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Bectnuk BI'TY um. B.I'. IlllyxoBa

HAYYHO-TEOPETUHYECKHH KYPHAJI

K paccmotpenuto u mybaukaunu B HTXK «Becthuk BI'TY um. B.I'. LllyxoBa» npuHUMarOTcs Hay4uHbIE
CTaTbu ¥ 0030pkl MO PYHAAMEHTATbHBIM W MPUKJIAJHBIM BOITPOCaM B 00J1aCTH CTPOUTENIbCTBA, APXUTEKTYPHI,
MPOM3BOJCTBA CTPOUTEIIbHBIX MaTEPHAIOB M KOMIIO3UTOB CMELMAIbHOIO Ha3HAUEHHS, XUMMUYECKUX T€XHOJIO-
I'Yid, MAIIMHOCTPOEHUS U MAIIMHOBEICHUS, OCBEILAIOIIME aKTyalbHbIe MPOobaeMbl OTpaciell 3HaHUs, UMEto-
LI1e TEOPETHUECKYIO MM MPaKTHYECKYI0 3HAYMMOCTb, a TaK)Ke HarpaBleHHbIE HA BHEJPEHHE Pe3y/bTaToOB
Hay4HBIX MCCIIEJOBAaHUI B 00pa30BaTesIbHYIO AEATEIbHOCTD.

XKypnan BrmoueH B yrepxaeHHblii BAK MunoOpnayku Poccuu [lepeueHb perieH3MpyeMbIX HayYHBIX
W3JaHMH, B KOTOPBIX JAOJIKHBI ObITh OMyOJIMKOBaHBI OCHOBHbIE HAayUYHbIE Pe3yJbTaThl IMCCEPTALIMil Ha coMc-
KaHWe yUYeHOMW CTENeHM KaHAWAaTa HayK, Ha COMCKaHME YUYEHOM CTENEeHN AOKTOpa HayK, MO HAYYHBIM CIELH-
alIbHOCTSIM M COOTBETCTBYIOLIMM MM OTPAC/IAIM HAyKH:

05.23.01 - CrpoutesibHble KOHCTPYKLIMH, 3[IaHUS U COOPYKEHUS (TEXHUUECKUE HAYKH)

05.23.03 — TennocHabkeHue, BEHTHUISIMS, KOHIAIIMOHHPOBAHUE BO3/AyXa, ra30CHaOKEeHNEe U OCBellle-
HUe (TeXHUYECKHUE HAYKH)

05.23.05 — CrtpouTtenbHble MaTEPUAIIBI U U3/IeUs (TEXHUUECKHUE HAYKH)

05.23.20 — Teopus u UCTOPUS apXUTEKTYPBI, pecTaBpalisl U PEKOHCTPYKLUS UCTOPUKO-apXUTEKTYp-
HOTO Hacyeaus (apXuTeKTypa)

05.23.21 — ApxuTekTypa 3aaHuil U coopykeHuid. TBopUeckre KOHUETLHUN apXUTEKTYpHOH esTebHO-
CTH (apXUTEKTYpa)

05.23.22 — T 'pagoCTpOUTENBCTBO, TUIAHUPOBKA CEJIBCKUX HACEIEHHBIX MYHKTOB (TEXHUYECKUE HAYKH)

05.23.22 — [ 'pamocTpouTeNbCcTBO, TUIAHUPOBKA CEIBCKUX HACEJICHHBIX MMyHKTOB (apXUTEKTYpa)

05.17.06 — TexHomnorus u nepepaboTka MOJTUMEPOB U KOMIIO3UTOB (TEXHUYECKHE HAYKH )

05.17.11 — TexHOMOrMsl CUIMKATHBIX M TYTOIUIABKUX HEMETAUIMHYECKMX MaTepuasioB (TEXHUYECKHe
HayKH)

05.02.05 — Po0OoTbI, MexaTpOHUKA U POOOTOTEXHUUYECKUE CUCTEMbI (TEXHUUECKHE HAYKH)

05.02.07 — TexHonorus u 000pPyJOBaHNE MEXaHUUECKOM U (PU3UKO-TeXHUYECKOM 00paboTKH (TeXHUYe-
CKHE HayKH)

05.02.08 — TexHonOrMs MalIMHOCTPOEHUS (TEXHUUECKHE HAYKH)

05.02.13 — MamuHsl, arperaThl 4 MpoLecchl (10 0TpacssiM) (TEXHUYECKUE HAyKH)

Bce nocrynarouiue Marepuansl IpoXoaiT HaAy4YHOE pelieH3MpoBaHue (JBoitHOe cienoe). PeneHsuposa-
HUE CTaTel OCYLIECTBIIIETCS WIEHAMU PEeJAaKLIMOHHOM KOJuleruu, BeayuMy yuyeHoeiMu BI'TY um. B.I'. Illy-
XOBa, a TaKXKe MPUIalleHHbIMU PELEH3eHTaMU — MPU3HAHHBIMU CHELMATIMCTAMU B COOTBETCTBYIOLIEH OT-
paciu 3HaHus. Konuu perieH3uii uiv MOTMBUPOBAHHBIM OTKAa3 B MyOJIMKAIIMK MTPE0CTABIISIOTCS aBTOPaM U B
MunoOpHayku Poccuu (o 3anpocy). PelieH3nu XpaHsaTcs B pelakliii B TeUEHHE 5 JIeT.

PenakumonHas nonutrka xxypHaia 6a3upyercs Ha OCHOBHBIX MOJIOKEHUSX JICHCTBYIOIIETO POCCUKMCKOTO
3aKOHO/JIaTe/1bLCTBA B OTHOLLIEHUH aBTOPCKOTO MpaBa, Ilaruara u KJIeBeThl, U 3TUUECKUX NPUHLIMNIAX, NOAAep-
JKUBAEMbIX MEXAYHAPOHBIM COOOUIECTBOM BeAYIIMX U3/aTesieil HayuHOH NepHUOAMKHA U U3JIOKEHHBIX B pe-
komeHauusax Komurera no stuke Hayunbix nmyonukanuii (COPE).

OdunmanbHblii caift s)xypHana: https://bulletinbstu.editorum.ru
Ten: +7 (4722) 30-99-77. E-mail: VESTNIK @intbel.ru.
[MonnucHoli uaaekc B o0beauHeHHoM Katanore «lIpecca Poccun» — 44446.
Online noanucka: http://www.akc.ru/itm/2558104627/
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Bulletin of BSTU named after V.G. Shukhov

scientific and theoretical journal

Scientific articles and reviews on fundamental and applied questions in the field of construction, archi-
tecture, productions of construction materials and composites of a special purpose, chemical technologies,
machine building and engineering science covering the current problems of branches of knowledge having
the theoretical or practical importance and also directed to introduction of research results in educational ac-
tivity are accepted to be considered and published in the journal.

The journal is included in the list for peer-reviewed scientific publications approved by the Higher Attes-
tation Commission under the Ministry of Science and Education of the Russian Federation, which should pub-
lish the main scientific results of dissertations for the degree of candidate of Sciences, for the degree of Doctor
of Sciences, for scientific specialties and relevant branches of science:

05.23.01 — Building structures, constructions and facilities (technical sciences)

05.23.03 — Heat supply, ventilation, air conditioning, gas supply and lighting (technical sciences)

05.23.05 — Building materials and products (technical sciences)

05.23.20 — Theory and history of architecture, restoration and reconstruction of historical and architectural herit-
age (architecture)

05.23.21 — Architecture of buildings and structures. Creative concepts of architectural activity (architecture)

05.23.22 — Urban planning, rural settlement planning (technical sciences)

05.23.22 — Urban planning, rural settlement planning (architecture)

05.17.06 — Technology and processing of polymers and composites (technical sciences)

05.17.11 — Technology of silicate and refractory nonmetallic materials (technical sciences)

05.02.05 — Robots, mechatronics and robotic systems (technical sciences)

05.02.07 — Technology and equipment of mechanical and physical-technical processing (technical sciences)

05.02.08 — Engineering technology (technical sciences)

05.02.13 — Machines, units and processes (branch-wise) (technical sciences)

All arriving materials undergo scientific reviewing (double blind). Reviewing of articles is carried out by
the members of editorial board, the leading scientists of BSTU named after V.G. Shukhov and by invited
reviewers — recognized experts in the relevant branch of knowledge. Copies of reviews or motivated refusal in
the publication are provided to the authors and to the Ministry of Science and Education of the Russian Fed-
eration (on request). Reviews are stored in the editorial office for 5 years.

The editorial policy of the journal is based on the general provisions of the existing Russian legislation
concerning copyright, plagiarism and slander, and the ethical principles maintained by the international com-
munity of the leading publishers of the scientific periodical press and stated in the recommendations of the
Committee on Publication Ethics (COPE).

Official website of the journal: https://bulletinbstu.editorum.ru
Tel.: +7 (4722) 30-99-77. E-mail: VESTNIK @intbel.ru
Subscription index in the united catalogue of "Press of Russia" — 44446.
Online subscription: http://www.ake.ru/itm/2558104627/

© Belgorod State Technological University named after V.G. Shukhov, 2021
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2021, Nel

I'naBHbIil pegakTop
EBtymenko Eprennii UBanoBHY, 1-p TeXH. HAyK, Npod., MEpBHIi NPOPEKTOP, 3aBeayIOmuil kadeapoil TEXHOIOTHH CTeKIa U kepamuku benropon-
CKOIr0 roCyZIapCTBEHHOI0 TEXHOJIOrnueckoro ynusepceurera um. B.I. Illyxosa (P®, r. benropon).

3aMecTUTeb IVIABHOTO peaKkTopa
YBapos Basiepuii AHATOIbEBHY, J-p TEXH. HAYK, TPOQ., AMPEKTOP UHIKEHEPHO-CTPOUTENHHOTO MHCTUTYTA, 3aBE YOI Kadeapoii TermnorazocHat-
JKEHUS U BEHTWIALIMK Beropoickoro rocy1apCTBEHHOro TEXHOI0rnueckoro yuusepeurera uM. B.IN. Illyxosa (P®, r. bearopoxn).

YneHbl peAaKLUNOHHOI KOJLIeruu

AiizeHmiTanT Apkaguii MuxaiijioBuy, 1-p XuM. Hayk, pod., 3aBeay-
foImuii Kadeapoii KOMIO3UIMOHHBIX MAaTepHAaNOB U CTPOUTETBHOM KO-
noruu Beicimeit umkenepHoii mkobl, CeBepHslit (ApkTHYecKuii) dene-
panbHbIi yHHBepcuTeT uMenn M.B. JlomonocoBa (PO, r. ApxaHrensck).
AxmenoBa Ejiena AjiekcanapoBHa, uieH-kopp. PAACH, a-p apx.,
npo(., 3aBeayromuii kadeapoii rpanocTponTensecTBa CaMapcekoro rocy-
JIAPCTBEHHOTO TEXHUYECKOTO YHHMBEPCHTETa, APXHTEKTYPHO-CTPOH-
TeNbHOM akasemuu (PO, r. Camapa).

Bbaaroesnu [lesin, PhD, npod. Beiciieit TeXHUUECKO# MIKOIBI 10 MPO-
(eccronanpHOMy 00pasoBanuio B Huiie (Pecriy6mmka Cep6oust, r. Hur).
Bornanos Bacuimii CTenaHoBHY, J-p TeXH. HayK, mpod., 3aBemyio-
it kadenpoit MexaHnueckoro obopyaoBanus benropoackoro rocy-
JIAPCTBEHHOTO TEXHOJIOrH4ecKoro yuusepcutera um. B.I'. [llyxosa (PD,
r. benropoxn).

Bopucos Ban HukosaeBHY, J-p TeXH. HAyK, Mpo(., 3aBeqyIOMMii Ka-
(henpoit TEXHOIOTMM LIEMEHTA U KOMITO3HLMOHHBIX MaTepuanos benro-
POJICKOTO TOCYAApPCTBEHHOTO TEXHOJIOTMYECKOr0 YHUBEPCUTETA HM.
B.I'. llyxoBa (P®, r. bearopon).

Bbparan Cepreii MuxaiiioBu4, 1-p TeXH. Hayk, npod., 3aBeayronimii
kadeapoii TEXHONOTUH MAITHHOCTpoeHUs: CeBacTOMONBCKOTO TOCYAap-
cTBeHHOro yHusepcurera (P®, r. CeBactonoss).

Be3zennes Anexcanap IBaHoBHY, 1-p TEXH. HAYK, MPOQ., 3aBeTYFOIIHI
kaenpoii oOmel xumMun benropolIckoro rocyapcTBEHHOTO HalMo-
HaNBHOTO HcceaoBaTenbekoro yuusepeutera (PO, r. benropon).
I'narosieB Cepreii HukosiaeBuu, JI-p 5K0OH. Hayk, pektop benropon-
CKOTO TOCYAApCTBEHHOTO TEXHOJOTMHYECKOTO yHHBepcuTeTa uM. B.I.
[IyxoBa (P®, r. bearopoxn).

I'pa6onsiii IleTp I'puropbeBuy, 1-p 5KOH. HayK, POd., 3aBeTYOMIHI
Kaepoii opraHM3alMM CTPOMTENBCTBA M YIPABICHHS HEIBIKAMO-
cTbt0, H1Y MOCKOBCKOTO rocy1apCTBEHHBIOTO CTPOUTENILHOTO YHUBEP-
curera (P®, r. Mocksa).

I'pugunn Anatomuii MurpodanoBny, 1-p TexH. Hayk, nmpod., [Ipe3u-
JIEHT Benropoickoro rocy1apcTBEHHOTO TEXHOIOTHYECKOTO YHUBEPCH-
teta uM. B.I'. lllyxoa (PO, r. bearopon).

Jasuaiok Astexceii Huxkosaesuu, 1-p Texs. Hayk, aupekrop HUVDKB
uM. A.A. I'BozneBa AO «HUL] «CtpoutensctBo» (PO, r. Mocksa).
Jyion TaTesina AslekcaHAPOBHA, 1-p TEXH. HAYK, NPod., 3aBeXyIOLIHit
KaeIpoil TEXHONOTMM MAaMIMHOCTpoeHus benropoackoro rocynap-
CTBEHHOI'0 TexHosIornueckoro ynusepcurera um. B.I'. Illyxosa (P, r.
benropon).

Epodees Biaagumup Tpodumosuu, akanemuk PAACH, n-p Texw.
HayK, Ipo(., IeKaH apXUTEKTYPHO-CTPOUTENHHOTO (haKysbTeTa, 3aBE1y-
1o1Mit kadeapoii CTPOUTENBHBIX MATEPHANIOB U TEXHOJIOTHI, AUPEKTOP
HHUMN «MarepuanoseneHue» HalMOHAIBHOTO HCCIEN0BATENLCKOTO
Mopnosckoro rocyaapctseHHoro ynusepcurera umenu H.IT. Orapésa
(PO, Pecniydnuka Mopnosus, . CapaHck).

3aiineB Osier HukonaeBuy, 1-p TexH. Hayk, npog., 3aBeIylomuii Ka-
(henpoit TernorasocHaOKEHNs 1 BEHTWIALMY AKaJIEMUU CTPOUTEIbCTBA
1 apXUTEKTYpHI — CIPYKTypHOe moapasaenenue Kpeimckoro denepans-
Horo yHusepcutera umenu B.M. Bepnanckoro (PO, r. Cumdepomnons).
NabBunkas Ceerjiana BajepbeBHa, 1-p apx., npod., 3aBeayromuii
Kadenpoii apXuTeKTypsl ['0Cy1apCTBEHHOTO YHHBEPCHTETA 110 3EMIle-
yctpoiictBy (PD, r. Mocksa).

KozxxyxoBa Mapuna UBanoBHa, PhD, HayuHblii coTpyaHuk kadeapst
IPAKAAHCKOTO CTPOUTENBCTBA M OXPaHbl OKpYysKaromieii cpenst, [lkona
WHKUHUPUHIA U NPUKIAIHBIX HAayK, YHUBEPCUTET BUCKkOHCUH-Muiy-
oKH, mTat BuckoHcHH

Ko30B Anexcanap MuxaiiyioBu4, 1-p TeXH. HayK, npod., 3aBeayto-
muii kaeapoit TEXHOJIOrMM MallMHOCTpoeHus Jlumernkoro rocyzaap-
CTBEHHOT0 TeXHHYecKoro yHusepcuteta (PO, r. Jlumnenk).

JleonoBnu Cepreii HukosiaeBHY, HHOCTpaHHBIM WIEH aKaJeMUK
PAACH, n-p TexH. Hayk, npod., 3aBeaytomuii kadeapoit TeXHONOTUI
CTPOUTEIIFHOTO TIPOU3BOCTBA beopycckoro HalMoHaIEHOTO TEXHIYE-
ckoro yHuBepcurera (Pecnybnuka benapycs, r. MuHck).

JlecoBuxk Banepnii CranucaaBouy, wi-kopp. PAACH, n-p Texh.
Hayk, mpod., 3aBeayronuii kadgeapoii CTPOUTENFHOTO MaTepualoBe/e-
HUS M3IE/MI M KOHCTPYKLMIA Benropoackoro rocy1apcTBeHHOro TEXHO-
noruyeckoro yHusepcurera uM. B.I. Illyxosa (PO, r. benropon).

JloraueB Koncrantun lBaHoBHY, 1-p TexH. HayK, npod. xadpeapst
TEMIOra3ocHatKeHUs! M BEHTWISILMM benaropojackoro rocyaapcTBeH-
HOTo TexHojoruueckoro yausepcurera uMm. B.I. IllyxoBa (P®,
r. bearopon).

Memepun Buktop CepreeBmy, PhD, npod., mupekrop MHCTHTYyTa
CTPOUTENBHBIX MATEPHATIOB U 3aBEAyONMIT Kaeapoii CTPOUTENbHBIX
MmarepuanoB JlpesaeHckoro Texnuueckoro Yuusepcuteta (I'epmanms,
r. lpe3zaen).

MepkyaoB Cepreii UBanoBuu, un.-kopp. PAACH, a-p TexH. Hayk,
npod., 3aBenyroummii kadeapoil NPOMBINIIEHHOTO W TPAKIAHCKOIO
crpoutensctBa  Kypckoro rOCYIapCTBEHHOTO  yHHMBEpCHTETa
(PO, r. Kypck).

IMaBnenko BsiuecnaB iBaHoBHY, A-p TeXH. HayK, MPod., IMPEKTOP UH-
CTUTYTa XUMHYECKUX TEXHOJIOT Ui, 3aBeAyromuii kaeapoit TeopeTnye-
CKOM M TIPUKITAAHON XUMUH bearopockoro rocy1apcTBEHHOTO TEXHO-
noruueckoro yHusepcurera um. B.I'. Illyxosa (P®, r. benropon).
IMasnoBuu Henaa, PhD, mpopexTop no HaywdHO# padoTe W W3maTeNb-
CKOM JiesATeNbHOCTH, Tipod. MammHocTpouTeabHOro (akyibrera ['ocy-
napctBeHHOro Hummckoro yausepcutera (Pecry6mika Cepous, r. Hum).
IlepbkoBa Mapraputa BuktopoBHa, 1-p apX., mpod., 3aBeayromuit
KaeIpoii apxXUTEKTYpHI U TPamgoCTpouTenscTBa benropoackoro rocy-
JIapCTBEHHOT'O TEXHOJIOrMYeckoro yuusepcurera uM. B.I'. Illyxosa (PD,
r. benropon).

IMuBnnckuii FOpuii EpumoBny, 1-p TexH. Hayk, npod., HAy4HBI py-
koBoautens OO0 «Hayuno-sHenpenueckas ¢upma «KEPAMBET-
OI'HEVIIOP» (P®, r. Cankt-IletepOypr).

IMotanoB EBrennii DnyapaoBuy, a-p Xum. Hayk, mpod. MUPDA — Poc-
CHUIICKOTr0 TEXHOJIOrH4YecKkoro yuusepcurera (P®, r. Mockaa).

Poi6ax Jlapuca AnekcaHIpoBHA, I-p TEXH. HayK, pod. kadenps Tex-
HOJIOTUM MAMIMHOCTPOEHUs! Belropoickoro rocy1apcTBEHHOIO TEXHO-
norudeckoro yHusepcutera um. B.I'. Illyxosa (PO, r. bearopon).
CaBun Jleonn AllekceeBHY, 1-p TeXH. HayK, npod., 3aB. kadenpoii
MeXaTPOHUKHU, MEXaHUKHU U pOO0TOTeXHNKH OPIOBCKOTO rOCY1apCTBEH-
Horo yHuBepcuteT umenu M.C. Typrenesa (P®D, r. Open).

Cemenuos Cepreii Baagumuposud, 1-p apx., npog., 3aBeayronuii ka-
(eapoit apXUTEKTYPHOTO U TPafoCTpouTensHoro Hacneaus Cankr-Ile-
TepOyprcKOro rocyAapCTBEHHOIO apXUTEKTYPHO-CTPOUTENILHOIO YHH-
Bepcuteta (PO, r. Cankr-IletepOypr).

CuBadenko JleoHna AJjieKcaHApPOBHY, 1-p TEXH. HayK, nmpod., Ka-
(eapsl TPAHCIIOPTHBIX M TEXHONOTMYECKUX MammmH benopycckoro-Poc-
cuiickoro ynusepcuteta (Pecyomuka benapycs, r. Moruies).
Co6ousieB Koncrantun I'ennaasesuy, PhD, npo¢. Yausepcurera Buc-
KOHCUH-Munyoku (mrat BuckoHcun, Munyoku, CILIA).

Cmoasiro I'enHaamii AnexceeBuY, J1-p TeXH. HayK, npod. xadenpsi
CTPOUTENHCTBA M FOPOJCKOTO X03sicTB benropoackoro rocyiapcTseH-
HOro TexHonoruyeckoro ynusepcurera uM. B.I'. Illyxosa (PO, r. ben-
ropon).

CrtpokoBa Basiepusi Banepsesna, npod. PAH, 1-p texn. Hayk, npod.,
3aBeAyromuii kaeapoil MaTepuanoBeaCHUA 1 TEXHOJIOTHH MaTepHUaoB
Benropoackoro rocyapcTBEHHOr0 TEXHOJOTMYECKOIO YHHBEPCUTETA
um. B.I'. Illyxosa (PO, r. benaropon).

®umep Xanc-beprpam, Dr.-Ing., Baiimap (I'epmanus, r. Beiimap).
Xanun Cepreii IBaHoBHY, 1-p TEXH. HayK, pod. Kadeapsl MexaHu-
4ecKoro 00opy10BaHus bearopoackoro rocy1apcTBEHHOro TEXHOIOIH-
yeckoro yHuBepcutera uM. B.I'. Illyxosa (PO, r. bearopon).
anoBasioB Hukonaii AdanacseBuy, 1-p TeXH. Hayk, rpod. besnro-
POJICKOTO TOCYAAPCTBEHHOTO TEXHOJIOTMYECKOTO YHHUBEPCHUTETA WM.
B.I'. lllyxoBa (P®, r. bearopoxn).

IlyoenxkoB Muxaun BanepbeBuu, akanemuk PAACH, n-p apx.,
npod., 3aBeayromuii Kadgeapoii rpagoCcTPOUTENBCTBA, MPOPEKTOP MO 00-
pasoBaHUIO B 00JIACTH IPaJOCTPOUTENLCTBA U ypOAHUCTUKH MOCKOB-
CKOT'0 apXUTEKTYyPHOTO HHCTUTYTA (rocyaapcTBeHHas akagemus) (PO, r.
Mockga).

IOpbeB Anexcanap I'aBpmiioBny, 1-p TexH. Hayk, npod., xadeapst
TEOPETHYECKON MEXaHWKUM M CONPOTHBIICHHs Marepuanos benropon-
CKOTro rOCY/TapCTBEHHOTO  TEXHOJOTMYECKOro YHHBEpCHTETa
um. B.I'. lllyxosa (P®, r. benropon).

SAuyn Cepreii ®@egopoBuy, 1-p TeXH. HayK, Npod., 3aBeayrOmmii Ka-
(eapsl MexaHUKH, MEXaTpOHWKH M poOortorexHuku lOro-3amamHoro
rocynapcTeeHHoro vausepcureta (PO, r. Kypck).
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CHIEF EDITOR
Evgeniy 1. Evtushenko, Doctor of Technical Sciences, Professor; First Vice-Rector, Belgorod State Technological University named after V.G. Shu-

khov (Russian Federation, Belgorod).

DEPUTY OF CHIEF EDITOR
Valery A. Uvarov, Doctor of Technical Sciences, Professor, Belgorod State Technological University named after V.G. Shukhov (Russian Federation,

Belgorod).

MEMBER OF EDITORIAL BOARD

Arkadiy M. Ayzenshtadt, Doctor of Chemical Sciences, Professor,
Northern (Arctic) Federal University named after M.V. Lomonosov
(Russian Federation, Arkhangelsk).

Elena A. Akhmedova, Corresponding member of the Russian Academy
of Architecture and Construction Sciences, Doctor of Architecture, Pro-
fessor, Samara State Technical University, Academy of Construction and
Architecture (Russian Federation, Samara).

Deyan Blagoevich, PhD, Professor, Higher Technical School of Profes-
sional Education in Nish (Republic of Serbia, Nish).

Aleksandr I. Vezentsev, Doctor of Technical Sciences, Professor, Bel-
gorod National Research University (Russian Federation, Belgorod).
Vasiliy S. Bogdanov, Doctor of Technical Sciences, Professor, Belgorod
State Technological University named after V.G. Shukhov (Russian Fed-
eration, Belgorod).

Ivan N. Borisov, Doctor of Technical Sciences, Professor, Belgorod
State Technological University named after V.G. Shukhov (Russian Fed-
eration, Belgorod).

Sergey M. Bratan, Doctor of Technical Sciences, Professor, Sevastopol
State University (Russian Federation, Sevastopol).

Sergey N. Glagolev, Doctor of Economic Sciences, Professor, Rector,
Belgorod State Technological University named after V.G. Shukhov
(Russian Federation, Belgorod).

Petr G. Grabovy, Doctor of Economic Sciences, Professor, Moscow
State University of Civil Engineering (National research University)
(Russian Federation, Moscow).

Anatoliy M. Gridchin, Doctor of Technical Sciences, Professor, Presi-
dent, Belgorod State Technological University named after V.G. Shu-
khov (Russian Federation, Belgorod).
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BJIUAHUE PEKMMOB BUBPOLLEHTPU®YTI'MPOBAHUA
HA CBOMCTBA ITOJIYYAEMBIX BETOHOB

AHHOmayua. Ygeiuuenue 00beM08 CMpoumenpcmea mpeoyem HOBUECN8 8 MEeXHOA0SUYECKUX, KOH-
CMPYKIMUGHBIX U PACYCTIHBIX PEULCHUSX JHCEeNe300eMOHHBIX DlleMeHmo8. Memooom yenmpugyeuposanus npo-
U3600AMCS BAPUAMPONHBLE, MO eCHIb PA3TIUYHBIE NO CEOUM XAPAKMEPUCTIUKAM NO CeYeHuto Demonvl U KOH-
CmpYKyul, 8elNoaHeHHble u3 Hux. Tlosmomy na cmadusx pacvema u NPOeKMUPOBAHUSL CIPOUMETbHBIX KOH-
CMPYKYULl 6apUAmMpONHOU CIMPYKIYPbl 0ObIYHO 30KIA0bI6ACCSE HeOOOCHOBAHHO OOIBUION 3anac Hecyuyell
cnocobnocmu, 6eOVIUll K GHYUUMETLHOMY YOOPOJICAHUIO NEePCHeKMUGHBIX CHIPOUMENIbHBIX KOHCIPYKYUL.
18 nogviutenus niomuocmu u obecneyenst 6oee paGHOMePHO20 PAcnpedesieHusi COCIABIIOUUX OeMOHHOL
cMecu no Moaune CIMEHKY U30eUsl KOIbYeB020 CedeHusl, @ YACHHOCHIU KOJIOHH, NPpedaazaemcst yeHmpugpy-
2UposanUe cosMecmums ¢ subpuposanuem. Bubpuposanue 6yoem obecneueno 3a cuem UCnOAb308AHUSL XOM)-
MO8, KOMOopwle HA0e8AIOMCSL HA BAIbL YCMAHOGKU. B pamkax npeonosicenuix 9KCnepumMenmaibHoll Yemano8KU
01 CO30aHUSL BUOPOYSHMPUDYSUPOBAHHBIX 0OPAZYOE KOILYEBO2O CeHeHUs ¢ apUAmMPONHOL CMPYKMYPOLl U
cnocoba ux u320mosieHus OblIU GblOeNeHbl MEXHON02UYECKUe napamempsl UOPUPOSANUS, OKA3bIGAIOUjUe
Haubojlee 3HAYUMOE GIUAHUEC HA XAPAKMEPUCTUKU UOpOYenmpudyuposanto2o bemona. B onvimax sapvu-
POBANUCH CeOVIOUUe TNEXHOIOSUYECKUEe (DAKIMOPLL: 8bICOMA MEXHOT0SUYECKUX GLICIYNO8 XOMYMO8 U PEAHCUM
subpuposanus. Hcecneoosanace 3a0aua oyenxu GIUAHUSL SMUX (PAKMOPO8 HA UHME2PATbHblE XapaKkmepu-
cmuxu demona. Ilpuseoenvl pe3ynrvmamuvl SKCNEPUMEHMATLHBIX UCCIEO0BAHUL GIUAHUS PACCMOMPEHHBIX
MEXHONOSUYECKUX (PAKMOPO8 HA UHMEZPATbHbIE XAPAKMEPUCIUKY SUOPOYeHMPUDY2UPOBAHH020 OemOHA.
Honyuennvie pe3yremanivl ROKA3LIEAIOM YEACOOOPAZHOCTND NPOOOIIICEHUT UCCTCO0BAHUSL PAYUOHATHHBIX
MEXHONIOSUYECKUX NAPAMEMPOS GUOPOYeHMPU)Y2UPOBAHUS OIS YIYYUEH UL XAPAKIMePUCTUK 6emoHa u pe2y-
JUPOBAHUSL €20 BAPUATPONHOCTNU, YMO NO360IUIN 8 OAbHEeIeM 3aNamenmogams npediazaemulii Memoo u
CHPOEKMUPOBAMb YCOBEPUICHCMBOBAHHYIO BUOPOYEHMPUDY2UPOBAHHYIO KOJIOHHY ¢ 00jee NOIHO UCNHOIb3Ye-
MbIMU pe3epeamu Hecyuyeti CROCOOHOCHU CIPOUMETbHBIX KOHCIPYKYUL.

Knwueswie cnosa: sudbpoyenmpugyeuposanue, uHmezpaivbHble XapaKmepucmury, mexHOI02uYecKue
axmopul subpuposanus, Jicene300emonnvie Uz0eus, NPOYHOCHb, MOOY/Ib YAPY2OCHU, RpedeibHble 0ehop-
mayuu.

BBenenne. CylecTByIOT pa3indHble crocoObl
W3rOTOBJICHUS KeJIe300€TOHHBIX H3JEUi M KOH-
CTPYKLUMI KOJbLIEBOro ceueHus. B 3aBucumoctu ot
cnocoba yruioTHeHUs: OeTOHHO# cMmecu npu popmo-
BaHUM BBIJICNISAIOT CJIEYIOLIME CIIOCOObI:

- BUOpUpOBaHHUeE;

- paguanbHOE MPECCOBaHUE;

- ueHTpudyruposanue [1].

[Ipu U3roToBaEHUM U3AETUI KOJBLEBOIO ceve-
HUs criocoboMm BUOpHpoBaHus (opma pacrosara-
eTcst MO0 B BEPTHUKAIBLHOM, JIMOO B TOPU3OHTAlIb-
HOM TIOJIOXKEHHH, a TPOLIeCC YINIOTHEHUs: GETOHHO
CMeCH OCYLLECTBIISIETCS] ¢ TOMOLIbIO HABECHBIX BUO-
poBo30ynuTENe Ui BUOpOCEplIeYHUKA, KOTOPbIi
MOJKET ObITh MMOJABMIKHBIM W HETIOABHIKHBIM [2—5].

Croco0 paauanbHOro MpeccoBaHMsl 3aKiroya-
eTcs B cienytoweM: Gopma, Kak npaBuiio, pacrnosna-
raercsi BEpTUKAbHO, a YIUIOTHEHUE OEeTOHHOM

CMeCH OCHOBHOM 4acTH (OpPMYeMOro U3/esus ocy-
IECTBJISIETCS NP MIOMOLLH POJIMKOBOM I'OJIOBKH, KO-
TOpasi mepeMellaeTCsi CHU3Y-BBEpX MO (popMe, HUXK-
Hs YacTb (OPMYeMOro M3Zenus YIUIOTHAeTCs 3a
CUeT JIOMOJHUTENbHBIX BHOpaumii. PonukoBas ro-
JIOBKA MMEET Pa3riiayKMBAIOLLYIO YacTh — 9TO MO3BO-
JISIeT MOJIyYaTh 4Ky BHYTPSHHIOIO MOBEPXHOCTh
y hopmyembix uznenuii. JlanHeiii criocod nomyckaer
NPUMEHEHHE JKECTKMX OETOHHBIX CMecell Mpu co-
OJIFO/ICHUM TIOBBIILICHHBIX TPeOOBaHUA, a MMEHHO
TpeOOBaHUIi K TOUHOCTH MOJI00pA COCTaBa U pexKUMa
(opMOBaHMs, TOe BAXHO IPaBUIBHO MONOOpaTh
CKOPOCTh MepeMeLIeHUs] POJTMKOBOW TOJIOBKH M Ya-
CTOTY ee BpaieHus [6-9].

HauGonee mmpokoe pacnpocTpaHeHre pH 13-
TOTOBJICHUH JKeJ1e300€ TOHHBIN N3AeTUi U KOHCTPYK-
LM KOJIBLIEBOTO CEUCHUs MOJIyYMIT CIIOCO0 LIEHTPU-
¢yrupoBanus. JlaHHbI croco0 3akirouaeTcs BO
BpAllleHUH TOPU3OHTAIBHO PACTIONIOKEHHON (hOPMBI
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C OfpeneneHHoN 4acTOTol (KOJMYeCTBO 000pOTOB
(hopMbI 3a MHUHYTY) U COOTBETCTBYIOLICH YIJIOBOM
CKOPOCTBIO.

[Ipouecc ueHTpUYrupoBaHHs BKJIIOYAET Ciie-
JYIOIIME TEXHOIOTMYECKHE OTepaLiuu:

- OUMCTKA U cMa3ka (hopm;

- YKJIaJKa apMaTypHOTo Kapkaca;

- ykiajgka GpopMbl Ha LeHTpUPYTY;

- 3arpy3ka OeToHHOM cMecH B hopMmy;

- ¢opMoBaHHEe CTEHOK M3eNins (paBHOMEpHOe
pacrpegeneHne OETOHHOM cmecH Mo ¢dopme U ee
YIUIOTHEHHE);

- CJIMB LIJIaMa;

- OTKpyuMBaHHe OaHaaXeH U nepeMelleHre nu3-
JIeTs B TIPOTIapOYHYIO KaMepy;

- pacniany0OKka U cKJlaIMpOBaHuUE.

[Tpouecc ueHTpUdyrupoBaHUs YCIOBHO MOXKHO
paznenuTh Ha JBa dTara, Ha TIepBOM 3Tare OeToOHHas
cMech PaBHOMEPHO pacripesieniiercs o popme usjie-
JMsl, @ HA BTOPOM 3Tare MPOMCXOAUT YIJIOTHEHHE
chopmupoBaHHOTO M3AEHs. B MOMeHT pacnipenesne-
HUS OeTOHHAs cMech TOJBEPraeTcsi BO3JEHCTBHIO
LEHTPOOEKHOTO JaBjieHus, neopMUpyeTcs U pas-
HOMEPHO pacTekaetcs 1o ¢popMe. DTarl YIIOTHEHUSI
XapakTepu3yeTcs TeM, YTO TOA JeiCTBHEM paau-
QIBHO HANpaBJIeHHOTO MPECCYIOero HeHTPoOek-
HOTO JaBJIEHUS MPOMCXOAMT MepeMelleHne Oornee
TSOKEITIBIX KOMIMOHEHTOB OETOHHOW CMeCH K HapyX-
HOM TIOBEPXHOCTH (hOPMYEMOTo M3/eNHsi, COOTBET-
CTBEHHO OoJiee JIErkMe KOMIOHEHTHI U BOJA OT)KHU-
MaloTcsl K BHYTpeHHel moBepxHocTH manenus [10,
11].

Wnes npumeHeHus A5l M3rOTOBJICHUS XKeJe30-
GETOHHBIX JIEMEHTOB KPYIJIOTrO U KOJIbLIEBOTO ceye-
HUSl OIHOBPEMEHHOTO BUOPUPOBAHUS U LIEHTPU(]Y-
rUpoBaHus cama no cebe He HOBA — YIOMHUHAHUs O
Heit Betpeuatores y O.A. [epuibepra u U.H. Axsep-
nosa [1, 12]. Onrako Torma ucciieIoBaTeNNe — cre-
LMAJTMCTOB M0 CTPOUTENIbHBIM MaTepuajiaM — UHTe-
pecoBasl JIMIIb BOMPOC O KOJUYECTBE OTKUMASMOM
BOJIbl U BO3MOYKHOM SKOHOMMH LI€MEHTA.

Bonpocbl ke u3MeHeHMs (U3MKO-MeXaHHYe-
CKHX M KOHCTPYKTHBHBIX XapakTepuUCTUK OeToHa
npyu BUOPOLIEHTPU(YTMPOBAHUM, HE TOBOPS YKe 00
HX U3MEHEHUHU IO CEYEHHIO DIEMEHTOB, HE paccMmar-
pUBajKCh B IpUHLMIE. A 3TO KaK pa3 TO, YTO OYEHb
MHTEpeCyeT CNeLMAINCTOB — KOHCTPYKTOPOB.

Kpowme Toro, cama no cebe TexHosorusi BUOpo-
ueHTpudyrupoBanus He Obuia paspaboTaHa, B OT-
JeTTbHBIX JKe TIOMbITKAX €€ peayn3aluy LeHTpUugyru-
poBaHME COBMELIANOCh ¢ BUOPMPOBAHHUEM 10 TOpPH-
30HTalbHOM (ITPOAOJIBLHON) OCH 3JIEMEHTOB, B TO
BpeMsl Kak HaMHOro 6osee pe3yjbTaTUBHBIM Mpel-
cTaBiseTcs LEHTpU(YrupoBaHUE, COBMEIEHHOE C
BUOpUPOBAHMEM MO BEPTHKAIBHOW (MONEpEevHO)
OCH DJIEMEHTOB.

Bce 310 nmociyxuino noGyauTeTbHBIM MOTHBOM
JUIS CO31aHUS TeXHOJOIMH M YCTaHOBKM U1l BUOpO-
UeHTpU(]YrupoBaHus, CO3JaBaEMOTO COBMECTHO
UeHTpUQyrupoBaHremM v BUOPUPOBAHUEM [0 BEPTH-
KaJbHOM (MIOTIePeYHOM ) OCH DIIEMEHTOB.

HepaBHomepHOe pacnpeneneHue COCTaBsO-
mux OETOHHOM CMeCH TIO TONLIMHE CTEHKU WU3JeIHsl
KOJIBLIEBOT'O C€YEHHSI IPUBOIUT K TOMY, UTO OETOH y
Hapy>KHOM MOBEPXHOCTH CTEHKH W3/1enus obsiasaet
Oosee BBICOKOI MPOYHOCTHIO, HEXKENIM OETOH Y BHYT-
PEHHE MOBEPXHOCTH CTEHKU. DTO SBJICHHE HA3bIBa-
€Tcsl BapuaTpOITHOCTbIO, TO €CTh pa3Hble clion Oe-
TOHA OJIHOTO M3JeNnsl 001aJal0T pa3nuYaloLUMUCS
KOHCTPYKTHBHBIMHU XapaKTepUCTUKAMHU W TJIOTHO-
cTeio [13-16].

VBenuueHne 0O0bEMOB CTPOUTENBCTBA TpeOyeT
HOBLIECTB B TEXHOJIOTHUECKUX, KOHCTPYKTHUBHBIX U
PaCUETHBIX PEIICHHUSX KeTe300€TOHHBIX JJIEMEHTOB.

B pesymerare merona ueHTpudyrupoBaHUsS
MPOM3BOAATCS BapUATPOITHBIE, TO €CTh Pa3MYHbIE
M0 CBOMM XapakTepUCTUKaM (TUTOTHOCTH, MPOYHO-
cTH, 1eOPMATHBHOCTH U JIP.) TIO CEYEHUIO OETOHBI
Y KOHCTPYKLWH, BBITTOJTHEHHBIE W3 HUX. JlaHHOe sIB-
JieHue LenecooOpa3Ho YUUTHIBATh MPH pacdere U
MPOEKTUPOBAHUM, HO aHAJIOTMUHBIX HCCIEIOBaHMI
MPAaKTUYECKH HE MPOBOANIOCH.

[TosToMy Ha cTagusx pacyera U MPOEKTUPOBaA-
HUSl CTPOUTENIbHBIX KOHCTPYKLMH BapHaTPOMHOI
CTPYKTYPBI OOBIUHO 3aKIIaABIBAETCS HEOOOCHOBAHHO
OonbLIOH 3anac Hecyliel COCOOHOCTH, BEAYLIHH K
BHYUIMTEJIbHOMY  YAOPO’KaHMIO MEPCHEKTUBHBIX
CTPOUTENIbHBIX KOHCTPYKLHA.

s noBbllIEHHs TUIOTHOCTH U o0ecrneyeHus
Oonee paBHOMEpPHOI'O paclpeleseHUst COCTaBJIAIO-
ux OETOHHOM CMecH MO TONLUMHE CTEeHKU WU3Jesusl
KOJIBLIEBOT'O CEYEHHSs1, B YACTHOCTH KOJIOHH, Mpe/Jia-
raercsi LeHTpUQyrupoBaHUe COBMECTUTb C BHOpHU-
poBanueM. Takum oOpa3zoM, HawajabHOE BOAOLE-
MEHTHOE OTHOLLEHUE MOXHO YMEHbIIUTD A0 0,24 u
npoliecc yIoTHeHUs OyaeT nporekaTth 0e3 oTcioe-
HUs 1U1aMa [yTeM IepepacnpenesieHus KUAKOM
(azbl. Takxke OyaeT nocTUrHYTO M Goslee paBHOMeEp-
HOE pacrpeeseHHe 3epeH 3aM0IHUTEs [0 CeUEHHUIO
W3AEIMH, a pacxo] LEMEHTa CHWXXEH MPUMEPHO Ha
30 % no cpaBHeHHIO C LUeHTpUdyrupoBaHueM. Buod-
pupoBaHue OyneT obecrneveHo 3a CueT UCIOob30Ba-
HUsI XOMYTOB, KOTOpbl€ HaJIeBalOTCSl HA Bajibl yCTa-
HOBKH.

Martepuansl n MeToabl. [l co3nanus BUOpo-
LeHTpU(YrupOBaHHBIX W3JCIUNA C BapUaTPOITHOM
CTPYKTypol Oblla NpUMEHEHa YHUBEpcaJlbHas
OMBITHAs YCTAaHOBKA — DKCIIEpUMEHTanbHas 1abopa-
TOpHas LeHTpUdyra ¢ 3JeKTpoABUraTeseM MOCTOsH-
HOrO TOKa ¢ TUPUCTOPHBIMU OIoKaMu nutaHus [17-
22]. D10 obecrneuMBano IUJIABHOE IEPEKIIOUSHUE
CKOPOCTM MMYyTE€M M3MEHEHMs 4YacTOThbl BpallCHUs
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Bajia aJieKTpoasurarens. Bubpauuu dopmbl co3na-
BaJINCh C MOMOIIBIO HAJEThIX HA Ballbl YCTAHOBKH
METAJJTUYECKUX XOMYTOB (TIO JIBa XOMYyTa Ha KaX-
JIbII BaJT) C TEXHOJIOTUYECKUMHU BBICTYIAMH Pa3Jiny-
HOM BBICOTHI M pexknuma BuOprpoBanus. [Ipomomku-
TENILHOCTh BUOPOUEHTPU(DYTUPOBAHUS COCTABJISIIA
12 MUHYT.

PaspabotanHas ycTaHoBKa sIBIsieTCS YHUBEp-
CaJIbHOM, TOCKOJIbKY MOXeT OBbITh HCIOJb30BaHA
JUIS CO37IaHMsl KaK LEHTPU(YTUPOBAHHBIX, TaK MU
BUOPOLIEHTPU(PYTUPOBAHHBIX CTPOUTENBHBIX BJie-
MEHTOB, B YaCTHOCTH MacIITaOHBIX MoJiesielt u3jie-
il u3 GeToHa W jkene3o0eToHa B JIAOOPATOPHBIX
YCIIOBUSIX.

Lentpudyruposanue cozaetcs 3a cHeT Mpuaa-
HUS BpalIaTeJIbHOTO JBWXKEHUS JIBYM BaJlaM, Ha KO-
TOPBIX pacrioyiaraercs ¢hopma ¢ GETOHHON CMEChIO.

BubpupoBanue co3gaercs 3a cueT pazpaboTaH-
HBIX HAMH JIOTIOJIHUTEIBHO HAJleBacMbIX Ha BaJlbl
IIMOHOK (BBICTYIOB), Ha KOTOPBIX BpallaroIascs
(hopMa ¢ 6eTOHHOU cMeChIO MOABEepraeTCs IOTIOTHH-
TeJbHON BUOpALUH.

Perynuporanue mnapaMeTpoB YCTAHOBKH JJist
ynpaBieHUs (QU3NKO-MEXaHUYECKUMH CBONCTBAMH
0eToHa M3rOTaBIMBACMBIX 3JIEMEHTOB MOXET OCY-
HIECTRIIATLCS TPEMs CrocodamMu:

- BapbUPOBAaHUEM TMOABEMHUCTOCTH — BBICOTHI
LITMOHOK (BBICTYTOB);

- BapbUpPOBAHUEM pa30EkKKH — PACCTOSHUS
MeX1y IIMOHKaMH (BBICTYMaMH);

- BapbUpOBaHUE pesibe(HOCTH — POPMBI LITIO-
HOK (BBICTYIIOB).

Kpome Toro, npuHIMNMaILHO BO3MOKHO Baph-
WPOBaHME JIOMOJIHUTEIIbHBIX (haKTOPOB:

- CUHXPOHHBIM PeKUM BUOPUPOBAHUS;

- ACUHXPOHHbBIA PEKHUM BUOPUPOBAHHUS C pas-
JIMYHBIMU TPaJiMeHTaMH 3ama3/IbIBaHusl.

Bcero u3rotorsieHO W HCIBITAHO JIEBATH 0a30-
BBIX BUOPOLIGHTpU(PYTHPOBAHHBIX 00pa3LIOB KOJb-
LIEBOI'0 CEUSHUs Pa3MepaMu:

- BHewHMM nuametp D = 450 mm;

- BHyTpeHHul nuametp otBepctrs d = 150 mm;

- obmas Beicora H = 1200 mMM.

Bce o6pasupl OblTM M3rOTOBJIEHBI M3 OETOHA
OJIMHAKOBOIO COCTaBa, PacXojl MarepuajioB Ha 1 m3
coctaun: I =416 xr, L1 = 1203 xr, [1 = 696 kr, B
=181 .

U3 obmiero konpLeBOro cevyeHus: oaHoro 6as3o-
BOro oOpasiia ObIJIO BIIEICHO TPU YCIOBHBIX KBajl-
paHTa, U3 KOTOPBIX OB BBIMUJICHBI CIEAYIOIIUE
00pasiibl:

- KyObl B KonmuecTBe 4 INTYK C pa3MepaMu
150x150x150 MM a1l MCIIbITAHUIA HAa OCEBOE CxKa-
THE;

- MPU3MBI B KOJIUYECTBE 2 IITYK C pa3MepaMu
150x150%600 MM aJ1s1 MCIIBITAHUI HAa OCEBOE CxKa-
THE;

- ogHa Tipu3Ma ¢ pasMepamu 150x150x600 MM
JUTsS UCTIBITAHUI HA pacTsHKeHUE MPU U3rnoe;

- 1Be npu3Mel ¢ pasmepamu 150x150%x600 mm
JUIsl UCTIBITAHUI Ha OCEBOE PACTSDKEHHE.

UcnbiTaHns Ha oceBoe cxkaThe, pacTsHKeHHE
npy U3rube U 0ceBoe pacTsKEeHHE MPOBOJUINCH B
cootBercTBuM ¢ TpeboBanusmu ['OCT 10180.
[Tpu3MbI 1 KyOBbI Ha OCEBOE CIKATHE MCITBITHIBAIUCH
Ha nipeccax MIIC-10 u I1-125, a ncnpiTanus mpusm
Ha OCeBOE PacTshKeHHe MPOBOJAMIOCH Ha Crielrallb-
Hoi#l yctaHoBke P-10 [17-21].

Hsmepenus aedopmanuii GeToHa OIBITHBIX
MpU3M TMPOM3BOJWIIMCH LEMOYKON TEeH30aTHMKOB
6a3oii 50 MM ¥ MHIUKAaTOPaMH YaCcOBOTO THTA C Tie-
How nenenns 0,001 mm.

B pamkax npeyiokeHHbIX SKCIepUMEHTATbHON
YCTAHOBKHM JJIsl cOo3/1aHKs BUOpOUEeHTpUdyrupoBaH-
HBIX 00pa3loB KOJBIIEBOIO CEYEHUsl C BapHUaTpOIl-
HOM CTPYKTYpO# U crioco0a MX M3rOTOBJIECHHUS ObUIH
BBIJIEJIEHbl TEXHOIIOTHYECKHE MapaMeTpbl BUOPUPO-
BaHUsl, OKa3bIBalolIMe Haubosnee 3HaYMMOE BIUSIHHUE
Ha XapaKTEePUCTHKH BHOPOLICHTPUPYTHPOBAHHOTO
OeToHa.

K 3Tum TexHonoruueckuM mapaMmeTpam OTHO-
cATCS:

- BBICOTA TEXHOJOTMUYECKHX BBICTYIOB XOMY-
TOB;

- ar MeXIy TEXHOJIOTMYECKUMH BBICTYNaMU
XOMYTOB;

- (hopMa TEXHOJIOTMYECKMX BBICTYTOB, o0ecre-
YUBAIOIIMX BUOPUPOBAHUE;

- PeIKUM BUOPUPOBAHUS.

JliiHa TEXHOJIOTMYECKUX BBICTYNIOB XOMYTOB
MPAMOYTOJIbHOR (hopmbl ObLTa NpHHSTA paBHOM 20
MM ¢ maroM 30 mm. JlnuHa, hopMa M mar TeXHOJIO-
TMUYECKUX BBICTYIOB SIBJIAIOTCS BEPTHUKAILHBIMHU Xa-
pPaKTepUCTUKAMU BUOPHUPOBAHUS U OTBEUAIOT 32 pe3-
KOCTb WJIM IJIABHOCTH Tpoliecca BUOpoueHTpudyru-
poBaHwUsl.

Pe3yabTaThl 1 HX 00cy:kaeHue. B onbiTax Ba-
PHUPOBAIMCH 3HAUEHHMS TAKUX TEXHOJIOTHUSCKUX
(hakTOpPOB KakK BbICOTA TEXHOJIOTMYECKHUX BBICTYIOB
XOMYTOB M PEXKHUM BUOpPUpOBaHUS (CHHXPOHHBIMH,
nonepeMeHHbIi, acMHXpoHHbIN). Ha pucynke 1
NpPEeACTaBICHO CXEMAaTHUYHOE PacroioKeHUe MeTal-
JIMYECKUX BBICTYNOB XOMYTOB Pa3jInYHOM BBICOTHI
Ha BaJly YCTaHOBKH.

CUHXPOHHBII peXUM — KOIJla BUOPUpPOBaHUE
OCYLLECTBIISIETCS CUMMETPUYHO, TO €CTb BBICTYIIbI
pacroyiokeHbl Ha BajlaX CUMMETPUYHO W Tapall-
JIeNTLHO IPYT JPYTY.

ACHHXPOHHBINW — TaKOW PeXUM, MPU KOTOPOM
BBICTYITbI HA BajiaXx pacroioyKeHbl HECUMMETPUUYHO U
MPOUCXOJUT ACUHXPOHHOE BUOPUPOBAHUE.
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a) TexHonoru4eckme
BbICTYNbI C BLICOTOW 2,5 MM
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©) TexHonorn4eckve
BLICTYMNbI C BbICOTOA 5 MM

B) TE@XHONOrM4eckie
BbICTYNbI C BLICOTON 10 MM

Puc. 1. BbiO0p BBICOTBI TEXHONOTMYECKUX BBICTYTNOB Bajla BAOPOLEHTPUDYTH

[lonepeMeHHbIIT — 3TO pekUM, MPU KOTOPOM
BHavaje BUOpHUPOBaHHWE MPU BUOPOLICHTPUPYTHPO-
BaHUM OCYLIECTBJISIETCS B CUHXPOHHOM peXHME, a
3aTeM — B ACHHXPOHHOM.

Bbio otieHeHo BaMsSHUE 3THX (aKTOPOB HA UH-
TerpaiibHble (001IHe, yCpeJHEeHHbIE N0 CeUYeHHIO) Xa-
paKTepUCTHUKH BUOpoLeHTpudyruposanHoro Oe-
TOHa:

- TUTOTHOCTB;

- KyOHMKOBas ¥ IpU3MEHHAas MPOYHOCTh Ha CKa-
THE;

- IPOYHOCTh HA PACTSHKEHUE MPU M3rHoe;

- IPOYHOCTH HA OCEBOE PACTSHKEHHE;

- mpenenbHble JeGopMalury MPU OCEBOM CiKa-
THH ¥ OCEBOM PaCTSKSHHUMU;

- MOZIyJTb YTIPYTOCTH.

Pe3ynbTaThl 3KCIIEpPUMEHTANBHBIX HCCIeI0Ba-
HUI BITUSIHUSI BBICOTBI TEXHOJIOTMYECKUX BBICTYIIOB
XOMYTOB M peXrMa BUOPHPOBAaHUS Ha WHTETpalib-
HBIC XapaKTepUCTUKH BUOPOLICHTPUPYTHPOBAHHOTO
Oerona npeacTasneHsl B Tab. 1 1 Ha puc. 2-9.

Tabnuya 1

Pe3yabTaThl 3KCHepHMEHTAIbHBIX HCCJIEA0BAHUI BJINAHUSA IPYyNNbl (paKkTOpPoB BHOPUPOBAHUSA
Ha HHTerpaJibHble XapaKTePUCTHKH BHOponeHTPpu(YrupoBaHHOro 6eTOHA

BricoTa TEXHOIOTMUECKUX BBICTYNIOB XOMYTOB 2,5 MM
2,5 | 5 | 10
% PexiM BHOpHpOBaHUS
g b= = = = = =
XapakTepucTHKH 6eTOHA =y = 2 Z = = Z = 2 =
£ a T g a = g 3 = T
> T Q =s) = o jus) e ) =
= s = =} = = =} ) = =)
= 8| & 2| g &| g &| 2| ¢
S| | 2| £ | E| g | 5| g ¢
Q = Qo Q = =} Q =~ =} Q
= @) = < @) = < O = <
I110THOCTB, KI/M? 2308 | 2314 | 2338 | 2300 | 2390 | 2412 | 2381 | 2368 | 2381 | 2360
CixaTue
[IpouHocts, MIla:
a) KyOuKoBas 48,5 | 489 50,9 48,8 55,1 56,8 54,7 52,9 54,7 52,5
0) nmpu3MeHHas 40,2 | 40,7 | 41,8 | 40,0 | 44,1 46,2 | 43,8 | 42,1 438 | 413
Pacrsxenune
[IpouHocts, MIla:
a) mpu u3rude 43 4,4 4,5 4,4 4,7 4,8 4,6 4,6 4,6 4,6
0) oceBoe 4,0 4,1 4,2 4,1 4,4 4,5 4.4 4,3 4,2 4,2
[penenbpie nedopmamm p | » 45 | 5 1y | 503 | 212 | 1,89 | 1,65 | 1,96 | 1,97 | 1,96 | 2,01
OCEBOM CXKaThH, MM/M- 10
Tpenenvubie aegopmauuu mpu |y 5y |y oy |47 | 10p | 104 | 113 | 116 | 115 | 116 | 1,17
0CEBOM pacTshKeHHH, MM/M- 10
Monyns ynpyrocty, MIla 259 | 25,6 26,5 25,1 29,2 29,7 29,1 28,7 29,1 28,2
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BricoTa TeXHOMOrHYECKUX BBICTYTIOB XOMYTOB, MM

e CUHXPOHHBII ITonepeMeHHblit e A CUHXPOHHBI

Puc. 2. 3aBucUMOCTS TIOTHOCTH BHOPOTICHTPpU(YTHPOBAaHHOTO OeTOHA
OT BBICOTHI TEXHOJIOTUIECKHUX BBEICTYTIOB XOMYTOB U peKrMa BUOPUPOBAHUS

. 58

£ 57

=

g 56

s 55

2 54

2= 53

g_z 52

- 51

£ 50

£ 49

ES

M 48 T T T T 1

2,5 5 10
BbicoTa TeXHOIOrMYECKUX BBICTYIIOB XOMYTOB, MM

CHHXPOHHBII [TonepemenHbIi ACHHXPOHHBIH

Puc. 3. 3aBucumocTs KyOMKOBOI MPOYHOCTH HA CKATHE BUOPOLCHTPU(YTHUPOBAHHOTO OETOHA
OT BBICOTHI TEXHOJIOTUIECKHX BBICTYTIOB XOMYTOB U peXXHMa BUOPUPOBaHUS

47

46
45
44
43
42
25 ' 5 ' 10 '

Mlla

41
40

[IpmMeHHast MPOYHOCTH Ha CXKATHE,

BricoTa TexHOTOTHUECKHIX BBICTYTIOB XOMYTOB, MM

CHHXPOHHBIH [TonepemeHHbIi ACUHXPOHHBI

Puc. 4. 3aBucumMocTs IPU3MEHHOM MPOYHOCTH HA OCEBOE C)KaTHE BUOPOIICHTPU(YTUPOBAHHOTO OeTOHA
OT BBICOTBI TEXHOJIOTMYECKHUX BBICTYTIOB XOMYTOB U peXUMa BUOPUPOBaHUS
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Puc. 5.

Puc.

=) 4,9
=
D 4.8
5
é E 4,7
5= 46
=8
EE 45
g g
3 4,4
=
2 43
=
4,2 T T T T T 1

2,5 5 10
BeicoTa TEXHONMOTMYECKHX BBICTYIIOB, MM

CHHXPOHHBIH ITonepeMeHHbII ACUHXPOHHBIH

3aBHCUMOCTH POYHOCTH HA PACTSIKEHUE TPH U3THOe BUOPOIICHTpU(YTUPOBAaHHOTO OeTOHA
OT BBICOTHI TEXHOJIOTUIECKHUX BEICTYTIOB XOMYTOB U PEKAMa BUOPHUPOBAHUS

46
45
4.4
43
42

4,1

4 T T T T T 1
2,5 5 10
BrIcoTa TeXHOJIOTHYECKUX BBICTYTIOB XOMYTOB, MM

IIpouHocTh Ha oceBoe pacTsxenue, Mlla

CHHXPOHHBI ACHHXPOHHBIH

6. 3aBUCUMOCTb NIPOYHOCTH HA OCEBOE PacTsHKEHUE BUOPOLEHTPU(YrMpoOBaHHOro GeToHa
OT BBICOTbI TEXHOJOIMYECKUX BbICTYIIOB XOMYTOB 1 PeK1UMa BUOPUPOBAHUS

[TonepeMeHHbIit

2 2,2
/m
Q
3 2,1
g
“y 2
5% 19 —_—
=z b N
aQ =
o 1,8
&£ \ /
) g 1,7
2 9 \/
2 1,6 T . - . . .
S 2,5 5 10
() b
(oW
= BbIcOTa TEXHOJIOMMYECKUX BBICTYMOB XOMYTOB, MM
=== CUHXPOHHBIN [lonepeMeHHbIN === ACHHXPOHHBII

Puc. 7. 3aBucumMocTb npenenbHbIX AedopMaliuii Npy oceBoM cxkaTuu 6eToHa
OT BBICOTBI TEXHOJIOTMYECKUX BBICTYIOB XOMYTOB M PeKHUMa BUOPUPOBAHHUS
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BricoTa TeXHOMOrHUEeCKUX BBICTYIIOB XOMYTOB, MM

CHHXPOHHBILI

[TonepemeHHbIit e A CUHXPOHHBII

Puc. 8. 3aBucuMOCTb npeaenbHbIX AedopMaLuii IpU 0CEBOM pacTsHKeHUU OeToHa
OT BBICOTBI TEXHOJOTHUECKUX BBICTYIOB XOMYTOB M PEKHUMa BUOPUPOBAHUSA

30
<
= /\
= 29
5 /
S 28
2
. /,
25 T T T T 1

2,5

5 10
BbIcOTa TEXHOJOTMYECKUX BBICTYIIOB XOMYTOB, MM
[TonepeMeHHBINT === ACHHXPOHHBII

CHHXPOHHBIH

Puc. 9. 3aBucumoctb MOAyJid ynpyroctu 0eTOoHa OT BBICOThI TEXHOJIOTMYECKUX BBICTYIIOB XOMYTOB

U pexKuma

[No pesynbraTam sKCIIEPUMEHTANBHBIX UCCIIEN0-
BaHWI MHTErpajibHbIX XapaKTePUCTUK BUOPOLIEHTPHU-
¢yrupoBaHHoro 0eToHa ObUTM MOMYUYEHbl UX 3aBUCH-
MOCTH OT TEXHOJIOTMYECKUX MapamMeTpoB BUOpPUpPOBa-
HMSI, @ UMEHHO OT BBICOTBI TEXHOJIOTMHYECKHX BBICTY-
OB XOMYTOB M pexkuMa BUOPUPOBAHHUSL.

W3 tabnuupt 1 BUIHO, YTO UHTErpajibHbIE Xapak-
TEPUCTHUKH JIy4lle B OONbIIMHCTBE Clly4aeB y BUOpPO-
HEHTPU(PYTUPOBAHHOTO OETOHA, HEXKENU y LIEHTpU-
($byrupoBaHHOTO.

[InotHOCTL nmocTHraeT MakcUMalbHBIX 3Haue-
HUM NPU UCTIOIB30BAHUU XOMYTOB C BBICOTOM TEXHO-
JIOTMYECKHUX BBICTYNOB 5 MM MPH NMONEPEMEHHOM pe-
>kume BuOpupoBanus (Ha 5 % Gonbliie, 4eM y UEeHTpU-
(yrupoBaHHOro 6€TOHA).

Taroke HaOmoaeTcs, YTo MPU aHAJIOTUYHBIX Ma-
pameTpax BUOPUpPOBaHUS KyOMKOBas U MpU3MEHHas
MPOYHOCTH TpU ckaTuu (Oombilie, yeM y LHeHTpUdy-
TMPOBaHHOTO OeToHa cooTBeTcTBeHHO Ha 17 % u 15
%), IpOYHOCTb Ha pacTshKeHWe MpU U3rude W mpou-

BUOpPUPOBAHUS

HOCTb MIPH OCEBOM pacTsKeHUH (Oomblie, 4eM y LieH-
TpUYrUpOBaHHOTO OETOHA COOTBETCTBEHHO Ha 12 %
u 13 %) uMeroT HauBbICLIME NOKA3aTeu.

[1pu ucnonb3oBaHUM XOMYTOB € BEICOTON TEXHO-
JIOTUYECKHUX BBICTYNOB 2,5 MM 1 10 MM pOYHOCTHBIE
XapaKTEPUCTUKH BUOPOLEHTpU(DYrUpoBaHHOTO Oe-
TOHA U €ro MJI0THOCTb MEHbLLIE, YeM 3HAUCHHS TeX JKe
MoKa3aTeNneH, MOMyYeHHbIX NMPU NPUMEHEHUU XOMY-
TOB C BBICOTOM TEXHOJIOTMYECKHUX BBICTYIIOB 5 MM.
Haumenblive 3HaueHHs MPOYHOCTHBIX XapaKTepu-
CTUK BHUOpPOLEHTPU(PYrUpPOBaHHOrO O€ToHa U ero
TUIOTHOCTH HAOMIOAAIOTCS MPY BBICOTE TEXHOJIOrHYe-
CKHX BBICTYIOB 2,5 MM.

Haumenbmine  3Hayenuss  nedopmauuii  u
HauOONbIIMIT MOAYNb YNPYrocTH HaOMIOaloTes Y
BUOpOLICHTpU(YTrUpOBaHHBIX OETOHOB, Mpu (opmo-
BaHUM (MONEPEMEHHbI peskuM (OPMOBAHHUS) KOTO-
pbIX ObUTM MPUMEHEHBI XOMYTbI C BHICOTOH TEXHOIO-
I'MYECKUX BBICTYNOB 5 MM (TIpezenbHble aedopManim
MpY OCEBOM CHKaTUW U PACTSKEHWW MEHbLIe, YeM y
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HEHTPU(PYTUPOBAHHOTO OETOHAa COOTBETCTBEHHO HA
20 u 8 %).

[Tpu ucnonb30BaHUM XOMYTOB € BEICOTOM TEXHO-
JIOTUYECKHUX BBICTYNOB 2,5 MM 1 10 MM aedopmanmn
BUOpoLeHTprdyrupoBaHHOTO OETOHa yBeJIMYHBa-
JIMCh, @ MOIYJIb YNPYrocTu ymeHbwancs. Hanbons-
e 3HayeHust aeopManrii 1 HaMMEHbLIMH MOAYJTb
YTpYyrocTH HabmoatoTes y 0€TOHOB MPH BBICOTE TeX-
HOJIOTMYECKHX BBICTYTIOB 2,5 MM.

[Tpu monmepemeHHOM pekuMe BUOPUPOBAHUS C
BBICOTON TEXHOJIOTHUECKHUX BBICTYTIOB XOMYTOB, PaB-
HOM 2,5 MM, 5 MM 1 10 MM 3adHrKCHPOBaHBI HAKOOb-
LIMe 3Ha4eHHs MPOYHOCTHBIX XapaKTepUCTHK OeToHa
1 €ro MI0THOCTH, HAUOOJBIUMK MOZYJIb YIIPYTOCTH U
HaMMeHbLINE 3HaYeHUs 1e(OpMaLli B CPAaBHEHUH C
TEMH 7K€ 3HAUCHUSMH, MOTyYSHHBIMU TIPH aCHHXPOH-
HOM ¥ CHHXPOHHOM peskume BubpupoBanus. Hanxyn-
IMe TMOoKa3aTen HaOIFoNaloTCs MPH aCMHXPOHHOM
pexxume BUOPUPOBAHUSL.

Ha nHam B3rnsa, monepeMeHHbIH pexxuM BUOPH-
poBaHMs MpH BUOPOLEHTPU(DYTUPOBaHHH B CpaBHe-
HUM ¢ LEHTpU(YTHpOBaHWEM B HauOOINbIIEH cTe-
MEHU «CTIaKUBAET» BapUAaTPONMHOCTh OETOHa 3a
cYeT BapbHUPOBaHMs IBYMS peXMMaMu BHOPHUpOBa-
HHUS — CHHXPOHHBIM U aCHHXPOHHBIM, TO €CTh TpO-
ucxoaut Gosee paBHOMEpHOE pacripesieNieHue 3a-
MOJTHUTENS TIO TOJIIMHE CTEHKH W3AeJHs, BClel-
CTBHME Yero MHTerpaibHble XapaKTepUCTUKKU OeToHa
yaydmatoTess (TUIOTHOCTh, TPOYHOCTH W MOJYJIb
YOPYrOCTH YBEITMYMBAIOTCS, a TpeebHble aedop-
Mauuu ymeHbLiatotes). [1pu 3Tom skcnepuMeHTal b-
HBIM MYTEM BBISBJEHO, YTO MONEPEMEHHbIH PEKUM
YCIELIHO COYETAETCsl ¢ BBICOTOM TEXHOJOIMUYECKUX
BBICTYIIOB XOMYTOB Ha Bajax YCTaHOBKH, PaBHOM
5 MM.

BriBoa. Haubosee Bbicokue 3Ha4YeHUs HHTe-
rpajibHbIX XapaKTePUCTUK HAOJIIOAaloTCs Yy BHUOPO-
LEHTPU(PYTUPOBAHHBIX OETOHOB, W3TrOTOBJICHHBIX C
HCMOJb30BAaHUEM XOMYTOB, BbICOTa TEXHOJOTHYe-
CKHX BBICTYIOB KOTOPBIX paBHa 5 MM, a pe>kuM BHO-
pUpPOBaHMs — IONEPEMEHHBI.

Haumenbline ke 3HaYeHUs MHTErpajibHbIX Xa-
PaKTepUCTHK 3aduKCUpoBaHbl y GETOHOB, M3rOTOB-
JIEHHBIX C MCMOJIb30BAHUEM XOMYTOB, MMEIOLIMX Bbl-
COTY TEXHOJIOTMHYECKUX BBICTYIMOB 2,5 MM NpH pas-
JIMYHBIX PEKUMaX BUOPUPOBAHUS.

[TomyyeHHble pe3ynbTaThl MOKa3bIBAIOT LIEJIECO-
00pa3HOCTh NPOAODKEHUS HCCIEOBAHUS  palvo-
HaJIbHBIX TEXHOJIOTMYECKMX MapaMeTpoB BUOpOLEH-
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SOME TECHNOLOGICAL PARAMETERS OF VIBRATION CENTRIFUGAL
EQUIPMENT AS A FACTOR IN CONTROL OF CONCRETE PROPERTIES

Abstract. An increase in the volume of construction requires innovations in technological, structural and
design solutions for reinforced concrete elements. As a result of the centrifugation method, variatropic con-
cretes with different cross-sectional characteristics and structures made from them. Therefore, at the stages
of calculation and design of building structures of a variatropic structure, an unreasonably large supply of
bearing capacity is usually laid, leading to an impressive rise in the cost of promising building structures. It
is proposed to combine centrifugation with vibration to increase the density and ensure a more uniform dis-
tribution of the components of the concrete mixture over the wall thickness of an annular section product, in
particular columns. Vibration will be ensured through the use of clamps, which are put on the shafts of the
installation. Within the framework of the proposed experimental setup for creating vibrocentrifuged samples
of annular cross-section with a variatropic structure and a method for their manufacture, the technological
parameters of vibration are identified, which have the most significant effect on the characteristics of vibro-
centrifuged concrete. In the experiments, the following technological factors varied: the height of the techno-
logical protrusions of the clamps and the vibration mode. The problem of assessing the influence of these
factors on the integral characteristics of concrete is investigated. The results of experimental studies of the
influence of the considered technological factors on the integral characteristics of vibrocentrifuged concrete
are presented. The results obtained show the feasibility of continuing the study of rational technological pa-
rameters of vibrocentrifugation to improve the characteristics of concrete and regulate its variatropy, which
will allow the proposed method to be patented in the future and to design an improved vibrocentrifuged column
with more fully utilized reserves of the bearing capacity of building structures.

Keywords: vibrocentrifugation, integral characteristics, technological factors of vibration, reinforced
concrete products, strength, modulus of elasticity, ultimate deformation.
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BJUSHUE TOHKOJWCIEPCHOM JOBABKH N3 BETOHHOI'O JIOMA HA
CTPYKTYPOOBPA3OBAHMUE ITOPTJIAHAIIEMEHTA

Annomauun. Obvexmom UCCIeO08aHUL AGAACNCA  GIUAHUE G6COCHUS MUHEPAIbHOU  000aA8KU
(S,0=900 2’*/x2) ppaxyuu (0,315-5 mm) omcesa Opobienus 6emonno20 10Ma 8 ROPMAAHOYEMeHN OJIA NPOU3-
600CMBA PAIUYHBIX CIPOUMENLHBIX U30eAUTl U KOHCIPYKYUll. B pabome ucnonvzosanu ¢ppaxyuio bemonnozo
aoma 0,315-5 mm, max kax penmeeHoPa308blil AHANU3 PA3IUYHBIX PPAKYUll OEMOHHO20 10MA NOKA3AT, YN0
UMEHHO DU PPaKyuu umeiom payuonanvroe cooepoicarnue necuopamuposannvix yacmuy CsS u CsS.

Jloxazawno, umo npumeHeHue MmoHKOUIMeIbYeHHO20 6enonno20 noma (Sy, = 900 M’/xe) 6 kauecmee Mune-
PANLHOU 000ABKU 8 NOPMIIAHOYEMEHNT NOGbLULAeH PUZUKO-MeXAHUYeCKUe C8Oticea bemona. Ycmanoasieno,
umo Hauboee payuoHAIbHbIMU AGIAIOMCA cocmaegvl ¢ cooepacanuem 5 % u 10 % munepanvroti 0odbasku
obecneuusaiowue npupocm npoyHocmu 0opazyos uepes 28 cym na 17 % u 16 %, coomeemcmesento, no cpag-
HeHUIO ¢ KOHMPOTbHLIM COCHIABOM.

3a cuem gvlcoxoll OuchepcHOCMU MUHEPANbHAL 000asKaA U3 OEMOHHO20 JIOMA BbICHIYNAEH 8 POJU OONOJI-
HUMENbHBIX YEeHMPO8 KPUCMAIIUZAYUY NPU 2UOpAMAYUU ROPIIIAHOYEMEHRMA, Ymo Npusooum K CO30aHUI0
KApKACHOU KOPALIOGUOHOL CIPYKITY Db, KOMOPAsL OONOTHUMENbHO 00pacmaent CYyOMUKPOCKONUYECKUMU KPU-
cmannamu. Ipu yoensnoii nosepxnocmu 900 m’/ke cozdaiomes naunyuuiue ycaogus Ons hopmuposans nep-
BUYHO2O KAPKACA U OAlIbHelue20 00pacmanis e20 pasiuiHbIMU KPUCMALI02UOPAMAamMu Kalbyus, odecneyu-

SAIOUWUMU OnMUMA/IbHbLE NJIONHOCHIb U NPOYHOCHIb.

Knwuessie cnosa: s¢hhexmugnvie komnozumvl, (ppacmMeHmvl pa3pyULeHHBIX 30AHUN U COOPYIICeH U,
cmpoumenvbHble OMX00bL, 3e1eHOe CIMPOUMENIbCIBO, OKPYICAIOUAs cpedd, OemoHHbII JIOM.

Beengenne. Ha ceronHsIHni 1eHp Ha MIaHeTe
3emIls 4acTo MPOMCXOIAT MPUPOIHBIE KaTacTpodbl
W BOOpYXEHHbIE KOH(IMKTBI, BCICACTBUE YEro Mo-
SBJISIOTCS pa3pylleHHbIe 10Ma U Jpyrue OObEeKTHl,
HaceJIeHHble MYHKTbI W Liejble ropoaa. B cBssu c
3THUM OCTPO BCTaeT BOIPOC O BOCCTAHOBJIEHUM pa3-
PYLIEHHBIX TOPOJIOB, a TaKke 00 YyTHIM3ALMHU diie-
MEHTOB 3/1aHUI U COOpYXKEHHUH, MPEeBpalLeHHbIX B
pazBasiiHbl. OJHUM K3 LUMPOKO PAaCHpOCTPaHEHHBIX
BapUaHTOB YTWIM3ALMU STHX 3JIEMEHTOB SBISETCS
MX 3aXOpOHEHHE B BOTHYTHIX (popmax 3eMHOi mo-
BEPXHOCTH: KOTJIOBaHaX, oBparax, 0ajakax v T. 1., a
Jlajiee TexHWUeckas M Ouosorudeckas o0OpaboOTka
TepPUTOPUIi, NPUBOAAILIAS K BO3BPATy 3€MJIM B XO-
3glicTBEHHOE MoJb3oBaHue. [lpu sTom ans ctpou-
TEJILCTBA HOBBIX, @ TAK/KE PEKOHCTPYKLIMM M BOCCTa-
HOBJIEHHS Pa3pyLISHHBIX apXUTEKTYPHBIX COOPYIKe-
HUII HEOOXOAMMBI CTPOUTEbHbIE MaTepualbl, Al
MPOU3BOJCTBA KOTOPBIX MPUXOAMTCS BHOBbL J0ObI-
BaTh U 0OpabaThiBaTh NMpPUPOAHOE chipbe. JlaHHbBIN
MOAXOJ BEIeT K YAOPOXKAHUIO MEPONPHSTHS, yUH-
ThIBas 3aTPaThl HA YTUIM3ALMIO, YTO MPOTUBOPEUUT
CTaH/JapTaM «3eJIEHOro CTpouTenbeTBay [1-4].

Bricokyro 3¢ deKTUBHOCTL MCTIOb30BaHUS Oe-
TOHHOTO JIOMa B KaueCTBE BTOPUYHOrO 3arOJHUTENS
OeToHa MOATBEPAUIM MHOTOUYHUCIIEHHbIE UCCe0Ba-
HUS, TIPOBOAMMEBIE B 3TOM HaripaByieHuu [5-9]. Jlns
pa3paboTky MPUHLMNMAILHO HOBBIX M 3¢ dexTus-
HBIX CTPOUTEIbLHBIX MAaTepPUaJIOB, a TaKKe TeXHOJ0-
I'Mii UX IPOU3BOJCTBA, HEOOXOAMMO, MO BO3MOYKHO-

CTH, MaKCMMaJTbHO TOYHO BOCTIPOW3BOIMTH B J1abo-
paTopHUr TeosIoTHYeckue U KOCMOXHUMHUYECKHe Tpo-
LecCchl, KOTOpbIe MPOUCXOAAT B IPUPOJIE €CTECTBEH-
HBIM myTeM. Jlaniee TeopeTryeckre 3HaHWs Te0NoTH-
YECKUX M F€OXMMHYECKMX 3aKOHOMEpHOCTel o0Opa-
30BaHUs TMPUPOAHBIX OOBEKTOB, a TAaKKe JaHHbIE,
OJIyYEHHbIE OMbITHBIM IyTeM, 0000111at0TCS, CUCTE-
MaTU3UPYIOTCS M HCHONB3YIOTCS i pa3paboTKu
TEXHOJIOTHii MPOM3BOJCTBA UCKYCCTBEHHBIX MaTepu-
anoB. JlaHHBII MOAXOA K CO3aHMIO KOMITIO3UTOB HO-
BOrO MOKOJIEHHUS UCIIOb3YeTCsl B TAKOM Harpasiie-
HUM MaTepualloBeeHUs, KaK reoHUKa (reomuMe-
tuka) [10—14]. Ha ceronusmnmii 7eHb B CTPOUTENb-
CTBE aKTyaJbHbl IPOrpPaMMbl, HAIlpaBJE€HHbIE Ha
NpedoTBpalleHue MM BOCCTaHOBJIEHUE YyuiepOa,
HAHECEHHOT0 OKpY)KAaloIlel cpesie, CHIDKCHHUE
YPOBHsI MOTpeOIeHUs SHEPreTHUecKUX W MaTepu-
albHBIX PECYpPCOB Ha MPOTSHKEHWH BCErO KU3HEH-
HOTrO LIMKJIA 3/aHusl, TO €CTh «3eJleHOe CTPOUTEIIb-
cTBO». BO MHOruX ciydasx mpeanouTuTesbHee He
BTOPraThbCs B MPUPOLY, OTPAaHUYMBAs 1ESTEIbHOCTD
yeioBeka 1o Ao0bIue U nepepadoTke coipbi. Ha nan-
HOM 3Tane Oonee 3pPEeKTUBHBIM SBISETCS UCIOJb-
30BaHUE YK€ UMEIOILErocs B HAJIMYMKU BTOPUYHOTO
CBIPbsl, TAKOTO, HAIIPUMEP, KaK 00JIOMKH OETOHHBIX
3naHuii. OCOOEHHO 3TO aKTyasbHO AJS PeciyOIuKu
Hpak, roe B pe3yjbTare BOCHHbIX NEWCTBUNA OcTa-
JIOCh OTPOMHOE KOJIMYECTBO Pa3pyLIEHHbIX O0beK-
ToB. MMeroluyecs: Ha ceroAHsIHUI AeHb pe3yJib-
TaThbl WCCIENOBAHUI OETOHHOrO JioMa MO3BOJISIOT
TOBOPHUTD O €r0 BBICOKOM LIEHHOCTH KaK KOMIIOHEHTa
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OecLIeMEHTHBIX BSDKYIIUX, XOTS 3TOT BOMPOC el He
W3y4eH B JIOCTATOYHOH CTeTeHH .

AgTtopamu [15—17] ObuIH MpOBeIeHBI UCCIIETO-
BaHUS BJIMSHUS 3aMEHbI JIOJIM KPYITHOTO W MEJIKOTO
3aroIHATeNel BTOPUYHBIMH ~ KOMIIOHEHTaMH, Ta-
KUMHU KaK M3MeJIbUeHHbIH OeTOHHBIN oM. Pesynb-
TaThl MOKA3aJIM, YTO MPU aKTUBALMU B TeueHue 150
MHHYT HOpMaJIbHasl TYCTOTa TaAKOTO BSXKYIIEro CHH-
skaetced ¢ 26,5 % 10 22,4 %, a onTUMaJIbHOE KOJIM4e-
CTBO HamoJHUTENs cocTaBiysieT 22 % npu coaepka-
HUU opraHuyeckoil nmpumecu B koiuudectBe 0,5 %.
[IpennoxeHHple aBTOpaMM MaTeMaTHUYECKHE MO-
JIeJIK MOTYT OBITh PEeKOMEHIOBaHBI JIJIsl TPOSKTHUPO-
BaHUsI CAMOYTIIOTHSIOLMXCSI OETOHHBIX CMECEiA.

H3zyueHbl cBoiicTBa OECLIEMEHTHOTO BSXKYIIETO,
B KOTOPOM B KayecTBE€ MCXOJHBIX MaTepHUaroB HC-
MOJIL30BAJIM U3MEJbYEHHBIN TPaHYJIMPOBAHHBIN J10-
MEHHBIN IIUTaK W JIETY4YYIO 30Ily, TO eCTh BSIKYyIIee
aKTUBHPOBAJIM TIOPOIIKOM cuiMKata Hatpus. [lpu
ATOM OBIJIO BBISIBJICHO, YTO Mpefesl TPOYHOCTH TMPH
CXKATHHU M TIOTEPs] TEKYYECTH IEIOYHO-aKTHBHPO-
BaHHOTO PAaCTBOPA B 3HAYMTEIILHOM CTETIEH! 3aBUCST
OT UCTIOJIb3YEeMOil LIeNoun. YUeHbIMH ObLIO pa3pa-
00TaHO COBEPIIEHHO HOBOE BSIKYIIEE, MOJHOCTBIO
cocrosiiee U3 NTOOOYHBIX MPoayKToB [ 15—17]. Panee
HEW3BECTHOE BsDKyIlee BpeMeHHO Ha3Banu Fa-
RmLG Gnaronapst BXOJSIIMM B €r0 COCTaB KOMITO-
HeHTaM: Jietyyas 3oia (Fa), uzsects (L), runc (G) u
kpacHbld mutaMm (Rm). PesynmeTaTel mcciemoBaHMiA
nokazaiu, 4to cBoiictea CLSM (HuU3KOMapo4HOro

MaTepuaia), U3rOTOBJICHHOTO Ha JAHHOM BSKYIIIEM,
TaKWe KaK: CPOKU CXBATbIBAHUS, TEKY4ECTb, MPe/el
NPOYHOCTH TIPH CHKATUH, KOPPO3HMOHHAsI CTOMKOCTb,
a TaKk)Ke MUKPOCTPYKTYPHBIN aHAINU3 U HAJIM4YKe TSI-
JKEITbIX METAJIOB, COOTBETCTBYIOT TpeOOBaHHUAM
ACI 229R.

dakTHueCcKH MCCIIeIOBaHHI, HAMPABJICHHBIX HA
W3yUYeHHE BO3MOXKHOCTH TPUMEHEHHUs OETOHHOTO
JIoMa B KauecTBE KOMITOHEHTa KOMITO3UIIMOHHOTO
BSKYLLET0, He MPOBOAMIOCK. Takke ymylLieH Takoi
Ba)KHBIH acreKT, Kak BJIMSHUE HA MPOYHOCTHbBIC Xa-
PAKTEPUCTUKU W TIOKA3aTellu CLETUICHUS PacTBOPA,
pa3Mepa Qpakuuii oTceBOB APoOJeHUs] OETOHHOTO
snoma. [loatomy perieHre UMEHHO STOW MPOOJIEMBI
JIETJIO B OCHOBY JJAHHOTO MCCIICJIOBAHHUS, UTO B J1aJTh-
HellleM Mo3BOJUT TOOUThes Gosiee NeTalbHOrO Hc-
CIIe/IOBaHUSI TPOLIECCOB CTPYKTYpOOOpa30oBaHHs Lie-
MEHTHOTO KaMHsI MPH CO3JIaHUU HOBBIX CTPOMTEIb-
HBIX KOMIIO3UTOB M UX PAllHOHAIIBHOTO TIPUMEHEHUSI
B 3¢JIEHOM CTPOMTEITBCTBE.

MeTtoasl u mMatepuaabl. [[Ji1 cTpOUTENIBHBIX
MaTepHaiOB HEMATIOBAXKHBIM SIBIIETCS TO, KaK OHU
OynyT BecTh cebs B mpolecce skcrutyaraiuu. [lo-
9TOMY, MpPEXJie YeM HCTOb30BaTh OCTOHHBIN JIOM
JUIS  TIPOW3BOJICTBA CTPOUTEBHBIX KOMITO3UTOB,
THIATENILHO MCCIIEYIOT €ro CBOMCTBA, a TAKXKE BIIH-
sIHUE Ha MPOLIECCHI CTPYKTypooOpa3oBaHus B OETOHE
Ha ero ocHoBe. B paHHO# paGoTe MCroNb30BAUCH
OTCEBBI APOOIICHUS ICOHS U3 OOJIOMKOB Pa3IMYHbIX
crpoenuii B r. Op-Pamane (Mpak) (puc.1).

F

Puc. 1. O6nomku cTpoeHuit

beronnblii oM apoOuiiu Ha 1abopPaTOpPHOI 1ie-
KOBOM Jpo0uiike, ajiee pacceMBayid Ha (hpakiuu:
5-2,5mm; 2,5 - 1,25 mm; 1,25 — 0,63 mMm; 0,63 —

0,315 mm; 0,315 - 0,16 mm; menee 0,16 mm. Pe3yib-
TaThl UCTIBITAHUS TIPUBEIeHbI B TabuLe 1.

Tabauya 1
I'panyinomerpnyeckuii cocTaB 0TCEBOB AP00JIeHHA 0€TOHHOIO JIOMAa
Hokasatess Pasmep oTBepcTuil cur
2,5 MM 1,25 MM 0,63 mm | 0,315 Mm 0,16 Mmm <0,16 Mm
Macca ocTaTkoB Ha CUTE, T 351 84 114 132 154 165
YacTHble ocTaTky, %o 35,1 8,4 11,4 13,2 15,4 16,5
[lonHble ocTaTKH, % 35,1 43,5 54,9 68,1 83,5 100

B nanHoi#1 paGoTe Ajis mociieAyroniero apoosne-
HUS U U3MeNbUEHUs ucrnonb3oBaiy Gpakuuu 0,3 15—
0,16 Mmm u mMeHee 0,16 MM, COCTaBJIAIOLIME LIEMEHT-
HbIW KaMeHb OETOHHOTO JIOMa, TaK Kak HauOobLInH
WHTEpeC TNpe/ICTaBIisANa BO3MOXKHOCTh HCIOJIb30Ba-

HUSl UIMEHHO MeNKUX (hpaKIuii JJis mosTyueHus Oec-
LEeMEHTHOTro BsbKyiero. Mnentudukaius Beijectsa
B MX CMECH 10 €ro KPUCTAITIOXUMHUYECKUM XapaKTe-
pUCTHKaM, OIpeleieHne pas3iuYHbIX J1e()eKTOB,
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HapyIIeHUH U JPYruX 0COOCHHOCTEH KpUCTaInye-
CKOHM CTpPYKTypbl — OCHOBHas 3agada POA (peHtre-
HO(da30BOro aHam3a) (puc. 2).

OnbITHBIM MyTeM ObUIO YCTaHOBJIEHO, YTO OT-
ceB po0JsieHNs1 OETOHHOTO JIOMa COCTOUT B OCHOB-
HOM M3: HENpOTruApaTUPOBAHHBIX KIMHKEPHBIX MHU-
nepanos C3S —(d=2,77;2,19... A); C,S —(d =2,75;
2,74;2,19... A); keapua SiO, — (d = 4,25; 3,35; 2,45;
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2,29:2,23; 2,12 ... A ); noprnanaura Ca(OH), — (d
=4093;3,11;2,63; 1,93; 1,79; 1,69; 1,55...A); xanb-
uura CaCOs — (d = 3,86; 3,035; 2,845; 2,495;
2,285;...A); yacTMUHO 3aKPUCTANIM30BAHHOIO TO-
0epMOpUTOTIONOOHOTO  THAPOCHIIMKATA  KalbLHA
CSH(B) — (d =9,8; 4,9; 3,07; 2,85; 2,80;... A); rua-
podeppUTOB KajblMs, TBEPIAbIX PAaCTBOPOB KOM-
TUIEKCHBIX COSAVMHEHUH U JIp.
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Puc. 2. PenTreHorpamma pasnu4HsIX (pakuuii oTceBOB ApoOieHs 6ETOHHOTO JioMa

Ha 3epHax 3amonmnurtens npu JnpobieHuu Oe-
TOHa OCTalOTCd TOHKOAMCIIEPCHbIE YaCTHIIbI Lie-
MEHTHOTO KaMHs, a TaKKe MPHUCYTCTBYIOT CJIOW B
BUJIE TOHKHUX IJICHOK TUAPATHBIX (ha3 WK pacTBOp-
HOM coctapiisoleii. OGbIYHO LIEMEHTHBI KaMeHb
coctout U3 cienywoumux ¢as: anura CsS, Genurta
C5S, 4aCTUYHO 3aKPUCTAITIM30BAHHOTO THAPOCHIIH-
kara kanbius CSH(B) u noprnanaura Ca(OH)s.

ToHkoaucnepcHbIE ~ YacTULbl  LEMEHTHOM
MJICHKHW, OCe/arolleii Ha MOBEPXHOCTU 3arlOJIHUTE-
Jiel, coiepikaT BOJIOPACTBOPUMBIN THAPOKCU Kallb-
uus. 3aTem, B pe3yJibTaTe MPUCOSANHEHUS YTIIeKHIC-
JIOTO Tasa, MPOUCXOIUT KapOOHM3alMsl THIPOKCUIA
KaJIbIUsl, YTO Be/IET K 00pa30BaHUIO TPYIHOPACTBO-

pumMoro kapboHara kanbius CaCOs, HaTuure KoTo-
poro HabJo1aeTcs Ha peHTreHorpaMMax OETOHHOTO
goma. Takyke NpUCYTCTBYIOT MUKM, XapaKTepHbIe
JUIsl KBapLa.

Jns u3menbyueHust GETOHHOTO JIOMa MCTOJB30-
BaIU J1a0OPaTOPHYIO BUOPALIMOHHYIO MENbHUILY
MB-20. BubpatimoHHbIe MeIbHHUIIbI C/IeJIaHbl 110 Y-
PaLMOHHOMY THUMY. DTO 3HAYMT, YTO KojebaHus OT
NpUBOJIA MEPEAAIOTCS HEMOCPEACTBEHHO Ha KaMepy
pa3mona (puc. 3). Ilpu Gonbioit yactoTe U Masoii
aMITUTYy e KOoJeOaHUii MeX Iy MEIOLIMMH dJIeMEH-
TaMM M 4aCTULIAMM MaTepuasa BOSHUKAIOT [I€PeMEH-
Hbl€ yCHJIMs. DTO NPUBOJUT K HAKAIUIMBAHUIO yCTa-
JIOCTH M Moc/ieAyolieMy pa3pyluenuto obpasua. [lo-
3TOMY MOMOJI NI0JIy4aeTcs TAKOW MENKUM.

Puc. 3. BuOpaunonHas MeabHHLA

OcHoBHAsI YacTb. 3HAYUTECILHBIM JOCTHIKEC-
HUEM COBpeMEHHOﬁ CTpOHTeJ’IBHOﬁ HaYyKW SABJIACTCA

NOBbILIEHUE PPEKTUBHOCTH CTPOUTENbHBIX H3Je-
JMI M KOHCTPYKLMI 3a cUeT ONTUMU3aLMKU MpoLec-
COB CTPYKTYpooOpa3oBaHUs IyTeM HCIOJIb30BaHUS
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pa3MYHBIX MUHEPATBHBIX J00aBOK. B nmaHHO# pa-
60Te MpOoBeIeHbI UCCIIE0BAHUS TIO BIMSHHIO BBEJIE-
HUS MUHEpaTbHON n06aBku (Sy:=900 m*/kr) (ppak-
umu (0,315-5 M) otcepa apoGsieHHss GETOHHOTO

JioMa. YCTaHOBJIeHAa paloHalibHas JO3UPOBKA M3-
MesbueHHOro 6eToHHoro yioma B I1L1- 5 % (Tabnuua
2), obecnieunBaroLasi pUPOCT MPOYHOCTH 0Opa3LOB
Ha 16 % 1o cpaBHEHHIO ¢ KOHTPOJIbHBIM COCTABOM.

Tabnuya 2
Binsanue MuHepabHOIl J00aBKH HA CBOICTBA BAKYIIHX
HanmeHoBanune MatepuanoB Rex, MIla, cyt p, Kr/m>
2 7 28
TTL] 27,8 374 51,7 2315
ML + 1 % moGaBku 29 38 51 2300
ML + 5 % moGarku 28,9 41 60,5 2337
11 + 10 % mo6aBku 28,2 39,7 60 2330

PesynbTarhl McnbITaHUK MOKa3aiM, YTO MOBbI-
menre Rex (mpenena mpoyHOCTH MpH CHKATHM) 00-
pa3loB LIEMEHTHOTO KaMHs 7 X 7 X 7 ¢M ¢ 006aBKoH
1 u 5 % ToHKOAMCTIEpPCHOTO OETOHHOIO JIOMa Hepe3
2 CyT TBEpAEHUS N0 CPABHEHHWIO C KOHTPOJILHBIMHU
coctaBuno 6 u 4 % coorsercteerHo. Jlo 28 cyt 06-
pasLbl MPOAOIHKANKM HaOMpaTh MPOYHOCTH, KOTOpast
s obpa3uoB ¢ nobaskoit 5 u 10 % Bo3pocina no
CpaBHEHMIO C KOHTpOJIbHBIMU Ha 17 11 16 % cooTseT-
ctBeHHO. CpaBHHTENbHBIE (U3UKO-MEXaHHMIECKHE
nokasarenu B Mpolecce TBEpASHHS KOMMO3MLIMOH-
HBIX BSDKYLIMX CBUAETENBCTBYIOT, 4YTO HamOolee
CTaOWIBHBIMH  pe3yJbTaTaMH C  PaBHOMEPHBIM
HapacTaHWEeM MPOYHOCTH sBJIseTCs cocTaB ¢ 5 % Mu-
HEepanbHOW 00aBKH, C MPUPOCTOM MPOUYHOCTH OT 2
1o 7 ¢yt —36 % u ot 7 1o 28 cytok — 46 %.

Jns  wm3ydeHus Mop(OJOTHM  LEMEHTHOTO
KaMHs ¢ MUHepaJIbHOW 100aBKOl B Mpollecce TBep-
JeHus Oblia n3ydeHa MUKPOCTPYKTYpa BSDKYLIETO ¢
HU3MeNIbYEHHBIM OETOHHBIM JIOMOM B CPAaBHEHHH C

SM: RESOLUTION Det: SE SITY wu BT Liynosa SM; R 0 Dt

Puc. 4. MukpodoTOCHUMOK 1IEMEHTHOTO KaMHsI B BO3pacTe 2 CYTOK, a — 2 MKM; 0 — 5 MkM; B — 10 MKM

AHanu3upyss MUKPOOTOCHUMKH LIEMEHTHOTO
KaMHs B TIpoliecce TBepaeHus oT 2 1o 28 cyT, cie-
IyeT OTMETHTh, YTO B pe3ysbTaTe TBEpACHUS B Lie-
MEHTHOM cHUCTeMe MPOAYKTOB TMApaTalMM CTaHO-

MUKPOCTPYKTYPOH T'MAPATUPOBAHHOTO LEMEHTHOrO
KaMHs B Bo3pacTe 2 1 28 cyTok. PaccmarpuBas MHK-
podoTorpadru MoBepXHOCTH IEMEHTHOTO KaMHSI Ha
YUCTOM MOPTIAHILEMEHTE B BO3pacTe 2 CYyTOK (puc.
4) HeoOXOaUMO TPEKAE BCEro OTMETHTDb, YTO CKOJ
KaMHSI IPOXOAMT MO TNIOCKOCTH CJIOS U TIO CEUEHHIO
MEXIy KOHTaKTaMH 4elly HuaTbIX KpUcTajuioarpera-
ToB. OCHOBHBIM 3JIEMEHTOM B LIEMEHTHOM KaMHe,
00eCreyMBaroLIMM €ro MPOYHOCTb, SIBISIOTCS 4e-
myHKkHu-3epHa, 00pa3yromye MOTUKPUCTATITAIECKIH
LEMEHTHBII KaMeHb.

3epHa MOJMKPUCTAIUIMYECKOTO LEMEHTHOTO
KaMH$ TPEJICTaBIISIOT COO0H TMIIOTHYIO KOMMAKTHYIO
Mmaccy. OTmedaeTcs IOBOJBHO TyCTOE 3apacTaHue
€ro Mop, KpUcTasisl GOpMHUPYIOTCS B 00beMe B pas-
JIMYHBIX MPOCTPAHCTBEHHBIX HarpaBiieHMsAX. Takas
KapTHHA HaOIroaeTcsl BO BCEX M3Y4aeMbIX CKOJax
YUCTOrO LIEMEHTHOIO KaMHs, YTO CBUIETEJbCTBYET
00 aKTHBHOM MpoLecce TMAPATalUM MOPTIaH/LEe-
MEHTA.

MIRAZ LMY
SEpm  SEMIVEORV  10pm
BT . B Wynona UTION Det: SE

MIRAZ TESCAN|

BITY un BT

BUTCS Bee Gonblue. Kpome Toro, 3ameueHo, uto npo-
MCXOUT 3HAYUTEIbHOE O00KaThe HeruapaTupoBaH-
HbIX 3€pE€H B COUYETAHUM BBICOKOM MOBEPXHOCTHOM
3HEprueil UronbyaThlX KPUCTAJUIOB, HaXOSLIMXCS
Ha MX MOBEPXHOCTH, YTO, HEMPEMEHHO, 00ecreynT
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TpeOyeMble TMPOYHOCTHBIE CBOMCTBA LEMEHTHOTO
KaMHSl. MUKpPOCTPYKTypa L€MEHTHOTO KaMHsl Mpe-
CTaBJ/ieHa KPUCTAIIIMUECKUMH TMAPaTHBIMA HOBOOO-

pa3oBaHUAMH JOCTATOYHO MaJIbIX pa3MepoB, Pacro-
JIO)KEHHBIX TapasiebHbIMK CIOSMHU, U CHOPMHUPO-
BaHHBIX CJIOSIMM YEeLIyHuyaThIX MOIMKPUCTAIIIOB OT-
JIeJIbHBIMU arperaTaMu-0iokamu. MUKpOCTpyKTypa
TMAPOCHIMKATOB KaJbLIMsl paBHOMEpHA Mo o0beMy
ucciaeayeMoro odpasua, oTMeyaeTcsi pUTMUYHOCTD

a

MIRAT TESCAN|

BITY w1, Wywona

npolecca TUApatauuu, ompezaensemas (opmoit u
pa3Mepamu 3epeH CHIIMKaToB Kanublus. C yBennye-
HUEM BO3pacTa TBEpIEHHs LIEMEHTHOrOo KaMHs OT-
YeTIIMBO BUJHO 3apacTaHue MOop rUAPaTHBIMU HOBO-
00pa3oBaHUAMH, yMEHbLIEHHE NX KOJIMUECTBA U pa3-
MEpOB, YTO GJIArONPHUATHO OTPAKAESTCS HA OMOHOJTH-
YMBAHWU LEMEHTHOrO KaMHS U YBEJIMYEHHWH ero
MPOYHOCTH (puc. 5).

MIRAJ TESCAN|

BITY . 81, W BITY wu. BT Wynoes

Puc. 5. MukpodoTOCHUMOK LIEMEHTHOTO KaMHs B Bo3pacTe 28 cyTok, a — 2 MKM; 6 — 5 MkM; B — 10 MKkM

bbinma m3ydeHa MUKPOCTPYKTYpa THApaTHUpPO-
BaHHOTO BSDKYILET0, MPUTOTOBJIEHHOTO B pe3yJIbTaTe
CMellleHHs MOPTJIaHALEMEHTa C yJelbHOW MoBepX-
HOCTBIO 330 M*KI M M3MENBYEHHOr0 GETOHHOTO
noMma ¢pakiuu 0,315-5 MM ¢ yaeTbHO#N MOBEpXHO-
cThiO (Syx) 900 M/kr.

HUccnenoBanuss MUKPOCTPYKTYpPbl POBOAUIIH B
Bo3pacte 2 cyT M 28 cyr. PaccmarpuBas MHKpoO-
CTPYKTYpY LIEMEHTHOTO KaMHs B BO3pacTe 2 CyT,

BITY waa, BT Wysosa

Puc. 6. Mukpo(hoTOCHIMOK BSIKYIIETO B BO3pacTe 2 CYTOK, a — 2 MKM; O — 5 MKM; B — 10 MKM

AHann3 MUKPOCTPYKTYPbl 00pa3LIOB BSXKYLIErO
B BO3pacTe 28 CyT MokKazall, YTO C yBeJTMYEHHEM BO3-

MOKHO 3aMeTHTh, UTO B 00LIel Macce GhopMHpYIO-
merocss Komrosura Habmonaetcs (HOpMHUpOBaHHE
PaBHOMEPHO pacrpeielieHHbIX HOBOOOpa30BaHMH.
Ha vacTuukax, BEpOSITHO, BHECEHHBIX H3MelIbUeH-
HBIM OETOHHBIM JIOMOM, (POPMUPYIOTCS YCTONUHBBIE
IUIOTHBIE CJIOM TUAPOCUIMKaTOB. OTMevaeTcs npu-
cytcrBue nopmianaura. Ctpykrypa (opmupyrore-
rocsi KOMIO3UTA XapaKTepHU3yeTcs CO3JaHUeM II0T-
HOTO0 MaccCHBa, MOKPHITOrO CIUIOLIHBIM CJIoeM Cy0-
MUKPOCKOIMYECKUX HOBOOOpa3oBaHui (puc. 6).

BITY . B.1. Wiysona

pacta TBEPACHUA CTPYKTYpa KOMIIO3UTA YIJIOTHA-
€TCsA, KOJHMYECTBO IOP YMCEHLIIACTCA. CO3I[3.CTC$[
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KapKacHasi CTpYKTypa, KoTopasi oOpacraer cyOMUK-
POCKONMYECKUMH KpPUCTAJUIaMH, CTPYKTYpa CTaHO-
BUTCcs Gosiee MIOTHOH. YacTuuku GeTOHHOro joma
BBICTYMAIOT B KAayecTBE KapKacHBIX AJIEMEHTOB, a
Takke B KadyecTBe JAEMII(EpOB, MPEMSITCTBYIOLIMX
ycaJouHbIM JeopMausM KomMmnosurta (puc. 7).
Takum 00pazoM, pe3ysbTaThl U3YyUSHUSI MUKPO-
CTPYKTYpPbI THIPATUPOBAHHOTO BSIKYILETO COTJIacy-

|\"

("

SEM MAG: 150k MIRAS LMY | MIRAY TESCAN| SEM MAG: 5.00 kx MIRAY LMU

View figld 185 um  SEMHV 150K | 2pm Wiow Tl S5.5pm | SEM MV: 15.0 KV

SM RESOLUTION Det: SE BITY wa. BT lWyzoss SM RESOLUTION Dot SE

I0TCS € pe3yJIbTaTaMU (PU3UKO-MEXaHUYECKUX UCTIBI-
TaHWil 00pa3LOB B Bo3pacTe 2 CyT, a BHICOKas AMC-
MEPCHOCTh MHWHEPAJIbHOW J100aBKU CHocoOCTBYeET
CO3JIaHHIO JOTIOJHUTENIBHBIX LEHTPOB KPUCTaIIN3a-
WU, YTO MPUBOAUT K GOPMUPOBAHMIO B Bo3pacTe 28
CYT KapKacHOW KOpa/VIOBUAHOW CTPYKTYpbl U JI0-
MOJTHUTENILHOMY O0pacTaHuio ee CyOMHKPOCKOMHU-
YEeCKUMH KpUCTaITaMHU.

MIRAI TESCAN| SEM MAG MIFAZ LML MIRA3 TESCAN|

Wiew fleld: 111 ym SEM HV. 18.0 kV S
M RESOLUTION Dat 56

EITY um. B Wysoma BITY wm. BT Wysosa

Puc. 7. MukpodoTOCHUMOK BSIKYIIETo B Bo3pacte 28 cyTok, a — 2 MKkM; 6 — 5 MkM; B — 10 MKkM

BbiBoabl. AHAIM3UPYS Pe3y/IbTaThl MPOBECH-
HBIX UCCTIENOBAHU, MOXKHO cieNlaTh BBIBOJ, YTO MH-
HepanbHas no0aBka M3 OeTOHHOro JioMa (pakuuu
(0,315-5 MM), BBeZIeHHAs B MOPTIAHALIEMEHT, TOJIO-
JKUTEJIBHO BIUSIET Ha (PU3MKO-MEXaHUUECKHE MOoKa-
3aTesid MOMYYEHHBIX KOMIO3MLIMOHHBIX BSDKYLIHX,
KOTOpble yaoBieTBOpsoT TpeboBanusim ['OCT
10178-85 «IlopTnanauemMeHT M LUTAKOMOPTJIAHALE-
MeHT. TexHuyeckue ycnoBus» U MEKrocyaapcTBeH-
noro 'OCT 31108-2003 «llemenTsl obiecTpou-
TenbHble. TexHuueckue ycaOBUSA», YTO MO3BOJSET
PEKOMEH0BaTh pa3paboTaHHbIe BSXKYLUME A7l Mpo-
MbILIEHHOro npuMeHeHus. [lostomy paspaboran-
HbI€ BSXKYILIME MOXHO MCIIOJIb30BATh AJ151 OJTY4EHUs
CTPOMTEJIbHBIX MAaTepUanoB, U3AEIUH U KOHCTPYK-
LMI pa3IMyHOro Ha3HAYCHHUSI.

Haubonee paumoHanbHBIMU SBJISIOTCS COCTABBI
¢ comepxkanueM 5 % u 10 % MuHepanbHO 100aBKH.
Kak cneactBue, B 3aBUCMMOCTH OT YCJIOBHUM, MOXHO
nooopath Haubosee ONTUMAITBHYIO I03UPOBKY.

YCTaHOBNIEHO, YTO MUKPOCTPYKTYpa LIEMEHT-
HOrO KaMHS Ha OCHOBE KOMMO3WLMOHHOIO BSIXKY-
mero yepes 28 cyT TBepAeHUs OTIIMYAETCI He3HAUU-
TEeJIbHBIM KOJIMYECTBOM MOP, OHOPOAHOCTBIO, MIIOT-
HOCTBIO U AedekToB. B npouecce TBepaeHus: KoMMo-
3MLMOHHOIO BsDKYyLIEro Onarogapss 00bEAUHEHHUIO
KapKaca TOHKOAMCIIEPCHbIX YacTUL OE€TOHHOTO JIoMa
paznuuHoii (OopMBbI M pPa3MEepPOB T'MAPOCUIMKATHON
CBSI3KOHM NMPOUCXOUT YIJIOTHEHUE CTPYKTYPHI.

Heobxoanmo moguepkHyTh, YTO MCIONb30Ba-
HHME OTXO/I0B OETOHHOrO JioMa Ul MOJYyYeHUS HO-
BbIX CTPOMUTEJbHBIX KOMIIO3UTOB COOTBETCTBYET
CTaHJapTaM «3€JIeHOr0 CTPOMTENLCTBA» IO COo31a-

HUIO KOM(OPTHOM BHYTpEeHHeH cpedpl Ui dYeso-
BEKa, YMEHbIIIaeT HEraTUBHOE BIIUSHUE Ha OKpYy»Ka-
IOLIYIO Cpelly 3a cueT 6e30TXOTHOCTH MPOU3BOACTBA
OCTOHHBIX M JKeJIe300€TOHHBIX U3JIENUI U COoKpallle-
HUS KOJIMYECTBA OTBAJIOB, a TaKXe MO3BOJIMT MOCTO-
SIHHO HapallliBaTh CKOPOCTb U 00BEMBI CTPOUTEIb-
CTBa U BOCCTAHOBJIEHHUs apXHUTEKTYPHBIX COOpYXKe-
HUI, YTO OCODEHHO aKTyalbHO MpPU BO3POKACHUHU
rOpo/IoB NOCJIe MPUPOAHBIX KATacTPO( U BOOPY>KEH-
HBIX KOH(JIMKTOB.
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INFLUENCE OF FINE-DISPERSED ADDITIVE FROM CONCRETE SCRAP
ON STRUCTURE FORMATION OF PORTLANDCEMENT

Abstract. The object of the study is the effect of the introduction of a mineral additive (S5, = 900 m’/kg)
of the fraction (0.315—5 m) of the screening out of crushing concrete scrap into Portland cement for the pro-
duction of various building products and structures. A fraction of concrete scrap of 0.315—5 mm is used in the

26


mailto:civileng85@yahoo.com
mailto:ruslan_lesovik@mail.ru
mailto:walboali@yahoo.com
mailto:lesovik@mail.ru
mailto:civileng85@yahoo.com

Becmuux BI'TY um. B.I'. [Llyxoea 2021, Nel

work, since the X-ray phase analysis of various fractions of concrete scrap shows that these fractions have a
rational content of non-hydrated particles of CsS and C.S. It is proved that the use of finely ground concrete
scrap (Syp = 900 m’/kg) as a mineral additive in Portland cement increases the physical and mechanical prop-
erties of concrete. Comparative physical and mechanical indicators of the hardening of composite binders
indicate that the most stable results with a uniform increase in strength is a composition with 5 % mineral
additive, with an increase in strength from 2 to 7 days by 36 % and from 7 to 28 days by 46 %. It is found that
the most rational are the compositions with 5 % and 10 % mineral additives providing an increase in the
strength of the samples by 16% compared to the control composition. Due to the high dispersion, the mineral
additive from concrete scrap acts as additional crystallization centers during the hydration of Portland ce-
ment, which leads to the creation of a skeleton coral-like structure, which additionally overgrows with submi-
croscopic crystals. With a specific surface area of 900 m*/kg, the best conditions are created for the formation
of the primary frame and its further overgrowth with various crystalline calcium hydrates, which provide
optimal density and strength.

Keywords: effective composites, fragments of destroyed buildings and structures, construction waste,

green building, environment, similarity law, concrete scrap.

REFERENCES

1. Lesovik V.S., Tolstoy A.D., Alani A.A. Re-
alization of the similarity law in the building material
science. Oriental journal of chemistry. 2019. Vol. 35.
No. Pp. 1067-1072.

2. Ahmed A.A.A. Theoretical aspects of using
fragments of destroyed buildings and structures of
Iraq. Materials Science and Engineering. 2020. Vol.
945. 012039.

3. Lesovik, R.V., Klyuev, S.V., Klyuev, A.V.,
Tolbatov, A.A., Durachenko, A.V.: The develop-
ment of textile fine-grained fiber concrete using
technogenic raw materials. Research Journal of Ap-
plied Sciences.2015. Vol. 10. Pp. 696-701.

4. Murtazaev, St. A.Yu., Ismailova Z.Kh. The
use of local industrial waste in fine-grained
[Ispol'zovanie mestnyh tekhnogennyh othodov v
melko-zernistyh]. Stroitel'nye materialy. 2008. No.
3. Pp. 57-58.

5. Carlo P., Flora F., Christian M. Recycled ma-
terials in concrete. Developments in the Formulation
and Reinforcement of Concrete (Second Edition).
2019. Vol.31. No.8. Pp. 19-54.

6. Xie J., Fang C., Lu Z., Li Z., Li L. Effects of
the addition of silica fume and rubber particles on the
compressive behavior of recycled aggregate concrete
with steel fibers. Journal of cleaner production.
2018. Vol.197. Pp.656—667.

7. Keun-Hyeok Y., Jin-Kyu S., Ashraf F., Eun-
Taik L. Properties of cementless mortars activated
by sodium silicate. Construction and building mate-
rials.2008. Vol.22. Pp.1981-1989.

8. Younis A., Ebead U., Judd S. Life cycle cost
analysis of structural concrete using seawater, recy-
cled concrete aggregate, and GFRP reinforcemen.
Construction and Building Materials. 2018. Vol.
175. Pp. 152-160.

9. Lesovik V.S., Zagorodniuk L.Kh., Cher-
nysheva N.V., Glagolev E.S., Kucherova A.S.,
Drebezgova M.Y., Kaneva E.V. Modern three-di-
mensional technologies and factors holding them
back [Sovremennye trekhmernye tekhnologii i

faktory sderzhivayushchie ih]. Vestnik BGTU im.
SHuhova. 2016. No. 12. Pp 22-30.

10. Zagorodnjuk L.H., Lesovik V.S., Volod-
chenko A.A., Yerofeyev V.T. Optimization of mix-
ing process for heat-insulating mixtures in a spiral
blade mixer. International Journal of Pharmacy and
Technology. 2016. Vol.8. No.3. Pp. 15146-15155.

11. Lesovik V.S., Chulkova L.L., Zagordnyuk
L.K., Volodchenko A.A., Yurievich P. D. The role
of the law of affinity structures in the construction
material science by performance of the restoration
works. Research Journal of Applied Sciences. 2014.
Vol.9. No.12. Pp.1100-1105.

12. Lesovik V.S., Zagorodniuk L.Kh., Sham-
shurov A.V., Belikov D.A. Composite binder based
on a complex organic-mineral modifier for dry repair
mixtures [Kompozicionnoe vyazhushchee na osnove
kompleksnogo organomineral'nogo modifikatora
dlya suhih remontnyh smesej]. Vestnik BGTU im.
V.G. SHuhova.2014. No. 4. Pp.25-31.

13. Zagorodnjuk L.H., Lesovik V.S., Volod-
chenko A.A. To the question of dry mortars compo-
nents mixed in various mixing units. International
Journal of Applied Engineering Research. 2015. Pp.
44844-44847.

14. Larsen O., Naruts V., Aleksandrova O. Self-
compacting concrete with recycled aggregates. Ma-
terials Today: Proceedings. 2019. Vol. 19. Pp. 2023—
2026.

15. Karpikov E.G., Lukuttsova N.P., Soboleva
G.N., Golovin S.N., Cherenkova Yu.S. The effect of
microfillings from natural wollastonite on the prop-
erties of fine-grained concrete. Building materials
and products. 2019. Vol. 2. No. 6. Pp. 20-28.

16. Jeong-Il C., Keum-II S., Jin-Kyu S., Bang
Y. L. Composite properties of high-strength polyeth-
ylene fiber-reinforced cement and cementless com-
posites. Composite Structures. 2016. Vol. 138. Pp.
116-121.

17. Bel J., Park S., Park J. Mechanical proper-
ties of polymer concrete made with recycled PET
and recycled concrete aggregates. Construction and
Building Materials. 2008. Vol. 9. Pp. 2281-2291.

27



Becmuux BI'TY um. B.I'. [Llyxoea 2021, Nel

Information about the authors
Ahmed Ahmed Anees Ahmed, Graduate student. Email: civileng85@yahoo.com. Belgorod State Technological Uni-
versity named after V.G. Shukhov. Russia, 308012, Belgorod, St. Kostyukova, d. 46.

Lesovik, Ruslan V. DSc, Professor, Vice-Rector for International Affairs. E-mail: ruslan_lesovik@mail.ru. Belgorod
State Technological University named after V.G. Shukhov. Russia, 308012, Belgorod, St. Kostyukova 46.

Albo Ali W.S. Graduate student. Email: walboali@yahoo.com. Belgorod State Technological University named after
V.G. Shukhov. Russia, 308012, Belgorod, St. Kostyukova, d. 46.

Lesovik, Galina A. PhD, Assistant professor. E-mail: galina.lesovik@mail.ru. Belgorod State Technological University
named after V.G. Shukhov. Russia, 308012, Belgorod, st. Kostyukova, 46.

Received 02.11.2020

[ HUTHPOBAHMS:

Axmen A.A.A., Jlecoeuk P.B., Anb-by-Anu V.C., Jlecoruk I".A. BimsiHue ToHKOQMCIIEpCHOM T00aBKHU U3 Oe-
TOHHOTO JIOMa Ha CTPYKTypooOpa3oBanue nopmianaieMenra / Becthuk BI'TY um. B.I'. Illyxora. 2021. Ne 1.
C. 20-28. DOI: 10.34031/2071-7318-2021-6-1-20-28

For citation:

Ahmed A.A.A., Lesovik R.V., Albo Ali W.S., Lesovik G.A. Influence of fine-dispersed additive from concrete
scrap on structure formation of portlandcement. Bulletin of BSTU named after V.G. Shukhov. 2021. No. 1.
Pp. 20-28. DOI: 10.34031/2071-7318-2021-6-1-20-28

28


mailto:civileng85@yahoo.com
mailto:ruslan_lesovik@mail.ru
mailto:walboali@yahoo.com
mailto:lesovik@mail.ru

Becmuux BI'TY um. B.I'. [Llyxoea 2021, Nel

DOI: 10.34031/2071-7318-2021-6-1-29-37

*/lykbanoe A.U., Tiogpanoe B.A.
beneopoockuii cocyoapcmeennwlii mexunonocuyeckuil yuueepcumem um. B.I. [[lyxosa
*E-mail: luckjanov.andrey@yandex.ru

BbBIBOP MOJAEJIN I'PYHTOBOI'O OCHOBAHMSA, PEAJIM3OBAHHBIX
B IIK SCAD OFFICE
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dyHOamenmnoil U HAO3eMHOU YACIU C NPUMEHEHUeM PA3IUYHBIX MOOeell 2PYHMO06020 ocHoganus: Ilacmep-
HaK ¢ 08yMs Kod(ppuyuenmamu nocmenu, NePeMeHHvIX N0 MWIOWaou Kodpuyuenmos nocmeiu &
npoepamme — cammuaume KPOCC u mooens nuneiino — depopmupyemozo noaynpocmpancmed peanu308aH-
Hoti g CI1 22.13330.2016. Ananumuyeckuii pacuem 3uauenus ocaoox no CII 22.13330.2016 evinonusncsa «pyu-
HBLMY» CROCOOOM MemOOOM ROCTIOUHO020 CYMMUPOBanust. Quciennvlil pacuem KAPKACHO-MOHOIUMHO20 30AHUS
NPOU3BOOUNCS KAK eOUHASL CUCHEMA «30aHUe — PYHOAMEHMHAs Yacmb — OCHOBAHUEY». 3HAYEHUs. 0CAOOK U
xkoappuyuenmos nocmenu Cr u Cs, 8bINOIHEHHBIE NO PE3YAbMAMAM YUCTICHHOZ0 pAcyemd, NPeoCmasienvl 8
sude epaghuneckux u30noetl nepemeyeHuil u Kosppuyuenmos nocmenu. Ha ocnosanuu nonyuennvix pesyo-
Mmamoe AHAIUMUYECKUX U YUCTICHHBIX PACYemos ObLIU OaHbL OCHOBHbIE 8bl80ObL U COCIAGIEHBL PEKOMEHOAYUU

1O NPUMEHUMOCTNU KAXNCOOU U3 PACCMAMPUBAEMBIX MOOeell 2PYHMOBBIX OCHOBAHUIL.
Knwuessie cnosa: modenw epynma, ocnosanue, Qynoamenm, mooensv Ilacmepnaxa, nunetino-oeghopmu-
pyemoe noIynpocmpancmeo, npoepavmuulii komniexc, SCAD office.

Beenenne. B Hacrosiiee Bpemsi GoJibIioe pac-
MPOCTPAHEHUE TIOJTYYWJI YMCIIEHHBIN pacyeT 3MaHui
U COOPY>KEHHH COBMECTHO C I'PYHTOBBIM OCHOBa-
HHUEM, C UCTIOJIb30BAHUEM PA3JIMUHBIX MPOrPaMMHBIX
komriuiekcoB, Takux kak MOHOMAX-CAIIP, Jlupa,
Plaxis, Ansys, SCAD office u npyrue. B Takux xom-
TUIEKCAaxX peaqn30BaHO OOJbILIOE KOIWYECTBO pas-
JIMYHBIX METOAMK pacdera I'PYHTOBOIO OCHOBaHMS,
€CThb, KaK W MPOCTbIE MOJIENIM C W3BECTHBIMU Mapa-
MeTpaMH, TakK U Oosiee CI0XKHbIe, HO C Pa3IMuHbIMU
napaMeTpaMiy TpeOyIOLIMX JTOMOJTHUTEIBHOTO OTpe-
nenenus. Jlns uHKeHepa-pacueTudka KOPPEKTHBIN
BbIOOp MOJIE/IM TPYHTOBOTIO, a TAKXKe ee MapaMeTpoB
JUISl TIOJTyYeHHsl a[JIeKBaTHOTO HampsKeHHO-Iedop-
MHUPOBAHHOIO COCTOSIHMSL OCHOBaHMsSI M HECYLUMX
KOHCTPYKLMIM, CTAHOBUTCA BaYKHEHLIEH 3a0a4ei.

Llenb naHHOM cTaThbu: ONpeneNUTh 3HAYCHUS U
CPaBHUTD MOJIyUSHHbIE OCAJKH 10 pe3yJIbTaTaM Mpu-
MEHEHHUS HOPMAaTUBHOU METOAUKU cl
22.13330.2016 « Ocnogarnus 30anuii u COOPYAHCeHUL»
U YUCJIEHHbIX PACUETOB C MPUMEHEHHUEM Pa3IMUHbIX
MoOJieJIel TPyHTOBOIO OCHOBaHMs, Pealu30BaHHbIX B
nporpamMHoM kommiekce (IIK) SCAD office, Ha
MpUMepe KapKaCHO-MOHOJMTHOIO 3[aHUsl >KHUJIOro
komruiekca (OKK) «Hosas sxu3HB» B ropone benro-
poa, o0ocHOBaTh MpaBUJILHBIN BbIOOP MOJENU IPYH-
toBoro ocHoBaHus B [IK SCAD office.

Matepuanasl 1 MeToabl. KoHCTpyKkTHBHOE pe-
LIEHHEe pacCMaTpUBAEMOro 3/1aHHs BBITTOJIHEHO Cle-
OYIOLIMM 00pa3oMm:

1) [poektupyemble HyHAAMEHTBI — OTACIBHO
crositye BbicoTol 500 MM.

2) MOHONUTHBINA POCTBEPK BBIMOJIHUTHL U3 Oe-
ToHa kiacca B20 F150W4 u apmupoBaTs OTHens-
HBIMU cTepxHSIMH kiacca AS00C u A240.

3) Crennl Hxke ot™. 0,000, Tomuuuoi 300 MM
KOJIOHHBI U JuadparmMbl )KEeCTKOCTH - MOHOJIUTHBIE
u3 6erona kinacca B20 F75 W4, apmupoBaHHblie OT-
nenbHbIMU cTepxHsIMH Kiacca A500C u A240. Ko-
soHHbl 400x400 MM. JInadparma »ecTKOCTH TOJIIH-
HO1 200 MM.

4) IlepekpbiTus — MOHOJMTHOE M3 OeToHa
kiacca B20 F75 W4, apmupoBaTh OTHeNbHBIMH
crepxHamu knacca AS00C u A240. TonmmHoit 200
MM

5) Knanka Hapy>KHBIX U BHYTPEHHUX CTEH BbI-
nosiHeHa u3 creHoBbIX kamHeidt CKL[-1P 75 Ha pac-
TBOpe M50.

6) Ileperoponku TonuuHon 90 MM BBITTOJTHEHBI
u3 cteHoBbIX kamHeit CKLI-2P 75 Ha pactBope MS50.

O6wmuii Bun mopenu SCAD mnpezacraeiieH Ha
pucyHke 1.

OcnoBnas 4actb. B [IK SCAD office peanu-
30BaHbl CJEAYIOLME BUIbl MOAEJIEH IPYHTOBOTO OC-
HOBaHHUSI:

1. Mopnens [actepHaka ¢ nBymst koadduimen-
tamu nocrenu [ 1-2]. JlanHble 3HaueHus: kodhduim-
entoB C| u C, onpeAenstoTes ¢ NOMOLIbIO MOAyJiei
[Tactepnak, 3AIIPOC wunum BHyTpU mporpaMMmel
SCAD HakaB Ha COOTBETCTBYIOUIYIO KHOTIKY «Pac-
yeT K03(p(HUUMEHTOB YNPYroro OCHOBaHUS» B OKHE
«HazHauenue k03PUIIMEHTOB YIPYroro OCHOBa-
HUSI TIJIACTUHY.
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Puc. 1. O0mmii BUI MOZIENH 5-TH 3TaXXHOTO KapkacHo-MoHoduTHOTO 31aHus B XKK «Hosas JKnu3nb

B monenu IMactepHak BBOAsSTCA 2 KO3bDUIM-
eHTa noctenu — koapduument cxarusa C U caBUra
C>[3].

Koapduuuent noctenu C usmepsieTcs B Kr/cm®
WK T/M? — 3TO OTHOLIIEHHUE 3HAYEHHUS BEPTUKAILHOTO
JABJICHUS TPYHTA G U OCAIKH W:

C=—; (M

A koadpduument nocrenn C, naeT BO3MOK-
HOCTb BBIPa3UTh HMHTCHCHBHOCTb BEPTUKAILHOM
CHJIBbI cIBHTra ¢ (WJIM U3ruOaloLIero MOMeHTa) B BU/C
npousseaeHus C, Ha NPOM3BOJHYIO OCA/KU B COOT-
BETCTBYIOLLEM HAlpaBJIeHHUH:

dw (2)
dx '

t,=C,-

Koadduuuentsl C; u C> no moaenu [lactepnak

OHp CACISIFOTCA:
1 dz -
c - 3
[ [ ] 3)

0

0 2 1 0 g

0

rae E(z), G(z) —mpuBeneHHsle Moaynu aedhopmalu
W cIIBUIa MO riayouHe z.

[IpuBeneHHpIe MOAYJIb YNPYroCcTH M MOAYJb
C/BHTA:

1-v .
E_E°(1+v)(1 29 ®)
__E
S 2(1+v) ©)

rne Ey — monynp ympyroctu; v — kod3duumeHt
Ilyaccona; H — TOJAIIMHA T[PYHTOBOM TOJILLM;

H=Yh
i=1

2. Mogenb nepeMeHHbIX MO MIowaau Koaddu-
umenToB nocrenu KPOCC. IlepemenHble mo mio-
manad ko3 UIMeHThl TOCTeNIN ONpPeNesIFoTCs Ye-
pe3 nporpammy — caresury KPOCC. Metoauka,
pazpabotanHas cneuuanucramu HUMOCIT. KPOCC
pazpabotan aBTopckuM kosiektuBom SCAD Group
coBMectHO ¢ HUMOCII B coctaBe: KpukcyHos 2.3.,
[TepensmyTtep A.B., Ilepensmytep M.A., CemeH1I0B
A.N., Denoposckuii B.I'. [4-5].

JaHHbIi MeTOA pacueTa 0caloK OCHOBAH Ha Mo-
CIIOIHOM CYMMUPOBaHUHU:

_zd A_O_d
W—J;ﬂE /z (7)

rie z — BepTUKajbHas KOOpAMHATA, BO3pacTatoLas
BHU3; zf — KoopiMHaTa noJouIBkl; zd = zf + H — H1X-
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HSISl TPAaHULIA MHTErPUPOBaHUS (TMOCIOWHOIO CyMMHU-
poBanus); H — rmyOuHa cknuMaeMoit Tonu; ff —Ko-
3¢ GULMEHT, YUUTBIBAIOUIMH cTeneHb OOKOBOIA cTec-
HEHHOCTH BEPTHUKAIBHOTO CXKaTHs TPyHTa; 4G — Mpu-
palleHre BePTHKAJbHOIO HOPMAJIbHOIO Harpsbke-
HUA OT JEMCTBUS Harpy3Ku Ha OCHOBaHue; £ — Mo-
JlyJib ynpyroctu [6].

3.B HOPMaTHBHOM JIOKYMEHTe CIl
22.13330.2016 «OcHoBaHMs 3JaHUN W COOpYXKe-
HU» UCNOJIb3yeTcs MOJeNb JIMHelHo-1edhopMupye-
MOTO MOJyIPOCTPAHCTBA.

JaHHas monenb ocHOBaHa Ha 3akoHe ['yka, ko-
TOpPOMY COOTBETCTBYET JIMHEWHas 3aBUCHUMOCTb
MEXIYy HanpsHKeHUSAMH U JeopMalUsIMUA U MOJTHOE
BOCCTaHOBJIEHHe  AedopMalMii  TMpU  CHATHH
Harpy3KH.

(®)

o=¢ck,

rae € —oceBas nedopmanus, £ — MOIYJb YIIPYTOCTH.

PaccmoTpuM npencTaBieHHbIE MOJIENH Ha TTPH-
Mepe pacdera MATUITAKHOTO KapKaCHO-MOHOJIHUT-
HOTO 3/IaHUs. 3/ITaHUE HKUJIOTO JIOMa UMEET CII0KHYIO
(hopmy B TuTaHe ¢ OOUTUMHU pazMepamMu B ocax 29,9 M
x 14,9 M. 3gaHue NITUITAKHOE, BbIcOTa 3Taxka 3,0 M,
B 3/IaHUU 3aMPOSKTHUPOBAH TeX. dTaX, BHICOTA dTaXka
1,8 M. BricoTa nosapana 2,2 m.

B cooTBercTBUM ¢ AaHHbIMU TexHHUYECKOTO OT-
yeTa 00 MHKEHEPHO-Te0/Ie3NUECKUX U MH)KEHEPHO-
reOJIOTMUECKUX W3bICKaHUSIX, BbIodHeHHOro OO0
«benropoacTpoii3bickaHus Ha y4acTKe UCCIIeI0Ba-
HUW B TOJIIIE OCHOBAaHWS BBIAENICHBI CJeIyIOlIne
HI'D (tabm. 1).

OnpeenumM 3Ha4eHUS OCaZ0K aHATUTUHYECKUM
CMOCOOOM € HCTOJIb30BAHUEM PACUETHOW CXEMbI B
BUJIC JIMHEHHO-1ehOPMUPYEMOTO TONYNPOCTpaH-
CTBa METOIOM TOCJIOWHOTO CYMMHUPOBAHUS, periia-
menTupoBanubiii CIT 22.1330.2016 «OcHoBaHue
30aHUNA U COOPYIKEHUI.

Tabnuya 1

CpoaHas Tab/MIIa HOPMATHBHBIX XaPAKTEPHCTHK I'PYHTOB

No i/ HarveHopamie Mopynb ;[eq);)pMaan, Koadpdumment | TonmmHa cios,

T/m ITyaccona M

1 CyrIMHOK NeTKknit paBJII/I‘IHB‘I‘X OTTEHKOB 866.5 0.36 2.9

KOPUYHEBOTO I[BETA TBEPIbIi

2  |CyrauHOK JIerKui 866,5 0,36 2,2

3 |CyranHOK TAXKeNbli 1121 0,36 3,8

4  |CyrnuHOK Jerkui 1835 0,36 1

5 |CyrnuvHOK Jerkui 1835 0,36 6,3

MakcuMaibHyl0 Ocaiaky OmnpeAeauM  JUls
HauboJjiee Harpy>KeHHOT'O OTIEJILHO CTOALIero yH-
JlaMeHTa.

N=122 1, M;=-2.2 Txm, Q=1,462 T, My=-2,06 TXM

n h.
L ©)

riae f — 6e3pa3MepHblii ko3 duLmeHT, paBHbiii 0,8;

(o} i Cp€aHEEC 3HAUCHNE BEPTUKAJILHOI'O HOpMaJlb-

HOTO HarpsbKeHus (Jasiee - BEpTUKAbHOE HampsiKe-
HUE) OT BHEUIHEH Harpys3Ku B i-M CJIO€ IpyHTa IO

BEPTUKAIM, MPOXOAsAUIed uepe3 LEHTP IOAOLIBbI
¢dynnamenra, klla; A, — TonumHa i-ro cios rpyHTa,
cM, npuHumaemasi He Oonee 0,4 wupuHbl dyHAa-
MeHTa; £, — Monynb aedopmaiuu i-ro ciosi rpyHTa

10 BETBM NEPBUYHOro Harpyxxenus, klla; n — uncno
CIIOEB, HA KOTOpbIE pa3duTa C)kMMaeMasl TOJILA OC-
HOBaHHUSI.

Ilpyu »oTOM pacnpeneneHre BEPTUKAIBHBIX
HaNPSUKEHUI 1Mo riyOMHe OCHOBaHMSI IPUHUMAIOT B
COOTBETCTBHHU CO CXEMOM, PUBEACHHO Ha puC. 2.

MakcumainbHOe JaBlieHHe TMOJ  MOJOLIBOM
tdbyHnamenra:

P—F+Mx+ d+My—122 +2 275+0'897+1'01—4546 ) m? (10
S AT T Ty T3 Py Togs T M
BepTHKaﬂBHOC JOINOJIHUTCJIbHOC AJAaBJICHUSA Po . rac o-:gO BEPTUKAJILHLIC HAIMPSXKECHUIMU OT

Po=D— 0 =45,46-4,81=40,65m/»m" (11)

COOCTBEHHOr0 Beca TIpPyHTa Ha YpPOBHE LEHTpa
MoJIOUIBbI PyH/IAMEHTA.

MakcumanpHas 0ca/ika aHATUTUYECKUM CII0-
cobom — 48 Mm.
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Y=166T/ M3
E=866.5 T/MZ oy i i deos
, 36
Y=1.78T1/M3 = ot
SLAB T 20,33
E=866.5 1/M2 2,92
FAVE
8,71 6.05
Y=1.86T/M3 ; j;-f’
E=11217/m2 E,‘ &2
‘i: 881/m3 1 5'?)
E=18357/m2 17,68
Y=1.867/13
E=18357/mC
29,4 0.26zqg

Puc. 2. Cxema pacnpenenenus BepTUKAJIbHBIX HAPSXKEHUH B JIMHEHHO-1e(OpMHUPYEMOM MOy POCTPAHCTBE

Tabnuya 2
Omnpenesenne ocaoK METOIOM MOCTOHHOI0 CYMMHPOBAHHUSA
Ne =a*Py| Mo i h; E %
7 mo- s 2*z/b a Top A0 OO Oop.i ’ Bi 'y Syphi- iy M
yex M /i cnost P M m/m zp 1Py
m/m m/m E:
1
0 0 0 1 40,895
1 40,63 0,15 0,8 866.5 0,0080
1 0,15 0,214 0,987 40,36
2 35,82 0,56 0,8 866.5 0,0143
2 0,71 1,014 0,765 31,28
3 25,81 0,56 0,8 866.5 0,010
3 1,27 1,81 0,497 20,33
4 16,63 0,56 0,8 866.5 0,0066
4 1,83 2,61 0,316 12,92
5 10,78 0,52 0,8 866.5 0,0040
5 2,35 3,35 0,211 8,63
6 7,34 0,56 0,8 1121 0,0018
6 2,91 4,15 0,148 6,05
7 5,26 0,56 0,8 1121 0,0013
7 3,47 4,96 0,109 4,46
8 3,95 0,56 0,8 1121 0,00098
7 4,03 5,76 0,084 3,44
9 6,06 0,56 0,8 1121 0,0015
8 4,59 6,56 0,064 2,62
CymMmapHas ocajika 0,048mM=48Mm
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Paccunraem 3HaueHUS CpeAHUX U MAaKCUMAalb-
HBIX 110 Moienu [lactepHaka ¢ nByMs kKo3(hdunmeH-
tamu noctend. Koadouuuentsl noctenu C; u C;

ObuTK onpeaeneHsl B Moayse IlactepHak, 3HauUeHUs
KOTOPBIX MpeACTaBIeHbl HA PUCYHKE 3.

B Macrepnar (62-5n7) * O >‘
Pada Haupuika  Cepsne Chivdera
TpyH™ Paapea
Muayis
Hasrc 150 e PEOPMALM Kaﬁ:p:pvunen’r Tonww a caca Lser
. yacco-a
Tim M
1 Cyrmavox reckwd pasn 3665 0.36 23 ]
2 Cyrmavok reckwd pazna 366 5 0.36 22 ]
3 Cyrmavox TAkersi 1121 0.36 13 ol
4 Cyrmaok recwii 1833 0.36 1 b
5 (yrmaHok reckigi 1733 K" A3 b
+ | lafiarnm YN
Pezynetaw
Keappmuent crann C; 125.807 Téa'
Kuspapawen cpsma Gy 1431366 1M
ﬂ Bbbon §  BoMUCTHTS E CryeT @ Cripaexa

Puc. 3. Koapduumentsr nocrenu C; u C, nmo monenu IacrepHaka

Hwxe npuseneHo rpadudeckoe oToOpaxkeHUs
PE3YNbTAaTOB PacueToB OCaZOK OTAEIbHOCTOSIINX
($yHIaMEHTOB COBMECTHO C POCTBEPKOM IO MOJAEIH
[MacTepnak (puc. 4).

MakcumanbHasg ocagka — 58,44 M.

MunumanbHas ocaaka — 49,79 mm.

OnpenenvM 3HaueHWs TiepeMeHHBIX Kodddu-
LMEHTOB TIOCTed B MporpaMme — caTelliuTe
KPOCC. IlapameTpsl TpyHTOB BBOAWMBIE B pacyeT
YKa3aHbl Ha PUCYHKE 5.

Tak kak OTCYTCTBYIOT JaHHbBIE HATYPHBIX UCIIbI-
TaHWW B TIpOrpaMMe — caTejuiuTe pa3paboTuyrMKaMu
peKoMeH]TyeTcsl IPUHUMATh 3HaueHue KodGhuim-
eHTa mnepeyruiotHeHus 1,0, a BeqMYMHY JaBJeHHS
nepeyIJIoTHEHHUs: IPUHUMATh PaBHOM:

— 5 T/M?— 1715 TJIMHUCTBIX TPYHTOB;

— 2.5 1/M* — s cynecu;

— 0 1/M? — 1714 MIECKOB.

e

= = =
E
¥E
4] NE
|
- |
|
F1 |
g ar
s n o ‘ﬁ =
_J
=] a [#] o a j
Puc. 4. Pe3ynbraTsl pacueTa ¢ npumeHeHueM Monenu [lactepHaka
|3 —
Un=aref | keugen Many _ Nenamrue & Tpvenae
HAurrn rana- D:\:2 JC‘PCDI"?IAH:I pyrosT 4?;3::21 n;;;nt:-lvl:;“n nepsACT Bk (1]
lim L s s 4 Iefam
1 |CAra ok s, IS 2628 Tameal [ | 4 |
7 |Cyraon A8 HHAZ 1.7 8638 TemEsd L6 1 £l ¥ Uscarw
% |CuradonTAme . 1.78 112 9341 667 [k 3 1 3
4 T s ue euid 17 1w 1A R r=f 1 [y
T Curadrok asruis 1.X 1095 15206 LG 1 5
@ Lnacora

Puc. 5. [TapameTpsl rpyHTOB, BBOAMMBIE B porpammy — catesuiuty KPOCC
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HwxHror0 rpaHuIly cxuMaeMoi TOJIIH oTipee- HacTpoiiku paznen «Pacuer» (puc. 6). [lo ymomya-
JISIOT TApaMeTPOM Oyp/G,g JJII TOTO TMEPEeWTH B HUIO Gp/Gy paBHO 0,2.

Hactpoiiku *

EmHiues usmepedns  OmueTw Ascik  Buayanwsawin PacueT  Owwe nNapamMeTpbl

HixHioro rpaHuLLy cxMMasMoi ToNLWKM oNpeNsnATs US YCNoBUA

[

! Heg 0.2

Ty - RONONHWTENEHOE BEPTMKANEHOE HANDAXEHWE

ﬁag - BEPTMKaNbHOE HanpAXeHWe oT cofcTBeHHOro BECa rpyHTa

[[] Coxpanats pesynsTatsl pacueTa

[ Huras oTMeTa cxuMasmoit ToNwK Sa038TCA NONbS0BATENEM

& 0K x OmenHa | MpuraeHrTE |@ CnpaEKa|

Puc. 6. [TapameTpsl, BBOIUMBIE [UIA pacdeTa HUKHEH rpaHuLbl C:KUMAaeMON TONIIIN

Pacuetsl ko3 dHULMEHTOB MOCTENU U 0CaJOK B npuMepHo 5 %. JlaneHeilee wucrnosib3oBaHKe

nporpamme — catrnute KPOCC npoBoguTes B He-
ckonbko urepammii [ 7]. KonndecTBo nreparuii onpe-
nenseTcs noka 3HaueHus kodgduurentos C; He cTa-
OMITM3UPYIOTCS U IOTPEIIHOCTh BBIYMCIIEHHBIX MaK-
CHUMAJIBHBIX ¥ MHHUMAJBbHBIX 3HAYeHWI COCTaBUT

KPOCC nenenecoobpasno. Konuuectso uteparmii
nonyunioch 10. 3HaveHus koadduimentop mo-
crenu nocye 10-0if uTepauyy MPUBEAECHBI Ha PU-
CyHKe 7.

Puc. 7. 3nauenns ko3 dunuenros mocrenu C; mocne 10-ii urepanuu

3HayeHHs 0CaJOoK MO MOJEIH NePEMEHHBIX MO
MI01AAH KO3(pPULMEHTOB MOCTENU B MPOrpaMme —

catwure KPOCC npuBeneHsl Ha pucyHke 8 B Buze
H30M0JIEN.

a
EEE W

C1 _ETTOETERE ]
ey

Puc. 8. PeBy.]'[I:TaTI;I 0CaJo0K MO0 MOAEIM NEPEMEHHBIX IO IIOIIaAn KO3(1)(1)I/II_II/IQHTOB MOCTEJIU B MPOrpaMmMe — CaTUJIJIUTE
KPOCC
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MakcumanbHas ocagka — 34,064 mm.

MunumasbHas ocaaka — 27,896 mm.

BoiBoabl.UucieHHble U aHAJIUTHYECKUE pac-
yethl BhinoiHeHHBIe 10 [IK SCAD office u no Hop-
matuBHoW Metonuku CIT 22.13330.2016 «OcHoBa-
HUS 3/1aHAH W COOPYKEHUH» TMOKa3all clieIyrolIre
pe3yNnbTaThl:

1. Yucnennslii pacuer no moaenu IlactepHak
nokazasl 0oJbIIMe 3HAUYSHUSI 0CAaZOK OTHOCHUTEBHO
0CaJiOK, PACCUMTAHHBIX AHATUTMYECKHM CIOCOOOM
o CII 22.13330.2016. MakcumainbHasi ocagka Mo
[TacTepuaky cocraBuna 58,44 mm u 48,0 Mmm anau-
THueckuM criocodom o CIT 22.133330.2016. Jlan-
Has MoJesib OOBIYHO MpPUMEHseTCs MpPU TOPU30H-
TaJbHOM HAIUIACTOBAaHMM HWH)KEHEPHO-TeosIoruye-
CKHX CJIO€B, HAa NPAKTHKE Takue ciydad BCTpeva-
IOTCS TOBOJIBHO-TAKH PEIKO.

2. YucneHHbIH pacyeT 1Mo MOJENu ¢ NepeMeH-
HBIMHU K03 dunreHTaMu nocTenu mo miomaan C, u
C, (mporpamma — catemuta KPOCC) mnokazan
MEHbLIME 3HAYEHUsI 0CaZOK OTHOCHUTEIEHO OCAMOK,
paccuMTaHHBIX aHamuTHYeckuM criocobom 1o CII
22.13330.2016. MakcumansHas ocanka no KPOCCy
coctaBmia 34,064 mMm m 48,0 MM aHATUTHYECKUM
crioco6om 1o CIT 22.133330.2016. JlanHble pe3ynb-
TaTbl CXOXKHU C AHAJOTMYHBIMH HCCIENOBAHUSIMU
Jpyrux aBTopoB B gaHHOM Borpoce. KPOCC no3zBo-
JSieT MOJENMPOBATh Pa3UUHbIe BHIbI HAMJIACTOBA-
HUS, HO TPeOyIOT OOJbIIeH TPYAOEMKOCTH T10 OTIpe-
JEJIEHUIO HWKHEH OTMETKH COKMMaeMoil ToJu
rpyHTOB. Takxke pacueTsl ¢ NPUMEHEHHEM MOJIeNU B
nporpamme-carennute KPOCC npoBoastcs B He-
CKOJIBKO MTEepaLMii, TEM caMbIM 3aMezisisl mpoLiecce
BbINOJIHEHUS pacyeTa.

Coznmarenu u paspaborunku [1K SCAD office
HE MMEIOT KaKuX-JMOO MpearnoyTeHuil no OTHOLe-
HUIO K TMpeacTaBieHHbIM Mojensm [7-9]. [lpu pac-
4eTe pa3u4HbINA BUIOB 3/JaHUI COBMECTHO C (yH1a-
MEHTOM M OCHOBAaHHEM, OCTaeTCcs HEepeLUeHHbIM BO-
Npoc B MPaBUJILHOCTH BBIOOpA MOJEIH I'PyHTOBOTO
OCHOBAHHS W OIpeeIeHUe pPa3IMyHbli NapaMeTpoB
rpyHTAa.

Bbibop mMopmenu rpyHTOBOrO OCHOBaHMs AOJ-
JKEH OCYLUECTBIATbCS HAa OCHOBAHMM KOHKPETHBIX
HMH)KEHEPHO-Te€0JI0rMYECKHX YCIOBUI CTPOUTENBLHON
MIOILAAKH, OT BUA M YUCIICHHOrO 3HAUYEHUsl Harpy-
30K M JIPYTUX pasivuHbIX QakTopoB. ITO TpedyeT
Gosiee MOPOOHOro M3yUeHHs! JaHHOTO BOMpoca Imy-
TE€M MOJEJMPOBAHUS PAa3IUUYHBIX TPYHTOBBIX YCJIO-
BUI M MOJENIEH IPYHTOBBIX OCHOBAaHMM, NpeaCTaB-
JICHHBIX B MpPOTPaMMHBIX KOMIUIEKCAX, a TaKkKe
CpaBHEHHE PacyeTHBIX NAHHBIX C HATYPHBIMU JAJIs
a7IeKBaTHOIO MOJENMPOBAHUSI B3aUMOACHCTBUS CU-
CTEMBbI «OCHOBaHUE-(PYHIaMEHT-COOPYKEHHUEY.

B panbHeiilneM miaHupyeTcs paccMOTPETh Me-
TOIMKY pacyeTa rPyHTOBOIO OCHOBaHHS C y4eTOM
noaranHoro 3arpyxeHus ocHoBanus B [IK SCAD
office B pesxume MOHTaX M BBINOJHUTD CPaBHEHHUE
C paHee PacCMOTPEHHBIMU MOJIENSAMU T'PYHTOBOTO
OCHOBAaHHUS C HATYpHbIM 3KcniepuMeHTom. Hegocrar-
KOM JIaHHOT'O PacyeTHOro crocoba sIBJseTCsl CJI0XK-
HOCTh yueTa U3MEHEHHsI IepeMEeHHbBIX K03dduipeH-
TOB MOCTEJIM BO BPEMEHH M C Y4YETOM H3MEHsIO-
Lieics Harpy3KH.
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SELECTION OF THE GROUND BASE MODEL IMPLEMENTED IN THE SCAD OFFICE

Abstract. The article defines and compares the obtained sediments based on the results of applying the
current regulatory methodology of the set of rules 22.13330.2016 "Foundations of buildings and structures"
and numerical calculations using various models of the soil base implemented in the SCAD office software
package, using the example of a frame-monolithic building of the residential complex which is called "Novaya
zhizn" in Belgorod. A brief overview of methods for joint calculation of the foundation and aboveground parts
using various models of the ground base: Pasternak with two bed coefficients, variable area bed coefficients
in the sattilite CROSS program and the model of linear deformable half — space implemented in SP
22.13330.2016. Analytical calculation of the sediment value for set of rules 22.13330.2016 is performed "man-
ually" by the method of layer-by-layer summation. The numerical calculation of the frame-monolithic building
is performed as a single system "building-foundation — base". The values of sediments and bed coefficients C1
and C2 based on the results of numerical calculation are presented in the form of graphical isofields of dis-
placements and bed coefficients. Based on the results of analytical and numerical calculations, the main con-
clusions are made and recommendations were presented on the applicability of each of the considered models
of soil bases.

Keywords: soil model, sub-base, foundation, Pasternak model, linear-deformable half-space, software
package, SCAD office.
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TEILIOBU3UOHHBIE UCCJETOBAHUA OPUT UHAJIbHOM IJIACTUHBI
TEIINIOOBMEHHHKA

Annomauyusn. Paccmampusaemcs co8pemennslii cnocod ucciedo8anus memMnepanmypHo2o nois Hazpe-
meix men. B xauecmee uccnedyemozo obvexma guicmynaem 20(puposannas menioooMeHHas niacmuna ¢
OpucUHATLHOL 2eomempueti. TennoooMeHHUKY A8IAI0MCA OOHUM U3 OCHOBHBIX U008 MEXHOI02UUECKO20 000-
PYOOBAHUSL @ CUCMEeMAax menjiocHaboicenus. B cmamve npusedeno cpagnenue 08yx 0CHOBHBIX MUNOE MENJIO-
00MEHH020 0OOPYOOBAHUSL: KOJCYXOMPYOHO20 U NIACIMUHYAMO20 annapamos. J{ana xapakmepucmuxa men-
nosuzuonnomy npudopy FLIR i50. IIpouseedeno cpasnenue cmandapmmoil menioooMeHHOU NIACUHbL U 20()-
PUPOBAHHOT NIIACMUHBL CO ChepuydecKumu YenyOleHUAMU, PACHONA2AIOWUMUCS NO TUHEUHOM) 3aKOHY HA NJO0-
waoxax medxncoy pupnenusmu. llpumenenue opueuHanbHbIX RIACMUH NO36018€H1 YEeIUNUMb YPPeKMUGHOCHTb
MENI00OMEHHO20 NPOYecca 3a cuem NOGLIUEHHOL MypoOYyau3ayuu menioHocumens. Ycmanosenena césase uc-
MUHHOU MEMNEPAMYPbl HA2Pemoz0 meid ¢ APKOCIMHOL meMnepanypoii abcomomuo wepno2o mend. Ilpoge-
OeHbl IKCHEPUMEHMAIbHBIE UCCIeO08AHUSA, 8 pe3ybmanme KOMOopbIX, NONYYeHO 3HaAUeHue cpedHell memnepa-
MmypeL Hazpemoz2o meja. Ima eeruyuna Heobxoouma os OdnvHellue2o paciema Kosgppuyuenmos menione-
peoauu, Komopbwle, 8 C80I0 0Uepedd, AGIAIOMC ONPeOeIOUWUMU NPU pACieme 0CHO8HO20 Napamempd, Xapax-
mepuzyiowe2o d¢dexmusHochy. pabomvl Menio0OMeHH020 000pY008aHUsl — KOd(duyuenma menionepe-
oauu. Ycmanoeneno, ymo npumeHeHue meni08UUOHHO20 MEeMOoOa s8I8emcs OPUSUHATLHBIM CNOCOOOM 8 UC-
Ce008AHUN MENTO0OMEHHBIX NPOYECCO8, NO3GONAIOUWUM NOKA3AMb pedlbHoe Yeeauuenue Kodphuyuenma

menionepedayu NIACMUHYAMo20 meni00OMeHHO20 annapamd.
Knruessie cnosa: niacmunyamuiii men1000MeHHbLI annapam, Kosguyuenm menionepeoaiu, menio-

suU30p, Mypoyauzayus, chepurecxue yeuyoaeHus.

Beenenune. Tepputopus Poccuiickoit ®denepa-
LMY SBJIIETCS cCaMOil OOJTBIION B MUPE U COCTABJISIET
17125191 km?[1]. TennosHepreTHUECKHil KOMILIEKS
Hawed ctpanbl npousBoaut 70 % Bced TerioBoi
sHepruu (6omne 32 Teic. korenbHbIX) [2]. Tpanuuu-
OHHO HauboJiblliee PACNpPOCTPaHEHHE MONTYYUIIO
LEHTPaIM30BaHHOE TeMjocHa0keHue. DTO CBI3aHO
C ero O4YeBUIHBIMU MPEUMYIIIECTBAMU: HU3KUN ypo-
BEHb JKCIUTyaTallMOHHBIX 3aTPaT, HAIMYHE BO3MOXK-
HOCTH MCIOJIb30BaHUsI MEHEee KaueCTBEHHOro TOIl-
nuBa. Kpome TOro, ocoO€HHO 3HaUMMBIMU MPEUMY-
LIECTBAMHU BBICTYTAIOT HU3KAs CTETNeHb 3arps3HeHHs
BO3/YILIHOrO OacceliHa (MOJHOe WM YACTUYHOE OT-
CYTCTBHE BbIOPOCOB) U BLICOKAs CTENEHb MOAJepKa-
HUS CAHUTAPHO-TUTMEHUYECKO 00CTaHOBKH B KpYTI-
HBIX Topoaax [3].

Hapsany ¢ uentpanuzoBaHHbIM TeriocHaOxe-
HUEM, B TIOCJIe[HUE NecATUeTHs HaOuparoT 000-
POTHI AELIeHTPaATM30BaHHbIE CUCTEMBI. DTO CBSI3aHO
C KOTTEPKHBIM CTPOUTENILCTBOM U POCTOM arjiome-
pauuii BOKpYr KpynHbIX ropoaoB. Tak 3a nocineaHue
20 ner, cripoc Ha 00OpPYIOBaHUE i IPOSKTUPOBa-
HUsl JCLIeHTPaM30BaHHbIX CUCTEMBbI BbIpOC Ha 65 %
[4].

Marepuansi u MeToabl. OCHOBHBIM 000pY/10-
BaHHEM, TPUMEHSEMbIM B TeIJIOCHAOKeHUH, SBIISI-
IOTCSl KOXKYXOTPYOHbIE M TUIACTUHYAaThble Temjo00-

MEHHBIE armnaparsl. 3To 00YCJIOBJIEHO WX SBHOMH 9KO-
HOMHYECKOU 3(h(HEeKTHBHOCTBIO, BBIpaXKArOIIeHcs B
SKOHOMUU 3HEPrid Ha TMOJOTPEB TEIJIOHOCUTEIIS
(KuakocTh, raz) [5].

B Hacrosiiee Bpemsi BbIPOCIM MPOAAXKM Ij1a-
CTUHYATBHIX TEIUIOOOMEHHbIX arapaTroB, KOTOpPbIE
OPULLIM HA CMEHY KOXYXOTPYOHBIM, WMEIOLIUX
6osnbiiue rabapuTHbIe pa3Mepsbl U, II1aBHOE, HU3KUI
ko3 duimeHt teronepeaaun [6]. BHewnuii Buj
KOXKYXOTPYOHOTO M IUIACTUHYATOrO TEIIOOOMEH-
HBIX annapaToB NPeCTaBlieH Ha puc. 1.

B nacrosiee Bpems B Poccuiickoit @eaepauuu
u pa3BuThix crpanax EC, CIIUA, Kanana, Kuraii Be-
JyTCS aKTUBHBIE Pa0OThI MO MOBbIIICHUIO 3(]dek-
TUBHOCTH pabOoThl TEIIOOOMEHHOTro 000pYI0BaHUS
[7-11].

B paznuuHbIX oTpacisiX MpOMbILIIJIEHHOCTH aK-
TUBHO MPUMEHSIETCS TEIUIOBU3MOHHBIM MeToa -
CTaHLIMOHHOTO OMNpeAeTIeHUs] TeMIepaTypbl, KOTO-
pblii MO3BONSIET OOHAPYKUTH U3NTydeHHe B WHPpa-
KpacHOM JMarna3oHe 3JIEKTPOMArHUTHOTO CIIEKTpa.
Ha ocHoBe 3TOro nsnmyveHus co3maetcs o0beMHOE
n300paXKeHre, TO3BOJISIOUINE ONPEISNIUTh neperpe-
Thle WM TiepeoXiaxaEHHble Mecta. OCHOBOH pa-
0OThI TEIJIOBU3MOHHOTO MPHOOpa sABJIsIeTCs onpee-
JIeHWEe TEeMIIEpaTypbl B OJTHOM TOYKe TeMmIeparyp-
Horo noJs [12].
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Puc. 1. BHenrHwii B TeMmooOMeHHOTO 000py10BaHHS:
a — KOXKyXOTpYOHBII Tern00OMeHHUK; 0 — MIaCTUHYATbIH TErnT00OMEHHUK

H3zBecTHO, UTO TeMMepaTypHbIM MOJIEM Ha3bIBa-
eTcsl COBOKYITHOCTh 3HAUE€HHWH TeMIlepaTyphl B 1aH-
HBIIT MOMEHT BPEMEHHU BO BCEX TOYKAX M3y4aeMOro
npocTtpaHcTia [13].

B of6mewm ciyuae ypaBHeHHEe TeMIepaTypHOTO
TOJIs UMeeT B

=Fx,y, 2, 1), @)

rae t — remmeparypa cpensl, °C X,y,zZ — KOOpAUHATEI
TOYKH CpeJibl; T — BpeM4, C.

TemnepaTtypHoe none, U3MEHsoLIeecs BO Bpe-
MEHH, Ha3bIBAE€TCS HECTALIMOHAPHBIM U OMHCHIBA-
eTcs 3aBUCUMOCTHIO [14]:

t=F(x,y,z);ot/ot=0. 2)

OnHuM 13 crocoOoB MoBbImeHus 3G ek THBHO-
CTH paboThl MIIACTUHYATHIX TEMTIOOOMEHHBIX arra-
paToB sBJIETCS HCMONB30BaHUE TOPPHUPOBAHHBIX
TUTACTHH CO chepUUeCKUMHU YTITyOJICHUSIMU.

Jns  uccienoBaHMS  TEMIEpaTypHOTO  TTOJIS
HaMHu OBUT MCITOJIB30BaH TETUIOBU3MOHHBIN TPHOOD
(TBIT) Flir i50 [15]. Cxema TeruioBu3opa mpeacTas-
JieHa Ha pHc. 2.

sheldy.ru

Puc. 2. YerpoiicTBo TemnoBuszopa:
1— nuH3a; 2 — uHppaKpacHsI ceHCop; 3 — mporeccop; 4 — MamsTh; 5 — SKpaH

[MpuHuun paboTbl TEMJIOBM30pa OCHOBaH Ha
npueMe UHPpakpacHoro uznyueHus (7,513 Mkm),
MCXOMALIEro OT JIF0OOro HarpeToro oObeKTa, MMero-
wero temneparypy ot -20 go 350 °C. H3znyuenue
yllaBnMBaeTcs ONTHYECKOW cUCTeMOl mpubopa, Ko-
TOpasi COCTOMT U3 CUCTEeMBI IUH3 | 1 ceHcopa ¢ ¢o-
TO3JIEMEHTaMHU 2, ocjie 4ero GoKycupyeTcs Ha npu-
€MHMKe, B KaueCTBe KOTOPOro BbICTyMaeT Mpolec-
cop 3, KOHBePTUPYIOUIMM BU3YyalbHBIA aHAIOTOBBIH

CUrHai B ajekTprudeckuil. Kak npasusno, oH Bblpaxa-
€Tcs B BUE U3MEHEHUS HAIPSXKEHUs! UJIM CONPOTHUB-
JieHus B 1leny npueMHuka. UHdpakpacHbiii CHUMOK
COXpaHseTcs B JOJrOBPEMEHHYIO MaMATh 4 U BbLIO-
UTCS Ha DKpaH 5 ¢ yactoToi kaapos 9 ['y [16].

Tennoornaua miaacTUH ¢ TOPPUPOBAHHON MO-
BEPXHOCTBIO K HAcTOSLIEMy BPEMEHHU HCClleJJ0OBaHa
HEeJ0CTaTO4HO.
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OcHoBHas yacTs. /715 cpaBHeHNS ABYX Harpe-
ThIX IUIACTHH, OOTEKaeMbIX IOTOKOM >KHIKOCTH,
BOCIIOJIb3yEeMCSl METOJIOM MapHOTo cpaBHeHus. JlaH-
HBI Ccroco0 sBIsiETCS] OJHUM W3 HHCTPYMEHTOB
OLICHKH W BBIOOpPA PElICHH, HIMPOKO UCIIONb3YeTCs
B DKCHEPTHBIX OLEHKAaX MPH HEOOXOJUMOCTH pac-
CTaBJISATh MPUOPHUTETHI B MpoLlecce KakoH-Tnbo aes-
TENBHOCTH WJIM PAH)XUPOBAHUS PA3TUYHBIX 00BEK-
ToB. Maes meTrodga COCTOMT B TOM, YTO IMOMAapHO
CpaBHUMBAIOTCS KaXKJble J1Ba OOBEKTa W OIpeJes-
eTCs MEePBEHCTBO OJHOr0 U3 HUX [17].

gy [

. hyAm

ITepBbIM OOBEKTOM HCCIIENOBAHUS SBIISETCS
ro¢pupoBaHHas IIACTHHA cO chepryueckrMu yriryo-
JICHUSIMH, pacIojiaraloliMMKCs 10 JIMHeHHOMY 3a-
KOHy. B KkauecTBe BTOpPOro o0beKTa MCHOJb3YyeTCs
cTaHJapTHas rodpupoBaHHas riactuHa. O6e ruia-
CTHHBI UMEIOT OJMHAKOBbIE TeOMETpUYECKHe pas-
Mepbl 300%x140%x3 MM u V-o0paznyro popmy rodp.
Jnametp chepuueckux yrimyonenuii 0,6 mm. Temme-
paTtypa IUIacTHH Omnpeelsiach pabourMH YCIIOBH-
SIMHM TeMIIepaTypbl TETNIOHOCHTEJISI.

Pe3ynbTaThl 3KCHIEpUMEHTOB MPEACTaBIICHbI HA
puc. 3.

PO-05-28

Puc. 3. TepmorpamMbl ropupOBaHHBIX MIACTHH:
1 — ro¢pupoBaHHas MIACTHHA CO C(hepUUSCKUMH yriTyONIeHIAMY, PACcTIONarafolMMUCS 10 JIMHEHHOMY 3aKOHY;
2 — cTaHAapTHas roppUpoOBaHHAs MJIACTHHA

B pesynbrate uccnenoBaHHMs MOXKHO crenaTh
BBIBOJI, YTO MOJU(UIMPOBAHHAS TOPpUpOBaHHA
M1acTHHA cO chepruIecKUMU yriTyOlIeHUsAMH, pacro-
JaralolyMUcs MO JMHEHHOMY 3aKOHy, o0jajgaer

OONbIUMM CHEKTPOM HH(PAKPACHOIO HW3IyUeHUs
(BbIcOKOI TemniepaTypoii). OcoOEHHO HArIAIHO 3TO
BHU/IHO Ha PUCYHKE 4, I/Ie OTHETJIMBO BUIHO BIMSHHE
yrityGneHuil Ha pacnpezieieHre TeMnepaTyphl.

Puc. 4. YBenuueHHoe I/1306pa)KeHI/Ie TMOBEPXHOCTHU MJIACTUH
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U3 tepMorpaMM BUIHO, YTO OCHOBHOM Harpes
MPOUCXOOUT B IUIOMIAJKAX, pPacroiararolrxcs
MeXIy roppamu. ITO elle pa3 MOATBEPKIAET Bep-
HOCTb BBIOPAHHOTO Crocoba MHTEHCU(UKAIIUU TeTl-
nooOMeHa B MIacTUHYATOM TErIO0OMEHHOM arma-
pare. bonee BbIcOKOe 3HaueHHE TemIepaTypbl 00y-
CJIOBJIGHO HanuyveM cepuueckux yriayoJaeHuH,
pacroyiararolxcs 1o JIMHEHHOMY 3aKOHY Ha pac-
cTosiHuM 6-12r, Tae r — paguyc ceprueckoro yriryo-
nenusi, M. CornacHo gpyHIaMeHTalIbHBIM UCCIIeI0Ba-
HusaM XKykayckaca [18], uMeHHO Takoe paccTosiHUE
crocoOcTByeT (pOPMHUPOBAHUIO HETIPEPHIBHOTO TYp-
OyneHTHoro ciena. B ocHoBy BbIOOpa 1aHHOTO Me-
TOAa HMHTEHCU(UKALMK JIeTIM HMCCIeJOBaHUsS CO-
TpyaaukoB BI'TY um. B.I'. lllyxosa [19-21].

[Tpu ncronabp30BaHNM TETNTOBU3MOHHOTO METO/1A
omnpenenseTcs JOKajdbHas TeMIlepaTypa B TOUKe AJIs
TIOJTyUeHUS Cpe/IHeH TemMrepaTypbl HarpeToro Tera,
KOTOpast UCTIONB3YIOTCS MPH pacueTe KoadduimeHTa
Terootaauu o, Br/(m? °C).

B kauecTBe HavaJbHBIX YCJIOBHUI MCIOIB30BA-
JIMCH:

- Temmeparypa MoToKa >KUAKOCTH OMBIBAGMO
TJTaCTUHBI ObLTa IOCTOSHHOM U paBHO# 80 °C;

- MPOJIOIHKUTENHHOCTH dKcriepruMenTa 30 MUH.

Pacuer ocyluecTBasicss Mo W3BECTHOM METO-
nuke, paccMoTpeHHoi B [22]. CornacHo [23] cBs3b

WMCTMHHOW TeMIepaTypbl HarpeToro Tesa c spKOCT-
HOU TeMIepaTypoii aOCOIIOTHO YEPHOTO TeJla BbIpa-
JKAETCs ClIeAYIOLUM 00pa3oM:

T
T (3)

T M
1 +?}: In(X,,

rae Tq — sipkocTHas Temneparypa aOCONIOTHO uep-
Horo Tena, °C; T* — xapakrepucTudeckas Temrepa-
Typa, 3aBUCALIAs OT JUTMHBI BOJIHBI CBETOQHIBTPA,
°C; Ky — koaduumeHT sipkoctu.

Temneparypa cdepuueckux yriayOnenuii omnpe-
Jensiack no gopmyie:

T
To=—7 "% “)
ch T s
1+ -In 51(—”
T. (D

rae D — oTHOIIEHHe KBaipaTa pacCTOSHUS [0 TETIo-
BU30pa K KBaJpaTy paauyca yriayOaeHus.

Takum oOpa3zom, Obuia omnpenesneHa CpemHss
TeMriepatypa TO(QPHUPOBAHHONW TMOBEPXHOCTH C
yriayosieHusMu v 6e3 yriryosienuii. Pesynbratel vc-
ClIe/IOBaHUsI MIPEJICTABJICHBI HA pHC. 5.

80
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Puc. 5. I'paduk 3aBUCMMOCTH BpPEMEHM HArpeBa OT TeMIEPaTypbl TUTACTHH:
1 — rodpupoBaHHas NaacTUHA co chepuuecKUMH YriayOIeHUAMU, pacioaralolluMUcs Mo JUHeHHOMY 3aKOHY;
2 — ropupoBaHHas MIacTUHA

U3 rpaduka BUIHO, 4TO TodprpoOBaHHAs TLIa-
CTHHA cO chepUyecKUMH YIriayOJleHUIMH, pacroia-
raloUIMMKCS 10 JIMHEWHOMY 3aKOHY, HarpeBaeTcs
ObIicTpee, UTO CHOCOOCTBYET MOBBIICHUIO 3(dek-
TUBHOCTH TEMJIOOOMEHHOTO 000pYyIOBaHUS U, B KO-
HEYHOM MUTOTre, CIOCOOCTBYET yBeJIn4eHUI0 Koaddu-
uuenTa temonepenaun K, Br/(m?-°C).

Pacuetnas ¢dopmyna ans onpeneneHust Kosd-
¢uumenta tennonepenaqu K, Br/(m?-°C) na ocHoBa-
Huu «[IpaBua TeXHUYECKOW SKCIUlyaTaluuy Temso-
BbIX 3HeproycraHoBok», CII 41-101-95 «IIpoexTu-
pOBaHME TEMJIOBBIX MMyHKTOBY» UMEET BUI:
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K= 1ﬂ 5 ©)
a  a, Ay

rie B — ko3 GUIHMEHT, YIYUTHIBAIOLINIA YMEHbIICHHE
kodduliMeHTa Temonepeaaun K3-3a TepMHUYe-
CKOT'O COIpPOTHUBIICHUS] HAKHUITM M 3arps3HEHU Ha
TIaCTHHE, B 3aBUCMMOCTH OT KauecTBa BObI IPHHH-
Mmaetcs paBHbiM 0,7 — 0,85; a4 - koaddunueHT Tern-
nootaaun, Br/(m>-°C); @, - kosdpduument Temno-
socnpuatus, Br/(M?-°C); 8., — TOJLIMHA CTEHKH
MIACTUHBL, M; Aoy — KOOPPHULMEHT TEMIONPOBOIHO-
ctu cranu, Br/(m?-°C).

HeobOxomumo OTMETHTB, YTO B JIaMHHapHOM
MOJCIIOE IEPEHOC TETUTOTHI OT )KUAKOCTH K TIIACTHHE
(1 HAoOOPOT) XapakTepu3yeTcsl TemIONPOBOJHO-
ctbio. COOTBETCTBEHHO, YeM TOJIIIE JIAMHUHAPHBIH
MOZCTION, TeM MeHbLIe TeTUIOTHI MepeaaeTcs yepes
HEro OCHOBHOMY MOTOKY. OTclola MOXHO CIeNaTh
BBIBOJI, YTO YMEHBIIEHHE TOJIIMHBI JIAMUHAPHOTO
TOZCTOS JKUIKOCTH y CTEHKH CITOCOOCTBYET TTOBBI-
mieHno  Kod(uiMeHTa TermooTAaYH, KOTOPbIH
onpenenseTcs mo popmyne:

o= A- Nu ’ ©)
/
rie A — xk03QOUIHEeHT TerIonpoBOAHOCTH Tea,
Bt1/(M?-°C); Nu — uncno Hyccenbra; [ — onpenensto-
M TeOMEeTPUYECKH MapaMeTp MOBEpXHOCTH (Juis
TIJIACTHUHBI — JIJTHHA, M).

Yucno Hyccenpra Nu siBiI€TCS € JUHCTBEHHBIM
KpUTEpHeM MoJ00Ms, NMPH HAXOKIAEHHUH KOTOPOro
MCHONb3YyeTCs 3HAaYeHWe CpeaHel Temneparypbl,
onpeneneHHOe MPAaKTUYECKUM CrnocoOOM ¢ MOMO-
mpto Teriosuzopa FLIR 150.

Takum ob6pa3om, mpUMeHeHHEe TeMIOBU3HOH-
HOTO METOJa SIBJISICTCSl OPUTHHAIIBHBIM CIIOCOOOM B
MCCIIeJOBAaHUM TETIIOOOMEHHBIX MPOLIECCOB, MO3BO-
JISIOLIMM TOKa3aTh pealbHOe YBeJIUYeHue Koapdu-
LMEeHTa TerJonepeaayd MJacTUHYaTOro Temnjaoo0-
MEHHOTO armnapara.

BriBoabl.

1. PaccMoTpeHHBbIII MeToJl WHTEHCU(UKALIUU
Tem1000MEHHbIX MPOLECCOB — HAHECeHUe cepuue-
CKHUX yri1yOneHuid 1o JIMHeHHOMY 3aKOHY, IIPUBOJIUT
K YBEJIMUEHHIO TypOyIM3aLuy TETUIOHOCHUTEIIS.

2. DKCHepUMEHTAJIbHO YCTaHOBIIEHO, YTO ce-
puueckue yriyonenus, auamerpom 0,6 MM, npuBo-
JSIT K BOBHUKHOBEHHIO BUXPEBOM 30HbI, CIOCOOCTBY-
foueii 6onee 3 hekTUBHOMY MepeMelIMBaHUIO Terl-
JIOHOCHTEJISI.

3. TlpoBeneHHOe cpaBHEHME IBYX MIACTHH IS
TEMJI000MEHHOr0 anmnapaTa MoATBepKIaeT Npeumy-
LIECTBO MCIOJIb30BaHUsI rO()PUPOBAHHBIX IUIACTUH
co chepUUecKUMH yIiTyOneHUsIMHU.

4. Bricokoe 3HavyeHue koadduuueHTta Temno-
nepeaayy NpUBEIET K CHIXKEHUIO CTOUMOCTH TETIo-
00MEHHOro 000pYAOBaHMs, YMEHbLICHUIO TabapuT-
HBIX pa3MepoB (METAIIOEMKOCTH).

Hcmounuxk ¢unancupoganua. Ilpocpavma
Paz8umus onopHozo yHusepcumema Ha oaze BI'TY
um B.I'. [llyxosa.
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THERMAL IMAGING STUDIES OF THE ORIGINAL HEAT EXCHANGER PLATE

Abstract. A modern method for studying the temperature field of heated bodies is considered. The object
under study is a corrugated heat exchange plate with an original geometry. Heat exchangers are one of the
main types of process equipment in heat supply systems. The article presents a comparison of two main types
of heat exchange equipment: shell-and-tube and plate devices. The FLIR i50 thermal imaging device is char-
acterized. A comparison is made between a standard heat exchange plate and a corrugated plate with spher-
ical recesses located linearly on the areas between the corrugations. The use of original plates can increase
the efficiency of the heat exchange process due to increased turbulization of the coolant. The relationship
between the true temperature of a heated body and the brightness temperature of a black body is established.
Experimental studies are carried out, in result the value of the average temperature of the heated body is
obtained. This value is necessary for further calculation of heat transfer coefficients, which, in turn, are deci-
sive in calculating the main parameter that characterizes the efficiency of heat exchange equipment-the heat
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transfer coefficient. The use of thermal imaging is the original way to study heat transfer processes, allowing
to show the real increase of heat transfer coefficient of a plate heat exchanger.
Keywords: plate heat exchanger, heat transfer coefficient, thermal imager, turbulization, spherical re-

cesses.
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IBOJIIOIIUA APXUTEKTYPBI CTOJIMYHBIX KJIYBOB AHI'JIMU U POCCUU
HA PYBEXKE XVII-XIX BB.

AHHOmauua. B cmamve, paccmompena npooiema opeanuzayuu cpeosl KVismypHoU OeameibHOCmu e-
nosexa 6 XVIII gexe u nouck eé pewenus apxumexkmopamu. Lleavto seisemcs gvisigienue ocobeHnocmen
(pyHKYUOHATLHBIX, KOHCHPYKMUBHBIX U UHBIX) PaHee CYecm808a8UIUX APXUMEKIMYPHBIX 00beKmo8 (K1ybos)
XVIII-XIX gexos. [Iposeoen cpagHumenvublii aHaiu3 paod ucciedyeMulx 30anull (kiy608) Ha npumepe 08yx
Kpynuvix cmpan mupa Anenuu u Poccuu. Onucanvt 30anus, nomeuyenus, npucnocoodiennvle noo Kiyowl, KOmo-
pyle usHauanbHo 803HuKIU 6 JIonooune, a nosoice ¢ Cankm-Ilemepbypee. Paccmompen 00uH u3 nepewix KiyOHbIX
06vexmog ¢ Canxm- I[lemepoypee « Anenuiickuii kayo», komopwiii ovin chopmuposan «Anenuiickum Codpa-
HUEeM» C YUEMOoM Ucmopuieckux xopuet kiyboe Jlonoona. Ha ocnosanuu namypueix uccie0o8anuil u uzyye-
HUSL COXPAHUSULIUXCSL UCTOPUYECKUX 2PAPUYECKUX MAMEPUATIO8 BbIAGIEHbL XApAKMepHble SManvl pazeumust u
0COOEHHOCMIU BO3HUKHOBEHUSL HOBO20 0I5l MO20 8PeMeHU MUnd 00uecmeeHupix 30anuti — ky6os. C nomouvio
CPAGHUMENLHO2O U MUNOTOSUYECKO20 MEMOOd ONUCAHBI RAAHUPOBOUHBLE U (DYHKYUOHATbHBIE OCOOEHHOCTNU
pazsumus KIyoHoU apXxumexmypbi 8 « HPUCHOCODTICHHBIX KI1YOaxy, KOMopwvle NOGIUSLIU HA (hOPMUPOBAHUE COO-
cmgenno2o muna 30anus. OnpeodesieHvl Kpumepuu K gblOOpy 30anusl, NPUCNOCoONIeHH020 noo kiy6. K num om-
HeceHvl: Haluuue MeCmumenlbHo20 3aid, 6HYMPEeHHe20 080pd, NpuemMaemMds CIHOUMOCMb apeHObl, HAluYue
60aLULOT CMOTIOBOT, BHAYUMOCHL MEPPUMOPUATLHO20 pacnonodicerus. C HOMOWbIO aHANU3A CHOPMUPOBAHDL

NPUHYUNBL RPOSKMUPOBAHUSL KIYOA KAK COOCMBEHHO020 MUNA 30 AHUSL.
Knioueewvie cnoea: Apxumexkmypa anenuiickux K1y60s, noiumuyeckue Kiyovl, KoQelinu, masepHsl, Kiyo-
Hule coobwecmaa, Anenuiickuti kiyd [lemepoypea, Jlsopsanckoe cobpanue.

BBeaenne. B vicropun pa3BuTHS UUBHIM3ALWN
Y TOCY/IapcTB KakJ0e o0IecTBo, Jymaroriee o ¢hop-
MHUPOBAHWUH JIMYHOCTH YeJIOBEKa, CTapaeTcs Mpeao-
CTaBHUTH MY BO3MOKHOCTH B peajM3aliy ero 3amnpo-
COB, MHTEPECOB, TBOPUECKOro MOTEHUMAIa U KYJlb-
TYPHBIX YCTPEMJICHUIA, UTO J1eNaeT akTyanbHOM Npo-
OJieMy opraHu3alyy cpe/ibl JOCYTOBOM U MHOM KyJlb-
TYPHOH [€ATEJbHOCTH 4esioBeKa. PeuieHue 3Toi
npobjeMbl CBS3aHO C MOMCKOM apXWUTEKTOpaMu M
MacTepaMy Takol apXUTEKTYpHOI (opMbl, KOTOpast
COOTBETCTBOBaNIA Obl CYLIECTBYIOLIMM 3anpocam 00-
LIecTBa M 3aKa3uuKa B ONpeneNEHHbIA MCTOpUue-
CKUH mepuol. B cBs3M ¢ ueM MoMCK 3TOM apXHUTeK-
TypHO# (hopmbl 1 ocobeHHocTel e€ TpaHchopmalyu
ObUT M OCTAETCS TI1aBHOM 3a/1aueii apXUTEKTOPOB, TAK
Kak MMEHHO oHa ((hopma) opraHuzyeT NpOCTpaH-
CTBEHHYIO Cpelly uYesIoBeKa, CIIOCOOHYIO BJIMATH Ha
€ro caMopa3BUTHE U XKU3HEAEATEIIbHOCTb.

3HayuMbIii BKJIaJ B CO3AaHUE apXUTEKTYPHOTO
obOpa3sa popmupyeMoii cpe/ibl, B 4aCTHOCTH, BHECIIH
apxutekropsl Yapn3 boppu, Cuaau Cwmupk, TLIL
Kako, K.H. Poccu v np. bnaronaps M ogHuM U3 TH-
MOJIOTMYECKUX HampaBleHUH peanu3aluu OINMucaH-
HBIX 3alpOCOB OOIIECTBA SBUJIOCH MOSIBIIEHUE KITyO-
HbIX 3AaHui. MccnenoBanue nx 3BOJIIOLMH, OT NpU-
CnocoOyieHusl CYLIECTBYIOIIMX 3AaHui, 10 MmosBie-
HUSl CHIELIMAJIBHOTO TUIIONIOTMYECKOro psia v aHau3
JayibHelnel  TpaHchoOpMaluM — apXUTEKTypHOU
¢hopmbl OyayT criocoOCTBOBATH BbISIBJICHHUIO CTENEHU
WX BJIMSHMS Ha JanbHelillee pa3BUTHE 3TOrO TUMa

3naHuii B Poccru 1, B KOHEUHOM cHETE, IEPCIIEKTUBY
WX Pa3BUTHS ¢ YHETOM COBPEMEHHBIX 3aMPOCOB poC-
cHiickoro obriecTsa.

ITomusaras mnpobnema, oOyclOBUBIIAS IIEJb
HACTOSILLEro UCCIe0BaHMsl — BbIBJIEHHE OCOOEHHO-
CTeli SBOJIIOLMH apPXUTEKTYpPbl KI1yOHbIX OOBbEKTOB B
Poccun — norpebGoBana paccMOTpeTh MCTOKM BO3-
HUKHOBEHMsl 3TOr0 TUMNA 3/aHUM, BbIABUTb OCOOEH-
HocTH KiyOHo# apxutekTypbl XVIII-XIX BekoB u
MPOBECTH CPABHUTENIbHBIA aHANIU3 HCCIelyeMbIX
o0bektoB B Jlonaone u Cankr-IletepOypre.

Martepuansl u MeToAbL. MHOrOAacCHeKTHbIH
aHallu3 apXUTEKTYpbl AHITMHCKUX K1yOoB 1 CaHKT-
[eTepOyprekux Ki1yOOB BBIMOJHEH HAa OCHOBaHWUHU
NpOBECHHUs MCCIIeIOBAaHUN OTAENbHBIX OOBEKTOB,
U3yUYeHUs apXWUBHBIX MCTOYHHMKOB, H300pa3uTelib-
HbIX W KapTorpaMueckux MaTepuasioB, a TaKKe
CPaBHUTEJILHOIO U TUIOJOIMUYECKOIr0 aHA/IN3a.

OcnoBHas yactb. B Poccun kiyObl, kak apxu-
TeKTypHas (opma, rie Morjia peajln3oBaTh CBOU 3a-
MPOCHI YaCTh POCCUICKOro 00LIecTBa (3NIMTa), MpHU-
Omvk€HHas K uapro, nosBuiuch B cepenuHe X VIII
Beka. 3adukcupoBaHbl OHM ObLTM MOJA Ha3BaHUEM
«AHrnurckoe codpaHue» B YeCThb MEPBBIX YUpeau-
TeJled — aHIJIM4YaH, TaKk KaKk MMEHHO OHM 3aBe3Jd
KIyOHble Tpaguuuu B ctonuuy Poccuiickoro rocy-
napctea Cankr-IlerepOypr. Hanuuue Takux uctopu-
YECKUX KOpPHEH B HcclieAyeMbIX 00beKTax norpedo-
BaJO M3HAYalbHO KPAaTKO paccMOTPETh XapakTep-
Hble uyepThl JIOHIOHCKUX K1yOOB 3TOro nepuoaa.
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[epBbie KITyOBI Kak albTepHaTHBA MECTY TPO-
Be/IEHUs J0Cyra /Ul MpeACTaBUTEIeH JITUT MOSBU-
nuce B Jlonpone B XVII Beke. D10 Gblin o0O11ecTBEH-
Hble OpraHU3alK 3aHUMaIOLIMe HeOOoJbLINe TOMe-
LICHUS B TaBepHaX, KOQeWHsX, TJie 32 CKPOMHbII
B3HOC KX/IbII1 MOT MOJTYYUThb BXOJ B YIOTHOE MECTO,
KOTOpOE MCMOJIb30BANIOCh sl BCTped M pa3Biieve-
Huit (puc. 1). Kodeiinu 1 TaBepHbI IMENN pa3aryus
W OTrpaHWYCHUS B TOBEICHWM TOCETHTeNei, o0y-
CJIOBJIGHHOE TeM, YTO Ko(peliHH MpeacTaBsiiii OO0k
MPOCTPAHCTBO JISl PaJUKaJbHOW MOJMTHKH, CBO-
00/pI CII0BA, TOT/IA KaK TaBEPHBI ObLTH KOHTPOIHUPY-
eMbIMHU TIOMELICHHSIMH C aTMOc(epoil yBaXKeHHs.

[Ipu 5TOM camu AOMa WIMENH Y3KYIO MPSMOYTOJb-
HYIO0 KOH(UTYypaluio B TU1aHe, OONBUIMHCTBO U3 KO-
TOPBIX OTJIMYAIOCH JIMUIb 3aCTEKIEHHBIM MEPBBIM
ataxkoM (puc. 2). Co BpeMeHeM 3TH JoMa — KITyObl
MONY4HiIM Oosiee HIMPOKOE PaclpocTpaHeHHe B ro-
poaax, B CBA3U C YeM YCJIOKHUIACH UX (YHKIHO-
HaJlbHas OpraHu3alusl. T U3MEHEHHS BBIPasKaJIUCh
B pacIIUpeHUM KIyOHOW JAeSTelIbHOCTH, KOoTopas
TpeOoBana GoJbiuX Iiolnaaeid. B pesynbrare no-
XOAWJIO JI0 TOTO, YTO MOJ KIYOHYIO JesTeNbHOCTh
OTBOJIWJIOCH NPOCTPAHCTBO BCero 3aanus [1].

Puc. 1. Kogeitasa Old Slaughter's. [2]

Pacumpenue ¢pyHkumii KiyOOB BbI3BANIO Cliety-
IOLIMH 1Iar B UX Pa3BUTHHU — CO3JIaHHE COOCTBEHHOTO
Tuna 3gaHus. [1por3o1io 31o B CBA3M C OTACIEHUEM
Kkiy0a oT ko(heHHU UM TaBepHbI, TO €CTh OT «IpH-
crnoco0JIeHHOro npocTpaHcTBay. Kak ciencreue, Bo
Bropoii mosoBuHe XVIII Beka, korna kinyObl Jo-
CTUIJIM BBICOKOHM MOMYJISIPHOCTH, OBbUIM MOCTPOCHBI
nepBble caMocTosTe bHbIe 31aHus «KityOb1», Bo3Be-
néHHble U3 kamus. [lpu sTOM coumansHOe mosexe-
HHME YYaCTHUKOB KiIy0a OTpa3suaoch Ha HOBOI THIIO-
JIOTHH, KOTOpas peICTaBIIsia cCOO0M HEUTO cpeHee
MesKay Oe30MmacHbIM, YeIHMHEHHBIM MPOCTPAHCTBOM
noMa v MyxckuM OparctBom. K mpumepy, ¢opma
MO3AHEBUKTOPUAHCKOTO KiIyOa Oblla clenaHa Tak,
ytoObl U30paHHas rpymnmna JUKeHTIbMEHOB 3a Mnpeje-
JaMH CBOMX ycaled uyBcTBOBana ceOs Kak JoMa.
IMosTomy «White's Cluby», cuuTatouuiics nepBbiM
KJIyOOM, BO3HMKIIUM B 1697 r., HalOMUHAN cO0O
tayHxayc. Cpenu ero ocobeHHOCTeil Hamu Bblje-
JIEHO HaJM4Me Ha TEePBOM STayKe JOBOJIBHO HU3KHMX
MOTOJIKOB, YTO CO3/IaBaJIO OLLYLICHUE KBAPTUPbI HJIH
HeOosbuoro orensi. [Ipu BXone B Hero pacrosiara-

Puc. 2. Kogeitna Garraway's, 19 Bek [1]

JIMCb TPU KOMHAThI OIMHAKOBOrO pasmepa, 1o cepe-
JWHE — XOJUIL, BeAYUIMHA B MEHbBLIYIO MPHUXOXKYIO
(xomn), U3 NpUX0oKeHd MOXKHO ObUIO MOMACTh B KOM-
HaThl C JICCTHUYHBIMHM OTcekamMH. B nome Haxomu-
JIOCh YeTbIpe JIECTHULBI, JBE U3 HUX ObLIM 3arac-
HBIMM, OJTHA MOJIBaJIbHAs M OfiHA Ii1aBHas. Hamuuue
IJIABHOM JIECTHHLIBI CUUTAJIOCH OIHUM M3 OCOOEHHO-
cteit aToro noma (puc. 3) [2]. CaMbIM KpacuBbIM 3a-
JoM kiyba cuurasics oOeZieHHbIN, OH pacroJiarasics
Ha BTOPOM dSTaxke M ObLT yKpalieH O0JIbUIMMU MOpT-
peramu KopoJjeil, BUCEeBIIMX Ha cTeHaX. Kaxnas
TOpLEBasi CTCHA MMella KAMUH, OKPY>KEHHBIN apoy-
HbIMU HUlaMu. «I1» obpasHas dhopma 3nanus chop-
MUpoBaja 3agHuUi ABOp. B HEM B neTHee Bpems
YUYaCTHHUKH KJTy0a yCTpauBaiy YaeruTHsl.

B 1811 r. Obina cienaHa peKOHCTPYKIMS Kity0a
(puc. 4), B Xxo[1e KOTOPOH yBENTMUUIIACH JIEBast yTPEH-
Hssl KOMHATa 3a CUYET XOJula, a caM XOJUT IepeMeLiEH
B TpaBYyIO YTPEHHIOIO KOMHaTy. JIBepb Oblia 3ame-
HEeHa Ha LEHTPAJIbHOE SPKEPHOE OKHO, «pa3douToe»
Ha TPHU YaCTH HOHHUYECKUM OPIICPOM.
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Puc. 3. White's, .HOHZ[OH 1800 r. ITnan [2]

[TokazarenbHBIM MPUMEPOM PA3BUTHUS paccMmar-
puBaemotii dopmel sBiseTcs kayo Boodles moctpo-
eHHbIN B 1762 . (puc. 6). IlepBblii 3Tax nmen kup-
MUYHYIO OLITYKaTypeHHYIO MOBEPXHOCTb C Tpems
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Puc. 5. Boodle's, ynuna Cent-J[xetimc, turansl [5]

CornacHo miaaHy (puc. 5), HaMu BbleJIeHbl Xa-
paKTepHble YepThbl 34aHUS — 3TO JBa IBEPHBIX MpPO-
€Ma, KOTOpble BEAyT B XOJUI C IJIABHOH JIECTHULIEH,
cielaHHOW U3 KaMHsl. PAoM ¢ rmaBHOM JlecTHULIEH
pacrosoxeHa kKaMeHHas ciykebHas nectHuua. [lep-
BOHAYaJIbHOW CTOJIOBOM 3TOr0 AOMa YK€ HE Cylle-
cTByeT. BMecTo Hee mocTtpoeHa Gojiee mpocTopHas
KoMHaTa. «IIpeBocxoaHas rocTMHas Wiv CaJoH» Ha
BTOPOM 3TaXke MpeACTaBiseT co00i MomyTopasTaK-
HO€ MpOJO0JIroBaToe B IJIaHe NOMELIEHHE, ¢ LIMpPO-
KHM JBIMOXOJIOM, CJIerKa BBICTYMAOLUM U3 CTEHBI.
Hanuuue >Tux 4epT 31aHUs 0OOCHOBBIBAET BBIBOJ O
TOM, 4YTO (YHKUMOHAJIbHOE Ha3HaueHWe KiyOoB
(oHM cTanu MecToM OOUIeHUS U OAHKUM M3 BUOB Tie-

R ‘;"‘J

Puc. 4. White's, JlonnoH, 1852 r. ®acan [3]

MPOCTBIMU MPSIMOYTONbHBIMA OKHaMHM B €ro LeH-
TpajbHO# uacTH. Ha BropoM sTaxke riaBHoro acana
HaXOJMJIOCh OOJIbILIOE BEHELIMAHCKOE OKHO € Y3KUMHU
O0KOBBIMU  (hOHApSIMHU, OOpaMIEHHBIMU HOHHWYeE-
CKUMH KOJIOHHaMU [4].

Puc. 6. Boodle's, ynuma Cent-/[xetimc, dacan [5]

penavu Tpaauuuii U KynbTypbl B JIOHAOHE) MOBIH-
10 HA UX [UIAHKPOBOYHOE PEILEHHE, YTO OTpasu-
JIOCh, B YACTHOCTH, B kiiybax White's u Boodle's. B
9TUX 3JaHUSX TaKXKE MPOCIIEKUBAETCS BEPTHUKAIb-
HOeE pasziefieHre Ha TpU 00bEMa, 1EMOHCTPUPYIOLIEE
cummeTputo. Kpome Toro, Ha acaiax riiaBHbIM diie-
MEHTOM CTaJI0 LIEHTPAJIbHOE apOYHOE OKHO, MOAUED-
KHMBarollee 00Jiee BBICOKMI 3TaxK. ITOT 3JIEMEHT
CTajl IEMOHCTPUPOBaTh MPOCTOP W B TO XKe Bpems
yeIMHEeHHUe, a TaKXKe «cepie» Kiyda, Kyaa MOr To-
nacTh TOJBKO Y3KWii Kpyr jrojaedd. B urtore takue
IUIAHUPOBOYHbBIC PEIICHUS TPUIABaId PacCMaTpPH-
BaeMbIM 3/1aHUSAM 0CO00€ MOJIOKEHHE CPEIH APYTUX

[5].
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OuepenHoe MoKoJIeHUe KITyOOB opMHUpyeTCs B
Hayasie XIX Beka. B 3TOT nepuon BUIHbI paJuKasb-
HbIE U3MEHEHHS B apXUTEKTYpe 3TOrO THMa 3JaHHH.
OO0ycoBNeHbI OHU MIOCTENEHHBIM pa3BUTHEM Tpebo-
BaHMIA K MIAHUPOBKE U MacIITaly MOMEUIeHUH KakK B
JIOMax, TMPUCTIOCOOJICHHBIX MOJ KJIYObl, TaK U B OT-
JIeJIbHOM THIe 3JaHri. B utore nmomeuieHus, Kaxk u
camM 371aHusl ctanu Oonee KPyNMHbIMM, TaK Kak Te-
nepb BKJIIOYANH OOIIMPHYIO TIPOrpaMMy MepoTpus-

THI, YTO CMIOCOOCTBOBAJIO MX BBIICTIEHHUIO B TOPOJ-
ckoii cpenie. Pacuiipenue pyHKIIMOHATBHOTO HATOJI-
HEHMs KIyOOB MOBJMSJIO M HA UBMEHEHHE X BHElll-
Hero Buja. B nepByro ouepeab 31U npeoOpazoBaHus

OTpPa3WIINCh Ha CMEHE CTHJIS: OT HAIMYMS IPEUeCKUX
3JIeMEHTOB Ha dacase 10 NosBiIeHUs GopMbl UTa-
absHekoro [lanmanuo. IlepBoe Takoe 3nanHme —
Travellers' Club na ynuue Pall Mall, aBropom koTo-
poro sBnsietcs apxutektop Sir Charles Barry, mo-
ctpoeHo B 1819 r. (puc. 7) [6].

wiiol by

T

Aasa Rt
ALLLLLLY

At

5 Rl

(TRt 5;

oo
Puc. 8 Carlton Club nnas [7]

B Toxe Bpems apyrue kiyObl B pa3BUTHU CBOEH
(OpMBI «I1enany mar» MexIay KJIacCUYecKo, rpeye-
CKOM, pUMCKOM TpanuLuen u Bo3poxxaeHreM Penec-
caca. OOpa3loM 3TOro U3MEHEHUs SIBJISIOTCS JBa
kny6a — Carlton Club u Reform Club, kotopsie B ka-
YecTBe OCHOBHOI'O BUJA IOCYrOBOHl NI€ATeNBbHOCTH
BKJIFOUWJIM TOJIMTHKY. A Tak Kak MOJUTHYECKHE
KIyObl CTallv OTAeNbHOM KaTeropueii B XIX Beke, TO
apxurekrop Sir Charles Barry B 1837 r. npu npoex-
tupoBanun Reform Club ucnonb3oBan ctusib uta-
JapsHckoro Bospoxaenus. Wpes 3axnmtovanace B

Puc. 9 Carlton Club ¢acan [8]

NpUAAHWU 3JIaHUI0 OOraTroro, mnpe3eHTadbeIbHOro
Buza (puc. 9). Mnes v petieHue ObLIO CBSI3aHO C KOH-
uenuuei, jaexauleid B OCHOBE MOJIUTHYECKOro 00-
pasa apxMTEeKTypbl UTalbsiHCKOro PeHeccanca, otiu-
yarolelcss OT KOHUENUMH, nepeaaBaeMblX oOple-
pamMu 1 XxpamamH Kjlaccuueckoro nepuona. Ecnu no-
pUUECKME KOJIOHHBI M TUMIAaHbl NPUAAIOT 3AAHUIO
OTPeNeNEHHYIO  «OTKPBITOCTBY, TO MAaCCUBHBIN
00BEM MOy TMPOBAHHOIO Manaulo NOKa3blBaeT ero
HE3aBUCHMOE roCcMoJACTBO. Takoe W3MEHEHUe CTUMS
O3Hayvasio OoIblIe YeM «CMEHa MOJIb», OHO TO CYTH
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COMPOBOXKAAIO COLMAIBHYIO 3BOJIOLMIO  (OPMBI
Kiy0a OT JeMOKpaTHUecKoW KO(eWHH K «BIIACTH
SKCKJIIO3UBHOTO KITy0a.

XapaKkTepHbIM MPUMEPOM PeLIeHHs 3TOW Heu
spnsiercs Carlton Club — nom KoHcepBaTHBHO# map-
Tn. Apxutextop Cugam Cmupk B 1818 1., mpoekTu-
pyd 34aHMe, Ha IUIaHE BU3YallbHO PAa3JeMIl ero
00BEM OCeBBIMM JIMHUSAMH, Pa3MECTHUB B LIEHTpPE
KBaJ[paTHBII BECTHOIOJIb C MIABHOM JIECTHUIICH (pHC.
8). Ilpu sTOM €€ mepBas cTyneHb BHIMONHANA QyHK-
LHIO MOJNYMa, Ha Hei MOXKHO OBLIO CTOSATh BO BpeMsI
mutnHra. Kiyd Obut pekoHcTpyvpoBaH B 1846 T,
YTO 3HAYUTEIIBHO PACIIMPUIIO €ro 00BEM C 3armaHoH
cropoHsl (puc. 9) [7].

Hpyroe 3nanne Reform Club — ucropuueckuii
00lIeCTBeHHBIN KITyD, pACMOJIOKEHHBI B caMoM
LEHTpe ropoAa, B MOTPSCAIOLIEM MECTE, COYETAJIO B
cebe aeraHTHOCTh U Beanuue. CIpoeKTUPOBAHHOE
Sir Charles Barry B ctuie pumckoro BozpoxneHus
(puc. 11), 3gaAme oT4acTH TIOXOXKE Ha KIyO
Travellers,” MOCKONIbKY OHO Takke 3aKOMIIOHOBAaHO
BOKpPYI' OTKPBITOIO JBOpa C XOJIJIOM Ha CEBEpPHOH
cropone. [Ipu sToMm, cormacHo mnany (puc.10), B
LEHTpe 3aHHs PacIofioKeH MPSIMOYTOJbHBIN 3all,
OKpY>KEHHBIH ranepeeii, kotopas paboTaeT 1 Kak Mo-
CPEIHMK BCEX YPOBHEH M KaK MCTOUHHMK OCBELLEHHSI.
Kpeiteiit 1Bop k Tomy ke crtan «bonbmoil rane-
peHHON KOMHATOM, TeaTpoM, KOTOPbIA MOI IIpUMe-
HATBCS B PA3IMUHbBIX LEIIAX).

l'"ﬂ!""ﬁf"‘j‘
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Puc. 10. Cxemarnueckue ransl Kiy6a Reform.
Pucynku: Conb [lepec MapTunec
Beepx: [1nan nepBoro staxa:
0 — Pall Mall Street;1 — Bectu6tons; 2 — Xomn win canos; 3 — YTpeHH:s koMHaTa; 4 — KoMHaTa He3HAKOMIICB,
5 — Kodeiins; 6 — 3akpoiThiii noabesn; 7 — [anepes. [Tepsbiii atax; 8 — KomHara 1uist kapTouek;
9 — KomHara xomureTa; 10 — KyputenbHas komHara; 11 — bubnuoreka; 12 — bunbsapa [9]

b

ok

ﬁ -
Puc. 11. ®acan Kiny6a Reform [10]

[Tpu 3TOM, HE CMOTpS Ha UMEIOIIMECS PA3TUUMS
mexay Reform u Carlton, a Takke ux oTaMuueM oT
Ipyrux KiyooB (kogeiiHb) ocTaéTcs BaKHbIM NpU
MPOEKTUPOBAHUN KITyOOB HCIIOIB30BAaHHE TAKOIO
3JIEMEHTa KaK KaMHH, BO3Jie KOTOPOro AOJDKHBI CO-
Oupartbest nocerutenu. CBA3aHO 3TO C TeM, UTO Ka-

MHH B apXUTEKType AHIJIMK MO-TIPeXHEMY OcTa-
BajlCs CUMBOJIOM JAoMallHel OOCTaHOBKH, CBS3aH-
Holi ¢ uaeeid komopra [10], uto ocobeHHo npocne-
xuBaercs B kiyoe Reform. CpaBHeHue mpuBenéH-
HBIX JIBYX MOJMTUYECKHUX KITyOHBIX 3laHUH MOKa3bl-
BAaET 3TY B3aMMOCBSI3b B APXUTEKTYpE MO3IHEBUKTO-
pHUaHCKol KIyOHOU KyJIbTYpe.
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TecHble CBS3M MEKTY SMTAMHU PA3IMUHBIX TOC-
yIapCTB, CTPEMSIIUXCS K KyJIbTYPHOMY W TIOJUTH-
YecKOMY OIPEeJeSICeHHI0O W CaMOBBIPAKEHUIO, CIO-
COOCTBOBAJIM PACIPOCTPAHEHHUIO APXWUTEKTYphl aH-
TJIMHACKHX KITyOOB, B TOM uncie u B Poccun. Ilepeeie
knyObl Bo3HMKJIM B Cankt-IletepOypre, u mnosBu-
JUCh OHM KaK NPOJODKEeHHe KIyOHBIX Tpaauumid
Anrmuu. [lpuunHoi TOMy cTano MOsBIEHHE WHO-
CTpaHIeB, 0oMblIas YacTh U3 KOTOPBIX MpHUObLIA B
Cankr-Iletepbypr n3 Auraun. OHU BBENW Tpajau-
LMIO COOMpaThCs MO [Ba pasa B HEJENO B OAHOM U3
TOCTHHMIL /i1 OT/JbIXA, 32 CTAKAHOM BHWHA, I7ie Be-
cesio nmpoBoauiu Bpems. Crenyst 5Tol Tpaauuuu, B
Hauvane 1770 r. mpoxkusasiuue B IlerepOypre muHo-
CTpaHlbl BO TaBe ¢ QadpukanTtom DpaHcucom
['apaHepoM couny HeOOXOAMMBIM OCHOBATH CHELHU-
asibHOe coOpanue, win ki1y6. OgHako, Bckope Kop-
Hennii ['apanHep 3akpbul 3aBeleHWE, B CIEICTBUE
yero @panumc ['apaHep npeanokuil CBOMM yupeau-
TeNsM, KOTOpbIX Habpaniock 50 yenoBek OCHOBAThb
caMocTosATeIbHOE 00IIecTBO, WK KiIyd. B pesyinb-
tate, 1 Mmaprta 1770 r. 6bIJI0 OCHOBaHO OONIECTBO Kak
Cankr-IletepOyprckoe Anrmutickoe CoOpanue (B
obuxone yaile Ha3biBaeMoe «AHIIMHUCKUM KITy-
60M»). DTO OBIJIO OJJHO U3 CAMBIX MPUBHIIETHPOBAH-
HBIX OOLIECTB CTOJHUIIBI KOTOPOE CTAJIO POIOHAYalTh-
HUKOM B MIPUCTIOCOOIEHNH 31aHUH MO KITYOBI.

HUctopus npucnocobnenus 3aaHuii nos KiryObl
Havajach ¢ goxoaHoro nqoma kymua Konpama Kuze-
Jbsa 0o yia. Manoit Mopckoit Ne 17 (puc. 12) [11].
3nech, Ha IEPBOM 3TaKe, IEPBOHAYAILHO Pa3MEeCTH-
nock «Cankr-IlerepOyprekoe Aurnutickoe Cobpa-
HUE» B CBA3M C TEM, YTO, BO-MEPBbIX, UMEJICSI BMe-
CTUTEJIbHBIN 3aJl, & BO-BTOPBIX, OIJIaTa apeH/bl Co-
crasnsna 500 pyGaeii B roa. K xonwy 1771-ro uncno

. i R
Puc. 13. lom demunossix. [nan 2-ro staxka [15]

ITo HeKOTOpHIM NpUYMHAM, TAKUM KaK BbICOKas
TiaTa 3a apeH/y, HaJluuue HeOOoNbIINX OMEIeHUH,

YJIEHOB KJIy0a JOCTHIIIO YXKe JBYXCOT MATHICCITH
YeJlOBeK, U B TIPE)KHEM MMOMEIISHUH BCEM CTaJlo Tec-
HOBAToO, a MOTOMY OBUT apeH/IOBaH W BTOPOM 3Tax
goma [12]. OpHako apeHAOBaHHOE MOMeELlEeHHe
ObUTO HeboJbIoe U HeynoOHoe. MHOTHe ero Kom-
HATbI HOCUJIM 0COObIE Ha3BaHMs: OaJIKOHHAs Ha3bIBa-
nack «Pormeiiy, roctunas psaom ¢ Hero — «llopTper-
HO¥», komMHaTa 3a [lopTperHoli — «KpBITOBCKOI.
KyxHs kityba monb3oBaniachk OOJBIION peryTanuei,
TaKk Kak OJitoJla TOTOBWJIM 3HAMEHHTHIC TMOBapa.
Bonburyro Teppacy B JieTHee BpeMs HCIOJIb30BaIH
JUIS Y)KMHA, e€ TUTOINAJIKa BBIXOJIWIA B HEOOIBILIONM,
HO TEHHUCTHIN caf, rae urpand B kaptel [13]. @acag
JIOMa yKpallajlid 4eThIpe MUJISICTPhI, OKHa BTOPOTO
3Taka UMeNH GUTrypHbIEe HATMYHUKU KaK OT3BYK OT-
XOJIMBILIETO B TMpouuioe ctuiis 6apokko. [Ipu Tom,
YTO JIOM B LIEJIOM ObLT BBIJIEPKAH YXKE B CTUJIC paH-
HETO KJ1aCCHULIM3Ma.

s

Puc. 12. Manas Mopckas ynuua, goma Ne 17 [14]

Puc. 14. ®acan 3qanus 1965 r. [16]

MHOrJa OTKa3 MpoJIeBaTh apeHy, KiyOy npuxoau-
JIOCh peryjiipHo nepeesxarb. Tak U3 noma Ha M.
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Mopcko#i yi. kiy6 nepeOpaiicst B 1oM rpada I1. A.
Bytypnuna na Moiike okono CrHero mocra, Te oH
MPOCYLIECTBOBAJ TPU 4eTBepTH Beka. Ilocne kmyo
nepeexan B JoM rpadunu CkaBpoHckoid y KpacHoro
Mocrta. 3artem B coceiHuii jom Tans. B 1830 r. kny6
nepemecTuics yepes JlemuaoBckuii nepeysiok B 10M
JdemunoBeix B ycaap0y Ha HaOepeskHbie MoWKH.
Oco0OHsik cripoekTupoBain apxurexkrop C. YeBakun-
ckwii 1o 3aka3y [ puropus [lemunosa B 1759 r. npu-
MEHHB CTHJIM KJIacCHLIM3Ma M 0apOKKO YKPacHB ero
OapenbedpaMl M KOJOHHAMHM HMOHHYECKOTO THIIA
(puc. 14). Unenst kinyba cuntaiv ero cambiM yno0-
HBIM 711 CBOETO BpeMspenpoBoxkaeHus. Jlemuaos-
CKMH JOM TpWBJIEKal MHOTMX rocTei. 31mech mpu
KiTyOe umercst 60IbIION MapK, Ky1a Ha JIeTHee Bpemst
MEPEHOCUIINCh MHOTHE KITyOHbIe 3aHsTHs (puc. 13).
HecMoTps Ha TO, UTO 34aHHE PacloioKeHO B CaMOM
neHtpe [lerepOypra, Ha mepeceveHur HabepeKHON
Moiiku u nepeyiika [ puBLIOBa, OHO U, OKPY>KatOLLMA
€ro MapkK CHpsiTaHbl TaK, YTO 32 COCEAHUMH TOMaMH
He BUJIHO Jaxe Kpbimn) [15]. Kirroueroii ocobeHHo-
CTBIO 3[aHMS CTaja MacCHBHAs YyryHHas BepaHua,
KOTOpasi Mpu3BaHa Oblia pekJIaMUpOBaTh METaLTyp-
rudeckuii Ou3Hec mnpeAnpuHUMareneil. Bepanny
Ky3HEeLbl YKPacHJIM THYTBIMHU peLeTKaMU U3 JIUTOTO
qyryHa. J[Be M30THYTbIe JIECTHHULBI BHIBOAWIN OOH-
TaTesieil JoMa B IBE CTOPOHBI I0JIOHEBOTO caja, Ko-
TOpBIH B JIeTHee BpeMsl ObLT 3a1eHCTBOBAH AJIS UTP U
pazenevenuit. OqHako, W3-3a OonbmMX MTpador
KIy0O mepeexan B oM Diixyiepa u bepHapaaku, rie
Haxoauics ¢ 1860 no 1891 r.

[locne MHOroneTHMX CKUTaHHUH COOOLIECTBO
HAKOHEeI[-TO MproOpeno coOCTBEHHBIM POCKOIIHBIM
ocoOHsik Ha JIBoplioBoi Habepe:KHOM, ObIBLINN He-
Koraa nBopuoM kHszel Pamzusuin (puc. 15).

Puc. 15. ®acag Aaramiickoro kiy6a [17]

B ki1y6HOM OMe nMenach Gosiblias CTo0Bas U
3Ha4YMTeNIbHas M0 00bEMY OMOIMOTEKa, HECKOJBKO
napagHbIX TOCTHHBIX, MpPeJAHA3HAYECHHBIX MPEeUMy-
LIECTBEHHO i KapTouHblx urp. B «[loprperHoii
KOMHAaTe», Ille Urpajlid B KapThl, BUCEJIM LAPCKHUE

noptpethl B pocT. OcoOEHHOCTHIO IoMa ObLTO HAJU-
ylue BHYTPEHHEro [IBOPHMKA, BCErAa YKpAaIIEHHOIro
uBeTamu. B sieTHee Bpems BOPHK HCIOJIB30BAJICA
JUIs urp W vaenurus [18].

XVIII Bek B Poccuu 03HaMeHOBaCs pa3BUTHEM
KITyOHBIX cooOmiecTB. Ilo mpumepy AHrimiickoro
coOpaHusl Hayajau co3AaBaTbcs U ApPYrve KIyObl,
Hanpumep, «lllycrep-kny6», kotopeiii B 1772 r. ctan
uMeHoBaTbesl «bonbiuM  OroprepckuM  KIryoom».
«Cankrt-IlerepOyprckoe nepBoe 00LIECTBEHHOE CO-
OpaHue» mocTeneHHO chaenaiock Hemeunxum kiy-
6om. B konue XVIII B. B cronuue aeiicteoBaso ere
HECKOJIbKO KIYyOOB, TakuX Kak «My3bIKaabHbII
kyo»  (1772-1777 rr.), «BoeHHbii  KIyO»
(1782 r.) — uneHaMu KOTOPOTO ObUIM B OCHOBHOM
JBOpsiHE (OBLT 3aKPBIT Hepe3 roj), «YUYEHbINH KIyo».
B konne XVIII B. B [letepOypre untepec k TaHie-
BaIbHBIM  KJIy0aM cpeaM  KyNmoB UM MellaH
HAaCTOJIbKO BO3POC, YTO €ro MOYKHO Ha3BaTh CBOETO
pona «TaHuemanueil». MaccoBoe yBledeHHE TaH-
HaMH OCOOEHHO MPOSBUIOCH TOCIE OTKPBITHS B
1785 r. mepBoro TaHueBaiIbHOTO KiyOa. «BTopoe
TaHIeBaJIbHOE OOILECTBO» OTKPBUIOCH 6 sHBaps
1790 r. u fomyckano B CBOH cOCTaB TOJBKO MpeACTa-
BUTENEH MemaHckoro cocnoBus. Kak camocTos-
TelTbHbIe 00pa30BaHUs ISl JOCYTOBOTO BpeMmsIipe-
MPOBOXK/IEHUs, KIyObl BOBJIEKaIM B CBOW Tpolecc
JIecaTKU M COTHHU JIofieH, Ha MpakTHKe NpuoOIas
netepOyprckoe obmecto XVIII B. k dhopmuposa-
HUIO 10CYroBOM KynbTypsl [19].

Cnenyrowum 3tanom passurus ki1yoos B Poc-
CUM ObLIO CTPOUTENBCTBO COOCTBEHHOIO THIA 3/1a-
Hus. Tak JlpopsHckomy CoOpaHuto s CTpOH-
TeNIbCTBA KJTyOa BbIIEJINIIN YTIIOBOM Y4aCTOK Ha I1e-
pecedeHun MuxaiinoBckoil 1 HTanbsHckol yi1.
noa Ne 9. 3naHue AOMKHO ObUIO BO3BOAWUTBLCA MO
npoekty apxurekrtopa K. M. Pocen ¢ 1834 mo
1839 r. (puc. 19). K. Poccu cnpoextupoBan He-
CKOJIbKO BapUAHTOB apXUTEKTYPHOro pelieHus da-
canoB 31aHus J[BopsHckoro Cobpanus. Umnepato-
pom Huxkonaem I Obli yTBepak/ieH NPOEKT, MPH KO-
TOpOM ceBepHbIi (acan, obpaluénnblii Ha Muxaii-
JIOBCKYIO IL10111a/1b, MPEACTABIs CO00M TPEXITAK-
HYIO0 [TOCTPOMKY, 1O LEHTPAILHON OCH aKLICHTUPO-
BaHHYIO pacKpenoBKoi B Bocemb oceil. Ha ypoBHe
BTOPOIrO-TPEThEro 3Taked OHa Oblja BblIesneHa
HMOHUYECKUM OpJEepOM, Ha YPOBHE MEPBOro 3Taxa
odopmiiena nmpu nomoru pycra. Bxonsl B 31aHue
OBLIIM OpraHU30BaHbI MO KpaliHUM ocsM (puc. 17).

ABTOpOM JK€ CaMoro 3/1aHus sBJSETCS apXu-
tektop [lons XKaxo (ITasen [letpoBuu XKaxo). Boz-
BOJS 3/1aHHE MO NMepBoHavyanpHOMY npoekty K.U.
Poccu, oH BHEC B HeEro HEKOTOpblE M3MEHEHMS.
Bbuta npenycMoTpeHa HajacTpoiika ceBepHoro ¢a-
caza 4eTBEPTHIM 3TaxkoM. B coorBercTBUM C Ipo-
€KTOM, BXOJla B 3JaHM€ CO CTOpPOHBI Muxainos-
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CKOM yJ1. He ObIIO, a TapajHas JISCCTHULA U BECTH-
OroJIb pacrojarajluch cO CTOPOHBI CEBepHOTO (a-
caga (puc. 16). ILII. ’)Kako npuHaanexuT u pere-
Hue OOJIBIIOrO TPEXCBETHOro 3ana i OalloB M
KOHLEepTOoB (B HacT. Bpems bombmioi 3am). Co-
TJIacHO mu1aHaMm ero npoekTa 1837 r., Ha ypoBHe 110-
KOJIBHOT'O 9Ta)ka MOMELICHHs PeAnoiaranoch ot-
BECTH TO] «JIaBKM JUTs HaliMa» KBapTHPY yNpaBJisi-
IOIIEr0, XO3SMCTBEHHbIE MOMeLIeHHs (KJIaJoBYIO,
«IMpaveyHyt0»), 60NbLIYIO KYXHIO U KOHIOMIHIO. [To
COXpaHMBILEMYCS TJIaHy BTOPOrO 3TaKa MOXKHO
CyIUTh O MEPBOHAYAJIbHOW IJIAHMPOBOYHOM CH-
cTeMe U (PyHKLIMOHAIbHOM Ha3HA4YE€HUH ero rmome-
weHui (puc. 18). Ha BTopoM 3Taxke pacrnonaranach
«bonbias 3ama», 3aHUMalOLIas LEHTPATbHYIO
4acThb 3JaHUs, Lapckas JioXa, apckas v oluue
CTOJIOBBIE, «MOKOM It ABOpsiHcKoro CoOpaHusy.
B 1839 r. mo npoexkry I1. I1. XKaxo Ha ypoBHE BTO-
poro sTaxa ObIJTM yCTPOSHbI OATKOHBI ¢ KOBAHBIMHU
OTpaXXIEHUsIMH, CO CTOPOHBI CeBepHOro dacana
HaJl LUEHTPAIBHBIM BXOJAOM — METa/NTUYECKUil KO-
3pipek. Co cTOpOoHBI ceBepHOTo (acana pacrosnara-
nuch Ooniee KpyrnHbIe M OCBEIEHHbBIE TTOMELLEeHHUS,
o nepumeTpy «bonbLIoro 3ana» Npoxoaunu rae-
pen. C IOXKHOH CTOPOHBI MPOCTPAHCTBO BTOPOTO
aTaka OBIJIO TIO/IENIEHO TIePeropoaKaMy Ha MeJIKHe
MOMEIIEHUS! BOKPYT CBETOBOTO BHYTPEHHEro
JBOpA.

HoBoe 31anue JIBopsiHCKOTO coOpaHus ¢ mnep-
BOKJIACCHBIM TIO aKyCTHKE 3aJI0M, BMELIAIOIINM 00-
nee 1500 genosek, ¢ konua 1840-x r. crano neH-
TpoM My3bIKanbHOU xu3HU [letepOypra. B 1887 r.
apxutexktop B. A. LlTpayx ocymiecTBun rmnepe-
CTPOWKY B ero cepepHbIX nomeuieHusx. C cesep-
Horo ¢acana, COrjgacHO MPOEKTHBIM HepTexam,
OblTa TMpoBeJeHa PEKOHCTPYKLMS BECTHOIOIBbHON
30HBI JIoMa «J[BopsiHCKOTO coOpaHus». Beuam mo-
CTPOEHBI JIBE HOBBIE JIECTHULBI, BEAYyLIUE JI0 Yep-
JlaKa, yBEJIMUYCHbI OKHA B MOJBAILHOM 3TaXKe.

Hecmotps Ha To, uto B mome Cankrt-Ilerep-
Oyprckoro JlopsHckoro Cobpanus pazmewiascs
u3BecTHbI BeceMy lleTepOypry KOHLEpPTHBINH 3ad,
HO caMo 3/1aHHe He ObIJI0 MPUCTIOCOOIeHO /1T AaH-
HOM QyHKUIMH. OHO MUMEJTIO TeCHBIE TOMELIEeHHs rap-
JIepoOHBIX, HeYJOOHbIE BXO/Ibl, OTCYTCTBOBANIA BEH-
TUISILMS, HeOe30MacHBIM OBITIO CYyIIeCTBOBABILEE
kanopudepHoe ororuienue. s ycrpaHeHus naH-
HBIX pobnem B 1894 r. anmunucTpauus BopsH-
ckoro cobpanus obparunachk Kk mpodeccopy B. A.
[petepy. MM ObIT cOCTaBNIEH MPOEKT MEPeCTPOUKH
3nanus. B 1899—1901 rr. no ero mpoekTty 3aaHue
OBUIO HAICTPOEHO W PEKOHCTPYMPOBAHO TpaskAaH-
ckum wrkeHepoMm A. Il. MakcumoBsiM. OH TpH-
CTPOMJT BBICTYTIAIOIINH 00BEM B IBa dTa)ka K JIMLIe-
BoMy ¢acany, BBIXOAsIIEMY Ha MUXaWIOBCKYIO
miowaab. Kpome atoro, oH BHEC M3MEHEHHS B Iia-
HUPOBOYHOM CTPYKTYpe Ha KaKAOM 3TaxKe 3aHHs
[20].

191. Jlanesoi cacaan na Muxaitiosckyno yauuy.

Puc. 16. 3nanue C.-[letepbyprckoro [IBopsiHckoro codpanus. Kypnan «Ctpourensy, 1900, Ne7-8 [21]

Jannelii Ki1yd MpocyinecTBoBaj 10 BECHBI

1918 r., xorna 6oprda nerporpanckoro Cosera Jie-

MyTaToOB € a3apTHbBIMU UI'PaMU IOCTaBUJIa TOUKY B

MOJyBEKOBOH UCTOPUM NETEepOYPrcKoii aHrmunicKon

001MHBL. XOTs C MEePBbIX JIET CBOEr0 OCHOBAHUS
«AHrnuiickuii Kiy0» Beeraa *Kuil UCKITIOUUTENTbHO
PYCCKOM 3KU3HBIO.
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193. Maawrs 2-ro srama.

Puc. 18. Inan 2-ro ataxa. Xypnan «Ctpourensy, 1900, Ne7-8. 1839 r. Apx. I1. XKako

Puc. 19. 3nanue JIBopsiHckoro cobpanus. 1824-1850-e
rr. LIT'UA CII6. ©.513. Omn. 102. [1. 9799. 1849 r. [21]

BeiBoabl. MccrnenoBanue 3BOJIOLMM CTOJIWY-
HbIX KIyO0OoB AHriuu u Cankr-IlerepOypra nosBo-
JIWJIO BBISIBUTH STalbl UX CTAHOBJCHUS U PAa3BUTHUS
KaK CaMOCTOSITeJIbHOrO THMNa 3[aHWil, HauYMHas OT
TpeOOBaHUII K MECTy pacroyioKeHHs B TropoAe,
HaOopy MOMEUIeHWH, WX MIaHUPOBOYHOM opraHu3a-
UMK, 0OBbEMHO-IPOCTPAHCTBEHHOT0 M KOMIIO3MLIU-
OHHOIO PeLUEHMs U 3aKaHuYuBas peanusaluen Lenu
cosnaHus KIyOHOro npoctpaHcTBa. Kpatko pesyiib-
TaTbl TPOBEIEHHBIX MCCIIENOBAaHUNH MOTYT OBITh
TIPEJICTaBIEHbI B CIIEIYIOLIEM BUE:

1. M3HauanbHO KIyObl MOSBUINUCH B AHTIIMH B
JlonpoHckux koeiHIX U TaBepHaX, B MOAHBIX paii-
oHax [Tan Mo, [Mukaaunu, Cent-xerimc. OHu 3a-
HUMaJX OJHO MOMELUEHHE B OCHOBHOM MNpPOCTpaH-
CTBE 3/aHUs, KOTOpPOE HAXOAWJIOCh HAa TEepPBOM
9TaKe, UMEJI0 KaMMH, CKAMEMKM M CMEKHYIO CIIy-
JKeOHYIO KBapTHUPY.

2. CrepyouM 1aroM B pa3BUTHU AHIJIMH-
CKHUX KITyOOB cTaio paciuupeHue GyHKIMN — co3na-
HUe cobcTBeHHOro Tuna 3aanus. OtaeneHue Kiybda
OT KO(QeiiHH, TaBepHbl (MPHUCMOCOOIIEHHOTO Mpo-
CTPAHCTBA) JI0 CO3JIaHUS TIEPBBIX CAMOCTOSTENbHBIX
3naHuii «KiyOpl», KOTOpblE B KaueCTBE OCHOBHOTO
BUAA [IOCYTrOBOM JAEATENbHOCTH BKJIIOYWIM MOJHU-
THKY.

3. Ananus kiyboB Poccun mokasan, 4ro mep-
BBl MPUCTIOCOOJIEHHBIN KITyO MOSBUIICS B CTOJIMLE
Poccuiickoro rocynapctBa, MX OCHOBAJM aHIVIU-
yane. Kak 1 B AHruu kiyObl pasMelaiuch B LieH-
TpaJiIbHOH YacTH ropoja, B AOXOJAHBIX WM Kynede-
CKMX JIOMax Y 3aHMMajIu OAMH 3TaxK (00JbLION 3a).

4. C yBenuyeHweM 4Yuciia BCTYMUBIIHUX B CO-
OpaHKs Y4acTHUKOB, OTIPEACTUINCH KPUTEPUH K Bbl-
Oopy 3laHUS UMM SIBUIIMCb: HAJIMUUE BMECTUTEIb-
HOTO 3aJ1a, BHYTPEHHET0 JIBOpa, OOJIBIION CTONOBOMH,
npuemiiemMas CTOMMOCTb apeH[Ibl, TePPUTOPHUATIbHAS
3HaYMMOCTb, PACMOJIOKEHUE Kiy0a B LIEHTpaJlbHOU
YacTH ropoja, Hajlu4Me Napka WM BHYTPEHHEro
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JIBOPUKA, YTO TO3BOJISJIO yCTpaWBaTh BCTPEYM Ha
CBEXKEM BO3/IyXe, a TAKXKE CIPATATLCS U YEIMHUTHCS
OT TIOCTOPOHHMX TJa3. OcoOeHHOCTH, KOTOpbIe
chopmupoBanuck B «IIpucnocobieHHbIX K1ybax» u
WCTIONIb30BAIMCH B TIPOCKTHPOBAHUN COOCTBEHHOTO
Thna 3nanus «Kimyoy.

5. OcobeHHOCTH, KOTOpble O0O3HAYWIIUCH B
«TIPUCTIOCOOJIEHHBIX KJTy0ax» TMOBIUSJIA Ha apXu-
TEKTYPHO-TJIAHUPOBOYHBIE pElIeHUs, TpeOoBaHUs
3aKa3z4yrika CHOPMUPOBAIA HOBBIM THIT OOIIECTBEH-
HbIX 31aHuil — «Kinyo». B pesynbTare kiyObl u3me-
HWIIUCh MO OOBEMHO-TUIAHUPOBOYHON CTPYKTYpE,
OHU cTaiM Oonee KPYMHBIMH 3AaHUSMH, KOTOpPbIE
BKJTIOYAJIM OOLUMPHYIO MPOrpaMMy MEpOMNpHUSTHI,
TaKWX Kak: MUTaHWe, MPOXKUBaHKE, OOIIEHUE, OTABIX
Y BBIJCTISIMCH B TOPOJICKOM cpejie.

6. ApxuTekTypa KIyOOB OTIUYAETCS CTHISIMHU
(IManmario, KIacCHYECKH, MO3THEBUKTOPHUAHCKHI)
n popmamu XVII-XIX nepuoma. Dto cBsizaHO B
MEPBYIO ouepeab ¢ KyJIbTYpOi CTpaHbl U 3aadaMu,
KOTOpble HeoOXonumo Obuto pemuth. B Jlonoone
KITyOBI OTpaXkaiv IOMalIHUi KOMOPT H YIOT, (KOM-
HaThl ¢ KaMUHOM), B Poccru — rocTenpruuMHOCTD U
BeJIMYMEe, YTO TMOBIHJIO Ha co3AaHWe OOJIbLIOTO
BMECTHUTEIILHOTO 3aJia B [IEHTPAITLHOMW YacTH 3/IaHu,
JUTSE OpPTaHM3aIUK TOPIKECTB, M MHBIX MPA3IHBIX Me-
PONPHUATHHA.
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EVOLUTION OF THE ARCHITECTURE OF THE CAPITAL CLUBS OF ENGLAND
AND RUSSIA AT THE TURN OF XVII-XIX CENTURIES

Abstract. The article deals with the problem of organizing the environment of human cultural activity in
the 18th century and the search for its solution by architects. The aim is to identify the features (functional,
structural and other) of previously existing architectural objects (clubs) of the 18th-19th centuries. A compar-
ative analysis of a number of the buildings (clubs) under study is carried out on the example of two large
countries of the world, England and Russia. The buildings and premises adapted for clubs, which originally
appeared in London, and later in St. Petersburg, are described. The article considers one of the first club
facilities in St. Petersburg, the "English Club", which was formed by the "English Assembly" taking into ac-
count the historical roots of London clubs. On the basis of field studies and the study of preserved historical
graphic materials, the characteristic stages of development and the peculiarities of the emergence of a new
type of public club buildings for that time are revealed. Using a comparative and typological method, the
authors describe the planning and functional features of the development of club architecture in "adapted
clubs"”, which influenced the formation of their own type of building. The criteria for choosing a building
adapted for a club are defined. These include: the presence of a spacious hall, a courtyard, an acceptable
rental price, the presence of a large dining room, the importance of territorial location. With the help of the
analysis, the principles of designing a club as its own type of building are formed.

Keywords: architecture of English clubs, political clubs, coffee houses, taverns, club communities, Eng-
lish Club of St. Petersburg, Assembly of the nobility.
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POCTOBCKHM TEATP KYKOJI: «CTAPOE» 1 <HOBOE» B APXUTEKTYPE
COBETCKOI'O MOAEPHU3MA

Annomauusn. Pocmosckuii Teamp Kykon — 00un u3 unmepecHeuuux npumepos panHe2o dmand cosem-
CKO20 MOOEPHUIMA 8 Pe2UOHe — UMeem HEeODLIUHYIO UCHIOPUI0 CIPOUMNENLCTBA, ONPEOCTUBULYIO €20 C80e0D-
pazue. Jlakonuunoe ¢ ynpoweHnvlMu opmamu 30anue, eHeutHe coomgememeayiouee oopasy Maccogo 3a-
cmpotixu 1960—1970 20006, npu smom obradaem 0codOeHHbLMU YePMAMU, OMAUNAIOWUMU €20 8 PAOY AHAI0-
2UUHBIX NOCIPOEK — COMACUIIMAOHOCTI U 2APMOHUYHOE GKIIIOUEHUE 8 OKPYICAIOUWVIO NPOCHPAHCHIBEHHYIO
cpedy, coomeemcmaue apxXumexmypHuix (opm 30aHUss PACHOLONCEHHOMY PAOOM HCULOMY KOMHIeKcy [lom
COMPYOHUKOB 20C0e30NACHOCIY, GKIIOYCHUE 68 APXUMEKMYPY 30aHUsL MO3auuH020 nanno. Ha ocnoge namyp-
HuIX uccneoosanuii Kykonvno2o meampa, uzyueHus apXusHvlx Mamepuanos, 8 mom 4ucie npoexmHuvlx uepme-
arcetl, asmopam yoanocy YMouHums (haxmsl UCOpUY CMPOUMETbCIIGA, GbIAGUMb YePIbl CHIUTUCTIUKY MO-
OepHUIMA, 0COOEHHOCIY NPOCPAHCMBEHHO-NIAHUPOBOYUHOU CINPYKIMYPbL U APXUMEKTTYPHO-XYO0ICECMEEH-
HO020 0bpaza 30anus. bvin ucnonvzosan memoo CpagHUmMeNbHO20 AHANU3A, CONOCNAGICHUS MAMepUualos
HAMYpPHBIX U UCHMOPUKO-APXUGHBIX Uccaedosanuti Kyxonenoco meampa ¢ npoexmuoii 0oxymenmayueii u co-
Xpanusuiumucst uzoopadicenusmu bnacogewenckoil yepxeu, na mecme KOmMopou on Obll HOCMPOEH. Cheyu-
Guxa od6vexma, onpedensiowas MHO2UE COBPEeMeHHbIe NPODIeMbl €20 IKCHIYAMAYUY U OXPANbL, 3aKI0UAemcs
6 MOM, YMO 6HYMPEHHUI 00beM GKII0YAem OCMAMKY KOHCMPYKYULl paspyutennoil biaeogeujenckotl yeprau.
Hebonvuioe no macuimabam 30anue cmano HazasiOHo Wiiocmpayueti CoIKHOGEHUsL «CMAP020» U «HOBO20»
6 apxumexmype co8emcKo20 MOOEPHUIMA, OMPANCEHUEM NPOYECCO8 CMEHbL ICIMEeMUNeCKUX NPedCmAGIeHULl

BpeMeHU.

Karouegsie cnosa: cosemckuii mooepuusm, Teamp xyxon 6 Pocmose-na-/{ony, apxumexmypa Pocmosa-
Ha-/[ony, moHymenmanvHoe uckyccmeso, mosauka, brazoeewjenckan epeveckasn yeprog.

Beeaenne. COBOKYNTHOCTb SIBIEHUH COBETCKOM
apXUTEKTYpbl BPEMEHHOTO TepHoAa, OrpaHUYeH-
Horo 1955 u 1991 ronamu, B COBpeMEHHOI HCTOPUH
APXUTEKTYpPbl YCTOHUMBO ONpPEAEsIsIeTCs] KAK «COBET-
ckuii MozpepHusM». OOOOLIEHHO MOHATHE MOJep-
HU3M OBbLIO OMpenesieHO Kak «yCJIOBHOE 0003Haue-
HUE TEHACHLMI pa3BUTHS MCKYyCCTBA, TEUCHUH,
LIKOJ1, 1€ TeJIbHOCTH OTIeJIbHBIX MACTEPOB, CTPEMSI-
LIMXCS K OOHOBJIEHHMIO XYA0XKECTBEHHOrO SI3blKa U
CUMTAIOLIMX (OPMaNbHBIA IKCOEPUMEHT OCHOBOM
TBOpUeckoro merona» [1].

C ¢opmanbHoii Touku 3peHust B 1970—1980-¢
rofbl, KOrja siBJeHHs! COBETCKOro MOJIEpHHU3Ma Mpo-
SABWJINCh Haubosiee sSPKO, MOAEPHU3M B MHPOBOM
NpakTUKe H3kKuBaeT cebs. «B cemupaecsaTbie Kpu-
THKW YyXK€ KOHCTaTUPOBAJM, YTO «HOBas apXUTEK-
Typa» yMepina, Ha3blBas M TOUHYIO 1aTy ee CMEepPTH —
15 urons 1972 r. B atot nens B Cenrt-Jlyuce, Muc-
cypu, CLIA, Obuin B30pBaHBl KOpIyca KBapTaia
[IpoyTT-Aiiroy» [2]. BmecTe c Tem, 3apoauBlinecs B
3M0XY OTTEMNeJIW» U Pa3BUBAIOLIMECS Ha MPOTSKE-
Huu 6onee uem 30 net, npoiieccbl B apxutektype Co-
Betckoro Coro3a onuparoTes B MEPBYIO ouepedb Ha
MPUHLMITBI MUPOBOTO MOJIEPHM3Ma, XOTSl 00YyC/IOB-
JIeHbI CJIOKUMBUIMMUCS Ha pyOexke B KoHie 1950-x
rof0B 9KOHOMHUYECKMMHU TpeOOBaHUSIMHU U Tepesio-
MOM TOCyJapcTBeHHOW wuaeonoruu. Mcnonesys
cioBa C.O. Xan-MaromeznoBa, B 3TO BpeMsl «Halla

apXUTEKTypa BepHyJIach Ha CTOIOOBYIO JOPOrY MU-
pOBOH apxXUTeKTYpbI» [3].

B Hacrosee Bpems npousseaeHust 1960-1980
rOZIOB ellle He pacCMaTPUBAIOTCSl KAK MCTOPUYECKUE
MOCTPOMKH, 3aCTyKMBAIOLIME BHUMAHUS U HyKat0-
LiMecs B oxpaHe. DTO «peaMeET, He TONbKO He CTaB-
LMK HALIMOHAJIbHBIM JOCTOSSHUEM, HO U PUCKYIOLLM
UM He cTaTh BoBce» [4]. [IpuunH MHOTO, cpein HuX:

e HebOJbIIONW BPEMEHHOW OTPE30K, OTIelIstO-
LIMI 3TH MPOU3BEACHUS OT COBPEMEHHOCTH;

® THUPAKUPOBAHUE JYUIIMX HAEH apXHUTeK-
TYpbl MOAEPHU3MA B MACCOBBIX MOCTPOMKax, ynpo-
LIEHHbIX U HU3KOKAaYeCTBEHHBIX;

® pacrnpocTpaHeHHWE THUIOBOrO CTPOUTENb-
CTBa;

® HEroTOBHOCTb LIMPOKOM OOIIECTBEHHOCTH K
MPU3HAHUIO XYJO0XKECTBEHHOM LIEHHOCTH YMpPOLIeH-
HBIX M CTaHAAPTU3UPOBAHHBIX MPOU3BEAECHUN MO-
JepHU3MA.

BMmecTe ¢ TeM B mociieaHHe roabl NOCTENEHHO
BO3pacTaeT UHTEepeC K MPOU3BEACHHUSIM CTOIMYHOTO
W PEerMoHaJbHOr0 BapUaHTOB COBETCKOrO MoJep-
Hu3Ma. [IpuMepomM MOoKeT MoCy>KUTh He TOJIBKO MO~
SBJICHUE UCCIICAOBAaHUN U MyOJMKALM, OCBSLICH-
HbIX apxutekType 1960-1980rr. B paznuuHbIX peru-
onax Coserckoro Coto3a, HO U polysKAeHHe odLIe-
CTBEHHOW MHHULMATHBBI MO BKJIIOYEHHIO B peecTp
00BEKTOB KyJIBTYPHOIO HacieAus Npou3BeACHUI
MoaepHusma. B Pocrtose-Ha-/IoHy katanuzaTtopom
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MOCIY>KWJ1a OMAaCHOCTb YTPaThl MO3aUUHbIX MAHHO B
pe3ysbTaTe PEMOHTAa U PEKOHCTPYKLMH MPOU3Beie-
HUH COBETCKOro MojJepHu3Ma. Tak, BO3HHMK pHCK
YHUUTOXKEHHUs] MO3aWYHOro maHHo Ha ¢acane Po-
CTOBCKOT'O KYKOJIBHOTO TeaTpa B CBSI3M C nepeayeit
o0bekTa B coOCTBEeHHOCTh Pycckoil mpaBocnaBHOM
LEPKBH U HaMepeHHeM MPOBECTH MacIUTaOHYIO pe-
KOHCTPYKLIMIO ¢ M3MEHEeHHeM ero QyHKkuuu. Mosa-
MKa M0 BceoOleMy MpU3HAHUIO 00J1agaeT XyHoxKe-
CTBEHHOM U UCTOPUUECKON LIECHHOCTBIO, HO CHO?KETHO
n obpa3HO He cooTBeTcTBYeT Oynyuield (yHKUUH
obbekTa. B 2020 romy, B pe3ynbraTe JJIUTEIBHBIX
JIMCKYCCHH, 3[laHMe BMecTe C MO3aWuYHbIM TMaHHO
MPU3HAHO BBISIBIIEHHBIM OOBEKTOM KYJIBTYPHOTO
Haceaus.

B coBpemMeHHBIX yCTIOBHSIX O0OCTpPHIICS MHTE-
pec K UICTOPUH CTPOUTENLCTBA MOACPHUCTCKUX 00b-
€KTOB, MpobieMe B3aUMOJEHCTBUS «HOBOTO» H
«CTaporo» B MOCTPOMKaX PErHOHATLHOrO MoIep-
HU3Ma, cTalla aKTyaIbHOH HE0OXOAUMOCTb LIMPOKHUX
Hay4yHBIX HcciefoBaHuil apxutekTypbl 1960-1980
rozioB. BakHeIM nipenictasnsercs cOop ¥ cucTeMarTu-
3alusl JOCTOBEPHBIX UCTOPHKO-apXHUBHBIX MaTepHa-
JIOB, HaTypHble obcienoBaHus, oOMepsl, rpaduye-
cKkas uKcalusi COXpaHUBINUXCS 0OBEKTOB U Tpadu-
YyecKas PeKOHCTPYKLMS yTPauSHHBIX.

HayuHyto HOBH3HY JaHHO CTaTbU ONpeaesnsoT
CUCTEMaTH3aLMsl UCTOPUYECKMX NaHHBIX, YTOYHe-
HUE WCTOPUHM CTPOMTENIbCTBA, a TaKKe BCECTOPOH-
HUI aHallM3 apXHUTEKTYPHO-XYA0KECTBEHHOTO U
KOHCTPYKTMBHO-T€XHUYECKOrO0 peLUeHHsl 3AaHus
KykonbHoro teatpa B Poctose-Ha-/loHy. BriepBbie B
Hay4Hblii OOMXO0J BBOAATCS MCTOPUKO-aPXUBHBIE
MaTepHaibl, WITIOCTPUPYIOLINE UCTOPUIO MPOEKTHU-
pOBaHHS M CTpOMTENbCTBA 31aHus. Ha ocHoBe uc-
cJleI0BaHUsl MCTOPUM CTPOUTENBCTBA U COBPEMEH-
HOro cocrosiHus 3aanusa Tearpa kykon B Poctose-
Ha-J{oHy ObUIH BBISIBIIEHBI OCOO@HHOCTH CTUITUCTUKH
peruoHanpHoro MonepHusma. Cneurduka o0beKTa,
ornpezessonas MHOTHE COBPEMEHHbIE MpOOJIeMBbI
€ro SKCIUTyaTalldd M OXpaHbl, 3aKJII0YAETCS B TOM,
YTO BHYTPEHHHH O0bEM BKIIOYAET OCTATKM KOH-
CTPYKUMI pa3pyuieHHoi braroBelieHckoil LepKBU.
BriepBoie B HayuHOM nmyOnukaimy Ha npumepe FOra
Poccuu Ob10 MOKa3aHO CTOJKHOBEHUE «CTApOro» U
«HOBOrO» B apXWUTEKTYyPe COBETCKOr0 MOJEPHHU3MA,
OTpa’karolllee NPOLIECChl CMEHbI 3CTETUYECKUX Tpei-
CTaBJIEHUH BPEMEHHU.

[IpakTHyeckas 3HaUMMOCTb MCCJIEIOBaHUS 3a-
KJIIO4aeTcs B TOM, UYTO €ro MaTrepuasbl MOIYT ObITh
HCTOJIb30BaHbl NPU TOATOTOBKE [NOKYMEHTOB IO
BKJIFOUEHUIO TPOU3BEJEHUI COBETCKOro MOJEp-
HU3Ma B peecTp 00beKTOB KyJIbTYPHOIO Hacieaus, a
TaKke OXPaHHBIX 00S3aTeNILCTB MO yXKe BKIIOYEH-
HBbIM OOBEKTaM, NMPU COCTABJICHUM HCTOPUUECKHUX
cnpaBok no noctpoiikam 1960-1980-x ronos. Mare-

puasbl HATypHBIX 00CIENOBaHUN, a TAKXKe MCTOPU-
yeckuie rpaduueckrie U GoTorpaduueckiie MaTepu-
anbl MOTYT OBITh BOCTPe0OBaHbI B XOZ€ OCYIIECTBIIe-
HUsI PEMOHTHO-PECTaBpaLlMOHHBIX padoT.

Metonoaorus. B xoae noarotoBku Marepua-
JIOB CTaTbU WUCMOJIb30BAIUCh METObI HATYPHBIX MC-
clieIoBaHu 1 00MepoB 00BbEeKTa, a TaKXkKe YacTH ro-
POJICKOI TeppuTOpHH, Ha KoTopod nmo 1964 rona
Obuta bnaroseieHckas LEpKOBb, a B 1968 roay Obit
noctpoeH Teatp kykos. MHOrMe naHHble ObUIH TI0-
Jy4eHbI B X0/1€ HCTOPUKO-aPXUBHBIX UCCIISAOBAHHMN.
ABTOpamMH OBUT MPOBEIEH aHAIN3 COXPAHWBIIUXCS
JOKYMEHTOB M HECYILLIMX JIEMEHTOB 3[aHHS C LETTbIO
ofnpeJesieH!s] COXPaHUBLUMXCS KOHCTPYKLUMH yTpa-
YeHHOro xpama. OCOOEHHOCTHM W XapaKTepHbIe
yepTsl TeaTpa Kykosn Kak MmprMmepa COBETCKOro Mo-
JepHU3Ma BBISBISIUCH C UCTIONB30BAHMEM METOIOB
CPaBHHUTEJIBHOIO aHAJIM3a MaTepUaJIOB HATYPHBIX U
MCTOPHKO-apXUBHBIX UCCIIENOBAHUM 30aHUs B CTHIIE
COBETCKOI'0 MOJIEpHU3Ma C MPOEKTHOM TOKyMeHTa-
uMel M coXpaHMBLIMMUCS W300paxkeHusiMH bnaro-
BEIICHCKOW TIEPKBU, HA MeCTe KOTOPOW OHO OBLIO
MOCTPOCHO. ABTOPBI TaKXKe MCMOJIB30BAIM METO[
AHaJIOTUH.

OcHoBHas 4actb. CTpouTenscTBo Tearpa Ky-
koa B PoctoBe-Ha-/[oHy OTHOCUTCS K HayalbHOMY
JTamy CTaHOBIIEHHWS COBETCKOTO MOJIEpHU3Ma, 374a-
HUe nocTpoeHo B 1968 roay. Oto mepuo, koraa, ro-
BOps cioBamu A. B. AHMCHMOBa, «KelaHue co3/1aTh
YTO-TO AOCTOHHOE OBLIO OTPOMHBIMY», HO MPH 3TOM
Ha MPAaKTHKE MHOTOYMCIICHHbIE IPUMHUTHBHbBIE U O]1-
HooOpa3Hble 31aHusl «"pasberanuce” Mo Beeii cTpaHe
B BUJIE MATUITAKHBIX MAHEJbHBIX JOMOB, JBYXITaX-
HBIX Mara3pHoB ¢ OOJNBLIMMH HEYKJIIOKUMU BUTpPH-
HaMM U 3JaHUH TUMOBBIX LIKOJ U JETCKUX CaJOB»
[5]. PocToBCKMIi TeaTp KYKOJ MOT Obl TAKXKe CTATh B
psii NOAOOHBIX OE3TMKUX MOCTPOEK, €Clin Obl HE Psif
0OCTOATENBCTB €0 UCTOPUU U HEKOTOPbIE apXUTeK-
TYPHO-XYJOXKECTBEHHbIE OCOOEHHOCTH. DTO HCTO-
pHsl CTPOMTENBCTBA U MOCTCOBECKOIO CYLIECTBOBA-
HUs 30aHMs, XapaKTep B3aUMOJCICTBUS C OKpY Kato-
1iei MpoCTpaHCTBEHHOM Cpe/loii, oOoralleH!e apxu-
TEKTYPHO-XYA0KECTBEHHOro o0pasza cpeacTBaMu
MOHYMEHTAJIbHOI'0 UCKYCCTBA.

Hcropusi crponteabcrBa Teatpa Kykoa B
PoctroBe-na-lony. B 1907 rogy Ha yriy ynuuel
Mano-CanoBoii u nepeynka TkaueBckoro (B HacTo-
auee Bpems yauipl CyBopoBa U nepeyJsika YHUBep-
CUTETCKOI0) COCTOsIACh 3aKiaaka brarosewenckoi
rpeYyecKoi LEpKBHM Ha ydacTKe, MpUHAIUIekKaBLIEM
DNNMMHCKOMY OJ1aroTBOPUTENILHOMY OOUIECTBY, Ha
cpelicTBa MECTHOM rpeveckoii oOuiuHbl. [locTpoeHo
U OCBslIeHO 31aHue Obuto B 1909 romy, u B TOM ke
roay ¢otorpadus U uHdpopmalKs 0 HOBOHM LIEPKBU
Obuta omyOJMKOBaHa B TPodecCHOHATLHOM KYp-
Hane «Exxerognuk OOuectBa ApxuTekTopoB-Xy-
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TTO’KHUKOBY [6]. B nmuTepatype, MOCBSAIIEHHOH CTPO-
WTENbCTBY 37aHUsl biaropeleHcKol LepKBU, aBTO-
paMy Ha3BaHbl JBa apxuTekTopa. B ncropuueckux
WCTOYHMKaX (cTaTbe O 3akiajgke LepksH, Exxeron-
Huke OOiecTBa ApXUTEKTOPOB-XYI0KHHUKOB, JXKYp-

£2

Puc. 1. bnaroBenieHckas rpeueckas LepkoBbs B PoctoBe-Ha-J[oHy.

Hase «30A4unii») B KaueCcTBE aBTOpPa yKa3bIBaeTCs po-
cTOBCKMI ropoackoi apxutekrop I'.H. Bacuibes.
[6]. ITo muenuto E.M. ManaxoBckoro, aBTOpoM Opo-
ekra uepksu O0bu1 apxutekrop M.11. 3nobuH ¢ yuenu-
kamu, a ['.H. BacunbeB ocyluecTBIs aBTOPCKMH
Ha/I30p 3a CTPOUTENHCTBOM [7].

‘i':f-;'..}%-'

Apxwut. I'. H. Bacunee, 1907—1909 rr. [6, 8]

I'peueckas uepkoBb (puc. 1), mocTpoeHHas B
«aHTMYHOM CTHJIe», UMeJla 3HAUMTEIbHbIE Pa3Mephbl
1, IO MHEHHUIO COBPEMEHHHUKOB, OblJ1a paccUUTaHa Ha
1500 monsawmuxcs. B sxxypHane «3oaunit» 1aHO OMU-
caHue 31aHus: «CTeHbl LUepKBU KUPIUYHBIE, KITagKa
Ha CJIOXHOM pacTBOpe, ¢ OOJMLOBKOH MHKEpPMaH-
CKHM W3BECTHSKOM; W3 HETo ke cAeNaHbl KOJIOHHBI,
KapHM3bl M TPOUYME HapyXHble yKparieHus. BHyT-
PEHHUE TOTOJIOUHBIE MEPEKPBITHS U KOJIOHHBI — JKe-
ne3o0eToHHbIe, cucTeMbl | eHHeOuka. OTtorseHue
LEHTpalibHOE BOJSHOE, C BBITSHKHOM BEHTUIISILIUEH.
HkoHocTac MpaMOpHBIii (M3 rpedeckoro Mpamopa ¢
octpoBa Camoc)» [9].

B 1930-e roapl B 3maHMK Xpama pa3MecTHIIN
JIETCKYI0 TEXHHUUYECKYIO CTaHLMIO, ¢ 1942 no 1958 rr.
Obli1a Bo3BpallleHa pyHKUMS LIepKBH, a ¢ 1959 roaa B
3JaHUM Pa3MECTHIIM CIIOPT3all U MacTEPCKUE COCell-
HeM ikobl. [7].

B 1965 romy mocne pemenus o0 ycTpoiicTBe
Teatpa kykon B PoctoBe-Ha-JloHYy cTpouTenbHas op-
ranmzaums YHP-612 npuctynuia k AeMOHTaxy
MpeayCMOTPEeHHbIX NPoeKToM vacTeil bnarosereH-
CKOM LIEpKBM — KOJIOKOJIbHU M Kynousa. «HavaneHoit
cTajueit npeaycMarpuBarorcs paboThl Mo pa3dopke,
W B YaCTHOCTH, MO pa3bopke MpPaMOPHbIX U3IENUil
Kak BHYTpH, Tak U cHapyxku» [10]. 3aBepuieHo ctpo-
UTENbCTBO ObIIO B 1968 romy, a Mo3anvHoe NMaHHO
ObL10 BEINOJIHEHO B Havase 1970-x ronos (puc. 2)

O0beMHO-IPOCTPAHCTBEHHOEe M (QYyHKIHO-
HA/IBHO-IVIAHHPOBOYHOe pemenne 3gaHus Ky-
KO0JIbHOTO TeaTpa B PocToBe-Ha-/lony. [IpoekT Te-
aTpa Kykosl Obul paspabortaH apxutektopamu Po-
croprpaxkgannpoexra JI. AnamxoBuy u E. [loraro-
BbIM. UepTexu 1 NOsICHUTEbHAs 3a1TMCKA K TPOEKTY
MOKAa3bIBAIOT CTPEMJIEHHE ABTOPOB MAaKCUMaJbHO
COXPaHUTb KOHCTPYKLIMM LIEPKOBHOTO 3[aHUsl, MPH
3TOM CKpBIB MX 3@ HOBbIM (hacaioM B COBPEMEHHBIX

(opmMax: «CyIecTByoLIee 31aHHe EePKBU COXPaHs-
€Tcs ¢ HEe3HAUYMTENbHBIMH W3MEHEHHUSIMH BHYTpPEH-
Hel mnanupoBku» [11]. CnexyeT oTMETUTD, UTO Yep-
TEXH TIAaHOB B OONbLIEH CTENEeHN pacKpbIBalOT Xa-
paKTep COYeTaHMs CTapblX CTEH LEPKBU M HOBBIX
KOHCTPYKLMA, 4YeM (YHKUHOHAbHO-TIAHUPOBOY-
HOE pellleHHe 3/1aHus KyKOJIBHOIO TeaTpa.

ITpoexTupyemoe 3nanue TeaTpa KyKos1 JOJIKHO
OBITO MIMETh ACCUMETPUYHBIN TTaH MPOCTON KOH(DH-
rypauuu, OCHOBaHHBII Ha YeTKOH QPyHKIMOHATBHOMN
cxeMme M rpaduke nBukeHus nocerurenei. «lloce-
TUTENb Yepe3 [J1aBHbIH BXOJA, PacloJIOXKEHHBbIH B
LEHTPaJIbHOM YacTH 3aHMs, MONaAaeT B rapaepoOsl
— BecTHOIONB U anee B Gpoiie. KaccoBblii BecTHOONb
MMEET CaMOCTOSITENbHbIH HAPYKHbII BbIXOJ M CBS-
3aH ¢ BectuOroeM - rapaepobom. K doiie npumsi-
KaloT — nomelleHue oydera ¢ KIagoBoil NPOYKTOB
Y MOEYHOM U TyaJleTHbIE MY>KCKHE U xkeHCckue.» [11].
3putenbHblii 3a1 Tearpa Obu1 paccuntad Ha 300 mo-
cetutenei. Psanpl kpecen npeanoaaragoch pacmnono-
JKUTb MEXAY CYLUECTBYIOLIMMHM KOJIOHHAMM TaKUM
00pa3om, 4TOObI BUAUMOCTH € KaXK/10ro MecTa B 3ajie
Obuta onuHakoBo xopoiueit. [Ton cueHsl, pacnoso-
JKEHHOI B ObIBlIEM ajTape Xpama, ObUl YCTPOEH Ha
OJIHOM YPOBHE CO 3pUTeNbHBIM 3as10M. Kpome Toro,
npeycMaTpuBalIuCh OOKOBbIE OXKAPHBIE BBIXObI U
CHelyabHbIA MOMOCT BJOJb NOPTaja CLEHBI.

CpaBHUTENBHBIN aHAIW3 NMPOEKTHOM AOKYyMEH-
Talul W peali30BaHHOrO 0Obema MOKa3bIBAeT, UTO
B XOJI€ CTPOUTENBHBIX PabOT ObLTM BHECEHBI H3Me-
Henusa. Tak, mpeamnosnaranoch «ajasi pa3MelleHUs
BCEX HEOOXOIMMBIX MOMELIeHU TeaTpa KyKoJl, s
HOPMaJIbHOI ero paboThl MPeryCMOTPEeHBl MO YII.
CyBOpoBa MOCTPOMKM B JBa 3Ta)ka U MO Tep. YHH-
BEPCUTETCKOMY B oAMH dTax» [11]. B peanuzoBaH-
HOM 3aaHuM (acan mo mep. YHUBEPCUTETCKOMY
TaKXKe JIBYX3TaKHbII.
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Puc. 2. Teatp kykon B PoctoBe-Ha-JloHy.
Apxwur. JI. AnamkoBud 1 E. [Totanos, 1968 r. ®otorpadus 1969 roga [12]. Cxema ruiaHa

ApXUTEKTYpPHO-Xy/d0:KeCTBeHHBbIH 00pa3 31a-
Hus. Konen 1950-x ronoB B apxurektype Comer-
ckoro Coroza — 3TO BpeMsl «TBOPUECKOH Tmepe-
CTPOHKN», OCBOOOKIEHUS OT «apXaumdyHOW CTHIIH-
CTHKH», YTO COMPOBOXKIAIOCH HAPOUUTHIM YIpOLiie-
HUEM XYA0KECTBEHHOTO pelueHus (acaqoB 3HaHH,
MOJYEPKHYTOH TMPHUBEP>KEHHOCTBIO K  «YUCTOTE
(bopm». «3HAUUTETHHO CIIOXKHEe ObIJI0 OCBOUTH XY-
JI0YKECTBEHHO-KOMIO3ULIMOHHBIE CPEICTBA M TPH-
€Mbl COBPEMEHHOW apXHUTEKTYpbl, KOTOpble ObLTH
HapaOoTaHbI 32 YETBEPTh Beka 3apyOeKHBIMHU apXH-
TEKTOpaMH, MOKa HallM 30[4Me C yBICHEHHEM HC-
MOJIb30BAJIM CTUJIMCTHKY B AyXe KJIACCUYECKOro op-
nepa» [3]. PesymbTaT TBOpYECKHMX MOWCKOB BOTLIO-
TWICS B IPOEKTHPOBAHUM NOAPAKAIOILIKMX MUPOBBIM
TEHJCHLMAM YIPOLICHHBIX aApPXUTEKTYPHBIX (OpM,
JMIUEHHBbIX JeTanel. «...3HayeHHe apXUTEKTYpbl
KaK MCTOYHMKA MH(OpMalMu, 3aJalouero onpene-
JICHHYIO 5MOLIMOHAJIbHYIO NpPOrpaMMy, OCO3HAeTCs
MpeJICTaBUTENIIMU  MPO(EeCcCHOHATILHOTO — coolIIe-
cTBa (0 4YeM CBUAETENBCTBYIOT MHOIOYHCIICHHbIE
CTaTbd B NpOQecCHOHANbHBIX KypHanax 1970—
1980-x rr.) 1 He Tonbko. He ocnabeBaet Takke pob
APXUTEKTYPHOIO COOPYXEHHsl Kak OObeKTa MOHY-
MeHTaJIbHOM nponaranab [ 13]. bennocts apxuTek-
TYPHBIX OPM M OTCYTCTBHE apXUTEKTYPHOTO SA3bIKa,
OMpeneNAouero 3MOLMOHAIbHYIO M 00pa3Hylo
HAMNOJIHEHHOCTb NPOW3BEACHUS, B 31aHUAX COBET-
CKOr0 MOZIEPHH3MA 3a4acTyl0 KOMIIEHCUPYIOT Cpel-
CTBaMM CHHTE3a UCKYCCTB.

Bo Bropo#i nonouHe 1960-x romoB pacmopo-
CTpaHEHHOW MpPAKTHUKOW cTajio oboraiieHue apxu-
TEKTYpPHBIX OOBEKTOB W I'paloOCTPOUTENBHON Cpeabl
CpeacTBaMM MOHYMEHTAJBHOrO HcKyccTBa. B aTm
JKe TO/Ibl aKTUBU3UPYETCsl AeSITENbHOCTh 00beIuHe-
HUH XyIOKHUKOB-MOHYMEHTAJIMCTOB, MpPOdeccHo-
HaJlbHOEe co00lIeCTBO (HOPMYNUPYET MPUHLMIIBI
CUHTE3a MOHYMEHTaJIbHO-JEKOPAaTUBHOIO M XYJO-
JKECTBEHHO-O(OPMHUTENBECKOTO HMCKYCCTBA C apXHu-
TEKTYpOIl Ha pa3NUUHBIX ypoBHIX. «B xoHue 1978 r.

B MockBe ObIIIO IPOBEIEHO TBOPUECKOE COBEIIaHHE
MpeAcTaBUTENIel COI030B Xy TI0)KHUKOB M apXHUTEKTO-
poB CCCP u commanvcTH4ecKuX CTpaH Ha TeMy:
"CuHTe3 U300pa3HuTENIbHOTO MCKYCCTBA M apXHTEK-
TYpBI B coUMaMcTHYecKoM obtectee"» [14].

[TpoekTom 3pmanHuss PocTOBCKOro KyKOJIBHOTO
TeaTpa OBUTM TIPEAYCMOTPEHBI Pa3nuuHble (HOPMBI
CHHTE3a apXMTEKTYypbl 1 MOHYMEHTAJIBHOTO MCKYyC-
CTBa, JW3aifHEpCKUE MPUEMBbI: «CBETAILMICS KO3bI-
PeK», «TOPOKKH M3 Pa3HOLBETHBIX TUTUTOK, KepaMH-
yeckre Ba3bl ¢ 1BeTamu» [15]. B 3putensHOM 3are
Onmaronmaps yCTpOWMCTBY «3Be3A»-CBETHIILHUKOB CO-
3naBajcs 3¢dexT 3Be3qHOro Heba. BMmecTe ¢ Tem,
TJIaBHBIM 3JIEMEHTOM JIeKOPATHBHOTO YOpaHcTBa (ha-
CaJoB 3[aHUs CTAJI0 MO3aUYHOE MAHHO, 3aMOJIHUB-
1Iee BCIO MUIOCKOCTh CTeHbI I1aBHOro dacana. Kom-
MO3ULIMOHHAS U XYJ0KECTBEHHO-00pa3Has KOHLer-
1M MO3aU4HOTO TPOU3BeNcHUs Obuta cPOopMHUPO-
BaHa OJHOBPEMEHHO C pa3pabOTKOH apXWUTEKTyp-
Horo npoekta. B razetrHoii 3ameTke 1966 roga onHo-
BPEMEHHO € OMUCAHUEM apXUTEKTYPHOW KOHUEMNLIMU
PACKpPBIBAIOTCS U OCHOBBI XyJOKECTBEHHOI'O perie-
HMSI MO3aU4HOro MaHHO: «I1aHHO, 3CKM3bI KOTOPOro
NokKa eule B NopTdensix POCTOBCKMX XYyIOXKHHUKOB,
ykpacut acan 3nanus. Beunas tema cka3zok — mo-
Oena 1o0pa Ha/ 3J10M — BOT 4TO 00EIIAOT MOKA3aTh
B KepaMMKe U IUIaCTHKaX MOJjoAble XyJoxHUKU E.
CepebpennukoB u I'. CHecapey [15]. OkoHuaresnb-
HBIIl 5CKU3 TMpou3BeleHHs M paboTa B Marepuane
ObuTK BbIMOJIHEHBI XynokHukamu . H. CHecapeBbiM
u B.B. KopoGoBbiM. KoMmosuiimoHHO ypaBHOBe-
HIeHHasi MHOTO(UTrypHAsh KOMIIO3UIIUS cOYeTaeT 00-
pa3bl cka3zouHbIX TiepcoHaxeld (byparuno, Manb-
yni-Kubanpuuui, ApJaeKuH) ¢ CHMBOIMYECKUMHU Te-
aTpanbHbIMU 00Opa3aMu. JlakoHUYHbIE apXWUTEKTYp-
Hble (OPMBI HOBOTO 3J1aHUS B CTHJIIMCTHKE MOJEp-
HU3Ma Mojajep KaHbl AEKOPaTUBU3MOM M300pasu-
TeNbHbIX (OpM U OrpaHMYEHHOW LIBETOBOI ramMmmoi
Npou3Be/IeHHs ¢ peoliagaHeM KpacHOro v CHHEro
LBETOB Ha OesioM ¢oHe (puc. 3).
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B acummeTpuyHoii koMmnosuiuu ¢dacana cTeHa
C MO3aWYHBIM TMAaHHO KOHTPACTHPYET C BU3YaJIbHO
JIETKOM OCTEKJIEHHOM IOBEPXHOCTBIO  BXOAHOM
rpyNMnbl, SBISACH KOMIO3MLIMOHHBIM M LIBETOBBIM

akueHToM. Takum oOpazom, Mo3arka Ha dacae mno-
MOTaeT pelnTh MpodIeMy WHINBUIYaTU3au1 00b-
€KTa COBETCKOTrO MOJICpPHHU3MA.

Puc. 3. Teatp kykon B PocToBe-Ha-JloHy.
Apxur. JI. AnamkoBud 1 E. TTotanos, 1968 r. ®otorpadwus 2020 roxa.
Mo3zanunoe nmanHo. Xyx. I Crecapes, B. Kopotor

«Crapoe» 1 «HOBOe» B apxutekType PocToB-
CKOro Tearpa KykoJ. [lepron cTaHoBieHHs coBeT-
CKOTO MOJIEpHHU3Ma — 3T0Xa «OTTeNeIn» — B CTOJHY-
HOW M pPerMoHaJibHBIX apXUTEKTYPHBIX LIKOJaX Xa-
pakTepuzyeTcs OOIUMH TeHACHIUSIMU B HopMoob-
Pa30BaHUM HOBOTO aPXUTEKTYPHOr0 00JIMKA 30aHNH,
OTPULIAIOLIEr0 UICTOPUUYECKUE aHAJIOTHH.

B ucropun apXuTeKTypbl COBETCKOrO MOAEp-
HU3Ma HEMaJIO MPUMEPOB COYETAHUSI UCTOPUUECKHUX
Y HOBBIX (pOpM, AEMOHCTPUPYIOLIMX, KAaK MPaBUIIO,
JOMHUHHMPOBaHUE apXMTEKTYpbl MoaepHu3Ma. Jlomu-
HUpYIOLLEE MOJIOKEHUE «HOBOM» apXUTEKTYphl MO
OTHOIIEHHUIO K UCTOPUYECKUM OOBEKTaM HarJIsiHO
JIEMOHCTPUPYET peanu3oBaHHblil npoekT Hooro
ApOata B Mockse «Pe3kuii KOHTpacT >KMBOMUCHOTO
obnuka uepksu cB. Cumeona CTONMHUKA MOCTPOUKH
1679 roaa Ha oHEe MHOTO3TaKHBIX MOHOJIUTOB 3/1a-
Huti HoBoro ApGara B Mockge cTalt cBoero pojia ap-
XUTEKTYPHOH MOZEJbIO YTBEPIKICHHUS «HOBOTO» B
«ctapom»» [16]. B psge ciydaeB uctoprdeckoe 3/1a-
HUE WM YacTb €ro OKpy»KaeTcs HOBOU 000JOUKOM,
CKpbIBaeTCs B MHTEpbepe MOJCPHUCTCKOM ToO-
cTpoiiku. Takum mMpuMepoM MOXKET CIIY)KHTh 0CO0-
Hsk Jlese (1885 r., apx. ILI1. 3b1koB) [17] B Mockae,
KOTOpBIHA B pe3yapTaTe peKoHCTpykuuu 1985 rona
OblJ1 OKpYEH CTeHaMU aAMUHUCTPATUBHOTO 3AaHUs
Y iproOpen JTaKOHUYHbBIN O0JIMK, CBOMCTBEHHBI ap-
xutektype XX Beka. IIpu oToM MHTEpbepbl 0cob-
HSIKa, KOHTPACTUPYIOUIUE C €r0 BHELIHUM OOJUKOM,
coxpaHuinuch. He MeHee peliMTesbHO MOCTYMMIIM
apXUTeKTopbl ¢ dacagamMu ObIBUIETO JIOXOJHOTO
noma M.P. I'ou B PoctoBe-Ha-/{oHy, B KOTOPOM B CO-
BETCKOE BpeMsl pa3MeLianuck kuHoteatp «Ponunay

u marazuH «ITuonep». He cooTBeTcTBYIOLMI TeMa-
TUYECKOW HampaBJIEHHOCTH KMHOTEaTpa U Mara3vHa
(acan B cTuiie MOJIepH OBUT TIOJTHOCTBIO CKPBIT HE-
npo3pauHbiM BUTpaxom. B cepenune 1990-x rogos
B XO/Ie PEMOHTHO-PECTaBPALlMOHHBIX pabOT HaBec-
Holi dacan - BUTpaXk ObLT IEMOHTHPOBAH M ObLT OT-
KPbIT NOTTMHHBIA 00K UCTOPUUECKOTO 37aHUs.
[lonoGHbIM 00pa3omM coxpaHMBLIMECS YacTd
bnaroseleHckoil LepkBU ObLIM CKPLITbI BHYTPU HO-
BbIX KOHCTPYKLUHH KyKOJIbHOro Teatpa B Pocrtose,
KOJIOHHBI, CTE€Hbl U (pyHOAMEHTbI KOTOPOro coxpa-
HEHbI M OTYACTH MPEACTABIAIOT KOHCTPYKTUBHYIO U
[UIAHUPOBOYHYIO OCHOBY 3[aHMs, HO CKpbIThI
BHYTPH COBPEMEHHBIX MO (opMam M Marepuasam
cteH. Takke, kKak M MOAOOHBIM MOAXOM apXUTEKTO-
POB, XapaKTepU3yeT OTHOLUCHUE K aPXUTEKTYPHOMY
HACJIeMIO KaK K OTXKHMBLUEMY JIEMEHTY I'OPOJCKOM
3aCTpOMKH, ciiokuBLieecs B 1960-e ronpl, BCTyIuie-
HUE K 3aMETKe O CTpOMTeNbCTBE learpa KyKos B
MECTHOH nepuoanveckoi neyaru: «OTCTYyNaroT cTa-
ppie 3naHus. To B OOHOM, TO B JpPYyrom pailoHe
Halllero ropoja MOSBJSIOTCS CTPOUTEJIbHbIE MJIO-
maakd. MarasuHsl, )Kunble J0Ma, KIyObl «BBIPUCO-
BBIBAIOTCS» NOJI pyKaMu ctpoutenein» [15].
CoxpaHeHHble U3 COOOpaKEHUI SKOHOMUKHM U
«3aMacKUpOBaHHbIE» YaCTH UCTOPUYECKOH LIEPKBU
OKa3aJli 3HaYUTEJIbHOE BJIUSHME Ha MJIAaHUPOBKY HO-
BOr0 KyKOJBbHOTo Tearpa. Tak MpocTpaHCTBO LieH-
TpaJibHOTO Heda CTalo 3pUTENbHBIM 3aJI0M, OIpe.e-
JIMB €ro napameTpbl U puUTM OMNOPHBIX KOJIOHH. B
OBIBIIEH anTapHON YacTU pa3MEecTHIIU CLieHy. 3apa-
Hee MpeAyCMOTPEHHOE MPOEKTOM TeaTpa coXpaHe-
HMe 3amnafaHoro ¢acazna B BUe BHyTPEHHEH CTEHBI,
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OTHENSIOLIeH BXOJHYIO 30HY Tearpa OT 3pUTeIbHOTO
3aj1a, HETraTUBHO CKa3aJoChb HAa MPOCTPAHCTBEHHBIX
XapaKTepUCTHUKAX BECTHOIOJIS, UMEBLIErO TAKUM 00-
pa3oM ULIMPUHY KOJIOHHOTO TMOpPTHKA ObIBIIEH
uepkew, U doiie. Tak, HanprMep, psAbI OMOPHBIX KO-
JIOHH U MapameTpsl 3aja OTYaCTH OrPaHUYUBAIOT BU-
JUMOCTb.

[NapameTpamu HCTOPHUYECKOTO 31aHUS MTPOAMK-
TOBAaHbI U MPOCTHIE, JIMILEHHbIE I€KOpa, HO TPaIULH-
OHHBIE PELEHUs] CEBEPHOT0, K’KHOTO U BOCTOYHOTO
(bacasioB, TOJILKO TJIABHBIM 3amaiHblil (acam To-
CTPOEH B COOTBETCTBUH C CTETMUECKMMHU MPHUHLIM-
namu MoJepHu3ma. Takum o0pa3om, BHELIHE TOMHU-
HUpYIOLME HOBbIE (POPMBI BO MHOTOM Cli€IOBaI
JIOTMKE UCTOPUYECKOM apXUTEKTYPBbI.

BriBoasbl. B xonne 1960 — navane 1970-x ro-
JIoB Bo MHOrux ropogax Coserckoro Coro3a cTpo-
ATCS HOBBIE 3/1aHHS [UTS KyKOJIBHBIX TeaTpoB, oOpa-
30BaHWe KOTOPBIX B OCHOBHOM OTHOCHUTCS K 1930-M
rogaM. CaMbIM SPKUM TIPUMEPOM CTallo HOBOE 3/1a-
Hue KykonbHoro tearpa C.B. O6pasinora B Mockse
(1970), nporpeccrBHOe (GYHKIHOHATLHO-TIIAHHPO-
BOYHOE pellleHre M TeXHUUECKOe OCHALIeHUe KOTO-
POro MOCTYKMIM NPUMEpPOM Ui MoApaxkaHus. B
paMKax 3TOro mpoiecca cTpourcs 31aHue PocTos-
CKOT0 TeaTpa KyKoJl.

HUctopus crpoutennbctBa TeaTpa kykon Hero-
CPEeICTBEHHO CBsi3aHa C pa3pylieHHeM HCTOphYe-
CKOTO 3J1aHus braroBelmeHcKkol rpeyeckoi UepKBU,
(dbyHAaMEeHTBI, KOJIOHHBI M 4aCTh CTEH KOTOPOH CTau
OCHOBOM MPOCTPAHCTBEHHO-TNIAHUPOBOYHOIO pellie-
HUSl MHTEpbepa TeaTpajbHOro 34aHMs, B TOM YHCe
3pUTEJILHOTO 3aja.

@DopMbl apXUTEKTYpbl MOJEPHU3MA MPOUMTbI-
BaloTcs B acummeTpun odvema KykonbHoro teatpa
W pelleHuH rmaBHoro ¢gacana no nepeyky Y HuBep-
CUTETCKOMY, KOTOPbIH, COIJIACHO IMPOEKTY, CKpbl-
BAeT YaCTH CTApOro 34aHHusl.

SIBnsiAch XapaKTepHbIM MPUMEPOM COBETCKOrO
MOJepHU3Ma, 34aHue Tearpa KykoJ J€MOHCTPUPYET
TaKoKe s 0COOCHHOCTEH, OTIIMYAIOLIMX ero OT Mac-
coBoit apxutekTypbl 1960—1980-x ronos. 310 J1ako-
HUYHBIE TeoMeTpu3oBaHHble (opmbl acamos, co-
MacIITaOHOCTb OKPYIKarolLei 3aCTpoiike, UCIONb30-
BaHUE CPE/ICTB AU3aiiHA U MOHYMEHTaJIbHO-/IeKOpa-
TUBHOTO MCKYCCTBA B apXUTEKTYPHO-XYA0KECTBEH-
HOM o0pa3se 31aHusl.

PoctoBckuii Tearp kykon — crneuuduueckuit
00BEKT COBETCKOIO MOJAEPHU3MA B perMoHe, UL~
CTPUPYIOLIUI CTOIKHOBEHUE «CTApOro» U «HOBOTOY»
B apXUTEKTYype, UTO 00YCIOBUIIO HEKOTOPbIE COBpE-
MEHHbIE MPOOJIeMbl €ro SKCIUTyaTalud U OXPaHbl.
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*E-mail: AMI0202@yandex.ru

ROSTOV PUPPET THEATER: "OLD" AND "NEW'" IN THE ARCHITECTURE
OF SOVIET MODERNISM

Abstract. Rostov Puppet Theater is an interesting example of the early stage of Soviet modernism in the
region. It has an unusual building history and originality. The building with laconic and simplified forms
outwardly corresponds to the image of the mass development of the 1960—1970s. Special features distinguish
the building from among similar buildings. These are scale and harmony with the environment, compliance
with the residential complex House of State Security Officers, and mosaic panels. On the basis of field studies
of the Puppet Theater, the study of archival materials and design drawings, the authors managed to clarify the
facts of the history of construction, identify the features of the stylistics of modernism, features of the spatial
and planning structure and the architectural and artistic image of the building. The method of comparative
analysis is used, comparing the materials of full-scale and historical-archival studies of the Puppet Theater
with the project documentation and preserved images of the Annunciation Church, on the site of which it was
built. The internal volume of the theater includes the remains of the structures of the destroyed church. The
building became a clear illustration of the collision of “old” and “new in the architecture of Soviet modern-
ism, a reflection of the processes of changing aesthetic ideas of the time.

Keywords: Soviet modernism, Puppet Theater in Rostov-on-Don, architecture of Rostov-on-Don, monu-
mental art, mosaic, Annunciation Greek Church.

REFERENCES

1. Malinina T.G. Modernism and "modern-
isms": on the content of the concept and the expan-
sion of its boundaries to the XXI century in architec-
tural criticism. Methodological notes [Modernizm i
"modernizmy": o soderzhanii ponyatiya i rasshirenii
yego granits k XXI veku v arkhitekturnoy kritike.
Metodologicheskiye zametki]. Art. 2014. No. 3-4.
Pp. 106—125 (rus)

2. Ikonnikov A.V. Architecture of the XX cen-
tury. Utopias and reality: in 2 volumes [Arkhitektura
XX veka. Utopii i real'nost']. ed. A.D. Kudryavtseva.
Moscow: Progress-Tradition, 2002.Vol. II. 672 p.
(rus)

3. Khan-Magomedov S.O. Khrushchev utili-
tarianism: pros and cons. Aesthetics of the "thaw":
new in architecture, art, culture [Khrushchevskiy
utilitarizm: plyusy i minusy. Estetika "ottepeli": no-
voye v arkhitekture, iskusstve, kul'ture]. ed. O. V.
Kazakova. Moscow: ROSSPEN, 2013. Pp. 100-133
(rus)

4. Bronovitskaya A., Malinin N. Moscow. The
architecture of Soviet modernism, 1955-1991:
guidebook [Moskva. Arkhitektura sovetskogo mod-
ernizma, 1955-1991: spravochnik-putevoditel'].
photo by Y. Palmin. Moscow: Garage Museum of
Contemporary Art, 2016. 328 p. (rus)

5. Anisimov A.V. Dreams about architecture in
the early 1960s. Eyewitness testimony. Aesthetics of

64


mailto:AMI0202@yandex.ru--
mailto:NIKOR42@yandex.ru
mailto:AMI0202@yandex.ru

Becmuux BI'TY um. B.I'. [Llyxosa

2021, Nel

the "thaw": new in architecture, art, culture [Mechty
ob arkhitekture v nachale 1960-kh gg. Svidetel'stvo
ochevidtsa.  Estetika  "ottepeli": novoye Vv
arkhitekture, iskusstve, kul'ture]. ed. O. V. Ka-
zakova. Moscow: ROSSPEN, 2013. Pp. 238-246
(rus)

6. Greek  Church in  Rostov-on-Don
[Grecheskaya tserkov' v Rostove na Donu]. Year-
book of the Society of Architects-Artists: Fourth edi-
tion St. Petersburg: Printing house A. F. Marks.
1909. LXXV, 163 p. (rus)

7. Malakhovsky E.I. Temples and places of
worship in Rostov-on-Don, lost and existing
[Khramy i kul'tovyye sooruzheniya Rostova-na-
Donu, utrachennyye i sushchestvuyushchiye]. Ros-
tov Regional Branch of the Public Organization All-
Russian Society for the Protection of Monuments of
Cultural History (VOOPIK). Ed. 2nd revised and
add. Rostov-on-Don. 2012. 311 p. (rus)

8. Vasiliev G.N. Greek Church in Rostov-on-
Don [Grecheskaya tserkov' v Rostove-na-Donu]. Ar-
chitect. 1917. No. 35-38. Tab. 13 (rus)

9. Vasiliev G.N. Greek Church in Rostov-on-
Don [Grecheskaya tserkov' v Rostove-na-Donu]. Ar-
chitect. 1917. No. 35-38. Pp. 200 (rus)

10. GARO (State Archives of the Rostov Re-
gion) F. R-4329 Op. 2 D. 132 L. 22 (rus)

11. GARO (State Archives of the Rostov Re-
gion) F. R-4329 Op. 2 D. 132 L. 26 (rus)

12. Puppet theater in Rostov-on-Don. Photo of
1969 from the Lipkovich family archive [Teatr kukol
v Rostove-na-Donu. Fotografiya 1969 goda iz seme-
ynogo arkhiva sem'i Lipkovich]. System. require-
ments: AdobeAcrobatReader. URL:

Information about the authors

https://pastvu.com/p/1024589 accessed:
30.11.2020) (rus)

13. Ivanova-Ilyicheva A.M., Stushnyaya LA.,
Orekhov N.V. Mosaics in the decoration of buildings
of the era of Soviet modernism (for example, the city
of Rostov-on-Don) [Mozaika v dekorativhom
ubranstve zdaniy epokhi sovetskogo modernizma
(na primere goroda Rostova-na-Donu)]. Historical,
philosophical, political and legal sciences, cultural
studies and art history. Questions of theory and prac-
tice. Tambov: Diploma, 2017. No. 12 (86): in 5
hours, Part 5. Pp. 100-103. (rus)

14. Samoilova N. Synthesis of fine art and archi-
tecture in the socialist countries of Europe [Sintez
izobrazitel'nogo iskusstva i arkhitektury v sotsialis-
ticheskikh stranakh Yevropy]. Architecture of the
USSR. 1979. No. 5. Pp. 57-61(rus)

15. Listopadov L. Dolls are waiting for
housewarming [Kukly zhdut novosel'ya]. Evening
Rostov. 1966. 21 May. P. 4 (rus)

16.Esaulov G.V. Architecture of the South of
Russia: from history to the present. Essays. Mono-
graph. [Arkhitektura Yuga Rossii: ot istorii k sov-
remennosti. Ocherki. Monografiya]. Moscow: Ar-
chitecture-S. 2016. 556 p. (rus)

17.0bjects of cultural heritage. Moscow [Elec-
tronic resource]. Open data portal of the Moscow
government. URL:
https://data.mos.ru/opendata/7702155262-obekty-
kulturnogo-naslediya-i-vyyavlennye-obekty-kultur-
nogo-naslediya/data/table?versionNumber=6&re-
leaseNumber=58 (accessed 25.11.2020) (rus)

(date

Ivanova-Ilyicheva, Anna M. PhD, Assistant professor. Head of the Department of History of Architecture, Art and
Architectural Restoration. E-mail: AMI0202@yandex.ru. Southern Federal University, Academy of architecture and arts.
Russia, 344082, Rostov-on-Don, Maxim Gorky street, 75.

Orekhov, Nikolay V. Assistant professor. Department of Painting, Graphics and Sculpture. E-mail: NIKOR42@yan-
dex.ru. Southern Federal University, Academy of architecture and arts. Russia, 344082, Rostov-on-Don, Maxim Gorky
street, 75.

Received 04.12.2020

[ HUTHPOBAHMSA:

HpanoBa-UnbuueBa A.M., Opexos H.B. PocToBckuii TeaTp Kykousl: «cTapoe» M «HOBOE» B apXUTEKType CO-
BeTckoro moaepuusMma // Bectuk BI'TY um. B.I'. LllyxoBa. 2021. Ne 1. C. 58—-65. DOI: 10.34031/2071-7318-
2021-6-1-58-65

For citation:

Ivanova-Ilyicheva A.M., Orekhov N.V. Rostov puppet theater: "old" and "new" in the architecture of soviet
modernism. Bulletin of BSTU named after V.G. Shukhov. 2021. No. 1. Pp. 58—65. DOI: 10.34031/2071-7318-
2021-6-1-58-65

65


mailto:AMI0202@yandex.ru

Becmuux BI'TY um. B.I'. [Llyxoea

XUMHNYECKASA TEXHOJIOI'UA

DOI: 10.34031/2071-7318-2021-6-1-66-73
L*Tomauo E.M., "*Xa T.H.®., ’T'umpanosa A.P., *I'arumoé 3.P., ’Do Huyen Trang
'Kasanckuii nayuonanviwtii uccnedosamensckuii mexnonio2udeckuii ynugepcumen
Viet Tri University of Industry
’ Kazanckuil nayuonanvuuiil uccnedosamensckuii mexnuveckuii yuueepcumem um. A.H. Tynonesa
*Email: egotlib@yandex.ru

2021, Nel

N3HOCOCTOMKOCTH SMOKCHUIHBIX IIOKPBITU, HAITOJIHEHHBIX
CUHTETUYECKHUM BOJIJIACTOHUTOM HA OCHOBE PUCOBOI HIEJYXHU

Annomauyua. [Jobviua npupoOHO20 80IACMOHUMA 8 MUpe O2PAHUYEeHd, NOIMOMY AKMYAIbHLIM A6I5-
emcs CuHmes e20 Ha OCHO8e OOCMYNHO20 KAIbYULl U KPEMHUUCOOEPICAUe20 ColPbsl, NPUYEeM 6 Kayecmee uc-
MOYHUKA OUOKCUOA KPEeMHUSL NePCNeKMUSHO NPUMEHANb PUCOBYIO WLeTYXY, KaK 0MX00 puconepepadomxu.

3a cuem ueonvuamoii popmul uacmuy NPUPOOHBLIL BOJIACIMOHUMN NOBbIULACT USHOCOCHIOUKOCHb SNOK-
CUOHBIX NOKPBLIMULL, YMO Oesiaem UHMepecHbIM UCCIe008aHUe GIUAHUA HA DIMOM NOKA3amenb (Pazoe020 co-
CcmMasa u c6OUCME CUHMEMUYECKO20 80IACHOHUML.

Cunme3upo8aHHblil HaMU CUTUKAM KATbYUSL, COOePHCUM NPeUMYUECTNEEHHO [-8011ACTMONHUM, KOMOPbLIL
AGNIACMCS YeNeGbIM KOMROHEeHMOM. Maxcumanvroe cooepicanue e20, NPUMEPHO HA YPOGHE NPUPOOHO20
Musonna 10-97, 0oocmueaemcs npu memnepaniype cunme3sa e gviute 950 °C. B kauecmse npumecu 8 cocmage
CUHMEeMUYeCcKo20 80NIACMOHUMA OOHAPYIHCEH JIAPHUM, AGIAEMC OCIPOSHBIM CUTUKAMOM, KOMOPbLil UMeem
YenouHYI0 CIpPYKMypy, U HOIMOMY OH He MOJCem 00ecneuueanms maxkozo moouguyupyiowezo s¢gpexma, kax
HAnOIHUMeNU ¢ AHU300UaAMempuyHoll popmoi yacmuy. Xapakmep KpUgvlx pacnpeoeieHus yacmuy no pas-
Mepam Kax npupooHo20, MAaK U CUHMEMUYecKo20 60JACTNOHUMA, UMeem 084 MAKCUMYMA, He3a8UCUMO O
memMnepamypuvl CURme3a HAnOIHUMEJIsl, 3a UCKIIOUeHUeM CUnuKama xaavyus, noayyennozo npu 900-°C, komo-
pulil Xapakmepuzyemcst yHuMoOaIbHbIM pacnpedenenuem yacmuy Y npupoonoeo Musonna 10—-97 bonee y3xoe,
yemM y CUHME3UPOSAHHBIX HANOJIHUMENET, pacnpeoeneHue Yacmuy U OHU MeHbULe NO PA3MEPAM.

H3nococmoiikocms dnOKCUOHBIX KOMRO3UYUL, NPU HANOIHEHUU UX KAK NPUPOOHBIM, MAK U CUHMemuye-
CKUM GOIACMOHUMOM, Yeeauuugaemes. Haubonvuiuii pocm 5mo2o noxkasameris 00cmueaemcs npu npumere-
HUU CUHINEMUYECKO20 GOMNACMOHUMA, ROJIYYEeHHO20 HPU COOMHOUEHUY OKCUOA KANbYUSL U OUOKCUOA KPEMHUSL
1:1 u memnepamypax 900—1000 °C. Taxum obpazom, 5HOKCUOHbIE MAMEPUATIbL, HANOJIHEHHbIE, KAK NPUPOO-
HOIM, MAK U CUHINETNUYECKUM GOJLIACTNOHUOM, NOTYYEHHLIM NPU ONMUMATbHEIX COOMHOMEHUAX UCXOOHBIX
KOMNOHEHMO8 U MeMnepamypax cuHmesa, 3PPHexmusHo u SKOHOMUUHO UCHONL306AMb 8 Kauecmee USHOCO-

CIOTKUX NOKPLLNUIL.

Knwueessie cnosa: usnococmoukocms, SROKCUOHBIC NONUMEDYL, CUHIMEMUYECKUT 60IACMOHUM, (a3o-

8blll COCMAG, pacnpeoeienue Yacmuy no pasmepam.

Beenenne. MecTopoKaeHUsl NPUPOJHOrO BOJI-
JIACTOHUTA, KOTOPBIH sABJISIETCS ONHUM U3 3P PEeKTUB-
HBIX HaMoJIHUTENed MONMMEpHbIX Marepuaios [1,
2], BO MHOTHX CTpaHax OTCYTCTBYIOT. JTO [ejaeT
aKTyaJIbHbIM CHHTE3 €ro Ha OCHOBE JIOCTYIHOIO
KaJlbLMii- U KpeMHHUicoepKaliero celpps [3, 4].
OcoOblii MHTEpeC MpeaCTaBIsgeT MOJydeHHe BOJLIa-
CTOHUTA Ha 0a3ze 0TX07a nepepaboTku puca [5—7].

3a cuer uroibyatoil opmbl HacTHL MpPUPO.-
HbId BOJUTACTOHUT TMOBBILAET HM3HOCOCTOMKOCTD
SMOKCHUIIHBIX MOKpHITUH [8]. DTO nmemaer mHTEpec-
HBIM MCCJIeIOBaHKE BIMUSHUS HA CTeNEeHb UX W3HOCA
(azoBoro cocraBa U CBOHCTB CUHTETUYECKOrO BOJI-
JIaCTOHWTA, TIOJY4YE€HHOrO TNpHU Pa3HOM COOTHOLIE-
HUM KOMIIOHEHTOB MCXOJHOI CMeCH M TemIepary-
pax cUHTe3a.

DKcHepUMEHTAJNBHA  YacTh. OIMOKCHUIHbIE
KOMITO3MLIMH TTOJTy4ald Ha OCHOBE JMaHOBOW CMOJIBI
O1-20 (I'OCT 10587-84), otBepxknaemoil amu-
HoankunpeHonom AD-2 (TY 2494-052-00205423-

2004) npy KOMHATHO# TeMIiepaTrype B TE€HeHUH 7 Cy-
Tok. CofieprkaHue OTBEpAUTES ONPEesioch IKBU-
MOJIbHBIM COOTHOLLIEHUEM [3MOKCUTPYMIbl]:[aMUH].

B kadecTBe HamoMHUTENs MPUMEHSJICS CHUHTE-
TUYECKUI BOJJTACTOHUT, MOJIYYEHHBII HA OCHOBE OK-
CH/Ia KalbLIMS U 30J1bl PUCOBOM LIETYyXH, KaK UCTOY-
HUKa aMOpP(pHOro TUOKCHAA KpeMHust [6, 7], npu co-
OTHOLLIEHUAX 3TUX KommoHeHTos: 1,2:1, 1:1 u 1:1,2,
u Temnepatypax ot 800 °C no 1100 °C B Teuenue 2
yacoB. /[ cpaBHEHUS MCMOJBL30BAICS MPUPOAHBIN
BOJITTACTOHUT Mapku Muom 10-97 (TY 5777-006—
40705684-2003).

PentreHorpaduueckuii KoaMuecTBeHHbIH Qa-
30BbIii aHanu3 (PKDA) npoBoauscs Ha MHOropyHK-
uuoHanbHOM nudpaktomeTpe Rigaku SmartLab npu
CleyIOlIMX NapaMeTpax CbEMKHU: YIJOBOW MHTEp-
Bajl oT 3° 1o 65° ¢ marom ckanupoBanus 0,02, ¢ skc-
nosunue 1 cekyHaa B TOUKe.

66


mailto:egotlib@yandex.ru

Becmuux BI'TY um. B.I'. [Llyxoea

2021, Nel

AHanu3 pa3mepa 4acTHLl CHHTETHYECKOTO BOJI-
JIACTOHHTA MPOBOIUTCS METOIOM JIa3epHOM AU pak-
nuu B cootBetcTBrum ¢ 'OCT P 8.777 —2011.

HzHococToiikocTh 00pa3LioB W3Mepsiach Ha
BepTHKaNbHOM ontuMmerpe M3B-1 mpu yaensHOM
nasiaeann — 1 Mlla, ckopoctn ckonbxeHus — 1
M/cek, 6e3 cMa3KHu.

Ob6cy:xnenne pesyabtaroB. [lomyueHHBIN
HaMHW CUHTETUYECKHH BOJUTACTOHUT, HE 3aBUCHMO OT
TeMmrepaTrypbl CHHTe3a W COOTHOLICHHUS JUOKCHIA

KPEMHHS U OKCH/Ia KaJIbIUsl B UCXOJIHOM CMecH, CO-
JEPKUT NMPEUMYILECTBEHHO [3-BOJIIACTOHMT.

B kadecTBe nmprMecH B ero coctaBe 0OHapy>KeH
JIAPHUT — CUJIMKAT JBYX MoJieky kanbims CaxSiOs.
B oTauuMe oT BOMIACTOHMTA, KOTOPBIA UMEET Lie-
MOYHYIO CTPYKTYPY, JIAPHUT SBISIETCS OCTPOBHBIM
CHJIMKATOM, MO3TOMY OH HE MOXeT o0ecreurBaTh
TaKkoro MoanuIMpyrouero 3pgexTa, Kak HaroJIHH-
TeJIM C aHU30JUaMeTpu4Hol dopmoii uactui [9].

Tabnuya 1

®a3oBblii cocTaB 0 AaHHbIM PK®A cHHTeTHYeCKOro BOJIJIACTOHATA, MOJIYY€HHOTO PH Pa3HBIX
cooTHomieHUusX Ca0:SiO; u pa3HYHBIX TeMOepaTypax

1.2:1 1:1 1: 1,2
CooTHOWEHNE
Ca0:SiO; B -Bommactonut Jlapaut f -Bomnactonur Jlapaut B -Bomnactonnt | Jlapuut

(%) (%) (%) (%) (%) (%)
800 °C 75 25 76 24 78 22
850 °C 74 26 75 25 79 21
900 °C 77 23 74 26 70 30
950 °C 75 25 70 30 68 32
1000 °C 56 44 59 41 66 34
1050 °C 57 43 57 43 63 37
1100 °C 58 42 44 56 62 38

[MpencraenenHbie B Tabnuie | pe3ynbTaThl CBU-
JETETbCTBYIOT O TOM, YTO MaKCHMaJIbHOE ColepkKa-
HUE B COCTaBE€ CHMHTE3UPOBAHHOIO HAMOJIHUTEINS [3—
BOJITACTOHHUTA, KOTOPBIH SIBISIETCS LIETIEBBIM KOMIIO-
HeHToM [10], mocTuraeTcs mpu TeMmrieparype mpo-
Hecca MOJy4YeHUs He BbILIE
900-950 °C.

HuTepecHo 0TMETUTD, UTO MPU U30BITKE TUOK-
cuIa KpeMHMs B MCXOAHOW cMmecu coaepskaHue [3-
BOJIIACTOHMTA B COCTaBE HAIOJIHUTENS B MEHbLUEM
CTENEeHH 3aBUCUT OT TEMIIEPATYPbI CUHTE3A, YEM MPU

M30BITKE OKCHIA KaJbLMS, WA COOTHOLIEHWUH WC-
XOJIHBIX KOMIOHEeHTOB 1:1 (Tabm. 1).

CooTHOILIEHHEe TUOKCUAA KPEMHUS M OKCHIa
KaJbLIMsl B UCXOJHON CMECH MPH ONITUMAJIbHBIX TEM-
neparypax cuaresa (800—900 °C) He 3HAYMTENTHHO
BJIMAET Ha KOJMYECTBO [P-BOJUIACTOHUTA B COCTaBe
0JIy4aeMoro HanojHures (tabdj.1).

CopnepxaHue 3TOro LIEJIeBOrO KOMIIOHEHTa B
BOJUIACTOHUTE, CUHTE3MPOBAHHOM MPU ONTUMAaslb-
HOH Temmeparype U COCTaBe UCXOAHOU cMecH, Npu-
MEpPHO Ha ypoBHe mnpupoaHoro Musomna 10-97
(80 %).

K[1I1Fll-rk' PAcCpeIeICHIIA YaCTHL 0 pasmMopamM

Conepaxanne gacTiu (%o)

Cunr. Bonn. BOOC

CinT, Bonn 1100

=1 1-2 2.5 510 10-20

Cant. Bonn. 900C

—Musonn 10-97

20-40
Pazmep wactim

40-50 30-63 =63

Cunt. Bonn 1000C

Puc. 1. KpuBble pacnpenenieHus Mo pasMepaM 4acTHUL, CHHTETUYECKOTO BOJUTACTOHNUTA C MOJIIPHBIM
COOTHOILIEHUEM OKCHJA KaJlbLUs U AUOKCUAA KpeMHMs 1,2:1, MOyd4eHHOro Npy pa3invHbIX TEMIEpaTypax,
B CPABHEHUM C IPUPOJHBIM MUHEPATIOM
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XapaxTep KpUBBIX pacripefeieHHs YacTull Mo
pa3MepaM Kak MPHPOAHOTO, TaK U CHHTETHYECKOTO
BOJIACTOHUTA, UMEET JiBa MakcuMmyMa (puc. 1), He3a-
BHUCUMO OT TeMIIEpaTypbl CHHTE3a HAMOJHUTE, 3a
WCKITIOYEHHEM CWJIMKaTa KaJlblMsl, TOJY4YeHHOTO
ripu 900 °C, KOTOpBIi XapaKTepr3yeTcs YHUMO1aTb-
HBIM pacrpeeneHueM YacTHl, CO CPeIHUMHU pa3Me-
pamu 20—40 MKMm.

21
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5 7
7%

=5,
12 Z
2 “
S Z
L
ool
= %
5 %
< 3 Z
%

0 %

11,7 11,8 11,8 11,8

C pocToMm Temneparypbl CHHTE3a BOJUIACTOHUTA
KOJIMUECTBO MeNKUX (1—2 MKM) 4acTHI] ero pacTer,
ocobeHHO npH Temneparype noaydenus 1100 °C.

VY npupoaHoro Musosnna 10-97 Gonee y3koe,
YeM y CHUHTE3UpPOBaHHbBIX HAMOJHUTENEH, pacpene-
JIEHHE YacTHLl, OHW MEHbIUE M0 pa3MepaM, KOTOpbIe
BapbHpyroTcs oT 1-2 1o 10 Mxm (puc. 1).

800°C 850°C 900°C 950°C 1000°C 1050°C 1100°C

% He Hano/THeHHBI

# Musost 10-97

TeMIeparyp
# Bosumactonur 4

Puc. 2. U3HOCOCTOMKOCTD 3MOKCHAHBIX TIOKPBITH, MOTU(ULIMPOBAaHHBIX 10 MACC. Y. CHHTETHYECKOTO BOJUIACTOHHTA C
cooTHommenueM Ca0:SiO; = 1,2:1, moyuyeHHOro NpH pa3HbIX TeMIepaTypax

Cpok ciy>kObI ATIOKCHIHBIX TOKPBITHI CylIie-
CTBEHHO 3aBUCHUT OT U3HOCOCTOMKOCTH CBA3YIOIIETO,
Ha KOTOPYIO 3HAYUTENbHOE BJIMSIHUE OKA3bIBAET THUIT
npumMeHseMoro Hanojguutens [11].

AHanu3 TOMy4YeHHBIX HAMH JKCIIePUMEHTAaIb-
HBIX JAHHBIX TTOKAa3aJl, YTO M3HAIIMBAHUE 3MOKCH/I-
HBIX KOMITO3UTOB MPH HANOJIHEHUH UX KaK MpUPOA-
HbIM, TAK U CHHTETUUYECKUM BOJJIACTOHUTOM, YMEHb-
waetcs (puc. 2 1 3). DTO CBI3aHO ¢ aHU30IUAMET-
pUUHOl (OPMOI HACTHILL STUX KOPOTKOBOJIOKHUCTBIX
HaIoJIHUTEJeH, OKa3blBaIOLIMX, COIVIACHO JIMTepa-
TypHbIM JaHHbIM [12], oOuiee ycunuBarollee aeii-
CTBHE, OCOOEHHO BJIMAIOLIEE HA YCTAIOCTHBIC CBOM-
CTBa MaTepHaJIOB.

CHW>KEHHE CTENeHU MOMepeyHOro CUIMBAHUs
SMOKCUJHBIX KOMIOO3ULMI MpU BBEIEHUU B UX CO-

21
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18 e
=
7
15 %
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s 12 7 15 11,2 11
= 2
<9 . @
g .
2 6 i i
= .
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800°C 850°C

% He HamoJTHEHHBIHM

900°C
B Musost 10-97

ctaB BoytactoHHWTa [13] oOycnaBnvBaeT yBemude-
HUE TMOJABMXKHOCTH 3JIEMEHTOB TPEXMEpPHOW ceTda-
TOM CTPYKTYPBI MOJTUMEPHOI MaTPHLIBI, YTO CIIOCO0-
CTBYET [MOBBIILIEHUIO CKOPOCTH pellaKkcaluyd KOH-
TaKTHBIX HANpSOKEHWH, W, ClieAoBaTeIbHO, YMEHb-
HICHUIO MHTEHCUBHOCTH M3HAIIMBAHUA [14].
HaumeHpmnii u3Hoc Habmropaercs Ui 3MOK-
CUJIHBIX KOMIMO3MLMKA ¢ CUHTETUYECKHUM BOJLIACTO-
HUTOM, TMOJYYEHHBbIM MPH COOTHOLIGHHUH OKCHIA
KaJpLus U quokenaa kpemuus 1:1 (puc. 3). 30T 1o-
KazareJib 3aMETHO HWKE N0 CPABHEHUIO C UCIONb30-
BaHMEM B KayeCcTBE HAMOJHWUTENs MPUPOAHOrO MU-
Hepasa. [lpu sTOM Temneparypa cuHTe3a BOJUIACTO-
HUTa HE 3HAYUTEJILHO BJIMSET HAa MU3HOCOCTOMKOCTD
HaNOJHEHHbBIX UM MaTepuasnos (puc. 2, 3 u 4).
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Puc. 3. U3HOCOCTONKOCTH SMOKCUIHBIX MAaTepHaIoB , MOANGUINPOBaHHBIX 10 Macc. 4. CHHTETHYECKOTO
BoJITacTOHUTA ¢ cooTHoIeHreM Ca0:SiO, 1:1, CUHTE3UPOBAHHOTO MPU PA3HBIX TEMIIEpATypax
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Puc. 4. I3HOCOCTOWKOCTB SMOKCHIHBIX MaTepraioB, MoaudurpoBanHeix 10 Macc. 4. CHHTETHYECKOTO BOJIJIACTOHHUTA

¢ cootHomenueM Ca0:SiO,

He oOHapyxeHa Koppessius CTeleH! n3Hoca
HATOJTHEHHBIX 3MOKCUIHBIX MTOKPBITHI C pa3MepoM
YyacTHLl BoJutacToHWTa ( prc. 1 u 2).

B Toxe BpeMs HMMeeT MecTo OmpeaeleHHas
B3aMMOCBS3b MEXIY COAEP:KaHHEM [-BOIIaCTOHHUTA
B COCTaBe CHHTE3MPOBAHHOTO HAMOJHHUTENS H
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1:1,2, CHHTE3UPOBAHHOTO MPH PA3HBIX TEMIIEPATypax

M3HOCOCTOMKOCTEIO — HAIOJIHEHHBIX
MaTepuasoB.

Tak, mpu TeMrepaType CHHTe3a BOJJIACTOHUTA
Beime 950 °C  M3HOCOCTOWKOCTH 3MOKCHAHBIX
MOKPBITUM ¢ OTUM HANOJHHWTEJIEM HECKOJIbKO
YMEHbIIAeTcsl, KaKk ¥ COAepKaHWe KOMIIOHEHTa ¢
uronp4aToi popmoit uactul (Tadi. 1 u puc. 2-4).

97,6
96,6
95,8
I I 94’2

950°C 1000°C 1050°C 1100°C

OITOKCHUJIHBIX

Temneparypa

Puc. 5. Coneprxanue renb-ppakiiuy SIOKCHIHBIX KOMITO3UIHIA, HATOJHEHHBIX 10 MAcC. Y. CHHTETHIECKOTO
BOJUTaCTOHUTA ¢ cooTHowmeHneM Ca0:SiO, 1,2:1, mogyueHHOro npy pasHbIX TeMIlepaTypax
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Puc. 6. Coneprxanue renb-ppakium STOKCUIHBIX KOMITO3UIHIA, HATOJHEHHBIX 10 Mac. 4. CHHTETHIeCKOTO

BosutacToHuTa ¢ coornomenrem Ca0:SiO;

1:1, nory4yeHHOro NpH pasHbIX TEMIEPATypax
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[Ipuuem, 3aBMCUMOCTB COAEP)KAHUS TIejlb-
bpaxumn HaroJIHeHHbIX CHUHTETHUYECKUM
BOJJTACTOHUTOM  KOMMO3WLMI  OT  CTPYKTYpBI

HaToOJTHUTENST OOJIbllle, YeM B CJIy4ae CTeNeHH X
W3HOCA.

KonnvectBo  B-BoyutacToHuTa B cOCTaBe
CHUHTE3UPOBAHHOT'O HATOJIHUTENS BJIUSET W Ha
coJiepKaHne refb-hpakiuun HArOJIHEHHOM
SMOKCHIHOW Kkommozummu (puc. 5 u 6). B

120

100

(=] (=] (=]

Conepxanue renb-hpakuuu, %o
(e

800°C  850°C

3aBUCUMOCTH OT COOTHOLLCHHUS OKCHIOB KaJbLHUs
KPEMHHUsI O9TOT [OKa3aTellb, XapaKTepU3YIOLIHii
TUIOTHOCTB CETYATOM CTPYKTYPbl MATEPUAIIOB, BhILIE
npyd  Termeparype  TOJy4eHUs  BOJUIACTOHUTA
850-950 °C.

TakumM oOpa3oM, coliepxaHue refb-ppakiyu B
HAMOJHEHHBIX CHHTETHMYECKUM  BOJUIACTOHUTOM
SMOKCH/IHBIX MaTepHaax CyLIeCTBEHHO 3aBUCHT OT
(azoBoro cocrapa HaroJHUTEIS.

96,1
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80
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900°C

950°C  1000°C 1050°C 1100°C

Temneparypa

Puc. 7. ConepxaHnue reib-Gppakuuy SMOKCUIHBIX KOMITO3ULIMH, HAMONHEHHBIX 10 Mac. 4. CHHTETHYECKOro
BOJUTaCTOHUTA ¢ cooTHomeHueM Ca0:SiO, 1:1,2, momyueHHOTo P Pa3HbIX TeMIlEpaTypax

3akmouenne. HanGonbwmii poct u3HococTom-
KOCTH 3MOKCHAHBIX MaTepuanoB AOCTUraeTcsl Mpu
HaMNOJIHEHUM CHUHTETUYECKUM BOJJIACTOHUTOM, MO-
JIy4EHHBIM NPU COOTHOLUEHHUH OKCHUA KaJIbLUA U AU-
OKCHJA KPpeMHHS W3 pucoBoid wenyxu 1:1 u Temmne-
parypax cuHresa 8§50-950 °C.

KonuvectBo B-BosnactoHura B (hazoBoM co-
CTaBe CMHTE3MPOBAHHOIO HAMOJHUTENS BJIMSET Ha
coJepKaHue reib-ppakLuy HaMnoJIHEHHbIX STIOKCUI-
HbIX KOMOO3ULMI U U3HOCOCTOMKOCTD MOKPBITUNA Ha
HX OCHOBE.

Takum 00pa3oM, DBMNOKCUIHBIE MaTepHallbl,
HarnosHeHHbIe 10 macc. 4., Kak MPUPOJHOrO BOJIa-
cronnta Mapku Musomn 10-97, Tak U cuHTeTHYe-
CKOrO CWJIMKaTa KaJbLiMsl HA OCHOBE 30J1bl PUCOBOM
HIeayXH, NOJTY4YE€HHOro MpU ONTHUMAJIbHBIX COOTHO-
LIEHUSIX MCXOAHBIX KOMIIOHEHTOB M TeMIepaTypax
cuHTe3a, 9)(HEKTUBHO U SKOHOMUYHO UCTIOJIb30BATh
B KaQueCcTBe U3HOCOCTOMKUX MOKPbITUH [15].
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WEAR RESISTANCE OF EPOXY COATINGS FILLED WITH SYNTHETIC
WOLLASTONITE BASED ON RICE HUSK

Abstract. The extraction of natural wollastonite in the world is limited, so it is relevant to synthesize it on
the basis of available calcium and silicon-containing raw materials, and it is promising to use rice husks as a
source of silicon dioxide, as a waste of rice processing. Due to the needle shape of the particles, natural
wollastonite increases the wear resistance of epoxy coatings, which arouses interest to study the influence of
the phase composition and properties of synthetic wollastonite on this property. The calcium silicate synthe-
sized by authors contains f-wollastonite, which is the target component. Its maximum content is achieved at a
synthesis temperature not higher than 950 °C, approximately at the level of natural Mivall 10-97. Larnite is
found as an impurity in the composition of synthetic wollastonite, it is an island silicate with a chain structure
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and therefore cannot provide such a modifying effect as fillers with anisodiametric particle shape. The nature
of the particle size distribution curves of both natural and synthetic volastonite has two maxima, regardless of
the filler synthesis temperature, with the exception of calcium silicate obtained at 900 °C, the particle distri-
bution is narrower than in synthesized fillers, and they are smaller. The wear resistance of epoxy compositions,
when filled with both natural and synthetic wollastonite, increases. The greatest increase in this indicator is
achieved when using synthetic wollastonite, obtained at a ratio of calcium oxide and silicon dioxide 1: 1 and
temperatures of 900-1000 °C. Thus, epoxy materials filled with both natural and synthetic wollastonium ob-
tained at optimal ratios of the initial components and synthesis temperatures can be effectively and economi-
cally used as wear-resistant coatings.

Keywords: wear resistance, epoxy polymers, synthetic wollastonite, phase composition, particle size dis-

tribution.
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K BO3MOXXHOCTHU TPEXMEPHOM MMEYATU CUWJIMKATHBIMU MACCAMU
C UCITIOJIB30OBAHUEM KEPAMUYECKUX U TUAPATAIINOHHBIX CBA3YIOIUX

AHnnomauua. Texnonozuu 3D-neyamu nosgunucs 00CMAamoyHo OA6HO U YCReUHO NPUMEHSAIOMCA 8 paoe
npouszeoocms. Tax, 6e3 ux ucnoib308aHUs Yoice NPAKMUYECcKU He 00X00Umcst OesimeibHOCHb MHO2UX Nepedo-
8bIX KOMNAHUU N0 CO30AHUI0 MAKEMO08, MoOeaell U NPOmoOmuno8 Y3108, azpe2amos, uzoeaui u m.0. Ha oue-
PeoU MexXHON02UY CePUIHO20 NPOU3B00CNEA, 001A0aIOUUe 8bICOKOU NPOU3BOOUMENLHOCHIBIO 8 COYEMAHUU C
HU3KOU CebecmoumMocmvpio, CONOCMAGUMO ¢ MPAOUYUOHHBIMU CROCODamMU u32omosnenus uzoenut. Ipous-
800CHBO PATUYHBIX UR0CIUU U3 CUTUKATIHBIX MACC AOOUMUBHBIM CHOCOOOM CePbe3HO COePACUBACMCS PAOOM
npobiem, 06yCr06IeHHbBIMU CHeYUPUKOU camoeo mamepuana. OOHA u3 21a6HBIX - OOCHUICEHUE 8bICOKUX (D~
BUKO-MEXAHUYECKUX XAPAKMEPUCTIUK 803MONCHO MOAbKO NOCIe 2uopamayuu (018 yemMeHmos) unu mepmuye-
CKOll 00pabomxu (Kepamuieckue Maccovl) u30enus. SHauumenvpHoe GIUSHUE OKA3bIBAC CNOCOD U320MOGICHUS.
uzoenus, Haudonee YOOOHVIM U HAUMEHee DHEPLO3AMPAMHBIM CNOCOOOM (8 CPAGHEHUU C NOPOULKOBLIMU CHO-
cobamu 3D-neyamu ¢ UCnoIb308aHUEM TIA3EPHO2O CNEKAHUA) NPeOCmAasaemca NOCIOUHOe TUNbe ULTUKePOM
UNU DKCMPY3USL NIACUYECKOL MACCOU, 0OHAKO U 30eCb eCmb Hepeulernvle npobiemvl. B oannoii pabome
oceelyenvl Kiodegvle NPooieMvl NPUMEHEHUs A0OUMUBHO20 CnOCOOA NPOU3B0OCHBA KOHCIMPYKYUOHHBIX U3-
Oenull Ha Kepamuydeckux u 2UOPaAMAayUOHHbIX C8A3KAX C UCHONb308AHUEM WIACMUYHBIX U HCECMKUX MACC 8

covemaHuu ¢ 6u6paquHHbzmu B8030€lCMBUAMU.

Knrouessie cnosa: mpexmepnas newams, aOOUMUGHBLI CROCOD RPOU3800CMIBA, KOHCMPYKYUOHHBLE U30e-
JIUsl, Kepamuyeckue cesa3yiouue (2Iuna), 2uOpamayuoHHvle icyuue (NOPmMIaHOYeMeHm), JceCmKUe MAccol.

Beenenue. B Hacrosiiiee Bpemsl co3naHue co-
BPEMEHHBIX KOHCTPYKUMOHHBIX HW3/EIHH pa3iny-
HOTO Ha3HA4YeHHs Cepbe3HO CIeP)KMBACTCS Pa3BH-
THEM TOTeHLIMala TPAaJULHMOHHBIX TEXHOIOTHH.
[IpuBbIuHBbIE cOCOOBI MPOW3BOACTBA 3a4acTyIO He
MOTYT 00ecreunTh COYeTaHHUs BICOKMX (PU3HKO-Me-
XaHUYECKHX CBOMCTB (TEPMOCTOMKOCTb, JIEIKOCTb,
MPOYHOCTB) CO CJIOKHBIMU F€OMETPUYECKMMHU KOH-
¢urypamusamu. Tak, Kepamuueckue Marepuasbl
CIOKHOM (hopMmbl BOCTpeOOBaHbI B MAaUIMHOCTPOE-
HHUH, B KOHCTPYKLHMAX ra30TYypOMHHBIX JIBUraTesei,
B MEIMIIMHE Ul CO3JaHMS OPTONEINYECKUX M3Jie-
7V, UIMIUIAHTOB, B XMMHUYECKOH MPOMBIIITIEHHOCTH
JUIsl TIOJTYYeHHs] KOPPO3MOHHO-CTOMKOM OrHeymnop-
HOM MOCY/bI, TUTJIeH, SJICMEHTOB KOTJIOB U PeaKkTo-
POB, HAaKOHell, B MPOM3BO/ICTBE OBITOBBIX U JEKOpa-
TUBHBIX KEPAMUUCCKHX W3/1eNUi. AKTyalbHBIMU 5B~
JISIFOTCSL MCCJIEIOBAHMS C UCTIOb30BaHUEM THpaTa-
LIMOHHBIX BSDKYLIMX. DTO MOTYT ObITh MOpTIaH/Le-
MEHTHbIE PacTBOPBI U OETOHBI, a TaKXKe OTHEYINop-
Hble MaTepHUaibl Ha TNIMHO3EMHUCTBIX U BBICOKOIIIU-
HO3EMMCTBIX LieMeHTax. Hanbonee nepcrnekTHBHBIM
cnocoO0OM NpOW3BOJCTBA B 3TOM OTHOLIEHHUH Oe3-
YCJIOBHO SIBJII€TCS TpeXMepHas neuarb, OJHAKO Cy-
LIECTBYET PsiAl OapbepoB, MPENSTCTBYIOIIUX Pa3BH-
THIO TIPOW3BOJCTBA W3AEIMH aJJUTUBHBIM CIIOCO-
6om [1].

['mo6anbHO anIUTUBHBIE MPOLIECCHI MOJKHO pa3-
JIeTTUTh Ha J1Ba TUMA:

1. OpHoMIaroBeie MPOLECChl, B KOTOPBIX H3[le-
JIMe WK ero 4YacThb MPOU3BOANTCS SIMHUYHOM Orle-
pateii, hopMUpOBaHUE HY>KHBIX T€OMETPHUECKUX
U (U3MKO-MEXaHHUUECKUX MapaMeTpoB Marepualia
MPOUCXO/MT CPasy;

2. Tak Ha3bpIBa€Mble «HETPSIMbIE)» MPOLECCHI,
KOTOpBIE BKIIIOUAIOT JIBE U OoJiee orepamuy s mo-
Jy4deHUs U3JieNnus 3aJaHHOM ()OPMBI U CBOWCTB.

[1pon3BOACTBO KEpaMHUKH aATUTUBHBIM CIIOCO-
O00M B aOCOMIOTHOM OOJIbIIMHCTBE C1y4aeB OTHO-
CUTCSI KO BTOPOMY THITY MPOLIECCOB U OCHOBAHO Ha
WCMOJIb30BAaHUM PA3IMYHBIX CBA3YIOUIMX /7151 KOHCO-
JIMAAUMN YacTULl KepaMHUyecKoro mnopoiuka. PasHo-
o0Opa3Hble TEXHOJIOTUYECKHE MPUEMbl ITO3BOJISIOT
MOJTy4YaTh HIMPOKUIA CIIEKTP KePAMUUSCKUX H3ICIIHIA,
0JTHAKO Bcer/ia TpeOyIoT SHepro3aTpaTHOro 3Tana rno
OTXKUTY CBSI3YIOLIEr0 M, COOTBETCTBEHHO, HE OTHO-
caTcs K ObICTphIM criocobam neuat [2].

JlocTrokeHHe BBICOKMX (U3UKO-XHMHUUYECKUX
CBOMCTB KepaMUK{ B 3HAYMTEJIbHOW CTETIeHU 3aBH-
CUT OT MUKPOCTPYKTYPBI U3ZeJusl, KOTOpas (GopMH-
pyeTrcss M U3MEHsIeTCs Ha KaXI0H CTaguu TeXHOJO-
TMYECKOro LMKJIa OT MOJArOTOBKH CBIPBS 10 KIFOYe-
BOTO Tpoliecca — criekaHusi. dopMoBaHue KepaMuye-
CKHUX JleTajiei MeTogaMu ObICTPOro NPOTOTUIIUPOBA-
HUS 10 TIEPBOMY THITY MPOLIECCOB UMEET CYIIIECTBEH-
Hble orpaHuveHus. ToHKHME KepamHuecKue [1o-
POLLIKHU, UCTIONIb3yeMbie B aJITUTHBHBIX Mpolleccax,
CKJIOHHBI K arjioMepalii U HaKOIUIEHHUIO JJIEKTPO-
CTaTHYECKOr0 3aps/a, BCIEACTBUE YEr0 CHIKAETCS
MJIOTHOCTh YNakoBKHW YacTtull. [lopuctocTs n3nenus
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MOJKET YBEJIMYMBATHLCS M HA CIISTYIOLICH CTaIuu NPU
yaaneHuu csiyroulero. I[lpuMmeHeHue Ja3epHbIX
TEXHOJIOTHiA criekaHusl (MJIaBJIeHMs) MOPOLIKOOOpas-
HBIX MaTepualioB MpU TPEeXMEpHOW meuyaTh Kepa-
MUKH 3aBEJIOMO He O0ecreurBaeT ONTHUMH3ALHIO
MUKPOCTPYKTYPHI U (pa30BOr0 COCTaBa TOTOBOTO U3-
nenusi. Beicokue rpaauMeHThl HarpeBa CO3Jal0T Cy-
LIECTBEHHbIC HAMPSHKEHUS B CTPYKTYpe, KOTOpbIe
BO3MOXKHO CHSATh TOJIBKO 4Yepe3 JOMOJTHHUTENIbHBIN
OTIKHT, a KPaATKOBPEMEHHOE BO3JCHCTBHUE J1a3ePHOro
W3JIy4eHHUs] He MOXKeT O0ecneyHuTh MOJIHOLEHHOe
(dhopmupoBanue KHIKOM (da3bl [3].

EnuHcTBEeHHBIM OQHOLIArOBBIM criocobom 3D-
MeYaTH KepaMHKH SIBJISICTCS METOA, B KOTOPOM MOPO-
LIOK HAHOCHUTCS MOCIONHHO, U TIOBEPXHOCTh KAXKIOTO
CJiosl pacruiaBisieTcsl TerioBol sHeprueit (powder
bed fusion - cMHTE3 Ha MOIOKKE), PA3HOBUAHOCTHIO
SBIIAIOTCS CENIeKTUBHOE JlazepHoe IaBnenue (SLM
— Selective Laser Melting) u cenekTuBHOE NazepHoOe
cnekanue (SLS — Selective Laser Sintering). Otu
cnoco0bl SBISAOTCS Gonee ObICTpbIMU U 3 deKTHB-
HBIMU B CPABHEHUH C HETIPIMBIMHU, OJTHAKO TOKa He
MOTyT obecreunTb HeOOXOAMMBIH IMPOKHIA accop-
TuMeHT w3enuii. [[pyroii cyuiectBeHHOM mpobdiie-
MOW TIPY UCTOJIb30BAaHUM 3THX METOJOB SIBJISETCS
pacTpecKrBaHHe U3JIeNTNI U3-3a TEPMHUECKOTO IOKa
OT JlazepHoro u3nydeHusi. OcoOEHHOCTH MPOLECCOB
JIa3epHOTO CMeKaHUsl KEPaMHUKHU PacKpbIThI B paboTe
[4, 5].

[TopuctocTs 1 HU3KAs MIOTHOCTH M3JIENIUHN SB-
nsercs obuield mpobneMoii Uis BceX aJIuTUBHBIX
MPOLIECCOB, U MOXET ObITh pellieHa ONTUMHU3aLueit
TEXHOJIOTHYECKUX MapaMeTpoB HENOCPeACTBEHHO
npu GOPMUPOBAHUU W3IICNIMH, WKW JOMOJHUTENb-
HbIMU onepauusiMu nocie [6].

B tpanuumoHHbIX crocobax monaydyeHus Kepa-
MUYECKUX MaTepHAIIOB MJIOTHOCTh T'OTOBOIO M3Jie-
JIsl BO MHOTOM OIpEe/eNisieTcss TIIOTHOCTBIO MOJy-
(habpukara, mosTOMy pa3paboTka TEXHOJIOTUYECKUX
MPUEMOB, TO3BOJIAIOIIMX (OPMUPOBATH TUIOTHBIE
ciiou 1 obecrieyrBaTh UX KOHCOIUAALUIO, OCTACTCs
aKTyanbHOW 3ajaueil BO Bcex cdepax aJAUuTUBHOTO
MPOU3BOJCTBA.

B 2002 r. HeMeLKMMU YYE€HbIMHU ObL1 3amaTeH-
TOBaH METO/[l, COUETAIOLIMI TUTHEBbIE TEXHOJIOTHU U
Jla3epHOE  CMeKaHWe, KOTOpPbI M3BECTEH Kak
Layerwise Slurry Deposition — LSD (nocnotinoe
HUIMKepHoe ocakaeHue). B paborax [7, 8] meTomom
LSD nony4ensl o6pasubl apdopa, TUTHEBBIX CTe-
KOJI, CTEKJIOKEpPAMHKH C BICOKUMH (DU3UKO-MEXaHU-
YecKMMH cBolicTBaMU. TexHHka crepeonurorpadun
OCHOBaHa Ha (OTOMOJMMEPU3ALMU KUAKUX CMOJ,
HaIOJIHEHHbIX KepamuyeckuMmu yactuuamu (o 40-
60 % no oobemy) [9]. Takoit cocod no3possier no-
Jy4ath NonyhaOpHUKaT ¢ BbICOKOW MCTUHHOM TUIOT-
HOCTBIO (2,56 r/cM*) M KOHEUHOM MIIOTHOCTBIO MOCIE

criekanust 99 % (maHHbIe IpUBEAEHBI I 00pas3IoB
u3 nopomka Al,O3) [10].

OueHb Maso paboT MOCBALIEHO Pa3BUTHIO TPEX-
MEpHOW MevyaTH ¢ UCMOJIb30BAaHMEM KepaMHUYECKHX
IUTMKEPOB Ha BOJHOW ocHoBe [11]. B aToMm ciydae
MOTYT OBITh MCIIONB30BaHbl KIACCHYECKUE MPUEMBI
MPUrOTOBJIEHUS CYCIICH3UM C MPUMEHEHUEM TIOPOLL-
KoB ¢ pasmepamu yactul oT 100 uM 1o 100 MKM.
BakHBIM NpeUMyIIECTBOM SBIISIETCS BO3MOXKHOCTD
KOHTPOJIST MEKYaCTUYHOTO B3aWMOACHUCTBHS, a Mo-
JBW)KHOCTB YacCTHLL B LIJIMKEPE OMpenessieT UX CBO-
OonmHOe pa3MelleHne ¢ TMPEANOChUTKON TMOyYeH s
ONMTUMAJILHOM CTPYKTYBI.

MOo>HO yBEpEHHO TOBOPHUTH O TOM, UTO C TOUKH
3peHust GOPMHUPOBAHHS ONTUMAIBHONH MUKPOCTPYK-
Typbl noiy¢abprkara B TPaJULMOHHOM TMPOM3BOJI-
CTBE MPHOPUTETHBIMU SIBISIOTCS «BIAXKHBIE» CIMO-
co0bl popMOBaHUS — TUThE, FIKCTPY3ust. OJTHAKO TPU
WCTIONIb30BAaHWM BOJHBIX KEPAMHUYECKUX ILTUKEPOB
u mMacc B 3D-npuHTEepax HE0OXOOUMO AOCTHKEHHE
TAKUX PEOTEXHOJIOTMYECKUX XapaKTEePUCTHK, KOTO-
prie OynyT obecrieurBaTh BBHICOKYIO CTETNeHb Iia-
CTHYHOCTH, CIOCOOHOCTh K (hOpMOOOpPa3OBaHMUIO
JaKe CIIOKHBIX W3JENUil, 1 OJHOBPEMEHHO BBICO-
KYIO TUTACTHYECKYTO MPOYHOCTh U MAJIOYCaT04YHOCTD
u3zienuii. HemanoBaKHBIM MpH 3TOM SBISIETCS TIPO-
Hecc CLereHus cioeB Mexay coboil. Haubonee
yIOOHBIM M HAaUMEHee IHEPro3aTpaTHbIM CIOCOOOM
NIpe/ICTaBIIsIeTCs TOCIOMHOE JTUThE HITMKEPOM HIIH
IKCTpY3Us IIacTHUeckol maccoil. OgHako Tpely-
eTcs AeTaabHOE N3yYeHHEe MEKYaCTUYHOIO B3aUMO-
JEMCTBUS ¢ YyUETOM BJIaXKHOCTH, MJIOTHOCTH CYCIIeH-
3UM, CKOPOCTH ABMKEHUS MeYaTaroLIero ycTpoiicTaa
u zp. [lpy ucnonb3oBaHMM KepaMMUYECKUX MOpPOLI-
KOB U KECTKMX Macc 3(pPeKTUBHBIMM MOTYT ObITb
TEXHOJIOTMUYECKUE MPUEMbl, CBsI3aHHbIe ¢ BUOpaLu-
OHHBIM Bo3JieiicTBUEM. DPPEKTUBHBIM MOKET CTATh
UCIIOJIb30BaHHe 0€300KUrOBBIX TEXHOJIOTUI MOITy-
YEHHUsl KepaMHUUECKUX (OrHEYHNOPHBIX) U3JETHi.

Eue oaHO nepcnekTMBHOE HanpaBieHUe aaau-
TUBHBIX TEXHOJIOTUIl — OpraHu3alys KOMIbIOTEepH-
3UPOBAHHOIO M3TOTOBJEHUS! KOHCTPYKLMOHHBIX W3-
JeNni, a TaKkKe CTPOUTENBHOrO Mpouecca ¢ MoMo-
mwpto  3D-neyatu. Tak, KpynmHeHHmMiA WrpoKk Ha
pbiHKe cTpouTtenbHoit meuatn Countour Crafting
Corp mpuUMEHsIIOT pacTBOpbl Ha OCHOBE cyJb(aTo-
CTOMKOTO LIEeMEHTa U TecKa ¢ MCIOIb30BaHUEM IUla-
CTU(UKATOPOB Ha TMOJMKAPOOKCUIIATHOW OCHOBE M
MOJIMNPONUIICHOBBIX (PUOPOBBIX BOJIOKOH [12].

W3 poccuiickux KOMIAHUW, 3aHUMAarOUIMXCcs
CTPOUTENBHOH MeyaThio, Hanbosee U3BECTHBIMU SIB-
nsitotes ApisCor 1 AMT-CIIELLABHA. Tlpuntep
komnanun ApisCor npeacraBiseT coboii Ge3pam-
HYI0 MOHOOTOPHYIO KOHCTPYKLMIO C MeyaTarollei
rOJIOBKOM KpaHOBOTO THUMA, YTO 0OecreynBaeT Mmpo-
CTOTY MOHTaxka. Pa3mepbl meyaTtu orpaHuyeHbl U
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pa3paboTUUKKU MpeACTaBUIIN MUHUMANIbHbIE TPeOo-
BaHWS K HUM: KJIacC IO MPOYHOCTH Ha ckatue Oe-
ToHa — He MeHee B20, Mmapka Mo MOpo30CTOMKOCTH —
He MeHee F200, mapka Mo BOJJOHENPOHHULIAEMOCTH —
He MeHee W6, Mapka Mo cpeAHel MIOTHOCTH — He
ke D2000 [13]. B r. Crynuno ApisCor [14] Hare-
yaTanu oM miomaso 38 M B gpespane 2017, a B
okTs6pe Toro xe rona AMT-CITELIABUA mnpencra-
BWJIA JKWAJIOM JIOM, M3TOTOBJICHHBIM METOAOM aJJIu-
TUBHOM TMeyaTH, Mo cOOPOYHO-MOYILHOM TEXHOJIO-
rud. KoMnaHus npuMeHsieT Kak crielnaiu3upoBaH-
HbIE€ [IEMEHTHBIE CMECH, TaK M TPaJULIMOHHBIA MeJl-
Ko3epHHUCTbIii O6eTon mapku M300. Ilporpammuoe
ofecrieyeHre W CTPOUTENIbHBIH MPUHTEP SBJISIOTCS
YHUBepCaTbHBIMU B MpUMeHeHuu [ 15].

CaMbIM BBICOKMM 37aHHMEM, TOCTPOSHHBIM IO
aJTMTUBHBIM TEXHOJIOTHSIM, CUHTAETCSl S5-3TaKkHOe
371aHue, TIOCTPOEHHOE KWTAWCKOW KOMMaHUEn
Shanghai WinSun Decoration Design Engineering
Co [16]. Takxe B 1. Jly6ati npencrarieH opuc Oyay-
LIEeT0, MOCTPOSHHBIN MO aJAUTUBHBIM TEXHOIOTHUAM
WinSun. Ha cerogHsiiiauii eHb B cdepe aaIuTHB-
HOM MeyvaTu 3JaHUi caMoil IEpeJoBOi BISETCS CH-
ctema D-Shape, xoTopast MCTIONB3YET CTEPEOUTO-
rpaduyecKuil MeyaTHbIN npoiecc, KOTOPbIH MO3BO-
JISleT co37aTh MOJHOpa3MepHble OOBEKTHI U3 Tecya-
Huka [17].

TouHoe cobntoieHre TEXHONIOTHH MPH MevaTH
HETOCPeICTBEHHO Ha CTPOWTENbHOW TIUIOIAaKe —
JIOBOJIBHO CIOKHasi 3aa4a. B cBsa3u ¢ 3TiM GonbLiee
pa3BUTHE MOTYYHIIN TEXHOJIOTHH, B KOTOPBIX BO3BO-
JUMbIl OOBEKT pa3OMBaeTCs Ha BJIEMEHTbI-MOJYJH,
neyaTarolmecs Ha OpraHu30BaHHOM CTAaLIOHAPHOM
npousBojcTBe. KoHeuHas cOopka 371eMEHTOB MPOBO-
JUTCS HAa CTPOUTENILHOMW TIoLIaKe.

[IpuBeneHHbIe Bblllle NPUMEPbI Pa3IMUHbIX OTe-
YEeCTBEHHBIX U 3apyOexkHbIX TexHooruii 3D-nevatu
B CTPOMTEJILCTBE TOBOPST O BBICOKOW 3aMHTEpECcO-
BaHHOCTH YUYE€HbIX BCEX CTpaH B Pa3BUTHMM JaHHBIX
otpacnieid. OTKPBITBIMH 10 CHUX TOpP OCTaloTCA BO-
MPOCHI BHICOKOM Ce0eCTOMMOCTH U3JeNUi NPU HU3-
KO MpOM3BOUTENILHOCTH 000pynoBanus. Hapsay ¢
OTCYTCTBMEM HOPMAaTHBHOM M 3aKOHOAATENbHON
0a3bl JIsl KOHCTPYKUMOHHBIX 3JIEMEHTOB M CTpPOU-
TEeNbCTBA 3AaHUH, aKTYalbHBIMU SIBJISIIOTCS MCCIIeI0-
BaHUsl U TEXHOJIOrHYecKue pa3paboTKH, HarpaBjieH-
HbI€ Ha pelleHre 3aJa4 MO MOBHIIIEHUIO OJBHUKHO-
CTH CTPOUTENILHBIX cMecei (1Sl X ToJa4M Ha pac-
CTOSIHUSI 10 HECKOJIBKMX COTEH METPOB U odecreye-
HUS aAre3uy MeXIy CJIOSMHU), TIOBBIIIEHUIO CKOPO-
CTH TBEpACHUs Macchl cpasy mnocie (OPMOBKH,
YIIyULIEHUIO TEXHOJIOTMYHOCTH TpoLiecca, MOBbILIe-
HUIO KauecTBa u3aesui u T.1. [18].

Marepnanbl u MeToAbI. B KauecTBe ChIPbEBBIX
MaTepuasoB B DKCIIEpUMEHTaJIbHOW YacTh Kepamu-
YeCcKHMX Macc MCIoJb30BaHa riMHa JlaTHeHckoro Me-
cropoxkaenus (JIT-1) (Boponexckas obnacts). B

cootBetcTBur ¢ [[OCT 21216-2014 «Cripbe TmuHU-
cToe. MeTobl UCTIBITaHUID OBLIN OTIpeieNeHsbl TJa-
cTryeckre U GOPMOBOYHBIE CBOWCTBA, KOA(PPHULIU-
€HT YyBCTBUTEJILHOCTH K CYILIKE, BO3AYLIHAS ycaaKa
rivHel. DU3MKO-MEXaHUYECKUE CBOMCTBA OMNpene-
nensl coriacHo ['OCT 7025-91 «Metoap! onpexere-
HUsI BOJIOMOIJIOLIEHUS, TUIOTHOCTH U KOHTPOJISE MO-
pozocroiikoctuy, 'OCT 8462-85 «Marepuais cre-
HOBbIE. MeTozbI onpeaesieHHs NpeieoB MPOYHOCTH
MPU CKATUH U U3THOEY.

B kauecTBe chIpbeBBIX MaTepHalioB OETOHHBIX
Macc MCIOJb30BaHbl OSTOHBI Ha METKO3ePHUCTBIX
(3anonHUTEeNb — NEeCOK) U TSAKENbIX (3aMOJIHUTENb —
MEeCOK WM oTceB ApobsieHus wwedHs U webeHb — C
pasmepom o 10 mm). [lopTnanaineMeHT ucmnosnb3o-
Basicss mapku [1I[ 500-/10. duzuko-mexaHnvyeckue
XapakTepucTUku onpenenensl cornacHo ['OCT
10180-2012 «beTtonsl. MeToas! onpeneneHus mpod-
HOCTH TO KOHTPOJIbHBIM  obpasuam», ['OCT
12730.1-78 «betoHsl. MeToasl ornpeneneHns MmioT-
HOCTHY.

OcHoBHass 4actb. llensfo nanHO# paboThI
OBLIO U3yUYeHHE BO3MOXKHOCTH MCTIONIb30BAHHUS Tia-
CTUYHBIX U KECTKUX Macc Ha KePaMUUYECKUX U T'H[-
paTalMoOHHBIX CBA3YIOIUMX (TJIMHA, TOPTIaHALe-
MEHT, BBICOKOTJIMHO3EMHCTBIN LIEMEHT) C MCIOJIb30-
BaHMEM BUOPALIMOHHBIX BO3ACHCTBHM.

Kepamnueckne cBsasyommue. Ha nepsom
sTarne paboThl OBUTK U3yUeHBl MAcchl, 00JaIAI0IINe
TUTIMYHO THUKCOTPOIHBIM XapakTepoM TeHEeHUS U
[pY ONpPEIEECHHOMN BIaXKHOCTU — BbICOKOM MJIaCTH-
YecKOM MNpoYHOCTHIO. [lpMHLMNMAnNbHAS BO3MOXK-
HOCTb MOJIyYEHHUs] KEePaMUUECKMX W3AEUi MyTem
3D-neyaty OCyLIECTBJISAJIACh C HCMOJb30BaHUEM
ruHbl JlatHeHckoro mectopoxaeHus (JIT-1), koto-
pas. OTHOCHUTCSI K OTHEYMOPHbIM, CpeIHemnjacThy-
HBIM TJIMHAM (4YMCII0 TIACTUYHOCTH — 15), ¢ ko3¢-
(PMLIMEeHTOM HyBCTBUTEJILHOCTH K cylke — 1,1 1 Bo3-
JyLIHOHM IUHEeHHOHU ycankol — 5,8 %. dopmoBouHas
BJIQKHOCTb 3TOH IMUHBI 0K0J10 18 %, mosTomy Maccy
JUIS TPAHCHIOPTUPOBKU K TOYKe (POPMOBAHMS TOTO-
BWIM B TpaHyisTope, ¢ noaOOpoM ONTUMAaJIbHOM
(hopMOBOUHOI BIAXKHOCTH MOJYKECTKUX Macc B UH-
TepBaisie oT 12 1o 18 %. ®opmoBaHue OCcylIecTBIs-
JIOCh C MCMOJIb30BAHWEM BUOPALIMOHHBIX BO3JEii-
CTBUI no MOBEPXHOCTH (BUOpOCKOpOCTD
11-100 wm/c), coznaBaeMbix BHUOpPATOPOM MOIIHO-
cTbi0 0k010 20 BT 1 Maccoii 2,6 Kr.

B xoa€e BBINMOAHEHHOI0 SKCMEPUMEHTA yCTaHOB-
JIEHO, YTO O0pa3Lbl ChIPLIA HA €CTECTBEHHbIX Kepa-
MUUYECKMX CBS3YIOLMX, MOJYyYEHHbIE aJAUTHUBHBIM
CHoco0OM MpH BIAXHOCTH Maccbl Ookojio 16 %,
MPAaKTUYECKU HE YCTYMaroT MO OCHOBHBIM (PU3MKO-
MEXaHUYeCKMM CBOWCTBAM KOHTPOJIBbHBIM, chopmo-
BaHHbIM Ha mpecce. Pe3ysnbraTbhl nmpeacTaBieHbl B
tabnuue 1.
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O06pas3upl, nony4eHHsie 1o 3D-TexHonoruu, mo-
ciie 00XKHMra MMEIOT TUIOTHYIO, CTIEYEeHHYIO CTPYK-
TYpY, OIHAaKO B HEKOTOPBIX MECTaX HMeET MEeCTO
pacciioeHHe, CBA3aHHOE, BEpPOSTHO, C HEJAOCTaTOu-
HBIM 3aKpeTuIeHHeM CJI0eB MeXAy coO0Ool BO Bpems

thopmoBanus. OHaKO, TOTMOJTHUTENBHBIE MEPOTIPH-
SITUSL TIO YITPOYHEHHIO KOHTAKTHOTO CJIOS TTyTeM pa3-
PBIXJICHUS WM CO3JaHWs 3aJlaHHOrO penbeda Ha
CBEkKeOT(HOPMOBAHHOM CJIOE CMIOCOOHBI PEIIUTh DTy
npobnemy.

Tabnuya 1

Du3zuKo-MeXaHHYECKHE XapaKTePpUCTUKH 06pa3u013, MOJYY€HHBIX pas/InIHbIMHA cnocooamMu

Kourpons O0pa31pl, MoTydeHHbBIe aaInTHBHBIM
XapakTepucTuka (TmacTrdeckoe opMOBaHIE) crocoooM
(Wwmaccer=16 %) (Wwmaccer=16 %)

T1I0THOCTE HOCIIE CYIIKH, T/CM> 2,03 1,96
Boznyninas ycaaka, % 5,8 5,3
IIpounocTs ceipua, MIla 5 5

[penen NpOYHOCTH MPH CIKATUN
o 20 20
nocje TepMuieckoii oopadorku, MIla

I'mapatanuonnble cBs3yomue. Mccnenosa-
HUS TIPOBOJAMIIUCH Ha MENTKO3EPHHCTHIX (3aIrOTHU-
TeJb — MMeCOK) U TSHKEITBIX (3arOTHUTENb — MTECOK HUITH
oTceB pobaeHus 1webHs 1 mebGeHb - ¢ pa3MepoM 10
10 mm) Getonax. ITocne mocnoiiHo# meyaTH Mosy-
YeHHBIH KOMTIO3HUT MOMEIIajcs B YCIOBUS U HOP-
MaJbHOTO TBepaeHus — Temneparypa 20£2 °C u ot-
HOCHTENbHAs BIaYKHOCTh OKPYKAIOLIEro BO3AyXa He
menee 90 %. ITo ncrevennu 28 cytok obpasubl Ge-
ToHa (puc. 1) pacnuiIMBaIUCh HA CTaHAApTHbIC Oa-
Jouku 4x4x16 cMm (c omnpeneNeHHON MOrpelHo-
CTBIO), JIJISl KOTOPBIX OMpPEAEISITUCh 00BEM, CpeTHSS

TUIOTHOCTh M TIPOYHOCTHBIE MOKa3aTeIn Ha U3rud u
cxarne. PazpaboTaHHbBIE COCTaBBI M CBOMWCTBA Oe-
TOHHBIX 00pa310B MpeICTaBIeHbI B TabuLe 2.
[TpurogHocTh cocTaBa st TpEXMEPHOM NeyaTu
OLICHWUBATM TO JBYM KIIOYEBBIM  (aKkTopam:
1 — dakTOp CBS3HOCTH, T.e. CIIOCOOHOCTH pacTe-
KaTbcsl 0e3 HapyLWeHHs CIUIOIIHOCTH, YTO MpUAAeT
Macce B IepBYyIO ouepe/ib LIEeMEHTHOE TECTO;
2 — ®axTop MIacTUYeCKOW MPOYHOCTH [Tl AalTbHEH-
el TeYaTy.

Tabnuya 2

CocTaBbl B (l)H3HKO-MeX3HH'leCKHe XapaKTePpUCTUKH 0eTOHHBIX oﬁpaaum;, MOJIY4Y€HHBIX
MO0 TEXHOJIOTHH TpeXMepHOﬁ nevyaTu

Ne cocTraBa 1 2 3 4 5 6
[TopTnanaueMeHT 50 50 30 30 20 25
Iecox 50 50 - - - 25
OtceB npoOieHus - - 30 30 40 -
[le6eHb - - 40 40 40 50
Bopa* 17,5 15 9 10,5 7,5 9
Cpenti 110THOCTS, 2166 2180 2185 2317 2161 2445
Kr/M
Hopucrocts, % 16,3 15,3 18,1 12,2 18,5 7,4
H;’;‘E;ﬁﬂ?ﬁgzifa 5.2 7,24 43 5,6 3,68 5,86
r6e, MITa (Bw4,0) (Bw3,6) (Bw3,2) (Bw4,4) (Bw2,8) (Bw4,4)
[IpouHocTs (Mapka) Ha 27,5 33,62 22,88 34,36 19,74 36,40
cxarue, MI1a (M250) (M350) (M200) (M350) (M200) (M350)

*Coneprxanue Boabl cBepx 100 % TBepmoii pazbl

Pe3ynbraThl MCHBITAHUI CBUACTEIBCTBYIOT O
TOM, YTO TO TEXHOJOIMYECKUM XapaKTepHUCTHKaM
(coxpanenue GopMbI U HEOOXOAUMOM MITACTHYECKON
MPOYHOCTH M3JeUs MPU NOCIOWHO neyaTn) u (u-
3MKO-MEeXaHU4eCKUM CBOMCTBaM HaubOojee 3ddek-
THUBHBIMHU SIBJISFOTCS COCTaBbl 2, 4 1 6. JlocTaTouHyI0

U coxpaHeHUs: (OPMbl MU HaHECEHHs MOcenyto-
IIMX CJIOEB MPOYHOCTb YIAJOCh MONYYUTh TOJIBKO
ripu 50 % coaep>kaHUM 3aMOJTHUTENS Pa3MepoM 0
10 MM u obweii Bnaxxnoctu Maccol 10 10 %.

JanbHelimumMu uccnenoBanusimMu OynyT paspa-
O0TaHBI U Ipyrue COCTaBbl C PA3IUYHBIM COJCpIKa-
HUEM KOMIIOHEHTOB.
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Puc. 1. O6pazern 6eToHa, MOMYyYSHHBIN TTO TEXHOJIOTUH TPEXMEPHOI revaTn

BeiBoabl. Takum 06pazom, NpoBe/ieHHbIE HC-
cleJOBaHMs TMOKa3alld MPUHLMIHAIBHYIO BO3MOXK-
HOCTB MPSMOTO MCTONB30BaHMS JKECTKUX MeUaTHBIX
Macc Ha KepaMHYEeCKUX M THAPATALMOHHBIX CBS3YFO-
mMX. YCTaHOBJIEHO, YTO B 3aBUCMOCTH OT JUCTIepC-
HOTO COCTaBa MOTYT MPUMEHSTHCS COCTABBI C BIIAX-
HocThio 9-18 %, obecrieunBaronieil Ux ynoboykia-
ZIBIBAEMOCTH TIPU BHOPALIMOHHBIX BO3IAEHCTBUSAX U
HEOOXOIUMYIO TUIACTMYECKYIO TPOYHOCTh IS He-
MPepBIBHOTO Tpoliecca nevatH. B pesynbrare BbI-
MOJTHEHHBIX PabOT METOIOM TPEeXMEepHOW MedaTH
MOJTy4Y€eHbl 00pa3Libl KEPAMHUYECKHUX U OETOHHBIX Ma-
Tepuasior. [TokazaHo, 4TO aTUTUBHEIH crTOCOO Mps-
MO Me4aTHh CWJIMKATHbIX MU3JE/IMH XOTs M UMeeT
CBOM HENOCTaTKH, HO MPU MCMOJb30BAHUM HEKOTO-
PBIX TEXHOJOIMYECKMX MPHUEMOB U TPAMOTHOM IO~
06ope TeXHOOrMYECKMX XapaKTepUCTUK Macchl M03-
BOJISIET MOJy4aTh 0OpasLpl CI0KHONW OPMBI C Tpe-
OyembiMM Xapaktepuctukamu. [lpu 5TOM OO
MPOU3BOIUTENILHOCTE 3D-mevaTy >KeCTKUMHM Mac-
camMH MOXKET ObITb MHOTOKPAaTHO NpeBbILIeHa B CpaB-
HEHUH C JIMTHEBBIMU COCTaBAMMU.
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THE POSSIBILITY OF THREE-DIMENSIONAL PRINTING WITH SILICATE MASSES
USING CERAMIC AND HYDRATION BINDERS

Abstract. The 3D printing technologies have appeared for a long time and are successfully used in a
number of industries. The activities of many leading companies in the creation of layouts, models and proto-
types of units, assemblies, products are practically not carried out without the use of 3D printing. The following
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are batch production technologies with high productivity combined with low cost, comparable to traditional
methods of manufacturing products. The production of various products from silicate masses in an additive
manner is seriously constrained by a number of issues due to the specifics of the material itself. One of them -
achieving high physical and mechanical characteristics is possible only after hydration (for cements) or heat
treatment (ceramic masses) of the product. Significant influence is exerted by the method of manufacturing the
product. The most convenient and least energy-consuming method (in comparison with the powder 3D printing
methods using laser sintering) is layer-by-layer slip casting or plastic extrusion, however, there are some
unresolved problems. This paper highlights the key problems of using the additive method of manufacturing
structural products on ceramic and hydration bonds using plastic and rigid masses in combination with vibra-

tion effects.

Keywords: 3D-printing, additive manufacturing method, structural products, ceramic binders (clay), hy-

dration binders (portland cement), hard masses.
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OCOBEHHOCTHU TPOTEKAHMSA TEIIVIOBBIX ITPOIECCOB B IBYCTOPOHHUX
TOPHEIIJIM®OBAJIBHBIX CTAHKAX

AHnHomayua. B pabome npeocmasnen ananuz npomexanus menioguvlx Npoyeccos 8 Hecywel cucmeme
08YCHIOPOHHE20 MOPYSULTUDOBATLHOCO CIANKA. [l AHANU3A UCHOTL30BANUCH IKCNEPUMEHTNATbHBLE OAHHBLE
nO meMnepamypam u nepemenjeHusM, NOJIYUeHHble npy padome CMAHKA HA XOJOCHOM X00Y, U NPU UMUMAyuy
npoyecca waupo8aHUs ¢ NOMOWBIO IIeKMPOHaAzpesamelieti pa3iuyHol MowHocmuy. Buinonnennvie uccieoo-
8aHUs NOKA3ANU, YMO MEeNa08ble Oehopmayuu 08YCHOPOHHUX MOPYCULTUDOBATLHBIX CHIAHKOG C 0Y206801 mpa-
exkmopueti nOOauu 3a20MO60K NPOUCXO0N 8 UIUPOKOM OUANA30HE KAK NO GelUYUHe, MAK U RO HANPAGIEHUIO,
U MO2ym HaApyuwiams OCHOGHOe mpebosanue MOYHOU padbomvl CMAHKA — CUMMEMPUYHOCIb VYCA08ULL 00pa-
bomxu Ha oboux mopyax 3azomogku. M3 skcnepumenmos 0viia yCmanosieHa abcoromHuas 6eauduHa Hena-
PALIETLHOCHIY WMUDOBATLHBIX KPY208 NOCe MpeX 4aco8 padomul, KOMopas NOYmMu 8 08d paza NPeulcuild
BENUYUHY CHUMACMO20 NPUNYCKA. AHAIU3 KUHeMUYeCKUX UsMeHeHUl Oehopmayuii Hecyujell cucmemuvl CIMAHKA
npu pabome nNOO MENAOBOL HAZPY3KOL ROKA3AT, YO C ee NPOSPedoM 83AUMHOe NOJOdACeHUEe KPY208 nOCHe-
NEeHHO UZMEHSIeNICsl OM COCMOSIHUSL «GHU3Y UUpe» 00 COCIMOSHUSL «BHU3Y YIIce ». DMO NPUBOOUIN K CAMONPOU3-
BOLHOMY USMEHEHUIO OUHAMUYECKOT HACMPOUKY MEXHOA0UYECKOL CUCEeMbL U COOMBENICMEYIOUeMy U3Me-
HeHUo moyHocmu oopabomxu. Hzmenenus OuHamuyueckol HACMpPoKU MEXHOI02UYECKOT CUCHIEMbL C PA3HOU

UHMEHCUBHOCMBIO NPOOOIIJICAIOMC. 8 MeyeHUe 6ce20 8peMeHU padomvl CMAHKA.
Knioueevie cnoea: mopyeurnugosanvhvie cmanku, mennogvie oegopmayuu, uz0bImoyHvie memnepa-

Mypul, Meniosvie NepemMeyets.

Bgeaenne. llnudoranue umeer Gonblioe 3Ha-
YyeHue B KauecTBe (PMHULIHOM Onepaluy B MalllMHO-
cTpoutesibHOM MpousBoactee. [losTomy minudgosa-
HUEe M LUIH(OBaNbHbIE CTAHKW CErogHs MO-MpeK-
HEMY SIBJISIOTCS aKTyalIbHOM 00J1aCThIO HAYyYHbIX HC-
cnenoanuii. Jlocratouno 605b1110i 06beM Hecneno-
BaHUi1 OXBaTbIBaeT PeaIM3aL1IO HOBbIX TEXHONIOTUH
uMpoBaHUs i TapaHTUPOBAHHOTO JIOCTHIKEHUSI
BBICOKOI'O Ka4yecTBa MOBEPXHOCTEH KOJIel| MOAIHUII-
HUKOB U TOPLIOB POJIUKOB C NMNApaMeTPOM LLIEPOXOBa-
toct Ra He npespimarommm 0,04 mxm [1, 2]. Dke-
MEPUMEHTAIBHO ObIJIO MOKAa3aHO, YTO MOBBILICHUE
KayecTBa TMOBEPXHOCTH CYLLIECTBEHHO MO3BOJIET
YBEJIMYUTb CPOK CITYKObI POJTMKOBBIX MOJIIMITHUKOB
3a cueT cTadWIM3aluud BO BPEMEHHM 3HAUYEHW MO-
MeHTa TpeHus [2]. B paborte [3] aBTOpamu Obuia
MpeaJioyKeHa MeToUKa pacueTa napaMmeTpoB Liepo-
XOBaTOCTH, CUJI LUTU(OBAHUS W TOJIIMHBI TEMHOTO
cyosi Ha 00pabOTaHHBIX MOBEPXHOCTAX KoJiell Mo/l
WUNHUKOB. [IpennoskeHHble 3aBUCMMOCTH YYHTbI-
BaJIl KOHCTPYKTOPCKHE U TEXHOJIOTMYEeCKHe Tapa-
MeTpbl Tpoliecca HUTUGOBAHUS. DTO TO3BOIUIIO
MPOBOAUTH ONTUMM3ALIMIO MpoLecca HudoBaHus C
KOHTPOJIEM BBIXOJHBIX TNapaMeTpoB oOpadaTbiBae-
MBIX Kosell MoAmUMnHUKoB. Jlnst Gomee TowyHOrO
orpeJiesieHUs TeMIiepaTyphbl UIMGOBaHUS B 30HE 00-

pabOTKM paccHUTHIBANICS TEMJIOBOM MOTOK, mepeaa-
BaeMblid B 3aroToBKy. Pacuer TOJILIMHBI TEMHOrO
C/I0Sl OCHOBaH Ha W3BECTHOM 3HAYEHUM TemIepa-
Typbl 150 °C, mpu koTopoMm HauyuHaeTcs (hazoBoe
MpeBpalleHue B NOALMIHUKOBOM cTanu. Ilpu atom
(azoBoM mpeBpalleHUH 00pa3zyercsi MOBEPXHOCT-
HbIil TEMHbII CJIOH Ha KOJIbLIAX MOALIMUMHUKA. B pa-
6ote [4] npencrasieHa TeroBas MoAe b LUTU(OBa-
HUS BHYTPEHHEro KOjbllda MOAIIMIHUKA, Pean3o-
BaHHas B CAE-cucreme Ansys. PazpaboranHas mo-
JleNib, YYUTHIBAIOLIAS KOHCTPYKTHUBHBIE MapamMeTpsl
MONUIUITHAKA U TEXHOJIOTMUYECKHE apaMeTphl 1IITH-
(hoBaHus, NO3BOJISET MPOBOJUTH ONTUMHU3ALMIO MPO-
tecca pesanus. B pabore [5] paccmoTpeH mporpec-
CUBHBII METOJ1 yJIbTPa3ByKOBOTO BPE3HOIO HLTU(O-
BaHUsl, KOTOpbIM obOecnieunBaeT Oonee yem Ha 20 %
POcT 3P PeKTUBHOCTH NpoLecca LuM(OBaHUSs, CHU-
JKEHHUe LIepOoX0OBaTOCTH OoJiee ueMm Ha 25 %.
CoBpeMeHHas TEHICHIIMSI MeXaHOoOOpabOTKH -
3aMeHa npouecca 1irdoBaHus Je3BUIHHBIMU METO-
Jnamu 00pabOTKU HAXOIUT OTPaXKEHUE U B POU3BO/I-
CTBE TIOJIIMITHUKOBBIX KOMIOHeHToB [6, 7]. Ilpen-
CTaBJICHHbIe B paboTax [6, 7] pe3yJbTaThl HCCIEO0-
BaHUIi TBEPAOro TOUEHUs, MPUMEHEHHbIE NIPU WU3TO-
TOBJICHUW BHYTPEHHHUX KOJIel| MOALIMIHIKA Ha pa3-
anuHbiX ctaHkaX: Hembrug Mikroturn-100 [6] u
Goodway GLS-2000 [7], — moka3aau BO3MOXKHOCTh
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JIOCTIKeHHs KadecTBa 00paboTaHHOW MTOBEPXHOCTH,
comnoctaBuMoii co nmuinpopanueM. OHako, B paborte
[6] aBTOpPBI AOMONHUTENEHO PEKOMEHA0BAIIM MPOBO-
JUTb TIOCJIE TBEPIOTO TOUEHHS TIyOOKYIO MPOKATKY,
MPUBOAALIYIO K YMPOYHEHHIO TOBEPXHOCTHOTO
cJIos. DTH MCCIIeIOBAaHUs MOKa3alH, YTO MOKa TeX-
HoJiorus HuiMoBaHUs HE MOXKET ObITh OIHO3HAYHO
3aMeHeHa Ha JIe3BUiHHYI0 00paboTKy.

TexHonorus umvdoBanus W ULIUQOBATLHBIE
CTaHKHM HE OTPaHMYMBAIOTCS UX WCMOJIb30BaHUEM B
MOJMIMITHUKOBOM MpOMBILITIEHHOCTH. Tak B paboTax
[8, 9] mccnenoBaHbl TETUTOBbIE XapaKTEPUCTUKH 3Y-
OoUTM(OBATBHOIO W YEPBAYHO-UUTU(OBATIEHOTO
CTaHKOB. 3a/la4a TepMOYIIPYTrOCTH I HecyllueH cu-
cTeMbl 3yOOIUTM(OBATBHOTO U CTAHWHBI YEPBSIYHO-
uuTMgoBaNbHOTO cTaHka Obiiin peanuzoBanbl B CAE-
cucteme Ansys. PacueTHble qaHHbIe ObLTH MOATBEP-
JKJIeHBI 9KCIiepuMeHTallbHO. B pabotax [10, 11] uc-
CJIeIOBaHBI TETUIOBBIE MPOLECCHl TITYOWHHOTO IUTH-
(doranwus. B pabore [ 10] npeacrapiieHa TemioBas Ko-
HEYHO-3JIEMEHTHas MOJesib ITyOUHHOTO LUH(OBa-
HHS, TaK KaK OCHOBHBIM OTPaHWYEHHEM 3TOH TEXHO-
JIOTHH SBIISIETCS TEPMUUECKOe MOBpexIeHne obpa-
OaTbIBaeMoii geTanu 1 OBICTPBIN M3HOC Kpyra. B pa-
6ote [11] mokazaHbl pe3yNbTaThl SKCIIEPUMEHTATb-
HBIX WCCIIeIOBaHHH, TOyYeHHBIE C HCTIOIb30Ba-
HUEM HOBOTO CTaHKa, peallM3yIolero riiyOuHHOe
numdoranue. B pabore [12] npeacraBneHa paspa-
OoTaHHas ynpoLIeHHas TeopeTuIeckas MOJIeINb Terl-
JoBBIX JedopMaluii 3y0onuingoBaIbHOTO CTaHKa,
OCHOBAaHHAs Ha PELIeHUM 3a/1a41 U3ruda Ais OasKu.
DddexTruBHOCTL MOAETH OblIa MOATBEPIKIEHA DKC-
MEPUMEHTAILHO C MOTPELUHOCTbIO, HE IMPEeBbICUB-
weii 5 %. B paborax [13—17] uccrnenoBansl Temio-
Bbl€ MpOLIECCHl B YalllEYHBIX Kpyrax, CMa3ouHO-
OXJIaXKIaKoLIeH JKUIKOCTH U 3ar0TOBKAaX, NPOTeKato-
e npy uuMpoBaHuu. bputo nokasaHo, 4To 3HaHUE
M3MEHEHMH TEIUIOBBIX MOTOKOB U TEMIIEPATYP B 3THUX
KOMIOHEHTaX  TEePMOJMHAMHUYECKOH  CHCTeMbl
CTaHKa MO3BOJISIET CHU3UTD TEIJIOBbIE HATIPSKECHUS,
BO3HHUKAIOIIME B 3arOTOBKE MPHU LUTU(POBAHUM U TEM
cambIM obecneunTb kauecTBO oOpadaTbiBaeMbIX MO-
BEPXHOCTEM.

B pabore [18] npeniokeHa HOBas KOHCTPYK-
uus LMGOBaIbLHOTO Kpyra, OCHalleHHas TeIrI0BOi
TpyOkoi. [lpuBeneHsl pe3yabTaThl SKCIEPUMEH-
TaJIbHBIX MCCIIIOBAaHUN, KOTOPBIE JOKA3bIBAIOT CO-
3naHue oxyaxaromiero addekra ans urdopansb-
HOrO Kpyra M CYLIECTBEHHOIO CHWKEHMs TemIepa-
TYpbl, YTO TO3BOJIIET OCYLIECTBIATH LUTU(OBaHUE
npu Gosiee BEICOKMX CKOPOCTSIX pe3aHus 0e3 nospe-
JKaeHus: oopabaTbiBaeMOi MOBEPXHOCTH.

B pa6ote [19] nmpencrasiiena Monenb pacyera
TEeMIIEPaTypHOro TMOJIs B 30HE LUTM(OBAHUS, OCHO-
BaHHas Ha METOJle KOHEYHBIX pa3HocTeil. Pazpabo-
TaHHas MOJeJIb TeHepaLly TermJja Mo3BOJIsIeT yuecTh
TEXHOJIOTMUECKHE PEKUMbI LTU(OBAaHUS: MoJady,

ryOvHY pe3aHHsi U CKOpPOCTh pe3aHus. beuto moka-
3aHO, YTO BJIMSIHUE TI0/1a41 Ha TeMIepaTypy Lutngo-
BaHMs OoJiee 3HAYNUTENBHO, YeM CKOPOCTh LTU(OBa-
HUs U T1yOrHa pe3aHusl.

Takum o6pa3om, 0630p COBpPEMEHHBIX UCCIENI0-
BaHMH, BBITOJIHEHHBIX /1S LITM(OBATBHBIX CTAHKOB
3a MocyieJHUE MATb-CEMb JIET, MOKa3all, YTO OJHUM
U3 BaKHEWIIMX (DAKTOPOB, OIMpPEAENAIOMNX TOY-
HOCTh M KayecTBO 0OpabOTaHHBIX MOBEPXHOCTEH,
SBJISIFOTCS TETUIOBBIE MPOLIECCHl B 30HE LITH(OBaHHUS.
PaGoThbl, B KOTOPBIX KOMITJIEKCHO UCCIIEAYIOTCS Tell-
JIOBBIE MPOLECChl, MPOTEKAIOLIME B HecylleH cu-
cTeMe UUTU(OBAIBHOIO CTaHKa, CErojHsl BCTpeva-
10Tcs penko. B mpeacraneHHoit pabore paccMoT-
peHbl 0COOCHHOCTH MPOTEeKaHHs TEIUIOBBIX TpoLec-
COB B JIBYCTOPOHHEM TOPLEUITH(OBATBHOM CTaHKE,
BBISIBJIEHHBIE SKCIIEPUMEHTAIIBHO.

JKcnepUMeHTAIbHOE HCCJIe0BaHHe. JKCIle-
PUMEHTBI  MPOBOAMIMCH HA CTaHKe MOJIENH
3A343AAD2 (1990 rox BeIMyCcKa) ¢ UHAWBUIYab-
HBIM 6aKOM OXJIXKICHHUS, XapaKTEPUCTUKA KOTOPOTO
npuBeneHa B [20]. TemnepaTypa xapakTepHBIX TO-
YeK CTaHKa M3Mepsiach Mo METOJIWKE, MpeasIoKeH-
HO#i B [20], ©3MEHEeHUe YriIoBOro MoJIOKEHUS KPYTroB
OLIEHUBAJIOCH C MOMOILLBIO MPHUHLMIA THEBMAaTHYe-
CKOT0 yIopa, Mo MeTOJIMKe, TaloKe MPeIoKEeHHOH! B
[20]. KonTponupoBanuch TemrnepaTypbl OKpYsKaro-
el cpefbl U CMa304HO-OXJIKIAAOLEN SKUIKOCTU
(COX), Beixomsmieit u3 cranka. Temreparypa u3me-
psnach B TOUKaXx, MOKa3aHHBIX Ha puc. 1.

JKCHepHMEHTAJIbHOEe HCCJIeI0BAaHHEe HAa XO-
JoctoM xoay. M3meHeHus Temmeparyp y3JOB
CTaHKa B 3aBUCHMOCTH OT MPOJOLKUTEIBHOCTH pa-
0OTHI CTaHKa Ha XOJIOCTOM XOJy MOKa3aHbl Ha puc. 2
u3.

N36bITOUHBIE TEMMEpaTypbl KOPIycoB (3agHei
Y nepeiHel CTEeHOK) IIMUHEbHBIX 0a00K (puc. 2) B
Toukax 5, 6, 15, 16, 8,9, 18, 19 onpenensnuch u3dbi-
TOYHBIMHM TemIepaTypaMH MHUHOJIEH B 30HE Mepe.-
HUX OMNOp IUMMHIENBHBIX Y3JOB, U COCTAB/SUIU B
nuanaszode ot 0,8 1o 1,5 °C. M30biTOUHbIE TEMIIE-
paTypbl TOPLIOB IIMUHAETBHBIX 6200k (TOuku 1, 2,
11, 12) onpeapensnuch M30BITOUHBIMU TeMIepaTy-
paMM NMHOJIEH B 30HE 3aJHMX OMNOP LUMMHAEIbHBIX
Y3JI0B Y BbIAENIEHUEM TeIla OT NPUBOAHbBIX LIKUBOB
W snekTponaBurarteneii. M30biTouHas Temmeparypa
TOPLOB INMUHAETBHBIX 6abok B Toukax 1, 2, 11, 12
cocTraBuiia B quana3one ot 1,5 no 2 °C.

N30biTOUHAs TemmepaTypa TOPLOB CTaHUHBI
onpenessnack BbIAEICHHEM Temjga OT IMHOJel
IIMUHAETbHBIX 0a00K, MPUBOIHBIX IIKHUBOB U HJICK-
TpoaBurarened [20]. M30biTouHble TemmepaTypbl
BEpXHEM M HWKHENW 4acTed IMOBEPXHOCTU TOPLIOB
CTaHMHbI OJJUHAKOBbI, BCIIEACTBHE TOTO, YTO K BHYT-
peHHel BepXHel MOBEPXHOCTH KayKAOro TopLa npu-
MBIKA€T MHOXXECTBO TMEpPeroposoK, OTBOASLIMX
TEIJI0 OT TOPLOBOM MOBEPXHOCTU. B HMxKHEH yacTu
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MOBEPXHOCTH KAXIOr0 TOpLA CTaHWHBI MEpPero-  30He 3aJHUX OMOop IIMUHAEHbHBIX y3510B 1 COXX.
POZIKM OTCYTCTBYIOT, MO3TOMY TNMPOMCXOAUT Hakor-  HanMeHblyro W30BITOUHYIO TeMmeparypy HMena
nenue tera. M30bITouHas Temneparypa B TOUKax 3, HWKHSS 4YacTb cTaHMHBI (Touka 23) — 0,1 °C, kak
13, 4, 14 cocrapnsna B guana3one ot 0,8 go 1,3 °C HauOoJiee ylajleHHas OT UCTOYHUKOB TETLJIOBBIIeIe-
(puc. 3). BepxHss 4acTb cTaHWHBI, BOJU3M Orpax- Hus. M3ObITouHas Temmeparypa TOJ KOXKyXaMH

nenus (touku 7, 17, 10, 20), umena m30BITOUHYIO mKuBOB (Touku 21, 22) cocrasmna 3.9 °C (puc. 4),
Temmnepatypy B auanazone ot 0,5 1o 0,9 °C, onpene- COX —4 °C (puc. 5).
nsieMass M30bITOYHBIMU TeMIlepaTypaMu MUHOJICH B

Puc. 1. Cxema pacnipenenieHust KOHTPOJIBHBIX TOUEK U3MEPEHUs TeEMIEpaTyp
(pemyKTop ¢ AMCKOM TTO/Iauy HE TTOKA3aHBl)

Al € Ay T
L He 561576
2 | .’"II - | ————— 2 —
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B

Puc. 2. I3MeHeHust TeMnepatyp XapakTepHbIX TOYEK LIMUHACIBHBIX 0a00K CTaHKa MpH paboTe Ha XOJOCTOM XOIy:
a — M30BITOYHAS TeMIIepaTypa BHEIIHUX TOPLOB (Touku 1, 2, 11, 12); 6 — u30bITOUHAs TeMIlepaTypa MepeIHUX CTEHOK
(Touku 5, 6, 15, 16); B — u30bITOYHAs TemMIepaTypa 3aAHUX CTeHOK (Touku 8, 9, 18, 19)

BrinonHeHHble U13MEpeHUs cMeLLeHUH (paHLleB  HOCHUTENBHO MJIOCKOCTH MOJA4M 3aroTOBKH MPOMC-
LINMHAEsS Npyu paboTe cTaHKa Ha XOJOCTOM XOAYy — XOAAT HEOAUMHaKoBO (puc. 6). OCHOBHOI MPOLEHT
MOKa3aJli, YTO TeMJIOBbIE MEPEMEIeHUs] KPYroB OT-  TMepeMeLIeHUH MPOMCXOAWT B MepBbIe Ba Haca pa-

0OTHI CTaHKA W COCTAaBJISUI: y JIEBOTO Kpyra — 8§ Mkm,
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y mpaBoro — 22 MKM. DTO O3Ha4aeT, 4To JIEBBIA KPyT
W3MEHSET CBOE MOJIOKEHNE OTHOCUTEIBHO JJCKA MO-
Jaud Ha BEJIMYMHY MPAKTHYECKU BTPOE MEHbLIYIO,
yeM mpaBblii Kpyr. Crabunmzauusi MNOJOKEHHUs
¢1aHLa MpaBoro Kpyra HacTynana yepe3 6 —7 4acoB
paboTBhI, a MOJNIOKEHHUE JIEBOTO Kpyra MpH 3TOM OCTa-
BajioCh MpakTHyecku cTabunbHbIM. Takum obpaszom,

3a BpeMsi pabOThI CTaHKa KPYTH 3aHUMAJIH TTOJI0XKe-
HHe, Ha3bIBaEMOE «BHH3Y MIHMpPe». ITO 0OBICHIETCS
TEM, YTO OCHOBHBIMH JIe(POPMHUPYEMBIMH MO Aeii-
CTBHEM TEIJIOBBIX MPOLIECCOB 3JIEMEHTaMU CTaHKa
OKa3bIBAIOTCS HApYyXKHbIe TOPLBI HITH(OBATBHBIX
6a00K M cTaHWHBI, TaK KaK LEHTP CTAaHWHBI TIpOTpe-
BaJICSl CYLIECTBEHHO ciabee.

A5 T 8y T
J _ 7 . |
33 4 14
-l Y — 2| [ |
_, 2
g 1 2 3 4 5 6 rw 7 7 2 3 4 5 6 1w
a 0
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717 10 20
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Puc. 3. M3MeHeHus Temnepatyp XapakTepHbIX TOYEK CTAaHUHbI CTAHKa MpU padoTe Ha XONIOCTOM XO.Y:
a — U30bITOUHbIE TEMIIEPATYPhl BEPXHEH 4aCTH TOPLOB CTaHUHbI (TOUKH 3, 13); 6 — N30bITOUHBIE TEMIIEPATYPbl HUKHEN
yacTu TOpUOB (Touku 4, 14) 1 HYUKHEl YacTH epeiHeil cTeHKH (Touka 23) CTaHWHBI,
B — M30BITOYHBIE TEMIIEPATypbl BEpXHEl YacTu nepeaHeil n 3aaHel CTeHOK CTaHWHbBI BOJIN3U OTPaKICHUS
(Touku 7, 17, 10, 20)

\\21 22

g

3 4 5 6 rw

1
Puc. 4. 'smeHeHUs1 U30bITOUHBIX TEMIIEPATYP KOXKYXOB LIKMBOB Ha XOJIOCTOM XOo4Yy

2

IKcnepUMEHTAIbHOE HCCJIEA0BAHUE MPH paboThbI craHka npu 1nudosanuu [20], mokazaHo Ha
AMHATANHA pa6ouero xoaa. Hzmenenus puc. 7 v puc. 8.
TeMIlepaTyp Yy3710B CTaHKa B 3aBUCUMOCTH OT Tak u30bITOUHBIE TEMNIEPATYPhI HA MEpeHEN U

MPOJO/DKUTEIBHOCTH PadOTHI AIEKTpOHArpeBareseit
€ MOLTHOCTBIO 6 KBT, Mcronb3yemsbIxX 7151 UMUATALIH

3aJIHel CTeHKaX HIMUHJEIbHBIX 0200k (ToukM 5, 6,
15, 16, 8, 9, 18, 19), a Tarxke Ha UX TOpLUAX BHU3Y
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(Toukm 2, 12) wWMenu 3HAYEeHMS B qUarazoHe ot 3,1
1o 3,7 °C. Ha topuax mmuHAeIbHBIX 0a00K CBEpXY
(toukn 1, 11) M3OBITOYHBIE  TEMIEPATypPbl
cocTaBiIsiM B jJuamasoHe ot 2,1 mo 2,5 °C.
H30biTouHbIe TemnepaTypsbl KOPITyCOB
MIMAHETbHBIX 0a00K B COOTBETCTBYIOLIMX TOYKAX
OKa3bIBaJIMCh MPAKTUYECKU OAMHAKOBBIMU U UMENH

CTaHUHBI BONIM3K orpaxaenus (Touku 7, 17, 10, 20)
— Mana3oH TeMrepaTyp coctasisui oT 4,3 no 4,8 °C.
HaumeHnbuiyto w30bITOUHYIO TeMmIeparypy HMena
HWKHIS  4YacTh cTaHuHbl (Touku 4, 14, 23) —
JIuana3oH TemmepaTyp cocraeisin ot 1 mo 1,2 °C.
Topupl cTaHMHBI B BepxHel ee yacTh (Touku 3, 13)
uMenu U30BITOUHBIE TeMIepaTyphbl B AMaNa3oHe OT
2,3 mo 2,9 °C. MH3z6wiTounas temmeparypa COX
cocrapnsina 14 °C (puc. 9).

paBHYIO CKOpocTb HapactaHusi. HaumGonbuiyro
M30BITOYHYIO TeMIlepaTypy HMMesa BepXHss 4acThb
dly
4
5
2

g 7 2 3

A

Puc. 5. Usmenenne m30brTounHO# Temmeparypsl COXK Ha X0I0CTOM X0y
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Puc. 6. TenoBele nepeMenieHus TUTM(OBATBHBIX KPYTOB Ha XOJIOCTOM XOIY
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Puc. 7. 3MeHeHus TeMnepaTyp XapaKTepHbIX TOUEK LUMUHIENbHOI 0a0KK cTaHKa npu padote
moJ TemnoBoii Harpy3koii (N = 6 kB1):
a — 130BITOUHBIE TeMInepaTypbl BepxHeit (Touku 1, 11) n HukHeit (Touku 2, 12) yacTeil BHEIITHUX TOPLIOB
MMUHAETHHON 6a0K1; 60 — M30BITOUHBIC TEMITEPATYPhl Ha TIepeTHUX (TOYKH 5, 6, 15, 16) u 3agHux (Touku 8, 9, 18, 19)
CTeHKAX IIMUHIEIBHBIX 0a00K

Ha puc. 10 u puc. 11 nokazaHbl UBMEHEHMUsI TEM-
repaTyp XapakTepHBIX TOYEK CTaHKa MPU HarpeBe
COXX narpesatensimu MouiHocTsio 18 kBT [20]. U3z-
OBITOUYHBIE TEMIIEPATYPbl TOPLIOB CTAHUHBI B TOUKAX
3, 13 1 TopLOB WMUHAETBHBIX 0a00K B TOUKax 2, 12

cocTaBIsIM B Avamna3oHe ot 3,5 no 5 °C. B BepxHei
YacTH TOPLIOB INMUHAEIBHBIX 0200k (Touku 1, 11)
(hukcupoBascs Auana3zoH U30LITOUHBIX TEMIIEPATYp
ot 3 1o 3,4 °C. M30bITOuHBIE TEMIIEpATypbl Ha KOp-
nycax UIMAHAEIbHBIX 0a0OK BOJMW3U OrpaKAeHUs
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COCTaBIAAM B  JAMama3oHe oTr 5,6 1o
6,7 °C. HaubGonbuiyto u30BITOYHYIO TeMIepatypy
nMesia cpeIHss YacTh CTAHUHBI BOJIM3K OrpaskKAeHUs
— B auana3oHe ot 12,5 go 13,5 °C. U36bITouHas TEM-
nepatypa COX npu s5TOoM (QuKkcHpoBanach Ha

yposHe 32 °C (puc. 9). Haumenbiryto n30bITOUHYIO

s,
7

TeMreparypy WMena HWKHSAS 4acTh CTaHWUHBI — B
nuanasode ot 1 go 1,5 °C.

Ilo xapaktepy pacnpeneieHus TeMIepaTyp
BUJHO, YTO TpH paboTe CTaHKa TMOJ TEIUIOBOM
Harpy3Kkoi TOMUHHUPYIOUIMM UCTOYHUKOM TETUIOBbI-

nenenns seisercas COX.
My €
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Puc. 8. I3MeHeHust TeMIiepaTyp XapakTepHbIX TOYEK CTAHWHBI CTaHKa NPy padoTe
o1 TeTUI0BOI Harpy3koit (N = 6 kBT):
a — M30BITOYHAS TeMIIepaTypa BepXHeil 4acTh TOPLOB CTAHUHBI (TOUKH 3, 13); 6 — M30BITOUHBIC TEMIIEPATYPHI
HWKHEH dacTu TopuoB (Touku 4, 14) u HWKHEH YacTW mepenHeil cTeHKd (Touka 23) CTaHWHEI,
B — M30BITOYHBIE TEMIIEPATYPbI BepXHel yacTu nepeaneii (touku 7, 17) n 3anneit (touku 10, 20) cTEeHOK CTAaHUHBI
BOJM3H OrpaxaeHust

&g T

44

N =18 kBm
30| I

/

2 /

N =6 kBm

| A= OR e

g 1 2 3 ‘ 5 6

Puc. 9. N3menenue uzbbpiTouHoii Temnepatypbl COX mpu paboTe moa TeMI0BOH Harpy3Koi
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Puc. 10. Mi3MeHeHns TemriepaTyp XapakTepHbIX TOUeK MTHUHAENbHOI 0a0KK cTaHka mpu padoTe
o[ TerioBoii Harpy3koit (N = 18 kBT)
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O6cyxnenne. Kak mnokaszanud uccienoBaHus,
TEIUIOBbIe TepeMelleHus (b1aHIleB KPyroB OTHOCH-
TEJILHO TUIOCKOCTH TOJIa4M 3ar0TOBKM Ha XOJIOCTOM
XOJly CTaHKa MPOUCXOJUIIN HeoauHakoBo. Eiie 60-
Jiee pa3uTelibHA MepeMeHa npu padoTe Noj| Harpys3-
koit. U3 rpaduka (puc. 12) BuaHo, 4to crabunuza-
1IUsl TIOJIOXKEHUS TTPaBOro Kpyra 3a 7 4acoB He Mpo-
HCXOUIIA, HO CKOPOCTh U3MEHEHUS YIJIOBOTO IOJIO-
JKEHUS 3HAYMTEJIBHO CHIDKAllach. Tak, eciiy mo 3a-
BEPIIEHUIO BTOPOT'O Yaca SKCIIEPUMEHTA U3MEHEHHE
YIJIOBOTO MOJIOKEHUS MPaBOro Kpyra 3a oauH yac (N
= 6 kBT) coctaBunio 14 MkM, TO mocjie ceMu 4acoB
HKCMIEPUMEHTA YACOBOE M3MEHEHUE COCTABUJIO JIUIIb

4 5 § T
Puc. 11. M3MeHeHns TemnepaTyp XapakTepHbIX TOUEK CTAaHWHbI CTAHKA MpH padoTe
nop temnoBoii Harpy3koii (N = 18 kBT)

7 mkM. [lpu sTOM abGCOMIOTHBIE 3HAYCHUST U3MEHE-
HUI YIJIOBBIX MOJIOKEHUH KPYroB 3a 7 4acoB paboThl
COCTaBUJIM: MPABOTO — 82 MKM, JIEBOTO — 5 MKM.

Ipu pabote noxa Harpy3koii B 18 kBT (puc. 13)
W3MEHEHHS YITIOBBIX MOJ0KEHHUI KpYroB 3a 7 4yacoB
paboThI cTaHKa COCTABWIIN: MPaBoro — 152 Mk, Je-
Boro — 45 MxM. BeineneHHoe B cepeduHe CTaHKa
TEIJIO MPUBEIO K MOJHOW aCUMMETPUYHOCTH MOJIO-
JKEHUSI KPYrOB OTHOCUTEJIBHO MJIOCKOCTH MOAa4H 3a-
FOTOBKM, TEM CaMbIM Hapylias OAHO M3 OCHOBHBIX
TpeOOBaHUi BBICOKOKAYECTBEHHOTO LINM(OBaHHUS.
Crabunuzauus noyoxxkeHus uaHues Kpyros npouc-
Xoauna yepe3 5—6 yacoB Harpesa.
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Puc. 12. TennoBsle nepemMenieHNs MTHM(OBATBHBIX KPYroB MpH padoTe
nop TeroBoi Harpy3koit (N = 6 kBT)
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Puc. 13. TemnoBsie epemeneHns NUTU(GOBATEHBIX KPYTOB MPH padoTe
nop teroBoii Harpy3koil (N = 18 kBT)

Ha puc. 14 mnoka3zaH XapakTep H3MEHEHHS
HECHMMETPUYHOCTH NepeMeleHni IIT(oBanbHBIX
kpyros Ap,/A, (OTHOlleHHE nepemelleHus Tpa-
Boro Kkpyra Ap, K JieBomy A;) Tpu  TeruioBo#
Harpyske 18 kBr.

U3 rpaduka BUIHO, YTO HECUMMETPUYHOCTH
uMesla MakCUMajlbHOE 3HaueHue nocie 1,5 uyacos
pabotbl ctanka — Ay, /A;= 10 B oTIMuMM  OT
MepBOHAYAJILHOrO 3HaUeHHs — 1.

[Ipu pabote cTaHka mox TeMJOBOI Harpy3Koi

CTaHWHA, B LEHTPAJILHOM CBOEH YacTu rporpesasiach
CHJIbHEE TOPLOB, UYTO NPUBOAMIO K W3MEHEHHIO
OTHOCHUTEJIBHOI'O MOJIOXKEHUSI, Ha3bIBAEMOI'0 «BHU3Y
yKe.

Takum o00pa3oMm, SKCHEPUMEHTALHO OBIIO
YCTaHOBJIEHO, YTO NpU pabOTe CTaHKa TEeNJIOBbIE Ae-
(opmMauMM MPOMCXOAMIM B LIMPOKOM AMarnasoHe,
KaK M0 BeJIMYMHE, TaK U [0 HaIPaBJIEHUIO.

Hckmouenne ¢axkropa BpeMEHHM MO3BOJIMIIO
MOJY4YUTh 3aBUCUMOCTH: HW3MEHEHHUS! YIJIOBOTO
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MOJIOKEHHUS ITU(POBATBHBIX KPYTOB OT U30BITOYHOMN POJIMKOB OT BEJWYWHBI YIJTIOBBIX MepeMeleHHi
temniepatrypel  COX  (puc. 15); wu3mMeHeHUs HTMQOBAIBHBIX KpYroB (puc. 16).

BEJIMYMHBI  TOPLIOBOrO OueHuss 00pabOTaHHBIX

4, /4,

i :

g 1 2 7 4 5 6
Puc. 14. 3MeHeHne HECUMMETPUYHOCTH TIepeMEIeHN i I (OBATBEHBIX KPYTOB

A mwr
A Hi 200 [

g |
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Puc. 15. Vi3MeHeHus yrioBbIX MONOXKEHUH IIKM(OBAIBHBIX KPYTOB B 3aBUCUMOCTH OT BEIMUYMHbI U30bITOUHOMN
temneparypsl COX:

a — mpu paboTe MmoJ TerIoBoii Harpy3koir N = 6 kBT; 6 — mpu pabote mox TerwioBoit Harpy3koit N = 18 kBt

Topueboe duenve mxn

2

i)

0 2 40 60 8 w0 1w #0160 70 A m
Puc. 16. BausiHue TEITOBBIX MepeMelIeHI TUTM(OBATBHBIX KPYTOB Ha TOPIIOBOE OMEHUE POIMKA

BriBoabl. Harpy3Koil HarpeBaroTcs HeoauHakoBo. HambGonb-
1. TemnepatypHble XapakTepUCTUKH CTaHKa Ha 1iMe TeMIepaTypbl pu padoTe CTaHKa Ha XOJIO0CTOM
XOJIOCTOM XO/1y ¥ TIpU paboTe MOJ TETIOBOM HArpy3- XOJly UMEIOT TOpLibl INMHHAETbHBIX 0aboK W cTa-
KO pa3Hble. HUHBI, a py paboTe Mo/ TErI0BOi HArpy3KoM — ua-
2. V3nbl TopUeuingoBanbHOro CTaHKa Mpu pa- CTU CTaHMHbBI, HaxoAsLMecs BOJM3M OrpaxkaeHUs

00Te Ha XOJIOCTOM XOJIy U MpH paboTe Moj1 TETUIOBOM  30HBI HUTM(GOBAHUS U TOPLbI INMUHIETbHBIX 0a00K,
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oOpallleHHbIe K OTPaKACHHIO.

3. TemnepaTypHbie nepeMelleH|s: KPyroB He-
onuHakoBbl. [lepemelnieHre MpaBoro Kpyra OTHOCH-
TeJNbHO AMCKA MOAayYM 3aroTOBOK B 3 pasa Oosblie,
YyeM JICBOTO Ha XOJIOCTOM XOJly M B 5 pa3 Oodbliie —
npu paboTe MoJ| TETUIOBON HArpy3KOM.

4. Ilpu paboTe cTaHKa Ha XOJIOCTOM X0y Kpyru
BCJIEJICTBHE TEMITEPaTYpHBIX Aedopmaiuii nepeme-
LIAI0TCS B HAMIPABJICHUH «BHU3Y IHPEY, YTO JINIIAET
30HY 00pabOTKHM ydacTKa KaJIMOPOBaHUS 3arOTOBKH
Y TIPUBOJIMT K YXYIICHUIO TOYHOCTH IILJTU(OBAHUS.

5. [pu pabote moj TEIUIOBOM HArpy3Kkoii cra-
HOK TIOCTENEHHO MpOorpeBaeTcs, a B3auMHOE MOJI0-
JKeHHe KPYTOB MOCTEMEHHO M3MEHSETCSl OT «BHU3Y
mupe» 10 «BHH3Y yiKe», T.e. CAMOMPOU3BOJIBHO W3-
MEHSIETCSl HACTPOiKa CTaHKa, ero 30Ha 00paboTKH.
ITpu 3TOM 5TH M3MEHEHHUs ¢ pa3HON MHTEHCUBHO-
CTBIO MPOIOJIKAIOTCSA 32 Bee BpeMsi paboThl CTaHKA.

6. lnudoBanbHble KPYrH U3MEHSIOT CBOE TIO-
JIOXKEHWEe B BEPTHUKAIBHOW MIOCKOCTH MPOMOPLMO-
HaJIbHO BeJTU4KMHE M30bITOYHBIX Temriepatyp COX u
BpeMeHH paboThI cTaHKa.

7. BpIsBIIEH CKauyoK MO BEJIMYHMHE TOPLIOBOTO
Ouenus nocne 1,5 yacoB paboOThI cTaHKa, KOTOPBIH
ONpenenuICs MaKCUMAJIbHOW HAa JaHHBIM MOMEHT
HECUMMETPUYHOCTBIO TMepeMelleHri NITU(oBab-
HBIX KpyroB. JlanpHelmii pocT BETMUYMHBI TOPLO-
BOro OuieHus 00yCIIOBJIEH POCTOM abCONIOTHOM Be-
JUYUHBI HEMAPaJIEIbHOCTH B3aMMHOTO TOJIOXKEHUS
KpYTOB.

8. BenuuuHa TopuoBoro OueHus oOpaboTaH-
HBIX POJIMKOB YBEJIMUMBAETCS IPONOPLIMOHANILHO Be-
JIMYUHE YTJIOBBIX MEpeMelleHU IITU(POBATbHBIX
KpYTOB.

9. Kpyru nepeMeniatoTcsi OTHOCUTENbHO AUCKA
Ha pa3HylO BEJMYMHY, YTO CO3AAaeT HECUMMETpHY-
HOCTb 30HbI 00Pa0OTKM OTHOCHUTENBHO MOJAIOIIErO
nucka (TEeXHOJIOTHYEeCKOr Oa3bl 3aroTOBKH), KOTO-
pas, B CBOIO oyepellb, CO3[aeT Ha 3aroTOBKE accu-
METPUYHOCTh CHJIOBBIX HArpy3o0K, KOTOpbIe Hapy-
LIAI0T 3aKOHBI BPALIEHHUS 3ar0OTOBKH BIUIOTh 0 MOJI-
HOW OCTAHOBKH.

10. AGcontoTHas BeJIMYMHA U3MEHSIOLIECS He-
napaiebHOCTH UUTU(OBAIBLHBIX KPYroB mocie 3-x
yacoB pabotbl coctaBuia 0,13 MM, YTO MOKHO MPH-
3HATh AOCTATOYHO OOJIBLIMM, TaK KaK MpH LuM¢oBa-
HUU BeCh CHUMaeMblil mpuryck coctasuser 0,05—
0,07 mM. PanmoHanbHbId MpUIycK Ha 0OpabOTKY
CBSI3aH C B3aUMHBIM TMOJIOXKEHHUEM KPYroB, ciieJoBa-
TEJIBHO, €CJIM 3TO NOJNOKEHUE U3MeHsieTcsl (YBenuiu-
BaeTcs), a 3aJaHHbIM MPUITYCK OCTaeTcs MOCTOSH-
HBIM, TO YCJOBUSI 00paOOTKM OTKJIOHAIOTCS OT 3a-
JaHHBIX.

Utak, BBINOJIHEHHbIE HWCCIEOBaHUS TMOKa3bl-
BaIOT, YTO TEIUIOBbIE JeopMalyu JIBYCTOPOHHUX
TOpUeLTH(OBATILHBIX CTAHKOB C AYTOBOM TPaeKTo-
pueill mojavy 3aroTOBOK MPOUCXOJAT B IHUPOKOM

JMana3oHe Kak Mo BelIM4MHe, TaK W 1O Harpasie-
HUIO, M MOTYT HapyliaTh OCHOBHOE TpeOOBaHMe TOY-
HOW pabOThI CTAHKA — CHMMETPUYHOCTH YCIIOBHIA 00-
paboTkn Ha oOoux Topuax 3arotoBku. Crenosa-
TEJIbHO, JUTs JallbHeWIIero MOBbIIISHHUS KauecTBa pa-
0OTHI CTAHKOB JIAaHHOTO THUTIAa HEOOXOIMMO PaccMOT-
peTh MEPONPUATHUS, KOTOPbIE YMEHBIIWIIN Obl TETLIO-
Bble JedopMalivi U obecrneyniiv CUMMETPUYHOCTh
paboThI CTaHKA BO BCEX TeMIEepaTypHO-BPEMEHHBIX
JHana3oHax.
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SPECIFIC FEATURES OF THERMAL PROCESSES IN DOUBLE-SIDED FACE
GRINDING MACHINES

Abstract. The paper presents an analysis of thermal processes in the bearing system of a double-sided
face grinding machine. Experimental data on temperatures and displacements obtained when the machine is
idling and when imitating the grinding process with the help of electric heaters of various powers are used for
analysis. The performed studies have shown that thermal deformations of double-sided face grinding machines
with an arc trajectory of workpiece feed occur in a wide range in magnitude and direction. It can violate the
main requirement for the precise operation of the machine - the symmetry of processing conditions at both
ends of the workpiece. From the experiments, the absolute value of the non-parallelism of the grinding wheels
after three hours of operation is established; it is almost twice the value of the removed allowance. Analysis
of the kinetic change in the deformations of the supporting system of the machine tool during operation under
thermal load shows that as it warms up, the relative position of the grinding wheels gradually changes from
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the state "wider at the bottom" to the state "narrower below". This leads to a spontaneous change in the
dynamic tuning of the technological system and a corresponding change in the processing accuracy. Changes
in the dynamic tuning of the technological system with varying intensity continue throughout the entire oper-

ating time of the machine.

Keywords: face grinding machines, thermal deformations, excess temperatures, thermal displacements.
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