm. Iar o wacTote
ob1 BeiOpan 0,1 T'n, oTkyma pasmep
ncespoaHcamosisa cocrasui K=90.

B kauecTBe TMHAMUYECKOI Harpys-
KM, BO30YXXHAIOIIEil BBIHYXKIEHHBIE U
COOCTBEHHBIC KOJICOAHUS KOHCTPYK-

HAYYHO-MexXHU4eCcKUll U npou3800CEeHHbLI JHCYPHAN
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LIMIA, pacCMaTpUBaeTCsl CECMUYECKUI (DOH MPUPOTHO-
IO U TEXHOTEHHOTO ITPOUCXOXKICHUS.

IMepBast paccMarprBaemast 3ajadya — 3TO OlLIEHKA Ka-
yecTBa paboOT MO YCUJICHUIO TOBPEXIEHHONW KaMEHHOM
knanku. B pabore [11] yxe mpuBomawics mpumep co
CpaBHEHUEM pabOT MO UHBEKTUPOBAHUIO TPEILIUH 1 BbI-
YUHKE KMPIMUYHON Kiagku. Tereph MOKaxkeM CpaBHE-
HUE TMHAMUYECKOTO MOBEICHUS TTOBPEXKIECHUS 10 YCU-
JICHUS U TIOCJIE.

Metonuka uaMepeHuil cienywomas. [IpousBonurcs
JIBa LIMKJIA: TEPBbIA UK — U3MEPEHUS 10 MPOM3BOI-
CTBa pabOT IO YCWJICHUIO, BTOPOI LIMKJI — TIOCTIe YCHIIe-
HUSI B TeX Xe Toukax. KaxkmpIit MK MOXXHO pa30oUTh Ha
CJIeAYIOIINE STAIbI:

1) nouck Haubosiee ynoOHOro MecTa J1J1sl UBMEPEHUIA,
YTOOBI JATYMKU MOKHO ObLIIO YCTAHOBUTH B OAMHAKOBOM
ITOJIOXKCHUY B TIPOCTPAHCTBE; PSIIOM C ITOBPEKICHHUEM
MMeJiach 1ieJIbHas KJIajaKa, pacCcMaTpruBaeMast jaajiee Kak
STaJloOHHas — puc. 2, I;

2) u3MepeHue oBPEXACHUS (IaTYNKN YCTaHABIBA-
I0TCSI B OTHOM YPOBHE TakK, YTOObI MEXIy HUMU OKa3a-
JIOCh UCClieayeMoe ToBpexaeHue) — puc. 2, I1;

3) udMepeHue STATOHHOM KIaaKu (OJUH U3 JaTYMKOB
MePEeHOCUTCS] TaK, YTOOBI MEXIY HMMU OKa3ajCcs yda-
CTOK KJIQJIKHM, OTPaXKamolIuii 00Iee COCTOSIHME KOH-
CTPYKLIMU; PACCTOSTHUE MEXIY TaTYMKAMU JTOJKHO OBITh
Takoe Xe, KaK W TMPU U3MEPEHWU TIOBPEXACHUS) —
puc. 2, I1I;

4) Mo MOJIydeHHBIM 3aITMCSIM B TPeX HaIpaBICHUSIX
CTPOUTCS OlIEHKA (PYHKIINI KOTePEHTHOCTH;

5) MpOM3BOIUTCS aHAIU3 TTOJYYEHHBIX TaHHBIX.

PaccmorpuM nBe TperuHbl. [lepBast — BepTuxkaabHast
TPELIMHA B YPOBHE BCHYAIOLIErO KapHU3a PaCKPBITUEM
1o 30 mM. Bropass — BepTuKaibHasl TpellMHA B YPOBHE
BEHYAIOIIIeTO KapHu3a packpeiTueM a0 70 mm. Ha puc. 3
nmpuBoAUTCA (hoTODUKCALUS: IEPBOI TPEIIMHBI 10 (@) U
mocite (¢) yCWJIEHUST; BTOPOi TpeIIuHEI 10 (b) 1 mocite (d)
YCUJICHMUSI.

Ha puc. 4 ipencraBieHBl pe3yabTaThl U3MEPECHUN U
nocjenyrouein oopaboTku. 3ejeHble rpa¢uku GyHK-
IIMM KOTEPEHTHOCTU — ATAJIOHHAS KJIaJKa; KpaCHbIe —
KJaJKa ¢ TPEIMHOM 10 paboT Mo YCWICHUIO; CUHUE —
nocie ycuneHus. Ilo rpadpukam ocu X MOXHO AejaTh
BBIBOJIBI O TIOTIEPEYHOM CBSI3HOCTU KOHCTPYKIIUU (CO-
MPOTUBJIEHUE KOHCTPYKUHWU TOMEPEYHOMY CMEIle-
HUIO), T. €. IBJISIETCS JIY TPEIIMHA CKBO3HOI; ocu Y — 0
CEepPbEe3HOCTU CaMOT0o TOBPEXACHMS (YeM paHbIle Ha-
OmomaeTcs maaeHue rpaduka, TeM Xyxe); ocu Z — O
BEPTUKATLHOW CBSIZBHOCTH, T. €. HACKOJIbKO KOHCTPYK-
1IMsI CIIOCOOHA COINPOTUBIISITHCSI BEPTUKAIBHOMY CMe-
LIEHUIO.

ITo rpaduxkam GyHKIIMIA KOTepEeHTHOCTH, TPUBEICH-
HBIM Ha puc. 4, MOXXHO cieiaTh clienytoliue BeiBoabl. 1o
MepBOIi TPeIIUHE BUIHO, YTO MPOBEACHHBIE PabOTHI 1O
YCUJICHUIO HE CUJIbHO MCIIPABUJIM CUTYALIUIO: TI0 OCSIM Y
u Z rpaduKu GYHKIINY KOTePEHTHOCTH TIOCJIC YCYIICHUST
(cuHue) BbilIe rpauMKOB A0 yCUIeHUs (KpacHbIe), Of-
HaKO HE CUJIbHO. DTO CBSI3aHO C TEM, UTO XOTb BU3YaIbHO
TpelIMHA BBIIJIIIAT YCUJIEHHOM, 10 (haKTy YCUICHUS

MPOBEIECHO HE ObLIO: B 30HE TPELIMHBI HE ObLIU 0OHApY-
JKEHBI CJIeAbl TIPOBEICHUS] NHBbEKTUPOBAHUSI, HATIPUMED
ocTaTKu akepoB. TpelirHa Oblja TPOCTO 3aMa3aHa pac-
TBOPOM, KOTOPBIII M TMOCIIOCOOCTBOBAJI HEKOTOPOMY
YAYYIICHUIO CBI3HOCTU TaHHOM 00acTu Kianku. Takske
MOXHO caeaTh BbIBOM, UTO JAaHHAsl TpelIMHA He SBJIsI-
JIach CKBO3HOM: TpapuKM (PYHKIINKM KOTEPESHTHOCTH II0
ocu X BO Bcex cliydasix OJM3KU K €IUHULIE U HE UMEIOT
IIPOBAJIOB.

ITo rpacdukaM KOTEPEeHTHOCTH BTOPOI TPEIIVMHBI
BUIHO, UTO, BO-TIEPBBIX, OHA OblIa CKBO3HOI: KPaCHBI
rpaduk 1o ocu X mMeeT MpoBaJl ITOCIe 3HAYSHUST YacTO-
Thl okojio 10 T'. Bo-BTOphIX, pa®OThl MO YCUJIECHUIO
MOJTHOCTBIO YCTPAHUIM TIOBPEXKIEHUE: MO BCEM OCSIM
CUHUI rpacduK (y4acTOK KJIaIKW C TTOBPEXIECHUEM I10-
cJie YCWJICHUST) TIPOXOIUT MO0 PsIIOM, JTUOO BBIIIE 3€-
JIGHOTO (2TaJIOHHOTO ydyacTKa KJaaku). B manHowm ciy-
yae MPOMU3BOACTBO PabOT OUEBMIHO: Oblaa IMpOBeIeHa
BBIUMHKA KUPIUYHON Kinanku (puc. 3, d).

Bropas 3amaya: olleHKa MepeBsI3KM 3JIEMEHTOB Ka-
MEHHBIX KOHCTPYKIMA. [Tpy peKOHCTPYKIIMU U pecTaB-
paluy 3MaHWi 4yacTo OOHApYXXMBAIOTCSI 3aJ0KEHHBIE
MPOEMbI, KauyeCTBO IEePEeBSI3KM KOTOPBIX C OCHOBHOI
KOHCTPYKIIMEI CTeHBI OKAa3bIBAeTCSI ITO BOIIPOCOM.

B kauecTBe OLIECHKU CBSA3M MpPEAIaracTcs Caeayronias
METOIMKA:

1) mouck HamnboJiee yIroOHOTO MecTa JIJisl U3BMEPEHU
(4TOOBI TaTYUKU MOXKHO ObLIO YCTAHOBUTH B OJMHAKO-
BOM TIOJIOKEHUHU B IIPOCTPAHCTBE);

2) uaMepeHue Kiaaakyd OCHOBHOM CTEHBbI (IaTYMKU
YCTaHABIMBAIOTCS B OAHOM YPOBHE; MEKIY ITapoii JaTIM-
KOB JIOJKHA pacIioyiaraTbCsl STAIOHHAs 00J1aCTh KJIaIKM);

3) u3MepeHue KiIaaku 3aJ10XKeHHOro rpoema (aHajo-
TUYHO TIPEBITYIIEMY ITAITy; PACCTOSTHUE MEXIY TaTau-
KaMU TOJKHO OBITh TAKUM XK€);

4) u3MepeHne IIBa (DATYMKU yCTaHABIMBAIOTCS Ta-
KUM 00pa3oM, UTOOBI MEXXIY HUMM pacrojarajics uccje-
JIyeMbI 1I0B; pacCTOSIHME MEXOY NaTdyhKaMy HTOJIKHO
OBITH TAKWM K€, KaK W Ha MPEAbIAYIINX ITarnax);

5) MO MOJYYEHHBIM 3aIKUCSIM B TPeX HaIpPaBICHUSIX
CTPOUTCS OIICHKA (PYHKIINI KOTePEHTHOCTH;

6) TPOM3BOIUTCS aHATN3 MOTYYCHHBIX JaHHBIX.

PaccMoTpuMm pe3ynbTaThl U3MEPEHUM IBYX 3aI0KEH-
HbBIX poeMoB. Ha puc. 5 mpencrasiena ux porodukca-
uus. Ha puc. 6 mpuBoasTcsl pe3yJibTaTbl UBMEPEHUI U
rocjenyioiieit 00padboTku. 3eneHble TpadrKu yHKIIUN
KOTepEHTHOCTU — KJjaJlka OCHOBHOIO MacCHBa CTEHBI,
CHHME — KJIaJKa 3aJI0KeHHOTO IIpoeMa, KpacHbIe — IIIBHI
MeXITy KJIaJKaMU.

CpaBHuBas rpa¢uku GyHKIUH KOTepeHTHOCTU 000-
WX CJIydaeB, MOXHO CIeJaTh CJemylolire BbIBOabl. Bo-
MEePBBIX, B 000UX CIyYasix CBI3HOCTh KJIaJAKU OCHOBHOIO
MacCHBa CTEHBI U 3aJ0KEHHOTO TpoeMa OJm3Ka (B mep-
BOM CJIyyae KauyecTBO KJIaJK{ IpoeMa HEMHOTO JIydlle,
BO BTOPOM — Haob6opoT). Bo-BTophix, mis mpoema No 1
HAOJTI0IaeTCsl OTCYTCTBUE CBSI3W KJIAKM 3aJIOKEHHOTO
Mpoema C KJIaJKOU CTEHBbI: 10 BCEM OCSIM I'paduku PyHK-
LIMY KOTEPEHTHOCTH IS IITBOB (KpacHBIE rpaddKu) mMe-
10T TIaficHWe Ha JO0CTaTOYHO HM3KMX YacToTax (IUIs To-
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nepeyHoit ocu X — B paiione 10 I'u, npoaoabHoii ocu ¥ —
okono 3 TI'm, a BepTukaiapbHOil ocu Z — 23 T'm). s
mpoeMa Ne 2 KapTrHa TIPOTUBOIIOJIOXKHAS: Bce TpapuKu
(GYHKUMI KOTepeHTHOCTH OJM3KU ApYT K aApyry. Kpome
TOTO, 10 OCU Z TpauK, OTHOCSIIUICS K IIBY MEXIY
KaaakamMu (KpacHbI), pacriojlaraeTcsl BbIIIE OTHOCH-
TeJIbHO OCTaIbHBIX.

Takum 06pa3oM, B MEPBOM CJIydae MOXHO PEKOMEH-
JIOBaTh YCUJIEHUE WJIU MPOBeAcHUE paboT 110 IepeBsI3Ke
K1amoK. Bo BTOpoM ke ciiydae MOXHO CUYMTaTh, UTO
CBSI3HOCTb KJIAJIOK JIOCTATOYHA JJIsI COBMECTHOM PabOThI
KOHCTPYKIIUHU B LIEJIOM.

Oocyxaenne

[IpennaraemMblc METOOUKY HAXOASITCI HA CTAIUU pa3-
PabOTKU: MPUBEICHHbBIC PE3YJbTAThl SIBISIIOTCS YacCThIO
cepuyd  M3MEPEHWN  PasAMYHBIX  ITOBPEKICHUIA.
Hanpumep, octaeTcs OTKPBITBIM BOMPOC BIUSHMS pac-
KPBITUS TPEIIMHBI Ha 3HAYE€HWE YacCTOTHI, HAUMHAS C
KOTOpOi1 y rpadpuka hyHKIIMY KOTEPEHTHOCTU HabII01a-
ercsa cnag. OnmHaKo yxXe ObUIO 3aMEUYeHO, YTO IMOIbEeM
rpacduka (PyHKIINM KOTePEHTHOCTH Ha HU3KUX YaCcTOTaxX
B cJlydae OTCYTCTBUSI CBSI3U JBYX 2JIEMEHTOB KOHCTPYK-
Uy (HampuMep, B CIydae CKBO3HOM TPEIIUHBI) CBSI3aH C
00J1aCTBIO YaCTOT COOCTBEHHBIX KOJICOAHUI COOPYKEHUS
B LICJIOM M/UJIX 3JIeMEHTa KOHCTPYKIIMA B YaCTHOCTH.
Takum 06pa3oM, ¢ MOMOIIBI0 (DYHKIINHA KOTEPEHTHOCTH
Tak>Ke MOXKHO MPOU3BOIUTH OLIECHKY UHTEpBaja, B KOTO-
POM HaxoIsTCSl COOCTBEHHbBIE YaCTOThI KOJieOaHUI CO-
OPYXEHUI U 3JIEMEHTOB KOHCTPYKIIMIA. TakKe ToKa He
SICHO, BaxkHa JIu (popma rpaduka (GyHKIIUU KOTePEeHT-
HOCTH TIPHW YCIIOBUU, YTO 3HAUYCHMST (DYHKIIUKU MCHBIIIE
0,75, T. €. CBSI3b MEXIY CUTHAJIAMU Ha TaHHBIX YacTOTaX
CTaTUCTUYECCKU MaJjia.

BoiBoabt

IIpenmaracMple METOIUKU SIBJISTFOTCSI IIPUMEPOM He-
paspyuiarmiiero KoHTpoJs. C OZHOM CTOPOHBI, POJ-
CTBEHHBIM METOJIOM SIBJISIETCS] Teopaiap 1 yabTPa3ByKO-
Basg aedekrockonus, Hanpumep [12, 13]. Paznuuue B
TOM, UTO B JAHHOUW METOAMKE UCIIOIb3YIOTCS KOJICOaHMS
B MH(Pa3BYKOBOU (HU3KOYACTOTHOI) 00J1aCTU, BbI3BaAH-
HbIe ceiicMuyeckuM ¢oHoM. B reopagape u yabTpasBy-
KOBOW Je(heKTOCKOIIMYU UCTIOJB3YIOTCSI CUTHAJIBI BBICO-
KOl 4acCTOThI, a CpPaBHEHHE MPOUCXOIUT MEXIY MOdaH-
HBIM Ha OOBEKT MCCJICIOBAHMSI CUTHAJIOM U TIPUHSITBIM
oTpaxkeHHBIM. Kpome Toro, 151 TaHHBIX METOIOB JIto0ast
KJagKa OydeT MpeACTaBIsITb OAWH OOJBIIOH Je(eKT.
C nmpyroit CTOpOHBI, CXOMHBIMU SIBJITIOTCS METOMIEI, TT0-
3BOJISIONINE OLICHUBATh COCTOSIHME KOHCTPYKIIUMHA IO
OlLIEHKe WX IMHAMUYECKMX mapameTpoB. s 3Toro B
KayecTBe AMHAMMWYECKOW Harpy3ku paccMaTpuBaeTCs
6o ymap [14, 15], nub6o ceitcmuueckuit o [1—18].
OpHako B JaHHOM cjIydae TpeOyeTcsi 3HaHMe O Y4acTOT-

Cnmcok Jaurepatypbl

1. benpat [x., [Tupcon A. U3MepeHue U aHaIuU3 Ciy-
yalHBIX MpoueccoB. M.: Mup, 1974. 463 c.

HOM COCTaBe 3TOI e KOHCTPYKLUU B YCIOBUSIX OTCYT-
CTBUS TIOBPEXKICHUM.

Ha ocHOBe TIpoBecHHBIX MCCIIEAOBAHWI TTOKa3aHa
3(PPEeKTUBHOCTh U MEPCIEKTUBHOCThL MpPEAIaraeéMoro
MeTOoHa KOHTPOJISI CBSI3HOCTH KaMEHHBIX KOHCTPYKIIWI
Ha OCHOBE OLEHKU (PYHKIUU KOrepeHTHOCTU. OH Mmo-
3BOJISIET Hepa3pyIIAlIIUM 00pa3oM M C MaJbIMU Bpe-
MEHHBIMHU 3aTpaTaMU OIPENCTUTh N3MEHEHNE TeXHNYE-
CKOT'O COCTOSIHUSI OTHCIbHBIX UCTOPUUYCCKUX KOHCTPYK-
U OTHOCUTEILHO MEpOIPUSITHI TI0 MX YCUJICHUIO W
TeM CaMbIM JaTh OLIEHKY 00eCIeYeHHOCTH MeXaHWye-
CKOI 0€30ITaCHOCTU C YYETOM IIPOM3BEICHHBIX PaOOT.

B 3akmroueHue ykaxxeM mpooJieMbl, C KOTOPbIMU MPU-
XOIUTCSI CTAIKUBATHCS TIPU pabOTe ¢ ONMMCAHHBIMU ME-
TOOVUKAMM.

1. ITogbop obGopymnoBaHus. s U3MEepeHUl Kpome
BEJIOCUMETPOB ObLIO TaKxKe OMPOOOBAHO ABA BUIA aKCe-
JIEpPOMETPOB: Pe3yJbTaTbl U3MEPEHUI OKa3aJIMCh HEy-
IIOBJIETBOPUTENbHBI. KpoMe TOro, XoTh MCIOJIb3yeMbIe
BEJIOCUMETPHI M UMEIOT IO MACITOPTY YaCTOTHBIN IHralia-
30H 10 500 I'u, s onmMcaHHBIX METOAMK MOXHO pac-
CMaTpWBaTh TOJBKO YaCTOTHYIO TTojocy oT 1 mo 50 I'm.
Taxxe 000pynoBaHKUE TOXKHO OBITh JOCTATOUHO MaJIbIX
rabapuToB U MaCChl ISl yI0OCTBA TPAHCHOPTUPOBKU U
YCTaHOBKM.

2. YcranoBka obopynoBaHus. Jlaneko He Bcerma ume-
eTCS BO3MOXHOCTb 3aKPCIMUTh HAaTYMKM Ha KIIaIkKe,
OCBOOOXIEHHOI OT OTAeJoYyHoro cios. Yaie Bcero
KJIaKa UMEET IITYKATYPHBIN CJI0, KOTOPbIN 6e3yCcIOB-
HO BJIMSIET HA Pe3yJIbTaThl, OCOOEHHO €CJIM OH JOCTaTOY-
HO TOJCTHIN. Jlaxke eciau Kiagka M OCBOOOXIEHa OT
LITYKATypHOTO CJIOSI, OHA camMa He Bceraa OKa3bIBaeTcs
POBHOM, YTO CO34AaeT TPYAHOCTU IJI1 BEPTUKAIBbHOM
YCTaHOBKM JAaTYMKA.

3. JonosHUTeNbHBIE BO3aeiicTBUsS. B wumeanbHOM
cayJyae MU3MEpPeHUs XKelaTeJIbHO TTPOBOAUTD MIPU OTCYT-
CTBUM KaKWX-JIM0O IOIOJHUTEIbHBIX TUHAMWYCCKIX
Bo3aeicTBUii. OgHAKO 4Yallle BCEro MpUXOIUTCS pado-
TaTh B YCJIOBUSIX TIPOM3BOAMMBIX PabOT IO PeKOHCTPYK-
LIMY U pecTaBpallliM.
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HaumnoHanbHbI ccnegoBaTensckmii MOCKOBCKUIA FOCYAaPCTBEHHbIN CTPOUTENBHbBIN yHMBEpCUTeT (129337, 1. MockBa, Apocnasckoe L., 26)

B noucke WHHOBALMOHHLIX MaTepuanos Ans MaccoBoro
CTPOMTENbCTBA Mano3TaXHbiX 34aHni B Pecnybnuke Yap

icTopusi apXuTeKTypbl 1 CTPOMTENbCTBA NOKa3ana, 410 TPAAULMOHHAS apxXUTEKTypa Kaaoi CTpaHbl 06YCNOBMEHa HANNYMEM MECTHbIX
MaTepuanos. Y4nTbiBas 3T0, «HapOAHAs apXMTEKTypa» SIBNSETCS BOMOLUEHWEM MECTHbIX MaTepuanos, AOCTYMHbIX B OMNPefeNneHHON
MECTHOCTU, 11 NPOABASET KOMOPUT 1 cneumndmyeckne dhopmbl 6naroaaps n306peTaTenbHOCTM MacTePOB M HAPOAHbIX YMenbLieB. Bee aTo
BOMNOTUNOCH B CTPOMTENTbCTBE XWUNbSi a)PUKAHCKIX NOCENEHNIA, U3y4eHHbIX Ha npumepe Pecny6nuku Yan. Cpega o6uTaHns, peannso-
BaHHas peMecyieHHKamMu, 6bina NOCTPOEHa U3 JOCTYMHbIX MECTHbIX MaTepuanos, Taknx Kak CTEpPHS, NNCTbS AePeBbeB, 3EMIAHO-COO-
MEHHas CMeCb, 610K 3eMIT N3 HEOBOXOKEHHOI MMKHbI (af06b1) 1 Ap. Co BpeMeHeM CTano pasBmBaTbCs CTPOMTENIbCTBO XMNbs U3 6510KOB
3 NPECCOBAHHOM MUHbI, 0B60XOKEHHOT0 KMPMIYa, NIerkux 6eTOHHbIX 6M10KOB (LLIAaK06710K0B) 1 np. CergHs Mcnonb3yeMble paHee mMare-
puanbl He 0TBEYAKOT COBPEMEHHbIM TPeOOBaHNAM, 11 NOMYYeHNe MATEPUANOB, Y4UTbIBAOLLIMX 3BOMHOLNOHHbBIE MPOLIECChI 1 pa3paboTaHHbIX
Ha OCHOBE MECTHbIX PECYPCOB, ABMSETCS OJHIM 13 CaMbIX aKTyaNlbHbIX BONPOCOB CTPOUTENbHOW UHAYCTPUK. KpaTKuii 0630p B HACTOSALLEN
ny6nnKaLm No3BoNAET YUTaTeNAM COCTaBUTb NPeACTaBNEHNE 0 MaTepuanax, UCnonb3yeMblxX B FPaXXAaHCKOM CTPOMTENbCTBE Pecny6nnki
Yag. B Hem BbISIBNIEHbl NPEMMYLLECTBA U HEAOCTATKN 3TUX MATEPUAnoB, a TaKXXe NPeAN0XKeH MHHOBALIMOHHbIA MaTepuan ans MaccoBoro
CTPOUTENbCTBA Man03TaXKHbIX 3[4aHUIA Ha OCHOBE MECTHbIX PECYPCOB.

Knioyesble cnoBa: ajo6bl, NPECCOBAHHbIA KUPNNY U3 TNINHbI, 060XOKEHHDBIA KUPMY, CONTOMA, Nerknii 6eToH, apbosiuT.
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In Search of Innovative Materials for Mass Construction of Low-Rise Buildings in the Republic of Chad

The history of architecture and construction has shown that the traditional architecture of each country has become possible only thanks to the abundance of local materials available to
everyone. Given this reality, folk architecture is a materialization of local materials available in every corner manifesting in visible form thanks to the ingenuity of the masters. This natural
opportunity has been embodied in the construction of housing in African societies, and Chad is also no exception. The habitat built by artisans was built from available local materials, such
as stubble, tree leaves, earth-straw mixture, blocks of earth from unbaked clay (adobe) and others. Over time, housing is being built from blocks of compressed clay, baked bricks, light
concrete blocks (cinder blocks) and others. Given the current trend, these materials no longer meet modern challenges, so thinking about developing materials that take into account
evolution means finding innovative materials developed on the basis of local resources, taking into account existing realities without compromising the well-being of the future society.
The work in this research paper will allow us to briefly lay out the existing materials used in construction in Chad, as well as identify their advantages and disadvantages and offer innova-
tive and sustainable new material for the mass construction of low-rise buildings based on local resources.

Keywords: adobe, compressed clay block, baked brick, straw, light concrete, arbolite.

For citation: Fedosov S.V., Kenewei E. Lapidus A.A. In search of innovative materials for mass construction of low-rise buildings in the Republic of Chad. Stroitel'nye Materialy
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B Pecny6auke Yan maTtepuanbl, UCHOJb3yeMble B
CTPOUTEILHOM IIPOM3BOACTBE, TPAAULIMOHHO MPEACTAB-
JICHBI KepaMUIeCKOM MPOIYKIIMEH Ha OCHOBE MECTHOTO
[JIMHUCTOTO ChIPhsl, B TO K€ BPeMsI ITOSIBIISIIOTCS U HOBBIE
MaTepHaIbl.

A0o6br. T TMHOOUTHBINM KUPIUY (a100) — 3TO KUPMUY,
MOJIYYE€HHBIA M3 CMECU IJIMHBI, BOABI M PACTUTEJIbHBIX
OCTaTKOB, TaKMX KaK COJIOMAa, CYXWE JINCThs, OITMJIKH,
KOHOILISI WIW IIEPCTh KUBOTHBIX [1]. DTO onuH U3 cTa-
peNIINX CTPOUTENBHBEIX MaTepHaloB B a(ppUKaHCKUX
ob1ecTBax. OH JIETKO pa3jiaraeTcst BOJIOM, IIO3TOMY Tpe-
OyeT XOpollIeil 3aIIUThI OT JOXKIEBOI BOIHI [2].

MecTHBII MaTepral U3TOTOBJIEH HA OCHOBE ITPOCTHIX
1 0a30BbIX MpoLeccoB. JIIs1 3a1IUThI CTEH OT MpocavyrBa-
HUSI BJIaTA 1 3PO3WU UX ITOBEPXHOCTD MOJKHA OBITH 3a-
LIMIIeHa eMEeHTHOU mTykaTypkoil [3]. I1pou3BoacTBoO
amo00B He TpeOyeT KaKMX-JIM00 TeXHUIECKINX HABBIKOB 1
0co0bIX TpeboBaHUI K ChIpbio [4]. JIto6as rauHuUCTas
CMECh SIBJISIETCSI TOAXOMSAIINM ChIPhEM JUJISI TTPOU3BOI-
CTBa a1000B.

Ilpoyecc npouzeoocmea. 11 mony4eHUs KayeCTBEH-
HbIX a7000B CMECh IIPEIBAPUTEIbHO YBIAXKHSIIOT U BbI-
IIep>KUBAIOT B 3TOM COCTOSTHUM B TE€UCHUE HBYX—IISITH
nHeit [5]. Cmech 3aMelIMBaIOT, 3aT€M M3TOTaBIMBAIOT
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ago0bl 1 cymaT ux. TpaaulLIMOHHBINA ago0 MMEET MpoY-
HOCTb OK0JI0 5 Mia [6].

Ob6oxcicennvle Kupnuuu TPOUSBOMSITCS U3 TJUHBI C
AHAJIOTUYHBIMU amo0aM IPOU3BOACTBEHHBIMU IIPOIIEC-
camu. MeTombl MPUTOTOBJICHUSI pa3HOOOPa3HBI U HC-
MOJTb3YIOTCSI B 3aBUCUMOCTA OT KOMIIOHEHTOB CMECH,
KOTOpBbIE MPUMEHSUIUCh TPW M3TOTOBJICHUM KHMPITMYA.
Hanpumep, cyiiecTByeT cMeIIMBaHUE 3€MJIN C TIOMETOM
JKMBOTHBIX B cOOTHOIIeHUH OT 30 mo 45% cMecu ¢ rim-
Hoii. [ToMeT XMBOTHBIX IPEAOTBpAIlAeT PacTPeCKUBa-
HHUE, a TaKXKe CIYKUT TOIUIMBOM IJISI OCYILIECTBICHUS
npouecca ooxura. [Tociae Toro Kak KUpPMUY BBICOXHET,
JUTST 00KWTA €T0 YKIIaIbIBAlOT O€3 yIJIs B KAYeCTBE JIOTTON-
HUTEJIbHOrO ToruiuBa (puc. 1). DToT MeTon TpedyeT He-
0OJIBIIIOTO KOJMYECTBA APOB TSI MIPOBEACHUSI O0XMUra,
IMO3TOMY OH JICIlIeBIIE.

Bropoii cnocobd — ¢ ucnoab30BaHUEM YIJieli B Kade-
CTBE IOIIOJHUTEILHOTO TOIUIMBa. CMeCh M3rOTaBIMBACT-
¢S U3 cyxoil comombl B KonmuecTBe 3—10% ot obiuei
MacChl CMECH TJIMHBI.

Pasmepnl kupnuueid paznuyHbl. CaMble MaJleHbKUE
(1 Mo-BUAMMOMY, HauboJiee paclpoCTpaHEHHbIE) UMe-
10T BBICOTY OT 4 10 5 cM, IIMPUHY 9 CM U [UTKMHY OT 15 1o
17 cm. Campble 6osblne pazMepsl oT 7 10 10 ¢cM BBICOTOIA,
or 12 go 16 cMm mwupuHoit u ot 28 mo 30 c¢M IJIMHOIA.
Kupnuuu 6osbiiero pasmepa TpedyroT 60J1blIeil BHUMA-
TEJbHOCTH W THIATEJIBHOCTU IIPOBEACHUS TPOIIEITypPhI
ooxwura.

Ilpeccosannvuii Kupnu4 u3 eauHsl — 3TO COBPEMEHHAs
BepCcUs TIMHOOUTHOTO OJI0KA, UCITOJIb3YyEMOTO B CTPOU-
TeabeTBe. OTMETHM, YTO B OOJIBIIMHCTBE appUKaAHCKUX
cTtpaH u yactHocTu B Yanme, hopmMoBaHHBIE OJIOKM U3
MPECCOBAHHON TJIMHBI 3aHUMAIOT OOJIBIIYIO YacTh IPO-
MU3BOJCTBA MECTHBIX MaTEpUAJIOB.

s mpon3BoACTBa 0JIOKOB U3 MPECCOBAHHON INIMHBI
OOBIYHO TTPOCEUBAIOT CYXYIO CMeCh (IJIMHA) C TIOMOIIIbIO
ceTku (8 MM). A 3aTeM J00OAaBIISIIOT B HEe TIECOK M HEMHO-
TO BOJIbI, UYTOOBI CMECh HE ObLIa CAUIIKOM BIaXHOM [7].

ITpeumyiecTBa 6JJOKOB U3 MPECCOBAHHO IVIMHBI:

* OJIOKM M3 MMPEeCCOBAaHHOM MIMHBI UMEIOT paBHOMEP-
HYIO TTOBEPXHOCTb;

* crioco0 TMPOM3BOACTBA OJIOKOB M3 IPECCOBAHHOM
[JIMHBI SIBJISICTCS TMOKUM U aIalTUPYeMBbIM KaK K CeJib-
CKHMM, TaK U K TOPOJACKMM pallOHaMm;

* TIPOU3BOJICTBO OJIOKOB M3 TMPECCOBAHHOW TJIWHBI
OCYIIIECTBIISIETCSI Ha MECTHOM YPOBHE, UYTO CHMXaeT
TPAHCIIOPTHBIE PACXOJbl; TPEOYETCS Majo SHEPruyd Ha
JIOOBIUY, TepepaboTKy U MPOU3BOICTBO;

* MMPOM3BOJCTBO OJIOKOB M3 IMPECCOBAHHON IJIMHBI
MPOMCXOIUT OBICTPO;

* OJIOKM M3 TIPECCOBAHHOM TJIMHBI UMEIOT XOPOIIIYIO
TETJIOU3OJISIIIMOHHYIO XapaKTePUCTUKY;

* OJIOKM M3 TIPECCOBAHHOMW TJIMHBI SIBJISIIOTCSI HETO-
plounMu MaTepuaiamu [8, 9].

Hedocmamku 6a0k06 u3 npeccoeannoii eaunvi. He-
CMOTpsI Ha MpPEUMYyIIeCTBa OJOKOB U3 IIPECCOBAHHOM
[JIMHBI, Y HUX €CTh HEAOCTaTKM, CPEIN KOTOPHIX:

* B PETMOHAX C YMEPEHHBIM KJIIMMATOM JOXKIN U MO-
pPO3bl CHUXKAIOT MEXaHUYEeCKUe U (pr3nYecKre CBOMCTBA
0JIOKOB, OrpaHUYMBAsl UX JOJTOBEYHOCTD;

* OJIOKM U3 IPECCOBAHHOM IJIMHBI pa3jiaralTcs mpu
ITOCTOSTHHOM KOHTaKTe C Bomoii [8, 9].

bemonnvie 6.a0xu. 1111aK00710Kk — CTPOUTENIBHBIN Ma-
Tepuaj, COCTOSIIIUI U3 IIeMEHTa, TIecKa, Ij1aka U B He-
KOTOPBIX cliydasix rpaBus. CTaHIapTHBIE pa3Mephl IIjIa-
KOOJIOKa, OOBIYHO HCIOJIb3yeMbIe MIJISI CTPOUTEIbCTBA B
Yane: 10x20%x40 cMm; 15%20x40 cm (puc. 2); 20x20%x40 cm.

[1I1ak00JI0K B OCHOBHOM MCITOJIb3YETCS B KJIaaKe, OH
JIOCTaTOYHO MPOCT B IPUMEHEHUHN, YCTOMYMB K U3HOCY U
aTMOC(HEpHBIM BO3AEHCTBUSIM U 00ECTIEUMBACT JUTUTEITb-
HBII CpOK CIIyXObI 3naHuii [10]. MuHMManbHas TIPOY-
HOCTb ITPU CKaTUU cocTaBisieT oT 4 1o 16 MI1a.

[lInako6nok B Pecnybonuke Yaa mcnosab3yercs: mpe-
UMYILIECTBEHHO MOTOMY, YTO 3TO MHOCTpPaHHas paspa-
00TKa, KOTOpasl CUMTAeTCs Jy4ylleil Mo CpaBHEHUIO C
TPAAULIMOHHBIMUA MECTHBIMM MaTepHajiamMu (agodamMu 1
000xCKeHHbIM Kuprnuuom). lllnakobsoku mmpuHoit 15
u 20 cM C IITYKaTypKOW SIBJSIIOTCS Haubosiee pacnpo-
CTPaHEHHON CTPOUTETbHON TEXHOJOTHE! B JAHHOM pe-
ruoHe. M3rotomieHue IIJIaKOOJIOKOB TOCTaTOYHO MPO-
CTO, pean3yeTcs B OTAAJICHHBIX IPOBUHIIUSIX.

Henocrarkamu nurako0J10Ka SIBJISIIOTCSI:

* HU3Kas TeronpoBoaHocTh (0,27—0,65 Br/(m-K)).
CTeHbI U3 MIJJaKOOJIOKOB HYXXIAIOTCS B TETUIO- U 3BYKO-
W30JISIIINN;

* CJIOXXHOCTb KpeTuleHUs TBO3Aei U Arobeneit K cTe-
HaM M3 1IJIaKO0JIOKa;

* 00s13aTeIbHBIN MOJUB: TTOCJIC U3TOTOBICHNS OJIOKU
clieyeT MoJuBaTh BOJIOM, UYTOOBI 0OECIIEUUTDb 3aTBEPIE-
BaHMe W M30eXaTh TOCIEACTBUI PACTPeCKWBAHUS WU
XpYyNKocTu. [TonnB Mpou3BOAUTCS BPYYHYIO B TEUECHUE
IBYX U Oojiee AHEH, KOJIMYECTBO U BpeMs IOJMBOB 3a-
BUCAT OT TeMIepaTyphbl U BAaXXHOCTU cpenbl. JIjis mpa-
BWIBHOTO TIOJIMBA B CIy4ae MECTHOCTU C BBICOKOM TeM-
nmeparypoii (temmeparypa mocturaet 52°C [10, 11]) He-
obxonuma obOpaborka 3—4 pasa B JeHb NPOJOJKU-
TeJbHOCTbIO 20—30 MUH.

Mecmmuviii yemenmmuotii 3a600 «Ilemenmovt Appuxu».
B Yane 3aBon mpou3BOAUT ABa BUIA LIEMEHTa — CyIlep
CPA45 (CEM 1142,5) ucynep CPJ45 (CEM 1132,5) [13].

IMoptnaranemenT CPA 45 (CEM 11 42,5) ¢ nobaBka-
MM, COJAEPKUT MUHUMAJBHBIN MPOILEHT KJIMHKepa (10
75%), ocranbHOe — MOOABKM, TAaKWME KaK M3BECTHSIK U
ruric. Cpeau OCHOBHBIX XapaKTePUCTUK, PErJaMeHTUPY-
€MBbIX CTAHIAPTOM, — IMIPOYHOCTD MPU CXKATUU Rey 28 CyT
JoJixkHa ObITh >42,5 MIa [13].

IMoprnanauement CPJ45 (CEM 11 32,5) npencrapisi-
eT co0Ool MOPTIAHAIIEMEHT ¢ J0OAaBKaMU U COfiepKaHUe
KJIMHKepa 65%, ocTalbHOe — U3BECTHSIK M THIIC.

Cpenu OCHOBHBIX XapaKTepUCTUK, TapaHTUPOBaH-
HBIX CTaHAAPTOM, pEerIaMEHTHpyeMasl MPOYHOCTb MpU
cxaTum Rey 28 cyT nomkHa ObiTh >32,5 MIla [12].

CocraB KinMHKepa 3aBona «llemeHTh AdpuKu» rpei-
CTaBJICH:
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Puc. 1. Kupnuuu, BbiioXeHHble O/ 06xura (a) u 060XKeHHble, FrOTOBbIE K UCMOJIb30Ba-

HUo (b)
Fig. 1. Bricks laid out for firing (a) and fired, ready to use (b)

Puc. 2. lLinako6nokoBble 6nokn pa3amepom 15x20%X40 cm
Fig. 2. Slag blocks sized 15x20x40 cm

O]
O)

®

Puc. 3. Cxema npouecca npondsoactea LiemenTa [13]
Fig. 3. Diagram of the cement production process [13]

* 65% CaO (xose6nercst B auanazoHe 60—69%);

* 21% SiO; (konebsetcst B auanaszoHe 18—24%);

* 6% AlyO3 (konebiercs B nuana3oHe 4—8%);

* 3% FeyO3 (konebsetcs B anana3zoHe 1—8%);

* 2% MgO (xonebnetcs B nuanaszoHe 0—5% makcu-
MyM);

* 1% 1wenouu (konednercs B nuanazone 0—2% mak-
CUMYM);

* 1% SOj3 (xonebaercsa B guamazone 0—3% makcu-
MYM).

ITpousBoacTBeHHas cxema IpeJcTaBieHa Ha puc. 3.

* kapbep (/): U3BECTHSIK U MEPTENIb TOOBIBAIOTCS U3
KapbepoB IIIaXTHBIM CIIOCOOOM WJIM C TMOMOIIBIO MeXa-
HMYECKOM JIOIAThI;

* 1pobunka (2): mojy4eHHble KYCKU IpOOATCS B
yAApHBIX WK HIEKOBBIX APOOMIKAX IO MaKCUMAaJIbHOTO
pa3Mepa 50 mmM;

* TpaHcrnopTupoBKa (3): npobiieHble MaTepUaIbl 10-
craBisitorcsl Ha 3aBon «LlemeHTHI AdprKu» camocBaia-
MM, a Jallle BCero JeHTOUHBIMU KOHBEepaMu;

* MpenBapuTeIbHasi TOMOreHu3amus (4): U3BECTHSIK
U Meprejib CMEIIMBAIOTCS U MPEABAPUTEIEHO TOMOTEHM -
3UPYIOTCSI,

* MyKOMOJIbHAsI MeJbHUIIA (5): TIPeIBApPUTETHHO TO-
MOT€HU3MPOBAHHBINM MaTepual U3METbUaeTCsI M CYIINT-
Csl B MEJIbHUIIE;

Puc. 4. MNpumep ap6onutoBoro 61oka
Fig. 4. Arbolite block

* ynayieHue TbuUtn (6): MbITb, BHIOpAachIBaeMast MeJib-
HULIAMU WK CoAepXKallasics B MPOAYKTaX CropaHus, 3a-
JIeP>KUBACTCS BJICKTPOCTATUIECKUMU WM PYKaBHBIMU
dubpTpaMu;

* TEIUIOOOMEHHUMK (7): mepen moaayeii Bo Bpallaro-
1ITyI0Cs TIedb MyKa TTpe/IBApUTETbHO HATPeBaeTCs;

* Bpalaromasics mneys (§): celpbeBasi MyKa MnpeBpa-
1aeTcs B KIIMHKep Tpu TeMmneparype 1450°C;

* oxJlaguTeNb KIuHKepa (9): nas ObICTPOro oxsaax-
JIEHWST KIIMHKEP TT0/IaeTCS B KOHTAKT C BO3AYXOM;
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Ta6nuua 1
Table 1

CpepHsas NJIOTHOCTb ap6onuTa N3 BTOPUYHOTO ChIPbsl CEJIbCKOXO3SNCTBEHHOTO NPOU3BOACTBa [24]
Average density of arbolite from secondary raw materials of agricultural production [24]

Apbonut CpepHsisi MA0THOCTb, Kr/MS, apBonnTa Ha Chipbe
Knacc no Mapka no
MPOYHOCTU MPOYHOCTU Koctpa nbHa nm - [po6neHas prcoas
npu cxaTUm npu cxaTu npobneHbix ctebnen KocTpa koHonan conoma
XnonyaTHuKa
TennonsonauMoHHbIi B 0,35 M5 400-500 400-500 500
B 0,75 M10 450-500 450-500 -
B1 M15 500 500 -
B1,5 - 500-600 50-600 600-700
. B2 M25 500-700 600-700 -
KOHCTDyKLI,I/IOHHbIVI
B2,5 M35 600-750 - -
B 3,5 M50 700-850 - -
Tabnuua 2

Table 2

CpaBHeHue ap6onura ¢ Apyrumu matepuanamvu [26]
Comparison of arbolite with other materials [26]

Matepunan MNoTHOCTb, Kr/M3 Tennogf /(E,?,,(.)E;' et Mopoi?,,(,:;%zmmb’ T—,F;,?,,ﬂf;;ﬁ,&?ﬁ;;m
Kvpnny kepamunyeckuin 1550-1700 0,6-0,95 25 2,5-25
Knpnuy cunmkaTtHbIn 1700-1950 0,85-1,15 25 5-30
KepamantobeToH 900-1200 0,5-0,7 25 3,5-7,5
[a306eToH 600-800 0,18-0,28 35 2,5-15
MeHo6eToH 200-1200 0,14-0,38 35 2,5-7,5
Lepeso 450-600 0,15 - 1,5-4
Apbonut 400-850 0,07-0,17 25-50 0,5-5

* OyHKep sl KauHKepa (/0): mociae oxjaaxkaeHus
KJIMHKEP XpaHUTCS B OyHKepe;

* HeMeHTHas apobusika (//): B 3TOM OTIEJeHUU
KJIMHKEP U3MEJIbYaeTCsl COBMECTHO ¢ 5% rurica mis 1mo-
JIy4eHUsT TIEMEHTa;

* JjorucTtuka (/2): LeMeHT MOCTaBIsIeTCsS HaBaJIOM B
LIMCTEePHAX WJIM B MEIIIKaX.

PaccmoTtpeB Marepuaibl, UCIOIb3yeMble TIPU CTPOU-
TelbcTBe B Pecriyouke Yam, MOXXHO 3aKJIIOYUTh, YTO BCE
OHU VMEIOT PSII HEJIOCTAaTKOB. DTO BBI3BIBAET MHTEPEC
MPOMU3BOAUTENCH K pa3pabOTKe M BHEAPEHUIO HOBBIX
MaTepUaJIOB, KOTOpbIE OyayT OTBEYaTh TPEOOBAHUSAM
0e30ITacHOCTH, 9KOJOTUIHOCTH M COXPAaHEHUIO TIPUPO/I-
HBIX pecypcoB. OOHMM M3 TaKUX MaTepUaIoB MOXKET
cTaTh apooauT (puc. 4), KOTOPHIF MOXHO ITOJTYIUTh, UC-
MOJIb3YsI BTOPUUYHBIA PeCypc — OTXOMbI CETbCKOTO X03sIHi-
cTBa (CTEOIM XJIOIMYATHUKA), 00BEM KOTOPBIX YBEIUUIM-
BaeTCs €XeroaHo. [lepcneKTMBHBIM HalpaBICHUEM TaK-
JKe SIBJISIETCSI IPUMEHEHME 30JIbI-YHOca 3aBoa « LleMeHTHI
Adpukn» ¢ 106aBIeHUEM XUMUYECKUX 100aBOK. B aTOM
clydyae oOuane CebCKOX03SMCTBEHHBIX M ITPOMBIIIICH-
HBIX OTXOMIOB CTIOCOOCTBYET KPYITHOMACIITAOHOMY TTPO-
W3BOJICTBY apOOJIUTOB.

Ap6oaum (o1 2am. «arbor» — aepeBo u «litos» — KaMeHb)
COCTOUT B OCHOBHOM (80—90%) 13 OpraHMYecKuX 3aIoJ-
HUTEJIeH, IeMEeHTa U XMMUYeCKMX 100aBoK [13].

IIpouszeodcmeo apbosummubix uzdeauti OCYIIECTBISIETCS
Mo cJeaylolleil TeXHOJOTUYecKoi 1enouke [14]: us-
MeJIbYeHIEe OPraHNYeCKOTro 3aIloTHUTENSI (KOCTpa JIbHa,
KOHOILIN; COJIOMa 3JIaKOBBIX KYJBTYpP; CTEOJIM XJIOMYaT-
HUKa, TOACOJHYyXa) — cemapamnus (Kiaaccudukaums,
MpocenBaHue) — TiepeMelmBaHue (B BOJHOW cpene ¢
XUMMYECKUMU J00aBKaMM) — JO3UPOBAHUE U YIUIOTHE-
HHE IIpeccoBaHUEM B (popMe — TUApATAINs LIEMECHTHBIX
COCTABJISIIONINX — BBIIEpXKKa B TeUeHHe 4—5 CyT — U3-
BJICUCHHE U CKJIAINPOBAHUE.

Ilpeumymecmea u nedocmamxu ap6oaumos.

Ilpeumywecmesa:

* OIHECTOMKOCTh, HECMOTPS Ha TO 4TO apOOJIUT CO-
CTOUT B OCHOBHOM U3 opraHndyeckux seiects (80—90%),
OH YCTOMYMB K OTHIO TIpu TeMnepaType 10 300°C B Teue-
Hue 0,75—1,5 9. D10 CBOIICTBO MpUOOpeTaeTcs Oyiaroaa-
psI TOOGABIIEHUIO XUMIWICECKUX BEIIECTB, TAKUX KaK CYITb-
dar anToMUHUS;

* YCTOMYMBOCTH K THUCHMIO ITOJ AeHICTBUEM MUKPO-
opraHu3MoB (O1oJiornyeckKast Kopposusi);

* tertonpoBoaHocts (0,07—0,17 Br/(M-K)) [15].
CraHpgapTHbIN 0JI0K U3 apboauTta ToamuHoi 30 cM mo
CBOUM TEILJIO- U 3BYKOM3OJISILIMOHHBIM CBOMCTBaM 00-
JTajaeT XapaKTePUCTUKAMU, KaK y KUPIWYHON CTEHBI
ToauMHoOi 90 cM M Kak y KJIacCUYeCKOW AepeBSIHHOM
CTeHBI ToIUHOM 50 cM;
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* 3BYKOM3OJISILMS; TTOMUMO CBOEH CIIOCOOHOCTH He
JIOITyCKaTh TeTUIOOOMeHa MeKAy BHYTPEHHEIl M BHEIII-
Heil cpenoii 3maHust, apOoJIUT TakXKe He TIO3BOJISIET TTepe-
JlaBaTh 3BYK MEXIY CTEHAMM, YTO JIeJIaeT €ro peKOMEHIy-
€MbBIM MaTepUAJIOM JIJIST aKYCTUIECKUX KOHCTPYKIINIA;

* JIETKUI BeC; KOHCTPYKIIMM M3 apOOJUTa UMEIOT
MEHBIIUUN BEC, YEM JIPYTUE CTPOUTEIbHBIE MAaTePUAIbI,
YTO TIO3BOJISIET CHU3UTH OOIINI BEC 3MaHUS U HaTPY3KY
Ha (pyHIaMEHT U MOJI; 3TO, B CBOIO OYepeb, ITO3BOJISIET
WCTIOb30BaTh OoJjiee AelieBble JieTKue (yHIaMeHThI
U 3HAYUTEJbHO CHU3UTb CTOMMOCTb CTPOUTEIbHBIX
paboT;

* 3KOJIOTUIHOCTb; apOOJIUT — SKOJIOTUIECKH UMCTHIN
MaTepuas — MOCKOJIbKY cocTouT Ha 80—90% u3 mpupo-
HbIX 271eMeHTOB. CoCcTaB Marepuaia, ero Ipou3BOACTBO
U 3KCIUTyaTalus 0e30macHbl IJIs1 300POBbSI YeJoBeKa U
OKPY>KAIOIIEN CPEIbI;

* MIOPUCTOCTD; OJ1arofgapsi CBoei MOPUCTON CTPYKTY-
pe ABIIIaIiMe CTeHbI U3 apOoJnTa 00eCIeUrnBalOT KOM-
GopTHYIO TEeMIIepaTypy B 3JaHUU, XOPOIIUA BO3LYX000-
MEH, YTO CIIOCOOCTBYET 0JIarOoNpUsITHOMY MUKPOKJIMMa-
Ty BHYTPHU TTOMEIICHMNS,

* MapoIPOHUIIAEMOCThb; TTOMMMO CBOEH IOPUCTO-
cTu, apOOJUT 00JagaeT XOpOIIEH IMapoIpPOHUIIAEMO-
CTBIO, UTO IMO3BOJISIET EMY TIOJICPKUBAThH (TETUTYIO) KOM-
HaTHYIO TeMIIepaTypy 3JaHUs B XOJOIHOI 30HE U MOJ-
JIEpKUBATh TPOXJIANHYI0O KOMHATHYIO TEMIIepaTtypy B
XapKoil 30He. DTOT MaTepual He TOJbKO BITMTHIBAET
BJIaTy, HO M 00ECIIEYMBACT €CTCCTBEHHBIN U 3KOJIOTHY-
HBI MUKPOKJIMMAT BHYTPpH 31aHusI. B 3TOM ciydae pac-
XOJIbl HAa OTOTUICHME B XOJIOAHOM 30HE UM Ha KOHIMUIIM -
OHMPOBAHUE BO3[yXa 3[aHUS B XapKOW 30HE 3HAYM-
TEJbHO COKPAIaloTC;

* 3KCIUTyaTallMOHHBIC XapaKTepUCTUKU, apOOIUT
o0ylamaeT Xopolleil MexXxaHWYeCKO IPOYHOCThIO Ha
yaap, JJIETKOCTbIO KPEILJICHUSI, aAre3rueil K KpeIrIeHUIO Ha
€r0 TTIOBEPXHOCTh 2JIEMEHTOB;

* IOJITOBEYHOCTh; MaTepuasj He IMoJaBepraercs mue-
dopmanmu ¢ TeueHreM BpemMeHU. OH He IMoaBepsKeH M0~
BPEXICHUIO MUKPOOPTraHU3MaMU, TPUCYTCTBYIOIIMMMU B
€T0 OKpYXKalollel cpele;

* BpeMsl 3aTBEepJIeBaHUST; TTOCJIEC BBITTOJTHEHUSI OCHOB-
HBIX 3TAMOB CTPOUTEIHCTBA KOHCTPYKIIMS C IPUMEHEHU -
eM apboJiiTa He TpeOyeT BpeMEHU Ha 0Ca/IKy, UTO 3HAUM -
TEJbHO COKpAIAeT BpeMsl CTPOUTEILCTBA [16; 17].

Hedocmamku:

* 3aluTa OT JUIUTEJILHOTO BO3AEHCTBUS BOJIBI: ap0O0-
gt coctout Ha 80—90% u3 HaTypajdbHbIX KOMIIOHEH-
TOB, JUTUTEJIbHOE BO3/ICMCTBIE HA HUX JIOXK/ISI WJIU CHEra
He IMpUBEAET K MOMEHTaJbHOMY pa3pylIeHUIO MaTepura-
JIa, HO €CJIM 3TH SIBICHUS OYIyT IMTOCTOSSHHBIMM, CTPYK-
Typa apbonuta MoxeT mocTpaaaTh. [losToMy, 4TOOBI
u3dexarb Kakux-a1ubo HeynoOCTB, HEoOXOAMMO cle-
JIATh 32 TEPMETUIHOCTBIO CTeH, TTOJIBEP>KEHHBIX BO3/IEH-
CTBUIO BJIaTH;

* CJIOKHOCTD TIPU BBIOOPE MOAXOMSIIETO MOCTABIIN-
Ka COCTaBJSIIOLIMX KOMIIOHEHTOB CITOCOOCTBYIOT IMOSIB-
JIEHUIO Ha pbIHKE HeMaJioro KoanuyecTna panbcudukara;

* BBICOKMI KO2((HUIIMEHT BOMOTOTIIOICHNS,;

* apOOJIUT MPUTOJEH TOJIBKO [JIsI CTPOMTEIbCTBA Ma-
JIO3TAXKHBIX 3naHuii [16, 17].

Xumuueckue odobasku u ux eausmue Ha apbéoaum.
XuMuueckue 100aBKu 0COOBIM 00pa3oM BO3ACUCTBYIOT
Ha apOOJIUT: YCKOPSIOT IMPOIIECC TBEPACHUS, PETYIUPYIOT
MOPUCTOCTh CMECH, MOBBIIIAIOT YCTOMUMBOCTD K KOPPO-
3UM W TAPMOHM3MPYIOT CMECh IS TOydyeHUs 3PdeK-
TUBHOIO KOHeYHoro mnpoaykta [18]. Xiopua Kanbuusi,
mo H.M. JoBHapy [19], meiicTByeT Ha COCTaBISIIOIIME
0eToHa B KayecTBe IIacTU(UKATOpa, YMEHbIIas HEOO0-
XOJAMMOE KOJIMYECTBO BOJbI 3aTBOPEHUSI, YCKOPSIET MIPO-
11eCC 3aTBEePACBAHUS BSIKYIIIETO U CHUKAET TeMIIEpaTypy
MporpeBa TepMooOpPadOTKKU MPHU HOPMAJTbHBIX YCIOBUSIX.
Henocratku mpu nCmosib30BaHUM XJIOPUIA KATbIINS TSI
MOJTy4eHUsT apOOTUTOB:

* I03UPOBAHUE NOKHO ITPOBOAUTHCS OMBITHBIM ITy-
TEM C TIIATETbHBIM TTON0OPOM PEeXUMa, C YYETOM XUMU-
YeCKMX peaKIMii KOMITOHEHTOB LIEMEHTA;

* OH COXpaHSIeT BJary 1 IepeaacT 3TO CBOMCTBO U3-
TOTOBJICHHOMY O€TOHY, YTO CHUXKAeT MoKa3aTeslb ITPoY-
HOCTM M TIOBBIIIAET 3HAYeHUE KO3 UIIMEeHTa Terio-
MPOBOJHOCTU OETOHA.

HecMoTpst Ha HemOCTaTOK XJI0pUAa KaJablLMs, OH SIB-
JIsIeTCs HamboJIee YacTO MCITOJIb3YyeMbIM TIPU TTPOU3BO/I-
CTBE apOOJIUTOB.

CynbdaT agioMUHUS UCIIOJIb3YEeTCs JIJIsT BOCIIOJHE-
HUS BBISIBJICHHBIX HEAOCTATKOB XJIOPMIA KaJbIUs, ITO-
CKOJIbKY OH HE COXpaHsIeT Bjary, He OKpallluBaeT I0o-
BEpPXHOCTh O€TOHA, HE YXYAIIAeT XMMUYCCKYIO CTOM-
KkocTb 6eToHa [20]. CornacHo uccnenoBanuto Kaygpmana
cynbdar aJTlOMUHUS CHUXKAET YCTOMYMBOCTH apOoJIuTa
Ha 10—12% 1o cpaBHEHUIO C MATEPHUAJIOM, ITOTYYEHHBIM
Ha ocHoBe xjopuaa Kanbuus [20]. Cpean 1o6aBoK, ya-
CTO WCTIOJIb3YEMbBIX [JISI M3TOTOBJIIEHUSI apOOJUTOBBIX
U3IEeIUA, MOXXHO Ha3BaTh Xuukoe crekiao [19]. OnHo
CO3IacT IUICHKY BOKPYT OpPTaHMYECKMX 3aIlOJIHUTENICH,
MpeaoTBpaIliasi MTPOHUKHOBEHHWE OITACHBIX BEIIECTB U3
OpraHMYeCcKMX COCTABJIAIOIIMX B LiEMEHT. Takxxe uc-
roJib3yetcs hocopHast KUCIOTa B COENMHEHUN C OKCH -
JlaMy METaJIJIOB, OHA IMO3BOJISIET YBEJIUYUTh IMIPOYHOCTh
apoonura [21].

st TOro 4TOOBI YCMJIUTH BSDKYIIIME CBOWCTBA Be-
IIECTB C OPTAaHUYECKUM 3aIIOJTHUTEIEM, YCKOPUTh OTBEP-
JKIeHWE Y TTIOBBICUTH IIPOYHOCTH apOOTUTOBBIX U3IEIUIA,
B COCTaB CMeCHU H00aBJISIIOT HeOOJbIIOe KOJMYECTBO
[JINIIEPUHA.

JI71s1 ycKOpeHMst OTBEPXKIACHUS apOOJTUTOBBIX U3NEIUN 1
TaKKe JIIST TTOBBILIEHMS MX IIPOYHOCTHBIX CBOMCTB B CMECh
BBOIIAT TUAPOKCHUIL KaJblIMsl M KapOOHAT aMMOHUS [22].

MexxayHapoIHBII OIBIT CBUAECTEIbCTBYET O TOM, UTO
9TOT Marepuaj; MOXHO 0e3 TMpobJieM MCIONb30BaTh B
Adpuke, TTOCKOIbKY KJIUMaTUYECKHE YCIOBUS 3TO MO-
3BOJISTIOT (Tabm. 1, 2) [23].

BriBoapl
HMcxonst U3 U310KEHHOTO, MOXHO ClieJIaTh CIeayIo-
111e BhIBOARI [24, 25]:
* OJIOKM M3 HEOOOXKEHHOU TIJIMHBI HE SIBJISIIOTCS
3((GEKTUBHBIMU W WHHOBALIMOHHBIMU MaTepUalaMH,
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KOTOPBbIE MOTYT OBIThb PEKOMEHIIOBAaHbI JIJII MacCOBOTO
CTPOUTEJILCTBA MAJIODTAXKHBIX 31aHui [26];

* [IJJAKOOJIOKM HE SIBJISIOTCS KOHKYPEHTHBIMU Ma-
TepUaJiaMy, U OHU TPeOYIOT 3HAYUTEIbHBIX ITOMOJHU-
TEJbHBIX 3aTpaT Il co3mMaHusl KoMdopTra B IMomele-
Husx [27];

* 0JIOKM U3 IIPECCOBAHHOM TIMHBI TIOBEPXKEHBI pa3-
PYILIEHUIO IIPY BO3IEWCTBUU BOJBI U BJIaru, U OHU TaKXKe
HE SIBJISIIOTCST 3(P(EeKTUBHBIMU MaTepUaaMU JIJISI MACcCO-
BOTO CTpouUTeabcTBa [28];

* apOOJIUTHI SIBJISIFOTCS 2KOJIOTUYECKM UYMCTHIMU,
aKTyaJbHBIMU, HAACXKHBIMU U 3(P(MEKTUBHBIMU MaTe-
pUaiaMu JUIsI MaCCOBOTO CTPOUTEIHCTBA MAJIOATAXKHBIX
IoMOB [29];

* cocTaB ap0OoJiMTa ITO3BOJISIET IOJIYyYaTh JIETKHE,
SKOHOMMYHbBIE, 9KOJOTUIECKN YUCThIE OJIOKU U MOXKET
MPUMEHSIThCS Ha Beeli Tepputopun Pecriyonuku Yan;

* MPOYHOCTHBIE XapaKTePUCTUKKM apOOJUTOB IIpU
MpoyHocTH nipu cxkatuwm (1,5; 2,5; 3,5; 5) MIla, no map-
kam (M15; M25; M35; M50) u o knaccam (B0,5; BI;
B1,5; B2; B2,5; B3,5) no3BoJiSIIOT peKOMEHI0BaTh UX He
TOJBKO B KauyeCTBE TETUIOM3OJSILMOHHBIX, HO U B Kaye-
CTBE KOHCTPYKLIMOHHBIX MaTE€pUaJOB IJIsI MacCOBOTO
CTPOUTENBCTBA MAJIOATAXHBIX 30aHUi [29];

* CTPOMTEILCTBO JOMa M3 apOOJINTA CTOUT JIEIIEeBIIe,
YTO PEKOMEHIYeT €ro KaK WACaJbHbI Marepuan IIst
OeTHBIX CTpPaH ¢ HU3KWUMU JOXOJAMM HaceJIeHWs.
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Gypsum building materials
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CoctaB 1 cCBOMCTBA KOMNO3WULMOHHOI0 FMNCOBOr0 BAXYLLEro
NnoBbILWEHHOW BOAOCTOMKOCTH

[lns oTpacnn manoaTtaxHoOro CTPOWTENbCTBA, AMHAMWYHO PA3BUBAOLLENCA B HACcTOsLLee Bpems, TpebyeTcs noAbop MHHOBALMOHHBIX
mMaTepnanos W PELLUeHNiA, B TOM Yicne 6bICTPOTBEPAEIOLLMX BULOB BSKYLLMX. AKTYalbHbIM SBSIETCA NOMy4eHe KOMNOSULMOHHBIX F1n-
coBbIX BXKyLMX (KI'B) 1 6€TOHOB (PaCcTBOPOB) Ha X OCHOBE 3a CHET UCMOSIb30BAHUS HAANEXALLEro COOTHOLIEHNS KOMIMOHEHTOB — Fun-
COBbIX BSKYLLMX, NMOPTNAHALEMEHTA 1 KOMMJIEKCA TOHKOAMCNEPCHBbIX MUHEpanbHbIX [06aBOK, CHMKaoLWMX KoHueHTpauuo Ga(OH)o B
XNOKON (ha3e TBEPLEIOLLEel CUCTEMbI C 06PA30BAHNEM HU3KOOCHOBHbIX MMAPOCUIIMKATOB KallbLUs U APYrMX ManiopacTBOPUMbIX COea-
HEHWIA, YNIIOTHAOLLMX CTPYKTYPY W NPENSTCTBYOLLMX NPOHNKHOBEHMIO BIaryt BHYTPb 3aTBepAeBLUEro BaXyLlero. Martepuansl Ha 0CHOBe
KI'B pocTtatoqHo 6GbICTPO TBEPLEHT U HabuparT Tpebyemyro Npo4HOCTb. [TpefACcTaB/ieHHble B CTaTbe Pe3yNbraThl 3KCMEepUMeHTaNbHbIX
CCNeA0BaAHNIA NMOATBEPXKAAIOT AKTUBHOCTb MCMOMb3YeMbIX TOHKOLMCNEPCHBIX MUHEPabHbIX J06ABOK (KBapLIEBOro Nnecka, MeTakaomHa
BMK-45) n cornacyotcs ¢ nokasarensaMu u3nko-mMexaHn4eckmnx XxapakTepucTuK runcoLeMEHTHOr0 BSXKYLLEro Ha Ux ocHoBe. lpu TBep-
neHun KI'B amopdHas asa Si0p B cocTase 1CMob3yeMblX MUHEPaNbHbIX 06aBOK cnoco6CTBYeT cBA3biBaHWO Ca(OH)o, BbigenstoLLe-
rocs npu rugparauumn CaS. CHKAeTCH 0CHOBHOCTb TBEPAEIOLLER CUCTEMbI C POPMUPOBAHNEM HU3KOOCHOBHbBIX FMAPOCUANKATOB KanbLms
BTOPOW reHepauum n Apyrux HoBoo6pasoBaHuii, KOTOPbIE COBMECTHO C HaMoJSTHUTENEM (M3BECTHAKOBOM MblSbHO) YMIOTHAT MUKPOCTPYK-
TYpy TBEPAEIOLLE MaTpuLbl U, Kak CNeACcTBUe, NOBbIWAOT CTabUAbHOCTL KOMMNO3MLNN.

KnioyeBble cnosa: MuHepanbHble J06aBKN, KOMMO3WULMOHHbIE TUMNCOBbIE BAXYLLIE, COCTAB W CBOWCTBA, MUKPOCTPYKTYpa.

HccnenoBanusi ¢GbuU3MKO-MEXaHUYECKUX CBOWCTB, (ha30BOro cocTtaBa U MUKPOCTPYKTYpbl KaMHs Ha ocHoBe KI'B ¢ kommiekcom
MHHEPATbHBIX T00aBOK OBUTH MPOBEICHBI B paMKax peasin3aiiuu nmporpammel «[Ipuopuret 2030» Ha 6a3e benroponckoro rocyaapcTBEHHOTO
TexHosiornyeckoro yHusepcuteta um. B.I'. I1lyxoBa.

Nnsa yutuposanus: OtmaH Asmu C.A., YepHbiwesa H.B, Ope6esrosa M.10., KoaneHko E.B., Macanutuna C.B. Coctas u cBoicTaa
KOMMO3WLMOHHOIO FMNCOBOM0 BSXKYLLErO NOBbILUEHHON BOJOCTONKOCTY // CTpouTesbHbie Matepuassi. 2023. Ne 5. C. 81-88.
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Composition and Properties of Composite Gypsum Binder with Increased Water Resistance

The industry of low-rise construction, which is dynamically developing at the present time, requires the selection of innovative materials and solutions, including fast-hardening types of binders.
It is relevant to obtain composite gypsum binders (CGB) and concretes (solutions) based on them by using the appropriate ratio of components — gypsum binders, Portland cement and a complex
of finely dispersed mineral additives that reduce the concentration of Ca(OH) in the liquid phase of the hardening system with the formation of low-base calcium hydrosilicates and other poorly
soluble compounds that seal the structure and prevent penetration of moisture into the hardened binder. Materials based on CGB harden quickly enough and gain the required strength. The results
of experimental studies presented in the article confirm the activity of fine mineral additives used (quartz sand, metakaolin VMK-45) and are consistent with the indicators of the physical and
mechanical characteristics of gypsum cement binder based on them. During the hardening of CGB, the amorphous phase of SiO, in the composition of the mineral additives used contributes to
the binding of Ca(OH), released during hydration of C3S. The basicity of the hardening system decreases with the formation of low-base calcium hydrosilicates of the second generation and
other neoplasms, which, together with the filler (limestone dust), compact the microstructure of the hardening matrix and, as a result, increase the stability of the composition.

Keywords: mineral additives, composite gypsum binders, composition and properties, microstructure.
Studies of the physical and mechanical properties, phase composition and microstructure of the stone based on CGB with a complex of mineral additives were
carried out as part of the implementation of the “Priority 2030” Program at the base of the Belgorod State Technological University named after V.G. Shukhov.
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B nHacrosiiee BpeMsl BBUAY TMHAMUYHO pPa3BMBal0- THUBHBIMM SIBJISIIOTCSI TUIICOBBIE BSDKYIME, OJIHAKO B
IIEICST OTPacIM MaJIO3TaKHOTO CTPOUTEJIbCTBA PACTET  CTPOUTEIbHOU MPaKTUKe M3-3a HU3KUX MOKazaTelsiei 1Mo
MOTPEOHOCTh B HOBBIX MHHOBAIIMOHHBIX PEIICHUSIX 1T BOJO-, MOPO30- M aTMOC(HEPOCTOMKOCTH /IS HApYXKHOM
paciIMpeHusi CIIeKTpa CTPOUTETbHBIX MATEPUATIOB, BTOM  OTIEJKM CTEHOBBIX KOHCTPYKIIMI 3MaHUI U COOPYKEHU I
qucyie ObICTPOTBEPACIONIMX BUAOB BSDKYIIMX. Dddek-  OHU HEe UCTOIb3YIOTCS.
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Ta6nuua 1
Table 1
XnMuuyeckuit cocTaB MUHEpPasibHbIX 400aBOK U HANONHUTENS
Chemical composition of mineral additives and filler
Okemapl, Mac. %
KomnoHeHT
Si0g AloO3 FeoO3 TiOo Ca0 MgO Na»O Ko0 SO3
KBapueBbIil necok 91 4,54 029 0,09 2,6 0,27 0,45 0,65 0,003
MeTakaonuH 56,1 40,5 0,9 - 0,16 - 0,15 0,79 -
M3BecTHsaKOBAs Nbljb 4,25 1,67 0,43 0,06 28,48 20,17 0,12 0,19 0,098

[Tonmyyenue 3(pheKTUBHBIX MaTEPUATIOB TSI HAPYXK-
HOW OTIEJIKW BO3MOXHO MYyTEM KCIOJBb30BAHUS BOMO-
CTOMKMX KOMITO3UILIMOHHBIX TUTICOBBIX BKyIMX (KI'B),
BKJTIOYAIOIIMX THIATEJIbHO MOAOOPaHHYIO CMECh T'MIICO-
BOTO BSDXYILETO, MOPTJAaHALEMEHTa, a TakKXKe aKTUBHBIX
MUWHEpaIbHBIX 100aBOK [1—12]. MaTepuanbl Ha OCHOBe
KI'B noctaTouHo ObICTpO TBEpACIOT U HAOUpaIOT TPeOy-
emyto npoyHocTh. Mcnonb3oBanue KI'B ¢ 6osiee HU3KkUm
SHEPromnoTpedIeHueM B3aMeH MOPTIAHAILIEMEHTa MOXKET
paccMaTpuBaThCs M KakK OJWH U3 METOJOB CHUXEHUS
9KOJIOTUYECKUX PUCKOB.

ITpu pa3paboTKe JOCTATOUHO YCTOMYUBBIX TBEPACIOILINX
CTPYKTYp THUTICOLIEMEHTHOTO KaMHSI HEOOXOMMMO YUWThI-
BaTh, YTO MX pa3pylIeHUE MPOUCXOIUT B pe3yJbTaTe o0pa-
3oBaHus atTpuHrura — 3Ca0-Aly03-3CaSO4-32H,0, 3a-
HMMaeMbIii 00bEM KOTOPOTO B KOMITO3UIIMKA 3HAYUTEITHHO
MPEBBILIAET CYMMapHBII 00BbEM MCXOAHBIX COSIUHEHUIA.

C 1eblo ycTpaHEeHUST JeCTPYKTUBHBIX ITPOIIECCOB B
COCTaB BSDKYIIETO BBOMASIT MUHEpaIbHbIE 100aBKU, CO-
JiepKaine akTuBHBIN KpemHedeM (SiO) u cmocoOHbIe
CHUXAaTh KOHLIEHTPALIMIO TUIPOKCHUIA KaJIbLIUSI B TBEP-
JICIONIEN CUCTeMEe B OTPEesIEHHbIN TTepUOol BDEMEHU C
00pa3oBaHUEM TPYIHOPACTBOPUMBIX MMKPOAMCIEPC-
HBIX HOBOOOPA30BaHMIA.

AKTUBHOCTb MUHEPAJIbHBIX J00ABOK 3aBUCUT OT XU-
MMYECKOT0 COCTaBa, HaTM4YUs aMOpP(HOro KpeMHe3eMa,
OT BEJIMYMHBI UX YICJTbHOU MTOBEPXHOCTH U 1p. [13].

IIpu coznanuu KI'B ¢ yueToMm paHee nmpoBeIeHHbBIX
ucciaeaoBaHuii [3, 4] omHOBPEMEHHO MPUMEHSIIN IBE
MOIU(UKALUUA TUICOBBIX BSXKYIIMUX (Tada. 1) — a- u
B-monndukanuio (70% — I'-5 bIl u 30% — T'BBC-16),
3A0 «Camapckuil TUTICOBBIII KOMOWHAT»; TIOPTJIaH/I-
unuemenr HEM 1 42,5 H, <«HoBopocuemMeHT»
(F'OCT 31108—2016); MuHepasibHbIe 7OOABKH — MaJIO-
AKTUBHBI TOHKOMOJIOTBI KBaplUEBBI MECOK W BBI-
COKOAKTUBHBIN MeTakaoJuH BMK-45, a Takxke s
yILUIOTHEHUS TBepaewoeil marpuiibl KI'B B kauectse
HATOJHUTESI — U3BECTHSIKOBYIO IbLIb.

XUMUYECKUIT COCTaB MUHEPAIbHBIX T00ABOK TIpe.-
cTaBJieH B Ta0J1. 1, CBOMCTBA I'MITCOBBIX BSKYILIMX B Ta0. 2.

Jns monydyeHUs] U3 KBaplEBOrO TecKa TOHKOIM-
CIIEpCHOI MUHEpaJIbHON TOOABKM €T0 MpPeaBapUTEIHHO
cymuu, a 3atem, cortacHo 'OCT 310.2—810, mononu B
J1abopaTOPHOI BMOPALIMOHHON MEJbHULIE N0 YAEAbHOM
nosepxHoctH 500—700 M2/Kr.

J11s1 TIONTBEPSKIEHMST peaKIIMOHHOM CITIOCOOHOCTH MM-
HEepaJbHOM 100aBKU U3 TOHKOMOJIOTOTO TlecKa ObUTH MPOo-
BE/ICHbI UCCIIEI0OBAHMSI 1O TIOTJIOIIEHUIO THIPOKCHIA KaJTb-

LM B TBepAetoLeil cucreme coracHo TY 21-31-62—89 —
T'uncoueMeHTHO-TTYLIL0JaHOBOE BsKylIee (TabJ. 3).

B pesynbrate aHajaM3a MOJYyYEHHBIX JaHHBIX ObLIO
BBISIBJICHO, 4YTO IJsI OOecIlcYeHUs CTaOMIbHOCTH
TUIICOLEMEHTHOM KOMIO3UIIMU LIeJeCO00pa3Ho HUC-

Ta6bnuua 2
Table 2
CBoiiCcTBa N'MMNCOBbIX BSXYLLUX
Properties of gypsum binders
Baxylee
lMokasatenu
r-56ll BBC-16
CreneHb NomMona, MakCMMarbHbIA 0CTATOK Ha
14 21
cute ¢ paamepom syeek 0,2 MM, %
HopmanbHas ryctota 0,48 0,38
S:L?:J:Aocxsamsamn, MWH, C: 6-30 11-30
10-30 13-00
KOHeL,
Mpenen npouHocTn Npu n3rnbe, MMa 2,5 6,3
Mpenen npoyHOCTM Npu cxatum, MIMa: 5 16
- Cyxux 06pasLoB 12,2 29,8
— HaCbILLEHHbIX BOAOI 06pa3LoB 5,3 7,7
KoadpduumeHT pamaryeHns 0,34 0,47
TaGnuua 3
Table 3

KvHeTuka nornoweHus ruapokcupa kanbums
Kinetics of absorption of calcium hydroxide

No Matepwuansi, r I;OSH;‘:TIP/?TZ;??
n/m vnc | My | Mecok | BMK-45 5cyt | 7cyt
YaenbHasi TOBEPXHOCTb TOHKOAMCTIEPCHOrO KpeMHeaema 500 mM2/kr
1 4 25 25 - 1,12 1,05
2 4 2,5 2,5 0,125 1,07 0.98
3 4 2,5 25 0,25 1,02 0,91
4 4 2,5 5 - 11 1
5 4 2,5 5 0,125 1,03 0,85
6 4 2,5 5 0,25 0,91 0,83
YenbHas NOBEPXHOCTb TOHKOAMCNIEPCHOTO KpeMHesema 700 M2/kr
7 4 25 25 - 1,12 1,03
4 2,5 2,5 0,125 1,03 0,96
4 2,5 2,5 0,25 0,98 0,89
10 4 2,5 5 - 1,07 0,98
1 4 2,5 5 0,125 1 0,83
12 4 2,5 5 0,25 0,86 0,8
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Puc. 1. XapakTtepucTuky rpaHyfioMeTpPUYecKkoro coctaBa MUHepanbHbix KOMNoHeHToB KIB: a — kBapueBbIli Necok (yaenbHas noBepxHocTb 500 M2/KF);
b - metakaonuH BMK-45; ¢ — n3BecTHAKoBas Mbijib
Fig. 1. Characteristics of the granulometric composition of mineral components of KGV: a — quartz sand (specific over 500 m2/kg); b — metakaolin VMK-45;

¢ — screening of limestone crushing (limestone dust)

MOJIb30BaTh TOHKOMOJIOTBIA KBaplUEBBIM IECOK C
yaelIbHOM moBepXHOCTHIO 500 M2/KF U COOTHOIIEHU-
eM MOPTJaHALEMEHT:TOHKOAMCIIEPCHBIN KBapl — 1:2
C JOMOJIHUTEJbHBIM BBEIEHUEM B COCTAB BSIXKYIIETO

meTtakaoiuHa BMK-45 B xkonuuectBe 5% OT Macchl
MopTIaHAIIEMEHTA.

C yueToM MOJy4YEeHHBbIX JaHHBIX U peKoMeHaauuii [2]
npurotosneHue KI'B ocymiecTsisiim nociaenoBareibHbIM
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a
Y nenbHast noBepxHocts [ICX / D, mxm cp., %
Analysette 22 Nano Tec plus 10 50 90
466 m*/xr /18273 cm¥em® 1,48 14,59 83,57
b

VY nenbrast noBepxHocts [ICX / D, MM cp., %
Analysette 22 Nano Tec plus 10 50 90

445 m%/xr/ 16461 cm/em? 1,57 15,56 95,4

Y nenbrast oBepxHocts [1CX / D, MkMm cp., %
Analysette 22 Nano Tec plus 10 50 90

429 m%/xr/14858 cm¥em? 1,73 29,28 169

Puc. 2. XapakTepucTukum rpaHynomeTpuyeckoro coctasa KIMB: a — '-LI-M500;
b - I-L1-M500- BMK-45; ¢ - I'-L|-N500-BMK-45-13B. nbiib

Fig. 2. Characteristics of the granulometric composition of KGV: a — G-C-P500;
b - G-C-P500-VMK-45; ¢ — G-C-P500-VMK-45-lime dust

CMEIIMBaHUEM, COBMEIIICHHBIM C KPaTKOBPEMEHHBIM JIO-
MOJIOM (10 3 MUH) B 1aDOpaTOpHOI BUOPAIIMOHHOM MeJTb-
Hule Bcex KomnoHeHToB KI'B (mac. %): mpeaBapuTebHO
JMCTIEPITMPOBAaHHbBINA KBapIeBbIil mecok (20%), MeTakao-
JsuH BMK-45 (5% ot maccbl [111) 1 M13BECTHSIKOBYIO TbLITb
(1,5%) coBmecTHO ¢ nopmianaieMenTom (10%), a 3atem
¢ TUICOBBIM BSDKYIIMM (70%), BKIIIOYAIOIIUM JBE MOV -
dukanuu (I'-5 b 11 — 70% u T'BBC-16 — 30%).

a
dQ/dt, ax/r-u 25
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Puc. 3. KuHetnka Tennoblaenenuns npu rugpataummn KB ¢ komnnekcom
MUHepanbHbIX 06ABOK: @ — MHTEHCMBHOCTb CKOPOCTU; b — TennoTa rmapa-
Taumm

Fig. 3. Kinetics of heat release during hydration of KGV with a complex of
mineral additives: a - intensity of velocity; b — heat of hydration

AHanmm3 TpaHyJIOMETPUYECKOTO COCTaBa MUHEPAIb-
HbIX 100aBOK W HamojHutess, a Takxke KI'B ¢ ux wmc-
MMOJIb30BaHMEM, BBIMOJHEHHBIN C TMOMOIIbI0 TIprbopa
Microsizer 201, mpencraBiieH Ha puc. 1.

BbU10 YCTaHOBJIEHO, YTO B TOHKOMOJIOTOM /10 YAEIbHOM
noBepxHocT! 500 M2/KT KBapLIEBOM TeCKe MPUCYTCTBYIOT
YaCTUIIbI C Pa3BUTOM IIEPOXOBATON MOBEPXHOCThIO, OC-
HOBHOI [TMAITa30H KOTOPBHIX HAXOOWUTCSI B MHTEpPBAjJE OT
1 1o 150 mxm ¢ MakcumymoM (90%) B obmactu 22,9 MKM;
50% wactuil cocTaBisieT (ppakiivs pazmMepom 7,14 MKM U
10% — cdpaxuust yactuil pasmepom 1,12 MM (puc. 1, a).

BoicokoakTuBHbIN MeTakaoauH BMK-45 comepxut
3HAYUTEJIBHOE KOJIMICCTBO MEIKMX YaCTHUII Pa3MEPOM OT

Ta6nuua 4
Table 4
Coctas u ceoiicTea KI'B
Composition and properties of KGV
No Cocras KI'B, mac. % Cpoin oxeareiza- Rex, MMa
/;1 B/B HUS, MUH, C Ko
n
r ML M BMK M3BecTb Hauano KoHey, 2y 7 cyt 28 cyt/(cyx)
1 70 10 20 - - 9-00 10-00 6,6 7,6 8,9/17,9 0,62
2 69,5 10 20 0,5 - 0,42 8-00 9-00 7,2 8,5 11,8/19,2 0,71
3 68 10 20 0,5 1,5 8-30 9-30 6,9 8,7 12,3/19,6 0,73
Mpumeyanne. I - cmecb ABYX MoaMdUMKaLMiA rMncoBbix BsXyLLMX (-5 BIl 70% n FTBBC-16 — 30%); M — ToHKoAMCNEepCHbI NECOK (KpeMHe3eM); yaenbHas
MOBEPXHOCTH TOHKOAMCNIEPCHOMO KpeMHesema — 500 M2/kr; pacnbie cMeckt — 120 +5 mm.
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1 10 5 MKM, UMEIOIIUX IJIaCTUHYA- @
Ty10 (pOpMYy U CIIOUCTYIO IIEPOXOBa-
TYyI0O TIOBEPXHOCTh C MAaKCUMYMOM
(90%) B obmactu 22,9 mxm; 50% co-
CTAaBISIIOT  YaCTUIIBI  pa3MepoMm
7,14 Mmxm 1 10% — vacTULBI pa3me-
pom 1,12 mxm (puc. 1, b).

ToHKoaUMCHEPCHBIN OTCEB APOO-
JICHUsI U3BECTHsIKA (M3BECTHSIKOBAS
ITBIJTb) MMEET TIPEPBIBUCTYIO TpaHy-
JIOMETPHUIO YACTUL, C HATUYUEM SIPKO
BBIPAXKCHHBIX ITMKOB HAa MHTETPAJIb-
HoI KprBoit. 90% cocTaBIsTIOT (hpak-
LIMM YacTUll pasMepoMm 77,32 MKM,
50% —18,27 mxm 1 10% —1,62 MxMm.
®opma yacTHIl yIjioBarasi, IOBEpX-
HOCTH IIepoxoBaTtas (puc. 1, ¢).

3epHoBoit coctaB KI'B xapakre-
pu3yeTcs MOJUANCIIEPCHON Tpephl-
BUCTOW TPAHYJIOMETPUEN YACTHUII,
00YCJIOBJIEGHHO OCOOEHHOCTIMU
3¢PHOBBIX COCTABOB M Pa3HOM pas-
MOJIOCIIOCOOHOCTBIO BXOHASIIMX B
COCTaB KOMIIOHEHTOB (puc. 2, a—c).

OCco6EeHHOCTBIO TPAHYJIOMETPUU
KI'B ¢ koMIIeKCOM MUHEpaJbHBIX
Io0aBoOK (pHcC. 2, ¢) SIBISIeTCS Ha-
JINYYE IBYX SIPKO BBIPAXKEHHBIX MU~
KOB Ha MHTETPaJbHOM KPUBOW B
0071aCTV KPYITHBIX M CPEIHMX dYa-
CTUII: IEPBBIA MUK — C MAKCUMAaJTb-
HBIM COACpKaHMEM YacTUIl B IIpe-
nenax 106 MKM, BTopoil — B 006J1a-
CcTu yactul auametpom 11 mxm. M3
Bcex yactuil 90% cocraBisieT hpak-
uust pasmepom 169 mkm, 50% —
29,28 Mkm u 10% —1,73 MkM. D10
CIOCOOCTBYEeT 00pa3oBaHUIO pallMOHAJbHOU MUKPO-
CTPYKTYPHBI KOMITO3HUTA 3a cUeT OoJiee TIIOTHOM YITaKoB-
KM YaCTHUII, TTOBBIIIEHUIO MMPOYHOCTU U MOATBEPKIAACT-
csl pe3yJbTaTaMU HUCCIEIOBaHUS (DU3MKO-MeXaHUYe-
CKWUX CBOMCTB.

C uenblo nmoaTrBepxkaeHus 3(pGeKTUBHOCTU UCTONb-
30BaHUS TPEIIOXKEHHBIX MUHEPAJTBHBIX KOMITIOHCHTOB
ObUIM ompeneeHbl (PU3NKO-MEeXaHUUYEeCKUe MOoKa3aTeau
pa3pabOTaHHBIX BSKYIIUX. BBIIM M3roTOBIIEHHI 00pa3-
LIbI-KYOBI pa3zMepoM 3X3X3 cM, KOTOPbIE UCTBITHIBAIU B
Bo3pacte 2 u, 7 u 28 cyT. CocTaB U (pU3NKO-MexaHUYe-
ckue cBotictBa KI'B mipesicraBnensl B Ta0m. 4.

YcraHoBneHo, uTo BBeneHue B KI'B ¢ MuHepaabHOI
JI00aBKOM TOHKOMOJIOTOTO KBapIlIeBOTO IMeCKa METaKao-
nuHa BMK-45 (coctaB 2, Ta6:1. 4), MO3BOJISIET MOBBICUTH
Ipejes1 MIPOYHOCTU IIPU CXaTUu dyepe3 2 4 — Ha 9%; Je-
pe3 7 cyr —Ha 11,8%; yepes 28 cyt — Ha 32,5%, koahdu-
LIMEHT pa3msryenust — Ha 14,5% (¢ 0,62 1o 0,71).

JlommoTHUTe IbHOE BBEACHWE HAITOJTHUTENS (M3BECT-
HsikoBoi nbuin) B KI'B (coctaB 3) mpakTuyecku He u3-
MEHSIET Ipeesia MPOYHOCTH IIPU CXKAaTUM yepes 2 4 (Imo-
BBIIIIAET TOJbKO Ha 4,5% 10 CpaBHEHUIO C COCTAaBOM 1),

Puc. 4. ATA (a) n POA (b) 3aTBepaesLuero KI'B ¢ KOMNnekcoMm MnHepasbHbix f106aBok
Fig. 4. DTA (a) and RFA (b) of solidified GGV with a complex of mineral additives

C YBEeJIMUEHUEM JAaHHOTO IT0Ka3aTesst B 7-CyTOYHOM BO3-
pacte Ha 14,5% (¢ 7,6 no 8,7 MIla) u B 28-cyTrouHOM
Bo3pacre Ha 38,2% (c 8,9 no 12,3 MIla). [1pu 3TOoM KO-
apdunment pasmsardenus (Kp) noseimaercs ¢ 0,62 mo
0,73 —na 17,7%.

s yTOUHEHMS CIIOKHOTO MEXaHW3Ma paHHUX CTa-
nuii ruapatauuu KI'B Obiy npoBeaeHbl TEPMOKUHETH -
YeCKHE MCCIeAOBAHMS BIUSHUS BXOMSIINX B €TO COCTaB
KOMITOHEHTOB (TabJ1. 5).

M3BecTHO, 4TO U3MEHEHUS B XapaKTepe MPOTeKAHMS
TUAPATAIAN BSCKYIIUX CBSI3aHBI C TIPOSBICHUEM TEPMO-
KMHETUYeCKOro 3 deKkTa, KOTOphIi 0a3upyeTcsl Ha B3a-
WMOJECTBUN IBYX (PU3MUCCKUX TTapaMeTPOB — TeMIIe-
patyphsl U BpemeHu [3, 14].

YcTaHoBIEHO, YTO Cpa3y XKe MOoC/Ie B3aUMMOACHCTBUS
C BOIOM y MCCIIeMyeMBIX MUHEPAJIbHBIX 100aBOK U BSI-
KYIIUX TO-Pa3HOMY IPOSIBJISIETCSI PEeaKLIMOHHAsI CIIO-
COOHOCTb, 00YCIOBJIEHHAs aICOPOLIMOHHBIMU MPOLIEC-
caMu, KpUCTaJUIM3aluei TUIlca 1 XUMMUIECKUMHU peak-
LIVSIMU.

Bbuty BBISIBIIEHBI pa3Indyus B MaKCUMaJIbHOM CKOPO-
CTU TEILIOBBIICICHUS UCCIIeIyeMbIX J00aBOK (I10 yObIBa-

scientific, technical and industrial journal

May 2023

85



I'nnicoBbie CTPOHUTE/IBHBIC MaTEePpHAIbI

Ta6nuua 5
Table 5
3HayeHns TepMOKMHETUYECKUX NoKa3aTenen
Values of thermokinetic parameters
Jk303dekT Tenno-
Haano BblAENeHne
Ne | KommoHenTsl KIB | peakumw, MomeHT Benamra | Tenno-
c LLOCTUXEHYS makcumyma, | Bblaene- Makc. 3a
Ox/ra | vne, Ox/r | 724, Dx/r
1 | Necok 500 38 2410 MuH 0,15 0,63 0,91
2 | MetakaonuH BMK-45 37 1mMuH 21 ¢ 7,04 0,09 1,99
3 | 3BecTHsikoBas nbiib 44 1MrH 09 ¢ 17,18 0,11 3,15
2MUH 25 ¢ 47,3 1,42
4 | T-55ll 24 98,29
1414 MuH 102,01 61,09
5 [ BBC-16 33 1423 MuH 98,42 62,69 95,61
1MuH 33 ¢ 34,08 0,51
6 | r-5BII+rBBC-16 23 90,74
1410 MHMH 36 C 93,67 59,88
5MuH 38 ¢ 29,39 1,54
7 |UEM142,5H 65 2434 MyH 0,71 11,63 253,5
1542 MuH 7,81 59,7
37muH 05 ¢ 98,37 42,38
8 | KB 33 83,79
57 46 MuH 0,05 83,59
02 MuH 31 ¢ 24,48 0,76
9 KrB+BMK45+ %6 83.23
13BECTHSIKOBAs Mblfib 48 MUH 23 ¢ 93,48 38,34
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Puc. 5. MukpocTtpykTypa 3aTtBepaesLuero KI'B (coctaB 3 cornacHo 1abn. 4)
Fig. 5. Microstructure of hardened CGV (compositions 3 according to Table 4)

HUIO): U3BECTHsIKOBas mbuib (17,18 JI/r-4) — MeTakao-
suH BMK-45 (7,04 JI/T-9) — TOHKOJMCIIEPCHBIN KBapIl
(0,15 Ixx/r-4). OCOOEHHOCTh ITPUBEACHHBIX TEPMOTPAMM
3aKJIIOYAETCST B TOM, UTO HYJIEBOW YPOBEHb TEIJIOBBI/IE-

JIGHUST MCCIIETyeMBbIX T00aBOK YCTaHaB-
JIMBAaeTCs B CJCAYIOLIEH IocjaenoBa-
TEJHLHOCTH (IT0 YOBIBAHUIO): Y METaKao-
nuHa BMK-45 — depe3 4 u 45 MuH
(0,15 [x/r-4), y M3BECTHSIKOBO IIbI-
m — vyepe3 3 4 40 mun (0,09 Ix/T-9) 1
Yy TOHKOIMCIIEPCHOIO KBaplLEBOIrO Iie-
cka —gepe3 2 4 (0,1 Ix/T-9), 9TO MOXK-
HO OOBSICHUTb MX Pa3MYHOM peakiim-
OHHOW aKTMBHOCTBIO.

MaxkcumanbpHasi CKOPOCTh TeIlIO-
BBIIEJIEHUSI CMECU THMIICOBBIX BSIKY-
mux (70% — I'-5 b 11 u 30% — I'BBC-
16) HactynaeT paHblie, yeM y -5 b 11
u 'BBC-16, uto orpaxaeT (akrt ee
0oJiee BBICOKOI peakLMOHHOW CMOo-
cobHocTtu (puc. 3).

Y KI'B ¢ koMmIjieKcoM MHUHepab-
HBIX J00aBOK, BKJIIOYAIOIIUM TOHKOIM-
CIIEPCHBIN KBApLIEBbIN MECOK, METAKAO-
auH BMK-45 1 u3BeCTHSIKOBYIO MbLIb
(coctaB 9, Tab1. 5, puc. 3), mocye 3aTBO-
peHust Boaoii (MpakTUYeCKUW A0 2 4
50 MMH) 3Haue€HUE CKOPOCTU 3K303(-
dexkra (93,48 [Ix/T-4) HECKOJILKO HIKE,
yem y KI'B ¢ MmuHepanbHO#t 100aBKOM
TOHKOJIMCTIEPCHOTO KBapIEBOTO IMeckKa
(98,37 Ox/r-a) — (cocraB 8, Tabdmd. 5,
puc. 3). MakcumanbHbIe Xe 3HAYCHMUS
TETJIOBBIIEICHUS 32 72 4 Y TaHHBIX CO-
CTaBOB IIPAKTUYECKU HE OTJIMYAIOTCS U
cocrapsior 83,79 JIx/t mins KI'B ¢ ToH-
KOIMCTIEPCHBIM KBapleM 1 83,23 JIx /T
g KI'B ¢ koMIuiekcoM MUHEpaIbHBIX
JI00aBOK, YTO COTJIACYeTCsl ¢ pe3ysbTa-
TaMu (U3UKO-MEXaHUYECKUX MCIIbITa-
HUIA 00pa3nos (Tadir. 4).

CorocTaBjieHUE MMOJyYeHHBIX KPU-
BBIX TEIUIOBBIACIICHUSI C KPHUBBIMU
ckopoctu ruapatanuu KI'B mokaszaino
MX IPaKTUYECKU IOJHOE COOTBET-
crBue (puc. 3).

Ha nepuBaTtorpamme (puc. 4, a) ruf-
patupoBaHHOTrO B TeueHMe 28 cyT KI'B ¢
KOMIUIEKCOM MMHEpaIbHbIX 100aBOK
(coctaB Ne 3, taou. 4) [ITA kpusBasi co-
JIEPXKUT YeThIpEe DHAOTEPMUIECKUX -
dekra (rpu temneparype 137,3, 428.4,
574,8 n 735,6°C) u omMH 3K30TEpMUUE-
ckuit apdexT B 06J1acTH TeMITepaTyphl
881,2°C.

IlepBoiil, camblil TIYOOKWI SHAO-
TepMUUYecKUit 3(p@PEeKT ¢ MUKOM MpU
temrneparype 137,3°C cBsizaH ¢ gerun-
paTtaiueil IBYBOIHOTO TUIICA IO TTOJY-

BOJHOTO, a 3HA03(GEKT ¢ MAKCUMYMOM TIpU TeMIiepa-
Type 428,4°C cBsI3aH C MepecTpOMKON KPUCTATNICCKOM
PELIETKU IPU TIEPEeX0e pACTBOPMMOIO aHTMIPUTA B He-
PacTBOPUMBIIA.
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DHpoaddekT npu Temreparype 574,8°C cBsizaH ¢
MoJIMMOPGHBIM MpeBpallieHMeM KBaplia a TakXke, BO3-
MOYHO, OTHOCHUTCS K JIeTUIpaTalliy MOPTIaHINTA.

DHpoaddekT npu Temneparype 735,6°C, BeposTHO,
ob0ycioBiaeH aucconuanueil gomommuta — CaMg(CO3),,
a TakXe MePEeXo0oM O- U [3-pacTBOPUMOrO aHTUIPUTA B
HEPACTBOPUMBIH.

Hammuune sx303ddexra B obmact 881,2°C cBsizaHo ¢
pasnoxenuem CSH(B) u HepacTBOpMMOro aHruapurta
(Ha OKCMIl KaJIblIMsI, CEPHUCTHIN Ta3 U KUCIOPOI), BO3-
MOXHO B3aumozeiictBue CaO ¢ akTUBHBIMM MUHEPaJIb-
HBIMU T00AaBKaMMU.

ITpu momoiu PDA (puc. 4, b) ObLJIO YyCTaHOBJIEHO,
YTO B Ka4eCTBE MIPOAYKTOB T'MApaTallMU B IIpo0e 1ccie-
myemoro oopasna KI'B (coctaB Ne 3, tabi. 4) mpucyt-
CTBYET ABYBOIHBIA cyibdar Kanbuus (d=7,66; 4,27;
3,06; 2,87A). PeHTreHOrpaMMa COIEPKHUT TAaKXKe JIH-
Huu KapoonHata Kanbuus (d=3,029; 2,49; 2,27; 2,088;
1,91; 1,86A).

Pednekcnl runpocunvkata kanpiiug tuna CSH(B)
(d=3,07;2,88;2.8;2,67; 2,4; 2,1; 1,82...A) mepekpbIBaioT
CUJIbHBIE JTMHUY OTPaXKeHUs IUTHIpATa Cyabdara Kaab-
uust. Hanmnuue m0oCcTaTOYHO MUMPOKKUX AU PaKIIMOHHBIX
MakcuMyMoB (d=2,8—3,1A) MOXeT CBHIETEIbCTBOBATH
0 HaJWyMu HOBOOOpPAa30BaHHOU peHTreHoamop@HOM
¢aspl, COOTBETCTBYIOIIEH reieo0pa3HbIM HU3KOOCHOB-
HBIM THIPOCUIIMKATAM KaJIbIIHSI, KOTOPhIE OTHOCSITCS K
IJIOXO 3aKPUCTAJJIM30BaHHBIM MUHEpajaM IMepeMEeHHO-
ro COCTaBa M HE CO3[AIOT YETKUX IU(PAKLIMOHHBIX OT-
pakeHUI.

Ha pentrenorpamme BoisiBieH Ca(OH), (d=4,93;
2,63; 1,93; 1,78A) oueHb c1aboit MHTEHCUBHOCTH, a 3T-
tpunrut (d=9,7; 5,6; 4,92; 4,74A) Ha peHTreHOrpamMMe
MPAaKTUIECKKN OTCYTCTBYET.
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KpoMe Toro, B cocrtaBe TI'MIICOLIEMEHTHOIO KaMHSI
00HAapYyXEHO MPUCYTCTBUE MUHEPAJIOB UCXOIHOTO KOM-
HoHeHTa — KBapia (d=3,35; 2,46; 2,28; 1,81A).

AHaM3 CHUMKOB MUKPOCTPYKTYPbI 3aTBEPACBIIETO
KI'B nokazaji, 4To KOMIUIEKC MUHEpPaIbHBIX J00aBOK B
COCTaBe BSIKYIEro odecrieuyrBaeT (POpMUPOBAHUE THUII-
COLIEMEHTHOTO KaMH$I C JOCTATOYHO IUIOTHOM YIIaKOBKOM
kpuctauioB. Ha mukpodororpadusx BUTHbI HOBOOOpa-
30BaHUS, KOTOpPbIe BBIKPUCTAIM30BBIBAIOTCSI B BUIE
MPU3MATUYECKNX KPUCTAJUIOB auTHapara (puc. 5), OT-
JIeJIbHBIX KPUCTALIOB pa3Hoii MOPGhOIOTUM U pa3MepoB,
a Takke MUKpPO- M HaHOpa3MepHBIX HOBOOOPA30BaHUIA,
KOTOpBIE, CyIs IO XapaKTepHOH MOpGOJOTUU, MOXKHO
otHecTH K C-S-H-reo, B OCHOBHOM MMEIOIIEMY Mepe-
MEHHBII cocTtaB U amopdHyto npupony. KonbmaTtanus
MEXKPUCTAUIMYECKUX TIOJOCTe W MOp TBepAclolleit
TUIICOLIEMEHTHOM MaTpUllbl BOAOCTOMKMMM HOBOOOpa-
30BaHUSIMU 3aAIIUIIACT KOHTAKThl CPACTaHUSI TUTICOBBIX
KPHUCTAJUIOB OT PAaCTBOPEHHUS 1 00eCIieYrBaeT IMOBBIIIE-
HUE MPOYHOCTU, BOMOCTONKOCTH, a TAKXKE CKOPOCTU Ha-
0opa MPOYHOCTY TMIICOLIEMEHTHOTO KaMHSI.

Takum o0pa3zoM, MpoBeACHHBIC UCCICIOBAHMS IO -
TBEPXKIAIOT AKTUBHOCTb MCITOJIb3YEMbIX TOHKOIUCIIEPC-
HBIX MUHEPAIbHBIX 100aBOK U COTJIACYIOTCS C ITOKa3aTe-
J9MU (U3MKO-MexaHndecKux xapaktepuctuk KI'B Ha
ux ocHoge. I1pu tBepaeHun KI'B amopdHas daza SiO;
B COCTaBE MMHEPAJIbHBIX 100aBOK CITOCOOCTBYET CBSI3bI-
BaHuto Ca(OH);, Bblgensitolierocss Npu ruaparanuu
C3S. CHuxkaeTcss OCHOBHOCTb TBEPIAECIOLIEH CUCTEMBI C
¢opMUpoOBaHHEM HU3KOOCHOBHBIX THAPOCUIMKATOB
KaJblLMsl BTOPOW TE€HEpPALMU M IPYIrMX HOBOOOpa3oBa-
HUM, YIUTOTHSIOIIMX MUKPOCTPYKTYPY TBEpACIOIIei Ma-
TPUIIBI U, KaK CJICACTBUE, TOBHIIIAIOIINX CTAOMIBHOCTD
KOMMO3UIINNA.
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loBbilieHWe Ka4eCTBEHHbIX XapaKTepPUCTUK NPeccoBaHHbIX
W3enui U3 LMTporunca n BAXYLLEro Ha ero ocHoBe

fnncocopepxallye 0TX0bl ABNSOTCSA XOPOLUEN ansTepHaTMBON NPUPOAHOMY rMNCOBOMY KaMHI0. OHAKO CO3JaHNe Ka4eCTBEHHbIX BSXKY-
WX 1 MaTepuanoB Ha UX OCHOBE BO3MOXHO TOSIbKO MPU NPUMEHEHUM HETPAAWNLIMOHHBIX METOA0B W NOAXO0A0B, KOTOPbIE NO3BONSAKT
HUBEIMPOBATb HEraTUBHOE BNUSHWE OCOBEHHOCTEN rMNCcOCOAepXaLMX 0TXOL0B Ha CBOWCTBA KOHEYHOIO NpoaykTa. K ogHUM K3 Taknx
TEXHOMOMMYECKMX NMPUEMOB OTHOCUTCA U3rOTOBEHME U3LENTA C MCNOJTb30BAHNEM MPUHLMMOB NOJTYCYXOro NpeccoBaHns. Mpu BbICOKOM
COLlep>XaHun B COCTaBe NpeccyemMon (DOPMOBOYHOM MACChl BSXKYLLEA COCTABNAOLLEN HA NOBEPXHOCTU U3AENNiA MOTYT 06pa30BbIBATLCA
3Ha4UTeNIbHbIE JedDeKTbl B BUAE OTCOEHUA U KJIMHOB, YTO OTPULATESIbHO CKa3blBAETCA HE TOSIbKO HA 3CTETUYECKMX, HO U HA (IM3UKO-
MEeXaHWUYEeCKIMX XapaKTepucTukax naaennii. NossneHne Taknx AedeKToB CBA3aHO C BbICOKOM afre3ven BAXKyLLe COCTaBNAOLLEN K MeTan-
NYECKOIA NOBEPXHOCTN (DOPMbI, A TAKXKE C NMPUCTEHHbIM TPEHWEM YACTLL NPU NEPEMELLIEHNI B MPOLECCE NPECCOBAHNS U BbINMPECCOBKM.
Llenbto AaHHoro ncenenosaqus 6biio pacCMOTPEHNE BOSMOXKHOCTH MOBbILIEHNS Ka4EeCTBEHHbIX XapakTepuUCTUK (BHELUHWIA BUA, CPeaHs:s
MJIOTHOCTb, MPOYHOCTb NPU CXXATUK) U3LENNIA, U3TOTABMIMBAEMbIX NYTEM NPECCOBAHUS NONYCYX0i (hOPMOBOYHOI CMecH. B kayecTBe 06b-
eKTa MCCNel0BaHNI BbICTYNAN rUNCOCOAePXKaLLNA 0TX0 BUOXUMUYECKOTO CUHTE3A IMMOHHOI KUCOTbI — LUTPOTMNC U BSXKYLLEE Ha ero
OCHOBE. YCTaHOBNEHO, 4TO NPU NPOYMX PABHbIX NapameTpax U3roToBNEHWS BBeeHME B COCTaB (DOPMOBOYHOI Macchl J06aBKK NeHoo6pa-
30BaTens 1 3ameHa mMatepuana oopmytoLLei MOBEPXHOCTU Ha NIACTUK CNOCOBCTBYIOT YCTPAHEHNO 1eDeKTOB Ha NOBEPXHOCTM 06Pa3LIoB,
Mpw 3TOM NPUPOCT cpeaHei nnoTHocTu coctasnseT 10%, npoyHocTn npu cxatum — 60,6%.

KnioueBble CNoBa: runcocoaepXatline 0TX0/bl, LUTPOTMNC, NOMYCYX0e NPeccoBaqine, 1edheKTbl NOBEPXHOCTM, 3KONOrNYecKas
6630MacHOCTb, YTUNN3aLUA 0TXOA0B NPON3BO/CTBA, BTOPUYHOE ChIpbE.
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Improvement in Qualitative Characteristics of Pressed Products from Citrogypsum and Based Binder

Gypsum by-products are a good alternative to natural gypsum stone. However, the production of high-quality binders and materials based on them is possible only with the use of non-tra-
ditional methods and approaches that avoid the negative impact of the characteristics of gypsum-containing waste on the properties of the final product. One of these technological
methods is the manufacture of products using the principles of the semi-dry pressing method. However, due to the high content of the binder component in the pressed raw mix, signifi-
cant defects in the form of delaminations and wedges can occur on the surface of the products, which negatively affects not only the aesthetic but also the physical and mechanical
characteristics of the products. The appearance of such defects is associated with the high adhesion of the binder to the metal surface of the mold, as well as with the near-wall friction of
the particles during pressing and extrusion. In this connection, the purpose of this study was to consider the possibility of improving the quality characteristics (appearance, average
density, compressive strength) of products manufactured by pressing a semi-dry raw mix. The object of research was a gypsum-containing waste from the biochemical synthesis of citric
acid — citrogypsum and a binder based on it. It has been established that other things being equal, the manufacturing parameters, the introduction of a foaming agent additive in the raw
mix, and the replacement of the forming surface material with plastic help to eliminate defects on the surface of the samples, as well as to ensure an increase in average density by 10%,
and compressive strength by 60.6%.

Keywords: gypsum-containing by-products, citrogypsum, semi-dry pressing method, surface defects.
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I'nnicoBbie CTPOHUTE/IBHBIC MaTEePpHAIbI

D(PPeKTUBHOCTh TUICOBBIX BSIKYILIUX U U3AEAUI Ha
UX OCHOBE JIO0Ka3aHa Ha IIPaKTHKE MO BCEMY MMDY.
B mepByto odyepens 3T0 00YCIOBICHO TEM, UYTO UX M3TO-
TOBJICHHE TI0 CPaBHEHUIO C LIEMEHTHBIMU OTJIMYAETCS
9KOJIOTUIHOCTHIO, MEHBIIIEH METAUIOEMKOCTHIO U 9HEP-
TOeMKOCThI0. B yacTHOCTU, 3aTpaThl TEIJIOBOM SHEPTUU
Ha TIPOU3BOJCTBO OJHOI TOHHBI TUIIca B 4—5 pa3 HIKe
10 CPaBHEHMIO C TIOPTJIAHALIEMEHTOM 1 HE COITPOBOXIA -
1oTcsl BeiOpocamu mnblid U COy B atmocdepy [1-3].
OpmHako He BO BCEX peruoHax IMPUCYTCTBYET MPUPOIHAsT
ChIpbeBasl 0a3a ISl IPOM3BOACTBA TMIICOBBIX BSIKYIIIMX.

AJBTepHATUBOM IIPUPOTHOMY TUIICOBOMY KaMHIO MO-
TYT BBICTynaTh rumcoconepxamiue orxoasl (I'CO) paz-
JIMYHBIX TPOMBIIIICHHBIX TPEINPUSITUN, TakKhe Kak:
docdorurnc, c6oporurc, uurporunc (UI) u ap. [4-6].
BBunay Toro, yto I'CO oTinyaoTcs onpeneieHHOH CIiell-
nbuKoi (BbICOKas yaeabHast TOBEPXHOCTh U BIAYKHOCTb,
HEIMOCTOSIHCTBO TPaHyJOMETPUUYECKOro, XUMUIYECKOTO U
MHMHEPaJbHOTO COCTaBOB, HaJW4YMe TpUMeceil U mp.),
MOJTyYeHWe KaueCTBEHHBIX BSDKYIIMX M M3 Ha MX
OCHOBe TpeOyeT INMPUMEHEHUs CIIELMaIbHBIX IOAXOIO0B
(ucrosib30BaHME PA3TMYHBIX MOTU(BUKATOPOB, TEXHOJIO-
TMYECKUX MPUEMOB, CIEeLUaIbHBIX PEXUMOB, 000pYyI0-
BaHus U T. 1.) [7, 8]. K ogHOMY M3 Takux TeXHOJIOTHYE-
CKHMX TTPUEMOB OTHOCUTCS TTPECCOBaHUE.

MHorouucieHHbIE UCCEeIOBaHUSI J0Ka3ajlu BO3-
MOXHOCTb TIOJIy9eHUs M3ICN ¢ BHICOKUMU (DU3UKO-
MEXaHUYECKUMM XapaKTepUCTUKaMM IMyTeM IIpeccoBa-
nus nipu gasnenun 10—30 MIla nByruapara cynabdata
KaJbllMsl WIM €ro CMECH C MOJYTMApaToM cyibdaTa
KaJIbLIMS, TIPY 3TOM B KaUeCTBE 00bEKTOB UCCIICIOBAHNUS
paccMaTpMBaiIoCch KakK MPUPOIHOE TUIICOCOAepIKalee
CBIPbE UM BSIXKYIIIEE Ha €ro OCHOBE, TaK M OTXOMbI IIPOU3-
BozacTBa (chocoruric, oTxompl KepaMUUeCKUX TPOU3-
BOJCTB, LIUTporurc) [9—14].

Taxcke OblIa yCTaHOBJIEHA BO3MOXKHOCTD ITOJTYUCHUS
WU3IENIA C JTOCTATOYHO BBICOKMMM ITPOYHOCTHBIMM Xa-
pakTepuctukamu (1o 30 MIla) myrem nmpeccoBaHusl mpu
Oosiee HU3KMX AaBieHusx — 3—7 MIla. B kauectBe aBy-
ruapara cyibdaTa KaJblUsl UCIIOJIb30BAICS LIUTPOTUIIC
¢pakunu MeHee 112 MKM (DpakKIIMOHMPOBAHHBIN ITH-
tporuric, i LT, B KauecTBe moyyruapara cyjibdaTa
KaJbLUsI — BSDKyIllee, MoIydeHHoe ImyTeM HarpeBa LI
(uuTtporuricoBoe Bsxylee, win LIT'B) npu temnepatype
175°C. ConepkaHue IIUTPOTUTICOBOTO BSIKYIIIETO B CMeE-
cu BapbupoBanoch oT 50 10 90%. OnHako B X0/1e TaHHO-
r'0 UCCJIeIOBaHUS ObLJIO YCTAHOBJIEHO, YTO, HECMOTPS Ha
BBICOKME (PU3UKO-MEXaHWYECKNE XapaKTePUCTUKH,
yacTh 0OOpa3loB OTJMYaNach BBICOKON Ie(PEKTHOCTHIO
TTOBEPXHOCTHU B BUJIE OTCJIOCHUI 1 KITMHOB. MakcuMab-
HO HU3KMM KauyeCTBOM IMOBEPXHOCTHU OTJIMYasCs oOpa-
3¢ll, M3TOTOBJCHHBI IIPU HABJICHUU IIPECCOBAHUS
3 MIla u3 ceipbeBoii cMecH, cocTosieil u3 10% @I u
90% 11I'B nnpu BomotBepmoM otHoieHuu 0,15 [15].

KoMriekcHbIi aHamM3 TpeacTaBIeHHBIX B JaHHOM
HUCCAeAOBAaHUN PE3yJIbTaTOB IMOKas3aj, YTO OCHOBHOI
MPUYUHON MOsIBICHUS Ne(HEKTOB Ha MOBEPXHOCTU 00-
Pa3lIoB SIBJSIETCS BBICOKAsS afare3usl BSOKYIETro K MOBepX-
HOCTH METaJUIMYecKOoit (DOpMBI, a TaKKe HaIMIUE TPU-

CTEHHOTO MEXYaCTMYHOTO TPEeHUsI, KOTOPOE BO3HUKAET
B Mpoliecce MpeccoBaHus U BhITTPpeccoBKHU [15].

Takxe B Xome OOIOJHUTEIHHOTO JIMTEPATyPHOTO
aHaJM3a ObUIO YCTAHOBJIEHO, YTO TIPY U3TOTOBJICHUM U3-
JIeJINiA METOIOM IIPECCOBAHUSI IIPUCTEHHOE MEXYACTUY-
HOE TPEHWE MOXET HeTaTUBHO OTPaXkaThCsl HE TOJIKO Ha
KavyeCTBe ITOBEPXHOCTHU, HO ¥ Ha (DU3MKO-MEXaHUUECKUX
XapaKTepUCTUKAX KOHEYHBIX U3NENUil. DTO 00yCIoBIIe-
HO Te€M, YTO YacCTUIIbI (DOPMOBOYHOI MacChl BO BpeMs
IIPECCOBAHUSI IIEPEMEILIAIOTCS, CO31aBasi 0OKOBOE IaBJie-
HUE Ha CTeHKU (POPMHEI, TIpX 3TOM TpeHUE U 3aKJIMHUBA-
HUE YaCTUII 3aTPYIHSIOT UX epeMEIEHUE, B pe3yIbTaTe
Yero TMPOUCXOAUT HEPAaBHOMEPHOCTH paclpenesieHus
CpenHel INIOTHOCTH 110 00beMY (KaK I10 BBICOTE, TaK U OT
1IeHTpa K nepudepuun), YTo, B CBOIO OUYEPE/ib, MOXET OT-
pHUIIaTeJIbHO CKa3bIBaThCSI Ha TIpenesie MPOYHOCTH MPHU
CXKATUU UBIEIHSI.

CHU3UTH OTpUIIATEIEHOE BO3IEHCTBUE TIPUCTEHHOTO
TPEHUsT Ha KAuyeCTBEHHBIC XapaKTCPUCTUKM W3ACIUi
MOXHO ITyTeM CBEACHMS €r0 K MUHMUMYMY 3a CUeT IIpU-
MEHEHHUS Pa3IUYHbIX ITPUEMOB, CIIOCOOCTBYIOIIMX Ha-
PYLICHUIO CTEXMOMETPUU ChIPbsl (UCIIOIb30BaHUE pa3-
JIMYHBIX CMA30K, XUMUYECKMX J00aBOK U 11p.) [16].

Llenrplo gaHHOrO MCCAeAOBaHUS ObLIO PACCMOTPEHUE
BO3MOXKHOCTH TIOBBIIICHNUSI KAYeCTBCHHBIX XapaKTepH-
CTUK (BHEITHUI BUII, CPEIHSIST TDIOTHOCTD, TIPEIEIT ITPOY-
HOCTU IIPU CXATUM) U3AEIUIA, U3TOTABIMBAEMbIX IIyTeM
TPECCOBAHUS TTOIyCyXol (POPMOBOYHOM CMECH, COCTOSI-
meil U3 (ppakKuMOHUPOBAHHOIO ILIUTPOTMIICA U IIUTPO-
TUTICOBOTO BSDKYIIIETO, 332 CUET MPUMEHEHUST PA3TUIHBIX
XUMUYECKHMX U TEXHOJOTUYECKUX IIPUEMOB.

OO0BEKTBI M METOIbI MCCIIEA0BAHMIA

B xauecTBe 00bEKTA MCCIEAOBAHUS BBICTYIIA OTXO[I
OMOXMMHWUYECKOTO CHMHTE3a JTMMOHHON KUCIIOTHI — IIH-
Tporurc (r. bearopoja) u BsEXyllee Ha ero OCHOBE.

CuHTE3 BSKYLLIEro U3 LIMTPOIUIICA OCYILIECTBIISUICS B
CJIeIYIOIIe TMOCIeIOBaTEIbHOCTH: U3 MPEABAPUTEIHHO
BBICYLLIEHHOTO B €CT€CTBEHHBIX YCIOBUSIX J1a00OpaTOpUK
IIUTPOTUTICA UCKITIOUAJINCh KPYITHBIC KaMEHUCTEIC BKITIO-
YeHUsI, MOCJIe YeTO OH 3acChINajics Ha MPOTUBEHb (0011ast
Macca HaBeCKHM 2 KT') U IIOMEILAJICS B CYIIWIbHBIN Kad.
3amaHHas TeMIlepaTypa CyIIMIbLHOTO IKada cocTaBiIsiia
175°C. HarpeB oCyIIECTBIISUICS IO JOCTMKEHUSI LIMTPO-
TUIICOM TEMIIEPATYPhl, MAKCUMAJIbLHO MPUOIMKEHHON K
TeMrneparype cymuiabHoro mkada (160—165°C); npu
JAHHOI TeMmIlepaType BSDKYIEe BBbIIACPXHUBAIOCH B CYy-
IWIbHOM 1mKady 1 4, mocjie 4ero oxJaxaaaoch U BbI-
JIEPXKUBAJIOCh B €CTECTBEHHBIX YCIOBUSX B TEUEHUE 2 CYT
o crabunu3anmu Macchl. KOHTpOIb TeMIepaTyphl
LIMTPOTUIICA OCYIIECTBIISIICS C TIOMOIIIbIO TepMOIIap.

DpaKIMOHUPOBAHHbIN LIUTPOIUIIC MTOIYyYaIn IIyTeM
npoceuBaHus ucxonHoro LI dyepe3 cuto ¢ pasmepom
112 MKM.

[Tporiecc M3roToBIEHMST 0OPA3IIOB COCTOSIT U3 CJIEY-
IOLLMX [TepeIe/IOB:

1. [IpuroToBIIeHNE CHIPHEBOI CMECH ITyTEM CMEIIM-
BaHUs (PpakKLMOHUpOoBaHHOTO uTporuca (10%) u uu-
TPOTUIICOBOro Bsixyiuero (90%) 10 0qMHOPOIHOI MACChI.

HAYYHO-MexXHU4eCcKUll U npou3800CEeHHbLI JHCYPHAN
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Gypsum building materials

Puc. 1. MNMpouecc n3rotoBneHns 06pasL,oB METOLOM NPECCOBaHUA: a — GPOPMOBaHUE U3AENNA NyTEM NPECCOBAaHNA Ha r’MApaBInYecKoM nNpecce B MeTan-
nmyeckoi Gopme ¢ LMANHAPUYECKO NOBEPXHOCTbLIO; b — BbiNpeccoBka 06pa3L,oB
Fig. 1. Sample making by pressing method: @ — molding products in a metal mold by pressing using a hydraulic press; b — extrusion of samples

Puc. 2. BHelwHuii Bug 06pasLos B 3aBUCMMOCTI OT COAEPXaHNa B COCTaBe CbipbeBOW cmecu neHoobpasosaTens: a — 0%; b — 0,095%; ¢ — 0,19%
Fig. 2. Appearance of the samples depending on the foaming agent content in the raw mix: a — 0%; b — 0,095%; ¢ — 0,19%

Ta6nuua 1
Table 1

Ddu3nkKo-mexaHN4YecKkre XxapakTepucTukm oopasuoe
B 3aBMCUMOCTMU OT coAiepXXaHus neHooOpa3oBarens
Physical and mechanical properties of the samples
depending on the foaming agent content

CopepxaHune Cpeansis Mpenen
Ne neHoobpasoBaTend, MPOYHOCTUN
. | NNOTHOCTB,
cocTtaBa | % OT MaccChbl CbIpbeBOW 3 npu cxaTtuu,
Kr/M
cmMecu Mlla
1 0 1594 14,18
0,19 1736 20,08
0,095 1720 21,3
Tab6nuua 2
Table 2

Du3nkKo-mexaHm4eckue XxapakTepucTuku oopasuos,
U3roTOBJIEHHbIX C UCMOJIb30BaHUEM POPMbI C MNJIACTOBOM
dopmyoLeil NOBEPXHOCTbIO, B 3aBUCUMOCTU

OT copepxxaHus neHooGpa3oBaTens

Physical and mechanical properties of samples
made using a plastic forming surface depending

on the foaming agent content

Puc. 3. lMNeyatb nnacTnkoBoro cepaeyHvka Ha 3D-npuHTepe (a); popma ¢
NaacTUKOBbLIM CepAeYHNKOM (b)

Fig. 3. The process of printing a plastic core on a 3D printer (a); mold with
plastic core (b)

Puc. 4. BHelwHwii BUA 06pasLoB, N3roTOBMIEHHbIX B GOpME C NNacTUKOBOM
bopmyIoLLLE MOBEPXHOCTBIO, B 3aBUCUMOCTM OT KOJIMYECTBA NEHO0OpPa30-
BaTens B cmecu: a — 0%; b — 0,095%

Fig. 4. The appearance of samples made in a mold with a plastic forming
surface, depending on the foaming agent content in the raw mix: a - 0%j;
b -0,095%

May 2023

CopepxaHue Mpenen
Ne neHoobpasosatens, % Cpenriss NPOYHOCTN
. MJOTHOCTb,
cocTaBa | OT MaccChl CbIPbEBOA 3 npu cxaTunm,
Kr/m
cmecu MMa
1 0 1649 20,4
2 0,095 1753 22,78
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WUcnbiTaHue o0pa3loB Ha IMPOYHOCTH
OCYLIECTBIISIIOCh C TTOMOIIBIO J1abopaTop-
Horo 1pecca ¢ ycuuem 10 T.

MuKpocTpyKTypa o0pa3loB MCCaeI0Ba-
JIaCh C IIOMOIIBIO CKAaHUPYIOIIETO 3JIEKTPOH-
Horo mukpockorna TESCAN MIRA 3 LMU.

PesyabTatnbl u 00CyKAEHUS
Ha nepBom 3tane ¢ ueaplo paccMoTpe-
HUSI BO3MOXHOCTH CHIDKCHMST HETATUBHOTO
BO3JCUCTBUS MPUCTEHHOIO TPEHUS NPU
¢dopMOBaHUM MTYTEM IIPECCOBAHUS U3ACTUN
W3 CBIpbeBO cMecH, cocTostmeit n3 OLT n
LII'B, ObL10 IPUHSATO pellieHrEe BBECTU B CO-

crtaB (hopMOBOUHOI Macchl 1006aBky ITAB.

Bribop Buma nob6aBku ObLT 00YCIOBIIEH
aHAJIM30M pe3yJbTaTOB paHee ITPOBEICH-
HBIX UCCJICIOBAHU, B KOTOPBIX YCTAaHOBJIC-
Ho, uTto ITAB cHMXAIOT CUITBI TOBEPXHOCT-
HOTO HAaTSDKEHUS BOIBI, cO3daloT 3(dekT
CMa3Ku MEXIy YacTMLaMu (ILapUuKOITOA-
IIUITHUKOBBIN 3¢ (PeKT), 00Jeryast ux mepe-
MENIEHUE OPYr OTHOCUTEJIILHO Ipyra, 4To
MOBBIIIAET (POPMYEMOCTh 1, KaK CJICACTBHUE,
TOJIOKUTETBHO CKa3bIBaeTCsl Ha (PU3UKO-
MEXaHMYECKUX XapaKTepUCTUKaX M3e-
qmit [17-20]. Taxxe B padore [21] GbuUTO
OTMeYeHO, yTo npu BBeneHuu [TAB Hab0-

Puc. 5. MukpocTpykTypa 06pa3LoB B 3aBUCMMOCTM OT MaTepuana GopMytoLLeli NOBEPXHO-
CTN 1 copepXaHus neHoobpasosBaTens B cmecu, %: a — metann, 0% neHoobpasoBaTtens;
b - metann, 0,19% neHoo6Gpasosatens; ¢ — nnacTuk, 0% neHoobpasoBaTens; d — NAacTuK,

0,095% neHoobpa3oBaTens

Fig. 5. The dependence of the microstructure of the samples on the material of the forming
surface and the foaming agent content in the raw mix: @ — metal, 0% of foaming agent;
b — metal, 0,19% of foaming agent; ¢ — plastic, 0% of foaming agent; d — plastic, 0,095% of

foaming agent

2. IlonyyeHue (GopMOBOYHOI MaccChl IyTeM BBEE-
HUSI CBIPbEBOM CMECH B BOIY U ITOCJISIYIOIIETO TIATe b~
Horo nepemeliuBanus. Boga 6panack B konudectse 15%
OT MacChl CMECH.

3. @opMoBaHKME U3AEIUIA IIyTEM IIPECCOBAHUS B Me-
TAJTMIECKOM TIpecc-popMe ¢ MUITUHAPUIECKON ITOBEPX-
HOCTbIO (puc. 1, a) npu naBiaeHuu npeccoanus 3 MIlac
TTOMOIIBIO JTAOOPATOPHOTO THAPABINYECKOTO TIpecca C
ycwireM IpeccoBaHust 10 T; BbIOep>KMBaHUE oOpasla
MpY 3aJaHHOM JABJIICHUM OCYIIECTBJISZIOCH B TEUCHUE
30 ¢, mocje 4yero AaBieHUE CHUMAJIOCh U 0Opa3el] Bbl-
JIaBauBajcs U3 GopMbl B pydHoOM pexxume (puc. 1, b). Ha
BBIXOJIE TTOTYJYAINCh 00pa3LbI-IMIMHIAPKEI C TUaAMETPOM
31 MM u BoicoTO#t 30—40 MM.

[Mocne m3roToBieHUsT 0Opas3lbl XPAHWINCH B €CTe-
CTBEHHBIX YCJIOBMSIX JJabopaTopuu (BJIaXKHOCTh BO3IyXa
14—18%, Temneparypa 20£2°C) B TeueHue 2 CyT 10 10-
CTVKEHMSI UMM PaBHOBECHOW BJIaXKHOCTH, 3aT€M OIlpe-
JIeJIsi1ach UX CPEIHsIs IUIOTHOCTb U Ipeaes MPOYHOCTH
py cKaTuu. IJ1sT OLIeHKY BHEITHETO BUIA U3 CEpUU 00-
pasloB OTOMPAIMCH JBA — C HAMIYYIIUM W HAUXYILIAM
Ka4eCTBOM ITOBEPXHOCTH.

Takke B MCCIIeIOBAHUSIX MCIIOIb30BAJICS CUHTETHYE -
ckuit meHooOpaszosatesb «[leHocTpom».

JTAJIOCh CHUKEHUE a[ire3un CBeXeoTHopMo-
BaHHOTO OeToHa K (OpMYIOIlEeMy YCTPOii-
CTBY. ABTOPBI OOBSICHSIIOT 3TO T€M, YTO IO~
BEPXHOCTHO-aKTUBHBIC BEIECTBA, B CUITY
CBOMX CBOMCTB, KOHIIEHTPUPYIOTCS Yy hop-
MOOOpa3yIleil IOBEPXHOCTH, KOTOpas
KOHTaKTHUpYyeT ¢ OETOHOM uepe3 BOIHYIO
npocnoiiky. IIpu stom ITAB obecrieunBaeT CHUXKEHUE
CUJIBI Q[iTe3WM TOHKUX TUIEHOK K TIOBEPXHOCTH (HOpM,
9TO CNOCOOCTBYET YACTUYHOMY WJIU MOJHOMY UCKITIOUE-
HUIO HAJTUITAHKS LIEMEHTHOTO pacTBOpa U 00JIer4aeT ero
OTPBIB ¢ (POpMOOOPA3YIONIUX MOBEPXHOCTEH, YTO, B CBOIO
oyepenb, MOJOXKUTEILHO OTPaXKaeTCsl HE TOJIbKO Ha BCeM
nporecce GOPMOBAaHUSI, HO U HA KAYECTBE TTOBEPXHOCTU
KOHEUHBIX U3ETUMA.

B «kauectBe IIAB Obiia BbeiOpaHa pobGaBka
«ITeHocTpom», BbIOOP MPOU3BOAUTENST AOOABKU ObLI 00-
YCJIOBJIEH COOTHOILEHUEM «II€HA—KAa4eCcTBO» W HaJlu-
yueM OombiTa ee wucrnojab3oBanus [22]. IlpenBapu-
TeJIbHbIE HUCCIEeNOBaHUS BJIMSHUS IEHOOOpa3oBaTes
«[TenocTpom» Ha TpolIeCCHl U3TOTOBICHUS U3ICINI Me-
TOAOM MPECCOBAHUS OCYIIECTBISIMCH Ha COCTaBe, KOTO-
PBII OTJIMYAJICS MAaKCUMAaTbHOM 1e(PEeKTHOCTHIO TTOBEPX-
Hoctu [15]. Jlo6aBKa, npeaBapuTesibHO pa3BeleHHas B
BOJie [UIs1 3aTBOPEHHUS, BBOLMIACH B cOCTaB (pOpMOBOY-
Hoii Macchl B kosmmuectBe 0,095 u 0,19% ot chipbeBoOii
cmecu. Du3nMKo-MeXaHMYECKUE XapaKTepUCTUKH W
BHEIIHUI BUI ITOJYYECHHBIX 00pa3loB IIPeACTaBICHBI B
TabJ1. 1 1 Ha puc. 2.

AHau3 MoJIydeHHBIX Pe3yJIbTaTOB MOKa3all, YTO BBE-
JIeHWE B COCTaB (DOPMOBOYHOI MacChl IEHOOOpa3oBaTe-
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JIS CIIOCOOCTBOBAJIO YAYUIIECHUIO (PU3MKO-MEXaHUYe-
CKMX XapaKTepUCTUK 0o0OpasloB. Tak, Ipu BBeIeHUU B
coctaB ceipbeBoit cmecu 0,095% mneHoobOpa3zoBatesist
CpeAHssl IUIOTHOCTh 00pasloB yBeauuuiaach Ha 8,9%,
Tpeies MPOYHOCTH TPU cXXatun — Ha 41,6% (taba. 1, co-
craB 2), a nmpu BBeneHnu 0,19% neHooOpazoBaTeist Ipu-
poct coctaBuia 7,9 n 50,2% nnst cpeaHei TUIOTHOCTU 1
npeaesga MPOYHOCTU TIPU CXKATUM COOTBETCTBEHHO
(tabu. 1, cocraB 3).

[ToBblllieHWE CpeqHel TIIIOTHOCTU M TIpenesia Mpoy-
HOCTU TIpU CXaTUU 00pa3llOB CBUIETEIbCTBYET O TOM,
YTO MCHOJIb30BaHUE A00AaBKU TNEHOOOpa3oBartesis, Mpu
MPOYMX PABHBIX YCJIOBHUSX, CIIOCOOCTBYET CHIKEHUIO
MMPUCTEHHOI'O TPEHUSI cMecu o opMy, odecrieunBast ee
Jyqiiee yrutoTHeHue. OMHAaKO aHaau3 BHENTHETO BUIA
00pa31oB IMoKa3aj, YTO MOJHOCTbIO M30aBUTHCS OT JIe-
(eKTOB Ha TTOBEPXHOCTHU JaXKe TIPU IBOMHON TO3MPOBKE
neHoo6paszosateis (0,19%) (puc. 2, ¢), HE yIAIOCh.

Tax KaK OCHOBHBIM IPEISITCTBUEM Ha MYTHU yJIydllie-
HUST BHEIITHETO BUIAa 00Opa3IioB SIBJISIETCS BHICOKAS ajire-
3UsI LIMTPOTUIICOBOTO BSLKYIIETO K TMTOBEPXHOCTU MeTall-
JInYeckoir (opMbl, Ha BTOPOM ITarle MCCIeIOBAHUMN
ObUIO MPUHSTO pellieHre 0 3aMeHe MaTepuaia Gopmyro-
meit nmoBepxHocTtu. g stux ueneit Ha 3D-mpuHTEpe
ObLT HameyaTaH IJIACTUKOBBINA LIUMJIUHIAPUUECKUI cep-
neyHuk (puc. 3, @), B KauecTBe MaTepuaja s reva-
TU WCIIOJB30BAJICS TOJUITUICHTEpedTANIAT TIMKOJb-
monuduuupoBaHHeliit (PETG). CepaeyHuk ObLIT 3aKpe-
IUICH B METAJUIMYECKOM KopIryce (puc. 3, b).

HccnenoBanue BIUSIHUS MaTepraia (hopMbl Ha Kave-
CTBO MOBEPXHOCTU 00Pa31I0B MIPOBOAUIOCH C UCITOIb30-
BaHUEM TeX K€ PEleNTYPHO-TEeXHOJIOTMUECKUX TTapame-
TpoB. PU3NKO-MeXaHUUECKME XapaKTePUCTUKMI U BHEIII-
HUI BUII TTOJTy9eHHBIX 00Pa3II0B IMPEICTABICHBI B Ta0JI. 2
1 Ha pUC. 4 COOTBETCTBEHHO.

AHau3 MOJy4eHHBIX Pe3yJbTaTOB IOKa3ajl, YTo 3a-
MeHa MmaTepuana (Gopmyouieid MOBEPXHOCTU CHOCO0-
CTBOBaJIa YCTPaHEHUIO Ne(HEKTOB, a TaKXKe YIyJIICHUIO
¢uU3MKOo-MeXaHMIECKUX XapaKTePUCTUK o00pa3lioB
(Taba. 2): npeaes MPOYHOCTU MPU CXKATUU YBETUYUIICS
Ha 43,8%, cpeaHsis IIIOTHOCTL — Ha 3,5% (Tabm. 2, co-
cTaB 1) MO OTHOIIEHUIO K 3HAYEHUSIM 00pa3loB, U3ro-
TOBJICHHBIX C MCITOJIb30BAaHUEM METaUIMYECKO (hOpMBbI
0e3 meHooOpa3oBarens (Tada. 1, coctas 1). BBemenue B
coctaB (HOPMOBOYHOU cMecu TeHOOOpa3oBaTess
(0,095% ot maccel (hOPMOBOYHOII CMeECH) B JaHHOM
clyyae CrocOOCTBOBAJIO MOIOJHUTEIbHOMY TMOBBIIIE-
HUIO (U3MKO-MEXaHUUYECKUX XapaKTePUCTUK W3ACIUi
(Tabmn. 2, coctaB 2), a UMEHHO TIpeaes MPOYHOCTU TIPU
cXKaTuu yBeauamics Ha 60,6% nipu pocTe CpemrHel MmioT-
Hocty Ha 10% 110 OTHOILEHMIO K 3HAYeHUSIM 00pasla,
M3TOTOBJIEHHOTO C MCITOJIb30BaHMEM METaNTNYECKOM
¢opmbl 6e3 meHooOpaszoBateis (Tadiu. 1, coctas 1).

AHamM3 MUKPOCTPYKTYPhI 00Pa31I0B MOJTHOCTHIO KOP-
peupyeTcs ¢ JaHHbIMU, TTOJIyYeHHBIMM ITPU UCCIea0Ba-
HUU BJIUSTHUS MaTepuraja (hopMBI M COACPKaHUS B CMECH
neHoobpaszoBaTessi Ha QU3UMKO-MEXaHUYECKHUE IoKa3a-

CTPYKTYPbl C HAUMCHBIINM KOJMYCCTBOM I1OP XapaKTep-

Ha T 00pa31oB ¢ copepxxanueM B cmecu 0,095% nobas-
KU [IeHOOOpa30BaTeJisi, U3rOTOBJIEHHOIO C MCIIOIbh30Ba-
HUeM GOPMBI € IUIACTMKOBOI (opMylolIeil MOBEPX-
HocThbio. Takke HEOOXOAMMO OTMETHMThb, YTO MUKPO-
CTPYKTypa 00pa3iioB, M3TOTOBJICHHBIX C MCTIOJb30BaHM-
eM (bOpMBI C TUIACTUKOBBIM CEPACYHUKOM, 3HAUNUTEIHHO
IJIOTHEE U OJZHOPOJIHEE CTPYKTYPhbl 00pa3LiOB, U3rOTOB-
JIEHHBIX C MCIOJb30BaHUEM METAJUTMYECKOM (DOPMBI Kak
0e3 BBeIEHUSI B CBHIPbEBYIO CMECh I€HOOOpa3oBaTelIsI
(puc. 5, a), Tak 1 ¢ meHoOOpa3oBareseM (puc. 5, b).

BeiBoa

Ha ocHoBe mnpeacTaBieHHBIX pPe3yJbTaTOB UCCIEI0-
BaHUS MOXXHO CHeJaTh BBIBOA, YTO MCIOJIb30BaHUE
¢opM ¢ MIacTUKOBOI (OpMYIOLIEH MOBEPXHOCTHIO, B
COBOKYITHOCTH C 100aBKOI MeHOOoOpa3oBaTeis CIocod-
CTBYET CHWKCHHUIO BEJIMYMHBI ITPUCTCHHOIO TPEHUS U
ONTUMM3AlMM TIpoliecca YIUIOTHEHUsI MpU IpeccoBa-
HUU CBIPhEBOM CMECH, COCTOSIIEHN M3 [UTPOTUIICOBOTO
BSDXYIIETO U (hpaKIMOHUPOBAaHHOTO muTtporurica. I[pu
MMPOYUX PaBHBIX MapaMeTpax 3TO IMO3BOJISIET MOJyYaTh
n3neaus ¢ 6o1ee BRICOKMM KaueCTBOM ITOBEPXHOCTU U
GU3MKO-MeXaHUYECKUMM XapaKTepuCTUKaMu (Mpenes
IIPOYHOCTU IpPU CXKATUM yBeauuyuBaeTcs Ha 60,6%,
CPEIHSS IIOTHOCTh — Ha 10%) 110 OTHOIIEHUIO K U3Me-
JIVSIM, W3TOTOBJIEHHBIM B MeTaJUIMYecKoil (opme 0e3
reHooOpa3oBareJis.
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