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Summary
The article shows the results of the positive effect of format-alcohol plasticizer on the construction,
technical and operational qualities of concrete that meets established regulatory requirements. A
polynomial model of the 2nd order was obtained, the optimal dosage of the recommended plastici z-
er was determined, which makes it possible to increase the strength of concrete by 60-80% after heat
treatment.
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Abstract

Introduction. Prefabricated elements for the network and structures of reclamation systems are manu-
factured at factories and landfills. After manufacturing, they are sent to the construction site, where they
areinstalled and sealed. Prefabricated el ements and structures, in comparison with monolithic ones, have
a positive effect on the congtruction time (reduce them), help reduce labor costs and improve the quality
of construction and installation work. In this regard, reclamation systems with a conductive network of
prefabricated elements should be considered technically advanced and meeting reliability criteria. Ob-
ject. The object of the study is prefabricated e ements of reclamation systems. Materials and methods.
To identify the effect of the physic-chemical effect of an agueous solution of PFS on the strength and
performance properties of concrete on aggregates with a high content of pulverized and clay particles,
Novorossiysk Portland cement of the 500 brand was used, quartz crushed stone of the 5-40 mm fraction
of the Potapovsky deposit with a content of pulverized and clay particles in the amount of 3.3-3.8%, and
the waste of cam-non-fragmentation of quartzite fraction 0-5 mm (seeding) Potapovsky deposit with a
size modulus of 2.50 with a content of pulverized and clay particles over 15%. Methods of experimental
planning theory with the construction of a geometric image of the response function using linear algebra
methods were used to solve prescription and technological problems. At the same time, the following
ratios were observed: C+Height = 950 kg / m3, Height = 1270 kg / m3, where: C, Height, Sch — respec-
tively, the cost of cement, sowing, crushed stone. Concrete mixtures on such aggregates have low mobil-
ity, which makes it difficult to mix them, as well as formability and compaction during vibration, which
negatively affects the strength and performance of concrete. In this regard, to compensate for the nega-
tive impact of such aggregates on the qudity of concrete and the rdiability of prefabricated elements, it
is proposed to use a plasticizing additive to the concrete mixture - aformat-alcohol plasticizer, whichisa
by-product of the production of pentaerythritol, which is an agueous solution of sodium formate, syrup-
forming substances and poly-alcohols — monopentaerythritol and polypentaerythritol. Concrete cubes
with an edge of 100 mm were made from the prepared mixtures on a vibrating compaction table, which
were then placed in a laboratory steaming chamber for accelerated strength gain. As for the frost re-
sistance of concrete, the normalized characteristics were determined by the results of tests of concrete
samples-cubes of 28-year-old age. Results and conclusions. Studies have shown that the use of inex-
pensive non-conditioned fillers in the production of trays, pipes, plates and other prefabricated elements
will ensure cost reduction in their manufacture without reducing the quality of products. To save cement
and reduce the initial water content of mixtures, on aggregates with a high content of polluting particles,
it is proposed to add a formate-alcohol plasticizer to the mixture. Its positive influence on the strength
and operational properties of concrete meeting the established requirements has been established. By the
method of experimental planning, a second-order polynomial model was obtained that adequately de-
scribes, at a 5% level of significance, the dependence of the strength of concrete on inexpensive non-
conditional aggregates on cement consumption and the dosage of the PFS plasticizer: when cement is
dispersed from 250 to 550 kg/m3, the dosage of the plagticizer in the form of an aqueous solutioninin an
amount of 2.8-3.2% of the cement mass, it should be considered optimal; the addition of PFS plasticizer
to the mixture increased the strength of concrete after heat treatment by 60-80%. Accelerated tests of
concrete samples for sea resistance in a solution of sodium chloride confirmed the compliance of con-
crete on inexpensive local aggregates with an increased content of pulverized and clay particles with the
mark 300.

Key words. reclamation systems, elements of reclamation systems, structures of reclamation
systems, reinforced concrete structures.
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VIIK 666. 97(075.8)
9JEMEHTBI U3 BETOHA I—IA HEKOHINIINOHHBIX 3AIIOJTHUTEJISIX
JJIAA MPOBOJSAIIEN CETU MEJINOPATUBHBIX CUCTEM

E. B. BacmlbeBal, KaHOUOam mexHu4eckux Hayx, OOYeHm
2
B. M. ®eaopoB”, 00kmop mexHuueckux Hayk, npogheccop

YOorcno-Poccurickuii 20CyoapcmeenHblil noiumexHuyeckutl ynusepcumem (HITH)
um. M. U. IInamosa
ZHoeouepkaccmﬁ uHocenepro-meauopamusuwii uncmumym um. A. K. Kopmynosa —
@uauan [lonckozo 20cy0apcmeeHHo20 acpapHo20 YHusepcumema
2. Hosouepkacck, Poccuiickas @edepayus

AKTYaJbHOCTb. 110 MHEHHIO BeIylIIMX OTEUYECTBEHHBIX YUCHBIX, HA MEXKXO3SIMCTBEHHOU U
XO3SIUCTBEHHOW CETU C BBICOKOM 3KCIUTYyaTallMOHHOW HAJI€KHOCTBIO, OJs TEXHUYECKHA COBEpILIEH-
HOM ceTu JoJpKHA ObITh He MeHee 40-50 % ot Bcell e€ MPOTSHKEHHOCTH, a Ha BHYTPUXO3SIICTBEHHOM
— JOoJDKHA cocTaBiATh He MeHee 70 %. BrimonHeHNe yKa3aHHBIX PEKOMEHIALMM 00eCIeYuT BBICO-
kuil KIIJ] npoBoasmeld ceTd U CUCTEMBI B LIEJIOM, NPEIOTBPATUT 3HAUYUTEIbHBIA MOABEM YPOBHS
TPYHTOBBIX BOJI, CO3JIaCT OJIaroNpHUsATHBIN IKOJIOTO-METHOPATUBHBINA PEKUM HA OPOIIAEMBIX 3EMIISX.
OnHO U3 peleHuil — HapaluBaHUe MPOU3BOIACTBA COOPHBIX JKETI€300€TOHHBIX 3JIEMEHTOB — JIOTKOB,
TpyO, IUINT IJIs UCIIOJB30BAaHUS: B3aMEH 3JE€MEHTOB INPULICIIINX B HETOJHOCTh MO0 MCTEYEHHUH CPO-
Ka SKCIUTyaTallld WM TPEXAEBPEMEHHO; B KauecTBEe OOIHMIIOBOK 3€MIISIHBIX KAaHAJIOB; BMECTO 3€M-
JSTHBIX KaHaoOB. Maciitab 3agad TpeOyeT HapaluBaHUs MPOM3BOACTBA OETOHA Ha 3aBOJAX M TOJH-
rOHax, YTO IMpenrojaraeT Ao0bdy C nocienyromeld nepepaboTKOW W TPaHCHOPTHUPOBKOW 3HAYU-
TETbHBIX 00BEMOB CHIPHEBBIX MaTepHaioB. [IpuHUMas BO BHUMaHUE aKTYaJIbHOCTH MPOOJIEMBI MH-
HUMU3AIMH 3aTPaT, OAHON U3 OCHOBHBIX 3a/1a4 B METMOPATUBHOM U THJIPOTEXHHUYECKOM CTPOUTEN b-
CTBE, HECOMHEHHO, SBISETCS CO3/1aHNE OOBEKTOB C MUHHUMAJIbHOM CMETHOH CTOMMOCTBIO. 3anada
Takoro opmMarta MOXKET OBITH pa3pelieHa C HCIOJIb30BAaHHUEM pecypcocOeperaroinx TeXHOJIOTHil,
KOTOpbI€ JAI0T BO3MOXKHOCTh BMECTE C APYTMMHM peliaTh M 3a/1a4d MPUMEHEHUs HeJIOPOTuX CTPOU-
TEJIBbHBIX MAaTEPHAJIOB B KaUeCTBE ChIpheBOW OCHOBBI. QO0BbeKT. OOBEKTOM HCCIICOBAHUHN SBISIOTCS
cOOpHBIE AIIEMEHTH MEIMOPAaTUBHBIX CUCTEM. MaTepuajbl 1 MeToAbI. [{J1s1 pemeHus penenTypHo-
TEXHOJIOTUYECKUX 3a]]a4 MCIOIb30BAIM METOJbl TEOPUU MJIAHUPOBAHUS SKCIIEPUMEHTA C MOCIenY-
IOIIMM TTOCTPOCHUEM TeOMETPUIECKOTO 00pa3a QYHKINU OTKIMKA. B KauecTBe KOMIIOHEHTOB CMECH
JUTISL TIPOBEACHUS McclieloBanmid ucronb3oBasics nemenT M500 (r. HoBopoccutick, KpacHomapckmii
Kpaii), meOeHb-1ecyaHuK KpynHocThio 5-40 MM (x. Bepxnuit [Toranos, PocTtoBckast 061acTh) ¢ bI-
JIEBUIHBIMA U TIMHUCTBHIMU BKIoueHUsIMHU 3,0-4,0%, a Tak xe orceB (BbiceBka) 0-5 MM mpu u3-
MeIbYEeHUH necyanuka ¢ My, =2,50. [IpunepxuBanuch CleayOIuUX yCIOBHUM:

1. CymMMa pacxoJ0B IIEMEHTa ¥ BBICEBKH paBHa 950 Kkr/m°

2. KonnuectBo medus — 1270 KT/MC.

BetonHbie cMecn Ha TIOJIOOHOTO POZa 3AMOJHUTENSX UMEIOT MAIyI0 MOABM)KHOCTB, YTO 3a-
TPYAHSIET UX NEpEMELINBAHKE, a TaKKe (POPMYEMOCTb U YILIOTHEHUE NIPU BUOPALMK, YTO OKa3bIBAET
OTpHULIATEIbHOE BIMSHME Ha KauyecTBO O0eTOHA MpH AKCIUTyaTallnd. B CBs3W € 3THM A7 KOMIIEHCa-
MW OTPULIATEIHHOTO BIHMSHHS TaKWX 3aIlOJIHATEEH Ha KadyecTBO OETOHA M HAAEKHOCTH COOPHBIX
3JIEMEHTOB NPEJIaraeTcsi UCIoJIb30BaTh MIACTHOULIMPYIONIYI0 J00aBKy B OETOHHYIO cMech — (op-
MHUATHO-CIIUPTOBBIA TIACTH(QHUKATOP, SBISIOMUNACI MOOOYHBIM MPOJYKTOM NPOU3BOJCTBA CIHUPTA-
MEHTAdPUTPHUTA, MPEJACTABISIONIEr0 CO00W BOJAHBIN pacTBOp (opmMuaTa HaTpUs, CUPOIOOOpa3syo-
IIMX BEIECTB U MOJUCIHPTOB — MOHOIIEHTAIPUTPUTA U MOJIUIIEHTAdPUTPUTOB. 13 MpUTroTOBIEHHBIX
cMeceil Ha BUOPOYIUIOTHSIOIIEM CTOJIE M3rOTaBIMBAINCh OETOHHBIE KyOUKH ¢ pedpom 100 mm, mo-
MelaeMble 3aTeM B JIa0OpaTOPHYIO MPOMAPOYHYIO KaMepy Ui YCKOPEHHOro Habopa MPOYHOCTH.
Uro KacaeTcsi MOPO30CTOMKOCTH O€TOHA, TO JKCIUTyaTalMOHHASI MPUTOJHOCTH OMpEAesuIach Mo
OTIBITHBIM JIaHHBIM, MOJYYEHHBIX MPH HCHBITAHUSAX CTaHIAPTHBIX KyOMuecKux oOpas3noB C pedpom
100 MM IBaALIaTUBOCBMUCYTOYHOTO BOo3pacTa. Pe3yjbTaThl M BBIBOABI. Vcciie0BaHUAMY [TOKa3a-
HO, YTO HCII0JIb30BaHUE HEJOPOIMX HEKOHIUIIMOHHBIX 3aII0JIHUTENIEH B IIPOU3BOICTBE JOTKOB, TPYO,
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IUTAT U JIPYTUX COOPHBIX 3JIEMEHTOB O00CCIICUUT CHIYKCHHE 3aTPAT MPU MX WU3TOTOBICHHM 0€3 CHHU-
JKeHHsI KadecTBa u3enuid. C Iebl0 YMEHBIICHHS PacXoa [EMEHTa U HCXOAHOTO BOJOCOACPKAHUS
CMECH Ha 3aIlOJIHUTENAX C YBEIMYCHHBIM KOJHUYECTBOM 3arps3HSIOIIUX PUMECEH pEKOMEHIOBAHO B
KadecTBe JOOABKM HCIOJIB30BaTh (POPMHUATHO-CIIUPTOBON TutacTudukarop. JlokazaHO MO3UTHBHOE
€ro BO3JCHUCTBHE HAa CTPOUTEIHLHO-TEXHUYCCKUE M OKCIUTyaTallMOHHBIC KadyecTBa OETOHA, OTBEYAIO-
HIET0 YCTaHOBJICHHBIM HOPMATHUBHBIM TpeOoBaHWsM. [loiydeHa MONMHOMUAIBHAS MOJENb 2-TO TI0-
psjiKa, ompeJiesieHa ONTUMANTbHAS JJO3UPOBKA PEKOMEHJIOBAHHOTO IIacTU(UKATOPA, TTO3BOIISIOIIAS
Ha 60-80% yBenuYHUTH MPOYHOCTH OCTOHA TOCIE TEIUIOoBOH 00paboTku. [IpoBeneHHbIC 1abopaTop-
HbIC UCTIBITAHUS OCTOHHBIX 0Opa3IOB Ha MOPO30CTOWKOCThH MOATBEPAMIO COOTBETCTBHE OETOHA Ha
MeCTHOU ChIpheBOil 6a3e mapke 300. Pe3ynmbTaTel MpOBEACHHBIX MCCIIETOBAHUI BBISBHIN BO3MOX-
HOCTh PACIIUPEHHUS CBIPbEBOI 0a3bl ISl MPOU3BOJICTBA JIOTKOB, TPYO, TUIUT U APYTHX COOPHBIX XKe-
71e300€TOHHBIX 3JIEMEHTOB 3a CUET MCITOJIb30BAaHUSA B OETOHE HETOPOTHX MECTHBIX HEKOHIUITHOHHBIX
3aMOJIHUTEINICH C MOBBIICHHBIM COJICPKAHUEM 3arpsI3HSIONINX YACTHII.

Knrouesuvie cnoea: Meauopamuernsvle Cucmembpl, dJ1EMEHRNTbL METUOPAMUBHBIX CUCTEM,
KOHCMpYKYUuu mMeiuopamuetHblx CUCmem, orcene3obemonmble KOHCMpYKYUU.

HutupoBanue. Bacunsera E. B., ®eqopos B. M. DnemenTs! n3 6eTOHA HA HEKOHAWIIMOHHBIX 3aM0JI-
HUTEJISIX JUTS TIPOBOJIAIIEH CETH METHOPATHBHBIX cucteM. HMzeecmus HB AVK. 2023. 4(72). 487-500.
DOI: 10.32786/2071-9485-2023-04-49.

ABTOpCcKHil BKJIaA. YKa3aHHBIC aBTOPBl HACTOSIIETO HCCICHOBAHUS HETOCPEICTBEHHO yYaCTBOBAIM B
IOCTAaHOBKE MPOOJIEMBl, INIAHUPOBAHUH HCCIICAOBAHMS, aHAIM3E, B M3JIOKCHHU BHIBOJOB U IOATOTOBKE
NPeUI0KEHUH TPOU3BOJICTBY. Bce aBTOpHI HAcTOsIIEH CTaThl 03HAKOMUITUCH C TIPE/ICTAaBICHHBIM OKOHYa-
TEJBHBIM BAPUAHTOM M OZOOPHIIH €ro.

KoH¢umMKT nHTepecoB. ABTOPHI 3asBIISIOT 00 OTCYTCTBUHM KOH(INKTa HHTEPECOB.

Beenenue. COOpHBIE 3JIEMEHTHI JUIsl CETU U COOPY)KEHUI METMOPATUBHBIX CHCTEM HU3-
TOTaBJIUBAIOT Ha 3aBOJaX U MojauroHax (pucyHok 1). [locie n3rotroBiaeHus: X OTIPABISIOT Ha
CTPOUTENBHYIO IUIOIIAKY, OCYIIECTBIISIIOT MOHTaX M TepPMETU3aINI0 CThIKOB. COOpHBIE 3Jie-
MEHTBl U KOHCTPYKLMU B CPaBHEHUH C MOHOJUTHBIMU IOJIOKUTEJIBHO BIUSIOT Ha CPOKH
CTPOMTENBCTBA (COKPAIAIOT), CIOCOOCTBYIOT CHMKEHHIO TPYJ03aTpaT U MOBBIIIEHUIO Kaye-
CTBa CTPOUTEIbHO-MOHTAXXHBIX PadOT. B CBSA3M C 3TMM MeNNOpaTUBHBIE CUCTEMBI C MPOBO-
JSIIIEH CeThIO U3 COOPHBIX IIEMEHTOB CIIEAYET OTHECTH K TEXHUYECKU COBEPILIEHHBIM U OTBE-
YaloIIUM KpUTEpUIM HaJEeKHOCTU. TeM He MeHee, B HACTOsIIee BpeMsl U Takasi, HEeKorjaa co-
BEpILEHHAs MPOBOJAILAS CETh HYXKAACTCS B OCHOBATEIIbHOM PEMOHTE WM 3aMEHE, a CETh U3
3eMJISIHBIX KaHAJOB — B PEeKOHCTpykuuu [1-6, 9]. Pemenue 3agau B yBenmdeHUH 0OBEMOB
IPOM3BOJICTBA COOPHBIX )KEIE€300€TOHHBIX JIEMEHTOB U, B NIEPBYIO OUEPE/Ib, SIIEMEHTOB Mac-
COBOI'0 MCIIOJIb30BaHMs — IUIUT, JIOTKOB, TPYO, B3aMeH COOPHBIX AJIEMEHTOB, MPUILIEAIINX B
HETOJIHOCTh 110 UCTEYEHUH CPOKa IKCIUTyaTalluy MM MPEXIEBPEMEHHO; B KauecTBE OOJIHUII0-
BOK 3€MJISIHBIX KaHAJIOB; BMECTO 3€MJISIHBIX KaHaloB. B kadecTBe MOMOJHUTENBHOTO UCTOY-
HUKA CHIPhSl MOTYT OBITh MCIIOJIb30BaHbl HEPYAHBIE MOJIE3HBIE HCKOMIAeMbIe, MECTOPOKICHUS
KOTOPBIX UMEIOTCS MMPAKTUIECKHU MOBceMecTHO [7-13].

Matepuanabl M1 MeTOAbl. B kauecTBe OJHMX M3 CaMbIX BOCTPEOOBAHHBIX MECTOPOXK-
JNeHUl HepyAaHbIX MarepuanoB B PocToBckoil oOmactu cuutatorcs JKUpHOBCKUN Kapbep
(m. XXupHoB), BricTpopeuenckuit xapbep (m. beictpopeuenckuit) u IlotanoBckuii kKapbep
(x. Bepxnmii IToranos). Oka3biBas OJaronpusTHOE BIMSHHE Ha (OPMUPOBAHUE CTPYKTYpPHI
[IEMEHTHOI'0 KaMHs U TOBBIIIAsl 3TUM CaMbIM OJAHOPOJHOCTb, IJIOTHOCTh U MPOYHOCTH OeTo-
Ha, Ipo0JIeHHbIe KapOoHaTHBIE MOpoAbl JKUpHOBCKOTo U bricTpopeueHcKoro KaprepoB B BUIE
meOHs U BBICEBKH (OTXOJ KaMHEIPOOJIEHHs) MOIb3YIOTCS HauOOJIBLINM CIIPOCOM U B 000-
3puMOM OyaylieM UX HNEepCHeKTHBBI (B OTIIMUYME OT I1eOHs U BbICEBKHU [loTamoBckoro kapbe-
pa) COMHEHUI HE BBI3BIBAIOT.
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Pe3ysabrarsl U o0cyxaeHue. Pe3ynbTaThl MCCIEAOBAHUM BBISIBHJIM BO3MOXKHOCTh
pacuIpeHusi ChIpbeBOil 0a3bl MPOU3BOACTBA JOTKOB, TPYO, IUIUT U IPYTUX COOPHBIX XKene30-
OCTOHHBIX AJIEMEHTOB 3a CUET HCIIOJIb30BAHMS HEJOPOTMX MECTHBIX HEKOHIUIIMOHHBIX 3a-
MOJIHUTEJIEH C BBICOKUM COJICPKAHUEM 3arps3HSIONIMX YACTHUII.

[ R}

4 5 ' 6

2

10 11 12

Pucynox 1 — DneMeHThI IPOBOJSLIEH CETH METMOPATUBHBIX CUCTEM
1 — 1oTKM Ha CBaHBIX OMOpax; 2 — KPYyMHOTa0apUTHBIE TIOTKU-000IOUKH; 3 — JIOTKU Ha OMopax
pamHoro tumna; 4 — TpyObl Oe3HANIOPHBIE; 5 — TPYOBI C METAIUTMYECKUM CEPJICYHUKOM; 6 — TPYOBI
BUOPOTHIPONPECCOBAHHBIE; 7 — IUIUTHI IPEIHANPSHKEHHBIE; § — IIUTHI KPETJICHUS; 9 — IUTUTHI ¢
apMaTypHBIMH BbITyckamu; 10 — cBan-koJoHHBI; 11 — ycuiieHHbIe cBau; 12 — TpyObI MPSIMOYTOJIbHEIC
Figure 1 — Elements of the conductive network of reclamation systems
1 - trays on pile supports; 2 — large-sized shell trays; 3 — trays on frame-type supports; 4 — pressure-
free pipes; 5— pipes with metal core; 6 — vibrohydrocompressed pipes; 7 — prestressed slabs;
8 — attachment plates; 9 — plates with reinforcement outlets; 10 — of pile-columns; 11 — reinforced
piles; 12 — pipes rectangular

I'oBopst 0 Matepuanax B X. Bepxuuii [lotanos - [lotanoBckoro kapsepa, caeayer Mmoj-
YEepPKHYTh, YTO HIMPOKOMACIITAOHOE MX HCIOJIB30BAHUE B CTPOUTENHCTBE MM PEKOHCTPYK-
M1 MEJTMOPATUBHBIX CUCTEM (71a U BOOOIIE B CTPOUTEIHCTBE) BBI3BIBAET OMPE/IEICHHBIE CO-
MHEHHUS. SIBIISAACH OTHOCUTENBHO AenieBbIMH (Ha 20-30%), mebenb-necyanuk ¢ppakuun 5-40
MM U BbiceBKa ¢pakmun 0-5 MM [loTamoBckoro kapbepa CoAep)kKaT MBUICBUIHBIC M TIMHH-
CTBhI€ YACTHUIIbI, ONpPEEIsieMble OTMYyUYMBAHUEM, B KOJIMYECTBE, COOTBETCTBEHHO, 3,0-4,0% u
ceimie 15%. [IpuHUMas BO BHUMaHHE, YTO MOBBIIICHHOE COJEPYKAaHHUE MBUICBUIHBIX M TITH-
HUCTBIX YaCTHUIl HETaTMBHO BIUSET Ha CTPOMTEIbHO-TEXHMUYECKHE U OSKCIUTyaTallMOHHBIE
CBOICTBA OETOHA, CTPEMSITCS K HCITOJIb30BAHHIO 3allOJHHUTENIEH, KOTOPBIE COMEpKaT 3HAYM-
TEJIbHO MEHBIIIEe TaKUX (3arps3HSIONIMX) YacTHIl. B ciiyuae eciau TeXHOJIOTn4ecKue, OpraHu-
3allMOHHBIE WJIM KaKHUe-TO APYrue MPUYMHBI HE MO3BOJISIOT B MPAKTHYECKON NEATEIbHOCTH
UCIIOJIb30BaTh TaKue (JI0CTaTOYHO KaYECTBEHHBIE) 3aMIOJHUTEIH, OCTOHHBIE CMECH C HEBBICO-
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KOKAYECTBEHHBIMU 3aIIOJIHUTEISIMU MIPUTOTABIMBAIOT, KaK MPAaBUJIO, C YBETUYEHHBIMH JI03U-
POBKAaMH LIEMEHTA, YTO COrJIACHO HOPMATUBHBIM TPEOOBAHUSAM HEAOMYCTHMO, & KPOME 3TOTO,
YBEJIUYMBAET CTOUMOCTh O€TOHA M O€TOHHBIX AeMeHTOB [13, 14].

BaxxHbIM 00CTOSTETHLCTBOM SBIISIETCS M TO, YTO MECKU 00JIaZJal0T B OCHOBHOM TJIAJKON
MOBEPXHOCTHIO, MOJOXKHUTEIbHO BIHUSIOUICH Ha MOABHKHOCTb M YIUIOTHSAEMOCTh OETOHHOM
cMmecu. BriceBka jxe, UMesi HeTPaBWIbHYIO (pOpMY M IIEPOXOBATYIO MMOBEPXHOCTb, U COJEP-
JKalas euie M MOBBIIICHHOE KOJIMYECTBO 3arpsi3HAIOIIMX YacTHUll, He o0ecreuynBaeT HeoOXo-
JUMOH yI000YKIIapIBaeMOCTH OETOHHOM CMECH M HAJUICXKAIIETO €€ YILIOTHEHUs pH BUOpU-
POBaHMHU, a ITO KpaiiHe HETaTUBHO CKA3bIBAETCSl HA CTPOUTEIHHO-TEXHUUECKUX U IKCILTyaTa-
IIMOHHBIX CBOWCTBax OETOHA JIOTKOB, TPyO, IUIUT M APYrHMX COOPHBIX JIEMEHTOB. B 3THX
YCIIOBUSX MPUXOJUTHCS YBEIUYUBATH MCXOJHOE COAEp KaHHUE BOJbI B OETOHHOW CMeECH, YTO
NPUBOJINT K YBEIIMYCHHIO JO3UPOBOK IieMeHTa [12-14].

J1Ji1 5KOHOMHOTO PacxXxoJOBaHUS IIEMEHTA U CHIDKEHUSI HAYaIbHOTO BOJIOCOEPKAHUS
cMmeceil 0e3 yXyAlleHUsT CTPOUTEIbHO-TEXHOJIOIMUECKUX U TEXHUYECKHX CBOMCTB PEKOMEH-
JIOBaHO MpuMeHeHHe dPPEKTUBHBIX 100aBOK-TIIACTU(PUKATOPOB, a /Ui yIelIeBIeHUs OeToHa
U OCTOHHBIX (MM JKEIe300€TOHHBIX) JJIEMEHTOB JKEIATEeIhbHO OTBICKATh JO0aBKY-
IacTU(UKATOP U3 YKCIIA UMEIOLIUXCS PSAIOM OTXOJ/I0B MPOMBIIUICHHBIX TPOU3BOICTB.

B kauectBe no0aBku-1acTu(uKaTopa MpeayokeH (HOPMUATHO-CIIUPTOBBINA IUIACTH-
dbukarop, IpeaCTABISIONNNA cO00Il MPOMBIIUIEHHBIH OTXOJ MPOU3BOJICTBA MHOTOATOMHOTO
cnupra-neHTa’puTputa. OOpMHATHO-COUPTOBBIA IJIACTU(PUKATOP 3HAYUTEIBHO JICIIEBIIE
CM®, JICTM, C-3 u apyrux HIEHTHYHBIX UM CYNEpIUIacTU(UKATOPOB (CyHeppazKIKUTe-
Jieit), IpuMeHsieTCsl B BUJie BOJHOTO pacTBopa 40-50% KOHILIEHTpaIMuU 10 Macce, TOCTaBIIseT-
csl B 60YKax WM HHUCTepHaX. TpaHCIOPTUPOBKY OCYLIECTBISIOT Ha CIIEUAbHOM aBTOTPaHC-
MopTEe WUJITK 110 Kee3Hou aopore [10,14].

PesyabTaTsl n 00padorka uccjieqoBaHni, o0cy:xaeHune. /(s BHIABICHUS MEXaHU3-
Ma BIIMSIHUS BOJIHOTO pacTBopa (POpMHUATHO-CIIUPTOBOIO MacTuukaropa 45%-Hol KOHIIEH-
TPaLMU Ha CTPOUTEIbHO-TEXHUUYECKHE U HKCIUTyaTallMOHHbIE KayecTBa OeTOHA COOPHBIX 3Jie-
MEHTOB Ha 3aIIOJIHUTEJIAX C YBEINYEHHBIM COJIEPKaHUEM 3arpsI3HAIOMUX (MbUIEBUIHBIX, [IH-
HUCTBIX) YaCTHUIL[ MCIOJIBb30BANINCKH: NopTiaanauemMeHT mapku 500 HoBopoccuiickoro 3aBojna
«OKTsI0pb»; KpYNHBIN 3a0JHUTEND — 1Ie0eHb (nmecyanuk) ppakuuu 5-40 mm Ilotanosckoro
Kapbepa, COAEPKAIUI 3arpA3HAIOIMX YacTull B KonuuecTse 3,0-4,0%; MenKuil 3aoIHUTENb
— 0oTXO0J ApobisieHus necuanuka ¢paxuuu 0-5 MM (BbiceBka) [loTamoBckoro kapbepa, HMero-
mast Moaynb kpynHoctu 2,50 u cBbiiie 15% 3arpssssromux yactull. Pemenue penentypHo-
TEXHOJIOTHYECKHX 3a/1a4 OMHUPAJIOCh HA COBPEMEHHBIE METO/bl IUIAHUPOBAHMS HKCIIEPUMEH-
Ta, PErPECCUOHHOIO U CTaTUCTUUYECKOTO aHaln3a ¢ y4E€TOM CIEAYIIUX cooTHomeHui: Lle-
MeHT + BoiceBka = 950 kr/m>, [lle6ens = 1270 Kr/M>, € lement, BriceBka, 11lebenn — pac-
XOJIbI IIEMEHTA, BHICEBKH M IIEOHS, COOTBETCTBEHHO [15, 16].

VYcnoBus KOIMPOBAaHHSA M BAapbUPOBAaHUA (PAKTOPOB IIAHHUPYEMOI'O HKCIIEPUMEH-
TAJILHOTO HCCIIEJIOBAaHUS MPUBEACHBI B Tabmuie 1 ¢ yueToM cocraBa M300paXeHHBIX Ha pHU-
cyHKe 1 COOpHBIX 37IEMEHTOB IPOBOSIIEH CETH.

Tabmuna 1 — Koguposanue u BapbrpoBanue (hakTopoB
Table 1 — Coding and variation of factors

Kox OcHOBHOI1 WurepBan . i}
DakTophI X YPOBEHB, XO, BapbUpPOBaHU, HPDKHHH_ Bepxnym+
I % AXi YPOBEHB, «—» | YPOBCHb, «+»
Iement Xl 400 150 250 550
T1dC X2 3,0 2,0 l,O 5’0
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I'padmyecku miaaH 3KCIEPUMEHTAIILHOTO UCCIENOBaHMs M300pakeH Ha PUCYHKE 2, a
MaTpHIa TUIAHUPOBAHUS U YCIIOBHS IIPOBEJICHUS UCCIICIOBAHUS MIPEACTaBICHBI B TA0IUIIE 2.

CornacHo pUCYHKY 2 TOYKH MCHOJb3YeMOI0 IIaHa 3KCIEPUMEHTAIBHOIO HCCIeI0Ba-
HUS UMEIOT KOOPJIMHATHI BEPIIUH MPABUIBHOTO MIECTHYTOJIbHUKA, IIOCTPOCHHOTO B UHTEPBa-
ne BappupoBaHus (akTopoB + 1 B KOAUpoBaHHOM BHJie. BriOpaHHbIil M1aH ynoOeH Tem, 4To
MepexoJi OT KOJUPOBAHHBIX (PaKTOPOB K HATYpPaAIbHBIM 3HAYCHUSIM U, HA00OPOT, JIETKO TPO-
U3BECTU Ipa)UuecKu MO0 COOTBETCTBEHHBIM OCsM (pucyHOK 2). [1o pe3ynbpTaram ceMu OnbITOB
(LIEHTp MIECTHYTONBHUKA U IIECTh BEPIINH) OMPEACTSIOT HEM3BECTHBIC KOAIPDUIIUEHTHI pe-
TPECCHOHHOI0 YpaBHEHUS BTOpOro nopsiaka [15, 16].

I:I'II.I l X; l
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| I
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Pucynox 2 — I[1nan skcnepuMeHTa Ha HIECTUYTOJIbHUKE
Figure 2 — Experimental plan on a hexagon

§r =y + B Xg +DyX5 + By X + by X5 + 1o X1 X, )
rre: By = (0y) ~ 21y B =Y3(iy): by =4/3(ily);
b, :2/3(iiy)+5/6zik=1(iiy)—(Oy). @

Tabnuua 2 — Matpuna IIaHUpOBaHUS U YCIOBUS SKCIIEPUMEHTA
Table 2 — Planning matrix and experimental conditions

Homep Ilnan 5 5 dakTopbl
OIIBITA X X Xl X 2 X1 X2 X
1 2 1 (ID) X5 (ITPC)
1 0 0 0 0 0 400 3,0
2 -1 0 1 0 0 250 3,0
3 1 0 1 0 0 550 3,0
4 -0,5 0,87 0,25 0,75 -0,43 325 5,0
5 0,5 0,87 0,25 0,75 0,43 475 5,0
6 -05 | -087 | 0,25 0,75 0,43 325 1,0
7 0,5 -0,87 0,25 0,75 -0,43 475 1,0
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Hcnons3ys hopmysasl (2) OACUYNTHIBATUCH KOYPPUIIUEHTH PErPECCHOHHOTO ypaBHE-
HUS BTOPOTO MOPSIIKA, pacu€THBIC 3HAYCHHS KOTOPBIX MIPUBEICHBI HIDKE:

b, =2,44/3 = 0,82;

bo = 174,9— (77,0 + 63,0) = 34,9;

by = 35,3/3 = 11,77;
by = 4/3(0,26) = 0,35;
by = 2/3(77,0) + 5/6(77,0 + 63,0) — 1749 = — 6,89;

by, =2/3(63,0) + 5/6(77,0 + 63,0) — 174,9 = — 16,23.

Jliis mpouHocTH OETOHA Ha CKAaTHE MOCIIe TEIUIOBIAKHOCTHOM 00paboTKH ObLIO MOJY-
YEHO YpaBHEHUE PErPECCUU B IPUBEAEHHOM HUXKE BUJIE:

yr = 34,9 + 11,77X, +0,82X, — 6,89X2 — 16,23XZ + 0,35X, X,

©)

Perpeccuonnblii aHamu3 MOJy4eHHOM MaTeMaTH4eCKOM Mojenu (3) BBIIOJIHUM IOCIIe
BBIUUCIICHUS] OIIMOKYU 3KCIIEPUMEHTa U MOoJCUéTa OMNOO0K KOAPPHUIUEHTOB PErpPeCCHOHHOIO
ypaBHeHud. [IpuHMMas BO BHUMaHHE TPEXKPATHYIO MOBTOPHOCTH OMBITOB, OMIMOKA MpOBE-

JEHHOIO SKCIIEPUMEHTA 10 BOCIPOM3BOAUMOCTH cOCTaBuia Sy, = 4/ S2, = 0,18.

Tabmuua 3 — Pacuér ommbok kodpuumeHTos
Table 3 - Calculation of coefficient errors

b, by b; bji bj;
T; 1,0 0,577 1,224 1,155
Ti . Sav 0,18 0,104 0,220 0,208
t ‘|'I . Sav 0,317 0,183 0,387 0,366
Tabmura 4 — PerpeccoHHBIN aHATN3 MOJIEITH
Table 4 — Regression analysis of the model
o, [ Mo b [N [y ] by(iy)
o 34,9 0,317 34,9 174,9 6104,01
o} 11,77 0,183 11,77 35,3 415,48
b, 0,82 0,183 0,82 2,44 2,00
b1 -6,89 0,387 -6,89 77,0 -530,53
by -16,23 0,387 -16,23 63,0 -1022,49
b» 0,35 0,366 0 0,26 0

Cymma kBagparoB S5, u SS

S0 =4968,47;
$9V = 01

448.

SS=SS,,, +SS,, = 4968,92.

HpOI/I3BCI(CM MMPOBEPKY aACKBATHOCTU MaTeMaTHYeCKON MoAeIu IIpU pUCKE O = 0,05,

A YUCIIE CTEIEHEN CBOOOIBI

SSRE

Sia

4= 7-5=2m fa = N(n—l):14. Cymma KBajparoB

= (YY)~ (SS,00 +SS,, ) =4969,13 - (4968,47 + 0,448) = 0,212.
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2 y
HI/ICHepCI/I}I HCAACKBATHOCTU S—la U KPUTCPHUU (DI/Imepa, COOTBETCTBCHHO:
o= Sl fa=0,212/(7-5) = 0,106,
Fa= 3,31<F;=376.
CJ'IG,I[OB&TCJ'ILHO, MOXHO JOIIYCTHUTB, YTO MAaTEMATHUICCKasA MOJCIIb (4)
9= = 349 + 11,77X, + 0,82X, — 6,89X2 — 16,23X2 , (4)

¢ puckom o = 0,05 agexBaTHO OTpa)kaeT pe3yiabTaThl SKCIEPUMEHTAIBHOIO HCCIIEIOBAHUS.
AHanu3 MareMaTH4ecKor MoJienu (4) OCyIIeCTBUM IOCTE BBISBICHHS €€ TUIA U MOCTPOSHUS
COOTBETCTBYIOIIETO €if reoMeTpudeckoro oopasa. C 3Toif 1eNIbI0 BOCIIONB3yeMCsl OOIIIeH Teo-
puelt moBepxHocTel BToporo nopsaka [15,16], npunumas:

bh-y=ay; bj=28;; B=25; b=g. (5
MHBapHaHTBl KPUBOM BTOPOIo MOPSAAKA — CyMMa KO3()(GHIMEHTOB TP KBaPATUYHbIX
qneHax(S), OIPENIENUTENb, COCTABICHHBIN U3 KOX(P(PUIMEHTOB IPH CTapIIMX wieHax (J),

OTIpeeNIUTENb TPETHETO MOpsIKa, 00pa30BaHHBIN U3 BeeX K0I(DPHUIMEHTOB (A), COCTABAT:

S= Dby + bp=-6,89—1623=-23.12;

— _6189 — .
=losh, B _| ; =111,83; (6)

0
—16,23|

A= 0,5b12 bzz 0,5b2 0 —16,23 0,4‘1 :4466,92 (7)

0,5, 0,5b, by 589 0,41 34,9

bq4 0,5b, O,5b1] [—6,89 0 5,89

C yderom Toro oOctosTenbeTBa, 4To 0>0, A#0, SA<0 ypaBHeHue (4) onuchIBaeT 3J-
JUNTHYECKYIO TIOBEPXHOCTh OTKIJIMKA.

Ucnone3ys unBapuantsl (5), (6) u (7), npeacraBuMm ypaBHeHue (4) B yA0OHOW ams
aHaJIM3a U TeOMETPUUYECKON UHTEPIpEeTalui KaHOHUYECKOH popme:

X2+ AX5+C=0. ®8)
Koaddunnentrsl kaHoHHUECKON (HOPMBI OIIPEIETUM YEPE3 UHBAPUAHTHI:
_ A _ 446692 _
C= 5= 11iss =39, %4 9

_S s2
=St /T —§ = —11,56+4.67; (10)

M=—6,89; A,=—16,23.

C TOYKHM 3peHusi TEOMETPHH, TIEPEXO/] K ypaBHEHHIO (§) 03HaYaeT nepeMeleHre Hayana
KOOPJIMHAT B IIEHTP KPUBOH (TIOBEPXHOCTH) M MIOBOPOT UX HA HEKOTOPBIN yrOJ IO COBMEIIICHHUS
C IIaBHBIMH OCSIMHU KPUBOH (IIOBEPXHOCTSAMH) BTOPOTO TOPS/IKA.

C yuérom (9) u (10) kanoHu4eckast popma ypaBHeHHUs (4) MIPUMET BUI:

—6,89X. — 16,23 + 39,94 = Ryo, (11)
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a KOOpAWHAThI HEHTPA IOBEPXHOCTHU OTKIIMKA OIIPCACIIATCA U3 (bOpMy.]'II

—0,5b1 0,5b1; —5,89 0 ‘
v _ 1=05by by | _1-041 -16.231 _ 9559 _
Xo1 = T, 0,5b12| - |—6,89 0 | = Tiies 0,86,
0,5b12  bzz 0 -16.23
| bi1  —0,5bq |—6,89 -5,89
— _ 0,5b1, —0,5by| _ 0 -0,41l _ 2,825 _
Xo2 = Top, O,5b12| . |—6,89 0 | = Tiies 0,025. (12)
0,5b12  bzz 0 -16,23

VYuuteiBasg, 4To K03QPULUEHT by, paBeH HYIIO, OTCYTCTBYET IMOBOPOT HOBBIX OCEH
OTHOCHUTEJIBHO N3HAYAIIBHBIX.

[lo xanonuyeckoil ¢opme (11) moayocu 3IIUIICOB ONPEENSIIOTCS U3 CIEIYIOIIMX
HIDKE COOTHOILICHUH:

39,94—R 39,94—R
a= TBO : b - TBO ) (13)
6,89 16,23

Jist yHKIIMU OTKJIMKA 33/1aBasiCh I11aroM AyR = 1,0, moy4uM ceMencTBO CeYeHUH,

MPOCKIMH KOTOPBIX Ha (PAKTOPHYIO MJIOCKOCTH OYAYT SJUTUIICAMHU C IMOJIyOCSIMH, OTIpeesie-
MbIMHU 110 Gpopmyram (13).

st Rrgo = 38,0, a:\/i%;&0= 0,53;Db :\/7% =0,35;
Jlis Rygo = 36,0; 2= | 22222 = 0,76 b= \/7% = 0,49;
Jlin Rypo =32,0;a= [P222=1,07; b= 22222 =0,70;
Jlin Rypo =280;a= [Z222=1,.32; b= 22222 =0,86;
Jlin Rypo =240;a= [P222=152; b= 22222 =0,99;
Jiin Rygo =200;a= [P222=170; b= [P0 =111,
Jiin Rygo =160;a= |2222=186; b= \/—% =1,22;
Jlts Rygo = 14,0; a= \/7% =194; b= [P0 =126,

['eomerpudeckuii 00pa3 Mmogenu Yr (Rrpo) H300paxeH Ha PUCYHKE 3.

[IpeumymiecTBa NpeAOKEHHBIX A1 COOPHBIX AJIEMEHTOB OETOHOB, MOAYEPKUBAIOT U
pe3yJIbTaThl COMOCTABUTENbHBIX UCIBITAHUNA KyOHMUeCKUX OETOHHBIX 00pa3loB C JO3HPOBKa-
mu 1ementa 400 kr/mM® i 475 kr/M° ¢ aHANOTMYHBIMH 3aITOJTHUTEISMH, HO 0¢3 BBEICHHS B
cMmech (popmuaTtHO-ciupTOoBOrO MactTudukaropa. [Ipounocts 00pa3oB-KyOOB MOCIHE Ter-
JIOBJQKHOCTHOW 00pabOTKM, UMEIOIIUX O3MPOBKY lleMeHTa B kKonndectBe 400 Kkr/m°, Gbina
poBHa 19,3 MIIa, a B xonnuectse 475 kr/m° — 24,2 MIla. [Tpu BBeeHUU B OETOHHYIO CMECh
dopmuaTHO-cipTOBOrO MIacTudukaropa (3%) NPoOYHOCTHBIE MOKa3aTeNIn OETOHOB C J03H-
poBkamu 1iementa 400 kr/M° u 475 KF/Ms, JOCTUTAIIH, COOTBEeTCTBeHHO, 34,9 MIla n 39,1
MlIla. Takoit (60-80%) mpuUpOCT MPOYHOCTHBIX MOKa3aTeaeil 00yCIOBIEH TeM, YTO 3arps3Hsi-
IOLIME YaCTUIIl B IPUCYTCTBUU (POPMHATHO-CIIUPTOBOIO IUIACTH(PHKATOPA BBINOJIHSAIOT B Oe-
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TOHHOM cMecH (DYHKIIMIO MUKPOHAIIOJHUTENSA, CIIOCOOHOTO HMCIOJIHATh POJIA JOMOJTHUTEIIb-
HBIX IIEHTPOB KPUCTAIUIM3AIUN U MPOSBISTH ASQIIOKYIUpYIOMIee NESHCTBUE B THIPATHPYIO-
uiercs cucrteMe “riement-poaa’[13,14].
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Pucynok 3 — 'eomeTpudeckas MHTEpIpeTanys MOAEIH YR IPOYHOCTH OETOHA IOCIIE

TEIJIOBIIAXXHOCTHON 00paboTKH
Figure 3 — Geometric interpretation of the concrete strength model after heat and humidity treatment

Mopo3ocToiiKocTh OETOHA OIpeeNsilach BO3MOXKHOCTBIO €T0 BBIJIEP)KUBATh B HAChI-
IIIEHHOM COJIEBBIM PAaCTBOPOM COCTOSIHUM MHOT'O Pa3 MOBTOPSIEMOE 3aMOpakKUBaHUE U OTTaWBa-
HHUe 0e3 BHEIIHUX MPU3HAKOB MOBPEKACHUS U 3HAYUTENIBHOTO CHUXKEHUS TPOYHOCTHBIX MOKa-
3areneil [14]. YcranaBnuBaeMblie MOKa3aTelM OIEHUBAINCH MO pe3ysbTaTaM UCTIBITAaHUN Oe-
TOHHBIX KyOMueckux oOpasuoB ¢ pebpoM 100 MM ABaglaTH BOCBMH CYTOYHOIO BO3pacTa.
Hacpimenue u orranBanue o0pa3iioB-KyOoB MPOU3BOAMIOCH B BaHHAX € 5%-HbIM BOJIHBIM pac-
TBOPOM XJiopHuza HaTpus temneparypor 20°C, a 3aMopaXMBaHUE — B MOPO3MIIBHOM Kamepe,
o0ecrieunBaromiell TOCTUKEHNE U MOJIEpKaHUE TEMIIEPaTyphl BO3/lyXa U CpeJlbl 3aMOpaKiBa-
Hus muayc 50°C. CocraB 6erona: Llement = 475 KF/MS, BriceBka = 475 KF/MS, [le6ens = 1270
kr/M°, Boxa = 180 /M’ [Tnactudukarop = 14,3 Kr/n®.

Pe3ynbraThl ucnbITaHui npu 37 HUKIAaX MONEPEMEHHOTO 3aMOpPAXKUBAaHHUS M OTTauBa-
HHA TIPEJyCMaTPHBAIN: ONpEJEICHUE CPEJHEr0 3HAYEHUs NMPOYHOCTH R, KOHTPOIBHBIX 00-
pasuoB — 47,6 MIla, ocHoBHbIX — 48,2 Mlla; mojcuer cpeaHeKBaApaTHYHOrO OTKIOHEHUS Op
JUIS CPaBHUBAaEMBIX 00pa3iioB KOHTPobHBIX — 1,87 MIla, ocHoBHBIX — 1,33 Mlla; Berunicienue
k03 urrenTa Bapuau ¥y, NPOYHOCTH JUIs 00pa3loB KOHTPOJBHBIX — 3,93%, OCHOBHBIX —
2,76%; onpeneneHre HIXKHEN TPaHULIbI TIOBEPUTEILHOTO HHTEPBaIa IPOYHOCTH MIPH KPUTEPUN
CrpronenTa 2,57 11t cpaBHUBaEMBIX 00pa31oB KOHTPOJIbHBIX 47,6 — 2,57 *1,87=42,8 MI1a, oc-
HOBHEIX 48,2 — 2,57 " 1,33=44,7 MIla.

Wtak, 00pa3isl 6eToHA C BBIICYHOMSHYTHIM COCTaBOM BBIJIEp)Kainu 37 IMKIIOB UCIIbI-
TaHMI, 4YTO COOTBETCTBYET Mapke OeToHa 1o Mopo3octoiikoctu 300.

Takum oOpa3om, B pe3yibTaTe NMPOBEAECHHBIX HCCIEAO0BAHUN BO3HHKAET MEPCHEKTHBA
UCMOJIb30BaHUS B OETOHE JIENIEBbIX (JOCTYIHBIX) MECTHBIX HEKOHUIIMOHHBIX 3aMlOJIHUTENEH, U
paCIIMPEHUs] TEM CaMbIM 0a3bl MUHEPAIBHOTO ChIPhS JUIS U3TOTOBIIEHHS JOTKOB, TPYO, IUIUT,
CBall U APYTruX COOPHBIX KEIE€300€TOHHBIX 3JIEMEHTOB C LENbI0 MIUPOKOTO UX MPUMEHEHUs B
npoliecce PEMOHTHBIX U BOCCTAHOBMTENBHBIX pabOT Ha MEIHMOPATUBHBIX CHCTEMaX, CHUXKe-
HUSl (PMHAHCOBBIX PACXOJ0B HA PEMOHTHO-CTPOUTENIbHBIE PAOOTHl U COKpAILEHHUs] CPOKOB UX
BBITTOJIHEHHUSL.
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3akiaouenne. HpI/IMeHeHI/Ie C60pHI)IX JKeJIe300€ TOHHBIX JJIEMEHTOB Ha PEMOHTUPYEMBIX (BOCCTa-
HaBJ'II/IBaeMBIX) MCEIIMOPATUBHBIX CHCTEMAX ITO3BOJIUT COKPATUTH CPOKU PEMOHTHO-BOCCTAHOBHUTEIBHBIX
pa60T, TIOBBICUTH IIPOU3BOAUTCIIBHOCTE U KAYCCTBO BBITIOJIHACMBIX pa60T. HCCJ’IGZ[OBB.HPI?IMI/I YCTaHOBJIC-
HO, YTO HCITIOJIB30BAHHNE HEAOPOI'NX HEKOHIUIIMOHHBIX 3aITOJTHUTEIICH B IIPOMU3BOACTBE JIOTKOB, pr6, IIUT
" Opyrux C60pHI>IX JJIEMEHTOB 00ECIIEUNT CHIDKEHHE 3aTpar Ipr UX U3rOTOBJICHHUU 0e3 YXyAUICHUA Kauc-
CTBa I/ISI[GJ'II/I?I. HJ’ISI 9KOHOMHHU LEMEHTA U CHW)KCHHA HAYaJIbHOI'O BOAOCOACPIKAHUA OETOHHBIX CMECEH Ha
3alOJIHUTCIIAX C YBCIIMYCHHBIM COACPKAHUCM 3arpsA3SHAIOIINX (HBIJICBI/IILHBIX, FJ'H/IHI/ICTBIX) YacCTHUl] PCKO-
MEHJIOBAaHO BBEICHHE B CMECh (DOPMHUATHO-CIIMPTOBOTO THIACTH(HUKATOPA, SBISFOIIETOCS TTOOOYHBIM TIPO-
AYKTOM IIPOU3BOACTBA MHOI'OATOMHOI'O CIIMPTA-NICHTaA3pUTPHUTA. BrIsBIEHO TTONOKHUTENHHOE €0 (rmacm—
¢uKaTopa) BIMSHAE Ha CTPOUTEIBHO-TEXHUYECKHE U AKCIDTyaTallHOHHBIE KauecTBa O€TOHa COOPHBIX dIre-
MCHTOB, OTBCUAIOUICTO HOPMATHBHLIM Tpe6OBaHI/IﬂM. HpI/I HCTIOJIb30BAHNH MCTOAOB IUIAHUPOBAHHS 3KC-
TiepUMeHTa OblIa TIoJTydeHa MaTeMaTHdecKas MOJeb 2-TO MOpsAAKa, aleKBaTHO Ha 5%-HOM ypOBHE 3Ha-
YUMOCTHU ONMCHIBAIOIIAA 3aBUCUMOCTb MMPOYHOCTHBIX ToKa3zaTesie 6GTOHa Ha ACHICBbLIX (I[OCT}/T[HBIX) HE-
KOHJWIIMOHHBIX 3aTOJIHUTEISIX OT PAcXo/I0B IIEMEHTa M (POPMHATHO-CITUPTOBOTO IUIacTH(UKaTOpa: TpH
pacxoze uemenra ot 250 go 550 kr/m® JO3UPOBKY (hOPMUATHO-CITMPTOBOTO TUIACTU(HIKATOPA B BU/IE BOI-
HOTo pacTBopa 45%-Hoii KOHLIIEHTpauuy B KonudyecTse 2,8-3,2% oT Macchl LieMeHTa, HeOOXOIMMO CUHTAaTh
OIITUMAJIBHOIT; BBEJICHHE IIACTU(HKATOPA B COCTaB OETOHHOM CMECH MOBBICHIIO MPOYHOCTH OETOHA TTOCIIe
TeryIoBoM 00paboTku Ha 60-80% M COKOHOMHJIO B PaBHOMPOYHBIX OeToHax j10 20-25% 1ieMeHTa. YCKo-
PEHHBIMH HUCIIBITAHUSIMH 00pa3loB-KyOOB Ha MOpPO30CTOMKOCTh B PAaCTBOPE XJIOPUJA HATPHUS IMOITBEP-
KICHO COOTBCTCTBHC OeToHa Ha HEAOPOIruX MECTHBIX 3allOJIHUTEIIAX C NMOBBIIIEHHBIM COACPIKAHUEM IIbI-
JICBUIHBIX U MIMHUCTHIX yacTul Mapke 300.

B X0O€ MPOBEACHUA I/ICCJ'IE}ILOBaHI/Iﬁ BbBISIBJICHA BO3MOXHOCTH paClIUPECHUA 0asbl MUHEPAIb-
HOTI'O CBhIpbA AJIs1 MPOU3BOJACTBA JIOTKOB, pr6, IIJIUT U OPYTrux C60pHI>IX J)KeJ1e300€TOHHBIX DJIeME H-
TOB 3a CUCT HCIIOJIB30BaHUSA B 6CTOHG JCHICBbIX HEKOHIUIIMOHHBIX 3aIlOJIHUTENCH C MOBBIIIICHHBIM
COJICpIKaHUEM 3arpsA3HAIOIINX YaCTHII.

Conclusions. The use of prefabricated reinforced concrete dements on repaired (restored) recla
mation systems will reduce the time for repair and restoration work, increase the productivity and quality of
the work performed. Studies have found that the use of inexpensive substandard aggregates in the produc-
tion of trays, pipes, dabs and other prefabricated elements will reduce the cost of their manufacture without
compromising the quality of products. To save cement and reduce the initial water content of concrete mix-
tures on aggregates with an increased content of polluting (dusty, clay) particles, it is recommended to in-
troduce a formate-alcohol plasticizer into the mixture, which is a by-product of the production of polyhy-
dric acohol-pentaerythritol. Positive effect of its (platicizer) on construction, technical and operationa
quality of concrete of prefabricated e ements meeting regulatory requirements was revealed. When using
experimental planning methods, a mathematical model of the 2nd order was obtained, adequately at the 5%
level of significance describing the dependence of strength indicators of concrete on cheagp (available) sub-
standard fillers on the flow rates of cement and formate-alcohol plasticizer: at cement consumption from
250 to 550 kg/m3, the dosage of formate-alcohal plasticizer in the form of a 45% agueous solution in the
amount of 2.8-3.2% of the cement weight, should be considered optimal; introduction of plasticizer into
concrete mix increased concrete strength after heat trestment by 60-80% and saved up to 20-25% of ce-
ment in equal-strength concretes. Accelerated tests of cube samples for frost resistance in sodium chloride
solution confirmed the conformity of concrete on inexpensive local aggregates with a high content of dust
and clay particlesto grade 300.

The research revealed the possibility of expanding the base of mineral raw materials for the
production of trays, pipes, slabs and other precast reinforced concrete elements due to the use of
cheap substandard aggregates in concrete with a high content of pollutants.
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Summary

A comparative assessment of various cataysts for ferrite formation during wastewater treatment is

considered. Obtaining optimal parameters of time and volume of a substance to reduce the concentra-

tion of chemical elements to the maximum permissible concentration.
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