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CHIXEHWe KayecTBa CTPOMTENILCTBA
BCJIE[ICTBUE HECOBEPLIEHCTBA HOPMATUBHON 6a3bl

Mpo6nema KOHTPOMS U OLIGHKN KayecTBa B CTPOUTENbCTBE MPUOBPETaBT 0COGYI0 aKTyanbHOCTb, MOCKOMbKY B CTPOMTENbHOM KOMMMEKce
3 heKTUBHOCTb CYXG yNpaBneHIst Ka4eCTBOM HeJ0CTaTOMHO BbICOKA. Ha BCex aTanax XKM3HEHHOT 0 LKA CTPOUTENbHOI NPOAYKLIAN MMaBHas
Lieflb Y4aCTHUKOB CTPOUTENbHOMO MpOLECcca — CO3fjaHne 6e30MacHoro 1 HafgXHOro 06bEKTa KanuTanbHOro CTPOUTENLCTBA, U BCE AGNCTBUSA
JI0MKHbI ObITb HAaNpaBneHHbI HA OMTUMU3ALMI0 BU3HEC-NIPOLIECCOB W CHUXKEHME PUCKOB HA BCEX 3Tanax XXW3HEHHOTO LKA 3MaHuii 1 mp.
B pesynbrate nccnefoBaHns AeNCTBYOLLMX HOPMATUBHBIX TPEOOBAHMI K KOHTPOJTHO Ka4ecTBa B CTPOUTESNLCTBE, B YACTHOCTU K OETOHY 1 GETOH-
HOIi CMECHW, WX MoKa3aTeniam, AOMYCTUMbIM OTKMOHEHWUSIM U CTaGWUMbHOCTY MOKa3aTenei KayecTBa BbISIBIEHO OTCYTCTBME MCMOJb30BaHUS
CTATUCTUYECKNX MHCTPYMEHTOB 06BCMeYEHIst CTaBUIbHOCTIA MPOM3BOACTBA GETOHHBIX CMECEi, KOHTPONS MOKa3aTeNeil KayecTBa npoayKLn 1
MPOLIECCOB, NPOM3BOASLLIMX NPOAYKLMIO. TakxKe aHanM3upoBanch TPEOOBAHNS K NOKA3aTeNsaM KaiecTa LEMEHTa, B YaCTHOCTW aKTUBHOCTb W
MPOYHOCTb LigMeHTa. OBHAPY)XXEHO, YTO B MOCNEAHNX BEPCUSX HOPMATUBHBIX OKYMEHTOB OTCYTCTBYIOT METO/Ibl KOHTPOMS MPOYHOCTYA 1 OfIHO-
POMHOCTY GETOHA ANS JOCTUXKEHISI NOCTOSHCTBA NPOU3BOACTBEHHOTO MPOLIECCA U NOKA3aTenei, MPUHSATHLIX AN Mapku 6eToHa. OnepauyoHHbIi
KOHTPOINb NPOBOZAST C 3an0NHEHNEM 3MEKTPOHHbIX (hOPM, NPeayCMOTPEHHbIX B MNaHe KOHTPONS ANs KaX0ro Buaa paboT 1 y4acTHIKA CTPo-
WUTENBHOIO NMPOLIECCa, B TOM YUCHE HA OCHOBE CXEM OMEPALMOHHOM0 KOHTPOMS KaYecTBa TEXHONOMYECKOI JOKYMEHTALN CTPOUTenbCcTBa. Ho
B HOPMATUBHOM [IOKYMEHTE He 3athUKCUPOBAHO, KTO pa3pabaTbiBaeT NaH KOHTPONS, OMPOCHbIE NUCTbI U B KaKOM 0Gbeme 1 np. 3T0 HeoBXo-
AIMO OrOBapuBaTh B [IOFOBOPE Ha BbINOSIHEHNE PaBoT. B uTore Hannune yTBepXAEHHBIX 11 MPUMEHSIEMbIX HA J0OPOBOMbHON OCHOBE CTaHAAp-
TOB Ha M3rOTOBMEHUE U MPUMEHEHUE CTPOUTENbHBIX MaTepUanoB, MPOU3BOACTBO CTPOUTEbHO-MOHTXHbIX PAGOT M3-3a UMEIOLLNXCS Hef0-
4eTOB He rapaHTUPYeT B MONTHOWM Mepe CO3JaHUs HafIeXHOTO 11 GE30MacHOr0 0ObEKTa KannTanbHOr0 CTPOMTENbCTBA.

KnioyeBble cnoBa: KOHTPOSb Ka4eCTBA B CTPOUTENLCTBE, 06ECEYeHe CTabUbHOCTI NoKa3aTesieil Ka4ecTBa, HOPMATUBHbIE JOKYMEHTbI,
OMepaLmnoHHbIA KOHTPONb, CTATUCTUYECKNE NHCTPYMEHTDI.

Insa umtupoBanus: Ceb6enes .M., CmupHosa O.E., Conosbesa 0.H., LLlaxo C.A. CHMXeHNe Ka4eCcTBa CTPOMTENbCTBA
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Decrease in the Quality of Construction Due to the Imperfection of the Regulatory Framework

The problem of quality control and evaluation in construction is becoming particularly relevant today, since the efficiency of quality management services in the construction complex is not
high enough. At all stages of the life cycle of construction products, the main goal of the participants in the construction process is to create a safe and reliable capital construction facility,
and all actions should be aimed at optimizing business processes and reducing risks at all stages of the life cycle of buildings, etc. The current regulatory requirements for quality control in
construction, in particular for concrete and concrete mix, their indicators, permissible deviations and stability of quality indicators were investigated. The absence of the use of statistical tools
to ensure the stability of the production of concrete mixtures, control of quality indicators of products and processes producing products has been revealed. The requirements for cement
quality indicators, in particular the activity and strength of cement, were also analyzed. It was found that in the latest versions of regulatory documents there are no methods for controlling
the strength and uniformity of concrete to achieve the constancy of the production process and the indicators adopted for the concrete grade. Operational control is carried out by filling out
electronic forms provided for in the control plan for each type of work and participant in the construction process, including on the basis of operational quality control schemes of techno-
logical documentation of construction/ But, the regulatory document does not specify who develops the control plan, questionnaires and in what volume, etc. This must be stipulated in the
contract for the performance of work. As a result, the availability of standards approved and applied on a voluntary basis for the manufacture and use of construction materials, the produc-
tion of construction and installation works due to existing shortcomings does not fully guarantee the creation of a reliable and safe capital construction facility.

Keywords: quality control in construction, ensuring the stability of quality indicators, regulatory documents, operational control, statistical tools.
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[TpobGaema KOHTPOJISI U OLIEHKU KauyecTBa B CTPOU- He cnenyer 3a0biBaTh, UTO Ha BCEX ITarax >KM3HEH-
TEeJIbCTBE B ITOCJIEIHEE BPEMs IPUOOPETAeT OCOOYIO aKTy-  HOTO ILIMKJIa CTPOUTEbHOUM MPOMYKIIMU TJaBHas Lejb
AJIbHOCTh, MTOCKOJIBKY B CTPOUTEIbBHOM KOMILIEKCE 3(p-  BCEX YUaCTHUKOB CTPOUTEIBHOTO MpoLecca — CO3aHue
(beKTUBHOCTB CIIyXKO YMpaBJleHUs] KaueCTBOM HEJOCTa-  0e30MacHOro M HaliesKHOTO 00bEKTa KAaUTaIbHOTO CTPO-
TOYHO BBICOKA. urenbetBa (OKC) m Bce meiicTBUSI, HaIlpaBJICHHBIE Ha

Hay4HO-mexHuMecKuil u npoussodcmeennsiil wcypran Gy paie)LFPE 1[5t |b =
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OINTUMU3ALIMIO OM3HEC-MPOLIECCOB U CHUXKEHUE PUCKOB
Ha BCeX ATamax >XKM3HEHHOTO IMKJIa 3JaHUM, CIIoco0-
CTBYIOIINX BBIPAOOTKE ONTHMAJIBHBIX PEIICHUI, BBISIB-
JICHUIO OIIMOOK Ha paHHUX CTaAusX MPOSKTUPOBAHUS,
CHIDKEHUIO 3aTpaT Ha CTPOUTEILCTBO M SKCIIyaTaluio,
COKpAaIlleHUI0 CPOKOB paboT, B TOM UMCJIe TIPU UCTOJIb-
30BaHUU TEXHOJOTUU UH(POPMALIMOHHOTO MOJEINPOBa-
Hus (TUM), noKHBI 06€CIIeYrTh Co3AaHue Oe30MacHO-
ro u HagexxHoro OKC [1-5].

HeobxommMo oTMETUTD, UTO B HACTOSIIIEE BpeMs pa3-
pabotaH u npuHAT cBoa mpaswia CIT 471.1325800.2019
«MHbOpMaIIMOHHOE MOIEIUPOBAHNE B CTPOUTEIBCTBE.
KoHTpoas KauecTBa IPOM3BOACTBA CTPOUTEIBHBIX pa-
060T», B 1I. 3.13 KOTOpPOro JaHo orpeaeaeHrue KOHTPOJIS
Ka4yecTBa IMPOU3BOJCTBA CTPOUTEIBHBIX padboT: «CocTaB-
Hasl 4acThb CTPOUTEIbHOIO KOHTPOJISI, LIEJbl0 KOTOPOI
SIBJIICTCSI TIPOBEPKa COOTBETCTBUS ITOKa3aTesIeil Kade-
CTBa CTPOUTEIbHON MPOAYKIMN 1 T€XHOJIOTHIA BbIITOIHE-
HUsSI CTPOUTEIbHBIX MPOIIECCOB YCTAHOBACHHBIM TPeOO-
BaHUsAM». VI3 TaHHOTO OTpeneeHusl CIeAyeT, YTO CTPO-
UTEJbHBIM KOHTPOJIEM OXBaThIBAIOTCS:

— CTpoUTebHAs MPOAYKUNS (3MaHNe, KOHCTPYKIIHS)
U, CJAeAOBATEeIbHO, TP 3TOM HEOOXOAMMO OMpPEaessiTh
IoKa3aTejIn ee KauecTna;

— TEXHOJIOTUS BBHITIOJTHEHUSI CTPOUTEIHHEIX TTPOIIEC-
COB U TaK:Ke MoKa3aTesId €¢ KauecTBa.

OO0IIen3BeCTHO, YTO KOHTPOJh KadyecTBa CTPOU-
TeJIbHBIX MaTEePUaIOB, U3NEJUN U KOHCTPYKIMI SIBJISI-
eTCSI HEOTheMJIEMOM YacCThlI0 CUCTEMBI OOCCIICUCHUS
HaJEXHOCTU KOHCTPYKIMKA 3MaHUW W COOPYXKEHUMN.
DPDHEeKTUBHOCTb, PE3yJbTaTUBHOCTL U SKOHOMUY-
HOCTh KOHTpPOJISI KauyecTBa M MCHBITAHUI o0Oecredu-
BaeTCsl MPUMEHEHUEM CTaTUCTUYECKUX METOI0B
(IT'OCT P UCO 12491-2011 «Marepuanbl U U3IeIUs
crpoutenbHble. CTaTUCTUYECKUE METOABI KOHTPOJIS
KayecTBa»). DTO B IMOJHON Mepe OTHOCUTCS K OETOHY —
BaXXHEUIIIEeMy MaTepuany, IMPUMEHSIEMOMY B COBpe-
MEHHOM CTPOUTEJIbCTBE.

M3BecTHO, 9TO KAYECTBO CTPOUTEIBCTBA CYIIICCTBEH-
HBIM 00pa30M 3aBUCHUT OT KauyeCcTBa HOPMATUBHOM (TeXx-
HUYECKUE PErJIAMEHTBI, CTAHIAPThl), TPOEKTHON (B TOM
YUCJIe N3BICKAHUS) U TEXHOJIOTMICCKOM JOKYMEHTAIIUH,
COOMIOACHMST TEXHOJOTUI TMPOU3BOACTBA MaTEpPUAJIOB,
W3OCINiA, KOHCTPYKILIMI, CTPOUTEIBHO-MOHTAXKHBIX pa-
00T, CBOEBPEMEHHOI'0 KOHTPOJIS KauecTBa U peain3yeT-
cs B mpotiecce akcrryataunu OKC.

PaccMoTpuM ¢ 3THX MO3WILIMIT HOPMATHBHBIE TOKY-
MEHTBI, KOTOPbIE B HACTOSIIIINIA MOMEHT M3 pa3psiga 00s1-
3aTeJIbHBIX TIEPEIUIA B KATETOPUIO T0OPOBOILHOTO TIPH-
MEHEHMUS.

B TOCT 26633-2015, T'OCT 31914-2012,
I'OCT 18105—2018, TOCT 7473—2010, TOCT 27006—2019,
KaK ¥ B MIPEABIAYIINX PEeIaKIIUsIX, OTCYTCTBYET OIpene-
JIeHWe OCHOBHOTO TepMUHa: «kKjiacc 6eToHa» [6]. Kpome
toro, B 'OCT 26633—2015 He ycTpaHeHa BO3MOXHOCTD
Ha3HAYCHUS TTPOCKTUPOBIINKAMHU «3K30TUUCCKUX» 3HA-
YEeHUI HEKOTOPBIX ITOKa3aTesjell KayecTBa OETOHa.
Hampumep, B 0MHOM 13 IPOEKTOB MbI BCTPETUIIN TaKyIO
sanuck: «beronHas moaroroska — 6erod B7,5 F75 W6

I'OCT 7473—-2010». B sToM cnyuyae njs obecriede-
HUSI HOPMATHMBHOI TPOYHOCTH KJjlacca COIJIaCHO
I'OCT 27006—2019 naHHbI 6ETOH JOKEH UMETh CPe/i-
HIOIO ITIPOYHOCTD IPU CKATUU ITPY KO3(PDUILIMEHTE Bapu-
anuu V=13,5%, pasuyto R=9,8MTIla. CormnacHo [7] mist
obecrnieueHUsT TpeOyeMoii MapKM IO MOPO30CTOMKOCTU
F75 (mo mepBomy MeTomy) HEOOXOAMMO WMEThH IMPOY-
HOCTb OeToHa Mnpu cxkatuu He MeHee 25 MIla, a Bogo-
HernpoHuiaeMocTu W6 — He menee 35 MITa. Takum 00-
pas3oM, Jaxe HeCTIeIUaIUCTY TTOHITHO, YTO 00eCTIEYUTh
TpeOyeMyIo MPOEKTOM BOAOHENPOHUIIaeMOCTh W6 mpu
Kjacce 6etoHa B7,5 HepeansHo [8].

BI'OCT 7473—-2010 «Cmecu 6eToHHbBIE. TexHUYeCKUE
YCIIOBHUSI» YKa3aHBI CJICOYIONINE TEXHOJOTMIECKHUE II0-
KazaTeJIM KadyecTBa: YIOOOYKIIaIbIBAEMOCTh; CPEIHSIST
IUIOTHOCTB; PaccaaBaeMOCTb; IIOPHUCTOCTD; TeMIIepaTy-
pa; COXpaHSIEMOCTb CBOMCTB BO BPEMEHU; OOBEM BOBJIE-
YEHHOTI'0 BO3/yXa.

B 3aBucuMocTu oT mokasaTesisi yao00yKIaasiBaeMo-
CTU OETOHHBIE CMECH MOIPa3AE/IIOT Ha MapKu B COOT-
BeTCTBUU ¢ TabdJ. 1—4. B 1abiu. 5 nmpuBeaeHbI 10MyCTU-
Mble OTKJIOHEHUs 3aJaHHBIX 3HAYeHWI ToKa3aTeJei
yI00O0YKJIaAbIBAEMOCTH; B TA0JI. 7 JOMYCTUMBbIE OTKJIOHE-
HUSI 3aIaHHBIX 3HAYeHUH IoKasartesieil KauecTBa OETOH-
HOI CMecH: cpefHsisi TJIOTHOCTb, KI/M3; paccianbae-
MOCTb, %; TIOPUCTOCTb, %; TemrepaTypa, °C; coxpaHsie-
MOCTb CBOMCTB BO BpDEMEHU.

B 11. 6.4 ykazaHo: «[leprognyHOCTb KOHTPOJISI ITOKA-
3aTesiel KauecTBa OETOHOB M KaXI0W MapTUX OETOHHBIX
cMecell ycTaHaBIMBalOT B cooTBeTcTBUM C Ilpuioxe-
HueM [, UM OHa TOJDKHA COOTBETCTBOBATH TPEOOBAHM -
sIM, YKa3aHHBIM B JIOTOBOpPE Ha IOCTaBKY OETOHHOI
cmecu». 1o Iputoxenuto I' TeXHOTOrMYECKUX MOKa3a-
Tesieil KayecTBa OETOHHBIX CMECeil OTpeneIsIioTCs: YI0-
0OYKJIaIbIBA€MOCTD B TIEPBBIX TPEX 3arpy3Kax B CMEHY U
lajiee B KaXIOW HeCsATOM 3arpy3ke, CpemHssl IUIOT-
HOCTb — TOJILKO B IIEPBOI1 3arpy3ke B CMeHy. Takum 00-
pa3oM, KOHTPOJTIO CPeIHEN TUIOTHOCTU OETOHHOI cMecHu
YIEJIAeTCd Majlo BHUMAHU, OAHAKO 3TO CBOMCTBO Tpe-
OyeT OoJiee TIPUCTAIBHOTO BHUMAHMSI.

He mojiexxut COMHEHMIO, 4TO TPOYHOCTH OeToHa
MPU CXKaTUM B3aMOCBSI3aHa C PACXOJIOM 1LIEMEHTa U €ro
AKTUBHOCTHIO, BOJIOIIEMEHTHBIM OTHOIIEHUEM, KOJYe-
CTBOM M COOTHOIIIEHWEM KPYITHOTO U MEJIKOTO 3alOJIHU-
Tenel (1IeOHS/TpaBUsS M TIeCKa), yI0OOYKIaabIBaeMO-
CTBIO U CPEIHEN IUIOTHOCTHIO OETOHHOM CMecH 1 0eTOoHa,
pacxooM pa3IMYHOTO pojaa 100aBOK.

BaxxHeiei onepaiyeil mpuroToBaeHUs OETOHHOM
cMecH SBJIsIeTCsl TepeMeluBaHue. O0ecreyeHne Kade-
CTBa MePEMEIMBAHUS 3aBUCUT KaK OT KOHCTPYKTHUBHBIX
0coOeHHOCTel (ImapaMeTpoB) CMECUTEIBHOTO 000PYI0-
BaHMUS, TaK U OT ITIOCTOSTHCTBA peXXMMa MepeMelInBaHus,
YCTaHOBJIEHHOTO JIJTSI TAHHOTO COCTaBa OeTOHa, CTAOMITb-
HOCTU COOTHOIIEHUSI KOMIIOHEHTOB B IpoOliecCce UX Ie-
peMemmBaHus (TOYHOCTU MX mo3upoBaHus). [Ipu sTom
MOCTOSIHCTBO peXXMMa MepeMellIMBaHus 00eCcreuruBaeTCs
YCTaHOBJICHHOM IOCJIEIOBATEeIbHOCTBIO 3arpy3KM KOM-
TTOHEHTOB B CMECUTEJIb U TTPOIOJIKUTETLHOCTBIO UX Tie-
peMeIIMBaHMSI.
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HopmaTuBHas 6a3a oTpacan

Mepoii cTabUIBHOCTU Mpoliecca MPUroTOBIEHUS Oe-
TOHHOM CMECH SIBJISIETCSI OCTOSIHCTBO TaKUX TEXHOJIO-
TMYECKNX XapaKTepUCTUK, KaK YI00OyKJIaJablBaeMOCTb,
onpeaensieMasl, HarpuMep, MapKoii 1o ocaake KoHyca, 1
CpemHss TIOTHOCTD. I1OCTOSSHHBINT KOHTPOJIb 3TUX I10-
Kaszarejieil COBMECTHO C OINEepallMOHHBIM KOHTpPOJIEM
TEXHOJIOTUYECKOTO TIpoliecca MO3BOJIUT 00CCIIeUUTh CO-
OTBETCTBHUE OETOHHOI CMeCH TpeOOBaHUSIM, YKa3aHHBIM
B JIOTOBOpPE Ha MOCTaBKY.

[Mpunsitoe monoxenwue (m. 5.3.3) TOCT 7473—-2010:
«[TorpenrHoCTh 1O03UPOBAHMST UCXOAHBIX MaTepUaJIOB Be-
COBBIMU J03aTOpaMU He JOJKHA MpeBblIaTh £2% miis
IIEMEHTA, BOABI, XUNMIUECKNX U MIUHEPATbHBIX TO00aBOK,
+3% — 111 3aMOTHUTENIE» — He CITOCOOCTBYET CTAOWIIH -
3allMy TIpollecca MPUTOTOBICHUsT OETOHHOW CMECHU U ee
onHopogHocTu (TOCT 7473—94 1. 4.11 COOTBETCTBEHHO:
+1% u £2%). D10 0COOEHHO BaXKHO UIsI MOHOJUTHOIO
CTPOUTENICTBA, TJ€ IPUMEHsSIEMble OETOHHBIE CMECH
HMMEIOT MOBBIIICHHYIO IMOABIKHOCTD U ITO3TOMY TP 10~
3MPOBAHUY KOMITOHEHTOB OETOHHOI CMeCH HEOOXOIMMO
o0ecreurBaTh BICOKYIO TOYHOCTh JO3UPOBAHUS.

B 10.5 (T'OCT 7473—2010) ykazaHo: «[Ipu omieHKe
CTaOUJIBHOCTHU MPOU3BOJCTBA COOTBETCTBME HOPMUPYE-
MBIX TEXHOJIOTMYECKUX TOoKa3aTejieli KauyecTBa OETOH-
HBIX CMecel 3aJaHHBIM 3HAYCHUSM ITPOBOIST IO PE3YIIh-
TaTaM KOHTpPOJISI KauecTBa CMeCeii 3a Mepuo, He MPeBbI-
maromnmi 6 Mec.

CooTBeTCTBHME OETOHHON CMECH 3aAaHHbBIM 3HAYEHM -
sIM YCTaHABJIMBAIOT ITOACYCTOM YHMCJIa PE3YJIBTaTOB, IO-
JIY4EHHBIX 3a TIEPMOJ OLICHKU, KOTOPBbIe HaXOJSTCs 3a
npeaegaMu yCTaHOBJAEHHBIX 3aJaHHBIX 3HAUEHMI, Ipa-
HUII KJIACCOB MJI JOITyCTUMBIX OTKJIOHECHUWI 3aJaHHBIX
3HAYEHU, U CpaBHEHUEM 3TOr0 YMCia C MPUEMOYHBIM
YHCJIOM, YKa3aHHBIM B TaOJI. 8».

IIpu smom He npumeHsOmcs cmamucmuyecKue UuH-
cmpyMeHmul 00ecne4enus cmabuibHocmu Npou3800cmed
OemoHHbIX cMecell, KOHmMpPoAs nokKaszameneil Kavecmed
(IIK) npodykuyuu u I1K npoyeccos, ee npoussodsaujux. ITo
TpagUILIMOHHBIC METOIUKNA MEHEIKMEHTa KayecTBa: CTa-
TUCTUUYECKUI TIpueMouHblii KOHTpoJb (CITK) u koH-
TponbHbie KapThl Illyxapra (KK), mmpoxo mpumeHse-
MBbI€ B COBPEMEHHBIX CUCTEMAaX YIIPaBICHUS TIPSATIPUSI-
teM, Hanpumep ISM, LEAN, 6 SIGM, ISO 9000 u T. 1.
CratucTiiyeckue MeTOmbI, TpemtoxkeHHble LllyxapToMm,
Jajid B PyKM CIELIMAIMCTOB MHCTPYMEHT, KOTOPBIA 1MO-
3BOJIUT COCPe0OmoUUms yCuausi He Ha mom, KaK 00Hapy-
AHCUMDb U U3BAMb OPAKOBAHHbIE MaAMEPUAnbl/u30eius 00 ux
Omepy3Ku NOKYnamenro, a Ha Mom, KaK Y8eauvums 8bixoo
200HOIL NPOOYKYULU 8 MEXHOA02UHECKOM npoyecce.

ITpu Mcrosb30BaHUU METOAUKU KOHTPOJbHBIX KapT
BHUMAaHUE MePCOHaIa 00pallaeTcs He TOJAbKO Ha TEKY-
IIMe MoKa3aTeJu KauyecTBa MPOU3BEACHHON B JaHHBII
MOMEHT BPEMEHU MPOAYKIIMU, HO U HAKOTUJICHHbBIE Xa-
PaKTEPUCTUKH STOM IMTPOAYKIIUHU B TCUCHME OIIPEACICH-
Horo nepuoga. Ecau ITK npoaykuuu xapakTepusyloT
€€ COCTOSIHME B OIIpele/IecHHBIII MOMEHT BpeMEHHU, TO
I1K mpouecca moka3blBalOT, HACKOJbKO OJU3KUMU K
nanueiM ITTK Ooynyr 1K apyroii, mopoxmaeMoil 3TUM
MPOLECCOM MPOAYKUMU uiau Oyayt au oymymwme ITK

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeHHbII HCYPHAN

MPOAYKLUMU COOTBETCTBOBATh HacTosIIUM. [Ipu sTOoM
HEOOXOOMMO OCYIIECTBISATh ONEPAlIMOHHBIA KOH-
TPOJIb, KOTOPHIN TOJIKEH 00CCIICUYNTh: Ha JAHHOM OITe-
pamnuu coOIoaeHe TpeOOBaHUN HOPMATUBHO-TEXHU-
yeckoit mokymeHranuu (HT/I), TexHonornueckux pe-
IJIAMEHTOB U TIPOEKTHOW TOKYMEHTAllMM; TPUHSITUE
OIEPaTUBHBIX MepP IO TIPEeayIpeXIeHUIO Ie(PEKTOB U
OTKJIOHeHUu# oT TpedboBaHuit HTJ, BBIABASIEMBIX B
Impoliecce IMPOBEPKU, M HEMEIICHHOMY UX YCTpaHe-
HUIO; TTOBBIIIEHNE JUYHOU OTBETCTBEHHOCTH MCITOJI-
HUTEJEMN.

Takum o06pa3oM, OlLIEHMBATb CTAOMJIBHOCTb MPOU3-
BOJACTBa OETOHHBIX CMeceil HEeOOXOAMMO, I10 HalleMy
MHEHMUIO, TTapalIeJIbHO OTOMpast MpoObI IJIs oTpeaese-
HUS YIOOOYKJIAIbIBACMOCTA M CPEIHEU TUIOTHOCTH IO
anroputmy, ykazanHomy B TOCT 7473—2010, ITpunoxe-
Hue I', 1160 B COOTBETCTBUM C TEXHOJIOTMICCKIM peria-
MEHTOM Ha MPOU3BOJACTBO OETOHHBIX CMeceli, pazpadbo-
TaHHBIM Ha TIPS PUSITUN-U3TOTOBUTEIE.

B HacTosiiee Bpemsi AEHCTBYIOT CAeAyIOLIME CTaH-
naptel: TOCT 30515—2013 «LlemenTol. O01IME TEXHUYE-
ckue ycnoBusi» 1 TOCT 31108—2020 «LlemeHTbI 0O1IIE-
cTpouTesibHble. TexHuuyeckue ycaoBusi». ToOAbKO B
I'OCT 31108—2020 1. 6.2.3.3 ¢ CYLIeCTBEHHOI OroBOpP-
KO yKazaHa BO3MOXHOCTb, HO He 00s13aHHOCTb (!) 1ie-
MEHTHOTO 3aBOjIa IIPEIOCTABIISITh IOTPEOUTENIO JaHHbIE
00 3 (HEeKTUBHOCTH LIEMEHTOB MPU MPOTIapUBAHNY KaxXK-
IOl MPOM3BOAMMOII MM TapTuu uLemeHTa: «[Ipemenbt
IMPOYHOCTH Ha cxkaTue eMeHToB TuroB LIEM 0, LIEM I,
LHEM II u HEM III nocne nmpomnapyMBaHUsl U TPYIIIbI
3(OEKTUBHOCTH 1LIEMEHTOB IMPU MPOIApUBAHUU TIPE/I-
crapiieHsl B [Ipunoxenun A. OtipeneieHne TPyIsl 3¢ -
(EeKTUBHOCTU LIEMEHTOB MPU MPOMapUBaHUM BbIIOJHSI-
€TCSI TOJIKO B TOM CJIy4ae, €C/IM 3TO TPEIyCMOTPEHO
JIOTOBOPOM (KOHTPAKTOM) Ha IMOCTaBKY LieMEeHTa». DTa
OYCHB BaxkKHAS XapaKTepUCTUKA IIeMEHTa He0OX0oauMa He
TOJIBKO TIPH TTPOM3BOACTBE COOPHBIX OETOHHBIX U KEJIe-
300€TOHHBIX U3JAEINI U KOHCTPYKUMIA, HO U JJIsI MOHO-
JINTHOTO OETOHA, TaK KaK OH TakKe TOJBEpPraeTcs pas-
JIMYHBIM BUIAM TeTJIOBJIaXXHOCTHON 00paboTku (TBO)
KaK 3UMOM, TaK ¥ JeToM. Ecin paboTHUKM 1abopaTopun
TIPY TIPOM3BOACTBE COOPHBIX OETOHHBIX U KeJIe300€TOH-
HBIX U3ACINI U KOHCTPYKIUI HETTPEMEHHO MPOIKUChIBa-
0T B JIOTOBOPE ITOCTABKM LIEMEHTA 3TY XapaKTCPUCTUKY,
TO MPU MPOU3BOJCTBE TOBAPHOIO OETOHA B OOJIBIIIMHCTBE
clydaeB 3TO peaKocTh. be3 ydyera addekTuBHOCTH 1ie-
MEHTOB ITPU TIPOITApMBAHUN BEJIMKA BEPOSITHOCTD IOJTY-
YUTh (DaKTUIECKUI KJIacC OETOHA MO MPOYHOCTU MOHO-
JIMTHBIX KOHCTPYKUMIA B IPOEKTHOM BO3pacTe HILKE
MPOEKTHOTO KJjlacca OETOHA MO MPOYHOCTH.

AKTHUBHOCTB IIeMEHTA IIPU IIPOITAPUBAHUM, XapaKTe-
pu3ylolasi UHTEHCUBHOCTb TBEPAEHUSI OETOHA Ha KOH-
KPETHOM BUE U KJIacce LIEMEHTa B YCJIIOBUSIX TEILJIOBOTO
BO3ICHCTBUS, IBIIICTCSI HE HOPMUPYEMOI1, a MH(bOpMa-
LIMOHHOM XapaKTEepPUCTUKOM, YUCIEHHOE 3HAYEHUE KO-
TOPOIt UIST IEMEHTOB KOHKPETHOTO 3aBOIa-M3TOTOBUTE-
JISI, KaK TpaBUjIo, JOCTaTOYHO cTabuiabHo. OHa 00s3a-
TEJbHO YUUTBIBACTCS IIPY HAa3HAYCHUU COCTaBOB OETOHA
U PEXMMOB TETJIOBOI 00pabOTKU.
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Y4er akKTMBHOCTHU 1LIEMEHTa IPU MPOIapMBaHUU T10-
3BoJIsIeT 3aBoaaM KB onTuMu3npoBaTh cOCTaBbl OETO-
Ha 0 pacxoay LIEMEHTa U PEXUMBI TeIJIOBOW 00padboT-
KA — IO IPOIOJIKUTEIBHOCTH M YICJIBHOMY PAaCXOmy
SHEPropecypcoB.

B 11em151x yueta ak TMUBHOCTH LIEMEHTA TIPY IpoIiaprBa-
HUU paHee UCITOIb30BaIM 3HaueHe KO3 hUILIMEHTA ET0
3(HEKTUBHOCTU TpU TeIIoBoit odbpadboTke, K, KoTO-
pbIil ompenessieTcsl KakK OTHOIIEHWE IPOYHOCTU IIpU
MIpOIMIapUBaHNUM K TIPOYHOCTH LIEMEHTA B Bo3pacTe 28 CyT
IIpY HOPMAaJIbBHOM TBepleHUU. VIMeromuecst B CIpaBod-
HO¥1 nuTepaType 0ojiee YeM TPUALATIICTHEH JaBHOCTHU
JaHHbie 0 Ky U1l TOro WM MHOTO IIEMEHTHOTO 3aBOja-
M3rOTOBUTEJISI MOPAJIbHO YCTapead M, CIeHOBATEIbHO,
HY>KIArOTCsI B 00HOBJIeHUU. Kpome Toro, mpakTHIecKu
OTCYTCTBYIOT JaHHbIE 00 U3BMEHEHUU IPOYHOCTH LIEMEH-
Ta TTocjIe TIpoITapuBaHus K Bo3pacTy 28 ¢yt [9].

ITon6op coctaBa 6eTOHA, KaK MPaBUJIO, BBITTOJIHSIETCS
J1abopaTopueii N3TOTOBUTEIIS IO YTBEPXKICHHOMY 3a1a-
HUIO Ha Toadop coctaBa OeroHa. Pacuer HavyajibHOro
OCHOBHOIO Y HECKOJIbKUX JIOIOJHUTEIbHBIX COCTABOB
IIPOBOIUTCS Ha OCHOBE TAHHBIX BXOTHOTO KOHTPOJIS Ka-
YyecTBa MaTepHasioB mjist OeToHa. Ilpu 3ToM, coriacHo
m. 6.4 TOCT 27006—2019 «beronsr. IIpaBuna mogbopa
CcOoCTaBa», «aKTUBHOCTb LIEMEHTA ISl pacueTa Hadyallb-
HbIX COCTaBOB IIPMHMMAIOT PAaBHOM €ro rapaHTUPOBaH-
HOIi Mapke (kiaccy)». B coorseTcTBum ¢ 1. 8.2.2 (Tabur. 2)
I'OCT 30515—2013 npeaenbHOe OTKJIIOHEHUE OT TPebo-
BaHWII HOPMATHBHOTO OOKYMEHTa He 0Oojee YeM Ha
2,5 MIla sBaseTcss MajO3HAUYUTEJIbHBIM Je(PEeKTOM.
Takum o6pa3oM, LIEMEHTHUKHY 3alIUTUIN ce0sT U 00Ier-
yuiu cebe XU3Hb, a MPOU3BOAUTENN OETOHHOU cMmecu
MMEIOT BBICOKYIO BEPOSTHOCTh KOJIEOAHMI ITPOYHOCTU
1IEMEHTOB.

TI'OCT 18105 «betonsl. [IpaBuia KOHTPOJISI MPOYHO-
CTU» MMEET YXKe ITOJIyBEKOBYIO MCTOpuIO. JleiicTBOBaB-
muit B 1972 r. cTaHgapT yCTaHAaBIMBAI METOAbI KOHTPO-
JISt TIPOYHOCTU U OJHOpoaHOCTU Ha 3aBojgax KBbU u Ha
3aBOAaX MO IPOU3BOJCTBY TOTOBBIX OETOHHBIX CMECEA.
B HeM yKa3bIBaj0Ch, YTO KOHTPOJIb 1 OLIEHKA ITPOYHOCTH
1 OMHOPOTHOCTH OETOHA HAIIpaBJICHBI Ha TOCTMKCHUE
ITOCTOSTHCTBA TTPOM3BOACTBEHHOIO IMpoliecca U MoKasa-
TeNel, TPUHITBIX [JIs JaHHOW Mapku OeToHa [4].
B I'OCT 18105—2010 u TOCT 18105—2018 o mmocTostH-
CTBE IIPOM3BOJACTBEHHOIO MPOLIECca YXKe He YIIOMUHAET-
Csl, OCHOBHasI 11eJ1b — O0OECIeYnTh 3HAUCHUSI 33aJJaHHOTO
KJj1acca 6eToHa mo nmpoyHocTu [11].

BTOCT 18105—2018 1. 4.4 (Tabauwa 1. TpedboBaHus
K KOHTPOJTIO TTO BUAAM HOPMUPYEMOI ITIPOYHOCTH, TTPU-
MeuaHue No 3) ykazaHo: «Eciu HopMupyeMast OTIycK-
HasI WX TIepeJaTOIHast IPOYHOCTh OCTOHHBIX M 3KEJIe30-
OeTOHHBIX u3menuii cocrapisieT 90% u Gosiee 3HAYEHUS
IIPOEKTHOTO KJIacca, KOHTPOJIb [IPOYHOCTU B IIPOEKTHOM
BO3pacTe JOIMYyCKaeTcsl He MPOU3BOAMTH»; TAKUM oOpa-
30M, JJISI MOHOJIUTHBIX U COOPHO-MOHOJUTHBIX KOH-
CTPYKLIMIA Oe3 TIpeaBapUTEIEHOTO HAIPSLKEHUS apMarTy-
pPbl B HACTOSIIIMII MOMEHT 3Ta HOpMa HE JACICTBYET.
B T'OCT 18105—2010 xakmx-1mbO0 WMCKIIOUYEHHII HE
6buto. 1o HalmeMy MHEHUIO, HEOOXOAUMO BEPHYTh OT-

MEHEHHYI0 HOPMY, TaK KaK €¢ OTCYTCTBUE PeaIbHO ITPU-
BOIUT K KOH(MDJIMKTHBIM CUTYaIIASIM.

Hanpumep, 1—2 nekabpst Ha CTPOUTEIbCTBE KUJIOTO
noMa B HoBocuOupcke BHITIOTHIIIN O TOHUPOBAHUE KO-
JIOHH, nuadparM, nepekpbitusi. B Bo3pacte 28 cyT (29—
30 nekabps1) 6ETOH KOHCTPYKLIUIA OyIeT UMETh TeMIlepa-
TYpY OKpyXaro1iero Bo3myxa: -20 — -25°C. TeopeTuyecku
(IF'OCT 22690—2015 m. 4.10: «McrnpiTaHuss IPOBOIAT
IIPU MOJIOKUTESIbHOM TeMIiepatype 6eToHa. JlomyckaeTcst
IIPOBOIUTH UCTIBITAHUS TIPU OTPULIATSIHHOM TeMIIepaTy-
pe 6etoHa, HO He HIKe -10°C, Tpu yCTaHOBJIECHUU WU
MIPUBSI3KE TPATyNPOBOTHOM 3aBUCUMOCTH C YICTOM Tpe-
GoBaHMil 1. 6.2.4») NMeEeTCST BO3MOXKHOCTb OIPELETUTh
Ha CTPOUTEIBHOM ILIOIIAAKE MPOYHOCTh OETOHA KOH-
CTPYKLIWIA B TIPOEKTHOM BO3pacTe, a MPaKTUIECKUA 3TO
MaJIOBEPOSITHO. 3aKa3uuK MPU OTCYTCTBUM Pe3yJIbTaTOB
orpeneeHus (pakTUueckoit MPoIHOCTH ((haKTUIECKOTO
KJacca) OeToHa BIpaBe HE OIUIATUTh BBINTOJHEHHBIE
MOAPSIAYMKOM pabOTHhI.

Onepauuonnstil KOHMPOAL —
0CH08A CIMPOUMEAbHO20 KOHMPOAS

B cootserctBun ¢ CIT48.13330.2019 «CHulT 12-01-2004
«Opranuszanus crpoutenbetBar 1. 7.10.1 (pemakuust 6e3
n3MeHeHus): «OnepalMoHHbIi KOHTPOJIb OCYIIECTBIISI-
eTCsl TIOCTOSIHHO B XOJI¢ BBIMIOJHEHUSI CTPOUTEIbHBIX
TPOIIECCOB B 1IEJISIX CBOEBPEMEHHOTO 00eCTIeUeHUST CO-
OTBETCTBUSI CTPOUTEJIbHBIX IPOLECCOB U IPOU3BOJI-
CTBEHHBIX OTEpalliii YyCTAaHOBJIEHHBIM TPeOOBAaHUSIM, B
TOM YHcJie yKazaHHbIM B UM, a Takske BBISIBJACHMUS TPU-
YUH BO3HUKHOBEHUSI OTKJIOHEHHWI M CBOEBPEMEHHOIO
TIPUHSITHSI MEP T10 X YCTPAHESHUIO U ITPEAYTIPEKACHUION.
KTto 1 B kakom 00beMe yCcTaHaBJIMBAET 3TU TpeOOBaHUS,
Tpedyet yrouneHus [10].

[Tpu 5TOM OnEpallMOHHBINA KOHTPOJIb MPOBOST C 3a-
IMOJITHEHUEM 3JICKTPOHHBIX (POPM, TIPEAYCMOTPEHHBIX B
TJIaHe KOHTPOJIS «UTSl KaxkI0To BUIa paboT M yyaCTHUKA
CTPOMTEJILHOTO Tpoliecca, B TOM YHCJIe HA OCHOBE CXeM
OIEPalMOHHOTO KOHTPOJISI KAYeCTBA TEXHOJIOTUIECKOM
JIOKyMEHTaluu cTpouTeabcTBay (1. 7.10.2). «[1pu Bu3y-
aTbHOM KOHTPOJIE KaueCcTBa M KOHTPOJIE COOIIONEHUS
TEXHOJIOTUU pabOT Ha OCHOBE TEXHOJOTUI MHDOpMALIM-
OHHOI'O MOJEIMPOBAHUS JOJIKHBI OBITH C(POPMUPOBAHBI
1 3aITOJTHEHBI CTieIUaIbHbIe (hOPMBI (OTIPOCHBIE JINCTHI),
BKJIIOUAIOIIME OTMETKM O COOJIIOAEHUU MPEeayCMOTPEH-
HBIX CTPOUTETHLHBIMU HOPMaMHU TOJIoXeHui». Cucrema
oOMeHa TepBUYHOU MHGbOpMalMeil KOHTPOIS AOJIKHA
MpeaycMaTpuBaTh 3allOJJHEHME WM Tiepenady JaHHBIX B
UM «CtpoutenbHas MOJIeIb KaueCcTBa» MHMOpMAIIUN
13 3aII0OJIHEHHBIX (POPM B 3JIEKTPOHHOM Buze» (11. 7.6.2).
KT0 pazpabarbiBaeT mjiaH KOHTPOJISI, OTIPOCHBIE JIUCTHI,
B KakoM o0beMe, paspaboTtaHa Ju «CTpouTesibHas MO-
JIeJIb KauecTBa» — pa3padoruuku nanHoro CIT He yka3bi-
BaroT. CliefoBaTeIbHO, 3TO HEOOXOIMMO TIPOITMCHIBATH B
JIOrOBODE.

B cootetctBuu c 1. 9.1.10 «O6beM BBIOOPKY (KO-
YeCTBEHHbII, HaIpUMep, NMPOLIEHTHbIN MoKa3aTesb) Ipu
Bepr(PUKALIMN 3aCTPOUIINKOM (TEXHUISCKUM 3aKa3dh-
KOM) KOHTPOJISI JIMIIA, OCYIIECTBJISIONIETO CTPOUTEIhb-
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CTBO, BMUIbl KOHTPOJISI, KOHTPOJUPYEMbIE IMOKa3aTeau
(BKJTIOYAS TOTMOJHUTENbHBIE K 0053aTEIbHBIM) JOJIKHBI
OBITH YKa3aHbI B COCTaBE MPOEKTHON TOKYyMEHTAllUW Ha
CTaauM €€ pa3pabdoTKM JKMOO OIpeleaeHbl Ha CTaaiuu
CTPOUTEILCTBA TIO Pe3y/IbTaTaM HAyYHO-KOHCYJIbTAII-
OHHOI AESITeJIbHOCTU CIelMaIu3MpOBaHHON opraHu3a-
LIUY, TIPUBJICUCHHOM 11 HAyYHO-TEXHUYECKOIO COMpPO-
BOXIEHMSI TaHHOTO 00bEeKTa M (UJIM) aBTOPCKOTO Haj-
3o0pa». TakuM oOpa3oM, Ha 3acTpOMIIMKAa BO3jaraeTcs
00513aHHOCTh B 3aJaHWM Ha TPOEKTUPOBAHUE yKas3aTh
BUJIbI KOHTPOJISI, KOHTPOJIMPYEMBbIE TTOKA3aTeIM U 00beM
BBIOOPKH, B TOM YHMCJIE TP BXOJHOM KOHTPOJIE.

CornacHo 1. 9.1.15 CIT 48.13330.2019: «ITpu Bxoa-
HOM KOHTpOJIC IMPUMEHSIEMbIX CTPOUTEJIbHBIX MaTepra-
JIOB, U3JEIUIA, KOHCTPYKUMI, ToJy(padpuKaToB U 000-
PYIOBaHUS JIMLIO, OCYILIECTBJISIONIEE CTPOUTEIbCTBO,
MIPOBOIUT JTAOOPATOPHBIC MCIBITAHUS MAaTepUaIOB, W3-
neanii, noyyhadbprukaTtoB U 00OPYIOBaHUSI B COOTBET-
CTBUU C TpeOOBAHUSIMU YTBEPXKICHHON MPOEKTHOI 10-
KYMEHTaInm».

«JIu1o, ocylIecTBsAIOIIEe CTPOMTEIBCTBO, BBITOJ-
HSIEeT JTAOOPaTOPHBII KOHTPOJIb IIJIST TIOATBEPXKICHUS (PU-
3UKO-MEXaHWYECKUX U MHBIX XapaKTepUCTUK MaTepua-
JIOB, KOHCTPYKLIMIA U U3MeNUil B 00beMe, YCTAaHOBJIEH-
HOM IPOEKTHOM JOKYMEHTALIMEM, a B CIydyae OTCYTCTBUS
TaKUX yKa3aHUii — B 00beMe TpeOOBaHUIl JOKYMEHTOB
Mo ctaHmapTu3auniy. VICIIBITaHUS TOJKHBI BBITIOJHSITh-
Cs1 COOCTBEHHOM WJIM CTOPOHHEN CTPOUTENbHOM Jabopa-
Topueii. Pe3ynbTaThl 1a60paTOPHOTO KOHTPOJISI JOJIKHBI
0TOOpaxkaTbCsd B HCIOJHUTEIbHOM MOKYMEHTAllUU, B
TOM YMCJIe B COCTaBe MH(POPMALUMOHHON MOAeIu 00b-
exTa» (1. 9.1.46). I1pu 3TOM «MeCTa BBIITOJIHEHUSI KOH-
TPOJbHBIX ONEepaluii, UX YaCTOTa, UCTIOJHUTEIN, METO-
IIBI ¥ CPEICTBA U3MEPEHUI1, (DOPMBI 3aITMCH PEe3YJIBTATOB,
MOPSIIOK TIPUHSATHUS PEUICHUI TIPY BBISIBICHUHM HECOOT-
BETCTBUI YCTAHOBJICHHBIM TPEOOBAHUSIM JOKHBI COOT-
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MPOEKTHON M OPraHU3aLMOHHO-TEXHOJIOTMYECKOU J10-
KyMeHTamum» (1. 9.1.24).

CreoBaTenbHO, HEHaJIeXallee UCIOJHEHUE CTPO-
WUTEJBbHOIO KOHTPOJISI, B TOM 4YucJe J1abopaTOpHOro,
MMPUBEACT K BOSHUKHOBEHMIO Ne(hEeKTOB 1/WUIN aBapuii-
HOW cUTyaluu.

Buisoodwt

1. Hanuyue yTBepXIeHHBIX U TPUMEHSIEMbIX Ha 100-
poBosibHOM ocHOBe craHnaptoB (HT]I) Ha uzroroBieHue
U IPUMEHEHME CTPOUTEJbHBIX MAaTEPUATIOB U TTPOM3BO/I-
CTBO CTPOUTEIbHO-MOHTAXKHBIX pA0OT M3-32 UMEIOIITIXCS
B HEKOTOPBIX U3 HUX HEJOUYETOB HE TAPAHTUPYET B TTOJI-
HOIM Mepe co3maHusl HagexkHoro u oe3oracHoro OKC.

2. Ctporoe co0JItoIeH1e TEXHOJIOTUY Ha CTaluU TTO/I-
Oopa cocTaBa 0€TOHA, TEXHOJIOTMM €ro U3TOTOBJICHUS U
koHTpoJ1s1 ¢ ToMombio KK 1 CMK, texromorun mpomns-
BOJICTBA pa0OOT ITPU BO3BEICHUN MOHOJIMTHBIX KOHCTPYK-
LM, THCTICKIUS ¥ OCYIIIECTBICHME IMPOLIEAYP KOHTPOJIS
B COOTBETCTBUM C IIPOCKTHOI JOKYMEHTAIIMEH (TToKa3a-
TeJId, 00beM U MECTO KOHTPOJISI) SIBJISIIOTCSI rapaHTUei
obecIieueHUsI MMPOEKTHON MOJITOBEYHOCTH 3MaHUS WU
coopyxeHusi. ManouHbOpMaTUBHBIE Pe3yabTaTbl KOH-
TPOJISI He SIBJISIIOTCSI TIOJIHOLIEHHOM J10Ka3aTeibHOM Oa-
3011 1T OLIEHKW COOTBETCTBUSI 3TArlOB pabOT M 3aBep-
ILIEHHOI'0 O0BbeKTa YCTAHOBJIEHHBLIM TpPEOOBAHUSIM.
Ycunus yaactHuKoB co3manust OKC momKHBI OBITH CO-
CpeIOTOUYEHBI Ha YIPaBJICHUM IIpoliecCaMU MPOU3BOJ-
CTBa, a HE TOJILKO Ha OOpHOE C BHISABIISIEMbIMU JIe(DeKTa-
MM ¥ HECOOTBETCTBUSIMU.

3. Ucnoab3oBanue koadpduuueHta KII mozpoaut
IIPON3BOIUTEIISIM TOBAPHOI OETOHHOI CMEeCH M COOPHBIX
KEeJIe300€TOHHBIX KOHCTPYKIMI 00eCreuYnTh rapaHTH-
POBaHHO UX BBICOKYIO OTHOPOIHOCTH IT0 (PU3NKO-MeXa-
HWYECKNUM XapaKTepUCTUKAM.
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ICIEILHAbIHASPTATEPATYPAS

Yye6Hoe noco6ue «XuMu4eckas TEXHONOTUSA KEpaMUKi»

AsTopbl — Anapuaros H.T., bankesuy B.J1., benskos A.B., Bnacos A.C.,
lyaman N.4., Nlyknn E.C., Mocwx .M., CknpaH B.C.

OcBeLLeHbl BOMPOCHI COBPEMEHHOIO COCTOSHUS TEXHONIOMMM OCHOBHbIX BU0B KEPAMUYECKMX U3AENUI CTPO-
UTENIbHOT0, X03CTBEHHO-ObITOBOTO W TEXHMYECKOTO Ha3Ha4eHus, a TakKe PasnnyHbiX BMAOB OrHEynopos.
[naBHOe BHUMAHWE yAeneHo OCHOBHbLIM NPOLECcCamM TEXHONOMMM KepamuKmM 1 ee cBoicTBam. Mofpo6HO M3noxe-
Hbl XapaKTepUCTINKA Pa3/INYHbIX BUAOB Cbipbs, NPO6EMbI MOATOTOBKM KEPAMUYECKMX MACC PA3JIMYHOr0 BUAA 1
1X (pOpMOBaHME PA3NNYHBIMU METOAAMMU, 0COOEHHOCTU MEXaHI3MOB CMEeKaHNs, a TaKXKe A0NONMHUTENbHbIE BUAbI
06paboTKM Kepamukiu: meTannusaums, rnasypoBaHue, [eKOpUpoBaHue, MexaHudyeckas 06paboTka. [letanbHo
OMMCaHbl CBONCTBA KepaMUYECKNUX N3NNI — MexaHu4eckue, aedyopmaLmonHble, Tennogusmnyeckne, aneKTpo-
hnanyeckne, B TOM YMCIIE NPK BbICOKNX TeMMepaTypax.

Knura «Kepamuyeckue nUrmeHTbl»

AsTopbl — MacnenHukosa I'.H., Muwy .B.

B moHorpadum paccmoTpeHbl M3NKO-XUMUYECKINE OCHOBbLI CMHTE3a MUTMEHTOB, B TOM 4WCNe TEpMOANHA-
MUYeckoe 060CHOBAHME PeaKLMi, TeOpUs LBETHOCTW, COBPEMEHHbIE METO/bl CMHTE3a MUIMEHTOB W X KNaccu-
(hukauns, MeToabl OLEHKK Kadectsa. MpuBefeHbl CBEAEHUS MO TEXHONOTNM MUTMEHTOB M KPAcOK PasinyHbIX
LiBETOB 11 KPUCTANMNYECKIX CTPYKTYpP. OnucaHbl COBPEMEHHbIE METOAbI JEKOPUPOBAHNS KEPAMUYECKNMI KpacKa-
MW U3AENniA U3 COPTOBOrO CTeKNa, dhapdopa, thasHca n Manonuku. KHura npeHasHadqeHa anis HayyHbIX coTpya-
HWKOB, CTYZEHTOB, CMELNanu3npyoLLMXCcs B 061aCTM TEXHONOTNN KepaMIUKK 1 CTEKNA, @ TaKXe AN MHXKEHEPHO-
TEXHWUYECKMX PaBOTHMKOB, 3aHSATbIX B MPON3BOAICTBE KEPAMUYECKIX U3AENNIA 11 KPaCOK.

3akasarb nuTepartypy MOXHO Yepes pefakuuio
no ten.: (499) 976-22-08, 976-20-36; e-mail: mail @rifsm.ru,
Unu ohopMUTb 3aNBKY Ha caiiTe www.rifsm.ru
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BopoHexcknii rocynapCTBEHHbIN apXUTEKTYPHO-CTPOUTENbHBIV yHMBEpcKTeT (394006, r. BopoHex, yn. 20-netus OKTabps, 84)

AHaNU3 poccUMCKOW HOPMATUBHOM OKYMEHTALMK,
pernameHTUpytoLlen NnpUMEHeH1e N pa3BUTHe
CTPOUTENbHbIX aAAUTUBHBIX TEXHONOI WA

lMpefacTaBneH aHanma AenCTBYIOLNX 06LLECTPOUTENbHbIX U CMeLManbHbIX HOPMATUBOB C TOYKU 3PEHNUS NX UCMOSTb30BAHNA ANS Pa3BUTMA
CTPOUTENbHbIX AAANTUBHBIX TexHONorui (AT). PaccMoTpeHbl BOSMOXHOCTU 1 OrpaHUYeHns NPUMEHEeHNs B JAHHO 00651acTh 06LLecTpou-
TeMbHbIX HOPMATUBOB. M0Ka3aHO, YTO OrPAHNYEHNUS B NPUMEHEHWI CYLLECTBYIOLNX CTAHAAPTOB TEXHWUYECKMX TPebOBaHUA U METOA0B
NCnbITaHUA 06YCNOBEHbI TEM, YTO B HUX HE Y4UTbIBAETCSA CIOUCTOCTb CTPYKTYPbl W aHM30TPONUS CBOMCTB KOMMO3MTOB, MOMYYEHHbIX
METOLOM nocnoiHoit 3D-nevat. MpoaHann3npoBaHoO COAePXXaHue, BbIsBIIEHbI HEAOCTATKN BBEAEHHbIX B AECTBNE HOPMATUBHBIX LOKY-
MEHTOB A8 CTPOUTENbHBIX afAUTUBHBIX TeXHONOrnid. 0603Ha4eHbl HANPABNEHNs Pa3BUTUA HOPMATUBHOI 623bl B 06/1aCTW CTPOUTESbHBIX
AT. MokasaHo, 4TO NepBOOYEPeSHbIE BONPOCHI HOPMUPOBAHUSA CBA3AHLI C OMpeneneHneM TPeOOBaHWA K KOMMIEKCY TEXHONOrMYecKnx
XapaKTepuCTUK CMEeCer, napameTpruyecknx pagos CBOMCTB MaTepuanos, METOLAMI UCTIbITAHWI U KOHTPONA UX Ka4eCTBa; C ONpeSeneHnem
TPeB6OBaHWUIA K KOMMNEKCY PacYeTHbIX CONPOTUBAEHUIA CNOUCTbIX KOMMO3MTOB C Y4ETOM aHW30TPOMNMUI UX NPOYHOCTHBIX XapaKTepUCTUK.
[ns peanu3aunu noteHumana afAauTUBHBLIX TEXHONOMMIA OAHOBPEMEHHO HEOOXO0AMMO PeLLeHe BOMPOCOB MPOEKTUPOBAHMA W pacyeTa
OMOHNYeCKMX MycTOTeNbIX 3D-Ne4YaTHbIX KOHCTPYKLMIA C 3aAaHHON HECYyLLei CNOCOOHOCTLIO. 3TO 06eCneynT nepexof OT TPAANLNOHHbIX
MOJTHOTENbIX CTPOUTESTbHbIX KOHCTPYKLWIA K MYCTOTESbIM, B KOTOPbIX Matepuan 6yaeT pacnonaratbCs TO/bKO MO JIMHUAM [LeiCTBYHOLINX
HanpshKeHWi, a ero 06bem coctaBuT He 605ee 10-20% 0T 06beMA KOHCTPYKLNN.

KnioueBble cnoBa: afnTVBHbIE TEXHONOMAN, CTpOnTENbCTBO, HOPMUPOBAHNE, TEXHNYECKINE TpeﬁOBaHVIﬂ, MeTO/ibl UCMbITAHNIA.

PaGora BbInosiHeHa npu nouiepxkke Poccuiickoit akaneMun apXuTeKTypbl U CTpoUTeIbHBIX HayK (['ocymapcTBeHHOE 3agaHKe IJlaHa
¢dynmameHTaabHbIX UccaemoBannii PAACH wa 2021—-2023 rr., TeMa 3.1.1.2 «CTpouTenbHas MeXaHUKaA U MaTepraioBeaeHe 3 D-medaTHBIX
KOMITO3UTOB»), MUHHUCTEPCTBA CTPOUTEJILCTBA U KMJIMITHO-KOMMYHAJIBHOTO XO3511CTRA.

Ins umtuposanms: Cnasyesa I.C. AHanM3 pOCCUINCKOIA HOPMATUBHOM AOKYMEHTALMN, PErnamMeHTUPYIoLLEen NpuMeHeHne
11 Pa3BUTKE CTPOMTESIbHBIX ALAUTUBHBIX TeXHONOTWIA // CTpoutenbHbie matepuael. 2023. Ne 8. C. 10-17.
DOI: https://doi.org/10.31659/0585-430X-2023-816-8-10-17

G.S. SLAVCHEVA, Doctor of Sciences (Engineering) (gslavcheva@yandex.ru)
Voronezh State University of Architecture and Civil Engineering (84 20-letija Octjabrja Street, Voronezh, 394006, Russian Federation)

Analysis of Russian Regulatory Documents Regulating the use and Development of Building Additive Technologies

An analysis of the current general construction and special standards is presented, from the point of view of their use for the development of building additive technologies (AT). The
possibilities and limitations of the application of general construction standards in this area are considered. It is shown that the limitations in the application of existing standards of
technical requirements and test methods are due to the fact that they do not take into account the layered structure and anisotropy of the properties of composites obtained by layer-by-lay-
er 3D printing. The content is analyzed, shortcomings of the normative documents put into effect for building additive technologies are revealed. The directions for the development of the
regulatory framework in the field of building AT are outlined. It is shown that the primary issues of regulation are related to the definition of requirements for the complex of technological
characteristics of mixtures, parametric series of material properties, methods of testing and quality control; determination of requirements for the set of design resistances of layered
composites, taking into account the anisotropy of their strength characteristics. To realize the potential of additive technologies, it is simultaneously necessary to solve the issues of design
and calculation of bionic hollow 3D printed structures with a given bearing capacity. This will ensure the transition from traditional solid building structures to hollow ones, in which the
material will be located only along the lines of acting stresses, and its volume will be no more than 10-20% of the structure volume.

Keywords: additive technologies, construction, rationing, technical requirements, test methods.
The work was supported by the Russian Academy of Architecture and Building Sciences (State assignment plan Fundamental Research of the RAASN for 2021-2023,
topic 3.1.1.2 “Structural mechanics and materials science of 3D-printed Composites”), the Ministry of Construction and Housing and Communal Services.

For citation: Slavcheva G.S. Analysis of the Russian regulatory documentation regulating the use and development of construction additive technologies. Stroitel'nye Materialy
[Construction Materials]. 2023. No. 8, pp. 10-17. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2023-816-8-10-17

ANUTUBHOE BO3BEIECHUE CTPOUTEIBHBIX OOBEKTOB
METOIOM TTOCIOItHOM 3D-mevyaTu ompemensieT Cleayro-
1IKe mapaMeTpbl MaTepUaIOB M KOHCTPYKIIMIA, MPUHIINA-
MMUAJIbHO OTJIMYAIOLLKAECS OT TPAAULIMOHHBIX:

1) TexHOJIOTMYECKNE XapPAKTEPUCTUKU CMECEU TOJIK-
HBbI 00ecrneuynBaTbh (GOPMUPOBAHUE U COXPAHHOCTh CTPYK-
TYPBI U3/, KOHCTPYKIINi 63 (hopMbI UM OTIaTyOKH;

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

2) CTpyKTypa 3aTBepACBIIEro MaTeprajia OTIMYaeTCs
CJIOMCTOCTBIO, YTO IIPEAIoJiaracT BO3IEHCTBUE MeEX-
CIIOMHBIX 3(P(HEKTOB Ha TIPOSIBIICHUE CBOWICTB;

3) BOBMOXXHOCTb CO3IaHUSI MYyCTOTEJbIX OMOHUYE-
CKUX KOHCTPYKIIMi, YTO TIpeAIlojaraeT cCodeTaHMe
CBOOOIBI BHEUIHEW (POPMBI U OPraHM30BAaHHOTO BHY-
TPEHHETOo IIPOCTPaHCTBA, B KOTOPOM Macca MaTepuaia
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pacroJiaraeTcsl TOJAbKO MO JUHUSIM AEUCTBYIOIIMX Ha-
OPSI>KEHU.

TpeboBaHUS K mMexHOA02UHECKUM XAPAKMEPUCIUKAM
cmeceil B MUPOBOI MpakTUKe CHOPMUPOBATIUCH HA OCHO-
Be M3YYCHUS U MOMICIMPOBAHMS TIOBEICHMS BSI3KO-
IUTACTUYHBIX CMeceil B TEXHOJOTMYECKUX IIpoleccax
3D-nevyaru [1—6]. B HacTosI11Iee BpeMst 00IIeNprU3HAHO,
YTO OCHOBHBIMM TEXHOJIOTMYECKMMM XapaKTePUCTHKA-
MU cMeceil st 3D-medyatw ABASIOTCS TepeKauyuBae-
MocTh (pumpability) [1], skcTpymupyemocts (extruda-
bility) [2, 3, 6], dopmoycToitunBOCTh (shape retention —
CIIOCOOHOCTB SKCTPYINPOBAHHOTO MaTeprajia COXPAHSITh
CBOE TIOITEPEYHOE CEUYEHNE PABHBIM TIOTIEPEYHOMY ceue-
HHUIO coIuia), paboTocrocodoHocTh (buildability, worka-
bility — CITOCOOHOCTH cJlos Aep>kKaTh (hOPMY IO JaBjc-
HHeM BBILIEJIeXalluX cJioeB) [2—5], cCrmocoOHOCTh K CO-
XpaHHOCTU CBOHCTB (open time) [3] M CKOpPOCTH
TBepaeHus (structural build up) [2, 3]. HecmoTps Ha
00JIbIION 00BEM BBIMIOJHEHHBIX MCCIAEAOBAHUM, CyIle-
CTBYIOT pa3HOUTEHUS B UCTIOJIb30BAHUM MOJIEJIEl pEoJIo-
TMYECKOT0 MOBEACHUSI CMECeii, a KOJIMUECTBEHHbIE 3HA-
YEHUSI TEXHOJIOTUYECKUX XapaKTePUCTUK 3aBUCIT OT
METOIO0B UX OLICHKM, KOTOPhIE, KaK IMPaBUJIO0, HE HOPMU-
poBaHbI. B ¢BA3M ¢ 3TUM TPYyIHO TOYHO MHTEPIIPETUPO-
BaTh (PU3MUECKHUI CMBICT U COOTBETCTBEHHO OJHO3HAU-
HO TPaKTOBaTh MCIIOJb3yeMble 3HAYCHMS TEXHUUECKMX
TpeOOBaHUIi K ITapaMeTpaM CMECEH.

Cmpykmypa ne4amHuix KoMNO3umoe B KOHCTPYKIIUSIX
OIpeAeIISICTCS IBYMSI TUTIAMU CJIOMCTOCTU. YKIIamKa Imo-
CJIEIYIOIIETO CJIOS TTOBEPX MPEAbIAYIIETO CO3MaeT TOPH-
30HTAJILHYIO CJIOMCTOCTh. Eciu cienytommii ciaoii ykia-
IBIBAaCTCS PSAIOM C IPEOBIAYIINM CJIOEM Ha TOM K€
YPOBHE, TO CO3JACTCS U BEPTUKaIbHAs U TOPU3OHTAIb-
Hasl CJIOUCTOCTb.

YcraHoBneHo [7—17], 4To BO3AeHCTBUE MEXKCIOEBBIX
3((dEKTOB HA TOPU3OHTAIBHBIX WJIM BEPTUKAJIBbHBIX I'pa-
HUIIAX pas3ziesia CJI0eB OTNpeNesieT OTIMYMS B 3HAUCHUSIX
MPOYHOCTU TIPU AEUCTBUU HArpy3KU TMapajieabHo (Rcqy)
U TIEPIEHINKYJISIPHO (Rcy) ciosam. JLis CJIOMCTBIX Teyar-
HBIX KOMITO3UTOB XapaKTepHa SIPKO BhIpaXKeHHAsTI aHN30-
TPOIMHOCTb MX MPOYHOCTHBIX XapaKTepPUCTUK, KOTOPbIE
OOHOBPEMEHHO HMXe, YeM TIIPOYHOCTh MaTepuaia

crnos (Re):
Rex # Rey < Re.

B 0630pe Rehman A.U. and Kim J.H. [1] 0600111eHbI
U COTIOCTaBJIEHBI TAHHBIE HECKOJIBKUX JECSITKOB MCCIIE-
JIOBAaHWH, COTJIACHO KOTOPBIM IMPUBEIEHBI COOTHOIIEHUS
MEXJy MPOYHOCTHIO MEYATHBIX CJIOUCTBIX KOMITO3UTOB
BIOJIb CIIOEB (Rcy) M MEPIEHANKYISIPHO (Rey) ClosiM 1
MPOYHOCTHIO MaTepuraa cios (R;). I1pu aTom nuanason
BapUaTUBHOCTH JAHHBIX COOTHOIIEHUH TSI Pe3yTbTaTOB
Pa3HbIX UCCIETOBAHUI OUYEHb 3HAYUTENIEH U COCTABIISIET
JUISI TPOYHOCTH:

— 1ipu cxatuu Rex/Rec=0,5—1,1; Rey/Rec=0,6—1,1;

— nipu usrube Rp/Rp=0,3—0,9; Rg/Rr=0,9—1,3;

— TIPY pacTskeHun Ry/ Ry =0,8—1,5; Ry/ R;=0,3-0,5.

CyuiecTBeHHasi BApMaTUBHOCTh B JaHHBIX pa3iny-
HBIX HCCJAEAOBAHUNM MOXET OBbITh OOYCJIOBJIIEHA B TOM

YUCJIe OTCYTCTBUEM E€AMHBIX METOAMK MCIIbITAHUN Ha
MMPOYHOCTD MEYAaTHBIX KOMIIO3UTOB C YYETOM MX CJIOH-
CTOCTU U aHU3O0Tponuu. i odbecriedeHUus CIOUCTOCTU
MPU U3rOTOBJIEHUU 00Pa31I0B MOXKET OBITh UCITOJb30Ba-
Ha TIOCJIOiHAs yKiaaka B (DOPMbI WU BHINTAJIWBAHUE
00pa3loB HYXHOro pa3Mepa M3 HareyaTaHHOIO 3Jie-
meHTa [8, 10—13]. Pa3zmep 00pa31ioB B KaxKIOM OTIE/Ib-
HOM cJIyyae CYILIECTBEHHO OTJMYAeTCs U BbIOMpaeTcs
HUCXO/S U3 YCJIOBUI MTPOBEACHUS OMbITa, XapaKTEPUCTUK
cMecel, 0COOEHHOCTEe MeCTHOW HOPMATUBHOW Oa3kbl.
ITpu ucneiTaHUSX HA IPOYHOCTH MPU CXKATUU U U3TUOE
peanu3yloT Tpu crocoda NpUa0KEeHUs Harpy3Ku 118 00-
pa3loB OMHOW CepUU: BAOJIb, MEPIEHAUKYISIPHO U Ma-
pajuiesIbHO MevyaTHBIM ciosiM [9, 14—17]. I1pu ucnsita-
HUSX IPOYHOCTU CLETUIEHUS CJIOEB UCIIOJIb3YIOT OCEBOE
pacTskeHue (Harpyska Hampab/jieHa MepIreHAUuKYISIpHO
IeYaTHBIM CJIOSIM), pacKaJbIBaHME W CIOBUT (Harpyska
MPUKJIAAbIBAETCS IO CTHIKY MNapajielbHO MeYaTHBbIM
cinosm) [10—13].

C mouku 3penust nNpoOeKMuUposanys B HACTOSIIIIEE BPeMsT
CJIOXMJIOCH TIPOTUBOPEYME MEXKIY TPAIULIMOHHBIMU Me-
TOZAMHU pacyeTa M MPOSKTUPOBAHUS MOJHOTEJIBIX KOH-
CTPYKLIMIA U HEOOXOAMMOCTbIO HOBBIX METOJIOB pacyeTa
U TIPOCKTUPOBAHMS ITyCTOTEIbIX 3D-TleyaTHBIX KOH-
CTPYKLIUIA OMoHWYeckoro Tumna. Ha npaktuke peanusy-
eTcsl Mpolecc afanTalii BO3MOXHOCTEH alIUTUBHBIX
TEXHOJIOTUI K TPamWIIMOHHBIM METOHaM IPOSKTUPOBA-
HUsI, pacyeTa U TeXHOJOTUSIM BO3BEACHMSI 3aHUI, KOTaa
poboTtuzupoBaHHas 3D-meyats B CTPOUTEIBHBIX O0BEK-
Tax KCITOJb3YETCS TOJIbKO JUISI BO3BEACHUSI OOOJIOUKU
BEPTUKAIBHBIX KOHCTPYKLMH, TPEUMYILIECTBEHHO CTEH,
apMUPOBAHUE U OTIEJKAa KOTOPBIX OCYIIECTBISIOTCS
TPAAULIMOHHBIM PYYHBIM CHOCOOOM. 3a MCKIIOUYEHHEM
CTEH, OCTaJIbHBIC KOHCTPYKIIUM ITaHHBIX OOBEKTOB (IIe-
PeKpbITUS, OaJKM, JECTHULBI U T. A.), KaK MpPaBUJIoO,
TaKXe U3rOTaBINBAIOTCS IO TPAAULIMOHHOW TEXHOJOTUU
O6eToHHOro JUThSA. [IpUUMHON TaKOro MOJIOXKEHUS B
oIpeaesoNnieil Mepe SBIsIeTCSl OTCYTCTBUE HOPMAaTUB-
HO#1 623l B 00JIACTH pacueTa U IMPOSKTUPOBAHUS ITyCTO-
TeJbIX KOHCTPYKIWI HOBOIO THUIA. DTO CYIIECTBEHHO
OrpaHUYMBAeT peajn3alvio TMOTEHIWANIa aITIUuTUBHBIX
texHoJioruit (AT) B cepe CTpOUTENBCTBA.

Ha ocHoBaHMM BBIIEU3T0XKEHHOTO MOXHO YTBEPXK-
JIaTh, YTO JUISI CHSITUSI OTPAHUYEHUH B Pa3BUTUM CTPOU-
TelbHBIX AT HeoOxonuMo co3gaHue 3(PEeKTUBHON HOP-
MaTUBHOI 0a3bl, YYMTHIBAIOIICHH OCOOCHHOCTH CTPOHU-
TEJILHOTO Tpoliecca, MaTepuaaoB U CITIOCOOOB KOHTPOJIS
HX KayecTRa.

AHAJIH3 PUMEHNMOCTH 00LIECTPOUTEIHHBIX HOPMATHBOB
JUIS AJIUTUBHBIX TEXHOJIOTHiA

B paMKkax JaHHOTO aHaM3a rnepevyeHb AeCTBYIOIINX
HOPMATHUBHBIX JOKYMEHTOB pasfiejeH Ha TPU TPYIIIbl B
COOTBETCTBMM C Ha3HAUYEHUEM U 00J1aCThIO IPUMEHEHUS
(cM. TabnuLy).

1. Cmandapmor 06uwux mpebo8aHuUil U MeXHUUECKUX
yenosui. CTaHIAPTHI TEXHUYECKUX YCIIOBUII Ha Cyxue
CTPOUTE/IbHBIE CMECH B LIEJIOM IIPUMEHUMBI, HO TPeOy-
JOT JOIOJHEHUS M aKTyaJu3aluyd B 4YaCTU BHECEHMUS
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HopmaTuBHas 6a3a oTpacan

anIMeHVIMOCTI: Oﬁl.l.l,e(:TDOI/ITeanbIX HOPMaTUBOB AJ19 aAAUTUBHbIX TeXHOoJIorum
General construction standards adaptability for the additive technologies

06nacTb NpYMeHeHVs

HanmeHoBaHue ctaHpapTa

MprMeHnMOoCTb

HopMaTuBa NS CTPOUTENbHBIX AT
CraHpapThbl 06LWUX TPe6OBaHMI U TEXHUYECKUX YCNIOBUIA
OCT 31189-2003. Cmecu cyxve cTpouTenbHble. Knaccudrkauus
Tpebyet nononHeHus ang ACIM
Cmecu [OCT 31357-2007. Cmecu cyxvie CTPOUTENbHbBIE HA LIEMEHTHOM BSKYLLEM
[OCT 7473-2010. Cmecu 6eToHHbIE. TEXHUYECKE YCIoBUS HenpumeHnum
[OCT 4.212-80. Cuctema nokasarenen ka4ectsa npoaykumum. CTpouTtenscTeo. BeToHb! MprmeHnm
BeToHbI OCT 26633-2015. BeTOHbI TAXENbLIE U MENKO3EPHUCTLIE. TEXHUYECKWE YCIOBUS
YacTnyHo NnpuMeHnm
[OCT 25820-2000. beToHbI nerkvie. TexHuyeckue ycnosus
CTaHpapTbl METOA0B UCTbITAHUIA
OCT 31356-2007. Cmecy Cyxune CTPOMTENbHBIE HA LLEMEHTHOM BSXYLLEM. MeToab! NCMbITaHWiA
Cwmecu - Henpumennm
[OCT 10181-2014. Cmecu 6eToHHbIE. MeToab! UCrbITaHuiA
[OCT 10180. beToHbl. MeToabl onpeaeneHus (PO4YHOCTH NO KOHTPOMbHLIM 00pasLam
['OCT 5802. PacTBOpbI CTpOUTENbHBIE. METOABI MCMbITAHWMIA
[OCT 18105. BeToHbl. MpaBuna KOHTPOAS W OLLEHKM MPOYHOCTN YacTnyHO NPUMEHUM.
[OCT 22783. beToHbl. MeToa, yCKOPEHHOTO ONpeaeneHns NPOYHOCTY Ha cxaTue HeobxoanMmo yTo4HeHNE
BeToHbI. OCT 22904. KoHCTpyKumm Xene300eTOHHble. MarHUTHbIN METOA, ONpeaeneHns TONLLMHbI METOA0B U3rOTOBNEHMS,
MexaHuyeckue 3aLLMTHOrO Cost 6ETOHA 1 PACMONOXEHUST APMATYpPbI dopmbl 1 pasmepa 06pasLioB
cBONCTBA U [OCT 24452. BeToHbl. MeToabl ONpeaeneHus NpU3MeHHOM MPOYHOCTY, MOZYNS YNPYroCcTy [N NPOBELEHNS UCTIBITAHUIA
BLIHOC/INBOCTb 1 koadduumenTa lMyaccoHa
[OCT 24545. BeToHbl. MeTOA, NCMbITaHWIA HA BBIHOCAMBOCTb
[OCT 22690. BeToHbl. OnpeaeneHne NPOYHOCTU MEXAHUYECKMU METOAAMY HEPA3PYLLAIOLLEro
KOHTpONS MpymeHnm
[OCT 17624. BeToHbI. YNbTPa3ByKOBOW METOZ, ONPEAENEHMs MPOYHOCTU.
[OCT 24544. BeToHbl. MeToabl onpeaeneHus aedopmalLmnii ycaikum v nonsyyectu HacTU4HO NPUMEHUM.
BeToHbI. Heo6x0AMMO yTouHEHNE
DedopmatueHble | FOCT 29167. BeToHbI. MeTobl onpeaeneHis TPELMHOCTOMKOCTM (BA3KOCTU paspyLLeHNs) npu METOA0B U3roTOBNEHNS,
XapaKTepUCTVKM CTATUYECKOM HarpyXeHH dopmbl 1 pa3mepa 06pasLioB

L9 NPOBELEHNs UCTbITAHUN

BeToH. duaunyeckne
CBOICTBA

FOCT 12730.1. BeToHbl. MeToa, onpefeneHns nioTHOCTH

OCT 12730.4. BeToHbl. MeToabl Onpeaenexns nokasartenei NopucTocTu
FOCT12730.2. betoHbl. MeTon onpefeneHus BNaxHoCTH

FOCT12730.3. beToHbl. MeTon onpeaeneHns BOAOMNOMOWEHNS

MprmeHnm

[OCT12730.5. BeToHbI. MeToab ONpeseneHrs BOLOHENPOHULLAEMOCTH

BeToHbI.
Mop030CTONKOCTh

[OCT 10060. BeToHbl. MeToabl onpeaeneHns Mopo30CTOMKOCTH

[OCT 10060.1. Ba3oBblii MeTOA, ONpeneneHns MOPO30CTONKOCTM

[OCT 10060.2. beToHbl. YCKOpeHHbIe METOAbI ONPeAeNeHNs MOPO30CTONKOCTY Npu
MHOrOKPaTHOM 3aMOPXMBAHUMN 11 OTTauBAHNU

[OCT 10060.4. BeToHbl. CTPYKTYPHO-MEXAHUYECKIIA METOL, YCKOPEHHOTO OMNpeeneHuns
MOPO30CTOMKOCTH

[OCT 10060.3. beToHbl. IunatoMeTpuyecknii MeTo, onpeseneHrs Mopo30CTONKOCTM
[OCT 26134. BeToHbI. YnbTpa3BykoBOW METOA, ONpeaeneHns MOpo30CTONKOCTN

HacTu4HO NPUMEHUM.
HeobxoanMo yTo4HeHE
METO[I0B U3rOTOBNEHUS,

¢$opMbl 1 pasmepa 06pasLIoB
L5l NPOBELEHMS UCTIbITAHMIA

BeToHbI. Mokasatenu
3KCnayaTauyMoHHOM
CTOWKOCTMN

[OCT 13087. BeToHbl. MeToabl onpeaeneHus UCTMPaeMoCTy.

[OCT 7076. Matepuansl CTpouTebHble. MeTos onpefeneHrs TennonpoBoaAHOCTY

[OCT 25898. Matepuanbl 1 ©3nenus ctpoutenbHble. MeTombl onpeaeneHms
naponpoHNLLAEMOCTI 1 CONPOTUBAEHUS NAPONPOHULIAHMIO

[OCT 20910. BeToHbI XapocToiikme. TEXHUYECKME YCIOBUS

[OCT 27296 (CT C3B 4866). 3awumTa OT LyMa B CTPOUTENLCTBE. 3BYKOU30MSLMS OrpaxaatoLLmx
KOHCTPYKUMIA. MeToabl n3mMepeHns

Mprmernm

HOpMaTMBbI, pernamMmeHTUpylowime npoeKTuposaHme n CTPoOUTesNIbCTBO

MpoekTnpoBaxne

[OCT 27751-2014. HapeXHOCTb CTPOUTENbHBIX KOHCTPYKLWIA 1 OCHOBaHWIA. OCHOBHbIE NONOXEHUS

MprmeHnm

Crn 22.13330.2011. OcHoBaHMs 3aaHWIA 1 COOPYXEHUIA. AKTyanM3npoBaHHas peaakLms
CHunM 2.02.01-83

Mprmernm

CN 63.13330.2018. BeTOHHbIE 1 Xene306eTOHHbIE KOHCTPYKLMM

YacTnyHO NpUMEHUM

CN70.13330.2012. Hecywuwme 1 orpaxzatoLLmne KOHCTPYKLmn

TpebyeT nononHexus ans ACI

TexHonorvst u CIM48.13330.2019. Csop, npasu1. OpraHnsaums CTPOMTENbCTBA MpumeHnm
OpraH1sauns CM 435.1325800.2018. KOHCTPYKLM GETOHHBIE 11 XENE300ETOHHbIE MOHOINTHBIE. PN
CTPONTE/IbCTBA Mpasuna NPOM3BOACTBA M NPUEMKM PaBoT p
HAy4HO-MeXHU4ecKuil U npou3800CMEeHHbLIL JCYPHAN (23 P ENEHEIE
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B KJIaccuUKaIMIO U 10O0aBJIeHUST OTACAbHBIX TPeOOBa-
Huit K cmecsm st AT. TOCT 7473—2010, pernaMeHTH -
pyIoImnii TpeOOBaHMUST K OETOHHBIM CMeCSIM, HeIIpUMe-
HUM, TaK KakK IepeuyeHb U MapaMeTpUuyecKue PsiIbl UX
XapaKTEePUCTUK OTBEYAIOT TEXHOJIOTUHU TPATUIIMOHHOTO
OETOHHOTIO JIUThS B POPMBI U oNajlyoKy, a He 6e30may-
6ouHolt 3D-nevaru. CraHmapThl TEXHUYECKUX TPebO-
BaHWI IIJIsI TSKEJIBIX, METKO3EPHUCTHIX M JICTKUX 0eTO-
HOB MOXHO MCIIOJIb30BaTh [JIs1 YCTAHOBJIEHUS TpeOoBa-
HUIl K MaTepuhaly €IWHWYHOrO IeYaTHOro ciios. B
CBS3M C CYIIECTBEHHOW AHWU30TPOIMEN CBOMCTB s
CJIOUCTBHIX KOMIIO3UTOB, ITOJYYECHHBIX IO aIIUTHUBHOI
TEXHOJIOTUH, HeobXoauMa pa3paboTKa MJIM HOBBIX ITa-
paMeTPUUYECKUX PSAOB JUISI HOPMUPYEMBIX XapaKTepu-
CTWK, WM BBEICHMEC MACIITAOHBIX KO3(DPUIINECHTOB
IUJISI HUX.

2. Cmandapmer memodoe ucnsimanuil. HopMupoBaH-
HbIE METOJbI UCITBITAHUI CYyXUX cMeceld, 0ETOHHBIX CMe-
Ceii U CTPOUTEIbHBIX PACTBOPOB HEIIPUMEHUMBI, TaK
KaK TepedeHb KOHTPOJIMPYEMBIX TEXHOJOTMICCKUX Xa-
PaKTEPUCTUK U MPOLEAYPhl UX OLIEHKU HE COOTBETCTBY-
IOT OCOOEHHOCTSIM TEXHOJOTMM CTpouTeabHbIX AT.
CraHaapThl Ha METOIbI UCITBITAHUIA 3aTBEPAEBIINX O€TO-
HOB U PacTBOPOB, B KOTOPBIX MCIOJIB3YIOTCSI MajIble 00-
pas3lbl WM 3HAYeHUE KOHTPOJIMPYEMBIX XapaKTepUCTHUK
He 3aBUCUT OT (DOPMBI U pa3Mepa obpaslia, MPUMEHUMBI
moJTHOCThIO. CTaHmApTHI, B KOTOPBIX 3HaUCHUE KOHTPO-
JIMPYEMBbIX XapaKTEPUCTUK CYIIECTBEHHO 3aBUCUT OT
¢opMBI 1 pa3Mepa 0Opasla, IPUMEHUMEI B YaCTH IIPO-
LIeIyp UCIIBITAHUI, TIpUMEHsIeMoro obopynoBanwus. [Tpu
5TOM HEOOXOAMMO YTOUHEHHE METOIOB M3rOTOBJICHMUS,
¢dopMbI U pa3zmMepa 00pas3LoB JIs TPOBEACHUSI UCTIbITA-
HU. JIOJKHBI OBITh YYTEHBI CJIOMCTOCTb CTPYKTYPhI 3a-
TBEePIEBIINX MaTepHAIOB M YCPETHEHHBIC TONIINHBI TIC-
YATHOTO CJIOS U3ACINIA 1 KOHCTPYKIINIA, TIPOU3BEICHHBIX
no texHonoruu AT. Ilpu aTOM BCe AeiicTBYIONIME CTaH-
IapThl METOAOB MCITBITAHWI MOKHO HMCITOJIb30BATh [IJIST
YCTaHOBJICHUSI YPOBHSI CBOMCTB MaTepuasia eIMHUYHOIO
IIeYaTHOTO CJIOS.

3. Hopmamueul, peenamenmupyoujie npoeKmuposanue
u cmpoumenscmeo. I1oJTHOCTBIO TPUMEHMMBI HOpMAaTH -
BBI, KOTOPHIC YCTAaHABIMBAIOT OOIIME MPUHIIUIILI 00ec-
MEeYeHUsS] HaAeXKHOCTU CTPOUTEJIbHBIX KOHCTPYKUMA U
OCHOBaAHUI, TIpaBUJIa OPTaHU3AINN CTPOUTEIBHBIX TIPO-
neccos. CIT63.13330.2018, ycraHaBaMBaroLIMii IpaBuiIa
IMPOCKTUPOBAHUST KOHCTPYKUMI, IPUMEHUM B CiIydae,
KOTJa HareyaTaHHasl 9acTh KOHCTPYKIIMHU UCTIOIh3yeTCS
TOJBKO B KaueCTBE HEChEMHOI OIalyOKM, a KOHCTPYK-
TUBHBIC (DYHKIIUH BBITIOJHSIET apMaTypa M 0eTOH BHYTPHU
neyatHoit 00600uku. [ MyCTOTENbIX KOHCTPYKIIUIA,
IMPON3BEICHHBIX AIAUTUBHBIM METOIOM, IPUMEHUMOCTD
HOPMUWPOBAHHBIX METOIOB ITPOCKTUPOBAHUS HYKIAeTCS
B ma3ydenuu. CIT 70.13330.2012, ycTaHaBIMBaroOLIMii
MpaBUJjIa IMIPON3BOJCTBA W TIPUEMKHU pabOT TIPU BO3BEIE-
HUU Pa3IWYHBIX BUIOB KOHCTPYKIIMIA, 3MaHUI 1 COOpY-
KEeHUI, HyXXIaeTcsl B JOTIOJTHEHNY W BBEACHUHU pa3ena,
pPerIaMEHTUPYIOILIETO CTPOUTENbHbIE paboThl wisd AT.
CIT 435.1325800.2018, ycTraHaBIMBaMOIIMiII TIpaBUa
IMPOMN3BOJICTBA, KOHTPOJIS Y IIPUEMKH padOT TP CTPOU-

TEJbCTBE 3MaHUI U COOPYKEHUI U3 MOHOJUTHBIX KOH-
CTPYKLIMI, HETIPUMEHHNM B CBSI3U C IIPUHIIUITHATEHBIMUI
OTJIMYMSIMU TEXHOJIOTMII MOHOJIUTHOTO CTPOUTEILCTBA U
crpoutenbHbIX AT.

AHalu3 BBeIEHHBIX B JeiiCTBHE

HOPMATHBHBIX JOKYMEHTOB ISl CTpOUTEIbHBIX AT

B HacTosiiee BpeMsi BBEACHO B IECTBHE TPU HALIMO-
HanbpHBIX cTaHmapta (TOCT P) u onuH mpeaBapuTesib-
HbI HalmoHanbHbIN craHaapt (ITHCT).

1. I'OCT P 59095—2020 « Mamepuanst 013 adoumus-
HO020 cmpoumenbHo2o npouzeoocmea. TepmuHol u onpedene-
Hus». O0JIacTb NPUMEHEHUs JaHHOTO CTaHIapTa IMOo3u-
IIMOHUPYETCS B paMKaX YCTAHOBIICHHSI «TEPMUHOB,
orpeneeH!s MOHSITUI B 00J1aCTU MaTepUaIOB, NCITOJIb-
3yeMbIX B TEXHOJOTMSX aIIUTUBHOTO CTPOUTEIBHOTO
MPOM3BOJICTBA, KOTOPhIE OCHOBAaHBI Ha aIIUTUBHOM
MPUHLMIIE WU3TOTOBJCHUSI CTPOUTEIbHBIX KOHCTPYK-
mmit». CTtaHmapT periiaMeHTUpyeT 74 TepMUHA W HX
OIpEeAETCHUS «IJIsI IPUMEHEHUS B MPOEKTHOM, paboyeit
U TEXHUYECKOM JOKYMEHTAIIMM BCEX BUIOB, HAYUHO-TEX~-
HUYECKOI, yueOHOI 1 CIIpaBOYHOI JUTEPATYPE».

W3 74 TepMUHOB BHOBb BBOJMMBIMU U OTHOCSIIIM-
MMCST K TEXHOJIOTUM aJIUTUBHOTO TTPOU3BONICTBA SIBJISI-
I0TCSI I€BSITh TEPMUHOB 13 rpyInbl «OCHOBHbIE TEPMU-
Hbl» (N 1-9) u 1Ba TepMuHa u3 rpyrnmbl « [exHonorus u
OpraHmM3alys CTPOUTEIBHOTO MPOM3BOACTBa» (No 18,
20). OcrajbpHble 63 TepMUHA SIBISIOTCS OOIIECTPOU-
TEJTBbHBIMM, U UX OTPEACSICHUsT perlaMeHTUPOBAHbI pa-
Hee B OOLIECTPOUTENbHBIX CTaHAApTax, TaKUX Kak
I'OCT 26633—-2015, TOCT 25820—2000, TOCT 7473—2010,
I'OCT 31189—-2003, TOCT 31357—2007, TOCT 24211-2003,
I'OCT 10180—90, TOCT 22690—88, TOCT 18105—2018,
I'OCT 28570-90, CIT 48.13330.2019, TOCT 4.212—80
(cM. Tabmuny). dnsa repmusoB 11, 12, 14—17, 19, 21, 24,
25,3035, 40, 44, 51, 53-59, 62—66, 68—74 oTinune OT
CYILIECTBYIOLIMX, PAaHEE YTBEPXXIACHHBIX 1 HOPMUPOBAH-
HBIX WX OMpeIecHUI 3aKII0vaeTcsl TOJIbKO B J00aBiIe-
HUU CJIOB <«aUIMTUBHOE CTPOUTEIBHOE MPOU3BOACTBO
(ACII)». dng tepmunos 10, 13, 22, 26—29, 36, 37, 39,
41-43, 45, 46, 47—49, 60, 61, 67 Takue OTIUYUS OTCYT-
ctBy10T. OgHako B aHansupyemom 'OCT P 59095—2020
CCBIIKA Ha HCIOJb30BaHUE AHAJIOTMYHBIX TEPMUHOB B
paHee YTBEPXKACHHBIX CTaHIapTax JaHa TOJIbKO JUISI OTIpe-
JeieHus TepMuHa «oetoH» (Ne 23) M TepMMHA «KJ1acc
TouHOCTM» (N 52).

Psan npuBeneHHBIX MHOSI3BIYHBIX (AHTJIMHACKUX) K-
BUBAJICHTOB CTAHAAPTU30BAaHHBIX TEPMUHOB SIBJISICTCS
OYKBaJIBHBIM HEYIaUHBIM IIEPEBOIOM PYCCKIUX TEPMITHOB
U HE COOTBETCTBYET MEXIYHApOMTHON OOIIEIPUHSITON
TepMuHOJoTUM. K HUM OTHOCSTCS:

— «construction 3D printings — npuHsaTo «3D-build
printing»;

— «construction 3D printer» — npuHsTO «3D-build
printer»;

— «bonding layer» — IpuHSATO «casting layer»;

— «concrete mix for AMC» — npunsito «3D-printable
materials», «3D-printable concrete», «3D-printable
mixture».
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HopmaTuBHas 6a3a oTpacan

Taxkum obpazom, TOCT P 59095—2020 coznaet Tep-
MHHOJIOTMYECKYIO MyTaHUILY, TI03TOMY HY>KIAeTCs B Ie-
pecMoTpe.

2. TOCT P 59097—2020 «Mamepuansl 011 addumue-
H020 cmpoumensHoeo npouzeodcmea. Texnuueckue mpebo-
eaHus». O0aCTb MPUMEHEHUST TaHHOTO CTaHJaapTa Io-
3ULIMOHUPYETCS B paMKaX YCTaHOBJICHUSI TeXHUUECKMX
TpeOOBaHWIA U TIPABUJI MIPUEMKHN «MaTEPUAIIOB JIJIsI afIv -
TUBHOTO CTpouUTeabHOTrO MpousBoacTBa (ACII), mpume-
HSIEMBIX TTPU CTPOUTENIHCTBE, PEKOHCTPYKIIUU 1 PEMOHTE
3MaHUN U coopyxeHui». CTaHIApT BKJIKOYAET IECSTh
pa3menoB: 1) o0macTh IMpUMEHEHMS, 2) HOpPMAaTHUBHEIC
CCBhUIKM; 3) TEPMUHBI U onpeaeieHus; 4) oOlue TeXHU -
yeckue TpeboBaHUs; 5) MPOU3BOJACTBO MaTepUANIOB LIS
AJIUTUBHOTO CTPOUTETLHOTO TIPOU3BOCTBA; 6) TIpaBuIIa
MPUEMKHU; 7) METOIbI UCTIBITAHUI ¥ MIPOLIEAYPbl KOHTPO-
Jist; 8) mocTaBKa MaTepuasoB NIl aJJINTUBHOTO TPOU3-
BOJCTBA; 9) TpaHcnopTupoBaHue; 10) rapaHTUM MpPoOu3-
BOAUTEIS (MIOCTABIINKA).

JlaHHas CTPYKTypa CTaHAapTa He COOTBETCTBYET Tpa-
IUIMOHHOM CTPYKTYpe CTaHIApTOB IpyImbl «TexHuye-
CKMe TpeOOBaHMSI», TaK KaK HE COICPKUT pas3IesioB, pe-
JIAMEHTUPYIOLIUX:

— KJaccuUKaIMIo CyXUX cMeceil, pacTBOPHBIX (Oe-
TOHHBIX) CMECEM, a TaKXKe 3aTBepAeBIlIero 6eToHa (CTpo-
urtejabHoro pactsopa) mist ACII;

— TpeOOBaHMS K CHIPHEBBIM MaTepuanam (IpeacTaB-
JieHbI B pasaene «O01ure TeXHuIeckKre TpedoBaHusS»);

B pasgene «OOmme TexHudeckue TpeOOBaHUS» He
MpeACTaBIeHbl KOHKPETHBIC UYWCJICHHbIE 3HAYCHUST W
MmapamMeTpuyecKre psiabl MoKa3aTejell KayecTBa CyXMX
cMeceld, pacTBOPHBIX (OETOHHBIX) CMECeH, a TaKxKe 3a-
TBEpAEBIIEro OeToHa (CTPOUTEIBHOIO pacTBOpa) IS
ACII. s tpeboBaHUIA K IOKa3aTesIsIM KadecTBa pac-
TBOPHBIX (DETOHHBIX) CMecell YKa3bIBaeTCs, YTO TaKue
TpeOOBaHUsI COAECPKATCS «B HOPMATUBHBIX JOKYMEHTaX
WM TeXHUYECKOW JOKYMEHTAllUM Ha MaTepuajbl IS
ACII KOHKPETHBIX BUJOB B 3aBUCUMOCTH OT UX Ha3Haye-
Hus». HelmoHATHO, Kakne KOHKPETHO JOKYMEHTBI HyX-
HO KCITOJIb30BAaTh.

Jlnsa TpebGoBaHUI K TTOKa3aTe/IsIM KauecTBa 3aTBEPIEB-
mero 06eroHa (CTPOMTENILHOTO pacTBopa) TpeuiaraeTcs
HCIOJIb30BaTh NapaMeTPUIECKUe Psiibl, YCTAHOBJICHHbIE
B JICHCTBYIOIINX CTaHIApPTaXx Ha OETOHBI, TEIJIOM3O0JISI-
IIMOHHBIE ¥ KOHCTPYKIMOHHO-TEIIOU30JSIIMOHHBIC
MaTepuayibl. YCTaHOBJICHHOE B MUPOBOI MPAKTUKE CYy-
IIECTBEHHOE OTJIWYME MPOYHOCTHBIX XapaKTEePUCTUK
TPAAUILIMOHHBIX OETOHOB OT aHAJOIMYHBIX XapaKTepH-
CTUK CJIOMCTBIX TIEYATHBIX OCTOHOB HE YYMTHIBACTCS,
CBOICTBA MOCJIEIHUX MpearaeTcsl OLleHUBATh 0e3 yueTa
nx ciaoucroct. OOHAKO CYIIECTBEHHAs aHU30TPOIUS
CBOWCTB BIOJIb U TIOMEPEK TEYaTHBIX CJIOEB BBI3bIBAET
HEO0OXOAUMOCTb OIPEIeIUTh OrPaHUYCHUS] MPUMEHU-
MOCTH IIJISI CJIOUCTBIX OETOHOB, MOJTYYEHHBIX O TEXHO-
snoruu ACII, mokaszateneil KayecTBa, YCTAHOBJIECHHBIX B
OOIIECTPOUTENIPHBIX HOPMATHBAX IJII TPaIWIIMOHHBIX
6eToHOB. boJiee Toro, mapameTpuuyeckue psiibl MoKas3a-
TeJieil BCeX CBOMCTB CIIOMCTBIX OETOHOB TaKXKe TPeOyIOT
YTOUHEHMS.

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

B paznene «MeToabl MCOIBITAHWI U TPOLEAYPHI KOH-
TPOJIST» B OTJIMYME OT OOIICIIPUHSITON IPAKTUKU HE TIPH-
BeJeH KOHKPETHBIN TepeueHb XapaKTEePUCTUK, TTOJIe-
JKaIIuX KOHTPOJIIO.

Takum oOpa3oM, B CBSI3U C OTCYTCTBUEM KOHKPETHBIX
TpeOOBaHMII K YMCJAECHHBIM 3HAYEHUSM, MapamMeTpuye-
CKMM psIaM [Jjis IToKa3aTelleil KayecTBa pacTBOPHBIX
(GETOHHBIX) CMeceil, a Takxe 3aTBepiAeBIlIero OeToHa
(ctpoutenbHoro pactsopa) mwist ACII BeI3bIBaeT COMHE-
Hus npurogHocts FOCT P 59097—2020 anst cTpouTesb-
HOI NPaKTUKMU.

3. TOCT P 59096—2020 «Mamepuanst 01 addumue-
H020 cmpoumenvHo2o npouszeodcmea. Memodvl ucnvima-
Huil». O0JacTh MPUMEHEHUS TaHHOTO CTaHAapTa IT03U-
LIMOHUPYETCS B perjaMeHTallMi METOJOB OMpPeaeICHUS
«OCHOBHBIX MOKa3zaTeJeil KayecTBa MaTepualioB IS
ACII B popme cyxux cMmeceii, pacCTBOPHBIX (OETOHHBIX)
cMecel, a TakKe 3aTBEPAEBIIEro 0eToHa (CTPOUTEIBHOTO
pactBopa)». CTaHmapT BKJIIOYAET ceMb pas3deyioB: 1) 00-
JIaCTh MIPUMEHEHUS; 2) HOPMATUBHbBIE CCBUIKM; 3) Tep-
MUHBI U ONpeaeaeHus; 4) o0Ire MoJoKeHuUs; 5) onpe-
JieJIeHUe CTOMKOCTM K OTUIBIBAHMIO; 6) OTpenesieHue
MPOKaYMBAEMOCTH; 7) OIpeAeIeHUE MIPOYHOCTHU CLIeTLIe-
HUSI CI0EB (CIUIONTHOCTD).

B pasnene «OO01IME MOT0OXEHUST» U3TOXKEHBI 0011
TpeboBaHUs K KayecTBy MarepuasioB 1t ACIT u meto-
JlaM WX UCTTBITAHUI B COCTOSTHUM CYXO#l CMECH, TOTOBBIX
K MPUMEHEHUIO MOABUKHBIX CMECEell M 3aTBEPIEBIIETO
pactBopa (6eToHa). Ilpm 3TOM HE pErIaMEHTHPYIOTCS
3HAUYEHUS JaHHBIX XapaKTePUCTHUK, a JAETCS OTChUIKA K
JIeMCTBYIOIIMM HAllMOHAJIBHBIM CTaHIApTaM Ha JIpyrue
BUABI CTPOUTEIBHBIX MaTePUAJIOB I METOIAM WX MCIThI-
TaHUN.

KauecTBO TOTOBBIX K IPUMEHEHMIO TTOABIKHBIX CME-
ceil perylaMeHTUPYETCsl OLIEHUBATh Yepe3 KOHTPOJIb MO~
JIBUKHOCTH, COXPaHSIEMOCTh TIE€PBOHAYAIBHON MOIBUXK-
HOCTH, CTOMKOCTb K OIUIBIBAHUWIO, MPOKAYMBAaEMOCTb,
CPOKHM Hayajla M OKOHYAHMSI CXBaTbIBaHUSI, BOIOYAEP-
JKMBAIOIIYIO CTOCOOHOCTh. K TaHHOMY MepeyHIO TeXHO-
JIOTUYECKUX XapaKTEPUCTUK CMeCceil UMEIOTCS CIenyI0-
IIKe TPUHIUINAIbHBIC 3aMEeUaHusI.

W3 IpuHATHIX B COBPEMEHHOI MUPOBOIT IIPAKTHKE TEX-
HOJIOTMUECKUX XapaKTepUCTUK cMmeceil (MmepekayrBae-
MOCTb, 9KCTPYIUPYEMOCTb, (DOPMOYCTOMYNBOCTD, paOOTO-
crocobHocTh U ckopocTh TBepaeHust) TOCT 59096—2020
MpemyiaraeT OIeHUBATh TOJBKO ITPOKAYMBAEMOCTh, CTOM-
KOCTb K OTUIBIBAHUIO, CPOKM Hayasia 1 OKOHYAHUST CXBAThI-
BaHUSA. DTOrO SIBHO HEIOCTAaTOYHO UIS IOJHOIN OLICHKU
TEXHOJIOTUIECKOTO KayecTBa CMEeCU UM HE COOTBETCTBYET
MMPOBOIi MpakTuKe. MapKa Mo MOABMKHOCTU MPOTUBO-
peunT camoii nmee TexHojorun 3D-TeyaTn, B paMKax Ko-
TOPOIt cMecCh JOJIKHA 00J1agaTh HE MOABUKHOCTBIO (HEO0-
XOOUMON [JIs1 3aIojHEeHMsT (DOPMBI M/WIIA OMNaxyOKu B
TEXHOJIOTMM OETOHHOIO JIUThs), 4, HAMPOTUB, (POPMO-
YCTOMUMBOCTBIO J1JIs1 oOecreueHus 6e30maayoouyHoro Bo3-
BelleHUsI 00beKTOB. [Ipu OlleHKe CTOMKOCTH K OIlIbIBa-
HUIO (KaK OlLleHKe (POPMOYCTOMUMBOCTU) periaMeHTUPY-
€TCs, YTO «CMECh CUYMTAETCS CTOMKOU K OIUIBIBAHUIO, €CJIN
M3MEHEeHUe pa3Mepa I10 IIMPUHE HareyaTaHHOW CMEChIo
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mpusMbl sXhx1=100x50x(100—900) mm B TeueHue 60 ¢
Iocjie HAHECEHUs He TIPeBbIIIaeT 5 MM». HeroHsITHO, YeM
00yCJIOBJIEH TaKoi1 BBIOOP pa3mMepa oOpasiia, Be/Ib CEUeHIe
MEeYaTHOTO CJI0SI B MIPOMBIIIIEHHBIX YCTAHOBKAX, KaK mpa-
BIWJIO, HaxoauTcsd B auara3oHe s=h=(30x30—60X60) mMM.
PernmameHTUpyeMblil TIpeies OIUIbIBAHUST CJIOSI BBICOTOM
50 MM He OoJiee 5 MM 3a 60 ¢ 1101 COOCTBEHHBIM BECOM
CBUIETENILCTBYET O IMOJHOM HECIIOCOOHOCTU CMECH Jep-
KaTtb (popMy, T. €., HAIIPOTUB, O HEIIPUTOTHOCTH K Oe301a-
JIyOOYHOM Meyaru.

OOIHOBPEMEHHO BO3HMKAIOT BOMPOCHI, B CBSI3U C YEM
Ka4yeCcTBO 3aTBEepIeBIero pactsopa (6erona) mis AT pe-
IJIAMEHTUPYETCST TOJBKO TSIThIO TOKa3aTeIsIMU, B TO
BpeMs Kak, coriacHo 'OCT 4.212—80, nist TpaauliioH-
HBIX OETOHOB YCTaHOBJIEHO 19 mokasaTesneil Ha3HAUYCHUSI.
IIpu sTOM TpebGoOBaHUSI K OCOOEHHOCTSIM HCIIbITAHUIA
CBOIICTB 3aTBEpPAEBIIEro pactBopa (06eToHa), MOTy4YeH-
HBIX aJIUTUBHBIM METOIOM, CIIEIIMAIbHO HE perlaMeH-
TUPOBAHBI, JACTCS OTChUIKA Ha NEHCTBYIOIIME CTaHAAP-
TBI HA METOIBI MCITBITAHWI OGETOHOB, UYTO TPEOYET yTOU-
HEHMS TpaHULl TPUMEHUMOCTHU. B cTaHmapTHBRIX MeToaax
WUCIIBITAHUI MCTIONB3YIOTCSI MOHOJIMTHBIE 00pa3iibl pa3-
MepoM oT 50X50 10 200x200 mm. BeToHbI B 3D-neyaTHbIX
KOHCTPYKIIMSIX UMEIOT CJIOUCTYIO CTPYKTYPY, a HE MOHO-
JINTHYIO, TOJIIIIMHA TIEYaTHOTO CJIOSI HAXOIUTCSI B TMaria-
30He (30x30—60x60) MM. DTO TpeOyeT yyeTa IpU OLICH-
K€ BCEro KOMIIeKCa CBOMCTB 3aTBEPAEBIIIETO PACTBOPA
(6eToHa), MOJYYEHHOTO alAUTUBHBIM METOJIOM.

Takum obpa3om, npencrasiaeHHbie B taHHOM ['OCTe
TpeOOBaHUS K METOJaM OIICHKM TeXHOJIOTMYECKUX Xa-
paKTepPUCTUK CMeCEeil U CBOMCTB 3aTBEpJeBIIEro 0eToHa
SIBJITIOTCS HETIOJTHBIMM M HE COOTBETCTBYIOT MMPOBOI
npaxkTuke. CTaHAapT HY>XKIAeTCsl B IEPeCMOTpeE.

TTHCT 495—-2020 (449—2020)" «Cmpoumenvhuvie pa-
bombl U munosble mexHosoeuueckue npoueccol. Addu-
mueHble mexnonoeuu. Ilpumenenue mpexmepHoll newamu
(3D-neuams) 6 cmpoumenvcmee. Obujue mpedosaHus».
O6nacTh TpPUMEHEHUs] JAAHHOTO TIPEABAPUTETHHOTO
CTaHIapTa MO3ULIMOHUPYETCS B paMKax «IIpaBUJ BbIOOpa
1 IPUMEHEHUS aJIUTUBHBIX TexHojoruit (AT) B ctpou-
TEJbCTBE M YCTAHABIMBACT OOIIME TPeOOBAHMS K IIPH-
MEHEHUIO TpeXMepHoil Tmevyatu (majee — 3D-mevaTp)».
CranmapT BKJIOYAeT CEMb DPA3ACJIOB W TIPUIIOXKEHUE:
1) obGaacTe mpuMeHeHUs; 2) HOpPMaTUBHbIE CChLIKMU;
3) TepMHMHBI, OIpene/iecHUus M COKpalleHus; 4) oOime
TpeOOBaHUS MO TIPUMEHEHNIO aIIUTUBHBIX TEXHOJIOTHI
B CTPOUTEJILCTBE; 5) 0011I1e TPeOOBaHUSI K BEIOOPY aian-
TUBHBIX TEXHOJIOT Ui BCTPOUTENIBCTBE UK 3D -TIpuHTEpam;
6) ob1ue TpeOOBaHUS IIPU BBIIIOJHEHUU paboT C Ipu-
MEHEHHEM aIAWTUBHBIX TEXHOJOTHWI; 7) TpeOOBaHUS
6e3ornacHocTd npu padote ¢ 3D-npuHtepom, Ilpuso-
KeHue A (crpaBouHoe) «IIpumeHsieMble MaTepUabl IS
AIINTUBHBIX TEXHOJIOTHIT B CTPOUTEIIHCTBE».

Paznennt No 4, 5, 7 B 11e10M SIBJISIIOTCS XOPOLLIO CTPYK-
TypUPOBAaHHBIMH, COAEPKAT JOCTATOYHO ITOJHBIC HaH-
Hble, TPEOOBAHUS U XapaKTePUCTUKU KOMITOHEHTOB aji-

JIATABHBIX TEXHOJOTUW, COOTBETCTBYIOIIME COBPEMEH-
HOMY YPOBHIO Pa3BUTHSI JAHHBIX TEXHOJIOTHUH.

Pazpenst Ne 2, 3, 6 u I[IpuioxeHue A HyXAalOTCsS B
nononaHeHusix. Paznen 2 «HopMaTtuBHbBIE CCBUIKW» MO-
XKET M JOJDKEH OBITh JOMOJHEH Mocjae (OpMUPOBAHUS
HopMaTuMBHOU 0a3bl B obmact ACII, kakoBasi Ha JaH-
HBIII MOMEHT TMpaKTUYECKU OTCyTcTByeT. Pazmen 3
«TepMmuHbI, onpenesieHns] U COKpAIICHUS» TakxkKe HYyX-
JIaeTCsT B JOTIOJIHEHUM C TOYKM 3pEeHUST 00jiee YeTKOTO
orpenesieHUs] BUIOB U Kjaccudukauu, MaTepuaioB
st ACII, ctpoutenbHbix miporieccoB ACII, cTpouTenb-
HbIX OOBEKTOB, M3MAEIUN M KOHCTpyKuuii. Pasmen 6
«O061me TpedboBaHUS MPU BBHITIOJTHEHUU PAbOT € puMe-
HEHUEM aJIUTUBHBIX TEXHOJOTUiIT» HYXXIAETCS B JOTIOJI-
HEHUSIX C TOUKU 3PEHUST IeTAIU3ALINY TTepeUHsI TpeOoBa-
HUI K BBITTOJTHEHUIO CTPOUTEILHBIX PaOOT — MTPUTOTOB-
JICHUIO CMeceil, TeXHOJOTUYECKUX DPEeXUMOB IeyaTH,
apMUPOBAHUSI, OTIETKH.

IMpunoxeHne A HyxXnaeTcsl B CylIECTBEHHOU mepepa-
0OTKE ¢ TOYKM 3peHUsI yCTAHOBJIEHMSI OoJiee YeTKOM Kiac-
cuduUKaIMy CHIPHEBBIX MATEPUAIIOB, CYXOl CMeCH, TOTO-
BbIX K IPYMEHEHUIO MOABUXHBIX CMECEIi U 3aTBEp/IEBILIE-
ro pactBopa (6etona). Ilynkr A.6 «TpeboBaHUs K TOTO-
BBIM U3IeTUsIM» [IpUITOKEeHUS CONEPKUT TEePEUeHb Tpe-
0OBaHMII K 3aTBEPAEBIIEMY MaTepUAITy, @ HE K U3ICITUSIM.

B menom IlpenBaputebHbII HAIMOHAIBHBINA CTaH-
JIapT MOXKeT ObITh MPU3HAH B KAYECTBE OCHOBBI JUISI pa3-
pabotku HaimonansHoro crangapra (TOCT P), ycranas-
JIMBAIOLIEro odlure TpeOoBaHUs ISl CTPpOUTEIbHBIX AT.

Hanpasienust pa3BUTHS HOPMATHBHOI 0a3bI
B 00J1aCcTH cTpOUTEIbHbIX AT

Jisg mX BHEAPEHUS U pacIIMpeHUsT IPUMEHEHUS Ha
MpaKTUKe HYXKIAITCS B HAYYHOI 1 OTILITHOM MpopadoT-
K€ CJICTYIOIINEe TPYIIITBI IIepBOOYEPETHBIX BOIIPOCOB:

1. OnpeneneHue TpedOBaHUN K KOMILJIEKCY TEXHOJIO-
TMYECKUX XapaKTepucTuK cmeceit nia 3D-neuatn, mpo-
LeIypaM KOHTPOJIS UX ITPUTOTOBJICHMSI, METOIAM MCIThI-
TaHWI U KOHTPOJIS MX KauyecTBa.

2. OmpenenieHe 3HaYeHUII, OOOCHOBAaHMWE TMapame-
TPUYECKUX PSIIOB CBOMCTB 3D-meyaTHBIX KOMIIO3UTOB C
YUETOM UX CJIOMCTOCTH.

3. OnpeneneHue TpedboOBaHUI K METOAAM UCIBITAHUIA
cBOMCTB 3D-neyaTHBIX KOMITO3UTOB C YYETOM UX CJIOU-
CTOCTH.

4. OnpeneyneHue TpebOBaHUI K KOMILIEKCY pacueTr-
HBIX COIPOTUBICHUN 3D-meyaTHbIX KOMIIO3UTOB C yUe-
TOM aHWU3OTPOITMU UX IIPOYHOCTHBIX XapaKTePUCTUK.

5. Pa3paboTka TeopeTHMYeCKUX MOAXOJO0B U YMCJICH-
HBIX METOJIOB ITPOCKTUPOBAHUS OMOHUYECKUX ITyCTOTE-
JibIX 3D-neyaTHbIX KOHCTPYKIIMI ¢ 3aJaHHON Hecyllein
CITOCOOHOCTBIO.

Ha ocHoOBaHMM MOJYYEHHBIX PE3YJIbTATOB CTaHET
BO3MOXKHOI1 pa3paboTKa CIIeAYIOIIero KOMIUIeKca HOp-
MATUBHBIX JTOKYMEHTOB, OOCCITEUMBAIOIINX MPUMEHU-
MOCTb CTpouTeabHbIX AT:

I TTHCT nmeet Homep 495—2020 B TOJTHOTEKCTOBOM BEpCUU, PEICTABIEHHOM B «D1eKTPOHHOM (OHJIE TPABOBBIX M HOPMATUBHO-TEXHUYECKUX
JIOKYMEHTOB». B peectpe oduimansHoro caiita Pocctanmapra nannsiii [THCT umeeT Homep 449—2020.
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HopmaTuBHas 6a3a oTpacan

1) cranmapThl, perylaMeHTUPYIOLIKE OOIIUe TEXHUYE-
cKue TpeboBaHMSI K MaTepuajaM, coaepxaline TpedoBa-
HUS K HOMEHKJIAType M 3HAYEHUSIM TEXHOJOTHUECKUX
XapaKTepUCTUK cMeceil U KOMITO3UTOB Mg 3D-nevatu;

2) cTaHmAapTHl HAa METOOBI WCITBITAHWMA W KOHTPOJIS
KayecTBa CMecCell M KOMIIO3MTOB, YCTaHABIMBAIOIIUX
TpeOOBaHUs K MpOLEAypaM KOHTPOJISI UX IIPUTOTOBIIE-
HUSI, OLIEHKE COOTBETCTBUSI IMOKa3aTesiell KauyecTBa, Me-
TOIaM MCIBbITAHUI TEXHUYECKUX CBOMCTB (B YaCTH yTOY-
HEHUI METOIOB M3roTOBJIEHUS, (POPMBI U pa3mepa 00-
Pa3ioB CJIOMCTHIX KOMITO3UTOB);

3) cTpouTeAbHBIE TIpaBWIa, pPeriaMEHTUPYIOIINE
MPOM3BOJICTBO U TIPUEMKY pabOT IIpU BO3BEIEHUH CTPO-
UTEIbHBIX 00BEKTOB aJIMTUBHBIM METOJOM, YCTAHABJIM -
BaroIIre TpeOOBaHMUS K CKOPOCTH, TEMIIEPATyPHO-BIIaXK -
HOCTHBIM pexumaM 3D-TieyaTu, yxomy 3a HaIledaTaH-
HBIMU CTPOUTEILHBIMU KOHCTPYKIIMSIMU U T. 1.;

4) HOpMaTHUBBLI Ha METOIBI pacyeTa W MPOEKTUPOBA-
HUs OMOHMYECKUX IMYCTOTENbIX 3D-IeyaTHBIX KOH-
CTPYKIIWIA, yCTaHABIMBAIOIIME TPEOOBAHMS K MX KITACCH -
duKaluu, TUMaM, OOILIUM TEXHUYECKUM TpeOOBAHUSIM,
MIpaBUJIaM pacueTa 1 IMPOSKTUPOBAHMSI, CITOCOOAM apMHU-
pOBaHMS U T. 1.

BoiBoabl

1. AHaM3 NeHCTBYIOLIMX OOIIECTPOUTEILHBIX U CIIe-
IMAJTbHBIX HOPMATUBOB C TOUKH 3PEHUS UX UCIIOJIH30Ba-
HUSI TSI Pa3BUTHUS CTPOUTEIbHBIX A IUTUBHBIX TEXHOJIO-
Ui 1I0Ka3aj] UX OrpaHMYEeHHYIO IPUMEHUMOCTh B JIaH-
HOI 006J1acTH.

2. B poccuiickux ctaHaapTax He YUMTHIBAIOTCS MPU-
HSITBIC B COBPEMCHHOM MUWPOBOU MpPaKTHUKE OCHOBHEIC
TEXHOJIOTUYECKHME XapaKTePUCTUKM CMeceil I
3D-meuarn: mepekauynBaeMocTh (pumpability), akcTpy-
nupyeMocTsh (extrudability), ¢opmoycToitunBocTb (shape
retention — cmoCOOHOCTb 3KCTPYAUPOBAHHOI CMECU CO-
XpaHATh CBOE TOTIEPEUHOEC CeUeHUE PaBHBIM ITOIIEepeyd-
HOMY CEUEHMUIO CoTLIa), paboTocnocodHocTh (buildability,
workability — crmocobHOCTb cJost 1epXatb (GopMmy MO
JIaBJICHUEM BBIIIeJIeXKallluX CJI0eB), CIIOCOOHOCTh K CO-
XpaHHOCTH CBOICTB (open time) U CKOPOCTh TBEPACHUS
(structural build up). B poccuiickux ctaHaapTax K TeXHO-
JIOTMYECKHM XapaKTEePUCTUKAM OTHECEHBI TOJIBKO IIPO-
KauyMBaeMOCTh, CPOKM Hayajla 1 OKOHYAHMSI CXBaTHIBa-
HUSI, CTOMKOCTh K OIUIBIBAHUIO TIOJ COOCTBEHHBIM Be-
coM. [1pu 3TOM METObI OLIEHKM JAHHBIX CBOMCTB ILJIOXO
COOTHOCSTCS ¥ ¢ TeXHOIoTHEH 3D-T1evatnt, 1 ¢ MUPOBBIM
OITBITOM MCCJIEOBaHUI U pa3paboTOK.

3. CylecTByIOIMe CTAaHOAPTHI TEXHUYECKUX TPebO-
BaHUI ¥ METOAOB UCIIBITAHUI BCEX CBOMCTB CTPOUTEIb-
HbIX MaTePUAJIOB OCHOBAHBI HAa PerjlaMEHTALIMM U OLIEH-
K€ CBOICTB MaTepHaJoB MOHOJHUTHON CTPYKTYPHI.
Crnouctole 3D-meyaTHble KOMIIO3UTBHI MMEIOT CYIIe-
CTBEHHYIO aHW3OTPOITMIO CBOWCTB BAOJb W IOMEpPeK
CJI0E€B, BO3MOXHO pa3BuTHe AedopMalivii M HaIpsoKe-
HUM MEXIY CIOSIMM TIPHU JCUCTBUM SKCITTyaTallMOHHBIX
Harpy3ok. [1o3ToMy 3KcrutyaTalilMoOHHOE MOBEIEHUE TIe-
YaTHBIX KOMIIO3UTOB MOXKET CYLIECTBEHHO OTIMYATHCS
OT TaKOTO TOBEACHUS TPAIVIIMOHHBIX CTPOUTEITBHBIX

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

MatepuanioB. CJIOMCTOCTh CTPYKTYPhI M aHU30TPOITHIO
CBOWICTB MPUHIIUIINAIBHO BaXKHO YUECTh IIPU OIpeaeIie-
HUHU TTapaMeTPUIECKUX PSIIOB 1 HOPMUPOBAHUH pacyeT-
HBIX XapaKTePUCTHK, UCITOJb3yEeMbIX IIPHU ITPOECKTHUPOBA-
HUM KOHCTPYKIMiA. Takske 3T0 HEOOXOIMMO YUNTHIBATH
1 HOPMUPOBATh JJIS TTPOBEACHUST UCTTBITAHUIA.

4. IlpuMEeHUTETLHO K BO3MOKHOCTSIM CTPOUTEIBHBIX
AIINTUBHBIX TEXHOJIOTUA HeoOXoamMa pa3paboTKa HO-
BBIX CITOCOOOB ITPOEKTUPOBAHUS KOHCTPYKILIMIA. DTO He-
00X0IMMO, YTOOBI MEPEHTH OT TPAIWIIMOHHBIX ITOJTHO-
TEJIbIX CTPOUTEJBbHBIX KOHCTPYKLMI K IyCTOTEIBIM, B
KOTOPBIX MaTepuaj OyIeT pacIioaraTbCsl TOIBKO IO JIA-
HUSM JeHCTBYIOIINX HANPSKEHUWIA, a eTo0 00beM cocTa-
BUT He 6ojiece 10—20% oT 06beMa KOHCTPYKLIMHU.
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Knura «TeopeTnyeckue ocHoBbI 6ENU3HbI U OKpaILMBAHNSA KEPAMUKKM U NOPTNAHALEMEHTa»

AsTopbl — 3y6exuH A.T., Auexko H.O., Ffonosaxosa C.I1.

B kHuUre npeacTaBnieHbl TEOPETUYECKIE OCHOBbI G8JTM3HbI N OKPALLKBAHWNS KePaMUYECKIUX CTPOUTENb-
HbIX MaTepuanos 1 6enoro noptnasalemenTa (bIL) ¢ no3uumm Teopun LBETHOCTU CUANKATHBIX MaTepu-
aJl0B B 3aBMCUMOCTM OT UX (ha30BOMUHEPANIbHOTO COCTaBa, CTPYKTYPbI, coJiepxaHus xpomodpopos Fe, Mn
1 Ti, yCNnoBUi 06XKnra u OXNaXxxAeHUs (OKUCAUTESIbHBIX UM BOCCTAHOBMTENbHBIX).

YcTaHOBNEHbI 3aKOHOMEPHOCTW 3aBUCUMOCTM GeNM3HbI, LiBeTa U 0COOEHHOCTM OKpaLIMBaHUS Kak
MUrMEHTOB, TaK 1 TBEP/bIX PacTBOPOB OECLIBETHbIX (Da3 NOHAMMU-XPOMOCOpPaMi OT CTPYKTYpbl, N30Ba-
NEHTHOrO UK FreTepoBaNeHTHOro M3oMopKr3Ma, 06pa3oBaH1s OKpaLLNBAKOLLMX KNacTepoB. Pa3paboTaHbl
3(DDEKTUBHbIE CNOCOObI YNpaBneHNs 6eNU3HOI 1 eKOpPaTUBHLIMU CBONCTBAMMU CTPOUTENbHbIX Kepamu-
Yecknx martepuanos (dapdopa, dasHca, 06MNLOBOYHON NANTKKW, KNpnuya) 1 6e510ro nopTiaHALeMeHTa.

Knura «TexHonorus npou3BofcTBa CTEHOBbIX LLEMEHTHO-NECYAHbIX U3JeNuit»

AsTopbl — banakwwuH H.3., Tepexos B.A.

Onucaxo NPoOn3BOACTBO N NMPUMEHEHWE CTEHOBbIX MaTepuanoB MeTOAOM BMﬁpOﬂpeCCOBaHI/IFI n3
LIlEMEHTHO-MeCc4YaHbIX 6ETOHOB. PachOTpeHa CyLLIeCTBYHOLLIAA M NepcnekTuBHaa HOMeHKNaTypa I/I3}16]'II/II7I n
X CBOWCTBA. ﬂaHbI XapPaKTEPUCTNKN CbIpbeBLIM MaTepunasnam — rnecky, U.leﬁHPO, BAXYLLUM 1 XUMNYECKNM
no6aBkam 1 peKkoMeHaaLum no noabopy coctaa 6eTOHHOI cMeci. [oApo6HO NpeacTaBneHa TeXHONorns
MPOM3BOACTBA LIEMEHTHO-NECHYaHbIX BUOPONPECCOBAHHbIX CTEHOBbIX M3aenuit. 0co60e BHUMaHWe yaene-
HO TEXHONMOTNYECKOMY KOHTPOJO Ha MPOW3BOACTBE M TEXHMYECKOMY KOHTPOM U 06CIYXNBaHUIO 060-
pynoBaHuA. KHura npegHa3Ha4yeHa pana opraHn3auun npon3BoACTBEHHO-TEXHUYECKOro 06yquvm Ha
npeanpusTn, 6yneTt nonesHa UHXeHepHO-TEXHNYECKOMY NepCcoHany 1 LWPOKOMY Kpyry CreuuanucTos.
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BnusiHne aKTMUBMPOBAHHOr0 GEHTOHMUTA
Ha CBOICTBA LLENOYHbIX BXKYLIMX MaTEpUanoB

C pa3BuTiEM MPOMBILLSIEHHOCTM CTPOMTENbHBIX MATepUanoB NPeAnpPUHATLI 3HAYNTENbHbIE YCUNUA AN NONYYeHUs BbICOKOMPOYHbIX 1
LONTOBEYHbIX KOMMO3UTOB C MCMOMb30BaHNEM MUHEpanbHbIX NMOPOLLIKOB, HAHOA06aBOK, CynepniacTunUKaTopoB Ha OCHOBE 3MPOB
NosIMKapbOKCKUIATOB 1 AP., CYLLECTBEHHO YIy4LAtOLLMX CBOWCTBA U CTPYKTYPY 6€TOHA, NOBbILIASA TeM cambIM B 1,5-2 pa3a XM3HEHHbIN
UMK KOHCTPYKTUBHbIX 3/1EMEHTOB 3LaHWii N COOPYXXeHUNA. [PUPOLAHBIA GEHTOHUT C HOMWUHANBHBIM PA3MEPOM MUKPOYACTUL, NPUMEPHO
6-8 MKM, COCTOALLMX U3 NY4KOB NIACTUHOK, ABMIAETCA NEPCNEKTUBHON LOOABKON AN1A NONYYEHNUS HENPOHMLLAEMOr0 U NPOYHOr0 6ETOHHO-
ro KOMMo3uta, Nno3BONIAOLLEA CBECTM K MWUHUMYMY HECOOTBETCTBMS MOPOBOI CTPYKTYPbl LIEMEHTHOrO KamHs. lMpoBefeHHbIN aHanus
0CO6EHHOCTEN NPUMEHEHNS GEHTOHMTA PA3NINYHBIX MOAUMKALMIA B KA4ECTBE HAMOMHUTENS BSXKYLLUX KOMMNO3WULMIA NO3BOSUA OTMETUTD
NOSOXNTESTbHbIA 3QdIeKT ero BAMSHNA Ha CBOWCTBA LIEMEHTHOr0 KaMHs. HacTosllee 1ccnefoBaHie HamnpasieHo Ha U3yYeHne BNUSHMA
OEHTOHUTA (HAHOMMMHBI) HA CTPYKTYPY 1 CBOICTBA LLENTOYHbIX BSXKYLLUMX «aCnpaLynoHHas Nbifib — 6eHTOHUT — Nao0-Si0Oo», aKTUBMPOBAH-
HbIX KaK LLeN0YHbIM 3aTBOPUTENEM, TaK U MOANMULMPOBAHHbLIM OEHTOHUTOM. pOBEeeHHbIE UCCIe0BaHMS NO3BONUIN OLIEHUTL BIIUSHUE
[00aBOK aKTUBMPOBAHHOIO U OPraHOMOAUULMPOBAHHOr0 GEHTOHMTA B COCTABE BSXKYLLIGH CBA3KM HA NPOLLECChl (DOPMUPOBAHUS CTPYK-
TYpbl 1 CBOICTB 6ETOHHOr0 KamHs. OpraHoMoAnduKauus 6eHTOHMTA KAaTMOHOAKTBHOI 40OABKONA ankungyumeTun6eH3nnaMmMOoHNii X1o-
pua cnoco6CcTBOBANa CO3aHNI0 MNOTHOM YNAKOBKM KOMMO3KTA, K TOMY Xe ¢ 3dekToM ruapoobusaumm, 410 NONOXMTENBHO 0Tpasi-
NOCb HA CBOICTBAaX 6eTOHA. Mosly4eHHble 3aKOHOMEPHOCTN (POPMUPOBAHMSA CTPYKTYPbI U 3aBUCUMOCTI CBOICTB LIEMEHTHOIO KamHs 0T
CTEMEeHU HACBILLEHNA BAXKYLLEA KOMNO3MLMK NO3BOSIAT NOMYy4aTh Ka4eCTBEHHYIO NPOAYKLMIO, ONPeaesifif posib U BO3MOXHOCTU LLESTOYHOIA
AKTWBALMM NMOPOLLIKOB /TFOMOCUINKATHOM NPUPOLbLI B CTPOUTENBHOM CErMEHTE.
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Influence of Activated Bentonite on the Properties of Alkaline Binders

With the development of the building materials industry, significant efforts have been made to obtain high-strength and durable composites using mineral powders, nano-additives, super-
plasticizers based on polycarboxylate esters, etc., which significantly improve the properties and structure of concrete, thereby increasing the life cycle of structural elements of buildings
and structures. Natural bentonite, otherwise called nanoclay, with a nominal size of microparticles of approximately 6-8 microns, consisting of bundles of plates, is a promising additive
for obtaining an impermeable and durable concrete composite, which allows minimizing inconsistencies in the pore structure of cement stone. The analysis of the features of the use of
bentonite of various modifications as a filler in binder compositions made it possible to note the positive effect of the influence of this material on the properties of cement stone. The
present study is aimed at studying the effect of nanoclay on the structure and properties of alkaline binders “aspiration dust-bentonite-Na»0-SiO” activated with both an alkaline aggre-
gator and modified bentonite. The conducted studies made it possible to fully evaluate the effect of activated and organically modified bentonite additives in the composition of the binder
on the processes of formation of the structure and properties of concrete stone. The organomodification of bentonite with the cationic additive alkyldimethylbenzylammonium chloride
contributed to the creation of a dense packing of the composite, moreover, with the effect of hydrophobization, which had a positive effect on the properties of concrete. The obtained
patterns of structure formation and the dependence of the properties of cement stone on the degree of saturation of the binder composition will make it possible to obtain high-quality
products, determining the role and possibilities of alkaline activation of aluminosilicate powders in the construction segment.

Keywords: bentonite, organic modification, activation, liquid glass, nanoadditive, structure, concentration.
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C pa3BuTHEM TTPOMBIIUIEHHOCTH CTPOUTEIHHBIX Ma-
TEPUAJIOB MPEANTPUHUMAIOTCS 3HAUUTETbHBIC YCHITHS TSI
MOJTYYEHUST BBICOKOMTPOUYHBIX U JIOJITOBEYHbBIX KOMITO3U-
TOB C WCIIOJIb30BAaHWEM HAHOJ00aBOK, MOCKOJIBKY W3-
BECTHO, YTO HAHOMOPOIIKH U TJWHBI, TUIACTU(PUKATOPHI
Ha OCHOBE 3(UMPOB TMOJUKAPOOKCUIATOB U JIp. CyIIe-

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeHHbII HCYPHAN

CTBEHHO YJIYUYIIIAIOT CBOMCTBA U CTPYKTYpy OeTOHa, Io-
BbILIAsI TEM CaMbIM B 1,5—2 pa3a >KM3HEHHbIN LMK KOH-
CTPYKTUBHBIX JIEMEHTOB 3[JaHUIl U coopyxXeHMit [1—3].

Bentonur (mpupomHas HAaHOTJIWHA) SBJSIETCS TIep-
CNEKTUBHOI 100aBKOI, MO3BOJSIONIEH CBECTU K MMU-
HUMYMY HECOOTBETCTBUS ITOPOBOI CTPYKTYPHI LIEMEHT-
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Modern binding materials

Horo kamHs. IlpeoGaagaloiiuM MUHEPAJIOM 3TOro Ha-
HOMaTepHaJia BbICTYNAET CJIOUCTBIA ATIOMOCUINKATHBIA
MOHTMOPWIITOHUT Aly03-3S5i02-4H,0O+nH70, Tommm-
Ha CJI0EB KOTOPOIo U3MEHSIETCS B Auana3oHe 1—2 HM u
BBITIOJTHSICT OTIPEIeICHHYIO POJIb B IIporiecce popMupo-
BaHMSI CTPYKTYPbl M CBOMCTB: 3a CUYET MMKPOYACTHUIL,
€CTeCTBEHHO KOJIbMATUPYIOIINX IIOPOBOE ITPOCTPAHCTBO
KaMHsI, YMEHBIIIAaeT BOJO- M Ta30IPOHMIIAEMOCTL Oe-
TOHHOTO KoMmIo3uTa [4, 5]. BeHTOHUT pa3nUYHBIX Me-
CTOPOXJIECHUN MUMEET CXOIHBIM XUMHUYECKUN COCTaB C
MPUCYIIIMMU HEOOJbIIMMM OTKJIOHEHUSIMUA B KOHILICH-
Tpauusix ocHOBHBIX okcuaoB SiOj, Al,O3, FeyO3. Tlo
TUITY U COOTHOIIEHUIO MEXCJIOEBbIX MOHOB MOHTMO-
PWLIOHUTA OCHTOHUTHI MOXKHO Pa3AeInUTh Ha KaTbIIHC-
BbIil (Ca-O0eHTOHUT), HaTpueBbI (Na-OEeHTOHUT) U Mar-
HueBbI (Mg-0eHTOHUT) [6].

B pa6ote [7] udydanoce BIusgHNUE BUAA U KOHLIEHTpa-
LIMU BSDKYILEH CHUCTEMBI «IIOPTIaHALIEMEHT—OCHTOHUT»
Ha CBOICTBA OETOHHOIO KaMHSI, UCCJIEA0OBAIMChH 100aBKU
Ca-, Na-, Mg-0eHTOHUTOB; KOJUYECTBO A00aBISIEMOIO
Marepuajia BapbMpoBaIoch B auarnaszoHe ot 2 10 10% or
Macchl IIeMeHTa. Pe3ynmbraThl MccliefOoBaHMI MOKa3aan
MOJIOKUTENbHOM 3((PEKT UCTIOIB30BaHUS J00aBKU OEH-
TOHMTA: TIpee IPOYHOCTH MPH U3THOe 00pa3IioB B BO3-
pacte 28 cyT YBEJIMYMUBAJICS C MOBBIIIECHUEM KOHIICHTpa-
UM HaHOIOOABKMU B LIEMEHTHOM KOMITO3ULIMU. YcCTa-
HOBJICHA ONITMMAJIbHAsI JO3MPOBKA NOOABKU B KOJIMYE-
ctBe 10%; cucrtemsbl ¢ BBeneHueMm Ca-, Na-, Mg-0eH-
TOHUTOB U KBapIlieBoro rmopoinka SiO) moxkasain clieay-
olIIMe 3HaYEHUsT IPOYHOCTH pu n3rube: 47,9; 54,5; 52,2
u 13,6% COOTBETCTBEHHO; IIPOYHOCTH IIPU CxKaThK 62,2;
77,5; 71,6 1 9,3% COOTBETCTBEHHO B COITOCTABJIICHUU C
KOHTPOJIBHBIMU 00pa3liaMu.

B pabGore [8] wuccinemoBanoch mnoBeaeHue Ca-
OCHTOHMTA B LIEMEHTHO-TIECYAHOM PACTBOPE B 3aBUCH-
MOCTH OT €T0 COACPKAaHUsI, a TAKXKe eT0 BIUSHIE Ha 10~
POBYIO CTPYKTYPY, MPOHULIAEMOCTb U (PU3UKO-MEXaHU-
yecKre TToKas3aTesin. beHTOHUT BBOMWIM B IIEMEHTHBIN
pacTtBop B KostmuecTBe 4 1 8% oT Macchl ieMeHTa. Kpome
TOTO, MMOJIOOHBIE UCCIENOBAaHMUS ITPOBOAMINCH Ha 00pa3-
Lax ¢ pobapjieHreM KBapleBoro nopouka SiOy B aHajo-
TMYHOI mo3upoBKe. B 11e10M BBeneHre OEHTOHUTA B Ma-
TPUILY IEMEHTHOTO PAacTBOPa MOATBEPAMIIO ITOTCHIINATb-
HO BBITOJHBIN TeXHOJIOrMYecKuii mpueM. JlobaBka HaHO-
OCHTOHMTA YIUIOTHSIIA IIEMEHTHOE TECTO, UTO 3aBEIOMO
rapaHTUPOBAJIO0 MMHUMAIbHYIO TOPUCTOCTh KAMHS; CTIO-
cobcTBOBaJIa 00pa30BaHUIO OOJBIIErO0 KOJUYECTBA COe-
JIUHEHUI Tumna rugpocuaukatoB kaabpuust (C—S—H).
PesynbraThl ucnbiTanus odpasuoB ¢ 8% ksapua u Ca-
OeHTOHUTA B BO3pacTe 28 CyT MoKas3ajid POCT Tpenesa
MPOYHOCTH TPU CKaThM Ha 5,3 1 61,5% cOOTBETCTBEHHO
B CPAaBHCHMU C KOHTPOJIbLHBIMH OOpa3IiaMu.

B pabotax [9—12] npuBoasTcs pe3yabTaThl UCCIEI0-
BaHMI BSDKYIIUX CUCTEM C MCIIOJIb30BaHMEM MUKPOHA-
TTOJTHUTEJIST M3 OPTaHOMOAN(PUIIMPOBAHHOTO OCHTOHUTA
(OMB). Ilpennaraemast yuyeHbIMU A00aBKa MPOSIBsLIA
YIpOUHSIOmNi 3 (heKT, apMUPYS U3HYTPU UCKYCCTBEH-
HbIii KoHriaomepar. Mukpouactuusl OMbB co3naBanu
nuddy3noHHbBIe Oapbepbl BOKPYT KaNWUISIPHBIX ITOP

LIEMECHTHO-TICCYAHBIX PACTBOPOB, apMUPYsI TEM CaMbIM
MOPOBYIO CTPYKTYPY Y MOBBILIASI TPOYHOCTHBIE XapaKTe-
puctuku. [To mepe yBenuueHusi no3upoBku OMDbB Ha-
Orofasicsl MPUPOCT MPOYHOCTU LIEMEHTHOrO KaMHsI, HO
JIOCTUTHYB MaKCMMyMa, OH 3aMETHO YMEHBIIIAJICSI.

IMpoBeneHHbBIN aHAIM3 OCOOEHHOCTEN TPUMEHEHMS
OEHTOHUMTA Pa3IUYHbIX MOAM(UKALMI B KayecTBe Ha-
TTOJTHUTEIIST BSDKYIITNX KOMITO3ULIMI TTO3BOJIMII OTMETUTH
MOJIOXKUTEIbHOE BIMSHUE 3TOT0 MaTepuaja Ha CBOMCTBa
OeTOHHBIX KOMITO3UTOB. Hacrodiliee ncciaenosanue Ha-
MpaBJIeHO Ha M3yYeHUE BIUSTHUS HAHOTJIMHBI HA CTPYK-
Typy M CBOMCTBa IIEJOYHBIX CBSI30K «aCIMpalllOHHAS
bUTb—0eHTOHUT—Na>0-Si0y», aKTMBMPOBAHHBIX KakK
IIEJIOYHBIM 3aTBOPUTENIEM, TaK U MOAU(UIINPOBAHHBIM
OEHTOHUTOM.

Jna mpoBeneHUsT SKCIIEPUMEHTAIbHBIX HMCCIeIOBa-
HUM MCIOJb30Bajcsd MeCTHbIM OeHTOHUT (1. KarasiMa,
I'po3HBIIT), KOTOPHBII OTOUPAJICS C pa3HbIX MECT B OIpe/ie-
JICHHOM KOJIMYECTBE, M METOIOM KBapTOBAHMS BBIICIISI-
Jack cpeaHss npoda [4, 7]. IloarotoBieHHas1 poda BbI-
CylIMBaJlach B CYIIWIBHOM IIKady IIpu TemIieparype
105°C 1 xpaHUMIach ITOC/IE OXJIAXKICHMUS B 3aKPBITOM BHIE.
AcnupanonHas nbutb (AO «YeueHniemeHT», PD) Gbuia
cobOpaHa 13 OTCEKOB MbIJIEOCATNTETHHOM CUCTEMBI XOJIO -
HOTrO KOHIIA Bpalllalolleics KIMHKePOOXKUraTeabHOMI
rmeun. OHa TIpeICTaBIsIeT COOOM TOMHOLICHHYIO OTKOP-
PEKTUPOBAHHYIO CHIPHEBYIO CMECh, TJI€ MO/ BO3IEHCTBUEM
ropsiYnX IBIMOBBIX ra3oB npu temmneparype 500—600°C
MMPOM30IIJIa TEPMOAKTUBALIMSI TJIMHUCTHIX MUHEPAJIOB
C pacKpbiTHeM Ae(heKTOB KPUCTAUIMUYECKON PEIeTKU
HEPA3JIOXKUBILETOCSI KalblIUTa. YAeJbHas TOBEPX-
HOCTb acCMUpallMOHHON TMbUIM U3MEHSIach B MHTEepBaJe
210—230 M2/Kr, CpOK XpaHeHHsI TIPod COCTABIISI B CPeI-
HeMm | Mec. B KkayecTBe 1I€JI0YHOTO aKTUBATOPa MCIOIb-
30BaJIM BOIHBIM PacTBOP HATPUEBOIO KMIKOTO CTEKIIa,
pH=12,8, cunukatHblii Moaylb Nn=2,8 U TJOTHOCTb
0=1,42 r/cm3, npoussonutesns OO0 «Tauran-4», PD.

st uccnenoBaHus pa3MepoB M MOPGOIOTMUECKUX
0COOEHHOCTEI MCIOIb3yeMOro OEHTOHUTA U aclupalu-
OHHOI TIBUTM OBUT MCITOJIb30BaH PACTPOBHIN 3JIEKTPOH-
HbIi Mukpockon Quanta 3D 200i mpu pa3anyHBIX PeXU-
Max. PeHTreHoda3oBblii aHaIM3 MPOBOAWIICS Ha TU(dpak-
tomerpe SHIMADZU XRD-6000. Pazmon GeHTOHUTA
Mpou3BOAMIN B 1apoBoit MeabHuLe PM 100. Pazmepsl
yacTUI OEHTOHUTA B CYCTICH3UUW MCCIIEAOBAIN aHAIU3a-
TopoM cyomukpoHHbix uvactuli, HORIBA LD-550.
[IpoyHOCTHBIE XapaKTePUCTUKU BSIKYIIUX CHCTEM
«acnupauyoHHas MmbUib—0eHTOHUT—NayO-SiOo» ompe-
nensumuch cornacHo OCT 30744—2001 Ha cTaHmapTHBIX
obOpa3suax-6ayoukax pasmepom 40x40x160 MM U3 TecTa
HOPMaJIbHOM IyCTOTHI. U3MepeHusI MPOYHOCTHU OCYIIEeCT-
BJISITM Ha TUApaBindeckKoM rpecce Testometric FS150AT.
BoponorioliieHue onpenensiiv myTeM CpaBHEHUs MOKa-
3aTeNiell To0 W TOCiIe IOTPy:KeHWsT 00pa3loB B BOHy, a
WMEHHO JI0 TOTO BpEMEHM, IT0Ka X Macca He YBEJIMUUTCS
3a cyTku MeHee yeM Ha 0,1% ot nepBoHavayibHOM. [l
3TOTO 00pa3Ilbl MOMEIIAIN B eMKOCTh C BOZIOM (YPOBEHb
JKMIKOCTY Ha 5 CM BbIIIE YPOBHSI OETOHA), TeMIiepaTypa
KoTopoii coctasisiia (2012)°C.
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CoBpeMeHHbI€ BAXKYIIHE MATEPHATBI

AJTOPUTM MPUTOTOBJICHUS
BSDKYILIEM CBSI3KM IIPOCT, CJIOXK-
HOCTb 3aKJTIOYACTCS B AaKTUBALINI
o6eHtoHuTta. Ha HavanbHO# cTa-
IIUU 3apaHee TOATOTOBICHHYIO
npoOy OEHTOHUTA aKTUBUPOBAJIU
noHamu Hatpusi Na't, mis atoro
MpeIBapUTEIbHO TTPUTOTABIBA-
JIM TJIMHSIHBIA 1IUTaM, CMEIMBast
OCHTOHUT C BOJIOU B IIOCTOSTHHOM
cootHomieHuun 1/1,35 mpu uH-
TEHCUBHOM II€peMEIIMBAaHUNA B
TeyeHre 60 MUH [0 TOJyYSHUS
OJTHOPOOHON MAacChl — CYCIIEH-
sun. Criemyer OTMETHUTBb, YTO
MMEHHO B 3TOT MEPUOJ B PE3YJIb-
TaTe MOJHON AWCIIepralny OeH-
TOHUTA MPOUCXOAUT YBEJIWUYEHUE YAETbHON MOBEPXHO-
CTU YaCTHI IIMHBIL. [anee MoaydeHHYIO TJIMHSHYIO Cy-
CIICH3WIO0 aKTUBUPOBAIM, IJII Yero B JaOOpPaTOPHYIO
MeIIAJIKy ¢ OEHTOHUTOBBIM IIUIaMOM BBomuiau 2% kap-
6oHara HaTpus NayCO3 (0T Macchl IJIMHBI), MPOAOJIKAs
nepeMelIBaHue JOMOJHUTEIbHO B TedeHue 30 MUH.
[TonroToBaeHHBIT TaKMM 0O0pa30M TJIMHSHBINA IIJIaM
pa3IuBaAJIM IO JJOTKAM Y BBICYIIMBAIU B €CTECTBEHHBIX
ycnoBusx mpu Temmeparype (20£2)°C, B utore odpazo-
BBIBAJIUCh IUIACTMHBI aKTUBUPOBAHHOTO OEHTOHMTA.
[Tocne yero mojaydyeHHbIE IUIACTUHBI MOIBEPTaIN CYIIIKE
npu temrepatype 105—110°C no mocTosSTHHOW MaccChl,
3aTeM TOHKO M3MeJIbualyd U IMPOCeUBaIU yepe3 CUTO C
pa3Mepamu ssaeek 100 mxwm [7, 13, 14]. CyTh akTUBaLIMU
COCTOUT B 3aMeHe 0OMEHHBIX MOHOB KeJje3a, allOMUHUS,
MarHusl Ha MUKpOYacTHIaX OCHTOHMTA Ha MOHBI Ha-
TpHUsI, KOTOPHIM CBOMCTBeHHa 0oJiee BHICOKAsT TMApaTa-
LIMOHHASA CMMOCOOHOCTh. DTO MPUBOAUT K POCTY Habyxa-
€MOCTHM YacTWI] 3a CYET OIIPEeeJICHHOTO KOJWYECTBa
BOJIbI, MOIJIOIIAEMOT0 MEXCJIOMHBIM IPOCTPAHCTBOM,
YTO TIPUBOIUT COOTBETCTBEHHO K YBEIMUCHHUIO PACCTOSI-
HUS MEXAY HaHOCJIOSIMU OeHTOHHWTa. TakuM obpa3om
OblJ1a IMOJITOTOBJIEHA MepBast cepus MPod OEHTOHUTA JIJIst
HAITOJTHEHUS BSLKYIIEH CBSI3KM «aCTAPALIMOHHAS IThLTh—
aKTUBHUPOBaHHbBIN 6eHTOHUT —NayO-SiOy».

Kak u n1o0ble TIMHUCTBIE TOPO/ibl, O6HTOHUT 00Ja-
J1IaeT BBICOKOH T'MApO(MWILHOCTBIO, YTO MPUBOAUT K IO~
BBIIICHUIO BOHOMOTPEOHOCTH (POPMOBOYHOUM CMECH M
OTPULIATEJIbBHO CKa3bIBAETCSI Ha CBOMCTBAaX OETOHHOIO
KOMIIO3MTA, TI03TOMY XKeJIaTeJIbHO ero THAPOdDOoOn3npo-
BaTh, MOOUMPUIIPYS Pa3TUIHBIMUA OPTaHUUECKUMHU CO-
enuHeHusimu. B pabotax [15—17] uccrnenoBaTtensimu mo-
JIydeH OpraHOOEHTOHUT, KOTOPBIM MPeACTaBIsieT cO00M
MPOAYKT B3aMMOJACHCTBUSI €CTECTBEHHBIX MOHTMOPMII-
JIOHUTOBBIX TJIMH C Y€TBEPTUYHBIMUA aMMOHUEBBIMU CO-
JIIMU, TAC TIPOMCXOAWT 3aMelllcHWEe HeOpraHMJeCKUX
KaTUOHOB Ha OpraHMWYeCKHe KaTMOHBI; 3TOT IPOIECcC
MIPOXOIUT OoJIee TTOTHO M MHTEHCUBHO Y IIEJIOYHBIX OCH-
TOHUTOB C BEICOKOI HOHOOOMEHHOI €MKOCThIO.

B mipoBOAMMBIX MCCITeMOBAHUSIX IJIS OPTAHOMOIU (DM -
Kauuu 6eHTOHUTA Oblj1a BhIOpaHa ruapodoou3upyloast
KaTUOHOAKTUBHAasI 100aBKa, ¥ B YaCTHOCTHU aJKWJIIUME-

BaHHOrO (b)

Puc. 1. MukpodoTorpadum o6pasuoB GeHTOHUTA aKTUBUMPOBAHHOIO (a) U opraHoMoanduuUnpo-

Fig. 1. Micrographs of samples of activated (a) and organo-modified (b) bentonite

Tun6ensuaammonuiixaopun R(CH3)2[NCH,CgHs] 1 Cl,
rne R — ocrartok, comepxammit Cjp—Cig (KATAITAB
1214.80, BoarogoHck). Ha nepBom aTtame Oblja MOAro-
TOBJICHA IMIMHSIHAS cycrnieH3us (beHToHuT/Boma = 1/10) ¢
TOMOIIBI0O MHTEHCUBHOTO BBIMEIIMBAHUSI B MarHUTHOM
MeIlaJIKe Ha IPOTsLKeHUU 60 MUH B €CTECTBEHHbBIX YCIIO-
Busix mipu Temriepatype (20+£2)°C. Ilocie atoro B cy-
CIIEH3MIO BBOIWJIN AJIKWJIMMETUIOCH3UIAMMOHMI XJI0-
pun (AIMAX) u nepeMeiBaiv TOMOJTHUTEIHHO B Te-
yenne 60 MuH. CoortHomeHne AJIMAX/GEHTOHHUT
cocraBisio, Mac. %: (15—5)/(85—-95). INonyueHHas ta-
KM 00pa3oM CYCIIeH3UsI BhIIEPKUBAIACh B TEUCHUE CY-
TOK, B XOJI¢ Yero Ipoliecc opraHoMoaupukanuu u ¢pop-
MMPOBaHUsI OPTaHOTJIMHBI 3aBEPIIAICSI OKOHYATEJBHO.
Hajnee cycrieH3UIO TTPOMBIBAIM AUCTUILUIMPOBAHHON BO-
JIOW Y BBICYIIMBAJIMN B TJIACTUKOBOM TIOCY/IE TIPU TEMIIE-
patype (20£2)°C, mosydast TUIaCTUHBI OCHTOHMTA TOJ-
muHo# 1—3 mM. ITocne aToro miaacTuHbI OEHTOHUTA CY-
WM B CYNIWJIBbHOM IKady TIpU TeMIeparype
05—110°C go mocrosgsHHOI Macchl. Jlajgee GEHTOHUT U3-
MeJTbYJT 1 TIPOCEMBAIN YePe3 CUTO C pa3MepaMu sTueii-
ku 100 mxm [7]. Takum oGpa3om ObLIa MOArOTOBJIEHA
BTOpas cepusi Ipod OEHTOHUTA JUISL HAIIOJIHEHUS BSIKY-
el CBSI3KM «acCMMpaIlMOHHas MbLTb—OpTaHOMOAdM-
LUpOBaHHBIN 6eHTOHUT—NayO-SiOy».
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Puc. 2. PacnpeneneHune 4actul, 6eHTOHUTa akTuemMpoBaHHoro (Ill) v opra-
HOMOANdUUMPOBAHHOIO ([]) N0 padmepam

Fig. 2. Size distribution of bentonite particles in activated (lll) and organically
modified ([J)
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Puc. 3. MukpoyacTuiua acnmpaumoHHoi Nbiiu (a); pasamep 3epeH (b); 4yactvua nocne MOHHOro TpaenieHus (c)

Fig. 3. Microparticle of aspiration dust (a); grain size (b); particle after ion etching (c)

M3ydeHne cTpyKTypHBIX UBMEHEHUI 0Opa31ioB OEH-
TOHMUTA pa3MepaMu 10 10 MKM, BBI3BAaHHBIX aKTHBaLIMEil
U opraHomoauduKanueit, MPOBOAMUIN Ha PACTPOBOM
2JIeKTpOHHOM MuKpockone Quanta 3D 200i B pa3nuyu-
HBIX pexXnuMax; Ha puc. | ipeactraBiaeHb MUKpoghOTOrpa-
(uu maTepuana npu yBeamdeHun X4000. [To mukpoaHa-
JIN3Y MOXKHO IPEAIOJIOXUTh, YTO CTPYKTYpa OPraHOMO-
IudUIMPOBAaHHOTO OEHTOHWTA O0o0Jee TIIOTHAs CO
CBOMCTBEHHOM €l 3aKPBITOI IMMOPHUCTOCTHIO.

Bricokas agcopOLMOHHAsI CIIOCOOHOCThH ITOBEPXHO-
CTell IJIaCTUH OCHTOHUTA W TUapaTalys Ha OOMEHHBIX
MOHAX IPUBOMSIT K HaOyXaHWIO HAHOIJIMHBI B BOIE C
yBesimueHuem oobema o 20 pa3. Ha puc. 2 mpuBeaeHbI
pe3yJIbTaThl MCCIenoBaHui 00pa3oB 1%-X cycrieH3uit
OeHTOHMTA, AKTUBUPOBAHHOIO MOHAMM HATPUSI M Opra-
HoMmonudunupoBanHoro AJIMAX. O6pa3iipl 0eHTOHUTA
HCCJIEIOBAIMCh B HATPUEBOM XKUAKOM CTEKJIe, KOTOPhIC
repeMelTBaJId B MATHUTHOM MeIllajKe B TeYeHUE 5 MUH.

PesynbTaThl pacrpeaesieHus] 4acTUIl 10 pa3Mepam
JUTSL IBYX BUIIOB OEHTOHUTA OBLINA CXOMHBIMU C TTUKAMU
npu 1000 u 1400 HMm. PacnipenenieHye yacTull OpraHoOMO-
IU(PUIIMPOBAHHOTO OEHTOHUTA YyTh CMEILIEHO B CTOPOHY
MEHBIIINX pa3MepoB. MOXHO TPEATIONOXUTh, YTO THUI-
pohOOHbIE YaCTUIIBI OPTaHOMOAUMDUIIMPOBAHHOTO OEH-
TOHUTA MOTYT YIUIOTHSTH OETOH, TIPETSITCTBOBATH NUh-
(y3uu 1mopoBoro pactBopa M arpeCCUBHBIX XUMUYECKUX
BELLECTB U TEM CAMbIM CHMXATb IIPOHULIAEMOCTb.

AcTpaliMoHHast IbLIb SIBJISIETCS 110 CBOSH 3HAYMMO-
CTU HEMAaJIOBaXKHBIM KOMIIOHEHTOM BSDKYIIECH CBSI3KK
«acnupauroHHasi mbuib—0eHTOHUT—NayO-SiOy». I1po-
BEIECHHBIM MMKPOCKOMUYECKWN aHalM3 IMoKasajl, 4TO
YaCTHUIIBl 1IEMEHTHOW TMBbIIM B OCHOBHOM COCTOSIT W3
OKUCJICHHBIX, 0€3BOIHBIX 3€PEH, a TAKXKE arperatoB pa3-
JIMYHOM (POPMBI U TUIOTHOCTH (puc. 3, a), COOpaHHBIX U3
3JIEKTPOGUJIBTPOB BO BpPEMsI BBICOKOTEMIIEPATYPHOTO
o0xura KJIMHKepa. Pazmep KpyIHBIX YaCTULL MOXKET [10-
cturatb 50—150 mxMm u 6osee (puc. 3, b). ns uccneno-
BaHUsI MTOANOBEPXHOCTHBIX CJIOEB YaCTULIbI C IIOMOIIBIO
TEXHOJIOTUW MOHHOTO TpaBJIeHUsI ObUIM CIeJIaHbI TToTTe-
peuHble ceueHust pazmepom 40X 15 MKM Ha MOBEPXHOCTHU
obpasma (puc. 3, ¢); ycTaHOBJIEHA 3aKpHITas IOPUCTOCTD
BHYTPEHHEIl ITOBEPXHOCTM MaTepuaya, yKa3bIBalollas
Ha Ha4yaJbHYIO CTaaui0 MUHEPaI000pa30BaHUsI U MOMI-

TBEPKAAIoLIasi BLICOKYIO PEAKILMOHHYIO CIOCOOHOCTh
aCMUPAIIMOHHOM ITBLIN.

XUMHMUECKUIA COCTaB aCIIMPALIMOHHOM MBUTH SIBJISIETCS
CTaOWIBHBIM M CTPOTO pEriTaMEHTHUPOBAHHBIM, TaK KakK
5TO OTXOH LIEMEHTHOIO IIPOM3BOICTBA M OH HE MOXET
CIJIBHO OTJIMYATBCS OT KIMHKEPHOTO, HO M3-3a COIPU-
KOCHOBEHWUSI C TOITOYHBIMM Ta3aMM 1 CTEHKaMU MbLIeoca-
JUTEJIbHOM CUCTEMbl OOHAPYKEHO MPUCYTCTBUE ILEI0Y-
HBIX OKCHUIOB BHIIIE YCTAHOBJICHHOW HOPMBI, 4TO U TIO-
CJIY>KMJIO OTKA30M OT 3TOIO IIPOAYKTa B LIEJISIX BO3BpaTa B
TEXHOJIOTHMUCCKUI ITUKIT. XMMUUYECKUI COCTAB acCITPALIM-
oHHoOW mbuH, %: Mg0=0,97; Al,03=4,68; Si0,=20,31;
K»0=6,43; Ca0O=64,15; Fe,03=3,47 [18— 20].

Pesyabrarsl peHTreHO(ha30BOTO aHaIM3a MOATBEPAM -
JIN TIPUCYTCTBUE CBOOOTHONM WM3BECTU, KaJIbIIATA, KPH-
CTajy10B [3-(OpMbI CUIIMKATOB KaJIbIMsl, KBaplia, Kaoau-
HUTA, MyCKOBUTA, B HEOOJIBILIOM KOJIMYECTBE CYIb(aToB
U 1ienoueit (puc. 4).

MukpoaHain3 KOMIOHEHTOB IIPOEKTUPYEMOIO BSIKY-
LIETO «aCMUpalMOHHAS MbUTb—O0eHTOHUT—NarO:SiOy»
MOATBEPAMU BO3MOXHOCTb ITOJIyYeHUsI KaueCTBEHHOM
CTPOUTEIHHO IMTPOAYKIINH HA €T0 OCHOBE, TT03TOMY OBLTH
MPEANPUHSITHI MOMBITKY TOJYYSHUS IEJTOYHOM 1IEMEHT-
HOW KOMITO3ULIMU C UCIIOIb30BAaHUEM aKTUBUPOBAHHOTO
1 opraHoMOIM(PUIIMPOBAHHOTO OeHTOHMUTA. IS 3TOTO
OBIIM M3TOTOBJIEHBI CTaHIApPTHBIE OO0pa3lbl-0aJTOYKU
pa3mepoM 40x40x160 MM (He MeHee Tpex 0Opas3LIOB AJIst
KaXKJIOTO CepHMM) U3 IIIeJIOUYHOIO TeCTa HOPMAaJIbHOM Ty-
CTOTHI C BBEIEHMEM B BSDKYIIYIO CUCTEMY OEHTOHUTA IBYX

Mlu ,‘WL" ‘Lubiﬁ_h.ﬂ»%ﬂm—_w
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Puc. 4. PeHTreHorpammMa Mnkpo4acTuL, acnvpaumoHHON Nbian
Fig. 4. X-ray pattern of aspiration dust microparticles
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Puc. 5. paduk 3aBUCUMOCTM MPOYHOCTN 0OpPa3LOB OT CTErneHu HanonHeHus nob6aBkoi 6eHToHMTa opraHOMOAMMUUMPOBAHHOIO (a) U aKTUBMPOBAH-
Horo (b), %:1-0;2-3;3-6;4-9;5-12
Fig. 5. Graph of the dependence of the intensity of selection on the degree of increase by the addition of bentonite organo-modified (a) and activa-
ted (b), %:1-0;2-3;3-6;4-9;5-12

e

Puc. 6. MukpodoTorpadpum nanoma obpasLoB: a — KOHTPObHOro; b — nobaska 9% GeHTOHMTA aKTUBMPOBAHHOIO; ¢ — fAo6aBka 9% GeHTOHWTa opraHo-

MOAUDULMPOBAHHOMO

Fig. 6. Micrographs of the fracture of samples: a — control; b — with the addition of 9% activated bentonite; ¢ — with the addition of 9% organically modified

bentonite

BUIOB Moau(UKaLUU B 103UpoBKe 3, 6, 9 u 12% or mac-
Chl acMUpallMOHHON TbUTU. B KauecTBe mieslouHoOro 3a-
TBOPUTEJISI MCIOJIb30BAJICSI BOIHBIN PAcTBOP XHUIKOTO
HATPUEBOTO CTEKJIA C CUJIMKATHBIM MOJYyJIeM 2,8 U TJ10T-
HocThIo 1,42 r/cM3. 1St IPUTOTOBIICHHSI LIEMEHTHO-TTEC-
YAHOTO PacTBOPA UCITOJIB30BAICS BOJIBCKUI MOHO(pPaK-
uroHHbIA Tiecok (FTOCT 6139—2003) ¢ momyaem Kpyr-
HocTu M=2,5. WcnblTaHUS TPOBOAMJIM COTIJIACHO
I'OCT 30744—2001 na ycranoBke Testometric FS150AT,
TTPOYHOCTHBIE XapaKTePUCTUKHN OTIPEIEIISUINCH B BO3pac-
Te 7, 28 1 56 cyT.

PesynbTaThl MCHBITAHWN TIOKA3aJIv, YTO TIpeaes
MMPOYHOCTH MPU CKATUX 0OpPa3IOB Ha CBS3KE «aclupa-
MoHHas Nbub—0eHTOHUT—Nay0-SiO)» pacteT B mpo-
TMOPLUUOHABHOM 3aBUCUMOCTH C YBEJIMYEHUEM KOHIICH-
Tpaluu OEHTOHUTA B CHUCTEME, HO JI0 TO3UPOBKU 9%:;
ITOTOM TPOYHOCTh IIEMEHTHOTO KaMHs HauWHaeT CHU-
KaTbes. DTa TEHIEHLIMST pAacIPOCTPaHsSIETCsI HA BCE ce-
puM 00pa3lOB HE3aBUCUMO OT BUA aKTUBAIIMU OEHTO-
HuTa. OpraHoMonuuKalus 6EHTOHNUTA MTOJOXKUTETBHO
OTpa3ujach Ha Habope MPOYHOCTU OOPa3LOB, MAKCHU-
MaJIbHBIN pe3yJIbTaT MPOYHOCTH TIpu cxkatuun 18,4 MIla
TMOJIy4YeH MpU JO3MPOBKeE J00aBKU 9% OT Macchl acripa-
LIMOHHOM TIBUTM (pUC. 5, @), 4To MpuMepHO Ha 4—5%
BBIIIE MPOYHOCTH LIEMEHTHOTO KAMHSI C HAITOJTHUTEIEM
U3 aKTUBUPOBAHHOTO OeHTOHUTA (puc. 5, b). [lanbHeiiiiee

HAYYHO-MeXHUHecK Uil U NPOU3800CMBEHHbIIL JCYPHAN |

YBEJIMYEHUE AO3UPOBKM OEHTOHUTA B OOOUX CIIydasix
MPUBEJIO K CHUXKEHUIO TIPOYHOCTU, YTO MOKHO OOOCHO-
BaThb MPUPOIOM AJTIOMOCWIMKATHOW MWHEPAJIBHON 10-
0aBKM, MPEACTaBJEHHONW KMCIOTHBIMU OKCUIAMU, OKa-
3BIBAIOIIMMMU BIMSHNE Ha IIEJIOYHOCTD cpelbl. B obmem
MOXHO OTMETHUTb, YTO MOAUbUKALUSI OEHTOHUTA MPU-
BeJla K YBEJIMYEHUIO IIPOYHOCTH MpU cxkaTuu Ha 12—13%
B CPaBHEHMM C KOHTPOJIbHBIMU OOpa3uaMu. OOpasiibl
LIEMEHTHOI'O KaMHS$ Ha BSDXYILEH CBSI3KE «aClUpalioH-
Has bLU1b—9 % 6eHTOHUT—Nay0-SiO)» B Bo3pacte 56 cyT
ObUIM MCCIeIOBaHbl METOIOM 3JICKTPOHHOM MUKPOCKO-
muu ¢ ToMotbio Quanta 3D 200i.

HccnenoBaHue MUKPOCTPYKTYPBI M3J10Ma 00Pa3LIOB C
Iob0aBKaMU aKTUBHMPOBAHHOTO M OPraHOMOAM(DUIIMPO-
BaHHOTO OEHTOHUTOB MOKAa3aJI0, YTO MATPULIBl OTJIMYA-
JOTCSI MaCCUBHOIM HEOJHOPOAHOW M 0oJjiee TOPUCTOI
CTPYKTYpPOi, TMPUCYTCTBYIOT CKPBITOKPUCTANINYECKUE
PacCKpUCTALIM30BaHHbIE MIOJibUaThle arperaThbl, CJIO-
JKEHHBbIE TUIPATHBIMU COEAMHEHUSIMU CUJIMKATOB Kajlb-
ums (puc. 6, a). ITosocTH, MUKPOTPELIMHBI U MEXKPH-
CTaJUIMYECKHUE TIPOCTPAHCTBA IMPOHMU3aHbI KPUCTALTIAMU
urosibyatoir popmbl (mmHOM 10 200—300 MKM) Tuapo-
aJIIOMOCHUJIMKATOB KaJbLMS U TJIAaCTUHYATBIMU arperara-
MM TUAPOATIOMUHATOB Kayblus (puc. 6, b, ¢). CpaBHUBasK
MUKpodoTorpacbuu o0pa3oB pa3InIHbIX KOMITO3ULIUA,
TPYAHO HE 3aMETUTh, 4YTO JobaBKa 9% opraHomoaudu-
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Puc. 7. 3aB1CnUMOCTb BOAOMOMIOWEHNs 00pasLoB OT CTENEHW HanosHeHns 06aBkoi GEHTOHUTa akTUBMPOBAHHOIO (a) U opraHoMoandULMPOBAHHO-

ro(b),%:1-0;2-3;3-6;4-9;5-12

Fig. 7. Graph of the dependence of water absorption of samples on the degree of filling with the addition of bentonite (a) activated (b) organomodified, %:

1-0;2-3;3-6;4-9;5-12

LIMPOBAHHOI'O OEHTOHWTA MpUBeESa K 00pa3oBaHUIO 00-
Jiee IJIOTHOM CTPYKTYPbl M OOJIbILIEMY KOJHUYECTBY
WUTOJIYATHIX KPUCTAJUIO00pa30BaHMIA.

HccrnenoBanue MOpPOBOM CTPYKTYPhI MPOBOAMIN II0
METOJIMKE OTIpeIe/ICHNST BOMOIOTIONIEHUS TT0 Macce 00-
Pa3loB LIEMEHTHOI'O KaMHsI C UCIIOJIb30BaHUEM T00aBKM
AKTUBUPOBAHHOTO W OPraHOMOAM(PUIIMPOBAHHOTO OCH-
ToHuTa. Ha puc. 7 mpeacTaBiieHbl pe3yabTaThl UCITBITA-
HUI1. AHAJIU3UPYSI OJYYeHHbIE JaHHbIe, MOXHO KOHCTA-
THPOBATh, YTO OPraHOMOAMMUKALINSI U aKTUBAISI OCH-
TOHUTA OJIATONPUSITHO OTPa3WIaCh Ha COCTOSTHUM
ITOPOBOTO IIPOCTPAHCTBA, B CPABHEHUN ¢ KOHTPOJIbHBIMU
obpaslamMu BOAOIMONIONIEHNEe CHU3MIOCh Ha 16—30%;
3TOMY CITOCOOCTBOBAJIO ONTUMAIbHOE colepxKaHue OeH-
TOHUTA B CHCTeMe; TIPOHMKAS B TOPBI M KaIlWIISIPHI,
MMKPOUYACTULIBI OKA3bIBAJIX KOJIbMATUPYIOIIee IeiCTBIE,
YBEJIMIMBASICh B 00BEME 1 TTOBBIIIIAs TEM CaMbIM HETIPO-
HUIIAeMOCTb LIEMEHTHOTO KaMHSI.

[IpoBeaeHHbIe MCCACIOBAHUS TO3BOIMIA B IOJHOM
Mepe OLIEHWTh BJIMSIHUE J00aBOK aKTUBMPOBAHHOTO M
OpraHoMOIU(PUIIMPOBAHHOIO OEHTOHUTA B COCTABE CBSI3-
KM «acnupaluoHHas nblib—0eHTOHUT—NayO-SiOy» Ha
MpoLEeCChl (POPMHUPOBAHUS CTPYKTYPhI U CBOMCTB OETOH-
Horo KamHsi. OpraHomoaudukaimst 6eHtoHuta (9% ot
Macchl aCUPALMOHHON MbLUIM) KaATUOHAKTUBHON 100aB-
kot AJIIMAX crniocoOGcTBOBajIa CO3AaHUIO MIOTHOM yra-
KOBKM KOMITO3UTa, K TOMY € C 3((PeKTOM ruapododu-
3allMM, 4YTO IIOJIOXKUTEIbHO OTPa3suUIOCh Ha CBOMCTBAX
O6etoHa. ITomyyeHHbIE 3aKOHOMEPHOCTU (hOPMUPOBAHUS
CTPYKTYPBI Y 3aBUCUMOCTU CBOMCTB LIEMEHTHOI'O KaMHSI
OT CTETICHW HACBIIIEHUS BSIKYIIEH KOMITO3UITMU TI03BO-
JIAT TIOJIyYaTh KauyeCTBEHHYIO IPOMYKIIWIO, OIpEeaessis
pOJIb ¥ BO3MOXKHOCTH IIEJIOYHON aKTUBAILIMU MOPOIIKOB
ATIOMOCWIMKATHOW TIPUPOJIBI B CTPOUTEILHOM CETMEHTE.
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Information

Hay4H0-NPAKTHYECKAR KOHLIBPBHUHA
«H0BbI NPOrPECCHBHbIE PBLENTYPHO-TEXHONOrHYBCKHE PeLeHHs
B CTHNOUTEJIBHOM MaTepuanosegeHun>>

18—21uronsn 2023 2. 6 konepecc-yenmpe COK «byxma Jlazypras» 000 «Kapauunckuii ucmounux» (03epo Yanvr Hosocubupckoii 061.) cocmosaacy HayuHo-npak-
muyeckas Kongepenyus « Hogwle npoepeccusioie peyenmypHo-mexnoaoeuteckue peuerus 6 CmpoumeasHom mamepuanosedenuu» . Ee opeanuzamopamu esicmynuau
Hoesocubupckuii cocyoapcmeentuiii aepaphbiii yuusepcumen, Hosocubupckuii eocydapemeennuiii apxumexmypHo-cmpoumenshoiii yuueepcumem (CUBCTPUH),
Poccuiickas axademus ecmecmsennvix nayk (PAEH), Axademusi npobaem kavecmea (AIIK). Tpaduyuonto ungopmayuornyto noodepicky meponpusmus Ha-
WX NAPMHEPOS 63514 HA el 066eOUHeHHas PedaKyua HaAyHHO-MexHUHeckux wcyphanos «Cmpoumensivie mamepuans»® u «Kuauumoe cmpoumenscmeo».

(04HOE y4acTue B KOHCHEPEHLM NPUHANA NPEACTABUTENN BY30B U HAy4HO-NPOM3BOACTBEHHbIX OPraHM3aLmii u3 Hoso-
cnbupckoi, Tomckoir, Gamapckoi, Apocnasckoi, MockoBCKoiA, MeH3eHCKOI 0bnacTe, pecny6nnk Tatapcrad n Mopgosus.

Pextop HIACY (CUBCTPUH) H.J. Ckony60BuY, 4-p TexH. Hayk, 4neH-kopp. PAACH, He ToNbKO NoNpuBETCTBOBA
Y4aCTHUKOB KOHCDEPEHLMH, HO W CLenan [iBa Ypes3BblvaiiHO MHTEPECHBIX [OKNaZa. B nepsom JoKnaze 0 ponn Hayku
Mpy NOATOTOBKE KafpoB ANns CTPOUTENbHON 0TPACM U BO3MOXHOCTAX PAaclLUPeHus B3auMOLENCTBUS CO CTPOUTEb-
HbIM KOMNAekcoM perinoHa HOpuid JTeoHA0BIUY NPEAnoXMA (HOPMUPOBAHNE HOBBIX CTPYKTYPHBIX U3MEHEHWUA npu
MOATOTOBKE WHXXEHEPHbIX KaapoB B COBOKYMHOCTW C OTPACNEBLIMU HAYYHbIMU U NPOEKTHIMU OPraHu3aLmusmm, YTo
MO3BONMT NEPETIA Ha HOBbIN YPOBEHb KOMMETEHLMIl KaK B CTPOUTENLCTBE, Tak 11 B CTPOUTENLHOM MaTepuanoBeseHum.

Bropoii Joknap 6bin NOCBALLEH BOAHBIM pecypcam Poccuu, X BKIHOYEHUIO B XO3ANCTBEHHBIA 060POT ANA HYXA
npombiLLeHHoCTH 1 XKKX, @ Takxe 04UCTKE W BTOPUYHOMY UCMONb30BAHMIO CTOYHBIX BOA.

AC. [leHncoB, J-p TEXH. HayK, NPUBETCTBOBAN Y4aCTHUKOB KOHCDEPEHLMIA OT UMEHN PYKOBOACTBA HOBOCMBMPCKOrO
rocyAapcTBEHHOro arpapHoro yHusepcuTeta. Ero coobLuyeHne kacanoch Npo6em v TekyLMX 3ada4 B arpapHoM CTpou-
TenbCTBE. OH HANOMHMA, YTO CyLLECTBEHHAS JONS NPOMbILLNEHHOCTY CTPOUTENbHBIX MATEPUanoB W CTPOUTESbHbIX Opra-
HU3aLWil TDAAMLMOHHO 6bina B nog4uHeHnn Murcenbctpos. OfHaKo nocne peopraHn3aumin ynpasieHus 3KOHOMUKON 1
MPOMBILLAEHHOCTBIO MHOTME NPEANPUSTIS, HE BbIAEPXAB MEPEMEH, YLUAN C PbIHKA. ITY HILLY NbITAHTCA 3aHATb HOBbIE
KDYMHbIE W CPeaHUe NPeanpusTUs 1 CTPOUTENbHbIE OpraHuaauni. OLHaKO UM NPUXOAMTCA CTNKUBATLCA C PALOM IKC-
MNyaTaunoHHbIX, TEXHUYECKMX 11 TEXHONOTUYECKIX 0COBEHHOCTEN CENbCKOro CTPOUTENLCTBA. Anekcanap Cepreesuy oT-
METUN, YTO B arpapHbIX BY3ax YOENAeTCH Mano BHUMAHUA Creumduyeckum 0COGEHHOCTAM MOATOTOBKN KaapoB Ans
CefbCKOro CTPOMTENbCTBA, TPAANLIMOHHAA MATEPUANIOBEAYECKAS HAYKA UX TOXKE NPAKTUYECKU HE Y4UTbIBAET, NPU BHE-
APEHUN NONe3HbIX Pa3paboToK B NPAKTUKY CTPOUTENbHBIX OPraHU3aLmil BO3HUKAIOT OMOMHUTENbHbIE CAIOKHOCTU.

B.®. XputaHkos, reHepanbHblit Aupektop 000 «KapaduHCKuit UCTOYHIK>, - TEXH. HayK, pacckasan 06 uctopum
MOSABJIEHNA U CTAHOB/IEHNA CNOPTUBHO-0340POBUTENBHOMO KOMMeKca «byxta JlasypHas» u 6anbHeonorn4eckoro
kypopTa «03epo Kapaun». OfHako rnasHbIM B JOKNaAe 6bIN0 He OnUCaHNe NPUPOSHBIX 1 KNUMATUYECKuX (DaKTopoB
W METOAMK NeYeHns, a NpeacTaseHne NPUMEHeHHbIX Npu ux Boccospannu (kypopt «03epo Kapadu» nogHumancs
OYKBATLHO 13 PYWH) HOBBIX TEXHOMOIWIA W MaTePUanoB. Paf Hay4HbIX pa3paboToK Gbln BbINOMHEH CMeunanbHo Ana
3TuX 06bEKTOB. B HacTosLLee Bpems KypopT «03epo Kapaun» BHOBb CTan OJHOI 13 NyyLInx 3apasHuL Poccum.

B noknage A-pa TexH. Hayk A, Mudyruna (HTAY) 66111 npesCcTaBneHbl TEHAEHLNM B COBEPLUEHCTBOBAHNI CTPOU-
TebHbIX MaTepuanos W u3genuit, 0606LLaKLLINe COBPEMEHHbIE MUPOBbIE JOCTUXeHNUA. OCOGEHHO 3aMHTepecoBana
cnywarenei IHOPMALMSA 0 TaKMX MaTepuanax, kak CamoBOCCTaHABNMBAIOLLACA, TUOKMIA 1 CBETONPO3PA4HbIA OETOH,
rnékas v npospayHas ApesecHa, rnApoKepamuka, Npo3pavHbIv anoMUHKIA, ynbTpabenas Kpacka ¢ noiHbIM 0Tpaxe-
HUEM TENmoBbIX NOTOKOB, rMOKas Kepamuka u p.

C 6onbluMm TEOPETUYECKUM FOKNafOM N0 npo6nemam MoAMQUKaLMA NOAMMEPHBIX CTPOUTENbHbIX MaTepuanos
BbICTYNUN A-p TexH. Hayk B.I. Xo3un (KFACY). OH npeacTasun TeHgeHLMN MOSUMLMPOBAHISA NOMMEPHbIX MaTepy-
N10B Ha OCHOBE COBPEMEHHBIX JOCTVKEHIT HayK C UCMONb30BaHNEM METOA0B MCCIER0BAHMA He TOMbKO HaaMone-
KyNApHOW CTPYKTYPbI MONNUMEPOB, HO 11 C Y4ETOM B3aMMOJENCTBUA HAa aTOMHOM YPOBHE. Takoil MOAXOA NO3BONSAET
CO3/aBaTh MaTepuanbl ¢ 3a4aHHbIMIN XapaKTepuCTUKamu U 06ecneyunBaTb UX SNUTENbHYIO 3KCMyaTaLNOHHYIO Hafex-
HOCTb. Kpome TOro, Takue marepuansl 0TKpbIBAIOT HOBbIE HAMPABIIEHNA B NPUMEHEHNI, YTO OCOOEHHO BaXHO B YCNO-
BUAX UMMOPTO3AMELLEHIS.

[oknan A-pa TexH. Hayk C.M. AHnunoBa «PaunoHanbHbIe NOAXOAb! K UCNONb30BAHINK0 METANNYECKUX Npodueit u
aKTUBHbIX MUHEPANIbHBIX BAXKYLLIAX B MOHONUTHOM JOMOCTPOEHUM» B 3HA4UTENbHON Mepe Gbi MOCTPOEH Ha NIMYHOM NPo-
W3BOZCTBEHHOM OMbITe aBTOPA. [TPOLEMOHCTPUPOBAHBI 3TaMbl CO3AAHNSA NErKIX HECYLUMX KOHCTPYKLIMIA HA OCHOBE Crewy-
AIbHbIX TOHKOCTEHHbIX METANINYECKUX NPOCOUIIEN, KOTOPbIE MPU MUHUMATEHOM Pacxofe 6ETOHA 1t apMaTypbl BOCTIPUHI-
MalOT HOPMATUBHBIE Harpy3Ku, NPEBOCXOAALLME N0 3(DEKTUBHOCTIA TPAJULMOHHbIE BAPUAHTbI MPOETHBIX 371EMEHTOB.

A.®. bypbaHos, o-p TexH. Hayk (MICY), B noknage «Marepuanbl Ha 0CHOBE UCKYCCTBEHHbIX MAHEPANbHBIX BAXY-
LLWMX 1 NYTI 06ECTIEYEHs MX Ka4ecTBa» 3a0CTPUI BHUMAHME HA KPYNHOTOHHAXKHBIX 0TX0Aax pocdorunca 1 nokasan
nyTH ero 3O EeKTUBHOIO UCNONb30BAHNS. T10NI0XMTENbHbIE NPUMEPLI NPAKTUYECKOTO MCMONb30BAHUA 3TOr0 TEXHO-
TEHHOrO CbIPbs B CTPOUTENbHOI MHAYCTPUM [OKA3bIBAIOT NOTEHLMAN CYLLECTBEHHON 3KOHOMIUM B MPOU3BOACTBE pAja
CTPOUTENbHbIX MATepHanos.

[HTepecHbIit 4OKNag 0 NONy4eHnr 1 NPUMEHEHNI BbICOKOMPOYHOr0 KOHCTPYKLIMOHHOIO U JeKOPATUBHOIO 6eTOHA
CAienana coapatenb 1 pykoBoauTens upmbl «3D-6eToH» f.A. Canaruna. [Joknag conpooxaancs 60nbLUNM Konnye-
CTBOM WIIOCTPATMBHOTO MaTepuana ¢ aHanu3oM MeTOLOB NONYYeHIs BbICOKONPOYHbLIX GETOHOB M X MPAKTUYECKOr0
MPUMEHEHNS B PA3NIYHbIX Cepax UCnonb3oBaHus.

TaKxe Ha KOH(pepeHLyI Bb10 NpeacTaBneHo 6onee COPOKA CTEHAOBLIX AOKNAAO0B, C KOTOPLIMI KOMNErit 3HaKo-
MUIINCh B NEPEpbIBAX NIEHAPHOr0 3aCefaHns.

BblesgHad ceccus KOHAEpPeHLMn CocToANack Ha 3aBOAE M0 406bIYe 1 PO3NNBY MUHEPANbHON BOALI «KapaynHCKui
UCTOYHMK». B.®. XpUTaHKOB NUYHO NPOBEN 3KCKYPCUIO 1 0CO60 OTMETIN HAy4HbIE U TEXHUYECKNE paspaboTKu, npu-
MEHEHHbIE MY CTPOUTENBCTBE HOBbIX LIEX0B NPEANPUATHS. Takxe y4acTHUKN KOHADEPeHLMI noceTunn Kypopt «03epo
Kapauu», rfje OH1 CMOrIIA OLLEHUTb PE3YMbTaT PeCTaBPaLMOHHO-BOCCTAHOBUTENbHBIX PAGOT M HOBOMO CTPOUTENBCTBA.
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WccnepoBaHue nonyvyeHus aHruapuTa u3 runca
TEXHOreHHOro NPOUCX0XAEeHUA U BO3MOXHOCTb

ero ucnonb30BaHUA NP1 NPOM3BOACTBE

3aKnaf04HbIX cCMecei Ang ycnoBui pyaHMKOB TanHaxa

MpeAacTaBneHbl Pe3ynbTaTbl MCCNEL0BaHIUIA N0 Pa3paboTke TeXHOMOMM NONYYEHUS aHTMAPUTa CyNbdaTa KanbLms 06>KNTOM TEXHOTEHHO-
ro rumca, NoMy4eHHOro OT HeTpannu3aunun CepHon KICAOTbI NPK YTUAK3ALNIM CEPOCOAEPKALLMX Fa30B OT NMPOMETanNIyprinyeckoi nepe-
paboTkm pya u KoHueHTpatos MAO «MK «Hopunbcknii Hukenb». liccnenoBaHbl rpaHynoMeTpUYeCcKiii, asoBblii, XUMUYECKNIA COCTaBbI
TEXHOTEHHOr0 FUnca 1 NpoMyKTOB 0GXWra TEXHOrEHHOTO BTOPMYHOIO Chipbsi B MHTEpBane Temnepatypbl ot 600 go 1200°C. MposefeH
aHanu3 BNaronornoLatoLLei Cnoco6HOCTI rUnca u NPOAyKTOB 06xura. Moka3aHbl BOSMOXHOCTW NMPUMEHEHUS NMOMYYEHHOr0 aHrMapuTa
B3aMeH MPUPOJHOr0 ChbipbSl B TEXHONOMAM 3aKNafKN BblpabOTAHHOrO MPOCTPAHCTBA PYAHUKA. [pefCcTaBNeHbl Pe3ynbTaTbl UCMbITAHNIA
3aKN1a[l04HbIX CMECE C MPUMEHEHMEM UCKYCCTBEHHOMO aHrmapuTa.

Knio4eBble CNOBaA: TEXHOTEHHBIA TUNC, UCKYCCTBEHHBIA aHIMAPUT, CyNbaT KanbLus, 06XKUr, 3aKNaa04HbIe CMECH, COCTaB, 3aKnajka
BbIPaGOTAHHOr0 NPOCTPAHCTBA.
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Investigation of the Production of Anhydrite from Technogeneous Gypsum and the Possibility of its Use in the Production
of Filling Mixture (Backfill Blend) for the Conditions of the Talnakh Mines

The results of studies on the development of a technology for the production of calcium sulfate anhydrite by roasting technogenic gypsum obtained from the neutralization of sulfuric acid
during the disposal of sulfur-containing gases from the pyro-metallurgical processing of ores and concentrates of PJSC MMC Norilsk Nickel are presented. The granulometric, phase, and
chemical compositions of technogenic gypsum and roasting products of technogenic secondary raw materials were studied in the temperature range from 600 to 1200°C. The moisture-ab-
sorbing capacity of gypsum and roasting products was analyzed. The possibilities of using the obtained anhydrite instead of natural raw materials in the technology of backfilling the
mined-out area of the mine are shown. The results of tests of filling mixtures with the use of artificial anhydrite are presented.

Keywords: technogeneous gypsum, artificial anhydrite, calcium sulphate, roasting, filling mixture, composition, backfilling the mined-out area.

For citation: Kosov Ya.l., Rumyantsev D.V., Popov M.S., Trofimov A.V., Devochkin A.l., Tozik V.M., Kelexsaev A.V. Investigation of the Production of anhydrite from technogeneous
gypsum and the possibility of its use in the production of filling mixture (backfill blend) for the conditions of the Talnakh mines. Stroite/'nye Materialy [Construction Materials]. 2023.
No. 8, pp. 26-34. (In Russian). DOI: https://doi.org/10.31659/0585-430X-2023-816-8-26-34

B Hacrosiiiee Bpemsi B IPOMBIIUIEHHOCTH CYIIIECTBY-
€T MHOTO XMMUYECKUX TEXHOJIOTUI, B KOTOPBIX B Kaue-
CTBE TTOOOYHBIX MPOJAYKTOB 00PA3yIOTCsI OTXOAbI HA OC-
HoBe cyib(parta Kampius [1—2]. CynbdaTHbIE OTXOIBI
HOCST coOMparebHOe Ha3BaHUE <«TEXHOJOTUUYECKUE»,
WU «TeXHOTEHHbIE», TUTICHl HE3AaBUCUMO OT CIToco0a Ux
TOJTy4eHUs 1 MUHepajibHOTO cocTtasa [3]. M npucBau-
BAIOTCSl Ha3BaHUSI MO HAIMYUIO TIPUMECEid, HAXOISIIIINX-
¢ B cyJb(aTHBIX MPOMyKTaxX, Hampumep Gocdorurc,

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

OOpOTHUIC, TATAHOTHUIIC, (PTOPAHTUAPUT, KATbLIUTOAHTH -
nput u ap. be3BomHyto dhopmy cynbdara Kambius, 00-
pa3yIoNyocs B TOH WIM WHON TEXHOJOTWMM, Ha3bIBAIOT
TEXHOTEHHBIM aHTUAPUTOM.

[nsg  3amomHeHWsT TOpPHBIX BbIpaboToK B ITAO
«I'MK «Hopunbckuit Hukenb» NCIIONb3YIOT 3aK1ag04YHbIe
CMeCHU Ha OCHOBE MpupoaHoro anruaputa [4]. I1pu aTom
JUTSI TIOJTYYEHUST aHTUIPUTOBOTO BSDKYILETO €KETOTHO JT0-
ObIBaeTcs nopsiaka 1,8 MIH T MPUPOJHOTO AaHTUIPUTA.
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Gypsum construction materials

B ocHOBHOM MNpU UCHOJB30BAHUM TEXHOTEHHOTO aH-
TUIPUTA B KQUECTBE BSDKYIIETO MPUMEHSIETCS aKTUBAIIWS
Pa3IMIYHBIMI MUHEPATBHBIMU TOOABKAMHU UTS TTOBEITIIC-
HUSI CKOPOCTH CXBaTbIBaHUs [5, 6]. OmHAKO MPH UCITONb-
30BaHUM aHTUAPUTA B COCTABE 3aKJIAJIOYHOI CMECH OH He
HYXKIAeTCsl B aKTUBALlMU, TaK KaK MCMOJb3yeTCsl He Kak
BO3IYIIIHOE BSLKYIIEEe, a KaK IMApaBIndecKoe (WIM B CO-
CTaBe TUIPABIMYECKOTO BSDKYIEro). B aToM cityuae cko-
pPOCTb TBepACHUS JOKHA MMETh HU3KME 3HAUeHUSs, TaK
KaK 3aKJIaJIOYHasT CMeCh, B KOTOPOI UCIIONB3YeTCs aHT I -
DUT, TOCTaBJSIETCS B MOA3EMHOE MPOCTPAHCTBO PYAHMKA
1Mo TpyOOmpoBOmaM TMON IOEHCTBHEM CHUJIbI TSKECTH.

IlepepaboTKa Ha METAJUTYPTUUCCKUAX TTPEIITPUITHSIX
CyJIb(UIHOTO CBHIPbSl MPUBOIUT K TOJIYYCHUIO OTXOMISI-
IIMX Ta30B C BHICOKOW KOHIIEHTpAIIUeil TMOKCUIA Cephl
(mo 30—40% o06.) [7, 8]. B nHacrtosmee Bpems ITAO
«'MK «Hopunbsckuit Hukenb» peanusyer «CepHblit
MPOEKT» — IKOJOTUUYECKYIO TTPOTrpamMMy, MpeaycMaTpu-
BAIOIIYI0 3HAYMTEIBbHOE COKpAIlCHWE CYMMAapHBIX BbI-
O6pocoB arokcuaa cepsl B 3anossipHoM dpumane (3D)
2023 r. B pamMkax nmpoekTa miaHUpyeTCsi CTPOUTENTHCTBO
B 3® Ha HameXXmTMHCKOM MeTaTyprudecKOM 3aBOe
uM. b.1. KonecHukosa (HM3) ycTaHOBOK M0 yJiaBi1Ba-
HUI0 OOTaThIX CEPOii ra30B 1 IMPOU3BOACTBO CEPHOM KUC-
JIOTHI C €€ MOCJIeAYIOIIeH HEWTpaan3aleil U3BECTHAKOM
C MoJlydeHUEeM OTBajibHOro rumca [9]. Has cHUXeHus
9KOJIOTUYECKON HArpy3Ku 10 XpPaHEHUIO OOJIBIIIOTO KO-
JINYECTBA CYJIb(MATHBIX OTXOAO0B, XapaKTePHOI IS TIpe-
MPUITHI XUMUYECKOI TEXHOJIOTUH, KOTOPHIE TIepepabda-
TBIBAIOT KaJIbIIUIICOMEPKAIEe ChIPhe CEPHOKMCIOTHBIM
CrocoOoM, paccMaTpUBAeTCs] BO3MOXKHOCTb MCITOJIb30-
BaHUs TEXHOTEHHOTO TUTICA (CYTb(MATHBIX OTXOIOB).

Hcnonb3oBaHUe KeKa HEWTpaaU3alliu CEPHOM KUC-
JIOTBI — TEXHOTEHHOTI'O TUIICA ITPY IIPUTOTOBICHUH TBEP-
JIEIOIINX 3aKJIaJ0YHBIX CMeceil Ha pyaHuMKax TaiHaxa
MMO3BOJIMJIO ObI OTKA3aThCsl OT HOOBIYM MPUPOJHOIO aH-
ruaputa. OQHAKO B CYIICCTBYIOIIEM BHIE THUIIC HE MO-
JKET OBbITh MCITOJb30BaH B TEXHOJOTUSIX 3aKJIaIOYHBIX
cMeceil BBUAY HEYIOBJICTBOPUTEIBHBIX PEOJIOTUUSCKIX
CcBOMCTB. [IJIs1 3HAUUTEILHOTO BOBJIEYEHMSI TMIICOBOTO
KeKa B COCTaB 3aKJIaOYHBIX CMeceil HeoOXxomuMa pas-
paboTKa TEeXHOJOTUU TTOJYYeHUsS] UCKYCCTBEHHOTO aH-

TUAPUTA U UCITOJIb30BAHMSI ETO B IPUTOTOBJICHUM 3aKJia-
JIOYHBIX CMECEH.

Hacrosias pabora HarpaBjieHa Ha OLIEHKY BO3MOX-
HOCTH UCMOJIb30BAHUS UCKYCCTBEHHOTO aHTUAPUTA, TTO-
JIYYEHHOTO M3 TEXHOTEHHOIO TUIICA, U OIPENEICHUE Ta-
paMeTpoB 0O0Xura mnpeamnojaraeMoil TeXHOJIOrMuecKoi
CXEMBI.

Marepuajbl H METOIBI MCCJIEAOBAHUS

TexHOTreHHBII TUIIC SIBJISIETCS IPOAYKTOM HelTpa-
JIM3aLUK CEPHOM KUCIOThI U3BeCTHsIKOM. CepHasi KucC-
JIoTa MoJlydyeHa Mpy yTHJIM3AIUKA CEPOCOIepKalIiX Ta-
30B OT IMPOMETAIYPrUYSCKOM MepepabOTKU pyn U
KOHIIeHTpaToB HOpMIBCKOTO MPOMBIIIIJICHHOTO paiioHa
(HITP). B paMkax OWJIOTHBIX HCCIAEAOBAHUN MYJbITy
M3BECTHSIKA M3TOTaBIMBAIM U3 IIEPEMOJIOTOrO U3BECT-
HsKka KajmaproHcKoro MeCcTOpPOXIeHMSI. XUMUYCCKUMA
COCTaB M3BECTHSIKA [JIS IPUTOTOBJICHUS IIYJIbIIBI Ha
HEeWTpaIM3aluIo MPUBEIEH B Ta0. 1.

Boixon kinacca kpynHocTu -0,045 MM M3BECTHSIKA MO~
cJie M3MEJBbUCHUS UIST TIPUTOTOBJICHUS ITYJIBITBI paBeH
90,5%. Tak Kak Ha HeMTpaTu3alnIo HATTPABISIETCS KOH-
LIEHTpUPOBaHHAas cepHasg Kuciora 95%, 1o mpupoza
IIpUMeceil B TUIICe OyIeT 3aBUCETh OT XUMUYECKOTO CO-
CTaBa U3BECTHSKA, MIYIIETO HAa HEMTPaIM3aLIMIO.

OrmbITHAS TTApTHS TUTICOBOM ITYJIBITHI ObIJTa HapaboTa-
Ha B lLieXe T0 MPOU3BOJACTBY 3JeMeHTapHoi cepbl HM3.

TexHOTeHHBII TUIIC TIPEICTaBIIICT COOOM ABYBOIHBIN
cynbdaT KalblUg WA TATUAPAT CyIb(hara KaabLus 1
MpuMecy. XUMUUYECKUI cOCTaB MpUBEIEH B Ta0JI. 2.

[unc comepxut okojo 87% nauruapara cyibdara
KaJIbIUsl, OCTaJIbHOE IPUMECH, B COCTaB KOTOPHIX BXO-
JIUT KapOoHaT Kaiblus (okosio 3%) u MarHust (OKoJio
1%), oxcuabl KpeMHust (okouto 3,5%), amoMuHus (OKO-
1o 1%), xeneza (okojo 2,5%), ILEJIOYHBIX METAJLJIOB
(cymmapno meHee 0,5%).

BiaxkHOCTh THUIICOBOI ITyJIBIIBI COCTaBJIsIET OoJiee
60%. Marepuan npeaBapuTeIbHO MOABEPIajCs CYIIKE.
151 yCTaHOBIIEHUST TIapaMeTPOB O0XMTra TeXHOT€HHOTO
TUIICA SKCIIEPUMEHTHI IIPOBOAWIM B CTALMOHAPHbBIX YC-
JIOBUSIX B KAMEPHO MeUYn M JTUHAMUYECKHX YCIIOBUSIX B
TpyOuaToil Bpalalouieics nevyu.

Ta6nuua 1
Table 1
XnmMunyeckuii coctas NU3BECTHSAKA AJIA HEUTpanu3auum CepHOW KUCIOTbI
The chemical composition of limestone to neutralize sulfuric acid
Maccosas pons, %
MaTtepuan - -
CaCOg3 Ni Cu Co Fe So6 NasO MgO AloO3 SiOo
M3BecTHsK 90,1 0,175 0,24 <0,01 0,94 0,4 <0,01 1,18 1,3 4,99
Tabnuua 2
Table 2
Xumunuyeckuii coctaB TEXHOrN€HHOro rurnca
The chemical composition of technogenic gypsum
Maccosas pons, %
Matepwnan -
CaO S(S04) Fe SiOo AloO3 MgO NaoO KoO C
TexHOreHHbI runc 32,2 16,2 0,59 3,41 0,98 0,44 0,1 0,36 0,83
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Fig. 1. Integral and differential curves of particle size distribution

HccnenoaHust KpyMmHOCTH YacTUILL TEXHOTEHHOTO TUTI-
ca Y MPOAYKTOB €ro o0XKura MpOBOIWIMCH Ha JIA3EPHOM
aHaym3arope pazmepa yactuil Microtrac S3500, ornpezerne-
HUE€ OCHOBHBIX (ha3 Ha PEHTTEHOBCKOM IU(PaKTOMETpE
JPOH-8, uccnenoBanus meronamMmu POM—PCMA BbIos-
HEHbI Ha AHAJIMUTUYECKOM KOMIUIEKCe Ha 6a3e IBYJTy4eBOro
CKaHUPYIOIIETO  BJIEKTPOHHO-MOHHOTO  MUKPOCKOIIA
TESCAN LYRA3 GMH, TepMudeckoe TToBeIcCHIE Ha Tep-
muyeckoM aHaymzatope SETSYS evolution TG-DSC/DTA
1750 SETARAM, xummdecKkuit aHaIM3 IPo0 MeTomaMu
ADC/MC ¢ CII, UK-CcrieKTpOCKOIIH.

Pe3syabraThbl Hcciie10BaHUS U MX 00CYKIeHHE
1. Hccaedosanue ucxoonozo mamepuaaa

H3MepeHusT KPYIMHOCTU YacCTUI[ TUIICOBOM ITyJIbITbI
IOKa3aJii, YTO CPEIHUIA pa3Mep YaCTUIL] COCTABIISIET OKO-
s0 10 mxwm (puc. 1).

Pe3yabTaThl MUKPOCKOTIMYECKOTO UCCICIOBAHMS T10-
Ka3aJld, YTO TeXHOTECHHbII TUIIC 110 aHAJIOITMU C APYTUMU
TEXHOTEHHBIMU OTXOJAMU Ha OCHOBE CyJib(darta KaabIIusI
COCTOMT M3 OYEHb MEJIKHUX IEPBUYHBIX KPUCTAJUIOB
CaSQy4, armoMepHUpOBaHHBIX BO BTOPUYHBIC KOHTJIOME-
pathbl (puc. 2). braromapsi BHICOKOI yIeabHOM MOBEPX-
HOCTU OH JIOJDKEH 00JIafaTh MOBBIIICHHON peakIIMoH-
HOIi CITOCOOHOCTBIO.

Kanbuusa

Fig. 2. Electronic image of technogenic gypsum: 1 — calcium sulfate dihydrate (base); 2 — inclusions of calcium

Puc. 2. DnekTpoHHOE N306paxeHne TEXHOrEHHOro rvnca: 1 — gurnapart cynbdara kanbuus (OCHOBA); 2 — BKIoYe-
HUsi kapBoHaTa kanbuus; 3 — cynb@PuraHble MUKPOBKIIOYEHWS; 4 — OKCUOHbIE MUKPOBKIIIOYEHUS; 5 — antomocunmkaT

IMomumo auruapata cyibdara Kajablvsl, B MaTepuraie
IPUCYTCTBYET KapOOHAT KajbLysl, CPEAHSISI KPYIITHOCTh
YaCTHI] KOTOPOTO COCTaBIIsAET Mmopsinka 60—70 MKM (Mak-
cumainbHas — 1o 350 MkM). OpueHTUPOBOUYHASI 0OOBEM-
Hasi J0Jisl YKa3aHHBIX 4acTuLl 0Kosio 5—10 06. %. B mare-
puajyie TakxKe IPUCYTCTBYIOT (a3bl: OKCcHaa Keje3a-
HUKEJIS 0 COCTaBy, MPUOJIIKAIOIIETocs K DeppUTy HU-
KeJIsT; OKCHU/Ia Keje3a, 10 COCTaBy MPUOJIMIKAIOIIEToCs K
MarHeTuTy; Cyjibbuaa MeIu, 10 COCTaBy MpUOJIMXKAaIO-
Ierocss K XaJbKO3WHY; CylIb(huaa Xxejae3a, o COCTaBy
MPUOIMKAIOIIETOCST K MUPPOTUHY U ITMPUTY; CyJIbduaa
KeJie3a-HUKEJIsI, 110 COCTaBY MPUOJIMKAIOLIEIOCS K [IEHT-
smanauty. OpHUEHTUPOBOYHAST CyMMapHas oObeMHast
JIOJISI TTEPEYMCIIEHHBIX OKCUIHBIX U CYJIb(PUIHBIX KOMIIO-
HeHTOB cocTasiisieT okosio 0,1—0,2 00. %. [Tomumo T1e-
PEYMCIICHHBIX KOMIIOHEHTOB, B MPO0OE €AMHUYHO ObUIM
00HApYXEHBI: MeJlb METATNYECKAS, ATIOMOCUIUKATHI 1
OKCUJI ME/IN.

2. Onpedeaenue napamempos o0xcuza

CoracHO UMEIOLIMMCS JIMTEPaTyPHbIM JaHHBIM |10,
11] B cucteme CaSO4—H>O ycraHoBIeHO HaMYKeE Clie-
IVIOLIUMX COCAMHEHWI: OUruapar cyiabdara KalbLus
CaS04'2H»0O; monyrumpat cyiabdarta KaJdblUs
CaS04:0,5H,0; pacTBOpUMBIA aHTUAPUT, WIM aHTU-
nput III — CaSOy4; HepacTBOPUMBINT aHTUAPUT, OH Ke
anruapur Il — CaSO4. BDTOT aHTUAPUT aHATOTUYEH MTPU-
pomHOMY; aHTUIPUT I, 06pa3yrolIuiics IIpyu TeMIIepaType
cBeire 1180°C. Takke ecTh cBeneHMs [12] o cymecTBo-
BaHUU TIPOMEXYTOUYHBIX COCIMHEHUN (00e3BOXKEHHBIIN
nosryruapar) u moaudukanuii (o u f). Kpatkas cxema
MpeBpalleHNil OT IUTUApaTta CyjibgaTa Kaablus 10 aH-
TMIPUTA, XapaKTepHasi JUIst TPUPOIHOTO TMIICOBOTO KaM-
HSl, TIpe/ICTaBIeHa Ha puc. 3.

M3 Bcex BblllIeHa3BaAHHBIX COCAMHEHUI CTAOWIbHBI-
mu stBistioTcest CaSOy4-2H»O u anrunpur I1. Tomyruopat
MOXKET IIEPEXOAUTD B IUTUAPAT, PACTBOPUMBII aHTUIPUT
MOXET MEePEXOANTD B MOJYTHapaT. MeTogaMu peHTIeHO-
(ha3oBoOro aHajM3a yCTaHOBJICHO HaJIMYME TPEX TUIIOB

| Aunrnppat CaS0O,4-2H,0 |

I
T=107°C n Gonee

| Monyruapat CaS0,4-0,5H,0 |

T=170-180°C

| 06e3BOXEHHbIV nonyruapaT |

T:32OJ360°C

| PacTtBOpuMBbIV aHrnapuT |

I
T=450-800°C

| HepacTBopuMbI aHrnapuT |

Puc. 3. KpaTkas cxema npespatie-
HWS runca B aHruapuT

Fig. 3. Scheme of transformations
of gypsum into anhydrite

carbonate; 3 — sulfide microinclusions; 4 — oxide microinclusions; 5 — calcium aluminosilicate
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Gypsum construction materials
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Puc. 4. PeaynbTathl UCCnefoBaHvs Ha TepMoaHanusartope: a — Tr-kpvsas; b -OTA-kpuBast
Fig. 4. The results of the study on the thermal analyzer: a — TG-curve; b - DTA-curve

KPUCTATMICCKUX PEIICTOK: TUTHAPATA, ITOIYTUaApaTa 1
aHrunpura. Pemetka 0o6e3B0KEeHHOI0 MOJIyTruapara aHa-
JIOTUYHA peleTKe Trojyruapara, a anruapura I — an-
rugpurtam I u I1.

BoigeneHue Boabl M3 AUTUApaTa HauMHAETCs TpU
107°C. I1pu 3TOM 00pa3yeTcs IMOJyTUapat. BEIxoa Boabr
MPUBOAUT K pa3pylIeHUIO 3epeH, MOAITOMY daHHas
¢dopMa rurca xapaKTepu3yeTcs BBICOKOW OHUCIIEPCHO-
CThIO U BoaomnoTpedHocThlo. [Tpu Temmnepatype ot 180
1o 200°C monyruapat 00e3BOXMBAETCS, IIPU 3TOM HE
MIPOMCXOUT TIEPECTPONKYU KPUCTAIITNIECKOM PEITETKH.
O0e3BOXEHHbIE TTOJYTUAPATHI XapaKTepU3YIOTCS BbICO-
KO TUTPOCKOMMYHOCTBIO M OBICTPO MIEPEXOIST B TTOJTY-
rugpathl. I[1pu HarpeBaHUM 00€3BOXKEHHBIX MTOJYTUIPA-
ToB n0 Temmepatypsl 300—360°C oHU mepexonsT B
pPacTBOPUMBIE AHTUAPUTHI C MEPECTPONKON KPUCTAILIIH -
yeckoi pemeTtku. [Ipu manbHeilieM HarpeBaHUUM 00-
pas3yeTcst HepacTBOPUMBIN aHTUApUT. [To naHHbIM [13],
JIJISI TIOJTYYEHUSI HepaCTBOPUMOIO aHTUIPUTA TpeOyeTCs
temrieparypa Bbeime 750°C. Ilpu TeMmmepartype Oolece
800°C cynbdart KaablLust HaYMHaeT pasdnaratbest Ha CaO
u SO; [12]. TTo apyrum nanHbiM [14], TOTBKO B UHTEP-
Basie TeMnepatypsl oT 900 no 1000°C HaumHaeTcs 4a-
CTUYHAS IUCCOLMAIIMS CEPHOKHUCIIOTO KaJbIUsS U B CO-
CTaBe MPOAYKTa 00XKUTa MOSIBJISIETCSI CBOOOIHBIN OKCUJT
Kajapuus (2—3%).

[IpuBemeHHBIC MaHHBIC O IMPOMYKTAX ACTHIPATALINU
rurca, obpasymluxcs IMPU pa3IuYHOU TeMmepaType
00Xura, OTHOCATCSI K HMCCICIOBAHUSIM, IOJIYYCHHBIM
JUIST TUTICA TIPUPOIHOTO mpoucxoxaeHus. OqHako, Kak
JIJIST KaXKIIOro TIPUPOIHOIO TUIICOBOIO MaTepuraa, Tak U
IIJIT TEXHOTEHHOTO MHTEpPBaJI TEMIIEPaTyphl JeTuapaTa-
LIMM MOXKET OTJIMYAThCS APYT OT Apyra MiIv OT IMPUPOJHO-
TO THUIICA.

Llenbio oOxura rurmca saBiaseTcs moJay4yeHue cTabuib-
HOTO II0 COCTaBYy aHTMIPUTA CyabdaTa KalblUsl, CBOM-
CTBa KOTOPOTO HE MEHSIOTCS C TEYCHWEM BpPEMEHU.
Kpurepuem olieHKM KauyecTBa OOXKUTa SBJISIETCS MPOY-
HOCTb 3aKJIaI0YHON CMECH.

st u3ydeHus1 MpUpoabl TEPMUYECKUX TMPOLIECCOB,
MPOXOISIINX TIPU OOXNUTe TeXHOTCHHOIO TUIICa, MaTe-

puajg ucCIeaOoBaId METOAAMU TePMOTpaBUMETPUU
(TTA) muddepeHINATBHO-TEPMUAYECKOTO aHaIu3a
(ATA). C uenblo MCKJIOYEHUS AeTuapaTalliy rurca uc-
XOIHYIO THUIICOBYIO MYJBMNY CYIIWJIN OO ITOCTOSTHHOI
Macchl mpu Temmnepartype 55°C. DKcrnepuMeHT TPOBO-
JAJics B aTMocepe aproHa, CKopocTh HarpeBa 1 OXJ1ax-
JeHus coctaBisuii 15°C/MUH, MaKCUMaJlbHas TeMIIepa-
Typa 1300°C.

JduddepeHMaNbHbI TEPMUYECKUI aHAIU3 TOKa-
3aJI, 9YTO TIPOIECC OEruapaTallii TEXHOTEHHOIO THUIICa
HaumHaeTcsl mpu Temmeparype 104°C wm 3aBepimaercs
npu 232°C, oH UMeeT SIPKO BhIPAXKEHHbII IBOMHOI 3H-
JIoTepMUYecKrii 3¢ ekt merunpaTaiuu rurnca (puc. 4).
ITepBoIii sHIO3MGEKT ¢ MakcuMyMoM mipu 158°C xapak-
Tepu3yeT 00pa3oBaHNUeE MTOIYTUAPATa CyIb(aTa KalbIIvs,
BTOPO# — ¢ MakcuMyMoM 1ipu 186°C — cBsi3aH ¢ o6pa3o-
BaHMeM pacTtBopuMoro anruaputa. Ilo TI-kpusoii
yObUIb Macchl cocTaBuia 18,2%. Dx3orepMmuueckuii 3¢-
dexr npu 382°C o0ycioBiIeH MOIUMOP(PHBIM Tepexo-
JIOM pacTBOPMMOIO aHTUAPHUTA B HEPACTBOPUMHEINA. [IBa
9HAOTePMUYECKUX (P deKTa: MepBblii B UHTEPBAJIE TEM-
niepatypsl ot 700 no 770°C (y6blab Macchl Ha 1,9%) u
BTOPOii B MHTepBasie TemriepaTypbl oT 930 mo 995°C
(yobutb Macchl Ha 2,4%) — TIPeArnooXUTEIbHO MOTYT
OTBEYATh PA3IOKECHUIO KapOOHAaTa KaJIbIIs U MarHust 1
aHTUIIPUTA CyJb(haTa KaJablKUsl COOTBETCTBEHHO.

Ha puc. 5 npencraBieHbl 3KCrepuMeHTaIbHbIE JaH-
HbI€ MO YObLIM MAacChl TEXHOTEHHOIO T'UIlca, 0O0XKKEeH-
HOTO TIPM Pa3JIMYHOI TeMIIepaType B 3aBUCHUMOCTU OT
BpeMEHM BBIIEPKKHU. [IpenBapuTelbHO MaTepual Cy-
e npu 105°C, 9yTo mpuBOAMIIO K YaCTUYHOM JeTH-
JpaTalluyd U TIePexXoay AWTUApaTa K TOJYTUAPATy CYiib-
¢ara Kanbuusl.

Pe3ynbraTtel 00XHWra TeXHOTEHHOTO THIICA, IPWBE-
JIEHHbIe Ha pucC. 4, IMTOKAa3bIBAIOT, UTO MPU TeMIIepaType
800—900°C BpemMsi, HeOOXOMMMOE TSI TIOJTHOTO 00€3B0-
XuBaHus, He nipeBbiaeT 20—30 muH. He3aHauuTeabHbIE
¢ayKTyauuu yoObUTH Macchl Ha pyUc. 4 CBSI3aHBI C BO3MOXK-
HBIMU OTKJIOHCHHMSIMU COCTaBa MCXOIHOI TTPOOBI TUTICA
MO COIEpKaHUI0 KPUCTAJNIMYECKON BOAbl U KapOoHaTa
Kanbuus. [Ipu o6xure rumnca npu 600°C ypoBeHb yObLUIH
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Puc. 5. Pe3ynbtatbl 06Xu1ra TeXHOreHHOro rurnca npy pasanyHon Temne-
parype
Fig. 5. Results of firing technogenic gypsum at different temperatures

Macchl HUXe, YeM TIpu 0oJiee BICOKOM TeMIiepaType, 4To
BEpPOSITHEE BCEro CBSI3aHO B OOJIbIIEH CTENEeHU C pas3jio-
JKeHMeM KapOoHaTa, IPUCYTCTBYIOIIETO B IIPOOax TUIICA.

OO0O0XCKEeHHBI MaTepual OXJIaXJalacs Ha BO3dYyXe,
ITOCJIe YeTro MPOBOIMIOCH U3MEPEHUE BJIaTH C TIOMOIIBIO
Binaromepa Sartorius MA35. B Tabi. 3 npuBeneHbl pe-
3yJIbTaThl UCCJICAOBAHUI 1O YOBLIM MAacChl IPU OOXKHUTe
¥ 3HAYCHUS BJIAKHOCTH ITPOAYKTOB OOO0XKEHHOTO Ma-
Tepuaa.

[lo nuteparypHbIM maHHBIM [15] M3BeCTHO, YTO B
MPOIYKTaxX OOXWra TuIca, MmojaydeHHbIX mpu 600°C,
ocraercs ot 0,06 10 0,24% Bonbl. YianeHne mMOCaeIHNX
CJIE/IOB BJIATH TIPY Pa3IMYHOM TeMITepaType MTPOUCXOAUT
3aMEIJICHHO M 3aBUCUT OT MPOIOKUTEIbHOCTU NETr-
npatauuu. [lo pe3ynbTraraMm MHOTOUYMCIIEHHBIX 3KCITE-
PUMEHTOB OBLIO OIPEAeJeHO, YTO IpU TeMIepaType
850—900°C mosryyaercst aHTUAPUT CTAOMIIBHOTO COCTaBa
(baza HepaCTBOPUMOIO aHTUAPUTA — AHAJOT MPUPOLI-
HOTO aHTUIIPUTA).

JlampHEWIIMEe SKCIIEPUMEHTHI TTPOBOIVIIN B JUHAMU-
YeCKUX YCJIOBUSAX — B TpyOUaTOl BpalllalolIeiics Ieun.
[TepeMmemnBaHue/TIepechiliaHie MaTepuaga B TpyOda-
TOI meun obecreunBaeT 0oJjiee OBICTPYIO U TTOJHYIO Je-
TUAPATAINIO. DKCIIEPUMEHTBI IIPOBOAMIN B TPyOUaTOit
TIeYX C HEeIPEePhIBHOM 3arpy3Koii MaTepuraja ITHEKOBBIM
nuTarejieM u3 OyHKepa, B mpolecce (PUKCUPOBAIU Bpe-
Msl HaxoXJAEeHUsl marepuajia B 30He obxwura. IlpenBa-
PUTEJIbHBII ITOAO0P MapaMeTPOB YIJIa HaKJIOHA U CKOPO-
CTH BpAIICHUS TIEYN ITO3BOJIMJI IIPOBECTH IKCIIEPUMEH-
ThI ¢ BpeMeHeM ooxura 5, 10, 20, 30, 60 MuH B ropsyeit
3oHe. [TonyuyenHsie maptuu (1 Kr) ObUIM IIepeIaHbl B Jia-
OopaTOPHIO TEOTEXHUKM TSI UCTTBITAHUIT B COCTaBax 3a-
KJIaJ0YHBIX CMECEHA.

Ta6nuua 3
Table 3
Pe3yJ1bTaTbl 3KCcnepumMmeHTa no 06)|(Mry TEeXHOreHHoro runca
The results of the experiment on the firing
of technogenic gypsum

Y6bInb Macchbl 1 ocTaTovHas Bnara, %
Bpems obxura,
MARL 10 | 20 | 30 | 40 | 60
Temnepa-
Typa, °C
600 593 | 6,11 | 6,34 | 6,32 | 6,71
0,44 | 0,25 | 0,26 | 0,47 | 0,16
6,78 | 7,96 | 8,12 | 7,93 | 8,12
800
0,4 0,33 | 0,44 | 0,23 0,2
900 7,88 | 8,45 | 8,06 8,4 8,06
0,46 | 0,32 | 0,23 | 0,29 0,2
8,41 | 8,61 | 8,39 | 9,05 | 8,88
1000
0,48 | 0,27 | 0,29 | 0,45 0,3

3. Hccaedoeanue npodykmoe o0xncuza

TexHOTeHHBII aHTUIPUT, TaK XK€ KAK W MCXOTHBIN
TUIIC, SIBJISIETCS] IUCIIEPCHBIM MPOAYKTOM, CPEAHUI pa3-
Mep YaCTHUII COCTABIISIET 7 MKM.

CBoiiCTBa aHTUAPUTOB, TIOJYYEHHBIX TIPU Pa3IMYHON
TeMrepaType 00XXura, M3y4aar 10 HAChIITHOM INIOTHOCTH,
ITyTeM HaOJIIOJIEHYSI 32 CKOPOCTBIO M CTETICHBIO TMIpaTa-
LIMY MPOAYKTOB 00XKMTa (BJArornoroTUTEIbHOM CIIoco0-
HOCTBIO) TIpM XpaHeHUW B ycioBusix 60—80% oTHocu-
TeJIbHOI BiaXKHOCTU Mpu Temrieparype ot +10 go +3°C, a
TaKKe TI0 TaHHBIM TepMOTpachUIecKOro aHaIu3a.

B Tabn. 4 mpuBeneHbl pe3yabTaThbl U3MEPEHUI Ha-
CBHIITHOTO BeCa aHTUAPUTA, TTOJIYICHHOTO TIPH Pa3IMIHOMN
TeMmImepaTtype ooxkura.

HacpimmHolt Bec TeXHOTeHHOTO aHTUAPUTA, MOJIyUeH-
Horo obxwurom B TBII, mpubiusutesbHO B JABa pasa
HIZKE, YeM MpUpoaHoro. HacklmHoil Bec TeXHOTEHHOIO
aHTUApUTA, TToJydyeHHoro ooxurom B KIT npu remnepa-
Type ot 600 10 900°C, nmeeT 3HAUEHKS HACHITTHOM IJI0T-
HocTHU TUtca, npocyieHHoro ipu 100°C. U tonbko mpu
Temriepatype obxura rumca or 1000°C HachITHO# Bec
anruapura yseanunBaeTca u npu 1200°C umeeT 3Have-
HUE, CPABHUMOE C TIPUPOTHBIM.

Jlnst ompeneneHus BJIaronorjolamlleil crmocoOHo-
¢t ipoayKtoB ooxwura (ITO) yacTe MaTepuaa momenia-
JIaCh TOHKMM CJIOEM B OTKPBIThIE TJIOCKUE TIaThOPMBbI,
KOTOPBIC XpAaHUJIY B YKa3aHHBIX BBIIIIC YCIOBUSX B TeUe-
Hue 28 CYT M IepUOINISCKY B3BEIITNBAIN Ha aHAJIUTAYE -
cKux Becax (puc. 6).

Tabnuua 4
Table 4

HacbinHoW Bec aHrMapuToB, NMOJTy4EeHHbIX NPU Pa3IM4HO TemnepaType o6Gxxura
Bulk weight of anhydrites obtained at different firing temperatures

Temnepartypa o6xura, °C 100 600 800 900 1000 1200 MpupoaHsbIi 850
HacbinHasi NIOTHOCTb, Kr/m3 342 321 311 348 631 1466 1405 507-640
Ycnosus C C C C C C - O
MpumeuaHune. C — cTaumoHapHbIe ycnoBus 06xura (kamepHas neds); [l — oMHamMmyeckue ycnosus ooxura (TpybyaTtas BpallaroLuias-
Cs neyb).
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30 Aseyem 2023 V] AYERVIAYIBI S



Gypsum construction materials

~
o
T
.
1y
[y

y =0,1091x + 0,8363

BnaxHocTb, %

o y =0,0248x + 0,6423

y=0,021x + 0,2596
y=0,0172x +0,1872
y=0,0108x + 0,0605
y =0,0029x + 0,057
10 15 20 25 30 35

Bblnepxka nocne o6xwra, cyt
*TUMNC 0600 » MO8O0 »M0O900 - MO1000 « MO1200

Puc. 6. Kpusble HaGopa BNaxHOCTV MPOAYKTOB 0OGXWra TEXHOreHHOro
runca (MO600, MO800, NMO900, MO1000, MO1200 — npoaykTbl ob6xura
runca npv 600, 800, 900, 1000, 1200°C coOTBETCTBEHHO)

Fig. 6. Moisture curves for gypsum calcination products (10600, M0O800,
M0900, NMNO1000, NO1200 - gypsum calcination products at 600, 800, 900,
1000, 1200°C, respectively)
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Puc. 7. CpaBHeHve ATA-KpuUBbIX r'MAPaTUPOBAHHbLIX MPOAYKTOB 06XMra
Fig. 7. Comparison of DTA curves for hydrated calcined products

[TyTem HaOMOIEHKS 32 CKOPOCTBIO M CTEIIEHBIO BJIa-
TOTOTJIONIEHUSI (TUAPATALIUN) TIPOTYKTOB OOXKUTA MOXK-
HO KOCBEHHO CYIUTb O HAJTUYMU WIM OTCYTCTBUU (ha3bl
PacTBOPMMOTO aHTMIPUTA, IJIsSI KOTOPOTO XapaKTePHO
OOWJIbHOE BJIATOTOTJIONIEHUE C TIEPEXOIOM B TIOJNYTH-
apat. JIpyruMu cJIoBaMu, 110 BJIAroIOIJIOIIAIONICH CII0-

COOHOCTHM MOXHO CYIWTb, HACKOJIPKO Ka4YeCTBEHHO 000-
JOKEH MaTepuall.

st onipenesieHs MTHEPTHOCTH TTPOIYKTOB O0XUTa K
ruaparaiu uccienoBaHbl MetonoM I TA ruapatupo-
BaHHBIC (3aTBOPEHHBIC BOIOIT) aHTUAPUTHI, IIOJTyYeHHBIS
B IIpoliecce 0O0XMUIra TEXHOTEHHOTrO TUIICA TPU pa3ind-
HOI TeMIleparype.

Ha TepMoaHamuTUuecKux KpuBBIX (pucC. 7) BUIHO,
YTO Yy ruApaTupoBaHHOro npoaykra ooxura (I'TIO) npu
600°C mpucyTCTBYET Pe3KO BhIPaXKEHHBI SHAOTEpMUYE-
cKkuii 3pPeKT, COOTBETCTBYIONIMI TTEpeX0ay MOMYrUapa-
Ta cynbtaTta Kajablius B pACTBOPUMBIN aHTUIPUT.

Y muapaTupoBaHHBIX MPOAYKTOB obxura mpu 800,
900, 1000°C snmorepmuueckue 3¢heKkThl c1ado BbIpa-
>KE€HBI MJTM OTCYTCTBYIOT. DTO CBUIETEIBCTBYET 00 MHEPT-
HOCTHU MPOAYKTOB 00XMKTra K ruapaTaluu, T. €. JOMUHMU-
pylolleMy CofiepXaHWi0 HepacTBOPMMOIO aHTHIPUTA B
po0de M OTCYTCTBUIO PACTBOPUMOIO aHTUAPHUTA, KOTO-
PBII IOIBEPKEH MTPe0OPa30BaHMIO B MONYTUAPAT CYIIb-
¢ara KanbLusl.

[IpoBeneHHbIE 3KCIOEPUMEHTHI I[OKA3bIBAIOT, YTO
TPOIYKTHI, TTIOTyYEHHBIE B MPOLIeCcCce 00XKUTA IPU TeMIIe-
patype 800°C u BblllIe, HETUTPOCKOIIMYHbBI B OTJIMYME OT
MPOJYKTOB, TTOJYYEHHBIX B ITpolriecce ooxura mpu 600°C.

WcnbiTanus 3aKJIaJ04YHBIX CMecei

Ha mepBoM 3Tare ¢ UCrob30BaHUEM OIBITHBIX Map-
TUI aHTUIPUTA BBITIOIHSCTCS 3aTBOPEHNUE 3aKJIaTOYHBIX
cMmeceid HaumboJiee pacmpocTpaHeHHoOW Mapku AL
M30 (aHrMApUT-LLIAK-LIEMEHT, IIPOYHOCTb IPU OIHO-
ocHoM cxatuu 3 MIla B Bo3pacte 180 cyT) ¢ 3ameHOI
MPUPOJHOr0 aHTUAPUTA HA UCKYCCTBEHHBIN. OTInYneM
B CITOCOOE TIPUTOTOBJICHUSI CMECHU SIBIISICTCS TO, 9YTO IIPU
MTOAITOTOBKE COCTaBa C MPUPOIHBIM AHTUIPUTOM OCY-
IIECTBIISIETCS COBMECTHBII ITOMOJI KyCKOB aHTUAPUTA CO
nptakoM. [lojydeHHBIN MCKYCCTBEHHBIM ITyTEM aHTH-
JIPUT TI0ce 00XKUIa UMEET CTPYKTYPY BbICOKOAUCHEPC-

Ta6Gnuua 5
Table 5

Peonorunyeckmne cBOMCTBA 3aK/1af04HbIX CMeCel Ha UCKYCCTBEHHOM aHrnapure
Rheological properties of filling mixtures on artificial anhydrite

. MNOTHOCTL PactekaemocTtb no Cytrapay, dakTnHeckunii cocTas 3aKago4HON CMecH,
Mapka 3aknano4Hon cmec, CM Yepes MUH kr/m3
emecn kr/m3 0 15 30 LlemeHT LLinak AHrMapuT | Boga

iﬁjﬂf’l\'jl'g‘oc‘n’gf?m 2050 33 31 31 50 750 700 -
ALLILL M30 600 1733,17 35 32 27 39 551 527 617
ALLILL M30 800 1671,05 32 27 26 35 500 502 634
ALLILL M30 900 1702,86 33 _ 35 493 526 649
ALLILL M30 1000 1694 34 32 31 38 538 530 588
ALLILL K130 850 1785,7 32 30 30 37 528 561 | 660 |
ALLILLTBMN 5 1671,15 35 36 39,5 34 490 512 635
ALLLLTBIM 10 1709,3 36 39 36 514 532 628
ALLILL TBIM 20 1804,37 33 34 33 39 555 594 616
ALLILL TBIM 30 1852,1 32 29 29 41 590 601 620
ALLL, TBIMN 60 1910,55 31 30 29 42 605 659 605
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Tabnuua 6
Table 6

Mpo4YHOCTb COCTaABOB 3aK/Iaf04HbIX CMECcei Npu pa3inyHbIX pexumMax ooxura
The strength of the compositions of backfill mixtures in various firing modes

MAOTHOCTb KYGOB [MpoYHOCTb NPY OAHOOCHOM
Mapka 3aKknago4Hon CMecu TemnepaTZpa Bpemsa cxartuv, MMa
obxwura, °C obxura, MUH
28 cyT 45 cyT 28 cyT 45 cyT

Basosbiit coctas ALLLL M30 _ _ 2.1 2.1 15 5
no pernameHTy

ALLILL KN30 850 30

ALLL TBIM 5 850 5

ALLILL TBIM 10 850 10

ALLILL TBIM 20 850 20

ALLL, TBIM 30 850 30

ALLILL TBIM 60 850 60

HOTO TMOPOLIKOOOPa3HOTO MaTepuana, He TpeOyeT do-
IMOJTHUTEILHOTO IIOMOJIa U OOBEAMHSIETCS CO IIIAKOM
IyTeM CMEIIMBaHUS.

ITo cpaBHeHuio ¢ 6a3oBbiM ALl M30 Ha nmpupoa-
HOM aHTUIPUTE BHE 3aBUCMMOCTH OT TEXHOJIOTUH TIOJTY-
YEHUs UCKYCCTBEHHOI'O aHTMIPUTA MJIOTHOCTh COCTaBOB
Ha MCKYCCTBEHHOM IIPOIYKTE HIKE, a BOTOIIOTPEOHOCTD
0oJIbIlIe BCJENCTBME MaJIOrO pa3Mepa YacTHIl, TIPUPOI-
HBIIl aHTUAPUT MPU METBHUYHOM CIIOCO0€ MOATOTOBKU
TAKOTO TOHKOTO ToMoJIa He jocturaer. Peonornyeckue
CBOMCTBa 3KCMEPUMEHTATbHBIX CMeCell MpencTaBlIeHbI
B TabOm. 5.

st OlLleHKM TPOYHOCTM M3 3aKJIaIOYHOW cMecu
GopMyIOTCST 00pa3Lbl-KyObl U UCITBITHIBAIOTCS B KOH-
TPOJbHBIE CPOKM TBepAcHUS (pucC. 8), IS TMAJTIOTHBIX
WUCITBITAHUI KOHTPOJIBHBIMU SIBASIIOTCS 28 1 45 cyT.

Taxum 00pa3oM, Ha CTAIVU MMMIOTHBIX UCITBITAHUIA C
yY4eTOM BeCchbMa MaJIOr0 KOJIMYECTBAa MPOOHBIX MapTUit
AHTUIPUTA OlIEHEeHA MePCIIEKTUBHOCTL COCTABOB Ha 28-¢
U 45-¢ CyT TBepJeHUS.

CocTaBbl ¢ aHTUAPUTAMU, TTOJTYYEHHBIMU TTPU 00U -
re texHoreHHoro rurica B TBIT B Teuenme 5, 10, 20,
30 muH nipu Temriepatype 850°C, uMeroT pe3yIbTaThl 110
MPOYHOCTU, BeCbMa OJIM3KUE K 6a30BOMY COCTaBY, B CO-
OTBETCTBUU C JCWCTBYIOIIMM Ha IPOU3BOJCTBE perya-
MeHTOM (Tab:1. 6). BaxkHO yYuTBIBaTh, YTO BBUIY OOJee
BBICOKOI BOJOIMOTPEOHOCTH CMeCeil C MCKYCCTBEHHBIM
AHTUIPUTOM B paHHUE CPOKHU HAOOP IMPOYHOCTU MOXKET
OBITh MeHee MHTCHCUBHBIM. [Ipy 3TOM CyIIeCTBEHHO
pa3HUIIBI TPOYHOCTU B COCTaBaX C BpeMEHEM OOXura B
nurara3oHe 5—30 MUH He ycTaHoBJIeHO. Hammyummii pe-
3yJIbTAT ITOKa3aj cocras ¢ aHruapurom TBIT 60, mpoxae-
MOHCTPHPOBAB YK€ Ha 28-¢ CYT MapOYHYIO IMPOYHOCTb,
YTO TTO3BOJISIET CIIEJIATh BEIBOJ, O MPOSIBJICHUN BBIPAsKEH-
HBIX BSDKYIIIMX CBOMCTB.

BoiBoast
TexHOoTreHHbI TUTIC — AUCTIEPCHBIN MPOAYKT HEHATpa-
JIM3AallMU  CEPHOM KMCJOTHI TYyJbIIOM W3BECTHSKA
Kanapronckoro mecropoxaeHus. CpegHuii pa3mep ya-

HAy4HO-MeXHU4ecKuil U npou3800CMEeHHbLIL JCYPHAN (% PV ETICT

Puc. 8. dopmoBka 06pasLLoB-KyOOB 1 UCMbITAHWE HA KOHTPOJIbHbIN CPOK
Fig. 8. Shaping of sample-cubes and testing for the control period

ctuil nopsinka 10 mxm. OCHOBY MaTepuaga COCTABIISIET
JIUTUAPAT cyjbdaTa KalblUs, B COCTABE TaKXKe MPUCYT-
CTBYIOT KapOOHAThI KaJIbLMsI M MaTHUSI, OKCUIIBI JKeje3a,
KpeMHUs, amoMuuusgd u ap. Metromom POM—-PCMA
OIpeIeICHO HaJIuyue MUKPOIpUMeceld CyJbhUI0B
Kene3a M Cyab(UIOB IIBETHBIX METAJUIOB B MCXOIHOM
TUIICE.

TexHOreHHbI aHTUAPUT — TPOAYKT OOXKHUTra TEXHO-
TEeHHOI'O TUIICa, OCHOBHas haza — aHTUAPUT cyJibdaTa
KaJIbLYsl, B COCTaBE TaKXKe IIPUCYTCTBYIOT OKCHIbI XKeJIe-
3a, KPEeMHUsI, KaJlbIusl, aJlOMWUHUs, MarHUsS W Jp.
ITponykT o6xxura sIBJsIeTCsl IUCIIEPCHBIM (CPeIHUIA pa3-
Mep 7 MKM).

Ilo napamempam obxucuea

IMpoBeneHHble 1abOpPaTOPHBIE SKCIEPUMEHTHI IO
BBIOOPY MapaMeTpoB O0XKHWTa ToKa3ajau, YTO TEXHOTEeH-
HbBI TUIIC OOXUraeTcsl U CTAHOBUTCS AHTUAPUTOM Ha-
ypHas ¢ 800°C. MUHUMaIBbHO HEOOXOAMMbIE TeMIIepa-
TYpHBIE MMapaMeTpbl obxura: Temmeparypa 850—900°C,
BpeMsl 00kura He 0oJiee OIHOro yaca B TOpsiYeil 30HeE.

1lo éraconoenouienuro

BrnaromorsonieHne 000XKEHHOTO MaTepuaia He-
3HauuTeabHO. C MOBBILIEHUMEM TeMIlepaTypbl OOXura
TEXHOTEHHOTO TUTICA TIPOJAYKT O0XWUTa CTAHOBUTCST Me-

=
=i}=
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Hee TMrpocKonn4yHbIM. [Ipy 3TOM pa3HuUlla MeHee 3a-
MeTHa B objactu 0oJjiee BBICOKOM TeMIIEpaTyphl.
IMpomykT 06XWTa TEXHOTEHHOTO TWIICA, ITOJYUCHHBIN
npu 600°C, 3a MecsI1] XpaHEHUsT Ha BO3AyXe IPU OTHO-
cuTenbHON BiaaxHoctu a0 80% wHabpan okosio 1,5%
BJIary; MPOAYKT oOkura, moiaydeHHbI pu 800°C Ha-
6pan He 6osee 1%, a npomykT obxkura nmpu 1000°C Ha-
opan menee 0,5% Biarm.

[Tyrem HaGIIOAEHUS 32 CKOPOCTHIO U CTEIIEHbIO Bja-
TOTIOTJIONICHUS (THApATAllM) TIPOAYKTOB OOXKMWTa MBI
MOXEM KOCBEHHO CYIMTh O HAJIMYMU WIM OTCYTCTBUU
(a3bl pacTBOPUMOIO aHTUAPUTA, [JIsI KOTOPOIO Xapak-
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I1o ucnoavzosanuro 6 3aKAA00HHBIX CMECAX

HcnbiTaHus 3aKIaf0YHBIX CMeCel ¢ 3aMEHO TTpU-
POOHOTO AHTUIPUTA TEXHOTEHHBIM, MOJTYYEHHBIM MPU
Pa3IUYHBIX YCIOBUSIX 00XKNTa, MOKA3aJIh BO3MOXHOCTh
MPUMEHEHUST 3aKJIaIKU C TEXHOTCHHBIM MaTEpUAIOM.
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TaHWI 3aKJIaJOYHBIX CMECEll Ha CPOK TBEPIEHUS 10
180 cyT.

References

1. Fedorchuk Yu.M., Pokholkov Yu.P., TsygankovaT.S.,
Mikheev V.N. The method of utilization and applica-
tion of technogenic anhydrite obtained from waste
sulfur-containing gases. FEkologiya i promyshlennost’
Rossii. 2012. No. 7, pp. 34—35. (In Russian). https://
doi.org/10.18412/1816-0395-2012-7-34-35

2. Fedorchuk Yu.M. Evaluation of the influence of im-
purities on the properties of technogenic anhydrite.
Stroitel’nye Materialy. [Construction Materials]. 2004.
No. 3, pp. 56—57. (In Russian).

3. Gurevich B.I., Tyukavkina V.V. Utilization of sulfate
wastes of sulfuric acid processing of metallurgical raw
materials. Tsvetnye metally. 2012. No. 6, pp. 69—72.
(In Russian).

4. Montyanova A.N., Trofimov A.V., Rumyantsev A.E.,
Vilchinsky V.B., Nagovitsin Yu.N. Experience and ef-
fectiveness of the use of plasticized stowing mixtures.
Vestnik of the Nosov Magnitogorsk State Technical
University.2019.Vol. 17. No. 1, pp. 18—25. (In Russian).

5. Galtseva N.A., Buryanov A.F., Buldyzhova K.N.,
Solovyov V.G. The use of synthetic calcium sulfate
anhydrite for the preparation of backfill mixtures.
Stroitel’nye Materialy [Construction Materials]. 2015.
No. 6, pp. 76—77. (In Russian).

6. Bondarenko S.A. Prospects for the use of anhydrite
binder in the building materials industry. Materials of
the 60th Anniversary Scientific Conference of SUSU.
Chelyabinsk. 2008. (In Russian).

7. Ozerov S.S., Tsemekhman L.Sh., Tozik V.M.
Pakhomov R.A. Investigation of the process of contin-
uous conversion of sulfide copper-nickel materials
with the production of “raw” copper. Tsvetnye metally.
2020. No. 12, pp. 70—76. (In Russian).

8. Krupnov L.V., Pakhomov R.A., Starykh R.V,,
Talanov V.A. Changes in the dynamics of the gas and
dust flow in the flash smelting furnace of the Nadezhda
Metallurgical Plant during the installation of a protec-
tive cap. Part 1. Model calculations. Tsvetnye metally.
2021. No. 10, pp. 63—80. (In Russian).

9. Kisel A.A., Guzanov P.S., Lytneva A.E., Gets O.A.
Results of laboratory studies of filling mixtures using
artificial components. Gornyy zhurnal. 2020. No. 6,
pp. 69—75. (In Russian).

scientific, technical and industrial journal

%3 ERNMIEIBHBIE!

VI ETERVRYIBIE August 2023

33



I'nnicoBbie CTPOHUTE/IBHBIC MaTEePpHAIbI

HBIX CMeCEli C MCTI0JIb30BAaHMUEM MCKYCCTBEHHBIX KOM-
moHeHToB // lopuuiit acypran. 2020. Ne 6. C. 69-75.

10. CripaBOYHUK 10 ITPOM3BOJCTBY TUIICA M TUIICOBBIX
uznenuii / ITox pen. K.A. 3ybapeBa M.: T'occrpoii-
nsnar, 1963. 464 c.

11. Tydlitat V., Medved I., Cerny R. Determination of a
partial phase composition in calcined gypsum by
calorimetric analysis of hydration kinetics // Journal of
Thermal Analysis and Calorimetry. 2012. Vol. 109,
pp. 57—62. DOI: 10.1007/s10973-011-1334-y

12.TunicoBeie Matepuansl u wusmenus / Ilom pemd.
A.B. ®epponckoii. M.: ACB, 2004. 488 c.

13. Kimumenko B.I'. ['mmcoaHTuapuTOBBIC BSLKYIIUE Be-
mectBa // Becmuuk Beaeopodckoeo eocyoapcmeeHH020
mexHonoeuueckoeo yHueepcumema um. B.I. Illyxosa.
2011. Ne 4. C. 19-23.

14. byt IO0.M., CerueB M.M., Tumamen B.B. Xumu-
YyecKast TEXHOJIOTHST BSLKYIIMX MaTepuanoB. M.: Beic-
mras mkoJia, 1980. 472 c.

15. Tunic u pocorunc: COOpHUK pabOT IO XMMUIECKOM
nepepaboTke rurca u ¢ocdorurca / [on pen. aka.
C.N. Bonbsdpxosuua. M.: I'ocxumuznar, 1958. 304 c.

10. Spravochnik po proizvodstvu gipsa i gipsovykh izdeliy
[Handbook for the production of gypsum and gypsum
products. Ed. By Zubareva K.A.]. Moscow:
Gosstroyizdat. 1963. 464 p.

11. Tydlitat V., Medved I., Cerny R. Determination of a
partial phase composition in calcined gypsum by calo-
rimetric analysis of hydration kinetics. Journal of
Thermal Analysis and Calorimetry. 2012. Vol. 109,
pp. 57—62. DOI: 10.1007/s10973-011-1334-y

12. Gipsovyye materialy i izdeliya [Gypsum materials and
products. Ed. By Ferronskaya A.V.] Moscow: ASV,
2004. 488 p.

13. Klimenko V.G. Gypsum anhydrite binders. Vestnik of
the Belgorod State Technological University named after
V.G. Shukhov. 2011. No. 4, pp. 19—23. (In Russian).

14. Butt Yu.M., Sychev M.M., Timashev V.V. Khimi-
cheskaya tekhnologiya vyazhushchikh materialov
[Chemical technology of binders]. Moscow: Vysshaya
shkola. 1980. 472 p.

15. Gips i fosfogips. Sbornik rabot po khim. pererabotke
gipsa i fosfogipsa [Gypsum and phosphogypsum.
Collection of works on chem. processing of gypsum
and phosphogypsum. Ed. by Volfkovich S.I.] Moscow:
Goshimizdat. 1958. 304 p.

== NHTepCTpoun
I:-! DKCMo

MEXOYHAPOOHAA BbICTABKA
CTPOUTENLHbIX, OTAGNOYHbLIX MaTepHanos
N NHXeHepHoro o6opygosaHng

16(17|18 ANPENY 2024

CaHkT-MNeTepbypr, KBLL «2KCIMOMDOPYM»

Oprasn3atop — koMnasma MVK
Odwc B CamkT-MeTepbypre

MexayHapooHan
BrictaroqHan
Easnaris
+7 (812) 407 69 55, interstroyexpo@mvk.ru

3a6poHUMpPYATE CTEHA: _ .
interstroyexpo.com “

KOHIPECC
No CTPOUTENLCTBY IBC

HAYUHO-MeXHUUecKuil U NPOU3800CMEEeHHbIIL JCYPHAN |

sV Ed] BT

34

Aseyem 2023 AL EVIRY] B!



Gypsum construction materials

YK 666.533
DOI: https://doi.org/10.31659/0585-430X-2023-816-8-35-41

C.A. OTMAH A3MW', acnvpaHT (azmiothman2222@gmail.ru),

H.B.4YEPHbILLEBA', g-p TexH. Hayk, aoueHT, npodeccop (chernysheva56@rambler.ru),

B.M. AEHVCOB, kaHa. TexH. Hayk, 3aBeaytoLLmi nabopaTtopuei kadeapbl aBTOMOBUbHbIX 1 XKENe3HbIX
popor (wpdbel@mail.ru); M.FO. IPEBEE3TOBAZ, kaHA. TexH. Hayk, aoLeHT (mdrebezgova@mail.ru)

1 Benroponckuit rocynapcTBEHHbIN TEXHONOTMYECKU yHMBepeuTeT uM. B.I. LLyxosa (308012, r. Benropop, yn. KocTiokosa, 46)
2 CaHkT-MeTepbyprokuit nonuTexH4eckuin ynusepcutet MeTpa Benvkoro (195251, r. CaxkT-MeTep6ypr, yn. MonuTtexHudeckas, 29)

BnusHue 3epHOBOro COCTaBa 3anoNHUTENS
Ha CBOMCTBA LUTYKATYPHbIX pPacTBOPOB
Ha 0CHOBE KOMMO3WLMOHHOIO FMNCOBOr0 BAXYLLEro

Oco60e MeCTo Cpean COBPEMEHHbIX MaTepuanos B ManecTHe 3aHUMAtOT OTAEN0YHbIE MaTepuanbl, 0T 3PMEKTUBHOCTM KOTOPbIX 3aBUCUT
APXMTEKTYPHAsA BbIPA3UTENbHOCTb 11 3CTETIKA FPALOCTPOUTENBCTBA, @ TAKXKE CO3LaHne KOMAOPTHBIX YCIO0BUIA NPOXWUBAHUS, PALMOHAITbHOE
CNONb30BAHME TOMNBHO-3HEPreTUYECKMX PECYPCOB U MHOroe Apyroe. B cTpaHe TpagMUMOHHO AN BHYTPEHHEN W HAPYXXHOW OTAENKU
30aHNI 1 COOPYXXEHNIA UCTOMNb3YIOT LLEMEHTHO-MECHaHYH0 LUTYKATypKy UMNOPTHOrO NPOU3BOACTBA. B CBA3N C 3TUM akTyanbHa paspaboTka
KOHKYPEHTHO-CMOCOOHbIX OTAENI04HbIX MATEPKUAN0B HOBOrO NOKONEHUS (LUTYKATYPHbIX PACTBOPOB) HA OCHOBE KOMMO3NLMOHHBIX TMNCOBbIX
BSXKYLMX (KI'B) NOBbILIEHHOI BOJOCTOMKOCTM, KOTOPbIE OTBEYAKT BbICOKAM TPEOGOBAHWAM MO Ka4eCTBY MPOAYKLNN, KCMIyaTaLunOHHbIM U
3KONOTMYECKUM XapaKTepUCTUKaM, a TakxKe 3HepreTU4ecknm 3atparam Ha Ux nMpoM3BOACTBO U CMOCOOHbI 3aMEHUTb UMMOPTHbIE aHANOT.
B paboTe npeacTasieHbl pe3ynbTatbl 0NpeaeneHns rpaHynoMeTpMYecKoro cocTasa LUTYKaTYPHOrO pacTBOpa Ha OCHOBE KOMMO3MLWOHHOIO
runcoBoro Bsxyulero (KMB) ¢ 3anonHuTeniemM U3 HeKOHANLMOHHBIX 6apXaHHbIX KBapLEBbIX MECKOB 1 NecYaHoil opakuum otcesa Apo6neHns
3BECTHSKA MyTEM PACYETHO-9KCMNEPMMEHTASIbHOTO MOJENMPOBAHIS MO M3BECTHLIM YPABHEHWUAM WAEANTbHbIX KPUBbIX. BbINO YCTAHOBIEHO,
4TO MCCNeAyeMble NEeCKM He BMUCHIBAIOTCS B rpacdouk ¢ 06/1aCTbi0 HOPMUPYEMOTO 3ePHOBOIO coCcTaBa. G Lenbto MosTy4eHns ONTUManbHOro
rPaHyNoOMETPUYECKOro COCcTaBa 3anonHNTens, NPUOMXKEHHOro K naeanbHoi Kpueoi ®Oynnepa u 06ecneymBatoLLero Hanbosee NNOTHYHO
YNaKoBKY B LUTYKaTypHOM pacTBope Ha ocHoBe KI'B, 6bina paccMOTpeHa BOSMOXHOCTb ero 060ralleHns nyTeM CMeLnBaHus aByx BUAOB
KBapLLEBbIX MECKOB C MecYaHon (pakLuuein oTceBa Ap06IeHNs U3BECTHAKA. [And 3T0ro ¢ npumeHeHem nporpammsl «Granlab» 6bin pac-
CYMTaH ONTUMANbHbIA rPaHYNOMETPUYECKNA COCTAB MENKOr0 3arosIHUTENA U3 CMECU TPeX PasHbIX MeCKOB MECTOPOXAEHUN [1anecTuHbl.
CoBOKYMHOE BRUsSIHWE [JO3UPOBKMA, a TaKXKe rpaHynoMeTpuyeckoro coctaBa KI'B n onTMMU3MPOBaHHOI CMeCH 3an0onHNTENe ¢ A0CTAaTO4HO
MIOTHOM YNAKOBKOM 4aCcTWL, NMO3BOMNI0 JOCTUYb MUHUMANBHON BOLONOTPEOHOCTY LUTYKATYPHBIX CMECceil npu Tpebyemoii yao60yKnansisa-
eMOCTM 1 MOBbICUTb NMPOYHOCTb 3aTBEPAEBLLUEr0 pacTeopa B 28-CyTo4HOM Bo3pacTte Ha 35%.

Knio4eBble CNOBa: 0TAEN04HbIE MaTepHanbl, KOMNO3ULIMOHHOE TUNCOBOE BAXKYLLEE, LUTYKATYPHbIE PACTBOPbI, FPaHyNOMETPUYECKIA COCTaB.
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Ifluence of the Grain Composition of the Aggregate on the Properties of Plaster Solutions Based on a Composite Gypsum Binder

A special place among modern materials in Palestine is occupied by finishing materials, the effectiveness of which determines the architectural expressiveness and aesthetics of urban planning,
as well as the creation of comfortable living conditions, the rational use of fuel and energy resources, and much more. In the country, traditionally, imported cement-sand plaster is used for
interior and exterior decoration of buildings and structures. In this regard, it is relevant to develop competitive finishing materials of a new generation (plaster mortars) based on composite
gypsum binders (CGB) with increased water resistance, which meet high requirements for product quality, operational and environmental characteristics, as well as energy costs for their produc-
tion, and capable of replacing imported analogues. The paper presents the results of determining the granulometric composition of a plaster mortar based on a composite gypsum binder (CGB)
with a filler of substandard dune quartz sands and a sand fraction of limestone crushing by computational and experimental modeling according to known equations of ideal curves. It was found
that the studied sands do not fit into the schedule with the area of normalized grain composition. In order to obtain the optimal granulometric composition of the aggregate, close to the ideal Fuller
curve and providing the most dense packing in the plaster mortar based on CGB, the possibility of its enrichment by mixing two types of quartz sands with the sandy fraction of limestone crush-
ing screenings was considered. For this purpose, using the Granlab program, the optimal granulometric composition of a fine filler from a mixture of 3 different sands of the Palestine deposits
was calculated. The combined effect of the dosage, as well as the granulometric composition of the CGB and the optimized mixture of aggregates with a sufficiently dense packing of particles,
made it possible to achieve the minimum water demand of plaster mixtures with the required workability and to increase the strength of the hardened solution at 28 days of age by 35%.

Keywords: finishing materials, composite gypsum binder, plaster solutions, granulometric composition.
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I'nnicoBbie CTPOHUTE/IBHBIC MaTEePpHAIbI

B Hactosiiee Bpemst B IlajectuHe OmHMM MX TPO-
TPECCUBHBIX HAIIPABJICHUUN CTPOUTEIBLHON OTpaCiIu SIB-
JISIETCS «3€JIEHOE» CTPOUTEJIBCTBO 3JaHUN U COOPYXKEHU
M0 WHHOBAIlMOHHBIM TEXHOJOTUSIM U3 3KOJOTUYECKU
YUCTBIX CTPOUTEIHHBIX MATEPUAJIOB C TapaHTUPOBAH-
HBIM 00€CIIeYEHUEM COBPEMEHHBIX TPeOOBaHUIA MO Ka-
YEeCTBY, HOMEHKJIaType, 9HEeproaHeKTUBHOCTH, 3KOJI0-
TMYECKUM U TIPOYMM TPeOOBAaHMSIM, TTPUOJIMKEHHBIM K
crangapram EBpomneiickoro corosa [1].

Jns1 peanm3anuy 3TOTO HaIpaBICHUs TTOTPEOyeTCs
3HAYUTEJbHOE KOJUUYECTBO I(MDOEKTUBHBIX CTPOUTENIb-
HBIX MaTePUAJIOB C IIPEUMYIIIECTBEHHBIM MCITOIb30BaHU-
€M JUTSI X U3TOTOBJICHUSI MECTHOTO CHIPhsI IIPUPOTHOTO 1
TEXHOTEHHOI'O MPOMCXOXIEHUS, YTO TO3BOJUT YMEHb-
LIUTh HETATUBHOE BO3AEHCTBME HA OKPYXKAIOIILYIO CPELY
U PeIUTh IKOHOMUUYECKKE TTpobieMbl B cTpaHe. Ocoboe
MECTO CpeIy COBPEMEHHBIX MaTepHUaioB 3aHMMAIOT OT-
JIeJIOYHbIE MaTepuabl, OT 3(PEKTUBHOCTU KOTOPHIX 3a-
BUCHUT apXUTEKTypHasI BEIPA3UTEIbHOCTh 1 3CTETUKA Ipa-
JIOCTPOUTEJIBCTBA, & TAKXKE CO3AaHUEe KOM(POPTHBIX yCIIO-
BUM TIpOXMBaHUS, palMOHaIbHOE MCIOJIb30BaHUE
TOILUTUBHO-3HEPIeTUIECKUX PECYPCOB U MHOTOE IPYTOe.

B IManectrHe TpaAMIIMOHHO JUIST BHYTPEHHEN U Ha-
PY>KHOI OTIOEJKM 30AHUU U COOPYXKEHUU HCHOJIb3YIOT
LIEMEHTHO-TIECUaHYIO IITYKAaTypKy UMITOPTHOTO TMPOU3-
BojcTBa [2].

B cBs13u ¢ 5TUM aKTyanbHa pazpadoTKa KOHKYPEHTHO-
CMOCOOHBIX OTIEJOYHBIX MaTepHaJloB HOBOIO IOKOJIE-
HUs (IITYKaTypHBIX paCTBOPOB U Ap.) HA OCHOBE KOMIIO-
3ULIMOHHBIX TUICOBBIX BsDXyIIMX (KI'B) moBbilieHHOMN
BOJOCTONKOCTH, KOTOPbIE OTBEYAIOT BHICOKUM TpeOoBa-
HUSIM TI0 Ka4eCTBY MPOAYKIIUM, SKCIUTyaTallMOHHBIM U
9KOJOTMYECKUM XapaKTepUCTHUKaM, a TaKXe SHEepreTu-
YEeCKMM 3aTpaTaM Ha UX IIPOU3BOACTBO M CMOTYT 3aMe-
HUTb UMIIOPTHBIE aHaoru [3—§].

JlocTrxkeHU1I0 TpeOyeMbIX BKCIUIyaTallMOHHBIX Xa-
PaKTepUCTHK IITYKAaTYypPHBIX pacTBOpoB Ha ocHoBe KI'B B
OOJIBIIION CTENMEeHU CIIOCOOCTBYET MOBBIIIEHUE TJIOTHO-
CTH TBEPACIOLICH CUCTEMBI 32 CYET ONTTUMU3ALINI 3¢PHO-
BOIr'O COCTaBa 3aOJTHUTEIS.

B cBsi3u ¢ 3TUM 1IeJIbIO UCCICAOBAHMS SIBUJIACh pa3-
paboTka mTyKaTypHbIX pactBopoB Ha KI'B ¢ ontumanb-
HBIM 36pHOBBIM COCTaBOM MEJIKOTO 3aMOJIHUTES U3 Ma-
TEpUaJIOB MECTHOU ChipbeBOi 0a3nl [lanecTunn (KBap-
LIEBBIX MTECKOB U MecyaHoi (hpakiMy oTceBa IpoOJIeHUs
M3BECTHSIKA) C TpeOyeMBbIMU TEXHUKO-3KCILTyaTalluOH-
HBIMM XapaKTePUCTUKAMMU.

Ha coBpemMeHHOM ypoBHE MaTepuajOBEeICHUS pelle-
HUE 337141 ONITUMU3AIMY Ka4eCTBAa MEJTKOTO 3aTIOJTHUTE -
JISL U €T0 BJIMSIHUSI Ha TEXHOJIOTMYECKME U CTPOUTETbHO-
TEXHUYECKME CBOMCTBA PACTBOPHBIX CMECEW M 3aTBEp-
JIEBIIMX IITYKATypHbIX pacTBopoB Ha KI'B nomkHo 6a3u-
pOBaTbhCS Ha OIPEACICHUM:

— IPaHYJIOMETPUYECKOTO COCTaBa 3aMOJHUTEIIS C OIl-
TUMAaJIbHBIM YMCJIOM 3€PEH CPEAHUX 1 MEJTKUX Pa3MEPOB;

— MIpenesbHOTO pa3Mepa 3epeH, NX (hOPMBI U OLIEHKHU
IIEPOXOBATOCTU TIOBEPXHOCTU C YYETOM MUHEPAJIOIo-
meTporpacMIecKoro cocTaBa 3aloJHUTENIST U COAepKa-
HUST B HEM BPEIHBIX IPUMECEi;

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

— HaMMEHbIIIel MeX3epHOBOI MYCTOTHOCTU U BOJO-
MMOTPEOHOCTH 3AIIOJTHUTEIIS, UMCIOIINX OIpPEeaeITIoNIee
3HA4YCHUE JIJIST PEOJIOTUM AUCIIEPCHBIX CUCTEM M JIp.

J1sl TIpUTOTOBJICHUS KaYeCTBEHHBIX INTYKATYPHBIX
pactBopoB Ha KI'B necok nojkeH oGiagaTh HAaUMEHb-
LIKMM 00BEMOM MYCTOT. Yem Bblllle yaedbHas IOBEpX-
HOCTb TIecKa M €ro ITyCTOTHOCTb, T€M IOJDKHO OBITh
Oosbllle B PAaCTBOPHON CMECHU TMIICOLIEMEHTHOIO TecTa
JIJIST CO3MaHMST HEeOOXOIMMOM 0OMa3KU OTHC/IbHBIX IeC-
YMHOK ¥ 3aITOJTHEHUS TPOCTPAHCTBA MEXKIY HUMU.

ITo MHeHMIO aBTOPOB [9], B IITYKaTYpPHBIX pacTBOpax
TPEATIOUTEHUE CJIEAYeT OTAABaTh MeCKaM C HETpPephbIB-
HOIl TpaHyJoOMeTpuell (MPUCYTCTBYIOT YaCTHUIIbI BCEX
pa3MepoB), TaK KaK B CMECSIX C IIPEPBIBUCTHIM 3¢pHOBBIM
COCTaBOM (OTCYTCTBYIOT YaCTHUIIBI TIPOMEXYTOUHBIX pa3-
MEpPOB) OTrpaHUYMBAETCS MOABMXKHOCTb MEJKUX 3€pEH,
3aIIeMJIEHHBIX MEXIy KPYIMHBIMHU, U TOTpedyeTcs Io-
MOJHUTEIbHOE KOJMYECTBO T’MIICOLEMEHTHOrO TeCTa IS
obecIieyeHUsI NX HEOOXOIMMOil yI000yKIIaZbIBAeMOCTH.
K ToMy e oTMeudaercsi, YTO paCTBOPHBIE CMECH C TIpe-
PBIBUCTBIM 3€pPHOBBIM COCTaBOM 0oJiee CKJIOHHBI K pac-
CJIOCHUIO.

Takum obpazom, HEOOX0AUMO OoJsiee AeTaabHOE U3y~
YeHH1Ee BOIIPOCOB OLIEHKU TPAaHYJIOMETPUICCKOTO COCTa-
Ba MEJIKOTO 3arlOJIHUTENIST B ITYKATypHBIX PACTBOPHBIX
cMmecsx Ha ocHoBe KI'B.

['paHynoMeTpUUYECKUII COCTaB 3AITOJTHUTENST MOXKET
OBITh yYYIIEH ABYMSI CIIOCOOAMM: CMelIMBaHUEM (paK-
WA WM BHIOOPOM ITAIOHHON (MIeaNbHOI) KPUBOW
IrpaHyJOMETPUUYECKOIO COCTaBa.

[Ipu ompeneneHUU ONTUMAIBHOM TpaHYJIOMETPUU
3aTOJIHUTENIE B MIPAKTUKE CTPOUTETHHOTO MaTepHUalio-
BEICHUSI M TEXHOJOTUU CTPOMUTEJIbHBIX KOMITO3UIIMOH-
HBIX MaTepUAJIOB B OCHOBHOM TIOJTb3YIOTCSI TPa(huKOM,
Ha KOTOPOM BbleJIeHa 00JIaCTh HOPMUPYEMOI'O 3€PHO-
BOTO cOCTaBa (KauyeCTBEHHBIX ITECKOB), €CJIM MX XapaKTe-
PUCTUKM COOTBETCTBYIOT TaK Ha3blBaeMOW HICaIbHOM
KpuBoil TipocenBaHus [10], Ha KOTOpoil omnpeaeaeHbI
JIOTTyCTUMBIE TIPEACIIbI KOJIeOaHWl NX TpaHyJIoOMeTpruie-
cKoro cocrana (puc. 1).

JUist mosiydyeHust MaeajbHOW KPUBOM MPOCEUBAHMS
OBIBAaCT HEIOCTATOYHO OJHOTO WJIM JIBYX BUIOB MEJIKMX
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Puc. 1. O651acTb HOPMMPYEMOr0 3EPHOBOI0 COCTaBa KA4ECTBEHHbIX MECKOB
Fig. 1. Area of normalized grain composition of quality sands
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Tabnuuail
Table 1
FpaHynomeTpuyeckuin ONTUMU3UPOBaHHbIV COCTaB Nnecka
(no dynnepy)
Granulometric optimized sand composition
(according to Fuller)

OcTaTkm Ha cuTax, 25 | 125 | 063 | 0315 0,16 OcTatok
MM Ha aHe
fpoxontepes outo, | 4oy | 707 | 502 | 355 | 253 | 0
mac. %
YacTHble octatku, % 0 29,3 | 20,5 | 14,7 | 10,2 0
MonHble ocTatky, % 29,3 | 498 | 64,5 | 74,7 100

3aMOJIHATENIEN, TaK KaK UX TPAHYJIOMETPUYECKUIA COCTAB
najgek ot ontuMmaibHoro [11—17]. B Takom ciyyae He-
00XOMMO BBOAUTH NOMOJHUTENBHO €11I€ OJANH KOMIIO-
HEHT WJW TPOBOJUTH KOPPEKTUPOBKY COOTHOIIECHUM
MEXIYy YK€ UMEIOIIUMUCS BUAAMU 3aTTOJTHUTEINEH B ITPO-
eKTUPYEMOI pacTBOPHOI cMecu. B cBsI3U ¢ 3TUM Tpu-
MEHEHME TPOCTBIX METOAUK MOA00pa ONMTUMATIBHOTO
IPaHyJIOMETPUYECKOTO COCTaBa CMECU 3arOJHUTENCH,
3aKJIIOYAIOIINXCS B HAXOXIEHUM HAWIYYIEero COOTHO-
LIEHMST MEXIYy UX YacTULIAMU Pa3HOU KPYIHOCTHU C 1ie-
JIbIO 00ecTiedeHUS MUHUMAJTbHOM MEXK3€PHOBOM ITyCTOT-
HOCTH, OKa3bIBAETCSI HEJJOCTATOUHBIM.

J7s1 uieanbHbIX KPUBBIX TIPeNJIaraloTcst pa3indyHble
METOIIbI pacyeTa M KpuBble mpocenBaHus — Dysuiepa,
bonowmes, 'ymmens, dans, Adopamca, A.H. Xapxapauna,
B.B. benosa u np. [15—17]. [To @ynnepy naeanbHast rpa-
HyJIOMeTpudecKast Kpubas (Tadia. 1, puc. 2) onuchbiBaeT-

Cs1 YpaBHEHUEM:
— 1004
A4=100 1/D , %, (1)

rae A — TMpoxoa 4yepe3 CUTO C d, MM, BBIPaXEHHBIH,
Mac. %; d; — pa3mep siueiiku cuta, MMm; D — HanOOJIbILINIA
pa3Mep 3epHa B CMECH, MM.

C yyeToM aHajJmM3a CIIOCOOOB pacueTa HauboJjiee
TUTOTHOW YIMAKOBKM 3amOJTHUTENIEN JUIST OIEHKU WX
BJIUSHUSI Ha CBOMCTBAa IUTYKaTYpHOrO pacTBOpa Ha
KI'B u3yuasicg 3epHOBOM cOCTaB IByX BUIOB KBaplie-
BBIX MECKOB M MecYaHou (hpakKiuv oTceBa APOOIEHUS
MU3BECTHsIKa MecTopoxaeHuit IlajsecTuHsl (B COOTBET-
ctBunu ¢ 'OCT 8735—88 «Ilecok mjisi CTPOUTETBbHBIX
pa6ot. Metonsl umcnbiTanuii>» u 'OCT 8736—2014
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Puc. 2. VipeanbHas rpaHynomeTpuyeckast kpyeas no dynnepy
Fig. 2. Ideal Fuller grain size curve
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Fig. 3. Granulometric curves of the sands used

«[lecok my1st cTpouTeNbHBIX paboT. TeXHUYECKME yCI0-
BUS»). XUMHUYECKUIN COCTAaB MCCIEAYEeMBIX II€CKOB
MpeaCcTaBjieH B Ta0I. 2.

Ko4yecTBO MIIMCTBIX ¥ IJIMHUCTBIX YaCTULL B KBapIle-
BBIX TIECKAX COCTaBMIIO: B ITecke Ne 1 — meHee 2%; B 1iecke
Ne 2 — menee 3%, 4TO COOTBETCTBYET TPeOOBAHUSIM
I'OCT 8735—88. B coorBerctBun ¢ I'OCT 28013—98
«PactBopbl cTpoutepHble. OOLIME TEXHUYECKUE YCIIO-
BMSI» JUISI INTYKATYPHBIX PACTBOPOB HE OITYCKAETCSI CO-
IeprKaHMe 3epeH 3aIT0THUTEIST KPYITHOCTEIO Oostee 2,5 MM.

B pabote ObLT BBIMOJIHEH pacceB MCCAEAYEMBbIX 3a-
MMOJTHUTENIeH 0 (paKkUMsIM C ITOMOIIBIO CTAHZAPTHOTO
Habopa cut (Tab. 3).

b
100
S 904 YacTHbI 0CTATOK ONTUManbHbIV No Pynnepy ~#
g Mecok 1 ==
T 809 MecoK 2 ==
& 701 Mecok 3 ==
S 601
2
s 501
¥
g 40 1
e
o 307 il = 4
o ” \‘
(,3_; 20 4 . SNl
£ 104/ . o= = O
- ]
0
0 0,16 0,315 0,63 1,25 2,5

Paamep syeek, mm

Puc. 4. KpuBble paccenBaHus nccrneayemMbix NECKOB B CPABHEHUN C ONTUMAIIbHOW KpyBol Pynnepa: a — No NonHbIM ocTaTtkam; b — No YacTHLIM OcTaTkam
Fig. 4. Dispersion curves of the studied sands in comparison with the optimal Fuller curve: a — for total residues; b — by private balances
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Ta6nuua 2
Table 2
XuMunyeckuii cocTaB nccnenyemMbix 3anosiHuTenemn
Chemical composition of the studied fillers
Xumunyeckuin coctas, mac. %
Meckw ManectuHsb -
SiOy | AlbO3 | FepO | Cal MgO SO3 R20 Ko0 NaoO | nnn
Keapuesbiii necok Ne 1 (I4) 91 4,5 0,3 2,6 0,3 0 0 0,7 0,5 0,1
KeapueBblii necok Ne 2 (Mo) 85,3 10,9 0,6 0,6 0,8 0 0 0,9 0,5 0,4
MecyaHas dpakums otcesa apobneHns n3sectHska (I3) 7.4 2,9 1,1 57,2 30,5 0,1 0 0,4 0 0,4
Ta6Gnuua 3
Table 3
Pe3ynbTathl pacceBa 3anonHutenem
Aggregate sieving results
OcTatku Ha cuTax, MM 2,5 1,25 0,63 0,315 0,16 MeHbLue 0,16
1. KeapueBblit necok M=1,59
YacTHble ocTaTku, % 0 0,05 1,35 56,7 41,75 0,15
MonHble octatku, % 0 0,05 1,355 58,055 99,805 100
2. Kapuesblii necok My=1,34
YacTHble octaTku, % 0,55 0,7 0,8 28,9 68,7 0,35
lMonHble octatku, % 0,55 1,25 2,05 30,95 99.65 100
3. MecuaHas dpakuma otcera apobneHus n3BecTHska My=2,13
YacTHble ocTatku, % 6,15 16,5 18,9 12,2 35 11,25
MonHble ocTatku, % 6,15 22,65 41,55 53,75 88,75 100
Ta6nuua 4
Table 4
JAunanasoH 3epHOBOro CocTaBa 3anoJIHUTEeNs1 OTHOCUTEJIbHO uaeanbHou kpueso dynnepa
The range of aggregate grain composition relative to the ideal Fuller curve
Paamep sueek, MM 5 2,5 1,25 0,63 0,315 0,16 IHo
[nana3oH cnesa 5% 100 87,9 1Al 35 22,6 0 0
[wnana3oH cnpasa 5% 100 97,9 81 45 32,6 5 5
BbL10 ycTaHOBJIEHO, UYTO MCCIeyeMble TTeCKH B COOT- 100 —
BerctBuM ¢ TpedoBaHussMu ['OCT 8736—93* oTHOCSATCS: = -'/r”’”
no 3epHosomy cocmagy — Ko ll Kmaccy; no kpynnocmu: 8 goA =
menkuit ¢ Mg=1,59 (kBapuesblit necok I1y), ouenb Men- & ‘,.--'_:___)/
kuit ¢ M=1,34 (kBapueBsiii niecok [1p) u cpeaHumii ¢ £ 60 s
'rd
M=2,13 (mecyaHast pakuus oTceBa APOOICHMS M3- o /4
BecTHsIKa [13) — M He BIMCHIBAIOTCS 110 TPAHYJIOMETPU- & 40- i /'
YeCKOMY COCTaBy B rpaduk ¢ 00J1aCTbl0 HOPMUPYEMOTO g P S
3epHOBOTO COCTaBa (pl/IC. 3). é 20 il Caogur Kpmao? Dynnepa Bneso Ha 5%
0 s —=— Cpswr kpyeoit @ynnepa Bnpaso Ha 5%
HEHKA IICCKa IO MO0 KPYITHOCTH BEChMA I1pH- ¥ —e— OnTUManbHbIA rpaHyNOMETPUYECKMIA COCTaB
6J'II/I)KCHH8.H, TakK KakK IIPpHU pasHOM MOAYJI€ KPYITHOCTU 0 T T T \
0,16 0,315 0,63 1,25 2,5 5

pa3HbBIe BUOBI IIECKOB MOTYT CYIIECTBEHHO OTIMYATHCS
MO yeJIbHOU MOBEPXHOCTU U MTyCTOTHOCTH.

Jaiee ¢ 11eJblo MOJyYeHUsT ONTUMAJIbHOIO TPaHyI0-
METPUYECKOr0 COCTaBa 3aMOJIHUTENSI, MTPUOIUKEHHOTO
K uaealbHOl KpuBoii Dysuiepa U 00ECIEYMBAIOIIETO
HanboJiee TUIOTHYIO YIIAaKOBKY B IITYKATYPHOM PacTBOpe
Ha KI'B, 6bL1a paccMoTpeHa BO3MOXHOCTD €ro odoraiiie-
HUS IIyTEM CMEIIIMBAHMS ABYX BUIOB KBapIlIeBbIX IECKOB
C mecyaHoi (dpakiueil orceBa APOOJIEHUS U3BECTHSKA.
s Kaxkaoro BUAa 3alOJHUTENST paCCUUThIBAIM TPaHy-
JIOMETPUYECKUI COCTAB YACTUILL C TIOMOLIbIO YPAaBHEHMUS
onTUMajbHOM KpuBoii Dysuiepa, a 3aTeM CTPOMIN KpH-
BbIe paccenBaHUs (10 TTOJTHOMY ITPOXOIY YaCTHUIl yepe3

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

Pasmep aueek, Mm

Puc. 5. MNpaduyeckoe nsobpaxeHve naeanbHom ob6aacT rpaHyioMeTpum
YyacTuL, ONTUMMU3NPOBAHHOWM CMeCH 3anonHuTenemn

Fig. 5. Graphic representation of the ideal particle size distribution area of
the optimized mixture of aggregates

CUTA U I10 YaCTHBIM OCTaTKaM) W IPOBOAWIM CPABHEHME
C OTNITUMAaJILHBIM COCTaBOM (puc. 4).

[MonyyeHHbIE pacyeTHbIC TaHHbIC BBOAMIMCH B IIPO-
rpammy «Granlab» (http://dorsoft.ru/), npegHazHaueH-
HYIO [IJIS aBTOMaTU3MPOBAHHOI'O pacyeTa ONTUMAaIbHOTO
IPaHyJIOMETPUYECKOIO COCTaBa CMECHU 3aIlOJIHUTEICH, B
CPaBHEHMHM C WACAbHON KpHMBOW pacrpeneieHusI
®yJuiepa 10 MOJHOMY IIPOXOY Yepe3 Kaxa0e CUTO.

(&SR = BHBIE
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061aCTb KPYMHbIX NECKOB

OnTuManbHbI NofobpaHHbIA CoCTaB

MonHble ocTaTku Ha cutax, Mac. %

Pasmep aueek, Mm

Puc. 6. PazapaboTaHHbI ONTUMasbHbI FPaHyIOMETPUHECKUIA COCTaB 3anon-
HUTeNs B 061acT HOPMUPYEMOT 0 3€PHOBOIO COCTaBa Ka4eCTBEHHbIX NECKOB

Fig. 6. Developed optimal granulometric composition of the aggregate in
the area of normalized high-quality sands

B kauecTBe OCHOBHOTO KPUTEPUST ONMTUMAIBLHOCTH
paccMaTpUBaJIM BEJIUYUMHY PACXOXKIEHUSI pacCUMTaAaHHO-
IO TPAHYJIOMETPUIECKOTO COCTaBa C UACATbHOM KPUBOM
pacripeieJieH1sT 4YaCcTHII.

B cBs13u ¢ Tem, uTO uacanbHas KpyBasi IPOCEBAHMS
JIaeT TOJIBKO TTPUOJIM3UTETBHBIN COCTAaB MaKCUMAaJIbHOM
YIAKOBKM YaCTUIL 3aMOJHUTENSI co chepuueckoit dop-
MOW U HE B MIOJTHOM MEPE YUUTHIBAET BO3MOXHBIE OTKIIO-
HEHUsI OT peajbHOM, OBIJIO MPEITOXKEHO, HE BBIXOIS U3
HOPM 3€pHOBOIO COCTaBa, PACIIMPUTh OUANA30H IS
uneanbHO KpuBoit Dyiepa co CABUTOM Ha KaxKIOM
CHUTE BJIEBO M BIIPaBo Ha 5%, uTo obecrneyuT bosiee TMO-
KO€ peryJIMpoBaHue 3¢pHOBOTO COCTaBa CMECH 3aIIOTHU-
TeJiel 6aarogapss BApbUPOBAHUIO KOJUYECTBOM paccMa-
TpUBaeMBbIX (ppakuuii (Tad. 4).

C nomomisio TporpamMmasl «Granlab» mcciiemyeMbie
3aIOJTHUTENIM ObLIM pa3aesieHbl Ha MSTh yacTei (Tabir. 5).

PesynbraThl pacyeTa KOJTUIECTBEHHOTO COMEPKAHUS
pa3nesieHHbIX 3aMoJIHATENEH ONTUMAaJbHOIO TpaHyJI0-
METPUYECKOI0 COCTaBa IIpeACTaBJeHbl B Tabi. 6.
I'padurueckoe M300paxeHue HaeaTbHON 00JacTU Tpa-
HYJIOMETPUHM YaCTULl CMECH 3aIllOJTHUTEJICH TIpeacTaBiie-
HO Ha puc. 5.

Bbu10 ycTaHOBIIEHO, YTO PaCCUMTAHHBIN C TTOMOIIBIO
mporpamMMbl «Granlab» TpaHYJIOMETPUIECKUI COCTaB 3a-
TTOJTHUTEJS TTOJTHOCTBIO COOTBETCTBYET BBIIEJICHHOM 00-
JIaCTM HOpPMUPYEMOTO 36pHOBOI'O COCTaBa KaUYeCTBEHHBIX
reckoB (puc. 6). C 1esbio MPOBEPKU aJIeKBATHOCTH pac-
YETHOIO CIT0C00a HaXOXIEHUSI ONTUMAJIbHOIO I'PaHyJI0-
METPHUECKOTO COCTaBa CMECH MCCIIEAYEeMBIX 3aIIOTHUTE-
JIel oTpeIesIsUI MX HACHIITHYIO TIOTHOCTh. bblTo ycTa-
HOBJICHO, YTO COCTaB 3allOJIHUTENSI, PaCCUMTAaHHBINA C
puMeHeHneM rporpamMmbl «Granlab», oTiimyaercs Mak-
CUMAaJIbHOM HACBHIMHON IIJIOTHOCTbIO M MUHUMAaJbHOM
MyCTOTHOCTHIO (Tab. 7).

C y4eToM BEJIMYMHBI UCTUHHOM MJIOTHOCTU KBaplie-
BOTO TecKa, paBHOil 2540 KT/M3, U MCTUHHOII TUIOTHO-
CTH U3BecTHsIKA — 2600 Kr/M> pacdyeTHast myCTOTHOCTb
g Iy, Ty, T13 1 onTuMaibHOU CMeCHu 3alOJTHUTEEH
cocraBwia 39,5; 41,1, 38,5 u 31,7%, a cHUKeHUE My-
CTOTHOCTH 1O OTHOIICHUIO K UCXOHBIM MeckaM — 24,6;

Ta6nuua 5
Table 5
MonHbIA NpoxoAa, YacTul, pasaenieHHbIX 3anoJsiHuTenen
yepes a4enku cuTt
Complete passage of separated filler particles
through the sieve cells

Pasmep gueek cuT, MM
Ne | mecox [ 25 | 125 | 063 | 0315 | o016 | 0,071
IMonHbIA NPOX0A YacTuL, Yepes syelikn cnt, %
1 My 100 100 98,6 41,9 0,2 0
2 Mo.4 98,2 96 93,4 0 0 0
3 Mo.o 100 100 100 100 0,5 0
4 M3-1 85,2 455 0 0 0 0
5 M3-2 100 100 100 79,1 19,3 6,8

Mpumeyvanus: M1 - necok octaeneH 6e3 nameHeHus; Mo — Necok pasae-
NeH Ha ABe yacTu: nepsasi yacTb (Mo.1) C pa3mepom sueek oT 2,5 oo
0,63 mm; BTOpas yacTb (Mo.9) ¢ padmepom sueek 0,16 mwm; 3 — necok pas-
[leNneH Takke Ha e 4acTv: nepaast 4acTb (M3.1) C pa3amepom sueek 2,5-
1,25 mm; BTOpast yacTb (M3.2) ¢ pasmepom syeek o1 0,315 oo 0,16 mm.

Ta6bnuua 6
Table 6
CopaeprxaHue 4acTul, 3anosiIHMTenei onTMMasnbHOro
rpaHysioMeTpu4eckoro cocraBa
The content of filler particles of optimal
granulometric composition

Pasmep sueek cut, MM

g
v T
o ©
Ne 3 AR
C o) 2,5 1,25 | 0,63 | 0,315 | 0,16 | 0,071
S
1 M1 | 39,51 | 39,5 | 39,5 39 16,6 0,1 0
2 | Moo | 6,05 6,1 6,1 6,1 6,1 0 0
3| nsq | 5444 | 46,4 | 248 0 0 0 0
Tabnuua 7
Table 7

HacbinHasi NNOTHOCTb U MYCTOTHOCTb
nccneayeMbix 3anosiHuTenein
Bulk density and voidness of the studied fillers

Mecok HacbinHast NOTHOCTb, kr/M3 | MycToTHOCTb, %
M4 1540 39,5
Mo 1501 41,1
Ms 1600 38,5
OnTMManbHBbIA cocTas 1635 31,7

29,7 u 21,5%, coorBeTcTBeHHO. HachlmHas MIOTHOCTD
OINTUMAJILHON cMecH 3aImoyiHuTeneir ¢ My=2,2 cocra-
BIITa 1635 Kr/M3.

Hanee M3 IITYKaTYpHBIX pPacTBOPOB Ha OCHOBE
KI'B ¢ ucnoyib3oBaHMEM ONTUMU3UPOBAHHOU cMmecHu
3aIOJIHUTEIel (MIPU COOTHOIICHUM IIeCKOB, Mac. %:
IM1_1:11_:113.1=39,5:6,0:54,5 cOOTBETCTBEHHO) OBLIN
3a¢opMOBaHbl 00pa3lbI-KyObl pazmepoM 7,07X7,07 cM,
UCITBITAaHHBIE B Bo3pacTe 2 4, 7 u 28 cyT. B nccnenyembix
CcOCTaBaxX MCITOJIb30BAIM XUMUYECKUE TOOABKU: 3aMe/l-
JmTeNlb cpokoB cxBaTbiBaHus Plast Retard PE (0,08%) u
cynieprutactucdukarop Melflux 1461 F (0,2%).
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Ta6nuua 8
Table 8
CocTaB 1 CBOMCTBA LUTYKaTYyPHbIX pacTBopoB Ha KB
Composition and properties of plaster solutions on KGV
Rex, MMa, 4epes
Ne [Llons BaxyLLero B/BsX Hauano MoaBMXHOCTb, e Kp
K 3aMosHUTENIO CXBaTbIBAHWS, MUH MM 2y 7oy or
(BNAXHBIN/Cyx0M)
1 1:2 0,5 52 150 2,9 9,5 10,2/12,1 0,69
2 1:2* 0,49 51 150 3,1 10 13,8/17,8 0,72
Mpumeyanne. * CocTaBbl LUTYKATYPHbIX PACTBOPOB C 3aM0SHUTENEM ONTUMAbHOV rPaHyIoMeTpUN.

3aBUCUMOCTHU CBOMCTB 3aTBEPAEBIIMX IITYKATYPHbBIX
pactBopoB Ha KI'B or peuenTtypHBIX (haKTOpPOB IIpei-
CTaBJICHHBI B Ta0J1. 8.

CrnenyeT OTMETUTh, UTO pa3paboTaHHOE paHee KOJ-
JICKTUBOM aBTOPOB TaTUKOMITOHeHTHoe KI'B [3-—5]
BKJI04aeT 68% rurcosoro Bsexyiero (I'-5 b-11-70% un
I'BBC-16—30%); 10% noptnananemenTa; 20% TOHKO-
JMCIIEpCHOro KpapleBoro mecka; 0,5% wmerakaonuHa
BMK-45 u 1,5% u3BecTHsiKOBOM UK. ['paHy10MeTpH-
yeckuii coctraB KI'B OTKJIOHsIETCS OT ONTUMAJbHOTO,
PACCUMTAHHOIO C MOMOILBI0O KOMITBIOTEPHOU Mporpam-
MBI 10 ypaBHeHM10 KpuBoit dyHka—/duHrepa, Ha 15,3%.
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HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

COBOKYIMHOE BJIMSTHKE JTO3UPOBKH, a TAKKE TPaHyJI0-
MmeTpudeckoro coctaa KI'B u ontumusumpoBaHHOIM
CMECH 3aIIOJIHUTENIE C JOCTATOYHO TJIOTHOM YITAKOBKOU
YacTUll IMO3BOJUIO AOCTHYb MMHUMAJIbHOW BOIOMNO-
TPEeOHOCTH IITYKATYPHBIX CMeCeil TIpu TpedyeMoit yao-
0OyK/1aIbIBAEMOCTH M MOBBICUTH MTPOYHOCTh 3aTBEPIEB-
1Iero pacrtBopa B 28-cyroyHoM Bo3pacte Ha 35%
(Taou. 8).

Takum o006pa3zoM, ¢ TIpUMEHEHUEM MPOrpaMMBbl
«Granlab» OBUI paccuMTaH ONTUMAJbHBIA TpaHyJIOME-
TPUUYECKMIA COCTAB MEJIKOTO 3aIOJIHUTEST U3 CMECU TPex
pa3HBIX ITeCKOB MecTopoxxaeHuit [1ajgecTuHBI.
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PagnauuoHHo-3alMTHbIE CBOMCTBA
fiyencToro bapurcoaepxailero 6etoHa

B coBpeMeHHOI NpakTuke Ans 3awuTbl MEANLMHCKOTO NepcoHana 0T BO3AENCTBUS UOHU3NPYIOLLNX U3NTYHEHNIA NPUMEHSIOTCS MaTepu-
anbl, 0651ajatoLLne BbICOKOW NMIOTHOCTBIO M MACCOM, Y4TO Nary6HO CKa3blBAETCA HA TEXHUKO-IKOHOMUYECKUX NOKa3aTensx BO3BEAEHUs
noAo06HbIX KOHCTPYKLUWIA. B aaHHOW paboTe pacCMOTPEHA BO3MOXHOCTb NPUMEHEHMS S4EUCTOro 6apuTCOAepXKallero 6eToHa B Kave-
CTBE mMaTepuana KOHCTPYKLMM PAANALNOHHON 3aLMTbI MEANLMHCKIUX NOMELLEHNIA. [TaBHOM 3afa4el TaKoro noaxona ABIAETCH CHUXKe-
HUE MACCbl 3ALUNTHON KOHCTPYKLWU NPU COXPAHEHWUM TPEOYEMbIX 3KCMNyaTaLMOHHbIX Xapaktepuctuk. Metogom maremarnyeckoro
MOZENNPOBAHUSA, NCX0AA U3 AAHHBIX 00 3MEMEHTHbIX COCTaBaX W NIIOTHOCTAX UCCNEeLYeMbIX MAaTepuanos, ONpeaeneHbl paguaLnoHHo-
3ALUMTHbIE XapaKTepUCTUKM 6apuTCOAEPKALLLEro S4encToro 6eToHa, NpeHa3Ha4eHHOro Ans 0CnabneHns MHTEHCUBHOCTI N3NY4EHNS B
COOTBETCTBUU C CYLUECTBYHOLLE HOPMATUBHO-TEXHNYECKOW [OKYMeHTaumen. NpoBeAeH pacyeT AONYCTUMOI KpaTHOCTA ocnabneHus
(POTOHHOTO M3Ny4eHUs, BO3HMKAIOLLEro B pesynbrate paboThl annapara ¢ Ludposoi 06paboTKoN MHOPMaLUK, ANf OrpakaaoLLnx
KOHCTPYKLMIA NOMELLEHNS NOCTOAHHOrO NpebbiBaHNs NEPCOHaNa 1 Ans CMeXHbIX noMelLeHnid. OnpeaeneHbl NTMHENRHbIE KOIMDNLMEH-
Tbl 0CNA6NEHNA POTOHHOIO M3NYYEHNUS, HEOOXOAMMbIE TONLMHBI U Macca eANHILbI NAOWAAN 3ALUTHBIX KOHCTPYKLNIA. TTonyYeHHble
pe3ynbraThl CPaBHMBANIMCL C AHANOTMYHBIMI MOKA3aTENAMU KOHCTPYKUWIA M3 CTaHAAPTHOrO 6eTOHA, NPUMEHAEMOro AN 3alnTbl
PEHTTEHONIOrNYECKNX KAOUHETOB OT WOHWU3NPYOLWMX U3Ny4eHUi. CHUKEHNe NAOTHOCT MaTepuana NpuMBOLUT K CHUKEHUIO paguauu-
OHHO-3ALLMTHbIX XapaKTePUCTUK, OAHAKO MPKW YBENNYEHUN TONLLMHBI KOHCTPYKLMI U3 PacCMaTpPMBAEMOro Matepuana MOXHO LO6UTb-
CSl CHVXKEHMS MaCChbl KOHCTPYKLMN, HEO6X0AUMON 419 SOCTVXKEHUA HOPMATUBHbIX PALUALMOHHO-3ALLUTHBIX NOKasatenein. HanbonbLiero
afpdpekTa yaaetcs A0CTUYb NPU 3KPAHUPOBAHWUKM M3MyYeHnit MolHocTbio 0,02-0,1 MaB. B aToM Amana3oHe MOLLHOCTEA MOXHO
[06MTbCA CHDKEHW MacChl Orpaxpatolleil KOHCTpyKuum Ha 28-59%. Mpu mowHocTM nanyderns 0,2-3 MaB CHUXeHue macchl
cocrasniseT 2-8%.

Kntoyesble cnoBa: pagvaLyoHHO-3aLLUTHbIE MaTepUanbl, 6apuTcoaepXKaLLnii NeHora306eToH, 0611eryeHHbIe PaaNaLNoHHO-3aLLUTHbIE
KOHCTPYKLIAW, NOHU3UPYIOLLINE U3YYEHNS.
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S.V. SAMCHENKO, Doctor of Science (Engineering), Professor, Head of Department of building materials science,

M.G. BRUYAKO, Candidate of Science (Engineering), Assistant professor,

N.V. NOVIKOV, Engineer (Postgraduate student) (novikov177@yandex.ru)

National Research Moscow State University of Civil Engineering (26, Yaroslavskoe Highway, Moscow, 129337, Russian Federation)

Radiation-Protective Properties of Cellular Barite-Containing Concrete

In the modern construction practice, to protect medical personnel from the harmful effects of ionizing radiation, materials with high density and mass are used, which negatively affect the
technical and economic performance of the construction. In this paper, the possibility of using cellular barite-containing concrete as a structural material for the radiation protection of the
medical premises is considered. The aim of this approach is to reduce the weight of the protective structure while maintaining the required protective characteristics. Using the method of
mathematical modeling, based on the elemental compositions and densities of the studied materials, the radiation-protective characteristics of barite-containing cellular concrete, designed
to attenuate the radiation intensity in accordance with the existing policies, were determined. The allowable attenuation ratio of photon radiation resulting from the operation of x-ray
equipment was calculated for the protective structures. The linear attenuation coefficients of photon radiation, the necessary thicknesses and mass per unit area of protective structures
are determined. The obtained results were compared with similar indicators of structures made of standard concrete used for protection X-ray rooms from ionizing radiation. Reducing the
density of the material leads to a decrease in radiation-protective characteristics, however, with an increase in the thickness of the structure made of cellular barite-containing concrete, it
is possible to achieve a reduction in the mass of the structure necessary to achieve the required radiation-protective characteristics. The greatest effect can be achieved by shielding
radiation with an energy range of 0.02-0.1 MeV. In this power range, it is possible to achieve a reduction in the mass of the building structures by 28-59%. At a radiation energy range of
0.2-3 MeV, the reduction in mass is 2-8%.

Keywords: radiation-protective materials, barite containing foam-gas concrete, lightweight radiation-protective structures, ionizing radiation.
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B Hacrosiiee Bpems B 00JacTU MEAULIMHBI MOBCE-
MECTHOE Pa3BUTHUE MOJTYYUJIU TEXHOJOTUU, UCTOIB3YIO-
1€ METOJbI JIyUeBOI AUArHOCTUKM, UYTO YBEJIUUYMBAET
paaualMoOHHYI0 Harpy3ky Ha HaceineHue. B Poccuii-
ckoii Deaepaliii MEIUIIMHCKOE OOJIydeHHE 3aHUMAaeT
BTOPOE MECTO MO YPOBHIO OOJIyUeHUsI HACEJIEHUS T10CIe

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeHHbII HCYPHAN

€CTeCTBEHHOI0 palMallMOHHOTO (hOHA U COCTaBJsET
0KoJ10 14% oT 006lleil paguallMOHHON HArpy3Ku, WId
0,56 m3B [1]. Hauboapmnii BKJIag B KOJJICKTUBHYIO
JT03Y MEIUIIMHCKOTO OO Ty4eHUsI BHOCST KOMITBIOTEpHAST
ToMorpadus ¥ peHTreHorpadus; HAMOOIbIIINE UHIUBY -
JyaJbHble HO3bl — B MHTEPBEHLIMOHHON DPaaMOJIOTUH,

(&SR = BHBIE
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KOMIBIOTEPHOM PEHTIEHOBCKOI ToMOrpacduu U paauo-
HYKJIMIHOM TUarHocTuku [2, 3].

MenuuuHCKAMR epcoHas, paboTaromi B OTAEICHU -
X OOJIbHUII, TIe MCMOJb3yeTCsl peHTreHorpaguieckoe
000py/IoBaHME, HAXOMUTCS B TPYMIE PUCKA U MOXKET
OBITh MOIBEPXKEH BO3ACUCTBUIO MOHU3UPYIOILIETO U3JTYy-
yeHwus [4]. 1ns obecrieueHust 6ecripepbIBHO 1 Oe30mac-
HOI pabOTHI TaHHOW KAaTeropyuM COTPYIHUKOB CIIEIYET
obecneynTh pabouyio cpery, COOTBETCTBYIOIIYIO HOP-
MaM B obJyiactu Ge3omacHocTd Tpynaa. JoOUTbes 3TOro
MOXHO 3a CYET 9KPaHUPOBAHUSI UICTOYHUKOB UOHU3UPY-
IOIIETO M3IYICHUS OrpakaaloIINMK KOHCTPYKIIMSIMU U3
COBPEMEHHBIX U 3(P(PEKTUBHBIX MaTepUAIIOB [5].

Ha ceromHsamHuii neHb BHIOOP 3alIMTHBIX KOH-
CTPYKLIMI CpaBHUTEIHLHO HeBeTUMK. K OCHOBHBIM He0-
cTaTKaM CYIIECTBYIOIIMX MaTepuasoB, MPUMEHSIEMBbIX
IIpY 3KpaHUPOBAHUYM MOHU3UPYIOIIUX M3ITyIeHUI, OT-
HOCSIT BBICOKYIO Maccy, rabapuTbl U CTOUMOCTb MaTe-
puaina [6]. s 3ammuThl OT GOTOHHOIO M3JIyYEeHUS UC-
TTOJIB3YIOTCS TSDKEJIble MaTepuabl C BBICOKUMU aTOM-
HBIMU HOMEpaMU, TaK1e KaK XKeJIe30 U CBUHELI, a TAaKXKe
0apuT B KaUeCTBE MEJKOTO M KPYITHOTO 3aMOJTHUTEIS B
o6etone [7—10].

CoBpeMeHHbIC HCCIeI0BaHUSI HampaBJIeHBI Ha pas-
pabOTKy SKOHOMUYECKH BBITOIHBIX, IKOJIOTMUECKU 0e3-
OIMACHBIX U TEXHOJOTUYHBIX 3alllMTHBIX MaTepUaIOB.
Kaxk mpaBuiio, is 3alIUTHl OT MOHU3UPYIOIINX U3JTyde-
HUI WCIOJb3YIOTCSI MaTepualbl BbICOKOW TMJIOTHO-
ctu [11]. OgHAKO MOXKXHO MCITOJIb30BaTh MaTEepUAaIbl C
HU3KOM IIOTHOCTBIO, YBEJIWYWB TOJIIMHY Marepuaia
IIJIST CHVDKEHUSI MHTEHCUBHOCTU u3nydyeHus [12]. Ilpu
5TOM BaKHYIO POJIb UTPAET BJIEMEHTHBIN COCTaB MaTepH-
ajia, MOCKOJIbKY NMPU IMOHUKEHHOM MJIOTHOCTH BO3MOXK-
HO IOOUTBCSI TPEOYEMBIX PallallMOHHO-3AIIUTHBIX Xa-
PaKTePUCTHK 3a CYET TMOBBIIIEHHON KOHIIEHTPAIUU XU -
MHMYECKUX 3JIEMEHTOB, CITOCOOHBIX YIYUIIIUTD 3aIlIUTHHIC
ToKa3areju MaTepuara.

Matepuajbl 1 METObI

K MeTomaM ucnbITaHU# paauallMOHHO-3alUTHBIX
MaTepHaJIOB OTHOCSITCSI HATYpHBIE MCITBITAHUS, DKCITe-
pUMEHTaJIbHAsg MMUTAILUST OOJIyUeHUS Ha YCKOPHUTEIISIX
3apsDKEHHBIX YacTULl Pa3IUYHON MPUPOABl U SHEPTUH,
Makpo- YU MUKPOCKOIUYECKUE UCCIEeIOBAHUS CTPYKTY-
pbl O0JIyUEHHBIX MAaTePUaIOB U UCIIbITAHUST UX MEeXaHU-
YEeCKUX CBOMCTB, pa3MEpPHOI HECTAOMIBLHOCTHU, a TaKXKe
MaTeMaTuuyeckoe mojaeaupoBaHue [13].

B npencraBieHHOM UCCaeAOBAHUM METOAOM MaTeMa-
THUYECKOTO MOICIMPOBAHUS OBLIA OIpeAcICHBI pamna-
LIMOHHO-3aIlMTHBIE XapaKTepUCTUKM OapuUTCOaepKallle-
T0 TICHOTa300eTOHA C IENIbIO MOJydeHNS 3(PHEKTUBHOTO
00JIerYyeHHOro MaTepuana IS 3alluTbl OT (POTOHHBIX
U3JIyYEHU HAU3KUX MOIIHOCTEMN.

KoHCTpyKIIMOHHBIE 2JIEMEHTBI paauallMOHHOW 3a-
LIUTHI JOJKHBI 0OecrneyrBaTh OcClIabJeHue MOIIHOCTU
JI03bl 10 MOKazaTeseid, obecrneyrBalInX 0e30macHoe
NnpeObIBaHUE TTepCcoHalIa B 9KPaHUPYEMOM TTOMELLEHUU.

I'maBHBIM HOPMATUBHBIM JOKYMEHTOM, PETJIAMEHTH -
pyloluM TpeboBaHUs K JONMYCTUMOMY YPOBHIO paaua-

LIMOHHOTO 3arpsI3HEHUST PEHTICHOJOTUUECKUX KaOuHe-
toB, siBistercss CanlluH 2.6.1.1192.03 «['urnenunyeckue
TpeOOBaHUS K YCTPOMCTBY M 3KCILTyaTalliM PEHTTEHOB-
CKMX KaOMHETOB, aIlmapaToB U IPOBEACHUIO PEHTTEHO-
JIOTMYECKUX UCCIICTOBAHUMN».

Jnst ouieHKM 3(POEKTUBHOCTU paguallMOHHON 3ally-
TBI PACCUMTHIBACTCS TTOKA3aTelIb KPAaTHOCTH OCIA0ICHUS
K MOIIHOCTM TIOIJIOIIEHHOM O3Bkl 9 PEHTTEHOBCKOTO
MU3TYYCHMST B BO3AYXE B JaHHOM TOUKE B OTCYTCTBUE 3a-
IIUTHI 1O 3HAYCHUS JOITYCTUMOM MOITHOCTH TTOTJIOIICH-
HOM O3Bl ¢; B BO3AYXE MOCJIE B3aUMOJECUCTBUS C KOH-
cTpykuuei 3amurtbl. KpatHocTs ocinabienus K paccuu-
ThIBaeTcs 1o popmye:

Po
K= 9, (1)

MONTHOCTH TIOIJIOMIEHHOM H03BI PEHTTE€HOBCKOTO
U3JTYYEHMST B BO3AyXe B TaHHOU TOUKE B OTCYTCTBUE 3a-
IIUTHI P9 PACCUUTHIBAIOTCS 11O POpMYyIIE:

_10%Kp N
P0TT502
rie 103 — xoaddunment nepesona mI'p B MkI'p; K — pa-
ITUAIMOHHBIN BBIXOI — OTHOIIECHWE MOIIIHOCTU BO3MYIII-
HOI1 KepMBbI B IEPBUYHOM ITy4yKe PEHTTeHOBCKOIO U3Jy-
YeHUs Ha pacCTOSHNU 1 M OT poKyca TpyOKM, YMHOXKEH-
HOH Ha KBaIpaT 3TOr0 PacCTOSIHUS, K CUJIE aHOMHOIO
toka, MIp-M2/(MA-MuH); W — paGouasi Harpy3Ka peHT-
TeHOBCKOTO armapara, MA-MuH/Hea;, N — KoapdumeHT
HAIlpaBJICHHOCTU U3JyYeHUs, OTH. €ll.; ¥ — pacCTOsIHUE
oT (hOKyca PEHTTEHOBCKOI TPyOKHM OO TOUKH pacueTa, M;
30 — 3HayeHWEe HOPMUPOBAHHOIO BpPEeMEHU pPabOThI
PEHTTEHOBCKOTO aIlapaTa B HeeII0 IIpU OJHOCMEHHOM
pabote nepcoHana rpymnnbsl A (30-yacoBas paboyast He-
JIeJis), 4/Hem.

BenmunHa pagualimoHHOTO BeIXona K g mpuHUMaeTCs
Ha OCHOBAaHMM TEXHUYECKON MOKYMEHTAIlMM Ha KOH-
KpeTHOe 0bopymoBaHue T1do u3 Tabi. 1 Iprmroxkenus 9
CanlluH 2.6.1.1192.03.

Pabouas Harpyska W omnpenensieTcss UCXOIs U3 00-
JIACTU TNPUMEHEHUs OOOPYLOBAHUA HAa OCHOBAHUU
perlaMeHTUPOBAHHOW JJIUTEJBHOCTU IIPOBEACHUS
PEHTTEHOJOTUUECKNX MCCICIOBAHUN TP HOMWHAIb-
HBIX CTAaHAAPTU3UPOBAHHBIX 3HAYEHHUSIX AaHOAHOTO Ha-
MPSDKEHUST W TIPUBEACHA, B 3aBUCUMOCTHA OT THUIIA U
Ha3HaYeHUs] PEHTITeHOBCKOro armapara, B Taoia. 4.1
CanlluH 2.6.1.1192.03.

KoadpuimenTt HampaBieHHOCTH N 3aBHUCUT OT Ha-
MpaBJIeHUST NBMKEHUs MyyKa PEHTTEHOBCKOIO U3JIydye-
Hus. [ pacdera B HalpaBJICHUH IIEPBUYHOTO ITyuKa N
CUUTAETCS PAaBHBIM | ; 1U1s1 000PYIOBaHMS, TTOTYYAOIIETO
M300pakeHNe 3a CYET IMOABIKHOCTY UCTOUHUKA U3JTyde-
Hus N, paBHsetcs 0,1; s HampaBieHU, Kyna rnmaaaeT
paccessHHoe usnydyeHue, N paBHsietcs 0,05.

Kak mpaBuiio, Ipu TIPOCKTUPOBAHWU 3aIUTHHIX
KOHCTPYKLMIA BBIACJISIOT YYacCTOK, paOOTalOIIMid Tof
MIPSIMBIM BO3IE€MCTBHEM IIEPBUYHOrO Iyuka. OcTtanbHast
KOHCTPYKIIASI PACCUMTHIBACTCS C YUETOM OCJIAOJICHUS
pPacCesTHHOTO U3TyYeHUs.

(2
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Ta6nuua 1
Table 1
XuMuueckuii coctaB 6aputcoaepxaliero s4encToro 6eToHa
Elemental composition of barite-containing cellular concrete
Xumunyeckuii coctas, %

Si Al Fe Ca Mg S Ba C N H (0]
14,55 1,22 1,73 25,33 0,56 1,2 2,53 0,05 0,03 2,45 50,35
PaccrosiHue ot (hokyca peHTI€HOBCKOUM TPyOKM OO Ta6nuua 2

Table 2

TOUYKHU pacyera r MPUHUMAETCS B 3aBUCUMOCTH OT pac-
TTOJIOKEHUST 000PYAOBAHUS 1 Ta0apUTOB MMOMEIIIEHUS. 3a
TOUKY pacyueTa JUisi KOHCTPYKIIUIA, OrpaXaarolinx momMe-
LIEHNUs, HAXOASIIIMECs] Ha TOM Xe YPOBHE, TPUHUMAETCSI
TOYKA BHYTPEHHEI IMOBEPXHOCTH KOHCTPYKIIMU, PaCIiO-
JIOXXKEHHAs MepIeHANKYISIPHO K M3IydaronieMy obopy-
JIOBAaHUIO.

M3BecTHO, UTO MOHU3UpYIOIlEee U3TydyeHUEe Ociad-
JIIETCST TIPU MPOXOXKIEHUM Yepe3 3alllUTHbIe KOHCTPYK-
LMY TIPY B3aUMOJECTBUM (DOTOHOB aToMaMU U 2JIEK-
TPOHAMM C BEIIIECTBA 3aIIMUTHI.

[l1oTHOCTh TIOTOKA (DOTOHOB TEPBUYHOTO MOHO-
SHEPreTMYECcKOro M3JIyuyeHUs MapaebHOTO IydyKa,
TPOXOJISIIETO YePe3 BEIIECTBO TOJIIIMHON f (CM), Orpe-
nensiercs o popmyde (3) [14]:

= el
;= poe' ™ 3)
rme U — Ko3UIMEHT JUHEWHOTO OcabaeHnsT (hOTOH-
HOTO M3JIyYeHMUSI.
W3 ypaBHeHus (3) monydaem (pyHKIIUIO IS OIpee-
JICHUS TOJIIIWHEI 3aIIUTHOM KOHCTPYKIINM:

(= tin (T2) =28, )

Bxonsiiuii B 5t hopMyIibl KO3GMULIMEHT TMHEUHO-
ro 0cjaabJieHUs |1 3aBUCUT OT SHEPIMU U3JTy4EHUSI U CO-

XumMuuyeckuii cocTaB o6bI4HOro 6eToHa
nnotHocTkio 2350 kr/m3 [21]
Elemental composition of concrete
with a density of 2350 kg/m3 [21]

Xumuyecknii coctas, %

H 0] Al Si Fe Ca

0,35 54,25 4,68 32,93 1,96 5,82

cTaBa MaTepHalia OrpaxKaaolieil KOHCTPYKLMU. YCTaHO-
BUTh BEJIMUMHY 3TOTO ITOKA3aTeJIsT MOXHO KaK 3KCITe-
PUMEHTAJIbHBIM IIyTeM, TaK W IIPU IIOMOIIMY aHAJIUTHU-
yecKoro pacuera [15, 16].

s aHAJIUTUYECKOTO OIpeaeIeHUs JUHEHHBIX KO-
3¢ puIMeHTOB OCIabIeHNS |I BBOIMTCS MacCCOBBII
KO3 bUulMeHT ocaabieHus |, 4Yepe3 COOTHOIIe-
nue (5) [17]:

= HmP, 4)

e P — TJIOTHOCTh MaTepualia 3alllUTHOM KOHCTPYKITUU.

Dra dopmMysia MpUMeHHUMa JUIsl TPOCTOTO BEleCTBa.
[nsa omnpeneneHus: MaccoBoro koadoduumrenra ocnabd-
JIEHUSI CJIOXXHOTO BeIlleCTBa, COCTOSIIIEr0 U3 HECKOJb-
KHUX MMPOCTBIX BEIIECTB, MPOU3BOJUTCS pacyeT 1o hop-
Mmyite (6):

Tab6nuua 3
Table 3
MaccoBble K03 PULUEeHTbI 0cNabsieHNsa XUMUYECKUX SJIEMEHTOB Um
Mass attenuation coefficients of chemical elements pm
OHeprus nsnyyexHus, MaB H C N (0] Mg Al Si S Ca Fe Ba
0,02 0,369 | 0,432 | 0,602 | 0,843 2,7 3,393 | 4,374 | 6,592 12,9 22,64 | 29,08
0,03 0,357 | 0,254 | 0,304 | 0,373 | 0,919 | 1,109 | 1,413 | 2,085 | 3,968 | 7,201 | 9,735
0,04 0,346 | 0,209 | 0,228 | 0,257 | 0,483 | 0,562 0,69 0,978 | 1,804 | 3,59 24,56
0,05 0,335 | 0,187 | 0,197 | 0,212 | 0,327 | 0,366 | 0,435 0,58 1,012 1,93 13,73
0,06 0,326 | 0,175 | 0,181 0,19 0,255 | 0,277 | 0,319 | 0,404 | 0,651 | 1,197 | 8,507
0,08 0,308 | 0,161 | 0,164 | 0,167 | 0,194 | 0,202 | 0,223 | 0,257 | 0,361 | 0,592 | 3,947
0,1 0,294 | 0,151 | 0,153 | 0,155 | 0,168 0,17 | 0,183 | 0,201 | 0,254 | 0,368 | 2,179
0,2 0,243 | 0,123 | 0,123 | 0,123 | 0,124 | 0,122 | 0,127 | 0,13 0,137 | 0,144 | 0,401
0,4 0,189 | 0,095 | 0,095 | 0,096 | 0,095 | 0,093 | 0,096 | 0,097 | 0,098 | 0,094 | 0,125
0,6 0,16 0,08 0,08 0,081 0,08 0,078 | 0,081 | 0,081 | 0,081 | 0,077 | 0,083
0,8 0,14 | 0,071 | 0,071 | 0,071 0,07 0,068 | 0,071 | 0,071 | 0,071 | 0,067 | 0,067
1 0,126 | 0,064 | 0,064 | 0,064 | 0,063 | 0,061 [ 0,062 | 0,064 | 0,064 | 0,06 | 0,058
1,5 0,103 | 0,052 | 0,052 | 0,052 | 0,051 0,05 0,052 | 0,052 | 0,052 | 0,049 | 0,046
2 0,087 | 0,044 | 0,044 | 0,044 | 0,044 | 0,043 | 0,045 | 0,045 | 0,045 | 0,042 | 0,041
3 0,069 | 0,036 | 0,036 | 0,086 | 0,086 | 0,085 [ 0,087 | 0,087 | 0,088 | 0,036 | 0,037
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Ta6nuua 4
Table 4
Pe3ynbTaThl pac4yeToB JIMHEHbIX KO3 GULMEHTORB ocnabneHus |,
TpeOyeMoii TOJILLUHbI SKPAHUPYIOLLE KOHCTPYKuun t u macchbl 1 m2 9KpaHUpPYIOLe KOHCTPYKLUU m
The results of calculations of the linear attenuation coefficients p,
the required thickness of the shielding structure t and the mass of 1 m?2 of the shielding structure m
AuencThlini GaputTcopepxawmii 6eToH, P=1350 Kkr/m3 BeToH 06bl4HbIN, P=2350 Kr/m3
SHeprus JIVHeliHbIN Tpebyemas TonwmHa Macca 1 m2 JIVHelHbIN TpeGyemast TonwMHa Macca 1 m2
V3NYHEHWS, | koadpduLmeHT SKpaHupyioLlen aKpaHupyloLLen | KoahPULMEHT SKpaHupyioLien aKpaHVpYIoLLIEN
MaB ocnabnexus y, KOHCTPYyKUMK KOHCTPYKUMY m, | ocnabneHus |, KOHCTPyKLMK KOHCTPYKLUUN 1,
cm™! 1, cM 2, CM Kr oM™ H,CM f2, CM Kr
0,02 7,558 0,9 1,1 15,33 7,642 0,9 1,1 26,39
0,03 2,46 2,8 3,5 471 2,569 2,7 3,3 78,51
0,04 1,89 3,7 4.5 61,3 1,338 5,2 6,4 150,7
0,05 1,119 6,2 7,7 103,56 0,878 7,9 9,8 229,77
0,06 0,757 9,2 11,3 153,04 0,667 10,4 12,9 302,45
0,08 0,449 15,4 19,1 258,05 0,487 14,2 17,6 413,78
0,1 0,328 21,1 26,1 352,75 0,412 16,8 20,8 489,46
0,2 0,186 37,2 46,1 622,36 0,297 23,4 28,9 679,44
0,4 0,134 51,8 64,1 865,18 0,226 30,7 38 893,78
0,6 0,112 62,1 76,9 1037,81 0,19 36,5 45,2 1062,67
0,8 0,098 71 87,9 1186,53 0,166 41,7 51,6 1212,91
1 0,087 79,3 98,2 1325,16 0,148 46,7 57,8 1358,12
1,5 0,071 97,4 120,6 1627,49 0,121 57,1 70,7 1660,82
2 0,062 112,6 139,4 1882,47 0,105 66,1 81,8 1922,51
3 0,05 137,6 170,3 2298,98 0,085 81,1 100,4 2360,18
W = ZiPilmi, (6) 0,5 17
rae p; — BecoBasg HOJNA [-TO XMMHWYECKOTO 3JIEMEHTA, T :
Wi — MACCOBBIN KOA(DULIMEHT OcabaeHusl i-T0 XUMU- S 04 "__!!.
YECKOI'o 2JIEMEHTA. H |.l
MaccoBbie KOa(pPuLIMeHTbI 0c1abJeHUsI UTPAIOT BaxK- g '- \
HYIO pOJib IIPU AQHAJIUTUYECKOM OLIEHKE paaudalliOHHO- % 0.3 _':‘\_
3alIUTHBIX CBOMCTB Marepuaia [18—20]. 3a cueT BbICO- ; ’ Ly
KOl KOHIIEHTpallMM B COCTaBe MaTepuajia 3JIEMEHTOB, “s:’r b :
00J1aJaI0IIUX BBICOKMM MAaCCOBBIM KO3 dUIIMeHTOM 5024 \ * | |
ocJiabjieHus1, MOXKHO J10OUTHCS BLICOKUX paardallMOHHO- {8} ’ \\ My - 2
3AlUTHBIX XApaAKTePUCTUK WUBACIUSA TaXKEe IPU TMOHU- - N = -/:
>KEHHOU MJIOTHOCTH. 201- ia S Rosea i Il
Fia = T DR
Pe3yabTaThl Hccie10BaAHUS S S A (e S s el
IIpu pacuete TpeOyeMoil KpaTHOCTU ociadneHuss K 0 | | | i I
0,5 1 1,5 2 2,5 3

MPUHUMAEM XapaKTePUCTUKU TSI PEHTTeHOIUATHOCTH -
YyecKoro amnmnapara ¢ nudpoBoit 06padoTkoit nHbopma-
MU ¢ aHoIHbIM HarmpstbkeHuem 100 kB, corimacHo
CanlluH 2.6.1.1192.03.

Pacuer mpoBonuM 1Sl Orpaxaaroniux KOHCTPYKIIUiA
TTOMEIIeHUsT TTOCTOSIHHOTO TpeObIBaHUS TIepCcoHaIa 1
JUIST CMEXXHBIX TIOMEIIeHW mpu paccTtossHuu 1,5 M oT
000pYyI0BaHUS 10 CTEHbI PEHTIEHOJIOTMYECKOro Kabu-
HerTa:

W= 1000 MA-MuH/Hex;

Kg=9 MI'p-M%/(MA-MUH);

N=0,1;

r=1,5m.

OHeprusa nanyvenus, MaB

Puc. 1. 3aBMCUMOCTb BENNHYUHBI KOIPPULMEHTA IMHENHOrO ocnabneHns
nccnenyemblx MaTepranoB OT SHEPrUK N3nydeHus: 1 — GapuTcoaepxaLimnin
6eToH, p=1350 KI'/Ms; 2 — 6eTOH 06bl4HbI, p=2350 Kkr/m3

Fig. 1. Dependence of the linear attenuation coefficient value of the materi-
als under study on the radiation energy: 7 — barite-containing concrete,
p=1350 kg/m3; 2 - ordinary concrete, p=2350 kg/m?3

ITo bopmysie (2) moyyaeM 3HaYEHUE MOLIHOCTU TTO-
[JIOLIEHHOM T03bl PEHTTEHOBCKOTO M3TyYeHUST B BO3IyXe
B JAHHOM TOUKE B OTCYTCTBUE 3aIIUThI, Po=13333 MxI'p/u.

HonycTrumasi MOIITHOCTb MOTJIOIEHHON M03bl B BO3-
nyxe O, ipuHsiTa 1mo tabu. 4.2 CanlluH 2.6.1.1192.03:
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OHeprusa nsnyyvenus, MaB

Puc. 2. 3aB1CMMOCTb MaCChl €AVHNLbI NNOLLAAN OFPaXkAAIOLLLEeN KOHCTPYK-
LMK OT dHeprumn nanyyenus: 1 — Gaputconepxalumin 6etoH, p=1350 Kr/M3;
2 — 6eToH 0BbiuHbIi, p=2350 Kkr/m3

Fig. 2. Dependence of the mass per unit area of the protective structures on
the radiation energy: 7 - barite-containing concrete, p=1350 kg/m3;
2 - ordinary concrete, p=2350 kg/m3

¢1; =13 MxI['p/4, W1 MOMeIIeHU TTOCTOSTHHOTO TIpe-
ObIBaHUS TIEPCOHANIA;

¢y = 2,5 MxI'p/4, 7151 CMEXHBIX TOMEIIIEHU.

Pacuer no ¢popmyie (1) gaer cienyroliue 3HaYeHUs
TpebyeMoil KpaTHOCTHU OCJIa0JIeHUS:

K1=1026, K,=5333.

Jna omnpeneaeHus JNUHEHHBIX KO3(P(PUILIMEHTOB
ocnabneHust (pOTOHHOTO MBJTydeHUs] U TPeOyeMoil ToJ-
IIMHbBI 3AIUTHOW KOHCTPYKUMK M3 SYEHCTOro Gapur-
comepKaIero 6eToHa ompeaesieH ero XUMUIEeCKHIT COCTaB
(tabn. 1). dng ycraHosiaeHUs1 2PHEeKTUBHOCTU 0bJerye-
HUS 3aIIUTHOM KOHCTPYKIMM BhIUMCIeHa Macca | M2 3a-
IIATHON KOHCTPYKITMH, TIPU TOJIIIIUHE, HEOOXOMUMOM TSI
obecreyeHus] JOCTaTOYHOIO OCJIa0JICHUST MOIIHOCTHU
JTO3bI. DTU XapaKTepUCTUKU CPAaBHUBAIUCH C aHAIOTUY-
HBIMU MOKa3aTeJIsIMU CTaHAAPTHOIO O6E€TOHA, UCMOJIb3ye-
MOTO JIJIST 3aIUTHI OT MOHU3UPYIOIIUX U3TYICHUIN, XUMU-
YECKHUIA COCTaB KOTOPOTo B34T U3 [21] (Tab. 2).

3HayeHUs MacCOBBIX KO3(M(MUIIMEHTOB OCIa0IeHMs
B3SITHI U3 CIIPABOYHBIX JaHHBIX [22] (Tab:. 3). JIuHeliHbIe
K03 GUIIMEeHTHl ociabjeHus omnpeaeseHbl 1Mo GhopMy-
e (5), MUHMMAaIbHasI HeoOXoauMas TOJIIIMHA 3allluT-
HOM KOHCTPYKILIMU paccuuTaHa 1o ¢gopmyse (4). Pesynb-
TaThl pacUYeTOB IPUBEICHBI B Ta0J. 4.

Ha puc. 1 npencrasieH rpaduk M3MeHeHUs paava-
LIMOHHO-3aIIMTHBIX CBOMCTB MaTepuasia B 3aBUCUMOCTH
OT Heprum u3nydeHus. Ha puc. 2 mpeacrasieH rpaduk
M3MEHEHUSI MacChl Orpaxaarolieil KOHCTPYKIIMU, HE00-
XOAUMOM IJIs1 00ecIieueHus AOMYCTUMBIX paauallioH-
HBbIX YCJIOBUA.

3akioueHne u 00CyKIeHne
[To monyyeHHBIM TaHHBIM MOXHO CIeJaTh BBIBOI,
YTO CHMKCHUEC IIJIOTHOCTHU MaTepHraia IIpuBOAUT K CHU-
XKECHUIO pagruallMOHHO-3alIUTHBLIX XapaKTCpUCTUK, Od-
HAaKO IIPU YBEJIUYEHUM TOJIIMHBI KOHCTPYKILIMY U3 pac-

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeHHbII HCYPHAN

CMaTPUBAEMOTO MaTepHrajia MOXHO TOOUTHCS CHIDKCHUS
MAacChl KOHCTPYKIIMM, HEOOXOOUMON IS TOCTHKEHUS
HOPMAaTUBHBIX paavallMOHHBIX MoKa3arteneii. Hanbonb-
mrero 3pdexra ymaercs TOCTHYb IPU 3KPaHUPOBAHUU
usnydeHuit mortHocTbio 0,02—0,1 M»B. B atom nuamna-
30HE MOIIHOCTE MOXKHO JOOUTHCS CHUXKEHUSI MacChl
orpaxzuaroiieit KoHcTpyKuuu Ha 28—59%. I1pu MoniHo-
ctu manydenus 0,2—3 M»B cHmXeHne Macchl COCTaBIsI-
er 2—8%.
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T Nuneukuit rocynapcTBeHHbIN TeXHUYecknin yHusepcuTeT (398055, r. uneuk, yn. Mockosckasi, 30)
2 TaMBOBCKUIt FOCYAAPCTBEHHbI TEXHUYECKNIT yHuBEpeuTeT (392000, r. Tam608, yn. CoseTckas, 106/5)

MexaHu3mbl hopmupoBaHuUa CTPYKTYPbI U CBOWUCTB
npeccoBaHHbIX MeNKO3epHUCTbIX 6ETOHOB

Moapo6HO paccMOTPEHbI BO3MOXXHOCTY ONTUMI3ALIMM TEXHOMOMNHECKMX 1 PELIeNTYPHbIX (DaKTOPOB M BHELLIHUX BO3LENCTBUI B YCNOBUAX
NPeccoBaHns M3aeNnii 3 Menko3epHMCToro 6eToHa. MokasaHo, 4To 0CO6YH akTyaslbHOCTb NPUOBPETAIOT 3a4a4n NOBbILIEHNS Ka4ecTBa
3TUX M3AENNA. YCTAHOBIIEHO, YTO BNIXXHOCTHASA YCaJKa SBAETCA BRXHEALINM U NPO6IIeMHbIM CBOWCTBOM COBPEMEHHbIX 6ETOHOB MOAM-
(PULMPOBAHHON CTPYKTYPbI, CHUXAKOLLMM X Ka4€CTBO. B cTaTbe nokasaHo, YT0 ONTUMaIIbHble CTPOUTENbHO-TEXHUYECKIE CBONCTBA MOJTY-
YeHbl B Anana3one B/T-oTHoweHui, o1 0,12 po 0,16, 4TO XapakTepu3yeT KUHETUKY TBEPLAEHUS MEJIKO3EePHUCTbIX GETOHOB, OTNPECCOBAH-
HbIX 0 OZHO 1 TOW XXe NNOTHOCTW. I3y4eH0 BNUAHME BbIOPAHHBIX KOMMOHEHTOB W TEXHONIOMMYECKUX (DAKTOPOB HA NPOLECCHI PAHHEro
CTPYKTYPOOOPA30BaHNS LIEMEHTHBIX CUCTEM (HA4MHas C MOMEHTA CMeLUMBaHMA KOMMNOHEHTOB), HA 6aNaHC BHYTPEHHMX (MIEHOYHbIX pac-
KNMHUBAIOLLMX 1 KanWAASPHbBIX CTAMMBAIOLLNX) CUI B CUCTEME B LUMPOKOM [1ana3oHe BOAOLEMEHTHbIX OTHOLUEHWIA. ofly4eHHble pesysb-
TaTbl AAKOT HEOOXOMMbIE OPUEHTUPbI ANA CMELnanncToB 1 NoTpebuTenein NnpeccoBaHHbIX U3LENNNA.
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Mechanisms for the Formation of the Structure and Properties of Pressed Fine-Grained Concretes

The possibilities of optimizing technological and prescription factors and external influences under the conditions of pressing products from fine-grained concrete are considered in detail.
It is shown that the tasks of improving the quality of these products are of particular relevance. It is established that moisture shrinkage is the most important and problematic property of
modern concrete of modified structure, reducing their quality. The article shows that optimal construction and technical properties are obtained in the range of V/T ratios from 0.12 to 0.16,
which characterizes the kinetics of hardening of fine-grained concrete pressed to the same density. The influence of the selected components and technological factors on the processes
of early structure formation of cement systems (starting from the moment of mixing the components) on the balance of internal (film wedging and capillary tightening) forces in the system
in a wide range of water-cement ratios was studied. The results obtained provide the necessary guidelines for specialists and consumers of pressed products.
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Ha coBpeMeHHOM 3Tame pa3BUTHSI CTPOUUHIYCTPUN
HMHTEPEC K MIPECCOBAHHBIM U3JEIUSIM U3 MEJIKO3EPHUCTO-
ro 6eToHa MOCTOSIHHO yBearuuBaercs. [1pu aTom paciiu-
psieTcsl 00JIacTh TPUMEHEHUST WM3IeIUil M3 BBICOKO-
KauyeCTBEHHBIX OeTOHHBIX cmeceli. OcoOyio aKTyaib-
HOCTb TIPUOOPETAIOT 33a4M TTOBBIIIEHUST KayecTBa Ta-
kux usgenuit. [TpobiaeMa KayecTBa 10KHA paccMaTpu-
BaThCSI CUCTEMHO M KOMILIEKCHO, T. €. BKJIIOUATh pelleIl-
TypHbIE, TEXHOJOIMYECKHWE W [ApYrue IapaMeTphl,
BaXKHbBIE C TOYKU 3PEHUS CTPYKTYpOooOpa3oBaHusI U pop-
MMPOBAaHUST CBOMCTB U3/IETUIA.

IIporpamMmma ucciieqoBaHUA, KacaloIIMXCS paHHEro
CTPYKTypOoOOpa3oBaHUsi, HE MOXET OBITh YCTIEIIHO pe-
1eHa 0e3 mpuBIeYeHUs] (PyHIAMEHTaJbHBIX Hay4YHBIX
MOJIOXKEHUI (PU3NYECKON Y KOJJIOMIHON XMMUU, MeXa-

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

HUKUA OUCIIEPCHBIX CUCTEM, M3 KOTOPBIX OIIPEHCIISIIO-
LIMM JIJTI MHOTHX TEXHOJIOTUYECKUX BOTIPOCOB SIBJISIETCS
MOoJI0XeHUe 00 M30bITOUHOI IMOBEPXHOCTHOMN 3HEPTUH,
MpOosIBIIsIeMOit Ha MexXba3HbIX rpaHumax [1, 2, 3].

B cucremax TBepaeHMSI CTPOUTEIbHBIX KOMIIO3UTOB,
comepKaIIruX ra3oByio (pazy, COOTHOIIEHNE TOBEPXHOCT-
HbBIX DHEPTUii BIUSIET HA CWIY CBSI3U BOIbI C YAaCTULIAMU
TBepIoii a3kl U Ha ee pacripeaesieHre B JUCTIEPCHOM CU-
creMe. [Ipu maybIx KosMuecTBax Xuakas daza MOJHO-
CTBIO paclpeaesieTcsl B BUIE TOHKUX KECTKOCTPYKTYPU-
pOBaHHBIX IUICHOK Ha ITOBEPXHOCTH TBEPAbIX YaCTHII,
cozaBasl packjMHuBarowuii apdexT (1o Pedunaepy) [3].

ITo mepe yBenuueHUs AO3UPOBKH BOIBI M YTOIIIICHUS
TUIEHOK 3TOT 3 GhEKT YCUIMBAETCS U MOSBISIOTCS YCI0-
BUS JIJ151 JIOKAJIM3aLMU ONPEaeICHHOTO KOJIMYECTBA BOIbI

(&SR = BHBIE

48

Aseyem 2023 V] AYERVIAYIBI S



Concretes: science and practice

B MEXXYaCTUYHBIX CThIKAX C 00pa30BaHUEM Ha IPaHUIIE C
ra3oBoii (a30ii BOTHYTBIX B CTOPOHY KUAKOCTU MEHMU-
ckoB. Takyro BOAYy MPUHATO CUUTATh KATTUJUISIPHOM.

BorHytbele MEHUCKM SIBISIIOTCS MPU3HAKOM TMOHM-
JKEHHOTO aTMOC(EPHOTO aBJICHUST, KOTOPOE CTPEMUTCSI
COM3UTDH YaCcTULIBI TBepAOU (a3wl. B pesynbTaTe B mpo-
TUBOBEC pacKIMHUBaIOMeMy 3(P(eKTy BOZHUKAET CTsI-
ruBarouii addext. 1o Mepe MOBBIIIEHUST BIXXHOCTH
(OpPMOBOYHOI CMECHU KOJIMYECTBO MEKIACTUUHBIX CThI-
KOB, aKKyMYJIMPYIOIIMX BOay, Bo3pacTaer. [Ipu 3TOM
TakxKe Bo3pacTaeT KanuJisipHbiil 3¢ dexT. [1pu cteneHu
3aI10JIHEHUSI MEX3E€PHOBBIX ITyCTOT Ha 24% u OoJiee OT UX
o0beMa OT/AEJNbHBIE BIIAXXHOCTHBIE «MaHXEThl» (I10
JIBIKOBY) OOBEIUHSIIOTCS] B CBSA3HYIO CUCTEMY KaIlMJLIsI-
poB. B 3TOT MOMEHT CTATUBAIONINI KAIWIIISIPHBINA 2¢h-
¢eKT cTaHOBUTCS Npeodanatomum [4—7].

DaKTOphl BIAXHOCTU, AUCIIEPCHOCTH, CBOMICTBA I1O-
BEPXHOCTH YACTUII TBEPIOI (ha3bl CYILIECTBEHHO BIUSIOT U
Ha MPOLIECCHl CAMOOPTaHU3alMU CTPYKTYPBI TUCIIEPCHO-
3epHUCTBIX CUCTEM TBepaeHus. [Ipy mepBUYHOM yBIIaXkK-
HeHMU (POPMUPYETCS CTPYKTYpa U3 MEJIKUX arperaroB —
knactepoB. Boja, ancopbupysich Ha aKTMBHBIX LIEHTPaxX
KaK BHYTPM KJIAaCTEPHBIX OOpa3oBaHWii, TaK W MEXIY
HUMM, 00pa3yeT BOMHBIC CTBIKM MEXIY 4YacTUIaMU U
arperaramu. Habiomaemoe CHUXXEHUE TJIOTHOCTH CH-
CTEeMbl MPOUCXOAUT B pe3yabTaTe NEUCTBUSI MEXaHM3Ma
o6BomHEHNUS 1 3(PeKTa pacKIMHUBAHMSI.

C MNOBBILIEHWEM BOJOLIEMEHTHOTO OTHOLIEHUS U 3a
CcUeT nepexoja B 00J1acTh HapacTarollero npeodiagaHus
KaImWUISIPHBIX CHJI arperarbl YIoTHsiotTes. [lpu majs-
HellleM YBIaXKHEHUHU YBeJIMYeHUE MHTErpaJbHO 10T~
HOCTHU CHCTEMBI TIPOUCXOUT 3a CUET YMEHBIIICHUST MEXK-
arperaTHoOro pacCcTOsIHUSI, Ha KOTOPOM AeHCTBUE KaIlul-
JISPHBIX CUJT CTAHOBUTCS Tipeobanaommm |8, 9].

DKcnepuMeHTaIbHAS YaCTh

Jaxe mpy OOCTMKEHUN MaKCHUMaJTbHO BO3MOXKHON
UHTErpaJIbHOM TUIOTHOCTU CaMOOPTaHU3YIOIIMXCS CH-
CTEM YEeTKO IMPOCMATPUBACTCSI HAIMIKME JIOKAJTBHOI He-
OOHOPOJHOCTU cucTeMbl. JlanbHeilllee MOBBIICHUE
IUIOTHOCTA BO3MOXKHO IIyTeéM ONTHUMM3ALUM BO3OCH-
CTBUSI TEXHOJOTWUYECKMX M PEHENTYPHBIX (DaKTOpPOB, a
Takke M3MEHEHHUsl OajlaHca BHYTPEHHUX CHJI 3a CUeT
BHEIIHUX Bo3aeicTBuii. Tak, onTtumusauuss OanaHca
BHYTPEHHUX W BHELIHUX CWJI IpPU BUOPOMPECCOBAHUM
ro3Boyiniia Ha 20 % CHU3UTD ITYCTOTHOCTh CUCTEM TBEP-
JIEHWS, TOBBICUTH ITIPOYHOCTE B 1,5 pasa M CHU3UTH 3HEP-
rosaTpaThl Ha YIJIOTHEHUE B IIATh pa3 [10—15].

PaccMmotpum Gojiee moapoOHO BO3MOXKXHOCTU OMNTU-
MM3alu1 PaKTOPOB U BHEIITHUX BO3AEHCTBUI B YCIOBHUSIX
ImpeccoBaHusl. B 0eTOHHBIX cMecsIX CITOXHOCTh Mexkdas-
HBIX B3aMMOMEUCTBUI yCYTyOIsIeTCsl IMMPOKUM AMara3o-
HOM pa3MepOB YaCTHUII IUCIIEPCHOM (ha3bl, OMHOBPEMEH-
HBIM TIPUCYTCTBHEM SKUIKON M TA30BOM COCTABIISIOIINX
cucTeMbl. MOXKHO MPEANOJ0XUTh, YTO KOJTUIECTBO KU~
KOIt (a3l U CTCIIEHb TUCTICPCHOCTH MUHEPAIBHOM TBEP-
JIoit (ha3bl UI3HAYATIBHO MPEIONPenesIoT CTPYKTYpPY 6eTo-
Ha. CouetaHue 3TuX (PaKTOPOB B IIPECCOBAHHBIX OETOHAX
(B mMama3oHe MajibIX 3HAYCHHWI BOTOIIEMEHTHBIX OTHO-
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Fig. 1. The nature of the dependence of the density of cement-water
dispersion on the amount of liquid phase
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Puc. 2. VIameHeHne aaBneHus npeccoBaHus (P) B 3aBMCMMOCTU OT BRax-
HOCTW necyaHbix 06pa3yoB: 1 — mex3epHoBas nopuctoctb 33%; 2 — 38%;
3-44%

Fig. 2. Change in pressing pressure (P) depending on the moisture content
of sand samples: 1 — intergranular porosity 33%; 2 — 38%; 3 - 44%

meHuii, MeHnine B/11 = 0,22) peanusyercs cioxHee, 4eM
5TO YUUTHIBAE€TCSI OCHOBHBIM 3aKOHOM ITPOYHOCTH.
[IposiBieHre BHYTPEHHMX CUJI B CICTeMaX TBEPACHMS
MTOJTYYMJIO TIOATBEPKACHUE MOCPEICTBOM KPUBOI IIJIOT-
HOCTHU LIEMEHTHO-BOAHOM aucnepcun (puc. 1) [16, 17].
DKCHEePUMEHTAIbHO YCTAHOBJIEHO, YTO Pa3yILJIOTHE-
HHE IIEMECHTHO-BOIHOM Aucnepcun Ha ydactke [—II 00-
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YCJOBJEHO TMpeobjagaloliuM AeHCTBUEM BOJHO-ILIE-
HOYHBIX packymHuBatomux cui. Ha yuactke I1-I11 mpo-
WCXOIUT CaMOYIUIOTHEHME 3a CUeT Ipeo0JIagaloniero
JEUCTBUSI OTPULIATEIbHOTO BHYTPUMKANUJUISIPHOTO J1aB-
snenus. Ha yuactke [I1-1V cHuXeHMe MIOTHOCTU TPO-
HUCXOIUT MO 3aKOHAM YCTOWYMBOCTU TMOCTEIIEHHO TEpsi-
OIINX KOHIEHTpaLMIo TBepaoi (a3bl cycreH3umii [8].

B npakTuyeckoM acmekTe Auana3oH BJAXHOCTEH,
cootBeTcTBYIOIMi ydyactky I—I1—III Ha kpuBoii TIOT-
HOCTU, UHTEPECEH TeM, YTO OH BKJIIOYAET B ceOsl BeCh
CcrekTp (POPMOBOYHBIX BJAXKHOCTEH, XapaKTEPHbIX IS
Tpex CII0cO00B Ipecc-(popMOBaHUS PA3TUYHBIX MU3MIC-
JIMIA: CYXOro, TOJIyCYyXOro 1 IjlacTuyeckoro [8, 9].

JI1st MeJIKO3epHUCTBLIX OETOHOB Ha LIEMEHTHOI OCHO-
BE TIPOU3BOJICTBEHHBbIE (POPMOBOUYHBIC BIAXKHOCTU Ha-
XOASTCSI, KaK IMpaBWJIo, B AuamasoHe ot 6 go 8%
(B/11=0,07—0,08). Ho Takast BIaXXHOCTb HE MOXET pac-
CMaTpuBaTbCs KakK onTuMasbHas. IlombiTaeMcst mom-
TBEPAUTH 3TOT BBIBOJ 9KCIIEPUMEHTAIBHO.

Ha puc. 2 mokazaHo, KaKk M3MEHSJIOCH JIaBJICHUE
MpeccoBaHusl, HEOOXoaUMOe ISl obecreyeHus: 3aJaH-
HOM CTETNEHU TUIOTHOCTHU CTPYKTYPBI MOJIETBHBIX CUCTEM
B 3aBUCMMOCTU OT KOJIMUECTBA B HUX BOIbI U OT CTENIEHU
JIHUCIIEPCHOCTH TBEPABIX YaCTHUIl. B KauecTBe MOIEIbHBIX
OBLIM UCITOJIb30BaHbI IPECCOBAHHBIE OECIIEMEHTHBIE CH-
cTeMbl (KBapleBbIii MECOK — BOMA) TSI YCWICHUST 00b-
€KTUBHOCTU TIOJIYUeHHBIX PE3yJbTaTOB, KacCAIOIIMXCS
ONTUMU3ALIMY TPAHYJIOMETPUN CMECei, B KOTOPBIX CHJIbI
XUMMYECKOH TTPUPOIBI UCKITIOUCHEI.

B pesynbraTe mosyumiau ImapabojuyecKue KpUBHIE,
CBSI3BIBAIOIIME BEJIMYMHY JaBACHUS IIPECCOBAHMS C
BJIAXXHOCTHBIM (pakTopoMm. [lpakTuueckum mMakcuMasb-
HOE NTaBJICHUE COOTBETCTBOBAJIO TEM 3HAUCHUSIM BIIaXK-
HOCTH, TIpU KOTOPBIX B MaKCUMAJbHOI CTeIleHU OBLI
peaqu30BaH IMJICHOUYHbBIN pacKJIMHUBAONINNA 9D HEKT.

Bricka3zaHHBIM MpeaCTaBICHUSIM O KOHKYPHPYIOIIEM
B3aMMOJCCTBUN TUIEHOYHBIX Y KaNTMJUISIPHBIX CHJT TIOJI-
HOCTBIO COOTBETCTBYIOT U PE3YJIbTaThl 9KCIIEPUMEHTAIb-
HBIX UCCJICIOBAHNIA, TIPUBEICHHBIX HA PUC. 3 U OTpaxka-
IOIIMX 3aBUCUMOCTb OT BJIAXXHOCTHU IUIOTHOCTH OT(Op-
MOBAaHHOIl TIpM TIOCTOSIHHOM JaBJICHUU CHUCTEM
TBEpACHUSI.

CaMble HU3KHME IT0KA3aTeIU IVIOTHOCTU COOTBETCTBY-
0T BJIAXHOCTH, Haxofsdilueilica B npeaeiax 5—7%, T.e.
MaKCUMaJIbHOMY IPOSIBJICHUIO TUIEHOYHBIX PACKIUHU-
Baromux cril. Kak ¢ MOBBIIIIEHUEM, TaK U C ITIOHIDKCHUEM
BJIAXKHOCTH JUCIIEPCUHU TUIOTHOCTh CUCTEMBI BO3pacTaeT,
HO MPUYMHBI 3TOTO SIBJICHUS Pa3JIUYHBI.

[Tpy HU3KMX 3HAYEHUSIX BJIAXHOCTU TOBBIIIEHUE
TUIOTHOCTM CBSI3aHO C 00Jiee TOHKUMU TUICHKAMU BOJIBI.
IIpu 3TOM, YeM BBIIIE OTUCIIEPCHOCTH YACTHIL TBEPHOI
(aspl, TeM HUXKE TUIOTHOCTh, TaK KaK CyMMapHasi TOJI-
IIMHA IUIEHOK BOIBI B MEX3EPHOBBIX KOHTAKTax IpPU
5TOM YBEJIMUMBAETCS B CBSI3U C BO3PACTAIOIIMM TI0 MEpPe
MU3MeJIbYCHUS YaCTHUIL UX YAEIbHBIM (OTHOCUTEJbHO Mac-
CBHI) COepKaHUEM.

C BO3pacTaHUEM XK€ BIAKHOCTU CBEPX OTMEUEHHBIX
5—7 % cpaBHUTEIbHO BBICOKAS INIOTHOCTh (hOPMUPYET-
csl B 00Jiee TOHKOIMCTIEPCHBIX CUCTeMaXx B CBSI3M ¢ OoJiee
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Puc. 3. 3aBMCUMMOCTb MIOTHOCTU NPEcCcoBaHHbIX 06pa3uoB oT B/T-0THO-
LIEHNs U OUCMEePCHOCTU Mecka Npu MOCTOSHHOM MPEeCCOBOM AaBfEeHUn
P=50 Ma: 7 - Syz=100 M2/kr; 2 — Sy;=400 m?/Kkr

Fig. 3. Dependence of the density of pressed samples on the W/T ratio
and fineness of sand at a constant pressing pressure P=50 MPa:
1 - Sgp=100 m2/kg; 2 — Sg5=400 m?/kg
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Puc. 4. JyHamuvka n3MeHEeHNs NPOYHOCTHLIX nokasarteneit: 1 — B/T=0,16;
2-B/T=0,14; 3-B/T=0,12; 4 - B/T=0,1; 5 - B/T=0,08

Fig. 4. Dynamics of change in strength indicators: 1 -V/T=0,16; 2-V/T=0,14;
3-V/T=0,12; 4 -V/T=0,1; 5-V/T=0,08

MpumeuyaHue*

ChnoWHbIE JIMHUN COOTBETCTBYIOT OTHOCUTENBbHOW BAAXHOCTU Cpebl
100%, NyHKTUPHbIE — BNaxHocTn 70%

Note*

Solid lines correspond to a relative humidity of 100%, dotted lines correspond
to a humidity of 70%

BBICOKMM JUIST HUX KAITWJIIIPHBIM ITOTEHIINAJIOM (B COOT-
BeTCTBUU ¢ popmyJioii Jlamiaca oTpuuare/bHOE Karui-
JIIpHOE HaBJeHWEe 10 abCOTIOTHON BeIWYMHE OOpaTHO
MPOITOPIIMOHAILHO pa3MepaM YaCTHII).

Takum o6pa3oM, BIMSIHUE BHYTPEHHUX CIJI AUCIIEPC-
HOM CHCTEeMBI 3HAUYUTEJBHO BJIMSET Ha €¢ PaHHIOI
CTPYKTYpY, a TAKXKe Ha MeXaHU3M (hOpMOBAHMUSI IO AaB-
JICHUEM CUCTEM TBEepACHMUS.

HAy4HO-MeXHU4ecKuil U npou3800CMEeHHbLIL JCYPHAN (% P ENEHEIE
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B nanpHedMX MccieqoBaHUIX BbISIBUM, HACKOJIBKO
3HAYMMBbI XapaKTePUCTUKU PaHHEU CTPYKTYPHI UISI ITO-
CIIEAYIONINX TPOIECCOB CTPYKTypOOOpa3oBaHUSI U
CBOMCTB KOHEYHOTO MPOIYKTA.

ITocTapaeMcst MAKCMMAIBHO IMPUOIM3UTHCS K PeaTb-
HBIM YCJIOBUSIM MPOM3BOICTBA, paccMaTpuBasi MOCTaB-
JICHHYIO 3a7a4y IIPUMEHUTEIbHO K YCJIOBMSIM TBEpIC-
HUS, T. €. MPOIOJIKUTEIBbHOCTh, TEeMIICPATypHBIA U
BJIAXXHOCTHBIN (akTopbl. Ocoboe BHUMaHUE YACTUIN
BJIAXXKHOCTHOMY PEXXMMY B CBSI3M C TEM, UTO CETOMHS Ha
MHOTI'MX MPOU3BOACTBAX B KaUeCTBE TEIUIOHOCUTENST UC-
MOJIB3YETCS HE TPAAWLIMOHHBIA HACBIIIEHHBIN BOISHOU
rmap, a pa3JIMyHOIO pOoNia BIIATOHEHACHIIIIEHHBIC TETLIO-
HOCUTEJIU: TapOBO3AYIIHbBIE CMECH, IIPOAYKThI CTOPAHUS
MMpUPOTHOTO raza u T. . [18, 19].

Ha puc. 4 npencraBieHbl pe3yJabTaTbl, KOTOpPbIe MpU
OIMHAKOBO BIIAXKHOCTH XapaKTePHU30BaI KUHETUKY TBEP-
JICHUST LIEMEHTHBIX 00pa3110B, OTIIPECCOBAHHBIX 10 OTHOM 1
TOI ke TUIOTHOCTH. CpaBHEHUE pe3y/IbTaTOB ITPOBOMMIN
rpu 100 1 70% OTHOCUTEIBHOM BIAKHOCTHU CPebl TBEPIE-
HMST (XapaKTepHbIX UIS MPOMBIIUIEHHOTO MPOM3BOACTBA
BJIAXKHOCTHBIX YCIIOBUIA). BbITM BBEIOpaHBI CTaHIAPTHBIC
YCJIOBUS TBEPACHMS 7151 TOTO, YTOOBI Hauboiee 0ObEKTUB-
HO ¥ TOYHO YJIOBUTH BJIMSIHUE UCCIIEAyeMbIX (PaKTOPOB.

OTMeTHM, 4TO MPU OTHOCUTEIBHOU BIAXKHOCTU Cpe-
a6l 100 % Bce 00pasiibl B MPOLIECCE BbIACPKMBAHUS Ha
TPOTSIKEHUM 28 CYT TTOBBICWIJIM CBOIO BIAXKHOCTD, 32 UC-
KJIIOYEHUEM TEPBbIX CyTOK. M3aMeHeHue BIaXHOCTU B
MepBbIe CYTKM IyTKO OTPEarupoBajio Ha MCXOMHBIC 3HA-
yeHus B/Ll-oTHomeHust: mpu 3HaueHusix B/11 ot 0,16 no
0,08 BmaxkHOCTb MoHM3MIach. IIpu 3TOM MOHMKEHUE
BIIaXKHOCTH B 0o6pasmax ¢ B/11=0,04—0,18 mmpoucxommio
CTPOTro MPOMNOPLMOHAIBHO CTENEHU HayaJabHOTO 3amoJI-
HEHUSI MEX3EepHOBBIX IMOp Bojoi. bosee rnybokuii u
BCECTOPOHHMI aHaJN3 TT0Ka3aJl, YTO B TIEPBBIC CYTKHU
OCHOBHasI 4YaCTh BOIbI YXOIUT Ha «UMMOOMIU3ALIUIO» €€
YaCcTUIIAMU IIEMEHTA, YaCTh BOABI NCITAPUIIACH M3-3a T10-
BBILLIEHUST TeMIIepaTypbl 00pa3loB 3a CYET TEeIUIOTHI TH-
IpaTallMy 1IEMEHTa, KOJWYSCTBO KOTOPOM OBLIO IIPO-
MOPLIMOHAJIBHO CTETIEHU TUIpaTallUU.

[pu BraxkHocTH cpenbl 70 % KOIMIeCTBO UCTapsieMol B
TepBbIe CYTKM BOIBI BO BCEX 00pasliax yBEJIMIWJIOCH TIO
CpaBHEHMIO C BIaroHachllLieHHOM cpenoii. Ho rpu nanbHeii-
IIEM BBIICPKMUBAHUN OOpAa3IIbl TTOBEM ceOsI TTO-Pa3sHOMY.
IMpu BeIcOKMX 3HaueHusix B/Ll-otHormenust (0,16—0,12)
YCTAaHOBWIACh BJIaXKHOCTb, PAaBHOBECHAsI C OKpYXKarolleh
CpeJIoii, 1 ¢ Te4eHEM BpeMeHM OHa He U3MEHSLIACh.

CHHCOK JMTepaTypbl

1. Hepsrun B.B., YUypaes A.B., Opuapenko ®./1. Boma B
IHCITepcHBIX cucteMax. M.: Xumust, 1989. 288 c.

2. Epodeen B.T., Makcumona U.H., Tapakanos O.B.,
Cansaruna f.A., EpodeeBa U.B., Cyznanbues O.B.
JeKopaTUBHO-OTAEIOYHbIE TOPOIIKOBO-aKTUBUPO-
BaHHBIE OETOHBI C 36PHUCTOM (HAKTYpOil TTOBEPXHO-
ctu // Cmpoumenshsvie mamepuans.. 2022. Ne 10.
C. 25-40. DOI: https://doi.org/10.31659/0585-
430X-2022-807-10-25-40

B o6pasiuax ¢ B/Ll Menbiie 0,12 maxke mpu Biaro-
HEHACBIIIIEHHOW cpelle TTPUPOCT BJIaru MPOUCXOAWI 3a
CYET XeMOCOPOIIUU, O YEM CBUIETEIHCTBOBAJIO MOBBIIIE-
HUE CTeIIeHU TUAPATAIIMU ITOPTIAHALIEMEHTA.

IIpu 3TOM caMbIM 3HAUUMMBIM (haKTOPOM OKa3aJioCh
ucxonHoe B/1l-otHomeHue. VIMEHHO MPOIOPLIMOHANIb-
HO €My paclpeIe/IINCh KOHCUHBIC 3HAUCHUS ITPOYHO-
CTU U CTETCHM rMapaTalluy LieMeHTa B 0Opasliax.

Pe3yabTaTbl M MX 00CyXKIeHHE

IMokazatenu MPOYHOCTH COOTHOCSTCSI MEXKIy COO0OIt B
TOM K€ TIOPSIIKe, YTO M TIoKa3aTeId CTEeNEH! THUIpaTaliu.
ITpu 3TOM 00pasibl, OT(OPMOBAHHBIE MPU HEOIATONIPUSIT-
HOM JUISI pPaHHET0 CTpyKTypoobpasoBanus B/1L1=0,06, muiib
B IEPBbIC CYTKU MOKAa3aJIM OYEHb HE3HAYUTEIbHYIO TTPOY-
HOCTh, KOTOpasl Ha MPOTSLKEHUM TTOCIICIYIONIETO BpeMEHHU
TBEPJICHUS TTPAKTUIECKU He YBeIMIMIach. B To ke Bpemst
o6pasiisl ¢ B/LI, paBHbiM 0,14 1 0,16, yxe yepes IIThb JHEM
MoKa3am poyHoCTh 35 u 55 MITa cooTBeTCTBEHHO, KOTO-
pasi B JaJibHE1IeM MPpoaoJKaia pUpacTath.

Takue nmoxazarend MPOYHOCTU OBUIM OOECIIEYEHBI
KOMILIEKCOM (haKTOpPOB, B TOM YMCJIE ITOBBIIICHHOM
IUTOTHOCTBIO 00Pa3IoB, HATMUYMEM B MEXK3EPHOBOM MPO-
CTpaHCTBe 0OBEMHOI BOMABI M, KaK CJIEACTBUE, JOCTHKE-
HUEM BBICOKOU CTETNIEHM TMapaTallly IEMEeHTa.

Cronb 3HAUMTEIbHAS pa3HUIIA B CTEIICHU 3aIlOJIHE-
HUS TIOP BOAOH CYIIECTBEHHBIM OOpa3oM IOBJIMSIA Ha
CTPYKTYPY LIEMEHTHOT0 KaMHsI. [1pr OTHOCUTETbHO HU3-
KOM COJIep>KaHUM BOJbI HAOJII0AJICS TIPEUMYIIIECTBEHHO
SMUTAKCUATIbHBINA POCT HOBOOOPA30BaHUI cCHavala BHY-
TPEHHETro, a 3aTeM BHEIIHETO «puTMa» (1ro Teitmopy).
BzanMHoe cpacTaHue 4acTuL HOBOOOpa30BaHMIi Tpouc-
XOIWJIO JINIITB TI0 OTACTHHBIM TOUKAM.

IIpu comepkaHuu BOIBI B TOpax, OJM3KOM K TIpe-
JIEJIBHOMY, CTPYKTypa BHEIIIHEro «pUTMa» IOJy4YuIach
BechbMa Pa3BUTON, HOBOOOPA30BAHUS MPEUMYIIIECTBEH-
HO WIOJIbYaTOIrO TUIMA 3aIlOJHWIM IMPAaKTUUYECKU BECh
MEXX3ePHOBOI 00BEM M MMEIM MHOTOUMCIICHHBIC KOH-
TaKThI CpacTaHMsI. DTO U 00ECTIeUNIO BEICOKHME TTOKa3a-
TeJI TIPOYHOCTH.

Takum oOpa3oMm, ONTUMU3AIMS BIAKHOCTHOTO WU
TEXHOJIOTUYECKOTO PEXKMMOB B ITPECCOBAHHBIX U3IETUSIX
U3 MEJKO3epHUCTBIX OCTOHOB IO IIPEASTbHO IOIMYCTH-
MbIX (MO YCJIOBUSIM TEXHOJOTMMW) 3HAYEHUIA SBISIETCS
MOIIHBIM (paKTOpOM MOBBIIIEHUST UX KadecTBa. [Ipm
5TOM TeTI0Bast 00paboTKa U3AETUN MOXKET ObITh UCKITIO-
YyeHa U3 TeXHOJOTMYECKOro 1UKIIa.
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MOHUTOPUHI 3AHUIA U COOPYXXEHUIA NMPU CTPOUTEJIbCTBE U 3KCMJTYATALIUK

AsTopbl: A.l. Wawkun, K.I. WawkuH, C.I'. boros, B.A. WWawkud, M.A. LLawkuH
(MpakTnyeckoe pyKoBOACTBO MOA pefakumen A.r.-m.H. Wawkuna A.l)

B MOHOrpachuu packpbiBaeTcs COAePKaHNE MOHUTOPUHIA MEXaHN4ECKON 6e30MACHOCTY NPY HOBOM CTPOUTENLCTBE, PEKOHCTPYK-
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NPOREUINERHDE

W FPANOAHGEOE

CTPOWTENLCTAD
SARNYSRT B PN

LMW 1 3KCNyaTaLnn 30aHUiA U COOPYXKeHMWiA. NoKasblBaeTCs 3Ha4eHe MOHUTOPUHIA He TONbKO KaK CPeficTBa KOHTPOMS 3a COXpaH-
HOCTb0 FOPOACKOI 3aCTPOIiKM, HO 1 KaK NPOCHUNAKTUYECKOrO CPEACTBA, NO3BONAOLLEr0 CBOEBPEMEHHO OGHAPYXMUTb U ANATHOCTY-
POBaTb HEraTMBHbIE TEHAEHLIAN U MPUHATL afleKBaTHbIE Mepbl N0 HOPMaNM3aLmMmu TeXHUYECKOro COCTOSIHUA COOpYXXeHus. OTMeyaeTcs
HE06X0AMMOCTb MOCTPOEHISt MOHUTOPMHIA KakK MHTEPAKTUBHOIO MPoLecca, 6asvpyoLerocs Ha KOMNbKTEPHOM MOAENN B3aUMOEN-
CTBUSI COOPYXKEHMS N OCHOBaHMs. ATO MO3BONSET KOPPEKTHO WHTEPNPeTUPOBaTh Pe3ynbTaTbl MOHUTOPWHIA, @ TakKe BbINMOMHATH
00paTHbIe PacyeTbl 1S COBEPLUEHCTBOBAHUS UCXOAHbIX PACHETHBIX CXEM 11 (PUSNYECKIX MOAENEN MaTepuanoB 1 rPyHTOB.

Mo Bonpocam npuobpeTeHus obpawjanTech:
E-mail: georeconstruction@gmail.com WWW: geo-bookstore.ru

Y4e6Hoe noco6ue «[TpoOMbILINEHHOE U FPaXaaHCKoe CTPOUTENbCTBO. BBeaeHue B npotheccuto»

AsTopbl: pbi3nos B.C., Bopox6sHos B.H., lfenanuHa H0.b., 3anunaesa 0.A., KanTiownHa A.l'.,
Mengenesa H.B., Metposckas A.A., Moeaposa 0.A., HYopHas T.H.

Hay4HbIi pegakTop — fA-p TexH. Hayk, npod. B.C. pbi3nos

Mockga; Bonoraa: MHdpa-NHxenepus, 2021. 276 c.

[aHa oblas xapaktepuctuka npodpeccuu ctpoutenb. MNprBeaeHbl CBEAEHUS U3 UCTOPUN Pa3BUTUS CTPOMTENbHOW OTPacnu.
MpeAnoXeHo KpaTkoe onucaHue BUAOB CTPOMTENbHON NPOAYKLMM, 0CO6EHHOCTEl NPOEKTUPOBAHUS CTPOUTENbHbLIX 06BLEKTOB, TEXHO-
norMm U MOpsfKa OpraHM3auun BO3BEAEHWS 3[AHWIA W COOPYXXEHWIA; PacKpbiTbl BOMPOCHI MEHEMKMEHTa B CTPOUTENbLCTBE.
MoAyepkHyTa BAXKHOCTb CTPOUTENBHON HAayKW U LNhpOBM3aLMI CTPOUTENbHOI AesTenbHOCTH. OTAeNbHAA rMasa NoCBsALLEHa 0COOEH-
HOCTSIM OpraHu3aLuy NHXeHePHO-CTPOMTENbHOrO 06y4eHus. [Ins CTy[eHTOB 6akanaBpuarta, Ha4yaBLUMX 06Y4eHue no HanpasfeHUIo
«CTpouTenbcTBo». MoXeT 6bITb MCMONb30BAHO AN MPOCOPUEHTALMOHHO PaboTbl C BbIMYCKHUKAMU LLIKOSI.

Mo Bonpocam npuo6peTeHus obpauwjaiitecb B M3natenbcTBo «MHpa-NHxeHepus»
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1 HaoHanbHsI nccnenosaTensckuin MoCKOBCKI FoCyapCTBEHHbIV CTPOUTENbHBIV yHBEpcuTeT (129337, r. Mocksa, Apocnasckoe L., 26)
2 /laHOBCKas NoxapHo-cnacartenbHas akagemus [TIC MYC Poccuu, r. ViBaHoso (153011, r. ViBaHoBo, np-T CTpoutenei, 33)

JBONOLUA MaTeMaTU4ecKux moaenen npoLeccos
HecTaLuMoHapHoW Tenno-(macco-) NpoBOAHOCTH
B TeNlaXx KAaHOHW4YecKon hopmbl

B HacTosiLLee Bpems CyLLeCTBYeT 60MbLLIOE KONNYECTBO MaTepuanos, KOTOPbIe NOJBEPratoTCs TEPMUYECKOMY BO3[ENCTBMIO NPU NPOU3BOA-
ctBe. G TOYKM 3peHNs NPUHLMMNOB FeOMETPUM X DOPMA MOXET ObITb CBEJEHA K KNACCUYECKUM Tenam KaHOHUYeCKOi (hOpMbl: NNacTuHa,
uunuHAap, capepa. Mpu TepmMuyeckoil 06paboTke TBEPAbIX MaTepuanos (TennoBlaXXHOCTHAs 00paboTKa, CyLLKa, 00XWr) NOTeHLMasbI NepeHoca
(Temnepatypa, MaccoCoOAepXKaHue) KPUTMHECKN N3MEHSOTCA OTHOCMTESIbHO BpeMeHu npouecca. Mpu pelleHn KpaeBbiX 3afad Tenso-
Macco-(Bnaro-) NPOBOAHOCTY B @HANOMMYHBIX CIy4asX NPeAnaraeTcs NPUMEHSTb 30HaNbHbIA METOA U MEeTOoJ MUKPONPOLeccoB. OCHOBHbIE
no3unuyuy MeToga MIKpONpOLLECCOB, MPUMEHUTENbHO K MOLENIMPOBAHMIO KPAeBbIX 3aa4 TEMSIOMAcConepeHoca Ans Ten KaHOHMYECKO hopMbl
Npu rpaHnyHbIx yenosusx I poga (ycnosusix Oupuxne), 6binn N3n0XKeHbl B NPEAbIAYLLNMX CTaTbAX aBTOPOB. B HacToALLel paboTe U3NoXeHa
METOAMKaA, OCHOBaHHas Ha METOZe MUKPOMPOLLECCOB NPW PELLEHIUI KPaeBbIX 3a4aq Tenso- U BNaronpoBOLHOCTY NPy 6051ee 06LLMX FPAHNYHbIX
ycnosusx, yenosusx 111 poga (PumaHa—HbtoToHa). BbicoKast ananTMBHOCTb 3TWX YCNIOBUIA 3aKOYAETCA B TOM, YTO B 3aBUCUMOCTY OT 3Have-
HWiA yncna buo (Bi) oHn npeo6bpasytotes B yenosue I poga (Bi—0) unn 11 poga (Bi—0o0). B paboTe nokasaHo, 4To Ans MaTemaTu4eckoro
MOJIENMPOBaHMs NPOLIECCOB TENOMACCONepeHoca B CUcTeMax ¢ TBePA0ii (ha3oil Ha 0CHOBE METOja MUKPONPOLIECCOB NEPCMEKTUBHBIM SIBNIS-
TCS NOMCK peLLeHni B 0611acTu Manblx 3HadeHuin ducen Oypbe (Fo<0,1). MprueeaeHbl MaTeMaTnyeckue BbIKNaLKU PeLleHns COOTBETCTBYHO-
LMX KpaeBbIX 3a[ja4 M NOKa3aHbl MPUMeEpbI PE3YNbTaTOB MX YNCNEHHON peanu3auun. PelueHne 3afad TennonpoBOAHOCTM 1 Anddysun ans
TeJ1, B TOM HUCIIe KAHOHWYECKOW hopMbl, MosyyatoT B doopme psaoB Oypbe, YTO XapakTepHo ANS YCI0BUA C HEPABHOMEPHBIM HaqaslbHbIM
pacnpegeneHnem noTeHUUanoB nepeHoca TenaoThbl U MAcChl BELLECTBA, HO PELUeHNA AN MasbiX 3Ha4eHui Yucen Oypbe B UCTOYHNUKAX He
NPUBOAMTCA. B TO XXe Bpems ¢ yMeHbLUEHNEM BPEMEHI MPOLLECCA YMEHbLLAIOTCS W YICIIOBbIE 3Ha4eHNs Kputepnes Oypbe 1 TeEM CamblM CTa-
HOBUTCS 6OMbLLIE Y4NIEHOB BECKOHEYHOr0 psfia, YTO BIEYET 3a COOOI HapacTaHKe OLNOKN Npu AanbHEALWKX BblYMCeHUsX. B paboTte npuseae-
Hbl PELUEHUS ANS TeN KAHOHUYECKON hOPMbl — NNACTUHBI, LMANHAPA U Chepbl, TaKXKe NPeACTaBeHbl HOMOrpamMMbl 6e3pa3mMepHoON Temnepa-
TYPbl NOBEPXHOCT! Tena B 3aBUCUMOCTH OT 3Ha4eHWiA yncen bro n ®ypbe npn KOHKPETHBIX 3HAYEHUAX Yncna Bi.

Kniouesble cnosa: Tepmuyeckas 06pa6oTka, TennoMacconepeHoc, NNacTuHa, UMANHAP, cdepa, «30HanbHbI» MeTOA, MeToj
MUKPOMPOLIECCOB, Manble 3Ha4eHns Yucna dypoe.
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Evolution of Mathematical Models of Processes of Non-Stationary Heat (Mass) Conduction in Bodies of Canonical Form

Currently, there are a large number of materials that are thermally affected during their production. From the point of view of the principles of geometry, their shape can be reduced
to classical bodies of canonical form: a plate, a cylinder, a ball. In the heat treatment of solid materials (heat and moisture treatment, drying, firing), the transfer potentials (tempera-
ture, mass content) change critically with respect to the process time. When solving boundary value problems of heat and mass (moisture) conductivity in similar cases, it is proposed
to use the zonal method and the method of micro-processes. The main positions of the method of micro-processes, as applied to modeling boundary value problems of heat and mass
transfer for canonical bodies under boundary conditions of the first kind (Dirichlet conditions), were outlined in previous articles by the authors. In this paper, a technique based on
the method of micro-processes for solving boundary value problems of heat and moisture conduction under more general boundary conditions, conditions of the third kind (Riemann-
Newton) is presented. The high adaptability of these conditions lies in the fact that, depending on the values of the Biot number (Bi), they are transformed into a condition of the first
kind (Bi—0) or the second (Bi—o0). The paper shows that for mathematical modeling of heat and mass transfer processes in systems with a solid phase based on the method of
micro-processes, it is promising to search for solutions in the field of small Fourier numbers (Fo<0.1). Mathematical calculations for solving the corresponding boundary value
problems are given and examples of the results of their numerical implementation are shown. The solution to the problems of heat conduction and diffusion for bodies, including the
canonical form, is obtained in the form of Fourier series, which is typical for conditions with an uneven initial distribution of heat and mass transfer potentials, but solutions for small
Fourier numbers are not given in the sources. At the same time, as the process time decreases, the numerical values of the Fourier criteria also decrease, and thus there are more
members of the infinite series, which entails an increase in the error in further calculations. The paper presents solutions for canonical bodies — plates, cylinders and spheres, also
presents nomograms of the dimensionless temperature of the body surface depending on the values of the Biot and Fourier numbers at specific values of the Bi number.

Keywords: heat treatment, heat and mass transfer, plate, cylinder, sphere, “zonal” method, micro-processing method, small values of the Fourier number.
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Results of scientific research

HecranuvoHapHas Temsonepeaadya XapakTepu3yeTcsl
HEIPePhIBHBIM U3MEHEHUEM TeMIIepaTyphl HarpeBaeMo-
ro (oxJaxmaeMoro) Marepuana Bo BpeMeHu. [Ipu pac-
CMOTPEHUU TPOCTHIX CIydyaeB, KOrma TErIOBOM IMOTOK
JIBIDKETCST B OTHOM HampaBjieHuu, nuddepeHimaibHoe
YPaBHEHHE TEIUTOMPOBOTHOCTU PEIIAETCSl ¢ MPUMEHE-
HUEM METOJa KOHEYHBIX pa3HocTei [1—6].

M3BecTHbI pelieHus [7] ypaBHeHUS TeruionepeHoca
METOJIOM pasiesieHUs] MEePeMEHHbIX B OIHOPOIHBIX U
M30TPOITHBIX TeJlaX TPOCTOl (HOPMBI, TTOBEPTAIOIITNXCST
npolieccaM OXJIAXIACHMSI WU HarpeBa 0e3 M3MEHEHUs
¢as3pl 1 ¢ BHYTPEHHUM MCTOUYHUKOM TeIlia, KOTOPBIA
SIBJISIETCS TUHEWHON (byHKIIMEH TeMIepaTypbl U MOIUn-
HsIETCS OMHOPOOHBIM TpaHUYHBIM yciaoBusM 111 pona.
Pemrenue 3amaercst cyMmmoit 6eckoHeaHoro psina Pypoe.

C ucnosb30BaHUEM JAHHOIO pellieHUsl, B padote 8]
TaK:Ke MpeajiaraeTcs IPOCTOM pacyeT BpeMEeHHU OXJIaXKIe -
HUSI HA OCHOBE MPUOJIMIKEHUST K TIEPBOMY WIEHY 3TOTO
pelieHus (3KCIOHEHLIMAIbHAs 30HA), Jajee Mpeaiara-
€TCST UCTIOJIb30BaTh MaKCUMaJIbHbIE 3HAUEHUsI, KOTOPBIX
JIOCTUTaeT TeMIlepaTypa B MPOLIECCE OXJIAKIACHMSI.

CylecTByeT MHOXKECTBO METOAOB ITPOTHO3MPOBAHMS
TEIUIONPOBOAHOCTU, TaKHUX KaK SKCIEPUMEHTAJbHBIE,
aHajuTHyeckue W umciaeHHble [9—13]. Kak mpaBuio,
TPEANIOYTEHWE OTIAETCS YMCIIEHHBIM METOIaM M3-3a Ta-
KUX (paKTOpOB, KaK YHMBEPCAJIbHOCTh, IPOCTOTA U Bpe-
MEHHBbIE TTapaMeTpbl pacueta. BMmecre ¢ TeM B umcieH-
HBIX METOJax Bceraa MPUCYTCTBYET (pakTop Heompene-
JICHHOCTH B Pe3yJIbTaTax BhIYMCIeHU. YTOObI cBeCTH K
MMHUMYMY HEOTpEeJeIEHHOCTh, BaXKHO TTOHUMATh, KakK
CO311aeTCs U PacIpoCTpaHsIeTCs OlIMOKa B BBIUUCICHU-
SIX, T. €. UICTOYHUKU OIMOOK ¥ KPUTEPUU CTAOMIHLHOCTH
MPUHSATON YUCIEHHOM CXEMBI.

s peleHnsT TMHEWHBIX 3a1a4 TEIIOMACCOIIEPEHO-
ca, Kak MMpaBWIO, IPUMEHSTIOTCS CJIEAYIOIINE METOIBI:

— KJIaCCUYECKMe: METOH pas3feJeHUs IePEeMEHHBIX
(meTon Dypbe), MeTox hYHKITMYM UICTOYHUKOB ((PYHKITUI
I'puna) [1, 10—12, 14];

— MHTETPAIbHBIX TIPeo0pa3oBaHMil: B OCCKOHECUHBIX
npenenax (Metonbl Jlamiaca, Jlammmaca—Kapcona, @ypbe,
XaHKeJss1), B KOHEUHBIX mpenenax (metoabl Dypbe u
Xankens) [1, 10—12, 14].

Jns peleHus1 HEIMHEMHBIX 3aa4 TeIioMaccornepe-
HOCa pa3pabaThIBAIOTCS CIIOCOOBI, OCHOBAHHBIE HA COB-
MECTHOM HCMOJIb30BAHUN HECKOJBbKMX METOMOB. Tak, B
pabote [15] mpemtoxeH a(pPeKTUBHBIN CITOCOO peleHUs
KpaeBbIX 3amad TeIioMaccollepeHoca MyTeM COBMECT-
HOTO TIPMMEHEHHUSI HHTErpajlbHOro mnpeodpa3oBaHuUs
Jlammaca 1 BapualiMOHHBIX MeTOOB. Bce oTMedeHHbIE
BbILLIE METObI SIBJISTIOTCS aHATUTUYECKUMU. B pesynbra-
Te PEIICHUS 3a4a4M JIFOOBIM M3 HUX BO3HUKACT (DYHKIIM-
OHaJIbHasT 3aBUCUMOCTbD, TTO3BOJISTIONIAsT HETTOCPEICTBEH -
HO OIPEeNeIUTh 3HaUeHUE NCKOMOM BeJIMUMHBI (BJIaroco-
JIEP>KaHUS, TeMIIepaTypbl WIK JaBJICHUS) 11O 3aIaHHOMY
3HAYEHUIO apTyMEHTOB (KOOPAMHATHI U BPEMEHM ).

Korna temrepaTtypa uaMeHseTcsl Ha JIt00O rpaHulie
IMOBEPXHOCTH MaTepuajia, TEIJIOBOM TOTOK, pPacIpo-
CTPaHSIONIMIACS Yepe3 Hero, Takxke M3MEHSIeTCs, 10 TeX
TTOp TTOKa He OYIyT JOCTUTHYTHI CTAIlMOHAPHBIE YCIIOBUSI.

B peanbHBIX yCIOBUSIX MPOLECC TEIJIOOOMEHA B TEXHO-
JIOTHYECKUX TIpolieccax HAXOOUTCS B HECTallMOHAPHOM
pexuMe M, CIeIoBaTeIbHO, U3MEHSIETCsT BO BpeMeHn. Ha
HEYCTOMYMBOCTH IIpoliecca TeII000MeHa BIUSIIOT KOJe-
OaHMsT TeMrepaTypbl Ha TEXHOJIOTUYECKOM YyYacTKe,
BHYTPEHHUE TeIlJIoBbie 2(hheKThl 00padbaThiBA€MOro Ma-
Tepuaiia U Apyrue (akToOphl, BIMSIONIME Ha TETUIOBOM
OajiaHc mpolecca TepMUYECKOit 00paboTKM.

B paGorte [6] nipu MOCTPOEHUN PACYETHOM CXEMBI JUTST
oTpesieJIeHNs] HEeCTallMOHApHOTO TEeIIo0OMeHa MaTe-
puas pa3fesisiioT Ha OINpeAeeHHOEe KOJUYECTBO YCJIOB-
HBIX CJIOCB. Y CJIOBHBIN CJION — 3TO TOJIIIMHA MaTepuana,
B KOTOPOI MPOUCXOAUT TpEeArosaraeMblii Tpolecc
YCTOMYMBOIO TEIUIONEePeHOCa TIPU MTOCTOSTHHOM TEILIO-
BOM TIOTOKE IO Bcelt miomaau oopasua. OauH 13 KIo-
YEeBbIX TTApaMETPOB, KOTOPBII BIMSIET Ha TOUHOCTDb pac-
YyeTa HeCTAallMOHAPHOTO TEeTUIONepeHOca, SIBIISICTCS 1Iar
(uHTEepBaja) IO BpeMEHU. DTOT MapaMeTp OMpeaeisieT
BpeMsI, B TEUYCHHE KOTOPOTO TeMIlepaTypa MOCJIea0Ba-
TeJILHO ITepeiaeTcs Yepe3 YCIOBHBIH ciioil. TemriepaTypo-
MPOBOJHOCTh — 3TO MTapaMeTp, KOTOPBI aBTOPHI YUUThI-
BaJI TIPU OTIPECJIEHUN CKOPOCTH BhIDABHUBAHUST TEM-
neparypbl B ycJIoBHOM cjioe. KoMOuHaIMIoO Bcex 3TUX
IapaMeTpoOB XapaKTepu3yioT uncia Oypee.

B Teopun TerutonepeHoca uncio Oypbe onpenensierTcst
Kak IapaMeTp, XapaKTepU3yIOLINii Toa001e HeyCTaHOBUB-
IIMXCS TIOJIEl TeMIiepaTypbl B Matepraie. DTO YUCIIO T0-
Ka3bIBaeT YCIOBHME YCTOMYMBOIO U3MEHEHUST TeMIIepaTyphbl
1 MOXET OBITh MCITOIB30BAHO IJIST PAacueTOB YCIOBUIT He-
CTallMOHAPHOTO TeIUIonepeHoca. DTo 6e3pa3MepHoe Bpe-
MsI, KOTOpPOE BMeCTe C TeTUIOBBIM KputepreMm bro xapakre-
pu3yeT repeXonHble 3¢ heKThI TerionepeHoca [6, 16].

Psin aBropos [6, 17] Takske Mpy pellieHUW YpaBHEHMUST
HECTAalIMOHAPHON TETUTONTPOBOJHOCTH PA3NEISIIIN OIHO-
POIHYIO TUTOCKYIO CTEHKY Ha dJIeMEHTapHble AXx CJIOU
ONVWHAKOBOM TOMIIUHBL. [lmockocTu, pasmensiommue
cjion, obo3Havaau yuciamu n—1; n; n+1, a Bpems pas-
JIeJISLIU Ha paBHbIC UHTEPBAJIbI Af.

OmHUM W3 paclpOCTPAaHEHHBIX METOIOB PELICHUS
YpaBHEHUS TEILIONPOBOJHOCTU SIBJISIETCS METO pa3ze-
JIEHUSI TIepeMEHHbIX, KOTOPbLi ObLT BBeaeH K. Dypbe B
1820-x IT. 1 OCHOBaH Ha Pa3J0XEHWUM IPOM3BOJBHOMN
dbysukuuu B pssg @ypbe. B ocHOBe MeTona JIEKUT Mpe-
TOJIOKEHME, YTO 3aBUCUMAs TIepeMEHHas SIBJISIETCS TTPO-
U3BeIeHUEM psina byHKUMI, Kaxaash U3 KOTOPBIX SIBJIsSI-
eTcsl PyHKIIMe OMHO He3aBUCUMOM MePeMEHHOM. DTO
cBOIUT nUddepeHIIMaIbHOe YpaBHEHUE B YACTHBIX PO~
U3BOIHBIX K CUCTeEMEe OOBIKHOBEHHBIX TU(pdepeHIINATb-
HBIX YpPaBHCHU, KaXKIIO€ M3 KOTOPBIX SIBJISIETCS (DYHKITH-
€l OTHOM HE3aBUCUMOM NEPEMEHHON.

B cnywyae HecTanMoHapHOU TETUIONIPOBOMIHOCTU [IJIST
TUIOCKOM CTEHKHW, HAallpUMep 3aBUCUMOM ITePEMEHHOM,
SIBJIICTCST (PYHKIUMS PEIIeHNsI, KOTOpasi BEIpaXkaeTcsT KaK
0=X(x)I'(T); MeToI pelLeHUsI CBOIUTCS K ABYM OOBIKHO-
BEeHHBIM IU(QepeHINATbHEIM YPaBHEHUSIM, OIXHOMY
IUISL X, a APYTOMY 11 T.

MeTon NMpUMEHUM, €CJId TeOMETPHUsI MCCIIETyeMOro
Tesa MpocTa U KOHeUHa (Harpumep, TUlacThHA, LIVJIMHAD
wi cepa), Tak, YTOOBI TPAHUIHBIC TIOBEPXHOCTU OBLIN
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P €3y/JIbTaTbl HAYYHbIX HcCIe10BaHu

OMUCAHbI MPOCTBIMU MAaTeMAaTUYECKUMU (PYHKIUSIMU, a
nuddepeHIaIbHOe YpaBHEHUE U TPAaHUYHbIC Y HadasIb-
HBIE YCJIOBUS SIBIISTUCH IMHEWHBIMY C OJTHUM HEOTHOPO/I -
HbIM wieHoM. Eciu ¢popMynnpoBKa BKIIOYAET B ce0s1 He-
CKOJIbKO HEOJHOPOTHBIX WICHOB, 3a/1a4ya AeJTUTCS Ha paB-
HOE KOJTMIECTBO O0JIeE MPOCTHIX 33/1a4, KaXK/1ast U3 KOTOPBIX
BKJIIOUAET TOJILKO OAVH ONHOPOAHBIN YJIeH, MOCJE Yero
peleHre 00beIMHSIETCSI METOJIOM CYTIEPITO3ULIMU.

OpHako Mpu MPaKTUYECKOM MUCIIOIb30BaHUU pellle-
HUH, TIOJYyYeHHBIX KJIACCUIECKUM METOIOM pa3aeieHUs
nepeMeHHbIX Dypbe, rccaenoBaTelb 3a4acTylo CTaTKU-
BaeTCsl C TPYAHOCTSIMU BBIUMCIUTELHOTO XapakTepa.
TpyaHocTH 3TU OOYCJIOBJIIEHBI TE€M, YTO ITOJTyJYaeMbie
MetojgoM Dypbe pelleHUs] UMEIOT BUI OECKOHEUHBIX
PSIIOB, CXOAMMOCTbH KOTOPBIX PE3KO YXYIIIAeTCs C
yMeHbllieHueM uucia Dypbe. OTMEUYEHHbIE «HEya00-
CTBa» MIPUOOPETAIOT MPUHIIMTTUAIBHOE 3HAYeHUE B TOM
ciydae, Korjaa onpeesieHre Mojieil BaarocoaepxXaHuii u
TEMIIepaTyphl SIBJSIETCS HE KOHEUHOI 1Ie/IbI0 pacuera, a
JIMIIb TPOMEXKYTOUHOM cTanuelt 60siee CIIOKHOM 3a1a4uu.
B 3THX yciaoBUSX NMpeAnoYTUTENIEH APYroi Criocod pe-
IIEHWST YPAaBHEHUSI HECTAIMOHAPHON TEIJIOTIPOBOIHO-
CTU: METOJI MHTEerpalbHbIX Npeobpa3oBaHuii Jlammaca,
OCHOBaHHBI Ha MEPEBO/IC YPaBHEHMS TETJIONTPOBOJHO-
CTH B 00JIaCTh M300pakeHM, MOCeNyIoIIeM aHaau3e
pelieHrsT B KOMIUIEKCHOU TUIOCKOCTH, aCUMMTOTUYE-
CKOM Pa3JIOXXEeHUU PEIIeHUST B OBICTPOCXOMSIINICS PSI
Y BO3BpAILlEHUHU B 00J1aCTh OPUTHHAJIOB.

LlenHoCTh pelieHU KpaeBbIX 33a4 TeIIoMaccorne-
peHoca B BBICOKOI CTETICHU OTIPEIEIISIETCS 9KCTIEpUMEH -
TaTbHBIMU NTAHHBIMU MO 3aBUCUMOCTSIM KO3(hdUIIUEeH-
TOB TIEpeHOCa, U B MIEPBYIO OYepeIb TEIJI0- ¥ MacCOTIPO-
BOJHOCTH, OT MOTEHIMAIOB MepeHoca. Mcropuyecku B
OTEUECTBEHHON HayKe CYIIECTBYIOT U Pa3BUBAIOTCS JIBA
OCHOBHBIX HaIlpaBJIeHUs: 30HAJIbHbINA MeToA [9] u MeTox
MUKpormnpoleccos [10].

30HaIbHBIN METOM, OJIN30K T10 CYITHOCTH METOIY MM-
KPOITPOIIECCOB, HO UMEET Psi/i OTJAMYMI, HAITIPUMED: B 30-
HaJIbHOM METOJIE BECh JMAIa30H BJIArOCOMEPKAaHUI pa3-
OGuBaeTCs Ha psil KOHIIEHTPALMOHHBIX 30H U 110 CPETHEMY
BJIArOCOAEPKAHUIO B 30HAX BBIOMPAIOTCSI 3HAUCHUSI TETI-
JIOOU3NIECKUX XapaKTepHUCTUK MaTeprasa; B METOIE MM -
KPOIMPOILIECCOB OINEPUPYIOT Aana3oHaMu (MHTEpBaIaMu)
BPEMEHU, TTOATOMY HYXKHO JIJIST KaK/I0H KOHIIEHTPAIIMOH -
HOW 30HbI PACCUMTHIBATH CHaYa1a KOHEYHOE BJIarocoaep-
JKaHUe B 30HE, 3aTeM OIPENeIsSITh CPEIHEe BIarocoaepxka-
HUE B 30HE 1 TI0 HEMY OIPEIeIIITh 3HAYCHUST TeTI0(hU31 -
YeCKUX XapaKTePUCTUK U Jaliee TTOBTOPSITh pacueT. MeTox
MMKPOIIPOLIECCOB U 30HAIBHBIN MeTO/ ObLIN pa3padoTa-
HBI [T TOTO, YTOOBI YUUTHIBATh U3BMEHEHUE B XOJI€ MPO-
11ecca TeruioMaccornepeHoca Teruio(u3nIecKrux Xapakre-
PUCTUK MaTepuaja, KOTOPbIE SIBIISTIOTCS (DYHKIIUSIMU €r0
BJIArOCOEPXKAHUS U TEMIIEPATYPHI.

B pabGore [12] onrcanbl ciayyan CUHTE3a MaTeMaTuyie-
CKHUX MOJIeJIeil TIPOLIECCOB TEIJIOMAaCcCONEPEHOca B Telax
KaHOHMYECKOU (hopMbl (TacTUHA, UWIWMHAD, cbepa).
[Tpobaema paccMoTpeHa ISl 3a1a4 TEIUIONPOBOAHOCTU U
nmnuddy3un B TBepabIX TeJaax. BMecTe ¢ Tem mis ynpoiie-
HUSI MaTeMaTUYEeCKUX MPeodpa3oBaHUI U3T0XKEHbI 3a1a-

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeHHbII HCYPHAN

Y1 C TPAaHUYHBIMU YCIOBUSMU | posa, HazbIBaeMbIe TaKKe
yenosusimu lupuxiie [14]. Pemienne kpaeBbIx 3a1aq Ter-
JIO- U BJIArONPOBOAHOCTU MPU OOILIMX IPAHUYHBIX YCJIO-
Busix 111 poma (Pumana—HbioToHa) 001amaeT cBoeit yHU-
BEPCAIbHOCTBIO, TaK KaK B 3aBUCUMOCTHA OT 3HAYEHWIA
yuciaa buo (m1s1 TermnooOMeHHbBIX MpoLeccoB — Bi, s
MAacCOOOMEHHBIX — Biy,), OHU TTpeodpa3yIoTcs B YCIOBUE
I pona (Bi, Biy,,—0) unu Il pona (Bi, Biy—0).

[Ipu 3TOM 3amaeTcsl 3aKOH M3MEHEHMS ITOTEHIIMAIa
repeHoca (TEeryIOThl M MAacChl) Ha TPaHMIIE TBEPIOTO Tejia
C OKPYKAIOILEH Cpeaoi.

B [1] nmpuBeneHsl BbIpakeHUs ISl pacyera MOJein
TeMmnepaTypbl B 3aBUCUMOCTU OT TeIUIOGU3UYECKUX Ma-
paMeTpoB, a TaKKe IOJIeH ITOTCHIIMAIOB MacCOIIePeHOCa.

B pabore akagemuka A.B. JIbikoBa u mpodeccopa
I0.A. Muxaiinosa [12] npeacTtaBiieHbl peLIEHUS LLIUPO-
KOTO CIIeKTpa 3aja4 TeTUIONPOBOMHOCTA W AUDhy3un
JUIST TeJT pa3iinyHON KOH(MUTYpalluu, B TOM YUCJE U TeJ
KaHOHMYECKOU (opMbl. Hapsimy ¢ 3TuM MOXKHO BBIIE-
JIUTh B TIPUHIUITMAIBHBIC TTo3unuu. [lepBas — perie-
HUsI, TIOJlydeHHble B (opme psimoB Dypbe, xapaKTepHa
JUTST 33124 ¢ HEpaBHOMEPHBIMM HadaJlbHBIMU pacIipese-
JICHUSIMM TTOTEHIIMAJIOB MepeHOoca TEIJIOThl U MacChl Be-
mecTBa. B cayyae paBHOMEpPHBIX Ha9aJIbHBIX pacIpeie-
JICHU W3 TOJYYEHHBIX PELICHUI JErkKo MOJydaroTcs
YacTHbBIC CJIydyad IS PaBHOMEPHBIX HayaJIbHBIX YCJIO-
Buii. [Ipy 5TOM pelIeHU LTS MaJIbIX 3HAYEHUI yuces
®ypre (Fo, F0,,<0,1) He IPUBOAUTCSI.

Takke, KaK yXe He pa3 YIIOMUHAJIOCh B CTICIIMAIbHON
smrepatype [10], pewrenust B popme psianoB Dypre oba-
JTAIOT HETIPUSITHON OCOOEHHOCTBIO: C YMEHBIIIEHUEM Bpe-
MEHU TIpoliecca YMEHbIIAIOTCS W YMCIOBbIC 3HAYCHUS
kputepueB Oypbe, XapaKTepu3yIOIIMX ToJ00Me HeCTal -
OHApHBIX IPOLECCOB TeruioMacconepeHoca (Fo, Fop).
DT0, B CBOIO OuYepenb, NMPUBOIUT K YBEIMUCHUIO YHCTIa
YJIEHOB OECKOHEYHOTO psia M HapacTaHWIO OIMOKK TIPH
JMaJbHENIINUX BbIUMCICHUSX. KiltoueBoe 3HaueHUE STU
(hakToOpbI MPMOOPETAIOT MPU pacyeTax ¢ UCTIOJb30BAHNEM
30HaJIbHOrO MeTona [9] u Merona mukpomnpolieccos [10].

B pabGote [1] npennoxeHa MeToaMKa pellieHU 3aaa4
TEIIoOMaccornepeHoca Mpu HEPaBHOMEPHBIX HavaIbHbIX
pacripee/ieHUSIX IMOTEHIIMAIOB MepeHoca. Llenpro HacTo-
SITIIeit paboTHI SIBJISIETCST ONMCAHUE TIPUHITUIIOB pa3padoT-
KW METOIWKHU PEIIeHUs] KpaeBbIX 3a/1ay TeIJIo- U Macco-
IPOBOIHOCTH MIJIsT O0Jiee OOIMX TPAaHWYHBIX YCIOBUM —
ycinoBuit 111 pona, wiu ycnosuit HetotoHa [12]. ABTopbl
CTaBSIT Iepe1 CO0OM CIeIYIONINE 3a1a4n:

1) pa3paboTKa aHATUTUYECKUX PEUIEHUI 3aaa4d Ter-
JloMaccorepeHoca IMpu HEepaBHOMEPHBIX HayalbHbIX
pacripeie/ieHUSIX TIOTEHIIMAIOB TTIepeHOCca /IS TeJI KaHO-
HUYeCKOI (DOPMBI TP MaJIbIX 3HaYeHMSIX ynciia Dypbe;

2) pelleHre 3aJadyy TeIJioMaccorepeHoca Ipu He-
PaBHOMEPHBIX HAaYaJIbHBIX PacMpeiesIeHUsIX TTOTeHIIra-
JIOB mepeHoca JJIsl TeJl KaHOHUYECKOW (pOpMBbI, UCTIONb-
3ys1 Oe3pa3MepHbIe TTepeEMEHHBIE JIJIST TTPOTHO3UPOBAHUS
M3MEHEHUsI TeMIIepaTyphl B TeJie;

3) rpacuaecKkast MHTepIpeTalnsl 3aBUCUMOCTel 6e3-
pa3MepHOTO pacIpeneeHUs] TeMITepaTyphbl JUTS TTOBEPX-
HOCTE IJIaCTUHBI, HWJIMHApPA U CHEpBHL.

Gryourrin e
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CrnenyeT OTMETUTh TOT (PakT, YTO rPpaHUYHBIE YCIIO-
BUS SIBJITIOTCSI OOLIMMU TSI 3a7a4 TeTUIONPOBOIHOCTHU U
mubdysun. [pu Bi, Bi,—0° OHU NEPEXOAsT B YCJIOBUS
II pona (ycnoBue Helimana), a mpu Bi, Bi,,—0 nepexonst
B ycnoBus | pona (yeinosue Jdupuxite). Himke n3maraercs
KpaeBasl 3ajaya HeCTalMOHApHOMN TEIIONPOBOIHOCTHU
JIJIST TeJT KAaHOHMYECKOI (hOPMBI IIPY TPAHUYHBIX YCIOBH -
six IT u I11 pona.

Matepuajbl 1 METObI
B kauecTBe MaTeMaTU4YeCKOIl OCHOBBI JJIsI PELICHUS
KpaeBbIX 3a/au TeTJIOMAacCOTEPeHOCa UCIIOIb3YeTCs
nuddepeHIraTbHOe ypaBHEHNE HECTAIMOHAPHOIO Te-
peHoca CyOCTaHIIMK (TETUIOTHI MM MAacChl BeIllecTBa) C
COOTBETCTBYIOIIMMHU KpPaeBbIMU (HAYaJIbHBIMU WM Tpa-
HUYHBIMU) YCIOBUSIMU:

Be(x,‘c): 826(x 17) T 96(x,7) L8>0, 0<x<R: (1)
pE o« or -
8(x,0)=0(x); (2)
wzo; 3)
9(R 1:)

a6, -6(R1)]=A—" “

roe '=0 m1sg 3amay TeruronepeHoca aJist HeorpaHUIeHHOM
rracTiHEl, [=1 m1g 3agad TermionepeHoca sk Heorpa-
HU4YeHHoro uwiuHapa; ['=2 nng 3agay TeriorepeHoca

JUJIs1 Cpephl.
BBeneM Ge3pasMepHble BETUYMHBL:
0.~ e(x T) _at. _U.R. —_ X
G(Y,Fo)—ecT Fo=%5 Bi==7 ¥=%,  (5)

rae a — Koo dOULMEHT TeMIepaTypONPOBOIHOCTH, M2/c;
a — ko3 duumeHt teruoortaaun, Br/(m2-K); A — Tero-
npoBoaHocTh, Br/(M'K); 6, — Temnepatypa cpensl, K;
0 — HavanbHasa TemmepaTypa Matepuania, K.

B vactu 3agaum MacconpoBOIHOCTH MOTyYaeM:

%, (x9_ | & Ou(cD), I ®CD| g S0 0<r<r: (6)
o n'x Ox
By (x,0) = B0.m (x); (7)
99,, (0.1) _ .
=0 (8)
TR BURC

,HJTH 3aJady MaccomnepeHoca 1o aHaJlorumu MOXXHO 3a-
nucarThb:

_ 00, — 0,,(x, T)
em(X,FOm)=0’eomiecm, Fo,, = ];;za Bi,, = ﬁR , (10)

Wl

rae B — koaddunreHT MaccooTnauu, M/c; k — koaddu-
LIMEHT MAaCCOIPOBOILHOCTH, M2/cC; 6, — KOHLIEHTpa-
11T TIEPEHOCHMOTO BEIlleCTBAa B TBepHoi ase, KI/KT;
0., — KOHLIEHTpaL s BELLECTBA B TBepoi (da3e, paBHO-
BeCHasl C KOHIIEHTpaIlleil B Ta30BO, KT/KT.

B 6e3pasMepHbIX TepeMeHHBIX KpaeBasl 3agada Ter-
JoriepeHoca npumet caenyomuit Bu (I'=0):

00 (x,Fo) 09°0(X,Fo)

IFo 8_2 6(, 0) y D
e(— 0)_—x O(X) (12)
ae(O,Fo)_i[e 9(0 Fo)_, (13)
x  ox i
wz_m.e(l,ﬂ)). (14)

Cy1iecTByeT JOCTaTOYHO MHOTO METOAOB PEIICHUS
KpaeBOM 3agayM, OIMCAHHOM CHUCTEMOIW ypaBHE-
Huii (11)—(14); omgHuM U3 HambOoJjiee IEePCICKTUBHBIX
SBJISIETCS MHTErpajibHOe Tpeodpa3zoBaHue Jlammaca [2]
0 BpeMeHHOI1 nepeMeHHoi Fo [14, 18], Torma MoxXHO
3ammcarh:

@—sle(f,s)+90()?):0; (15)
0(0,5)
o
d0(l,s ,
I =-Bi-0(Ls). 17)

VYpaBHeHue (15) gBasieTcss NTUHEHMHBIM HEOJHOPOJ-
HBIM auddepeHINATbHBIM YpaBHEHUEM BTOPOTO II0-
psaka [13].

Pemass ero ¢ ucmoiab3oBaHMEM TPAaHUYHBIX YCJIO-
Buii (16), (17) u omyckast HECJIOXHBIE, HO TPOMO3IKHE
npeodpa3oBaHUs, 3alUIIEeM pellieHue B 00JacTh KOM-
TJIEKCHBIX TIEPEeMEHHBIX:

(Blsh\/—+\/_ch\/—)ch \/;x)
) (il s 515

_ ﬁ {Sh(ﬁf) j eo(g)ch(\/gg)d§+sh(ﬁf)JGO(§)ch(J;§)d§:|, (18)

rae & — nepeMeHHasi, u3MeHsttomasicst ot 0 1o x.

[TpeobpazoBaHus U3 ob6gacT MU300pAXKEHUN B 00-
JIaCTh OPUTMHAJIOB MTPOU3BOASATCS MO (popmysie 00paTHO-
ro npeobpazoBanus [13]:

j 6, (&)en((5E)de -

0@, Fo)=L'[0(%, 5)]= *‘[(P(Y)]IH0 > 9,0 exp(s,F0),(19)

=1y (s)
rae ©(s) u V'(s) — COOTBETCTBEHHO (YHKIIMM, HAXOJIsI-
myecs B yuciauTesie u 3uameHaresne (18).

B pesyibraTe MaTeMaTHYeCKHUX MpPeoOpa3oBaHMil B
COOTBETCTBUU ¢ hopmynoii (19) oHO mpUHUMAET CIemy-
IOIIUIA OKOHYATEIbHBIN BUJI:

D)

O Fo)= =111, +sinyl, cosiL,,

1
cos(u,x) |7 (&) cos () d&.(20)
0
BesuuHa 1, onpenessieT MHOXKECTBO KOPHEN Xapak-
TEPUCTUYECKOTO YPABHEHUS:

cigp, = - Q1)

AHAJIOTUYHO [JIs KpﬂEBOl/l 3aJjadyu MacCoII€pE€HOCa
6YJIYT CITPABEIJIMBBI BBIPAXKCHN !
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mexp(-1,Fo,)
‘1L, +sint, cosy,,

8, (x,Fo,)= 22

cos (umf)_[ro (&) cos (1, )& (22)

clet, = (23)

Ha ocHOoBaHMM NTPUHIIUIIOB 143no>KeHH017I METOJI0JIO-
FMU pelleHUs] KpaeBbIX 3aJay TeIJIoMacCcollepeHoca
MpUBEAEM 3aITMCH TTOCTAHOBKM W pEIIeHUS 3amad I
LUJUHAPA U chepHI.

[MocTraHoBKa 3amavym TeruionepeHoca isi HeorpaHu-
yeHHoro uuauHapa (I'=1):

— 20— ~
907 Fo)_ o0 Fi 0)+1:.86(F’FO), Fo>0, 0<7<1; (24)
oFo 7 roooor
0 ) o0, 03)
BOF) _, 00, Fo)#oo; (26)
or
|, F
_ae(a ) __g. -0 (1, Fo). 27)
-

B o0iacT KOMILIEKCHBIX IEPEMEHHBIX 3Ta 3ajada
OyaeT UMETh CJAEAYIOLIUIA BUIL;

PO o7 e,k S8 g
dr dr

PO o, 00,5y 29)

%:—Bi-e(l,s). (30)

CHoBa, oItycKasi F[pOMO3/IK1e MPpeoOpa3oBaHusl, TpUBe-
nem perieHust 3agaunt (28)—(30) B ob6nact MI300paKEeHUIA:

0(7.5)= ( ) wl(s)jéeo(é)l (Vs&)de+

v ) j £0,(£)K, (45 é)dé}— ‘5,8 {IO (ﬁr)!aeo@fg(&)da-

ey o
0

rae IO(\/S— ), IO(J;?) — (¢ynkuuu beccens I poga ot uucro
MHUMOTO apTyMEHTa HyJIEBOTO TTOpsAKa (MOAMMDUIINPO-
BaHHasl pyHkuust beccens I poga HyneBoro mopsiaka);
GYHKLMN  (5) ¥, (5) ABIAIOTCA 0000IEHHBIMU MOJIMHO-
MaM{ OTHOCHUTEIbHO KOMIUIEKCHOM IepeMEHHOM s
K, (x/_ ) K (\/— r) ¢yukuuu beccens I poma HyneBoro
MOpsIIKA OT YUCTO MHUMOTO aprymeHTa [18].

[TpumMeHsIs K OJy4YEeHHOMY BhIPa>K€HUIO BHOBB ITPO-
eaypy ooparHoro npeodbpasoBaHus Jlaraaca B COOTBET-
ctBuu ¢ (19), moayyum perreHue B (popme:

< W, g0, 7 Y (n,)+BiY,
9(7, FO) _ _22 u, O(Hnr )[un 1(“';1) i O(H'ﬂ):l
n=l1 l"l';1‘]0(un)+BiJ1(“n)

xp(#,Fo)-

0, @ w21 ()

HAYYHO-MeXHU4ecKuil U NPoU3800CMBeHHbII HCYPHAN

e Jo(1,), Jo(w,7), J(w,)s Y(u,), ¥;(1,) — 0ObIdHBIE DyHK-
uum beccenst, onpeneseHHbIE B CIEIUATIbHON JTUTEPaTy-
pe, Hanipumep [10].

W BHOBBL OTMETHM, UTO aHAJIOTMYHBIM OYIET U pellie-
HUeE 3a1a4u MacconepeHoca. [1pu aToM y BenmuuH U, Bi,
Fo HYXKHUM MHIEKCOM CTAaHOBUTCS BEJIMUMHA M.

Hnst ena cpepudeckoit popmel (I'=2) 3anuirem:

96(r, Fo) 829(}’ Fo) 2 06(r,Fo)

e St e, Fo>0, 0s7<1; (33)
0 )| g =80(7); (34)
M =0, 08(0, Fo)#eo; (35)

or
w ~Bi-0 (1, Fo). (36)

J7151 T]paHUYHOTO YCIOBUS B LIEHTPE LIapa MOSIBUIOCH
JOTIOJTHEHUE, YTO 3HaYCHUE TEMIIepaTyphl B LIEHTPE He
MOXET UMETh OECKOHEYHOI BEJTUUMHEL.

[IpousBoarM 3aMeHy MepeMEHHOM MO TPaBUITy:

U(r, Fo)=76(r, Fo). (37)
B pesynbrare mony4yum:
oU(F,Fo)  9°U(F,Fo)
doFo or (38)

B nanbHeiiem, BBITOMHSIS TPe0OPa3oBaHus MO MPo-
LIeype MOyYeHUS PEIIEHUS 7151 HEOTPAaHUYEHHOM IJ1a-
CTUHBI, MTOJTy4aeM pelieHue B 06J1aCTh U300pakKeHU i 1o

Jlamnacy:
9(? S) B sh(\/gf)
s |(Bi ) sl s chs |

ﬁjieﬂ(é)ch\/g(l—a)d&

o Lf _
+(Bz—1)3[§eo(§)shﬁ(1—a)dg —h/g'!‘éeﬂ(&)sh\/;(r—ﬁ)di. (39)

OxoHuaTteJbHOE pelleHe KpaeBoii 3a1auu B 0071aCTH
OPUTUHAJIOB MMEET CJICTYIOIITI BUI;

o [(Bi-1)cosp,—u, smun]sm(unr)
0 Fo)=~ 2 Bi-cosp,— L, sinfL,

: J.ieo(&)sin(un €)d&-exp (—ufFo). (40)
0
XapakTepucTMIecKoe ypaBHEHHE IS TIOMCKA MHO-
2KECTBaA KOpHeFI B JaHHOM CJiy4dac:

te, = — Bt't—nl . (41)

M BHOBB OTMETHUM, UTO pellIeHUE I 3ada4l Macco-
nepeHoca (muddy3nn B TBEPIOM Telle) OyaeT WMETh
aHAJIOTUYHBINA BUA MPU KUCIIOJb30BaHUU O0003HAUYEHUIA:

0,7 F0,): Bl Iy, (42)

Heob0xoqumMo oTMeTUTh, YTO B 001aCTU OOJIBIINX UM-
cenn Dypbe JOCTATOYHO TOYHBIE PE3YJIBTAThI ITOJTYIAIOTCS
P UCIIOJIb30BAaHUHU BCETO JIUIIb OJHOTO, TIEPBOTO YjIeHa
psima. C ymeHbpinenueM uncia Oypee (ciiemoBaTesIbHO, U
BpeMEHH Mpolecca) YMCI0 YICHOB psifia, KOTOPOe Haao
VUMUTBIBATh TSI OOECIICUCHMST 3aJaHHOM TOYHOCTU pac-

(&SR = BHBIE
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YeTOB, pe3Ko Bo3pacTaeT. COOTBETCTBEHHO BO3pacTaeT 1
KOMITBIOTEPHOE BpeMsI, 3aTpauydBacMOe Ha pacyeT. DTU
TPYAHOCTH TIPUOOPETAIOT MPUHIMITHATHHOE 3HAUCHE B
TeX CaydJasix, KOrja Bech aHaJIM3UPYEeMblii MpolLiecc pas-
OMBaeTCsl Ha JIOCTATOYHO OOJIBIIIOE KOJIMYECTBO MUKPO-
MPOLIECCOB, ST KaXKIO0I0 U3 KOTOPBIX BBIMOJHSIETCS yC-
noBue (F0<<0,1). Bce ananuTuyeckme METOIBI TTO3BOJISI-
0T MOJIy4YaTh AOCTATOYHO TOYHbIE pelneHus npu Fo>0,1,
U JUIIb Tpeodpa3oBaHue Jlamiaca gaeT BO3MOXKHOCTb
TTOJTYIUTH PEIICHMsI, TOYHOCTh KOTOPBIX HE YMEHbBIIIACT-
cs, a BO3pacTaeT ¢ yMeHbllleHueM urcia Oypbe.

[Ipu pemeHnM KpaeBBIX 3a1a4 TEIUIOMACCOIIEPEHO-
ca JuIst 00J1acT! MaJIbIX 3HaYeHWit yncesl Dypbe criemyeT
HCIIOIb30BaTh CICIYIOIIE CBOMCTBA TUIEPOOIUUSCKIX
bynxumii [10]:

ch\/gzé(e&—i- e’&)zée&; (43)
s =3 (=" )=5 " (44)
chsx = % (eﬁf el ); (45)
shils = % (eﬁ; - ) (46)

B pesynbrate Boipaxenus (18), (31) u (39) npeobpa-
3YIOTCS K CIICAYIOIIeMY BHUIIY:
— IJJaCTUHA:

0(5.9=— =1 [0 @) et o e e

1 efﬁ(.wg) _ Bi—s 1 e .eJE(x:z) efﬁ(m); 47
o o) ﬁ)Je(.(&) e [o7 g T, (47)

0
— HWJIMHAP:

0(F. 5) :ﬁg) I(R) L[geo(g) K, (57) 1,(5E) & +
+j§eo(§) (7 KO(Js—ﬁ)dglwuo(JE) U&eo )K(V57) 1, (VsE)ae+
Jene Ko(&)d&]%lq(ﬁ) 1) ez

ik, (51 (57) j aeo@)lo(&)da}; (48)

— cepa:

0(F.5)= -1 [e0,@e " Vs [0, T T

(Bi-)-s
275 | (Bi-1)+s |

_ J‘};eo(a) e*\/g(ﬁé)da +

] e YO e T N )

Pe3yabTaTsl uccienoBaHus
COOTBETCTBYIOIIME OKOHYATEIbHbIC PELIEHUST Kpae-
BBIX 3a/a4 B O0JIACT OPUTMHAJIOB IJIsSI TeJI KaHOHMYEC-

1 7
_—_-___‘—_-
e
—— 6
_____—\—-
08} \\\_‘x‘x“‘“‘ —
P ) T =
-——"‘—_____-__‘_-‘
06 e o
h_-_--‘-_-—‘—-
04
3
0,2 2
1
0
0,02 0,04 0,06 0,08 0,1

Fo

Puc. 1. lnHamuvka 6e3pa3mepHoin TeMnepaTypbl MOBEPXHOCTU MAACTUHBI B
3aBUCMMOCTHW OT 3HaYeHuin Yncen brno n dypse npu Bi: 1 -20;2-10; 3 - 5;
4-2;56-1,6-0,5;7-0,1

Fig. 1. Dynamics of the dimensionless temperature of the plate surface
depending on the values of the Biot and Fourier numbers at Bi: 1 — 20;
2-10;3-5;4-2;5-1;6-0.5;7-0.1

ckoit (hopMbI (TUTacTUHA, TUIUHID, chepa) OyayT UMETh
CJICIYIOIIWIA BUL:
— ruiacTuHa (puc. 1):

0(x, Fo) :ﬁ Jeo(g) exp[_(fi i) }d&_[@o(é)

1

i7_ £V
- exp [—%}d& — Biexp (BizFo)J.Oo(é) :

.exp[Bi(zif—g)]erfc[Z““:+Bz’JF_on§. (50)
21JFo

Ha puc. 1 npeacraBieHbl KpuBble 0e3pa3zMepHOit
TeMIiepaTypbl B 3aBUCMMOCTH OT BPEMEHM [IJIST pa3iny-
HbIX Bi (Biy,) u Fo (Foy,). I3 aHanu3a puCyHKOB MOXHO
3aKJIIOYUTh, YTO C YBeJMUeHUEeM uncia Bi (Biy,) 3aBUCH-
MOCTb TEMIIePaTyphbl UMEET MapaboJIMUeCcKnil Xapakrep,
a Ipy MajbIX 3HaYeHMsIX yuciaa Bi (Bi,) 3aBUCUMOCTb
npuobpertaeT guHelHbil Bua. [lpu Gonbimux Bi (Biy,)
BHYTPEHHEE TEPMMUYECKOE COIPOTUBJIEHHE TEIUIONPO-
BOJHOCTM HAMHOTIO OOJIBIIIE BHEIITHETO, ITO3TOMY U IIe-
periaj TeMrepaTtypbl HAMHOTO 0OJIbIlle PA3HOCTH TeMITe-
paTypbl MEXIy MOBEPXHOCTBIO Y OKPYKAIOILEU CPEdOA;

— mwHap (puc. 2):

- %J-g '/zeo(g) exp [Bi (2—7—§)+Bi2Fo]erfc {(Z—r— ) + Bi\/ﬁ} de. (51)

2JFo

AHanmu3upysl TaHHbIe, TIPEICTaBIeHHbIE HA pUC. 2,
MOXHO OTMETUTb, YTO YYACTKM MHTEHCUBHOTO M3MEHEe-
HMSI TeMIIepaTypbl HabJIIOIal0TCSI B HaUajle Harpesa rmpu
Fo (Fo,,;) ot 0 no 0,04, mocie yero HacTyImaeT TEIJIOBOE
paBHOBecHe. XapaKTepPHbIM MPU3HAKOM 00J1aCTH MaJIbIX
3HavYeHUt urcest Pypbe SABISIETCS HAIMUNUE TTUKOBBIX U3-
MEHEHMI TeMIlepaTypbl B Hayaje Harpesa Mo nMpuyruHe
BBICOKOI CKOPOCTHM TIPOTPeBa MOBEPXHOCTU MaTepuana;
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1
\ "
08} ;\h—-—_ﬁ“‘—‘- —

\\M T
0,6 \ \Hﬁ&-‘_‘_— 5
0.4 ——
3

0,2
2
=. 1

0

0,02 0,04 0,06 0,08 0,1

Puc. 2. JuHamuka 6e3pa3MepHoi TemnepaTypbl NOBEPXHOCTM LUUMHAPa
npu Bi: 1-20;2-10;3-5;4-2;5-1,6-0,5;7-0,1

Fig. 2. Dynamics of the dimensionless cylinder surface temperature at Bi:
1-20;2-10;3-5;4-2;5-1;6-0.5;7-0.1

1 7
[ ‘-—-.______-__
S
—-—_'_h—
08! S - B
—— |
o
x h"“—--——___‘___5_~
06 -]
;\\““‘\-—_‘L
04
02 e 3
-_ 2
= — 1
0
0,02 0,04 0,06 0,08 0,1

Fo

Puc. 3. uHamuka 6e3pasmepHoi TemnepaTypbl NoBEpPXHOCTU cdepbl B
3aBUCMMOCTU OT uncen buo n dypee npu Bi: 1 -20;2-10; 3-5;4 - 2;
5-1,6-0,57-0,1
Fig. 3. Dynamics of dimensionless temperatures of the sphere surface
depending on the Biot and Fourier numbers for Bi: 1 -20;2-10;3-5;4-2;
5-1;6-0.57-0.1

— cepa (puc. 3):
e(r’FO)ZZr(jf)tlTo Igeo(g) exp —% dE+
Qﬂaaza_{ﬂwpg

+I§90(§)exp T d + Fiexp[(Bi—lfFo}-

2FF-¢

'I@eo(i) exp|(Bi 1) (2F 7-¢)] erf{ SN

B nensx npupanus 6oiblieit KOMIaKTHOCTU (hOpMY-
JlaM BBeJIU CJIeayIoNyto (hopMy 3ammc:

F(XEE)=f(X +E)+f(x —E).

W3 puc. 3 MOXHO BBIAEJIUTH OOLLYI0 TMHAMUKY KpU-
BBIX Oe3pa3MepHOI TeMIIepaTyphl Ha IIOBEPXHOCTU che-
Db, XapaKTepHBIX OTHOCUTEIbHO puc. 1—2. Haubosee
UHTEHCUBHOE M3MEHEHUE KPUBBIX Oe3pa3MepHOl TeM-
repaTypsl HabJtogaeTcs mpu 3HaueHusIx Fo (Foy,) ot 0 no
0,04 (ans Bi (Biy,)=20; 10; 5; 2), 9TO CBUAETEILCTBYET O
TOM, 4TO TIpu OombuX Bi (Bi,,) BHYTpeHHEE TepMUYe-

+(Bi-1) x/F_o} dg. (52)

CKO€ COINPOTHUBJECHME TEIJIOMPOBOJAHOCTY HAMHOTO
0oJIbIlIC BHEIITHEro, MO3TOMY M TIeperaj TeMIlepaTyphl
HaMHOro OO0JIbIlIE Pa3HOCTU TeMMepaTypbl MeXay Io-
BEPXHOCTBIO U OKpYKaIollei cpeaoi.

3akioueHne 1 00CyKIeHne

Crnemyer yTOUHUTH TOT (paKT, YTO peIICHMS 3amad
TEIUTONPOBOAHOCTU U Nuddy3un s Ted, B TOM YHUCIIEe
KaHOHMYECKON (OopMBI, MOay4yaloT B (opme psaoB
Oypee [1, 2,911, 13, 18]. D10 XapakTepHO 715 yCIAOBUN
C HepaBHOMEPHBIM HauaJbHbIM pacIpeaeeHeM IMOTeH-
LIMAJIOB IIepeHOCca TEIJIOTH M MACChI BEIIIECTBA, HO pelle-
HU T MaJTbIX 3HaUYeHu# yrcesr Pypbe B UCTOYHUKAX He
npuBoauTCs. BMecTe ¢ TeM, yeM MeHbllle BpeMs IpolLiec-
ca, TeM MEHBbIIIe YMCIIOBbIE 3HaUeHUST KpuTepreB Pypbe 1
TeM OoJIbllle WIEHOB 0€CKOHEUHOrO psia, 4To BieyeT 3a
€000t HapacTaHNe OIIMOKM ITPY BEIYUCIICHUH.

B pabote npoaeMOHCTpUPOBaHbI PEILIEHUS IS TeJT Ka-
HOHMYECKOH (hOpMbI — TUIACTUHBI, IWIMHApPA U Cdephl,
TakKe pazpaboTaHbl HOMOTPaMMBbI Oe3pa3MepHOi TemMTiepa-
TYpPbI IOBEPXHOCTHU TeJIa B 3aBUCMMOCTH OT 3HAUEHUI YKCelT
buo 1 ®Pypre mpr KOHKPETHBIX 3HAYCHUSIX urces Bi u Biy,.

HoMorpaMMBbl TTO3BOJISIIOT € TIOMOIIBIO TTPOCTHIX Te0-
METPUYECKUX OIllepaluii uccienoBaTh (DYHKIIMOHATb-
HbI€ 3aBUCUMOCTM TEMIIepaTypbl Ha MOBEPXHOCTU Tes
KaHOHMYECKO (OPMBI B 3aBUCHUMOCTH OT 3HAUYCHMI
yucen bro nu @ypbe 6e3 rPOMO3IKUX BHIUUCIEHUN TTPU
MaJIbIX 3Ha4eHUsX yuciaa Pypbe, 4TO CIIOCOOCTBYET UC-
KJTIOUEHUIO OITMOOK TP peain3aliii METOIOB pacyeTa ¢
HUCIOJb30BaHUEM 30HaIbHOro Metona [9, 19—21] u Me-
TOIa MUKpOIIpoLeccos |2, 3, 10, 22—-26].

BriBoapl

1. YcTaHoBieHO, 9TO B 001acTH 00IbIINX uncesl Pypbe
JIOCTaTOYHO TOYHBIE pPe3yJIbTaThl IOJIYYaloTCsl TMPU UC-
ITOJTE30BAHUM BCETO JIMIITH OJHOTO, TICPBOTO WICHA PsIa.
C ymeHbiieHreM yncia Pypre (a cliesoBarebHo, U Bpe-
MEHU TIPOIIECCa) YMCIIO WICHOB Psiga, KOTOPOe HAO YUM-
TBIBATh IUTIS 00eCTIcUeHUs 3aJaHHON TOYHOCTH PacueToB,
pe3ko Bo3pactaeT. COOTBETCTBEHHO BO3pacTaeT U KOM-
MMBIOTEPHOE BPEMs, 3aTpauylBacMoe Ha pacueT. DTH TPYI-
HOCTHU TIpUOOpeTaoT NPUHUUIUAIBHOE 3HAYeHUE B TeX
CIIyJasix, KOTIa BeCh aHAJIM3UPYEeMbIil Ipoliecc pa3orBa-
eTCsl Ha JOCTAaTOYHO OOJIbIIOE KOJIMYECTBO MUKPOIPO-
LIECCOB, JIJIST KaXKIOTO U3 KOTOPBIX BHITIOJHSETCS YCIIOBHUE
Fo, Fo,,<<0,1. Bce aHaIUTUYECKHE METOAbI MO3BOJISIIOT
ITOJIy9aTh JOCTaTOYHO TOUHBIE peleHus mpu Fo, Fo,>0,1,
W JUIIb TIpeoOpa3oBaHne Jlamiaca JaeT BO3MOXKHOCTH
MOJIYYUTh PellIeHUsI, TOUHOCTh KOTOPHIX HE YMEHBIIIAeT-
cs1, a BO3pacTaeT ¢ YMEeHbIIeHeM unciia Dypre.

2. PazpaboTaHHble MaTeMaTUYeCKUEe MOJAEIN MO3BO-
JISTIOT OTIPECIISITh He TOJIBKO M3MEHEHHE TeMIIEPaTyphl B
MpocTpaHCTBe (B 00beMe MaTepuaja) U BO BpeMeHU, HO
TakxXXe U3MEHEeHUe TPaJIMeHTOB TeMIIEpaTyphl, TaK KaK B
HEKOTOPHIX CIIyJasiXx 3HaHWE TPaIMEHTOB STUX BEJIWINH
MOXET MMEeTh OoJblliee MPaKTUUECKOe 3HAaUeHHUE, YeM
3HaHWE CAMUX STHUX ITOKa3aTeJei.

3. IToayyeHbl TPpUOIMKEHHbBIE aHATUTUYECKUE 3aBU-
CHMOCTH IIJISI pacdyeTa HeCTallMOHAPHOW TEMIIepaTyphl B
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TeJlax KAHOHUYeCKO# (popMbI (T1acTUHA, UMIMHID, che-
pa). Mcronap3oBaHMe MOJIYYEHHBIX PEIICHUI BO3MOXKHO
JUTST OLIEHKW HadyaJbHOMW cTamnu (pU3WIecKoro, B 4acT-
HOCTH TEILIOBOIO, IIpoliecca Ipu Majibix yuciiax Pypbe.

Ornpenenisisi MePCNeKTUBB PAa3BUTUSI TEOPUU TETUIO-
MaccornepeHoca, HeoOXOAMMO OOpaTUTh BHUMaHWE Ha
pa3paboTKy METOIOB MOICIMPOBAHUSI MIPEACTbHBIX 3HAUYE-
HUI TPaaveHTOB TeMIlepaTypbl (BiaxHocTu). Hamuuue
BOIbl B CTPOMTEIbHBIX MaTepuanaXx UIpaeT KIIIOUEBYIO
POJTb BO MHOTHUX TIPOIIECCax, CITOCOOCTBYIONTNX X TEPMU-
yeckoil aectpykumu. Ilpu nepexone Boabl B pa3iMyHbIC
¢azoBBIe cocTOSTHMS (3aMep3aHue WIN KUTICHUE) U B 3a-
BUCHMOCTH OT BO3ICHCTBUSI BHEITHEH CPeIbl MOTYT IT10-
SIBJISITBCSI TOYKU JECTPYKLIMU B MaTepuanax, yTo MOXET
CBUIECTEJILCTBOBATh O HAJIMYMY B MaTepuasie TpeaeTbHbIX
rpaaueHToB. Pa3inyHble cou, MPUCYTCTBYIOLIME B CTPO-
WUTETBHBIX MaTepHasiaX, MOTYT CITOCOOCTBOBAaThb JIOKAJIh-
HbIM MOBPEXIECHUSIM B IPUCYTCTBUU BOJbI KAK PACTBOPU-
TeJISl U Cpenbl ISl BaarorepeHoca. Tak, Hampumep, Ipu
BO3MEHCTBUM Ha OETOHHYIO KOHCTPYKIIMIO OTKPBITOTO
IJIAaMEHU MOXET IPOM30MTU TepMUuecKas ASCTPYKLIMS
0JI0Ka ¥ ero JajibHelIIee pa3pylieHne BCASICTBUE Pe3KO-
TO YBEeJMYEHUS TeMIlepaTypsl (IIpeaebHOrO TeMrepaTyp-
HOTO TpaarieHTa). B MaHHBIX YCIOBUSIX BlIara, HaXoAsIas-
¢ B OETOHE, HAYMHAET BCKUIATh, M IPOIIECC COMPOBO-
JKIaeTcs HapacTaHMeM JaBieHus Iapa. IIpoucxomut
paspylieHre TMOBEPXHOCTA OETOHHOW KOHCTPYKIIUM, a
TakKe MOTyT HaOmoaaThest 3((HEKThI JOKATbHON TEPMU-
YECKOM ASCTPYKILIMM Ha TIOBEPXHOCTU MaTepuaja 1o TIpH-
YrHE BO3HUKHOBEHUS MPEIEIbHBIX TPAJIMEHTOB TeMIIEpa-
Typhl. B mpuBeneHHOM IipuMepe KiitoueBast poJib OTBOIUT-
cs TIpolieccaM TIepeHoca BJIaTd M TeTula TMPU BBICOKMX
TeMIiepaTypax. ABTOpPbl BUIST pelleHrde JaHHOTO Kijacca
po0JieM B pa3pabOTKe TEOPHH IIPeAeIbHBIX IPAIUCHTOB,
KOTOpasI TTO3BOJIUT MOJICIMPOBATh U PACCUUTHIBATH (hYHK-
IIMOHAJIbHBIC 3aBUCHUMOCTH, ITO3BOJISIIOIIME HEIIOCPEI-
CTBEHHO OIIPENeIIATh 3HAYCHUST BEJIMUMH BJIar0COIEpKa-
HUSI, TEMIIepaTypbl WIN JaBJICHUS B pa3IMUYHbIX MaTepua-
JIaX, YIUTBIBasE (haKTOPHI BO3ACHCTBUS BHEIITHEH CPEIbl.
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dopmupoBaHue PU3NKO-XUMUYECKOMN CTPYKTYpbI
NAKOKPACOYHbIX NOKPbITUWA NPU UX HAHOMOZMN(hUKaL UK

PaccmarpumatoTcs BONPOCkl )OPMUPOBAHNS (DU3NKO-XMMUYECKON CTPYKTYPbI NAKOKPACOYHbIX MOKPLITIA B pe3ynbTate X Moanduumupo-
BaHMS pasfinyHbiMu fobaskamu. 0603Ha4YEHO, YTO NOBbLILIEHNE 3KCMyaTaLMOHHbIX XapakTepMCTUK MOKPbITUA 06ecneynBaeTcs 3a cHeT
CLUMBAHMNA MAKpOMOJEKYN nosimepa 1 06pa3oBaHns CeT4aTon CTPYKTYpbl. [peacTaBneHbl pe3ynbrarbl UCCNEA0BaHNA CTPYKTYPbl HAHO-
MOANMDULMPOBAHHbIX MOKPLITWIA; BbIABMEHO, YTO NPW BBEAEHWUM YITIEPOAHBIX HAHOTPYOOK 1 OKCUAA BUCMYTA HE W3MEHSIOTCA IPYnnoBble
CBA3W B OCHOBE CBA3YIOLLEr0 BELLECTBa SIAKOKPACOYHOro mMatepuana, npu 3ToM HaHOA06aBKW CNOCOOCTBYIOT Nepexosy Makpomomekysn
nosMmMepa B PacTAHYTOe (HANPsXKeHHOE) COCTOAHME 32 CYET NPOTEKAHNA PAUKANIbHOIO KaTanuaa reTeporeHHoro T1na, YTo UHULUMpPYeT
MonMMepn3aLmno NTakoKPacoyHoro mMatepuana, T. e. HaHO400aBKM BbICTYNAIOT B Ka4eCTBE CTPYKTYPOOOPa3yOLLMX LeHTPOB, NMPOBOLMPYS
YIOJIMHEHWE MOMMMEPHBIX Liernen, 410 crnoco6CcTBYeT 06pa30BaHut0 6OJbLLEr0 KONMYECTBA MOSTEKYNAPHbIX cBA3E. [1pn B3aumoaencTaum
C HaHOZ06aBKaMmn NPOMCXOAMNT MOBEPXHOCTHAA OPUEHTALMA NOMAPHBIX TPYNM MOJIEKY NOMMepa, YT0 YCUINBAET KOre3NOoHHbIe 1 ajre-
31IOHHbIE CBA3M 3a CYET 00pa30BaHNA YCUIIEHHOTO 3/1EKTPOBATIEHTHOIO B3aMMOAENCTBUS.

KnioyeBble cnoBa: 1akokpaco4HOe NOKPbITUE, HAHOPa3MepPHbIe LO6ABKY, YINepoHbIe HAHOTPYOKM, OKCUA BUCMYTA, ONOKCUL KPEMHUS,
Kartanuaarop, ceTyaTble CTPYKTYPbI, NONUMEPU3ALNA, 31EKTPOBANEHTHbI 06MeH, paankanbHbIA KaTanus.
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Formation of the Physical and Chemical Structure of Paint and Varnish Coatings During Their Nano-Modification

The issues of the formation of the physicochemical structure of paint and varnish coatings as a result of their modification with various additives are considered. It is indicated that an
increase in the operational characteristics of coatings is ensured by cross-linking of polymer macromolecules and the formation of a network structure. The results of studying the struc-
ture of nano-modified coatings are presented; it was found that the introduction of carbon nanotubes and bismuth oxide does not change the group bonds in the basis of the binder of the
paint-varnish material, while nano-additives contribute to the transition of polymer macromolecules to a stretched (stressed) state due to the occurrence of heterogeneous radical cataly-
sis, which initiates the polymerization of the paint-varnish material, i.e. nano-additives act as structure-forming centers, provoking the elongation of polymer chains, which contributes to
the formation of more molecular bonds. When interacting with nano-additives, the surface orientation of the polar groups of polymer molecules occurs, which enhances cohesive and
adhesive bonds due to the formation of enhanced electrovalent interaction.
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catalysis.
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J7st co3naHust JIaKOKPACOYHBIX MOKPBITUM C TMOBBI-
IIEHHBIMU AKCIUTyaTAlMOHHBIMU CBOUCTBaMU HEOOXO-
JIMMO YIEJsITh 0CO00e BHUMaHUe 00pa3ylolIuMcs B pe-
3yJIbTaTe MEXMAKPOMOJIEKYISIPHBIM peakuusam. Kinaccu-
YECKHE JIAKOKPACOYHBIE TOKPBITUA TPEACTABISAIOT CO-
0011 TTOTMMEePBI IMHEITHOM CTPYKTYPHI. 3a CYET IMPOTeKa-
HUS MEXMaKPOMOJEKYISIPHBIX peaKIMii BOZMOXHO CO-
€MHEHNE WCXOJAHBIX JIMHEHHBIX TOJMMEPOB, M Kak
CJIeICTBYE, OOPA30BAHUE CETYATON CTPYKTYpPHI [1—-7].

B caywae B3auMopeiicTBUSI MeXay coOON pa3HbIX
MaKpOMOJIEKYJl TMojiuMepa — MO0 (PYHKIIMOHATBHBIM
rpyTIiaM Wik MocpeacTBaM Ou- u 6osiee HYHKIIMOHATb-
HBIX HU3KOMOJIEKYJISIPHBIX BELIECTB — BO3HUKAIOT XU-
MUWYECKUE CBA3U B CTPYKTYpaX MEXIY Pa3HbIMU MaKpo-
MosieKyJaMu. B pesynbTrare cosgaeTcsi HOBasl CHCTEMa
CBSI3aHHBIX IPYT C APYTOM XUMUYECKA MaKpPOMOJCKYII,
KOTOpBIE TEPSIIOT CIIOCOOHOCTh PACTBOPSITHCSI U HEOOpa-
TUMO TPOCKAJIb3bIBATh APYI OTHOCUTEJIBHO Jpyra, T. €.

TEPSIOT CIIOCOOHOCTh K HEOOPAaTMMBIM IIJIAaCTUYECKUM
nedopmanusam. Kak mpaBuio, B 00pa3oBaBIIMXCST TIPU
9TOM CETUAThIX CTPYKTYypaxX Pe3KO YIy4IIaloTCs MEXaHU-
yeckue cBoiicTna [3].

OO6pa3oBaHUE CETYATOU CTPYKTYpPHI MOJUMEPOB, B
TOM 4YHUCJIe JIAKOKPACOYHBIX IOKPBHITUI, BO3MOXHO 3a
CYeT peakiinii, MPOTEKAOIINX BHYTPU OJHONU MaKpOMO-
JIEKYJIbI, 4YTO TIPUBOAMT K 0Opa30BaHUIO IIMKJIOB B MaK-
POMOJIEKYIaX, CUJIBHO MEHSIIOIINX CTPYKTYPYy M OCHOB-
HbIE CBOMCTBA KaK MCXOMAHBIX MAaKPOMOJIEKYJI, TaK U Ce-
TOK Ha UX ocHOBe [3, 4, 7].

CyTh 00pa30BaHMS CETYATOUN CTPYKTYPbI U3 MCXOJ-
HBIX MOJIEKYJI IToJIMMepa — MpeBpallleHUe oJIuMepa o1~
HOTO KadecTBa B APYroe: MCXOMHBIN ITOJUMEpP XapaKTe-
pU3YeTCST OTpeaeIeHHBIMA MEXaHUIeCKUMU W TPYTUMU
CBOMCTBaMU U 0 0Opa30BaHUSI B HEM CETYATOI CTPYKTY-
pbl. CeTuaTast K€ CTPYKTypa M3MEHSET 3TOT KOMILIEKC
CBOICTB, MOBBIIIAsT MEXaHUYECKME TTOKa3aTesu, YCTOM-
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P €3y/JIbTaTbl HAYYHbIX HcCIe10BaHu

YUBOCTb K IMOBBIIIIEHHON TeMIepaType, JeHCTBUIO pac-
TBOPUTEJICH, aTpeCCUBHBIX CPE. 1 JIP.

CTpyKTypa ceTyaToro mojumMepa, 00pa3oBaHHOTO ITy-
TE€M CIIMBAHMSI €r0 MCXOIHBIX JUHEWHBIX U30JMPOBaH-
HBIX MAaKPOMOJIEKYJI, XapaKTepU3yeTcs CASAYIOIIUM 00-
pazom (puc. 1). YyacTok coeaMHEeHUs] MaKpOMOJEKYJI
MMOTIEPEYHBIMM XUMUYCCKIMU CBSI3IMU HA3BIBACTCS Y3-
JIOM CETKHU WJIU TIONePEeuHON CBA3bI0. Kaxkmplii y3er 3a-
KaHYMBAeTCS ABYMs CIIMTBIMU 3BEHbSIMM ABYX Pa3HBIX
MaKpOMOJIEKYJT TouMepa. Ecim pasMep mornepeyHoin
CBSI3M COBMNAJAaeT C pa3MepoM 3JIEMEHTapHOro 3BeHa
MaKpOMOJICKYJIbI TTOJIMMEpa, T. €. MPOSBISET cedsT Kak
JKECTKOEe CTPYKTYpHOE 00pa3oBaHWE, TO MOHSTUS y3Ja
CeTKHU U TIOMEePEeYHO CBsI3U coBManaroT. Eciu xe more-
peyHasi CBSI3b M0 pa3Mepy CYILIECTBEHHO OOJIbIIIE pa3Me-
pa 3JeMEeHTapHOIo 3B€Ha M CerMeHTa, TO y3JIaMU CETKU
Ha3bIBAIOTCS CIIMTHIC 3BEHBS, T. €. YMCJIO Y3JIOB BIBOE
0oJIblIIE YKCJIa ONEPEeYHbIX CBs3el [3, 4, 6, 7].

Onpeaensiolieil XapakKTepUCTUKOM CETYATOM CTPYK-
Typbl TIOJIMMEpPA SIBJISIETCS] MOJIEKYJISIpHAs Macca WIN
pa3Mep yyacTka el MeXIY ABYMSI CIITUTHIMU 3BEHbSIMU
(y3mamm). OT pa3mepa 3TUX y4aCTKOB 3aBUCHUT TIPOSBIIC-
HUE CBOMCTB MHIMBUIYAJbHBIX MaKPOMOJIEKYJI B CeTUa-
TOMU CTPYKType TtoauMepa. Eciau aTu yyacTKy 3HAUUTETb-
HO OOJibllle pa3MepoOB CErMEHTa MaKpOMOJIEKYJbI, TO
CETYAThIN IOJIUMEDP COXPAHUT OCHOBHBIE CBOMCTBA, IIPU-
CyIlle MCXOMHOMY TIOJIMMEPY, HAmpUMep BHICOKODJIa-
CTUYHOCTb, XMMMYECKYIO CTOMKOCTb. Takoil ceTyaTblit
nojumMep OyneT orpaHMYEHHO Ha0yXaThb B XapaKTEPHbBIX
JIUIST NICXOTHOTO TToJTMMepa pacTBopuresix. Ecim ke pas-
Mep yJacTKa eI MEXITy CIIUThIMU 3BEHbSIMU (y3J1aMu)
OJIM30K K pa3Mepy CerMeHTa W1 MEHbIIIe eTo, TO CBO-
CTBa MCXOJHOTO MOJMMepa CYIIECTBEHHO M3MEHSIIOTCS:
pe3Ko MamaeT TMOKOCTh LIeTIH, a CICIOBATeIbHO YMEHbB-
IAI0TCSI BHICOKORJIACTUYECKIE CBOMCTB, CHUKACTCS WU
TepsIeTCsI COBCEM CITOCOOHOCTh K HaOYXaHUIO B PacTBO-
PpUTEJISIX TaHHOTO TIOJINMepa.

M3BecTHO TpH crocoba MoJlydeHHUs CeTYaThIX CTPYK-
Typ 3a CUET CITMBAHMS UCXOIHBIX MAaKPOMOJIEKYII [3]:

1. Peakuuu @QyHKIMOHAJBHBIX TPYIIT MCXOMTHBIX
MaKpOMOJIEKYJI IPYT C APYTOM U peaKIIM1 HU3KOMOJICKY-
JIIPHBIX peareHTOB, COAepKaIIUX (QYHKINOHAIbHbBIC
TPYIIIIbI, O (YHKIIMOHAIBHBIM TPYIIIaM, PacoJOXeH-
HBIM BIOJIb MAKPOMOJICKYIISIPHBIX IICTICH.

2. CluMBaHUE HACBIIIEHHBIX U HEHACBIIIEHHBIX MO-
JIMMEPOB MEPOKCUIAMU U U3TyUYCHUSIMU BHICOKUX SHEP-
Ui (MIepOKCUIHOE W paglalliOHHOE CITUBAHUE).

3. CiMBaHMe HEHACHIILIEHHBIX 2JIACTOMEPOB CEPOIi 1
YCKOPUTEISIMU (BYJTKAHU3AIINS).

ITpu aHanu3e BbIIENPUBEACHHBIX CIIOCOOOB K JIaKO-
KPAaCOYHBIM ITOKPBITUSIM BO3MOXHO OTHECTH TOJIBKO
TepBhIC IBA, TAK KaK TPETUI CITOCOO SIBIISIETCS TPUMEHU -
MBIM IIPU ITPOM3BOACTBE PE3MHOTEXHUYCCKUX U3ICTUA.

ITepBblit crioco6 OCYIIECTBUM B TOM YMCJIE 32 CUET
MoIuGbUKALUU JJAKOKPACOYHBIX MOKPBITUI pa3IdYHbI-
MM MUKPO- ¥ HAHOJ00aBKaAMM.

Bropoii cnocob® monyyeHusl ceTyaTodl CTPYKTYpbI
Mmoapa3yMeBaeT MPUMEHEHUE YCKOPUTENIEH CYIIKU I10-
KPBITUI, B YaCTHOCTU M3TYYCHUSIMU BHICOKOI SHEPTHM.

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN
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Puc. 1. Cxema popMmpoBaHns ceTyaToro nonmmepa
Fig. 1. Scheme of the formation of a network polymer

B ciiydae npumMeHeHUsI HAHOPa3MEePHbIX 100aBOK JUIsT
MMOJTyYeHUsI CeTYATO CTPYKTYPHI JaKOKPACOUHBIX MaTe-
pUAJIOB CIIIMBAHKUE MIPOUCXOAUT B OCHOBHOM 3a CUET BbI-
COKOH yIIEJIbHOM MMOBEPXHOCTU HAHOYACTULI, KOTOPbIE B
JTAHHOM CJTyyae BBICTYMAIOT B KAUECTBE KaTAJIU3aTOPOB,
00pa3yolIUX ¢ MOJIEKYJIOW OIHOIO U3 peareHTOB Mpo-
MEXYTOYHOE COSIMHEHNE, B KOTOPOM OCIa0JICHBI XMMHU-
YeCKMEe CBSI3U. DTO O0JIEr4aeT ero peakiliio CO BTOPhIM
pearenToM [8—10]. TakumM oOpa3oM, MPOUCXOAUT TTPO-
1IECC FeTePOreHHOTO KaTaau3a Ha MOBEPXHOCTU TBEPIOTO
Teja (HAaHOYACTUIL), B CBSI3U C 9TUM aKTUBHOCTb KaTaJIu-
3aTOpa 3aBUCUT OT BEJIMYMHBI U CBOMCTB €r0 IOBEPXHO-
ctu. Ha ocHOBaHUM 3TOro0 MEXaHW3M B3aUMOJECWUCTBUS
HAHOYACTHUI[ C MaTepHaJlaMUd MOXET BKJIIOYaThb B cebs
AT cTaauii [8, 9]:

— a1 dy3us pearupyrolnX BEIIECTB K TOBEPXHOCTH
HAHOYACTUII;

— usnyeckas ancopOLMsI Ha aKTUBHBIX LICHTPaXx Mo~
BEPXHOCTM HAHOYACTHUI] PEardpyroiiux MOJEKYI U I0-
CJIEAYIOIIAs UX XEMOCOPOILIUS;

— XMMMYECKAs peaklns MEXIY pearupyrommumMmmu Mo-
JIEKYJIaMU JIAKOKPACOYHOTO MaTepuaa;

— JecopOuursl MPOAYKTOB C IMOBEPXHOCTU KaTajau3a-
TOpa;

— nuddy3usa IpoayKTa ¢ MOBEPXHOCTU KaTalu3aTopa
B OOIIMIA TOTOK.

Takum o0pa3oM, BBILIEU3TOXKEHHOE yKa3blBaeT Ha
MyTU peaiu3alry BO3MOXHOCTEH, 3aJ0XEHHBIX B IMO-
JIMMEPHOU TpUPOJE BEUIECTBA [JIS CYIIECTBEHHOIO
VIIyJIIeHUS] (PU3NIECKUX U MEXaHMYEeCKUX CBOMCTB TT0-
JIMMEPHBIX MaTepuanoB. A omHUM U3 3P (HEKTUBHBIX
Ccoco0OB SIBJISIOTCS PeAKIIMU CIIUBAHUS MOJIEKYJ JIaKO-
KPaCOYHBIX MOKPBITUI MPU UX HAHOMOAU(DUKAIIMHN.

B ¢Bs131 ¢ 3TUM 1Ie/TBIO MCCIIEI0BAHUS SIBIISLIIOCH M3Y-
yeHue (HU3UKO-XUMMUYECKOU CTPYKTYpbl HAHOMOIUGbU-
LIMPOBAHHBIX JTAKOKPACOUHBIX TOKPBITUIA.

Marepuajbl U METOIBI

st TpoBeIeHNST UCTIBITAHWI MCTIOB30BAINCh dMa-
JIA, IIUPOKO PACIIPOCTPAHEHHBIE [IJIST OKPALIMBAHUS Me-
TAJUIOKOHCTPYKIIUI, a TAKXKE MCCIAENOBAHHbBIE B IPYTUX
pabotax [2, 5, 11—14]. [Ing Moaudukanmuu JJaKoKpacoy-
HBIX MaTepUaIOB MPUMEHSIJICS COCTaB C YIJIEPOJHBIMU
HaHOTpyOKamu Matrix-204 1 HaHOYACTUIIBI OKCHJIA BUC-
MyTa, NUOKCUAA KPEMHUS, TUOKCHUIA TUTAHA OTeye-
CTBEHHBIX MPOU3BOIUTENICH.

OmHUM W3 MPOCTHIX W JOCTOBEPHBIX METOMIOB IS
OMpeNe/IeHUs TOTIOJIOTUYECKON CTPYKTYPbl MOKPBITUM
SIBJISIETCST METOJI PAaBHOBECHOTO HAOyXaHWsI, WJIA METOJ
®nopu—PeHepa, OCHOBaHHbBIN HA HAOYXaHU U MTOKPBITUS
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Results of scientific research

B pacTBOpuUTese, IMOCIENYIOIEeH OLEHKE PaBHOBECHOWM
crerneHu HabyxaHus [6].

B cooTBeTCTBUU C METOAMKOI paBHOBECHOTO Ha0yXa-
HUsI 00pa31ibl MTOABEPraIMCh BBIIEPKKE B paCTBOPUTEIE
1 9epe3 paBHBIC TIPOMEXYTKHM BPEeMEHHM KOHTPOJIMPOBA-
JINCh U3MEHEHMSI ITapaMeTPOB MACChl, TOJIIUHbI, JITUHbI
U IIUPUHBI 00pa3ioB. McnblTaHUS TIPOAOIIKAIUCH 10
MOMEHTa HaCTYIJICHUSI PABHOBECHOTO COCTOSTHYSI, KOT/Ia
rmapamMeTpbl CTAHOBUJIMCH HEM3MEHSIEMbIMU. 3aTeM paB-
HOBECHas CTeTIeHb HaOyXaHWsI OTIPEIesIsIach MO N3BECT-
HeIM (opmynam [3, 7]. Ucxoma u3 teopum Dropu—
Penepa yBenmueHME TIJIOTHOCTH CETKH IIPUBOIUT K
YMEHBIICHUIO CTETICHW HaOyXaHWs, T. €. YeM MEHBIIe
rmokKasaTeJb PaBHOBECHOW CTeNeHW HaOyXaHUs, TeM
CTPYKTypa TOKPHITHS OoJiee ceTyaras.

s onpefeieHUst CTpYKTYPHOCTH TTouMepa (cTere-
HU U XapakKTepe OOpa30BaBIINXCSI CBSI3CH) OOTHUM W3
Haubosiee MHGOPMATUBHBIX crocoOoB sBasgercs MK-
CIIEKTPOMETPUSI, KOTOpasi TO3BOJISICT MOJy4yaTh TOYHBIE
JTAaHHBIE O CTPOEHUU MaKPOMOJIEKYJT TTOTMMEpPa, a TakKe
0 XapaKTepUCTUKAX MEKMOJICKYISIPHBIX CBsI3eit [15].

B cBa3m ¢ 3TUM [J19 YCTAaHOBJICHUS CTPYKTYPHO-
IPYIIIIOBOTO COCTaBa 00Pa3LOB JAKOKPACOUYHBIX ITOKPBI-
TUI, MOAU(ULIMPOBAHHBIX HAHOPa3MEPHBIMU J100aBKa-
MM, ¥ CPaBHEHMS MX ITO0 3TOMY IPU3HAKY, ITPOU3BOIN-
JIOCh CIIEKTPOCKOMUYECKOE MUCCIeA0BaHUE ITPU TOMOIIU
NK-Dypne crieKTpoMeTpa, COMPSKEHHOTO ¢ MUKPOCKO-
nom Nicolet iN10 Thermo Scientific. YcinoBus peru-
CTpalMy: Irana3oH BOJHOBBIX yncesr — 4000—400 CM‘I,
pasperueHue — 2 cM™ !, KoamnuecTBo ckaHOB — 50, peru-
CTpalusI CIIEKTPOB B PEXKMME IIPOITyCKAHUS ¢ OpOMU-
cThIM KanueMm (rpuctaBka HITBO).

HccnenoBanne JIWHEHHBIX pa3MEpOB BIIEMEHTOB
CTPYKTYPbI MUKPO- M HaHOpeJIbedha MOBEPXHOCTU HAHO-
MOIU(UIIMPOBAHHBIX TTOKPBHITUIA IMPOBEACHO C MUCIOJIb-
30BaHMEM aTOMHO-CHJIOBOTO MUKpockorma (ACM) Ha
0aze maat¢opMbl 30HIOBOIM  HaHoJIAOOpaTOPUU
MHTETPA Aypa komnanuu HT-M/T. s nosyuyeHus
U300paXkeHU MCITOAb30BaIM MOJYKOHTAKTHBIN (Ipe-
PBIBUCTO-KOHTAKTHBII) METOM, IJISI IMOBBIIICHUS H00-
POTHOCTHM KOJIeOaHUII KaHTWJIeBepa M COOTBETCTBEHHO
YBEJIUYEHUST UYBCTBUTEIBHOCTH, HAAEKHOCTU U JOCTO-
BEPHOCTU B M3MEPEHMSIX CJA0BIX CUJI MEXIy 30HIOM U
00pa31oM UCCIeI0OBaHUE MPOBOIUIOCH B YCIOBUSIX HU3-
Koro Bakyyma. Paspemenue o Beprukanu 0,05 HM, 1a-
TepasibHOe paspemieHue ~10 HMm. Ilo maHHbIM ACM,
CpeaHeKBaApaTUYHas IIEPOXOBATOCTb TAKOI MOBEPXHO-
cty He mpeBbimana 0,4 HM.

Pe3ynbTaThl HCClIeIOBAHUS 1 HX 00CYKIEHHE

ITo pe3ynbTaTam uccaenoBaHUI paBHOBECHOM cTemne-
HU HaOyxaHUsI (puc. 2) ONpeaeIeHO, YTO JAKOKPACOYHOE
MMOKPBITHE, MOTU(UIINPOBAHHOE HAHOYACTUIIAMH OKCH-
Jla BUCMYTa U YIJIEPOAHBIMU HAaHOTPYOKaMu, IMpUoope-
TaeT OoJyiee CETUATYI0 CTPYKTYpYy IO CPAaBHEHUIO C TO-
KpbITHEM 03 100aBOK, KOTOpask TakKKe 3aBUCUT OT KOJIH -
YeCTBA BBOIMMBIX JO0ABOK.

IIpn BBemeHUM OKCHMIA BHUCMYTa B 5Majlb CETYATOCTH
ITOKPBITUS YBEJIMYMBAJIACh, O YeM CBUIETEIbCTBYIOT ITOKA-

CreneHb HabyxaHus, %

1200 2400

3600
MpoaonXMTEeNbHOCTb HabyxaHus, ¢

4800 6000

Puc. 2. CreneHb HabyxaHusi MOANDULMPOBAHHbBIX akpPWUNOBbIX 3aLLMTHBIX
NOKPbLITWI B 3aBUCUMOCTM OT NPOAOSIXKUTENBHOCTU HabyxaHus: 1 — moan-
dukauma TiOs 1%; 2 — 6e3 mogudukatopa; 3 - mogudurkauus BinO3z 1%;
4 — mogndukauma YHT 0,1%

Fig. 2. The degree of swelling of modified acrylic protective coatings,
depending on the duration of swelling: 7 — modification TiO2 1%; 2 — without
modifier; 3 — BioO3 1% modification; 4 - CNT modification 0,1%

3aTe M 0ObEMHOI PaBHOBECHOI CTENEHM HalyXaHUsl, KO-
Topast ymeHbIaiack ¢ 0,27 no 0,24 ipu 0,5 1 1% noGaBKu.

Bosee cyiecTtBeHHOE BIMSIHUME HAa 0Opa30BaHUeE IOT-
HBIX MOJICKYJISIDHBIX CBSI3€ii OKa3bIBAJIO BBEICHHUE B CO-
craB YHT, npu 3TOM nokaszarejib 0ObeMHOI paBHOBEC-
HOI1 cTereHn HabyxaHus yMmeHbLascs ¢ 0,27 no 0,22 npu
0,05% YHT u go 0,21 ipu 0,1% YHT B cocraBe smaiu.

Pesynbrathl MccieqoBaHU Ha MpPUMEpPe BBEACHMS
HaHomo0aBoK B sMaib AK mokaszanu, 4yto HaHoMoauu-
LIMPOBaHUE MPUBOIUT K 0Opa30oBaHMIO OoJjiee MIOTHOM
CeTUYaToil CTPYKTYpPHI TOKPBITUIA, KOTOpas CIIOCOOCTBYET
TTOBBIIIIEHNIO (PUBUKO-MEXaHUYECKUX U JIPYTUX CBOWCTB
(amre3usi, UICTUPAEMOCTb, OTHECTOMKOCTb, XMMUYECKast
CTOMKOCTD U Ip.), YTO U OBLIO OMPEIeICHO B IPYTUX HC-
CJIeIOBAaHUSIX aBTOPOB [2, 5, 11—14].

ITo pesynbratram MK-crniekTpockonuu ObLUIO ompese-
JICHO: TI0 OOIIeMy XapaKTepy KPHWBBIX, YUCITY, TTOJIOXKE-
HUIO OCHOBHBIX Mojioc morjomeHus: MK-cnekTpbl 00-
pasuoB 1—8 B cpenneit UK-obnactu nposineHust kose-
GaHuil (PYHKIMOHAIBHBIX TPYII M KPaTHBIX CBsI3Ei (OT
4000 1o 1500 cm™!) cymiecTBEeHHBIX pa3INyMii He UMEIOT,
YTO CBUACTEIBCTBYET O COXPAHCHMHU CTPYKTYPHO-TPYII-
ITOBOT'0 COCTaBa MOJMMEPHOI OCHOBBI (CBS3YIOIIETO) Jia-
KOKPAaCOYHOro MaTepuaja IpU IMPOU3BEICHHBIX MOIU-
(ukanusx ¢ mobaBIeHNEM Pa3TMIHBIX HAHOPAa3MEPHBIX
J100aBOK B paMKax MPOBEAEHHBIX UcclieaoBaHMIi (puc. 3).
Hamuue nonoc nornomenus B oomactu 1730, 1240 cm!
CBUIETEJILCTBYET, COOTBETCTBEHHO, O BaJICHTHBIX KOJIe-
o6anusgx C=0 u C—O cBs3eii B CJIOKHO(PUPHBIX TPyMITax
(akpunater). [lTomocer mormomenust 3080—3025, 1490,
1450 cm!, a Takke 760—700 cM™!, xapakTepHbIe 1Is CO-
ToJMMepa CTUposia (KOMITOHEHT JJAKOKPACOYHOTO MaTe-
puaia Uil XMUMMYECKON MOoJMMepU3alliu, TakK Kak SMajlb
AK-1301 saBnsiercss ABYXKOMIIOHEHTHOW, TPU OTOM:
3080—3025 cm™! — BanenTHBIe KONMe6anust CH apomari-
yeckoro koubia; 1490, 1450 cm™! — ckenerHble Koneba-
HUSI apoMaTHIecKoro Koibla; 760, 700 cm™! — nedpopma-
LMoHHbIe Konebanus CH MoHo3aMelleHHOro apoMaTu-
yeckoro Kojbia. [lIupokas WHTEHCWMBHAs Tojioca B
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Puc. 3. VIK-cnekTpomeTpsl 06pasuos JIKM 1 o6nacti UK-cnektpomeTpun (cpeaHas MK-obnacTs, ananasoH 4000-400 cm™'): 1 — 6e3 no6asok; 2 — cocTas
¢ YHT 0,05%; 3 — CocTaB ¢ YHT 1%; 4 — amnokenpg, kpemuus 1%; 5 — amnokenp, tutana 0,5%; 6 — anokeng, tutada 1%; 7 — okenpg, sucmyTta 0,5%; 8 — okeuma,
Bucmyta 1%

Pic. 3. IR spectrometers of LCP samples and IR spectrometry regions (mid-IR region, range 4000-400 cm™'): 7 — without additives; 2 — composition with
CNT 0.05%; 3 — composition with CNT 1%; 4 — silicon dioxide-1%; 5 — titanium dioxide-0.5%; 6 — titanium dioxide 1%; 7 — bismuth oxide 0.5%; 8 — bismuth
oxide 1%
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Puc. 4. BonHogasi o6nactb 940-540 cm™': 1 — 6e3 no6asok; 2 — coctas ¢ YHT 0,05%; 3 — Coctas ¢ YHT 1%; 4 — auokcn, kpeMHus 1%; 5 — aumokcua TutaHa
0,5%; 6 — pnokcug TutaHa 1%; 7 — okeug, Bucmyta 0,5%; 8 — okemg BucmyTa 1%

Fig. 4. Wave region 940-540 cm™': 1 — without additives; 2 — composition with CNT 0.05%; 3 — composition with CNT 1%; 4 — silicon dioxide-1%; 5 — titanium
dioxide-0.5%; 6 — titanium dioxide 1%; 7 — bismuth oxide 0.5%; 8 — bismuth oxide 1%

nnamnasoHe 750—400 cm™! — xapakTepHas 11 OTIONe-  KATOPOB HA CTPYKTYPY MOKPBITUIL, aBTOPaMU ObLIU pac-
HUSI TATAHOBBIX OeJIMI (OCHOBAa MATMEHTHOM YacTu 1ako-  cMoTpeHbl MK-criekTpbl B 0b61acTit mehopMaimoHHBIX
KpacouHoro Mmatepuana) [16—18]. MHbIMM cloBaMM, U BaJEHTHBIX OIMHAPHBIX cBsseil 1500—400 cm!
MK-cniekTpbl 00pa3iioB MOKPHITUI B 00J1acTH, XapakTe-  (puc. 4, 5). B pe3ysbraTe 3TOro yCTaHOBIIEHBI pa3Indus
pU3yIOLIEH KJIacC COCAMHEHMS, TOATBEPXKIAT, YTO B KaK IO HAJIMYUIO TOJIOC TOIJIOIIEHUSI B CPAaBHUBAEMBIX
HcclieyeMbIx 00pasiiax Ha OCHOBE OIHOTO IJIEHKOOOpa-  CrHeKTpaX, TaK M MO0 WX WHTEHCMBHOCTU B IMAMa3oHe
3yIOlLIero BelllecTBa (aKpuUioBast SMaib) U mpu Momu-  940—400 cm™l. OTMeueHo, YTo B 0Gpa3Iax UMeeT MECTo
duKanmy 3Manu MpuMEeHEHbBl HaHOpa3MepHBIC JO0OABKM  pa3Indyve B MHTEHCUBHOCTH II0JIOC IeOpMalliOH-
HEOPraHWYeCKOW MPUPOJIbI, 3HAYUTEIbHBIX U3MEHEeHUI  HbIX KojiebaHnuit CH MoHO3aMeleHHOro OeH30JbHOTO
B CBSI3YIOLIIEM BELIECTBE HE MPOM3OLLIO. B cBsi3u ¢ Tem,  kombla (760, 700 cm™!), mpu 5ToM ykasaHHbIE MOJOCHI
YTO Y HAHOMOIU(UIIMPOBAHHBIX TTOKPBITHIT 0OHapyxke- MK-crekTpa 00pas3iioB JTaKOKPaCOUYHBIX TTOKPBITHIA, MO-
HbI pa3JIMYHbIe PABHOBECHBIC CTEMEHU HAOyXaHUs, CBU-  OUMULUMPOBaHHbIX cocTaBoM ¢ YHT (quHum 2, 3
JIeTEIbCTBYIOIINE O BIUSIHUYA HAHOPa3MEpHBIX Monudu-  puc. 4, 5), 6oyee MHTEHCUBHBI 110 OTHOIICHUIO K IT0JIO-
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Puc. 5. Bonrosas o6nactb 620-400 cm™': 7 — 6e3 no6asok; 2 — coctas ¢ YHT 0,05%; 3 — coctas ¢ YHT 1%; 4 — ouokeug, KpeMHus 1%; 5 — puokeung TutaHa
0,5%; 6 — pnokcup Tutada 1%; 7 — okeupg, Bucmyta 0,5%; 8 — okeuma BucmyTa 1%

Fig. 5. Wave region 620-400 cm™': 7 — without additives; 2 — composition with CNT 0.05%; 3 — composition with CNT 1%; 4 — silicon dioxide-1%; 5 — titanium
dioxide-0.5%; 6 — titanium dioxide 1%; 7 — bismuth oxide 0.5%; 8 — bismuth oxide 1%

caM 00pa3IloB ¢ UHBIMW HAaHOPa3MEPHBIMU JT00aBKaMU;
MOAM(UIIMPOBAHHBIC TUOKCUIOM TUTaHA HAUMEHEe MH-
TEHCUBHBI (KpUBBIC 5, 6 puc. 4, 5). AHaJIOTMYHAsI KapTy-
Ha IpoCMaTpUBAETCs B 00JIACTH MPOSIBJICHUSI BaJICHTHBIX
konebannii C—O cBs3eil B CI0XHOI(MUPHBIX TpymIiax
(1200—1240 cm™!). OGHapyxeHHbBIe M3MEHEHUS IOJIOC
MOMIOLIEHNs B nuanasode ot 1500 go 700 cm! XapakTe-
PU3YIOT KOJIMYEeCTBO 0Opa30BaBIIMXCSl CBSI3eH TMpM yda-
CTUHM TUICHKOOOpa3yloIlero BellecTBa MU HAHOZO0ABOK.
Haubonee BeipaxkenHoe pasznuune B MK-cnekrpax mpo-
cMaTpHBaeTcs B BOITHOBOIT o6macT 450—400 cM™!, otpa-
XKarouen CoeAMHEHUSI MUHEPAJIbHOM COCTABJISIOLIEH J1a-
KOKPACOYHOTO MOKPBITHSI, XapaKTePU3YIOIIei MUTMEHT-
HYIO 4YaCTh U1 HAHOI00ABKHU.

CxkaHVpoBaHME Pa3IMIHbBIX YYACTKOB ITOBEPXHOCTEM
00pa3IoB JJAKOKPACOYHBIX IMTOKPBITHI HA aTOMHO-CHJIO-
BOM MMKPOCKOIIE II0Ka3aj0, 4TO IIpu MOoAMpUKALUU
HaHOM00aBKaM1 OKCHIOM BUCMYTa M YIJIEPOIHBIMUA Ha-
HOTpYOKaMH TTOBEPXHOCTh CTAHOBUTCS 0oJjiee TJagKoM,
cpenHss 1epoxoBaTocTh Ra ymenbiiaercst ¢ 50—60 HM
(puc. 6, a) 1o 20—30 um (puc. 6, b, c). Ilpuyem Gosee
CYLLECTBEHHOE YMEHbILIEHNE BBICTYIIOB HAOIIOHACTCS Y
MOKPBITUI, MOAUMULIMPOBaHHBIX cocTaBoM ¢ YHT.

B 10 ke BpeMs IIp¥ COBMECTHOM BBEIECHMU HaHOYA-
CTHII OKCHUJIa BUCMYTA U YTJIEPOTHBIX HAHOTPYOOK KOJH-
YECTBO U BEJIMUMHA BBICTYIIOB CBOIATCS K MUHUMYMY U
napametp Ra ymenblaercst 1o 10—15 am (puc. 6, d), uto
roBOpUT 00 ycuiauBaoleM 3(p@eKTe Mpu COBMECTHOM
BBEIEHUU 1 COOTBETCTBEHHO YIIPOUHEHUU MOKPBITHS 3a
CUeT YMEHBIIEHUST pa3MepoB yriayoiaeHwit m mop [19].

Takum 00pa3oM, MUKPOCTPYKTYPHBII aHAJIU3 TTO3BO-
JIWJT I0Ka3aTh CYIIECTBOBAHUE ONITUMAIBLHOTO COMEpXka-
HUSI HaHOIO00ABOK M TIONTBEPAUTh paHee IOJYyYeHHBIM
JPYTMMHU METOAaMMU MCCJIeAOBAHUM CUHEPreTUYECKOro
addekra ycuaeHns: KaueCTBEHHBIX ITOKa3aTesIeil 3auT-
HOT'O aKPWJIOBOI'O KOMIIO3UTA.

[Tpoucxonsiiye B 1IeJOM IIPOLIECCHl B JAKOKPacOd-
HOM MaTepuaJie py X HaHoOMoa(pUKaIuKu 1 0Opa3oBa-
HUM CETUATOM CTPYKTYPHI L1eJIecO00pa3HO 0OOCHOBLIBATh
KaTATUTUIECKUM MEXaHMW3MOM, a MMEHHO IPOIIECCOM
reTepOreHHOro KaTajau3a Ha TOBEPXHOCTU TBEPAOTro Teja
(HaHOYACTHII), B CBSI3U C 3TUM aKTUBHOCTH KaTaJM3aTopa
3aBUCUT OT BEJIMUMHBI U CBOMCTB ero mosepxHoctu [10].

B nmanHoii pabote B KauecTBe 0a30BOro MaTepuaia
WCTIONB30BAJIACHh aKPUJIOBAsl dMallb, KOTOpasi, TIOMUMO
MUIMEHTa, MIeHOTacuTeel U cTabuIn3aTopoB, B CBOEH
OCHOBE COCTOUT M3 MOJIMAKPIIIATOB (IIPEUMYIICCTBEHHO
MOJIMMEPOB METUJI-, ITUJI- U OYyTUJIAKPUIATOB), a TAKXKe
HUX COIMOJMMEpPOB B KadyecTBe ILIEHKOOOpa3oBaTeleil.
[MommakpmiaTel — ITOAMMEPHI CJIOXKHBIX 3(UPOB aKpH-
JIOBOI, METAaKPUJIOBOI WA LIMAHAKPUIOBOU KUCIOT 00-
weit hopmynsl (—CHr—CR'(COOR)-), (R'=H — akpu-
natel, R"'=CHj3 — merakpunatel, R'=CN — numanakpu-
JIaThl), TEPMOIUIACTUYHBIC IOJMMEpPHbIE MaTepualbl,
MpakKTUYeCKW Haubojee BaXKHbIC MPEICTaBUTEIN KJac-
ca — IO -H-aJIKWIaKPUJIAThI ¥ TTIOJIMMETUIIMETaKpUJIaT.
Kak u3BectHo [1, 4, 6, 7], B ToAMMepU3alii TPUMEHS -
I0TCSI pamuKalbHBIC, KATUOHHBIC M aHMOHHBIC WHUIIA-
Tophl (KaTasmu3atopsl). [Ipu 3TOM pa3ivMyHble MOHOME-
PBI MOJIUMEPU3YIOTCSI TOJIBKO B IMIPUCYTCTBUU KaTaln3a-
TOPOB OTpPENEJICHHOTO THUIa, T. €. 00JlagaloT 3HA4Yu-
TEJbHOU! CEJIEKTUBHOCTHIO IO OTHOIICHMIO K TUIY aK-
TUBHBIX IIEHTPOB, BBI3BIBAIOIINX WX TTOJMMEPU3ALIMIO.
BonbIIMHCTBO MOHOMEPOB MOJIMMEPU3YETCs Mo Aei-
CTBUEM paIWKAJIbHBIX KaTaJIM3aTOpPOB, XOTSI CKOPOCTHb
peakiiy CUJILHO 3aBUCUT OT TIPUPOIBI MOHOMEpA 1 Ka-
Tanu3aropa. Bmecte ¢ TeM MOHOMEpPHI OYeHb UyBCTBM-
TEJbHBI K KaTaJIM3aTopaM MOHHOTO THUIIA: OOHM HE TI0-
JIMMEPU3YIOTCSl MOI JAEWCTBMEM aHMOHHBIX KaTajau3a-
TOPOB, IpyTrue — KaTUOHHBIX. [ aKpUIaTOB M MeTa-
KPWJIATOB CBOWCTBEHHBI PAIWKAJIbHBIA W aHWOHHBIN
TUIBI KaTanu3a. [1pu 3ToM, TOCKOIBKY B paMKax HACTO-
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S1Iei paboThl B aKPUJIOBYIO AMalb JOOABISIIIN XUMUYE-
CKM HelTpaabHble HAaHOZ00aBKM, Ha CBOMCTBA KOTOPBIX
HE BJIVSIIA KaKue-J1u00 M3 KOMIIOHEHTOB CaMOl CUCTe-
Mbl dMaju, MPEACTaBAICTCSI, YTO B3aMMOICHCTBUE Ha-
HOIO00aBOK C JAHHBIMM KOMIIOHEHTaMHU C (popMUpOBa-
HUEM CTPYKTypooOpa3yloluX LEHTPOB IMPOUCXOAUT
MMPEeUMYIIECTBEHHO 10 MeXaHU3MYy T'€TepOreHHOTO KaTa-
JIN3a pagvKaJbHOUW ITOJUMEPU3AllNi — IICITHONM peak-
LMY, TIpOTeKalolleil yepe3 00pa3oBaHUe CBOOOIHBIX pa-
nukajos [1, 4, 6, 7]. B npocTeiiiiem ciiydae cxema paan-
KaJIbHOW MOJIMMEpU3aLMU BKJIIOYAET TPU CTaIuH,
KOTOPBIM COOTBETCTBYIOT 3JIEMEHTAPHbBIC PEaKIINN: MHU-
LIMUpOBaHUE (KaTaju3), POCT LMW W OOPBIB LICIH.
B cayyae xumMuyeckoro KaTtajimsa 3Ta cxemMa MOXeET ObITh
MpeaCcTaBlIeHa CIEAYIOIIM obpasoMm [1, 4].
MHuuunpoBaHue (KaTaaus):

K,
MNuunumarop ﬂ)ZRﬁep
(CH;3), C(CN)—N=N-(CN) ((CH3),— N, +2(CH3), C'(CN)

K
Riep+ M —>R;.
Poct uenu:
Kp
Ry t M ——Ry.
OOpbIB LIENU:

. . KI[I/IC
Ry + Rm —> Pyt Pp,
rne Kpex, Kque — KOHCTAHTBI CKOPOCTH OOpBIBA ITyTEM
PEKOMOMHALIMM ¥ TUCIPOIOPLIMOHMPOBAHUS COOTBET-
CTBEHHO.

MuuuurpoBaHue (Kataau3) paauKaJlbHOW IOJMME-
pu3anuu — Ipolecc 00pa3oBaHUsI CBOOOIHO-PATUKAIb-
HBIX LIEHTPOB R BceieacTBue HamMuus HecHapeHHbBIX
5JIEKTPOHOB Ha BHEIIHUX OpOUTAX OHU XapaKTepU3YIOT-
¢l 371eKTPOWIBHBIMU CBOMCTBAMU, CITIOCOOHOCTBIO aTa-
KOBaTb 3JICKTPOHHbBIC Taphl TT- U JaXe G-CBI3eil MOHO-
Mepa ¥ TIpeBpaiaTh ero B CBOOOIHbBIN pagnKalt:

.2 Loy
—_— Ce-

\

Re +

Re +/c\\ - RH+/C‘1\\

CBoOOmHBIE panmuKaabl MOTYT BOBHUKHYTh B Pe3Yiib-
TaTe NEWCTBUS Ha CUCTeMbl (pM3MYeCKUX (DAKTOPOB, a
TaKXe YUCTO XUMMUYECKUM IyTeM — TIPU TOMOJUTHYE-
CKOM pacrnajie COeIMHEHUI ¢ OTHOCUTEJbHO HEBBICOKU-
MU DHEPTUSIMU CBSI3M WJIM B pe3yjibTaTe MPOTEKaHUs
OKMCJIUTEJIbHO-BOCCTAHOBUTEbHBIX MTPOLIECCOB.

B 10 e Bpems cTeneHb MojauMepu3aluy BelllecTna,
KOTOpasi XapakTepusyeTcsl MIMHOM Liereil IojuMmepa,
HapsIly C €r0 CTPYKTYPHBIMU OCOOEHHOCTSIMU OKa3bIBAET
3HAUUTEJIbHOE BIIMSIHME Ha (PU3MUECKMe CBOMCTBA MO-
JIMMEPHBIX COENMHEHUA.

M3BecTHO, YTO YeM JUTMHHEE 1IeMU MoiuMepa (JIJIMHa
MOJIEKYJI), TeM OOJIbIIe Y HUX TOUYCK COIPUKOCHOBECHUS

HAy4HO-MeXHU4ecKuil U npou3800CMEeHHbLIL JCYPHAN (% PV ETICT

« 0 B B

Puc. 6. ACM ungobpaxeHns HaHOMOANPULMPOBAHHBIX MOKPbLITUIA: a — 6e3
no6aeok; b — okeup, BucmyTa 1%; ¢ — coctae ¢ YHT 0,1%; d — okcug, BUCMY-
T2 1% + coctas ¢ YHT 0,1%

Pic. 6. AFM images of nanomodified coatings: a —without additives;
b - bismuth oxide 1%; ¢ —composition with CNT 0.1%; d —bismuth oxide 1%
+ composition with CNT 0.1%

(TOYeK KOHTAaKTa) MEXIy COCETHUMU MOJIEKYIaMU U TEM
OosbIiast TpedyeTcs cuiia, 4YTOObl pa3opBaTh 0OPa30BaB-
IIMecs MEXAY LersIMU CBsI3U. Takum o0pa3oM, Kore3us
OyzeT Bo3pacTarh 10 Mepe YBEJIMUEHUST ITTUHBI MOJIEKYIT.
OTHOCUTENBHO c1abble BaH-IeP-BaaqbCOBbI CUJIbI (MEX-
MOJIEKYJISIPHBIE CUJIBI) TIPU OOJIBIIIOM KOJTMYECTBE TOUEK
COIMPUKOCHOBEHUSI MEXAY COCEIHUMH LEMSIMU MOTYT
00YyCJIOBUTh CYMMapHyl0 MPOYHOCTh Ha pa3pbiB, HE
TOJIKO PaBHYIO MPOYHOCTH XWMHWYECKUX CBS3€U, HO U
3HAYUTEJIbHO MTPEBOCXOISIIIYIO €€.

ITpu onpeneneHHON IMHE MOJIEKYJT TTOJUMEPA, CTe-
TEHU WX OPUEHTAIIUU U TIJIOTHOCTU YKJIAKU BO3MOXKHO,
YTO CBSI3U MEXY MaKPOMOJIEKYIaMU OKaXYTCsI IPOUYHEE
XUMUYECKUX JIEKTPOBAJICHTHBIX CBsI3eil. B maHHOM ciry-
yae npu nedopmanyu OyayT pas3pbiBaThCsl caMM LIeTU
rmojmMepa, Tak Kak HauMeHee MPOYHBIM 3BEHOM BCeit
CHUCTEMbI OKaXXYTCS LIEMU TJIaBHbIX BaJeHTHOCTeH. Ene
Oospllice yOJIMHEHHUE IIeTieit He OyIeT CKa3bIBaThCs Ha
MMPOYHOCTH TTOJIMMEpa BBUAY TOTO, YTO CJIA0BIM 3BEHOM
B Tejie OyayT OCTaBaThCsl 3JEKTPOBAJIEHTHBIE CBSI3U.
Takum o6pazoM, TOMHUMO MEXMOJIEKYJISIPHOTO B3aUMO-
JIECTBUSI, 3HAYUTEIBHYIO POJIb B KOT€3UOHHOW MpPOY-
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HOCTHU IOJIMMEpPA UTPaeT 2JEKTPOBAICHTHOE B3aUMOEIi-
CTBUE. YCUIIEHHE MEXMOJICKYJISIPHBIX CBSI3€il B ITOTMME-
pe TPUBOIUT K YIPOUYHEHWIO cucTeMbl. Elme rydrmmit
pe3yJbTaT JOCTUTAeTCs MPU CIIMBAHUU LieTIei moJruMepa
3a CUeT XMMUYCCKOTO B3aMMOICUCTBHUS, T. €. 00pa30oBa-
HUS MEXIY LEIMSIMU 2JIeKTPOBaJIEHTHBIX CBs3eil, 6aro-
JIapsi 4eMy BCSI CHCTeMa HauMHaeT paboTaTh KaK OIHO
1IeJioe, KakK oJlHa TUTaHTCKask MOJICKya.

W3BecTHO, 4TO MpeaeabHas Ha 1ereil, odecrneum-
BaroIasT MaKCMMAaJIbHYIO KOTE3MIO BEIECTBA — pa3phIB
caMMX LIeNeid UM YKCI0 3BEHbEB B MAKPOMOJIEKYJIE MO~
JmMepa, obecreurBaroliee HaudOobIIYIO €T0 IPOYHOCTh
(xore3nio), cocrasisger 600—800 [20]. Dra BeauMuuHa
BapbUPYyeTCs B 3aBUCMMOCTH OT CTPOCHUS LIeTIei, ee hop-
MBI, CTCTICHH MapauIeIN3allii MaKpOMOJIEKYJI, TITIOTHO-
CTU YKJIAIKU, CTeNeHU AUCIEPCHOCTH ToJMMepa u T. 1.

YcuneHus cBSI3ei MEXIy MOJEKYJIaMH BO3MOKHO
JIOOUTHCS 3a CUET BBEJACHMS B MOJIMMEP BELIECTB, 00s1a-
Jarolux 0osiee BBICOKO aare3neil K MOJIEKyJiaM TTOJIN-
Mepa IT0 CpaBHEHUIO ¢ KOTe3Mel caMoro BelecTBa. Ecim
B MMOJIUMEPE CO CJAOBIMU MEXMOJEKYISIPHBIMU CBI3SIMU
VIIPOYHUTH 3TU CBSI3W, BO3MOXKHO IONYIUTH 3(PHEKT
YBEJIWYEHUSI TTPOYHOCTU MaTepuasa TMpU PacTSKEHUU
MOJIEKYJI, TIOCKOJbKY CTaHET BO3MOXHBIM ITOJYICHUE B
CHCTeME JUTUTEITLHOTO TT0 BPEMEHU U BEICOKOTO 10 BEJTH-
yuHe HanpsbkeHus. Takum oOpa3om, IeiicTBre 100aBOK
CBOIUTCSI K TOMY, YTOOBI yAepXKaTh ITOJIMMEpP B HAmpsI-
JKEHHOM COCTOSIHUU (B PACTSIHYTOM BUJE).

JleiicTBre 100aBOK B cllydyae KaTaIUuTUYECKOTO MeXa-
HU3Ma TeTepOTeHHOro TUITa 3P (PEKTUBHO TOTIa, Koraa
afre3us MoJiMMepa K BBeICHHBIM YacTULIAM 3HAUUTEIIb-
HO BBIIIE KOTE3WU CaMoTo TomMepa. YeM BhIIIe aare-
3Us TeJ, TeM 0OJIbIlIe BOBMOXHOCTEI CO31aTh B CUCTEME
BBICOKOE HAIIpsDKEHHE, T. €. PACTSIHYTh MOJIEKYJIHI (ITy-
TeM OpMEHTaluuu lerneil) u TeM 3¢h@deKTuBHee OyaeT
JIeICTBUE BBOAMMBIX 100ABOK.

dukcanmsa HaNPSLKEHUST JOCTUTACTCST 32 CYET TOTO,
YTO CHJIBI aAre3UM MoJiMMepa K YacTUllaM T00aBOK 3Ha-
YUTEJBHO OOJIBIIIE, YeM CHJIBI CHEIIJICHUS MEXIY CaMM-
MM MakpoMOJeKyJaMM ToauMepa. IIpyruMu cCloBaMu,
MpoliecC BBeACHUSI T00ABOK HAIO paccMaTpUBaTh Kak
MPOIIECC, B pe3yIbTaTe KOTOPOTO MOJIMMEP TTePEBOINUTCS
B pacTsIHyTOe (HaIlpsKEHHOE) COCTOSIHHME, B KAKOM OH
3aTeM U OCTAETCSI TIOCIIe CHITUSI Harpy3KH.

Ecnu agre3us monuMepa K yactTuiiaM Moaudukaropa
HIZKE WJIM paBHA KOTE€3MOHHON IPOYHOCTU ITOJIMMeEpa,
TaK¥e HAITOJTHUTENIN He YIyYIIaloT MEXaHNIeCKIe CBOM-
CTBa IOJIMMepa, a MHOTAA, HA00OPOT, TaKe CHUXKAIOT UX.

Mcxonst U3 BBIIEU3TIOXEHHOTO HIDKE TIpeICTaBIeHa
MoJeab (OPMUPOBAHUST TTOJUMMEPHBIX LIeTel JaKoKpa-
COYHBIX MOKPBITUI TPU MX HAHOMOAU(PUKAIIUMN T00aB-
KaMM, 00eCTIeYMBAIOIINMH YIYUYIICHUE SKCITITyaTallnOH-
HBIX XapaKTePUCTUK, YTO U OBLIO OIpPEAeSeHO B PE3YJib-
TaTe SKCIEePUMEHTATbHBIX UCCIIeIOBaHMit (puc. 7).

ITpu BBegeHMM HaHOZOOABOK MaKpPOMOJEKYJIbl MO-
JIMMepa IIePeXoIsT B PaCTSIHYTOe (HAIIPSDKEHHOE) COCTO-
SIHME U UX JUTMHA YBEJIUYMBAETCs CO 3HaYeHus | 10 3Ha-
yeHus L 3a cyeT TOro, 4To HaHOAO0OABKM CITIOCOOCTBYIOT
00pa3oBaHMIO0 CBOOOTHBIX PAIMKaJIOB. DTO BBHI3BIBACT

+H |

Puc. 7. Cxema $opmMMpoOBaHUS MOJIMMEPHBLIX LENEN NakOKPaCOYHbIX
nokpbITuii (R* — oGpasoBaBluMecs CBOOOAHbIE paayvKasibl, yHacTByloLME B
POV CTPYKTYPOOOPa3yIoLWmX LIEHTPOB; C+ —> — 3EeKTPOBaNeHTHas CBS3b
MeXay aHMOHaMWn K KaTMoHaMu MOMekyn nonvmepa; ! — anuHa mMosekyn
nonnumepa A0 BBeAeHusi HaHoA4o0aBokK; L — annHa mMosnekyn nonvMmepa B
pes3ynbTate BBeOEHUs HaAHOOOOAaBOK): @ — OO BBeOeHUs HaHOOo0aBoK;
b - nocne BBefeHus HaHOO06aBOK

Pic. 7. Scheme of the formation of polymer chains of paint coatings
(R* — formed free radicals involved in the role of structure-forming centers;
<+ — - electrovalent bond between anions and cations of polymer
molecules; / - length of polymer molecules before the introduction of
nanoadditives; L — length of polymer molecules as a result introduction of
nanoadditives): a — before the introduction of nanoadditives; b — after the
introduction of nanoadditives

MMpoTeKaHNe paguKalbHOTO KaTajan3a TeTepPOTeHHOTO
TUNA W WHULMALMIO MOJMMEpU3alui JaKOKPACOUHO-
ro MaTepuaja; IpyTuMHU CJIOBaMU, HAHOTOOABKH BBICTY-
Maf0T B KAU4eCTBE 3apoibllieo0pa3oBaTesieil (CTPYKTypO-
00pa3yroIIKX LEHTPOB), TPOBOLUPYS YATUHEHUE TTOIM-
MEPHBIX 1IeNel, 4YTO COCOOCTBYET 0Opa30BaHUIO OOJIb-
1LIEr0 KOJIUYECTBAa MOJIEKYJISIPHBIX CBSI3EH.

B 1O Xe BpeMsI, MOMHUMO YBEIWYCHHUS BaH-IEp-
BaaJbCOBOTO B3aUMOACHCTBUS B ITIOJUMEPHOI CUCTEME,
e¢ YIpOUYHEHMEe IPOMCXOOUT U 3a CcueT 0Opa3oBaHUS
MEXIY LENSIMH YCHJICHHOTO 3JICKTPOBAJICHTHOTO B3al-
moaeiicTtBusg. B nanHoM ciiyyae HaHomoOaBku YHT u
OKCHMIa BUCMYTa 3a CUYET CBOMX WHIMBHUAYaTU3UPYIO-
KX 0COOEHHOCTE! (MOBBILIEHHBIE CBOMCTBA HMaMar-
HEeTH3Ma, MPOBOSIINE Ka4yeCTBa U T. I1.) IPOBOLIUPYIOT
IMOBEPXHOCTHYIO OPUEHTALIMIO TTOJIIPHBIX TPYIIT MOJIe-
Ky nonumepa [23]. 3a cyeT 3TOro MpoucXoauT MOBepX-
HOCTHAsT OpPUEHTAIIAS JUIIOJICH TTOJISIPHBIX TPYIII, T. €.
MOJIEKYJIbl CTAHOBSITCSI OTHOCUTEIbHO 00Jiee OPUEHTHU-
POBAaHHBIMU APYT ApPYry. [JaHHBIA BBIBOA BO3MOXHO
KOHCTAaTHPOBATh ITO pe3ysibTaTaM WCIBITAHUI pacTpo-
BOU 2JIEKTPOHHON MUKPOCKOIIMU U OLIEHKU 3JI€KTPUYE-
CKMX XapaKTepPUCTHK Ha arapaTe T0OpOTHOCTH.

TakumM o6pa3oM, KOre3ruoHHasl TPOYHOCTh HAHOMOIM -
GULIMPOBAHHOTO TTOKPHITHUS YBEIMIMNBACTCS 32 CUET MEXK-
MOJIEKYJISIPHOTO M 3JIEKTPOBAJICHTHOTO B3aMMOJICICTBHSI.

DIeKTPOBAJICHTHBIN OOMEH CITOCOOCTBYET TaKXKe yBe-
JIMIECHUTO aiTe3MOHHOTO B3anMoeiicTBus. O6pa3oBaHue
JIBOMHOTO 3JIEKTPUYECKOIO CJIOsI, a TakKKe MOBBIIICHHAS
BJIeKTpUIeCcKask IIPOBOINMOCTD Ha TpaHUIIC pa3aesia Me-
Ta/UI—MOKPHITUE (BBISIBACHHOIO MPU MPOBEACHUM pac-
TPOBOI 3JIEKTPOHHOM MUKPOCKOIMUHU) MO3BOJISIIOT TOBO-
pUTh 00 YBEIMYCHWU aare3MOHHOTO B3aMMOICHCTBUS
MOKPBITUS C METAJLJIOM 32 CUYET BJCKTPUUECKUX CUJI, YTO
BBI3BAHO ITOBEPXHOCTHOI OpPHWEHTAIIME HEeUTpaIbHBIX
MOJIEKYJI MOJUMEpPa, COAEPXKAIUX IOJSPHbIC TPYTIIIHI.

BBoaumble HAaHOTOOABKM BbI3bIBAIOT MOBEPXHOCTHYIO
OPHUEHTALINIO TIOJIIPHBIX TPYIII, BBUILY YETO MOBBIIICHHOE
9JIEKTPOBAJICHTHOE B3aMMOJCHCTBME HaOJI0JaeTCsl He
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TOJIBKO MEXIY MOJIEKYJIaMH TTOJINMEPA, HO U MEXITy MO-
KpeiTeM U MeTayioM (puc. 8). Takum obOpasom, mpu
KOHTAKTE TOKPBITUSI C METAJUIOM TTPOUCXOIUT OPUEHTA-
LIS TOBEPXHOCTHBIX JUIIOJIEH U MOBEPXHOCTh MpUOOpe-
TaeT 3apsifl ONpenesIeHHON BeIMUMHBI U 3HaKa [21].

ITpu ycTaHOBJIEHMN KOHTAKTa MOJUMEPHBIX aJIre3n-
BOB C CyOCTpaTaMy pa3jJMuHOI TMPUPOIbI HA TPAHUILIC
pasjesia BO3HUKAET ABOMHOM 2JIEKTPUYECKU 01, DTOT
MPOILIECC PA3BUBAETCSI B COOTBETCTBUM C OMUCAHHBIMU
MeXaHU3MaMU W SIBJISIETCS CJIEACTBUEM XWMMWYECKOTO
B3aMMOJCICTBUS aAre3nuBa U cyoOcTpara, oOpa3oBaHUs
JIOHOPHO-aKIIENTOPHOTO B3auMoJeicTBUs. B aTOM city-
yae yCTaHaBJIMBAETCS TaKOE pacIpeleieHUe 3JIeKTPOH-
HOM TIJIOTHOCTH, YTO CyMMapHbIi 3¢ (GeKT TIPUBOIUT K
00pa30BaHUIO IBOMHOTO CJIO Ha TpaHulie paznena. [Ipu
OTPBIBE IJIEHKU MOJIMMeEpPa Ha OJJHOI IMOBEPXHOCTH Tpe-
00J1a1a10T TIOJIOXKUTEIbHBIC 3apsi/ibl, HA APYTOil — OTPU-
LIaTeJIbHBIE, UYTO U JIEXUT B OCHOBE 2JIEKTPUUYECKON TEO-
pum aare3uu [21].

DTO B3aMMOJEHCTBUE OTOOpPaXKeHO Ha pucC. §, KOTO-
PBIif HATJISITHO TOKA3bIBAET TaKyl0 OPUEHTALIMIO TOJISIp-
HBIX TPYTIIT HAHOMOAMDUITMPOBAHHOTO TIOJIMMEpPA BOJIM3K
TMOBEPXHOCTU METaJIJIa, KOTOPast TPOBOLMPYET MOBBIIEH-
HOE B3aMMOJICIICTBUE KAaTUOHOB M AaHUOHOB (IOHOPHO-
aKIIeNTOPHOE B3aUMOJECHCTBUE), BbI3bIBalOIEE 0Opa3o-
BaHUE JBOMHOTO 3JI€KTPUUECKOTO CJI0SI MEXITY MOKPBITH -
€M U METAJJIOM, YTO BJIEYET 3a COOOU TOSBIECHUE
A/IFe3MOHHBIX CBSI3€ 2J1EKTPOBATIEHTHOTO XapakTepa.

BoiBoabl

Ilo pesynbraTaM HCCIEIOBAaHUI YCTAHOBJIEHO, YTO
BBEICHHBIC B JIJAKOKPACOYHBIM MaTepral HaHOZOOABKU
HEeopraHM4YeCKOi MPpUPOIbl B MAJIbIX KOJIMYECTBAX HE U3-
MEHSIIOT TPYTIIIOBBIC CBSI3U B OCHOBE CBSI3YIOIIETO BeIlle-
CTBa (HEPaCTBOPUMbI B ITOJIMMEPE) M COOTBETCTBEHHO HE
pa3pyIIalT OCHOBY CBS3YIOIIETO, IIPU 3TOM HaHOI00aB-
KU CIIOCOOCTBYIOT TTepEX0AY MaKPOMOJIEKYJI TIOJIUMepa B
pacTssHyTOoe (HaIpsDKEHHOE) COCTOSIHME 3a CYET IpoTe-
KaHUS paguKaJbHOTO KaTaju3a TeTePOTeHHOTro THIIA,
YTO MHULUUPYET MOJUMEPU3ALIUIO JJAKOKPACOYHOTO Ma-
Tepuania, T. €. HAHOJOOABKM BBICTYIIAIOT B KAYeCTBE 3a-
poabllieoopa3oBaTesieil (CTpYKTypooOpa3yrolux LeH-
TPOB), MPOBOLUPYS YIJUHEHUE MOJUMEPHBIX IEIei,
YTO CIOCOOCTBYET 0OPA30BaHUIO OOJIBIIIETO KOJTUIECTBA
MOJIEKYJIIPHBIX cBsI3eit. Takke Mpu B3aUMOIEHCTBUU C
HaHOZO0AaBKAMU IIPOMCXOIMUT ITOBBIIICHUE KOTE3WMOH-
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Puc. 8. Cxema ANEKTPOBaNEHTHbIX cBa3en npun B3aMMOOENCTBUN NOKPbITUSA
1 NOAJTIOXKN

Pic. 8. Scheme of electrovalent bonds during the interaction of the coating
and substrate

HBIX U aIFe3MOHHBIX CBSI3El 3a cueT 0Opa3oBaHUS yCU-
JIGHHOTO 2JIEKTPOBaJIECHTHOTO B3auMonelicTBus. [1pume-
HsIEMblE HAHOAOOABKU IMPOBOLUPYIOT MOBEPXHOCTHYIO
OPUEHTALIUIO TIOJISIPHBIX TPYIII MOJIEKYJT TToimMepa (Mo-
JIEKYJIbl CTAHOBSITCSI 0OJiee OPUEHTUPOBAHHBIMU APYT
npyry). [Ipu 6uHapHOM BBeACHMY HAaHOO00AaBOK OKCHUIA
BUCMYTa U YIJIEPOTHBIX HAHOTPYOOK MPOMCXOIUT YIIPOU -
HEHME CUCTEeMbI (ITOBBIILIEHNE KOTe31H) 3a CUeT 00pas3o-
BaHUST MEXIY TOJMMEPHBIMM IIEMSIMU  YCUJIEHHOTO
3JIEKTPOBAJIEHTHOTO B3aUMOJEWCTBUSI, a TaKXKe IOBbI-
IIEHWE aATe3MOHHOTO B3aUMOJIEHCTBUSI, 32 CUET YBEIU-
YEeHMST JTOHOPHO-aKIENITOPHBIX CBS3€l MEXITY ITOKPBI-
THUEM U MeTa/uioM. JlaHHbIE BBIBOABI MOATBEPXKIAIOTCS
pe3yJibTaTaMi aTOMHO-CUJIOBOM MUKPOCKOITMH, BbIpa-
JKEHHBIMU B YMEHBIIEHUU KOJWYECTBA U BEJIMYMHBI BbI-
CTYyOB B MOKPHITUM 10 10—15 HM, 9TO CIIOCOOCTBYET
YIPOYHEHUIO TOKPBITHUS 32 CYET YMEHBIIEHUS pPa3MEPOB
yrIyOJIeHU U MOp U, KaK CJAEICTBUE, TOBBIIICHUIO Kaue-
CTBEHHBIX IMOKa3aTesielt 3alIUTHOTO TTOKPBITHSI.

References

1. Bagdasaryan Kh.S. Teoriya radikal’noi polimerizatsii
[Theory of radical polymerization]. Moscow: Nauka.
1966. 300 p.

2. Pchelnikov A.V., Pichugin A.P., Khritankov V.F.,
Ilyasov A.P. Influence of nanoadditives on increasing
the adhesion strength of protective coatings to steel
structures and equipment. [Izvestiva VUZov.
Stroitel stvo. 2021. No. 7, pp. 103—113. (In Russian).

3. Kuleznev V.N., Shershnev V.A. Khimiya i fizika
polimerov [Chemistry and physics of polymers].
Moscow: Vysshaya shkola. 1988. 312 p.

4. Moskvitin N.I. Skleivanie polimerov [Bonding of poly-
mers]. Moscow: Lesnaya promyshlennost’. 1968. 304 p.

5. Pchelnikov A.V., Pichugin A.P., Khritankov V.F.,
Smirnova O.E. The role of nano-additives in the for-
mation of a strong contact layer of protective coatings.
Stroitel 'nye Materialy [Construction Materials]. 2022.
No. 7, pp. 45—50. (In Russian). DOI: https://doi.
org/10.31659/0585-430X-2022-804-7-45-50

6. Tager A.A. Physical chemistry of polymers [Fiziko-
khimiya polimerov]. Moscow: Nauka. 1968. 320 p.

(&SR = BHBIE

70

Aseyem 2023 V] AYERVIAYIBI S



Results of scientific research

4. MocksutuH H.U. CxirenBanue nommmepoB. M.: Jlec-
Hasl POMBILIUIEHHOCTh, 1968. 304 c.

5. IMuenbHukoB A.B., [Tnuyrun A.I1., Xputankos B.®.,
Cwmupnosa O.E. Poab HaHOH00aBOK B (hOpMUpOBa-
HUM TIPOYHOTO KOHTAKTHOTO CJIOSI 3allIUTHBIX IIO-
KpbiTuii // Cmpoumenvhovie mamepuanst. 2022. No 7.
C. 45-50. DOI: https://doi.org/10.31659/0585-
430X-2022-804-7-45-50

6. Tarep A.A. ®usuxko-xumus mnonaumepos. M.: Ha-
yka,1968. 320 c.

7. ®entke M. Xumudyeckue peaklMyd IMOJIUMEPOB.
M.: Xumus, 1990. 152 c.

8. ®omuna JI.B., besnociok C.A. Karanns 1 karanusa-
Topbl. bapHayn.: Aatl'Y, 2014. 208 c.

9. ®ypcukon I1.B., Tapacos I1.B. Karanmurnueckuii
CUHTE3 1 CBOMCTBA YIJIEPOAHBIX HAHOBOJIOKOH U Ha-
HOTPYOOK // AnvmepramueHnas 3Hepeemuka u 3K040-
eus. 2004. Ne 10. C. 24—40.

10. Ilamok 2K.C., IIpokormuyk H.P. [IpumeneHnue yrie-
POIHBIX HAHOMATEPUAJIOB B MOJMMEPHBIX KOMITO3M-
mugx. Munck: BI'TY, 2014. 232 c.

11. MyenbHukoB A.B., IIuuyrun A.Il., Jlyuuk P.B.,
Txauenko C.E. JIU31pKOMETPUICCKUN aHAIN3 IKC-
TUTyaTallMOHHBIX XapaKTepUCTUK U Mpoliecca crape-
HUsI 3allIUTHBIX IIOKPHITUI // Drcnepm: meopus u
npakmuka. 2022. Ne 1 (16). C. 14-22.

12. ITuuyrun A.I1., Xpurankos B.®., [TuenpbHukoB A.B.,
Pomamies JI.B. 3amuTHbIe CBOIICTBA KOMITO3ULIMIA C
HaHOpPa3MEPHBIMU W CICUHAIBHBIMU JO00OaBKAMU OT
paaualMoHHOTO BO3NEWCTBUSI // H3zsecmus 6y306.
Cmpoumenvcmeo. 2021. Ne 12 (756). C. 24—33.

13. ITuenpauKOB A.B., ITnuyrun A.I1., Xpurankos B.®D.,
Bono6oii E.A. MoaenupoBaHue mpoliecca U Cnoco-
OBl OLICHKU FOPEHUS 3alMTHBIX TOKPHITUIA METaJLIU -
YeCKMX KOHCTPYKIIUI 1 obopynoBanust // Hzeecmus
8yso6. Cmpoumenscmeo. 2020. Ne 6 (738). C. 81-90.

14. UnsscoB A.Il., IMuenpHukoB A.B., INumuyrma A.II.,
XputankoB B.®. Termro3amuTHbIe CBOWCTBA ITOJIM-
MEPHBIX KOMITO3UIINI ¢ HAHOPa3MEPHBIMU U CITCIIH -
aJIbHBIMU 100aBKamMu // U3eecmus y3oe. Cmpoumens-
cmeo. 2022. Ne 3. C. 15-24.

15. ABepko-AHToHoBUY FO.M. MeToabl MccieaoBaHUs
CTPYKTYpbI U CcBOHCTB noaumMepoB. Kazanb.: KI'TY,
2002. 604 c.

16. bpaynu JI., ®@oiin A., Ceiinzoepu M. CieKTpoCKOMust
opraHmyeckux Bemects. M.: Mup, 1992. 300 c.

17. Bynsdcon H.C., 3auxun B.I'., Mukas A.1. Macc-
CMEKTPOMETPUSI OPraHNYECKUX coequHeHU. M.: Xu-
Mmus, 1986. 312 c.

18. ITopaii-Komui M.A. OCHOBBI CTPYKTYPHOTO aHaIN-
3a XMMMYECKMX coeanHeHmii. M.: Briciias 1mikoia,
1989. 192 c.

19. IMuuyrun A. I1., ITuensHrkoB A.B., Xputankos B.®.,
Tynsaranos A.K. OueHka 3¢ (GHeKTUBHOCTU UCTOIb30-
BaHUs HAHOIOOABOK B 3alIUTHBIX ITOKPBITUSIX //
Cmpoumenvroie mamepuanst. 2023. Ne 3. C. 20-26.

20. Cytarun B.M., bonnanerona JI.1. Xumus u ¢pusuka
noaumepoB. Tomck.: Uza-so TITY, 2003. 208 c.

21.3umoH A.JI. Anre3usi TJIEHOK U TOKPBITUIA.
M.: Xumus, 1977. 352 c.

7. Fedtke M. Khimicheskiye reaktsii polimerov
[Chemical reactions of polymers]. Moscow: Khimiya.
1990. 152 p.

8. Fomina L.V., Beznosyuk S.A. Kataliz i katalizatory
[Catalysis and catalysts]. Barnaul: AltGU. 2014. 208 p.

9. Fursikov P.V., Tarasov P.V. Catalytic synthesis and
properties of carbon nanofibers and nanotubes.
Al’ternativnaya energetika i ekologiya. 2004. No. 10,
pp. 24—40. (In Russian).

10. Shashok Zh.S., Prokopchuk N.R. Primeneniye ugle-
rodnykh nanomaterialov v polimernykh kompozitsi-
yakh [Application of carbon nanomaterials in polymer
compositions]. Minsk: BSTU. 2014. 232 p.

11. Pchelnikov A.V., Pichugin A.P., Lutsik R.V,,
Tkachenko S.E. Dielectric analysis of operational
characteristics and the aging process of protective
coatings. Ekspert: teoriya i praktika. 2022. No. 1 (16),
pp. 14—22. (In Russian).

12. Pichugin A.P., Khritankov V.F., Pchelnikov A.V.,
Romashev D.V. Protective properties of compositions
with nanosized and special additives against radiation
exposure. Izvestiva VUZov. Stroitel’stvo. 2021.
No. 12 (756), pp. 24—33. (In Russian).

13. Pchelnikov A.V., Pichugin A.P., Khritankov V.F.,
Voloboy E.A. Modeling of the process and methods
for assessing the burning of protective coatings of met-
al structures and equipment. [Izvestiya VUZov.
Stroitel ’stvo.2020. No. 6 (738), pp. 81—90. (In Russian).

14.Ilyasov A.P., Pchelnikov A.V., Pichugin A.P.,
Khritankov V.F. Heat-shiclding properties of polymer
compositions with nanosized and special additives.
Izvestiva VUZov. Stroitel stvo. 2022. No. 3, pp. 15-24.
(In Russian).

15. Averko-Antonovich Yu.l. Metody issledovaniya struk-
tury i svoystv polimerov [Methods for studying the
structure and properties of polymers]. Kazan: KSTU.
2002. 604 p.

16.Brown D., Floyd A., Sainsbury M. Spektroskopiya
organicheskikh veshchestv [Spectroscopy of organic
substances]. Mosocw: Mir. 1992. 300 p.

17.Vulfson N.S., Zaikin V.G., Mikaya A.l. Mass-
spektrometriya organicheskikh soyedineniy [Mass
spectrometry of organic compounds]. Moscow:
Khimiya. 1986. 312 p.

18. Poray-Koshits M.A. Osnovy strukturnogo analiza kh-
imicheskikh soyedineniy [Fundamentals of structural
analysis of chemical compounds]. Moscow: Vysshaya
shkola. 1989. 192 p.

19. Pichugin A.P., Pchelnikov A.V., Khritankov V.F.,
Tulyaganov A.K. Evaluation of the effectiveness of the
use of nano-additivesin protective coatings. Stroitel ‘nye
Materialy [Construction Materials]. 2023. No. 3,
pp. 20-26. (In Russian). DOI: https://doi.
org/10.31659/0585-430X-2023-811-3-20-26

20. Sutyagin V.M., Bondaletova L.I. Khimiya i fizika
polimerov [Chemistry and physics of polymers].
Tomsk: Publishing House of TPU. 2003. 208 p.

21.Zimon A.D. Adgeziya plenok i pokrytiy [Adhesion of
films and coatings]. Moscow: Khimiya. 1977. 352 p.

scientific, technical and industrial journal

%3 ERNMIEIBHBIE!

VI ETERVRYIBIE August 2023

71



P €3y/JIbTaTbl HAYYHbIX HcCIe10BaHu

YK 691.327:666.9
DOI: https://doi.org/10.31659/0585-430X-2023-816-8-72-79

B.A. ®E[JOPLIOB?, nrxerep (fedorcovap@mail.ru);

C.C. TMAOKMHZ3, nrxerep (covickatens) (gladkinss66@gmail.com);
A.N. ®EJOPLIOB!, kana. TexH. Hayk (fedorcovap@mail.ru);

B.T. EPO®EEB?23, o-p TexH Hayk (erofeevvt@bk.ru)

1 HaunoHanbHbIM UCCNeaoBaTENbCKMIA MopaoBCKuI rocyaapCTBeHHbIV yHBepcuTeT um. H.I. Orapésa
(430005, Pecnybnunka Mopposus, r. CapaHck, yn. bonbluesnctckas, 68)
2 HaumoHanbHbI VccrneaoBaTenbCkuii MOCKOBCKUI FOCYAapPCTBEHHbIM CTPOUTENbHBINA YHUBEPCUTET
(129337, r. Mocksa, fApocnaBckoe L., 26)
3 Hay4Ho-1ccnenoBatenbCkuii MHCTUTYT CTpouTenbHOM cuauki PAACH (127238, r. Mocksa, JToKOMOTVBHBI Np., 21)

YnyylueHne 3KcnnyaTauuoHHbIX CBOWCTB
LIEMEHTHbIX KOMNO3UTOB KOMNNEKCHbIMM 106aBKamu

PaccmatpuBaeTcs BUSHME KOMMIEKCHbIX J06ABOK HA MPOYHOCTb M CTOAKOCTb LLIEMEHTHbBIX KOMMNO3UTOB B YCNOBUAX BO3AEICTBIS BHELL-
Heil cpedpbl. B uccnenosaHnu ucnonb3osaHsl Aee fo6asku: NOM-HJIK 3aBoAcKOro M3roToBfieHus, npeacTasnsioLlias coboii cMech
cynepniactudomkaropa ¢ fJo6asneHnem BO34yX0BOBNEKAKOLLEr0 U ruapodo6u3npyoLLero KOMNIEKca; KomniekcHas fobaska — CMech
cynepnnactudumkaropa, TeTpabopata HaTpus 1 60pHON KucnoTbl. O6WMM Ans [06aBOK ABNAETCS COAEPKaHMe cynepnnacTuukaropa.
OH no3BoNseT yMmeHbWMUTb B/L| cmecu n Tem cambiM NOBLICUTb MAOTHOCTb, MPOYHOCTb, MOPO3OCTONKOCTb U KOPPO3MOHHYH CTONKOCTb
Komnosuta. Mmapodobusnpytowime n Bo3ayxososnekatowe komnnekcol NMOM-HK gononHuTenbHo cnoco6CTBYOT 06pa3oBaHUID
CTPYKTYpbl MaTepuana ¢ noBblLLIEHHON MOPO30CTOMKOCTbID. BopHas Kucnota u TeTpabopat HaTpus 06pasytoT 6opaTHy0 6ydepHyHo
CUCTEMY, NPUBOASALLYIO K CMAMYEHMIO «XUMUYECKOro yaapa», W TeM CambIM [ONOSTHUTENbHO MOBbILLAOT KOPPO3UOHHYIO CTOMKOCTb. B
pe3ynbTaTe NpPoBeAEeHHbIX UCCNeJ0BaHUI BbisBIEHA 3P EKTUBHOCTb KOMMIEKCHbIX A06aBOK U MOATBEPXAEHA 3aKOHOMEPHOCTb, YTO
eCNN KaXAblA (hakTop B OTAENbHOCTW CMOCOOGCTBYET YNYYLLEHWIO CBOWCTBA, TO MPW COBMECTHOM WX AeACTBUN 3(D(EKT CTAHOBUTCS
6onblue. Goctasnatowme MOM-HJIK npu coBMeCTHOM [eiCTBAM CNOCOOCTBYIOT NONTYYEHUID CTPYKTYpPbl MaTepruana ¢ BbICOKOW MOP030-
cToiikocTblo. [lo6aBKa, cofiepkaLias runepnnactugukaTop, 60pHy0 KUCNOTY 1 TeTpabopat HaTpus, NPUBOAUT K NOBbILIEHUKD NPOYHO-
CTU M KUCNOTOCTONKOCTH.

KntoyeBble cnoBa: LIEMEHTHbI KOMMO3UT, NPeAEN NPOYHOCTM, KOPPO3US, aKTUBHbIE 106ABKM, MUHEpaNbHble 106aBKN, KOMMIEKCHbIE
[06aBKu, cynepnnacTudukatop, 6ycepHble CUCTEMbI, TBEPAEHNE, HOPMarbHbIe YCIOBUS, KOPPO3UOHHAS CTOMKOCTb.
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Improving the Performance Properties of Cement Composites with Complex Additives

The influence of complex additives on the strength and durability of cement composites under environmental conditions is considered. The PFM-NLK additive of factory manufacture is a
mixture of a superplasticizer with the addition of an air-entrapping and hydrophobic complex. The second complex additive contained a superplasticizer, sodium tetraborate and boric acid.
The content of the superplasticizer is common for additives. It allows you to reduce the | /C of the mixture and thereby increase the density and strength of the composite, and according-
ly its frost resistance and corrosion resistance. Hydrophobic and air-entrapping PFM-NLK complexes additionally contribute to the formation of a material structure with increased frost
resistance. Boric acid and sodium tetraborate form a borate buffer system, which leads to a softening of the “chemical shock” and thereby further increase corrosion resistance. As a result
of the conducted studies, the effectiveness of complex additives was revealed and the regularity was confirmed that if each factor individually contributes to the improvement of the
property, then with their combined action the effect becomes greater. The components of PFM-NLC, when combined, contribute to obtaining a material structure with high frost resistance.
An additive containing a hyperplasticizer, boric acid and sodium tetraborate leads to an increase in strength and acid resistance.

Keywords: cement composite, tensile strength, corrosion, active additives, mineral additives, complex additives, superplasticizer, buffer systems, hardening, normal conditions,
corrosion resistance.

For citation: Fedortsov V.A., Gladkin S.S., Fedortsov A.P., Erofeev V.T. Improving the Performance Properties of cement composites to environmental influences with complex additives.
Stroitel’'nye Materialy [Construction Materials]. 2023. No. 8, pp. 72-79. (In Russian). DOI: https:/doi.org/10.31659/0585-430X-2023-816-8-72-79

HAy4HO-MeXHU4ecKuil U npou3800CMEeHHbLIL JCYPHAN } P ENEHEIE
72 Aseyem 2023 WEATERLA S




Results of scientific research

[Monyyenne 3¢hheKTUBHBIX IEMEHTHBIX KOMITO3UTOB
B HaCToOsIIIIee BpeMsI Hepa3pbIBHO CBSI3aHO C BBEJICHUEM B
WX COCTaBBbI J00aBOK, Ojaromapss KOTOPBIM ITOJY4aroT
BBICOKOIIPOUYHbIE, MOPO30CTONKME U KOPPO3UOHHO-
croiikue nieMeHTHbIe 6eToHbI [1—13]. JlobaBKM MIMPOKO
WUCIIOJB3YIOT JJISI TIOJYyYEeHMs CHELUalbHBIX 0eTo-
HOB [14—18]. B Hacrogiee BpeMsI K LIEMEHTHBIM OETO-
HaM YacCTO MPEAbSBISIOTCS TpeOOBaHUS, KOTOPHIE CIIOXK-
HO BBIMOJIHUTBL 0€3 MpuMeHeHus 100aBoK. OHU MO3BO-
JISIIOT  9KOHOMUTH Marepuajgbl W DHEPreTUIeCcKue
pecypchl B TexHoJioruu 6eToHoB [19, 20].

Jlo6aBK1 MOTYT UMETb OIVH WA HECKOJIbKO (PU3MKO-
XUMHMYECKMX MEXaHU3MOB B3aMMOJIEICTBHSI C BHYTPEH-
Hell ¥ BHEIIHe# cpegamu MaTepuana. JlobaBka, nmero-
masi HeCKOJIbKO MEXaHM3MOB B3aMMOJIEMCTBUS, KakK
MPaBUJIO, COACPXKUT HECKOIBKO BEIIECTB (KOMIUICKCHAS
J00aBKa), Kaxioe U3 KOTOPhIX HAIIPaBJIeHO Ha obecrie-
YeHMe KOHKPETHOI'O CBOMCTBA OETOHHOI cMecH /Wi
o6eroHa. OUeBUIHO, UTO ACHCTBUE KOMILJIEKCHOM 100aB-
KM MOXeT ObITh HampaBjeHO Ha 3¢ ¢GeKTUBHOE obecre-
YeHHue OTAEJbHOIO CBOMCTBAa MJIM CBOWCTB Marepuaa.
[Ipu sTOM mpwHMMAaeTcss BO BHUMAaHME, YTO €CIIU KaxK-
IbliA (aKTOp B OTAEJBHOCTU CITIOCOOCTBYET YJIYUYIIEHUIO
CBOICTBA, TO MPU COBMECTHOM MX ACUCTBUU d(PEPEKT
craHoBUTCS Oosbiie [12].

BBeneHHble B MaTepuaa B HEOOJBIIOM KOJMYECTBE
BEIIeCTBA C HAIlpaBJICHHBIMH MeEXaHU3MaMU (HU3NKO-
XMMMYECKOTO B3aUMOIEUCTBUS OYIYT OTHOCUTHCS K aK-
TUBHBIM no0aBkaMm. CornacHo pabore [12] akTuUBHOI
JI00ABKOI CJieyeT Ha3bIBaTh BEIIECTBO, KOTOPOE BBO-
JIUTCSI B COCTaB CUCTEMBbI U aKTUBHO B3aMMOJICHCTBYET C
3JIeMeHTaMH BHYTPEHHE! 1 BHEIITHE Cpeabl I TOJIBKO
C 2JIeMEHTaMM OJHOM M3 HUX, BUIOM3MEHSISI COCTaB,
CTPYKTYPY U CBOMCTBA CMCTEMBI B 3aBUCHMMOCTH OT Ha-
npaBjieHHOCTH nelicTBus. IlIupokoe TpuMeHeHUe Ha-
IIJIM aKTMBHBIE MUHEpajbHble HO0aBKHU, COACpXKAIlIue
aMop¢HBII KpeMHE3eM, I B HEKOTOPBIX CIyJasix Ipyrue
COeMHEeHMsT (aKTUBHBIC TJIMHO3EM U aJOMOCUJIMKATHI
MU T. 1I.), KOTOPBHIE CBS3BIBAIOT HambOoJjiee pPeaKIIMOHHO-
CMOCOOHOE COCTaBJISIONIEEe LIEMEHTHOIO TecTa (KaM-
HSI) — TMIPOKCHUI KaJIbIIMs, TIPEIOTBpAIliasi €ro BEIMbIBa-
HUE W TeM CaMBIM TIPEIOXpaHsIs IIEMEHTHBI KaMeHb OT
nectpykiuuu [18, 21, 22].

Jpyroif pa3HOBUIHOCTBIO aKTUBHBIX TOOABOK SIBJISI-
I0TCSI BEIlIeCTBa, KOTOPbIe BBOMST B LIEMEHTHBIE CUCTE-
MBI C IIeJIbI0 B3aMMOJEICTBUS C arpeCCUBHBIMU Cpena-
MH ¥ YMEHBIICHUS B 3TOU CBS3W WX BO3ICUCTBHSI Ha
Matepuan [12, 13, 23, 24]. OgHu U3 HUX MaJTOPACTBO-
PUMBI ¥ OCTAIOTCS B 00beMe MaTepraia 6e3 NBUKEHMUS,
JIpyTye BOAOPACTBOPUMbBI U MOTYT BBIXOAUTD K MOBEPX-
HOCTH KOMITIO3UTOB U BCTYIATh B PeaKIIMU C IIPOHUKA-
IoIKUMKU cpenaMu. J1o06aBKM BTOPOTO BUIA MOTYT (-
(eKTUBHO 3allMIIATh TPAHUIIBI AKTUBHOTO MaTepuaa,
KaKUM SIBJISTIOTCS IIEMCHTHBIC KOMIIO3UTHI, TP Acii-
CTBMM Ha HEro BOAOCOAEPXKAIIMX Cpell U MPOHUKHOBE-
HUM BOIHI C OIIEPEXKCHUEM, €CJIN BBITIOIHSIOTCS CIIeIy-
omue ycaoBus [13]:

— B CTPYKTYpe MaTepuajia JOJKHBI IIPUCYTCTBOBATH
pacTBopuMas 1ob6aBKa U pacTBOpUTENb (BOJA);

— Mpupona 100aBKU, COCTaB U CTPOCHUE MaTepuaia
JIOJKHBI 00€CIeunTh ObICTPOE €€ pACTBOPEHUE 1 3aM0JI-
HEHME CTPYKTYPbI TOBEPXHOCTHBIX CJIOEB;

— KOJINYECTBO TIEPEHOCMMOI0 aKTMBHOI'O BEILECTBA
JI0OABKYM B €IVHUILY BPEMEHM YEpe3 3alIUIIAEMYIO TT0-
BEPXHOCTh B SKBUBAJEHTHOM COOTHOIIEHUM OJKHO
ObITh HE MEHEE KOJIMYECTBA MEPEHOCUMOIO B 3TO XK€
BpEMsI arpeCCUBHOTO KOMITOHEHTA CPE/IbI:

Jdcy

Oc Ocy
' 0x,

DB.I[kB ax

dsdt > Dy - - dsadt, (1)
rae DB_]:[kag_;'det — KOJIMYECTBO aKTMBHOTO BEIIECTBA,
MEePEeHOCUMOTO 3a BpeMsl dt uepe3 eAUHUILY TTOBEPXHOCTHU
W3NS ds, HE TIOJBEPTHYTOU KOPPO3UU U HOPMAJIbHOU
Jcy
0x 5
yepe3 eOWHUIY BHYTPEHHEH ITOBEPXHOCTH ds, CIIOS,
MOJABEPTHYTOI'O KOPPO3UU; € U Co — KOHLICHTPALIUS COOT-
BETCTBCHHO aKTMBHOT'O BEIIIECTBA U aTPECCUBHON CPeIbl
B TOUKAX X U X, B MOMEHT BPEMEHMU #; Dy U D, — 3¢~
¢exTuBHBIE KO3 PuLMeHTs TU(GdY3UN COOTBETCTBEH-
HO aKTMBHOTO BEIlleCTBA J0OABKU M arPECCUBHOM CPEJIbI;
k, — K03 PUIIMEHT S5KBUBAJCHTHOCTH.

B mpoHUIaeMbIX KOMITO3UTAaX BBIIOJHECHUE YCIIO-
Bus (1) HE MOXKET ObITh JJIMTEABHBIM, TOCKOJBKY ITPOUC-
XOOUT OBICTPOE CHIDKCHME TpagueHTa KOHILIEHTpalNu
00aBKM M3-3a €€ pacxola Ha TpaHUle COMPUKOCHOBE-
HUsI GPOHTOB BCASACTBAEC XUMUYECKON peaklIMu ¢ KOM-
TTOHEHTAMU arpeCCUBHON CPeIbl U TIOCIIEAYIOIIETO BhI-
MbIBaHUSI MPOAYKTOB B3auMoaeicTBusi. OueBUAHO, UTO
MTOBBIIICHNE TIJIOTHOCTU LIEMEHTHOTO KOMITO3UTa OyIeT
CMocoOCTBOBATh MOBBILIEHUIO €r0 MPOYHOCTU U KOPPO-
3MOHHOI cTOoMKOCTU. OOTHUM M3 OCHOBHBIX CITOCOOOB
MMOBBIIICHUST TIJIOTHOCTA IIEMEHTHOTO MaTrepuajia MIpu
obecrieyeHU He0OXOAMMO MOABUKHOCTU CMECHU SIBJISI-
€TCST BBEJICHNE B €€ COCTaB TIACTU(UIIMPYIONINX 100a-
BOK, B TOM UMCJIe CYNepruiacTu(uKaTopoB.

B pab6orte [25] mpuBoOasITCS MCCACIOBAHUS TI0 IIPUME-
HEHUIO KOMIUIEKCHBIX aKTUBHBIX TOOABOK U 3aIllNTHI
LIEMEHTHBIX KOMITIO3MTOB OT BO3ICMCTBUS PaCTBOPOB CEp-
HOI KUCJOTHI C1a00i KOHIIEHTpaluu. B coctaB nobaBku
BXoAwau: KapboHat Oapus (BaCOj3), mpu B3ammomeii-
CTBUU KOTOPOTO C paCTBOPAMU CEPHOM KUCIIOTHI 00pa3y-
ercs 6e3 M3MeHeHUs 00beMa HEPaCTBOPUMBIH, YIIJIOTHSI -
IOIIUIT TTOBEPXHOCTHEIE ¢ciou cynbdat 6apus (BaSOg4), a
TakKXe CMECH, COCTOSILIME 13 CJIa00I KUCIOTHI U €€ COJIH,
obOpasyroine 0yhepHbIe CUCTEMBbI, CIIOCOOHBIC CMSTYATh
«XUMMYECKUU ymap» o marepuaiy. [Ipu 3ToM cocTaBisi-
fone Oy(epHbIX CUCTEM XOPOIIO PACTBOPUMMbI, MOTYT
BBIXOIWTh Ha ITOBEPXHOCTH MaTepHraja M IPU BBITIOJTHE-
HuM ycinoBus (1) 3aMeniaTh ero pa3pyuieHue.

BBeneHme aKTMBHBIX KOMITICKCHBIX TOOABOK B COCTa-
BbI LIEMEHTHBIX KOMITO3UTOB MIPUBEJIO K MOBBIIIEHUIO X
KOPPO3UOHHOM cTOKOCTU. Tak, KoadUIIMEeHTHI CTOi-
KOCTHU KOMITO3UTOB C TaHHBIMU 10O0aBKaMu B 1,5—2 paza
OoJiblile TI0 CpaBHEHUIO ¢ 6€3100aBOYHBIM MaTepUAaIOM.
ITpuyem, cormacHo [25], maHHAsI TCHACHIINS XapaKTepHa
Kak U1 TPOYHOCTU MPU CXATUM, TaK U JJIs1 TIPOYHOCTHU
Py U3ruoe.

K OCU X; Dy 5- - ds,dt — TO X€ arpecCUBHOM Cpelbl
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Puc. 1. Bnusaxue cogepxaHusa komnnekcHon no6asku NMM-HJIK B cpaBHeHUM ¢ BAMsHUEM nnacTudukaTopa C-3 Ha: a — pacTekaeMoCTb LEMEHTHOMO TecTa
B CPaBHEHWM C BNusiHMEM runepnnactudvkaropa C-3; b — npenen NpoYyHOCTM NPU CXATUN LLEMEHTHOMO KamHsi: 1 — LemeHTHoe TecTo ¢ MNPM-HJIK; 2 - 1o

xe c C-3

Fig. 1. The effect of the content of the complex additive PFM-NLC in comparison with the effect of the C-3 plasticizer on: a — the spreadability of the cement
dough in comparison with the effect of the C-3 hyperplasticizer; b — the compressive strength of the cement stone: 7 — cement dough with PFM-NLK; 2 - the

same with C-3

Ta6nuua 1
Table 1
CocTaBbl LEeMEeHTHbIX CMecei
Compositions of cement mixtures
Ne cocTasa CogaepxaHue BooLieMeHTHoe KonnuyectBo no6asku, % OT Macchl LLeMeHTa
uementa, % OTHOLLEHWE BopHas kucnota | TeTtpabopat Hatpus | Cynepnnactudukatop
1 100 0,34 0,1 0,1 0,7
2 100 0,34 0 0 0,7
3 100 0,42 0 0 0
4 100 0,42 0,1 0,1 0

MeTton

HccnenoBaHbl LIEMEHTHBIC MaTepHUabl ¢ JOOABKaMU
u 6e3 mobaBok. JIJIs1 M3rOTOBACHUS LIEMEHTHOIO KaMHS
npuMeHsn noptaananeMenT M500J0 AnekceeBCKOro
IIeMeHTHOTO 3aBoma Pecrryoimkm MopmooBust, comep:ka-
LM TpeXKaJbLIMEBbIA aJllOMUHAT B mpezaesiax 6—8%.
Taxkoe comep:xaHIe 3TOr0 MIUHEpajia COOTBETCTBYET Tpe-
OOBaHUSIM, MIPEABSIBISIEMBIM K BSIKYILIEMY BEILIECTBY MPU
MOJIYy4E€HUHU LIEMEHTHOIO OETOHA MOBBILLIEHHOI MOPO30-
CTOMKOCTH.

Joo6aska [TOM-HJIK 6buta mpuMeHeHa TIPU U3ro-
TOBJICHUU IIEMEHTHOTO KaMHSI M IIEMCHTHBIX OCTOHOB.
OHa npeacTaBisgeT co0oil cMech CylepIuiacTuUKaTo-
pa (HaTpHMeBBIE COJIM ITOJUMETIIICHHA(PTATUHCYIb(O-
KHCJIOT Pa3INndHON MOJIEKYJIIPHOI MaccChl) ¢ JoOaBIie-
HUEM BO3IYXOBOBJIEKAIOILIETO U TUAPO(POOU3UPYIOIIETO
KOMITJIeKCOB. LleMeHTHBII KaMeHb ITOJTyJaii 13 TeCTa C
B/11=0,25. Benenue [IOM-HJIK B cocTaBhl mpecie-
JIOBAJIO 1ieJib IOBBICUTh MOABUKHOCTb U TUAPO(POO-
HOCTb CMeCH, OOeCITeYMTh HEOOXOIMMOE BO3IYXOBO-
BJIEYCHUE U TEM CaMbIM B JaJIbHEMIIEM H3rOTOBUTh
IUTIOTHBIE, TIPOYHBIE M MOPO30CTOIKMEe OeTOHBI. Ilo-
JIBUKHOCTD LIEMEHTHOTO TE€CTa OIpeAeIsiiach BUCKO3H-
meTpom CyTrapza.

ITpoYyHOCTh LIEMEHTHOTO KaMHSI OLIEHUBaIach UCIIbI-
TaHueM 00pa31oB pazMepoM 20X20X20 MM, TBepAEBILINX
B HOPMaJIBHBIX yclToBUSIX (t=20°, W=95—100%), a npou-
HOCTh ¥ MOPO30CTOMKOCTb O€TOHA — ITyTEM MCITBITAHUS

HAYYHO-MexXHU4eCcKUil U npou3800CEeHHbLI JHCYPHAN

obpasuoB pazmepoM 100XxX100x100 MM, OTBEpKAEHHBIX
MIPONapKOil M B HOPMAJIbHBIX YCIOBUAX. [1pn aTOM MO-
PO30CTOMKOCTh OIpeAessiiach YCKOPEHHbIM CIIOCOOOM
o 'OCT 10060—2012 «betoHsl. MeToabl OnpeaeieHus
MOPO30CTOMKOCTU».

KomnnekcHas pob6aBka CemPlast comep:kana cy-
neprutactTugukarop (moauMeTuaeHHahTaTUHCYIb(O-
HaT HaTpusl MOIU(PUUMPOBAHHBIN), OOPHYIO KUCIOTY
(H3BO3), terpadopar Hatpust (NayB407-10H,0)
(taba. 1). OyeBUAHO, YTO LIEMEHTHBIN KaMeHb, IOJIy-
YEHHBIN M3 CMECH C OOJIbIIIMM BOJOLIEMEHTHBIM OTHO-
IeHneM, OyJIeT XapaKTepu30BaThCsl U OOJIbIIIEH TTOpU-
CTOCTBIO.

JI71s1 TIpoBeIeHUS UCCIIeAOBAHNI OBITA M3TOTOBICHBI
00pasIbl HEMEHTHOTO KaMHs padmepoM 20xX20X20 MM ¢
KOMITJIEKCHOI 100aBKOI1, C OTAEIbHBIMU €€ COCTaBJISIIO-
KrMU U 6e3 106aBku coriacHo Tada. 1. OTBepxaeHue
LIEMEHTHOI'O KaMHSI MIPOMCXOAWIO B HOPMaJIbHBIX YCJIO-
BUSIX. 3aTeM 00pa3iibl orpyxajau B 2% pacTBOp CEpHOIA
KUCJIOTHI, KOTOPBIA MEHSIIM Yepe3 KaxXble IBe HeAeau
BBIICPKKH, W TOCJIE OIpPENeIeHHOIO BPEMEHU BO3ICH-
CTBUS arpeCCUBHON Cpelbl UCIBITHIBAIN Ha IIPOYHOCTH
MpU CXKAaTUU U OIpeaeasii Ko3(h(GULUEHT CTONKOCTH.
[Tokazarenu KUCIOTOCTOMKOCTH IIEMEHTHOTO KaMHS C
KOMIUIEKCHOI 100aBKOI CpaBHUBAIU C MTOAOOHBIMHU MO~
KaszareyisiMu 0e3100aBOYHOIO MaTepualia u coaepale-
IO JIMIIb OJHY M3 COCTABJISIIONINX J00aBKH, OTBEPKICH-
HBIX M UCITBITAHHBIX TAKKM K€ 00pa3oM.

Gryourrin e
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Tabnuua 2
Table 2

CocTaBbl LLEeMEHTHbIX G€TOHHbIX CMeceil AJs NoJly4yeHUs1 6e TOHOB BbICOKOI MPOYHOCTU U MOPO30CTONKOCTHU
Compositions of cement concrete mixtures for obtaining concretes of high strength and frost resistance

No Pacxo[, UCXOHbIX MaTepuanos Ha 1 M3 cmecw, kr
n/n MopTtnaHpuemeHT | LLle6eHb rpaHnTHbl | Mecok kBapueBklt | Boga | Jo6aska MPM-HJIK | BogouemMeHTHOe OTHOLEHME

1 515 1250 521 185 3,6 0,36

2 515 1211 547 175 4,12 0,34

3 515 1211 560 170 4,12 0,33

4 515 1190 567 175 4,12 0,34

5 515 1211 495 195 3,6 0,38

Tabnuua 3

Table 3

MopaBMXHOCTb CMeceii, yCoBUA TBEPAEHUS U TEXHUYECKNEe XxapakTepucTuku 6eToHOB
Mobility of mixtures, hardening conditions and technical characteristics of concrete

TexHuyeckme xapakTepucTukmn 6eToHa
Ne MopBWXHOCTb v
n/n cMecH, cM CnoBus TBEpAEHNSA CpenHsasa nnoTHocTb (), Mpenen npo4HoOCTH Mopo3socToitkocTb (Fp),
Kr/M3 npu cxartmm (Og), MlMa LMKJIbI
1 14-16 HopmarsnbHble ycnosus 2500 60,7 -
2 12-15 Mponapka 2467 58,4 550
3 10-12 Mponapka 2475 51,9 500
4 11-14 HopmasnbHble ycnosus 2480 50,8 -
5 25-28 HopmanbHble ycnosus 2420 52,9 -

PesyabTarthl 1 00CyKaeHHE

Pesynpratel ncciemoBaHUsT BIMSTHASI KOMIUIEKCHOM
nmobaBkyn [TOM-HJIK Ha MOIBMKHOCTE CMECH, IPOY-
HOCTh IIEMEHTHOT'O KaMHSI U TEeXHWYECKUE XapaKTepHu-
CTUKU OETOHOB, B TOM UYMCJIE U Ha MOPO30CTOMKOCTb,
npuBeaeHbl Ha puc. 1 u Tadn. 3. Ha puc. 2—3 nokazaHbl
pe3yJIbTaThl UCCJIECAOBAHUS BIUSIHUS KOMITJIEKCHOM J10-
6aBku CemPlast Ha U3BMeHeHNe HaYaTbHOW MPOYHOCTU U
Ko duIeHTa KUCIOTOCTOMKOCTH LIEMEHTHOTO KaMHS
ripu BoiepxkKe B 2% H7SO4.

BuaHo, 9TO ¢ yBelImMueHUEM COACPXKAHUS T00aBKU
[TO®M-HJIK mmogBM:KHOCTh IIEMEHTHOM cMecH Bo3pac-
taeT. OmHaKo Mpu comepxaHuu gobasku 6osee 0,8%
OT MAacCChI IIeMEHTa HaOJIIOMAI0TCS 3HAUYUTEIbHbBIE T0-
Tepyu NMepBOHAYAIbHOI MMPOYHOCTU. B 3TOM CBSI3U OBLI
cIeslaH BBIBOI, UTO ONTUMAIBLHBIM COACPXKAHUEM 10-
0aBKU B GETOHHOM CMeCH TOJKHO ObITh 0,8% OT Macchl
neMeHTa. IIpu Takom ee KoJMYecTBe OETOHHASI CMECh
prodpeTaeT HEOOXOAMMYIO IMOABUXHOCTh M JOCTa-
TOYHBI 00bEM BO3IYyXOBOBJICYECHHBIX MMOpP (3—4% 006-
mero oobema 0eToHa), KOTOPBIN MO3BOJISIET, 110 JaH-
HBIM HAy4YHO# JuTepaTypsl [26], CYIIeCTBEHHO MOBBI-
CUTb MOPO30CTONKOCTh OeToHa. OOpasyoiiuecs B
9TOM CJiydae B CTPYKType maTepuaja MeJKue paBHO-
MEPHO pacIllpelieIeHHbIe 3aMKHYTbIE MOPbI-CHEPOUIbI
UTPAIOT PoJIb Oy(PepoB, CMATUAIOIINX OTPHUIIATEIBHOE
JIeiCTBME BHYTPEHHETO JaBJeHUs, Pa3BUBAIOIIETOCS
B OeToHe Tpu oOpa3oBaHUM B MoOpax Jbla. A TIOPHI-

cdepounapl, YaCTUYHO COOOIIAMIIMECS C Kalmuuispa-
MM, SIBJISIFOTCSI 3aITaCHBIMM €MKOCTSIMU, B KOTOPbIE BbI-
JIaBJIMBAETCS BO/IA TIPU €€ pacIIMPEHUN BO BpeMs Iepe-
Xoja B Jie].

B Tabum. 2 ipeacTaBieHBI COCTAaBBI CMeceit, a B Ta0OJI. 3
WX TTOABUKHOCTD M TEXHUUECKME XapaKTePUCTUKU OETO-
HOB, OTBEPKACHHBIX B HOPMAJIbHBIX YCIOBUSIX (t=2012°;
W=95-100%) u rpomnapkoii.

OueBUIHO, YTO IIPUMEHEHNE KOMIUIEKCHOM J00aBKHU
B OCTOHBI, coziepKalleil TuIacTU(UIIMPYIOIee, BO3MIYXO0-
BOBJIEKalOIIee W TUIPO(GOOU3UpYIOIIee BElIeCTBa, IMO-
3BOJISIET TOJYYUTh MaTepuaabl BHICOKOW MPOYHOCTU U
MOPO30CTOMKOCTU. YMEHbILIeHUE MOABMXKHOCTA CMECHU
CBEpPX MpeaeaTbHON MPUBOIUT K YMEHBIIICHHUIO BO3IYyX0-
BOBJICUEHUS, & COOTBETCTBEHHO M MOPO30CTOMKOCTH.
OueBUIHO TaKXe, YTO B JTAaHHOM CJIydae COCTaBJISIOIINE
KOMITJIEKCHOM T00aBKM CITOCOOCTBYIOT CO3MaHUIO TAaKOU
CTPYKTYpbl MaTepuaja, KoTopas (pu3UYecKu IpensiT-
CTBYET €r0 Pa3pylICHUIO TIPU HACHIIICHUM BOIOW, 3a-
MEp3aHUU U OTTaMBaHWU.

B otmnuue or [MPM-HIIK komriuiekcHasga nobGaBka
CemPlast conepXuUT XMMMYECKU aKTUBHYIO K arpecCUB-
HO¥ cpefie cocTaBsIoNIy10. [leiicTBue arpecCUBHOM cpe-
JIbI Ha MaTepuraj OCJIa0JIsieTCsT B pe3yIbTaTe YMEHBIICHUS
MPOHUIIAEMOCTH M3-3a MOBBILIEHUS TUIOTHOCTU CTPYK-
TYpbl U B3aUMOJECUCTBUS CPEAbl C AaKTUBHOUW BOIOpac-
TBOPUMOIi 106aBKOM. DPHEeKTUBHOCTL 10OABKM BO3paC-
TaeT, MMOCKOJIbKY MMEeT MECTO COBMEIIIEHNE IBYX (paKTO-
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Puc. 2. BnusiHne 0o6aBoK Ha M3MeHeHMe MPOYHOCTU LEMEHTHOrO KaMHs
npw BblaepXkke B 2% CepHoii kucnote (Homepa coctaBoB 1-4 no 1abn. 1)

Fig. 2. The effect of additives on the change in the strength of cement stone
when aged in 2% sulfuric acid (composition numbers 1-4 according to
Table 1)

pPOB, HampaBJIEHHBIX Ha TOBBIIIEHUWE KOPPO3MOHHOM
CTOMKOCTH MaTepuaia (puc. 2, 3).

Ha puc. 2 BUgHO, YTO HEMEHTHBI KaMeHb C KOM-
TUIEKCHOI 100aBKOM, colaepxKalleili OOpHYI0 KHUCIIOTY,
TeTpabopar HaTpus u cynepruiactudukartop (tadmn. 1),
nMeeT 00Jiee BBICOKYIO IIPOYHOCTD IIPU Bo3aeiicTBur 2%
CepHOI KUCIOThl. KpoMme TOTro, IEMEHTHBIN KAMEHb 3TO-
T'O COCTaBa B TeUCHWE TTOCIIETHUX IBYX HEJETb BBIICPKKHU
He TepsieT MPOYHOCTU B arPECCUBHOI cpelie.

LleMeHTHBIIT KaMeHb COCTaBa 2, COIepKaIllNil B Kauye-
CTB€ 100ABKM JIMIIb CyIepIuiacTUdUKaToOp, MpU OJAUHA-
KOBOW TMOABUXKHOCTU € APYTMMU COCTABAMU UMEET Ha-
YaJIbHYIO MPOYHOCTb, OJU3KYIO K MPOYHOCTU MaTepuraia
¢ KOMIUIEKCHO# mob6aBkoii. OgHako Hapsiay ¢ 0e3moba-
BOYHBIM IIEMEHTHBIM KaMHEM OH OTJIMYAeTCS OBICTPOit
MmoTepeii MPOYHOCTU B MEPBbIE ABE HEIACIU BBIICPKKHU B
arpecCUBHOM cpeie. DTU MTOTepHU OOJIbIIEe, YeM B KOHIIE
BBIIEPXKKU. B OoT/IMUME OT LIEMEHTHOrO KaMHsI C KOM-
TUIEKCHOM 100aBKOI CTaOMIN3aly MPOYHOCTH B KOHILIE
BBIICPKKY HE HAOJIOIAETCsT, YTO CBUAETEILCTBYET O T10-
3UTUBHOM BJIMSHUM Ha KHCJIOTOCTOMKOCTH M00aBOK,
o0pasyounx 6opaTHYI0 0y(hepHYIO CUCTEMY.

Biausinue nobGaBku OOpHOI KUCJIOTHI U TeTpabopaTa
HaTpus HAOJIIOMAaeTCs U B OTCYTCTBUE B COCTaBe TUIIEP-
ractudukaropa (puc. 3, cocraB 4). OmHAKO LIEMEHT-
HBIII KAMEHb COCTaBa 4 M3HAYaJIbHO 3HAYUTEJIbHO OTJIH-
YaeTcs 1Mo MPOYHOCTH OT coctaBoB /1 2 (puc. 3). MoxHO
Tak>Ke MPennoioXKUTh, UYTO M3-3a OoJiee Bbicokoro B/11,
a COOTBETCTBEHHO BBICOKOI ITOPUCTOCTH TI0 CPABHEHMIO
C LIEMEHTHBIM KaMHEM cocTaBa [ IPOUCXOAUT ObICTPBII
pacxon nobaBoK OopaTHO# OydepHOIl CHCTEMBI, 4TO
TPUBOIUT K HE3aTyXalolllei morepe MPOYHOCTH B KOHIIE
BbLOEPXKKU (puc. 2, 3).

TakuM oOpa3oM, OYEBUIHO BIUSHUE KOMIUIEKCHOMW
n00aBKH, coaepxKalleil 0opaTHYI0 Oy(hepHYI0 CUCTEMY U
cynepruiacTu(uKaTop, Ha TIOBBIIICHUE MPOYHOCTU U
KOPPO3MOHHOM CTOMKOCTA IIEMEHTHOTO KaMHS.
IIpuBeaeM NpeAnochIKY TPUMEHEHUS U (PU3NKO-XUMU -
yeckrne OCOOEHHOCTH JEMCTBUSI COCTaBIISIIOIINX KOM-
IUIEKCHOU nob6aBku. Eciu arpeccuBHas cpeia YaCTUYHO
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Puc. 3. BaunsHue po6aBok Ha n3MeHeHue KoadpduumeHTa CTONKOCTU
LLeMEHTHOro KaMHsi Npu BblAepXKe B 2% CEpHOW Kncnote (Homepa cocTa-
BoB 1-4 no 1a6n. 1)

Fig. 3. The effect of additives on the change in the coefficient of resistance
of cement stone when aged in 2% sulfuric acid (composition numbers 1-4
according to Table 1)

WJIU TIOJTHOCTBIO CBSI3bIBACTCSI BBEJCHHBIMM JI00aBKaMu,
TO ee KOJMYECTBO, HaXoJs1Ieecss B KOHTAKTe CO CTPYKTY-
POOOpPa3yIOIMMU KOMIIOHEHTAMU KOMIIO3UTA, B pa3ind-
HOI CTereHu OymeT YMEHBIIAThCSI, YTO PaBHOCWIBHO
YMEHBIIEHUIO TPOHUTIaeMOCTH. [IpMEeHUTENBHO K KOM-
IMO3UTY ¢ aKTUBHBIMU J00aBKaMU MOXeM 3amnucarh [13]:

Vit Ve <V, )

rae V. — CKOpPOCTbh XMMHUYECKOrO B3aUMOMACUCTBUS;
Vi, — CKOPOCTb IMMPOHMKHOBEHMS CPeNbl; V., — CKOPOCTh
CBSI3bIBAHUSI IPOHUKAIOIIETO BelllecTBa J0OABKAMU.

[Mpu V.=V, ckopocTb XUMUYECKOTO B3aMMONEHCTBUS
arpecCUBHOI cpedbl CO CTPYKTYPOOOpa3ymIIUMU CO-
CTAaBISIIOIIMMU MaTepuajia paBHa Hymo, T. e. V,=0.
OueBUIHO, YTO aKTUBHbIEC N10OABKU OYAYT SIBJISITHCS (-
(eKTUBHBIMU TIPU MAaJiOil MPOHMIIAEMOCTH MaTepuaa,
T. €. TIpU OOJIBIIION €TOo IJIOTHOCTH. B aTOM cityyae BpemMst
pacxoja aKTUBHOTIO BEIIECTBA 100aBKU BO3PACTAET, a CO-
OTBETCTBEHHO U 0OJiee JJIUTEIHHO BBITIOJHSIETCST YCIIO-
Bue (1), Korma KOJMYECTBO MEPEHOCHMOrO aKTHMBHOIO
BelllecTBa TOOABKM B SKBHMBAJICHTHOM COOTHOIIICHUM HE
MEHBbIIIe TIEPEHOCMMOTO KOMITOHEHTa arpecCUBHOM cpe-
Ibl. B mpoTuBHOM ciyyae, T. €. TIpU MOPUCTON CTPYKTYpe
maTepuala, 100aBK1 ObICTPO PACXOAYIOTCS MPU B3aUMO-
NECTBUU C arpeCCUBHBIMU CPEeIaMU.

B Hamewm ciiyuae 6opnast kuciora (H3BO3) u terpabo-
pat Hatpus (NayB407)-10H,O (6ypa) BogopacTBOPUMBI,
u, coryiacHo [27, 28], ipu coBMeIieHun 00pasyioT oydep-
HBIE CHUCTEMBI, KOTOPBIE CITOCOOCTBYIOT coxpaHeHunio pH
cpenbl, a COOTBETCTBEHHO MaTepuaja Ipu JEeWCTBUU Ha
HEro arpeccuBHBIX cpei. [Ipu BBeneHMM B 1IEMEHTHBIC
CMECU 3TU BellleCTBA B3aUMOJEHCTBYIOT C COCTABJISIIOLIN-
MU LIEMEHTHOTO BspKy1iero. Tak, cormacHo [27], GopHas
KHCJIOTa pearupyeT ¢ 0Opa3oBaHMEM OOpaTOB KaabLUs
ob1eit popmyibsl Ca(BOy)r'nHy O. Terpabopar Hatpusi B
3aBMCUMOCTH OT YCJIOBUI OTBEPACBAHUS M SKCILTyaTallu
LIEMEHTHBIX KOMITO3UTOB, MX BO3pacTa MOXKET HaXOAUTh-
¢ B CBOOOTHOM, CBSI3AHHOM WJIM YAaCTUYHO CBSI3aHHOM
COCTOSIHMM C 00pa3oBaHMEM OOpPaTOB KaJIbLIUsI, U B 4acT-
HOCTHU TeTpabopaToB.

Gryourrin e
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Ilpu geiicTBuM Ha LieMeHTHBIA KameHb 2% H>SOy4
Ha €ro IOBEPXHOCTU MPOUCXOIUT B3aUMOJACHCTBUE
¢ oOpa3zoBaHMeM 00eMX COCTaBISIONIUX OydhepHO
cuctembl [13]. Hampumep, npu B3auMoIelCTBUU
Ca(B0O3)>22H»0 ¢ pactBopom H>SO4 o6pasyetcs 6op-
Hasl KMCJIOTa COTJIaCHO YPaBHEHMUIO:

Ca(B0O3)7-2H,O0+H>S0O4+2H,0=
2H3B0O3+CaS04:2H,0. 3)

TerpabopaT HaTPUsST MOXET TIOCTABIIATHCS HETTOCPET-
CTBEHHO COCTaBJISIOIIMMU MaTepurasa, eCiu OH COoaep-
KHUTCS B HUX B CBOOOTHOM BHUIE, VI 00Pa30BBIBATHCS
MpY B3aUMOAEWUCTBUY MPOAYKTA peakluu (3) — OOpHOIt
KHUCJIOTBI C €AKUMH IIeJ0YaMM LIEMEHTHOTO KaMHS.
B cBoto ouepenb, TeTpabopaT HATpUS B3aUMOJEHCTBYET
C PacTBOPOM CEpPHOM KMCJOTHI, OCJabJisis ee BO3Ieii-
CTBUE, 0 YPAaBHEHUIO:

NayB407-10H,O+H>SO4=
4H3BO3+Na3SO4+5H50. 4)

[Ipu sTom, cornacHo [24], nameHenue pH BHyTpeH-
Heil cpeibl MIeT MeUICHHEee, YeM eCJIU Obl peakKIIvsl Ipo-
XOJIMIa B OTCYTCTBME COCTABJISIONINX OOpaTHOI Oydep-
HOIi cuctembl. B 3T0i CcBSI3U OynmeT 3aMeNIsIThCS U TIPO-
lIecC KOppO3uU ILieMeHTHOro kamHs. Heobxoanmeie
cocTapistone OyhepHoi cucTeMbl 00pa3yloTCsl B TO-
BEPXHOCTHBIX CJI0SIX, SIBJISIIOTCS CJIEACTBUEM B3aUMOJEli-
CTBUS U HAXOMASITCS B paCTBOPEHHOM COCTOSIHUU.

PactBopeHune 00BSCHSIETCSI TEM, UYTO PaCTBOP CEPHOM
KUCJIOTBI 00pa3yeTcsl U3 JABYX BEILIECTB, OTHO M3 KOTO-
PBIX, KACJIOTA, PACXOIYETCsT Ha TIOBEPXHOCTU, a BTOPOE,
BOJA, MPOHUKAET C OMNEpeXeHUEM B IMOBEPXHOCTHBIE
cJlou MaTepuaia v MojiBepraeT paCTBOPEHUIO COCTABIISI-
oie OydepHOil cUCTeMbl Ha BHYTPEHHEN TpaHuUlEe
30HbI B3auMOJEHCTBUsI. TakuM o0Opa3oM, Ha TpaHMIIE
B3aMMOJECHCTBUSI MaTepuajga C arpeCCMBHOW Cpeaou
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MPOTEKAIOT TMPOLIECChI, 00YCIOBICHHbBIC HATUYMEM aK-
THUBHBIX BEILECTB J00ABKU, KOTOPbIE OCIAOJISIOT arpec-
CHUBHOCTE CPeIbl U CIIOCOOCTBYIOT TOBBIIIEHUIO KOPPO-
3UOHHOM CTOMKOCTH GETOHHOTO KAMHSI.

BriBoapl

1. I[IpuBeneHa 0cOOEHHOCTh KOMIUIEKCHBIX JT0OOABOK
a¢hdeKkTMBHO 0becTieunBaTh TEXHUYECKUE CBOMCTBRA 11e-
MEHTHBIX KOMITO3UTOB. DTa 0COOEHHOCTb COCTOUT B TOM,
YTO €CJIM KaXIbIi (paKTOp, B TOM YMCIIC ¥ T0OaBKa C Ha-
MpaBJICHHBIM JEUCTBUEM, B OTICIBHOCTH CIIOCOOCTBYET
YJIYYIIEHUIO CBOMCTBA, TO IPU COBMECTHOM UX J€HCTBUU
3 GEKT CTAaHOBUTCS OOJIBIIIC.

2. [TpuBeaeHbI TEOPETUUECKUE MPEANOCHUIKM MTOBbI-
IIEeHUST KOPPO3UOHHOM CTOMKOCTUA IIEMEHTHOTO KaMHSI
MyTeM BBeIEeHUSI KOMILJIEKCHOM 100aBKU, COCTOSIIIEH U3
cymnepriacTuuKkaTopa U aKTUBHBIX K arpecCHMBHOI
cpelie BellecTB, 00pa3ylolux 6opaTHYI0 Oy(pepHyo cu-
cTeMy.

3. [IpoBeneHHBIE 3KCIIEPUMEHTAIbHBIC HCCIeIOBA-
HUS MOATBEPKAAIOT 3(DHEKTUBHOCTh KOMIUIEKCHOM J10-
6aBku [TOM-HJIK, criocobeTByIOIIENH CO3TAHNIO TAKON
CTPYKTYpBl MaTepuaja, KoTopas (PU3WJeCKH IIpernsT-
CTBYET €ro pa3pylIeHUIO IIPX HACBHIIIEHUN BOJIOM, 3aMO-
paXXMBAaHNM-OTTAUBAHUM U IIO3BOJISICT ITOJYUMUTH IIe-
MEHTHbIE KOMITO3UTHI BBICOKOW MPOYHOCTU U MOPO30-
CTOMKOCTH.

4. KomrekcHast pobaBKa, cofepskaliasi Cyrnepriia-
ctudukarop u 6opaTHyIO Oy(depHYIO CUCTEMY, CIIOCOO0-
CTBYET ITOJIYICHUIO HE TOJBKO TUIOTHOM CTPYKTYPHI, HO U
JIOTIOJTHUTEbHO OCa0JIsIeT arpecCMBHYIO Cpeldy B pe-
3yJIbTaTe€ aKTUBHOTO B3auUMOJEUCTBUSI ¢ Heil. JloGaBKa
CITOCOOCTBOBAJIA ITPH PABHOM MOABMKHOCTH IIEMEHTHBIX
cMecell TOBBIIICHUIO TIpeesia IMIPOYHOCTU MPU CXATUU
OTBepKIeHHOTO KaMHsT Ha 40%, Koa(hdUITMeHTa CTOMKO-
c¢tu B 1,5 pa3a 1o cpaBHEHUIO ¢ MaTepraioM 0e3 J00aBKMU.
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‘ Hudopmanna

NaK NoJroToBHTL K NYONHKALUA HAY4HO-TEXHHYBCKYID CTATbIO

JKypHanbHas Hay4HO-TEXHNYECKAs CTaTbsl — 3TO COYMHEHNE HEBOMbLIOr0 pa3mepa ([0 NATW XKyPHANbHbIX CTpa-
HULL), 4TO Camo No ce6e OnpeLenseT rpaHuLbl M3NOXKEHNS TEMbI CTATbU.

Heo6x0aMMbIMU 3NIEMEHTaMM Hay4HO-TEXHUYECKOIA CTaTbl SBAAKOTCA:

- MOCTaHOBKa NPOo6/1eMbl B 06LLEM BUAE U €€ CBA3b C BXHBIMU HAY4HbIMU UW NPAKTUYECKIMI 3a[a4ami;

—  aHanW3 NOCNEAHNX LOCTVKEHMIA U My6NNKaLWiA, B KOTOPbIX HA4aTO PeLleHne JaHHOA NPo6ieMbl U Ha KOTOPbIe
ONWUPAETCA aBTOP, BblJESIEHNE PaHEe He PELUEHHbIX YacTeil 06LLUe Npo6aeMbl, KOTOPbIM NOCBALLEHA CTATbS;

- (hopmynMpoBaHue Lieneit CTatby (NOCTaHOBKA 3afaqu);

—  W3N0XeHNe 0CHOBHOrO MaTepuana 1ccneaoBaHms ¢ NOAHbIM 060CHOBAHWEM NOAYYEHHbIX PE3YNbTaToB;

- BbIBO/Ibl M3 JAHHOIO MCCE0BaHNS 11 NEPCNEKTUBLI AaNbHEIALLIEr0 NONCKa B M36PAHHOM HanpaBieHNN.

Hay4Hble CTaTbi PeLieH3npyroTcs cneuuanucTami. Y4nTbias 0TKPbITOCTb XYpHana <« KWUnuLLHoe CTPOUTENbCTBO»
QN5 y4eHbIX U UCCNef0BaTeNeN MHOMMX LECATKOB Hay4YHbIX YupexaeHuii u By3os Poccun u CHI, npeactaBuTenm KoTo-
PbIX He BCE MOTYT ObITb NPEACTaBIEHbI B PEAAKLMOHHOM COBETE U3LAHNS, XKEeNaTeNlbHO NPeSCTaBNATb OAHOBPEMEHHO
CO CTaTbeil OTHOLLEHWE Y4EHOr0 COBETA OpraHu3auuu, rae npoBefeHa paboTa, K npeAcTaBnseMomy K ny6nukawnm
maTepuany B BUAE CONPOBOAUTENLHOMO NUCbMA MW PEKOMEHAALIAN.

bubnuorpachuyeckue cnucku LMTUPYEMON, UCMONb3OBAHHOM NNUTEPATYPbl AOMKHbI NOATBEPXAATh CeA0BaHMe
aBTOpa TPEOOBAHNAM K COZIEPXKAHIIO HAY4HOI CTaTb.

HE PEKOMEHAYETCA:

1. BKnto4aTth CCbINKN Ha dhefiepanbHble 3aKOHbI, N0A3aKoHHbIe akTbl, [OCTbl, CHullbl n ap. HOPMaTUBHYHK NUTE-
patypy. YnomMnHaHue HOpMaTUBHbIX JOKYMEHTOB, HA KOTOPbIE OMMPAETCS aBTOP B UCMbITAHWAX, PacyeTax uau apry-
MEHTALNN, NyyLle [enatb HenocpeaCTBEHHO N0 TEKCTY CTaTbl.

2. Cebinatbes Ha y4eBHbIe 1 y4e6HO-METOAMYECKNEe NOCOONS; CTaTbl B MaTepuanax KoHepeHUuii  COOpHNKax
TPY[OB, KOTOPbIM He npucBoeH ISBN 1 koTopbie He nonaaatoT B BeAyLLMe 6UONMOTEKN CTPaHbl U HE UHAEKCUPYIOTCS
B COOTBETCTBYHOLIMX Ba3ax.

3. CcbinatbCs Ha auccepTaun u asTopedeparsl AMCCepTaLmiA.

4, CamouMTNPOBAHNE, T. €. CCbITKM TOMbKO HA COGCTBEHHbIE NMy6nMKauMM aBTopa. Takas MpakTuKa He TOMbKO
HapyLLaeT 3TUYeCKMEe HOPMbI, HO 1 MPUBOAWT K CHUKEHWNIO KONNYECTBEHHbIX Ny6NNKALMOHHBIX NOKa3aTeNeil aBTopa.

OBA3ATENbHO cnepnyert:

1. CcbinaTtbCs Ha CTaTbi, ONYONNKOBAHHbIE 32 NOCNefHNe 2-3 rofia B BEAYLIUX OTPACNEBbIX HAy4HO-TEXHN-
YECKMX M HaY4YHbIX U3JAHNAX, HA KOTOPbIE ONPAETCS aBTOP B MOCTPOEHUM apryMeHTaunn uinv nocTaHoBKe 3aja-
41 NCCNEA0BaHMS.

2. CebinatbCs Ha MOHOrpadum, ony6nMKOBaHHbIE 32 NOCNEAHNE NATb NeT. bonee AaBHNE MCTOYHUKM TaKXe Hera-
TUBHO BNINAIOT Ha NOKa3aTenu ny6anKauMOHHON aKTUBHOCTI aBTOpA.

HecoMHeHHO, YTO BO3MOXHbI CCbINKM 1 Ha Knaccuyeckue paboTbl, OAHAKO He CneayeT 3abbiBaTb, YTO Hayka
BCErfia pa3B1BaeTCA NOCTYNaTeNbHO BNEPE/ W HE3HAHWe aBTOpPaMu NOCReAHUX AOCTUXKEHWIA B 061acTIN MCCNea0BaHNi
MOXET NMPUBECTU K Ay6NMPOBAHNIO Pe3ynbTaTos, OLWINGKaM B MOCTAHOBKE 3afa4i UCCNELOBAHUA U UHTEpNpeTaLum
NaHHbIX.

BHUMAHUE! C 1 snBaps 2020 r. u3meHeHbl Tpe6oBaHus K odopmnennto crateil. 06a3aTenbHO 03HaKOMbTECDH
¢ TpeboBaHuAMK Ha caliTe U3faTenbCcTBa B pasfene «ABTopam»!

CraTby, HanpaBnsemble Ans 0Ny6ANKOBaHNS, A0MMKHbI 0OPMAATLCS B COOTBETCTBUM C TEXHUYECKMMU Tpe6oBa-
HUAMUW U3JAHNIA:

—  TeKCT cTaTbu [O/MKeH ObiTb HabpaH B pefaktope Microsoft Word n coxpaHeH B popmarte *.doc unm *.rtf n He
LOIDKEH COZlepXatb MANOCTpauuii;

- rpaduyecknit matepuan (rpadomkia, CXembl, YePTEXU, AUArpaMmmbl, NOTOTUMbI W T. N.) LOMKEH ObITb BbINON-
HeH B rpadmyeckom pepaktope Adobe lllustrator (He Bbiwe v.CS6) u coxpaHeH B dhopmarax *.ai, *.eps
COOTBETCTBEHHO. CKaHUpoBaHue rpacimyeckoro matepuana u UMNOPTUPOBAHNE Er0 B NEPEYNCNIEHHDIE BbILLE
peaaKTopbl HEeLONYCTUMO;

—  WAMIOCTPATUBHBIA Matepuan (hoTorpadpuu, KOnaxu 1 T. n.) HEOOX0AMMO COXPaHsATh B chopmate *.tif, *.psd,
*.ipg (Ka4ecTBO «8 — MaKcUManbHoOe») UK *.eps ¢ paspelueHrem He meHee 300 dpi, pasmepom He MeHee 115 Mm
no WwupwHe, useTosas mogens CMYK unn Grayscale.

Marepuan, nepegaBaemblit B pefjakLito B 31EKTPOHHOM BWfE, LOMKEH COMPOBOXAATbCA: PEKOMEHATeNbHbIM
NUCbMOM PYKOBOZMTENS NPEANPUATUS (MHCTUTYTA); NULEH3MOHHBIM JOrOBOPOM O Nepejadye npasa Ha ny6nukaumio;
pacnevaTkoi, IMYHO NOANUCAHHON aBTOpaMHu; pecdhepatoM 06bemMoM He MeHee 100 CNOB Ha PyCCKOM W aHTIUIACKOM
A3blKax; NOATBEPXAEHWEM, YTO CTaTbsl NpedHa3HayeHa Ans nybnukauuu B xypHane «CTPOUTENbHbIE MaTepuansl»,
paHee HUrAe He My6AMKOBanach U B HACTOSALLEE BPEMS He NnepefaHa B Apyrue u3faHus; CBeAeHUAMM 06 aBTopax C
yKa3aHueMm NonHOCTbI0 PamMuanm, UMEHI, 0THECTBA, Y4EHON CTENEeHU, JOMKHOCTYU, KOHTAKTHBIX TeNeq)OHOB, NOYTOBO-
ro ¥ 3NEKTPOHHOr0 aApecoB. VnntcTpaTuBHbIA MaTepuan [OMKeH ObiTb NepefaH B BUAE OPUrMHAN0B ¢oTorpadiuii,
HEraTuBOB WNN CNALOB, pacneyaTkn (annos.

B 2006 r. B xypHane «CTpouTenbHble MaTepmanb|>>® Obln ONYO6NNKOBAH pAd cTaTell «HaynHatoLwemy aBTopy»,
03HAKOMUTBCA C KOTOPbIMM MOXHO Ha caiTe xypHana www.rifsm.ru/files/avtoru.pdf

IToapoOHee MOKHO 03HAKOMHMTBCSI C TPEOOBAHUSMH HA caiiTe M31aTeJbCTBA
http://rifsm.ru/page/7/
uau xypuaia http://journal-cm.ru/index.php/ru/avtoram
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